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YK 004.9
E.C. ApkoBa, A.1O. TpacLbIH

CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOMWIA 1 An3aiHa
191186, CaHkT-lMNeTepbypr, bonbliasa Mopckas, 18

CPABHUTE/NbHbIA AHANNU3 MOAENEN NPEACTABNEHNA NPOCTPAHCTBA U ®OPMATOB
AAHHbBIX A1 CUCTEM INDOOR-HABUTIALIUNA

© E.C. Apkosa, A.1O. TpsacubiH, 2026

Cmambs nocesujeHa aHaAu3y mexHoA02Ull CO30QHUS UHMEPAKMUBHbIX HABU2AYUOHHbIX KAPM O/ CAOMNCHBIX
MHO20ypO8Hes8bIX 00BeKmMo8 — HA npumepe Kopnyca yHueepcumemd. Paccmampuearomcsi ocHogHble MoOenu
npedcmasneHuss NPoCmMpaHcmed: cemegasl, Mempudeckas U sdeucmas, — d makdce Gopmambl XpAHEHUs
Kkapmoepacuueckux OaHHbIX: pacmpoeblil U 8eKMOpHbIl. 1 Kaxcoo2o nodxodda npogedeHd CpagHUMe/bHAs
OYeHKa Nno Kpumepusim mo4HoCmu no3UyuOHUPOBAHUS, CKOPOCMU MAppymu3ayull, CA0MCHOCMU peatu3ayuu u
2ubkocmu pedakmupogaHusi. Ilo pesynabmamam aHanuza o60CHO8AH 8bl6Op couemaHusi 8eKMopHo2o0 ¢popmama
O0aHHbIX U cemegoll mModeau NpocmpaHcmed KAk onmumaabHo2o 04s 3adauu indoor-Hasueayuu. Ha ocHoge
0aHHO20 NO0X00d npeodnodceHa peAsiyUOHHAs MoOeqb OAHHbIX HABU2AYUOHHOU cucmembl Kopnyca 8y3d,
peanusyioujas nomewjeHus u nepexoobl 8 ude 2paghooli CmpyKmypbl.

KnroueBble ¢/10Ba: MHTepaKTHBHAs KapTa, HaBUTAL[MOHHAs CHCTeMa, indoor-HaBWrauusi, BeKTOpHbIE JaHHbIe,
ceTeBasi MO/ieJTb, TPad) MapLIPyTHU3aLH, PesALMOHHAsT MO/IeNb JaHHBIX.

E.S. Yarkova, A.Yu. Triastsyn

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

COMPARATIVE ANALYSIS OF SPACE REPRESENTATION MODELS AND DATA FORMAT FOR
INDOOR NAVIGATION SYSTEMS

The paper presents an analysis of technologies for developing interactive navigation maps for complex multi-level
buildings, using a university building as a case study. Three spatial representation models are examined —
network-based, metric, and grid-based — along with two cartographic data formats: raster and vector. Each
approach is evaluated against criteria including positioning accuracy, routing speed, implementation complexity,
and editing flexibility. Based on the comparative analysis, the combination of vector data format and a network
spatial model is identified as the optimal solution for indoor navigation tasks. Building on this approach, a
relational data model for a university building navigation system is proposed, representing rooms and passages as
a graph structure.

Keywords: interactive map, navigation system, indoor navigation, vector data, network model, routing graph,
relational data model.

Pa3BuTHe COBpPeMEHHOW TOpOJCKONW WMH(PACTPYKTYPhl U apXUTEKTYPHBIX OOBEKTOB CHOCOOGCTByET
YC/IO)KHEHUIO CTPYKTYPBI 3[JaHUH U OOIIeCTBeHHBIX MPOCTPAHCTB. COBpeMeHHEbIe 3[aHUsl — TOPrOBbIE LIeHTPBI,
obpa3oBaresibHbIe YUPEXX/IEHHUS, My3€eH, a3pOTOPThl — MPeACTABISAIT CO00H MHOTOYPOBHEBbIE KOMILIEKCHI CO
CJIO)KHOW CHCTEMOM TOMelleHWH U TepexofioB. I[ToceTWTenssM TaKUX OOBEKTOB CTAaHOBHUTCS BCE CJIOXKHEe
WCTIO0/b30BaTh TPAJULIMOHHbBIE CPeJCTBA OPUEHTHMPOBAHMS: HaCTeHHblE yKasaTesH, NevaTHble KapThl U CXeMbI
OKa3bIBAIOTCS HE/IOCTATOYHO MH(GOPMATUBHBIMU U He TO3BOJISIIOT JUHAMUUeCKH aJJalTUpOBaTh MapipyT. [1]

B otBer Ha 3Ty npo6sieMy Bcé Iupe BHeZAPSIOTCS Li()poBble HaBUTal|OHHbIe CHUCTeMbl Kiacca indoor
navigation — crcremsl, obecreurBaroiie OpHeHTUPOBaHNE BHYTPHU 3/jaHHs C UCII0/Ib30BaHNEM HHTEPAKTUBHBIX
KapT Y aArOpyUTMOB NOCTpOeHUst MapuipyToB. ITo ganHbIM aHanuTryeckoro areHTctBa MRFR, peiHOK cuctem
HaBUTalMM BHYTpHU momelennii ¢ 2022 no 2030 rog Gyzer pacTd CO CpeHErofIOBbIM TEMIIOM OKO0J0 32%,
pJocturHyB obbéma cBeiie 90 mipz gosutapoB CIIIA [2]. OTo CBHAETENbCTBYeT O BBICOKOM MPaKTUUeCKOM
3HAUMMOCTH 3ala4i U MHTepece Kak CO CTOPOHBI OM3Heca, TaK ¥ CO CTOPOHBI FOCYJapCTBEHHBIX YUPEXXIeHHH.

OfHUM W3 THUIWYHBIX U TP 3TOM HeJOCTaTOYHO H3YyUeHHBIX OOBEKTOB /i/isi BHE/IPEeHUs LU(ppPOBOU
HaBUTaLMM SIBJISIeTCS YHUBEPCUTETCKMM Kopryc. Kopryc yHuBepcuTeTa TIpefCTaBisieT COOON CI0XKHBIN
KapTorpaduyeckuii 0O6BbEKT BC/Ie[CTBME MHOIOYDOBHEBOM IIAaHMPOBKH, OOJBLIOrO KOMUUYECTBA ayAUTOPUN U
Cy)KeOHBIX TIOMEIL|eHUM, KOTOpble 3aTPyAHSIOT OpHUEeHTHPOBaHWEe, OCOOEHHO [Jis1 I1ePBOKYPCHUKOB U
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nocetuTenell. BHespeHue LUQPOBONM WHTEPAaKTUBHOW HAaBUTAl[MM TIO3BOJIUT COKPAaTUTh BpeMs TIOMCKa
TIOMell|eHUI ¥ CHU3UTh Harpy3Ky Ha aJMIHUCTPaTUBHbII [1epCOHaJl.

3aziaua indoor-HaBUraly akKTUBHO M3yuaeTcsi B 3apy0Oe)xHOW U oTeuecTBeHHOH nuTepaTtype. PaboThl B
[AHHOM 00/1aCTH MOXKHO pa3fie/MTb Ha HeCKOJbKO HarpaB/ieHHi: pa3paboTKa aJropuTMOB MaplIpyTH3alvH,
MPOEKTHPOBaHKe MOZeNel MpOCTpaHCTBa U BBIOOp (hOPMATOB IaHHBIX.

B pa6ore [3] paccmaTtprBaeTcs ipuMeHeHue rpadoBbIX CTPYKTYP B couetanuu ¢ BIM-MoensiMu 31aHui
[Vl TIOCTPOEHHs] HAaBUTALMOHHBIX CHUCTeM. ABTOpBI IIpeJJiararoT MCIIOb30BaTh aJTOPUTMBI ONTHMH3AL[UN
HeIoCpeJICTBEHHO Ha OCHOBE TOTOJIOTHUECKUX [JaHHBIX BIM, uTo 1M03BOJIsieT aBTOMaTHUeCKH W3BJIeKaThb rpag
MapiipyTh3auu 6e3 pyuHol pasmerku. OfiHaKoO JAaHHBIA T0AX0[ TpeOyeT Haauuusi rotoBod BIM-mopenu
3[JaHUs, UTO He BCer/la pean3yeMo Ha IpakTHKe.

Wnoit mogxop mpefctaBneH B pabore [4], rae uccnenyercs odadiH-cuctema 2D-HaBUrayu s
MOOW/IBHBIX TIPWIOKEHUH, pa3paboTaHHas [/ YHUBEPCUTETCKUX 3JaHuil. ABTOPbHI HCIIOb3YIOT MaTPUUHYIO
(4encTyr0) MOZeNb TIPOCTPAHCTBA B COUETaHWM C OOJIErdéHHBIMUA CTPYKTypaMH [AHHBIX, UTO IO3BOJISIET
obecrieunTb paboTy CUCTEMBI B YCJIOBHSAX HECTAOMILHOTO WHTEPHeT-COeJUHEeHHUs. JKCIIePUMEeHThl TOoKa3ann
3HAUMTe/bHOE YITyullIeHHe T10/Ib30BaTe/IbCKOr0 OITbITa 10 CPAaBHEHHIO C TPAJHMLMOHHBIMH CXeMaMH.

[TpuMeHUTeNBFHO K OTEUeCTBEHHBIM By3aM CJieJ[yeT OTMeTHTb OmbIT KoMaHzbl VibeLab CII6GI'STY
«JI9TU», pazpaboTapiieli HaBUralMOHHYIO crcTemy SmartMap [5]. B KauecTBe kKapTorpauueckod OCHOBBI
WCTI0/Ib30Ba/UCh AaHHble AutoCAD, MapiIpyTH3alysi CTpOM/Iach Ha OCHOBe TeIUIOBBIX KapT pacCTOSTHUM [j0 CTeH.
ABTOpBI OTMEYAlOT, UTO JaHHBIM moxxon mnorpeboBan mopsgka 100 000 y310BBIX Touek AJisi obecrieueHus
TIpreM/IeMol TOUHOCTH, UTO CBU/IETEIbCTBYET O BIUMCINTETHHON 3aTPAaTHOCTU STUEUCThIX METO/IOB.

Pabora [6] mocBsiieHa pa3paboTKe WHTEPAKTHBHON KapThl YHHUBEDCHTETa Ha OCHOBE OTKPBITBIX
KapTorpadudecknx pemenuii — 6ubmmoteku Leaflet u CYB]I PostgreSQL c pacmmpenuem PostGIS. ABTopbl
000CHOBBIBAIOT BEIOOD B IM0/Tb3y BEKTOPHOTO MPE/ICTAB/IEHHUS JAHHBIX U OTKPBITBIX HHCTPYMEHTOB, TIOAYEPKUBAsT
MPEUMYILIECTBA C TOUKH 3PEHUsI CKOPOCTH PabOThI TIPUIOXKEHUSI ¥ TIPOCTOThI COMTPOBOK/AEHHS.

AHanu3 rnepeurc/ieHHBIX NCTOUHUKOB TI03BOJISIET BBIIENNUTH KJTFOUEBble XapaKTePUCTUKH, BIIUSIOLIME Ha
BbIOOp apXUTEKTYPbI CUCTEMbI: MOJie/b TIPOCTPAHCTBA, (JOpMaT XpaHeHHUs! [JaHHbIX, TpeOOBaHUS K TOUHOCTH U
npousBoAuTensHOCTH. Hacrosiasi pabora cucreMaTuUsUpyeT 3TH aclieKThl B (opMe CpaBHUTebHBIX TabmuI| U
nipezyiaraetT 060CHOBaHHOE pellleHye J/is1 KOHKPEeTHOTO MPUK/IaJHOTO Cyuasl.

[t cpaBHeHUs! CYILeCTBYIOILIMX Mofenell W TIOAXOJOB OIpefesieHbl KPUTEepPUH, OTpaKaroljue
TpebOBaHMS BCEX YUACTHUKOB CUCTEMBI: [10JIb30BaTesIel, pa3pabOTUMKOB U aZIMUHUCTPATOPOB JaHHBIX.

C TOUKY 3peHHs IMO0/Ib30BaTesIsi IPHOPUTETHBIMU SIBJISIOTCS TOYHOCTH MO3UL[HOHUPOBAHMS (HACKOIBKO
TOYHO CHCTeMa OITpefie/isieT MecTOHaX0/leHre 00beKTa UM CTPOUT MapLIpyT) U CKOPOCTh MOMCKA MapIupyTa
(Bpemsi OTK/IMKA TIPH 3armpoce MyTH OT TOUKKA A 70 Toukd B). C TOUKH 3peHHs pa3paboTurka — CI0>KHOCTb
peanM3aliy, TO ecTb 00bEM HeoOXOAMMBIX paboT Mo cOOpYy HCXOAHBIX JAHHBIX, [TOCTPOEHUIO MOJEeNU U
pea/m3aly  anroputMoB. C TOUKM 3peHMs aJMUHHCTpaTopa JaHHBIX — TMOKOCTb peJaKTHPOBaHUS:
BO3MOXKHOCTb OIIepaTMBHO BHOCUTb W3MeHEeHUsl B KapTy ITIpU IlepelylaHUpPOBKe WIM CMeHe Ha3HaueHUs
ToMelL|eHHH.

Ha ocHoBe 3TuX KpuTepreB BCce pacCMaTpUBaeMble TT0/IX0/IbI K1aCcCH(HULIMPOBAHBI 110 IBYM U3MePeHHsIM:
TIPUHLIMITY TIpeZICTaB/IeHrs] TTPOCTPAaHCTBA (CeTeBas, MeTPHUeCKasl, sdercTasi Mojesb) U ¢GopMaTy XpaHeHHs
KapTorpaguyecKrX IaHHbIX (PaCTPOBBINA U BEKTOPHBIH). [6]

Tabsmiia 1 — CpaBHUTE/ILHBIN aHa/IM3 TI0 MPUHIMITY MTPe/CTaB/IeHHs] IPOCTPAHCTBA

Bup mozenu TouHOCTB CKOpoOCTb IToucKa CJ10’)KHOCTb peanu3aliu
NO3ULIMOHUPOBAHNS MaplpyTa
CereBass. Ipad 1o | CpesHsis — KoopguHatel | Beicokas ~ —  rpad | Huskas —  Tpebyer
LIeHTPa/JIbHbIM ~ JIMHUSAM | Y37I0B OTPaKaroT | HampsMYO TOJIBKO Pa3MeTKH Y3/I0B U
KODH/IOPOB U MPOXO/IOB | TOTIO/IOTMIO,  HO  He | obpabarkiBaeTcs pébep  0Ge3  TOUHBIX
TOUHYIO TreOMeTpHUI0 | afropuTMaMH [leHKCTphl | M3MepeHui
TIOMeleHnH u A*
Metpuueckas. Tounble | Boicokass — ucnonb3yet | Cpegass  —  TpeOyeT | Bbicokas — HeoOxoauma
KOOD/JJUHAThl OOBEKTOB U | peasibHbIe BBIUUC/IEHUS] TOYHas CbéMKa uiu BIM-
pearnbHble  PacCTOSHUSL | TIPOCTPAHCTBEHHbIE eBK/IM/IOBBIX PACCTOSIHUM | MOZesb 3[aHust
MEXIy HUMU KOODJHMHAThl  KaKZAOro | Ha KaKZJOM IIare ToMCKa
0b6bekTa
fluencrasa. [uckpetHas | Huskaa —  TouHOCTh | Beicokas — mouck mo | CpenHssi — reHepayus
ceTKa K/JIeTOK | OrpaHHueHa pa3MepoM | ceTKe 3¢ deKTHBEeH A/ | CeTKH aBTOMaTu3npyema,
TIOKpBbIBAOLL[ast IVIaH | s9eiiku, MesKie OObeKThl | BOJTHOBBIX alTOPUTMOB U | HO TpebyeT HaCTpPOMKU
3/laHusl TepSIFOTCS A* paspeLleHust

He3aBucumo oT BbIOpaHHON MOZeNy IIPOCTPAHCTBA €€ MpaKTHYecKas peanu3alys OIpefieisieTcs
¢opmaToM xpaHeHMs KapTorpaduueckux JAaHHbIX. PacCMOTPHMM [iBa OCHOBHBIX ¢opMaTa: pacTpOBbIA U
BEKTOPHBII.
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PacTpoBbIii (hopMaT mpeACTaB/IsAeT TiaH 37aHus B Buje uszobpakenus (PNG, JPEG), rae KaxIblid
MUKCe/Ib COOTBETCTBYET (PUKCHPOBAHHOMY yuacTKy MHpocTpaHcTBa. [laHHBIM ¢opmar MpoCT B MOAYYeHUH —
JIOCTaTOYHO OTCKaHUPOBATh WM c(oTorpadupoBaTh apXUTEKTYpHBINA I1aH. OJHAKO OH JIMIIEH CEeMaHTHKU:
00BEKThbl He UMEIOT aTpUOyTOB, KOOPAMHATHI TOUEK WU3BIEKAIOTCS uepe3 TpaHC(hOpMAIHIO TIHKCesel, a robble
u3MeHeHUs1 TPeOYIOT peJlakTUpOBaHMs B rpaduueckoM penakTope. Iloctpoenue rpada MapiipyTH3aluM 0
pacTpy BO3MOXKHO, HO TpeOyeT [JOMOHUTE/ILHOTO 111ara BEKTOPU3aliyH.

BekTopHbIf (hopMaT TIpeJCTaB/seT TPOCTPAHCTBO B BHJE TeOMETPUUECKHUX OOBEKTOB (TIOJMTOHOB,
TIOTW/TUHUM, TOUeK) ¢ aTpUOyTUBHOM MH(OpMarivel U TOUHbIMU KoopAuHaTaMu. Kaxkioe romeliieHre, KOpUzop
WK TOUKa BXO/A SIBJIIETCS OT/IeJbHBIM 00BEKTOM C HAaOOPOM CBOWCTB: WAEHTHU(UKATOP, Ha3BaHHUe, THII, ITaX,
JoCTynHOCTh. Takoii (hoopMaT HampsAIMYIO MIPUTO/eH /ISl IOCTPOeHus rpada HaBUraluy U JIerTKO UHTErpUpYeTCs C
pessitoHHbIMU CYB/T u T'MIC-uHcTpyMeHTamMu, TakuMu Kak PostGIS nm GeoJSON. [6]

Tabswia 2 — Popmarsl XpaHeHUs1 KapTorpadhruuecKrux JaHHBIX

Bug momenn TouHocTb I'nbkocTh [IpuroguocTs a1a
MO3ULIMOHUPOBAHUS pelaKTUPOBaHHUS MapLIpyTH3aLUi
PacrpoBbiii. Huskasn — HeT | Huskas — | Huskag — mnocTpoeHue
W3o06paskeHne MJIaHa | CeMaHTUKU  0OBEKTOB, | pejaKTHPOBaHHe rpada MapIIpyTH3aLuH
3[laHus B BUJe TIMKCeslell | KOOpAUHAThI Tpebyer rpaduueckoro | Mo  pactpy  TpeOyet
(PNG, JPEG) W3BJIEKAIOTCS yepe3 | 1O, aTpuOyThl OOBEKTOB | AOTIOJHUTEILHON
TpaHchopmaro OTCYTCTBYIOT BeKTOpHU3aLu1
MK Cesieit
BeKTOpHBIH. Boicokass — Kaxaplii | Beicokas —  rubkoe | Beicokas — CTpyKTypa
I'eomeTprueckue 00BEeKT WMeeT TOYHBIE | yIpaB/ieHHUe C/I0SIMY, | J@HHBIX HanpsMyHo
00OBEKTHI C | KOOpJUHATHI U | aTpubyTaMd M CTWIAMM | UCTIOJIb3YeTCs Ji6¢:
aTpubyTHUBHON ceMaHTUYecKue 6e3 oTepu KauecTBa TOCTPOEHHUS rpada
VH(popMarliyei U | aTpubyTHI HaBUraLuu
KOOpZMHAaTaMu

Ananu3 aByx KnaccudurKaLuii o3BoJisieT cZiesiath 000CHOBAHHBIN BEIOOP: BEKTOPHBIN (hOpMAaT XpaHeHHst
JAHHBIX B COUETaHUH C CETEBOW MOZENBI0 IPOCTPAaHCTBA 0becreurBaeT ONTUMA/ILHBIN Oa/laHC MeXY TOUHOCTBEO
MO3ULIMOHUPOBAHMs, CKOPOCTBIO MapLIPYTU3alvi M MPaKTUUYeCKOl peanusyemocTbio. CeTeBast Mogienb TpebyeT
MHHHMaJIbHBIX MCXOZAHBIX /JaHHBIX W HalpsIMyl0 COBMECTHMA C aIrOPUTMaMM KpaTyailllero myTH, a BeKTOPHBII
¢opmar obecrieurBaeT ceMaHTHUECKYIO TIOJIHOTY U [IPOCTOTY CONPOBOXK/EHUSI.

Ha ocHoBe gaHHOro nopaxoza paspaboTaHa pensijUOHHAasi MOJeNb [JaHHBIX HaBUTALIMOHHOW CHCTeMbI
KopItyca By3a (pucyHoK 1). IleHTpa/IbHbIMU CYIIIHOCTSIMUA MOZe/H SIB/ISIFOTCS TIOMeLLeHHs (ayAUTOPUH, KOPHZOPH,
JIECTHUYHBIE TIPOJIETHI, CJIy)KeOHble IIOMEIeHUs)) W Iepexofibl MEXAy HHMH, Ipe/CTaBleHHble B BHE
HarpaB/ieHHbIX pébep rpada. Kaxzoe momernenve obnazaer atpubyTaMu: YHUKaIbHBIM HEHTH(UKATOPOM,
HavMeHOBaHHEM, TUTIOM, HOMEPOM 3Taka Y ITPU3HAKOM JJOCTYITHOCTH (HalpuMep, Halnu4us Na"zgyca wiv mgra).
IMepexoapl XapaKTEPU3YIOTCS WAEHTU(PUKATOPaMM CBSI3aHHBIX MOMELIEHWH W BeCcOM pebpa — pacyEéTHBIM
BpeMeHeM WU/IM PacCTOSIHUEM MPOX0/ia.

Takasi cTpyKTypa I103BOJISIET HE[OCPe/CTBEHHO IPUMEHSTh CTaHAApTHbIe aArOPUTMbl HaXOX[JEeHHs
KpaTuaiIlero NyTH — B YaCTHOCTH, a/IrOPUTM [lefKCTpbl — A1 TOCTPOEHHsI ONTHMAa/IbHOTO MapIIpyTa MeXXAY
JMOOBIMH AByMSl TOUKaMM 3[aHMs. Mofenb Takke J[OIyCKaeT paciivpeHHe: [o0aBieHHe CYLIHOCTed Afs
TO3ULIMOHUPOBAHMSI 110J1b30BaTe/ISI B peabHOM BpeMeHH, yuéTa BpeMeHHOI0 PaciMCaHus 3aKPBITHS TIOMelleH|H
Y UHTerpanyy C CUCTeMOM pacIliCcaHus 3aHsITHH By3a.

3nanne
1D_sgasus
Haszauue

Aapec

Yzen
TMomeuerue

Jrax 1D_y3na
ID_nomeweHmA 3anpoc_mapwpyTta
ID_sTaxa T 1D_sraxa
3 o_yana ID_zanpoca
3 | iD_snaumn Tun_yana
Howmep 1 ID_sauana
Homep_sraxa Hazsanne
Haasanve 1 ID_ronya
Hasearine X_xooppunata
Kateropwn Nara_sanpoca
Mnan_daiina ¥_koopaunata
Mepexon
LWar_mapwpyTa
1D_nepexona
ID_uwara
T 1D omkyge
7 D_sanpoca
T D_wma
Howmep_wara
Lnwna
J ID_yana

MHCTpyKLHA

PucyHok 1 — Mojienb JaHHBIX pa3pabaThiBaeMoM HABUTALMOHHOM CHCTeMbI Kopryca BY3a
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IIpoBeéHHBIN aHa/IN3 [T0Ka3asl, YTo AJIs peaan3aliid MHTepakKTUBHOM HaBUrallMOHHOM CUCTeMbI KopITyca
By3a Haubosee 3¢eKTUBHBIM SIB/SIETCS COUeTaHHe BEeKTOPHOTO (popmaTa XpaHeHUs [JaHHBIX U CeTeBOM MoZenu
Tipe/iCTaB/IeHHsl TIPOCTPAHCTBA: [1ePBBIM 00ecrieunBaeT CeMaHTUUECKYIO MOMHOTY U IMOKOCTh peflakTUPOBaHMs,
BTOPOM — BBICOKYI0 CKOPOCTb MaplIPyTM3aliM TpM HU3KOM CJOXKHOCTH peanusanuu. IIpesnoxkeHHas
peNsUOHHAs MOZe/b AaHHBIX peanu3yeT [aHHBIA IMOAXOA U MOXKET CJIY)KUTb OCHOBOHM sl pa3paboTKH
TIPUK/IaJHOW HaBUT'ALMOHHOM cucTeMbl. [lanpHeliiee pa3Butre paboThI Mpe/ioaraeT peajnu3alHio alrOpUTMOB
MaplLIpyTH3al{i1 U TeCTUPOBaHKe CHCTeMbI Ha PeasIbHbIX IaHHbIX KOPITyCca YHUBepCUTeTa.
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CUCTEMATU3ALMNA MHCTPYMEHTOB FrEHEPUPOBAHNA CNOXHO®PAKTYPHbBIX
MOBEPXHOCTEN OAEXAbl B CUCTEMAX 3D NrPA®UKN
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AnHOmayus. B cmambe npedcmaeneHa cmpykmypupoeaHHas uHgopmayus o OOCMynHbIX UHCMPYyMeHmax
2eHepupo8aHusi CAO0JCHOU pakmypbl Mexoeoli 00excObl 8 mpexmepHbIX 2paguueckux npopammax.
Knaccugpukayus nosgonsiem npoeKmuposwuky eblbpamb pedakmop 8 coomeemcmeuu ¢ nonb308amenbCKUMU
KOMNnemeHYusMU U 8bl4UCAUMENbHBIMU 803MOXCHOCMAMU KOMNbiomepa.

KiroueBble c/10Ba — TpeXMePHOe MPOEKTUPOBaHKe, (akTypa Mexa, TeKCTypa [u(POBOI MOBEPXHOCTH, CBOMCTBA
Mexa.

Aly k. K.

The Kosygin State University of Russia
1, Malaya Kalugskaya Street, Moscow, 119071

SYSTEMATIZATION OF TOOLS FOR GENERATING COMPLEX-TEXTURED CLOTHING
SURFACES IN 3D GRAPHICS SYSTEMS

Summary (Abstract): This article presents structured information on available tools for generating complex fur
garment textures in 3D graphics programs. This classification allows designers to select an editor based on user
skills and computer computing capabilities.

Keywords — 3D design, fur texture, digital surface texture, fur properties.

CoBpeMeHHBIH [1epHo/, pa3BUTHS TEXHOJIOTHH /1S IPOEKTHBIX paboT B 1IBeHHON 0Tpac/Iy HarlpaB/ieH Ha
JOCTIKEHHe JI0CTOBEPHOCTH 00pa30B LM(POBBIX aHA/IOTOB M3Zle/IHi B TpexMepHOW cpefie [1]. BoctpeboBaHsI
TIporpaMMHbIe MPOAYKThI (MOZY/IN CHUCTeM), TIpe/iOCTaB/IsIOLMe 110/1b30BaTe/sIM UHCTPYMEHTh! BHU3yaau3aliiu
CTeKTpa CBOMCTB MaTepHasoB (3cTeTHveckue, (U3MKO-MeXaHUUYecKHe, ONTHUecKWe W Ap.) AAS CHUMYJISILUN
TOCa/IKM OZIeXKbl Ha aBaTapax.

Opex/ia U3 Mexa — 3To HauboJsiee CJIOXKHBIMN 151 BU3yan3aljiu 00HeKT, TOCKOJIBbKY KaXK/[bii U3 CBbiiie 90
BU/IOB MeXa XapaKTepu3yeTcs OCOObIMM CBOMCTBaMM (aKTypbl [2], pa3nuyaromjelics Ha TOTOrpapuuecKux
yuacTKax IIKYPOK W TIOpojiod 3BepbKOB [3]. B Hacrosiimee Bpemsi B 3a/jaud TPOEKTHPOBAHUS BKJIFOUEHBI
NpoLieyphbl TOCTPOEHUs] KOHCTPYKLMM ofexabl M BbIOOp rpaduueckux pesjakTOpoB [jIsi TeHepUpOBaHMS
LIM(pOBOro Mexa, JOCTOBEPHO MepeZarollliX CBONCTBA BOJIOCSHOTO TOKPOBa U KOKeBOM TKaHH IIKYPOK.

[TepBble ycriexu IO BU3yanu3alM CJIOKHO(AKTYPHBIX TTOBEPXHOCTeH NOCTHUTHYTHI pa3paboTurKaMu
KOMIIBIOTEPHBIX Urp [4], rie 00beKTaM MpOeKTHPOBAHUS OBUTM BOJIOCHI M MeX IePCOHaKEeH, MPH 3TOM, OT
JOCTOBEPHOCTH TepeJjaul CBOMCTB 0OBeMHBIX 0007I0UeK TEKCType BH3YasiOB 3aBHCEN KOMMepUYeCKHd yCrex
MPOrpaMMHOT0 TIPOAyKTa. B IIBeiHOW OTpaciyM KadyeCTBO TeHEpHpOBaHWs LM(PPOBOTO MeXa BiWSeT Ha
a/IeKBaTHOCTh BOCTIPUATHS 00pa30B 1U(POBOM O/IEX/IbI, TOCKOIBLKY BUPTyaibHbIe IPUMEPKH BOCTPeOOBAHBI KaK
Ha CTa/JuM TIPOEKTUPOBAHUSI, TaK U MOTPEOUTE/IIMU TPU TECTUPOBAHUU TMOKYTIKH [5].

B cratbe mnpejcTaBiieHbl MCC/Ie0BaHUSI BO3MO)KHOCTEM WMHCTPYMeHTapusl [OCTYIHBIX POCCUHCKUM
Mo/b30BaTe/IsIM rpaUuecKux TMpPOrpaMM U  KOMIIBIOTEPHBIX [JBWKKOB TPUMEHHUTEeNbHO K IpoLieccy
TeHEepUPOBaHMsl CJIOKHOW TEKCTypbl LMGPOBOM 000/10YKM, UMUTHpYIOIIeH ¢akTypy Mexa. Pe3ymbTaThbl
cuCTeMaTH3aL{MM MCII0/Ib30BaHbl B IIpoLiecce reHepUpoOBaHKs M0CaZIKM MeX0BOM OZje)K/Ibl Ha aBaTapax »KeHCKUX
¢uryp pasnuuHO CTerneH! TOTHOTHI.

[TprobpeTeHHIO MO/Bb30BaTEILCKUX KOMITETEHLMH B Cpefle YHUBEpPCANbHBIX U CIeldaTu3UPOBaHHBIX
cucTeM aBTOMaTu3MpoBaHHOTO rpoektrupoBaHus (CAIIP, DCC-makeTsl) ygensiercsi 60sbllioe BHUMaHUeE TIPH
TIO/ITOTOBKE CTeL[Ma/IMCTOB JJIs IIBEMHBIX MPeJTIPUSTHIA. ¥Y>ke 00bI1eHHBIM CTany TpeOoBaHusI K COMCKATe ISIM TTPU
TPYLOYCTPOMCTBe, TakuWe Kak BjajieHHWe HaBblkaMM paboT B rpaduueckux mnporpamMMax. OO6yueHue
NPOEKTHPOBaHMI0 B LM(POBOM cpesie NMPOXOAAT B CpPeJHUX, CpefHe-CIe[jUaJbHbIX W BBICIIMX Y4eOHBIX
3aBesieHusix. Hanbosee BoctpeboBanbl mporpammel: Autodesk Maya, 3ds Max, Blender, ZBrush, XGen, Ornatrix,
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Unity Shader Graph, u gpyrue. ITepeurciieHHbIe TIPOrPaMMbI JOCTYITHBI U BLIOpaHbI HAMU B KauecTBe 0ObEKTOB
JJIs1 ICCTIeIoBaHuUSI.

Hanvuue BOSIOCSHOTO MOKpOBa Yy ILKYPOK YC/IOXKHSET MPOL|eCC BHU3yanu3ald 000JI0UKY MIBeHHOro
U37ieNist U3 Mexa, [TOCKOIbKY TeHePUPOBaHHe TeKCTYPBI IPUXOAUTCS BLITO/HATD B HECKO/ILKO 3Tarios [6].

Ha mepBoM 3Tane co3jjar0T eAWHUYHBIE 00BEKTEI — BOJIOCKU Pa3HBIX KaTeropuil (ocTeBble, MyXOBbIe U
T.7.). [laHHy!0 MpoLieypy MHOTHe MTPOEeKTUPOBIIMKY BBINOMHSOT B yHUBepcanbHbix CAITP (3ds Max, Maya), ¢
MOC/IeAVIONM TeHeprpoBaHKeM (MHOTOKpPaTHBIM TIOBTOpeHHeM). ['eHepHMpoBaHMe BO3MOXKHO, Kak B Cpefie
MPOrPaMMbl, UCIOB3YEMOM Ha MEPBUYHOM JTarle, Tak MOC/Ie 3KCIOpTa eAWHUYHBIX 00beKTOB B Blender wmu
1Ieii/iepsl, [J1s1 yCKOpeHus poLeAypsl. TecTMpoBaHre BO3MOYKHOCTeH YHUBepCAIbHBIX Pe/lakTOPOB [6] mokasaro,
4TO 1MpOBbIe 00BEKTHI TIOIYYAKOTCS OCTOBEPHBIMY (PHC. 1).

B

Puc. 1 — TIpuMepbl BU3ya/l3aljii TeKCTYPhI [U(POBOro Mexa B pa3/IMUHbIX TpadruecKux peflakTopax: a) 3ds
Mazx, 6) Maya, B) Blender

HWccnenoBaHre MOKasaso, YTO BO3MOXKHOCTH TpadHuecKMX TPOrpaMM B OOHOB/IEHHBIX BepCHSIX
pacIIvpeHb! Pa3/IMYHBIMKA HHCTPYMEHTaMH, TT03BOJISIOIIMME TIPOeKTHPOBATh CJI0XKHBIE TeKCTYPHI. Tak, B 3ds Max
npegycMoTpeHsl MoudukaTop «Hair and Fur» u marua VRayFur, a cpesa Autodesk Maya mopiep>KuBaeTcst
TJIarMHAMU U CKPUITTaMH, UTO YCKOpsieT reHepupoBaHue. [IporpammMa Blender ocHarieHa Mo/iy/ieM mpotielypHOTO
TPYMUHIa, TZe HacTPOMKaM{ HMHCTPYMEHTOB OCYILECTB/ISIIOT CHUMYJISILIMIO (PU3HUECKUX CBOWCTB BOJIOCSHOM
roBepxHoCTH [7].

OT/MUUTeIEHOM XapaKTePUCTHUKOM MeXOBOM ITOBEDPXHOCTH SIBJISIETCS TIO/BMKHOCTb CTPYKTYPBl —
KOHUHKH BOJIOCKOB B peajibHOM cpefie TIepeMelaroTCs TI07, BO3AeHCTBUEM BO3/YLIHOIO ITOTOKA, IPHYeM Kak B
CTaTHKe, TaK U TIpH ABKeHWH. CriejoBaTelbHO, [i/Isl JOCTOBEPHOCTH BHU3yanoB [U(pPOBOro Mexa HeobXoaumMo
reHepHpOBaTh Pa3/IMUHOe HarpaB/ieHHe HaK/JIOHA eJVHUYHBIX BOJIOCKOB [8], UTO 3a/jaeT pasHyIO TOJIIHHY
BOJIOCSTHOTO TOKpOBa [9] M, COOTBETCTBEHHO, KOMITJIEKC TapaMeTpB Li¢poBoil 06omouku. OrpesieneHo, uTo
JIAHHBIA 3Tan TeHepUpOBaHUS sIBJsieTCsl Haubomee TPyJOeMKHMM. AHamu3 omnbiTa pabotel IT-crmeruaamcTos,
pa3pabaThIBalOIIUX «ITYLIMCTBIX» TIePCOHaXKel /71T KOMITBIOTEDHBIX WIp, TOKasal, uTo [jisi YCKODEeHHs
BBIUMC/IUTE/IBHBIX TIPOLIeAYP ITPUMEHSIOT 'MOPUHBIN CrIocob, rje NepBUYHO MOJENUPYIOT eJUHHUYHbIe 00 BEeKThI
(ocTeBbIe BOJIOCKY pa3HbIX Pa3MepoB, HAK/IOHA, 1IBeTa U T.J.), a yXOBOU CJIOW UMHUTUPYIOT 00beMHBIMU TIOJISIMU
pasnMUUHOM TWIOTHOCTH [4, 7]. sl IPOEKTUPOBaHUS 00bEeMHO-TIIOTHOCTHBIX TOJIell WCIIOMb3YI0 Iekiepsl, The
MO/Ie/IMPYIOT MOBeJjeHre TUHAMHUeCKUX YaCTHUL] CPeJJICTBaMU OCBeIIeHHs CLieH U OTpakeHusl. [laHHast TEXHOIOTUsI
nmenyeTtcs Strand-based v peanu3syercst B UrpoBbIx ABrkKax cricreMamu RTX v HoBeimu RT-mmetiepamut (Unreal
Engine, Shell & Fin technique), a Tak»ke umMropTom 06sekToB 13 DCC-crcTeM B TPyMHHT-peiakTophI (3ds Max +
Hair&Fur/Ornatrix; Maya + XGen/nHair; Blender Hair Curves) [10].

OKcIlepyMeHT I10 FreHepUPOBaHHUIO [IU(POBLIX MOZe/eii MeX0oBbIX LIKYPOK Pa3HbIX BUZIOB U OJ|eXK/bl U3 HUX
BBITIOJIHEH B pa3/IMuHBIX rpaduueckdx mnporpamMmax U Iuelifepax. OOijas moc/jefoBaTeNbHOCTh AeHCTBUI
rpeJiCTaB/ieHa Ha DUCYHKe 2.

Oran 1. MonenupoBaHie 6a30Boii (MOIeIBHOI)

OCHOBBI OJI€XK]IBI, CO}IBP)I(&HIeﬁ HacTpanBaeMbIe

reoMerpudeckie hopmbl 1 UV-pa3BepTKH 1Is
HAJIOXEHHUS TeKCTYP

s

Ortam 2. ['eHepanus TeKcTyp ¢
HCIIOJIb30BAaHUE KapT

"

‘ Orarn 3. Pergepuar ‘ ‘

et

‘ Ortan 4. OnTHMH3AIHT ‘

J

Puc. 2 - HOCJ’IE,ELOBEITEIILHOCTI: TMPOEKTHUPOBAaHUA OJ€XbI U3 MeXa C BH3yanH3au1/1e1>i o6pa30B

12



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

st kaxxaoro starna rmogobpansl DCC-crucTeMbl. MoielMpoOBaHHe MOJIMTOHA/IBHBIX TOBEPXHOCTEH HIBEMHBIX
usfiennii 1iesiecoobpasHO BBINOJHATH B YHUBepPCaJbHBIX TIpadMueckKMX IporpaMmax WIM IporpamMMax-
cumynsitopax (Harnpumep, CLO3D). T'eHepatiyio TeKCTypbI IIM(POBOro MeXa HaUMHAIOT C Pa3MEeTKH Ha 000JI0UKe
L[1M(POBOTO U3Ze/Hs 30H C MEXOBBIMU JleTaIsiMu (pucC. 3).

Pazmetra PacmoIOXEeHHT 30H MEeXa

1 nodzomosxa VRPAETIAIOWLLYL KADH Adobe Photoshop. Blender, Maya

B T — gﬁd;o"m;ir;g; —15{;:{3 SPS;“ Selection

Blender Hair System. Houdini Grooming,
3 umnopm & cucmeMy ZeHepayuy wexa XGen, Ornatrix for 3ds Max/Maya

Puc. 3 — Cucrematusauusi rpapuuecKrx CUCTeM [Jisl peany3al{iu 3Tara pa3MeTKU 30H Mexa

Tanee MpOEKTUPOBIIMK BBIMOIHSET IPOEKTUPOBAHKE eJMHUUYHBIX 00HEKTOB (BO/IOCKOB Pa3HbIX KATErOPHiA)
B iocKocTHBIX DCC-cuctemax (puc. 4). Ortan «I'eHepalisi BOJIOCKOB» - K/TFOUEBOW [/isi BbIOOpa crmocoba
BU3ya/u3alui (PakTypel. B 3aBHCUMOCTH OT C/IOKHOCTH [W3aliHa MOZETH MEXOBOUW OfeXAbl (MHKpyCTalus,
u3MeHeHHasi (akTypa, LIBETOBOW TrpaZiueHT, WM HaTypasbHble CBOMCTBA MeXa) IPOEKTUPOBILMK BbIOWpaer

yHHBepCasbHble pelakTOpbl W NPOLieypHble FreHepaTophl.

I'EHepa_uHi[ BOJIOCKOB

1 cosdanue HanpaerAIOUUX BOTOCKO8E Ornatrix, XGen Interactive
Groom, Blender Hair
2 cenepayua cmMpyKmypul 8010cK08 T

Substance Painter, Ornatrix Clumping &

3 npoyedypHas zeHepayua NOONYVUIU i
Frizz, Houdini Hair Procedural Nodes

MUKPOCHIPYKNTYPBL

Puc. 4 — CucrtemaTu3auys rpauuecKix CUCTeM [Jisl Pearr3alliy 3Tara reHepalu eJUHUYHbIX
BOJIOCKOB Y TIOAITYILIN

dusnyeckass CUMYSLUS W PEHJEPUHI CTPYKTYphl LU(POBOrO Mexa BBINONHSIOT B Ieizepax

HACTPOWKOM MapaMeTpoB WK CIOCOO0M CUMYMALMU B rpaduueckoii cpefie GU3MUECKUX CBOMCTB ZeTa/lbHbIM
n300pa’keHreM Ha OCHOBe MaTeMaTHUeCKHUX pacueToB (puc. 5).

DuzngecKas CHMYILAIHA

N CHeIHATI3HpoBaHHEle Inefieper: V-Ray Hair, Arnold
1 nacmpoiixa mamepuanoe Hair, Cycles, Redshift

Maya nHair, Omatrix Dynamics, Houdini Vellum,

2 gusudeckan cuMyaAyua
Blender Hair Physics

3 cumynayua é OuHaMuKe Hair Dynamics, Maya nHair, Houdini Fur Simulation |

4 2PYMUHE XGen Sculpt Tools, Ornatrix Groom, Houdini Hair Brush. |

Puc. 5 — Cucremarusanys rpadyecKux CUCTeM /IS peasi3aliuy dTana Gpu3nueckol CMyJISILIMA CBOMCTB
Mexa B CTaTUKe U JUHAMHUKe

Onsi  ¢uHANbHOW  ONTUMM3ALMM  TOJyYeHHbIX U300paKeHUM 11e/1eco00pa3HO  UCMO/b30BaHUE
TeHepaTUBHBIX anropuTMOB [11], uTo 3HAUMTETHHO YCKOPSiET mporiecc (puc. 6).

DIHATHHBII peHIepHHT

1 penoep cyenvi/hunarsnan eusyanuzayua Jamxxn Cycles, Arnold, Redshift

2 ananus pesyasmama

npumenenne LOD mx1s VR/AR; Baking B Hair Cards
3 onmumusayus )
TN TEKCTYPHBIE KaPTHI JUIA ODISTYEeHIIA HarPY3KI

4 nocmobpabomya smeduagaiina After Effects, Nuke, DaVinci Resolve

Puc. 6 — Cucremarusanyst rpadruecKUx CUCTeM /IS peaM3aliyy Tana ¢GUHaILHOTO PeH/epyHra
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ITo pe3ynbTaTtaMm 3KCrepuMeHTa copmUpoBaHa 6HOMOTEKA LU(PPOBBIX MO/Ie/ell MEXOBBIX TOJIOTEH
[12]. Ba3a JaHHBIX sB/sSeTCS IONOJMHSEMBIM pecypcoM, o0ecreurBarOIUM OBICTPBI BBIOOP JAHHBIX IS
a/leKBaTHOTO T'eHEpUPOBaHUs LIU(PPOBBLIX MoOJeslell MeXOBOM OfleXKbl C K/IacCUUecKol (hakTypoll NMoBepXHOCTH
WJTA TIOBBIILIEHHOH ZieKOpaTUBHOCTH. M CIIonb30BaHKe MOArOTOB/IEHHBIX 111a0/I0HOB MEXOBBIX I10/I0T€H MO3BOJISIET
KaCTOMHU3MPOBATh TPOL{eCC TIPOEKTUPOBaHMsI, OIlepaTHBHO U3MeHsIsl MO/lelIbHOe pellleHHe U TeKCTYpy LiudpoBoi
OJeXIbl T0 XY/I0XKeCTBEHHOMY O3CKW3y Ju3aliHepa WM TpeDOBaHMSM 3aKa3uMKa B YC/IOBHSX LIBEHHBIX
TIPeATNIPUSATHN ¥ UHAVBUYATBHOTO TTPOU3BO/ICTBA.

OKCTIepUMEeHT TI0 TTPOeKTHPOBAHMIO MEXOBOU OZIeXK/BI C ITAllOM T'eHepHUpPOBaHUsSI TeKCTYPhI LIU(PPOBOTO
MeXa peajM30BaH Ha W3[eJIMsAX pa3HbIX pa3MepHbIX TPYMIl, BKIOYAs OJeXAy [Jisi ¢GUryp KOPITyJeHTHOTO
TeJIOCTIOXKEeHUI.

[To wrtoram »3KCreprMeHTa OIpefie/ieHO, YTO /s Moje/ell Majoro pasmepa IpUMeHMMa Mo/esb
reHepUpOBaHUsI MEXOBOTO TOJIOTHA C TMPUMeHeHHeM TeKCTYpPHBIX KapT (Hampumep, u3 mozayns CLO3D), mpu
3TOM, TMOJMIOHAJbHAsI MOBEPXHOCTh M3/leNWsl 3KCIIOPTUPOBaHAa W3 CUMYJISTOpAa W [OMOJIHEHa 3/1eMeHTaMu
TeKCTYypHl, rogrorosyeHHsIMA B Adobe Photoshop ¢ mocsieyromym penziepusrom B Blender.

Cnoxubelii  penmbedp KoprmysmeHTHOoro Tena [13]  ycoiokHseT 3ajady, TOCKO/IBKY —(opmupyer
JIOTIOJTHUTE TbHBIE OTIOpPHBIe 30HbI [14], UTO MeHsieT TpaeKTOPHIO CBETOBOTO TIOTOKA T10 OKpY)Karorei 1udpoBoit
00beKT cpezie (environment mapping). VIMUTAILMI0 TOABM)KHOCTH MEXOBOW TEKCTYPbl B M3[ENUSIX [iJIs
KODITy/IEHTHBIX (PUTYp MBI BBIOJIHWIM OTpakeHHWeM CBeTa IO cgepuuecKMM KapTaM (sphere mapping), a
VMMUTALIMI0 M3MeHeHMsl TOJIMHBI BOJIOCSHOTO TIOKpOBAa - 3aTeHEHHEeM OTJieJIbHbIX Y4yacTKOB (Hampumep,
MOZIMBILLIEYHbIE BIAJWHBI M OOKOBBIE YUaCTKHU H37le/us, TAe TPOMCXOJUT YMeHbLIeHHe BBICOTBI BOJIOCSIHOIO
TIOKPOBA ITyTeM CMSITHsI [TPY COTNIPUKOCHOBEHUM). Pe3ynbraThl BU3yany3aljuy MpeJcTaB/ieHbl Ha PUCYHKe 7.

Puc. 7 — TIpuMepbl BU3yanu3aliy TeKCTYPhI 1M(POBOro Mexa Ha 000/I0UKaX OfeX/bI

3akmroueHue. COBpeMeHHBII 3Tall pa3BUTHS IIBEHHO-MEX0BOI0 IIPOM3BO/CTBA 3aIl0/IHEH YCIEIIHbIMU
pe3yJsibTaTaMy OCBOeHHUsT [IU(POBBIX TEXHOJIOTHH TIPOEKTUPOBaHUsl. [I0CKO/TBKY TeMITbl pa3BUTHSI MEXOBOM MO/IbI
3HAUMTeJbHO YCKODWINCh, TO TPeXMepHOe IPOeKTHMpPOBaHMe C BH3yanu3aluell o0pa3soB OfieXX7Abl CTAHOBUTCS
Befyllel TexHosoruedl. HamonHeHwe HHGOPMAaLMOHHON 06a3bl HOBBIMU 3HAaHMSMM M JIyUILHUM OIIBITOM
TIPOEKTHPOBIIMKOB, B TOM umnc/le IT-creljuaqicToB Mo KOMITbIOTepPHOW rpadrike, NMpUKIaJHBIM MTporpaMmaM U
WUTPOBOM WHZYCTPHUM, TO3BOJISIET Ju3aliHepaM MeXOBBIX MPOH3BOJCTB NMPHOOPECTH HOBBIE IOJIb30BaTebCKHe
KOMIIeTeHLIY ¥ BBIBECTU OTPAC/Ib HA OYepe/JHYIO CTyNeHb Pa3BUTHS.

HayuyHbil pykosooumesib: 0oUeHm, KaHoudam mexHUYecKux Hayk, doyeHm [ycesa
M.A.

Scientific supervisor: Associate Professor, Candidate of Technical Sciences, Associate
Professor Guseva M.A.
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MODERN TOOLS FOR DEVELOPING BRAND ATTRIBUTES FOR ADAPTIVE GARMENT
PRODUCTS

Summary (Abstract): The article presents the experience of using artificial intelligence in the development of
branded attributes for functional clothing for patients with limb injuries.
Keywords — Functional clothing, shaping, promts, artificial intelligence, brand.

Hanmmuue GpyHKLUMOHATBEHOM O/IeXK/IbI B TapZiepo0e noTpebuTesieli, MPOXOSIINUX JieueHHe B CTalMOHapax,
cniocobcTByeT GopMHpOBaHUI0 KOM(OpPTa U TMCUXOIOTUUECKOH YCTOMUMBOCTH B 3TOT TPYAHBINA >KW3HEHHBIN
nieproZi. TpaBMaTH3M — O/lHa U3 MPUYMH, W30JIMPYIOIIMX YeoBeKa OT 00IecTBa Ha /i/IMTe bHbINA CpoK. CoraacHo
naHHbIM Poccrara, exxerojHo perrctpupytoT 12192 teic. - 12768,6 ThiC. pa3/MMYHBIX TpaBM, MpUUeM Haubosiee
pacripocTpaHeHbl CKejleTHble TOBpEXXJeHHs1 KOHeuHocTeill. Ha CTaTMCTWKY W TsDKeCTb TpaBMaTH3Ma BIIUSIIOT
TOC/IE/ICTBYST BOEHHBIX KOHQUIMKTOB M TEXHOT€HHbIX KaTacTpod, U jpyrue ryiobanbHble (HaKTOPBL
BoccTaHOoB/ieHHe TOC/Ie CKeNeTHBIX TPAaBM JIJIUTENTbHOE, METOAUKU JIeUeHUsl pPa3ldyHbl, MPU 3TOM, OOIIUM
TOKa3aTesieM SIBsieTCsl M3MeHeHHe BHelllHeld ()OpMBI TPaBMHPOBAHHBIX KOHEUHOCTeH 3a CUeT yCTaHOBKHU
(UKCaTOpPOB, CTAOWIM3UPYIOIUX TIOJIOKEHWe CEeTMEeHTOB OMOpHO-ABUraTensHoro ammapara [1]. Hamuuwe
¢ukcaTopoB BreueT 3a Co60Oil HEOOXOAWMOCThH TIOMOJHEHUS] TapAepoba 3ProHOMUYHOM OAEXAOW U
JIOTIOJIHUTENIbHBIMU aKceccyapamH, 3alllMIalolMMU TpaBMUPOBAHHBIA yUacTOK Tesa OT BO3/eHCTBUS BHELIHel
cpeabl  [2]. CrnermansHo pa3paboTaHHass (GYHKIMOHAAbHAsi OfeXJa [IO/DKHAa YUMTBIBaTh KOMILIEKC
cneuduueckux TpeOOBaHUM, a ee KOHCTPYKTUBHO-TEXHOJIOTUYECKOe PellieHre HeoOX0IUMO a/lalTUPOBAaTh Mo
HOBYIO MoposIoruio yesoseka [3].

ITpousBogcTBOM azanTauoHHOW ofexasl (AQO), Kak TpaBWIO, 3aHWMAIOTCS CIelMaIu3UpOBaHHbIE
1iBeliHbIe TipeAnpusTys. Poccuiickuil ppiHOK AO HamNo/HSeT KaK OTeYeCTBeHHasl, TaK U 3apy0e)xHasi PO/YKLIUS.

Llesb TpeiCTaB/IsIEMOr0 MCC/IeJOBAHUS — aHa/IU3 PhIHKA OIeXK/Ibl, aflallTAPOBAaHHOM MO/ 0COOeHHOCTH
9KCTITyaTaly NMoTpedUTessIMU C TPaBMaMH KOHEUHOCTeH, paciiMpeHre acCOPTUMEHTHOMN JIMHeWKY TIIe4eBOd U
TIOSICHOM  OZIeKIbI HOBBIMU U3ZIEUSMM  y3HABaeMOro CrelMGHUUHOrO0 TIOKpPOsi, C XapaKTepHUCTHKaMU,
3aJI0’)KeHHBIMU B aTPpUOYTHKY OpeH/ia, CrieliMaT3upyIoIerocst Ha u3rorosyaeHur AO.

AHany3 cOBpeMeHHBIX MEeTOJMK JieueHHUs] CKeJeTHbIX TPaBM KOHEUHOCTell TOoKasas, UYTO YCIIeLIHOMY
CpallMBaHUI0 KOCTHBIX OT/IOMKOB TIPY OCJIOXKHEHHBIX TIepe/ioMax CrioCOOCTBYeT yCTaHOBKA YPECKOCTHBIX CUCTEM
(armmapartoB upeckoctHOW ¢ukcaim - AUD) [4]. M3BecTHBl pa3nuuHble Mozem AU®D, orinyaroiyecs
KOHCTPYKTHUBHO U rabaputamu. MeauiuHCcKue knaccudukau AUD oTpaXkaroT CriocoObl KPErieH!s: HeCYIIUX
CTepkKHel (WM CTWL]) K KOCTH, HaJIMuMe KOJbLeBbIX (MJIM TIO/TyKOJbLEBBIX) AeTasleld, TOKalIHu3alyio anraparoB
OTHOCUTE/IbHO KOHEUHOCTH U JIp.

Cucremarusanyeil KOHCTPYKTHBHOTO peIlleHWsI M TapaMeTpudeckoi WH(opMauuu 00 H3BeCTHBIX
Mogiensix (uKcaTopoB [5] ycTaHOBMeHO, UTO MX Haauuue MeHsieT OuepTaHusl Tesa ueloBeKa B JIBYX BUax —
CUMMEeTPUYHO M acuMMmeTpuuHO. CHUMMeTpUuHOe yBenuueHWe (OpPMbI MPOUCXOAUT TIPHM YCTaHOBKe CIIHLie-
KOJIBIIEBBIX KOHCTPyKUuMH (ammapatel I'.A. Wnusaposa, Ettinger, B.K. Kanub6ep3a, A.Il. Bapabamma, A.T.
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Kamnynosa, O.H. I'yaymaypu, H.J[. @nopenckoro, S.H. Poguna, A.I1. Uynkosa, Dicxon, Diveli, Anderson, H.
Greifensteiner u fip.), a Tak>xe IIPH UCII0/Ib30BaHUHU OPTE30B, TYTOPOB, IMIICOBBIX MOBSI30K.

HecumMeTpuuHOCTL OuepTaHuii GopMUpyeTCsl TIpU OAHOCTOPOHHEeH (UKcalMd YpecKOCTHbIMU
CHCTeMaMH, OCHOBaHHBIMU Ha OmsaTepajbHOM IPOXOXKAEHWH 4epe3 KOCTH HeCyIMX CTep>KHed WId CIHL]
(anmaparter A. Lambotte, JI.A. Po3sena, O. Stader, Cymko, Hoffman u zp.).

ITpu 5TOM, HE3aBUCHMO OT MO/l PUKCATOPa, ero HaJIMuKe Ha KOHeUHOCTH (hOPMUPYeET Ha TIOBEPXHOCTH
ofexpl AucOamaHc GOPMBI U BBI3BIBAET MHOKECTBEHHBIE 3CTETUUECKHE W PrOHOMHUECKHe [eeKThbl MOCaKH.
CBs13aHHBIM B 3THUM (PU3MUECKUH U TICMXOTIOTHUECKUH AUCKOM(OPT CTAHOBHUTCS TPOBOLIMPYHOLMM (DaKTOPOM,
HEeraTHBHO OTPa’KaroIL[MCS Ha MPOLiecce BbI3/[0POBIEHMUSI.

Cucremarusanyisi MOZIeNIbHOTO psifia aflallTUBHOM OZleXX[bl, IPUCYTCTBYIOLIel Ha 0TeYeCTBEHHOM pbIHKe
[7], 1 [OCTYIHOI uepe3 OH/IANH-TIOKYTKY, NTOKAa3ana, YTO B OCHOBHOM, NPOU3BOJUTE/N TpeAJiaraloT HU3fenvs
(uKcrupoBaHHO (hOpPMEI, pacralliHble B HECKOMbKUX MecTax (puc. 1). OCHOBHBIM HeJJOCTaTKOM TaKUX Mogeseit
SIBJISIETCST CTaTUYHOCTh 00BbeMa M CHUMMETPHYHOCTb KOHQuUrypauud. YcraHoBka AU® Ha TpaBMHPOBaHHOM
KOHeUHOCTH TIpYJaeT Tejly CTOMKYH0 aCUMMETPUIO, UTO He0OXO/MMO YUNThIBATh B KOHCTPYKLIUM OZI@XK/IbL.
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Puic.1 — Mozenu pa3beMHOM a/IalITUBHOM OZIeXK/IbI 11 IOTpebuTenell ¢ TpaBMaMH KOHEUHOCTEH

Paspabotannbie B PI'Y uM. A.H. KocbkirMHa KOHCTPYKTMBHO-TEXHOJIOTHUYECKVE DEIIeHUsl IIBeHHbIX
usnenuit «IlneueBasi ofexja co BcTtaBKoi» [8] u «Bproku co BcraBkoii» [9] HampaBieHBl Ha paclpeHHe
MO/Ie/IbHOTO psifia aJarTUBHOW OfeXK/bl, OTJIUYUTE/NBHbIM IIPU3HAaKOM KOTOPOH SIB/sIeTCS peryJjupyemas
acummetpusi opmbl. Hamiune B u3fe/usix pa3beMHBIX YYacTKOB (TI0 TIeUeBOM 30He U BHEIIHeM TOBepXHOCTU
PYKaBOB, M0 GOKOBBIM y4acTKaMm OpIOK) TO3BOJISIET JIOKAIbHO U3MEHSITh 00beM 3a CUeT BCTPAaUBaHUS CbeMHBIX
BCTaBOK. B 3aBUCHMOCTH OT TOro0, C Kakoi CTOPOHBI (c/ieBa/cripaBa) ycraHoBiaeH AU®D, K u3genusm KpersrTcs
BCTaBKA CO CTaTUUHOM WM CK/IauaToOM TOBepXHOCThI0. CK/IafKu, PaCKpHIBasCh, yBEIMUYUBAIOT 00bEM
TMOZI0Z}eXKHOT0 ITPOCTPAHCTBA /151 (HOPMHUPOBAHMSI 5PrOHOMUYHOI 000/10UKU (PHUC. 2).

a 6
Puc. 2 — Buy cOoKy Mojiesnield aJaniTUBHOM OZIeXK/IbI C PeryIMpyeMol BCTaBKaMU aCHMMeTpHei
¢opmbl, u3seVs f151 60BHBIX C TPABMaMM BepXHUX KOHEUHOCTell: a) TjieueBast OfexXa,
0) mosicHast ofiexKz1a

AnHanu3 pblHKAa IOKasan OTCYTCTBHE aHAJO0TOB OJEXKIbl C DeryJupyeMoil acuMMmeTpueil (GopMsbl.
CrnefoBaTenbHO, aKTyalbHbIM = sIBsieTCsl pa3paboTka OpeHJa W HAMoONHEHWe HUILIM  TMePCIeKTUBHOM
BOCTPeOOBaHHOM TPOAYKLIUEH.

st aHa/IM3a KOHKYPEHTHBIX KOMITaHWH, paboTalolMX Ha OTeUeCTBEHHOM PhIHKE, BbIOpaHbl OpeHibl Med
Fashion Lab, Rehabwear, OrthoStyle, xapakTepu3ytomyecsi yCTONUMBON MO3UL{MEN U LIMPOKOW KIUEHTYpOMl.
CpaBHeHUe KOHLIeMNUY, MUCCUU U obelljaHui OpeH/|0B-aHaI0roB 110Ka3asio eJMHCTBO [103WUIJMOHUPOBaHUS (TabJ1.
1). Mpoaykuusi MedFashion opueHTHpoBaHa Ha roTpebuTesieid, MPOXOASIIMX PeabUIUTALUI0 TIOC/Ie TPAaBM WK
orepaLiiii, a TakXe Ha TIOKHWIbIX JIF0Jeld C OrpaHUYeHHON NOJBIKHOCTEIO. M3nemisi Rehabwear nprobperator
JIFO/IY, TIepeHecIIIie XUPYPriuuecKre BMellaTe/IbCTBa U HaXO/SI{Hecs: B COCTOSTHUM Majloi TIOABIKHOCTH TI0C/Ie
TpaBM. MogesnbHblii psig OrthoStyle opreHTHpOBaH Ha MOTpebUTe el ¢ OpToNeAnYeCKUMHU MpobieMaMu, BK/IIOUast
JeTeld U MOXKWIBIX Jirofed. OOGIIUM MPU3HAKOM 1]eJIeBOW ayAUTOPHUU UCCIeAYEeMbIX KOHKYDEHTOB SIBJISIETCS
HaMuve (pU3NUeCKUX OrpaHUUYEHHH, CBS3aHHBIX C TpPaBMaMd WM 3a00jeBaHUSIMH B 00/acTH OpPTOMEAUM U
TpaBmaTosiorud. OpHako, 06001eHHasi XapaKTepUCTHUKa LiesieBbIX MOTpebuTeseld, UCK/IOUEHHe TUYHOCTHOTO
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MPOGUIIA KIUEHTA, CBSI3aHHOTO CO CHELUGUKON Teparuu, CHIKAIOT IIEHHOCTh KOHCTPYKTUBHO-TEXHOIOTMUECKHIX
pelleHUl IBeHHON NPOYKLIUH.
Tabnuna 1 — HekoTopble XapaKTePUCTUKY aHAJIU3UPYEMbIX OpeHI0B

XapakTepuCTUKH Med Fashion Lab Rehabwear OrthoStyle

CrunbHast u | Ogexna OpToneauueckas ofexxja
(yHKI[MOHA/IbHAsT OZieX/ja | afianTUpOBaHHasl, /I | yUeTOM MOJHBIX TpPEH/IOB

KoHuermms J1s peaGHHI/ITaquH U | BOCCTAHOBJIEHUSI TIOC/Ie | [/ Jrogen C
TIO>KUJIBIX Jrofen C | XMpypruueckux opTorneAnYecKUMHU
OrpaHWYeHHOU BMeILaTebCTB U TPaBM | TipobsieMaMu
TIO/IBUYKHOCTBIO
[IpepocraButh [Tomoub mopam | Crenatb oproneiuyecKyro

KOM(OPTHYI0, CTWIBHYIO | BEDHYTbCA K AaKTWBHOM | Of€XAy  JOCTYITHOW  ®
ojexiay A Jofedl C | KM3HM C  IOMOILBIO | CTU/IBHOU

Muccus .
OrpaHUYeHHBIMH yno6HoMH u
BO3MO>KHOCTSIMU (bYHKIMOHATbEHOM
01X /1Bl
KauectBeHHass u yznoOHasi | Ob6seruenue rmiporecca | Kombopt v noagep>kka 6e3
Obemanme Gpera OAiKAa, He yCTYMAoLas o | BOCCTAHOB/IEHNs  epes yiepba f1s cTusis
CTU/I0 0OBIYHOM MOjIe yI06HYIO ¥ TIPAaKTUYHYHO
OfEXKAY
JIromm, npoxogsaumue | Jlrogu, JIronu ¢ opronennuecKUMU
Lenesas peabunMTaLuIo, TIOXKWIble | OCTAaHAB/IMBAIOLHECs ripobiemamu, BKJIIOUast
ayuTopus JIOAW € OTrpaHUYeHHOM | Mocjie  XUPYPru4yecKUx | JeTell U MOXKW/bIX MHojei
TIO/IBM)KHOCTBIO BMeIIaTeNbCTB U TPaBM
JManaso HeH 1500-3500 py6. 3000-6000 py6. 3000-5000 pyo.
OTUKETKH, OTHUKeTKU c | MeaguiHCcKHe TKaHU,
BpenpoBas (yHKIMOHA/IBHBIE  CYMKH, | MHGOpMaLei 0 | CTWIbHBIE CYMKH,
TIPOAYKLIVSI ractesibHbIe TOHA Marepuanax, y/Jo0Hble | pazHOoOOpa3sue 1[BETOB

CYMKH, SIPKHUe 1IBeTa

Ananu3 O6peH/I0BOM aTPUOYTHKM IOKa3as, UYTO KOMIIAHWH YAEISIOT BHHUMaHUe LIBETOBOMY DeLIeHHIO,
Ha/IMYMIO Y3HABAaeMOU YIIaKOBKH M 3THUKETOK C MHGopMaLued o mpoaykTe (0COOeHHOCTH W3[esusi, 3HaUUMBbIe
CBOMCTBA MaTepHuasoB U T.I1.).

BaxxubIM 97eMeHTOM ju3aiiHa OpeHJ0BOM aTpuOyTHMKM SBAAIOTCS JOroTun W wwpudrel. B
TIpe/ICTaB/IsIEMOM TIPOeKTe [/t OpeHsla « AHaTOMUsI» B XOZe pa3paboTKu JIOTOTHIIA WCII0/Ib30BaH COBPEMEHHBIN
WHCTPYMEHT — TeHepaTWBHble arOpUTMbl. YZOOHBIMH pejakTopaMH H300pa’keHHi, B HaCTOsilljee BpeMs,
npusHanbel Helipocet ChatGPT, MidJourney, Promli, Mitup AI, YollyAl, KlingAl, IllegeBpuym. [ns
3KCIiepriMeHTa BeIOpaH peakTop YollyAl

[nst metanu3vpoBaHHOW TeHepald HCKYCCTBeHHbIM WHTesuiekToM (V) coctaBsieHBl MOAPOOHBIE
TIPOMTEI (Ha PYCCKOM $13bIKe U IepeBe/leHHble Ha aHIVIMMCKWIN C MoMoIbio repeBogunka Deep Translate). B
Ha3BaHUU OpeHfla «AHATOMMs» aKKYMYJIMPOBAHbI MOHUMaHHe CTPYKTYPhI U (QYHKIMI OpraHu3Ma uejioBeka. B
KOHTEKCTe OZeKIbl OH TpU3BaH CUMBOJIM3MPOBATh BHUMaHUE K JieTa/siM U3/e/uid, KoM(OpPTHOCTE MoJeneit 1
WHJUBU/ya/lbHble TOTPeOHOCTH K/IMEHTOB C 0cOOeHHOCTSIMM (YHKLMOHHMPOBaHMS opraHrsma. Jlorotun Ha
aflanTHBHON Ofie)KJe SB/sSeTCS MOIIHbIM MHCTPYMEHTOM, COeAMHSIOUMM MapKeTHHIOBble CTpaTeruw,
KOPINOPaTUBHYIO KYJIbTYpPY U IIPaKTUYHOCTb.

B crivicok mpoMTOB, 3arpy’kKeHHbIX B F'eHepaTUBHYIO CUCTeMY BK/TIOUEHBI:

1) m3o06pakeHre abprca ueoBeKa,

2) 3/1leMeHThI Ha3BaHUsI OpeH/la « AHATOMUS»,

3) uzobpaxkeHue CrMpay,

4) 11BeTOBOE pellieHye (Teribie TOHA, TaMMa OTTEHKOB — 3eJ/IeHbIH, Oe)KeBbIH, pO30BbIH, Cepblil) (puc. 2).

Y

AHATOMUA

h i

Aunatomust

AHATOMM '

Puc.3 — Jlorotursl OpeHia « AHaTOMHUSI», CreHepUPOBaHHbIE HEMPOCETHI0

20



TIPOMTEXIU3AMH. ECTeCTBEeHHbIE U TEXHUYECKUE Hayku. JacTh 2

B kauectBe cuMBoJIa 6peH/a BEIOpaHO M300pakeHNe yesloBeKa, CBEPHYTOrO B BHJe CITHPAny (pHC. 4a).
Crnvpanb CUMBOJIM3UPYeET [BIDKEeHUe, pasBUTHe U T'MOKOCTb, UTO MOKeT OTpakaTb HJIE0 O TOM, UTO OZeXza
MOZAXOJUT /ISl pasHbIX CUTyalui M obpasa >kusHH. PopMBl, CB3aHHBIE C TEJIOM, MOAUEPKUBAIOT 3[J0POBbE U
rapMOHHUIO, UTO MOJKeT ObITh Ba)KHBIM acIeKTOM [JIs1 LieJieBoi ayAuTOpuU. JIOrOTHII Ipe/jjiaraeTcst pa3MellaTs Ha
JTHUKeTKaX U3Ze/ui, yriakoBke (puc. 46), popme cOTpyJHUKOB MarasuHa (puc. 4 B), pekJlaMHOM Iiute (pHC. 4r).

()

4‘*

)

r ANATOMY .

\J%

a 6 B r
Puc.4 — Jlorotunsl Ha aTpubyTax GpeHza

B xonyemuio OpeHfia «AHaTOMUsI» BKJIFOUEHAa H7ies] Pa3paboTKU KOJJIEKIUH OZeXK/bl, CcoueTarojei
NOTpeOHOCTU (MHOXKECTBEHHasi pa3beMHOCTh, JOCTYITHOCTh YUaCTKOB TeJsa JJIsl OCYLLeCTBIeHUs MeAULMHCKIX
MaHUIYJIALUNA, 5PrOHOMUYHOCTD U3Jie/ni, SKCInyaTupyembix oBepx AU®D u p.) ¥ MOfiHbIe TeH/eHLIUU.

TeHgeHIMell COBPeMEHHOTO 3Tala pa3BUTHS IIBEMHONW OTpaciy SIBMSETCS HCIO/Ib30BaHUE CHUCTEM
WCKYCCTBEHHOIO WHTEJ/IIeKTa B KaueCTBe BH3yalu3aTopa MOCafKu pa3padaThiBaeMOi LIBeHHOW MpOYKLHH.
Hetipocets YollyAl Obiia mnpuMeHeHa HamMu [Jii T€HEPUPOBaHUSI W300pPaKEHUH TOCAAKUA OJeXIbl C
perynvpyemoii acummeTpreld Gopmel [10]. YcraHoBIeHO, UTO /7S TIOMyUeHHs] KOPPEKTHBIX aBaTapoB CHCTEMBI
«turypa ¢ AUYd-asanTanyioHHas ofiexza» HeoOX0oAWMO IyuTenbHOe OOy4yeHHe HelpoceTH. OKCIepUMeHT
BBITNO/THEH 103TaIHO:

1) Helipocets nogbupana Mogem AU, BLINO/HS/IA Paclio3HaBaHKe alapaTos,

2) Ha aBarapax CHHTEe3UPOBa/MCh BHU3yaslbl PUKCATOPOB (PUC. 5a), YTOUHSIUCH YUAaCTKU Pa3MellleHus

AUD;
3) cuHTe3WpoBaIach Mocaaka uzenui (puc 56).

g

Puc. 5 — Pe3ynbratel paboTsl ¢ HelipoceTsio YollyAl: a) moaroroeka asatapo 6) paboTa c ofexKoi

[TosyyeHHble pe3y/bTaThl IIPOrPeCCUPYIOT 10 Mepe oOyueHus HelipoceTeil. [/ OLeHKU a/|eKBaTHOCTU
MO/My4YeHHbIX BH3YyaJoB IIPUB/€UEHbl 3KCIepThl (PaOOTHUKM ILIBeWHBIX IPeANPUATHH, BbITYCKAOIINX
aJlanTUBHYI0 OfEXAy, CTYZeHTbl M TpernofaBaTend yueOHbIX 3aBefieHHi, LiesieBble TIOTpeOWTeNn).
CreHepupoBaHHbIe U300paXkKeHUsl OIIeHUBAIMCh JKcriepTamu 1o 10-6abHoM cucteme. Hanbosiee [ocToBepHOMY
M300paKEeHHI0 TIPUCYXKIAICS MakcuMasbHeid Oamn (10), HauMeHee [OCTOBEPHOMY — MHHHMaIbHBIA (1).
O6paboTKa pe3y/nbTaTOB PaHXMPOBAHMs TOKa3aja BBICOKYH) CTeleHb COTJIACOBAHHOCTH MHEHWH 3KCIepTOB
(W=0,81, koadpdurmenT koukopzauuu) [10].

I[To vToram sKCriepUMeHTa OIpeZie/ieHO, YTO BHeJpeHre WHCTPYMEHTOB MCKYCCTBEHHOT'O WHTe/JIEKTa B
TpoLiecC TMPOeKTUPOBaHMS aJaNTHUBHOM OZEXKAbl BO3MOXKHO Ha pasHbIX 3Tarnax paspaborku. Haubosee
3¢ eKTHBHBIA pe3y/ibTaT MOXKHO IOYyUUTh Ha 3Tare Ju3aiiHa Mofend U paspaboTku atpubyToB Openpa.
leHepupoBaHHe BHU3YajloOB aJallTUBHOM OZeXIbl — Haubosiee TPyJOeMKHH Iporiecc, TpebOyromui obydyeHus
HelipocerTeii, pa3paboTKy 6a3bl TMHIBUCTUYECKH TPAMOTHO COCTAB/IEHHBIX ITPOMTOB, OTPaKAIOILX 0COOEHHOCTH
hopmoobpa3zoBaHus U3feNUi B 3aBUCUMOCTH OT 0COOeHHOCTel MOp(OoJIOrvy UesioBeKa WM Ha/UUUs Ha Tesie
MeJULMHCKUX TIPUCIOCcO6IeHrH, armapaToB WM YCTPOUCTB.
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3aKk/IoueHue. COBPEMEHHLIﬁ 3Tall pa3BUTHA MPOMBIIUIEHHOCTH XdPAKTEPU3YETCA HCII0/Ib30BAHHWEM
HOBOI'0O MHCTPYME€HTA — HUCKYCCTBEHHOI'O HWHTEJ/IJIEKTA. BCTpaI/IBaHI/Ie N B rnpomnecc paSpa6OTKI/I a,Z[al'ITHBHOﬁ
oAeXXAbl TIO3BOJISAET PACHIMPUTL KPEAaTUBHOCTD IPOEKTA U IMOJJTYUYHUTh HOBBIE DEeIlIeHN .

VccnenoBaHye BHIMOMHEHO B paMkax PejiepanbHOro mpoekta «O6yueHue Cry)KeHHUeM».

HayuHble pykosodumesiu: 0oyeHm, kaHoudam mexHU4Yeckux Hayk, douyeHm [ycesa
M.A., npogheccop, GOKMOP MEXHUYECKUX HayK, rpogeccop NemmaHyesa B.B.

Scientific supervisors: Associate Professor, Candidate of Technical Sciences,
Associate Professor Guseva M.A., Professor, Doctor of Technical Sciences, Associate
Professor Getmantseva V.V.
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OCOBEHHOCTW IEHEPUPOBAHUA ACUMMETPUYHBLIX ABATAPOB ANA TPEXMEPHOIO
MPOEKTUPOBAHNA AJANTUBHOWU OAEXAbI
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AHHOmayus. B cmambe npedcmaeneH 3KCnepuMeHm noO 2eHepupo8aHur0 deamapos Oemckux cpuayp,
UMUMUPYIOWUX NamMo/A02u4HOe meaocaoxceHue, chopmuposaHHoe nood eausiHueM MyCKyAbHOU cnacmuyHoCcmu.
KiroueBbie ¢j10Ba — afjaNTHBHAs OZIEXK7a, TPEXMEPHOe TPOEKTUPOBaHWe, aBaTapbl, aCUMMETPHsI, MaTOIOTHS
OCAHKH.

Beskostova P.R., Lidzheeva Ts. A.-S.

The Kosygin State University of Russia
1, Malaya Kalugskaya Street, Moscow, 119071

FEATURES OF GENERATION OF ASYMMETRICAL AVATARS FOR 3D DESIGN OF ADAPTIVE
CLOTHING

Summary (Abstract): The article presents an experiment on generating avatars of children's figures that imitate
pathological body types formed under the influence of muscular spasticity.
Keywords — adaptive clothing, 3D design, avatars, asymmetry, postural pathology.

WHTepec K aflanTUBHOM ofiexk/je 00ycioB/eH copMHUPOBaHHOH B 0011jeCTBe TOIEPAHTHOCTBIO K JTFOZISIM C
HETUMUUHBIM TenocioeHrueM. C 1950-xX rofloB akTMBHO pa3BHBAeTCs HAayuyHOe HarpaB/ieHue, TAe 00beKTaMu
TIPOEKTUPOBAHUS SIBJISIIOTCS 1LIBEiHbIE HW3JeNNsl, ajanTupyeMble KOHCTPYKTHBHO U TeXHOJIOTHYECKUd TIOf,
ocobeHHOCTH MOpGO0THH M (YHKIMOHWPOBAHUS OpraHv3Ma el C (usnueckuMu Hepgoctatkamu [1].
IMTockonbKy CylecTByeT pa3HooOpasve (pr3nuecKUX OTK/IOHEHWH OT HOPMa/lbHOTO, TO B TIPOL|ECCe CO3/aHuUs
a/IaNTUBHOMN OZIeXK/bl YUUTHIBAIOTCS KaK 00mive (akTophl BIAUSHUS Ha ee KOHCTPYKLMIO (QYHKIMOHATLHOCTS,
SPrOHOMUYHOCTh U T.[.), TEXHOJIOTMYECKHEe OCOOEHHOCTH U KOH(EKLIMOHUPOBAHWE, TaK W YUUTHIBAIOIUE
MOC/Ie/ICTBYSI KOHKPETHOTO 3a00/ieBaHus uesioBeka [2].

O[HOI 13 MPUUKH (HOPMHUPOBAHUS TATOJIOTUUECKOT0 COCTOSTHYSI OpraHU3Ma MPH JIeTCKUX IepeOpanbHbIX
napamiuax (JUIT) sBnsercs acuMMeTpuyHasi MelleyHas crnactuuHocTe (AMC). B Poccum uvacrorta
BCTPEUAEMOCTH 3TOro 3abosieBaHus cocTaBsaeT 2,4-2,7 cnydaeB Ha 1000 HOBOPOXKIEHHBIX €XKETOHO.
[ToBBIIIEHHBIM MBIILIEUHBI TOHYC B HOTaX W/WIM pyKax 3aTpyAHsieT crubaHue/pa3srubaHve KOHEuHOCTeH,
OrpaHUYMBaeT aMIUIMTYAY ABWKEHWM B KPYIHBIX CycTaBax (Ta300e/peHHbIe, KOJIEHHbIE, TJIEUEBbIE), UTO
3aTpyHsIeT nepeojieBaHue pebeHKa U CMeHy mosioxkeHus Tesa [3]. CacTUYHOCTh MBIIIIL U3MEeHsIeT MOP(OJIOTHIO
JleTell, BbIpaOKeHHble CrubaTe/ibHbIE KOHTPAKTypbl B KOJIEHHBIX W Ta300e[peHHBbIX CycTaBaXx (HOPMUDPYIOT
naroJsiornyeckue ¢opmsi [3]:

- AJST HYDKHUX KOHEUHOCTel Mpu Xofb0e WM CTOSIHUM — 3TO TpUBeZeHHe OEnep M OTKIOHEHHe OT
HOPMaJTLHOT'O TIOJIOXKEHUS ToJIeHeH (TT03bI «HOXKHUIIBI», «JISTYIITKa» ), SKBUHYC CTOTT;

- B KOHQUrypaluy I/1e4eBOro 1osica ¥ Ta3a — 3T0 pPa3/nyHble JeopMalivii MO3BOHOUHHWKA U TPYAHON
KJIETKH, Pa3HOHAIIpaB/ieHHbIe aCUMMeTDPUH, BbI3bIBaOLI[1e [1ePeKOC TYJ/IOBUILA.

Oco00 TspKesble TIAaTOJOTUM TIPUBOAST K BBIPKEHHOM 3aBUCUMOCTH TIOTpeOUTenell OT OpTe30B U
BCITOMOTaTe/IbHBIX CPe/ICTB TepeiBIKeHUs (TPOCTH, KOCTbUISI, UHBAaIUJHbIE KPecia).

Llesb TipeicTaB/IsIEMOT0 UCC/IEJOBAHKMS — CUCTEMATH3al[sl 3HaHUM O TTaTOJIOTHUHOM MOpPhOJIOTHH fieTel C
MBIIIIEUHOM CIACTUYHOCTBIO il Liefled TIPOeKTUPOBAHWS OJeXKIbl, KOHCTPYKTUBHO W TEeXHOJOTMUECKU
a/IanTHPOBAHHOM TIO/] TeJIOC/IOXKEeHHe MTOTPeOuTe el 11e/1IeBOM TPYIINbI, OATOTOBKA UCXOAHOW WH(OpMaIuK [ist
TpoLjecca TpeXMepHOW CUMYJIALIMU MOCaKU OJeX/bl, Kak TPOMEeXXYTOYHOT0 3Tara OLIeHKM KaueCTBa POeKTHBIX
pabor.

[MpumenutensHo K getssMm ¢ ACM, mnpolecc HafleBaHUS/CHATUSL OfEXAbl OueHb TPYAO0EMKHA,
TIPUHOCSILIWI CTpa/ilaHye Kak pebeHKy, Tak U MaTepH, ero ojieBatoitiedi [4]. TpeOGoBaHus K alalTUBHOM OZieX/e 1S
nereii ¢ OIIT ¢hopMUpyIOT Ha OCHOBe aHaiu3a MOP(HOIOTHYeCKUX 0COOEHHOCTeH U YC/IOBUH 3KCITyaTtanyu [5].
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AHanu3 pbIHKAa aIaNiTUBHON O/I€XK/bI, MpeJHAa3HAUeHHOW [jig ToTpeOwTenell C TATOJIOTUYHOW OCAHKOW M
MYCKYJIbHOM CIaCTUYHOCTBIO TIOKa3bIBaeT paClPOCTPaHEHHOCTb OOBEMHBIX Mojesiell C MHOXKeCTBEHHOU
pazsemMHOCTBIO  (puc. 1). [lofgoOHBIE  KOHCTPYKTUBHO-TEXHOJIOTMYECKHWEe  00ecreunBalOT  JIETKOCTb
Ha/leBaHUsI/CHATUS U3/le/IUi, BK/IIOUasi JOCTYTI K OpTe3aM, U NMPOGUIaKTUKY pa3pa’keHU KOXU.

a 6
Puc.1 — OcobeHHOCTH Mo/ie/iel pa3beMHOH aZlanTUBHOMN OeXKbI [/ TIOTpebUTe el ¢ MyCKY/IbHOMH
CMACTUYHOCTRIO: a) AZIANTHBHBINA KOMOMHEe30H 1 pebeHka ¢ OB3 [6]; 6) Oproneguueckue 6ptoku GT
DRESS [7]
3apybe>xHble TOCTABIIUKK aJJAITUBHOM O/I@XK/bI HACHIMIAIOT PHIHOK W3ZEMUSMHU C TeparieBTUUeCKOU
KOMITPEeCCHeH, BCTPOEHHBIMU OPTOMEAUYECKUMU KOHCTPYKLMSIMM W MOJEIsIMUA TIOBCEJHEBHOW OJEX[bl C
YTSDKETUTEJIIMUA, CEHCOPHBIMH TIPUCIIOCOO/IEHUSIMU U JIPYTUMU T0J/1e3HbIMU QYHKLUAMU. TeXHOI0rnUHas Ofex/a
(tabn. 1) «c mamaAThI0 GopMbI» obecrieurBaeT IIyOOKOe JiaBjieHHe Ha MBIIIEUHbIM KapKac, UTo CrocoOCTByeT
YIYULIEHHUIO KOODAVHALIMK JABV)KEHUH U cTabUIbHOCTY ToyioxKeHus1 Tena pebenka ¢ AMC [8], ofHaKo, BbICOKast
croumocTh usgenuit (0T 240 gonnapos CIIIA) orpaHUuUMBaeT pacrpoOCTPaHEHHOCTh AAHHOW MPOAYKLHMU CPear
poccuiickux notpebureneit [9]. Takum oOpa3oM, HeJOCTaTOK HA OTEUECTBEHHOM DBbIHKE a/IallTUBHOMN OZeX[bl
SPrOHOMUYHBIX (QYHKLMOHANBHBIX W3ZeMdA A [eTell C MBIIIeYHOM CIAaCTUUHOCTBIO YyKa3bIBaeT Ha
TepPCIeKTUBHOCTh UCCIIe/JOBAHMSI.
Tabsuia 1 — BpenyioBasi 3apy0erKHasi a/JanTUBHAs! LIBeKHast MPO/YKLIUs

Havmenosan | Tun nocrasiiyka @DOKyC Ha IPOAYKTe Lenesrle ycnoBus Cpepusist
ve bpeHa CTOMMOCTh
eZIUHHUL[BI
TIPOAYKLIMHU
1 2 3 4 5
SPIO MegunuHckue OUII, runepronus, | Kuner - 249,99
CrienaIM3upOBaHHBIA | KOMITPeCCHOHHBIE TUIIOTOHUS, Josutapos CIHIA.
MOCTAaBILUK OpTesbl, OfeXAa C | pacCTpPOMCTBa Bproku - 139,99
MeJULIMHCKUX W3[e/Ui | KOMIIpeccuei ayTUCTUYECKOTO Jomnapos CIITA
(kuseThl, GPIOKH) cnekTpa (PAC)
TheraTogs Crieliyanu3upoBaHHbIM | TepareBTUUecKre Hapyenus Ot 247 ponnapos
MOCTAaBILIKK KOMITPECCUOHHbIE paBHOBecus/moxogk | CIITA.
MeJULIMHCKUX U3JeNUid | u3fenuss U CUCTeMBI | M,  TIOCTYypasbHbIe
¢bukcaruu muisi | mpobemst, JTITT
BbIDABHUBAHUS
MO3BOHOYHUKA
IloBcenHeBHas

CrieLlManM3VpOBaHHBINA | alaliTUBHAs — OZeX/a,

s o JKuner Ha
SpecialKids | po3Huunblii mpogaBer] | boau ¢ 3actexxkamu- | Ocobble
Company aZlanTUBHOMN KHOTIKaMH, OJIeXK/1a [J1s1 | TIOTPeOHOCTH. KHOMKax ot 24,00
o Josutapos CIHIA.
TIPOAYKLIUH JIFoZield C Heflep>KaHUeM
MOYH.
Kozie AJlanTUBHBIN 6peHz; | MopHast moBcegHeBHast | O6iye ¢usnueckue | B cooTBeTcTBUM C
Clothes JI7IS1 MaCCOBOTO PbIHKA | OZleK[a C MarHUTHBIMU | HeJOCTaTKU LIeHOBOM
3aCTeXXKaMHU TIOJIUTUKOMN
Openza
Target (Cat | AjantuBHblii  6peHp | JoctymHas 1o 1eHe | [ToBbiieHHas B cootBercTBHM C
& Jack) 7SI MACCOBOTO PhIHKA | TIOBCeZHEBHAsI OJ|eXKJa | UYBCTBUTENBHOCTH K | IIeHOBOU
Oe3 JTHUKETOK, C | BHELUHUM TIOJTUTUKOM
IJIOCKUMM IIBaMH, C | pasfpakUTessM, OpeHza
JIOCTYTIOM K | dusmueckue
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| | | ractpocrome | orpannuenus |

ITpopomkenue Tabmuisl 1
1 2 3 4 5
[Mnatdopma c | Ilvpokuii  criekTp | 3aBUCUT oT
MHOXeCTBOM OpEeHJIOB; | MHBa/MIHOCTH, OpeHza
Zappos opToreanyecKas BKJTFOUast
. WHTepHeT-MarasvH
Adaptive 00yBb, JBYCTOPOHHSS | MOTPEOHOCTH B
oJiexaa OpTOTeAnYecKuX
W3JeTUsIX
Toproas momfagka | [Iupokuii  crieKTp | 3aBUCUT oT
Patti and IS aJATITUBHOM MOJIBI, | (hU3UUeCKUX u | bpenza
Rick WHTepHeT-mMarasuH BKJTFOUast CeHCOPHBIX
Y KOMITPeCCHOHHYIO notpebHOCTEN
(NG
Opexpa ¢ | Hapymenus Het undopmaruu
. | yTSDKenuTensiMu U | ob6paboTku
CrieLjuaIM3MpOBaHHBIN o
Pleasure and N KOMIIpeCCUOHHas CEeHCOPHOMU
. . PO3HUYHBIM TIpojaBer]
functionality o ozlexa (>kunetsl, | nHMOpPMAaIVH,
a/IarTUBHBIX W37e/Hi
py0alliku), CEHCOpHbIE | CUHIPOM
MpUCIOCobIeHUs TUIEepaKTUBHOCTH

Pe3ynbTaThl UCC/IE0BAaHMS POCCUHMCKUX CIIELMaINCTOB IP06JIeMbl [TPOEKTUPOBaHUs (PYHKIIMOHAILHOM U
5ProHOMUYHOMU ofiex bl AJis Aeteit ¢ AMC crioco6cTBOBaM pa3BUTHIO 0a3bl 3HAHWH O TIPOEKTUPOBAHUU W3/ie/TUi
aCMMMeTPUYHOM KOH(QHUTYypaLiK, aHTPOTIOMETPUUECKH COOTBETCTBYIOIIeH MOP(OIOrUr YesioBeKa C IaToyioryueit
ocaHkH. [IpezyiokeHb! pa3/iMuHble BApUaHThI MOZEIMPOBAHKS C yUeTOM XapaKTePHBIX 1103 U ABWKEHUH, I1p1 3TOM
oripefie/ieHo, UTO OfeXXJAa AJIs LIeNeBOM ayJUTOPUHM JIO/DKHA OBITH KOHCTPYKTHMBHO TePCOHM(GWLIMPOBAHHOM,
MaKCHMaJIbHO YUWTHIBaKOLeld 0COOEHHOCTH Te/IOCTI0KeHNsl. TeM caMbIM, IIBeiHas MPOJYKLMS CTaHOBUTCS He
TOJIKO 3allUTHBIM GapbepoM, HO U peabWIMTALMOHHBIM CPEACTBOM, Y/IyULIAIOIIAM MOTODHbIE (DYHKIUH U
TICUXOJIOTMUECKYIO aflanTaliio.

[Tepconudukarnys ¢hopmbl TpedyeT MHOXKECTBEHHBIX YTOUHEHHH 1T0CaJKH OZieXK/ibl Ha durype pebeHka.
CnoxxHocTh KoHGwurypauuu Tena pebeHka ¢ AMC, a Takke Haluuue TMOCTOSHHOM HeyCTOWYHMBOCTH TIO3bl,
3aTpyHAIOT [IPOLlecC IPUMEePKU MaKeTOoB U NPOeKTUPYeMBbIX u3zienuit. [To3ToMy 3aMeHa HEKOTOPOT'o KO/IMYeCTBa
HaTypHBIX [TPYMEPOK BUPTYaJIbHBIMH [TO3BOJIUT He TOJIBKO (PH3NYeCKH pasrpy3nuTh NOTEHLMAIbHBIX KIMEHTOB, HO
YIIYULIUTD TICMXOJI0THYecKoe BOCIPUSITHE IPOLiecca MPOeKTUPOBAHMS M M3TOTOBJIEHUS a/IlallTUBHOM IIBEIHOU
MIPOJYKLIMH.

C menblo MOArOTOBKK 0asbl MICXOAHOW aHTPOIIOMETPHUeCcKOoW WH(opMauuu 0 AeTcKux ¢urypax c
TIaToJIOrMell 0CaHKK U TeJI0C/I0KeHHs], COPMUPOBaHHBIX 107, BaussHueM AMC, BbINO/IHEH aHanu3 Iy OIuKaLui,
OCBelljalol{MX pe3y/bTaTbl MeJULIMHCKUX HWCCIe[0BaHWi [JeTell 1iesieBOM Ipymmbl ((poTorpaMmmerpuyeckue,
PEHTreHOJIoruecKre, KOHTaKTHBINA CKPUHUHT U T.11.). OmpeziesieHo, UTo Y TI0/aBJIsIOIIero O0JIbIIMHCTBA AeTell ¢
LIIT B Bo3pacte 5-14 et chopMUpOBaHbI KPUBOILIIES U OOKOBOE MCKPUBJIEHHE M03BOHOUHMKA. I10 fanHbiM H.A.
I'pocc 1 cOaBTOPOB, TIOJIOXKEHHUST OCHOBHBIX aHTPOIIOMETPUYECKHX YPOBHEH (II0/I0’KeHHe TOJIOBbI, YPOBHS I1/1eY,
TIOJIO’KeHNe Ta3a, KOJIEHHBIX TOUeK) XapaKTepU3yIOTCs IaToJIOTel CMeIleH|ss OT HOPMasIbHBIX TTapaMeTpoB Ha
20-70%, puyeM C JOTOMHUTeNbHOW poTanued Ha 1,3-13,4 rpagycoB [10]. A no uadopmanun K.®. Bernerac u
C0ABTOPOB, aCHMMeTpPHUYHasi MyCKYJIbHasi CITaCTUYHOCTh (hOPMUPYeET MaTOI0THUHbIE 11036l HYDKHUX KOHEUHOCTeH
[3], uTo ycunvBaeT UCKpHBIIeHHe BepxHel yacTy Tena. Takum obpasoM, aHTpornioMopdHast XapaKTeprUCTHKa JieTelt
¢ AMC ykasbIBaeT Ha HeCUMMETPUYHOCTb U 3HAUUTe/IbHble OTK/IOHEHUs [1apaMeTPOB OT TUIOBBIX 3HAaUeHUH.

Cucremarusanysi NOMyYeHHBIX CBeJleHMM W TIpOBeJileHHble aBTOpaMU CTaTbU aHTPOIIOMeTpUYecKue
uccnesioBadusi [11] cTpyKTypupoBaHBI M aKKyMy/JIUpOBaHbl B 0a3y AaHHBIX «lVcxopgHash wHGopMaLys s
U(POBOro MPOEKTUPOBAHUS AJANTUBHOW OJEXK/bl [jii TOTpebuTesnell € aCUMMETPUYHON MYCKY/IbHOU
CITAaCTUYHOCTEIO» [12].

HVcnonb30BaHue B rpoLiecce MPOEKTUPOBaHUS O bI 71 feteii ¢ AMC MHCTPYMEHTOB TPeXMepHOTO
MO/Ie/TMPOBaHKS TT03BOJISIET BU3YaIM3UPOBATh Ha aBaTapax MaToOJIOTHIO Te0C/I0KeH . B KauecTBe IporpaMMHO#
cpeAbl B 3KCIiepyMeHTe BbiOpaHa mnporpamma-cumynsatop CLO3D. Anroputm paboTbl C BHUPTYalbHBIMU
¢urypamu CLO3D mno3BoJisieT mpeoOpa3oBaTh TUIOBYIO KOH(QUIYypalyio aBaTapoB C y4eToM (PUKCHPOBaHHBIX
aHTPOIIOMeTPUUECKUX U3MepeHUN NHIUBUAYaTbHON (UTYPHL

I'eHeprpoBaHye aBaTapa aCHMMeTPHUYHON (UI'YPhI BBIIIOJHEHO B HECKOJIBKO 3TarloB.

Ha nepBowM 3tare /iy BepurrKaluy napaMmeTpoB BhINOJIHEH 110 ¢oTorpaduu abpuc Gpurypsl pebeHka co
CMaCTUKOM MBIIIL] [/ COTIOCTaB/IeHus] [U(POBOTO aBaTapa C peajbHbIM KOHTYpoM. Ha «CkeneTHOW Mozesi»
(PYICYHOK 2) BBITIOJIHEHBI KOPPEKTHPOBKH JIMHEMHBIX 1 YIJIOBBIX [1TapaMeTPOB B COOTBETCTBUM C M3MePeHHSIMHU
HATypHOH (Uryphl (MCMO/Ib30BaHBI KAK KOHTAaKTHBIE 00OMEpbI, TAK U OECKOHTaKTHBIE — 0 HOTOM300paXKEHHUSIM).
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N,

Puc. 2 — Ilpumep 3Taria KOPPEKTUPOBKHU YIJIOBLIX U JIMHEHHBIX [1TapaMeTPOB aBaTapa IeBOUKU CpPeJHero
LIKOJILHOT'O BO3pacTa
Ha cnepnytoijem 3Tare BbITIOJHEHO MO/IE/IMPOBAHUE peasibHON CTaTUYHOW Mo3bl pebénka B 3D-cpefe.
BeirosiHeHa (opmasni3aiiusi 1MoJIoKeHusI 171e4eBOro 1osica U Tas3a, (GOpMbl IPyJHOM K/IETKH, TI03BOHOYHMKA,
HIDKHUX W BEePXHUX KOHEYHOCTeH. OJKCIepyMeHT [IpOBeJjleH B pa3HbIX I0JI0BO3PACTHBIX TIPYyIIIax.
ITpeobpa3oBaHusl TpOBeAeHbl Kak II0 MOP(O-aHTPOIIOMETPHUYECKUM XapaKTepHCTHKaM, TaK U C Y4YeTOM
XapaKTepPHBIX 103 ZieTel ¢ MyCKYJIbHOM CIIaCTUYHOCTBIO (Tabsuia 2).

Tabnuna 2 — IpuMepbl MOAr0oTOBAEHHbIX aBaTapoB feTeld ¢ AMC (u3 6a3bl JAHHBIX)
OrnucaHue Mo3bl Busyanuzaims

HOTY COTHYTHI B KOJIEHHBIX CyCTaBax,
6e/ipa MI0THO TIPHUBE/IEHBI,
OTKJIOHEHHe T'OJIeHU BIIepef,
KOJIeHU POTHPOBaHbl BHYTPb,
CTOIIBI B 5KBUHYCe, Pa3Be/ieHbl,
O[HA pyKa COTHyTa B JIOKTe, BTOpas pykKa
BBITIPSIMJIEHA U HaTIPsSDKeHa,
roJI0Ba OTK/IOHEHA BIepe/; U C/lerKa B CTOPOHY,
Ta3 OTKJIOHEH BIiepe[,

CKOJIMO03, TUIIepJOpZ03 TOSICHUUHOIO OTZhena
NI03BOHOUHUKA
HOTY COTHYTHI B KOJIEHHBIX CyCTaBax,
OTKJIOHEHHe TOJIeHU BIIepef,
KOJIeHU POTHPOBaHBI BHYTPb WK HapYXKY («103a
JISTYILIKX), CTOTTBI B 9KBUHYCE, BO3MOJKHO THUIbHOE
crubaHue CTorbI 10 35 rpajycos,
II/Ieyd pasHOr0 HAaKJ/IOHA C poTaLyeH,
CMHa  OKpyrJjas, CKOJIMO3  I103BOHOUHMKA,
TUIepJIOpA03 MOSICHUUHOIO OT/ea,
rojioBa OTK/IOHEHA BIlepe/i ¥ B CTOPOHY,
Ta3 HaKJIOHeH BIiepe[,
PYKA COTHYTBI B JIOKTSIX, OZJHA TIpUBeZieHa K
TYJIOBHILY, He pa3rubaercsi.
HOT'H TIpsIMbIe, He CTUOAOIHecs, epeKpeIeHsbl,
6e/ipa pOTUPOBaHbI BHYTPb, [0 45-50 rpaycos,
5KBHMHOBapycCHas CTOIa,
TIJIeyd pa3HOro HAaKJ/IOHA C poTaljyeli Briepes,
CTMIMHA OKpYTJIasi, TUTIepJIOp/03 MOSICHUUHOTO
OTJie/ia TT03BOHOYHMKA, CKOJTHO3.
OJlHa pyKa pa30rHyTa B JIOKTe U OTBe/ieHa BIlepe/] U B
CTOpPOHY, BTOpasg pykKa COTHyTa B JIOKTe C
Pacro/ioyKeHUeM JlaZloHH BBepX,
rojioBa C HAaKJIOHOM B CTOPOHY U BIlepef,
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[To pe3ynbTaTaM reHepupoBaHusi cHOpPMHUpOBaHa LU(POBLIX OHOMMOTEKA (Uryp «ABaTapbl AeTelt C
aCMMMeTPHUYHOM MYCKY/IbHOM CITaCTUYHOCTBIO» [13].

HO,E[FOTOBJ'[EHHLIE daBaTaphbl IVIAHUPYETCA MCII0/1b30BaTh B pa3pa60TKe I'IepCOHa]IPIBPIpOBaHHOfI ofexX bl
IUIl 11eJIeBOM TOTPeOUTeNbCKOW TpyMIibl. DKCIIEPUMEHT OyZieT TMpoBe/leH MU MO/IeP)KKe T'eHepaTUBHBIX
anroputmoB [ 14]. [Ins ycrielHoro pe3ysibTaTa Heo6X0A¥MBI IMHT BUCTHUEeCKH IPaMOTHO COCTaB/IEHHBIE TIPOMTHI 1
BepU(HUIIMpOBaHHbIe Oa3bl JaHHBIX, K KOTOPBIM 06paljaeTcsi UCKYCCTBeHHbI UHTETEKT.

3akarouenue. CoBpeMeHHbIM 3Tan pa3BUTHS NPOLiecca MPOeKTUPOBaHUS alalTUBHOM OJ€X/ bl OCHOBAH
Ha yriy6/JieHHOM WCC/Ie[JOBAHUM TPOCTPAHCTBEHHON KOH(Urypauuu (uryp motrpebuTeneil C pa3TMUHBIMU
MOpd)O]IOFI/ILIECKI/IMI/I I1aTOJIOTUSAMMUA. HpI/IMEHI/ITEIILHO K HEHEBOﬁ dyAUTOPpUH (C MYCKyHLHOﬁ CHaCTI/IqHOCTb}O)
BaXKHBIMH XdPAKTEPUCTHKAMHK OT/IMUAIOLIErocsd OT THUIIOBOTO TeJIOC/IOKEHUA SABJIAOTCA KOJIMYeCTBEHHLIE
TMapaMeTpbl (IIPIHEﬁHbIE, 06XBaTHbIE, yrJ/ioBkle, HpOBKLlI/IOHHbIe) U OIInucCaHue AerOpMaL[I/II/I T103BI.

LudpoBoe Mo/ienpoBaHue 103BOJISIET TIPOEKTUPOBIIUKY TOJIyUUTh UCXOJHbIE CUMYJISTUBHBIE MO/IE/N
Tejla 4YesioBeKa C H&TOJ’[OFI/IEI‘/JI OCaHKH, W MCII0/JIb30BaTh IIOJT0OTOB/IEHHBIX aBaTapOB AJid HpOEKTI/IpOBaHI/IH
aflaTITUBHOMN OZIe)K/IbI U TIPOBEPKH KaueCTBa MOCaKH.

VccnenoBaHye BBIMOHEHO B pamkax PejiepanbHOro rmpoekta «O6yueHre Ciy)KeHHeM».,
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CONFECTIONING AS A BASIC BASIS FOR DESIGNING ORTHOPEDIC BRAS

Summary (Abstract): The article presents the results of a study of the properties of materials used in the
confectionery package of orthopedic bras manufactured to order and in small series at a specialized enterprise.
Keywords — orthopedic bras, hygiene, breathability, aesthetics

B accopTuMeHTe WIBeHHBIX W3[e/MH peadUIUTallMOHHOTO Ha3HAUEHHUs] OPTOMEeAUYECKass TPOAYKLUS
JUIs1 >KeHIIWH T10C/Ie OTepariii MacT3KTOMUY 3aHUMaeT OJHO W3 3HAauuMMbIX MecT. ClI0)KHble XUpPyprudeckue
BMelllaTe/bCTBA I10 W3/I€UeHHI0 OHKOJIOTWYeCKUX 3abosieBaHUM TPy YacTO 3aKaHUMBAIOTCS yja/leHueM
MOJIOUHOH yKeste3bl (WM ee yacTH). [loTeps rpy iy BbI3bIBAeT Cephe3Hble HApYILEHUs] PABHOBECUS B OpraHu3Me
JKEHIJUH — HEeCUMMETPUUHOCTh TMPOBOLPYeT WCKpHUBJeHHe (OpMbI  CIIMHBL, pa3BUTHE OTEKOB,
OuomexaHndyecknidi ucbanaHc W gp. Pusmueckas AedopMalisi CONPOBOXKAAETCS IICUXO3MOLHOHATBHBIM
cTpeccoM [1]. YuurtbiBasi BBICOKYIO COLMa/JbHYI aKTHBHOCTb COBPEMEHHBIX JKEHIIMH B IOCTOINEPAaLjIOHHBINA
Mepuo/i, MPOU3BOJUTENM PACIIUPSIIOT ACCOPTUMEHT CIeLMaJu3UPOBaHHON OfleXKbl (OICTranbTephl, TOMBI,
KOpCeTHBIe W3[e/Vist), afianTypysi UX TOJ, 3aJaud Ha/|e>KHOW (UKcalMy 9K30TPOTE30B M TOJEPKKH MSITKHX
TKaHel. PacnpocTpaHeHue opTorequ4eckoil MpPOAYKLMU OCYILECTBJsIeTCs yepe3 NpodeccroHaIbHble CETH U
CreljManu3upoBaHHble LM(poBble IIaTGOpMbI HA OCHOBAaHUY MeJULIMHCKUX PeKOMeH/ALUH.

[lnst KOppeKLMY HeJJ0CTaTKOB HOBOH MOP(OJIOTHH YCIEITHO IPUMEHSIOT UMUTATOPbI TPYAHBIX JKeJlé3 —
9K30MpOTe3bl pa3HOH (OpMBI M pa3sMepoB, A/ pa3MelljeHHs KOTOpPBIX B CIeLManbHbIX OrocTranbTepax
TIpeyCMOTPeHbI KapMaHhbI 110 BHyTPeHHel cTopoHe u3zenuii (puc. 1).

Puc.1 — Buj BHyTpeHHel CTOpOHbI 0pTorieAindeckoro Oroctranbrepa ¢ kapMmanoM (K) asst pa3merrenus
3K30mpore3a [2]

KoHCTpYKTHBHOE pellieHre pPeabuINTAl[UOHHBIX [IBEHHBIX W3/e/TUM XapaKTepU3yeTcs Creluduueckom
ApXUTEKTOHUKOH, O00YyCIOB/eHHOW WX (YHKUMOHAJIbHBIM HasHaueHWeM [3]. AHanu3 KOMIIO3WULMOHHOTO |
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KOHCTPDYKTHBHO-T€XHOJ/IOTUYECKOI'0O pELHEHI/II';I Mo,qenei/'l OopToreandyeCKrux 6}0CTFEI]'ILTEPOB, npeacTaB/I€eHHBIX Ha
O0TeueCTBeHHOM DBLIHKE, ITOKa3aJ/I Ha/Inune 0a30BbIX OTIMUNTEILHBIX uepT:

1) JIMHYSL IeKO/bTe CpeJHeTO pa3Mepa WM 3aBblllieHa [0 CPAaBHEHHIO C MOJe/sIMU 00111eObITOBBIX
OrOCTrasbTEPOB, UTO MO3BOJISIET CKPBITH MEPera/ibl B pesibede Tesla Ha yuacTKax ¢ yTpaueHHOU rpy/bio [4];

2) JleTaii JallleK BbITOTHEeHEl, KaK TPaBUJIO, U3 3JIACTUYHOTO TPUKOTAKHOTO TI0JIOTHA U YCUEHBI
apMUPYOLIMMU JTAMUHUPOBAHHBIMH MPOKJIaJKaMH, UTO M03BOJISIET M3Je/UsM [JIUTEIbHO COXPAHSTD JKemaeMyto
dopmy [5];

3) 0 BHYTPEHHEH CTOPOHE YallleK MHTEerPUPOBAaHbI TPUKOTAXKHBIE X/I0MYaTOOyMaXkKHbIE KApPMaHhbI

IIIsT 9K30TIPOTE30B, TIPH 3TOM CaMH 3K30IpOoTe3bl (0COOEHHO OOJBIINX pa3MepOB) TIPeBApUTETHLHO pa3MeIaroT
B uexjiax M3 x/0 TPUKOTa)XHOTO MoJIoTHA [6], UTO rapaHTHpyeT cTabwibHYIO (PUKCALMIO TOJIOXKEHUS BHYTPH
KapMaHoB [7];

4) niepeZiHie U OOKOBBIE [leTasd BBIMOJHEHB! M3 3/1aCTUYHBIX MaTepHasoB, UTo obecrieunBaer
HeoOXOMMBbIH rpajiueHT JaBnienHus [5],
5) 3/1aCTUUHbIe OpeTe/u U3 MaTepuana Bepxa, C (PPOHTabHON PeryJTUpoBKOM, KOMOMHHUPOBAHbI C

3/IaCTUYHOMN JIEHTOW WM TIOJIOTHOM C JIAMUHUPOBAHHBIM YIUIOTHHUTE/IEM, UTO CIIOCOOCTBYET paldOHATbHOMY
pacnpe/iesieHHI0 Harpy3Ky Ha TuieueBoit rosic [8];

6) 3acTeXXKa (hpOHTAIbHAS WX €331 HA MHOTOPSITHbIE KPIOUKHU U TTET/IH;

7) MO/IeIbHBIA psiJi TIpeJCTaB/ieH B 0a30BOM IBeTOBOW ramme (Oesiblii, UepHBbIM, OeXeBbIH) U
JPYTHUX LIBETOBBIX PEIIEHUSIX, MOJHBIX B KOHKPETHOM CEe30HE.

Opronequueckuii OrOCTranbTep KBATUPUIUPYETCS KaK W3Je/iie CelUasbHOr0 Ha3HAueHWs, 4To
o0yc/aBnvMBaeT TMOBBIIEHHble TpeOOBaHUsS K CBOWCTBAM TIAKeTa €ro MaTepuanoB. OKCIIEPUMEHT TI0
WCC/Ie[IOBAHUIO CBOMCTB KOH(EKIMOH-TIAKETOB OPTOMeAUYECKHX OIOCTrasbTePOB TIPOBE/IEH Ha 6a3e MOIeNIbHOTO
pfzfa crelruanu3upoBaHHoro mipeanpustus MITPL] «3nopoBbe» (r. MockBa) [9], BBITyCKaroIero MIBeHHYHO
OpTOTeANYEeCKYIO TPOAYKIIHIO T10 3aKa3aM U MeJTKUMU CepUsiMH (puc. 2).

v e

-~ A ]
4

Puc.2 — Ba3ogast Mmozienb oproneanueckoro 6roctrantepa MITPLL «370poBbe», C 3acTexkoi cnepeu [9]

B oT/unu oT u3zennil o61e6pITOBOr0 aCCOPTUMEHTA, TEKCTUIBHBIE MaTepHasIbl AJIs OPTOTEeJHUEeCKUX
KOHCTPYKLMH MTPH3BaHbl peasn30BaTh KOMILUIEKC TepareBTUYecKux 3azau [10]:

- GromexaHuuecKas IO//lep>KKa, paljioHa/lbHOe IepepacripefiesieHre BeCOBOM Harpysku C IIeYeBOr0
rosica Ha rapaBepTeOpasbHble 30HbI U TPYJHYIO K/IETKY;

- KOMIIDECCHOHHO-CTabWUMu3MpymoLiass  QYHKLHsS, CO3JaHHe J/I03UPOBAHHOIO  [JiABJIeHMs IS
NpoQUIAKTUKY TMMQOCTa3a ¥ HaJIe)KHON MMMOOU/IN3aIUKU 3K30MPOTe3a;

- TIpOTeKTOpHasi (YHKUHMS, HWCK/IIOUeHHWe MeXaHHYeckoro pasfpakeHHs U  TPaBMHPOBaHUSA
MOCTOTEePALHOHHBIX PYOLIOBBIX TKaHeH.

KOHCTPYKTHBHBINM KapKac OpTONeANYeCcKUX U3/e/ i (OPMHUPYeTCs Ha OCHOBE BbICOKOTE@XHOJIOTHYHBIX
OCHOBOBSI3aHBIX U TIONIEPEUHOBSI3aHbIX TPUKOTAXKHBIX TTOJIOTEH K3 3/1aCTOMEPHBIX MOAUMUIIMPOBAHHBIX HUTEH, a
TaKKe MHOTOC/IOWHBIX JAyONMpOBaHHBIX CHUCTeM, IIpeAHasHaueHHbIX I (opMooOpasylomux —y3/0B.
ITprMeHeHVe 371aCTOMEPHBIX T10JIOTeH TapaHTHpyeT TpebyeMblii IpaZiieHT AaB/eHusl [IPU COXPaHEHHH BBICOKUX
roKasaresied Bo3fyxomnpoHuiljaeMoctd [11]. B KkauecTBe 0OBEKTOB HCClefoBaHWS BBIOpaHBI [iBa BHJA
MaTepranoB, BXOASAIIMX B KOH(EKIMOH-TlakeT 0a30BBIX Mofesield OpTONeJUYeCcKHX OOCTrajbTepoB
npou3sBogcTBa MITPLI «310poBbe:

1) TPUKOTXKHOE XJIOMUaToOymMakHoe mosoTHO, mpouseogctBa CTAPTEKC, XapaKTepHUCTHKU:
niepervieTeHue rJiafib, MOBEPXHOCTHAS IOTHOCTEL 160 r/M?, 11BeT GeXXeBblii;
2) anactuyHoe monoTHO (100% snacran), npousBoActBa CTAPTEKC, xapakTepuCTHKHU:

TiepervieTeHue ria/ib, IOBEPXHOCTHAS TUIOTHOCTE 235 /M, 1IBeT GeKeBbIii.

OKCrepUMeHT IO OIpejie/IeHUI0 T10KasaTeslell BO3yXOIPOHULIAeMOCTH BBIMIO/IHEH C WUCIIO0/Ib30BaHUEM
cneLuanbHOrO0 000pyZOBaHUS B cooTBeTCTBUU C MeToaukor 'OCT 12088-77 «Matepuasbl TEKCTHUIbHBIE U
usflenuss W3 HuX. MeToj onpefiesieHMsi BO3ZyXOIpPOHHI[aeMOCTW». OrpesiesieHre BO3/yXOMPOHULIAEMOCTH
TeKCTH/IbHBIX MaTepHasioB OCHOBAaHO Ha W3MePeHHH pacxoza (o6bema) Bo3zyxa, Npoluesero yepes obpaser B
enuHULy BpemMeHH (B), pu ¢ukcupoBaHHOM paspexkenun (h) mog ucreityeMbiM o6pa3tiom (Tabsuwa 1).
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Tabsmia 1 — Pe3y/bTaThl UCIIBITAHUHN UCCIIeIyeMbIX 00pa3IlioB Ha BO3AYXONPOHULAEMOCTb

Ne i/m X70MnoK (TPHUKOTaX) DaCTUYHOE TT0JIOTHO
h, MM Bog.CT B, eM’/c h, MM Bog.CT B, cM’/c
1 55 338 140 1385
2 52 328 135 1360
3 51 326 140 1385
4 57 344 130 1335
5 46 310 132 1345
Bo031yX0NpOHULIaeMOCTS, AM*/(M*C)
329,5 | 1362

OKCIleprMeHTaIbHO yCTaHOB/IEHO, UTO BO3ZyXOIPOHMIAeMOCTh MCC/IefyeMbIX 00pasrjoB MaTeprasioB
cootBercTByeT HopMaTuBaM (corsiacHo ['OCT 4.26-80 «Cucrema mokasaresieli KaueCTBa IpoAyKiun. W3genmist
TpUKOTaXKHbIe. HOMEHK/1aTypa rokasaTesieii» BeJIMUMHa rapaMeTpa [0/bkHa ObITh He Meree 135 am®/m? ).

BaxxHbIM TpeOoBaHMEM K MaTepHanaM OpTOIeJUYeCKHX OICTralbTepoB SBASeTCs obecreueHHe
Heob6XOJMMOTO YPOBHSI TUTPOCKOITUUHOCTH. DU3UKO-XUMUYECKas TIPUPO/ia TMIPOCKOMMYHOCTH 3aK/IHOYAETCS B
CII0COOHOCTU TEKCTU/IbHBIX BOJIOKOH abcopOupoBaTh Bary U3 OKpy)Karoljel cpejbl WIM HElOCPeACTBEHHO C
MOBEpXHOCTH 3Mnujepmuca. JJaHHoe CBOMCTBO 06YyC/IOB/IEHO CIelU(UKON XUMHUYECKOT0 CTPOEHHsS! BOJIOKOH U
Ha/lMuneM pas3BUTOM cucTeMbl MUKporop. OrmpefesieHo, UTO 'MTPOCKONMYHOCTb BHYTPEHHMX CJIOEB IakKeTa
opToreJiuecKUX OFOCTTa/lbTepoB obecrieurBaeTcsl, KakK MPaBU/IO, KCIO/IB30BaHHEM II0JIOTEH Ha OCHOBe
LIeJUTFOJIO3HBIX ~ BOJIOKOH WM CHeLMaJu3WpPOBAHHbIX THAPOGWIBHBIX — IMOJUMEPOB, CIIOCOOCTBYIOIINX
3G (eKTHBHOMY OTBOAY 3KCCyjaTa M TioTa. VcciefoBaHWe T'MIPOCKOMUYHOCTH OOBEKTOB BBIMOJHEHO B
cootBercTBUM € MetoAukon I['OCT 3816 (ISO 811) «IlonoTHa TeKCTU/IbHbBle. MeTOABI OIpeseleHus
TUTPOCKOITMYECKHUX Y BOZOOTTAJKUBAIOIIMX CBOMCTB», TPU 3TOM 00pas3Iibl MOrPY’KaaKuch Ha 3a/JaHHOe BpeMs B
CrieljMaibHble CTeK/IsTHHbIE KOIObI, C IIOC/IeAYIOLIMM IlepeMellleHHeM B CYIIMIbHbIN mKad (Tabmmia 2).

Tabnuna 2 — OnpejiesieHHe TMIPOCKONUYHOCTH MaTEPUAJIOB

Bpems Macca 06pasiioB, r
X70noK (TPUKOTaX) Dn1acTUYHOE MOJI0THO
Nel | No2 Ne3 | No4
4 vaca Bo BiakHOU cpefie (Mggax)
1 cek. 23,38 21,49 24,97 24,88
2 CeK. 23,38 21,48 24,97 24,87
3 cexk. 23,38 21,48 24,97 24,87
Cp. 3HaueHue 22,48 24,92
1 yac B cymuabHOM 1mKady (Mqx)
1 cek. 23,22 21,33 24,83 24,73
2 CeK. 23,22 21,33 24,83 24,73
3 cexk. 23,22 21,33 24,83 24,73
Cp. 3HaueHue 22,28 24,78

UrpoCKONIMYHOCT ~ SIBMSIETCS  [eTePMUHMDYIOIIMM  [apaMeTpoM,  OINpeZeNsioIiM  YPOBeHb
¢usnonornueckoro koMmopra, TUTHEeHHUeCKy0 6e30macHOCTh U (QYHKIMOHAIBHYIO Ha/le)KHOCTh TEKCTH/IbHBIX
cucTeM. ParMioHanmbHBIA BBIOOp MareprasioB Ha OCHOBe WX COPOLMIOHHBIX XapaKTepPUCTHK IT03BOJISET
MPOEKTUPOBaThb W3/eNusl, CBOMCTBA KOTOPBHIX CIOCOOHBI a/aNTHPOBAThCA K AMHAMUUYECKUM HW3MeHEeHUsM
MHKPOK/IIMaTa T0Z0/Ie)KHOT0 TIPOCTPAHCTBA.

PacueTt rUrpoCKONTMYHOCTH BBITIO/IHEH 110 (hopmyie:

(Manax-Meyx)/Meyx * 100% 1)

rze M.« — Macca (B rpammax) obpasiia Bo BJIa)KHOM COCTOSIHHY,

M.y« — Macca (B rpamMmax) oOpasiia B CyXOM COCTOSTHUU.

[MonyueHbI CpeiHUe BeTUUUHBI TUTPOCKOMUYHOCTH:

1) xyonuatobyma)kHOro TpUKOTaxka - 0,98 %,

2) »3nacTUYHOro moJyiotHa - 0,56 %.

TakuM  00pa3oM, SKCIIEPUMEHTA/JIbHO TIOATBEPXKJEHA  BbIpaKEHHasl  3aBUCHMOCTh  CTETIeHU
BJIarOTIOTJ/IOIIEHUsI OT TIPUPOABI ChIPbSi BHIOPAHHBIX JIJIsI MCC/IeI0OBaHUs 00pa3lioB Marepuasna: HaTypasibHble
BOJIOKHA (XJIONOK) 00JIalaloT BBICOKOW T'MAPOQUIBLHOCTbIO, B TO BpeMsl KaK CHUHTETUYECKHe TMOJIMMephI
XapaKTepU3YIOTCS HU3KUM COPOI[MOHHBIM TTOTEHI[a/IOM.
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dyH/aMeHTabHBIM ~KPUTEPUeM SKCIUTyaTallMOHHOW 3((EeKTUBHOCTH OpTOIeJUUecKOro H3/esvs
ABJIsETCS] CTabW/IBHOCTh KOHCTPYKUMU. VccnefoBaHyeM oIpefiesieHO, YTo /i1 JeTajeill mosica U CIMHKH
NIPUOPUTETHBIM IIPHU3HAHO MCIIO/Ib30BaHHe BHICOKO3/IACTUYHBIX 10JIOTEH C COZep)KaHueM 31acTaHa 70 40%, uro
rapaHTHPYeT YCTOHUMBYIO (PUKCALMIO U3/e/TUsl Ha TY/IOBHUIIe 0e3 OorpaHHUueHUs IbIXaTelbHbIX 3KCKypcuid [12].
Amnanu3 nedopmalioHHoOM criocobHOCTH 06pasIoB 3/71acTaHa BhINOMHeH coriacHo mMetoauke 'OCT 3816 (ISO
811) «IlomoTHa TeKCTW/IbHbIE. MeTOZAbI OIpe/ie/ieHUs] TUTPOCKOMUYECKUX M BOJOOTTATKUBAIOIUX CBOWCTB».
[Inis SKCrepuMeHTa MOArOTOB/IeHbI 4 MpoObI, eliCTBUe Harpy3Ky Ha TMOJBEIleHHbIe Ha CTOHKe perakcoMmeTpa
006pa3sLbl PUKCHPOBAIOCH C UHTEPBAIOM 5 CeKYH[, 5 MUHYT, 15 MUHYT, 30 MuHyT (Tabnuia 3).

Tabnuna 3 — OnpefesieHye MOHOM ieOpPMalMK PacTshKeHHs 3/1acTaHa

Bup Ne rpo6bI Inuna npo6s1 L, MM, TIoc/ie BpeMeHU
npo0ObI
[JeiicTBre HarpysKu Otgpixa
5c 5 MUH 15mun | 30 wmuH/ | 5¢/ 5 MuH 15 mun | 30 mun/
L1 L2 L3
Brosb 1 21,5 23 23,4 23,5 11 10,7 10,3 10,3
2 24,5 26,2 26,4 28,3 10,9 10,7 10,4 10,3
cpeaHee | 23 24,6 24,9 25,9 10,95 | 10,7 10,35 10,3
IMomepex 1 13 13,2 13,3 13,2 11 10,5 10,2 10,2
2 12,5 13 13,2 13,2 11 10,6 10,4 10,3
cpenHee 12,75 | 13,1 13,25 13,2 11 10,55 10,3 10,25

Pe3ynbTaTbl pacueToB BeWYMH TOJHOW JedopMaruu Mpob 3macTaHa M ee KOMIIOHEHTOB TIpH
O/THOOCHOM PacCTs>KeHUU 00pa3LioB NpUBe/ieHbI B Tabuile 4.

Tabsuiia 4 — DKCriepUuMeHTaTbHbIE BETMUWHBI MOTHOM AehopMaliyy rpob 3/1acTaHa U ee KOMITIOHEHTHI TIPH
0JTHOOCHOM PAacCTsDKeHUHU 00pa3sijoB

XapaKTepI/ICTI/IKI/I, €JAVHHWLbI U3MEPEHUSA PacueTtsl

B 1poionbHOM HampaB/ieHUH

B roriepeyHoM HallpaBJ/IEHHWHX

ITonHas aedopmaiysi, %

100%*(25,9-10)/10=159

100*(13,2-10)/10=32

Ynpyrasi KOMIIOHEHTa, %

100*(25,9-10,95)/10=149,5

100*(13,2-11)/10=22

DnacTUyHass KOMIIOHeHTa, %

100*(10,95-10,3)/10=6,5

100*(11-10,25)/10=7,5

IInacTuueckast KOMIIOHeHTa, %

100*(10,3-10)/10=3

100*(10,25-10)/10=2,5

[Hons ynpyroii KOMIIOHEHTHI

149,5/159=0,94

22/32=0,7

Jons 371acTUYHOM KOMITOHEHTEI

6,5/159=0,04

7,5/32=0,23

Jons ny1acTUUHOM KOMITOHEHTBI

3/159=0,02

2,5/32=0,08

I[To uToram 3KCIiepUMeHTa TI0JTyYeHbI C/Ie/IyFOLIHe BEIBO/bI:

1) B Tmpoio/ibHOM HarpaB/IeHUM 3/1aCTaH XapaKTePU3YeTCsl BLICOKOM TMOJHOMN Jedopmariyeit
(159%), mapameTp yKa3blBaeT Ha WCK/IHOUUTENBHYIO CHOCOOHOCTh TKAaHU K DAaCTsDKEHWIO, UTO SIB/ISIETCS
K/TFOUEBBIM CBOMCTBOM 371actaHa. IIpakTuuecku Bcs JedopMaiivsi 00yCIoB/ieHa YIPYrol COCTaBJSIONIEH, UuTo
TIO/ITBEPYK/IaeTCsl BEICOKOM loyieid yIIpyroi KOMIIOHEeHTHI B TosiHOM fedopmatiuu (0,94). JaHHbl (haKT 03HavaerT,
UYTO TOC/Te CHATHS Harpy3ku oOpasel] MaTepuana TPAKTUUYECKU TOJHOCTBIO BO3BPAIAeTC K CBOMM
repBOHAYa/bHBIM pa3MepaM. HeGosblive 3HaueHHs 3/1aCTUYHON W rmacthiueckod nedopmauun (6,5% u 3%
COOTBETCTBEHHO) CBUJETEJLCTBYIOT O BBICOKOW YCTOMUMBOCTH K OCTaTOYHBIM JedopmaliusiM U COXpaHeHWH
¢hopMBbI 1OC/Ie MHOTOKPATHBIX PacTshKeHUH

2) B mornepeuHOM HarpaBleHWH BbIsSIBJIeHa 3HAUMTELHO MeHbIas 1o BesmuuHe (32%) mosiHas
Jedopmauysi. Yrpyras geopMarus TakKe sIBIsSeTCsl OCHOBHOM, HO eé /10/1s1 B TIo/HOM fedopmaniuu (0,7) Hibke,
yeM B TMpOJOJLHOM HarpaBieHuH. [lons ke 3nacTuuHOi pAedopmaimu 3HauutenbHo Bhile (0,23), uro
yKa3blBaeT Ha OOJIBIYI0 CKJIOHHOCTH K OCTaTOYHOUW JAedopMaly Toc/ie CHsATUA Harpy3ku. HebGosblias
TacTUuecKasi KomroHeHTa - 2,5%: Ilnactuueckass gedopmaiiisi Takke He3HauwTesnbHa, HO eé moms (0,08)
BHIILIIE.

3) ITpojonbHOe pacriosio)keHue JeTaneil NMpU packpoe W3 3j1acTaHa WeanbHO /I 3JIeMeHTOB,
TpeOyIOIMX MaKCUManbHOM pacTsPKUMOCTH TIPH COXpaHeHUH (OPMbI, HarlpUMep, YYacTKOB, 00eCrieunBaroIux
IVUHaMMKy. Packpodl B TiONepevyHOM HampaB/ieHWH, Tjle BbIsIBJieHAa MeHblIas 3/aCTUUHOCTb, MOXKET ObITh
WCII0/Tb30BaH B 3/IeMeHTax, TPeOYIOIIUX CTabUIbHOCTA (OPMBI M yMEPEHHOM MOA/IePIKKH.
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[Tpy NIPOEKTHUPOBAaHWH YallleK, BOCIIPUHUMAIOIINX OCHOBHYHO Harpy3Ky MacChl TPYHOM >Kene3bl WM
3K301poTe3a, Ha npexanpustid MIIPL] «370poBbe» NMPUMEHSIOT MajOpacTsDKUMble I10JI0THA, YTO I103BOJISIET
WCK/TFOUNUTH HeyKeslaTelbHYI0 MUTPALIMI0 MATKUX TKaHel 1 06eCrieunTs KeCTKYyH0 (DUKCALMI0 CUCTEMBI.

OyHKIIMOHANBHBIM MOTeHL{Ma (QYpPHUTYPbl B OPTOIEJUUeCKUX KOHCTPYKLMSX paccMaTpUBaeTCs Kak
MHTeTpajbHOe MPO/|0/KeHHe CBOMCTB OCHOBHOTO MaTepHara. Vcrob30BaHe MHOIOC/IONHBIX JeMIT(UPYIOIMX
MPOK/IaZIOK U3 BCIIEHEHHBIX MOJIMMEPOB B COYETAHUU C pacIIMpeHHBIMH OpeTessiMH TO3BOJISIeT HUBEIUPOBATh
B/IaB/MBAlOIlee YCHIFe Ha TparelMeBUAHYI0 MBILIIY ¥ TPeJOoTBPAaTUTh Bpe3aHHe 371eMeHTOB KOHCTPYKIUH B
MSITKYe TKaHH TuTeya.

Creryka MeJULIMHCKOTO Ha3HAUeHUsl OPTOTeANYeCKUX OFOCTrasbTepOB JUKTYET HeoOXOJUMOCTD
BBICOKOM 1JBETOCTOMKOCTH M XMMHUECKO! WHePTHOCTU BOJIOKOH MaTepUasoB U3Je/nil B YCIOBUSX PeryJsipHON
CaHUTapHO-TUTMeHnuecKol 06paboTKH B MOIOIIMX pacTBOpax IpH IIOBBIIIEHHBIX TeMIIepaTypax.

3ak/1roueHue.

[MocTomnepaljioHHas peadWIMTALMsl JKEHIIWH I0Cjie MAacTIKTOMHH [OJDKHA HOCHUTbh KOMIUIEKCHBIH
XapakTep, OpHEeHTHPOBaHHbI He TOJBKO Ha KOMIIeHCAluio (HU3MYecKoro OTK/IOHEHWs, HO Ha W
TICUXOJIOTHUECKYIO a/JaNTallio K ©3MeHeHHOW Mop(0JIoriy Tesa ¥ BOCCTAaHOBJ/IeHHEe caMooLieHKH. CrieliaibHO
CTIPOEKTHPOBaHHbIE W3Ze/us, aJanTUPOBaHHbIE 110 HOBYIO MODP(OJIOTHIO uYesioBeKa, IIpWU3BaHBI C/le/IaTh
peabWIMTAL[MIO  YCMEIIHOW U BEPHYTh  IIefIeBbIM  TOTPeOUTENsIM  YBEPEHHOCTh B  COOGCTBEHHOM
TIpYBJIeKaTe/IbHOCTH, TIOBBICUTh KaueCTBO >XU3HU [13].

I[TpoBesieHHOe HCCIeioBaHKE CBOWCTB MaTepraioB 6a30BbIX MOZiesiel opTomnejuuecKix 6roCcTraabTepoB
TI0Ka3aj10, YTo 000CHOBaHHOe KOH(EKIMIOHUPOBaHHe JJ0/DKHO OBITH OCHOBAHO Ha KJIFOUEBBIX TPeOOBaHMSIX, UTO
B UTOre BAUsIeT Ha (PYHKI[MOHAIbHOCTh, KOM(OPT U [JO/ITOBEUYHOCTh U3Zle/ .

WccnenoBaHve  ToAuepKUBaeT 3HAUMMOCTb  JajbHEHILIEr0  COBEpILIEHCTBOBAHWS  TeXHOJIOTHH
TIPOEKTUPOBaHMSI OPTOTIeANYeCKUX IIBEMHBIX U3ZeHi.
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WHHOBALUMOHHBLIE TEXHONOInMn B NMPOEKTUPOBAHUU 3KUMNUPOBKW CMOPTCMEHOB
NAPAIMMIMTNCKOU ANCLUUN/INHbI «BONTIEUBO1 CUAA»

© A.1O. IOp-Kupuniok, M.A. lN'ycesa, 2026

AHHOmayus: PaccmompeHbl aHamomo-buomexaHuueckue O0COOeHHOCMU CNOPMCMeHO8 NapanruMnulickol
oucyunauHbl «801etiboa cuds», 8blaeneHbl HeOOCMAamMKU MpaduyuoHHoll SKunuposku. O6OCHOBAHO npuMeHeHue
becwoeHblx mexHonoaull (3D-8a3aHue, ceapka) u mexHoa02U4Ho20 mekcmusi. IIpednodceHbl KOHCMPYKMUBHbIE
peweHust 041 u3deaull ¢ yuémom Oegpuyuma KOHeuHOCmu U XapakmepHbIX No3 U2POKo8. Pezyibmambl
UCC1e008aHUSA NOAONHCEHbI 8 OCHOBY MEXHUUECKO20 3a0aHus 045 pazpabomku cneyuanu3upo8aHHoll SKUNUPOBKU.
KiroueBble ¢j10Ba: BO/1eH00s1 Chist, 6ECIIIOBHBIE TEXHOIOTUH, TEXHUUECKUI TeKCTU/Ib, MapaTUMITUHACKUNA CIIOPT,
a/lanTHBHas 0fieK/la, KOMITPeCCHOHHAs! SKUIMHPOBKA, TPO(M/IaKTUKA TPABMaTU3Ma, YMHBIN TeKCTHIb.

A.V. Yur-Kirilyuk, M.A. Guseva

The Kosygin State University of Russia
1, Malaya Kalugskaya Street, Moscow, 119071

INNOVATIVE TECHNOLOGIES IN DESIGNING EQUIPMENT FOR ATHLETES IN THE
PARALYMPIC DISCIPLINE «SITTING VOLLEYBALL»

Abstract: The anatomical and biomechanical characteristics of Paralympic sitting volleyball athletes are
examined, identifying the shortcomings of traditional equipment. The use of seamless technologies (3D knitting,
welding) and technical textiles is justified. Design solutions for the products are proposed, taking into account the
limb deficiency and the typical postures of the players. The research findings form the basis for the technical
specifications for the development of specialized equipment.

Keywords: sitting volleyball, seamless technologies, technical textiles, Paralympic sport, adaptive clothing,
compression sportswear, injury prevention, smart textiles.

TexHosorys 6eCLIOBHOMN 0feXK /bl OTKPBIBAET BO3MOXKHOCTH [IJ1s1 IPOEKTHPOBAHHS U3e/1ii C 3a/jJaHHBIMU
(hyHKIMOHAIbHBIMU CBOMCTBAMH, UTO BBICOKO BOCTPeOOBAHO B c(hepe CrIOPTUBHOM IKUITUPOBKH, T7ie TPeOOBaHUs K
3PrOHOMHUYHOCTH, 3allJUTHBIM XapaKTepHCTUKaM M KOM(OpPTY SBJSIOTCA onpenenstoiiuMy. Ocobblii uHTepec K
GeCILIOBHBIM LIBEHHBIM H3/Ie/TUSM MPOSBIISIOT CIIOPTCMEHbI-Tapa/IMMIAHLIBL.

B npepcraBnsieMOM MCCAe[OBAHWUM aHalW3 WHHOBALMK BBIIOJIHEH IPUMEHUTENBHO K IPOLecCy
TIPOEKTUPOBaHUST OEXKAbI /ISl CIIOPTCMEHOB AWCLMIUIMHBI «BOJIEMOON CHAs», TIOCKOJBKY OMOMeXaHWKa U
aHaToMM4ecKue OCOOEHHOCTM WIPOKOB [JUKTYIOT K SKUIIMPOBKe ocoOble TpeOoBaHMS, He peayM3yeMble
TPaZIMLIMOHHBIMU MeToziaMH. [IpuMeHeHMe OeCIIOBHBIX TEXHOMOTMH B TIPOEKTHPOBAHUN OfEXKABl /IS
CIIOPTCMEHOB C MopakeHHeM OIOpHO-/ABUraresbHoro anmapara (IIOJA) ao HacTosiero BpeMeH! He TOTyYHIIo
JOCTaTOYHOTO HayYHOTO 000CHOBaHUS, UTO 00yC/IaB/IMBaeT aKTya bHOCTb pacCCMaTpUBaeMbIX BOIIPOCOB.

CoBpeMeHHBIH TapaJMMITUACKUN CIIOPT XapaKTepU3yeTcsi pOCTOM KOHKYPEHLIMH, uTo TpeOyeT HOBOTO
noAxofa K SKUMMpoBKe. CyIIecTBYIOIasl OfeXK/a He YUMThIBaeT MOp(oorndeckre 0Co6eHHOCTH CTIOPTCMEHOB C
IIOIA: HanvuMe LIBOB COeJUHEHUs JleTalell B 30HaX TPeHHs], HeperyIupyeMoe iaB/ieHre MaTepuaia Ha KyJIbTH,
OTCYTCTBHE 3PTOHOMHUYHOCTH U3/Ie/IH B TIOJIOXKEHUN CUJsST — GaKTOPBI, MPUBOASIIYE K IUCKOM(BOPTY U TPaBMam
[1]. Bo3Hukaer HeoOXOOUMOCTb B TeOpeTMUeCKOM OOOCHOBaHMM U pa3paboTKe peKOMeHJALMH TI0
NPOEKTHPOBAHUIO  CIIEMa/JM3UPOBaHHON OeCIIOBHOM SKWMMPOBKM M IIPUMEHEHHIO HMHHOBALIOHHOTO
TEXHOJIOTUYHOTO TEKCTUIISI, CTIOCOOHOTO KOMITEHCHUPOBATh (U3UdecKre OrpaHUYeHUs CIOPTCMEHOB.

«Bomneiibon cups» — mapamMMITMACKas JUCLMIUIMHA IS JIUL C TIOPa)KeHHeM OIOPHO-[BUTaTelbHOro
amrapara: C amIyTalsM{ KOHEYHOCTel, IOC/IeACTBUSAMU TpaBM I103BOHOUHMKA M CIIMHHOTO MO3ra, C
BPOXK/IEHHBIMM aHOMA/IMSIMUA Pa3BUTHs U mape3amu [2] (pucyHok 1). [Inst KaK[ol HO3070THUeCKOM TPYIIIbI
BbIZIe/IEHBI CrienipryecKre 0COOEHHOCTH, OMPEeAEISIOLINE TPUOPUTETHBIE XapAaKTePUCTHKHU IS OJeXK/IbI:

- Ha/lnuue Ky/lbTy U3MeHsieT popMy TOBepXHOCTH Oefipa;
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- KOCTHBIE BBICTYTIbI CO3/IAI0T 30HbI JIOKA/JILHOTO JaB/IeHHUS;
- y CIIOPTCMEHOB C TPaBMaMH IM03BOHOUHMKA HaOJIIOAl0TCsl HapyIleHUs: TPOQUKU TKaHel (yXyZLlieHre
KpPOBOOOpallleH!sl, ICTOHUeHHe KOKHBIX TTIOKPOBOB, CHIKEHHE UYBCTBUTETBHOCTH) [3].

Puc 1. Bonetibon CI;i/:L;i

[TepeunicneHdble ()akKTOpel He TOJBLKO TOBBIIAIOT PHUCK ITOBPEXKAEHHUS KOXKHA, HO WM BBIHYXK/AIOT
CTIOPTCMEHA U3MEHSITh PUBBIUHYIO TEXHUKY JBW)KEHUI, KOMITIEHCUPYsI HE[JOCTaTOK CEHCOPHOUN 0OpaTHOM CBSI3M.
CnenoBare/ibHO, TIPOEKTHPOBaHUEe OeCIIOBHOM SKUIMPOBKM HEBO3MOXKHO 0e3 aHa/mu3a peasbHOW [JUHAMHKU
Napa/iMMITMILEB B UIPOBBIX YCAOBUSIX, a peanu3alysi TpebyeT cucTeMaTH3allid TUIWYHBIX 103 U JBIDKEHUH,
XapaKTepHbIX A1 «Bojeiibona cups». s u3yueHUs! YKa3aHHBIX KMHEMaTUYeCKUX XapaKTePUCTHK Bblfe/IeHbl
OCHOBHBI€ I103bI CIIOPTCMEHOB ¥ COPMUPOBaHbI CerMeHTHbIe Mofieny. PUKCHpOBaHue 1103 BbIIOHEHO HAa OCHOBE
HaOJTIO/IeHNi 32 TPEeHUPOBOUHO-COPEBHOBATE/ILHOM [IeSITeIbHOCThI0 WIPOKOB B «BOJIEH0O0/ cUIsS» U aHaau3a
MeTOIMUeCKUX PeKOMeHaIiii TI0 0CBOEHHIO TEXHUKH JJaHHOTO BUJa criopTa [4].

[MonyuyeHHbIe JAHHbIE CUCTEMAaTHU3UPOBAHEI B MATH TPYIII M03 ¥ ABW)KeHUH: 6a30BbIe CTaTHUeCKHe MO3bl,
TaKTU4YeCKWe COCTOSTHUSI, TeXHWYeCKHe TIPHEMBI B JWHAMMKe, KOHTAaKTHO-BOCCTAHOBUTEJIbHBIE [€MCTBUA H
OCHOBBI TTepeMellleHHs].

[TepBas Tpymra — 6a3oBbIe (CTaTHUeCKKe) MO3bI — 0CHOBA MepeMeleHHH (PUCYHOK 2):

- ITo3a roToBHOCTH (yHHBepcanbHasi) (PUCYHOK 2a). Ta3 MI0THO NpUKar K I10/1y, BeC Ha sAroguiiax. Kopmyc
crnerka Hak/aoHEH Brepén (10-20°), civHa npsamasa. Horu acuMMeTpUuHBI (BBITSHYTBI, COTHYThI W/ OfiHA HOra
COTHyTa). PyKu COTHYTBI B JIOKTSIX, KUCTU paccaabieHbl, 0fjHa Wi 0be MOT'YT CTy>KUTh ONIOPOi Hauasa /iBHKeHHUsl.
- [To3a npuéma msiua (CHU3Y, Mojauu, ataku) (PUCyHOK 20). BricTpoe nepeMelieHre pyKaMu AJis BBIBOZIA
Kopryca mog, Ms4. Ta3 crabuim3vpoBaH, KOpIyC HAaK/IOHEH. Pyku coefuHeHbI [yisi mpuéMa («JOHBILIKO»,
«Kymnakn»). JIBrbKeHHe OT HOT C MCII0/Tb30BaHHeM KOPITyCa, YaCTO B HAKJIOHHOM COCTOSTHHM.

- [o3a nepenauu (cBepxy, AJis ataku) (PUCYHOK 2B). Ta3 Ha Moy, ITPOK CHUT Ha TiepeJjHeil YacTH STOZMLI.
Kopriyc pa3BépHYT K Iie/, CliiHa NpsiMast. PYKy TIOJHSATBI, KUCTH Haf, TULOM («OKOILKO»), JOKTU B CTOPOHBI.
OnopHast Hora CU/IBHO COTHYTA, CTOTIA YITUPaeTCs B TIOJ, Ipyrasi Hora — 6amaHcup.

Bropas rpymnmna — TakTH4ecKre COCTOSTHUS (CIelidaTi3upoBaHHbIe 1103bl):

- «Hu3kuii 610k» / onopa Ayist 6;10Ka. Y CeTKH: Ta3 IJIOTHO NPIJKAT I CJlerka MpUIoAHAT. Hory mmpoko
pasBe/ieHbl, CTOIB! pa3BepHYTHI B 110/1. Kopryc HakmoHéH Ha 30-40° Brepén, ruieun MpUIofHATH. Pyku Bro/b
CeTKH, JIa[[OHU K MsUYy.

- «[my6okuii puém» (oKuZaHre oOMaHHOTO yzapa). Huskas Mo3HuLusi: HOTH BBITSHYTbHI WX COTHYTHI,
KOPITYC CH/IbHO HaKJIOHEH (rpyAb 1moutH y 6ézep). Ta3 cBUHYT BIiepél, pyKH Ha TOJTy 1iepef CO00i.

- «ITozcTpaxoBKa araku» (UrpOKHY 3azHeil uHUM). Ta3 cMeléH Briepés, BeC Ha nepejHel 4acTy STOAMLI.
Horu MakcuMasnbHO COTHYTBI, OE7pa MMOUTH MapaiebHbl TI0y. PYKu faneko Brepés, YIUparTCs JaZoHsAMU B
(o), 8

TpeTsst rpyrina — TeXHA4eCKHe MPUEMBI B IMHAMUKe ([[BVKEHHs], OpOCKN):
- Araka (Hanagarolmi yzaap). VMcxogHo 60koM K ceTKe, ONOpHas Hora corHyta. Tas Ha moiy, Kopriyc
BBITSHYT BBepX. YZap B BbICILIEH TOUKe: 3aMax, CKpyurBaHUe, pasrubaHue Kopryca (pabora mpecca U CIIMHBI).
XnécTKoe IBUKeHUEe PyKHU.
- BbrnoxupoBka. JIUL[oM K CeTKe, HOT'M pa3BefieHbl LIMPOKO (COTHYTHI UM BTAHYTHI). PyKn MakcuMasbHO
TIOAHATHI BBEPX U BIepé[, Masiblibl pacCTaB/eHbl, KUCTU HampshKeHbl. Kopriyc BBITAHYT.
- [epemerienne. Ha sirogunax, C TOMOIIBIO PYK M HOT, TIPH 3TOM, TTOABEM Ta3a, «I0fiCa/iKa», OTTaJIKABaHHe
HOramu. B KpUTHUECKUX CUTYaLUsX — OPOCKU B CTOPOHY C MOATSATUBAHUEM.
- «ITogkat»/«cbpoc» (criacanue Msiya). BribpackiBaHue Tena B CTODOHY, Brepén wiMd Hasaz. Tas
OTpBIBaeTCs OT IoJ1a [0 UHepLyy (pa3pelléHHoe UcKmoueHue). ITocie kacaHus Msiua — ObICTPOe BO3BpalljeHHe B
TI0/I0)KEeHUe CUJS.
- «CBsi3yromui B BWKeHUW». [lepeMelijeHre K TOUKe [1aca: Ta3 He [JIOTHO TPHJKaT, BeC Ha OIHOM sirofiulle
U pykKe (TpéxToueyHast oropa). OrnopHas Hora CW/IbHO COTHYTa, CToIa B 110/1. KopItyc pa3BépHyT K Hanazarolemy,
PYKHM HaZ TOTIOBOM, KHCTH Ha YPOBHe Jiba.

UYeTBepTasi rpyIina — KOHTaKTHbIe/BOCCTaHOBHUTE/IbHBIE JeHCTBYS:
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- «Cupsiuii pa3BopoT» (TIpHEM aTaky B Kopryc). Pe3kuii pa3Bopor 60koM wiu civHOM K Msidy. Kopryc
HarpspkéH, PyKu NpWKaThl UM aMOPTU3UPYIOT yZap.
- «CuioBasi oropa» (BOCCTaHOBJ/IEHHe TOC/Ie TajieHusi). VI3 nosiokeHUs1 Ha CIiMHe WM OOKY — PBIBOK C
0TI0PO#1 Ha OZIHY PYKY (JIOKOTbH 3a(pvKCHUPOBaH, JIaZloHb B 110J1). OTIOpHasi Hora COTHyTa [ijIsl TOTUKa.

[Tsiras rpymmna (M3MeHeHue MO3WLMN):
- «[Tozcaznkar. [lepemerrieHue Ha SITOAMLAX: TOABEM Ta3a, OTTAIKMUBaHUe HOTaMH M pyKaMH (OTTa/IKUBaHUe
C3a7y WM noATsruBaHue). Kopriyc pe3ko Hak/I0HEH BIIepéz.

\
O | O O,
2N =20 0
a 6 B
Puc 1. Ba3oBble MM03bI: a — YHUBepCaibHas, 6 — MpHéM, B — Iepeiaua

4
Q\Q \—);50/23\ S

Takum o0Opa3oM, OMOMexaHMKa IepeMelleHHH B Bosieliborie crfis MPUHLWINAAIBHO OT/IMYAeTCS OT
K/TacCHueckoro Bosieiibosia. OCHOBHBIE WIPOBbIe A€HCTBUS BBITIOMHSIOTCS B TIOJIO’KEHHUU CHJS Ha SrOWLiaX U
3a7iHell MMOBepXHOCTU GExep, KOTOpbIe CIy)KaT eJUHCTBEHHOU oropoii [4]. rpoBas [esTenbHOCTb BK/TFOYAeT
CTaTMUeCKUi KOMIIOHEHT (yZAepikKaHue T103bl) M JUHAMHUEeCKHe IepeMeleHus 10 IUIoIIaJKe C IOMOLIBIO PYK,
COTMPOBOXKAAIOLIMECS] WHTEHCHBHBIM TPEHHWEM OJeXIbl O Moi. B 30Hax Haubosbliero KoHTakTa (06sacTb
ceaMIIHBIX OyrpoB, 3afHsAs U OOKOBas MOBEPXHOCTH O&lep) BO3HUKAET COUETAHWE CABWUTOBBIX YCHUIUH U
JJINTEe/IBHOTO JaBneHusl. AHanu3 GMOMeXaHUKHA M OIPOC CIIOPTCMEHOB I103BOJIM/IM BbIE/IUTh TPU OCHOBHbIE
TPYMNIIbI MTOBPEXXJEeHUH Tena: MOTEPTOCTH B OIOPHBIX 30HAX, WCTUPAHWe W TpaBMaTH3alysl Ky/bTel, YIIHObI
Ta3o0espeHHoi 06acTy. ['pyObie MIBBI HAa CIIOPTUBHBIX TPyCaX WM TalTCax, PaclioNoKeHHbIe B IePeUrC/IeHHBIX
30HaX, JIeMCTBYIOT KaK [JOTIOJIHUTe/IbHBIE TPaBMUpYHOIIMe dakTopsl. KpoMe TOro, CrOpPTCMEHEBI C aMITyTaldsIMA
UCITBITBIBAIOT TPOO/IeMy «ITyCTOW IITaHWHBI», Heyjo0CTBa TpH Ha/leBaHWH TMOSICHBIX IIBEWHBIX W3ZeNHH,
OTCyTCTBUE (PUKCALUM KY/TbTH.

TakuM 00pa3oM, yCTaHOBJEHO, UTO TPafULIIOHHAs OfjeXK[a, MCIIo/Ib3yeMasi UTPOKaMU B «BOJIeHO0s
cusi», QyHKLMOHAIBHO HECOCTOsITeNbHA: MIBBI, TI0SICA, 3aCTEXKW CTAaHOBSTCS MPUYMHOW TPaBM, 3aTPYIHSIOT
JBIDKEHHS U CO3/at0T Oapbephbl IIPY caMO00C/y)KUBaHUH. BhIsiBNeHHbIe 0COOEHHOCTH TPaJULIMOHHOMN SKUIIHPOBKU
JUKTYIOT HeoOOXOAMMOCTD Tlepexo/ja K U3rOTOB/IEHHIO OeCIIOBHBIX MPeJMETOB O|eXK/ibl C IPUMeHeHHeM CBOWCTB
WHHOBALMOHHOTO TeKCTU/Is1. IIpoeKTHpOBaHHe HOBO# CIIOPTUBHOM ()OPMBI OCHOBAHO Ha IIPUMEHEHUH CIe/[YIOIUX
MEeTO/[OB:

- HecuioBHOe popMooOpa3oBaHHe: [ie/IbHOTKAHasi TEXHOJIOTHs, TEXHOJIOTHSI TPEXMEPHOM BSI3KH,
- TEeXHOJIOTUH C UCII0/Ib30BaHUEM JIa3epHOM pe3Ky, y/IbTPasByKOBOM CBapKU U KjleeBoe coefjHeHue [5].

[lensHOTKaHOE hopMOOOpa3oBaHMe TpeACTaB/seT CoO0W MeTo CO3[aHMs OOBEMHBIX TEKCTHJILHBIX
W37leNIMii HeroCpeJCTBEHHO HA TKAllkOM CTaHKe 3a CYET W3MEHEeHHUs! TUIOTHOCTU TepervieTeHUs], BBeeHUs
JOTIOJIHUTE/BHBIX HUTeH yTKa WX MCI0/Ib30BaHUS MHOTOC/IOWHBIX CTPYKTYP. JJaHHas TeXHOJIOTHs I103BOJISET
nosiyyaTb OeclIOBHbIe JeTanyd (HampuMep, pyKaBa, HOCKH, OOOJIOUKM [JIsi IIPOTE30B U Jp.) C BBICOKOU
(hopMOyCTONUMBOCTEI0 U U3HOCOCTOMKOCTBIO. OJHAKO, TMPHUMEHUTENbHO K CIIOPTUBHOM SKUIIMPOBKE [iIs
Boseiibosia cups, 1jeJIbHOTKAaHble MeTOAbI MMEIT CYILLeCTBeHHble OrpaHdueHHsi. Bo-mepBbIX, TKaHble I0I0THA
00/1aZ1at0T HU3KOM 3/1aCTUYHOCTBIO B CPABHEHUU C TPUKOTaXKeM, UTO KPUTUUHO /ISl OZleXKjbl, TpeOyroILeli CBoO0zbI
JBIDKEHUH U TIOTHOro obsieraHust B JWHAMHUKe. BO-BTODBIX, BO3MOXKHOCTh CO3/IaHHSI CJIOKHBIX TPEXMEPHBIX
KOHTYpPOB (HampuMep, COOTBeTCTBYMOIIeld ¢opMe KyJbTH WM C 30HUPOBAHHOW KOMITpeCcHeii) Ha TKaLKOM
060pyoBaHMM KpaliHe orpaHuueHa U TpeOyeT MpPUMEeHEeHHWs CIeLMaJIM3UPOBAaHHBIX CTAHKOB C )KAaKKap/OBbIMU
MexaHW3MaMM M MHOr0O3eBHbIMU ycTpoicTBamu. Takoe obopyroBaHue (Harpumep, TKalKue CTaHKA C
JOTIOJIHUTEBHBIMU MOAY/IAMH 11 3D-TKauecTBa) MMeeT BBICOKYI0 CTOMMOCTb, HH3KYIO IIPOU3BOJUTENLHOCTD
TIPH U3TOTOBJIEHUH LUTYYHBIX U3Je/ Ui U TpeOyeT C/I0)KHOIM HaCTPONKY Moz, K&XAyio Moziens. Kpome Toro, rocne
TKauecTBa YacTo HeoOxoayMa (UHUIIIHAS BAAaXKHO-TerioBasi o6paboTka (BTO) asist prkcanyu 06bEMHOM (GOPMBI,
YTO YBeJMYMBAET BpeMsi TPOM3BO/CTBEHHOTO LIMK/Ia. B pe3ysnbrare [je/lbHOTKaHOe opMooOpa3oBaHue, HECMOTPSI
Ha TMPUHLMIHAIBHYIO0 OeCIIOBHOCTb, YCTyNaeT TeXHOMorusM 3D-BsA3aHMSI TO 371aCTUYHOCTH, KOMGOPTY |
SKOHOMHYeCKON 3(h¢eKTUBHOCTH TIPH TPOU3BOJCTBE MasbIX CepUi CIerUanyi3upOBaHHOMN MapajTuMITHHCKON
SKUIMHPOBKH.

3D-Bsi3aHue (Lie/IbHOBsI3aHble KOHCTPYKIIMM) TpefcTaB/seT cobol cerofHs Haubosee nepcrieKTUBHYIO
TEXHOJIOTHIO [/l CO3JaHusl OeCIIOBHOM CIIOPTMBHON SKUITMPOBKH. B OT/MuMe OT TPaJMLIMIOHHOTO pacKpos U
MOC/IeYIOLIero CTaulBaHus jeraneil B 060s0uky, 3D-BsizaHue 103BossieT ChOpMUpOBaTh H3Jeve WM ero
KPYITHYIO YacTb HeNoCpeJCTBEHHO Ha IIOCKO(AHrOBOM WM KDYIVIOBSI3aJbHOM O0ODYZOBaHMM Kak eJUHYIO
TPEXMEPHYIO CTPYKTYpy. B mporecce Bsi3aHHsl 3a CUET NMPOrpaMMHOIO YIIPaB/IeHWs WIVIAMH U TepeMeLleHHs
reTesib C OJHOW WTOJIbHULIBI Ha JPYTYI0 MOXKHO BBITIONHATH YOABKH, MPUOABKH, GOPMUPOBAThL MPOHMBI, BbIpe3
TOPJIOBHHBI, @ TAK)XKE COEIMHSATH MEePEIHIO0 U 33/JHIOI0 TIOIOBUHKY W3/1e/THs (HarpuMep, B 06/1aCTH ILAroBoro 1iea

39



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

WK Tleda) 6e3 MoC/eAyIOIIero CTauMBaHus. JTo 06ecreurBaeT MOJHOe OTCYTCTBHE COEMHUTEBHBIX LIBOB B
30HaX KOHTAaKTa C OIOPHOW TOBEPXHOCTBHIO (Srofuwiax, 3aJHell W BHYTpeHHeH MoBepxHOCTH O&nep), uTo
KPUTUYECKH Ba)KHO /151 IPO(UIAKTUKY TTOTEPTOCTEN U NIPOUYMX TPaBM Y CIIOPTCMEHOB C HapyllleHHON Tpo(UKoii
TKaHe.

KrroueBpiM mipeumyttiectBoM 3D-Bsi3aHHsI SIBISIETCS. BO3MOXKHOCTb (DYHKILIMOHAIBHOTO 30HHUPOBAHUS
TMOJIOTHA. B paMKax ofHOTO M3/e/THsi MOYKHO TIPOTPaMMUPOBATh Pa3HbIe TUIIHI TTePeryIeTeHH, MJIOTHOCTh BS3aHus
U Jla)ke MEHATh COCTaB HUTU MO XOAy mpouecca. Hampumep, B 00/1acT¥l CHEHWS W STOAUL (OPMUDYETCS
MaKCHMasbHO IJIOTHAasl, U3HOCOCTOMKAs CTPYKTypa C MCIOIb30BaHHMEM BBICOKONPOYHBIX MOMMaMUAHBIX WU
apaMU/IHbIX HUTeM, yCTONUMBas K UICTUPaHUIO O MOKPBITHE I/I0IIaJK1. B MoscHUYHOI 30He, HAaNIPOTUB, CO3/aéTCA
Oosiee phIXJIOe, CeTUaToe TepervieTeHUe, obecreunBaroliee BEHTUISIIMIO U OTBOJ, B/IarH, a TaKKe YMEPEeHHYIO
KOMIIPECCHIO ZIJIs1 TIOZIZIeP>KaHusl MBI CITUHBL. B 00s1acTH 11e4eBOro mosica U pPyKaBoB, 3a CUET MOBBIILIEHHOTO
cofiep>KaHus /1acTaHa, JOCTUTAeT sl BLICOKasi PaCTsSDKUMOCTD, He CKOBBIBAOILIast IBI)KEeHHI TIPH Macax, rnojadax u
6nokax. Kpome Toro, 3D-Bsi3aHue TM0O3BOJISIET UHTETPUPOBATh JIOTIO/IHUTE/IbHBIE 3/IEMEHThI HETIOCPE/ICTBEHHO B
CTPYKTYpY m3enusi: GOpMUPOBaTh «KapMaHbl» 7SI 3aI[UTHBIX BCTABOK (HallpuMep, CJTMKOHOBBIX WU TeJIeBBIX
MPOK/IaZIoK Ha 00/1acTh Cea/MIIHBIX OyrpoB), CO37aBaTh KaHAJbI /IS 3MaCTUUHBIX IIHYPOB, PEryIUPYIOLIUX
obsieranye, a TakKe BbIBS3bIBaTh ACUMMETPHUHBIE /IeTaji — HallpyuMep, IITaHUHbI Pa3HOH //TMHBI U (OPMBI |15t
CIOPTCMEHOB C aMITyTaljiell HXKHUX KOHeUHOCTel. 3aKphIThIi JUCTa/bHbIN KOHell uexsia /s Ky/lbTH (JlaliHep)
TaK)Xe MOXKeT ObITh C(HOPMHUPOBAH HEMOCPeICTBEHHO B TIPOLIECCe Bs3aHUs], UTO UCKI/TIOUAeT Haimure rpy0oro 1mBa
Ha Haubosee YSI3BUMOM YacTH KyJAbTH. Ba)KHO OTMETUTb, UYTO COBDEMEHHbIE Bsi3a/ibHble aBTOMAThl C
KOMITBIOTEPHBIM ~ YIIpaB/eHHWEeM TI03BOJISIFOT M3rOTaB/MBATh U3JeNus II0 UHAWBUAYaJbHBIM pPa3MepHBbIM
napameTpam 0e3 repeHasa ki 0OOpy[OBaHUSI — [JOCTATOYHO 3arpy3uTh HOBYIO mporpammy. JTo Aenaet 3D-
Bsi3aHHEe SKOHOMHYECKM OTIpaBJaHHBIM [aXke MJISi MajbiX Cepuid TapaJMMITMICKOW IKUIMPOBKH, TIOCKOJBKY
Mopdosorust KaXk/[oro CriopTCMeHa YHUKaabHa. EAMHCTBeHHBIMU OrpaHUYeHUsIMA JJAHHOW TEXHOJIOTHH SIBIISTIOTCS
OTHOCHTEIHO BBLICOKasi CTOMMOCTb OOOpYAOBaHUSI U HEOOXOJUMOCTh B KBaJM(HIMPOBAHHBIX Ha/a[uMKax,
OZIHAKO 3aTpaThl OKYIIAIOTCA 3a CUET COKpAIL|EeHHsI 3TArloB PacKpos, MIMThs U BJIAXKHO-TEIUIOBON 06paboTky, a
TakKe CHI)KeHHEeM KOJMUYeCTBa IPOU3BOACTBEHHBIX OTXO/I0OB.

B Tex ciyuasix, Koria 0COGeHHOCTH U3/ie/Usl He TTO3BOJISIFOT BBITIOTHUTE €T'0 TIOTHOCTBIO [1e/TbHOBS3aHbIM
(HarpyiMep, MpY KOMOMHUPOBAaHWN MaTepPHUasIoB, Pa3/IMUHbIX M0 COCTaBy W CBOWCTBAM, WX TP HE0OXOUMOCTH
3aMeHbl OT/IeJIbHbIX W3HOILEHHBIX 3/IEMEHTOB), BO3HMKAET TMOTPeOHOCTb B COENUHUTENBHBIX IiBaX. OJHAKO,
TPaJIUIIMOHHbIe HUTOYHbLIE IIBBI, Ja)Ke BBITIOJIHEHHBIE TIOCKOIIOBHBIMM MAIlIMHAMM, CO3[A0T JIOKA/TbHBIE
YTOJILLEHUS] U 30HBI TIOBBILIEHHOU JKECTKOCTH, UTO B YCJIOBUSX AJIMTEIBHOIO AaB/leHUs U TPeHUs, XapaKTepHbIX
JJIS1 CTIELIU(UKY UTPBI «BOJIEHO0/T CH7is», MOXKET MPUBOAUTE K TPABMHUPOBAHHIO KO>KHBIX TIOKPOBOB. B CBSI3U € 3TUM
JJIs1 COeIMHEHUsI JleTajielt SKUTIMPOBKH 1]e/1eco06pa3Ho TIPUMEHSITh CTelMalu3UpOBaHHbIe OeCIIOBHbIE METO/bI,
WICKJ/TFOYaoLI{1ie UCII0Ib30BaHUe HUTOK U UITL.

TexHomnorusi a3epHON pe3Ku obOecrieunBaeT W/eajbHO IVIaZIKKe, OTJIaB/IeHHble Cpe3bl, KOTOpble He
OCBIMAKOTCsA, HE BITUTHIBAIOT B/IAry W He CO3/al0T DaXpOMbI; OJJHAKO caMa To cebe OHa He COeUHSET AeTallu, a
JIUILLB TIOATOTaB/IMBaeT Kpai JJisl MO C/IeAVIOIIero CKpelIeH s, Y/IbTpa3ByKoBasi CBapKa I03BOJIsIeT CII/IAB/ISTh Kpast
CUHTETHUYEeCKUX MaTepHAJIOB IO/l BO3/EMCTBUEM BbICOKOUACTOTHBIX KOslebaHui, POPMUPYs TOHKHUH, 3/1aCTHUHBIN 1
repMeTHYHBIN 1I0B Oe3 TpoKosioB. KieeBoe coefrHeHHe (TepMOKJ/IEEBbIe JIEHTBI U TUIEHKH) AT BO3MOXKHOCTb
CKPeIUIATh pPa3/IMyHble THIbl MaTepUaoB (B TOM UYHUC/e HaTypajbHble C CUHTETUYECKMMH) C 0bpa3oBaHUEM
TIOCKOTO, TUOKOTO M TIPAaKTHUECKH HEOILyTUMOT'O Ha KOXKe II1Ba.

Bce niepeuriciieHHbIe MeTO/IbI 00€CTIeUHBAIOT OTCYTCTBHE BLICTYIIAIOIIMX PYOLIOB, UTO KDUTHUECKU BaXKHO
JUIsl 30H KOHTaKTa C OTMOPHOW TMOBEPXHOCTBIO (sropuiibl, 6€npa). CpaBHUTENbHBINA aHA/TNU3 TEeXHOJIOTHUECKUX
METO/IOB COeJJMHEeHUsI Tpe/icTaB/ieH B Tabsuie 1.

Tabsua 1. Metoasl coeiMHeHHs MaTepHaJIOB /151 CIOPTUBHOM (hopMBbI BO/Iei00/THCTOB CHAS
Metoz Tun XapakTepucTyKa HpeI/IMXH_[eCTBa LA OrpanuueHus
orepaluu Kpasi / I11Ba BoJIelibosia cujist
JlazepHasi pe3ka | O6pabotka | OriiaBieHHBIH, UpeanvHast obpabotka | Tpebyer
cpesa TTafIKWH, cpe3oB  6e3  GaxpoMmbl; | JOMOMHUTELHOTO
HEOChITArOLIMNACS 3ammuTa oT B/ary, | COeHEHUs AeTasel
Kpal, repMeTHYHbIA | OTCYTCTBHE YTOJIIeHUH JPYTYIM MeToJIOM
YnbrpasBykoBasi | CoenuHeHue | TOHKUH, OrtcyTcTBUE Tpenusi; | Tpebyer Ha/Inums
CBapKa JeTaneit 3/1aCTUYHBIH, 3alUTa OT BJIard; BbICOKAsl | TEPMOILIACTUUECKUX
repMeTUYHbIM 1I0B | MPOYHOCTh; HET IPOKOJIOB | (CUHTETUYECKUX)
(6€3 HUTOK) WTJION BOJIOKOH
Kneesoe Coeaunenuve | [Tnockuii, rubkuii | Bo3mMokHOCTb coefiviHenusi | UyBCTBUTENBHOCTh K
coefliHeHue Jetaei II10B pa3HbIX MaTepHasoB; HeT | BBHICOKMM
(TepMOKieeBoiA) TPOKOJIOB,; 1110B He | TemriepaTrypam;
BBICTYTIAeT CTapeHHe Kiest
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[poekTHpoBaHue OeCIIOBHON SKWUMUPOBKK TpeOyeT yuéTa TIOJIOXKEHHUs Tejaa CHJS: TpU CrubaHuu
TYJIOBHLIA [/IMHA NlepefiHel yacTy IOSCHOTO W3/ie/IUsl COKpalllaeTcs, 3a/jHell — yBe/MurBaeTcsl, 00XBaT Talnuu U
6énep Bo3pacraeT [6]. KOHCTPYKTHBHO-TEXHOJIOTMUECKOE pelleHre OfeX bl 0/DKHO 00ecreurBaTh:

- TI0/THOE OTCYTCTBUE IIBOB B OITOPHBIX 30HAX,

- (GyHKLIOHaIbHOE 30HUPOBAHHe IT0JI0THA (TIOBBIIEHHAst H3HOCOCTOMKOCTh B 00/1aCTH Ta3a, 3/1aCTUYHOCTD
Y BEeHTWISILMS Ha TIOACHHWIE, CBOOOJA B TUIEUEBOM MOsiCe), YUET AWHAMUKH WTPOBBIX JBIDKEHWH (Tac, OJIOK,
rnojiava).

[Mo3sTOMYy AJ1sI CIOPTCMEHOB C aMITy TalUsiMKA HeoOX0MMO pa3pabaThiBaTh CrieldaabHble KOHCTPYKTHBHO-
TEXHOJIOTHUeCKHe PelleHusI:

- acHUMMeTpUYHOCTh (pa3Has (opMa, AAMHA U CTelleHb obOeraHusi KOHeyHocTed 6Ge3 u ¢ Jeduryrom
JTUHBI);

- yBe/IMueHHasl 110 CIIMHe U YMeHbLIIeHHas! T10 1epesy [JJ/IMHA U3/le/INi, B OT/IMUKe OT THIIOBBIX KOHCTPYKLIWHI
TIJIeUeBOM U TIOSICHOM OZIeKIbl;

- yexo (J1aiiHep) A/ KYJBTH C TPaZiieHTOM KOMIIpeCCHH, HHTerPUPOBAHHBIN B OeCIIOBHOE TIOJIOTHO;

- cucteMa (pukcaiyu 6e3 CaBIMBaHuS.

Takum 06pa3oM, BbIOOpD OECIIOBHOM TEXHOMOTMH OMNpEJeNseT JIMIIb FeOMETPUI0 U 6e30TXOAHOCTb
W3roToBieHus ugenvs. OfHAKO KITHOueBble IKCIUTyaTallMOHHBbIE CBOMCTBAa (M3HOCOCTOWKOCTh, TMTHEHHUUYHOCTD,
TepMOpeTry/IALYs K KOMIIpeCCUOHHOE BO37ieCTBYE) 3aBUCAT OT BOJIOKHUCTOTO COCTaBa U CTPYKTYpPhI MaTepHara. B
CBSI3U C 9TUM IIpeJjlaraeTcsi paCCMOTPETh OCHOBHbIE BH/Jbl MHHOBALMOHHOTO TEKCTH/IS ¥ TpeOOBaHMS K BOJIOKHAM
Marepuaria Ajst SKUIIMPOBKU CIIOPTCMEHOB AUCLIUIIIMHLI «BOJIeH00M crfisi».

TeKCTW/b [/l UTPOKOB B «BOJIEHOOJ CU/isi» JO/DKEH 00/1a/jaTh KOMITIEKCOM (DYHKIIMOHA/IBHBIX CBOKCTB.
I'urreHMYecKrie CBOWCTBA 00eCTeUMBAIOTCS CMECOBBIMHM MaTepya/jiaMd Ha OCHOBe TO/IU3CTepa C BOJIOKHAMH,
00/1aJJal0IUMH  TIOBBILIIEHHBIM KamWIIAPHBIM 3G QeKToM. [/ TepMOPery/siliyd B 30HaX KOHTakKTa C TOJIOM
peKoMeHIoBaHbI (hazorepexoHble Marepuasbl (PCM, HarpuMep Outlast®) ¢ TemriepaTypoit nepexoza 28-32°C,
M03BOJISIIOLLMe CHU3UTB N0TO0TAeneHre Ha 30-40%.

3alUTHBIEe  CBOMCTBA JIOCTUTAlOTCS 30HA/bHBIM  yCHJIEHHEM BbICOKOIIDOUHBIMH  BOJIOKHAMM:
CBePXBBICOKOMOJIEKY/ISIPHBIIM TOJIUATHIIEH (CBMII3), Trapa-apamH/ibl (xeBnap), TOJTMAMUBI.
AwnTnbakrepuanbHasi obpaboTka (HaHOYAcTHIBl cepebpa, XUTO3aH, OKCHUJ, MeAu) oO0si3aTesibHA B XOHAX
TOBBILLIEHHOTO ITOTOOT/e/IeHHsI U TPeHHs [/l TPOQUIAKTHKA UH(EKLIMOHHBIX OCI0KHEHHUH.

KoMmrpeccHoHHOe BO37€iiCTBHE peanu3yeTcs yepe3 rpaZlydMpOBaHHYIO KOMIIPeCCHI0 — MaKCHMalbHOe
JlaBjieHre B AWCTAJBHOM YacTH KOHEYHOCTH C TIOCTENeHHBIM CHIWKeHHeM K TPOKCHMAa/IbHOM, UTO YITyYILIUT
BEHO3HbBIN OTTOK, YMEHBLIUT OTEKU, CHU3UTh PUCK TPOMOO30B 1 MOBLICUT MPONpPUOLeNuio [7, 8].

Hasy C TurueHWuecKMMH, 3alfUTHBIMM W KOMITPDECCHMOHHBIMH CBOWCTBAMH I€PCHEKTUBHBIM
HarpasJ/ieHUeM sIBJISIeTCs] BHeJJpeHHe CeHCOPHBIX cucTeM. MIHTerparys CeHCOpPOB B 6eCILIIOBHOE I10/I0THO MO3BOJUT
KOHTPOJIMPOBaTh JaB/ieHWe B 30HE TII0CAAKH, OTCIEXUBaTh OMOMeXaHUKY JBIDKEHUS U YacTOTy Iy/bCa.
ITbe30pe3nCTOpHbIE [JaTUMKM M aKyCTHMYeCKHe CEHCODBI BIUVIETAIOTCS B CTPYKTYPY TKaHH Ha JTare Bsi3aHMS,
coxpassisi THOKOCTh U koMmpopt [9-11]. Pa3paboTaHHBIe IPOTOTHITEI JeMOHCTPUPYIOT TOUHOCTh PACIIO3HABAHUS
JIBWKeHUH 110 99,6% [12].

Hapsiny c BHefpeHHeM CEHCOPHBIX CHCTeM M (YHKLMOHA/JBHBIX MaTephasioB, KOTOPbIE YCIOKHSIOT
YTUMW3aLMI0 W3HOIIEHHOW OfIeXK/Ibl, B)XKHbIM TpeOOBaHHMEeM K COBPEMEHHOM MapaaiMIMHACKON SKUITHAPOBKe
CTaHOBUTCS €€ 3Kosornyeckasi Ge3omacHOCThb. [IpUHLIMIBI YCTOWUMBOTO Pa3BUTHS BK/IIOYAIOT HCIIO/B30BaHUE
nepepaboTaHHBIX MarepuazoB (BTOPUYHBIM I0O/M3CTep), OHMOBOMOKOH, 0e30TXOAHBIX TEXHOJOTHH, a Takke
MOZY/IbHBIN [JU3aliH [JIs1 3aMeHbl M3HOIIEHHBIX 37eMeHTOB. KpymnHble OpeH/b! y)Ke BHeJPSIOT LMPKYJ/ISIpHbIe
Mo/ieJiu Tpor3Bo/cTRa [13].

Takum 06pa3om, crcTeMaTH3aLys TT0Jy4eHHBIX 3HaHUM O TpeOOBaHHSX K SKUITUPOBKE, BO3MOXKHOCTSIX
OeCIIOBHOTO MPOM3BOACTBA U (PYHKIMOHAIBHBIX MaTepHasax Mo3BosisieT CHOpPMY/IMPOBATh CIeAYIOLIVe BEIBOABL:
- Crneiiduka wWrpel «Bojedbon cupsg» W MophOoPU3NONIOTUIeCKHEe OCOOEHHOCTH —CIOPTCMEHOB
(ammyTaLuy, TpaBMbI 1M03BOHOUHKKA) ()OPMHUPYIOT 30HBI TIOBBIIIEHHOTO PHICKA Ha Tejie UIPOKOB — CeZla/vIIIHbIe
Oyrpebl, 6€npa, Ky/ibTH. TpaguMOHHAsi CTIOPTHUBHAS OfIEXK/A M3-3a HA/IMUMS IIBOB U TIOSICOB BBICTYIIAET TIPSIMBIM
TPaBMHUPYIOIUM (haKTOpPOM, BbI3bIBasi IOTEPTOCTH M HapyllleHHe KpoBooOpalljeHusl.

- BecioBHele TexHomoruu (3D-Bsi3aHue, /la3epHasi pe3Ka, KieeBble COeJWHEHHUS) M03BOJIAT UCK/IIOUUTh
TPaBMHPYIOILHe LIBHI B OTIOPHBIX 30HAX, Peasl30BaTh 30HUPOBaHKE 10I0THA 10 TVIOTHOCTU ¥ U3HOCOCTOMKOCTH,
a Tak)Ke MHTerpUpOBaTh B 000JIOUKY M3[e/Ui Uexsibl JJisi Ky/IbTH U CUCTeMbl (uKcariii. HoBble KOHCTPYKTHBHO-
TeXHOJIOTHUeCKHe DellIeHHs], YUUTHIBAIOIIMe U3MeHeHHe pa3MepOB Tefla B TOJIOKEHWH CHAsS W OMOMeXaHUKY
WUTPOBBIX JIBIDKEHHH, obecrieyaT co3jaHrie 3proHOMUYHOM OfIeXK/IbL.

- TeXHOJIOTUYHBIA TeKCTH/Ib [/l SKUITUPOBKH J0/DKEH 00eCrieunThb: rHrueHy u Tepmoperysnsuyio (PCM,
Kalm/UsipHble  BOJIOKHA); 3alUTy (BBICOKOIPOUHbIE BOJIOKHA, apaMU/Ibl, TOJMAMH/IbI; AHTHOAKTepUaTbHYIO
00paboTKy); KOMIIpeccHto (TpaZlyupoBaHHOeE JjaBjieHue ISl yIyullieH|ss KpOBO- U IMM(OOTTOKA).

- VIHHOBAIMIOHHBIE TIO/[XO/bI TPEATIO/araloT UCIOIb30BaHUE «YMHOTO» TEKCTU/IsI (CEeHCOPBI JJaB/IeHUsT U
OVOMeXaHUKM) Y TIPUHLIUTIBI YCTOWUMBOTO pa3ButHs (mepepaboTka, GroMaTepurasbl, IUPKY/ISIPHAs SKOHOMUKA).
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Pa3paboTaHHbIe PEKOMEH/IALIMK KCTI0/Ib30BaHbI B KAUECTBE TEXHUUECKOTO 3a/IaHHUs /IS IPOEKTUPOBAHHUS
CreLMaMM3UpPOBaHHON  0eCIIOBHOM SKWUMMPOBKU JJIsi  CIIOPTCMEHOB-TIapa/IMMITHILIEB, 00eCreunBaroIei
6e30macHOCTb, KOMGOPT U 3(PpHEeKTUBHOCTL COPEBHOBATETLHOM /IeSITeTbHOCTH.
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NMPUMEHEHVE METOAA KOHUEHTPALVOHHOM Y®/BUA CMEKTPO®OTOMETPUN NMPU
NCCNEAOBAHNN KOMIM/IEKCHBIX PABHOBECUIA

© MN.A. 3axmatosa, C.C. /lbicoBa, HO.3. 3eauknii, 2026

Memod koHyeHmpayuoHHoU cnekmpogomomempuu paHee yCnewHo NPUMeHsACS 0151 UCCAe008aHUST KUC/AOMHO-
OCHOBHbIX pagHoeecuil U onpedeneHuss MepMOOUHAMUUECKUX KOHCMAaHm ouccoyuayuu coeOuHeHutl paznuiyHo2o0
cmpoeHusl. B Hacmosiwjeli pabome uccie008aHa 803MONCHOCMb UCNOAb308AHUSI OGHHO20 N00X00d 0/151 aHAAU3d
pasHosecull KomnaekcoobpaszoeaHust u onpeodeneHust KOHCMAHmM ycmotyugocmu KOMNAEKCHbIX COeOUuHeHULl.
ITokazaHo, umo 3asucumocmb onmuyeckoll NIOMHOCMU Om KOHYyeHmMpayuu moxcem Obimb UCNOAb308aHA 05
uccne0o8aHusi MHO2OKOMNOHEHMHbIX PABHOBECHbIX cucmeM 0e3 noayueHUss UHOUBUOYA/IbHbIX CNEKmMpos
nozaoujeHuss omoenbHbix Gopm. IloayueHHble pe3ynbmambl ceudemenbcmeylom O pacwiupeHuu obaacmu
npuMeHeHus Memooa KOHYeHmMpayuoHHOU cneKkmpogomomempuu npu u3y4eHuu KOMNnaeKCHbIX pagHO8ecul.
KiioueBble CJI0Ba: KOHIIEHTpalMOHHAsi CIIEKTPOGOTOMETPHUs, KOMILJIeKcooOpa3oBaHue, 3akoH bByrepa-
Jlambepra-bepa, KoHCTaHTHI ycToiumBocTd, JTITA, XenaTHas Teparnusi.

P.D. Zakhmatova, S.S. Lysova, Y.E. Zevatskii

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

APPLICATION OF THE CONCENTRATION UV/VIS SPECTROPHOTOMETRIC METHOD IN THE
STUDY OF COMPLEX EQUILIBRIUMS

The method of concentration spectrophotometry has previously been successfully applied to the study of acid—base
equilibria and to the determination of thermodynamic dissociation constants of compounds with different
structures. In the present work, the possibility of using this approach for the analysis of complex formation
equilibria and the determination of stability constants of coordination compounds has been investigated. It is
shown that the dependence of optical density on concentration can be used to study multicomponent equilibrium
systems without obtaining individual absorption spectra of the separate species. The results obtained indicate an
expansion of the applicability of the concentration spectrophotometry method for the investigation in the study of
complex equilibria.

Keywords: concentration spectrophotometry, complex formation, Beer-Lambert law, stability constants, DTPA,
chelation therapy.

Metos KoHreHTparuonHod UV/Vis cnektpodoToMeTpur paHee ObIT YCIENIHO TIPUMEHEH IS
orpe/iesieHUs1 3HaUEHUI KOHCTaHT Auccouyaliiy pK, pa3MuHbIX OpraHnyecKrux KUC/I0T, OCHOBaHUM, aM(0/IUTOB
Y coeIMHEeHUH Oosiee CJIOXKHOTO CTPOEHUsI B BOJHBIX M HEBOJHBIX cpeziax [1]-[3]. [To cpaBHeHMUIO C K/IaCCUYeCKUM
CNeKTPOPOTOMETPUUYECKUM METO/IOM, [AHHBIMA TMOJX0J] He TpeOyeT MOJyUYeHUs CIeKTPOB WHAWBU/YalTbHBIX
KOMITOHEHTOB CMecd. Bcsie[icTBHe 3TOro OTMaiaeT HeoOXOAWMOCTb HCIOJ/b30BaHUs OydepHbIX pPacTBOPOB,
(hOHOBBIX 3/IEKTPOJIUTOB, KOHI[EHTPUPOBAHHBIX KUC/IOT U II[e/IoUel, a TakKe ydeTa 3HaueHuit pH cpezpl ripu
06paboTKe 3KCIIepUMEHTA/IbHBIX JaHHbIX.

st cucTeM, B KOTOPBIX TOTJIOLIAIOT YacTUIILI OJHOTO THTA W He MPOTeKaeT MOOOUHBIX XUMUUECKUX
peakiyii, 3aBUCHMOCTb OITHUECKOM TUIOTHOCTHM OT KoHIeHTpaimu A = f(C), omumcaHHasi 3akoHOM byrepa-
Jlambepra-Bepa (BJIB), nuHeliHa. B pacTBopax, rjie MpPOTEKaloT KHC/IOTHO-OCHOBHBLIE PAaBHOBECHS, peakIiu
KOMITIEKC00Opa30BaHusl, aCCOIUALMY WIH AUCCOLUAIIVN, HaOJTI0Iat0TCsl OTKJIOHEHUS OT JIMHEeHHON 3aBUCHMOCTH.
B Takux cucTemax ucciefiyemoe coeiiHeHe Cyl[eCTBYeT OJIHOBPEMEHHO B HECKOJIbKUX paBHOBECHBIX (popMax,
Kax/ass U3 KOTOpbIX 00/aZiaeT COOCTBEHHBIM 3/IEKTPOHHBIM CIIEKTPOM TOTJ/IOLIEHUS] W WHAUBUYaJbHBIM
MOJISIpHBIM KO3 durrenTom morsioiienus. 3akoH BJIB He cobuiofiaeTcs [jii CMECH TaKWUX YacCTHI], HO
BBITIOJTHSIETCS [J1s1 KaXKA0W (OPMBI OTAENbHO. DKCIIepUMEHTAbHO OTpe/ieisieMblid, HabmoAaeMblii MOIIPHBIN

K03(duLlMeHT Tor/oleHnst €, # const U W3MeHseTCsl B 3aBUCHMOCTU OT KOHLIEHTpaLMM MCCrIefyeMoro
coe/liHeHUs1. 3Hasi 3HAUeHUsI ONTHUUEeCKUX TJIOTHOCTeM MCC/Ie[yeMOoro coeJMHeHUsI Zijisl PaCTBOPOB C Pa3IUUHOU
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KOHLIeHTpal[fiel, COOTBETCTBYIOIIMX ONTUMANbHOM JJIMHE BOJHBI Ao, MOKHO OIpPEJeNUTh KOHCTaHTHI
paBHoBecusi [4]. IlepecMoTp KjaccHueckodl WHTeprpeTallid 3akoHa byrepa-Jlambepra-Bepa mosBosisier
paccMmaTpuBaTh OTKJIOHEHHUs! OT JIMHEHHOCTM He KaK OrpaHUueHHe CIeKTPO(OTOMeTPUUeCKOro MeToza, a Kak
WHCTPYMEHT J/Is1 UCC/Ie[0BaHHSl PaBHOBECHBIX CHUCTeM, B KOTOPBIX IOJydeHHe WHIUBHZYaIbHbIX CIIEKTPOB
OTJie/IbHBIX YaCTUL] IBJISI€TCS 3aTPYAHUTE/IbHBIM WK BOBCE 3KCIIepPUMeHTaIbHO HeBO3MOKHBIM.

Llespt0  71aHHOTO  WCCJIEJIOBAHMsI  SB/ASETCS  TIPOBEPKAa  BO3MOXKHOCTH — TNPUMEHUTb  METO[
KOHLIEHTPAL[IOHHOW CTeKTPOOTOMETPHM [jIsi TIOMyYeHUsT KOHCTAaHT YCTOWYMBOCTH B C/ydae CJIOXKHBIX
KOMIJIEKCHBIX DpaBHOBecHd. KOMILIEKCHbIe coe[viHeHus], Osiarofiaps CBoel CHocoGHOCTH 00pa3oBbIBATh
YCTONUMBBLIE CTPYKTYPbl U W30MPATe/bHO CBSI3bIBATH HMOHBI M MOJIEKY/IbI, HAIIUTM LIMPOKOE TMpPUMEHEHWE B
pasnuuHbIX 06acTax. OcoOblil MHTepec TpeJCTaB/sgeT XeaTHas Tepanus — IPOLeCC BbIBe/leHUs] U3 OpraHu3Ma
WOHOB TOKCUUHBIX MeTasiios (Pb*", Cd**, Hg*" u sip.), a TakKe PajIM0aKTUBHBIX U30TOIMOB U MPOJYKTOB MX pacnaja
C MOMOLI[bI0 KOMIUIEKCOHOB [5]. B kauecTBe npuMepa coefiiHeHUs], UCII0/Ib3YEMOrO C L{e/Ibl0 MPO(PUIAKTUKN U
JleyeHUs] TIOPKEHWM PpafiMOaKTUBHBIMU BeIlleCTBaMM, MOJKHO TIPUBECTH KajbLiuil TpPUHAaTPUEBYIO COJb
JV3THIeHTPUaMUHITEHTayKCyCHOW KHCJIOTHI (TIEHTAL[MH), ero CTPYKTYpHasi opMyJia pe/icTaBIeHa Ha pucyHke 1.
OddexTUBHOCTE XenaTHOW Tepamnuy ONpejesseTCsl YCTOWYHMBOCTBIO 00pasyIoIUXCs KOMIUIEKCOB, BBICOKHE
3HaueHWsi JiorapuMa KOHCTAHTHl YCTOWYMBOCTH  XapaKTepu3yIOT TIOJydaeMble KOMIUIEKCHI — Kak
TepMOAMHAMUYeCKH CTabWsbHbIe, UTO obecrieyrBaeT MpeJOTBpalljeHe MOBTOPHOTO IIOMAaZlaHus TOKCUYHOTO
MeTalja B TKaHW opraHusma [6]. CrefoBaTenbHO, COBepIIEHCTBOBaHME MeTOJOB OIpejie/leHHs] KOHCTaHT
YCTOHUMBOCTH ZiJIs1 C/I0’KHBIX KOMIIEKCHBIX PABHOBECUH SIB/ISIETCS aKTyasIbHOM 3a/jaueil.

i ~Cal > 3Na'
0® N~ ™o
o

Puc. 1. CrpykTypHasi ¢opmysia Kaibl[Uii TPUHATPUEBON COMU [JUSTUIEHTPUAMUHIIEHTayKCYCHOM
KHUCJIOTBI

B ZaHHOM HCC/ie[OBaHWY B KaueCTBe MOJIe/TIbHOW cMecH Oblia BbIOpaHa CI0XKHAsl CHCTeMa PaBHOBECHH
00pa3oBaHuUs KOMIIEKCOB KOOajbTa C AW3THIEHTPUAMUHIIEHTAyKCYCHOM KUC/IOTOH, cokpaijeHHo OTITIA. Kak
ObLIO CKa3aHO paHee, OHA TIPe/ICTAB/ISIeT MHTEPEeC C TOUKHU 3peHusi IpuMeHeHus B hapmakomnorun. [ITITA siBiisieTcs
BOCbMU/IEHTAaHTHBIM IISITHOCHOBHBIM JIMTAHJOM M 00pa3yeT yCTOHUMBBIE BOJOPACTBOPHMbIE KOMILIEKCHI CO
MHOT'MIMH MeTajl/IaMH, B TOM 4uciie ¢ KobanbToM. Kpome Toro, [JTTIA siBjisieTCsl IITHOCHOBHOM KUC/IOTOM U ee
peakLMOHHAasi CIIOCOOHOCTh 3aBUCUT OT KUCJIOTHOCTH cpeZbl. B Tabmiie 1 yka3aHbl KOHCTaHThI PaBHOBECHH 15l
KaKZIOM CTyTIeHU Jucconuanum [7].

Tabnuia 1. KoHCTaHThI paBHOBECHH [ijis CTyNeHuYaTou avccormarmu JTITA

YpaBHeHHE paBHOBECHSI pKa
HsL.2 H,L +H’ 1,82
H.L 2 H;L* + H” 2,65
H;L*2 H,L* + H' 4,28
H,L*<2 HL* + H' 8,53

HL*2 L~ +H’ 10,45

[In1st mpoBefieHust SKCTiepuMenTa Oblla IPUrOTOB/IEHAa CMeCh, Co/iepyKallias KaTUOHbI Kobanbta u JTITA
MOJIBHOTO cocTaBa 1:1. B KauecTBe pacTBOpHUTe/ISl UCMO/Ib30BaHA JUCTW/IMPOBaHHas Boga. IlonydeHHas cpefa
OKa3ajach CHIBHOKHUCIO0N. B stoii cpeme OTIIA moxeT cymiecTBoBaTk B JByX ¢opmax: HeWrpambHOH HsL u
anuronHoi HyL". B o61jem Buje cucremy Co-TIIA MOXKHO OMMCaTh C/IEYIOIUM YpaBHEHHEM:

2+ x5 5 X-y-3 +
Me™ + H, L™ 2 [MeH,_ L]"’+yH
CorylacHo 3TOMy pPaBHOBECHIO, B CHU/IbHOKHC/IOW cpefie TIPU B3aUMOJEHCTBMM HOHOB KoOanbTa C

npucyTcTByromumMu Gopmamu JTIIA obpasyrorcs KomriekcHele yactuipl [CoHLL]" u [CoHsL]’. B Tabmue 2
Tpe/iCTaB/eHbl yPaBHeHHsI KOMIUIEKCO0DOPa30BaHUs ¥ COOTBETCTBYIOLLE KOHCTAHTBI PABHOBECHSI.
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Tabmmma 2. OOpa3oBaHHe KOMIUIEKCHBIX YacCTWI] MpW B3aumojercteuu HTIIA ¢ kKobaabToM B
CHJIBHOKUCJION cpejie

_|CoH,L|+-[H+]
' [Co2+][H.L]

_[CoH,L]0-[H+]
* [Co2+][H,L-]

|CoH,L|+
oL = (Rl " oo P, L]
.L-

Co* + HsL 2 [CoH,L]"+H*

Co*" + Hyl” 2 [CoHsL]°+ H'

[nst ompefesieHHs KOHCTaHT YCTOWYMBOCTH KJIaCCHMUECKUM CIIEKTPO(OTOMETPUYECKUM METO/0M,
TIpYBE/IeHHbIM B JIUTepaTypHLIX MCTOYHMKAX, HeOOXOJUMO MMeTh WHAWBU/yasbHbIe CITEKTPhI KOMITJIEKCHBIX
yactu [8], B laHHOM Cilyyae HeHTpanbHOM KOMITIEKCHON YacCTHUIIbI ¥ KOMILIEKCHON YacTHLIbI C 3apsfoM ILUTIOC
ofvH. MeTozyKa KoHLeHTpalloHHOH Y®/Buy criektpodoToMeTpun He TpeOyeT MoTyyeHHUst TAKUX CIIEKTPOB.

CorylacHO MeToAVKe KOHL|EHTPALMOHHOH CrieKTpo(OoTOMeTprH, HeobX04uMo IpUroToBuTh cMecu Co-
OTIIA monbHoro cocrtaea (1:1) ¢ pa3nmuuHbiMu KoHIeHTpauusmu C;. [Iish Kax/0ro i-ro pacTBopa ObLIN CHSITHI
3JIeKTPOHHBIE CIIEKTPHI MOTJIOIeHHs] M Ha BEIOpPAHHOM ONTHUMA/IBHOW [JTHHE BOJIHBI Aoy PACCUMTAHBI MOJISIPHBIE
K03 (UIMEeHTHI MOTJIOIeHUS & , UCT0JIB3Ys 3akoH BJIB. B Tabsmie 3 mpecTaBieHbl 3HaUeHUs & B 3aBUCUMOCTH
OT KOHIIeHTPALMH TIPUTOTOBJIEHHBIX PacTBOPOB Ha A= 537 HM. Ha pucyHKe 2 mpejCTaBieHB! M0JydeHHbIe
CIeKTPHI TIOIJIOLeH!sI CMeCH NPU pa3/IMUHbIX KOHLIEHTpaLusX. [/l CHATHS CTIEKTPOB IOIVIOLeHNsI IPUMEHSITUCh
KBaplieBble KIOBETbl C TOJIMIMHOM morsoujawomero c1osg 10 cM, CreKTpel MOIVIOIIEHWsl pPerucTpUpoBalyd B
nuamnazone ot 200 go 900 HMm.

Tabnuna 3. PactBopbl cmecu Co(I1)-ATITA nipu pa3iuyuHbIX MOJISIPHBIX KOHLIEHTPALUSIX

CMI\(I?QCI/I C (Co™: ATHIA) (1:1), M pH 53?1‘;{1“ 53;i’HM nggii?;ﬂ%%w:e
1 8,75-10° 1,78 1,043 11,92
2 8,31-10° - 0,998 12,01
3 7,87-10° - 0,978 12,42 HsL
4 7,0-10° - 0,874 12,49 H.L®
5 6,12-10° - 0,771 12,59
6 5,25-10° 1,88 0,667 12,70

16

14

1,2

0,8

0,6

04

0,2

200

Puc. 2. OnextpoHHble crneKkTpbl morsomeHus cmecu Co(II):ATIIA mombHoro cocraBa (1:1) mpm
Pa3/IMUHBIX KOHI|EHTpaLysIxX

W3BeCcTHO, UTO OT BLIOPAHHOM [JIUHBI BOJIHBI, MPU KOTOPOW TMPOBOJSTCS W3MEDEHHs], 3aBUCHT
TIOTPELTHOCTh CIeKTPO(OTOMETPUYECKOT0 MeToza. [109ToMy ONTHUMAanbHYIO [IIMHY BOJIHBI BLIOMpATH COTJIaCHO
MeTo/MKe, pPa3pab0TaHHOHM CriellMaqbHO [/IT MeTOoZia KOHIL|eHTPalMoHHOW criekTpodorometpuu [9]. s
OTIpe/iesIeHUs! Agnr UCTIO/Ib30BAJIH IAHHBIE 37IEKTPOHHBIX CIIEKTPOB TOTJIOI[EHHUsS] CMEeCH, 3aperUCTPUPOBAHHBIX TIPU
JBYX DPa3IMYHbIX KOHLIEHTPAL[USIX OOOUX KOMITOHEHTOB — HayajbHOW MAaKCUMAaabHOW (Cma) U KOHEUHOH
MUHUMaMbHOU (Crin). B KauecTBe Takux pacTBopoB paccMmaTtpuBamm cmeck Co-[JTTIA monsHOro cocraga (1:1) c
KOHLIeHTpalUWsiMA KOMIOHeHToB 8,75:-103 M u 5,25-10% M, COOTBeTCTBYIOIIUMU TpaHULAM HCCAeAyeMOro
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[hara3oHa KOHIleHTparui. [TosyueHHBbIe CIEKTPBLI HCIIO/IB30BA/UCh /IS JajbHelmieli o6paboTKH, KOTOpast
3aKJI0YAeTCs B C/Ie/IyOILeM: CTPOSIT rpayK 3aBUCUMOCTY pa3nuMsi MOJISIPHBIX K03((UI[MEeHTOB MOTJIOL{eHUS OT
JUTUHBI BOJIHBI M BBIOMPAIOT ONTHMA/LHYIO UIMHY BOJIHBI Aom, Ha KOTOPOW pa3/uuue [0CTUraeT MakKCHMMyMa.
Pa3HocTh MonsIpHBIX K03 (HUIMEHTOB CBETOIOIJIOL[EHNS ABYX CIIEKTPOB Ha KaXK/JOU J/IMHEe BOJHBI HAaXOJST T10
¢dopmye (1):
_ Amax[}\) Arninw\) e
Ae|= - = |€
C. xI  C_. Xl

max min

M

max ~ Emin

rae |AE| — Pa3HOCTb MOJIIPHBIX KO3((ULIMEHTOB CBETOMOIJIOLeHNs IIPY ONpe/ie/IeHHOM [JINHE BOJIHBI;

Amax(}\] — onThyecKas IJIOTHOCTb pacTBopa IPU MaKCUMaJbHOH KOHLIEHTpaL{ MHCC/efyeMoro
Bell|eCcTBa Ha OIpeie/IeHHOH JJIHe BOJIHB;

C | ax — MaKCHMa/TbHasi KOHLIeHTPALMs MCC/IelyeMOro BelljecTBa, MOJIb/AM;

| — TomuuHa noromiatoiero cos, cM;

Amin(}\) — onTuueckas IUIOTHOCTb pacTBopa TP MHHUMAaJbHONM KOHLIEHTpALMH HCC/IeyeMOoro
Bell|eCcTBa Ha OIpeie/IeHHOH JJIHe BOJIHB;

Cnin — MUHUMa/IbHAs KOHLIEHTpALKs HCCTelyeMOro BellleCTBa, MOJIb/IM®;

€ hax— IKCIIEPUMEHTAJBHO OTpe/ieNisieMblii MOJISIPHBIN KO3(Q@UIMEeHT MOriomeHnst TP Amax U Crax,
v Mo oM

€nin— 3KCIIePUMEeHTaIbHO OIpeZie/isieMblii MOJISIDHBIM K03(hGULIMeHT norioujeHust Npu Amin ¥ Cuin,
v moms oM™

Ha pucyHke 3(a) npezcTaB/eHbl MO/yueHHble CIEKTPbl CMeCH IIPU MaKCHUMajbHOW M MUHUMa/IbHON
KOHLIEHTPAL|MM KOMIIOHEHTOB, Ha pucyHKe 3(6) — pe3ysbratel 06paboTKH. B paHHOM ciyyae MakcUManbHOe
pasnuure MOJISIPHBIX KO3 (ULMEHTOB MOr/IOIeHHs Hab/rojaeTcst Ha JyIHHE BOJIHBI 537 HM.

16
14
12 12 }'nm'
0,8

0,6

l4g]

0,4
0,2

200 300 400 500 537 HMggg 700
200

A HM
a 6
Puc. 3. BLIGOD J/IMHEI BOJHEI Aoyr IT0 PA3HOCTH MOJIIPHBIX KO3((MUIMEHTOB MOIJIOIeHUs |A€| CHCTEMBI
Co(1II)-ATTIA B BogHOM pacTBOpe INpH KOHLeHTpauusx: 1 — Cuax = 8,75-10° Mmons/gM® v 2 — Cin = 5,25-1073
MOJIB/ M

[To mosyyeHHBIM 3KCMepUMeHTaNbHBIM JaHHBIM A;=f(C;) Tpu A.r (Tabmuia 3) ¢ mpuMeHeHUEM
nporpammMbl Mathcad 6b11 paccunTanbl KOHCTaHTBI paBHOBecust Ky, Ko, K, (Tabmvua 2) anst cucrembr Co-ATITA
MosbHOro coctaBa (1:1) B Kuc/Ioi cpefie 1 ompeiesieHbl JiecsITUUHbIe JIorapiudMbl KOHCTaHT yCToWuMBOCTH 1g[.
[MonyueHHbIe pe3y/bTaThl /s KoMruieKcHoro noHa [CoH4L]" Xopoliio coriacyroTcs C TIMTepaTypHbIMU AaHHBIMU.
CTOUT OTMETUTh, UTO JMTepaTypHoe 3HaueHue 1g3=30,18 Obul0 MonyueHo mpu noHHOUW cune 1=0,1 M, a B
HacTosiedi pabote -0, Tak Kak MeTOZ KOHILIEHTPALMOHHOU criekTpodoToMeTpur He TpebyeT AobaBiieHUs
(hoHOBBIX 371eKTpOTUTOB. KpoMe Toro, BriepBhle Ob1I0 OTIpe/iesieHo 3HaueHue 1g[ A/ HelTpasbHOM KOMITIEKCHOH
vactuiisl [CoHsL]°, A KOTOPO#A B IMTEpaType OTCYTCTBYHOT 9KCIIePUMEHTaIbHbIE JaHHbIe (Tab/uia 4).

Tabnuna 4. KoHcTaHThI yCTOHUMBOCTH KOMITIeKcoB B crcteme Co - [ITITIA mipu 25 °C, onpe/iesieHHbIe
METO/IOM KOHIIeHTpaliMoHHOW Y ®/Bu/i cnekTpodhoTOMepun.

Kowmrinekc 1gB IgB (urepatypa) [10]
[CoH.L] 28,74 30,18
[CoH5L]° 26,73 _

[TonyuyeHHble pe3y/bTaThl OATBEP)KAAIOT MPUMEHUMOCTb KOHLIEHTPALMOHHON CIIEKTPO(OTOMEPUH [i/Is
M3yueHHs He TOIbKO KUCJIOTHO-OCHOBHBIX, HO Y KOMIIEKCHBIX pPaBHOBecHii. MeTog He TpebyeT, Kak HH(OopMaryu
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00 WHUBHYaJbHOM CITEKTPe KaKOW-HO0 M3 MPOTOTPOIHBEIX (JOpM B C/lyuae W3yueHHs KMUCIOTHO-OCHOBHBIX
PaBHOBeCHH, TaK ¥ MHpOPMavu 00 WHIUBUYAJIbLHOM CIIEKTpe KaKOW-Mb0 U3 KOMIUIEKCHBIX (OpM B CiIydae
W3yueHUs] KOMIUIEKCHBIX DaBHOBECHUM, YTO TIO3BOJISIET II0Jy4YaThb 3HAUEHUS] MOJISPHBIX KO3 QUIMEHTOB
TIOTJIOIIEHHS] PABHOBECHBIX YacTHL] 6e3 UCTI0/b30BaHUsl KOHLIEHTPUPOBAHHBIX PACTBOPOB KUCJIOT WU IIeI0UeH,
YTO JIesIaeT ero 0COOEHHO TOJIe3HBIM [IjIs UCCIEA0BAHUS C/IOKHBIX PAaBHOBECHH.
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AKTYANbHOCTb n MPOBJ/IEMbI BHEAPEHUA KOHLUENUNI NMHAOYCTPUN 4.0
B MNOJIMTPA®NYECKOM NMPON3BOACTBE

© C.1O. leposckux, B.A. xmnaH, 2026

B cmambe paccmampuearomcs cucmemHble O2paHuueHus cyujecmgyroweli Modeau noauepaguueckozo
npou3eoocmea 8 KoHmekcme nepexood K napadueme HHoycmpuu 4.0. Ha ocHoge aHaau3a npou3goocmeeHHbIX
npoyeccog U pe3yabmamos OmMpacneeozo0 onpoca 8blsleHbl Kaouesble 6Hapbepbl. Ob60cHO8blBaemcs
Heobxo0umocmb nepexoda om AuHeliHoll MoOenu ynpasneHus K Kubep-gusuueckoli opeaHuzayuu npou3soocmed,
6asupyrowelicss Ha CKBO3HOM ynpas/neHuu OaHHbIMU U UHMeAIeKmMyanbHol no00epicKe NPUHAMUS pelleHul.

KmroueBbie cnoBa: Unpyctpust 4.0, mosurpaduueckoe MpoOU3BOACTBO, LpidpoBasi TpaHcdopmanus, Kuabep-
(husnuecKre CUCTeMBI, yIIpaB/eHue JaHHbBIMU, aBTOMATH3al|Hsl, CHCTeMHbIe OTpPaHUUYeHUs

S. Yu. Ledovskikh, V. A. Dzhivan

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

RELEVANCE AND PROBLEMS OF IMPLEMENTING THE INDUSTRY 4.0 CONCEPT
IN PRINTING PRODUCTION

The article examines the systemic limitations of the existing model of printing production in the context of the
transition to the Industry 4.0 paradigm. Based on the analysis of production processes and the results of an
industry survey, key barriers are identified. The necessity of transitioning from a linear management model to a
cyber-physical production organization based on end-to-end data management and intelligent decision support is
substantiated.

Keywords: Industry 4.0, printing production, digital transformation, cyber-physical systems, data management,
automation, systemic limitations.

Konuenuus MHayctpun 4.0, 0CHOBaHHasi HAa MHTeTrpaLui Kubep-hu3nueckux CUCTeM, IPOMBIIILJIEHHOTO
VHTepHeTa Belljel, TeXHOJIOTUi MCKYCCTBEHHOT'0 MHTeJ/UIeKTa M CKBO3HOTO IIU(POBOT0 YIpaB/eHNs )KH3HEHHbIM
LUKJIOM U37leNsi, T0C/e[oBaTe/lbHO TpaHC(opmMHpyeT MpoMbliuieHHble cekropa [1, 2]. Ilosmmurpaduueckas
0Tpac/b, TPAJULIIOHHO OPHEHTHPOBaHHasi Ha 00ecrieueHre BEICOKOTO KauecTBa MeuaTH, CTalKUBAeTCsl C HOBBIM
CHCTEMHBIM ~ BBI30BOM: COXpaHeHHe KOHKYPEHTOCIIOCOOHOCTH TpeOyeT He CTOMBKO — HapaljvBaHUS
TEeXHOJIOTUUEeCKOM MOIIJHOCTH, CKOJIbKO IIOBBIIIEHUS] YIPaB/sSeMOCTH IIPOLIECCOB, COKpallleHUs BpeMeHU
BBINO/THEHUS] 3aKa30B U CHWKEHUsI OTlepal{OHHBIX U3[jepiKeK.

OpHako, Kak MokKasblBaeT NpakTHKa, Liidposas TpaHchopmalys B OAUrpapuu HOCUT HepaBHOMEPHBIi
xapakrep. [IpeAnpusiTys BHePSIOT OT/Ze/bHble L(POBble HHCTPYMEHTHI, He (hOPMUPYSI L1e/IOCTHOM apXUTEKTYPbI
«YMHOTO TpOU3BOACcTBa». CHCTeMHBIN Tepexof, K MOJenH, COOTBeTCTBYolledl mpuHuunaM Muzaycrpum 4.0,
OCTaéTCs CKOpee MCK/TIOUeHHEeM, YeM TeH/eHLel. [JaHHasi paboTa MOCBsIleHa aHaIu3y CI0XKUBIIEHCS MOZAe!
nosmrpaduyeckoro MPOU3BO/ICTBA, BBISIBJIEHHIO €€ CHCTEeMHBIX OrpaHHWYeHMi W 00OCHOBAHWIO HAIlpaBIeHUH
1]e/1ec000pa3HOro PUMEHeHHs TeXHOJIOTHI YeTBEPTOM MTPOMBILIEHHOW peBomoLuH [3,4].

UccnenoBanue 6asupyeTcsi Ha COYeTaHMM MeTOZOB  CTPYKTYPHO-(YHKLIMOHAJBHOTO —aHalu3a
NIPOM3BO/ICTBEHHBIX TIPOLIECCOB M SMIMPUYeCKOoro obcefioBaHus npeAnpuaTuid. B mapte 2026 roga nposesén
OTIPOC MpeZCcTaBUTe/el KPYIHbIX MoJUrpaduueckix NpeArnprsTUi pa3UvHbIX CErMEeHTOB: TleyaTh KapTOHHOU U
ruOKoOM yIakoBKH, STUKeTOUYHast MPOAYKLMS, KOMMepuecKasi ¥ peK/laMHasi 11euaTb, MHTepbepHasi ieuaTh, [edaThb
Ha TeKCTWie. AHKeTa BK/IFOUasa BOMPOCHI, CrPYTITUPOBaHHbIe 110 TPEM K/IFOUEeBBIM HarlpaB/IeHHsIM: UHTerparjys
000pyOBaHUS U Mepefjaua JaHHBIX; aBTOMATH3alds OrepaLii U UCIO/b30BaHUe MPOM3BO/CTBEHHBIX JIaHHBIX;
KaZlpoBasi TOTOBHOCTb M HMHBECTHLIVIOHHBIE TIPUOPUTETHI LK(POBU3aLU. []OMOTHUTEEHO BBITIOJHEH aHaIU3
TUIOBBIX OPraHU3allOHHBIX CTPYKTYP M TeXHOJIOTMYECKHX L|erl0YeK, XapaKTepHBIX [/ CPefJHHUX U KPYTHBIX
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nosmrpaduyecKuX mpeIpHsITHIA.

CrnoykuBIIasicsl MO/ie/Tb MOUrpaueckoro Mpor3BO/CTBA NpeAcTaBseT co00ii COBOKYITHOCTh JIMHEHHO
OpraHM30BaHHbIX, C71a00 CBsI3aHHBIX MEXKAY co00i1 3TaroB, HarpaB/IeHHbIX Ha BLIIIO/IHEHHE 3aKa30B C 33[JaHHbIMU
rapaMeTpaMy KauecTBa, CPOKOB M CTOMMOCTH (puc.1l). YTipaBieHHe CTPOUTCS MPEUMYIeCTBEHHO Ha JIMHEHHO-
(yHKIIMOHATBHON  CTPYKType, pasfesisitoileli KOMMepUYeCKUd, TeXHOJIOTHUeCKUH W  aJMUHHCTPaTUBHO-
XO03SICTBEHHBIN OJIOKH.

YnpaeneHve npegnpusivem

nosBneHne
npoBnemel

nocne
npuem ) AonevaTtHas 5 ; neyatHas ; KOHTPOANB ; YMaKOBKa
3aKaza noaroToBKa nesats 06paboTKa Ka4ecTBa OTrpy3Ka HERE LRI AL

Puc. 1. CymjecTBytolriast Moiesb TToMrpaduueckoro Mpou3BoACTBa (JIMHEHHBIN TTOTOK)

[TnaHupoBaHWe 3arpy3Kd OOOpYZOBaHMs OCYIECTB/SETCS Ha OCHOBE MPOM3BOJCTBEHHOIO I/IaHa,
O/JHaKO IIMPOKO PacnpoCTpaHeHbl pyYHble METOABL, a B C/lydae BOSHUKHOBEHHS! OTKJIOHEHU (CpOYHbIe 3aKasbl,
BHEIUIAHOBble OCTAHOBKH) pellleHHs] IPUHMMAIOTCS OIlepaTHBHO, 3a4acTyl0 WHTYWUTHBHO, 6e3 Omophl Ha
aKTyasIbHble JaHHble. Pe3y/ibTaThl O1poca NOATBEPKJAI0T (PUC. 2), UTO B HELITATHBIX CUTYaLUsIX (OO IOCTaBoK,
OTCYTCTBHE MaTepHasioB) yIpaBjieHYeCKOe pellleHHe IpHHMMaeT HauaJbHUK CMEHbl WM IJIaHOBBIA OTAen
MOCpe/ICTBOM T0/IocoBOM cBsisu B 80% ciyuaeB; b B 10% IydaeB cucTeMa aBTOMaTUYeCKH
nepepacrpefiesisieT peCypchl.
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Ecnwv Bo3HuKaeT HeluTaTHaa CUTYaLWs, Kak NPUHMMaETCA pelleHne 0 KOPpeKTUpOoBKe 3adaHna?

B30% W10% 10%

B 80% — Pewenne NPUHUMAET HAYANBHUK CMEHBI MW NNAHOBLIA OTAEN MO TenedoHy/paLun. OnepaTop XAET KOMaH/Ibl.

B 10% — 3nemenTbl CUCTEMBI HAAEMNEHb! WHTENNEKTOMY. ECIIM 3aKaHHMBAETCSA MaTepUal, GUCTEME aBTOMATUYECKH
OTNpaBNseT 3aNpoc Ha CKNaj, UNu pesepBUPYeT MaTepuan 6e3 y4acTs AUcneT4epa.

10% — Onepartop UMEET NPaBO OCTAHOBUTE MALLKWHY W NPUHATL PELIEHUE, HO 3TO HUKaK He dmkcupyeTcs B obLuei cucteme
nnaHnpoBaHus. MnaH no uexy «Nnbie&T».

Puc. 2. Pacnpe,qeneHI/Ie OTBETOB Ha BOIIPOC O INPHUHATHUN pEI.LIEHI/Iﬁ B HELITATHBIX CUTYAlUAX

Bxoj 3aka3oB oCylljecTB/sIeTCsl Yepe3 MeHe/PKePOB, B3aUMOZeNCTBUe C Au3aiiHepaMy U TeXHOJ0raMu
CTPOUTCSI Ha 3JIEKTPOHHOM TOUTe, MeCCeH/pKepaX U YCTHBIX COIJIACOBaHMUSIX. DTO CO3[aéT PUCKU MCKa)KeHUsI
JIAHHBIX, TIOTEpU TPeOOBAHWI W yBEIWYEHUs [IUTeIbHOCTH TPeJTNPOU3BO/ICTBEHHBIX LIMK/IOB. [lomeuatHas
MMO/ITOTOBKA, HECMOTPSI Ha HaJTMUMe PerjaMeHTOB, B 3HAUUTEIbHOM CTeleH! BHITIOHSeTCS BPYUYHYIO, a IudpoBast
BepU(UKaLYs MaKeTOB IPUMeHsIeTCsT He cricTeMHO. Kak mokasan orpoc, TonbKo 33% TpenpUsTHN UCTIOb3YIOT
T0JTHOLIEHHBIe 1[U(POBbIE MO/E/TH C YUETOM TEXHOJOTHUECKUX OrPaHUUEHHH; OCTa/TbHbIe MO0 OrpaHUUMBAIOTCS
Bu3yanu3aipeii 6e3 yuéta orpannuenuii (44%), 6o BoBCe He UCMO/B3YIOT [udpoBbie Mojeau (22%) (puc. 3).
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Kak ncnons3ayeTca MHopmaumsa o Xofe nNpou3soacTea?

B50% @ 40% 10%

B 50% — [aHHble (NpocToN, MPUHNHEI NPOCTOEB, NPOLIEHT Bpaka) BLIBOAATCA Ha AaWGOPab! B UEXE B PEXVME peansHoro
BpeMeHU. PYKOBOWTENE CMEHBI BUAMT «y3KUE MECTA» B MOMEHT UX BO3HVKHOBEHMS.

B 40% — OnepaTop OTCNEXMBAET NOKAZATENM HA NYJILTE YNPABNEHUS MALUMHBI, HO NPY BO3HVMKHOBEHWM NPOGEMb
NPHHUMAET pPeLIEHNE CAMOCTONTENBHO, Ge3 (PMKCALIMIM NPUYMH OTKIOHEHMWS B CUCTEME,

10% — [laHHble MCNoNb3YHTCH TONBKO A9 UTOroBOro pacHéTa 3apnnartkl UINK CocTaBneHnd OTYETHOCTU B KOHLIE CMEHBI.

Puc. 3. Pacripeienerye 0TBETOB Ha BOIPOC 00 MCIO/IB30BaHWH LM(POBBIX MOZesiel IPOAYKLHN

HacTtpoiika meuyaTHoro obopyzoBaHusi TpeOyeT yuacTHsl ONepaTopoB BBICOKOH KBamudukanyu: 60%
PECIIOH/IeHTOB MPUMEHSIOT aBToMaThueckyro npuBogky (CIP3/CIP4), HO OKOHYaTe/lbHOe pellleHue O 3amycke
THpa)ka 0CTaéTcs 3a yenoBeKoM; 40% MpeANpUATHH BHITTOIHSIIOT HACTPOMKY MOTHOCTBIO BPYUYHYIO, 3aTpaunBasi OT
20 fo 60 MMHYT Ha Kaxayro nepeHanagky (puc. 4). KoHTposb KayecTBa OCYILeCTBIISETCS [PEeUMYLeCTBEHHO
BU3YyasIbHO U UHCTPYMEHTa/IbHO, O[JHAKO pellleHus1 0 KOPPeKTHPOBKe NapaMeTpOB [IPUHUMAIOTCS OIlepaTopoM Ha
OCHOBe JIMYHOTO OTIbITa.
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Kak npoucxopuT HacTpoiika 06opyAoBaHus Npu cMeHe 3aka3sa? (NpuBoaKa, ueTonpoba)

B60% B 40%

B 60% — VicnonbayloTca cucTeMbl agToMaThHeckoil npusogky (CIP3{CIP4) n aBToperynnpoBKM Kpaco4HOIo annapara, Ho
PELLEHKE O 3arnycke TWpaxa BCE paBHO NPUHUMAET YENOBEK NOCIE BU3YanbHOR OLIEHKN CUTHATYpP.

B 40% — MonHocTLIo Bpy4HYI0. ONepaTop BLICTABNSET NPUBOAKY MO KPECTAM, LIBET NOAFOHSET M0 CNEKTPOOTOMETPY/
OEHCUTOMETPY UNK ¢Ha Mas», TpaTa oT 20 Ao 60 MUHYT Ha Kaxayo CMEeHY TUpaxa.

Puc. 4. Pacripe/iesieHrie OTBETOB Ha BOIIPOC O HACTPOLKe 000py/I0BaHMUs MPU CMEHe 3aKa3a

[MocneneyatHast o6paboTka He Bcerjja CHHXDOHM3MPOBaHAa C TIIeUaTHBIMM Iporeccamu: 60%
NpeJIpUATU yKasaad Ha OTCYTCTBHE KaKoro-Mbo oOMeHa [JaHHBIMU MEXJY Pa3sHOTHIIHBIM 000py/JOBaHHEM;
40% MMEIOT JINIIb YaCTUYHYIO IaTUMKOBYIO CBSI3b, HE BIUSIOLIYIO Ha paboTy cMeXXHOro yuacTka (puc. 5).

QBMEHMBaKTCA NN AaHHLIMK pasHOTUMHLIE MaLUWHLI?

B60% @ 40%

B 60% —Her, ofopyaosaHWe paboTaeT M3oN1poBaHHO. CTLIKOBKA NPOMCXOAUT (PU3N4ECKM, 8 KOHTPOIL OCYLIECTBNSAETCA
BM3yarnbHO MacTepom.

B 40% — YacTiuHo. ECTb AaT4MKM Ha BXOAE[BLIXOAE (CHETUMKIM NVCTOR), HO OHM HE BIUSIOT Ha paboTy cMeXHOro y4acTka.

Puc. 5. PB.CHPE,E[E]IEHI/IE OTBETOB Ha BOIIPOC 06 oOmene AdHHBIMU ME€XXy PAa3HOTUITHBIMH MalllMHaAMU

[MpuHUMN «oAHOTO BXOJa» (OAHOKpaTHBIM BBOA AaHHbIX B ERP c mocsienyromiedi mnepepaueii B

obopyngoBanue uepe3 JDF/CIP4) peamusoBaH Ha 50% TmpeArIpusITHI. Ha 10% uernouka 4acTUUHO
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aBTOMaTH3MpoBaHa, Ha 40% — MOJTHOCTBIO pa3opBaHa (puc. 6).

Kak nepenaéTcs 3aaaHue oT oTAena npoaax/MeHempKepa A0 NPOU3BOACTBEHHLIX YYaCTKOR U farnee A0
OTrpy3Ku?

B50% B 40% 10%

B 50% — Peannaosan NPUHYMN «0AHOro Bxoaavr. [laHHble 3aka3a 3aHocsTes oauH pas 8 ERP v B Buae JDF-chaiinoe
MWrPUPYIOT HA NeYaTHbIe MalWHbI U NepennéTHoe oBopyaoBaHue. OnepaTop nocneneyarkv BUAWT UMpoBoe 3aaaHne oT
neyaTHoro Lexa.

B 40% — Lienouka pasopeana. Kaalii oTaen nony4aet oTaenbHbIi GyMaskHbIi Hapsa. YacTo BOSHNKAKT PACXOXAEHWS B
TUpaXKax MeXay Ne4aTbio M NOCNene4aTKoA.

10% — WcnonkayeTtca JDF-NOTOK TONBKO Ha 3Tane nevyar, Ho Ha nocneneyaTHble NPoLecesl AaHHbIE BBOAATCA BPY4HYHO.

Puc. 6. Pacripe/iesieHrie 0TBETOB Ha BOIIPOC O Tlepefjaue 3aflaHus OT OTZesla IIPO/iaX /10 POU3BO/ICTBEHHbIX
Y4acTKOB

Ha 70% mnpepnpusiTiii faHHble (UKCUPYIOTCS, HO He aBTOMAaTM3MpOBaHbl; JUiib 30% HCIOMB3YIOT
aBTOMAaTHUECKYI0 KODPEKTUPOBKY ITapaMeTpOoB I1PY TIOBTOPHOM 3artycke. (puc 7.)
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YUNTLIBAKTCA MK JaHHLIE O Bpake, BO3BpaTax OT KNUEHTa UK 3aMeHaHusx oT OTK ANst KoppeKTUPOBKK
GyayLumX 3anyckoB?

B70% B 30%

B 70% — [anHble PUKCUPYHOTCS B apXWBE, HO HE aBTOMATU3MPOBaHbIL. TEXHOMOT MOKET BPY-HYIO NOCMOTPETH «KapTy
NpOLLNOro 3anyckar, ecny BCMOMHUT 3T0 GAENaTh.

B 30% — CucTema aBTOMAaTMHEGKM CBA3LIBAET CNELMGUKALMIO 3aKasa C MCTOPHEN €ro BLINOAHEHWS. Py NOBTOPHOM
NocTynneHun 3akasa o6opynoBaHWIo NepealoTca CKOPPEKTUPOBAHHEKIE NapameT pbl, KOTOPbie GbiNK YCMELWHo NPUMEHEHbI B
NpoLnbIi pas.

Puc. 7. PacripezienieHrie OTBETOB Ha BOMPOC 00 y4éTe JaHHBIX 0 Opake ¥ BO3BpaTax Jijisi KOPPEKTHPOBKH
OyIyIIuX 3amyCcKoB

[Tosi0BYMHA TIPeATIPUATUN UCTIONB3YIOT JaHHEBIE B peabHOM BpeMeHH; 40% OTC/Ie)XUBArOT MOKa3aTeu, HO
He (PUKCHPYIOT MPUYMHBI OTK/I0HeHUH; 10% HMCNoMb3yl0T AaHHbIEe TOIBKO /ISl UTOTOBOM OTUETHOCTHU. (pHUC. 8).

Kak ncrnonb3ayercs MHhopMauus 0 Xoae Npou3BoacTea?

B50% B 40% 10%

B 50% — [aHHble (NpocTom, NPUYUHBI NPOCTOEB, MPOLEHT Bpaka) BbIBOAATCA Ha Aalubopabl B LEXe B PEXUME pearnbHOro
BpeMeHW. PykoBogWTenb CMEHbI BMAWT ©y3K1ne MecTa» B MOMEHT UX BO3HWKHOBEHWS,

B 40% — OnepaTop oTcnexMBaeT NOKA3aTENN Ha MyNkTe YNPABNEHUS MALUWHBI, HO MPY BOSHIKHOBEHWM NPOGnemb!
NPMHUMAET PELUEHUE CAMOCTOATENBHO, BE3 (PUKCALIM NPYYUH OTKMOHEHWS B CUCTEME.

10% — [AaHHble MCNonNb3yTCA TONEBEKO 414 UTOroBOro pacwéTa 3apnnartbl UNn cocTaeneHns OT4ETHOCTH B KOHLIE CMEHBI.

Puc. 8. PaCl'[pE,E[E]'IEHI/Ie OTBETOB Ha BOIIPOC 00 MCI0/Ib30BaHUN I/IHClJOpMaL[I/II/I 0 X0oJe IMpou3BOACTBA
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KoHTpoJb KauecTBa B CyIIeCTBYHOIeN MO/e/Ti TorMrpadryeckoro Mpou3Bo/CTBA OCYIIeCTBIISIeTCs Ha
pa3/IMYHBIX 3Tanax: BXOJHOW KOHTPO/Ib MaTepHUasoB, ONepaljoOHHbI KOHTPOJIb B IpOLiecce MPOU3BOACTBA U
BBIXOZIHOV KOHTPOJIb TOTOBOM MPOAYKLMH. [Py 3TOM HCMOMB3YIOTCS KaK BLIDOPOYHBIE, TAK U CIUIOUIHBIE METOZbI
KoHTposisi.  [IpuMeHsitoTCS  pasHble  MeTOAbl  KOHTPOJs:  WHCTPyMEHTajbHble, OpraHoJeNnTHYecKue,
SKCTiepUMeHTa/bHbIe, SKCIIePTHBIE U colMabHble. dopMa peasnu3aliii U YPOBeHb BHeAPEHUS Pa3HBIX METO/|OB
BapbUPYeTCs B 3aBUCHMOCTH OT TEXHUUYECKOTO OCHALI|eHHsI TIPeAIpUsTHSI.

B wenom, TpaguijioHHasi Mojesb TONWTrpadUIecKoro IMPOW3BOACTBA XapaKTepU3yeTcsl YaCTHYHOM
aBTOMaTH3alLyel, HU3KOM CBsI3aHHOCTBIO MPOLIECCOB 1 BBICOKOW 3aBUCMMOCTBIO OT YesIoBeueckoro akropa. 1o
MOJKET BbI3BaTh BapHMaTUBHOCTb BBINOJIHEHWS ONepaljuii, MOTYT MOSBIATHCS «y3Khe MecTa». CHcTeMHoe
TNOBBbIlIeHHe 3((HEKTHUBHOCTA MOXKeT CTaTh OrpaHWYeHHbIM. /laHHbIe 0COOEHHOCTH (OPMUPYIOT TPEANOCHIIKH
JUIsl TIONCKA HOBBIX TMOJXOJO0B K OpraHM3alliy MPOW3BO/ICTBA, OCHOBAHHBIX Ha Oosiee ryiyOOKOW WHTETpaljuu
TeXHOJIOTHH U YTIpaBJeHUH JaHHBIMHU.

Orneparopbl B 1IeJIOM [IeMOHCTPUPYIOT TOTOBHOCTb K OCBOEHHIO HOBbIX uHTepdeiicoB (40%
PECTIOH/IEHTOB OTMETWIX 3TOT (DaKTOp), OJHAKO OTPAaC/ib WCIBIThIBaeT OCTPhId Aeduimt IT-crelyanvcTos,
CIOCOOHBIX 0becreurBaTh MHTErpaLio 000PYA0BaHHUS C YIPAB/SIOIUMY cricTeMaMy. COamaHCUPOBaHHbIH 1ITaT
C pa3BUTBHIMHM IM(PPOBBEIMH KOMITeTeHIUAMU uMeroT 40% mnpeanpustuii; Ha 20% NpeAnpUATHI TiepCoHa
HaCTpOeH HaCTOPOXXKeHHO WY HeraTUBHO (puc. 9).

Hackonbko kBanudumkaums n OTHOLWEHUE NepcoHarna CoOTBETCTBYIOT 3aa4am UudpoBusaumm
npoussoAcTea?

B 40% B 40% 20%

B 40% — OcHOBHbIE ONEPATOPLI FOTOBLI OCBANBATH HOBbIE MHTEPMENCH!, HO NPEANPUATIE NCNBITEIBAET AeduuuT IT-
CMeLManncToB, cnocoBHbIX HACTPOUTL M NOJAEPXWBaTE CBA3KY «0BopyaoBaHWe - cepeep - MO».

B 40% — VmeeTcs cBanaHCMpOoBaHHbI LUTAT: TEXHOMOM W ONiepaTopbl BAAEHOT LM(POBLIMK KOMMETEHUMSIMK, a IT-CNykGa
oBecne4nBaeT GecnepeboriHyo paGoTy MHTErPUPOBAHHBIX GUCTEM.

20% — I'IepcoHa.n WMEET NPEVMYLLESCTBEHHO TPAANMUNOHHBIE HABBIKW, HACTOPOXEHHO MMM HErATUBHO OTHOCKUTCA K
HeobXoaMMoCTH paGOTaTI: C CEHCOPHBIMW NMaHENAMM, NNaHWeTaMK, MES-cuctemamm, COHPUTMBHBHI{IB W3MEHEHMAM BbICOKO.

Puc. 9. PacripefiesieHrie 0TBETOB Ha BOIPOC O KBa/IM(UKAL[MM U OTHOILIEHUH TlepcoHara K Ly poBU3aLuu

LlndpoBuzanysi paccMaTpuBaeTcsi KakK CTpaTerrueckuii mpuopureT ¢ oreHkoil ROI nHa 40%
npeanpusaTuii. B To ke Bpemsi 40% pecrioHJeHTOB IOTOBBHI WHBECTUPOBATh B 0OOpY[OBaHHe C LIM(PPOBBIMU
(bYHKIMSIMH, HO BhlZiesieHHe OrogpkeToB Ha MES-cucTeMsl, aHaMTHUeCKHe TUIaT¢OpMBI 1 06yueHIe IlepcoHasa
NPOMCXOJUT M0 ocTaroyHoMy npuHimmny. Ha 10 % mnpednpusiTuil pykoBOJCTBO He BUAWUT SKOHOMHUECKOH
11es1ecoobpa3HoCTH B cOope JaHHBIX U aBTOMaTHU3anyu (puc. 10).
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Kak oLeHMBaeTca akoHOMUYecKas LienecoobpasHocTb MHBECTMLMIA B MO, LM POBYO MHTErPaLMIo 1
06y4eHue nepcoHana?

B 40% B40% 10% @10%

B 40% — lotoBbl WHBECTUPOBATL B 060pYyA0BaHKUe G LMPPOBEIMKU hYHKUMAMM, HO BeldeneHune Bromkera Ha MES-cucTemel,
aHanuTr4eckne Nnatgopmel v 0By4eHre nepcoHana NPONCXOANT NO OCTATOYHOMY NPYHLMNY MITM OTCYTCTBYET,

B 40% — Lucbposusauns paccMaTpuBaETCs Kak CTPATErMyeckuid NpuopuTeT. CYILECTBYET BIOKET Ha BHEAPEHWE 1
COMPOBOXEHNE NPOrpaMMHbIX pellieHuid, olieHka ROI Bea&Tca ¢ y4EToM COKpalLeHWs NpUNaaok, CHKeHWA Gpaka u
noesbileHus OEE.

10% — PYKOBOACTBO HE BUAWT OKYNAeMOCTU BNOXEHWA B COOpP AaHHLIX M aBTOMaTU3aLWIO, CHATAA NX «A0pOruMm
nrpyLkamue, MpuopuTeT 0TAAETCA 3aKYNKE HOBbIX NEYaTHbIX MaLLWH, HO He MO unw IT-MHppacTpyKType.

B 10% — MpuopwTeT OTAAETCA TEM PELLEHVSM, PE3YNETATUBHOCTL KOTOPbIX NOHATHA W NPOGHMTaHa. Xeneso Hapékken MO,
HeT ceipbs 1 Kagpos.

Puc. 10. PacripeziesieHrie OTBETOB Ha BOMPOC 00 OIieHKe SKOHOMUUECKOH 11e/1eC000pa3HOCTA UHBECTULIMH

ITpoBeséHHOE HCC/IeOBaHKE TTO3BOJISIET KOHCTATHPOBATh, UTO MOUrpaduueckast OTpac/ib HAaXOAUTCS B
COCTOSTHUM HepaBHOMEPHOHM M He3aBepLIEHHOU nudpoBu3anuu. [lomyueHHble KOJMYeCTBeHHbIE [JaHHbIE MOTYT
OBbITb MHTEPIIPETUPOBAHBI Uepe3 TPU3MYy KpUTepreB LU(POBOI 3peJioCTH, BbIAEISIeMbIX B PAMKaX KOHLIETILINU
Wuapgyctpun 4.0 [1]. CornacHo kmaccuueckuM MogensMm (Harmpumep, mogenb ACATECH wunu «iecTHHLA
Wupgyctpun 4.0»), mepexof; K «yMHOMY TPOW3BOJCTBY» TMpeJro/araeT TOC/ieloBaTe/IbHOe TPOXO0XKAeHUe
YPOBHEIi: KOMIBIOTEPU3aLUs - CBSI3aHHOCTDb - BUJUMOCTH - MTPO3PAYHOCTh - BO3MOKHOCTb TIPOTHO3UPOBAHUS -
aZanTUBHOCTH [2].
Pe3yabTaThl OMPOCA MOKA3bIBAOT, YTO OOJBIIMHCTBO MPEANPUATHI HAXOSITCS Ha HAYIbHBIX YPOBHSIX:
¢parmeHTapHasi KommbioTepu3anus (50% WCIOMB3YIOT MPUHLUIT «OAHOTO BXOZa», HO b 10% wumeroT
3aMKHYTBIM KOHTYp yTIpaB/ieHus1), HU3Kasl CBsi3aHHOCTh (60% He MeroT 0OMeHa JAHHBIMU MeXKAY Pa3HOTHUITHBIM
o0opyioBaHHEM), HeOCTaTOUHas MPO3pavyHOCTh (ToMbKO 50% WCMOMB3yHOT JaHHBIE B PeasbHOM BpPEMEHH).
[IpesuKTUBHOE yIpaB/ieHUe W alaiTUBHOCTb peanr30BaHbl JIMIIb B eJUHUUHBIX ciydasx (MeHee 10% 1o psgy
napameTpoB). Takum 00pa3oM, BbISIBJIEHHbIE CUCTEMHbIE OTPAaHUYEHUs] — ()parMeHTapHOCTb ABTOMAaTH3alluH,
Pa3pO3HEHHOCTD JIaHHBIX, BHICOKAs 3aBUCHMOCTDb OT Ue/ioBeueckoro (pakropa, OTCyTCTBHE 3aMKHYTOTO KOHTypa
yTpaB/ieHUs1 — TIOJIHOCTbI0 COOTBETCTBYIOT TUITMUHBIM OapbepaM, KOTOpbIE TIPEMSTCTBYIOT MEpPexXo/ly K 3pesioi
Mogenu Magycrpuu 4.0 [3].
CucTeMHbIe OTPAaHUYEHUS CYIIECTBYIOIIEH MO/Ie/TH MPOSIB/ISIOTCS B CJIEAYIOIIUX aceKTax:
- (parMeHTapHOCTb aBTOMATH3alMH — OT[eJIbHbIe Orepaliyd aBTOMAaTH3UPOBAHBI, HO TPOLIECCHI He
WHTETPUPOBaHBI B eJUHOe [IU(POBOE MPOCTPAHCTBO;

- Pa3po3HEHHOCTh JAHHBIX — UH(OPMALUs 0 3aKa3aX, COCTOSIHUY 000py/[0BaHMsI, KauecTBe U Opake He
KOHCOJIMJUPYETCSl U He UCII0JIb3yeTCsl /1/1sl IPeJUKTUBHOTO YIIpaB/IeHus;

- BBICOKAsl 3aBUCHMOCTb OT UeJI0BeUecKoro (hakTopa — K/roueBble peliieHus (TiepeHanazika, oopaboTka
OTKJIOHEHUH, KOHTPOJIb KaueCTBa) IPUHUMAIOTCS Ha OCHOBE OITBbITa, a He JaHHBIX;

- OTCYTCTBME 3aMKHYTOTO KOHTypa VIIpaBJ/ieHWs — HAKOIUIEHHBI OIBIT He BO3BpAIlaeTCs B
TIPOU3BO/ICTBEHHYIO CUCTEMY B BH/[€ KOPPEKTHUPYIOIIUX BO3AEHCTBHUM.

JIVIb He3HAUWTe/TbHasl YacTh Tpeanpusatuii (MeHee 30%) mipubmwkaercss K Mozenu Waayctpuu 4.0,
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XapaKTepy3ylollelcsi CKBO3HbIM IIOTOKOM JIaHHBIX, WHTETPUPOBAHHBIMU CHUCTeMaMH yIpaB/eHUs U
NpeJUKTUBHBIM 00C/Iy>KuBaHueM. [11s 60/IBIIMHCTBA )Ke XapaKTepHa peakTHBHasi MO/ie/Ib yIIpaB/eHus C HU3KOH
CBSI3aHHOCTBIO TIPOLIECCOB.

AKTyanpHOCTh TpUMeHeHUss KoHUernuuu WHayctpuun 4.0 B mnonurpaduueckoM IPOU3BO/ICTBE
o0yc/ioB/IeHa HE CTO/IBKO TEeXHOJIOTUUECKOW OTCTaloCThl0, CKOJBKO CHUCTEMHON He3(h(eKTUBHOCTHIO
CYLIeCTBYIOIL|e MOZeny yIpaB/eHWsi, KOTopasi He I103BO/IsIeT B TIOJIHOM Mepe HCIO/b30BaTh IOTeHLIHas
COBpEMEHHOTO O00OpDYJOBAHUS WM HAKOIUIEHHBIX [aHHBIX. Ilepexos K Kubep-(u3nueckoll opraHu3aLuu
TIPOU3BO/ICTBA TPeOYyeT He TOJIBKO [J0OCHAII|eHHSs], HO Y ITePeCTPOHKH apXUTeKTYPhI yIipaBsieHus1, BHepeHus MES-
cucreM, (HOPMUPOBAHUSI €IUHOTO WH(MOPMALIOHHOTO TMPOCTPAHCTBA M Pa3BUTHS 1M(POBBIX KOMIIETEHL[MH
nepcoHana [1, 4, 5].

Ha puc. 11 npefcraBieHa rnepcreKTUBHas MOJie/Tb TOIUMrpadruieckoro Npor3Bo/CTBa, TIOCTPOEHHAs Ha
npuHiunax Mugyctpuu 4.0. B orTnnume oOT JMHeNMHOW MoOJieNid, 37[eCh peann3yeTcs 3aMKHYTBIM KOHTYD
yIIpaB/IeHuUs: JaHHbIe C JAaTUMKOB 00OpY/OBaHHs, CUCTeM KOHTPOJsl KauecTBa M MPOM3BOACTBEHHBIX CHCTEM B
peaylbHOM BpeMeHH MOCTYTA0T B LIEHTPATbHYI0 aHA/IMTHYeCKYI0 Tiatdopmy. Ha ocHOBe MallMHHOTO 00yueHus 1
TIPeIMKTUBHOW aHA/UTHKM cucTteMa (opMUpyeT pPeKOMeHJAally I10 ONTHMM3al[iM [apaMeTpoB IeuaTy,
ABTOMATHUECKOW TIepeHasIaZike, YIPABIeHUI0 3aracaMy W MpeJUKTUBHOMY 00cCTyXuBaHuto. VnTterpauus ERP,
MES u SCADA-cucteM obecreurBaeT CKBO3HYIO TMPOC/IEKMBAEMOCTb 3aKa3a OT TMPUEMKHU O OTIPY3KH, a
LIM(poBbIe JBOMHMKY MO3BOJISIIOT MO/Ie/IMPOBATh BBIMIO/IHEHNE 3aKas3a [0 3aIlyCcKa B IPOM3BO/CTBO, MUHUMM3UPYS
pucku 6paka U IpOCTOeB.

nprem
3akasa

YyrakoBKa JornedvyarHas
OTrpy3Ka NnoaroToBKa

efuHoe fApo

[OaHHbIX
MES /ERP /0T

=
N

KOHTpOnNb
nevyatb
Ka4yecTBa
nocne
nevyaTHas
06MeH JaHHbIMK obpaboTka MOTOK MexAay
C agpom aranamMm

Puc. 11. TlepcrieKTHBHas MO/ie/ b MOJUTPaduuecKoro MpOU3BOACTBA Ha MpuHIuax MHaycTpuu 4.0

1 mpakTHYecKoil peasu3aliiid Takoro repexofa IMpeArpUsTUsM pPeKOMeHJyeTcsl Moc/iefoBaTe/bHO
TIPOMTHU C/IeAYIOIINe STallbl:

- ayAuT U JHArHOCTHKA — OLleHKa TeKyIl[er0 YPOBHs L(POBOM 3pesioCcTH 10 TPEM HarlpaBJieHUsIM
(uHTerparius 060py/10BaHNs, ABTOMATH3alUsl, KOMIIETEHI[UN) C BBISIBJIEHUEM «Y3KHUX MECT»;

- CTaHJapTU3anus U WHTerpanusa — obecrieueHre B3aUMO/IEMCTBUS Pa3HOPOJHOTO 000PyA0OBaHUS
yepe3 OTKpbITEie TpoToKobl (JDF/CIP4, OPC-UA), co3gadve eauHOTO WH(OPMAI[MOHHOTO
TPOCTPaHCTBa;

- MacmrabupoBaHue — pa3BépTbiBaHne MES-cucreMm, aHa/IUTUYECKHWX  I/1aTGOpM, CUCTEM
TIPeIMKTUBHOIO 00C/TY>KMBaHWs1, U(PPOBBIX JBOHHUKOB;

- oOpraHu3al[HOHHble H3MeHeHHs — (OpPMUpPOBaHHe KOMaHJbl ILU(pPOBOH TpaHCOpMaLuy,
obyueHue TiepcoHasa, nepexo/ K yrpasJieHHI0 Ha OCHOBE JIaHHBIX.
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HanbHelvie UCCIeA0BaHUSA [JO/DKHBI OBITH HATPaBIeHbI Ha pa3paboTKy METOJMUYECKHX TOAXOJ0B K
OlLleHKe TOTOBHOCTU TpejnpusTHii, (OPMUPOBaHME THIOBLIX apXUTEKTYp «YMHOIO MPOM3BOACTBa» [Is
nonurpagu ¥ 0OOCHOBaHME SKOHOMHUYECKOM 3(¢eKTHBHOCTH TakKuX IepexofioB. Ocoboro BHHUMaHUS
3aC/Iy)KMBAlOT ~ BOTMPOCHI  aflalTaljiyd  CYyLecTBYIOIIMX craHfgapToB WHzaycrtpum 4.0 K crnenuduke
nourpauyeckoro MPOU3BOACTBA, a TaKKe CO3JjaHHe OTpPac/IeBbIX OeHUMAapKOB //isi CPABHHUTE/IBHOIO aHa/IM3a
1udpoBoii 3penoctd. [lepCrieKTHBHBIM HarpaBleHWEM sIBJseTcsl pa3paboTKa MeTOAMK pacuéra BO3BpaTa
unBectrLuii (ROI) ¢ yuéTtom HeMaTepUasbHBIX (PaKTOPOB: MOBBILIEHHe TMOKOCTH, y/IyUlleHHe YTIPaB/seMOCTH,
CHIDKEHHE 3aBUCHMOCTH OT 4YesoBeueckoro (aktopa. Kpome Toro, HeoOGXOmWUMbI MCCIeAOBaHMs B 00/acTH
Knubep6e30macHOCTH  TO/TMrpauUeckux TPeANpPUSITHI, WHTErPUPOBAaHHBIX B IM(APOBYIO 3KOCHUCTEMY, U
HOPMaTHUBHO-TIPAaBOBOT0 Pery/IMpOBaHus UCM0/b30BaHMsI TPOU3BO/ICTBEHHBIX IaHHBIX.
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Cmambs nocesiujeHa aHanusy 8axcHeliluux neuamHo-mexHuUUeCKUx Xapakmepucmuk CO8PEeMeHHbIX Me108AHHbIX
6ymae, npednazaembix Ha noauepacguueckom pbiHke Cegepo-3anadHozo pe2uoHa, 8 uacmHocmu CaHkm-
ITemepOypea. Pe3yabmambl npoeedeHHO20 8X0OHO20 KOHMPOAsS Mo2ym Obimb UCNO/b308aHbI MeHedxcepamu no
npueMy 3axKasog & pasiuutblx munoepagusx Cavkm-ITemepOypea u JleHuHepadckoli obaacmu, npou3soosYUX
nosuepaguueckyro npodykyuro cnocobom ogpcemuotl neuamu.

KroueBsbie ¢j10Ba: MejioBaHHast Gymara, mosurpaguueckuii ppiHOK, o ceTHast rievyaTh, XapakKTePUCTHKY OyMart,
BXO/THOM KOHTPOJIb, IPAKTHUECKHE PEKOMEH/IAIIHH.
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Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

ANALYSIS OF PRINTING AND TECHNICAL CHARACTERISTICS OF MODERN COATED PAPERS

The article is devoted to the analysis of the most important printing and technical characteristics of modern coated
papers offered on the printing market of the North-Western region, in particular St. Petersburg. The results of the
conducted input control can be used by printing managers in various printing houses of St. Petersburg and the
Leningrad region, producing printing products by the method of offset printing.

Keywords: coated paper, printing market, offset printing, paper characteristics, input control, practical
recommendations.

MenoBanHble Oymaru (Oymard C TIOKpBITHEM) 3aHHMalT o0coboe MeCTO Cpefyd MaTepHasos,
WCTI0/Ib3yeMbIX TIPU TeYaTH BbICOKOKaueCTBEHHOW mnosmrpaduueckoil npoaykuuu. [IpeasaputesbHbIA aHanu3
TMOKa3bIBaeT, YTO Ha [JaHHbII MOMEHT Ha pPBIHKE MpeJCTaB/leHO0 CPaBHUTEIbHO He O6ObIlOe KO/IMYeCTBO
TIPOW3BOZIMTENeH MeIOBaHHBIX OyMar 13-3a MpeKpaleHus TocTaBok 13 EBporiel. O0beM 3HaKOMBIX TUTIOTpadusiM
Y JOCTYNHBIX MaTepuasoB CYILeCTBEHHO COKpaTuiacs. OCHOBHBIMU MOCTaBIIMKAMU MaTepHaloB OCTAarOTCA
oreuecTBeHHbIe mpousBoguTesiu (AO «[pymmna «mum», OO0 «Kama»), a Takke 3apybe)kHble KOMITAHWH, B
OCHOBHOM, KMTaliCK1e, KOTOpble TTOCTOSIHHO PACIIMPSIIOT CBOM aCCOPTUMEHT.

Ananusupysi pbIHOK MeJIOBaHHBIX Oymar, MOXKHO YBHJETb, C OZIHOI CTOPOHBI, OosibllIoe pasHooOpasue
MaTepHasoB, a C APYroi — X CX0XKEeCTb [10 OCHOBHBIM XapakTepucTHKaM. Kpome 3Toro, cpefju MesioBaHHbIX Oymar
KUTalCKOro Npou3Bo/CTBA HabmmofaeTcst Oosbliiasi BApUaTUBHOCTH OyMmar 1o pa3aMdHbBIM XapaKTepHCTUKaM B
cpefiHeM Juarna3oHe Macc 1 M?, DTo MPUBOAKT K TOMY, UTO B HEKOTOPBIX C/Tyuastx TUIOrpaduu BeIGUpatoT GyMaru
C MeHbIIeM Maccoli 1 M?, ueM HYXKHO 3aKasuuKy, C LeJbI0 SKOHOMWH, MpeArosaras, uTo 10 [pPYrUM
XapaKTepUCTHKaM, HalpuMep, TOJIIMHE W TMYXJIOCTH, OT/Jn4ue OyAeT MHWHHMaJbHBIM, UTO COBCEM He
obs3aresbHO.  TakuM  00pa3oM, TOSIBIsieTCss HeoOXOQMMOCTH B TPOBEJEHWH CPaBHUTETBHOTO aHa/M3a
MaTepyaoB, TaK KaK TeXHMUeCKHe MOKa3aTelyd CaMOi MeJIOBaHHOM OyMaru HampsiMylo B/IMSIFOT Ha pe3y/bTar
reyaTy ¥ KauecTBO FOTOBOM NPOAYKLIMM, ONpeZesisi spPKOCTb, UeTKOCTb M KOHTPACTHOCTb U300paskeHui.

Heo0Xx0AHMMBIM 3TarioM NpOM3BOACTBEHHOTO NPOLIeCca, KOTOPbIN M03BOJISET BBIAB/ISTE HECOOTBETCTBHS
peasbHbIX U 3asiBJIeHHbIX XapaKTepUCTUK MaTepyasioB Ha PaHHUX CTaJUsIX TIPOM3BO/CTBA, IIpe/i0TBpalllasi BbITYCK
HeKaueCTBEHHOM MPOAYKIY, SIB/ISIeTCS BXOJHON KOHTPOJIb.

Bx0/HOIT KOHTPOJIb BKJTFOUAeT MPOBEPKY MOCTYMAIOIINX Ha MPeANpUsITHe MaTepuanos (Oymard, Kpacku
U T.]11.), MOy()abpUKaTOB M KOMITIEKTYIOLUX H3/Ie/TUi Ha TIpeJMeT WX COOTBETCTBHS CTaHJAPTaM, TEXHUIECKUM
YCJIOBUSIM, Ha L1eJIOCTHOCTh YNaKOBKW U CPOK FOJHOCTH, @ TakKe M0 MapaMeTpaM, BAMSIOIUM Ha BhINIO/THEHUe
TeXHOJIOTHUecKoro rnporiecca [1]. Ha cTaauu moAroToBku 6ymary Heo6XoiMMo TIPOBEPUTH TaKKe MOKa3aTe/n Kak:
Macca 1M?, TOMIIMHA, TUIOTHOCT/MYX/IOCTh, TJIAKOCTh. [IpH HEOGXOAUMOCTH KOHTPOIMPYHOT MeXaHUJIeCKue
cBoiictBa Oymaru: paspblBHOE yCWIMe U PacTsDKUMOCTh Ilepefi paspbiBOM, JIMHEHHYHO ZAedopMaljHio Ipu
yB&XHEHUU U BbICYIIMBaHUU. [IpOBepsIOT Takke CcBOMcTBa Gymary, IpOsIB/ISFOLIMECS TIPY ee B3aUMOZEHCTBUH C
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JKUIKOCTSIMU: BITUTBIBAEMOCTb IO KCUony, Kob6-TecT, CKpyuruBaHUe NPy OJHOCTOPOHHEM CMAUMBaHUH U T.[.

Llesbt0 BXOJHOTO KOHTPOJISL SIB/ISIETCS TIpe/IOTBpallleHHe MCII0/Ib30BaHUsI HeKaueCTBeHHBIX MaTepHuasios,
KOTOpbIe MOTYT IIPUBECTH K Opaky rOTOBOM MPOAYKLMH, YBEJMUYEHUIO 3aTpPaT Ha IPOM3BO/CTBO U CHIKEHHIO
KOHKYPeHTOCIOCOOHOCTH mpefnpusTys. I103TOMy BXOZHOM KOHTPOJIB [OJDKEH OBITh OPraHM30BaH TaKUM
o0bpa3oM, uToObl 00ECeUNTh MAKCHMAaJbHO BO3MOXKHYIO TOYHOCTH U OOBEKTUBHOCTh OLIEHKM KauecTBa
MaTepuasos [2].

B nmaHHOU paboTe WCCIeAyrOTCs MelOBaHHbIe Oymary, mpejjaraeMble Ha peiHKe CeBepo-3amafHoro
pervoHa BeAyIIUMH KOMIIaHUSIMHU-TTOCTaBUMKaMu: «beper», «EBpomamup» u «Ilerpobymara». s
WCC/e[JOBaHYs BEIOpaHa MvHerKa u3 18 Oymar IByX- ¥ TPeXKpaTHOTO MeJIoBaHus1 (MaTOBBIX U IVISHIIEBBIX): OMera
(AO «I'pynma «Mnum», Poccust), Snow Eagle (Chenming Group, Kurait), Golden Star (APP, Kuraii) c maccoii 1
M* B auanasone ot 105 1o 170 r/m%. Bribop quanasoHa Macchl 1M? 06y C/1oB/1eH HaubobIeii BoCTpe6OBaHHOCTLIO
co cTopoHb! Tunorpaduii. «Tsokessle» 6Gymaru (200-300 r/M%) mpefcTaB/ieHbl B MalbiX 06beMax U3-3a HU3KOTO
CIIpoca, TaK Kak Yallle BCero OHU UAYT Ha M3roToBJIeHHe 00/10)KeK, OTKPBITOK U/ OYK/IeTOB, [T03TOMY B paboTe He
paccMaTpuBarOTCS.

B Tabsuiie 1 moka3aHbI OCHOBHBIE XapaKTEPUCTHUKK UCC/Ie[yeMbIX OyMar 1o JaHHBIM MOCTABIIMKOB.

Tabmwia 1. XapakTepuCTUKY OyMar 1o JaHHBIM MTOCTaBIIUKOB

Tommmua, ISO [IIepoxoBaTOCTh,
Bymara Macca, r/m* 53 4,H]-EAKM ITyxocTb, cM*/T IS Op 8791-4, Mkn
Owena rasiHueBas | 105 78 0.74 1
Snow Eagle | 105 84 0.79 <1.2
T/IsTHITeBast
Golden Star | 105 84 — 1.4
T/IsTHLIeBast
Owena rasHueBas | 130 102 0.78 1
Snow Eagle | 120 95 0.79 <1.2
TJIsTHITeBast
Golden Star | 120 96 — 1.4
T/ISTHLIeBast
Owena rasHueBas | 170 150 0.88 1
Snow Eagle | 157 136 0.87 <1.2
TJISTHITeBast
Golden Star | 157 134 — 1.4
T/ISTHLIeBast
Owmejia MaToOBast 105 90 0.86 2
Snow Eagle | 105 95 0.91 <2.5
MaToBas
Golden Star | 105 90 — <2.7
MaToBast
Owmejia MaToBast 130 117 0.9 2
Snow Eagle | 120 106 0.88 <25
MaToBas
Golden Star | 120 104 — <2.7
MaToBast
Owmejia MaToBast 170 163 0.96 2
Snow Eagle | 157 152 0.97 <25
MaToBast
Golden Star | 157 147 — <25
MaToBast

AnHanu3upys XapakTepUCTUKHU OyMaru, rpe/ioCTaB/IeHHbIe MOCTABIIUKAMH, C/IeZlyeT OTMETUTh, B TIEPBYIO
oyepe/pb, pas/IMuKe B TOMLKMHe y Oymar ¢ Maccoi 120/130 r/m? u 157/170 r/M? IIpy [IOYTH OMHAKOBOM My X/I0OCTH.
Ipu sToM TO/MIMHA Gymaru 105 r/M’ KUTafiCKOro MPOM3BOAUTE/s OOJIbIE, UeM OTeUeCTBeHHOro. Bymaru
KUTaMCKOro MpOM3BOACTBA OT/IMUAIOTCA Go/bLei IepOoX0BATOCTbIO (MeHbH.IefI F]Ia,E[KOCTLIO), B CpaBHeEHUH C
oTeuecTBeHHON OMenioli. V3mMepeHUs: 3HaueHHI MacChl U TOJILMHBI, @ TAK)Ke pacueT MyX/JOCTU I0Kasaad, uTo
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MaKCUMajIbHOe OTK/IOHeHHe 110 Macce (+6 r/m?) umeet Gymara Snow Eagle risHiesas 157 r/mM?, a 1o TOJILIUHE —
Owmena matoBass 170 r/m® (+12 MKM), 4TO OXKH[AeMO OTPa3suIOCh Ha TIOKa3aTesle MX MyXJI0CTU (B CTOPOHY
yMeHblI1leHus1 y Snow Eagle 1 B CTOpPOHY cyllleCcTBeHHOT0 yBenrueHus: y OMestbl — Ha 7 eJUHULI).

Kak wu3BecTHO, 3HaueHusi liepoxoBarocTy mno Ilapkepy (Tabn.1, mpou3BOAWUTENM) W TOJNyUYEeHHbIE
aBTOpaMH 3HaueHUs T1aJKOCTH 10 Bekky (C) He MMer0T KOppessLMOHHOM 3aBUCUMOCTH. TeM He MeHee, MO>KHO
OTMEeTHTh HEKOTODbIe KaueCTBeHHbIe TeH/eHIIUU: HalpuMep, TTIsHLeBble OyMard BCeX MpOU3BOAUTe el UMEeIOT
OYeHb BBICOKYIO T/aZIKOCTh 0 Bekky (670-930 c), u B Tabn.1 m1epoXoBaToCTh He TpeBbilaeT 1,2 MKM, UTO
SIBJISIETCSI OUeHb XOPOIIMM pe3y/bTaToM. [J1afKOCTh MaTOBbIX Oymar CyIeCTBeHHO Hibke (B cpeiHeMm, B 2,5-3
pasa). CiielyeT oTMeTHTh, uto OMesia MatoBast 105 r/m? u 130 r/m? feMoHCTpUpyeT 6oJiee BHICOKME MOKa3aTe/u
I71a[JKOCTH, TI0 CPABHEHHIO C GyMaraMy KUTalCKMX ITPOM3BOAUTEEN: /s cpaBHeHus: OMesia maToBas 105 r/m* —
480 ¢, Snow Eagle maroBas 105 r/m? —250 c. «Tsokenas» Omena 170 1/M% K COXKaJIeHUIO, «BbINaja U3 psaa»,
MPO/IEMOHCTPUPOBAB CaMble HU3KWe T10KA3aTeNu T/aZKOCTH, CBs3aHHbIE, TMO-BUIUMOMY, C OCOOEHHOCTSIMU
MeJIOBaHHOTO TIOKPBITHS, UTO TIOATBEPAWIN U TIPHBe/IeHHbIe HIDKe Pe3y/IbTaThl APYTUX SKCIIePUMEHTOB.

MexaHrueckre WCIBITaHUS (ONpefiesieHre DPa3pbIBHOTO YCWIMS U PACTSDKEHWsI T1epefi pa3pblBOM),
BbINOHeHHBIe B cooTBeTcTBUM ¢ ['OCT [3], He MoOKa3a/M CyIL[eCTBEHHBIX Pa3IWudil B MOBeJeHUH Oymar mpu
pacTsokeHud. Bce Oymarv MpoJeMOHCTPUPOBAMM BBICOKYIO MPOYHOCTb M HE3HAUMTEJBHYIO DPacTSHKUMOCTD
(HarpuMep, MakCUMaJlbHOE Y/JIMHEHWE B TOTMEPEUYHOM HATIPABIEHUH [iji TOHKUX Oymar He IpeBbIlano 5%).
Bosee WHTepecHble [aHHBIE TIOAyYeHbI B pe3y/bTaTe pacyera Ko3(h¢HIMeHTa aHW30TPOIUM, KOTOPBIH, Kak
W3BECTHO, CTaHZAPTAaMU He YUWTHIBAETCS, HO SIB/ISETCS BaXKHBIM MPAKTUUECKUM II0Ka3aTesieM TIpu paboTe Ha
JIUCTOBBIX TleYaTHBIX MalllMHaX. Ha TMpakThKe CUMTaeTCs, UYTO ONTHUMAa/bHBIA Ko3(duilueHT He A0/KeH
TIpeBbIIATh 3-X e[nHULl. PacueTsl moka3sany, uto Oymaru Golden Star (3a UCK/TFOUeHHEM TJISTHLIEBBIX COPTOB 105 U
120 r/m?) pa3nuuaroTCcs 10 NPOYHOCTH B MalIMHHOM M TIONEepPeYyHOM Harpas/ieHuu 6osiee, ueM B 3 pasa (ot 3,38 10
4,17), B T0 Bpemsi Kak Omesnia u Snow Eagle umetot 6o/iee paBHOMEPHYIO MPOYHOCTD (KO3 HULIMEHT aHU30TPOTUH
1,52-1,88).

B mpouiecce odceTHol nevyaTh Oymard Tak WM WHAue KOHTAKTHUPYIOT C YBIAXKHSIOIUM PacTBOPOM,
M03TOMY IIpe/iCTaB/sia MHTepeC OLleHKa UX IOBe/leHUs] IIPYU UCIIBITaHUU Ha CKPY4YMBaHUE NPU OJHOCTOPOHHEM
CMauvMBaHUM U BelWYMHA JMHeWHOW JedopMalliy TMPU YBJa)KHEHUU U BBICYyLIMBaHUW. [lake MPU MPOCTOM
Morpy’keHur 00pa3LIoB B AUCTU/UTUPOBAHHYO BO/y Oblla 3aMeTHa pa3HULIa: OyMaru KUTalCKUX TIPOU3BOIUTENeH
HaMOKAlT HepaBHOMEPHO, HauMHasi C KpaeB, C MATHAMM U TOYKaMH, Ha TIOBEDPXHOCTH TIOSIBJISTFOTCSI TTY3bIPU
(puc.1.). OcobeHHO CHUIBHO 3TO MPOSBsIOCH y Oymar Snow Eagle maroBast 157 r/M® (KpyIiHbIE My3bIpH,
JIOTIAKOLIeCs: Ha moBepxHoCcTH) U Golden Star MatoBas 157 r/m” (pa3pyiiieHHe MOKPHITHS, (JIOTALUS OTAETBHBIX
yacTtull). BennurHa oTHOCHTeTbHOM iecOpMalvy TIPH YB/Ia)KHEHHH B TTOTIePeYHOM HarlpaBlIeHUH (KPUTHYeCKUHA
napametp!) y 60/IBIIMHCTBA UCC/IeJOBAaHHBIX OyMar He npeBbiiiana 3%. Y oTMeueHHOH Bhile 6ymaru Golden Star
matoBasi 157 r/m? fedopmarius coctaua noutu 4%, a 6ymara Golden Star matosas 105 r/m? riokasana 6,7-6,9%,
YTO Hen30eKHO BBI30BET MPOOIeMBI C IPUBOJAKOM.

Puc. 1. Krosera c o6Gpastjamu 6ymaru Snow Eagle MatoBas 157 r/m?
Ko66-Tect ¥ WuCHBITaHWS Ha CKPy4YMBaHHe TIIPU OJHOCTODOHHEM CMaydBaHUM, XOTsS U He
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TIpelyCMaTpPUBAIOTCA  CTAH/ApTaMH [Ii  MeJIOBAHHBIX OyMar, TI03BOJISIIOT TOYYWTh JOTIOJTHUTETBHYIO
vH(OpMaLMIO 0 TIOBe/leHnH Oymaru rnpu KOHTaKTe ¢ BoJou. [Ipu craHjapTHOM HcrbiTaHur Ha K060 [4] Bce
Gymarw, Jaxke Jierkue, MoNaay B JA0MyCTUMBIN JUanasoH, 1 TojsKo Golden Star maToBas 157 r/m? BbILIUIa 3a €ro
npegensl (Gonee 60 r/m?). TIpu 3TOM KuTalkickue GyMary JeMOHCTPMPOBAIA HEPABHOMEPHOe HaMOKAHHe M, Kak
cneficTBUe, KopoOseHWe B Tipoliecce 00pabOTKU pe3ysbTaToB. IIpU UCMBITAHWM HA CKPy4YMBaHUE TMpU
O/THOCTOPDOHHEM CMauMBAaHUU BCE UCC/IE[0BaHHbIe Oymaru Iroka3aqv COMOCTaBUMbIE Pe3y/bTaThl, HO C/IeLyeT
OTMETUTh, 4TO T/sHLeBble Snow Eagle u Golden Star Bo BceM juana3soHe Macc 1M? POMOKAKOT HaCKBO3b, B TO
BpeMs Kak OMesia (1 I/1siHLIeBas, U MaToBasi) TOr0 HeJ0CTaTKa He UMeeT.

[IpoBe/ieHHbIN aHaMU3 Pe3yJbTaTOB HCIBITAHUN TO3BOJM/I COCTaBUTH 0000IIeHHY0 Tabiauiy 2, B
KOTOPOW 3HAaKOM «+» 0003HauyeHbl MapaMeTphbl, BXOZslIMe B 00/1aCTh [OMYCTUMBIX 3HaueHWH [ BCeX
WCC/Ie[JOBaHHBIX OyMmar.

Tabnuiia 2. O6001eHHbIE Pe3y/bTaThl TPOBEAEHHbBIX UCITBITAHUM

Bymara Macca | TommumHa | I'magkocts | Mex. JIuH. Kob66g 1
CB-Ba ned-s CKpyu-e

Owmena rsdi,., 105 r/m? + + + + + +

Snow Eagle ri1., 105 r/m*> | + + +

Golden Star ri1., 105 r/m> | + +

Owmena Mmart., 105 r/m? + + + + +

Snow Eagle mar., 105 + +

r/m>

Golden Star mar., 105 +

r/™M?

Owmena rsai., 130 r/m? + + + + +

Snow Eagle ri,, 120 r/m* | + + + +

Golden Starrn., 120 r/m® | + + +

Owmena Mmart., 130 r/m? + + + + +

Snow Eagle mar., 120 +

r/Mm>

Golden Star mar., 120 + + + + +

r/™m°

Owmena rsHil., 170 r/m? + + + + +

Snow Eagle ri., 157 r/m* | + + + + +

Golden Star ri1., 157 r/m? + +

Owmena Mmart., 170 r/m? + + +

Snow Eagle mar., 157 + + + +

r/™M°

Golden Star mar., 157 + +

r/Mm>

O6061as mojyueHHble [aHHBIE, MOXKHO CZe/NaTh KpaTKye BBIBOZABI M TPEAJIOKUTb NPAaKTUUeCKue
PeKOMeHJALMY 110 MCTI0/Ib30BaHHUIO HCC/Ief0BaHHbIX Gymar B 0)CeTHO# mevaTu.

— Tlpu BXOJHOM KOHTpOJiE HEe ObIIO BBISBIEHO OTKJIOHEHWH MacChl 1 M® B MEHBILIYIO CTOPOHY OT
3asIBJIEHHOM, OTK/IOHEHUs B OOJIBIIYIO0 CTOPOHY HaG/I0Aanock y Gymar ¢ maccoit Gosee 130 r/m>,

— OjHaKo, TIpX 3TOM Hab/IIOAAIOTCST 3HAUMTeIbHbIe OTKJIOHEHHS TI0 TOJIIUHe B 06e CTOpPOHBI. Bymara
OmMesia UMeeT OTKJIOHEHUsI OT 3asB/IEHHOM TOMIIWHBI B Mpefenax oT 2 A0 12 MKM. PekoMeH[yeTcst IpOBEpSITh
TomuuHy 6ymaru OMena yist Kakgod naptu. Bymara Snow Eagle riMeeT pacxoskzieHue  3asiBlIeHHOM TOJIILMHOM
[0 5 MKM B MEHBLIYIO0 CTOPOHY, TO €CTb pealbHas TOJII[MHA MEHBbILe 3assBJIeHHOM, UTO CTOMT YUYMTHIBATh IPU
pacyeTe KOPELIKOB B KHI)KHO-KYPHa/lIbHOH mpoAyKimu. Bymara Golden Star nmeeT OTK/I0HeHUe B TOMIHHE OT 1
Jo 6 MKM B 00e CTODOHBI, B CBsI3U C 3THM TaK)X€ PEKOMEHJYeTCs! TIPOBOJUTb BXOJHOW KOHTDPOJb IO 3TOMY
mapamerpy.

— AHanu3upys 3HaueHHsl TOJILMHBLI U MyXJIOCTH, MOXKHO CA€/IaTh OJHO3HAYHBIN BBIBOA, UTO OyMmarw,
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MO3ULIMOHUPYIOIMeCs TIPOM3BOAUTENIEM KaK «IyxJble» U B3alMoO3aMeHsieMble, TaKOBbIMHU He SBJISIOTCS.
CriefioBaTe/ibHO, He peKoMeHyeTcs Gpath BMecto Gymaru 130 r/m?, Gymary 120 r/m?, a BMecto 170 r/m* — 6ymary
157 r/M?, Tak KaK Mpy O/IAHAKOBBIX 3HAUEHHUSIX MyXJIOCTH OHU UMEIOT PasHyIO TOJIIUHY.

— Bymara Omesna umeeT 6osiee paBHOMEpPHYO TIPOUHOCTEL B MAllIMHHOM U TIOTIEPEUHOM HarpaB/ieHHuH: y
Hee HanMeHbIINH Ko3dduieHT ann3otporu. Kuratickas Golden Star 1o mpouHOCTH MOKET UMeThb pasinyue
Oosiee, ueM B 3 pa3a, T.e. B TIONEPEUHOM HarpaBJieHUH MOKeT ObITh CK/IOHHA K Pa3phIBY, HAJPBIBY, KOPOO/IEHHIO,
pacTpecKMBaHMIO 1pU (anblioBKe. [1py UCTIbITaHUSAX Ha BO3/eMCTBHE BIary CyieflyeT OTMETUTD, UTO TTOKa3aTesH
BriuThiBaeMocTH 1o Ko60g HaxomsaTcs B MpefieniaXx HOPMBI MOYTH it Bcex Oymar. OpHako, Omena umeer
MeHbIIIe TT0Ka3aTesld 10 BIUTHIBAEMOCTH W MeHblle [e)OpMHUPYeTCs TPU YBI&KHEHWH W BBICBIXaHHH, UTO
0cobeHHo 3ameTHO Ha Gymarax 130 u 170 r/m° [lanHyro Gymary MOXHO PeKOMEH/OBAaThb [isl TIOJHOLIBETHOM
o(ceTHON MeyaTH KHIKHO-)KypPHAa/IbHOW MPOJYKLIMY, TaK KakK B3auMO/IeiCTBUe C YB/IXKHSIOIUM pacTBOPOM He
OyZieT oKa3blBaTh Ha Hee HEraTMBHOTO BJIMSIHHS, a Masiblii KO3(GQUIMEeHT aHU30TPONIMH 06ecreunT IIPOYHOCTh
roToBoMy H3jaHur0. Bymara Snow Eagle HarmMeHee riajikasi U3 BCeX paCCMOTPEHHBIX U 3HAUMTeNbHO Oosiblie
BITUTBHIBAeT BJIary, HO NPU 3TOM 3HAaueHHWs JMHENHOW JedopMalvy NMpH YB/Ia)KHEHWH HAaXOZSATCS B TIpefenax
HOPMBI. JTy Oymary MOXXHO DeKOMEeH/[0BaTh Jjisl TOJHOLIBETHOM LU(POBOM TeyaTH, rjje HeT KOHTaKTa C
VBJI&KHSIOMMM pacTBopoM. HecMoTpst Ha To, uto Gymara Golden Star mokasasa cebst Kak camast I/1afikasi, OHa
MMeeT HauxXy/lIve ToKa3aTelu IMpY B3aWMOZEHCTBHUHM C BIaroi, B Mpoliecce MCIBITAHUM Y Hee Hab/mo/anoch
«BCIy4MBaH{e» U paspyllieHre MOKPBITHS, UTO MOXKeT NMPUBOJUTH K CPbIBY MeJIOBAHHOIO C/10S NIPU IeyaTy.
Kpowme 3T0ro0, oHa HMeeT HanOOJbLIMI KO3 (UIMEHT aHU30TPOIIMH, UTO MOXKET BJIUSTH HA KAUECTBO MOTIepeuHOit
¢anbLioBKU. PekomeH/lyeTcsl yuuThIBaTh HarlpaBleHHe BOJIOKHA TP M3TOTOBJEHUM KHIDKHO-)KYpPHaIbHOM
npoaykiun. JluHeliHas fgedopmauys mipu yBnaxHeHuW y Golden Star 3HauuTesnbHO IPEBBILIAET HOPMY I10
TIoTIepeyHOMY HallpaB/IeHWI0. DTO MOXKeT BJ/IMSITh Ha M3MeHeHHe pa3Mepa Marepuasa Mpy odCeTHOH IevaTy, a
TaKXXe yXy/IaTh MeXaHUueCcKre CBOMCTBa OyMard.
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PA3PABOTKA MHOITO®AKTOPHON MOAENN KAYECTBA NEYATHOW YYEBHON
NNTEPATYPbl HA OCHOBE 3CTETUYECKUNX, TEXHNYECKUX N UHTEPAKTUBHbIX
KPUTEPVEB

© KO.U. FOHpyHoBa, B.A. xuBaH, 2026

B nocnedHue 200bl Habardaemcs CHUdMCeHUe UHmepeca K neuamHbiM yueOHUKAM, Ymo 00BACHAemcs WUPOKUM
0ocmynom K UHMepAaKmueHbIM YUppoebiM pecypcam, U3ObIMKOM 8U3YydAbHO20 KOHMEeHmMd U Npueblukol K
ObicmpoMy 8ocnpusmuio My1bmumeouliHo2o KoHmerHma. B cesasu ¢ smum ecmb He06X0OUMOCMb CIMUMYAUPOBAHUS]
uHmepeca obyuarowuxcs K neuamHoti yue6Holi npodyKyuu 3a cuém uHmezpayuu UHMepakmueHbIX 3/1eMeHmo8 U
onmumu3sayuu noauepaguueckux npoyeccos. Pe3ynbmamsl uccie0o8aHus Mo2ym cmamb 0CHOB0U NPAKMu4ecKux
pekomeHOayuli 045 usoamenell, HANPAGIEHHbIX HA Y/Ay4ylleHue Kayecmed npoOyKYuu U nogblleHue
808/1eYeHHOCMU 00YUarWUXCSL.

KiroueBble c/10Ba: MOJie/b KauecTBa, NeyarHasi yueOHasi MPOAYKLWS, MHTePAKTUBHBIE 3/IeMeHTHI, TTIoJIMrpadust

J. Ts. Yundunova, V. A. Dzhivan

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

DEVELOPMENT OF A QUALITY MODEL FOR PRINTED EDUCATIONAL MATERIALS

Over recent years, interest in printed textbooks has declined due to the widespread availability of interactive
digital resources, visual overload, and students’ habit of rapidly consuming multimedia content. In this context,
there is a need to increase the effectiveness of printed educational materials by integrating interactive elements
and optimizing printing processes. The recommendations developed in this study apply to every stage of the
printing production process and aim to improve the appearance and usability of printed educational materials.
The results of the study can serve as a basis for practical guidelines for publishers aimed at enhancing product
quality and increasing students’ interest in the material.

Keywords: quality model, printed educational materials, interactive elements, printing

B mocnenHue rofpl HaGIOJAETCS CHIDKEHHME HMHTepeca K MMedyaTHbIM y4yeOHMKaM, uTO CBSI3aHO C
pacrpocTpaHeHHeM WHTEPAKTHUBHBIX LU(POBBIX PECYPCOB, U30BITKOM BU3yalbHON WHGOpPMaluu U OBICTPBIM
BOCTIDUSITHEM MYJIBTUMEAWHHOTO KOHTeHTa [1]. B 3THUX yC/IOBUSX TpaJWLIOHHBIE TIeYaTHbIE W3JaHUsl HepeKo
yCTynarT 1u$poBbiM (opMaTaM IO YPOBHIO BOBJIEUEHHOCTH W yA00CTBY BoCHpusTHsA. [Ipy 3TOM mMeuatHas
yuebHasi TIPOAYKIMsS MPOAO/DKAeT OCTaBaThCsl 3HAUMMBIM 37eMEHTOM 00pa30BaTesIbHOTO TIpOLiecca, UTO
obycnaBnvBaeT HeOOXOUMOCTD eé afjanTari K COBPeMEeHHBIM TPpeOOBaHHUSIM I10/Tb30BaTeeH.

O dekTHBHOCTD MeYaTHBIX YUeOHUKOB, MO/, KOTOPOI TOHUMAeTCsl y/IyullieHre BOCOPUSITHSI MaTepyasa U
BOBJIEUEHHOCTH OOYy4Yaroluxcss, MOXKeT OBITb IIOBBILIEHA IYTEM KOMIUIEKCHOTO COBEDILEHCTBOBAHUSI HMX
coieprKaHusi, BU3yanbHOro ohopmiieHus U nourpaduyeckoro ucronHeHus. Ocoboe 3HaUeHHe B 3TOM IPOLIeCce
nproOpeTaeT BHEJPEHWE WHTEPAKTHBHBIX 3/IEMEHTOB W ONTHUMH3AlMs TEeXHOJOTHUECKUX PeIIeHHH Ha BCEX
CTaIusiX TPOM3BOJCTBA — OT Pa3pabOTKU OpHWTIHMHAjI-MakeTa A0 Toc/iernedaTHol obpabotku. Heobxopumblii
CHCTEMHBIA TIOAXO[ [O/DKEH OOBeAUHSATh YUET TEXHOJOTHUECKUX BO3MOXKHOCTEH W aHa/MW3 BOCIPHSITHS
MPOAYKLIMU KOHEUHBbIM MOTPEOUTEIEM.
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BwmecTe ¢ TeM /itoObie pellieHus], HalpaBieHHbIE Ha COBEPIIIEHCTBOBAHKE MEUATHBIX yUeOHHUKOB, 0/DKHBI
COOTBETCTBOBATh JIeMCTBYIOLIUM HOPMAaTUBHBIM TpeGoBaHMsM. OCHOBHBIE U3 HUX 3aKpeIjieHbl B CAaHUTapHBIX
npaBU/laX M TEXHWYECKHWX perjlaMeHTaX W OpHUEeHTHPOBaHbl Ha obecrieueHue yZ000UMTaEMOCTH, a TakKxke
CHIDKEHHe 3pUTeIbHOM Harpy3Ku o0ydJaronmxcsi. ITu TpeboBaHMsl 0XBATHIBAIOT KAYeCTBO MaTepHUasioB U TlevaTy,
¢hopmar, KOHCTPYKLMIO TeperyiéTa, MacCy M3[aHus W rapameTpsl wmipudToBoro odopmienus [2]. Ha ocHose
niosioykeHnid CanlInH u Texauyeckoro persiaMeHTa TaMoKeHHOTO Coto3a [3, 4] chopMupoBaHbl yHUBEPCaIbHbIE
peKoMeHJIali, 00s3aTenbHbIe [T yU4eOHUKOB BCeX KiaccoB W THUMOB (Tabn. 1). PersameHTHpysi ©6a3oBbie
rapaMeTphl, JaHHbIe HOPMAaTUBbI BMECTe C TeM OCTaBJISIOT ITPOCTPAHCTBO /IJIsi BADUATUBHOCTH ICTETHUYECKUX U
TEXHOJIOTUUECKUX PpeIleHNH, UTO OTKPhIBAeT BO3MOXKHOCTH [JIsl Y/IyUIIE€HHs BHEIIHEero BU/IA M 3PrOHOMHKH
yueOHBIX U3JaHUM.

Tabmmia 1. TpeboBaHus K yueOHWKaM Ha OCHOBE HOPMAaTUBHBIX IOKYMEHTOB

HIDKHEe T0/1s1 — MUHUMYM 10 MM; TeKCT,
3HAUKU, KAPTUHKH Ha TMoJisX (Kpome
KOpeIlIKa) — He 6yke 5 MM OT Kpast
TeKkcTa 1 He 6osiee 50 3HAKOB.

XapakTepuCTUKa Paspemienus Orpannyenust

Bec 1-4 knaccel — 300 r; 5-6 knaccel — 400 1; YBenuuenue Beca 6osbiie uem Ha 10 %
7-9 knaccel — 500 r; 10-11 Knaccel — 3ampelLeHo.
600 r.

Bymara Bce, xpoMme 3arnpeliieHHOr 0. 3anpelijeHa rasetHasi Oymara (Kpome
MaTepuasoB, KOTOPbIE CIieLuaJbHO
pa3pes3aroT U He WCII0/Ib3YIOT IIOBTOPHO),
ryisiHIeBas 6ymara B 6/10Ke.

[Tona n Koperikosoe niose Ha pa3BopoTe — -

pacrojioxeHue MUHUMYM 26 MM (Ha OFIHOM CTpaHUlLle —

3/IeMeHTOB MUHKUMYM 10 MM); BepxHee, HApY>KHOe U

KauecTBo neuaru

Pa3Hu1ja onTUYecKo MJI0THOCTH TeKCTa U

3arpeleHbl: Herporieyarka (ToTepst

Y KOHTpacT Oymar (Tpy 4yépHOM MeyaTH) — He MeHee | 3JIeMeHTOB U300pakeHHsT), HeueTKasl,
0,7. O71eiHast TIeUaTh, CMa3biBaHUe,
OTMapbiBaHHe KPAaCKH, CZIBOEHHAs MeuaTh,
3abuThle KpacKOH yuacTKH, [IITHA,
L|apanyHbl; MeyaTh Ha L{BETHOM WK CEPOM
thoHe c roTHOCTEIO oHa Gosbiwe 0,3;
TreyaTh BLIBOPOTKOM (Oe/bIM 1o
L[BETHOMY) /1711 OCHOBHOT'O TEKCTa;
L[BETHBIE KPaCKX Ha L{BETHOM (OHe /17151
OCHOBHOTO U JIOTIOJIHUTEILHOTO TeKCTa.
HIpudt n MexxaycnoBHBIH 11po6es1 He MeHblIle Kervisi | 3arnpeljeHsbl y3Kue LpUQThI (Kpome
ocopmeHue mprdTa; BblJeeHNs LIBeTOM He Oosiee 2 3ar'0/I0BKOB), L{BETHbIe KPAaCKM Ha L{BETHOM
TeKCTa LJBETOB; MaKCUMyM 4 BapraHTa (oHe /711 OCHOBHOT'O TEKCTa.
1pr¢TOBOr0 0pOPMIIEHUS Ha CTPAHULIE
(pa3Hble Keryb, FapHUTYPa, HauepTaHHe
WJIH LIBET) /I OCHOBHOT'O TEKCTa; TEeKCT
CTIpaBa OT WITIOCTPALIN — CTPOKH
HAUMHAIOTCSA M0 OJHOW BEPTHKATBHOM
JIMHUY (KpOMe 3aroJIOBKOB U ab3alieB).
[Tepeniet u JlaMMHMPOBaHHas! UM JIAKUPOBaHHast 3arpelrieHo MUTbE BTAUKY, KIeeBoe
06s10)KKa 06s105kKa, MO0 U3 MeJIOBaHHOM Oymaru OeciBeiiHoe ckperyieHue (KpoMe

W3/IaHKi, KOTOPBIE CIIel[anbHO pa3pesatoT
0 CTPAHULIAM), HEIOTYCTHMBI 3aTeKU
KJiest Ha 00pe3bl UK BHYTPh 0J10Ka,
Jedopmaris 6;710Ka WK KPBIIIKY.

W CO CIieL{abHBIM TIOKPBITHEM;
TrieperuieTHast KpbIlKa (OyMaykHoe
MOKPBITHE 0053aTeTbHO [J0/HKHO OBIThH
TIOKPBITO [JIEHKOM).

MoiepHu3aliysi TleYaTHbIX yueOHbIX T0COOM BO3MOXKHA Ha KaXK/IOM 3Tarie MPOU3BO/ICTBEHHOIO 1IUKJ/IA:
0T pa3paboTKu OPUrMHAJIBHBIX [[U3AMH-MAKEeTOB /IO MIeUYaTH C UCTI0/Ib30BAHUEM CITeIMaIbHBIX KPACOK, BHE/IPDEHUSI
HEeCTaHJAPTHBIX OPOIIIIOPOBOYHO-TIEPETIETHBIX TIPOL[ECCOB U PA3/IMUHbIX BU/IOB OT/E/IKU. B roc/ieiHue msTh JieT
WHTEPAaKTUBHOCTh TMpHobpesna 0cobyi0 3HAUMMOCTb: BH3yaslbHbIE 3/IEMEHTHI aJANTHPYIOTCA K [JeHCTBHSIM
TI0JTb30BATeJIs], @ TEXHOJIOTUM UCKYCCTBEHHOT'O UHTEJI/IEKTA TTO3BOJISIOT ITePCOHATM3UPOBATh KOHTEHT B PEXKUME
peanbHOTO BpemeHH [5, 6]. Hanbonee 3¢ ¢heKTHBHBIMYM TIPU3HAIOTCS PELeHus], COYeTaroL[e TeXHOIOrHUecKrue
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BO3MOXXHOCTH C 3CTETUUeCKOM MPHBJIeKaTebHOCThIO.

Ha »stame mnewyat pa3HooOpa3we o00ecrieudBarOT CreluagbHble KPACKA — MeETaJIM3UPOBaHHbIE,
(hyopeciieHTHbIe, TEPMOXPOMHbBIE, a TAK)Ke KPacKW (Jlaku) C apomakaricynamu. B obmactu mocieneuatHoOH
00paboTKy MPUMEHSIIOTCS Pa3/IMUHbIe TEXHOJOTMUYECKWe PpeIleHUs: BK/IaJKa CTPaHWL] U3 abTePHATHBHbBIX
MaTepyasioB WK yBeTMYeHHOTo (hopmara, MaHOpaMHble Pa3BOPOThHI, CJIOXKHbIE BbIPyOHBIE (DOPMBI, OTrUOHBIE
J/IeMeHThI; HaHeCeHWe TUIEHOK U JakoB (codT-Tay, T/IMTTEp, rojorpadus); THUCHEHHe; WHTerpamys
HMHTePaKTUBHBIX KOMIIOHEHTOB (DYUKH, 3ByKOBbIe MOAy/1H, AR-3/1eMeHThbI, TIO/[BW)KHbIE ZieTalu U Jp.).

Hapsiny ¢ TexHWYeCKMMM MapameTpaMy TMPOM3BO/CTBA, K/IHOUEBLIM OPUEHTHPOM J0J/DKHA BBICTYIIATh
ya0B/IeTBOpEHHOCTh ToTpebuTens. CormacHo I'OCT 9001-2015, gaHHBIA KOHCTPYKT OIIpe/ie/isieTcst Kak
BOCITPUSITHE TIOTPeOUTesIeEM CTeTeH! peanu3aliy ero oxkuganuii [7]. OueHka KauecTBa MPOAYKIMK BO3MOXKHA C
TPEX TO3WLWIA: TIPOU3BO/IUTESS, 3aKa3UMKa U KOHEUHOTo rotpebutesns. sl MOCIeHEro peliaroiiee 3HaUeHHe
HMEIOT Te CBOMCTBA, KOTOPbIe HEIOCPE/ICTBEHHO B/IMSIIOT Ha pellleHre 0 MpUoOpeTeHny ToBapa uimu ycayru. [pu
5TOM COCTaB 3HAUMMBIX CBOMWCTB CYII[eCTBEHHO [uddepeHINpyeTcss B 3aBUCUMOCTH OT BHZA TPOAYKIUUA U
0COOEHHOCTEl 11e/IeBOT0 CEerMeHTa. YUMThIBasi, UTO TOTPEOUTE/M 3a4acTyl0 HE B COCTOSIHUM SKCIUIALIUTHO
chopmypoBaTh TpebOBaHUs K XapaKTEPUCTHUKAM M3/e/us, 3ajaua UeHTU(UKAIMK KIHUeBbIX MapaMeTpoB
KauecTBa BO3/1araeTCs Ha MpPOW3BOAWTENs. JlaHHBIA TMO/XO0J, OPUEHTHPOBAH Ha YUYéT BOCTPeOOBAHHOCTH
TIPOJYKIIUU U B TIOJIHOM Mepe MPUMEHUM K reuaTHbIM U3/laHusIM B 1iejioM. O/IHaKO OH PeJIKO HCI0JIb3yeTCsl TIpU
OLIeHKe KauecTBa yueOHOU jmTepaTyphl. VICMoOnb30BaHME OMHUCAHHOTO TOAXO/A MPUMEHUTEBHO K MeYaTHLIM
yueOHBIM M3/IaHUSIM TO3BOJISIET YUMTHIBATL B OL[EHKe KaueCTBa KaK MHTEPeCchl KOHEUHbBIX M0JIb30BaTesiel, Tak U
3arnpoCkl CyOBEKTOB, IPUHUMAIOIIUX pellleHHe 0 IPUOOPEeTEeHNH.

Crenyet pa3rpaHMUMBaTh M0/Ib30BATE/EN U CyOBEKTOB TIPUHSTHSI PEIIeHUsI O IPUOOpeTeHNH yueOHMKa.
KoHeuHbIMU 1M0/1h30BaTe/ISIMU BBICTYMAIOT YYall[Mecs, TOTJa KaK OCHOBHBIM TIATEXECTOCOOHBIM CErMEHTOM
SIBJISIOTCS] POJJUTE/TH, PETIETUTOPBI M 00pa30oBaTe/ibHble OpraHu3aruu. ['JlaBHast 3aiaua MoJib30Bartesield — 0CBOeHHe
3HAUUTE/IbHOrO0 00bEMa TeopeTHUecKoro marepuasna. Bocrnpustrhe vHGOPMAIL[MX TMPU 3TOM 3aBUCUT OT eé
HarJISIIHOCTH U CTPYKTYPHUPOBaHHOCTH. COBpeMeHHBIE UCC/IeI0BaHMS TTOKA3bIBalOT, UTO 00yUaroIuecs: ObICcTpee
00pabaThIBalOT MPEeNMYIIeCTBeHHO BH3yajbHYIH0 HWH(OpPMAaLMI0, UTO [e/laeT TMpeJrIouTHTebHBIMA KpaTKUe
TeKCThl, JIOTOJHEHHble HarysfHbIMU 37eMeHTamu [1, 8]. OddekTuBHas mofaua MaTepuasa IpeZriosiaraet
WCII0/Tb30BaHKe CXeM, WTFOCTpalvi, UHGorpapuku, Joruueckoe ApobaeHre TEeKCTa U BbiJeJIEHUE KITHOUEBbIX
3/IEMEHTOB, UTO 00J/IeryaeT BOCIIPUSATHE U CTIOCOOCTBYET KOHI|EHTPAlMY BHUMAHUSI.

TakumM 06pa3oM, BO3HUKAeT HeOOX0IUMOCTb B HOBOM TMO/JXO/Ie K OL[EHKe KaueCTBa MeuaTHbIX yueOHbIX
W3/IaHUM, WHTErPUPYIOIEM OOBLEKTHBHBIE TeXHMUECKHE IapamMeTpbl U CyOBEeKTHUBHbIE aCIeKThbl BOCIIPUSTHS
nosib30BaTeniei. B naHHoi paboTe mpejjiaraeTcs HOBasi MOJe/b OLEHKH KauecTBa, KOTOpasi BK/TIOYAET OLIeHKY
BU3Ya/IbHOW TIPUBJIEKATETbHOCTH M3/IaHUS U €T0 CITIOCOOHOCTH BBI3LIBATH NIEPBUUHBIN UHTEPEC Y TT0/Th30BATE S,

[Ipesnaraemasi MoJieslb OLIEHKM KauecTBa [€UAaTHBIX Y4eOHBIX HW3/IaHUM TOCTPOEHa Ha OCHOBe
TPEXKOMITIOHEHTHOW CTPYKTYPBI, OTPakarolllell pa3/IMyHble acreKThl BOCIPUATHSI yueOHMKA Tosb30BaTesieM. B
OCHOBY MOJIE/IM TIOJIOXKEHO TIPE/ITIONIOKEHNE O TOM, UTO KaueCTBO yueOHOTO M3/JaHUs C TO3WIUM KOHEUHOTO
MoTpebuTeNsT OMNpefieisieTCs He TOJBbKO CoOofeHueM (OpManbHBIX TEXHUUECKUX HOPMATHBOB, HO U
3CTeTUUECKUMH XapaKTePUCTHKaMH 0(hOPMIIEHHS, a TaK)Ke HaJTMUHEeM HUHTePAKTUBHBIX 3/IEMEHTOB, TTOBBIIIAOIIIX
BOBJIEUEHHOCTb. Mojlenb mMpeJHa3HaueHa /i OLIeHKWM BHU3yalbHOM TIpUB/I€KATeTbHOCTH M3JaHUSI U €ero
CriocoOHOCTH BBI3BIBATh TIEPBUYHLIN UHTEPEC Y yUaIllerocs, Torja Kak cojiep>kaTelbHOe Haro/HeHne yueOHUKa
(ZupakTHyeckKas LieHHOCTh, TI0JIHOTa U3/I0)KeHUsI MaTeprasa) U3 aHain3a UCK/IIoUYaeTcsl.

Kaxzasi u3 Tpéx rpynn KpUTepUeB — 3CTeTHUeCKHe, TeXHUUeCKWe U WHTepaKTUBHble — BK/IIOYAeT
KOHKpDeTHble TI0Ka3aTe/d, H3MepsieMble 53KCIIepTHO 110 TMIOPSAKOBOM IlKaje. OCTeTHUeCKHe KpUTepuH
XapaKTepy3yIT BU3Ya/lbHYI0 MepapXuio, LIeJIOCTHOCTb CTW/IS M KauyeCTBO W/ITIFOCTPAaTUBHOIO Marepuarna.
TexHuueckre KpUTEPUM OXBaThIBAIOT KOHTPACTHOCTD TeuaTH, PAaCKPhIBaeMOCTh W3/JaHUsl, COOTBETCTBUE MAaCChI
CAHWUTAPHBIM HOpPMaM U OOII[yI0 UNTAaeMOCTh TeKCTa. IHTePAKTUBHbBIE KPUTEPUU (PUKCUPYIOT HATUUHE 3/IEMEHTOB
JIOTIOJTHEHHOM peanbHOCTU (AR) M JOMOMHUTENbHBIX CPEJCTB B3aUMOJeHMCTBUS (TaKTHU/IbHbIE W BU3yaJibHbIE
3¢ peKTbI, MOABWKHBIE feTaau U /ip.). OLleHKa 110 Ka)K[0OMY TI0Ka3aTe/Ti0 BLICTAB/ISAETCS 10 MATHOA//IbHOM 1IKase,
rae 1 COOTBeTCTByeT HM3KOMY VYDOBHIO KauecTBa, 5 — BBICOKOMY. MHTerpasbHas OlleHKa KayecTBa
PaCCUMTBHIBAETCs KaK B3BellleHHass CyMMa CpeIHUX 0ajyioB I0 TpyIIiamM KpUTepUeB C YUETOM UX 3HAUMMOCTH
(acretnueckue — 0,4, uHtepakTrBHbIe — 0,35, TexHuueckue — 0,25). [JeTanbHoe onvcaHue roKasaTesiel U IIKaj
OLIEHUBaHWsI IPUBEJIEHO B TabJI. 2.
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Tabnwviia 2. KpuTepun Mojie/id KauecTBa

3aBepLIEHHOCTb U3 aHUs

Tpynmna ITokasarens Onucanue OreHka
KpUTepHeB
CTpYKTYPHPOBaHHOCTh 1 6asu1 — BU3yasibHast Mepapxusi OTCYTCTBYET,
BU3ya/IbHOT'O CTPYKTypa UH(GOPMALIUK He TPOC/IeXXUBAETCS;
npeficTaB/ieHust yuebHoro | 2 6a/ia — uepapxus BeIpakeHa c1abo,
w MarepHarna, IOCTHraemMasi | 3JeMeHTbI CTPYKTYpPUPOBAHUs e JUHUYHBI 1
i TOCPeZiCTBOM HECHUCTEMHBI;
= I depeHpanu 3 Gasna — nepapxusl UaCTUYHO pean30BaHa,
= 3aroJI0BKOB, [{BETOBBIX HMEIOTCS OTZe/bHble TIPUEMBI
& aKLIeHTOB, CXeM M Ta0JIML], | CTPYKTYPHUPOBaHKS;
E obecrieunBatolias 4 6asuia — vepapxusi BbIPaKEHa XOPOIIIO,
% JIOTHUYECKYIO CTPYKTypa UH(GOPMALIMK JIOTUYHA U TOHSTHA,
= TI0C/TeI0BaTeIbHOCTD MMEIOTCS He3HaUUTe/IbHbIe HapyIIeHNUs;
. BOCIIpUATUSA U 5 0a/UToB — UéTKas U TIOC/IeZjoBaTe/TbHast
obsieryaroriasi HaBUralyio | BU3yasbHasi MepapXusi, BCe 3IeMeHThI
TI0 U3J,aHUIO CTPYKTYpPUPOBaHUs [IPUMEHEHb] CHUCTEMHO U
11e71ec000pasHo.
EpuHcTBO M 1 6ani — BU3yasbHbIN CTU/Ib Pa3PO3HEHHbIH,
g COTJTaCOBaHHOCTb 3/1eMeHTHI 0)OPMJIEHHST TPOTHBOPEYar Jpyr
LE) BU3Ya/TbHBIX 3JIEMEHTOB IpYTY;
S n3ganus (IprgToB, 2 Harnia — pOC/IeXXHUBAIOTCS OT/le/IbHbIe
= L[BETOBOW Ma/TUTPHI, CTWJIEBBIE PELeHHs], HO e[JMHCTBO
§ rpauueckux IpruéMos, OTCYTCTBYET;
@ > KOMITO3ULIMOHHBIX 3 Gasna — CTUMb YaCTUYHO BBIJIEPIKaH,
% 2 pelleHH) Ha MIPOTSDKEHHUH | MIMEFOTCSI 3aMeTHbIe OTK/IOHEHUsI U
S = BCero TeKCTa, HapyILeHHs;
GEJ ; obecrieunBaroriee 4 6as1a — CTWIb MIPEUMYII|ECTBEHHO e/IUHBbIMH,
3 5 y3HaBaeMOoCTb U HapyILeHUsl e[AHUYHbI U He3HAUNTEJTbHBI;
o % 3CTeTUYECKYO 5 0a/TOB — MOJTHOCTBIO eTUHBIN U
=

TI0C/Ie[JOBaTe/IbHbIM BU3yaibHbINA CTU/Ib Ha
TIPOTSDKEHUU BCEro U3/IaHus.

KauecTBo wintocTpauui

COBOKYIIHOCTb
XapaKTepUCTUK
BU3YaJIbHBIX 3JIEMEHTOB
Y3/laHusl, BK/IIOYaroLas
TeXHUYEeCKOe KauecTBO
BOCITPOU3BE/IeHUSI
(pasperienye, YETKOCTb,
OTCyTCTBUe apTe(akToB),
MH(GOPMATHBHOCTD,
CMBIC/IOBYIO
DEeJIeBaHTHOCTb
COIIPOBOXKJaeMOMY
TEKCTY, a TakkKe
3CTETUYeCKYIO [IeHHOCTb,
Cr1oco6CTBYIOLINX
JOCTYDKEHHIO
KOTHUTHBHBIX LieJield
00yueHUs ¥ MOBBILIAIOT
BOBJIEYeHHOCTb YYaIUXCS

1 6asn — HU3KOe TEXHUYECKOe KaueCTBo,
WUTHOCTPALIMK HEMH(POPMATHUBHBI WK He
COOTBETCTBYIOT COZAEPIKAHHUIO;

2 6asa — yoB/IeTBOPUTETEHOE TEXHIUeCKoe
KauecTBO, HO MHPOPMAaTUBHOCTb HU3Kasl,
WMEIOTCS OTZe/bHbIE HECOOTBETCTBHS TEKCTY;
3 basa — cpefjHee KaueCcTBO: WUTIOCTPALUH B
1|eJI0M COOTBETCTBYIOT COZiepyKaHHI0, HO
TEXHUYECKOe UCTIONHEHNe UMEeeT HeJ0CTaTKy;
4 6asia — BBICOKOE KaueCTBO: W/LTFOCTPALIMH
yéTKHe, NH(OPMATUBHBIE, COOTBETCTBYIOT
COJiepyKaHHIo, HO OT/ie/TbHBIEe 3/IeMeHTHI
MOTJTU Obl OBITH Y/TyULLIEHb;

5 6a/IoB — OT/IMYHOE KauecTBO:
WUTIOCTPALIUH BEICOKOUH(OPMATHBHEIE,
TIOJTHOCTBIO COOTBETCTBYIOT COZIEPYKAHUIO U
006/1a/1al0T 3CTETUYECKOH [{eHHOCTBIO0.
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I'pynna ITokasarens Onucanue OreHka
KpUTepHeB
XapakTepHuCcTHKa 1 6asu1 — BBICOKAst 3pUTeNbHas HAarpy3Ka,
BH3yaIbHOU ME>KCTPOYHBIM MHTEepBaJl HeloCTaTOueH,
KOM(OPTHOCTH U3JaHUS, JUTMHA CTPOKH Upe3MepHa, BU3Ya/IbHbIA IIyM
oripeziernsieMast TAKUMH BBIDXKEH;
E rapamMeTpamH, Kak 2 Hansia — ymepeHHasi 3puTe/bHas Harpy3Ka,
o = ONTHMa/IbHbIN OT/ie/IbHBIE [TapaMeTphbl 5PrOHOMUKH
S g Me)KCTPOYHBIN UHTEpBaj, | HapylleHbl; 5
§ 3 JOCTaTOYHast J/IHa 3 Ganna — cpefHUI ypoBeHb KOM(GOPTa,
= g CTPOKH, OTCYTCTBHE 6a30Bble apamMeTpbl COO/HO/IEHBI, HO
o S BU3yaJIbHOTO LIIyMa, MMEIOTCS He3HauuTe/IbHbIe HapyIIeHNs;
A 2 PaBHOMEPHOCTb 4 Hana — BLICOKUI YPOBEHb KOMQOPTa,
° pacnpe/iesieHust 6O0JIBLIMHCTBO MapaMeTPOB ONTUMAJIbHBI;
) TEKCTOBBIX U 5 6anIoB — OT/IMYHASI SPrOHOMHKA
rpauuecKux 371eMeHTOB BOCIIPUATHS, BCe TIapaMeTpbl COOTBETCTBYIOT
Ha ToJIoce, a TaKKe obIjasi | ONTUManbHbIM 3HaUeHHsIM, BU3yanbHbINA
cbaslaHCUPOBaHHOCTh KOM(OpPT MaKCHMaJeH.
KOMITO3ULIUH
IIpumenenue AR- 1 6as1 — AR-TeXHOIOTMH OTCYTCTBYIOT;
o TeXHOJIOTUH, 2 banna — AR-371eMeHThI e JUHUYHEI,
E npeo6pasyommux peany30BaHbl HA MUHUMAalbHOM YDOBHE
g cTaTHuHble U300pakeHnst | (OAMHOUHBIE MapKepbl Oe3 HHTepaKTHBA);
e yuebHMKa B 3 6ana — AR-371eMeHThbI TPUCYTCTBYHOT,
D VHTEPaKTUBHbIE obecrieunBaroT 6a30BYI0 BU3yaIM3ariyio,
Eé TPEXMepHBIe MOJIE/IH, UTO | KOJMYEeCTBO U KaueCTBO pean3aLiii
= TIOBBIILIAET HArJISHOCTE, cpenHUe;
5 criocobeTBYeT 4 6anna — AR-3/1eMeHTBbI IIMPOKO
3 BU3yaM3aLiu TIpeZiCTaB/IeHbl, KaUueCTBO pean3ariui
5 abCTpaKTHBIX TIOHATHH U BBICOKOE, MHTEPaKTUBHOCTh 00ecrieunBaeT
c% yBeJINYMBaEeT 3HAUMMBIH 00pa30BaTe/bHbIN 3 hEKT;
g BOBJIEYEHHOCTD 5 6a/10B — AR-TeXHOJIOTUM MHTETPUPOBaHbI
& E obyuaroruxcs CHUCTEMHO, 00eCIIeUnBar0T MOTHOLIEHHOE
o = WMHTEpPaKTUBHOE B3aUMO/IeliCTBHUE, BLICOKOE
E KaueCTBO peajM3anyy, o6pa3oBaTenbHbINA
% 3¢ dekT MakcUMareH.
= [IpucyTcTBUe B U31aHUN 1 6asn — [AOMOTHUTE/TBHbIE MHTEPAaKTUBHBIE
= 3/IeMEHTOB, 3J/IeMeHTbI OTCYTCTBYIOT;
2 PaCLIMPSIOINX 2 Ganna — IpUCYTCTBYIOT €JUHUYHbIE
T TpaJULIMOHHOE 3/1eMeHTHI (peumMyiriecTBeHHO QR-Kozpl),
= = B3alMO/IeHCTBHEe C KHUIOW | MHTePaKTMBHOCTH MUHHUMA/bHA;
5 B Y 3a/IeMCTBYIOIINX 3 6asia — umeeTcst Habop 6a30BbIX
g = pa3yIMyHble KaHasIbl VHTePaKTUBHBIX 37IeMEHTOB, X peann3arnys B
= %’: BOCITPUSITHSL, BKJTFOUAst L[eJIOM YZIOBJIETBOPUTE/bHA;
q:) = QR-KO/IbI, CCHIJIKM Ha 4 Hana — LIMPOKUH CTIEKTP WHTEPAKTHBHBIX
=i 11(poBbIe pecypchl, 3JIeMeHTOB, peay3aliys KaueCTBeHHas,
e TaKTW/IbHbIE BCTaBKH, 3/1eMeHTb! (PYHKIMOHAIbHBI U YMeCTHb;
g 3BYKOBbIE MOZYJIH, 5 GaoB — MakCUManbHOEe pa3HooOpa3ue
N TIO/BVDKHBIE KOHCTPYKLM | MHTEePaKTUBHBIX 3/IEMEHTOB, BEICOKOE
u Jp. KaueCTBO MX peasi3alLiyisi, UHTerpaLus B
yueOHBIH MPOoLiecC ONTHMaJIbHa
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I'pynna ITokasarens Onucanue OveHka
KpUTEepHEB
CrerneHb pa3muuuMocTd | 1 6at — KOHTPacTHOCTh HU3Kast (MeHee 0,5
3HAaKOBO-CHUMBOJILHOH nm ko3 duriert meree 1,5:1), TekcT ¢
vH(pOpMaLu TPYZOM pasInuMM;
OTHOCHUTENBHO (HOHOBOH | 2 Hania — KOHTPAaCTHOCTh HUXKEe HOPMaTHBHOTO
A TI0BEPXHOCTH, ypoBHs# (0,5-0,6 w 1,5:1-2,5:1), unTaeMoCTb
g orpefie/nsieMast B 3aTpyJHeHa;
= COOTBETCTBUH C 3 6as1a — KOHTPACTHOCTb COOTBETCTBYET
& HOPMaTUBHBIMU MHMHHMa/TbHBIM HOPMaTHUBHBEIM TPeOOBaHHSM,
E* TpeboBaHUsAMY (Pa3HUIA | UATAEMOCTb 0DecrieueHa;
S OTNTHUYECKOU TIJIOTHOCTH | 4 Gasiia — KOHTPACTHOCTh BhIlLIe HOPMATHBHOTO
He MeHee 0,7 as YPOBHSI, YUTAEMOCTb XOpOLIas;
yépHOU nevaTy; A/ 5 6a/I0B — KOHTPAaCTHOCTh ONTUMAJIbHast
LIBETHBIX 3/IEMEHTOB — (npeBbimaet 0,8 wu 5:1), MakcHMasbHast
K03(uLeHT YHUTaeMOCTb B JIFOOBIX YC/IOBUSX OCBELIeHMUsI.
KOHTpacTa He MeHee 3:1)
CnocobHOCTE KHIDKHOTO | 1 6ant — u3jaHue 1I0X0 pacKpbIBaeTcsl, Py
6/10Ka TIOJTHOCTBIO TIOTIBITKE TTOJTHOTO PACKPBITHS TOBPEXKJA0TCs
PAacKphIBaThCs Oe3 KOPeLIOK WY CTPaHULIbI;
TIOBPEXX/EHUS Kopelka | 2 6ajiia — pacKpbIBaeMOCTb HeZI0CTaTOUHAsI
E U CTpaHuLl, (menee 120°), py pacKpPLITUU OILIYIIIAeTCS
g obecrieunBaro1jas 3HaUMTe/IbHOE COMPOTUBJIEHUE;
§ KOMGOPTHOCTDb UTE€HUSI 3 Gania — u3zaHKe packpbiBaeTcs o yriaa 150—
a Ha pa3BopoTe 160°, nedopmaiiiu Kopelika MUHUMAaJIbHBI;
& 4 6ana — u3faHye pacKpbIBaeTCs IIOYTH
& MoMHOCTLIO (160-175°), nedopmaryu
OTCYTCTBYIOT;
£ 5 6asioB — U3/IaHKE MOJTHOCTBIO PACKPBIBAETCS
é (180°), He MOBpeXX/AaeTCsl, CTPAHUL{BI
% (DUKCHUPYIOTCSL B PACKPBITOM TMOJIO>KEHUU.
5 CooTBeTCTBUE 1 6an1 — Macca TipeBbIlIaeT HOpMaTUB boJiee
= (haxTHYeCcKol Macchbl yeMm Ha 20 %;
= yuebHOro u3gaHus 2 Gasia — Macca npeBbilaeT HopMaTus Ha 10—
3 npefieNibHO lonycTuMeM | 20 %;
5 3HaUYeHUsIM, 3 Gasia — Macca MpeBbIlIaeT HOPMATHB B
5 YCTaHOBJ/IEHHBIM npegenax 5-10 %;
& HOPMaTUBHBIMU 4 Hanna — Macca npeBbllllaeT HOPMaTHB B
= JIOKyMeHTaMU JJIst npezienax Ao 5 %;
KaKZI0l1 BO3pacTHOM 5 6arioB — Macca COOTBETCTBYeT HOPMATHUBY.
TpYIIIbI
COBOKYITHOCTB 1 6asI1 — TEKCT UHUTAeTCs C TPYZOM;
XapaKTepUCTHUK 2 Gasia — YNTaeMOCTh Y/IOB/IeTBOPUTENbHaS,
mpudToBOro HO MMEIOTCS HapyLleHHUs 5pTOHOMUYeCKHUX
otopmieHus, rapameTpoB (Ker/ib MeHbIlle
OTIpeZie/ISIoINX PeKOMeH/I0BaHHOT' 0, Me>KCTPOUHbIN UHTepBasl
JIETKOCTb BOCIIPUATHS HeJ/|0CTaToveH);
. TeKCTa, 3 6asia — cpejHMI yPOBEHb YNTAEMOCTH,
3 BKJTFOUasi pa300punBOCTL | Ga30Bbie TTapaMeTpPhbl COOTBETCTBYIOT
S 3HAKOB U MHWHHUMaJTEHBIM TPeOOBaHHUSIM, HO OTZieJ/IbHbIe
qﬁ yI000UnTaeEMOCThb y/y4lleHNs] BO3MOXKHBI;
= 4 Hana — Xopollas YNTaeMOCTb, OOBIIUHCTBO

rapamMeTpOB COOTBETCTBYIOT ONTUMA/IbHBIM
3HaueHMsIM, TEKCT BOCTIPUHUMAeTCsI
KoM$OpTHO;

5 6a/10B — OT/IMYHAsE UATAEMOCTD, BCE
rapamMeTphbI IPUPTOBOr0 0opMIeHHs
OTNTUMaJIbHBI, TeKCT MaKCHUMasbHO JIETOK 151
BOCITPHSITHSI.
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L[eJIOCTHOCTD U
(YHKLMOHA/IbHOCTE T1PU
MHOT'OKpPaTHOM
WCTI0/Ib30BaHUN

KauecTBo moyiurpadguueckoro UCTIOTHEHUS
TI0 TPYTIITe TIOC/IeTIeUaTHBIX MTPOIIECCOB

I'pynna ITokasarens Onucanue OveHka
KpUTEepHEB
OtcyTcTBUe JedeKToB 1 6as11 — IPUCYTCTBYIOT MHOYKECTBEHHBIE
% TeyaTy, BAVSIOIIMX Ha JedeKThl IleyaTH, IPOCBeUrBaHKe BbIPa)KEHO
° g BOCIIpUATHE 3HAUUTE/IbHO, YATAeMOCTb CepPbE3HO
% © uH(opMallyy, BK/ItoUass | HapyllleHa;
g e HeIporeyvarky, 2 6amia — fedeKThl eAMHUYHBI, TIPOCBEUYBaHUE
B¢ CMa3bIBaHUe, 3aMeTHO, HO He KPUTUYHO;
25 § OTMapbIBaHue, 3 6aia — AedeKThl IPaKTUIEeCKU OTCYTCTBYIOT,
E E‘ & C/IBOEHHYIO T1e4aTh, NIpOCBeYrBaHe MUHUMa/IbHO, KaueCTBO
e E % 3abuTbIe KpacKon BOCITPOM3Be/IeHNs y/I0BJIETBOPUTEIILHOE;
2 g yuacTKH, TISITHa, 4 6asa — gedeKTsl OTCYTCTBYIOT,
3] E) LjaparyHel, a TaKxe NIPOCBeYMBaHNe He3HAUUTE/IbHO, Ka4eCTBO
g‘r; 5 HeJI0MyCTUMOe BOCIIPOM3Be/IeHNsI BEICOKOE;
S NpoCBeurBaHue Kpacku | 5 6asioB — AiedeKThl [I0JIHOCTHIO OTCYTCTBYIOT,
E = Ha 000pOTHYIO CTOPOHY | IPOCBEUMBaHUE OTCYTCTBYET, OT/IMUHOE
g JIICTa. KauyeCTBO BOCIIPOM3Be/|eHNSI.
£ Cnoco6HOCTB 1 6as11 — U3HOCOCTOMKOCTh HU3Kas, TIPH
% TeperyIETHOM KPBIIKYA M | TIePBOM JKe MCIT0/Ib30BaHUH TTOSIBJISTFOTCS
= 610Ka COXpaHsTh TIOBPeXX/IeHNs, [TeperyIéT HelpoUeH;

2 6as1a — M3HOCOCTOMKOCTD HIKe CpefiHeTo,
3aMeTHbIe MPU3HAKK M3HOCA BO3HUKAIOT T10CTIe
HeIpO/0JDKUTENBHOTO UCII0/Ib30BaHus;

3 6asia — cpefjHsAsl U3HOCOCTOMKOCTD, MeperuiéT
1 00/10)KKa BBIZIEP’)KUBAIOT CTaHJAPTHYIO
IKCIUTyaTaLHIo B TedeHHe yueGHOro rofa;

4 Gana — BEICOKasi U3HOCOCTOMKOCTb,
MaTepHanbl ¥ KOHCTPYKLUSI 00eCIeunBaroT
JIOJITOBpeMeHHOe HCII0NB30BaHue Oe3
3HAUMMBbIX TTOBPEXK/EHU;

5 6a/10B — MakcHMasbHast U3HOCOCTOMKOCTB,
neperuiéT 1 06JI0)KKa paCcCUUTaHbl Ha
MHOTOJIETHIOK) HHTEHCHBHYO 9KCIUTyaTaLHIoO.

WHTerpasbHas OlleHKa KaueCTBa PACCUMTHIBAETCS KaK B3BeIlleHHasi CyMMa CpPeJiHUX 0asiioB 10 rpymnam
KPUTEPHEB C YUETOM MX 3HAUMMOCTH TI0 C/IeAytoLel dhopmyiie:

szl'Qacm.+W2.Qmex.+w3.QUHm. (1)
rae QacT. — Cpe,[[HI/Iﬁ 6a/u1 Mo 3CTeTUYECKUM KpUTepusM; QTEX, - Cpe,ELHHfI 0a/y1 1Mo TeXHUYECKUM

KpUTepusiM; Qun. — CPeHUIN 6asul 110 MHTePaKTUBHBIM KPUTEPUSIM; W1, W2, W3 — BeCOBbIe K03((HULIMEeHTb], CyMMa
KOTOpBIX paBHa 1.

PekoMeH/IyeTCsl UCIIOJb30BaTh BecoBble K03 duumentsl w1=0,4 wy=0,25, w3=0,35. Takoii BbIOOp
00BsICHSIETCSI TeM, 4YTO BH3yaqbHOe OGOpMJIEHHe W WHTePaKTUBHBbIE 3JIEMEHTHI OIIPeZe/IsiioT TepBUYHOe
BIleyaT/ieHWe U BOBJIEUEHHOCTb IMO/b30BaTess, TOrJla KaK TeXHWYeCKHWe XapaKTepUCTHKY, HeCcMOTpsl Ha
3HauUMMOCTb, He (POPMMPYIOT MHTepec IpU IMEepBOM KOHTakTe C H3/laHHeM. VHTepnpeTHpoBaTh IOTyueHHOe
3HauUeHUe TOKa3aTessi peKOMeHZyeTcsl cieayromuM obpasom: 4,5-5,0 6. — BbICOKOe KauyeCcTBO W3JaHusi; 3,5—
4,4 6. — KauecTBO BhIllIe cpeaHero; 2,5-3,4 6. — cpefHee kauecTBo; 1,5-2,4 6. — KauecTBO HIXKe cpegHero; 1,0—
1,4 6asta — HU3KOe KauecTBo.

Mogenb 1M03BOJISIET BLISBIATH CUIbHBIE U C/1abble CTOPOHBI U3/IaHKS U MOXKET OBITh UCIOIB30BaHa Jijist
€ro aHa/M3a B KOHTEKCTe pa3paboTKu PeKOMEH/IALIUI TI0 MOBBIILEHHIO Y/IOB/IETBOPEHHOCTH MOTPEOUTE M.

KaxapIii mokasaTenb (OpMUPYeTCsl Ha OTpe/ie/IeHHOM 3Tarle ToMrpaduyeckoro BOCTIPOM3Be/IeHNs], B
CBSI3U C UeM MOJKHO []aTh CJle/lyIOIljiie peKOMeH/JalliK T10 COBEpILIeHCTBOBAHMIO KauecTBa yueOHOTr0 H3ZaHusl.

Ha »srame pomeuaTHOM NOATOTOBKM pEeKOMeHAYeTCsl IoJ0MpaTh MaTepuasbl, COOTBETCTBYIOIL{HE
CAHUTApHO-TUTHEHNWUeCKUM  TpeOOBaHMSM,  HCIIONb30BaTh  BU3yalbHYH  MepapXui0 [yl YeTKOro
CTPYKTYpPHPOBaHUs WH(OPMaLWK (3aroloBKH, GJIOKH, L{BETOBbIE aKL|eHTHI, CXeMbl U TabmuIbl), pa3paboTaTb
eIUHBIA BHU3yasJbHBIA CTWMb, u30erasi pa3po3HEHHBIX 37€MeHTOB OQOpM/IeHHs, CIeIUTb 3a KaueCTBOM
WITIOCTPAaTUBHOTO MaTepuana (pa3pellleHHe H300paKeHWH W WX COfiepKaHHe); TPUMEHSTh ONTHMajIbHbIe
mpuTEI, Kerelb ¥ MeKCTPOUHBINA MHTEpBasl, 00eCreurBaroiie XOpOoIIyl0 YATAEMOCTb TeKCTa; IpefyCMOTPeTh
VHTerpaLyio UHTepPaKTUBHBIX 3/1eMEHTOB, BK/It0Uas TEXHOJIOTUU J0NIOJTHEHHOW peanbHOCTH.
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Otan meyaTd OKa3biBaeT HEMOCPE[CTBEHHOE BJIMSHUE HAa BOCIPHUSTHE BU3YalbHBIX XapAKTEPHUCTHK,
3a/I0)KEHHBIX Ha JioneuyaTHOM craguu. B cBsisM c 3TUM ocoboe BHHMaHWe CilefiyeT yJensTh UYeTKOCTU
BOCTIDOM3BeZleHHsI TeKCTa M M300paKeHHH, KODPEeKTHOCTU LIBETOIEepe/jaud, a TakKe OTCYTCTBUIO Je(eKTOB
(HaripuMep, Myapa ¥ CMa3bIBaHUs).

Ha sTare GpoIitopoBoYHO-TIEPEI/IETHBIX TPOLIECCOB 1e/1ecO00pa3Ho BBIOMPATh CIIOCOO CKpEryieHus C
yueToM oOBbeMa W37laHUS: LIBeHHOe CKperieHWe — 1jisi 6omee TONCTHIX W3JaHWH, CKperyieHne Ha CKoOy — ais
Masbix 06beMoB. OHU CIIOCOOCTBYIOT TIOTHOMY PacKpBITUIO KHUTH. [leperieTHast Kpbiika (00/10xkKa) u 610K
JOJDKHBI 00/1aJiaTh [JOCTaTOUHOW TMPOYHOCTBIO M HM3HOCOCTOWKOCTBIO, UTOOBI 0OeCreunBaTh MHOTOKDATHOE
UCIo/b30BaHKe. [ToMUMO B/IMSTHUSI Ha TPOYHOCTHBIE XapaKTePUCTUKHU U3/IaHus, TOC/IeNeUaTHbIe OTepariii TakKe
CII0COOCTBYIO MOBBIIEHNIO BU3Ya/IbHON ITPHBJIEKaTeTbHOCTH IIPY B3aUMO/IeCTBUU C IIPOAYKLIMEH.

B pe3ysnbTaTe npoBefiEHHOr0 UCC/Ie[0BaHMs pa3paboTaHa TPEXKOMIIOHEHTHAs! MOZeNb OLleHKU KauecTBa
reyaTHbIX yueOHBIX WM3JAHHWM, BKIIFOUAOIIasi 3CTeTUYeCKWe, WHTEPAaKTHBHble U TeXHUUYeCKHe KpuTepud. B
OT/IMUMe OT TPAZWLMOHHBIX MOAXOJO0B, OPUEHTHPOBAHHBIX MPEUMYILECTBEHHO Ha COOJII0/ileHHe CaHWTapHO-
TUTHeHNYeCKUX HOPMAaTHBOB, TMpe/IO)KeHHash MOJeb T03BOMSeT YUWTbIBaTb CYOBEKTHBHOE BOCIPHSTHE
KOHEUHOr0 TI0/Ib30BaTe/sl — YyYalllerocsi, a TakKe pasrpaHMuMBaTh MHTEPECHI TO/b30BaTeNed U CyOBheKToB
TIPUHATHSL pellieHus 0 TipuobpeTeHuu yueOHuKA. ComocTaBleHWe TOKasaresied MOJeId C 3Taramu
MOUrpauUIecKoro MPOM3BO/CTBA TTOKA3asI0, UTO K/TIOUEBBIM 3BEHOM SIBJISIETCS ITar pa3paboTKu [U3aiiH-MaKeTa,
Ha KOTOPOM 3aK/IafIblBAalOTCsl BH3yanbHas Mepapxus, CTWMb, KayeCTBO W/MIOCTPALUH, UMTaeMOCTb WU
WHTEepaKTHBHbIE 71eMeHThl. Ha 3Tare rmeuaTy KpUTHUECKH Ba)KHbI KOHTPAaCTHOCTb U OTCYTCTBHeE /ie)eKTOB, Ha
JTarie rocyereyaTHoi 06paboTKK — pacKpbIBaeMOCTb 1 U3HOCOCTOMKOCTb.

I[TpakTHyecKasi 3HAaUMMOCTb padOThI 3aK/IFOUAeTCs B TOM, UTO MPeAJIOKeHHas MOJe/lb MOXKET CIY>KUTh
WHCTPYMEHTOM [/l M3jaresiedl ¥ MOMUrpaduyecKux TpPeANPUATHIA TPU TPOEKTUPOBAaHUHM HOBBIX Y4eOHBIX
W3aHWH, a Takke [ OLEeHKM W MOJepHU3allik CYIIeCTBYIOIIUX. Peanm3anysi  peKOMeH/aLui,
v depeHIIMPOBaHHBIX 0 3TaraM TPOW3BOJCTBA, MO3BOJISIET TOBBICUTh BU3Yya/lbHYI0 TPHUBJIEKATETbHOCTS,
(YHKIMOHAJILHOCTE ¥ BOBJIEKAIOIIMA TIOTEHIMA/N TeYaTHbIX Y4eOHMKOB 06e3 HapylleHHss HOPMAaTHBHBIX
orpaHuueHui (B YaCTHOCTH, MO Macce W3ZAaHus). JlanbHelive MUCcaefoBaHUS MOTYT ObITh HarpaBleHbl Ha
SMIVPUYECKYI0 Ba/lWJalMI0 MOZENN C TIpUB/IEUEHHEM LieJIeBbIX TIPYIN YYaluXcs M Ha aJjanTalyio
TIpe/JI0’KeHHBIX KPUTepUeB /ISl IPYTUX BU/OB MeUaTHON NPOAYKLIUHY (HayYHO-TIOMY/ISIPHOM, CTIPABOYHOIA).
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NMPNPOAHDBIE NO/TMMEPblI KOCMETUYECKOIO HASHAYEHUA: O NEPCMNEKTUBAX
PA3PABOTOK HOBbIX COCTABOB

© K.A. AHTOHOBa 2026

Paboma noceaujeHa aHanusy ceolicme u npumeHeHus NOAUCaxapudos U noaunenmuoos 8 KOCMemu4eckou
npombiuwieHHocmu.  Iloaumepbl  UCNOAB3YIOMCA 8 KOCMemuueckux peyenmypax npeumyujecmeeHHo 8
pacmeoperHoll hopme, nosmomy 6bl1 NpedaodHceH Nepexod om UCNONb308AHUS MPAOUYUOHHBIX OP2AHUUECKUX
pacmeopumesell K 60see 3KON02UUHBIM 21yOOKUM 38MEKMUUYECKUM pAcmeopumensim C UYeabio NOMyyeHus:
KoCcMemuuecKux cpedcme Ha OCHOBe NOUMepo8 POCCUliCKO20 npou3eodcmed, Komopble no cgolicmeam He Gydym
yenmynamb UMNOPMHbIM AHA02aM.

KiroueBbie cj10Ba: OHONO/IMMEPHI, KOCMETHUECKHE CPEeACTBA, PACTBOPUMOCTH B BOJe, INTyDOKHe
IBTEKTHYECKHE PACTBOPHUTE/IH, XJIOPHJ X0/IHHA.

K.A. Antonova
Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

NATURAL POLYMERS FOR COSMETIC PURPOSES: ABOUT THE PROSPECTS
DEVELOPMENT OF NEW COMPOSITIONS

The work is devoted to the analysis of properties and applications of polysaccharides and polypeptides in
the cosmetics industry. Polymers are used in cosmetic formulations mainly in dissolved form, therefore, a
transition from the use of traditional organic solvents to more environmentally friendly deep eutectic solvents has
been proposed in order to obtain cosmetics based on Russian-made polymers that will not be inferior in properties
to imported analogues.

Keywords: biopolymers, cosmetics, water solubility, deep eutectic solvents, choline chloride.

Beepenue

PrIHOK KOCMeTHKH U iapdromepun Poccru 3aHnMaet 2,3% OT MUPOBOTO PhIHKA U BXOAUT B UHCJIO TISITH
KpYIHeHIX 110 06beMy phIHKOB EBpormbl. OH BK/IOUaeT B cebsi KOCMeTUYeCKHe CPefiCTBa, CPeACTBa IUIMeHBl,
napgromepuio 1 kKocMeTHUeckre akceccyaps! [1]. OcoObIM CIPOCOM MOMIB3YIOTCS TOBaphl, KOTOPBIE BBITIOIHSIOT
HecKo/bKO (YHKIUM, HarpuMmep, KOCMeTHYeCKHe Cpe/iCTBa, He TOJbKO Y/IyUllarolje BHEIIHWM BUJ, HO U
yXaKUBAKOIe 3a KOXKel U 3allyIIarolyie oT yibTpaduoneToBbix aydeid [2]. Takve kocMeTHueckre CpefcTBa
YacTo B CBOEM COCTaBe COJieprKaT ITPUPOAHBIe TIOTMMepHI (OromnomiMepsl). Poccuiickue rpeAnpyUsTHs, TaK1e KakK
«Librederm», «Estel», «Mixit», «Natura Siberica», akTHBHO pa3BMBalOT COOCTBEHHOE TMPOM3BOJCTBO T'OTOBOM
MIPOAYKLMMA C TO/IMMepaMd B COCTaBe, HO JIMAVDYIOLIMe TIO3WLWK CPefyd HWHIPeJUEeHTOB KOCMeTHYeCKOU
MIPOAYKLMY 3aHUMAIOT CHJTMKOHBL. HeCMOTpsI Ha TO, UTO POCCHICKHE YUeHble SIBJISIOTCS JIepaMy B pa3paboTke
HOBBIX CHU/IMKOHOBBIX COeJUHEHWH, UTO TI03BOJISIET CO3[aBaTh HOBble KOHKYPEHTOCIIOCOOHBIE DeLleNTypbI
KOCMeTHUeCKUX MpoAyKToB [3], B rmociefHue rofpl Hab/moAaeTcs: TeHAeHIUs K NIPUMeHeH0 OHOoIoIMMepOoB.
Hanpumep, oTeuecTBeHHble Npou3BoguTenu «buorek», «KosnareH Ilpoaykt» u «Apt Jlakid» 3aHMMaroTCs
TIPOU3BOJCTBOM KPEMOB, ChIBOPOTOK, MACOK I10 YXO/y 3a KO»Kel JIv1ja U Tesla Ha OCHOBe KossiareHa [4]. Bonbiyto
Jomo Ha (apMar|eBTHUeCKOM DBIHKe B CerMeHTe KOCMeTHUeCKMX CpeJCTB 3aHMMaeT NMpPOAYKLMS Ha OCHOBe
TMaslypOHOBOM KUC/IOThL JIuaupyeT poccuiickasi Kommanuss OO0 «buodapmiab», Mpou3Boasiias MPOAYKIUIO
«Librederm», mHelika cpeficTB KOTOPOH € T'MamypoOHOBOM K1CIoToM cocrasinsieT 80 % ot Bcero accoptumenTa [5].

CHWKeHYe MHBECTULIMHA MeXXYHAPOJHBIX KOMIIaHUH B POCCUNCKKE OU3HEC-TIOAPA3AeIeHH s CIOABUIIIO
MHOIMX OTeUeCTBEHHbIX IIPOM3BOAMTENell K yBeauyeHHI0 oObema IIPOM3BOZACTBA U PAa3BUTHIO HOBBIX
NPOZYKTOBBIX TMHeeK. 10 Mypy py0. phIHKa MepepacripeeuIich B I10/1b3y JIOKa/IbHbIX KOMITAHUH, He BXOASIMX B
TOM-5 MeXxAyHapofHbIx TipousBoputeneidt kocmetuku (L’Oréal Group, Estée Lauder Companies, Procter &
Gamble Co., Unilever u Henkel) [6]. OcHOoBHbIMU mpo06iieMaMu /ijisi Pa3BUTHSI POCCHICKOM KOCMETHYEeCKOH
TIPOMBIIIJIEHHOCTH  SIB/ISTIOTCST  BBICOKAasi MMIIOPTO3aBUCHMOCTh OT ChIpbSi M HE/JOCTAaTOYHBIM  ypOBEHb
OTeuyeCTBEHHBIX Pa3paboTOK B 00/1aCTH MHHOBAIIMOHHOW MPOAYKLIUK, KOHKYPEHTOCIIOCOOHOW Ha MEXXAyHapOAHBIX
pbIHKax. [103TOMY Lie/Ibl0 HacTosllel paboThbl SB/SETCS aHaIM3 TMOJMMEPOB KOCMETUYECKOTO Ha3HAUeHUs W
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0COOeHHOCTEH X NMPUMeHeHHsI B KOCMEeTHUeCKUX KOMITO3ULIUSIX /1/1s pa3paboTKU HOBBIX COCTABOB C 3a/|JaHHBIMHU
CBOMCTBaMM.
JKcrnepuMeHTa/IbHasi 4YacTh
Buonoaumepbl kocMemuyecko20 Ha3Ha4eHus

[MTonucaxapu/ip! IKMPOKO MPUMEHSIOTCS B KaueCTBe HaTypa/IbHbIX KOMIIOHEHTOB KOCMeTHUeCKUX CPEJICTB.
Brarozapsi pa3sHO06pa3swio CBOIMCTB, OHU BXOJST B IPOAYKTHI TI0 YXOZY 3a BOIOCAaMU, KOXKeH JIMLia U TeJia, a TaKKe B
CpeJCTBa IMYHOM TUTHEHBI U B KaUeCTBe CPeJ [/l aKTUBHBIX KOMITOHEHTOB (Tabm. 1).

OpfHUM U3 FpKUX TpeCcTaBUTeNel aBseTcs euanypoHosas kucaoma (I'K) — npupofHbIi JTMHENHBIA
Trovcaxapy/i, 00/1aarolHid BEIpayKeHHOH rpo(UIBHOCTBIO M OKPY)KEH MOJIEKY/IaMU BOJIbI, KOTOPBIE CBSI3aHBI C
HUM TpY TIOMOLY BOLOPOJHBIX CBsA3eld. briarozapsi TakuM GU3MKo-XUMHUYeCKUM cBolicTBaM pacTBopkl 'K oueHb
BsI3KUe U 51acThvHble. B npupoge 'K B 0CHOBHOM BCTpevaeTcsi BO BHEK/IETOUHOM MaTpUKCe COeJUHUTeTbHON
TKaHU U B O0JIBIIIOM KOTMUECTBE B CTEKJIOBHHOM TeJle I71a3Horo sibsioKa [7]. Mosiekysnel 'K o4eHb UyBCTBHUTE/BHEI
K paspylleHHIo 1107, BO3ZleHiCTBHEM TeMIlepaTypbl, YIbTPa(roeTOBOro N3MyYeH s, OKUCTUTeNel U CIBUTarOLX
YCHITNN M3-3a UX yreBoAHO# npupogbl. ['K sBisieTcst GuozerpagupyeMeiv, 610COBMeCTHMBIM, HETOKCUYHBIM U
HEMMMYHOT€eHHBIM TiouMepoM. 'K B KocMeTHueCcKHX cpeficTBax obo3Hadaercsi Sodium Hyaluronate, Hyaluronic
Acid. O6b1uHO eé cogeprkanre cocrasseT oT 0,2% (B kpemax) 710 2% (B ceiBOpoTKax). OfHa MojeKy/a KUCIOThHI
criocoOHa CBSI3bIBATh OKOJIO THICSTUM MOJIEKY/ BOJBI, yAEP)KMBasi B/ary B CJIOSIX KOKU. [103TOMy MMEHHO OT ee
TIPUCYTCTBUSI 3aBUCUT COCTOSIHME YB/I&)KHEHUs] KOXXU. Bo3MOXXeH M OMO/IaKMBarOLUii, pereHepHUpyOLUH,
TIPOTUBOBOCIAMUTeNbHBIN 3¢dekT oT cpefcTs ¢ 'K B cocrase [8].

[pyrum mipescTaBWTesleM — I0/MCaXapu/ioB  SIBJASIETCSl  XUMO3aH -  TIPUPOAHBIA  JIMHEMHBIN
OuononMamMuHOCaxXapyf, TO/MydaeMblii M3 XUTHHA. XUTUH - OCHOBHOW KOMITOHEHT 3allldTHON KYTHKYJIbI
pakooOpasHbIX - KpaboB, KpeBeTOK, JIOOCTEPOB M K/IETOUHOH cTeHKH TpuboB Aspergillus m Mucor. s
KOMMEpUeCKOTO HCIIO/Mb30BaHUs OHOMOMMMep XHUTO3aHa TO/yYaroT MyTeM YacTHYHOTO Jle3alleTH/IUPOBaHUS
XUTHUHA C TIOMOIIbI0 (DepMEeHTaTHMBHBIX WM XMMHUECKHX TIpoljeccoB. bmarozapsi xoporueii [JOCTYIHOCTU
aMHMHOTPYIIT B XWTO3aHe, OH HECeT IOJIOKUTEIbHBINA 3apsifi, UTO TI03BOJISIET €My BCTYMaTb B peakiuu C
pasIMUHBIMK OTpULIATe/NbHO 3apsDKEHHbIMU IIOBEPXHOCTSIMA WM TIO/IMMepaMH, a TakKe II0fiBeprarbCcs
Xe/IaTUPOBAHUI0 C MOHAMH MeTa/uIoB [7]. XuTo3aH 00saZjaeT HU3KOW TOKCHUHOCTBIO UM OHMOCOBMECTHMOCTBIO,
OuozerpasupyeM, HepacCTBOPMM B Bofle. XUTO3aH BXOJUT B COCTaB CPeACTB /ISl YXOZa 3a BOJOCAMH, JTUUHOM
TUTHEHBI [/1s1 yX0Za 3a KOXKeH, Mo0CThI0 PTa. XUTo3aH 00/1a/jaeT 3HaunTeIbHOM aHTUMUKPOOHOM aKTHBHOCTBIO B
OTHOIIEHWM INHMPOKOTO CIeKTpa MHKpoopraHusmoB. [9]. XuWTo3aH WCHO/MB3yeTCss B HAHOCHCTEMax [yisi
(hopMHpOBaHUS HOCUTeJIEH /i1 aKTHBHBIX KOMITOHEHTOB KOCMETHUEeCKHX CpeJCTB, HAHOCHMBIX Ha KOXKYy: Y-
(WIBTPOB, PETHHOJIA, AHTHOKCHUAAHTOB U 3(UpHBIX Macesn [10].

KcanmaHoeass kamedb - 3TO  9K30MONMCaxXapuj, IOAy4aeMbli  ¢epMeHTaLMell  YIIeBOZOB
MuKpoopranusmoM Xanthomonas campestris. Ero sivHeliHasi o0CHOBHasi CTPyKTypa cocToUT u3 (1,4)-cBsizaHHol D-
IJIIOKO3bI C OOKOBOW MO/MCaxXapUHOM IIeMbi0, COJep’Kalllel OCTAaTOK I/OKYpOHOBOW KUCOThl (1,4-), 3BeHO
MaHHO3bl U CBsI3aHHOE C HUM BTOpoe 3BeHo MaHHO3bI (1,2-) [11]. KcaHTaHOBasi Kame[b HCIIO/Ib3yeTCsl B
KOCMeTUYeCKOW TPOMBIIIIEHHOCTH HM3-32 CBOETO BBICOKOTO 3JIEKTPHMUECKOrO ToTeHLHana. Vimeer Gosbliyto
TepMHUUECKYI0 CTaOUIbHOCTBIO, UeM JIpyTrHe TI0/IMcaxapyuzbl, U cTabuIbHa B IMPOKOM uara3oHe pH. O6nagaer
MHOTMMH ~ (DYHKIIMOHA/IBHBIMA ~ CBOMCTBaMM, BKJIFOYas CBs3bIBaHWe, SMYJIBIHPOBaHKE, CTabOH/IM3aInIo,
reseobpa3oBaHe M KOHZWULMOHUPOBAHKE KOXKU, a TAaK)Ke /IeHCTBYeT KakK MTOBEepXHOCTHO-aKTMBHOE BEILeCTBO U
DEeryssiTop BsI3KOCTH, TIOMUMO JIDYTHUX CBOMCTB. KcaHTaHOBas KameZlb - PaclpOCTPaHeHHBI WHIPeAVEHT B
CpeJCcTBax IO YXOAy 3a BosiocaMd. B kocmeTosioruu cuurtaercst 6e30acHol, HeTOKCUUHOM, O1M0COBMeCTHMOH,
OuopasnaraeMoli 1 HeMMMYHOTeHHOM [12].

[MonunenTtuip! (MeNTUBI) HCIONB3YIOTCS B KOCMETHKE KakK KOMIIOHEHTbI, KOTOpble CTUMY/IMPYHOT
pereHepaTHBHEIE TIPOLIeCCHI U CHHTEe3 BaKHEeHILX OeJIKOB — KoJulareHa U 3sacTiHa. OHU BXOZJST B COCTaB Pa3HbIX
CpeJCTB: KPeMOB, CBIBOPOTOK, MaCOK, TOHUKOB U MUCTOB (Tabm. 1).

Konnazenb! siBnsitoTcst Hanbosee pacripoCTpaHeHHBIMHU OellkaMy BHEK/IETOUHOTO MaTprKca. OCHOBHBIMU
(YHKIMSME KOJIJIareHa SIB/ISIFOTCS TTO//lepyKaHue CTPYKTYPBl U obecriedeHre MeXaHU4YeCKOH TMOAJep>KKH TKaHer
JKMBOTHBIX, OZJHOBPEMEHHO TOBBIIIAsi TIPOYHOCTh M TMOKOCTh. CeMelCTBO KO/IJIareHOB BKJIOYaeT B cebs 29
reHeTUYeCKU Pas/IMYHbIX TUMOB. K OCHOBHBIM OTHOCATCA KoJulareH I Tuma (cofep>KUTCs B KOXKe, CyXOKUMUSIX U
KocTHOM TKaHm), II Tuna (xpsum) u I1I Trmna (Koxka 1 cocyel). B KocMeTo10ruy LIMPOKO UCTI0/Ib3yeTCsl KoJutareH I
TUMA, Iernoyka Kotoporo cofep>kuT 1000 amuHOKMCIOT U obpasyeT a-cnupaib. [IpouHasi CTpPyKTypa
chopMupoBaHa IOBTOPSIIOLIENCS I10C/Ae[0BaTe/IbHOCTBI0O U3 TpPeX aMUHOKWCIIOT, TI7je Kazas TpeThbsi
aMMHOKHMCJIOTA - 3TO VIMIUH. MHOT1e 13 0CTaBILMXCSI [TO3UL{MH 3aI0THeHbI IIPOJTMHOM U THPOKCUIIPoMHOM [13].
Tunel I, II u III cocraBastor 80-90 % Bcero KosnareHa B OpraHusMe 4Yesj0BeKa M OTBEYArOT 3a MPOYHOCTb U
3JIaCTUYHOCTD. KosjtareH - 3To Matepuas C BBICOKOM CTETeHbI0 CLIMBaHUs, 0ObIYHO HEPACTBOPUMBIH Kak B BOJE,
Tak U B Macjax. [IpUpOAHBIA Ko/IareH 0ObIUHO MOMyYaroT U3 >KUBOTHBIX MCTOUYHMKOB: KOXKH M KOCTEH KOpOB,
CBUHEH, Kyp, [lepHaThIX, OYHBOJIOB U MHOTHX BOJHBIX JKUBOTHBIX (IIPECHOBOAHBIX U MOPCKUX PbIO 1 MOJITIOCKOB)
[14]. JIyuimiym BapHaHTOM SIBJISIFOTCSI MOPCKHE HCTOYHHUKH, KOTOPbIe 00/1a/Ial0T BLICOKHM COZlepyKaHUeM KojulareHa
¥ OHOZIOCTYITHOCTHI0, OHOpa3iaraeMoCTbio, He3HaunTeIbHOM TOKCMYHOCTRIO [15]. B KocMeTH4ecKUX CcpeficTBax B
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OCHOBHOM UCII0/Ib3yeTCsl MOPCKOH KosulareH. KosuiareH UCIosb3yeTcsi B KOCMETHKe B KayeCTBe YB/IKHSIOLIEro 1
CMATYaIoLIero CpefiCTBa B CPeACTBax 15l KOXKU U Bosioc [16].

DaacmuH SIBASETCS. BaKHbIM 0Oe/IKOBBIM KOMITOHEHTOM BHEKJIETOUHOTO MarTpHKCa BO MHOTHX TKaHSIX,
KOTOPBIM TPeOyeTCsl 3/1aCTUYHOCTb JI7Isl BHITIOJIHEHUS CBOMX (PYHKLIMM. DTO HEPaCTBOPUMBIN rHApoh0OHbIN Oemok
C BBICOKOH CTeIeHbI0 TIOTIePeuHOM CLIMBKY, OOraThlii HermossipHBIMA aMHHOKHC/IOTHBIMH OCTaTKamu. Besi ceThb
3JIaCTUHOBBIX BOJIOKOH COCTAaBJIsieT MPUMepPHO 2-4 % OoT 06beMa KOXU. DJIaCTUH Heqb3sl W3B/ieUb WU OUMCTUTD
HeroCpe/ICTBeHHO U3 TKaHeH, TIOCKOIbKY OH HepacTBOPHUM B OOJBIIMHCTBE OeTKOBLIX paCTBOPHUTeE/Iel, HO MOCe
y/laNieHrs1 KOMITOHEHTOB TKaHH - KoJulareHa, MUKpOGUOPUIII, TIPOTEOT/TUKAHOB, MTOYYaeTCs 0CTaTOK OUHILIEHHOTO

3J/IaCTHHA.

HpeHHTCTBI/IHMI/I Mpyu OUYUCTKe SABJIAKOTCA YCTOﬁqHBOCTL K TIpOTeO0/In3y,

HepacTBOPUMOCTb,

YCTONUMBOCTb K 3KCTpeMasbHbIM TeMmeparypaM U pH [17]. KocmeTnueckue cocTaBbl C 371aCTUHOM BK/THOUAIOT
CpeZicTBa J/1s1 yXo/a 3a Koxkel U BojiocamMy. HoBble TeHZIeHIIMY B KOCMETHKe CBsI3aHbl C IIeNTH/jaMH, TI0/TyYeHHbIMU
13 5/71aCTHHA, KOTOpble MOBBIIIAIOT 3/1aCTUYHOCTh U YIIPYTOCTb KOXKH, TIpe/joTBpalljatoT crapeHue [18].

Ilenx — 3T0 HaTypanbHOE HETKOBOE BOJIOKHO, COCTosIee rpuMepHo Ha 70-80% u3 ¢pubpouna u Ha 20-
30% w3 cepunyHa. Ero CHHTe3MPYIOT U NPSAYT HECKOIBKO UJIEHUCTOHOTMX, aMUHOKHC/IOTHBIN COCTaB y pasHbIX
COPTOB LIeJKa pa3nuuaercs. B KocMeTHueCcKol MPOMBILIEHHOCTH MCO/b3YeTCsl OUUILeHHBIH (GUOpOUH 1eska,
Grarozapst ero Croco6HOCTH CTUMY/IMPOBaTh OMOCHHTe3 KOJIareHa M 3aKMBJISITH paHbl. [103TOMy OH sIBiIsieTCs
TIO/IXO/SALMM KaHUAATOM JIJIst IEUeHUsT aTOTTMUeCKOro IePMaTUTa WK yCTpaHeHus pyouos [19]. ®ubpouH miénka
BCTpeuaeTCsl B LIMPOKOM CIeKTpe KOCMeTHUeCKHUX CPe/ICTB [JIs1 OUMIIIEHUs KOXKH, BOJIOC, aHTUBO3PAaCTHOTO YXOZa,
JleKOpaTUBHOM KOCMETHKH.

Tabnuiia 1 — BruomnoaMMepsl, HCIOIb3YeMbIE B TPOM3BO/ICTBE KOCMETHUECKUX CPeZICTB
Buonommep XrmMuueckas M, k/la Kocmetnuecka Kocmetnueckue PactBOprmMOCTB
rpupoja s QyHKIMSA cpeAcTBa
I'manypoHoBas [MTomcaxapug w3 2:10° YnepxxuBanve | Kpewmsl, PactBopsieTca B
KHUC/I0Ta JiucaxapuHbIX MOJIeKY/T BOAbI | CHIBOPOTKH, MackW, | Boge, o00pa3sys
3BeHbeB D- COCTaBbI JJIS1 | BBICOKOBSI3KHE
[JTFOKYPOHOBOM Me30Tepanuu U | pacTBOpbI
KUCJIOTBI U N- OvopeBUTAMTU3ALINH,
aLeTUIITIOKO3aMH1 (uriepsl, IOMa bl
Ha
XurosaH Cornonumep 4-400 CoxpaHeHnue ITammyny, Pacteopum B
[7I0KO3aMUHa U BJIary, OT10/1aCKUBATe Y, KHUC/IBIX
N- AHTUMUKPOOH | cpeZcTBa JJISL | pacTBopax,
aLeTWII/IFOKO3aMH1 ast repMaHeHTHON PacTBOPUMOCTH
Ha aKTHBHOCTD, 3aBUBKH, 3aBUCUT oT
3ammTa oT Y@ | Kpacuresy, CTeIeHu
u JIOCHOHBI, JIaKy | TO/IMMepU3aLuu
TeMmIiepatypel, | TOHUKH, TyLIb A/
aHTUCTaTHUK peCHHUL]
KcanranoBas [Tomcaxapup, 10° 3arycruresib, Kpembl 1 sockoHBI | PacTBOpsieTcs B
Kame[b I[VIFOKO3BI, crabwnmsarop | A JML@ W Tena, | Boge, oOpasys
[JTFOKYPOHOBOM LIaMITyH! U | BsA3KHE
KUCJIOThI u KOH/ULIMOHEPHI, PacTBOpBl  Jaxe
MaHHO3bI CKpabbl ¥ TIWIWHTY, | TIpU HU3KUX
TOHa/IbHbIE KOHLIeHTpaLMsX
CpeJiCTBa, TYLLH,
TIOMa/ibl
Konnaren [TepBuuHas (2-3)-10° | ®opmuposanu | JIockOHBI, KpeMbl, | HepacTBopum B
CTPYKTypa € CTPYKTyphl | MacKH, ChIBOPOTKM | Bofe (mpu pH
COCTOUT u3 (xapkaca) JLIsT KO>KU 1 BOJIOC OKomo 7) W
TPUIUIETOB TKaHel OpraHuyeCcKux
(T/UIWH, TPOVH, PacTBOPUTEJISIX,
THJPOKCHUTIPOJIVH) B  BOje OH
, Ha kKaxzapie 1000 HabyxaeT, a mpu
aMHUHOKHC/IOTHBIX HarpeBaHUU
OCTaTKOB JleHaTypupyeT
MPUXOAUTCH OT 2 J10 >KesaTyHa.
no 80 ocraTkoB
rajaaKTo3bl u
T/TFOKO3bI
OnacTuH [MomunenTug ~70 Perynauus Kpemsl U | [lnga HaTUBHOIO
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Ba/IMHa, KJ/IETOUHBIX CBIBOPOTKU JsS | 3/1acThHa
(heHmnanaHuHa, TIPOLIECCOB KOXKU, IIaMITyHH XapakTepHa
JierLHa u HepacTBOPUMOC
WU30/IelHa Tb,
TU/IPOJI30BaHH
ast dhopma
obmazaer
JIyuiiei
PacTBOpHUMOCTh
10
DubpouH 11e/Ka [MomunenTup, 25-300 Pesnurenusal; | Monouko nns | He
[IULIMHA, us YMBIBaHUS, pacTBopsieTcsi B
ajlaHrHa, CeprHa MUIle/UTAPHAst BOJa, | BOJeE,
IaMITyHH, pacTBOpsieTcs B
KOHJIUITMOHEPBhI M | KOHII. pacTBOpax
Macku s Bosioc, | coseit (CaCl,)
aHTUBO3PACTHbIE
CBIBOPOTKHU u
KpeMbI, TOHAJbHbIE
OCHOBBI u
XaWmanTepbl

O paspabomke HOBbIX COCMABO8 C 3a0AHHbIMU c8olicmeamu

[MpuBeseHHble B Tabs. 1 JaHHBIE TOKa3bIBAOT, YTO TMOJIMICaXapW/bl B KOCMETHUECKUX CpeJiCTBaxX
BBITNO/THSIIOT B OCHOBHOM (DYHKIMIO YBJ/I&)KHEHHUsI KOXKU (M BOJIOC) U 3aryctutens. OHM pacTBOPSIOTCS B BOAHBIX
pactBopax, obpasysi crabuibHble BsI3KHMe pacTBOpBL [lonWmenTuzbl HYKHBI A/ COXpaHeHWsl YIpPYrocTd U
1aCTUYHOCTU KOXKH, OHM He DPacCTBOPSAIOTCS B BOJHBIX PacTBOpax WU [eHaTYypUPYIOT IpU 3HaueHUsx pH,
OT/IMYAIOIIMXCSl OT HeHTpasibHbIX. 17151 IPOM3BO/ICTBa KOCMETHUECKUX CPEJICTB MOIMMephl HY)KHO 11ePeBOJUTh B
pacTBopuMyl0 (OpMy, TIPU 3TOM pPACTBOPHUTENM [JODKHBI OBbITh HETOKCUYHBIMY, HENeTyulMMH W
OUOCOBMeCTUMBIMU. B KauecTBe TaKWX pacTBOpUTeNel MOXHO pacCMOTpPeTb TyOOKHe HBTEKTUUECKHe
pactBoputes (I'DP), KOTOphle, KakK TPABW/IO, TMOAyYalOT TEPMUYECKUM CMeIIMBaHUEM [BYyX Wid 6osee
KOMITOHEHTOB C 00pa30BaHMEM 3BTEKTUUECKOW CMeCH, KOTopash MMeeT TeMIIepaTypy IUIaB/ieHUs] Hike, 4eM
TeMIlepaTypa I/1aB/eHusl OT/e/IbHbIX KOMIIOHEeHTOB. 'OP MO’KHO omnMcaTh Kak JJOHOPHO-aKL|elITOPHBIN KOMILIEKC
[20].

'SP 006/1a7al0T TepMUUECKOM M XUMUYECKOW CTabWIbHOCTBIO, BBICOKOM CKOPOCTBIO PAaCTBOPEHUS 10
OTHOLLEHWIO K pasHbIM BellecTBaM, Heroprouectelo. Kpome Toro, I'DP MOXHO mnosmydaTe MPOCTBIM U
5KOHOMHYHBIM CIOCOOOM: TMyTeM KOMOWHMDOBAaHMS M HarpeBaHHs HATypajbHBIX W/WIM LIMPOKOAOCTYIHBIX
BerrlecTB (TabiL. 2). B pe3y/bTaTe Takie PaCTBOPUTEIH JiellleBle, UaCTo O1opas/iaraeMsl, a Takke 00/1afjar0T Manoit
TOKCUYHOCTBIO W/IH BOOOIIIE He SBSIOTCS TOKCUYHBIMU.

Tab6svua 2 — Ipumepsl ['3P 115 MOMMMepOB

rap CootHolleHre CaoiicTBa ITonumep
KOMITIOHEHTOB T, °C [TnoTHOCTB, Bs13koCTh,
r/em® mlla-c
(ipu 293 K)
X10pup, X0JIMHa — 1:3 20 1,203 450 Kosnnares,
TJIULIEPUH 3/1aCTUH
X/10puz, X0JIMHA — 1:1 135 1,211 616 XWTo3aH
MasloHOBasi KUC/IOTa
XJ10pyUz LIMHKa — 1:4 -30 1,450 > 260 Kosnares,
STU/IEHIJIUKO/b 3J1aCTUH
MoueBuHa — 2:1 13 1,25 750 dubpouH
XOJIUH XJIODUZ, 11esKa

HecomuenHbIM npermyijectBoM I'OP siBiisieTcss LIMPOKUINA BbIOOp /11 KOMOVHALMH, TIpUYeM CBOICTBa
nap (ruzpodusibHbIe, rUuApPodoOHbIe, IIe/I0UHbIe, HEMTPasbHbIE) Oy T BapbUPOBATh B 3aBUCUMOCTHU OT BXO/SILUX
KOMITOHEHTOB, MX MOJIIPHOT'O COOTHOLIIEHUS 1 COZlepyKaHHsI BOJbI.

Ha ceropnsiiHuii ieHb Takye PaCTBOPUTENN H3y4eHbl 04eHb Majio, 0COOEHHO B YaCTH UX TPUMEHEHHs B
KocMmeTosiorun. [103TOMy aKkTyasbHa pa3paboTKa HETOKCUYHBIX, OWOAerpajupyeMbIX pacTBOpUTeed Ais
TIO/IMMEPOB B Ie/IAX PacLIMpeHus IPOX3BO/CTBA MPOAYKLMH KOCMETUUeCKOTr0 Ha3HaUeH!sI Ha TepPUTOPHH Harlei
CTpaHbI.

3ak/IroueHue
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[NonmuMmepsl  HAaTypaJbHOTO  TPOMCXOXKAEHUSl  IIMPOKO  HWCHOMb3YIOTCI B KOCMETHUeCKOW
MIPOMBIIIEHHOCTH [/11 TIPU/jaHnsl (PYHKLIMOHA/IBHBIX CBOWCTB Cpe/ICTBY: YB/I&)KHEHUs], 3all{UThbl, OYHILIEeHMS,
oMoJI0KeHHst. HepacTBOPHUMOCTD IOJIMIIENTUOB KOCMETUUYECKOTO Ha3HaueHHUs B BoJie TpeOyeT HCIIO/Ib30BaHUs
pacTBopuTerieii, M03TOMYy B KauecTBe 6e30T1acHOM abTepPHATHBbI TPAJULIMOHHBIM PACTBOPHUTEISM ObLIN BHIOPaHBI
ryboKre 3BTeKTHUeCKHe pDAacTBOPHUTE/NM Ha OCHOBe XJIOpHZa XoiuHa. Ha cerofHsIIHWI /eHb NMpUMeHeHHe
r71yDOKMX 3BTEKTHUECKHUX PAaCTBOPUTEIel B KOCMETOJIOTHMY H3YUYeHO Masio, TI03TOMY Ha C/IeAyIoLeM 3Tare paboThl
OyJeT ocyLIecTBIATECA MOAOOP PasHBIX Map HETOKCHUHBIX BEILECTB, KOTOPbIe BMeCTe MOT/IH Obl COCTaBUTh
r71yOOKHUI SBTeKTUYECKUI PaCTBOPUTEIb, M3yUeHHEe ero PacTBOPSIOLeH CTOCOOHOCTH MO OTHOLIEHHIO K Pa3HbIM
OvorosMMepaM C YCTaHOBJIEHHEM MAaKCHMaJbHOM pacTBOPUMOCTH W HWCC/e[OBaHWE BCeX CBOMCTB JPYIHX
KOMITOHEHTOB KOCMeTHYeCKOH KOMIIO3ULINY.

CnMcoK 1uTeparypbl

1. Mak B.B., HeyctpyeBa A.C. Poccuiickuii ppIHOK KOCMETHKH Y Tap(roMepur: TeKyllee COCTOSHUE,
TPeH/IbI ¥ TIePCTIeKTUBBI pa3BUTUs // HayuHblii s/eKTpoHHBIN >KypHan Mepuguan. 2020. Ne 9 (43). C. 96 — 98.

2. HukomaeBa M.A., Huii A.A. AHanM3 COCTOSIHUS U TeH/|eHL{MH mapdroMepHO-KOCMeTHUeCKOro phIHKa B
Poccuu. 2017. Ne 1. C. 3.

3. Ivanova E.V., Minyaylo E.O., Temnikova M.N., Mukhtorova L.G., Atroshchenko Yu. M. Silicones in
Cosmetics // Polymer Science. 2023. No 5 (65). P. 578 — 594.

4. KonecuukoBa O.B., Apakensu H.P., [osromonosa FO.[l. AHanu3 peiHKa KosutareHa B Poccutickoit
Deneparun // KpearuBHas skoHoMuKa. 2025. T. Ne 4 (19). C. 983 — 998.

5. Librederm — me>xyHaposiHasi KocMeTrdeckasi Komranus : [caidt]. URL: https://librederm.ru.

6. Makcumor M.U., I'putmne E.T'., TletyxoB C.A. O6 aKTya/JbHOM COCTOSHUM POCCHHCKOTO DBIHKA
KOCMEeTHYeCKUX CPeZCTB: aHa/Iu3 U ITPOTHO3 // VIHHOBaI[MOHHas 5KOHOMUKA: MHQOPMaLys, aHaTUTUKa, TIPOTHO3BI.
2024. Ne 5. C. 98 — 108.

7. XBoctoB, M.B. TlpuMeHeHHe TPUPOAHBIX TOAMCaXapuioB B ¢apmalleBTHKe // Buoopranuueckas
xumust. 2019. Ne 6 (45). C. 566 — 569.

8. HeuaeBa, B.B. T'manmypoHOBasi KHC/IOTa B KOCMETHKe anti-age //AKTyajibHble TPOOJIEMBI U
TNepCrieKTUBLI Pa3BUTHsI NOTpeOuTenbeKoro peiHKa. 2019. T. 2. C. 63.

9. Dutta P.K., Dutta J., Tripati V.S. Chitin and chitosan: chemistry, properties and applications // Journal
of Scientific and Industrial Research. 2004. Vol. 63. P. 20 — 31.

10. Gomaa Y., Gomaa L., N. El-Khordagui, I. Boraei, Darwish Chitosan microparticles incorporating a
hydrophilic sunscreen agent // Carbohydrate Polymers. 2010. No 2 (81). P. 234 — 242.

11. Balkrishna A., Agarwal V., Kumar G., Gupta A.K. Applications of bacterial polysaccharides with
special reference to the cosmetic industry // Microbial Bioprospecting for Sustainable Development. 2018. P. 189
—202.

12. Singhvi G., N.Hans, N. Shiva, S.K. Dubey. Xanthan gum in drug delivery applications // Natural
polysaccharides in drug delivery and biomedical applications. 2019. P. 121 — 144.

13. Sionkowska A. Current research on the blends of natural and synthetic polymers: review // Progress in
Polymer Science. 2011. Vol. 36. P. 1254 —1276.

14. Nunez S.M., Guzman F., Valencia P., Almonacid S., Cardenas C. Collagen as a source of bioactive
peptides: a bioinformatics approach // Electronic Journal of Biotechnology. 2020. Vol. 48. P. 101 — 108.

15. Rastogi K., Vashishtha R., Shaloo D. S. Scientific advances and pharmacological applications of
marine derived- collagen and chitosan // Biointerface Research in Applied Chemistry. 2021. Ne 3 (12). P. 3540 —
3558.

16.Ahmed M., Verma A.K., Patel R. Collagen extraction and recent biological activities of collagen
peptides derived from sea- food waste: a review // Sustainable Chemistry and Pharmacy. 2020. Ne 3 (18). P.
100315.

17. Halabi C.M., Mecham R.P. Elastin purification and solubilization // Methods in Extracellular Matrix
Biology. 2018. P. 207 — 222.

18. Lima T.N., Moraes C. Bioactive peptides: applications and relevance for cosmeceutical // Cosmetics.
2018.No 1 (5).P.1-9.

19. Sheng X., Fan L., He C., Zhang K., Mo X., Wang H. Vitamin E- loaded silk fibroin nanofibrous mats
fabricated by green process for skin care application // International Journal of Biological Macromolecules. 2013.
Vol. 56. P. 49 — 56.

20. [xaBaxsiH M. A. Tlpupojnbie riybOKye 3BTEKTHUECKHE DPAaCTBOPUTENM KaK ajbTepPHATHBHbBIE
9KCTpareHThl (HJIaBOHOWZIOB M3 PaCTUTENBHOro cOopa cefaTWBHOTO AeicTBus // Pa3paboTka W perucrpanys
JieKapcTBeHHbIX cpeficTB. 2022. Ne 3 (11). C. 75 — 83.

References

79



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

[1] Pak V.V., Neustrueva A.S. The Russian cosmetics and perfumery market: current state, trends and
development prospects // Scientific electronic journal Meridian, 2020, 9 (43), 96 — 98.

[2] Nikolaeva M.A., Nii A.A. Analysis of the state and trends of the perfumery and cosmetics market in
Russia, 2017, 1, 3.

[3] Ivanova E.V., Minyaylo E.O., Temnikova M.N., Mukhtorova L.G., Atroshchenko Yu. M. Silicones in
Cosmetics // Polymer Science, 2023, 5 (65), 578 — 594. DOI:10.1134/S1560090423600201.

[4] Kolesnikova O.V., Arakelyan N.R., Dovgopolova Yu.D. Analysis of the collagen market in the
Russian Federation // Creative Economy, 2025, 4 (19), 983 — 998.

[5] Librederm — international cosmetics company : [website]. URL: https://librederm.ru.

[6] Maksimov M.I., Grishin E.G., Petukhov S.A. On the current state of the Russian cosmetics market:
analysis and forecast // Innovative economics: information, analytics, forecasts, 2024, 5, 98 — 108.

[7] Khvostov, M.V. The use of natural polysaccharides in pharmaceuticals // Bioorganic Chemistry, 2019,
6 (45), 566 — 569.

[8] Nechaeva, V.V. Hyaluronic acid in anti-age cosmetics //Actual problems and prospects of the
consumer market development, 2019, 2, 63.

[9] Dutta P.K., Dutta J., Tripati V.S. Chitin and chitosan: chemistry, properties and applications // Journal
of Scientific and Industrial Research, 2004, 63, 20 — 31.

[10] Gomaa Y., Gomaa L., N. El-Khordagui, I. Boraei, Darwish Chitosan microparticles incorporating a
hydrophilic sunscreen agent // Carbohydrate Polymers, 2010, 2 (81), 234 - 242. DOI:
10.1016/j.carbpol.2010.02.024.

[11] Balkrishna A., Agarwal V., Kumar G., Gupta A.K. Applications of bacterial polysaccharides with
special reference to the cosmetic industry // Microbial Bioprospecting for Sustainable Development, 2018, 189 —
202. DOI:10.1007/978-981-13-0053-0_9.

[12] Singhvi G., N.Hans, N. Shiva, S.K. Dubey. Xanthan gum in drug delivery applications // Natural
polysaccharides in drug delivery and biomedical applications, 2019, 121 — 144. DOI:10.1016/B978-0-12-817055-
7.00005-4.

[13] Sionkowska A. Current research on the blends of natural and synthetic polymers: review // Progress
in Polymer Science, 2011, 36, 1254 —1276. DOI:10.1016/j.progpolymsci.2011.05.003.

[14] Nunez S.M., Guzman F., Valencia P., Almonacid S., Cardenas C. Collagen as a source of bioactive
peptides: a bioinformatics approach // Electronic Journal of Biotechnology, 2020, 48, 101-108.
DOI:10.1016/j.ejbt.2020.09.009.

[15] Rastogi K., Vashishtha R., Shaloo D. S. Scientific advances and pharmacological applications of
marine derived- collagen and chitosan // Biointerface Research in Applied Chemistry, 2021, 3 (12), 3540 — 3558.
DOI:10.33263/BRIAC123.35403558.

[16] Ahmed M., Verma A.K., Patel R. Collagen extraction and recent biological activities of collagen
peptides derived from sea- food waste: a review // Sustainable Chemistry and Pharmacy, 2020, 3 (18), 100315.
DOI: 10.1016/j.scp.2020.100315.

[17] Halabi C.M., Mecham R.P. Elastin purification and solubilization // Methods in Extracellular Matrix
Biology, 2018, 207 — 222. DOI: 10.1016/bs.mcb.2017.08.012.

[18] Lima T.N., Moraes C. Bioactive peptides: applications and relevance for cosmeceutical // Cosmetics,
2018, 1 (5), 1 —9. DOI: 10.3390/cosmetics5010021

[19] Sheng X., Fan L., He C., Zhang K., Mo X., Wang H. Vitamin E- loaded silk fibroin nanofibrous mats
fabricated by green process for skin care application // International Journal of Biological Macromolecules, 2013,
56, 49 — 56. DOI: 10.1016/j.ijbiomac.2013.01.029.

[20] Javakhyan M. A. Natural deep eutectic solvents as alternative flavonoid extractants from sedative
plant collection // Development and registration of medicinal products, 2022, 3 (11), 75 — 83.

Hay4Hbili pykosooumesib: rnpocp., 0.m.H. Muxalisiosckas A.I1.

80


https://doi.org/10.3390/cosmetics5010021
https://doi.org/10.1016/j.scp.2020.100315

[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

YK 687.01
E.A. NaBpuneHko, N.A. XpomeeBa

CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOIMWIA 1 An3aiHa
191186, CaHkT-lMeTepbypr, bonblas Mopckas, 18

TEXHO/TOrMYECKUE OCOBEHHOCTU LUBEWHbIX W3AEMVNA, U3rOTAB/IMBAEMbIX HA
ABTOMATN3VNPOBAHHOM OBOPYAOBAHNN
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Cmambsi nocgsujeHa 8onpocam asmomamu3sayuu weeliHozo npousgodcmed. IIpednodiceHbl KOHCMPYKMOPCKO-
mexHon02uYecKue pewleHus U ChopmMyaupoeaHbl mpeboeaHusi, N03eoastollie adanmupogams weeliHble u30enus K
ycao8usiM - asmomamusuposaHHo2o  npousgodcmea.  OnucaHbl — npeumyujecmea — asmomamusayuu U
cywjecmayrowjue oepanuveHusi. CoenaH 6bIBO0 O MOM, UMO, HECMOMpPs HA COXpaHstoujuecs 00BeKMueHble
mpyoHocmu  noAHOU — aemomamusayuu  npoyecca  co30aHus  00excObl,  8HeOpeHue  OmOe/bHbIX
aemoMamu3supOBaHHbIX YUACmKoe U WAabAOHHbIX NOAYABNMOMAmMos sAsSemcsi nepcneKmueHbIM HANpasieHuem
passumusi ompaciu.

KiroueBble c/I0Ba: aBTOMarv3alyis, COBPeMeHHOe IBeiHOe o00opyzoBaHWe, IAabIOHHBIE T10JyaBTOMATEHI,
TEeXHOJIOTUS LIBeHHBIX U3feuit

E.A. Gavrilenko, I.A. Khromeeva

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

TECHNOLOGICAL SPECIFICS OF APPAREL, PRODUCED WITH AUTOMATED EQUIPMENT

This article is devoted to the automation of garment manufacturing. Design and engineering solutions aimed at
adapting sewn products to automated manufacturing conditions are proposed. The benefits of automation along
with the current limitations are analyzed. It is concluded that despite the persistent objective difficulties of fully
automating the clothing creation process, the implementation of individual automated workstations and template
semi-automatic machines is a promising direction for the industry’s development.

Key words: automation, perspective sewing machinery, template automate, garment technology.

ABTOMaru3anys B MPOMBIIIIEHHOCTH — 3TO KOMILJIEKCHBIH TMPOLIeCC BHE/[PEHUSI TEXHUUeCKUX CPeJICTB,
TIPOrpaMMHOT0 obecrieueHysi ¥ OPraHM3aljMOHHBIX PellIeHNH, BelylX K MUHUMAaJbHOMY Y4aCTHIO UesioBeKa B
TIPOU3BO/ICTBEHHBIX TIpOLleccax. BbICIIas CTerneHb aBTOMAaTH3alid — 3TO aBTOMAaTU3alUsl BCEX Y4yaCTKOB
NIPOM3BO/CTBA, KOTOpasi MpeflycMaTpyBaeT Iepejady (YHKLMM yIripaB/ieHUs W KOHTPOJS Hafi TIPOM3BOJCTBOM
cucteMam ynpaBieHus [1].

ABTomaTH3upoBaHHOe 060py/i0BaHHe pa3IMyaeTcs 110 BU/aM U MMeeT pa3HYIo CTeTleHb aBTOMAaTH3aluu
nporjecca. CyljecTBYIOT IIBefiHble MalMHBI C LW(pOBU3aL[Hell, TO/MyaBTOMaTkl ¥ KOMIUIEKCHbIE
aBTOMAaTM3MPOBaHHBIE JIMHNH.

Ludpopusanus BeliHOro 00OpPYJOBaHWs TIpeATonaraeT 3aMeHy MeXaHHUeCcKWX CBs3edl Ha
3/IeKTPOHHbIe. B mocyiefHUX MoZensx IMIBeWHBIX MallvH OOJBIIMHCTBA TPOM3BOAWTENIE Y)XKe peasn30BaHa
udpoBu3anys psijila MexaHn3MoB. TakKe cOBpeMeHHOe 000py/j0BaHHe OCHAIeHO BO3MOKHOCTBIO MHTErpaLjiu
K CHCTeMe MOHHUTODHHra IIPOM3BOJCTBA, UTO B peXUMe peasbHOTO BpeMeHHM II03BOJIsieT (UKCHPOBAaTh
3¢ dexruBHOE BpeMsi paboThl 060pyAOBaHMS, BpeMs IIPOCTOsI U Ha 0ase 3TUX JlaHHBIX aHA/IM3UPOBaTh pabounii
npoiiecc. AKTHUBHOe pa3BUTHe HelpoceTell He OOOIIJIO W PLIHOK IBeHHOro obopyaoBaHus. Tak Kutabickas
KOMTIaHUsl «Aitu» TipejjiaraeT MoJie/ib YHUBepCaJIbHOW IIBEHHOM MallliHbI CO BCTPOEHHO!N HEHMPOHHOU CeThio U
«MallMHHBIM 3peHHeM» (puc. 1). ITo 3aMbIC/ly WH)KeHEpOB BCTPO€HHas KamMepa B DyKaB MalllMHBI Oyzet
OTCJIEKUBATH T0JIO’KEHVEe PYK ¥ MPaBU/IbHOE BLITTOJHEHHe TIPHEMOB OTepaljid M B CJIyyae HapylleHWH [jaBaTh
curgari wmsee [2].

[TonyaBTOMar — 310 0OOpYy/HOBaHMe, TpeOyloljee yuacTHe oreparopa B 3arpy3ke [eTajau, B 3amycke
IJVK/a IIUThSI U BBITPY3Ke 1osydabprkara, a BbIIIOMHEHHe CTPOUKU U IepeMelljeHHe MaTeprasia BbIIOIHAeTCs
aBTOMaTHUecku I0 3afaHHOW mnporpamMme. Takoe oOopyjoBaHHe TIpUMeHsieTCS [Jis1 BBITIOJMHEHHS CaMBbIX
pasHooOpasHbIX orepanuil. Hampumep, crauvBaHHe CKIaZOK W BbITayeK, HaCTpauMBaHHe TII0/30pOB,
MPULIMBaHUe MyTOBUL] M1 0OMeThIBAHHE TeTellb, HaCTpaurBaHVe HAaK/IaZHBIX KapMaHOB U fleTajieli ¢ ToAruOKo,
HaCcTpauMBaHHe TeKCTW/IBHBIX 3aCTeXXeK BelKPO W 3JIaCTHUHBIX JIEHT C aBTorofadeil M3 DYy/IOHA, a Takxke
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BBITIO/THEHHE TIPOPEe3HBIX KapMaHOB M CTPOYEK TI0 33JaHHOMY KOHTYPY C TIPUMEHEHHeM CIIeliaTbHOM 0CHACTKH
Wy mab/oHa.

a 6

Pruc. 1. YHuBepcasnbHas IBeifHasi MallliHa CO BCTPOEHHOW HeMpOCeThI0 M MALIMHHBIM 3peHUeM:
a — BHeIIHUM BUJ 000pyZ0oBaHus; 6 — BU3yaau3alist KOHTPOJISi pabounx MpUEeMOB IIIBer

Cyl11leCTBYIOT ¥ aBTOMAaTH3UPOBaHHbIE CTAHI[UM, KOTOPbIe PabOTAIOT aBTOHOMHO 0€3 yuacTus ueioBeKa.
ITpousBoauTesib 1IBeiHOro obopynoBanus « SOMAX» npeacTaBuI JIMHUIO 10 cOopke (yTbosku (puc. 2), rae
00beHU/T CTauMBaroIe-0OMETOUHYI0 MAIIUHY YW PAaCTONIMBAJIBHYI0 B €IWHBIA KOMILUIEKC, a TepeMeleHe
MarepHaJia - py MOMOILIY MeXaHW3Ma BaKyyMHOU ¢uKcalmy v pobora-mManumnysnsitopa [3].

Puc. 2. ABTOMaTH3MpoBaHHas CTaHLust COOpKY (yTOOMKH

Ha coBpemMeHHOM 3Tarie MO/Hasl aBTOMAaTH3alisg BCeX TeXHOJIOTMUeCKUX OIepaljuil 3aTpyJHUTe/lIbHa B
peanu3aluy, OJHaKO BeCbMa 3HAUMTe/IbHAs 4acTh y)Ke YCIIeIIHO aBTOMaTHM3MpoBaHa. B Mpou3BofcTBe M3fenuil
pPa3HOr0 acCOPTMMeEHTa UWC/I0 TaKWX Ofepaluii CylllecTBeHHO pasyinyaeTrcss — oT 5-10 % mpu M3roToBJeHUU
OCTPOMOJHOT0 YKeHCKOro accopTuMeHTa 0 50—-60 % B poM3BOCTBE MY>KCKMX COpPOUeK U PKUHCOB [4].

[MToaroToBKa OfHOW MOJENMU K aBTOMAaru3alvu TpeOyeT TIIATESBHOTO aHainM3a KOHCTPYKTOPCKOW U
TEXHOJIOTUUECKON [OKYMEeHTallud, WHAUBU/YaabHOW pa3pabOTKU 11ab/JIOHOB Ha Orepariuyd WM OCHACTKU Ha
000pyZi0BaHHe, TeCThl TEXHUUECKUX PeLlieHHi Jyisl 1abI0HOB U BHeCeHHe KOPPEKTUPOBOK. JTO [JIMTETbHBINA U
KPOTIOT/IMBBIM TPOLIeCC, KOTOPHIM KpaiHe CJIOXKHO BBITIOJIHSTH B YCJIOBHSIX MPOM3BOJCTBA C YaCTOW CMEHOU
Mogenield. MHorooOpa3ue MaTepuaJoB M [apaMeTPOB KOHCTPYKLMM U3[e/nid TpeOyroT TepeHacTPOHKH
obopynoBaHus, JUO0 3aMeHbI OCHACTKM, a B HEKOTOPBIX C/yuasX, M CO3[aHUsl JIOTIOJIHUTETbHBIX
nipucriocobnennii. YToOb MUHUMH3UPOBATh 3aTpaThl U 00/1erynTh paboTy C aBTOMaTaMy HeOOXOAMMO Ha JTare
TIPOEKTUPOBaHUsI U3/IeNIUi YUUTHIBATH XapaKTePUCTUKU 000PY/I0BaHUs W BBIOMPATh MOAXO/SMILYI0 TEXHOIOTHIO
00paboTKK ¥ MaTepHaJibl, a TaKXKe pa3pabaTbiBaTh YHUDHULIMPOBAHHYIO KOHCTPYKIUIO U3/Ie/Hsl.

Ananu3 paboThl psifia IIBEMHBIX TMPEANIPUSATUNA WM JIMYHBIA OIBIT TO3BOJIW/IN BBIIBUTH KOMIUIEKC
TpeboBaHus K m3genusaM. st 3deKTHBHOTO MCIO/IB30BaHUS IA00OHHBIX TTOTyaBTOMATOB C/lelyeT YUUTHIBAT
TpeOOBaHMS K KOHCTPYKLMHU U TEXHOJIOTUHA 00pPabOTKY IIBEMHBIX W3/eTHi:

— O[VHAaKOBbIe pa3Mepsbl JeTajiell, MOCKO/IbKY I0CajKa WIM pacTArvBaHUe YYacTKOB IlBa NP MOIIVBe
BHYTpH 11a6JI0HA BBIMOJIHUTE HEBO3MOKHO;

— OJVHAKOBBLIA KOHTYp 0OpabaThiBaeMbIX /leTajield, Tak Kak coe[MHeHHe JieTaneil C pa3HoW KPUBHU3HOMN
Cpe30B, HampuMep, BTauMBaHWEe BOPOTHHKA B TOPJIOBMHY, Ha 3TOM 3Tare aBTOMAarH3aljid HEeBO3MOXKHO MU
WCII0JIb30BaHUU 111a0JIOHHOTO aBTOMATa;

— TOPW30HTA/IbHOE PACTOJIOXKEHHe JieTasell BHYTPU 1Iab/ioHa C YK/IaAblBAHUEM WX APYT Ha Apyra u
TIPOKJ/Ia/[bIBaHIe CTPOUKHU B OZIHOMU TIJIOCKOCTH;

— crabuibHOe TosoKeHre W (UKCalysi JeTaneil BHYTpH I1ab/loHa, a MPY BBIMOJTHEHWH OT/e/I0UHBIX
CTPOYEK — KadyeCTBEHHOe BHIBOpPaUMBaHUe U (JOpMOBaHHe KpaeB fleTasiel;

— oOpabaTbiBaemMasi feTajb He [O/DKHA MPEBBIIATh MaKCUMa/lbHBIA pa3Mep TOJsl IIUThbs, TaKUM
nﬁn;nnM ﬁnTIRTI"/IP na”rMANkI CN {“’T‘PW!(DT‘/’I neTAa TIPI‘/’I He vmaAcTed RRITINTTHUTR HA nmﬁrrnnum\/l ARTNAMATA*
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— yHU(UKaLWs TapaMeTpoB KOHCTPYKIWH (PYyHKI[MOHAIBHBIX U IeKOPAaTUBHBIX /leTasleid iIsi MeHbIIIeTo
KO/TMYeCTBa ablI0HOB Ha KaXK/[bli pa3Mepo-pocCT;

— YMeHbIIIeHHe TPa/IallMOHHBIX IPYI WM MOJHBIM OTKa3 OT rpajjaliv AJs TeX Y3/I0B, KOTOpPbIe He
B/IMSIIOT Ha TI0Ca/IKy, KOM(OPT ¥ BHEIIHWUI BU/[| U3/e/Hs.

YuutbiBasi BbIlIeNepeurcieHHble TpebOBaHNs, MOXKHO BBIIEIUTH Psifi OMEepaLyi [/ BBITIOMHEHUs Ha
11a6/IOHHBIX TOlyaBTOMaTax. K HUM OTHOCSTCS OTepalidy 3arOTOBUTEIbHOW CEKIUM, Takue, Kak: 00TaurBaHue
Jetajeli IIBOM «B PAaCKOJI», HACTPAUMBAHUE TEKCTU/IBHBIX 3aCTEXKEK BEJIKPO, IIEBPOHOB, CUJIMKOHOBBIX 3MOJIeM,
KOKapJ, W DeMeHHBbIX JieHT. Takke BO3MOXXHO BBITIOJHATH OOTauWBaHWe [eTajield, 3aroTOBKY MPOpPe3HbBIX
KapMaHOB, HaCTpauyvBaHWe Da3/MuHbIX JleTarell Hak/JaJAHBIM IIIBOM WM HACTpauvBaHWe TeCbMbI-MOJHUM. B
W3/Ie/TUSIX C TIaKeTOM YTeTUISFOIMX MaTepPUaioB BhIITO/HSIOT BbICTErMBaHHe TIOAK/IAKI U YTeTUTATeIs.

Hekoropble oreparuy MOTYT BBITIONHATHCS HAa ABTOMATH3MPOBAaHHOM O00OpY/0BaHWM, OJHAKO WM
TIpe/ILIIeCTBYET ITAll 3ar0TOBKM JIeTa/li Ha YHUBEpPCaJbHOM IIBeHHOW MaiuvHe. Hampumep, Mpy W3roTOBIEHUU
MPOpPe3HOr0 KapMaHa Ha TMO0JIOUKe C TeChbMOW-MOJIHMEH W JIMCTOUKOM, CaMy JIMCTOUKY TPe/IBapUTeIbHO
obpabatbiBaroT. Ec/ii Hak/1aiHOV KapMaH WM yCUIMTe/IbHAs HaK/Ia/iKa PacrioyioXKeHbl Ha JIOKTEBOM LIIBe PyKaBa,
mibo Ha OOKOBOM MiBe OpIOK, TO 3TH MIBHI HeOoOXOAWMO TMpefBapuTenbHO oOpaborate. IlonoGOHBIe
TIO/ITOTOBUTE/IbHBIE OTepaljid BbI3BIBAIOT HEOOXOAWMOCTH YacTOro TepeMelleHusi nomydabpukata BHYTPU
IIBEMHOTO [e€Xa, €CAd TOMyaBTOMAaThl BCTPOEHBI B TMOTOUHYHO JIHHUIO, JIMOO MeXAy LieXaMH, Koraa
aBTOMaTM3WPOBaHHBIA y4YaCTOK BBIHECEH OT/eNbHO. JTO CO3[aeT JIOMOJHUTe/bHbIEe HeynobCcTBa U BeleT K
W3/IMIIHUM 3aTpaTaM BPeMeHHU U TPY/[OBLIX PeCypPCOB.

B MpOM3BOACTBEHHBIX  YCJIOBWSIX  INAOJIOHHBIE — TOYaBTOMAaThbl  LUKJIMYECKOTO  JIeMCTBUS
3apeKoMeHZIoBa/iM  cebsi Kak 3Q@QekTrBHOe pellleHWe B paMKax OpraHU3alldd OT[e/NbHOTO  yuyacTKa,
BBITIOJTHSAIOIIET0 3arOTOBUTE/bHBIE OMepaluu. Takod TMOAXOf TO3BOJsIeT U30eXXaTh JIMIIHUX TepeMelleHHH
Jetajieli B TIPOL[ECCe M3TOTOBJIEHUS] U3/ie/sl, HO BMECTe C TeM OrpaHUUMBAET MepeueHb Orepariyi, KOTopbie
MO>KHO aBTOMAaTH3WPOBATh.

Pemmth JaHHyl0 TIpoO/ieMy MOXKHO, €C/IM Ha 9Tare MpPOeKTUPOBAaHWS HW3ZIeNUs  3aK/Ia/blBaTh
TEXHOJIOTHIO COOPKU, OPMEHTUPOBAHHYIO Ha aBTOMATU3UPOBaHHOe 000pynoBaHue. I1IBbI, KOTOPbIE TJIAHUPYHOTCS
K BBITIOJIHEHUIO Ha I1A0JI0OHHOM TI0yaBTOMare, JOJDKHBI OBITH TIPSIMBIMU JIMOO WMeTb eQrHO00Opa3HyIo
KoHpurypauuto. [Tpunycku Ha IBbI CIeAyeT Je/iaTh JOCTaTOYHOUW BEeMUMHBI, YUTOObI MX MOXXHO ObLIO Ha/IEXKHO
yZep)KUBaTh B KaHasie 111ab/ioHa. JleKopaTuBHbIe 3/1eMeHTHI (LLIeBPOHbI, SMOJIeMbI), a TaK)Ke HaK/Ia/[Hble KapMaHbl,
K/IaMaHbl, TaThl, X/SICTUKW, MJIAHKA W TEKCTWU/IbHBIE 3aCTEXXKHW JO/DKHBI PacriofiarathCsd Ha OMNTUMATbHOM
paccTosiHuM OT cpe3a. [yOuHA CK/Ia[IOK /0/DKHA ObITh [[OCTAaTOUYHOMW [ijifi UX BBIMOJIHEHUS HA IOJyaBTOMATe.
KOHTYpBI BBICTETMBAHUS Ha [IeTalsAX W AJMHBI IIBOB 00TAYMBaHUS [JO/DKHBI TIOMEILAThCs B MAKCHMAaJTbHOE TT0Jie
IIUTHSI 000PYAOBaHUS.

Kpome Toro, BaKHOe 3HaueHWEe HWMeeT BbIOOD Marepuana [jis W3[e/us: TKaHb He [O/DKHAa ObITb
CKOJIB3KOH, a cpe3bl — ie)opMHUPOBAThCs, MHAUe y Orepatopa BO3HUKHYT TPYAHOCTU C YK/Ia/IbIBAHUEM JIeTalu B
mabnoH. He mMeHee 3HaUMMO U KaueCTBO (DYPHUTYpPBI — OHA 00si3aHa ObITH CTAOW/IBLHOM MO pa3MepaMu U He
HUMeTb AieopMariuii.

Ha npumepe My»ckoil KypTKu (puc. 3) pacCMOTPUM OIepaiiiy, KOTOpble BO3MOXXHO TPOM3BOJUTH B
ABTOMAaTM3UPOBAHHOM II€X€ T0 BBINOJHEHUIO 3arOTOBUTE/IbHBIX OMEepalvii, YUUTHIBAs BhIIIENIEPEUNC/IEHHbIE
TpeboBanusi. OCHOBHOM Marepuas KypTku — MembpaHHoe monoTHO «SoftShell». CoenuHutenbHbie BB OyAyT
BBITIO/THATBCA HAa 5-HUTOYHOM CTauMBarolle-oOMETOYHON MalllMHe, a OTAENOYHble CTPOYKA U CTPOUKH
HaCTpauMBaHUsI Ha OJHOUTO/IbHON YHHBepCaabHOM IIBeMHOM MalliiHe.

Puc. 3. Mogenb My>KCKOW KypPTKM C TepeuHeM oriepaluii [jis aBToMaTH3aluu
i BBITIOJIHEHUST 3TOM MOZIeTM KyPTKH ObLIM BBIOpAHBI 3arOTOBUTE/bHBIE OMEpAliHd TeX Y3/I0B,

KOTOpbIe HE€ 3aXOAW/IM Ha IIBbI: oOTauMBaHMe BOPOTHUKA TIIO OTJ/IeTY, oOTauMBaHMWe K/araHoB HarpyJHbIX
KapMaHOB, II0J/IHafA 3arOTOBKAd W HACTPa4YMBaHHE€ KapPMaHOB Ha I10JIOUKH, 3al'OTOBKa CPe30B 60pTOB, o6pa60TKa
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TIPOPEe3HOr0 KapMaHa pyKaBa C JIMCTOUKON U TUIAaHKH OOKOBOTO BEHTHJISILMOHHOTO OTBepCTHUs. [ yBeMueHus
JIOJT aBTOMAaTH3aIiy B MOJZIe/Id HeOOX0JUMBI C/ieyIolie U3MeHEeHHST:

— HacTpauMBaHKe TeKCTW/IbHOM 3aCTe)XKH BeJIKpo Ha 1 croii feTany;

— 0TKa3 OT JIMHUM UJIeHeHUs HIDKHETO ydacTKa MPOiMBI, B3aMeH - NTPOeKTUpPOBaHUe JIaCTOBULIbI, UTO
JaCT BO3MOKHOCTb Y/IOKHUTb [eTajllb B TOPU30HTA/JbHYIO IUIOCKOCTb U BBIMIOJHWATH 3arOTOBKY ILJIAHKU
BEeHTWISILIMOHHOTO OTBEPCTHS;

— OTCYTCTBHE OOKOBBIX IIIBOB, UTO MO3BOJIUT BBIMOJHUTh 00TAUMBAHKE HU3A W3/Ie/Hsi 00TauKaMHu.

ITocste BHeCeHUSI KOPPEKTUPOBOK BHEIITHUM BU/] U3/e/THs 3MeHU/ICs (puc. 4), a KOMM4eCTBO OTTepaliii,
KOTOPBIE BO3MO)KHO BBITIO/IHATH HA aBTOMATU3MPOBAHHOM 000pY/J0BaHUH YBEJTHUK/IOCh.

Puc. 4. MoJienib My>KCKOU KYPTKH C TepeuHeM oriepaliyii /s aBTOMaTH3alyiu 1oc/ie u3MeHeHU

[ToMuMO paHee MepPeUNCIIEHHBIX OTepalyii CTajJ0 BO3MOXKHBIM BBITIONHSATh 00pabOTKy HM3a U3Jenvs U
DYKaBOB O0TaukaMH, a TakKKe OCYIeCTB/ATh MPAKTHUECKW TOJHYH) 3arOTOBKY BEHTH/ISILIMOHHBIX OOKOBBIX
otBepcTuii. [lamee paccMOTpUM COOpOUHBIE CXEMBbI Y3/I0B, BBITIONIHSEMBIX HA AaBTOMAaTU3UPOBAHHOM
000pY/|0BaHUH.

TeKCTU/IbHBIE 3aCTEXXKH BEJKPO MOTYT HACTpAauMBaThCsi HACKBO3b B TOTOBOM BHJIE, UTO [IaeT
HEoOXoAMMYI0 TOJIIUHY y3/71a. UToObl COXPAaHWUTH TPeOOBAHUS K MPOYHOCTH Y3/I0B HA TATy PyKaBa M HWKHHH
K/1anaH 00aB/ieH JOIOHUTE/IbHBIN C/I0N HEK/IeeBOM MPOK/IIKU U3 HETKAHOTO Marepuasa. Eciu 6bI OCHOBHOM
Marepuan u3fendsi ObUT BBIOpAaH C JOMYIL[eHWEM BIaKHO-TEIUIOBOM 00pabOTKH, TO BO3MOXKHO OBIIO ObI
BBITIOJTHATh TIOJIHYIO 3arOTOBKY IaThl PyKaBa C OT/AENIOYHOM CTpPOuUkKoi. [t 0OpabOTKM K/araHOB HarpyHbIX
KapMaHOB TOC/Ie[0BaTe/IbHOCT 00paboTKY aHasornyHas. 1Bk, BHINO/HsEMbIe Ha 1a0JIOHHOM T0/TyaBTOMare,
Ha cxeMe BbifleJieHbl JKeJIThIM 1IBeTOM (puc. 5).
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Puc. 5. O6paboTKa MaThl pyKaBa C IpUMeHeHreM aBTOMaTH3UPOBAHHOTO 000PYI0BaHMSI:
a — obpaboTka nathkl pykasa; 6 — 06paboTKa natel ¢ HOpMOBaHKEM Ha Ipecce

O6paboTKka HaKIaJHOTO HArpyJHOTO KapMaHa BBIMOIHSETCS TOJHOCTBI0 Ha aBTOMAaTU3WPOBAHHOM
obopyzoBaHuM (puc. 6): 3aCTpaurBarOTCs CKJIAJKU Ha TOJlyaBTOMare JJisi CKIaZioK, 0OpabaTbiBaeTCs BepXHUMN
Cpe3 HakK/JIaJHbIM IIBOM Ha TIOJlyaBTOMare, a HIWKHUH cpe3 oOTauku moarubaeTcss W HACTpPauMBAeTCs Ha
MojyaBTOMaTe II0 3acTpauMBaHUIO cpe3oB. [lajee Ha TIOyaBTOMare IIPOTPaMMHPYEMOM  CTPOUKU
HaCTpPauMBalOTCSl TEKCTU/IbHbIE 3aCTEXKU BeJKpo. HacTpaurWBaHvMe KapMaHa Ha I0JIOUKY Ha KapMaHHOM
TI0JIyaBTOMATe BBITIOTHSIETCS TI0C/Ie 3ar0TOBKH LIeHTPaIbHOM OOPTOBOM 3aCTeXKH Ha TeChbMY-MOJTHHIO.

3arotoBKa IIPOPe3HOr0 KapMaHa Ha pykaBe (puc. 7) HauMHaeTCs C HaCTpauuBaHWs JdeTaiu -
OrpaHUuWTe/Isi Ha TeCbMY-MOJHUIO Ha 3aKperoyHOM TojyaBTOMaTe IPOrpaMMUpPyeMOM CTpouku. [laiee Ha
111ab6/I0HHOM TI0JTyaBTOMare 00TaurBaeTCsl paMKa BX0/ld B KapMaH C Tpe/iBapUTe/IbHO 3ar0TOBIEHHOM 00TaukoH, a
BXO/l B KapMaH rpope3aeTcs jiazepoM. O0Tauka KapMaHa BEIBOPAUMBAETCS BHYTPb, KOHL[bI 00TAaUKH CKPETUISIOTCS
C KOHI[AMU TeChbMBI-MOJIHUM Ha YHUBepCa/JbHOW IIIBEMHOM MallllHe U 3aTeM IPOK/IaJbIBaeTCs OT/e/I0uHast

cTNOUKA TIN A-]\ll CTONNHAM RYXYNMTA R KANMAH RMAXYRATKRIRAIG TACRMVUV-MNTHUHKY HACKRNIK Hn ARTOAMATA HAKMTATHRIM
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[IIBOM HACTPAuMBaeTCs TO/30p Ha HIDKHIOW TOJK/IaZKy KapMmaHa. Ha yHMBepca/jbHOHM ILIBeMHOW MalliuHe
obpabarbiBaeTcsi MOAK/IAZKA KapMaHa M 3aTeM Ha IIabJIOHHOM TI0JyaBTOMare MpOK/IA/bIBAETCS OTEI0YHO-
CKpeIuIsitoIasi CTpovka 9 1o MoJK/iajike KapMaHa.

9/ 2 5 \§ 6 \'@ N 2\&

Puc. 7. O6paboTKa Ipope3HOro KapMaHa Ha pyKaBe C IPOK/Ia/jbIBAHIEM
OT/Ie/I0UHO-CKDETUISIIOIIel CTPOUKH IO [TOAK/Ia/jKe KapMaHa

ITocne MPOEKTUPOBAHMSI JIACTOBULILI CTA/0 BO3MOXKHBIM BBITIO/IHITH BEHTU/ISLIMOHHBIE OTBEPCTHUS C
NMpUMEeHeHWeM aBTOMAaTHU3UPOBAaHHOTO o0opyzoBaHusi. OTAeno4yHass CTPOYKa IO TIeperudy JIUCTOUKH
TPOKJ/IaZIbIBAETCS Ha MOTyaBTOMaTe Ayt CKiagoK. ObpaboTka nmpope3Holi paMKu (puc. 8) aHamornuHa o6paboTke
MPOpPe3HOro KapMaHa pyKaBa, HO C YTOUHEHHeM, UTO Ha YHHBEepCa/JbHOM IIBeHON MalllMHe TMPUIYCKH IIBa
00TaurBaHMsI paMK{ HaCTPauMBarOTCsl Ha 00TauKky 1o 4 CTOpOHaM.

Puc. 8. O6paboTka 60KOBOr0 BEHTH/ISILIMOHHOTO OTBEPCTHS

ABTOMaTH3aLMs TeXHOJOTUUECKUX OIepalyii I103BOJIIeT COKpaTUTh oOIee BpeMsi H3rOTOBJIEHUS
W37leNyisi, TIOBBICUTH TPOM3BOAWTENBHOCTL TPYZA U Y/AYUIINTh KaueCTBO T'OTOBOM NPOAYKIMM 32 CYeT BBICOKOW
TOYHOCTH 06opyAoBaHusi. Kpome TOro, aBToMaru3anysi IOMOraeT BOCHOMHUTE JeULUT KBaTU(PUIUPOBaHHBIX
KaJipOB U CMOCOOGCTBYEeT POCTY 3aHATOCTH HaceneHusi. IIpu paboTe ¢ 1abJOHHBIM TOJyaBTOMAaToM LUIBes
3aMeHsIeTCsl Ha OrepaTopa — COTPYAHHWKA, KOTOPbIM MOXKET He MMeTh MpoGUIbHOr0 06pa30BaHUs B IIBEHHON
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oTpaciyi U He 00/1aaTh HAaBbIKAMU PabOoTHI 3a LIBEHHOW MalIMHOW. JTO /JaeT TPOWHOU 3(¢eKT: BO-TEPBBIX,
TIOBBIIIAETCS 3arpy3Ka I10/lyaBTOMara; BO-BTOPBIX, COKpalllaeT YMC/I0 00Opy/oBaHMs — OAWH TaKOW aBTOMAT
criocobeH 3aMeHUTh HEeCKO/IbKO LIBeHHBIX MAlllWH; B-TPETbUX, BEICBOOOXK/AeT IIBel, KOTOPbIX MOXKHO HallpaBUTh
Ha BBITIOJIHEHKe 0oJlee TPYAOEMKUX U CI0XKHBIX OTleparjyii.

ITporiecc MpoOM3BOACTBA OZEKAbI COMPSDKEH C PAZAOM OOBbEKTHUBHBIX C/IOKHOCTEH, T03TOMY IOTHOCTHIO
aBTOMAaTH3HUPOBAHHOE MPOU3BO/CTBO OZIEXKAbI B 0603prMOM OyzyliieM ocTaeTcs Wb (aHTasueil. Tem He MeHee
3TO Ta TEPCIeKTHBA, K KOTOPO HeOOXOAUMO CTPEMHUTBCS. YKe CEeTrOfiHs CyLIeCTBYeT MHOXKEeCTBO TIPeATIpUSITHH,
BHEJDSIIOIINX OT/Ae/bHbIE 3JIeMEHThl aBTOMAaTH3alliM, YTO BCeJsieT HaJexy Ha TosBreHue ¢abpuku c
MaKCHMaJIbHO BO3MOXKHOW CTEreHbI0 aBTOMAaTH3aLUM BceX mporeccoB. OcoGeHHO B YC/IOBUSIX HEXBATKH
TPYLOBBIX DecypcoB Takoll IIyTb CTAaHOBUTCA €[VHCTBEHHO BO3MOXKHBIM /ISl Pa3BUTHsS  ILBEHHOMN
MIPOMBIIIJIEHHOCTH.
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KOMHUTUBHBLIE ACMEKTbl KACTOMU3AUUWN UHTEP®ENCOB LN®POBbLIX MPOAYKTOB:
BANTAHC MTBKOCTU N NONb30OBATE/IbCKOW HATPY3KMW.
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Kacmomusayuss unmepcpeiicoe yugposbix npooykmog £ea11emcsi 6aiCHbIM UHCMpPYyMeHmoM adanmayuu
e3aumodelicmgusi no0 UHOUBUQAYA/IbHble nompebHOCMU No/ab308amesisi, OOHAKO ee pazeumue conpogoxcoaemcs
pocmom KoeHumueHoll Haepy3sku. I'ubkocmb uHmepcpelica, ¢ 0OHOU CMOpPOHbI, noebiludem yO0obcmeo u
8apuamueHOCMb UCNO/b308AHUS, A C Opy20ll — YCA0JiCHSIem npoyecc npuHsamus peweHull. B cmambe npogodumcs
aHanu3 Munoeé Kacmomu3ayuu u KOZHUMUBHbIX MeXaHu3moe 83aumodelicmeusi noab3oeamesns ¢ uHmepdpelicom
yuchposbix npodyKmos, a makdice paccmampusaomcs 0cobeHHOCmMu peaau3ayuu HACMpPAu8aeMblx 3/1eMeHmMos 8
cogpeMeHHbIX eeb-npunosceHusx. O6ocHosbleaemcsi Heobxooumocmb OocmudiceHuss 6aaaHca  Mexcoy
eapuamugHocmbio uHmepdelica u 3¢ppeKmusHOCMbIO NO/ML308AMENLCKO20 83AUMOOeliCmeusl.

KroueBbie C/IOBA: KaCTOMU3aL[st MHTEP(EHCOoB, M0/Ib30BaTeIbCKUM OIbIT, KOTHUTHBHAsS HarpyskKa, [irudpoBoi
npoAykr, UX-ausaiiH.

E.A. Aleksandrova

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

COGNITIVE ASPECTS OF DIGITAL PRODUCT INTERFACE CUSTOMIZATION: BALANCING
FLEXIBILITY AND USER WORKLOAD.

Customization of digital product interfaces is an important tool for tailoring interactions to individual user needs,
but its development is accompanied by increased cognitive load. Interface flexibility, on the one hand, increases
usability and variability, but on the other, it complicates the decision-making process. This article analyzes the
types of customization and cognitive mechanisms of user interaction with digital product interfaces, and discusses
the specifics of implementing customizable elements in modern web applications. The need to achieve a balance
between interface variability and the effectiveness of user interaction is substantiated.

Keywords: interface customization, user experience, cognitive load, digital product, UX design.

Beepenue

Pa3zButre 1(POBLIX POAYKTOB BeJIET K YCJIOKHEHHIO 10/1b30BaTe/IbCKUX UHTEP(eCOB 1 PaCIIUPeHHI0
BO3MOXXHOCTeM KX Kacromusanuu. CerofiHsi BeO-IIpUIOKeHUs [I03BOJISIOT HAcTpauBaTh BU3YyasbHbIE,
CTPYKTYpHblE, a TakkKe (YHKLMOHA/bHblEe XapaKTepUCTUKW WHTepdelica, UYTO BuseT Ha YAoOCTBO
B3anMozeiicTBusi. OJJHaKO yBesueHre F’HOKOCTH COTIPOBOK/[AeTCs POCTOM UMC/Ia JOCTYITHBIX OILIMH 1 pelleH i,
YTO MOYKET TIPUBOJUTH K MHTe/JIeKTyalbHOMY IlepeHarpsykeHnto. dopMupyeTcs rnapasiokc: CTpeMsCh YIyulliuThb
T0JIb30BaTe/IbCKUI OTIBIT Uepe3 THOKHe HaCTPONKH, pa3pabOTUMKY Je/aroT MPOAYKT Oosiee 3amyTaHHBIM.

Llestb AaHHOM CTaTbM COCTOMT B MCCJ/IEJOBAHUY MEXaHHW3MOB KOTHUTUBHOTO BJ/IMSIHUSI KACTOMHM3aLMH Ha
TI0/Tb30BATeJIsA, a TAKXKE B OMPE/Ie/IeHHH KpUTepreB HamaHca MeXXay TMOKOCTBIO MHTepdelica U 3hPeKTUBHOCTLIO
paboThL

JIn1st AOCTHKeHYs BbIllIeyKa3aHHOM 1ie/r ObLI ToCcTaB/ieH psif, 3afau:

- paccMoTpeTh TeopeTHUecKUid 6asuc MCC/ieoBaHUS I10/Ib30BaTebCKOTO OMbITa U YMCTBEHHOM
Harpyskuy;

- MPOBECTH CPAaBHUTE/bHBIM aHa/IM3 THUIIOB KacTOMH3allMM Ha IpUMepe COBPeMEeHHBIX Beb-
npunokenuit (Notion, Todoist, Google Calendar);

- BBISIBUTh KOTHWTHMBHBIE MeXaHH3Mbl, BO3HUKAIOIHie TPY B3aUMOJEeMCTBUM TI0/Ib30BaTens C
KacTOMHU3UpyeMbIMH UHTepdelicamy;

- orpeZienUTh (HaKTOpHI, BAWSIOIIME Ha YBeJMUeHWe WHTe/JIeKTyalbHON Harpy3Kd Harpy3ku B
YC/IOBHUSIX BBICOKOH CTeTieHH TMOKOCTH HHTepdetica;
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- 0060CHOBaTh HEOOXOMUMOCTh JOCTHXKeHHs 0anaHca MexAy THOKOCTbIO uHTepdelica U
3()(eKTHBHOCTLIO MOJIb30BaTeILCKOTO B3aUMO/IeHCTBYSI.

TeopeTHuecKasi 0CHOBA HCC/Ie/[0BAHHS MO/Ib30BaTe/ILCKOr0 ONbITA U KOTHUTUBHOM Harpy3Ku

[Mons3oBarenbckuii omnbiT (UX) — 3TO BrEUaT/ieHWs W OIMIYILEHUS OT B3aUMOJEMCTBUSI C KaKUM-JIUO0
udpoBbiM npogykroM [1]. OH BkmroyaeT B cebst yooOCTBO HCMOMB30BaHMs, (QYHKLMOHATLHOCTb, a TaKkKe
SMOLIMOHA/TBHBIN OTK/IMK. Bee 3T0 HanpsiMyro CKa3bIBaeTCst HA YPOBHE YMCTBEHHOTO HalpsDKEHMST TI0/Tb30BaTesl.

B konTekcre UX KOrHUTHBHAS Harpy3Ka — 3TO yMCTBEHHbIE YCHJIVSL, TIPH/IaraemMble B TIPOLieCCe M3yUeHus
11poBoOro nmpoaykra [2]. OTH JaHHbIe COXPAHSIOTCS B KDATKOBPEMEHHOM MaMsITH, @ UMEHHO — B paboueit yacTu.
Ee pecypchl orpaHuueHbl, MO3TOMY H30bITOUHAsl CAOXKHOCTb HHTepdelica MOXKeT IPUBOJUTH K CHIKEHHIO
3¢ heKTUBHOCTH B3aUMOZIEHCTBHUS U YXY/ALIEHUIO [10/1b30BaTe/ILCKOTO OIIbITA.

B pamkax paHHOM mpo6sieMaTWKK 0COOYIO pO/b UTPAeT TOHSATHE KacTOMM3aLuu uUHTepdelicoB, mog
KOTOPBIM pacCMaTpUBaeTCsl MPOLIeCC IieeHaripaBIeHHOT0 M3MeHeHUs1 BH/la M (PYHKIMOHAIBHOCTU 3/1eMeHTOB
pOBOro TPOAYKTa, YTOOBI OH COOTBETCTBOBal WH[WBHAYalbHBIM IPEATIOUTEHUSIM Tojb30Barens [3].
CylrlecTByeT Takke CX0)kee IIOHSITHe — TI€DCOHA/NM3alvsl, OJHAKO OHO HMeeT psifi OTIMYMNA. Bo-TiepBbIX,
TIepCOHaM3aL{isi OCYILeCTB/ISIeTCs] CUCTeMOlM aBTOMaTHYeCKHd Ha OCHOBe aHa/W3a JIaHHBIX T10JIb30BaTesisi U ero
TIOBe/IeHUECKUX TaTTepHOB. BO-BTOpHBIX, [aHHBINA Iporiecc He TpeOyeT MpPsSMOrO yuacTusi 4esjoBeKa. Takum
o0pa3oM, KacToMHu3aLysi akTHBHO BOBJIEKaeT I0Jb30Bare/s B (GoOpMUpOBaHUe HHVBH/YaNIbHONM paboueii cpefpl,
YTO pacIiupsieT BO3MOXXHOCTH B3aHMOAEMCTBUS, HO OFHOBPEMEHHO MOXKET YC/IOKHSATb MPOLIeCC TPUHSITHS
pelLieHNH.

ITo mepe pa3BuTHs LUPOBBIX MPOAYKTOB I€PeX0[, OT CTaTUUHBIX, (PUKCUPOBAHHBIX WHTep(ercoB K
ruOKAM W aZlalTMBHBIM CHCTeMaM cTan Oosee 3amMeTHbIM. Ha paHHMX 3Tarax pa3BUTHSI MPOrPAMMHOIO
obecrnieuerHus pabouasi cpefia Mob30BaTtesis Oblla OpPUeHTHPOBAaHA Ha YHUBEPCAIbHBIM CLIeHapUH MCIO/Tb30BaHMS,
3a CYeT Yero B3auMoZeicTBre ObIIO Mpe/CcKa3yeMbiM, HO YPOBEHb aflaliTaliy MoJ, UHAWBUYaIbHbIe HACTPOWKU
661 HU3KUM. C pa3sBUTHEM BeO-TeXHOJIOTUH Hadaly TOSB/STHCS 37IeMeHThl HaCTPOMKK HHTepdetica, KOTopbie
TIO3BO/ISIA M3MEHSTh OTZeNbHble IapaMeTpbl 0TOOpakeHHMs W (YHKLMOHanbHOCTH. C TeueHHEeM BpeMeHU
nozio6Hble MeXaHW3Mbl MOAWMGUILMPOBAINCH B CHUCTEMbI KaCTOMM3Al|UH, OXBaTbIBAIOLMe pa3/luHble YPOBHU
B3aUMOJeMCTBUS C L{U(PPOBBIM IPOAYKTOM.

B coBpeMeHHOM MVpe yBeJMUMBaeTCs KOJIMUEeCTBO T10/1b30BaTe/bCKUX CLIeHapreB, UTo BjiedeT 3a coboit
YCTOWYMBBINA POCT CJOKHOCTH MHTepdelicoB. OJHOBPEMEHHO C 3TUM KaCTOMH3alysl CTAHOBUTCS NPUBBIUHBIM
WHCTPYMEHTOM HACTPOUKM A OONBIIMHCTBA BeO-TIPH/IOXKEHHH, TI03BOMSAS T0/b30BaTesi0  a/lalTHPOBATh
uHTepdeiic mog ceou notpebHOCTH. OJHAKO Ha TMPAaKTHUKe YBEeJMYEHHWEe UKMC/Ia JOCTYMHBIX OMLUNA He BCerzga
TO3UTHBHO CKa3biBaeTcss Ha UX. HanpoTue, W30bITOUHAsT BAPUATUBHOCTb MOXKET 3aTPY/JHATH B3aUMOJIEHCTBUE,
TOBBIILIATh KOTHUTUBHYIO Harpysky U yBeJMUMBaTh KOJIMUECTBO pelileHUi, HeoOXoAuMoe /IS BBIIIOTHEHUS TeX
WM MHBIX 33a4. VIcxofst U3 9TOro pa3BUTHeE KaCTOMHU3alMM IproOpeTaeT JBOMCTBEHHBII XapakTep, Iyje THOKOCTh
MO’KeT KOMITEHCUPOBAThCSl POCTOM CI0XKHOCTH MCII0/Tb30BaHMS.

Hecmotpst Ha GostbLIIOE KOJIUeCTBO UCC/IejoBaHuUM B 06nacti UX-an3aiiHa M KOTHUTUBHOM TICHXOJIOTHH,
TeMa rpezesioB 3QQeKTHBHOM KaCTOMHU3AL[UX 0CTAeTC sl HeJOCTaTOYHO pa3paboTaHHOM.

Tunbl KdCTOMHU3dIluHd U CpaBHI/lTEJIbHLIﬁ dHaA/IN3

CyH_[eCTBYET TPU THUIIA KdCTOMMH3adllMW: BU3ydJ/IbHAA, CTDYKTYpHad U Cl)yHKL[I/IOHaI[I:HaH. Takoe
pacrpe/ie/ieHue 3aTparkBaeT BCe acleKThl HHTeP(eicoB LU(MPOBBIX MPOLYKTOB.

Bu3syasbHasi KACTOMH3ALIMsI HATIPAMYIO KaCaeTcsl HaCTPOUKK BHelHero odopmienusi. K gaHHOMy THITY
OTHOCHTCS LJBETOBOE pellieHue, TeMbl, IPU(ThI, 0TOOpaXkaeMble pa3Mephbl, narTepHbl. VIMEHHO JJaHHBIE HACTPOUKH
WTpalOT K/IOUeBYH0 PO/b B 3MOL[MOHAAbHOM BOCIIPUSITUM TIPOAyKTa. Tak, Hampumep, B COLMQ/IBHOM CeTH
«BKoHTakTe» MOXHO BbIOpath (DOH A/ yaTa, IIBeTa OCHOBHBIX 37IEMEHTOB U TaK Jasee. laHHBIA mpumep
n300pakeH Ha pucC. 1.
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Ogopwnenve  foroso Omena  Ogopmnenme

Puc. 1. IIpumep BH3yabHOM KaCTOMU3aLMU

CTpyKTypHasi KaCTOMH3aLis [103BO/IsIeT U3MEHATh MOPSAJO0K 3JIEMEHTOB B COOTBETCTBUHU C )KeJlaHWEM
HoJ/Ib30BaTe/Iss. DTOT TUIl MeHseT HaBUraLuio U TpeOyeT OT I0/b30BaTessi YeTKOrO IIOHMMAaHUS CTPYKTYpbI
uHTepdeiica, UTO yCWIMBaeT KOTHUTMBHYIO HarpysKy Ipy B3auMOJeHCTBHMU. B KauecTBe mnpuMepa MOXKHO
nipuBecTH BeO-nprsiokeHHe «Trello», KoTopoe 103BOJIsIET NepeABUraTh CIICKU C KApTOUYKaMy, pa3MellieHHbIe Ha
JlocKe. JTO MOKa3aHo Ha puC. 2.

Mos gocka Trello  00] v -

Ha a7oit Hegene e Mo3axe . + [lo6aBbTe elie OfiHy KOJOH
KynuTb 6uneTsl Ha "Pizza" HasecTTs cecTpy
BcTpeya ¢ Matweit

+ DoGasure

+ [lo6asuTb KapTouKy

Puc. 2. [Ipumep CTPyKTypHOU KaCTOMU3ALIUN

OyHKIMOHA/IbHAs KACTOMM3AL[Ks], B CBOIO OUEPE/Ib, [T03BOJISIET MEHATh HA0OD BO3MO)KHOCTEM U CIIOCO0bI
pabotel C cuctemoil. OHa MOXKET BbIPAXKaThCsl B TMOAK/IIOUEHHWM WM OTK/IIOUEHWH MOJY/IeH, HaCTPOUKe
aBTOMAaTH3alyi, WHTerpaluid M I0/Ib30BaTe/IbCKUX TPABU/ TOBedeHus. JaHHBbIA THUM CBsi3aH C W3MEHEeHHeM
JIOTWKY paboThl MPOAYKTAa U OKa3biBaeT TMpsIMOe B/MSIHME Ha CrocoObl BBIMOJIIHEHWsS! 3ajad B HMHTepderice.

Hanpumep, B «Notion» cyiiecTByeT BOSMOXXKHOCTb BHefipeHus1 unterpauuii (Google Maps, Figma, Trello). 3To
MPOW/UTIOCTPUPOBAHO Ha pUC. 3.

Google Drive
X Tweet

) GitHub Gist
% Google Maps
E Figma
Abstract

in Invision

wr -
1 Mixpanel

Close menu

Puc. 3. IIpumep GyHKLMOHATBHOM KaCTOMU3aLUN
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[Hanee OymeT paccMOTpeHa TpaKTHYecKas peayu3aliysi BbIIIEONHCAHHBIX THIMOB KaCTOMH3alMM Ha
TIpUMepe CPaBHEHUsI TPeX COBPEMeHHbIX BeO-TIpUIoKeHHH U3 cepbl TyIaHUpoBaHust 3asau. «Notion» — eayHas
uudpoBas cpeja s CO3JAHUS TEKCTOBBIX [JOKyMEHTOB, 3aMeTOK, KaHOAH-/JOCOK, TUIAHUPOBAHUsS, Be/leHUs
MPOEKTOB, CITMCKOB [ie1 U COBMecTHOW pabotel [4]. Ha gaHHOM pecypce HabmoaeTcsi BbICOKasi CTereHb
CTPYKTYpHOW U (YHKIMOHAJbHOW T'MOKOCTH: TIO/b30BaTeMI0 [IOCTYIHA BO3MOXKHOCTb CaMOCTOSITEIbHO
KOHCTPYMPOBaTh CTPaHMIbl, KOMOWHHMPOBaTh OJIOKM, HACTpaWBaTh MPUBATHOCTh, CO3/laBaTh 0a3bl [AHHBIX,
TIaHUPOBATh rpaUK U GOPMUPOBATh MHAWBHUYAIBHYIO apXUTEKTYPy pabouero mpocTpaHCcTBa. B JaHHOM citydae
TMOKOCTb CHCTEMbI TIOBBIIAET ee aJanTUBHOCTb, HO 3aTPyAHSET OCBOEHHE TIPWIOKEHUS W YBeJIUUUBaeT
KOJTMUECTBO PeIIeHUH, TPUHUMAEeMBIX MoJTb30BartesieM. ViHTepdeiic «Notion» mpeficTaBieH Ha puc. 4.

Bama  cars CARS@)  CARS®M)  CARS(@)

@rpasc. B @ “a. [T

Puc. 4. Vlntepdeiic «Notion»

«Todoist», B oriuume oT «Notion» HOcUT 06ojiee y3KOHAIpaBleHHbIM XapakTep. JTOT pecypc
npefcTap/sieT CcoOOM Tack-MeHepKep U BeO-TIPUIOKeHWe [Jis CIUCKOB fen [5]. 3mech BO3MOXKHOCTH
KacTomu3alnuu Oojiee orpaHWYeHbl M NMPEMMYLECTBEHHO 3aTparvBaloT BU3yasbHble HACTPOMKH, (HUILTPALiUIO
3a7lay ¥ OpraHM3allyio MIPOEKTOB B paMKaX 3aJaHHOM CTPyKTyphl. Takas Mozenb o0ecrieunBaeT HanaHC MEXAY
rUOKOCTBIO U TPeiCKa3yeMOCTbI0, CHIDKasi KOTHUTHBHYIO Harpy3KY U YCKOPsisi IpoLjecc B3auMogeiicTeus. OHaKo
TIPYU 3TOM BO3MOKHOCTH WHAMBUYaTbHOM HAaCTPOUWKM orpaHnyeHsl. ViHTepdeiic « Todoist» mpeacTaBieH Ha puc.
5.

Mpeacrosuee

ot s «@

10.anp - Mamwiua

Puc. 5. intepdetic «Todoist»

«Google Calendar», B CBOIO oOYepelb, JA€MOHCTPUPYeT MHWHUMA/bHBIA YPOBEHb BO3MO)KHOCTEH
KacTOMH3alliY, OIPaHWUMBasiCh NPEUMYILeCTBEHHO BHU3ya/bHbIMH HAaCTPOHKaMM W BbIOOPOM IIpeZCTaB/IeHUH
KasieHzaps (feHb, Hefens, Mecsn) [6]. CTpykrypa U ¢yHKLMOHAIbHAs JIOTUKA (PUKCHPOBaHHBIE, UTO TOBOPUT O
BBICOKOW TIpe/ICKa3yeMOCTH WHTepdelica U MUHUMHU3UDPYET HeO0OXOAMMOCThb JOTIOMHUTENBHBIX DeIIeHHUH €O
CTOPOHBI nofib3oBaresst. UaTepdetic «Google Calendar» ripefcrapieH Ha puc. 6.
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Puc. 6. UnTepdeiic «Google Calendar»

Takum o00pa3oM, paccMOTpeHHble IM(POBbIe TMPOAYKTHI A€MOHCTPUPYIOT Da3/M4Hble TOAXOALI K
peanu3aLy KacTOMHU3alMM BHYTpU HHTepdelica: OT BBICOKOH CTereHW CBOOOABI M BapUaTMBHOCTU [0 CTPOrO
CTPYKTYPUPOBaHHOH U OrpaHvueHHOW Mogend. OOGo3HaueHHble pa3/MuMsl OKasbIBAlOT MPsIMOe BIMsSHHME Ha
XapaKkTep TI0JIb30BaTeNbCKOTO B3aMOZeicTBusi. B mporecce TecTrpoBaHusi BeO-TIPUIOXKEHUI yBenUueHHe
BO3MO)KHOCTH MHAWBH/YaJIbHON HaCTPOMKH COTIPOBOXK/A/I0OCH POCTOM KOTHHUTHBHOW HarpyskH, Torja Kak Oosee
JKeCTKO 3a/laHHble «TpaBUIa» OOecrieuriBaly ee CHIDKEHHE 3a CUeT MpeJCcKa3yeMOCTH W YMeHbLIeHHs 4Yuc/ia
albTepPHATUBHBIX pellleHUH. [Ipy 3ToOM Bo3/ieficTBHe KaCTOMH3alMY Ha TIOBe/[eHHe TI0/Tb30BaTeJIsl OTpe/iesisieTCsl He
TO/BKO ee 0O6BEMOM, HO M KOHTEKCTOM HCIIO/Mb30BaHUs. B Gosiee CIOXKHBIX M MPOJODKUTENBHBIX CLIEHAPUSIX
(BemeHMe TMPOEKTOB, COBMeCTHasi paboTa) MoJsib30BaTey 4Yallle TOTOBbI WHBECTUPOBATb YCH/IWSI B HACTPOWKY
CUCTeMBI, TOTAA Kak [JIs1 BBIMOJHEHUs MPOCTBIX 3a/iau (M71aHUpOBaHUe [Hsl, BeJileHHWe 3aMeTOK) MpeJouTeHue
OT/laeTcsl MUHUMa/bHON BapUaTUBHOCTU UHTepdelica.

OCo0eHHOCTH BOCTIPUATUS KAaCTOMU3MPYEeMbIX HHTeP(eiicoB

ITpotiecc B3auMoOZelCTBYS T10/I30BaTesIsl U UHTepdelica C BOSMOKHOCTBIO KaCTOMM3AL[UM 33a/lefiCTByeT
psig MeXaHu3MOB. K HUM OTHOCATCS: BHUMaHWe, BOCIIPUSTHE, IPUHSTHE pellieHnH 1 obyueHue. Bce 3To moBbIiaet
YPOBeHb KOTHUTUBHOW Harpy3Ky BO BpeMsl MCITO/Ib30BaHUs LIU(PPOBOTO MPOAYKTA.

[Tpu KOHTaKTe C KacTOMH3alMeli BHUMaHUe UejloBeKa OJHOBPEMEHHO HarpaB/ieHO Ha pasHble 3a/jauu:
M3MeHeHMe HacTpoeK I107, MHAUBU/Yya/lbHble TTIOTPeOHOCTH U U3yuyeHHe uHTepdelica nporpamMmbl. CrefCTBHEM
3TOTO SIB/ISIETCS] CHIDKEHUE KOHIIEHTPALMH M B HEKOTOPBIX C/Iyuasix IOJTHasl NOTepsi MHTepeca K JajbHelIeMy
0CBOeHHMI0. [laHHOe sIBJIeHHe Yallle BCero BO3HUKAET IPH NIePBOM B3aUMOZeHCTBHH C peCypCOM.

Bocnpustiie vHQOpPMaIu 3aBUCHT OT opmara oToOpakeHus1. [Tosib30BaTeIb MOXKET MOJCTPOUTH CPeay
noy;, cOOCTBEHHBIE TIPEANIOUTEeHHs], HO CYIIECTBYeT PUCK TIOTEPH JIOTHKW TPOAYKTa. TeM caMbIM KOTHUTHUBHAs
Harpy3ska CTaHeT BblIlle. [Ijis TOro, 4ToObl 3TO M30eXKaTh, BAYKHO HACTPAaWUBAaTh OTILIMU B Pa3yMHBIX TIpe/iesax.

3HauMTeNBLHYIO PO/b TAKXXe WIPAeT TMpOLeCC MPUHATHUS DPEIleHHH, OCHOBAHHBIM Ha BhIOOpE MeXIy
HEeCKOJIbKVMHU BapWaHTaMHu. VIHTe/IeKTyajqbHOe HamnpspkeHWe BO3pacTaeT, eC/ld CIHeKTP TpeJoCTaB/eHHON
BapMaTUBHOCTH JOCTAaTOUHO Be/UK.

[TpuHATHIO pellleHys IpeiiecTByeT oOyueHue, I7ie UeoBeKy IPUXOAUTCS He IPOCTO OCBauBaTh 6a30BbIi
(GyHKLMOHANI, HO M BHHKATh B JIOTMKY ajanTaluu cpefsl mof cebs. Ha [gaHHOM 3Tare mpH/IararTcs
JIOTIONTHUTENbHbIE YCUHSI.

B COBOKYITHOCTH BCe 3TH MPOL{eCChl HAaMpsIMYIO BJIMSIOT Ha YPOBEHb YMCTBEHHOM Harpysku. Ilostomy
TP CO3/IaHKH LIU(GPOBBIX MPOAYKTOB BaKHO 00paljath BHUMaHHe Ha BCE MyHKTHI.

3aBHMCHMMOCTH MEHTa/IbHOT0 HaNpsDKeHUsI 0T aflanTUBHOCTH HHTep(delica

M30bITOYHOE KOJIMUECTBO MHCTPYMEHTOB HACTPOWKM paciiupsieT CIeKTp BbIOOpa, 3acTaBiisis
TI0JIb30BaTeIsI COBEpLIATh MacCy BCIIOMOraTe/bHBIX ornepanuil. Ilogo6Has neperpykeHHOCTb MOYKET IIPUBECTH K
(bpycTpaLyy U TI0JTHOMY OTKa3y OT paboThI C MPOZLYKTOM.

O[iHaKO CTOUT TaKyKe YUMThIBaTh KOHTEKCT pUMeHeHus 1iidpoBoro npozaykra. Hanpumep, ec yesioBek
TUIaHUPYeT TI0JIb30BaThCsl KAKUM-JIOO TPUIOXKEHHEeM JJIs BBITIOTHEHHsI HeCIOXKHBIX KPAaTKOCPOUHBIX 3aJad, TO
W3/MIIHS  «TTOJAT/IMBOCTb» HWHTepdeiica MOXXeT BbI3BaThb /ONOJHUTENbHbIE TPYAHOCTH. A B Ciydae, ecid
T0J/Ib30BaTe b XOUEeT [JTUTEIbHO paboTaTh Hajl ueM-u00, To TIyboKas mepcoHamm3anus OyieT BOCTIPUHUMATHCS
KaK MHCTPYMEHT TOBbIIeHuUs 3PPeKTHBHOCTH.

Utak, MOXKHO CJieJlaTh BBIBOZ, UTO OOJIbIIOe KOJMUEeCTBO KaCTOMHU3UPYEMBIX 3/1EMEHTOB MOXKET CTaTh
VICTOYHMKOM MeHTa/IbHOTO JlaB/eHUsl Ha TI0/1b30BaTesIs, HO 3TO 3aBUCUT OT CJIOXKHOCTH BBITIO/THSIEMOH 3a/jauH.

Cea3b rudkoctu unTepdeiica u 3pdeKTHBHOCTH B3aMMO/IeliCTBUA

91



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

[TyHKTBI JaHHOTO WCC/Ie/JOBAaHUsI, KOTOpPbIE OIHCAHBI BBIIE, TOBOPST O /BOMCTBEHHOM XapakKTepe
BBICOKOTO YpOBHS Kactomusalvu. C OfHOM CTOpPOHBI, OHa TII03BOJIsIeT HacTpauBaTh WHTepGeic Mog
WHWBU/ya/IbHBIE TIPEZTIOUTEHNS], a C APYToi — yCIOXKHSIeT B3aUMO/iefiCTBYe U HeraTHBHO CKa3bIBAaeTCs Ha pOCTe
KOTHUTHBHOM Harpysku. JTO TOBOPUT O TOM, UTO Ba)KHO OTpeZeUTb IPaHULIbI «30JI0TOH Cepe/jHbI», B paMKax
KOTOpO ruOKOCTh UHTepdetica OyzieT moMorarh MoJib30BaTesto, a He TIPersTCTBOBATh.

BaskHo, uTO6BI 110 Mepe yCI0XKHEeHUsI CTPYKTYPBI TIPOAYKTA M POCTa TIPeA0CTaB/IsieMbIX PelIeHui pecype
0CTaBajICsl TpeicKa3yeMbIM. DTO BO3MOXKHO AOCTHYb, €C/IM KacToMM3anus OyzieT Mo3TarmHOH, u ecym OyneT
COXpaHAThCsT 6a3oBast JOrvKa MHTepdeiica npu 060M ypoBHe THOKOCTU. IIpy COOMIOAEHUM 3THX «IIPaBUI»
kKauecTBO UX OyzieT MOBBIIIATHCS, UTO MOMOKUTEIEHO CKaXXeTCst Ha 3 (eKTMBHOCTH B3aUMO/IeMCTBHS.

Takum o0Opa3oM, BapuMaTUBHOCTb WHTepdelica W ero Ipefcka3yeMOCTb [JOJDKHBI TapMOHHYHO
COCYIL|eCTBOBATh JIPYyT C PyroM. B TakoMm ciiydae KacToMu3aLys OyeT I0JI0KUTETBHO CKa3bIBaThbCs Ha YPOBHE
KOTHUTHBHOHN Harpy3Ku.

3ak/1oueHne

BeicoKasi crTermeHb KaCTOMH3allid MOXKeT BAMATH Ha 3(GQeKTUBHOCTb B3aUMOJEWCTBUS KaK B
TIOJIOKUTEIbHOM, TaK W B OTPUL[ATEIbHOM Kiode. B 3aBUCHMMOCTH OT KOHTEKCTa HCIIOB30BaHUS U
T0JIb30BaTe/IbCKOTO OMbITa, T'MOKOCTh HWHTepdeiica MOXKET MPUBOAUTH JUOO K TOBBIIIEHUIO KOTHUTHBHOW
Harpysky, A160 K yJIyulleHH 0 B3auMogedCTBYs. BaKHbIM (haKTOPOM I10JIOKUTEIHHOTO BAUSHUS KaCTOMHU3aLUN
SIB/ISIETCSl COXpaHeHHe Tpe/iCKa3yeMOCTH MHTepdelica B paMKaxX BbICOKOM BapUaTMBHOCTH HACTPOHKH. JTO
JIOCTUTaeTCs MO3TANHON KacTOMU3aliel U coxpaHeHreM 6a30BoM JIOTWKU pecypca.

[TpakTHyeckasi 3HaUMMOCTh 3aK/IH0UaeTCs] B BO3MOXKHOCTH IPUMeHeHHsI 0003HaUeHHBIX TOI0XKEHUH 0
rPaMOTHOM BHE/[PEHHH BBICOKOTO YPOBHS KACTOMH3ALIMH B TIPOL{eCCe TIPOeKTUPOBAHKS LIM(POBLIX ITPOJYKTOB.

B kauecTBe [JanbHeHINMX HCC/Ie[OBaHUM IjesiecoobpasHa OyzeT pa3paboTka peKOMeHAMi ISt
oTIpeZiesieHust OTITIMA/IbHOM CTeleH! KaCTOMH3aLuK UHTepgeicoB.

HayuyHbil  pykosooumesib: cmapwuli npenodasamesib Kaeopbl yughposbix U
aooumusHbIx mexHosoaul, CrasHukosa M.A.

Scientific supervisor: senior lecturer of the department of digital and additive
technologies Maria Aleksandrovna Slavnikova
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CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOMWIA 1 An3aiHa
191186, CaHkT-lMNeTepbypr, bonbliasa Mopckas, 18

MHTErPALVA HENPOCETEBbIX MHCTPYMEHTOB B MPOLECC 2D-FPA®UYECKOIro
AN3ANHA KOMMNBIOTEPHbIX UTP: METO/bl, ABTOMATU3ALUA N AOPABOTKA Al-
KOHTEHTA

© M.A. 3oToBa, 2026

B cmambe uccnedyemcsl enusiHue 2eHepamugHO20 UCKYCCMBEHHO20 UHMe/eKma Ha npoyecc co3danus 2D-
epacuxu 015 komnblomepHbix uep. ITpogedeH aHanuU3 akmMydaabHbIX Helipocemesbix Molesell, makux kak Stable
Diffusion, Nano Banana u nepedoeoii apxumekmypbl Nano Banana 2. HayuHas Hogu3Ha pabombl 3ak1ouaemcs 8
¢opmanuzayuu HO8020 NpouU3BOOCMBEHHO20 nalinadiiHa, uHmezpupyroujezo Hellpocemu HA 8cex 3mandax: om
KoHyenmyaauzayuu 0o ¢QuHaibHoll dopabomku accemos. CpagHugaemcs KAaccuuecKuill u npeonoHCceHHbIl
natinaalivbl, oyeHusaemcsi 3¢gexkmugHocmb 6HeOpeHuss Al-UHCmpymeHmo8, a makdce aHAAU3UPYIOMCSA
conymcmeyioujue mexHudeckue u Xyo0odcecmeaeHHble npobembl.

KnroueBble cjioBa: HeiipoceTeBble WHCTPyMeHTHI, 2D-rpadmka, WrpoBOM acceT, reHepaTHBHbIE MOZEJH,
rUOpUHBIN MakiniaiiH, nocrobpaborka Al-KOHTeHTa, aBTOMaTH3alus, prompt engineering, Nano Banana 2,
Stable Diffusion.

M.A. Zotova

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

INTEGRATION OF NEURAL NETWORK TOOLS INTO THE PROCESS OF 2D GRAPHIC DESIGN
OF COMPUTER GAMES: METHODS, AUTOMATION AND REFINEMENT OF Al CONTENT

The article examines the influence of generative artificial intelligence on the process of creating 2D graphics for
computer games. The analysis of current neural network models such as Stable Diffusion, Nano Banana and the
advanced Nano Banana 2 architecture is carried out. The scientific novelty of the work lies in the formalization of
a new production pipeline that integrates neural networks at all stages: from conceptualization to the final
refinement of assets. The classical and proposed pipelines are compared, the effectiveness of the implementation of
Al tools is evaluated, and related technical and artistic problems are analyzed.

Keywords: neural network tools, 2D graphics, game assets, generative models, hybrid pipeline, post-processing of
AI content, automation, prompt engineering, Nano Banana 2, Stable Diffusion.

BBepenue

Pa3BuTHe COBpeMEeHHOI BHEOWUTPOBON MHIYCTPUM HAIPSMYIO 3aBUCHT OT CKOPOCTH TPOW3BOACTBA
KaueCTBeHHOT0 BHU3ya/lbHOr0 KOHTeHTa. MaciTabbl MUPOBOTO PBIHKA AUKTYIOT He0OXOMMOCTE HEeMPephIBHOTO
TIOMCKa HOBBIX ITyTeld ONTHUMH3alMKd pecypcoB. ['eHepaTWMBHBIE CeTH MPOLUIMA 3Tall SKCIepUMEeHTaTbHBIX
pa3paboTok. B WHIYCTPHUM KOMIBIOTEPHBIX WIDP JlaHHbIe TeXHOJOTMM WHTeTPUPYIOTCS B TPOMBIIIEHHbIE
MalTyIalHbl, JOCTUras CTa[ud, KOTOPYIO B LMK/ 3DEeJIOCTH TEXHOJIOTHH TMPUHATO 0003HAauaTh KaK «IJIaTo
NIPOAYKTUBHOCTH».

BHeZpeHHe MeTO[OB HCKYCCTBEHHOIO UWHTe//IeKTa B TIporecchl 2D-zusaliHa TpaHC(OpPMHUpYeT
CTIOKUBIIIMECS] TIPOW3BOZCTBEHHbIE TPAKTUKU. JIWHeliHble mMalrialiHbl, XapaKTepHU3YIOIIecsi BbICOKOM
PeCcypCcoeMKOCTBIO U 3HAUMTebHBIMH BPEMEHHBIMU 3aTpaTaMH, 3aMeLlaloTcs JUHaMUYeCKUMH MoAxofAamu. B
paMKax TIOC/IeJHUX aJrOPUTMBI NMPUHMAMAIOT Ha cebs (YHKUWM TNepBHYHON KOHLENTyar3alyy, reHepaLyn
TEKCTYp U CO3/jaHusi ApaToBbiX n30bpaxenuii. OfHako (pparMeHTapHOEe UCIO/Ib30BAHUE OT/IENbHBIX MOJE/eH,
Takux Kak Stable Diffusion wiu Nano Banana 2, He obecrieudBaeT BOCIIPOM3BOAUMOCTH pe3yjbTara. st
COXpaHeHUsi KOHTPOJIsL HaJl UTOTOBBIM XY/I0’)KECTBEHHBIM KaueCTBOM BO3HMKAET HEOOXOJUMOCTb BbICTPAUBAHUS
rubpyAHBIX pabouMx IIPOLIeCCOB C HX Mociaefyrolield crporoi dopmanusanyeid. [JaHHoe HcciieoBaHHe
NPOAMKTOBAHO OCTPBIM 3allpOCOM HHAYCTPHUM Ha yjellleBleHWe U YCKOpeHWe Ipou3BofcTBa 2D-rpaduku.
ITozo6Hasi TOTPeOHOCT OJIHAKOBO CHU/IbHA KK Y He3aBUCHUMBIX MH/IU-KOMaH/, TaK M Y KPYTTHBIX UTPOKOB PhIHKA.
CoBpemeHHbIe apxuTeKTyphl, B dacTHOcTM Nano Banana 2 (Gemini 3 Flash Image), gemoHcTpupyroT
BIEYaT/ISIOLIYI0 00beKTHYI0 KOHCUCTEHTHOCTh U BHICOKYIO CTeTleHb JieTan3aluu. 3aleliCTBys 3TOT OTeHLUa,
KOMaH/IbI pa3paboTurKoB criocoOHbl Ha 40% u 6oee COKpaTUThL BpeMsi CO3/1aHHsT Ha30BBIX TEKCTYP U KOHIIENTOB.
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3a/iauy ¥ccieI0BaHus:

1. IIpoBecTn KpWUTUYeCKUH 0030pD TEOPETHUECKHX OCHOB U apXUTEKTYPHBIX 0coOeHHOCTel
coBpeMeHHBIX Heiipocetell (guddy3roHHble Mogenu, GAN, My/nbTUMOZAIbHbIE CUCTEMBI), TIPUMEHSEMBIX B
rpaduueckoM Au3aiiHe.

2. TIpoaHanu3upoBaTh CTAHAAPTHBIN MakrIaiH pa3paboTku 2D-rpaduKu U UIeHTUPUIIUPOBATh ITallbI,
HanbOosiee OJarOTIpUATHBIE A/ BHEJPEHUS HeWPOCETeBBIX alrOPUTMOB (KOHLIENT-apT, TeKCTYPHpPOBaHHe,
JIOKa/IM3arys).

3. PaspaboTath 1 popmManu30BaTh aBTOPCKUM TMOPUIHBIN MalTIaliH, UHTErPUPYIOIUNA HHCTPYMEHTHI
cemeiictBa Nano Banana u Stable Diffusion Ha pa3HbIX cTafusiX IPOEKTHUPOBAHUSI.

4. TlpoBecTu CpaBHUTeNbHbIM aHaau3 3(GeKTUBHOCTH TPaAWULMOHHOIO U  CIPOEKTUPOBAHHOIO
NallfiaiiHoB MO KpUTepUsM BpeMeHHBbIX 3aTpaT, BapUaTMBHOCTM KOHTeHTa M KauecTBa (DMHaIbHOU
nocTobpaboTKU.

5. BbisBUTH K/IOUeBble MPOOAeMbl M OrpaHUueHus Tpu uHTerpauuu MW B pabouwmii mpotiecc
(apredakTbl, BOMPOCHI aBTOPCKOrO IpaBa, HeOOXOAMMOCTb PYUHOW [OpabOTKH) W TPeJIOKUTh METObl UX
MHHHAMH3aLUH.

AHa/M3 aKTya/IbHBIX HelpoceTeBbIX HHCTPYMEHTOB

BHe/ipeHre anropuTMOB MalIMHHOTO O0y4yeHWs B TaWruiaiiH mpousBogcTBa 2D-rpaduku TpebyeT
TIL{aTe/IbHOr0 0T00pa MHCTPYMEHTOB, TaK KakK KaueCTBO 'eHepHpyeMOro KOHTeHTa U CTelleHb KOHTPOJIS HaJ, HUM
HaIpsIMyI0 3aBUCAT OT apXUTEKTYphbl UCII0/b3yeMol HelpoceTu. [lyisi uHTerpauuu B pabouuii nporecc 6binu
NIpOaHa/NM3UpOBaHbl TPU TeHepaTUBHble MOJe/Y, TIpeJCTaB/siolide pas3/iMuHble IOAXOAbI K CHHTE3Y
nsobpaxeHuii: Stable Diffusion, Nano Banana 1 nepezoBasi apxutektypa Nano Banana 2.

Stable Diffusion. Apxutekrypa Stable Diffusion ¢yHkimonupyer Ha 6a3e ckpbiTod uddy3U0HHOH
mogenu (Latent Diffusion Model, LDM) c OTKPBITBIM UCXOIHBIM KOZIoM. KiTFoueBoe oT/murie JaHHON CUCTEMBI OT
TIPOTIPUETAPHBIX KOMMEePUeCKHUX aHajl0roB 3aK/I0uaeTcsi B TiepeHoce MPOLecCOB reHepaljiy B C’KaToe CKPBIToe
npocrpadcTBo (latent space). ITomoOHBI MeTOZ, ONTMMM3ALMM CYIIECTBEHHO COKpAIllaeT BBIUMCIUTEbHbIE
W3/IeP>)KKH, TapaHTHUpPys IIPM 3TOM COXpaHeHWe BBbICOKOH CTeleH{ [eTajau3alldd UTOrOBOrO H300pakeHUs.
Wnrerpauus Stable Diffusion B mporjeccs! pa3paboTKy BUEOUTP MPOJUKTOBAHA CTPYKTYPHOM MOAYJIBHOCTBIO
cucteMbl. [IpyMeHeHMe cllellMa/jM3MpOBaHHbIX HelMpoceTeBbIX paciivpeHud, B uactHoctH ControlNet,
obecrieurBaeT NMPOGUIBHEIM CIeLManicTaM CTPOTUi KOHTPOJIb HaZ, KOMIIO3HL{Hel 1oCpe/CTBOM aHaM3a KapT
riy6ounsl (Depth maps), konTypoB (Canny edges) u ckenetHo# aHuMaruu (OpenPose).

CobnroieHre  TOUHBIX TabapUTOB W 3aJaHHOW MEpPCIeKTHBBI (HAarpUMep, W30METPUM) BBICTYTAeT
KpPUTUUYECKUM TpeOoBaHWeM mpu TipoekTupoBanuu 2D acceTos [1]. Kpome Toro, TexHonorus LoRA (Low-Rank
Adaptation) Mo3BOJISIET CTYAMSIM [000OyYaTh MOJE/Nb Ha COOCTBEHHBIX apTaX, A0OHMBasCh TaKUM 06pa3oM
CTUTUCTUYECKONW KOHCUCTEHTHOCTH.

I'naBHBIM HeIOCTaTKOM M C/lepKHMBaroluM (aKTOpOM LLIMPOKOT0 BHeJpeHHs! BBICTYyIIaeT BbICOKUH TIOpor
BXOJK/|eHHUsI ¥ He0OXOMMOCTh B MOILHBIX JIOKa/IbHBIX BHIUMCIUTENBHBIX pecypcax [2].

Nano Banana. ApxuTeKkTypa NpeJblAyILero IMOKOJeHHs, MMPOEKTHPOBAINCh IPEUMYIIIeCTBEHHO [
BBICOKOCKOPOCTHOW 00paboTKu 3ampocoB ¢opmaTta text-to-image. B paMkax mnaifriaifHOB HeOOBIINX WHAU-
CTyquii OHa YaCTO TIPUMEHs/IaCb Ha PpaHHUX 2JTamax: [yl ONepaTHBHON TeHepaluy ujel, moabopa
KOJIODUCTMUECKUX TamuTp W (opmupoBanus MyZabopAoB. Beicokas ckopocTh 06pabOTKM — JAaHHBIX
HUBE/IMPOBa/iaCb HECTIOCOOHOCTbIO ODWUTMHA/NBHOM MOZIed  KOPPEeKTHO WHTepIpPeTHPOBaTh — CJIOXKHBINA
MIPOCTPaHCTBEHHbI  KOHTeKCT. CucTeMa cHUCTeMaTH4yeCKM WTCHOpPUpOBala KOMIUIEKCHblE — TeKCTOBBIe
crequ@UKalMM U He pacrionarana (pyHKLMOHAJOM [l JIOKaJbHOTO peJaKTUPOBaHMsl CreHepHUpOBaHHbIX
obsacTell. YKa3aHHble TeXHHUECKHe OrpaHHuYeHHs] WCKI/IIUYaJd BO3MOKHOCTb IIPUMEHeHHsl ajrOpuTMa Ajis
¢uHanmbHOTO peHZiepuHra rpaguueckux pecypcoB. K HacTosiiieMy MOMEHTY IIPOM3BO/CTBEHHBIN CEKTOp
TIPaKTHYeCKH TTOJTHOCTHIO UCKJTFOUMI JaHHBIA MHCTPYMEHT U3 aKTMBHOT'O MCITIO/Ib30BaHUsI.

Nano Banana 2, (odpunuanbHasi TexHuueckasi HoMeHK1atypa — Gemini 3 Flash Image) npezacraBnsiet
coboli Mogienb ypoBHst state-of-the-art. BHegpeHWe OOHOBIEHHON apXUTEKTYpbl pelnaeT (yHAaMEHTaTbHYIO
npobyieMy TreHepaTHMBHOrO /W3aiiHa, CBSI3aHHYH0 C (parMeHTapHOCTBIO paboumx >TaroB. VIHTerpupoBaHHas
ri1yboKasi My/bTUMOZa/IbBHOCTb TPAaHC(OPMUPYET MPOLIeCChl IePBUYHON reHepaLiiy 1 [0C/Ie/[YIOIEro TOYeYHOT 0
peJlakTUpOBaHUsI rpaUKy B eIHbII HellpepbIBHbIN TeXHOIOTMUECKUN LUK/

Jns 2D-xy,0’KHUKOB KOMITbIoTepHbIX Urp Nano Banana 2 npesyiaraet Tpy KpUTUUeCKU BaXKHBIX PeXKUMa
paboThI:

1. Text-to-image: ['eHepalysi BBICOKOTOUHBIX KOHLIENITOB C TIJIyOOKMM TIOHMMaHMEM CeMaHTHKH
3ampoca.

2. Image+text-to-image (Inpainting/Editing): HamnpaBneHHoe peJakTHpoBaHWe. XYIOXKHHUK MOXKET
BBIJIEJIUTh 37IeMeHT OPOHU MepCOHa)ka W TeKCTOM TOTMIPOCHTh HelipOCeTh U3MEeHWTh ero Au3aiiH, He 3aTparvBasi
OCTa/IbHOM CIIpauT.

3. Multi-image-to-image (Kommno3sunus u Style Transfer): Haubosee 3HaurMasi pyHKUUS [71s1 reliM/ieBa.
Mopgenb cnocobHa aHanMM3UPOBAaTh HECKOJBKO HUCXOAHBIX M300pakeHuH, 0e30mMO0YHO  TiepeHoCs
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XY/I0’KEeCTBEHHbIHN CTHJIB (style transfer) c aTanoHHOr0 acceta Urpbl Ha HOBBIM YePHOBOI HABPOCOK. ITO MO3BOJISIET
CTYUsM TO/JeP)KHUBaTh CTPOTYI0 CTH/IMCTUUYECKYI0 KOHCUCTEHTHOCThL 6e3 CI0)KHOW HacTPOMKU y3/10B (HOJOB),

Kak 310 Tpebyetcs B Stable Diffusion.
[nst obocHoBaHUsS BbIOOpa KOHKDETHBIX WHCTPYMEHTOB Ha pa3IMYHBIX STanax IpeZsioKeHHOTOo
nainiaiiHa OBl IPOBeieH CPaBHUTENbHBIN aHa/IM3 MX XapaKTepUCTHK (Tabiuia 1).

Tab6sva 1. CpaBHUTE/BHBIN aHAIW3 aKTya/lbHBIX TeHePaTUBHBIX Mogernei ams 2D-rpaduku

Kputepuii orjeHKH

Stable Diffusion

Nano Banana

Nano Banana 2 (Gemini 3
Flash Image)

Latent Diffusion Model (Open

Text-to-Image

State-of-the-art

ApxurekTypa reHepaTo
P yp Source) batop MY/IbTUMO/Ia/IbHast MOZe/b
(Legacy)
xt2img, img2img, inpain . 2img, image+text-to-im
PexxuMbl paboThI txteimg, img~img, inpaint, txt2img txt2img, Image-riext-to-lmage,
ControlNet multi-image-to-image
Huzkuit Bricokuii (uepe3
YpoBeHb KOHTPOJIS .
EOMETDHMN Ab6comoThbii (uepe3 ControlNet) (panzomHas CeMaHTHUeCKoe ITIOHMMaHue U
P reHeparusi) inpainting)
CoxpaHeHue Tpebyet noobyuenus (LORA, ITpakTHuecku HaruBHas nozpgepskka Style
CTUTMCTUKY TIPOEKTA Dreambooth) HEBO3MOXHO Transfer u Kommo3uLyu

Posnb B naiiniaiine
relimMieBa

TCeneparius 6a30Bbix hopm
(ymatiH-apr), cTporuit

BricTprIit monck
uzed, My06op/sl

Style transfer, HarpaBIeHHBIN
peHjiep, peflakTHpOBaHKe

M30MeTpUUeCKU peH/jiep JeTaneu

Huskuii / Cpepuuii (Tpebyet

OueHb BbICOKUH (TpebyeT 3HaHMs
HaBBIKOB TIPOMIIT-

o Huzkuit
HOJIO0BOM JIOTWIKH)

[Topor BxoxzeHus

VH)X{HUPYHTA)
BeruucnurenbHble Beicokue (MoriiHbie jokabHble | Huskue (06aunbie | Huskue (MolHbie 06/1auHbIe
TpeboBaHUsS GPU) BBIUMC/IEHUS]) BBIUMC/IEHUS])

TpaHcdopManusa cTaHapTHOrO NaIaiiHa pa3padorku 2D-rpadguku

TpaguLvoHHbIM Tporjecc co3zanusi 2D-acceToB (repcoHaXkel, 3/1eMEHTOB OKpY)KeHHUsl, UHTep(eiicoB)
nipeJiCTaB/isieT CO00M JIMHEeHHYI0 U pecypCOeMKYHO0 TMOC/ie/joBaTe/lbHOCTh AeiicTBrid. CTaHAApTHBINA MairiiaiiH
BKJTFOUAeT 3Tarbl cbopa pedepeHCoB, UepHOBOTO CKETUMHTA, CO3/IaHMsl JIaliH-apTa (UMCTOBOrO KOHTYpA), 3a/IMBKU
0a30BbIMH LIBETAaMH M [JINTENHHOIO JeTalH3UPOBAHHOIO peHZepa (paboTa co CBeTOM, TeHbI0 U (haKTypoH
Matepuasos) [3]. BHespeHHe HelfpoceTell TI03BOJISIET aBTOMAaTU3HUPOBATh OT/e/bHBIe TIPOLIeCCH! Pa3paboTKu U
130aBUTH XY/I0’KHUKOB OT YTOMHUTE/IbHBIX 3/IEMEHTOB UTPOBOTO /IU3aifHa.

BHegpsis HelipoceTH B TMpOLIeCC CO37laHMSI KOMITBIOTEPHBIX WIP, MOXKHO IlepefiaTb HEeKOTOpble
pecypcos3arpaTHble 3afiau VM. VIHTerparysi reHepaTHMBHOTO HCKYCCTBEHHOT'O HHTe/IEKTa KapMHAIbHO
TpaHchoOpMHUpYeT caMy TapafiurMy Hpou3BofcTBa. Ponb 2D-XyA0XKHHKA CMeIlaeTcss C MeXaHW4eCKOro
WICTIOJIHEHUSI Ha apT-JUpeKlilieH, ITPOMIT-UHXUHUPHUHT U CeleKLMI0 HaWIyuIldX BapuaHToB. Kak oTmeuaercs B
COBPEMEHHBIX HCC/Ie/JOBAaHUSAX, HeHpOoCceTh CrocobHa CTaTb KPEATHMBHBIM W WHTE/IEKTYajbHbIM TMapTHEPOM
YUaCTHUKOB pa3paboTKM BUEOWTPHI, obecreurBas TeHepalui0 BAPUAHTOB pelleHUd U 3(deKTrBHOe
B3aUMo/ieficTBYe Pa3pabOTUHKOB.

Hanbosiee pe3y/bTaTHBHOE HCIIONB30BAHME MOAOOHON TEXHONIOTMM MOXKHO HaOJIIOJaTh Ha CTafuu
Co3ZaHusl KOHLenToB. B Tabymie 2 mpejcTaB/ieHO CpaBHEHMe TPaJMLMOHHOTO MOAXOja C IpeZJiaraeMbIM
nainyIafHoM, HHTET PUPYIOIM aKTya/bHble HelpoceTeBble pellleHus].

Tabnuia 2. CpaBHUTE/BHBINM aHAIN3 NaWTIAalHOB co3/jaHus 2D-acceTa

Sram CraHAapTHBIN NainiaiH MNuTerpupoBansbii Al-naiin/iaita
(Knaccuueckmit) (ITpea/io)KeHHBIH)
Viest u Mva6o Pyunoii cb6op pedepercos (Pinterest, | ITpomntunr B Nano Banana 2 fis 6bicTpoi
A yAOOPA ArtStation). CocTaByieHre KOJJIaKei reHepalyy AeCsSITKOB Bapualuii e
Ucnone3oBanue Stable Diffusion (txt2img) nmm
Konuenryanusauus OtpucoBka 5-10 yepHOBBIX CHUTY3TOB
. Nano Banana 2 j/1s1 reHepaliviy KOHLIENT-apTOB
(CkeTuuHr) U CKeTuyel BPYUHYIO
Ha OCHOBe OOIIIero OMUCaHus
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IMpogomkeHue TabauLbl 2

Maiiu-apr u Pyunasi 00BO/IKa YTBEP>KAE€HHOTO HNcnonb3oBanue ControlNet B Stable Diffusion s

~ CKeTua, 3a/IMBKa 0a30BBIMU coxpaHeHMs1 HOpPMbI TIPH aBTOMaTHUeCKO 3a/1BKe
0a30BbIi 1[BET
L{BETaMH L{BETOM
Vcnionb3oBaHKe (yHKIMY NepeHoca CTUs B Nano
Penpep (Caer, JnutenbHas pydHasi IpOPUCOBKA
o Banana 2 Ha 0CHOBe TOTOBBIX aCCETOB UTPbI [JIs1
TeHb, 00BeM) MaTepuasoB, TeHel, OIMKOB

aBTOMaTHUeCKOTr0 peHzepa

@uHanbHas LIBeTOKOPPEKLS,
UCITIpaB/ieHNe MeNKHX OIHO0K
BPYUYHYIO

Pyunas nopabotka apredakros VU, ucripasneHue
aHaTOMMH, NO/[TOHKA 110/ CETKY JBIIKKA

ITonvpoBka u
nopaboTka

IIpoekTHpOBaHKe HHTEerPpUPOBaHHOr0 Al-maiin/iaiiHa

[ns peiieHust 1po0sieMbl pPa3pO3HEHHOCTHM WHCTPYMEHTOB B paMKax [JaHHOTO MCC/Ie[JOBaHUS
CMPOEKTHPOBaH U (hopMaM30BaH KOMIUIEKCHbIN Al-naiiniaiiH. DTOT MOAX0/ CrI0COOCTBYET TOUHOMY U MOJTHOMY
BOCCO3/]JaHHI0 3aMbIC/ia relimMju3aiiHepa 0sarojiaps KOHI|ENTaM HeMpoceTel, CBOAS K MUHUMYMY DHUCK
CyOBeKTHUBHON TeXHUYeCKoi WHTeprpeTald. Pa3paboTaHHbINA MairiaiiH Ga3svpyeTcs Ha CHHEPrUM Mogesiel
Stable Diffusion u Nano Banana 2 (Gemini 3 Flash Image). VIHTerpupoBaHHble apXUTEKTYpPhl He AyOIUPYIOT
(YHKLMM APYT ApYTa, a PeIaroT CTPOTo Orpe/ie/ieHHbIe 33/jaull B 30He CBOel MaKCMManbHON 3¢ eKTHBHOCTH.

[Tpe/o>KeHHBIN MalTIaifiH COCTOWT M3 YeThIpeX K/IF0UeBbIX ITArloB:

Jtan 1 — ¢opmupoBaHre KOHLeNuu ¢ moMolsio Nano Banana 2. Ha faHHoM sTamne ¢opmupyetcs
oflljee TEKCTOBOEe oOnucaHue 3afiaud. I'MOpujHble BO3MOKHOCTM apXUTeKTypbl Nano Banana 2 mo3BoJsitoT
reHepypoBaTh HECKOJIBKO H300pakeHWH Ha OCHOBe IEPBMYHOIO MPOMTa. JTOT IOAXOZ I03BOJISieT ObICTPO
TIPOBEPUTL MHO>KECTBO KOMITO3ULIMOHHEBIX ¥ [IBETOBBIX PellleHHi 6e3 CyIleCTBeHHBIX TPOU3BO/ICTBEHHBIX 3aTpar.

Otan 2 — KoHTpO/b Teomerpun B Stable Diffusion. Korza onpezenena o6iasi KOHLEMNLHsl, YUepPHOBOU
CKeTY MepeHOCUTCS B MOJIeNTb, U la/ibHekIIas paboTa Befétcs ¢ MmozysieM ControlNet. TaHHBINA MOZYJTb TO3BOJISIET
obecrieunTb COOJIO/IEHHEe TEeXHMUYECKUX TpeOOBaHWM [BIKKA, W30pPaHHOW WM30METPUYECKOW TMPOEKUUU U
MOJyJIbHOM ceTKU. [To/yueHHBIN B MepBOM 3Tarle YepHOBOM CKeT4Y OrpaHMuYMBaeT HeHpOCeTh U 3acCTaB/sieT eé
reHepyUpoBaTh N300pa)keHNs B 33/JaHHbIX [PaHUIIaX.

Otan 3 — Crunu3anus 1 pabota ¢ Mateprasamu B Nano Banana 2. Ha 3Tom 3Tane npuMeHsieTcst QyHKLWS
multi-image-to-image. B Mo/ie/ib TOArpYy»KatOT CreHepUpPOBaHHbIN Ha MPOIILJZIOM 3Tarle JopaboTaHHbIM UePHOBUK U
HabOp acceTOB 3TajJIOHHOro KadectBa (pedepeHCHl Ha CTW/Ib W KauecTBO peHZepa), U MOJesb OCYLeCTBIIseT
nepeHoC CTUsA, GOpMUPYs TeM caMbIM Ipe/ihUHAaIbHBINA peHgep.

Otan 4 — Pyunoii overpaint. Ha JjaHHOM 3Tarie mpoUCXOAUT pyuHast IopaboTKa acceTa CrieluaarucToOM,
WCTIPAB/ISIIOTCST  THITUYHBIE HeMpOHHbIe apTedakTbl (YaCTHLBI, WCKa)KeHWsI aHaTOMHHM) U OCYILeCTBIISIeTCS
JIeKOMIIO3ULIMS: acCeT Hape3aeTcss Ha HeoOXOJ¥Mble CJIOW /s TIOATOTOBKA K aHMMalMu W AJist yAoOCTBa
Ja/bHelIIero reperncrob30BaHus acceTa B apT-KOMaH/le.

CpaBHeHue 3(¢eKTHBHOCTH U aHA/IN3 P00JIEM

BHespenuie paspabortaHHoro Al-maiiruiaiiHa JaeT TPUPOCT TPOU3BOAWUTENBHOCTH. IIpakThUecKue
9KCIIePUMEeHTh! T10Ka3bIBalOT: IPUMeHEeHHe TeHepaTHBHBIX MoOjesiell coKpalllaeT BpeMs, 3aTpauvdBaeMoe Ha
nipe/iBapuUTe/IbHBIe CTafuK pa3paboTku, Ha 40%. HTerpauus HelpoceTeld B MPOLIECC CO3[aHUsI BHEOUTPOBBIX
TiepCcoHakKel aBTOMaTU3UPYeT OT/Ie/TbHBIE 3Tallbl, CHUXKast TPY103aTpaThl U BEICBOOOXKIasi peCypChl.

B Tabnuiie 3 mpuBeAeHO CpaBHEHHE YCPeJHEHHBIX BPEMEHHBIX 3aTpaT Ha pa3paboTKy ciokHoro 2D-
acceTa KJaCCMUeCKUM MeTOJ0M U C IpMMeHeHUeM MpeJiokeHHoro Al-naiiniaiiHa.

Tabnuna 3. CpaBHuTebHAs 3 (HEKTUBHOCTH 3TANOB MakmiaiHa (B yacax)

Knaccnueckmii | ViHTerpupoBaHHbii Al-
JTan pa3paboTku N - - - H3meHeHNe BpeMeHH
naunIang naunIang

C6op pedepeHCOB U TTOUCK UEN 4-6 yacoB 1-2 yaca CuHwkenue Ha 70%
CKETuwHT 1 MoCTpoeHHe 6-8 uacos 2-3 yaca CHmwxeHue Ha 64.3%
reoMeTpuu
ba3osbIid LBeT u . 12-16 yacoB 3-4 yaca CHmxeHue Ha 75%
JleTaIM3UPOBaHHbIN peHJiep
EI%CI:_O(SpaﬁOTKa 1 HapesKa Ha 2-4 yaca 6-8 yacos YBenuuenue Ha 133.3%
NUTOI'O: 24-34 gaca 12-17 yacoB CHmwxenne Ha 50%
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JaHHble TabMUIBI JeMOHCTPUPYIOT C/ABWT TIaPaJrMbl: BPEMsSI SKOHOMUTCS Ha PYTHMHHOM peHZiepe |
niorcke ¢opM, HO 3aTpaThl Ha (PMHAIBHYIO J0paboTKy 3HAUMTe/IBHO Bo3pacTatoT. Takum o6pasom, BHepeHne N1
B [aliTu1aiiH COKpaljaeT AIUTe bHbIH IpoLiecc pa3paboTKy [0 HeCKOMBKUX YacoB IeHepaliy, UTo JefaeT 0Tpac/b
JOCTYITHOM /7151 GoJbliero uncia coszaresieil 2D KOHTeHTa [ijisi KOMITbIOTEPHBIX UT.

Tem He MeHee, BHeZpeHHe HeMpoceTell CBsi3aHO C CyIeCTBeHHbIMM OrpaHHueHMssMH. B Xxoge
WCC/Ie/I0BaHMS BBISIBIIEH Psifi TEXHMUYECKUX U METOJ0/IOTMIeCKUX TIPobieM.

KauecTBo reHepUpyeMoro KOHTeHTAa HarpsIMy0 3aBUCHUT OT UCXO/HBIX JaHHBIX: HETOUHOCTH B 00yUYeHHN
MO/IesIM TIPUBOJAT K apTedakram. HelipoceTH UacTo reHepypyOT HeJIOTHYHYIO TOTIOJIOTHIO (JIMIITHKE 37IEMeHTHI,
aCMMMeTPHIO, UCKa)KeHHsI aHaTOMUN).

[ns oOyueHust Mogeneil TpeGyrOTCsl BBICOKHE BBIYMC/IMTE/bHbIE MOIIHOCTH. Hampumep, j0KaabHbBIHA
3anyck Stable Diffusion ¢ mogynsamu ControlNet TpebyeT [0pOroCTOSIIMX BUAEOKAPT C OOMBIIUM 00beMOM
VRAM.

Taxke asisi coBpeMeHHbIX 2D-Urp rpadrika aHUIMUPYeTCsI CKelleTHBIM MeTOo/JoM (HarmprMep, B Spine 2D).
WU reHepupyeT «CIUTOE» TIJIOCKOe H300pakeHue. Pa3zienieHure acceTa Ha He3aBUCHUMBIE CJIOM U PyYHasi JOPUCOBKA
«CJIeNbIX 30H», NMEepPeKpbIThIX JPYTMMHU 3/7eMeHTaMH, OCTarTCS WCK/IOUYMTeNbHO py4YHOW 3ajauvei. IlonHas
aBTOMaTH3alys JaHHOIO 3Tarna Ha TeKyLUid MOMeHT HeIoCTKUMa.

3ak/royeHue

B npoBesieHHOM Hccie[jloBaHUM pa3paboTaH M (opmann30BaH UHTETPUPOBAHHBIN MalIIaliH co3JaHus
2D-rpaduku [/ KOMITBIOTEPHBIX U Ha 0a3e HelipoceTeBbix Mogeneli Stable Diffusion u Nano Banana 2. TTpoekT
CITY’KAT UHCTPYMEHTOM [/151 KOMITIEKCHOM ONTHMH3alliH ITpoLiecca pa3paboTKY BU3YaIbHBIX aCCETOB, C aKL|EHTOM
Ha aBTOMAaTH3allMI0 PYTHHHBIX 3a/la4 PeH/leprHra U TIoMCcKa Uzjel.

B xope vccienoBanus ObUTH pelieHbl Cie[yIOLHe 3ajauu:

1. TIpoBezeH 0630p aKTya/lbHBIX FeHEPATHBHBIX MO/ UCKYCCTBEHHOTO WHTEJIEKTa, pACCMOTPEHBI
WX apXUTeKTypHble 0COOeHHOCTH U Criel{u(rKa MpIMeHeHusI B COBDEMEHHOM WI'POBOM JiM3aiiHe.

2. OmnpefesieHbl TIOAXOABI K TpaHCPOPMAIMM KJIaCCHUECKOTO TIPOM3BO/ICTBEHHOTO KOHBelepa
uHTerpauuy Al-MHCTPYMEHTOB Ha Pas/IMuHbIX CTaAWsIX pabOThI XyJOXKHUKA.

3. PaspaboraHa apxuTeKTypa MHTeTPUPOBaHHOIO MaiiIiaiiHa, B KOTOPOi HepOCeTH 10C/Ie/[0BaTeIEHO
TIPUMEHSIFOTCS /i1 KOHL|eNTyany3aljiy, CTPOroro KOHTPOJIsSi TeOMeTpUM M aBTOMaTHMUecKoro IepeHoca CTHIIS
(style transfer).

4. TlpowsBeneHa oueHKa 3(¢eKTUBHOCTH pa3paboTaHHOrO pelleHHs (TIPOJEMOHCTPHUPOBAHO
JBYKpaTHOe YCKOpeHHe IIDOM3BO/CTBA), a TakKKe OINUCAHbl TeXHUYeCKHe OrpaHWYeHUs U TepCreKTHUBbI
UCI0/b30BaHust U B CTYMsIX Pa3/IMUHOro Maciiraba.

TakuM 00pa3oM, TpeJIOKEeHHBIN MalIuIaliH CIY)KUT aHA/JIUTHUECKOW W TPAaKTUUECKOW OCHOBOMW /IS
JanbHeHIIuX UCC/Iej0BaHUM U pa3pabOTKH MeTOAMK BHeJpeHHs] MCKYCCTBEHHOTO WHTeN/IeKTa B reiimzen. OH
pacKpbIBaeT KakK TeXHOJIOTMUECKHe, TaK U XYZ0)KeCTBeHHO-MeTO/|0JI0THYeCcKre BO3MOXKHOCTH TeHepaTHUBHBIX
ceTell py co3aHuU U ZiopaboTke 2D-KOHTEHTa B COBPEMEHHOW UTPOBOM MH/YCTPUH.

Hay4Hbili pykosodumersib: JjoyeHm kaghedpbl yughposbix U adoumusHbIX mexHosio2ull
Creryritf, kaHoudam mexHuU4eckux Hayk SkyHudesa E.H.

Scientific supervisor: Associate Professor of the Department of Digital and Additive
Technologies of St. Petersburg State University of Industrial Technologies and Design, Candidate of
Technical Sciences Yakunicheva E.N.
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CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOMWIA 1 An3aiHa
191186, CaHkT-lMNeTepbypr, bonbliasa Mopckas, 18

MYB/INYHbLIE LNPPOBbLIE WHTEP®ENCHI KAK CPEACTBO BOBJ/IEYEHUSA B
BOJIOHTEPCKYIO AEATENBbHOCTb B rOPOACKOU CPELE

© B.[. KanvHuHa

B cmambe paccmampusaromes nybauuHble yugposble uHmepcpelicbl KAk cpedcmeo 8oeseueHus noab3osamesnell 8
B0/A0HMEPCKYI0  OesimeAbHOCMb 8  20pOOCKoll  cpede. ConocmaeneHbl  KOHYenmydabHble  NOOX0O0bl,
NpoaHanu3upoeaHbl aHAA02U U 6bl0efeHbl Klouesble Nnonb3oeamenbckue 2pynnbl. OBOCHOBAHA KOHYenyus
UHMepakmueHo20 20pOOCK020 MOOY/sl, OPUEHMUPOBAHHO20 HA nepeuvHoe eoe/neueHue Henod20moeneHHoU
ayoumopuu. Ocoboe @HUMAHUe YOeaeHO 8u3ydabHoOlU OocmynHocmu uHmepdelica, cyeHapHoli opeaHuzayuu
83aumo0elicmeusi U CHUMCEHUIO0 NOP02a 8XOHCOeHUSI.

KnioueBble cnoBa: myOauuHble LU(POBbIe WHTEpQeHChl; BOJOHTEPCKAs [eSTebHOCTb; BOBJIEUEHHE
TI0JTb30BaTeel; TOpo/ICKON MO/ Ib; Topo/cKast cpesia; UX-au3aiiH.

V.D. Kalinina

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

PUBLIC DIGITAL INTERFACES AS A TOOL FOR ENGAGING IN VOLUNTEER ACTIVITY IN THE
URBAN ENVIRONMENT

The article considers public digital interfaces as a tool for engaging users in volunteer activity in an urban
environment. Conceptual approaches are compared, existing analogues are analyzed, and key user groups are
identified. The concept of an interactive urban module aimed at the initial engagement of unprepared audiences is
substantiated. Special attention is paid to visual accessibility, scenario-based interaction, and lowering the entry
barrier to volunteer participation.

Keywords: public digital interfaces; volunteer activity; user engagement; urban module; urban environment; UX
design.

B ycnoBusix 1udpoBoii TpaHchopMaiuu TOpOACKON cpefbl MmybnuuHbie 1HUGPOBbIe HUHTEPDEHCH
nprobpeTaroT Bce Oosblllee 3HaueHWe KaK CPeACTBO KOMMYHHWKAL[MM MEXAY TOPOJOM W ero >KUTeNsMH.
VIHTepakTHBHBIE SKPaHbl, CEHCOPHBIE KHOCKH W LIM(POBBIe MOY/IM UCTIONb3YIOTCSI He TOJIBKO [IJisl HaBUTaLuH U
Tipe/iocTaB/ieHysl MTHGOPMAL[UK, HO ¥ KaK MHCTPYMEHTHI BOB/IEUEHHUsI TPak/laH B 00IIleCTBeHHbIe HHULIMATUBEL. B
3TOM KOHTeKCTe 0CO0eHHO HHTepecHa cepa BOJIOHTEPCTBA, IIOCKOJIBKY TPaAULIMOHHbIEe KaHa/lIbl KOMMYHUKALUN
He Bcerja MoryT 3 (eKTHBHO OXBATUTh LIMPOKYIO U HEIIOATOTOB/IEHHYIO ayAUTOPHIO.

BakHOCTb BOIOHTEPCKOM flesTeibHOCTH B Poccuiickoit depepaliii 3akperjieHa Ha 3aKOHOJaTe/IbHOM
ypoBHe. B uactHocTH, DefepanbHblii 3akoH OT 5 ¢deBpanst 2018 roga Ne 15-d3 «O BHeceHUM W3MeHeHHWH B
OT/le/IbHBbIE 3aKOHO/IaTe/bHbIe aKThl Poccutickolt ®eiepaiiyiu 1o BOMpocaM A00poBo/ibuecTBa (BOJIOHTEPCTBA)»
3aKperu/ BOJIOHTEPCTBO KaK CaMOCTOSITENBHYHO cdepy OOLIeCTBEHHO TIO/Ie3HOW [esTebHOCTH U CO37al
TIPAaBOBYI0 OCHOBY [JIsl €T0 JlanbHenIel NoAjep>KKA 1 pa3Buts. OfHaKO TpaZMLMOHHbIe WH(GOPMAIMOHHBIE
KaHaJIbl, B TOM UHcCJle BeO-CalThl, COIUanbHbIe CEeTH 1 IevaTHbIe M3/jaH1sl, ODHeHTUPOBAHBI B I1E€PBYI0 0Uepeb Ha
y>Ke 3aMHTepeCOBaHHYIO0 ayJUTOPHIO U TPeOYIOT OT IojIb30BaTeslell akTUBHOIO rovcka nH$opmaryu. B cBsisu ¢
3TUM Heo0OXOJMMO HalTH [JONOJHUTe/bHBIE (JOPMbI BOB/IEUEHUs], KOTOPble MOXKHO ObLIO Obl MHTEIPUPOBATH B
TIOBCeZHEBHYIO TOPOJCKYIO Cpefy.

WccnefoBaHre TOKa3asio, YTO AJIS YacTH HacejieHWs, B TOM UKC/e MOAPOCTKOB M MOJIOABIX JIOZIEH,
BOJIOHTEPCKasi [ieTeIbHOCTh YaCTO BOCIIPMHUMAeETCsI Kak (hopMarbHasi ¥ OTOpPBaHHasi OT [10BCeIHEBHOM JKM3HU.
JTo yKasblBaeT Ha HEOOXOJWUMOCTb TOWCKA ajlbTePHATHMBHBIX CIIOCOOOB BOB/IEUEHHS, KOTOpble ObLTA OBbI
WHTErPUPOBaHbl B TOBCEJJHEBHYH) TOPOJCKYIO >KU3Hb W He TpeOoBanud Obl 3HAUUTENbHBIX BPEMEHHBIX,
OpraHU3aL[MOHHBIX WM GUHAHCOBLIX PECYPCOB Ha HAYaIbHOM 3Tarle.

O61jecTBeHHbIe 1M POBbIe MUHTEP(hENCHI, PaCIIo/IoKeHHbIe B 00I1jeCTBEHHBIX MecTax, 00/1a/jaloT psifioM
XapaKTepUCTHK, KOTODPbIe [e/lal0T MX IMepCreKTUBHBIM MHCTPYMEHTOM /il BOBjedeHUs. DYHKIIOHUPOBaHHUE
TaKuX UHTepQelfcoB B cdepax MOBCEAHEBHOU AeATebHOCTH, OTCYTCTBHE HEOOXOJUMOCTH B TIPe/IBapUTETbHOM
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PETrUCTpaIMi ¥ BO3MOXKHOCTh MHTYUTHBHOTO B3aUMO/IEMCTBHUS CIIOCOOCTBYIOT CHYDKEHHUIO TICHXOJIOTHUECKOTO U
MH(OPMAaLIMOHHOT0 IIopora Bxozia. B laHHOM ucciejoBaHNM 9TU UHTepGelchl pacCMaTpUBalOTCs Kak CBs3yioliee
3BeHO MeX[y (hr3ruecKoil ropoJcKoi cpefioit U LM(POBBIMU I71aTopMaMHU /il BOJIOHTEPCKON e TeIbHOCTH.

I[TpoekT, Jerumii B OCHOBY 3TOT0 MCC/IeJOBaHUs, CO3JaH Ha CTHIKe [M3aiiHa, apXUTEKTYphI, UeI0BEKO-
OpPMEHTHPOBAHHOI'O TMOJX0/a W MHGOPMAIMOHHBIX TeXHOJIOTMH. AHanu3 IoKasal, YTO MMEeHHO KOMILIEKCHOe
B3aMMOZENCTBHE STUX 3JeMEHTOB OIpe/iesisieT XapakTep TO/b30BaTeNbCKOTO OMNbITa W TMOTEeHLHal
BOBJIEUEHHOCTH. [Tu3aiiH obecreunBaeT BU3yalbHYI0 U CMBICJIOBYIO JOCTYTTHOCTb MH(OPMALMHY, apXUTEKTypHast
cpepa ¢GopMHpyeT TPOCTPAaHCTBEHHBIA KOHTEKCT B3aUMO/IEMCTBHS, a LM(POBbIE TEXHOJOTWH T03BOJISIOT
peanr30BLIBaTh MHTEPAKTUBHLIE CLIEHAPUU YUaCTHSI.

B xoze mpoekTHOro ucciesfoBaHusi OblM CcOPMHPOBAHBI U COIOCTaBJIEHbl TPU KOHILENTYaabHBIX
MOZIX0Zja K HCIIO/b30BaHUIO OOIIeAOCTYIHBIX LM(GPOBLIX HWHTepGelCcoB [yisi BOB/IEUEHHs IO/b30BaTeneil B
BOJIOHTEPCKYIO JiesiTe/IbHOCTh. CpaBHEHHe ITPOBOJU/IOCH C TOUKH 3PeHHSs JOCTYITHOCTH B3aUMOZEMCTBYS, CTeleH!
WHTErpaliil B TIOBCEJHEBHYIO TOPOJCKYI0 JKU3Hb M BO3MOXKHOCTU II€DBOHAuUajJbHOTO BOBJIEYEeHMsI
HEeIo/[rOTOBJ/IEHHOW ay/IUTOPHH.

[MepBblii MOAXOA TIPEAToJaran KCHoJb30BaHHEe OCTAaHOBKM OOIIECTBEHHOTO TPAHCMOPTA KaK TOUKH
B3aMMO/IEHCTBUS C COLIMA/IbHBIM KOHTEHTOM. BCTpOeHHBIM B €€ CTPYKTYPY WHTEPAaKTHBHBIM 3KpaH T03BOJISIT
3HAaKOMUTb TIO/Ib30BaTe/iell C BOJIOHTEPCKMMH WHULMAaTHBAaMU B TIPOLiecCe OXKH/JIaHWs TPAHCIIOpTa.
ITperMyI|eCTBOM [IJaHHOTO DeIlleHus SIBJISIeTCS er0 BK/IIOUEHHOCTb B TPUBBIYHBINA MapLIpyT TOpOXKaHHWHA U
peryJisipHbI KOHTAakKT C IIMPOKOW ayguTopreil. BmecTe ¢ TeM orpaHHuYeHHOe BpeMsi OXKHZAHUS U CHTYaLHs
CIIEIIKY CYILECTBEHHO CHIDKAIOT BO3MOXKHOCTH COJIep>KaTeIbHOTO B3aUMOJEeNCTBUs, OCTaBJsis Takod (opmar
MperMYILeCTBeHHO Ha YPOBHE 03HAKOMJIEHHUSI.

Bropoii mopxox mpexmosaran  OpMHUpOBaHWE — CIELHaM3UPOBAHHOTO  TMPOCTPAHCTBA, Tfe
apXUTEKTYpHasl CpeJla COBMECTHO C LU(POBBLIMU TEXHONOTHsAMH 00ecrieurBaeT YC/IOBUSI [ijii BOJOHTEPCKOW
JeaTenbHOCTH. [Tofo6HBIA ¢dopMaT CrocoOCTBYyeT peanv3aldMl yYCTOHUMBBIX CLIEHAPUEB B3aUMOJEUCTBUS,
romMoraet 06yUueHHI0 YUaCTHUKOB M YKPEIUIAeT WX UyBCTBO MPUYACTHOCTH K XKM3HHU coobiectea. Bmecte ¢ Tem
CylLieCTBEHHOe OrpaHUYeHHe CBsI3aHO C HeoOXOUMOCTBIO IieleHarpaB/ieHHbIX TTOCeIl{eHU: HelojroTOBIeHHAs
ayAUTOpUsi C MeHbIIell BepOATHOCTBbIO CTOJKHETCS C TakUM OOBEKTOM CJIydaiHO, UTO CHHKAaeT ero
3¢ deKTUBHOCTD Ha 3Tarle NePBUYHOTO0 KOHTAKTa.

Tpetunii MOAXOZ CTPOWICS BOKPYT WHTEPAKTHMBHO YIMUYHOW HHCTA/ISALHM, OOBeUHSIOMIEH uepThl
KOMIIAaKTHOW apXUTeKTypHOU ¢opmel W 1udpoBoro wuHTepdeiica. OOBEKT SBASETCS CaMOCTOSTETLHBIM
3/1eMEeHTOM I'OPO/ICKOW Cpe/ibl, KOTOPBIM JOCTYIIeH /i1l B3aUMO/IeMCTBHSI B PaMKaX TOBCeJHEBHOTO TIPUCYTCTBHS
yeJIoBeKa B OOLIErOpOACKUX MPOCTpaHCTBax. ['JTyOMHY KOHTAaKTa M0Jb30BATe/b OTPEE/seT CaMOCTOSTENTbHO:
€CTh BO3MO)XHOCTh O3HAaKOMHTBLCSI C HAllpaB/IeHUsIMU [IesTe/TbHOCTH BOJIOHTEPOB, MOJYUUTh TPE/ICTaB/IeHHE O
(hopmarax yuacTusi 4 IIpU >KeJIaHUU TIPOJI0/DKUTh B3auMo/elicTBYe uepe3 MOOU/IbHOE YCTPOHCTBO.

CpaBHUTeNbHBIM aHanMW3 BBIIBUI HauOosiblliee COOTBETCTBHe (hopMaTra HHTEPAaKTUBHOM Y/IMUHOM
MHCTA/UIALMY 3aZauaM McciefjoBaHus. B ciyuae Boibopa repBoro rnojxo/ia BO3HWKaeT OrpaHHUuUeHus 10 BpeMeHH,
TaK Kak MpPUCYTCTBUE JIOZell Ha OCTAaHOBKE CBSI3aHO C pacIlFCaHHWeM [BIDKeHHs. B ciydae BeIOOpa BTOpOTO
TMOZIX0/ja BCTAaeT BOMPOC O OOJIBILON MOArOTOBUTE/BHON paboTe ¢ HAYWHAIOIUMH BOJIOHTEPaMH, TakK KakK BaXKHO
MOTHBHMPOBATh TMOJPOCTKOB K OCMBICJIEHHOMY T1€PBOMY BHM3WTY B IPOCTPAHCTBO. [laHHBIE OrpaHUYeHHs [JaroT
WHTePaKTUBHOW MHCTA/ULILIMK TIPEUMYILeCTBO JJIsi TIePBUUYHOTO BOBJ/IEUEHUS] TOPO>KaH B BOJIOHTEPCTBO uepe3
uHTep(eiChl, KOTOPble HAXOASATCS B OTKPBITOM /IOCTYIIE.

UccnenoBaHue 1oKasano, YTO MHTEPAKTUBHAS Y/IMUHAs MHCTAIALMS SIBSETCS WfeanbHbIM (HopMaToM
[JIs1 TIEPBUUHOTO BOBJIeUeHMs TOZADOCTKOB B BOJIOHTEPCKYIO [ieATe/bHOCTb. KitoueBoe IIPEeMMYIIIECTBO
3aK/II0UaeTcss B BO3MOKHOCTH FAPMOHHYHO COEMHUTEL apXUTEKTYpPHbIe pelleHHs], HarJsifHOCTb, POJyMaHHbINA
CLieHapuM B3aMO/IeMCTBUSL U MHTerpaluy UQpOBbIX HHCTPyMeHTOB. Takoi (opmar rpeziocTaBiisieT IIHPOKHe
BO3MOXXHOCTH [i/isl TIpUMeHeHHs1 3(QeKTHBHBIX MeXaHHW3MOB BOBJIeUeHMs, BK/IIOUAs YIPOLIEHHWEe [OCTYyTIa,
WICIT0/Ib30BaHe MUHUMA/IbHBIX /IeMCTBUN 1 TIoIarosoe popMUpOBaHKe T0/Ib30BaTe/IbCKOT0 BHUMaHUs. V3yuuB
(hyHKI[MIOHa/IbHBIEe Y KOHCTPYKTHBHBIE aCTIeKThI YoKe CYILeCTBYIOIINX PellieHH, MOXXHO OL|eHHUTh MX ITOTeHLIasl B
TUIaHe BOBJIEUEHUS ayJUTOPUU U BBISIBUTh 3JIEMEHTBI, KOTOPBIE 11e1eC000pa3HO UHTErPUPOBATh B TIPOEKT.

HanonbHelii ceHcopHBIN Knock Black Glass Max (pucyHok 1) — 5To rosiHopopMaTHOe UHTEPaKTUBHOE
pellieHHe, CO3/jlaHHOe ISl TIPOJO/DKUTEIHOTO B3auMOZeHCTBUs ¢ AucIieeM. Biarogapsi 60/bIIoMy 3KpaHy,
CTaHOBUTCSI BO3MOYKHBIM TIPHMeHeHHe MHOIOYDOBHEBBIX HHTep(deiicoB M pa3sHO0OpasHbIX MYJIbTUMEJUHHBIX
37eMeHTOB. OZJHAKO, MacIITabHOCTE MOXKET CIIOCOOCTBOBATh BO3HUKHOBEHHUIO [UCTAHLIMKA My IT0/Ib30BaTesieM
U o0bekToM. IIpy TepBOM B3aMMOZEHCTBMM C HEMOATOTOB/IEHHOM ayAWTOpHel Takoil (opMaT MOXeT ObITh
BOCITPHHSAT Kak O(HLIMaIbHbI HH()OPMAL[MOHHBIM KaHaJ.
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Pucynok 1 - Cencopsbiii kuock Black Glass Max

Hacrennwbiit ceHcopHbIN kKnock POPTYHA-W19 (pucyHOK 2), HarpoTUB, OPUEHTUPOBAH Ha KOMIIAKTHOE
pasMellieHre U KpaTKOBpeMeHHOe B3anMogeiicTBue. Ero ¢opm-takTop no3BosisieT UHTErpupoBaTh YCTPOICTBO B
apXUTEKTYPHYIO cpefly 6e3 BU3yanbHOTO JOMUHHMPOBAHMS, OJHAKO OrpaHUYeHHBIN pa3Mep 3KpaHa COKpalljaeT
BO3MO)KHOCTY BU3Ya/IbHOTO BO3/efiCTBUS U 3aTPyJHSIET peaan3alyio 6osee CIOXKHBIX CIIeHApHeB BOB/IEUEHHSI.

PucyHok 2 - HactenHslii ceHcopHbI Knock POPTYHA-W19

CpaBHUTE/IbHBIN aHAMN3 TPe/CTaB/JIeHHBIX peIleHHH, pe3y/bTaTbl KOTOPOTO CBeZieHbl B Tabiuiy 1,
TOKa3aJj1, YTo GO/BIIUHCTBO CYILECTBYIOLIMX WHTEPAKTHUBHBIX KUOCKOB B MEPBYIO OUepe/lb OPUEHTUPOBAaHbI Ha
npe/iocTaB/ieHVe WHGOPMAlMd UM HaBUTalWIO, a He Ha COLMasbHOe B3auMojeicTBue. KpyriHble HapyKHbIe
yCTpO¥CTBa 00ecreurBalOT BU3yaabHbI KOM(OPT, HO CO3/Al0T OllylieHrue (OpPMaibHOCTA M OTCTPAHEHHOCTH.
KoMrmakTHbIe HaCTeHHbIE PellieHUs yJ00HBI C TOUKU 3DEHUST apXUTEKTYPHOM MHTerPaLiiK, HO OTPaHUYEHbI B M/IaHe
CLIeHapHOTO B3aUMOJENCTBUYS.
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Tabnuia 1. AHaIU3 aHaIoroB

Amnanor [Trochl MuHycbl Yro none3Horo/pedepeHc
VIHTepaKTUBHBIN 110JT BebIcoKast BOB/IEUEHHOCTb, He npesHasHaveH aJist Vpest SMOLIMOHABHOT O
«TanmaHTuk» VHTepaKkTUB uepe3 repefjaul CJI0KHOM BOBJ/IeueHws1, paboTa ¢
[IBIDKeHUe, SIpKUi uHdopmaryy, Tpebyet aHUMaLell U peakiueii Ha
BU3YaJIbHBIN 3 deKT crierjobopyioBaHue Jle¥CTBUS T10/Ib30BaTeIsi
dopryHa W-19 KomrmakTHOCTb, y06CTBO He6osb1110¥ 3KpaH, dopmar HaCTeHHON TOUKH
pasMellleHHs Ha CTeHe, orpaHNueHre BO3MOXKHOCTH | B3aWMOJENCTBUYS, TIPOCTast
CEHCOpHOe yIpaBJ/ieHne BU3ya/IM3aLuU HaBUTralHI0
Black Glass Max Bosnb1oii ceHCOpHBI 3aHMMaeT MHOI'O MecCTa, ArnmnaparHast 6a3a gs
5KpaH, MyJ/IbTHUTay, BBICOKasi CTOMMOCTb TIO/THOL|EHHOTO
TOAXOAUT AJISI CJIOXKHBIX VHTepaKTUBHOTO
nHTepdelicoB vHTepdetica
[InaHmer Ha HOXKe KommakTHbIi pasmep, MeHb1Mi 5KpaH Mo bananc mexny
Bonum?2 My/IbTHMe/ 1A, CeTeBble CPaBHEHUIO C HallOJIbHBIMU (DYHKIMOHAJIBHOCTBIO U
00HOBJIEHHSI KOHTEHTa KHOCKaMU MOGH/IEHOCTBIO

Takum 06pa3oM, aHa/lN3 aHaJIo0roB II03BOJIWJI CZAeaTh BBIBOA, UTO HEOOXO4UMO THOpHZHOe pellieHue,
couetaronjee B cebe BU3YyaJbHYIO BBIPA3UTENbHOCTb, apXUTEKTYPHYIO WHTErpalldii0 W TIOHSATHBIM CLieHapHhii
B3aMMOZeNCTBYsI, yAOOHBIN IJIsI HeMOArOTOBJIEHHBIX MMOIb30BaTene. OTH BHIBOJBI JIETJIM B OCHOBY IIPOEKTa
WHTePaKTUBHOW MHCTa/IISAL{M Ha OTKPHITOM BO3ZyXe, TZle 5KpaH pPacCMaTPUBAEeTCs He Kak OTZe/bHOe YCTPOMCTBO,
a KaK 4acTb I1eJIOCTHOW CHCTeMBI B3aMOZEeHCTBYSI MEXKY JIFO[IbMH, TOPOZACKOU cpesjod U [u()POBBIM KOHTEHTOM.
[TosToMy CrefyrOIIMM 3TarloM UCCAe[OBaHUs CTal aHaau3 LieJIeBbIX IPYI I0Jb30BaTeslell U COCTaB/IeHHue MX
TIOPTPETOB.

Vcrnons3oBaHye MeTOJa MEepCcoH I03BOIW/IO PAaCCMOTPeTh B3aUMOZEeNCTBHe ¢ MyONNUHBIM 1jU(POBEIM
UHTepdeiicoM C TOUKH 3peHusi MOTUBaLlMH, OappepoB U KOHTEKCTa UCII0/Ib30BaHMs. B xoze ncciefoBanus Ob1mn
BblJleJIeHb] UeTbIpe TPYIMIIbI T0/Ib30BaTesel, pa3Tnyuarolixcs 110 BO3pacTy, YPOBHIO COLMa/TbHON aKTUBHOCTU U
CTereHH TOTOBHOCTH yYacTBOBaTh B BOJIOHTEPCKOH /|esITeIbHOCTH.

B mepBy0 rpymiy BOIIIA ITOJPOCTKH, KOTOPble aKTMBHO BOBJeueHHl B IU(POBYI0 W BU3yabHYIO
Ky/lbTypy, HO TPU 3TOM He MMENOT OIbITa BOJIOHTEPCKOW AeATeNbHOCTH. OCHOBHBIMU MPENATCTBUSMU 3[€Ch
SIBJISIFOTCST AVCTAHLVS MEXK Y TTOBCeTHEBHOM >KU3HBIO M COLMATbHBIMA MHULMAaTUBAaMH, a 3HAUMMBIMU (PaKTOpaMu
BOBJIEUEHHOCTH — BH3ya/lbHasl TNPUBJIEKaTeJbHOCTh WHTepdelica, TpocToTa (OPMYIMPOBOK M IOCTYITHOCTh
yuacTHs.

Bo BTOpylo rpymmy BXOAAT CTYJEeHTbl U MOJIOZble CIIeL[aJuCThl, KOTOpble OpHEeHTHMPOBaHbl Ha
camopeanu3aLio M TOUCK COLMaJbHO 3HAUMMBIX TPakTUK. [I/I1 HUX BaKHBIM YC/IOBHEM BOBJ/IEU€HHOCTH
SB/sIeTCST ZleMOHCTpaLusi (OopM yd4acTWsi, COOTBETCTBYIOLIMX X JIMUHBIM KOMIIETEHIUSIM, HHTepecaM U
BO3MOJKHOCTSIM /11 Pa3BUTHSI.

B TpeTbio rpymimy BXOAAT paboTarolye B3pOCIble, AJisi KOTOPBIX OCHOBHBIMU OTPAaHUUEHUSIMH SBISOTCS
BBICOKas 3aTPY’>KeHHOCTb M KOHKPETHOCTb TpefijlaraeMbIX [elCTBUi, JOKaIbHOCTh UHULIMATUB U BO3MOXHOCTb
MHKDPOYUacCTHsl, UTO CHIKaeT TIOPOT BXOXK/IeHUsI B BOJIOHTEPCKYIO /1eATe/IbHOCTb.

UeTBepTyI0 TPYMILy COCTAB/SAIOT POAWUTENH C MajeHbKUMH feTbMU. [ HUX 0COOEHHO 3HAuMMbl Te
(opMbl COLMaNbHON aKTUBHOCTH, KOTOpble JIeTKO COBMECTUTb C CeMeHHOM JKU3HbIO; SMOL{MOHAJIbHAs
BOBJIEUEHHOCTh U 1|eHHOCTHasl COCTaB/ISIIOIAsl y4aCTHsl WIpaoT 37leCh LeHTPalbHYI0 pO/ib, @ KOHKpETHble
TIpUMepbI CeMeHHbIX MHUIMATUB C/TY>KaT OPHEHTUPOM U UCTOUYHUKOM BJOXHOBEHUSI.

CpaBHUTeNBHBIM aHalW3 BCeX BbBIIEJIEHHBIX TPYI BBISBHI OOIIYI0 3aKOHOMEPHOCTB: TpU BCEX
pa3MuuMsiX B BO3pacTe, 06pa3e >KU3HU U MOTHUBALIUU JIFOJM HY>X/JAFOTCSI B IOCTYITHBIX, TIOHATHBIX U HEHABA3UMBBIX
¢hopmax yuacTusi. ITOT BLIBOZ JleT B OCHOBY KOHLIETILIMM MHTEPAKTUBHOTO TOPO/ICKOTO MO/YJIs, OCHAIL[eHHOTO
BU3yaJbHBIM U CEHCOPHBIM HMHTepdelicoM. Mozyib BCTPaMBaeTCs B TOPOJACKYIO CPely W TipeHa3HayeH JjIs
JleMOHCTpAlLlM MECTHBIX WHUIMATUB, COLMANbHBIX IPOEKTOB, MPOCTHIX ClLieHapHUeB BOBJIEUEHHUs KUTeslell B
BOJIOHTEPCKYIO JiesTe/lbHOCTh. [1y6/mmuHeIil 1idpoBoii nHTepdeiic 3HaUUTCS 37eCh Kak repBasi TOUKa KOHTAKTa,
KOTOpasi OpraHM4HO BIUIETaeT COLMa/bHble TPOEKThl B IOBCEJHEBHble MapLIPyThl FOpPOXKaH W IPHUBBLIUHbIE
CLleHapuM HX TIPHUCYTCTBUSI B TOPOZCKOM IIpOCTpaHCTBe. Bu3yanbHOe 1 CeHCOpPHOe B3auUMOJeiCTBUE [eaeT
MOZy/Ib OCTYIIHBIM Jlake JIsl TeX, KTO HUKOT[A TpeXk/e He CTajJKUBa/ICS C MOJOOHBIMH TeXHOJIOTUSIMU, U
CYLL|eCTBEHHO CHIKaeT MOPOr BXOXK/EeHUSL.

ITpu pa3paboTKe KOHIEMMM aBTOPbl OPHUEHTHPOBAlMCh HAa HECKONBKO TPYIIT [0/b30BaTesei.
ITogpocTKM ¥ MOOAbIe TH0AM PacCMaTPUBAIOTCS KakK ayJUTOPUs, KOTOpas BliepBble 3HAKOMUTCS C COLIMaIbHBIMU
WHUIMAaTUBaMH uepe3 MPOCTble U TOHATHBIE (opmaThl yuacTus. Pabotaroijye B3pocC/ible LIEHAT CKOPOCThb
nojyuyeHus: MHGQOpPMaLMd U CTpeMsITCS MMUHUMU3MPOBaTh BpeMeHHble 3aTpathl. [l ceMell C AeTbMU Ba)KHBI
(hopmaTbl COBMECTHOT'O YUacTHsl, UHTeTPUPOBaHHbIE B TIOBCEJHEBHYIO >KM3Hb. KpoMe TOro, B KOHLIENLUY YUTeHbI
WHTepechbl 00LeCTBeHHBIX M FOPOJCKUX OpraHW3alyi, [Jis1 KOTOPBIX MOZY/Ib MOXKET CTaTh JOMOHUTENBHBIM
KaHa/JI0M KOMMYHUKALUH.
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OyHKIMOHATILHOE Ha3HaueHHe KOHLIMIMM — YIPOCTUTb AOCTYN K MH(OPMAaLMM O TOPOJCKUX U
COLIMa/IbHBIX IPOeKTax U C(popMHUPOBATh MOJIOXKUTETbHOE OTHOLIEHNE K YYaCTHIO B HUX. VIHTepaKTHUBHBII MOZly/Tb
paspaboTaH A [JeMOHCTpAalMM IIHMPOKOr0 CIIEKTpa BOJIOHTEPCKMX HamlpaB/jeHWH, IoAuepKuBasl IPOCTOTY,
OTepaTUBHOCTD U 3HAUMMOCTh BOBJ/IeueHUs. Pa3MelijeHre TakKiX MOZYJield B 0011eJOCTYIIHBIX 30HaX CIIOCOOCTByeT
JIOKa/IM3aluy U Pa3BUTHIO TPXK/JAHCKUX MHULMATHB.

OCHOBY KOHLIEILMY COCTaB/IsieT rTUOpUHbIN cLieHapuii B3auMo/eicTers. VIHTepdelic, opraHN30BaHHbIH
C UCTO/Tb30BaHWeM KapTOoueK, MKOHOK 1 MUHUMAaTUCTHUHBIX TEKCTOBBIX OJIOKOB, IPU3BaH CHU3UTh KOTHUTHBHYHO
Harpy3ky W obecrieunTh OBICTPOE ODHUEHTUPOBAaHWE TMOJb30BaTenell. BO3MOXKHOCTb  TPOAOIKEHUS
B3aUMO/IeHICTBUSI TTIOCPeJICTBOM JITMYHOT'O MOOU/ILHOTO YCTPOHCTBA TI0/Ib30BATe ISl PaCIIMpsieT CIIeKTP AOCTYITHBIX
CLleHapyeB, UHTeTpUpys yO/IuuHbIli UHTepGelic ¢ 1epCcoHaNIU3UPOBAHHBIM LIU(PPOBBIM OIBITOM.

KoH1jenijusi MHTepaKTUBHOIO TOPOJCKOr0 MOZYJISl yCTaHaB/AMBaeT B3aUMOCBSI3b MEX[Y >KUTeNsIMH,
TOPOZCKOIN Cpefioil U COLMaNbHBIMU WHUIMATHBaMM uepe3 WHTYWTUBHO TOHSATHBIN LudpoBoii uHTepdetic.
OO6befiiHEHNE apXUTEKTyPHOIO KOHTEKCTa, BHU3yalbHOM OpraHM3alii W HH(GOPMALMOHHBIX TEXHOJIOTHH B
e/IMHYI0 CUCTEMY CIIOCOOCTBYeT CH)KEHHIO TIOPOTa BXOXKAEHHS /1Sl TIOTeHL[Ha/IbHBIX BOJIOHTEPOB U MOBBIILIEHHIO
VX BOBJIEYeHHOCTH B TOPO/CKYIO >KU3Hb.

BusyanbHoe peleHve ObiI0 COPMHPOBAHO Ha OCHOBE aHa/M3a CYLIECTBYIOLIUX WHTEPAKTHBHBIX
TOPO/JICKMX 3KPAaHOB, CEHCOPHBIX KHOCKOB W IM(POBBIX WHCTA/UILMK C Le/bl0 OIpefiesieHUss Haubosee
3¢ b eKTUBHBIX IPHUHIUIIOB B3aUMOZENCTBUS C HEITOAr0TOB/IEHHOM ayIUTOpUeH.

Jns ynuuHbIX (opMaToB ObIMM BbIAENeHbI CJIeAYIOLMe Ba)kKHble XapaKTEPUCTUKU: JIaKOHWYHAs
BU3yaslbHasi CTPYKTYPa, KpYIIHbIe 3/IeMeHTbI HHTepdelica, orpaHUyYeHHast U IIpUBJIeKaTe/bHasl 1jBeToBast NaanTpa,
a TakkKe akueHTHas rpa¢umka. Takve KpUTEPUH [AlOT BO3MOXKHOCTH OBICTPO CUMTBIBATHE HHGOPMALUI0 U
BOCITPMHMMATb MHTep(elc Ha pacCTOSHUM.

TakxKe JOMOJHUTEEHBIM KDUTEPHEM SIBJISETCS BO3MOXKHOCTb WCIO/B30BaHUS MMOPUIHOrO Qopmata
B3aMMOJEHCTBYs, KOTOPBIM COYETAaeT WCIOIb30BaHUE Y/IUUHOM WHCTAIALMA C JIMYHBIM MOOWUIBHBIM
YCTPOMCTBOM To/b30Batesisi. CBsI3aHO 3TO € TeM, uTo npuMeHeHre QR-K0/10B 1 CChUIOK Ha LIU(POBLIe T1aT(HopMbI
TM03BOJII€T PacUIMpUTh (YHKLMOHANbHbIE BO3MOXKHOCTH 0O0IjecTBeHHOro WHTepdelica, u3beras neperpysku
uHTepdelica ¥ coxpaHsisi IPOCTOTY B3aUMOJeHCTBUS C MHCTa/UIsILMel. Takoil moaxo[, sAB/sieTcs akKTyaabHbIM /ISt
3a/jau BOBJeUeHUs, TaK KaK OH 3(QQeKTHBHO CBsi3biBaeT (M3MUeCKOoe MPOCTPAHCTBO TOPOJCKOM cpefbl C
L[1(ppOBBLIM ONBITOM I10/Ib30BATeIsI.

AnHanu3 BU3yasbHBIX, WHTeP(EeNCHBIX U TNPOCTPAaHCTBEHHBLIX pelIeHWM Jier B OCHOBY IPOEKTHBIX
pelleHUH, TPUHATHIX TP Pa3pabOTKe TIPOTOTHIA WHTEPAKTHMBHOTO TOPOJCKOTO MOAY/s. BBISBIEHHBIE
TIPUHLIMIIBI, B TOM YKMCJie BU3yasbHas MOHSATHOCTh, CIieHapHOe B3auMO/IefiCTBHe, apXUTEKTYPHasi MHTerpays u
rubpuHble (opMaThl KOMMYHMKAIUH, TIOCTY>XHJIM OCHOBOW [i/i1 TOCTPOEHHsI CTPYKTYpbl WHTepdeiica u
OTIpe/ie/ieHysl K/IFOUeBbIX SKPaHOB.

Ha ocHoBe pa3paboTaHHOW KOHLIETL{U U BBISIB/IEHHBIX BU3yalbHbIX U UHTeP(eHCHBIX IPUHLUIOB ObL1
C03/]aH MPOTOTUIT UHTEPAKTUBHOTO UHTEepdelica ropoICKOro MoAysis. DTOT NPOTOTHI ObLT pa3paboTtaH kKak MVP
(MUHMMA/TLHO >KU3HECTIOCOOHBINA TMPOAYKT) /i TIPOBEPKU MCC/IE[0BATELCKONW TUIOTe3bl O BO3MOXKHOCTU
BOBJIEUEHHUS] TIO/Ib30BaTe/ield B BOJIOHTEPCKYIO JeSTeNbHOCTh C TIOMOLIBIO OOLIeOCTYITHBIX LH(POBBIX
uHTepdeiicoB. Ha 3ToM sTarme oCHOBHOe BHHMMaHHe YZAeI0Ch CTPYKType HMHTepdeiica, JOruKe HaBUTALU U
CLIEHAapUsIM B3aUMOJIEMCTBYS, a He AeTabHOUM MPopaboTKU BU3YalbHOTO CTU/IS W/TU TEXHUYECKOU peasi3aliuu.

Nutepdeiic Mopynst (pUCyHOK 3) OCHOBaH Ha TIPUHLMIIE TIOLIATOBOTO BOBJIEUEHHs TO/b30BATesNsl U
Tpe/iHa3HaueH [1s KpaTKOCPOYHOIO B3aUMOJENCTBYSI B TOPOACKOM cpefie. I'/1aBHBIN 3KpaH MpHU3BaH NpUB/eYb
BHUMaHHe ¥ COJIep)KUT BH3yanbHOe N300pakeHre C IprMepaMH BOJIOHTEPCKOM JesiTeNIbHOCTH, a TakKe KpaTKoe
TEKCTOBOe Co001IieHre, 0OBsICHsIOIee Ha3HaueHHe Moy/isl. KpyIHBIH 3aro/ioBOK 1 MUHUMa/bHbIA 00beM TeKcTa
TI03BOJISIIOT OBICTPO, MPOYNUTATH OCHOBHYIO HH(OPMALHIO, YTO 0COOEHHO BayKHO TIPH MCIO/IB30BaHKH Ha YIIHUIIe.

HANPABNEHHA DEATENLHOCTH HANPABNEHHA REATENLHOCTH BbICTPLIE 3ARAHKA CHARHPYR OR-KOL
BuGapTS Copopy. B HTCR . oo Cpasy, & mipal o s, karop W NPHCOENHHARCA

COSHIT MYCOP 50 NPOVRE
—

IORBPANTS HEROTRLAE SPRATE

ILNEPHATS BAGPOE AENS SHAAAH

NOMATH CICEEM

NOCWOTPETS EUE

Pucynok 3 - MVP unTepdeiica
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Crnefyrooluii 5Tan B3avMOJEMCTBUS peanu30BaH C IOMOILBIO OT/e/NbHBIX 3KPaHOB, IMOCBSIIEHHBIX
BOJIOHTEPCKOI1 /lesiTe/IbHOCTU. BU/ibl fiedTelbHOCTH TIpe/iCTaB/eHbl B BU/le BU3Yya/lbHbIX KapTOUeK, OTPasKaroIlnx
OCHOBHbIE HarpaB/IeHUsl yYacTHsl, B TOM UKC/Ie TIOMOIIIb JTIO/isIM, 3a00Ta 0 )KUBOTHBIX, 3KOJIOTHsI, 00Opa3oBaHKe U
colanbHble MHULMATUBBIL. CTPYKTypa KapTOueK T03BOJISeT I0/Ib30BaTe/li0 T0C/Ie[j0BaTe/IbHO BOCIIPUHAMATD
vH(OpMaLIMI0 U BBIOMPaTh MHTEPECYIOLIYIO ero JesTeJbHOCTh 0e3 HeoOXOJUMOCTH B CJIOXKHOW HABUTAL[UH.
Kpatkue ommicaHusi BHyTpU KapTOUyeK PaCKPHIBAIOT COZep)KaHHe Ka)K[Ooro BUZA /IesiTeJIbHOCTH B JIOCTYIHOM U
TIOHATHOU (popMme.

ITocne o3HakOMIeHMs C BUJaMU [edTelbHOCTH I0JIb30BaTe/lb MepexojuT Ha SKpaH C IprMepaMu
ObICTPBIX W [JOCTYMIHBIX JeicTBuii. Ha 3TOM 3Tame BoOJIOHTepCKasi [iesTe/IbHOCTb TMPeACTaBjieHa He Kak
abcTpakTHOe coLMasbHOE OTHOIIEHWEe, a KaK Habop KOHKPETHBIX CIieHapueB Y4acTWs, He TpeOyrolmx
3HAUUTE/IbHBIX BPEMEHHBIX WM OPraHU3aljMOHHBIX 3aTpar. Takoe pellleHHe MOXKET YMEHBIIUTb Oapbepbl U
cchopMUpOBaTh TpefiCTaBIeHHe O TIOMOIIY KakK O JOCTYITHON (opMe TIOBCeZHEBHOM JiesiTeNIbHOCTH.

CleHapuii B3alMOJENCTBUS 3aBepIlaeTcs OTAe/NbHBIM 3KpaHoM C QR-KO[OM, KOTODBIM OTKpBIBaeT
BO3MOJKHOCTH TTPOZO/DKUTHL KOHTAKT B JIMUHOM IIM(POBOM TIPOCTPAHCTBe Tob3oBaTesiss. QR-Koz pa3melrieH Ha
rocjeJHeM 3KpaHe, UTO COXpaHseT IMOC/e/l0BaTe/bHOCTh BOCIIPUSATHS: IO/b30BaTe/b CHauyaja 3HAKOMHUTCS C
pasfienaMd M TpUMepaMM y4acTHs, TOC/e UYero MOXKeT MeperTd K JajbHelllleMy B3aUMOJENHCTBUIO uepe3
MOOW/IbHOE yCTpoMcTBO. Tak hopMupyeTcs THOPU/HBIN ClieHapyi, re o0IeoCTyIHbIH 1udpoBoii uHTEpheic
COeJMHSIeTCSI C TIepCOHAMN3UPOBaHHbIM LIU(POBLIM OMBITOM.

Paspabotannblii npototun B ¢opmate MVP 1o3Bo/ni KOHLENTYalbHO W TMPOEKTHO TpopaboTaThb
K/IFOUeBble acIeKThl HCC/IefloBaTe/IbCKOM THUIOTe3bl: BOCIpHUSTHe HWHTepdelica, JOTUKY B3aWMO/eNCTBUS,
TOC/Ie/IOBATE/IbHOCTh  BOBJIEUEHMs  TI0/Ib30BaTessi.  [IpoToTMNMpoBaHHe 00OOCHOBaMO — 1ieeco06pa3HOCTDb
BBIOpAHHOW CTPYKTYpbl WHTepdelica U OMpe/ie/IiI0 OCHOBY /sl JanbHelliell BU3yau3aljiu, a TaKxKe [isi
TIPOCTPAaHCTBEHHOW MHTerparji MHTePaKTUBHOTO MOZYJISI B TOPOZICKYIO Cpefy.

VHTepaKTUBHbIN TOPO/CKON MOAY/Ib (PUCYHOK 4) — OT/1e/TbHO CTOSIIUI 00bEKT, KOTOPbI HHTErPUPYETCs
B 0o0ujecTBeHHbIe MpocTpaHCTBa. KOHCTPyKIWs BBITIONHEHA B (hopmaTe BepPTHUKAJbHOM CTOHKH C CEHCOPHBIM
9KpaHOM; 3KpaH pa3MellleH B YCTONHUKMBOM KOpIyCe C 3aKpyIJIeHHbIMU yryamu. BusyanbHasi HeHTpaabHOCTb
00beKTa T03BOJISIET OPraHUYHO BK/IIOYATh €ro B pa3/iMuHble TUMBI TOPOJACKOW Cpe/bl: TAapKOBbIE 30HBI,
Telexo/iHble MapIIpPYThl, OOIIeCTBEHHbIE TUIOIA/IKU.

CXEAL B3II9L TENOBEKY CPEJHEIO POCTA

ESTERE T

PucyHok 4 — Pa3paboTaHHBII MOAY /b
Pa3mepsl Moaysist OBUTH TIATETBHO TIOA00PaHbI, UCX0/ U3 TpeOOBaHUH IPrOHOMUKU M aHTPOTIOMETPHHN
TnoJib30BaTesell (PUCYHOK 5). Pabovasi ToBepXHOCTh 5KpaHa HaXO/UTCS Ha TaKO# BBICOTe, KOTOpast obecrieurBaeT

ynobcTBo 0630pa [/ IIMPOKOrO Kpyra II0/b30BaTesiel, BK/IOuas T0/b30BaTe/ied HHU3KOTO pOCTa |
TIpe/iCTaBUTe/Iel MaJIOMOOMTBHBIX TPYIIL.

104



TIPOMTEXIU3AMH. ECTeCTBEeHHbIE U TEXHUYECKUE Hayku. JacTh 2

BHL CHEPELK Bl CHOKY bHl COIAK

PucyHok 5 — I"abaputel Mmogyis

PaspaboTka MoZy/si BK/IKOUaza TiaTe/bHYH0 NpopaboTKy 30H BHUAMMOCTH M YIJIOB 0030pa. JTO
TI03BOJIW/IO CAeNaTh MH(OPMALIMIO Ha KpaHe JIerko YMTaeMOH B IIMPOKOM JMara3oHe, yUUTHIBasl eCTECTBEHHOe
TI0JI0KEeHHE TOJIOBBL. JTO o0ecrieunBaeT yA00CTBO KaK /sl CTOSIIUX PSIZiOM, TaK U [JIs1 MalTOMOOU/IBHBIX TPYIII
Tojb30Baresieit (pPUCYHOK 6).

CIERY BATAGAN TENOBEKA NPHHAJNERAWEIO
Kk KINCCY KAIONODBHILHOK TPYRNDI

HATPABTERHS ESTERGAOCTH

PucyHok 6 — Vcrionb30BaHHe WHCTA/ITSALUMA YeTI0BEKOM MalOMOOMJTBHBIN TPYTIITEI

Mogyns ob6safaeT riafkod KOHCTPYKLMEH, KOTopas JIMIIeHa BBICTYIAIOIUX YacTed W (pr3nuecKux
KHOTIOK. B3arMo/ielicTB1e C MO/lyJieM TIPOMCXOZUT Uepe3 CeHCOPHBIN 9KpaH. DTO T03BOJISIeT CAe/aTh JOCTYITHbIM
WCII0/Ib30BaHKEe WHCTA/UIILMK JIFOJSAM C OrPaHUUYEeHHbIMU (HU3MUECKUMH BO3MOXKHOCTSIMU. []OIO/THUTE/IbHBIN
YPOBeHb [JOCTYITHOCTU obecrieunBaeTcsi TMOPUIHBIM CLieHapUeM B3auMOZEeHCTBUS: OCHOBHAsl UH(OpMaLys s
BOBJI€UEHHS TIPeZiCTaBIeHa Ha 9KpaHe MOAYJIs, a JJisi 6osee riy6oOKOro u3yueHus BOIIPOCA I10/1b30BATeEN MOTYT
niepeiity 1o QR-KoAy U MCII0/1b30BaTh Aasibllie CBOM MOOM/IBHBIE YCTPOHCTBA.

Mogynb yxxe He SIB/ISIeTCS TIPOCTO HOcHUTesieM LupoBol MH(GOPMALIMM, a CTAHOBHUTCS TOMHOLIEHHBIM
3JIeMEHTOM TOPOJICKOM AOCTYIHOCTH. IIpu ero pa3paboTkKe BakHOe BHUMaHHe ObUIO y7e/leHO SPrOHOMHKe W
JocryrHocTH. [IpogymMaHHOe TpOCTpaHCTBEHHOE pellieHre Co3/aeT KOM(GOPTHYIO U OTKPBITYIO TOPOZCKYIO Cpesy,
r/le KUTEeM MOTYT 3HAKOMHUTbHCS C BOJIOHTEPCKOM /IesITe/IbHOCTBI0 U YUaCTBOBATh B COL[MA/IBHBIX MTPOEKTaX.

B xofie aHaM3a MeTOZ0B IIpUB/IeUeHHs FOPOyKaH K BOJIOHTEPCKOI JesiTeIbHOCTH TIOMOLIBIO 1Ty O/IMUHBIX
uHTepdeiicoB, ObL1 cJenaH BBIBOA O TOM, UTO TpaJULMOHHbIE IM(POBbIE KaHalbl HaljeJleHbl Ha YiKe
3aUHTEPeCOBaHHYO ayauTopuio. IlybnuuHbie ke LMGpPOBble MHTepdelchl 3a CYeT CBOEH AOCTYMHOCTU U
HarJ/sifHOCTH 06/1a1ar0T GOJIBIIMM TIOTEeHL[AIOM [JIsl IePBOHAYAIbHOTO BOBJIEUEHHsI TOPOXKaH B BOJIOHTEPCKYIO
JesATe/IbHOCTb.

B pamkax ucciefoBanusi ObiT pa3paboTaH MUHUMAJIBHO XKU3HECTocoOHbIH mpoaykT (MVP). Ero 1es
TIPOBEPUTH HA MPAKTHUKE TIPEATIONOKEHUE O TOM, UTO J€MOHCTPALMs TIPOCTHIX U JIOKAJIBHBIX CLIEHADUER yUaCTUs
MOXKET CHHU3WUTh 0apbep [jisi BCTYIJIEHWS B BOJIOHTEDPCKYIO JEATENbHOCTb. AHA/M3 TI0/Ib30BATEIbCKUX TPYIIM
NOATBEpWI, UTO IpefIo)KeHHasi CTPYKTypa HHTepdelica M IOCTef0BaTeNbHOCT 9KPAaHOB COOTBETCTBYIOT
OXKHUZaHUSIM Pa3/IMuHbIX KaTeropuii 110/b30BaTesied, yUuThIBask UX MOTHUBALMIO U IIOBeJileHuUeCcKre 0COOeHHOCTH.
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VccnenoBanye 11okasao, 4to ob1e10CcTyHbIe 1dpoBbie MHTepdeHCHl CrIOCOOHBI CTaTh JeCTBeHHBIM
WHCTPYMEHTOM BOBJIeUeHHSl TPakK[JaH B BOJOHTEPCKYIO [1edTeJbHOCTb. IlpefjiokeHHass KOHLIENIUs
MHTEpPAKTHUBHOTO TOPOJCKOTO0 MOZY/S pacKpblBaeT IIOTEHLMal COeQUHEeHUs [u3aiiHa, apXUTeKTyphl WU
HMH(OPMALIMOHHBIX TEXHOJIOTHM. 3a CueT 3TOro BOJIOHTEPCKHe WHWIMATUBBI CTAHOBSTCS 3aMeTHee, a Gapbepsl
YUYaCTHsl B HUX CHHDKAFOTCSL.

Hayumbiii BK/1a/; paboThl COCTOUT B 000CHOBAHUU POJIH MyO/IHUHBIX [TU(POBBIX UHTEPGENCOB KaK yacTH
rOpo/ICKON MH(PACTPYKTYPHI, TO/Aep)KUBaloIleli CoLMaJbHOe B3aUMO/IEMCTBHe, a TakkKe B (POPMHUPOBaHHUU
MIPUHLIMIIOB TIPOEKTUPOBAHMs, KOTOpbIe OTBEUYArOT 3a/auaM BOBIeueHMs. [IpakThueckasi 3HAauMMOCTb
oripe/iesisieTcsl BO3MOKHOCTBIO TIPUMEHUTH TOJTyUeHHbIe pe3y/IbTaThl TIPH CO3/lJaHUH MHTEPAKTUBHBIX 00BEKTOB,
TOPOACKUX LM(POBBIX CEPBHUCOB U OOLECTBEHHBIX NMPOCTPAHCTB, KOTOpble OPUEHTHPOBAaHbI Ha COLMa/bHBIE
WHUILMATUBBI.

[anpHefilie ¥MCC/iejOBaHUsT MOTYT ObITh HarpaBieHbl Ha paciuypeHde (YHKIWMOHaAa, J0paboTKy
ClieHapHeB B3aMMO/IEHCTBYS B PeaibHbIX YCJIOBUSX U pa3paboTKy a/alTUBHBIX pelleHuii uHTepdeiica, KOTopble
VUHUTBIBAIOT MOTPEOHOCTH pPa3HBIX KaTeropyii Mosib3oBaresel.
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CUHTE3 TEOPUN N NPAKTUKN: KOHLENLMS LNDPOBON NMNAT®OPMbI KAK UHCTPYMEHT
CB/IMXXEHUA YHUBEPCUTETA W BUSHECA B COEPE AN3ANHA

© H.WN. KanyruHa, C.B. Apus 2025

Cmambs nocesujeHa npobneme paspbiea medxcoy akademuueckoll nod2omogkoli ousaliHepos 8 yHugepcumemax u
peaabHbiMU nompebHocmamMu uHoycmpuu. Lleab uccnedogaHusi 3akaroudemcsi 8 paspabomke KoHyenyuu
yucppoeoil naameopmbl, obecneuugaroujeli cucmemHoe —@3aumodelicmeue 8y308 U Ou3aliH-cmyoull.
Memodonozuueckyro ocHog8y cocmasuau aHaau3 Cyujecmayrowjux NpakmuK opeaHu3ayuu cnyoeHuecKux npakmuk
U Uu3yyeHue MexaHU3MO8 20CyO0apCmeeHHO-UdCMHO20 napmHepcmea 6 cgepe e6bicliezo obpazoeaHusi. B
pe3ynbmame npeonodceHa Modenb 31eKMpPOHHOU Oupicu npakmuk, ebnoaHsioweli yHkyuu azpeeayuu,
eepucukayuu u KoopouHayuu, a makdice O0OOCHOBAHA HEOOXOOUMOCMb KOMI/AeKCca Mep 20Cy0dapcmeeHHoL
noodepoicku  6usHeca. HoeusHa uccnedosaHusi 3akaoudemcss 8 UHMe2payuu  MexHOA02UUEeCKo20 U
cmumynupyrowjezo nooxo0oe K GhopmuposaHulo ycmoliuueoli 3Kocucmembl NOO20MOBKU Kaopos. Bbigoobl
noomeepxcoarom, Umo npedNoHCeHHAas KOHYenyusi no3eosnsem npeodonemb UH(POPMAYUOHHYIO aCUMMEmpuro U
noebiCUMb Kauecmeo no02omoeKu cneyuantcmos.

KnroueBble coBa: [u3aiiH-oOpa3oBaHue; HWHTerpauus obpa3oBaHus u Ow3Heca; nudpoBas miaTdopma;
TIPaKTHKa CTY/IeHTOB; TOCY/IapCTBeHHO-UaCTHOe [TapTHEePCTBO.

N.I. Kalugina, S.V. Yariz

Saint Petersburg State University of Industrial Technologies and Design 191186, St. Petersburg,
Bolshaya Morskaya, 18

THEORY AND PRACTICE SYNTHESIS: THE CONCEPT OF A DIGITAL PLATFORM AS A TOOL
FOR BRIDGING THE GAP BETWEEN UNIVERSITY AND BUSINESS IN THE DESIGN SPHERE

Abstract: The article addresses the gap between academic training of designers in universities and the real needs of
the industry. The aim of the study is to develop a concept for a digital platform that ensures systematic interaction
between universities and design studios. The methodological foundation comprises an analysis of existing
practices for organising student internships and a study of public-private partnership mechanisms in the field of
higher education. As a result, a model of an electronic internship exchange platform is proposed. The platform
performs aggregation, verification, and coordination functions. Additionally, the necessity of a package of
government support measures for businesses is substantiated. The novelty of the research consists in combining
technological and incentive-driven approaches to foster a sustainable ecosystem for workforce capacity building.
The findings confirm that the proposed concept helps overcome information asymmetry and improve the quality of
professional training.

Kirouerbie ci1oBa: design education; education and business integration; digital platform; student practice; public-
private partnership.

VcTopuuecky CI0KWIOCH Tak, YTO YHMBEPCUTEeTCKOe oOpa3oBaHMe B cdepe Au3aiiHa GOpMHUPOBAIOCh
BOKPYT HJed (GyHJaMeHTaJbHON IMOJTOTOBKH: CTYZEHT IOCTUIras 3aKOHBbl KOMIIO3WLMH, WCTOPUIO HCKYCCTB,
Teopuro GopMooOpa3oBaHusi, UTOOLI 3aTeM, YoKe B TIpodeCCHOHABHOMN MTpaKTHKe, aJaliTUPOBATh 3TH 3HAHUS K
KOHKDETHBIM 3a7iauaM. OJJHaKO CerofiHsl 3TOT JIMHeHHbIA MyTh «OT TEOPUM K TMpaKTHKe» TepecTan paboTaTs.
PeiHOK Tpyga Oosiblile He TOTOB >KJaTh, MOKA BBIMYCKHWK HAbepeTcs OMbITa IMOC/Ee TOyUYeHHUs AWIIOMA.
Ludposasi 5KOHOMHKA JUKTYeT CBOW YCIOBHS: CIELIMATUCT J0JDKeH ObITh TOTOB K pelLIeHUI0 CJIOXKHBIX Ou3Hec-
3a7ilau C mepBoro AHs paboTel. B pesysnbTaTe TpaAWIMOHHAs MOJeNb YHUBEPCUTETa, OPUEHTHPOBAHHAs Ha
CoXpaHeHMe U TPaHC/SLMIO (yH/aMEHTa/IbHOTO 3HaHUs], BCTYIIAeT B pacTylljee IIPOTUBOPeUre C oTpebHOCTIMU
paborozareneii. IMeHHO Ha 3TOM IepeceueHUM BO3HUKAeT 30Ha HaNpsDKeHHOCTU: TeOpeTHYecKasi MOAr0TOBKa,
rojiyyaeMasi B YHHUBEPCHUTeTe, 3auacTyl0 OKa3bIBaeTCsi OTOPBAaHHOM OT peanuii AW3alH-CTYAWMN, peKIaMHBIX
areHTCTB W KpeaTUBHBIX MHAYCTPHH, I/le LEHATCS He CTOJIBKO aKaJeMHYecKre 3HaHHs, CKOJIBKO CIIOCOOHOCTDb
OBICTPO pellaTh MpaKTUYeCKUe 3a/laud B YCJIOBHUSX OTPaHUUYEHHBIX PECYPCOB M JKECTKMX BPEMEHHBIX PaMOK. B
pe3yJibTaTe BLIMYCKHUKY, 00/1a7iasi BLICOKAM TOTEHLIMA/IOM, 3a4acTy0 CTA/IKUBAOTCS C TPYJHOCTSIMH aZlariTaLdu
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Ha repBoM paboueM MecTe, a paboToziaTe/ M HECYT JIOTIOJIHUTE/BHBIE H3/Iep>KKH, CBsI3aHHbIE C 1000yueHHeM
MOJIO/IbIX CIIeLIaTMCTOB, UTO B COBOKYITHOCTH CHIKaeT 3(h()eKTUBHOCTb BCeM CHCTeMbl IOATOTOBKYU Ka/JpOB.

KnroueBass rmpoGsieMa, TpeNsTCTBYIOIasi TapMOHHUUHOMY B3aUMOJEMCTBUIO YHUBEDCUTETOB U
npo¢ecCHOHANBHOIO [M3aiiH-co00IecTBa, KPOeTCsi B OTCYTCTBUM CHCTEMHO OPraHHW30BaHHBIX MeXaHW3MOB,
00eCreurBaroIUX YCTOMUUBLIM, a He STM30AUUYeCKUM KOHTAKT MeX/y 3TUMU ABYyMst cpefaMu. CyIecTBYHOIIMH
(opMar TPOXOXKAEHUSI CTyJeHUeCKUX MPaKTHK, 3aKperieHHbIH oOpa3oBaTeNbHbIMU CTaHZAPTaMH, 3a4acTylo
HOCHUT (hOpMasbHBIN XapakKTep.

YHYBepCHUTETHI UCIBITHIBAIOT CI0KHOCTH € ()OPMHPOBAHMEM ITyJla HaZeXHBbIX TapTHEPOB, T'OTOBBIX
MPeJIOCTaB/ATh CTY/IeHTAM He MeCTO /i TacCUBHOTO HAOJIO/IeHUs, a TIO/HOLIEHHOE TMOTPY)KeHHe B
MIPOU3BO/ICTBEHHBbIE TIPOLIeCChl C peasbHbIMU 3afladaMM M OTBETCTBeHHOCTbIO. C JpYyroil CTOpPOHBI, AW3aiiH-
CTyJuY, OCODEHHO Masble U CpefHUEe NpeJTpUsTHs, COCTAB/SIOI{He OCHOBY KpeaTHBHOIO CeKTopa, He
pacriosiaraloT HU KaJpOBBIMU PeCypCaMH [JJisi CHCTeMHOTO HaCTaBHUUECTBA, HA yJ0OHBIMHA HHCTPYMEHTaMH 115l
TOMCKa MOTHUBHPOBAHHBIX CTYJIleHTOB, Yell ypOBeHb IOATOTOBKA COOTBETCTBYeT HX CrelpriyecKum
TpeboBaHUsIM. Bo3HMKaeT cuTyauus WH(GOPMALMOHHONW aCMMMETPUM U B3aMMHBIX OXKHUZAHWH, KOTOpasl JIHLIb
u3pefKa MpeofosieBaeTcsi Grarofaps JUYHBIM CBSI3sIM TIperofaBaTresieli-3HTY3UacTOB WM WHULUATHBHBIM
CTyZIeHTaM, YTO He MOXKeT CY)KUTb OCHOBOM [ijIl YCTOMUMBOTO pa3BUTHUS KaJPOBOTO IMOTeHIMana otpaciu. K
3ToMy [fo0aBisieTcs W (yHAaMeHTa/bHOE pas3inuve B Habopax KOMIETEHIMH, Ky/JbTUBUDYEMBIX B
YHHUBEPCUTETCKOI 1 O6usHec-cpefie. pasinure B Habopax KOMIIeTeHLIUH, Ky/IbTUBUPYEMBIX B YHUBEPCUTETCKON 1
OusHec-cpefie. YHUBEPCUTETbI TPaJULIMOHHO CH/IBHBI B (DOPMHUPOBAHMM KOHLIENTYAJbHOTO MBIIIEHUS U
HCTOPUKO-KY/IbTYpHOro Garaxka, Torja Kak Au3aliH-cTyjur 06/1a/ja0T YHUKAIbHBIMUA KOMITETeHLISIMH B 06/1aCTH
yIIpaB/IeHUsT TPOeKTaMH, B3auMogeiicTBusi ¢ KiaveHTamu (B2B u B2C), GropKeTHpOBaHUs, HOPUAUYECKOTO
COTIPOBOXK/EHUSI JOTOBOPHBIX OTHOIIEHWI M ONepaTUBHOTO BHEAPEHHS] TEXHOJIOTMYeCKHUX HOBIIECTB, TaKMX Kak
HelpOCeTH ¥ reHepaTUBHBIN qu3aiiH [1]. CTyzeHT, He TpolLejiIvii yepe3 «00KaTKy» B peasbHOU (PUpMe, BEIXOAUT
Ha PBIHOK TPY/ja C TEOPETHUECKH BhIBEPEHHBIMH, HO «KHW)KHBIMW» 3HAHHMSMM, UTO CO37aeT Cepbe3HbIi 6apbep A/
ero rnpodeccroHaabHOM peanu3alyy U 3aMe/|IseT ero KapbepHyo TPaeKTOPHIO.

Bosee Toro, riybrHHas npuurHa c/1aboCcTH CBs3eil Mex [y aka/ieMUuecKol 1 UH/YCTpUaIbHON chepaMu
3aK/II0UaeTcss B OTCYTCTBUM [Jjisi Ou3Heca MOHATHBIX M SKOHOMHUYECKM 3HAUMMBIX CTUMYJIOB K YUacTHIO B
oOpasoBaresbHOM Ipoliecce. [/ KOMMepUecKoi CTPYKTyphI ITpHeM CTYZAeHTa Ha MPaKTHKY SIB/ISIETCS He TOJIBKO
WHBeCTHLIMeld B Oyzyllee, HO U CONPsDKEH C TEKYIIUMU W3[epKKaMH, a MMEHHO OTB/IeUeHHEeM OIbITHBIX
COTPYZHVKOB Ha HACTABHUYECTBO, TOTEHLMATbHBIMI PUCKaMU CHIDKeHHUS KauecTBa paboThl HaZi KOMMePUYeCKUMHU
3aKasaMH, a TaKKe aJMUHACTPATHBHOM HAarpy3kod 1o oGOpMIIEHHIO AOKYMeHTOB [2]. B ycjioBUsIX BBICOKOW
KOHKYPEeHLIMM Ha PhIHKe KPeaTHBHBIX YCIYT TaKWe U3/ep>KKH, He KOMIIeHCHpYeMble HU MPSMBbIMUA (PMHaHCOBBIMU
nipepepeHIUsIMY, HU OIyTHMBbIMA HeMaTepHaJbHbIMU BbITOAMH, CTAHOBATCS [Jisi OGOJIBIIMHCTBA CTYAHUM
HeIpeo/|0/IMMbIM MIpensaTCcTBUeM. be3 co3/jaHus BHellIHero MOTHBALMOHHOI'0 KOHTYPa, (hOPMUPYeMOro, B [IePBYIO
ouepeZib, TOCYJJApPCTBOM, paCCUMTHIBATH HAa MaccoBOe U [j0OpOBO/NBHOE BOB/eueHMe OM3Heca B CHUCTEMHYIO
MOATOTOBKY KaZpoOB He MpuxoAutcs. TakuM o0pa3oM, C/IOXKMBILASsCS CUTYalsi XapaKTepH3YeTCs TpeMsi
K/TFOUEeBBIMU [JUCIIPOTIOPLIUSIMU: OTCYTCTBHEM MPOGHIBLHOrO TOCpeJHUKA MeX/Y CIIPOCOM U TIpeJjIo’KeHHeM Ha
PbIHKE CTY/ZIleHUeCKHUX MPaKTHK, HeCOOTBETCTBHEM (OPMUPYEMBIX U BOCTPeOOBAHHBIX KOMITETEHLIWH, a TakkKe
JedULUTOM SKOHOMHYECKMX CTUMYJIOB [JJisi OW3Heca, UTO B COBOKYIMHOCTH ()OPMHUDYET YCTOWUHBYIO
pa3o0IeHHOCTb YHUBEPCUTETCKOM U IPO(eCcCHOHATLHOM Cpefibl.

[TpeogosieHne yKa3aHHBIX CHCTeMHBIX OapbepoB TpeOyeT repexojia OT pa3pO3HEHHBbIX WHUIMATUB K
(hOpMHPOBaHUIO L{eJIOCTHOM HH(PACTPYKTYPHI, ClI0COOHOI 06ecrieunTs Ipo3payHoe, YA00HOE ¥ B3aUMOBBITOAHOE
B3aMMO/eliCTBHe BCeX yYaCTHHUKOB nporiecca. Hanbosee nepcrieKTUBHBIM MHCTPYMEHTOM B [JAHHOM KOHTEKCTe
TIPe/ICTAB/ISIETCS]  CO3[JaHHe CTelUaIM3UPOBAaHHON 3/7IeKTPOHHON TJIaT(OpPMbl, @ WMEHHO LU(PPOBOM OUpXKU
TIPAKTHK U CTAXXKUPOBOK /IJIsI CTY/IeHTOB-/I13aliHepoB, GYHKLMOHUPYIOIIel KaK ABYCTOPOHHUN PBIHOK.

Amnanu3 npupo/p! Mof06HBIX T1aTGOPM MOKa3bIBaeT, UTo UX 3)(EKTUBHOCTD OTpe/iesISIeTCsl He CTO/IBKO
TeXHOJIOTUUECKOW CI0KHOCTBIO, CKOMBKO CIOCOOHOCTBIO BBITIO/HSATE TPU B3aUMOCBs3aHHbIE —(YHKLIAM:
arperalud, Bepu¢MKalMK ¥ KoOpAvHauuHu. PYHKIWS arperary 3akK/IOuaeTcss B HAKOTUIEHHH KPUTHUECKOU
MAacChl yYaCTHUKOB C 06eHX CTOPOH, TIOCKOJIBKY TOJILKO TIPH TOCTYDKEHUH OTpe/ie/IeHHOT0 00beMa Tpe/l/IOKeHHH
CO CTOPOHBI KOMIIAaHUH ¥ Npo@uieli co CTOPOHBI CTY/IeHTOB I1aT()opMa CTaHOBUTCS CaMOIO/jep KUBaroLLercst
9KOCUCTEMOM, TJie KaX[blii HOBbIM YYaCTHHMK YBelWUMBaeT LIeHHOCTb JJs BCeX OCTalbHbIX. DyHKIus
BepU(UKaLMM TpU3BaHa pemuTb npobseMy WH(GOPMALMOHHONW acUMMeTpUH, NPHUCYIIYI0 PBIHKY TpyAa:
paboTofiaTeslb He MOXKET JOCTOBEPHO OLIEHWTH peajibHBI YpOBeHb TMOATOTOBKU CTyZeHTa 1o (opmanbHbIM
aKaJileMHUUeCKUM TIOKa3aTesisiM, a CTYZIeHT He UMeeT TOJHOTO TpeJCTaB/eH|sI O PeasbHbIX YC/IOBUSX PabOTHI B
KomraHuu. Ilnardopma B [aHHOM Ciyyae BBICTYIIAeT WHCTHUTYTOM [IOBepHSi, TIPeJOCTaB/Isisi MeXaHW3MBI
TIOATBEP)K/IeHNsT KOMIeTeHLIMH (HarpruMep, yepe3 WHTeTPALMIO C aKa/|[eMUYeCKUMH PeHTHHraMH, OIleHKaM{ OT
TIpe/IbIYIIMX HAaCTaBHUKOB WM Pe3yJ/ibTaTaM{ BBITTOJHEHHSI TeCTOBBIX 3a[jdHuUI) U MyO/JUUHOTO PaH)KUPOBaHUS
paboTofareseii 1o kauecTBy HacTaBHHUUeCcTBa. KoopAuHaL|s BBIXOAUT 38 PAMKU 3/IeMEHTapHOT'O IIPUKpeI/IeHNs
CTaXEpoB K HacTaBHWKaM. OHa OpraHWYHO BCTpauBaeT IUIaTdopMy B oOpa3oBaTeslbHBIA IpoLiecC C
BO3MO>KHOCTBIO COTJIaCOBaHUsI PaCyCaHus MPaKTHK C rpadrikaMy peasnu3alliy IPOEKTHBIX 3a/lay KOMITaHHH.
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Ba)xHO TOMUEPKHYTb, UTO TMpejjaraeMas OWUp>Ka TPAKTHK B TMEPCIEeKTHBE OyAeT CyLeCTBEHHO
OT/IMYAThCs KakK OT INPUBBIUHBIX arperaTopoB BaKaHCHM, TaK W OT TPaJULMOHHBIX YHHUBEPCHUTETCKUX CHUCTEM
pacripefienieHusi. BBuzy Toro uto kjaccudyeckye riatdopMbl HalleleHbl Ha IMPOKUH PEIHOK TPYZa B I1e7I0M, HOBast
Ovp>Ka, HATIPOTHB, CO3/AETCS /1T KOHKpPeTHOU mnpodeccronansHol cdepsl. CrefoBaTesbHO, KIHOUYEBYIO POJb
34eck OyayT urpath He popMasibHbIe JaHHBIE U3 Pe3lOMe, a peajibHble HaBBIKH M Pa3BUTOE IPOEKTHOE MBIIIIIeHHE.
COOTBEeTCTBEHHO, B OT/IMYME OT CTAHJAPTHOTO YHMBEPCUTETCKOTO pacrpejiesieHusi, KOTOpOe 3a4acTyr) HOCHT
cyry60 aJMUHUCTPAaTUBHBIN XapaKTep U He YUUTHIBAeT HU MPEeATNIOUTEHHUH CaMOro CTY/eHTa, HH CrielUprIecKIx
3aTlPOCOB KOMITaHWH, TipejjiaraeMasi OWp)ka peanu3yeT MeXaHW3M B3auMHOro Beibopa. Bmaropaps stomy
YUallMiiCs TepecTaHeT BBICTYTIATh B POJIM MTACCUBHOTO 0OBEKTa U MPeBPATUTCS B aKTMBHOIO CyOBeKTa mpoljecca,
CaMOCTOSTE/LHO BBICTPauBasi CBOIO IpodeccHoHanbHyr0 Tpaekroputo. Kpome Toro, miardopma Oygper
BBINIOJIHATE (YHKLMIO 0TOOpa: KOMIIAHMM I0TydYaT BO3MOXKHOCTb Ha PaHHUX 3Tarax BbUIB/ATH TalaHTIUBBIX
CTYJIleHTOB, a ydyallidecsi CMOTYT OLIEHWTb COOCTBEHHYI0 BOCTpeOOBaHHOCTL Ha pbIHKe Tpyza. B uTore Gupska
CTaHeT [leHTPalbHbIM 3/IEMEHTOM HOBOM SKOCHCTEMBI, I/ie TiepeceKyTcst o6pa3oBaTesbHble, IPodeCcCHOHaIbHBIE 1
KapbepHbIe TPAeKTOPHH.

KoHrenuus mpegycMaTpuBaeT, uTo TiatdpopMa OyJeT CHUCTeMaTHU3MPOBATh IapaMeTphbl CIpoca |
TIpe/i/Io>KeHNst M obecrieunBaTh WX B3aWMHOe COOTBeTCTBHe. CTy/eHThI MOTYT CO3/aBaTh [ieTaJu3UpOBaHHbIe
npoduny, KyZa BXOAAT MopTdosno, cBefieHUss 00 ycreBaeMOCTH, Crielidaau3auus (Harmpumep, rpaduuecKuit
[M3aliH, MOYILUH-AW3akiH, TPOMBIIUIEHHBIN [U3aiiH WM JU3aliH WHTepbepa), HaBbIKM pabOoThbl C pa3IuuHBIMU
NporpaMMamy, a TakKe JIMYHbIe Npe/TIouTeHHs] OTHOCUTE/ILHO TUITOB MPOEKTOB. [u3aliH-CTYANM U areHTCTBa, B
CBOIO Ouepe/ib, [I0/IyUatoT Y00HbI HHCTPYMEHT A/ pa3MellieHHs BaKaHCHH 110 TIpaKTHKe. B omvcaHuy Kaxkgon
BaKaHCUM MOXKHO yKasaTb MPOEeKTHbIe 3a/jaud, Tpebyemble KOMITIETEHLIMH, CPOKHM pealv3alii U YCIOBUS
COTPYZAHWYECTBA, a TakKe NPeJyCMOTPeTh JUCTAHIIMOHHBIA UMK THOpUHBINA GopMaT paboTEL.

KitoueBpIM MPUHLMIIOM pPaboThl OWMPXKK BBICTYTAeT B3aWMHBIA BBIOOP. CTYAEHT CaMOCTOSITETBHO
OTK/IMKAeTCsl Ha HauboJiee HHTEPECHBIE [IJIs HErO MPe/IIoXKeH s, a paboTo/iaTeslb, UCIONb3Ysl UHTEIEKTYaIbHbIe
aITOPUTMBI, MTPOCMAaTpUBaeT M OTOMpaeT MOAXOASUMX KaHAUAAToB. [1of00HBINA Mogxo[ AaéT BO3MOXKHOCTh
CyILLIeCTBEHHO COKpAaTUTh 3aTpaThl Ha MOA00p CHEeLMaIdCTOB U BBICTPOUTH NPOAYKTHBHbIE paboune CBS3KU
cTaképa ¢ HacTaBHUKOM. OJHaKo, Kak I10Ka3blBaeT aHa/lW3, CO37laHHe TeXHWUeCKOW IIaT(OpMbl SBISETCS
HeoOXOJMMBIM, HO HeJOCTaTOYHBIM ycioBHeM. Ee 3¢ddeKTHBHOCT OyzeT HampsMyl 3aBHCETb OT CTeleHd
BOBJIEUEHHOCTH OM3HEC-CO00IeCTBa, KOTOpas, B CBOI OYepeb, NO/DKHA ObITb obecrieueHa MakeToM Mep
rOCyJJApCTBeHHOW TMOJJIeP>KKH, TpPaHCGHOPDMHUPYIOLIMX ydacTHe B TOATOTOBKe KaZpoB U3  pa3psja
obpemMeHUTe/IbHOM 00513aHHOCTH B 30HY CTpaTermueckoro uHrepeca [3].

@dopMHUpOBaHWe TaKOrO TIaKeTa CTUMYJIOB MOXXET OINMPAaThCs Ha YCIeIIHBIA OINBIT peaan3aliu
rOCy/JJApCTBEHHBIX TPOTPaMM TIO[IEPXKKH 3aHSITOCTH W B3aUMOJEHCTBHUS C OU3HECOM B Pa3/IMYHBIX OTPAC/ISX
5KOHOMUKH. IIpeficTaBiseTcs LiesecoobpasHbIM Ipe//I0KUTh KOMILIEKC Mep, JuddepeHIMPOBaHHBIX 10 CBOEMY
MeXaHU3My [eHCTBUs, HO 00beJUHEHHBIX 00Lel Iieblo, C/ieslaTh COTPYJHUUECTBO C YHUBEPCUTETAMH depe3
1poBYIO M1aTGOpPMy SKOHOMHUECKH TIPUBJIEKaTe/IbHbIM. Bo-T1epBbIX, 3TO HAJIOrOBbIe NpedepeHL{ry, TaKHe Kak
CHIDKEHHe CTaBKM Hajiora Ha NpHOBUIE WM Halora, yIulaulMBaeMOro B paMKaX VIIPOLEHHOM CHCTeMbl
HaI0r000610KeHHsI, [l KOMITaHUH-yYaCTHUKOB OUP>KU TIPOTIOPLIMOHAIBEHO KOJTMYECTBY MPUHSATHIX Ha MPaKTHKY
CTy[IeHTOB. BO-BTODBIX, MpsiMble (UHAHCOBBIE CyOCUAWMH paboTojaTessiM, KOMITEHCHPYIOIUe 3aTpaThl Ha
HACTaBHUYECTBO, M0 aHAJIOTHHU C POrpaMMaMHU CyOCUAVMPOBaHUs HaliMa, YCIeIIHO 3apeKOMeH/I0BaBILIUMU Ce0sl B
paMKax Hal[MOHAJBHOTO TIPOEKTa MO MOAJEeP)KKe 3aHATOCTH. Takue cyOCUANU MOTYT MPeOCTaB/IaThCS HAa CPOK
NIPOXOJK/IeHUs] TIPAKTUKU U IIOKPbIBaTh YacTh 3aTpaT Ha OIIaTy TPyJAa HacTaBHMKA WJIM CaMoOro craxepa. B-
TPETbUX, BO3MOKHbI OaHKOBCKMe IIpedepeHI|UH, IIpe0CTaB/lIeHre TIOHMKEHHbIX IIPOLIEHTHBIX CTaBOK II0
KPeAWUTHBIM MPOAYKTaM AJisi GUPM, JeMOHCTPUPYIOIIMX YCTONUMBYIO aKTHBHOCTH B TIOJTOTOBKE KaZIpOB uepe3
riat¢opmy. HakoHel|, aiMUHHCTPaTHBHBIE TIOC/Ia0/IeHHs, TaKHe KaK yIIPOLIeHHBIN TTOpsiJOK NpHeMa Ha paboTy
CTYJJeHTOB Ha MepHo/| TIPAKTUKUA WM OTCPOYKA IO yIjIaTe CTPaXOBBIX B3HOCOB, MOTYT CYL[eCTBEHHO CHU3UTH
OrOpOKpaTHUecKyl0 Harpy3ky Ha OusHec. B posm MojepaTopa U rapaHTa 3THX npedepeHLri JO/DKHO BBICTYTUTh
roCyJapCTBO B JiMLe MPOQUIBHBIX MHUHUCTEPCTB (0Opa30BaHMsl, MPOMBIILIEHHOCTH W TOPTOBH, LU(MPOBOro
Pa3BUTHS) M MIHCTUTYTOB PAa3BUTHSL, UTO MPUZACT MyIaT¢hopMe CTaTyC 0(QUIMATBLHOTO Y HafIeXKHOT0 MHCTPYMEHTa, a
He Pa3pO3HEHHOI MHUIIMATUBHIL.

YcnemHas peanu3anysi TpeJJio)KEHHOW MOZe/Id 3aBUCHUT OT DPaBHO3HAUHOTO BHUMAHHS K JIBYM
COCTAaBJISIFOLIMM: TEXHOJIOTHUECKOH apXUTeKType I/1aT(GOopMbl M CCTeMe SKOHOMUUECKUX CTUMYJ/IOB IIPHUEM 3TU
KOMIIOHEHTbl HAXOZATCS B OTHOLIEHWM B3aUMHOTO YCHIeHHs. TexHOJorHueckas peanm3alysi OIpefesnsier
6a30Bble  BO3MOXKHOCTHM TJIaT(OPMbI, @ WMEHHO YJ00CTBO UHTEp(}EHCOB CKOpOCTh Mojbopa HafEXHOCTh
BepU(UKaLMK aHHBIX 3alUTY TIePCOHAIbHON WH(OPMAIUK U MHTErpaLyio ¢ 06pa3oBaTelbHBIMU U KaJJpOBBIMU
cucremamu. be3 KauecTBeHHOTo 1M()POBOTO MHCTPYMEHTApHs iake camasi IPOJlyMaHHasi CCTeMa CTUMYJIOB He
MIpYBEIET K (POPMUPOBAHUIO yCTOWUMBBIX TIPAKTUK B3aUMO/IEHCTBYS TTOCKOJIBKY YYaCTHUKHU OYAyT CTaKMBaThCS
C TeXHUYeCKUMU baprepaMul HHGOPMAaLMOHHOHN Heolpe/ie/IEHHOCTBIO U OIlepPaLjMOHHBIMU HU3/lepXKKaMU, KOTOpble
HUBE/IMPYIOT SKOHOMHUECKYIO [IPUBJIEKaTeIbHOCTh yuacTHs. B To >ke BpeMsi CKOJb Obl COBepIIIeHHOW HU Oblia
TeXHOJIOTHUecKasi 1aTdopMa OHa OCTaHeTCsl HeBOCTpeOOBaHHOU 6e3 co3pjaHus AJisi OM3Heca TMOHATHBIX U
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SKOHOMHUECKH 3HaUMMBIX CTUMYJIOB K yuacTuro. HasoroBele rpedepeHLn CyOcHpoBaHre HaCTaBHIUECTBA U
a/IMVHUCTpaTHBHbIE N0C/1ab/ieHus] BBICTYIIAI0T TeM MOTHUBALIMOHHBIM [poM, KOTOpoe TpaHC(hOpMUpYeT yJacTHe
B [IOJTOTOBKE KaZipoB U3 pa3psifia obpeMeHUTe/ILHON 00513aHHOCTH B 30HY CTpaTernyeckoro HHTepeca.

TexHuueckasi apxXuTeKTypa IUIaTGOPMBbI CTPOUTCS TI0 MOZJY/IBLHOMY IIPHUHLMITY, UTO ObecreuuBaeT
rubKOCTh, MacIITabupyeMoCTb 1 6e301acHOCTE. B eé 0CHOBe BBIZENSAIOTCS YeThIpe KITIOUeBBIX (PYHKIMIOHATBHBIX
6r0Ka.

Brox yripaBieHus 11o/ib30BaTe sIMU ¥ IPOGH/ISIMUA OTBEYAaeT 3a PEruCTPaLfio YUaCTHIUKOB, HHTErPariyio C
VHUBEPCUTETCKUMH CHCTeMaMH (eJUHbI BXOJ, TIOATBEPK/eHWEe CTaTyca CTyJeHTa) W (OPMHUDOBaHUE
JleTallM3UpOBaHHbIX MpoGUIel, BKIOYasi MOpTQOINo, Crieldani3aliio U akaJeMUUYecKre JOCTIKeHus. Biiok
nozibopa 1 KoopJuHaluy obecrieunBaeT OCHOBHOM TpoIiecc B3auMo/eHcTBYs. VIHTeneKTyabHbIM alropurM Ha
OCHOBe KOMITeTeHLMH, MopTdonuo U MpeAnouTeHuil ¢opMuUpyeT peKOMeHJAlMHd [/l CTYJEeHTOB U
paborozareneii. B pamMkax 6/10Ka peasr3yrOTCs MeXaHU3Mbl B3aUMHOTO BbIOOpa, CHHXPOHM3aLUs KalleHAapHBIX
rpahMKOB MPaKTHUK C MMPOEKTHBIMH LIVK/IaMH KOMITAHHM, a TaK)Ke yIpaBjeHHe CTaTyCaMH 3asBOK M OTK/IMKOB.
B0k BepuduUKaLuy U JOBepHsi pellaeT 3a/iauy CHIKeHUs MHQOpPMaMoHHOW acuMMeTpur. OH UHTerpyUpyeTcs C
aKaJileMHUUeCKUMH CUCTEMaMHU JJIst TIOATBEP)KEHHs YCIIeBaeMOCTH, COOMPAeT OT3hIBBI HACTABHUKOB ¥ (JOPMUDPYET
nyO/MuHble PERTHHTH Kak CTYAEHTOB, Tak M paboTofaTesiel, BbICTyasi MHCTUTYTOM JOBEPHS Ha [JBYCTOPOHHEM
pbIHKe. VIHTerpaiyoHHbIM U aHaIMTUUYecKuil 60K obecrieunBaeT OOMEH AaHHBIMM C BHEIIHUMH CHCTEMaMH
(obpa3soBaresibHBIE U Ka/[pOBbIe NOPTasbl, 0aHKOBCKYE CEPBUCHI, TOCYAapCTBeHHbIE HH(OPMAal{MOHHbIE CUCTEMBI),
a Tak)Xe HaKOIIeHHe Y BU3yasM3alliio JaHHBIX 0 BOCTPeOOBAaHHOCTH CIIeLMaIMCTOB, 3(p(heKTUBHOCTU IIPAKTHK U
B/IMSIHUM Mep TIOJ/IeP>KKH Ha BOBJIEUeHHOCTb Ou3Heca. Bcest mHpacTpyKTypa pa3smelijaeTcsi B 00J1auHO cpefie C
cobmmoieHreM TpeOOBaHMIA K 3allliTe epCOHANbHbIX JaHHbIX.

CocyzapcTBeHHasi MOAJep)KKa BCTPOeHa B apXUTEKTYPY KakK OTJeNbHBIA (DYHKIMOHAIBHBIA KOHTYD,
BK/TIOUAIOLMN a/IMUHHCTPUPOBaHNE Mep TOAJeP)KKH, YUET U BepU(HKAL[MI0 YUacTUsl KOMIIaHHM, a TaKKe
UHTErpaldi0 C TUIAaTEXHBIMU CHUCTEMaMd /I TIpeJOCTaB/ieHuss cybcuauii W JIbroT. OTO T03BOJISET
aBTOMATH3UPOBaTh MPOLIECC TIOATBEPXK/IeHHUs TIpaBa Ha TpedepeHL[UH U [ie/laeT MeXaHHU3Mbl CTUMY/IMPOBaHMS
NIPO3PavyHbIMH /|75 BCEX YUACTHUKOB 9KOCHUCTEMBI.

BHenpeHne omnucaHHON KOHLENUY, oO0beAuHsIOMmed LU(POBYI0 HMH(PACTPYKTYpy C CUCTEMOU
roCyJJapCTBEHHOI0 CTHMY/IMPOBaHUS, OTKPBIBAeT TMepCHeKTUBBI A (OPMHMPOBAHHs KayeCTBEHHO HOBOM
9KOCHCTEMBI TIOATOTOBKHU KaZlpoB B cdepe Au3aiiHa. s CTyIeHTOB OCHOBHBIM 3¢¢deKTOM CTaHeT BO3MOXKHOCTD
TIO/TyYeHwsI OTIbITa paboThI HaJl peabHBIMHA KOMMepUeCKMMH 3aKa3aMHU ellje B IpoLiecce 00yUeHHs, UTO MO3BOJIUT
chopmupoBath TpodeccroHasibHOe MOPTQON0, Cojiepkaijee He yueOHbIe, a PHIHOUHBbIE KEHChI, U Pa3BUTh
Heob6X0/IUMble HABBIKM KOMMYHHKALIMK C 3aKa3YMKOM, paboThl B KOMaH/ie, COOMIO/IEHNsT CDOKOB U YIIPaB/eHUsI
MIPOEKTHOM Harpy3Kou.

Kpowme Toro, npoxoxxJeHue NpakTUKU B opmare, rpefijaraeMoM LiudpoBoii 6rpykeli, OTKpbIBAeT AJIs
CTyJleHTa BO3MOYKHOCTb [TOTPY>KEHHsI B aKTYa/IbHYO TEXHOJIOTHUECKYHO CpeZly KOHKpeTHOM KoMIaHuU. B oTinune
OT YHUBEDCUTETCKOM ayJWTOpHM, TIJe OCBOeHWe TIIporpaMMHoro obecriedeHusi HOCHUT, KaK MpaBUIIO,
03HAKOMUTEJIBHBIN WM aKaJ[eMUUeCKHi XapakTep, B peajibHOW AW3alH-CTYAWU CTY/EHT IoJiydaeT JOCTYI K
Y3KOCIeMa/IM3UPOBaHHBIM UHCTPYMEHTaM M Mpo¢eCCHOHATBHBIM BePCUSIM TIPOTPaMM, KOTOPBIE UCTIO/Nb3YHOTCS
B eXeJHEBHOW TMpOeKTHO pabore. IToj pYKOBOJCTBOM HAaCTaBHHKA OH OCBaWBaeT He TIPOCTO OT/e/bHbIE
(YHKIMM, a [Ie/IOCTHBIE TeXHOJOTHYeCKHe LeITOUKH, CA0KHBINMECS B KOMITAHWH: OT TPOTOTHITMPOBAHUS [0
(hMHABHOTO peHZIePUHTa, OT COTJIACOBAHMS C 3aKa3UMKOM /IO TIOATOTOBKY MakeTa K TeuaTd Wi WHTerpaluy B
upoBylo cpesly. Bonee Toro, pabota B KOMaH/e OIBITHBIX CIELMaIHMCTOB IMO3BOJISET CTYZEHTY IepeHsTh
HesBHOe 3HaHHe, KOTOpPOe peAKO (QUKCUPYeTcs B yuyeOHBIX I10COOMSIX: TEXHONOIMYeCKHe XHUTPOCTH,
ONTUMM3MPOBaHHbIe paboune CXeMbl, aBTOPCKUE METOAMKHU HCIIOIb30BaHUsI MHCTPYMeHTOB. TakuM 00pasoM,
MPaKTUKAa CTAaHOBHUTCS He TMPOCTO MECTOM IpPUMeHeHHs yyKe TOJIydeHHBIX 3HaHWi, HO MOIIHBIM KaHaIoM
TeXHOJIOTHUECKOr0 Pa3BUTHS, (OPMHUDYIOIIUM Y CTyJeHTa KOMIIETEHL[H, KOTOpble HeBO3MOXXHO B TIOJTHOM
o0beMe OCBOUTH B paMKax aKa/[eMUUeCcKOW MpOrpaMMBbl.

7151 yHUBEPCUTETOB BHe/IDEHHE TAKOM CHCTEMbI O3HavaeT Iepexof, OT aOCTPAKTHOM OLIEHKW KauyecTBa
06pa30BaHust K KOHKPETHBIM MOKa3aTe/isiM BOCTPe6OBAaHHOCTH BBIMYCKHUKOB B MHAYCTpHH. Bosiee Toro, obpaTHast
CBsi3b OT paboTozaresielf, akKymyaupyemasi I1aTopMoi, CTAaHOBUTCS LieHHEHMIIMM MCTOUHHWKOM [aHHBIX Ji/Isl
aKTya/M3alyy 00pa3oBaTesbHBIX TIPOrpaMM, I103B0JIsIS OIIePaTUBHO KOPPEKTUPOBAaTh yueOHbIe I1/1aHbl, BHE/PSTD
HOBBIe JUCLMIUIMHBI M TIepecMaTpyBaTh COZiep)KaHHWe CYIIECTBYIOIUX KypCOB B COOTBETCTBHU C peanbHbIMU
MOTPeOHOCTSIMH phIHKA. 1711 JU3aliH-CTYAUI M areHTCTB IPeUMyILiecTBa HOCAT CTpaTernyecKuid XxapakTep: OHU
MOMYYaroT JOCTYN K OTGUIBTPOBAaHHOMY ITyJly MOTMBUDOBAHHBIX W Ta/laHT/IUBBLIX CTY/E€HTOB, CO3ZaBas TeM
cambiM 3¢ GeKTUBHBIN KaZIpOBBIN pe3epB M COKpallas W3ZlepKKH. Y4acThe B TIpOrpaMMe CTaHOBHUTCS He
0/71arOTBOPUTENILHOCTBIO, a WHBECTHULMEH B (OpPMUpOBaHME CIELMaIuCTa, Y)Ke Ha 3Tare o0ydeHws,
OpPHEeHTUPOBAHHOTO HAa CTAHZAAPTHI ¥ paboume TpoLiecCchl KOHKPeTHOW KoMnaHuu. HakoHer, [y rocyjapcTea u
o011iecTBa B 1eJIOM CO3ZlaHKe TakoH M1aT¢opMbl I103BOJIUT MTOBBICUTh 3G (EKTUBHOCTL OO/PKETHBIX PAaCX0/0B Ha
BhICIlee 00pa3oBaHMe 3a cueT NPsIMOM YBS3KM 00pa3oBaTesbHBIX PEe3Y/bTaTOB C MOTPEOHOCTSMU 3KOHOMHKH,
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CHHU3UTH YPOBEHb MOJIOZAEXKHOM 6e3paboTUIIbI CPe[ii BLIMTYCKHUKOB TBOPUYECKHUX CIELMAbHOCTEH U YKPEIUTh
TIO3ULIMM OTeueCTBEHHBIX KPeaTUBHBIX UH/YCTPUH, 00eCrIeunB NX BHICOKOKBAIX(ULPOBAHHBIMYU KaZIpaMH.

Takum o6pa3om, npobnema cOMKEHNsT YHUBEPCUTETOB U AW3aliH-UHJYCTPUM MeeT He OTpac/eBoH, a
crcTeMHBIH xapakTep. CiieZjoBaTe/bHO, €€ pellieHre He OrPAHHUMTCS TIPOCTBIM YBe/THUeHHeM 4acoB MPAKTHUKY 110
CTapelM CTaHZapTaM. Bwmecto 3Toro mnoTpeOyercs T1iepexof, K HOBOM MOJeIH CO-KOHCTPYHUPOBaHHs
00pa30BaTesbHOTO OIbITa, B paMKaX KOTOPOM YHHBEPCHTET, OW3HeC U roCyapCTBO CTaHYT PaBHOMPABHBIMU
napTHEPaMHU pajy ob1ijeit 1je/r MOATOTOBKYM KOHKYPEHTOCIIOCOOHOTO CIIenHaIncTa HoBOro Thna. IpesiosxkeHHast
B [JIAHHOW CTaThe KOHLIEMLMS 3/IeKTPOHHOM OMp)XKM TPakKTHK KaK pa3 W TIpe/CcTaBiseT coboi Takou
WHTeTPALMOHHbIA MeXaHU3M, KOTOPBIN IMO3BOUT IMPeo/ioeTh WHPOPMALMOHHYI0 aCHMMETPUIO U 0DecreunT
NPO3pavyHOCTh B3auMogeiicTBUs. COOTBETCTBEHHO, TEXHOJIOTHS U CTHUMYJbl 00pa3yloT [BYeAUHYHO) OCHOBY
ycnexa. TexHomorusi co3facT UHGPACTPYKTYpHble yCa0BUs [/1s1 3(pdeKTUBHOrO B3aUMOJEHCTBHS, a CTUMYJIbI
obecrieyaT BOBJ/IEUEHHOCTb K/IIOUEBBIX YUaCTHUKOB. TOJIBKO TPM YC/IOBUM CHHXPOHHOTO Pa3BUTHSI 00enx
COCTaBJSIFOLIMX TIaTGOpMa CMOXKET BBLINIOJHUTE CBOK CHCTeMOOOpa3yollyl0 (QYHKLHIO, CTaB He IIPOCTO
BCIIOMOTaTe/IbHBIM MHCTPYMEHTOM, a YCTOWYMBBIM MHCTUTYTOM MHTErpaLiM aKafleMA4ecKoi Cpebl ¥ Au3aiiH-
WH/YCTPHH.

B  panmbHeiiieM  KoHuermuus — UudpoBoid  miathopMmbl, O0BEAWHSIOMAS ~ TEXHOJOTHUECKYHO
WH(PACTPYKTypy ¥ CHUCTEMY TOCY[apCTBEHHOM TIOAJEP)KKH, OTKDHIBA€T IIMPOKHE TIePCIIeKTUBBI  JIJIs
uccnesioBanuil. IlenecoobpasHo OyzieT IpOTeCTUPOBATh 3TY MO/ie/b B PeXXHUMe NMUJIOTHOTO NPOEKTa B OT/e/bHbIX
perHoHax C TpuBJeYeHHeM TMPO(UILHBIX BY30B U jusadH-cTyguid. Ilocsie ampoGanyy mpefcTOUT
MpOAaHaNM3MpoBaTh, KaK OHA MOBMWseT HAa TPYJOYCTPOMCTBO BBITYCKHHKOB, YPOBEHb Y/OBIE€TBOPEHHOCTH
paborozareneii ¥ KauecTBO oOpa3oBaTesibHBIX MporpamMM. OcoOblii HHTepec IpeACTaB/seT BO3MOXKHOCThb
MacIuTabupoBaHus JaHHOW MO/Ie/TN Ha pyTHe HarpaB/IeHus BICIIero 00pa3oBaHus, BeJlb MEXaHNU3MbI arperawi
Crpoca U TpeJIoKeHus], BepUpUKaIiy KOMITeTeHLIIM 1 KOOpAWHALMK 00pa30BaTeIbHOTO MPOLIecca C peaqbHBIMA
MIPOEKTHBIMUA IMK/IdMH HOCSIT YHUBEpCAJIbHBIA XapakTep. VIHCTPYMeHTBl SKOHOMHUYECKOTO CTHMY/IMPOBAaHMS
Ou3Heca TaKXKe SIBJSIIOTCS YHHUBepCalbHBIMM, Haripumep, B cdepax WH(POPMALMOHHBIX TeXHOJIOTHH,
WHKUHYUDHHTA, apXUTEKTyphl, MeAUauHAyCTPpUM M cepBHca Ipobiema feduijTa KaueCTBEHHBIX IPAaKTHK
BbIp@)KEHAa He MeHee 0CTPO. B cBs31 ¢ 3TUM JasbHelIIne UCC/IeJOBaHUS MOTYT ObITh HarlpaB/ieHbl Ha a/lalTaliyio
(hYHKIIMOHA/IbHOM apXUTEKTYPbI T/IaT(HOPMBI MO, CrIeuUKY OTpacieBbIX KOMIIETEHIIUH, a TAKXKe Ha pa3paboTKy
I depeHIMPOBaHHBIX MOZesiell TOCyJapCTBEHHO-YaCTHOTO TMapTHEpcTBa. [Ipy 3TOM Takve MOZENH AOJ/DKHBI
OyZyT yuuTHIBaTh 0COOEHHOCTU Pa3/TMUHBIX CEKTOPOB 3KOHOMHUKH M THIIOB 00pa30BaTe/bHbIX OpraHH3aLiii.

Takum o0pa3om, MpejIo)KeHHas KOHLIETILUSI MOXKET pAacCMaTpPUBAThCS KaK TMPOTOTHI CHCTEMHOTO
perienust. E€ moTeHIMan BBIXOJUT Ja/ieKko 3a INpefenbl ogHOM oTtpacyy. KoHuenuusi ¢opMupyeT OCHOBY ZJist
CO03/]aHUsT HALIMOHA/TBHOM 9KOCHCTEeMBI MHTeTPALIMK BBICIIIEro 00pa30BaHus ¥ peIHKA Tpy/a. KitroueBbIM ycioBremM
ycrexa CTaHeT JjOBepHe BCeX YYaCTHUKOB K IiaTdopMme. [l 5TOro Hy)KHa Npo3payHasi CUCTeMa PeMTHHra U
Bepuukaruy. CTyZeHTbl JOJDKHBI ObITh yBepeHbl B AobGpocoBectHOCTH paboTozareneil. Komnanuy, B CBOIO
ouepeZib, IOJDKHBI [10/TyYaTh JOCTOBEPHYIO MH(OPMALIMIO O KOMIIeTeHIIMSIX KaHAU/aToB.

[Tnardopma criocobHa BBIMOJHATH HE TOMBKO MOCPeJHWYECKYH0, HO U aHaIUTHUeCcKyr ¢yHKOWio. Ha
OCHOBe HAaKOTUIeHHBIX [JAHHBIX MOXKHO MPOTHO3MPOBAThH Ka/pOBbIe MOTPeOHOCTH oTpacieil. B mosnrocpounoi
TepcriekTiBe IiaT¢opMa MOJKeT CTaTh OCHOBOM [/ii  HENPephIBHOTO TPOgeCcCHOHaNmbHOTO Pa3BUTHSL
BBINMyCKHUKK CMOTYT BO3BpalllaTbCsi Ha OMPXKY [Jisi TIOMCKA CTa)KMPOBOK TIPH TIOBBILIEHWH KBa/TU(DUKALIUH.
PaboTo/aTe/u mosiyyat BO3MOXKHOCTb YUaCTBOBATh B (POPMHUPOBAHUH CO/IEP>KaHUsI 00pa30BaTe/IbHBIX MPOTrPaMM.
TakuMm 00pa3oM C/IOKUTCA 3aMKHYTBIM LMK/ IIOJTOTOBKM KaJpOB, OTBEUAOLIWH aKTyaJbHbIM 3arpocam
5KOHOMHKH.
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YK 712.256
A.A. MopososB

CaHkT-INeTepbyprckuin rocyaapCTBEHHbI YHUBEPCUTET NPOMBbILLMIEHHbIX TEXHOMOMMIA U An3aiiHa,
191186, CaHkT-lNeTepbypr, yn. bonbwas Mopckas, 18

PA3PABOTKA NMPOTOTUMNA UHTEPAKTUBHON ,EI,ETCKOI7I MNAOWALKN «Ll,l/ld)POBOVI
KOBYE»

B cmambe paccMompeHbl 3manbl CO30aHUSI UHMepakmueHoli demckoll u2poeoli cpedbl (0emcKoll naowaoku),
paspabambigaemoll ¢ yuemom pazeumusi UH()OPMAYUOHHBIX MexHOA02UL, d MakKdice pacmyujux 3Kon02udecKux
mpebosaHuli. B kauecmee peweHus npedjadzaemcs KOHyenyus U Npomomun UHMepAakmueHol naowaoku
«Llugppoeoti koguez», duzaliH KOMOPOll OpueHMUPOBAH HA CO30AHUE NPOCMPAHCMad, C030arlje20 MakCUMAabHoL
apcpekm npucymcmeuss 8 npupooHoli cpede. AKmyanbHOCMb MeMbl 00YCA081eHA pAcMywum eausHuem
aHMpoONo2eHHo20 paKmopa u HeobxoOUMOCMbIO CHUNCEHUS! e20 8030elicmaus 0151 COXpaHeHusi npupoodbl. CoenaH
8bl800, UMO UHMe2pAyusi 3KON02UUHBIX MAMepuanos, NPUpOOHbIX MOMUBO8 U UHMEepaKmueHbIX Yugposbix
mexHo02ull npu co030aHUU 0eMCKUX U2pO8bIX NAOWA00K Modcem cnocobcmeosamsb ¢opmupogaHuio y demell
PaHHe20 3K0/M02UUeCKO20 CO3HAHUSI, YUMo NOMOJCem COXpaHuUmb NpupooHyto cpedy 015 OyOoywux NnoKoseHull.
Cmambst Modcem bbimb NoA€3HA WUPOKOMY Kpy2y uumamesnetl.

KnroueBble c0Ba: MpUPOJA, UeIOBEK, apXUTEKTYpa, [U3aiiH, NHPOPMALMOHHbIE TEeXHOJIOTHH, BUPTYalbHast
peasbHOCTD, AOTIOTHEeHHas! peajbHOCTh, S3Hepro3ddeKTHBHOCTh, MHK/IFO3UBHBIN H3aliH, yCTOMUMBBIN TH3aliH.

D.A. Morozov

St. Petersburg State University of Industrial Technologies and Design, 18 Bolshaya Morskaya str., St.
Petersburg, 191186

DEVELOPMENT OF AN INTERACTIVE CHILDREN'S PLAYGROUND PROTOTYPE «THE DIGITAL
ARK»

The article discusses the stages of creating an interactive children's play environment (playground), which is being
developed taking into account the development of information technology, as well as growing environmental
requirements. As a solution, the concept and prototype of the Digital Ark interactive platform is proposed, the
design of which is focused on creating a space that maximizes the effect of presence in the natural environment.
The relevance of the topic is due to the growing influence of the anthropogenic factor and the need to reduce its
impact for nature conservation. It is concluded that the integration of eco-friendly materials, natural motifs and
interactive digital technologies in the creation of children's playgrounds can contribute to the formation of early
ecological awareness in children, which will help preserve the natural environment for future generations. The
article may be useful to a wide range of readers.

Keywords: nature, man, architecture, design, information technology, virtual reality, augmented reality, energy
efficiency, inclusive design, sustainable design.

B coBpeMeHHOM Mupe TeXHOJIOTMUECKHWe U COLMalbHble TPaHCPOPMAlMK HACTO/BKO BEJIMKH, YTO
CTaHOBUTCS TPYAHO OIIPe/ie/IUTh IPaHULIbI MEXKY eCTeCTBEHHBIM 1 MCKYCCTBEHHBIM, (DM3UYeCKUM U LU(POBLIM
MUpoM. JI71s1 onycaHus TaKOH peabHOCTH HeOOXOMMO pacCMaTpUBATh ee Kak CJI0XKHYIO CUCTeMY, COCTOSILYIO U3
3/IeMEeHTOB, B3aMOZeCTBYIOLMX APYT C ADYTOM U OKa3bIBAIOIMX APYT Ha pyra B3auMHOe BiusiHUe. Boibepem
JJI1  aHalM3a B3aWMOCBsi3ell  C/leflylolye CYIJHOCTH: TIpUPOZia, UeJIOBeK, AapXUTeKTypa, [Ju3aiiH W
WH(OPMaLIMOHHBIE TEXHOJIOTHH.

OmnpefieiM NPUPOAY KakK HMCXOZHYIO CHUCTEMY, WCTOUHHMK pPecypcoB W (yHZaMeHTalbHbIM KOHTEKCT
cywectBoBaHus. YenoBeka OyfeM paccMaTpUBaTh Kak MEHSIOIIee MHpP TICHXOCOLManbHOe —CYILEeCTBO,
SIBJISIFOLIeeCst POAYKTOM CBoeli cpefibl. Ilos apxuTekTypoii OyjeM MoHMMaTh MaTepyanbHOe CTPYKTYPHPOBaHHUE
IIPOCTPAHCTBA, CO3J,aBaeMoe 4esjloBeKOM Jyisi 00uTaHusi, paboThl M obiieHus. [Ju3aliHOM Ha30BeM Hafie/leHue
00BeKTOB  (YHKLIMOHAJbHOCTBIO, 3CTeTMKOW U CMbIcioM. Hakonell, WH(OpMalMOHHbBIE TEXHOJIOTHUU
OXapakTepr3yeM Kak COBOKYITHOCTb METO/[OB Y HHCTPYMEHTOB [ijIsl CO3[JaHus, XpaHeHHs], 00paboTKH U repesjaunt
uH(OPMAaLUHY, a TaKKe LU(POBYIO peasbHOCTb, PACILIUPSIOIIYI0 KOTHUTHBHBIE BO3MOKHOCTY UeJIOBEKa.

PaccMOTpUM B3aMMOJIECTBHE YKa3aHHBIX CYIIHOCTEH C TOUKM 3peHus uesioBeKa. UesioBeK SIB/ISIeTCs
TOYKOW I1epeceyeHus BCEX pacCMaTpUBaeMbIX CyILIHOCTEeH, BBICTyTasi OJHOBPEMEHHO MX CO37aTesleM H
nonb3oBatesieM. Haubosee GpyHaaMeHTaIbHas CBSI3b Y YeI0BEKa U MPUPOALI, KOTOpasi GopMHUPyeT GUOIOTHIO U
TICUXOJIOTHIO YeJIOBeKa, JaeT Pecypchbl [Jisi BbDKHMBaHUS. UesloBeK, B CBOIO Ouepe/lb, OKa3biBaeT Ha IMPUPOLY
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npeobpasyroliee BO3/eHCTBIE, a B COBDEMEHHOM MUpE U pa3pyllatoliiee BO3JeUCTBHe. 3arpa3Hsis IPUPOAY U He
JyMasi O BOCCTAHOBJEHUM MCIIO/Nb30BaHHBIX DPECypCOB, Ue0BeK IMOZPHIBAET OCHOBbI COOCTBEHHOIO
cymectBoBaHus. [losToMy, KpaiiHe BakHa «HEOOXOJUMOCTDb LieJIeHalpaB/lIeHHOTO pasBUTHsA Ouocdepsl,
NoiYMHeHHOro obecriedeHHIO JanbHeHIero pasBUTHs LIMBUIM3ALMH, HO U TaKOr0 W3MeHeHHs OOILecTBa, ero
TIPUPO/IBI ¥ OPTaHU3aLMH, KOTOPbIe ObUTH ObI CIIOCOOHBI 06ecreunTh HY>KHYEO TapMOHUIO B PAa3BUTHU MPUPOJBI U
obmectBa» [1].

ApxuTeKkTypa SIBJISIeTCS MHCTPYMEHTOM UeJIOBeKa, TTOMOorasi C03/laBaTh He0OXOUMYIO Cpesly 0OUTaHusI.
OnHa ¢opmupyeT NoBefieHre, COUanbHble HOPMBI U KOM(ODPTHYIO CpeAy AJisi yeroBeka. [Iu3aiiH afjantupyeT
00BEKTHI K MOTPEOHOCTSIM UesioBeKa, (JOPMUPYET SCTETUUECKHE TIPEITIOUTEHUST U TIOTPEOUTENBCKOE TTOBE/IEHHE.
VubopMalioHHble TEXHOJOTUM H3MEHSIOT CIocoObl KOMMYHHMKAIL|UM, [JAlOT 4Ye0BeKy JOMOJHUTEe/IbHbIe
BO3MOYKHOCTH [i/Il TIO3HAHUsI OKPY’Karollero Mupa M pa3paboTKM MeTOZIOB M TeXHOJIOTHUH AJisi GepeskHoro
OTHOIIIeHUs K TIPUpO/e.

[IpocTeiiiyM MpUMepOB B3aUMOZENCTBUS CYIITHOCTeH apXWUTEKTYphl, Au3aiiHa ¥ UHGOPMAIMOHHBIX
TeXHOJIOTHH SIBJISIOTCS TPAAWLIMOHHBINA SITIOHCKUM [IOM U Cafl, KOTOpbIe BhIpaXkatoT (Grmocouio uesoBeka uepes
apXUTEKTYPY W [U3aiiH, He OTHENSIOT ero OT MPUPOJBI, a, HA060POT, CO3JAIT C Hell Hepa3phIBHOE eJMHCTBO.
JCTeTHYeCKHi 3aMbICesT BLIpAa’KaeTCs uepe3 CMeHsieMble 3/IeMeHTHI Ziu3aiiHa ¥ CTPYKTYPY >KHJTHILA.

HeobxomumMocTh pa3paboTKH COBPEMEHHOU KOHIIEMIUH AW3aiiHa JIeTCKOH UTPOBOH Cpe/ib (TI/IOIIAKH) C
WHTEepPaKTUBHBIMU 3/IeMeHTaMi OO0yC/IOBJieHa CYILeCTBYIOIIMMH TeHAEHLUSMH PpasBUTHS U IOTPeOHOCTAMU
obiriecTBa.

Takoii MpoeKT yuWThIBaeT TpeOOBaHMSI 3KOJIOTHH, HeceT B cebe pa3sBHBAIOLIYIO M IeJaroruueckyro
(YHKLMM U WCTIo/b3yeT MH(OpPMalLMOHHbIE TEeXHOJOTHH, UTO fleflaeT ero KOMILIEKCHBIM M CBOeBpeMeHHbIM
peieHreM. B yc/ioBusix pacryireii ypbaHH3aLuM 1eTH BCe MeHbIle KOHTAaKTHPYIOT C IPUPOioi. «VICKyCCTBEHHO
CO3JJaHHBIN KOM(OPT IMPOXKUBAHKS JOCTYIIEH UeI0BeKY I10 BIIOJIHE POTOPeHHOMU fopore. Beero xBaraet. Kpome
O/JJHOTO — YCTOWYMBOM 1 IeBCTBEHHOM NPUPOJHOM Cpe/ibl B 3TOH cricteMe KoMmdopTa» [2]. Vcriomp30BaHe KUBBIX
W3TOPOJIE U JIEPEBbEB CO3/AI0T «3€/IeHbI 0a3uC» B TOPOACKOW cpene. «KOHTakT C Mpupozol mobyKmaet
yesioBeKa K I7TyDOKOMY UyBCTBEHHOMY BOCIIDUSITHIO Uepe3 BU3yaslbHble 00pasbl, 3BYKH, 3allaXy U TaKTH/IbHbIE
ollylleHus» [3]. DTo He TOJBLKO yJyulllaeT 3CTeTUKY U MUKPOK/IMMAT, HO Y MO3BOJISIET TSIM IMOMYUYUTh OIIBIT,
6/1M3KMii K peanbHOMY B3alMOZEHCTBHIO C TIPUPO/IOH, UTO, HECOMHEHHO, Ba)XKHO Ji/Isl UX Pa3BUTHS.

Vcrionb30BaHWe HaTypasbHbIX, SKOJOTMYHBIX MaTepHaJoB U UIPOBBIX 3/IEMEHTOB B BH/E KUBOTHBIX
(dopmMupyeT y feTeld 1o/CO3HATEIBHYIO CBS3b C MPUPOJOU M BOCIIUTLIBaeT bGepeykHOe OTHOILeHHe K Hell. PeGeHOK
He TMPOCTO WrpaeT Ha abCTPAaKTHOW KOHCTPYKLWH, OH elle W B3alMOJEHCTBYeT C >KMBOTHBIM MHPOM. JTO
3aK/Ia/IbIBAaeT OCHOBBI OEPEXXHOTO OTHOILEHHS K MPUPO/Ie Uepe3 Urpy, uTo sBJseTcs Haubosee 3¢h¢heKTUBHBIM
METO/[OM 00yUeHMsI.

[TpepsioxkeHHast cpefia CTUMYJ/IMPyeT KOMIUIEKCHOe pasBUTHe pebeHKa. «3ejieHblil» aHAmadT U
pasHoo6OpasHble 10 (OopMe KOHCTPYKLMU-KUBOTHBIE pa3BHUBAIOT BeCTHUOY/SPHBIM armapaT, KOOpAMHALMIO U
KPYIHYI0 MOTOPUKY JIydllle, YeM CTaH/apTHble TOPKU W JIeCTHULbl. TemaTHKa >KUBOTHBIX U MHTepaKTHBHbIE
3/IeMeHTBI CTUMYJIIPYIOT NaMsITh, BHIMaHHe U JiFobo3HaTebHOCTh. HecTaHjapTHBIE (hOPMBI HTPOBBIX 37IEMEHTOB
CIIOCOOCTBYIOT TaKXKe Pa3BUTHIO BOOODa)KeHHSI.

Co3aaHvie TUTIOBOTO MacIITAOMPYeMOT0 pellIeHus TO3BOJISIeT BHE/IPATh BEICOKOKAYeCTBEHHBIE UTPOBLIE
MIPOCTPAHCTBAa CUCTEMHO, @ He B BH/le eJMHUYHBIX JOPOTOCTOSIIIMX MTPpoeKToB. CTaHAapTH3arysl, OCHOBaHHas Ha
9KOJIOTUYHOCTH U Pa3BUBAIOIIEM TIOTeHLIHA/E, HOPMUpYeT 6osiee BBICOKUI CTAaHAAPT [JIs IPOU3BO/ICTBA JIETCKUX
TUIOIIA/IOK.

CoBpeMeHHOe TIOAXOZAbI K TIPOEKTUPOBAHHIO [eTCKUX TII0I3floK CYIeCTBEHHO OT/IMYaliTCs OT
CTaHZAPTHOTO Habopa «ropka-kauenu». JleTckas TJIOIA/IKa PAaCCMaTPUBAETCS He KaK MECTO [ BbIMJIeCcKa
SHepruy, a Kak MHOTOrpaHHOe pa3BHBarolljee NMPOCTpaHCcTBO. OfiHa U3 K/IOUeBbIX TeH/EeHLMM 3T0 MpUMeHeHHe
TIPMHLIMIIOB MHK/TIO3BHOT'O ¥ yCTOMYMBOrO fin3aiiHa. Takol oxo/ npejroaraeT Hanyuuye MAPOKUX JOPOJKeK,
CEeHCOPHBIX TTaHe el C pa3HbIMU 3BYKaMH, a TAK)Ke «TUXUX» 30H /IS IeTel, KOTOPbIM TpeOyeTcst OTABIX OT IyMa U
aKTMBHOCTH. [IprMeHeHMe HaTypabHBIX MaTepPUaoB 1 3KO-/i3aliHa BBIPAXKAeTCs B OTKa3e OT SIPKOTO I/IaCTHKA B
TMOJIb3y HATypalbHBIX MaTephasioB, a TakKe TIOBBIMIEHWIO aKIIEHTOB Ha JIaHAWA(THBIN Au3aiiH C >KUBBIMU
pacTeHUsIMH M LiBeTaMU. Takoil IOJXO[, TOMOTaeT pelIUTb Ipo0JeMy TOTaabHOM ypbaHW3aruy, KoTopast
«COKpaTu/Ia IOCTYITHOe JIeTsIM IPOCTPaHCTBO U OrpaHUYM/Ia UX BO3MOXXHOCTH [|/151 [T03HaBaTe/IbHOM /lesiTe/IbHOCTU
1 0OILIeHHUs C OKPY>KaroLuM Mupom» [4]. Eiile ojHOM TeH/|eHLIuel AB/sSeTCs HapPaTUBHBIN MOAXO — TUIOIIAAKa
co37aeTcsi He Kak Habop OT/e/bHBIX CHAPSZOB, a Kak eJjiiHasi UCTOpUsl WM MUP. Bce 3/ieMeHThI, OT Kaueseli Zo
CKaMeeK, IO/YMHeHbI 00111eli TeMe U CTUMYUPYIOT JleTell K posieBoi urpe. Kpome Toro, coBpeMeHHbIe TUIOIMIAAKH
CTPeMSTCsI OBbITh TI0JIE3HBIMU He TOJIBKO IS IeTeH, HO U /IS MX POJUTesIel, a TaKxKe OBbITh JOCTYITHBIMU B Pa3HOe
Bpems Toja. TToABIAIOTCS yA00OHBIE CKaMENKM, HaBeChl OT COJIHLIA U JIOXK[s, KaueCTBEHHOE OCBELIeHUe [Jis
BeUepHero BpeMeHU. JTO Jle/laeT TUIOL/[Ky HACTOSIIMM OOIeCTBEHHBIM IIeHTPOM, TOBBIILIAs ee COLMAaTbHYI0
L|eHHOCTb.
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B nenom, coBpemeHHast ¢unocodusi MPOEKTUPOBAHUS [ETCKUX TUIOL[A/I0OK CMEL[AeTCsl OT MPOCTOTO
TIpe/iocTaB/ieHnsi 000pyAOBaHUsS AJisi GU3MUECKOW aKTUBHOCTH K CO3Z@HHUIO 11eJIOCTHOW Pa3BUBAIOILEH Cpe[ibl.
I'naBHbIN QOKYC cocpejoTOUeH Ha pebeHKe U ero MoTpeOHOCTIX B MO3HAHWH, 00IIeHUH 1 TBOPYECTBe.

B KkauecTBe TOTeHIMANBbHBIX T0J/Ib30BaTeNell pa3pabaThiBaeMOro MPOTOTUIA BbIOEpeM C/eyIOLUe
aBaTaphbl:

- Mupocnas, 4 rosa, pebeHOK, ecTb Miami 6pat. IHTepecsl: mpupo/ia, XXUBOTHbLIE. [lenu: cobpath
KOJUIeKLIUF0 HeOoOBIYHBIX KaMHed. MeuThl: CTaTb JPYroM BCeX >XMBOTHBIX B jiecy. Bomu: He moxeT monro
KOHLIEHTPUPOBAThCSI, HY)K/]AETCS B MPOCTHIX OOBSICHEHUSX C/IOXKHBIX KOJOTMYECKHMX mporeccoB. OcobeHHOCTH
JIMUHOCTH: BBICOKasl SMOLIMOHA/IbHAs OT3bIBUYMBOCTb, CTPEM/IEHHE K HOBLIM BIleYaT/IeHUSM;

- Enena, 35 ner, mapketosior. [Toxon: 80-120 teic. py6. CraTyc: 3amy>keM, JBoe fieTell 5 u 2 sieT.
VHTepechl: 3KOJIOTMUHBIM 00pa3 >KU3HU, Pa3BUBAIOLMe METOAUKMW st feteii. Llenu: chopmupoBath y zereid
9KOJIOTHUECKMEe TPUBBIUKU. MeuThl: COOCTBEHHBIN 3aropo/iHbIA 3K0-70M. bosu: TpeBora o OyayieM TIaHEeTHI,
OJJMHOUECTBO B CBOMX CTPEMJIEHUSIX Cpefu OKpyxKeHus. OCOOEHHOCTH JIMYHOCTH: OTBETCTBEHHOCTh Mepe[
Oy yILIMMH MTOKOJIEHHSIMH, LieJIeyCTPeM/IEHHOCTb;

- Bukrop INaBnoBuuy, 68 et, nencuonep. Joxox: 35-40 Teic. py6. CTaTyc: )keHat, UMeeT BHyKa 4 JieT.
VHTepechl: HabmoAeHWe 3a TMTULIAMH, CO3[laHME CKBODEYHHWKOB. Llequ: mepefaTte BHYKY 3HAHUS O MPUPOJE U
5KOJIOTUU. MeuThl: opraHu3oBaTh CeMelHyr 3KcreauLuto Ha balikan. bomu: BHyK npearnounTaeT BUPTyasbHbIE
WTPbl peasibHOW MpPUPO/Jie, CTPaX «UTO-TO CJAOMaTh» B TeleoHe WM riaHiere. Oco6GEHHOCTH JIMUHOCTH:
6epeXX/TMBOCTD, MHOOUT PaccKa3bIBaTh UCTOPUMY;

- Tanuna MBaHOBHa, 62 roza, meHcuonep. Joxoa: 25-30 teic. py6. CTaTyc: 0ZjJMHOKA, UMEEeT BHyKa U
BHYUKY. VIHTepechl: BOCIIUTaHUE BHYKOB, OpraHu3aiusi OOIIeCTBEHHOM >KWU3HU ABopa. Lleau: co3path 3e1eHbId
0a3yC BO JJBOpe CH/IaMH XKW/IbLIOB. MeuThl: YBU/IeTh CBOM [JBOP CaMbIM 3eJIeHbIM B paiioHe. bosu: paspeiB Mexay
TOKOJIEHUSIMU B MHTepecax. Oco6eHHOCTH TMYHOCTH: SHepruuHasi, THALUaTHBHaS;

- Awnna, 27 net, Hsus. Joxogn: 80 Teic. pyb. CraTyc: He 3amyKeM, fieTeli HeT. VIHTepechl: AeTcKast
TICUXOJIOTHsI, Heliporearoryka. Llesm: co3fanve U pa3putre 6/10ra 00 9K0JOTHUECKOM BOCTIUTaHWH AieTel. MeuTs:
OTKDBITb JIeTCKMI 3KO-LIeHTp. bosii: HermoHUMaHWe CO CTOPOHBI pojauTeneldl. OcoGeHHOCTH JUYHOCTH:
HabM0aTeIbHOCTD, TEePIETUBOCTb.

CdopMynupyeM KOHLIETILIUIO JJIsi CO3JAHUSI HAIllero MpOTOTHIIA B cieAyromieit pepakiuu: Co3jaThb

MPOEKT TUIIOBOTO MHTEPAKTUBHOTO WTPOBOT'0 MPOCTPAHCTBRA (AeTCKOM IIOMIAZKK) U3 HAaTypabHBIX MaTepPUasoB,
KOTOpasi TapMOHUYHO WHTErPUPYIOT TPHUPOAY B TOPOJCKYIO cpefy, obecrieuriBasi Ge30macHOe pa3BHBAOILee
TPOCTPAHCTBO [Jis /IeTeld W TIOBbIMAasi KOM(MOPTHOCTb TOPOCKOUW CpeAibl Ajisi Bcex kurenedd. OCHOBY AaHHOU
KOHIIEMIIMN COCTaB/IsIeT TUITOTe3a O TOM, UTO eC/TM CO3/IaTh CeTh UIPOBBIX TUIOMAZOK "L{rudpoBoii KoBuer" st
Jereit 1,5-5 j1eT, coueTaro[MX PUPO/HbIE 3IeMeHTHI C U(POBBIMU TEXHOIOTHSIMH, 3TO MO3BOJIUT CHOPMUPOBATH
y JleTell paHHee 3K0JIOTHUeCcKoe CO3HaHKe uepe3 UIPOBOe B3aUMO/EeNHCTBUE C )KUBOU MPUPO/0i U S5KOJIOTUUHBIMU
MaTepHaaMH.

[y peanu3ali KOHLETIIUY 110 CO3/IaHUI0 TAPMOHHUUHOI'O0 UTPOBOTO MPOCTPAHCTBA, UHTET PUPYIOLIEro
TPUPOJy B TOPOJCKYIO CpeZy, THIOTe3a TpejjiaraeT MeXaHW3M HCIIO0/b30BaHUS MHTEPAKTUBHBIX WIPOBBIX
3/1eMEHTOB B BH/le )KUBOTHBIX M IMUTAL[MIO IIPUPOAHBIX JIaHAMA(PTOB C IPUMeHeHHeM 3K0JIOTMYHBIX MaTepHasIOB.

[TpoekTrpoBaHWe UTPOBOI CpPeAbl — 3TO CO3[jAHHE MHUPA, B KOTOPOM KayKZAbIM 3/IEMEHT [0/DKeH HeCTH
CMBICT ¥ TIpOOYX7AaTh BooGpaxkeHwue. [Ina mpoekta «LIudpoBoi Koeuer» mozbop pedepeHCOB OCHOBAaH Ha
(hoKyCHpOBKe Ha NMPUPO/IHBIE MaTepUasbl U L{BeTa.

Cepaue «KoBuera» — 3T0 ero TakKTM/ILHOCTb. KaMeHb M MecoK 3T0 OCHOBa JjaHAadTa. 1o 6a3oBble,
YeCTHbIe MaTepHaJbl, KOTOpbIe yuaT pebeHKa OILyIIaTh BeC, TEKCTYPY U TeMriepatypy (puc.l).

Puc.1. TIpumep pedepeHca — rmecok
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Kopa, TpaBa 1 MOX OTBEYAIOT 3a MSITKOCTh U >KU3Hb. VI306pakeHust IyCTOM TpaBbl M 6apXaTHCTOTO MXa
B/IOXHOBJISIIOT Ha CO3/IaHMeE 3e/IeHBIX, KUBBIX OCTPOBOB /IS OT/IbIXa ¥ CIIOKOHHBIX UT'P, T7le MO>KHO TIPOCTO JIeXKaThb
U CMOTpeTh Ha ob/1aka (puc.2).

Puc.2. TIpumep pedepeHca — MOX

[TprpozHble KaMHM MalaxXWT U sIHTapb — pedepeHChl /IS LJBeTOBBIX AKL|EHTOB M HHTEPAKTHUBHBIX
3/ieMeHTOB. ['7TyOOKWi 3e/eHbIl y30p ManaxuTa MOXKeT CTaTb OCHOBOMW /IS POCITMICH WK TEKCTYpbI. Teruibli,
CBeTSILUHACS U3HYTPH SHTaph — Mpoo0pa3s /st BCTPOEHHBIX CBETOBBIX MaHesnel (puc.3).

Puc.3. Ilpumep pedepeHca — ssHTapb

ITosieBble 1[BETHI U SATO/IBI TIOJICKA3bIBAIOT LIBETOBYIO FaMMY Jjieca WH jiyra. VIrpoBbie 3/ieMeHThI MOTYT
VMETh 3TU IIBeTa UMUTHUPYS TIPUPOAHYIO Ccpely. Takke WrpoBasi «IIPUPOJHAs» Cpejia Mo[pa3yMeBaeT HaMuue
JKUBBIX PacTeHWH ¥ KnyMb ¢ 1ipetamu (puc.4).

Puc.4. Ilpumep pedepeHca — LiBETHI

Camble BaKHble M300pakeHHs B I0/100pKe pedepeHCOB A/1s JAHHOTO [IPOEKTa, 3TO [eTH, UCCIIeAyIoLIre
mup. Wnmoctpanysi, Ha KOTOpPOH peOeHOK TporaeT LIepIIaByH KOpY, 3allyCKaeT JIaJjoHb B II€COK, K3ydaeT

4
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JIETIECTKY WK B/bIXaeT apoMarT [{BeTKa, OTpa’kaeT KOHEUHYIO 11e/1b [TPOeKTa — CO3/laHKe BIleuaT/IeH:H OT 00IjeHust
C TIpUpoIoit (puc.5).

Puc.5. ITpumep pedepeHca — pebeHOK B Jiecy

Urposas cpega «LndpoBoii KoBuer» npecTaBiisieT COO0H CHCTeMY, CO3/JaHHYI0 Ha OCHOBe (PH3IUeCKOro
B3aUMO/IEHCTBUS C 3/IeMeHTaMH TIPUPO/BI U LUPPOBBIM KOHTEHTOM. PaccMOTpUM CLieHapuil UCIIO/Ib30BaHUs ee
K/TIFOUEBBIX JIEMEHTOB U WX B/WsHHE Ha TO/b30BaTesis. AHaau3 ClieHapueB B3aUMO/IEHCTBUS TIpOBe/leM Ha
npyMepe OCHOBHOT'O THIIA [10/Ib30BaTesieli — yeTbIpexsieTHero pebeHka.

[TepBHuHBIM KOHTAKT pebeHKa C UrPOBOM CpeJjoii MPOUCXOJUT uepe3 «IIeCOUHULy-uepenaxy». JaHHbIH
3/1IeMeHT HarpaBJ/ieH Ha pa3BUTHeE MeJIKOM MOTOPHKHU U TaKTW/IBHOTO BOCIIPUSITHS Uepe3 psiMOe B3auMo/lelicTBue
C IPUPOZIHBIM MaTepHrasioM (reckoMm). dr3nueckKasi akTHBHOCTb (KOTIaHHe, IepeckinaHie) obecrieunBaeT 6a30BblIii
CeHCOMOTOPHBIH OMBIT. B cTpyKTypy 00beKTa MHTerpHpOBaH [YpoBoi uHTepGelc (TIaHILIeT), TIpe//Iaratori
obpa3oBaresibHbIe BU/IeOMaTepUasbl O MOPCKUX Yeperaxax.

AxTvBaLUs 1MGPOBOr0 KOMIIOHEHTA MPOUCXOJUT M0 WHUL[HATHBE CAMOTrO pebeHKa W He TpephIBaeT
¢busnyeckyro urpy, a gonosHser ee. CyObeKT ePeXOUT OT MPOCTOr0 MAHHUIYIMPOBAHKS MECKOM K CIOXKETHO-
pojieBOM Wrpe («IIOUCK Uepenambux sull»), The ¢(usndeckue AeHCTBUS HaJesIOTCS HOBBIM CMBICTIOM,
NPOAMKTOBAHHLIM I0yueHHOM HHbopMaiuell. TakuM o6pa3oM, NMPOUCXOAUT O0BEeJUHEHHE TaKTUIBHOTO U
KOTHUTMBHOIO OINbITAa. Y/JOBOJBbCTBHME OT B3aUMOJEMCTBUSI C IECKOM TIOZIKpeIlIseTcs I103HaBaTebHbIM
WHTEpeCoM, UTO CO3ZaeT MOIOKUTETbHYI0 SMOLIMOHA/ILHYO CBSI3b C 00yUyeHreM.

Mogyns «kKadenud-xupagbl» Tpe/cTaBiseT 000l TapHble KOHCONBHBIE Kadend, TpeOyroiiye s
pacKauvBaHWs CUHXPOHU3ALMU [eiCTBUM ABYX MO/b30BaTe/el. ITOT acleKT CTUMYJIUpYeT pa3BUTHe COLUA/IbHO-
KOMMYHUKATHBHBIX HABBIKOB W HeBepOasbHOro B3amMopeicTBus. OCHOBHOW (HM3UUYECKHUH OMBIT CBSI3aH C
pa3BUTHEM KPYITHOM MOTOPUKH, UyBCTBA PABHOBECHS U CTUMY/ISLIEl BeCTUOY/IAPHOrO arrapara, 4To BbI3bIBaeT
SIPKWI SMOLIMOHA/IbHBIN OTK/IUK (OIYILeHUe «I10JIeTa» U «IaJieHUs»).

[ludposass cocrapnstoljasi peaqn3oBaHa uepe3 CEHCOPHble TIaHe/NW, WHTerpUpOBaHHble B /W3aiiH
obbekTa. [IpUKOCHOBeHHe K HUM aKTHUBHPYeT 3BYKHU CaBaHHBI, KOTOPbIe CTy’KaT (DOHOBBIM COIIPOBOXKZEHHUEM
($U3MYeCKol aKTMBHOCTH. 3BYKOBOE TIOTpy’KeHHe yCcuirBaeT 3¢(¢eKT UrpoBoro JeHdCTBHs, TI03BOJIss CyObeKTaM
BOOOpa3nTh cebsi «IyTelleCTBeHHUKAaMU 110 CaBaHHe». B aHHOM cyiydae LU()POBOI KOMIIOHEHT BBITIOJHSIET
¢byHKIMIO oborareHust BOOOpaXKeHHs U YTTyO/IeHHUsl UTPOBOTO CHOXKETa, CO3/[aBaeMOr0 CAMUMU JIETEMU.

«['opka-c/ioH» codeTaeT B cebe 3ajjauy MOAbeMa IO JIECTHWIle M TIOC/IeJyIOllee BO3HArpakjeHue
CKOpOCTHOM criycka. [Togbem 3afelicTByeT KPyNHYIO MOTOPHKY, KOOP/WHALMIO W TJIAHUPOBAHWE JIB>KEHWH.
HocTiwkeHre BepxHell I/oLaAKU («CIIMHBI CJIOHa») COMNPOBOXKJAETCS UYBCTBOM BBITIOJHEHHOW 3a/jaud
(«TIOKOpeHue TUraHTa»).

Ha srtoli muKoBOW TOUKe (U3UUECKOTO M 3MOLMOHANLHOTO TOABEMa CyOBeKTy Tipe/jiaraeTcs
B3aMMO/IefiCTBHe C MHTePaKTUBHBIMH aHessIMH, TPeJ0CTaB/ISIOIMMH KPaTKyHo TI03HaBaTe/IbHYH0 NH(OPMAaLHio
(bakTel M wu300pakeHWst CI0HOB). Pa3meleHre o06pa3oBaTe/bHOIO KOHTEHTa B MOMEHT HAWBBICIIETO
VIIOBIIETBOPEHUS OT (U3HUUECKOT0 JOCTIDKEHHUsST CrIocoOCTByeT Gosee 3¢pdeKTHBHOMY yCBOEHHIO MH(OPMALHH.
IMocneayrouumii CNyck Mo ropke-xoboTy obecreuriBaeT BOCTOPT W OLIYILEHHe CKOPOCTH, 3aKperlisis BeCh LUK
«yCHU/Me-TI03HaHWe-Harpa/ia» Kak MOI0KUTebHBIN OIIbIT.

Urposoii kommekc «Kapycenb-zenbunbl» IpefcTaBaser cobod Mofenb  B3auMOJeHCTBUS,
OpPMEHTHPOBAHHYIO Ha IPYIINOBOE BhINOJIHeHHe 33/jauul. B oTimune oT «I'0pKU-Cc/ioHa» 3/ieck ycriex 3aBUCHUT OT
CKOOPZVHUPOBAaHHBIX [efCTBUI HeCKObKHUX yUaCTHUKOB.
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HauasnpHasi ¢a3a ripezrosiaraeT a/jantayio K LUK/INUeCKoMY JBWKeHH0. [To Mepe Habopa ckopocTu
Kapyce/y 3ByKaM{ BO/Ibl U BeTpa ¥ KpUKaMH JleIb()MHOB UMUTUPYETCs IOrpy>KeHHe B OKeaH, UTo co3zaeT 3(pdeKT
COBMECTHOTO ITyTelleCcTBUsL. DTOT 3Tl 3a/eliCTByeT BeCTUOY/ISIPHBIN armapaT ¥ criocobCcTBYeT (hOPMUPOBAHHUIO
YyBCTBA OOIIHOCTH y TPYIIIBI JjeTel.

Ucnons3oBanre «Kadyenu-0abouku» peanu3yeT CLieHapWi, B KOTOPOM WHTEHCHBHOCTb (H3UYeCKOro
JedcTBUsI CyObeKTa HarpsIMy0 BiMsieT Ha LU POBYIO CpeZly, CO3/aBasi LUK/ «yCUTHe-pe3yibTaT-co3epuanre». C
yBeJIMUeHHeM CKOPOCTH W aMIUIMTYAbI [BIYDKEHHs Kadeled sIPKOCTb OrOHBKOB Ha KpbUTbX 0Oabouek
YBE/IMUHBAETCSl. DTO yCTaHAB/IMBAET WHTYUTHBHO TMOHSTHYIO CBf3b MeXIy (u3nueckuMm ycunueM (paboToit
MBIIIIL] HOT ¥ KOpIyca /i1t Habopa BbICOTBI) ¥ BUPTYasIbHBIM Pe3yJ/IbTaTOM.

AHanu3 clieHapveB MCI0/Ib30BaHUS UTPOBOM cpefbl «LIudpoBoii KoBUer» JAeMOHCTPUPYET YCHEeLIHY0
peayM3alMi0 MOZie/ TMOPHJHOr0 UrpoBOro MpocTpaHcTBa. LlMdpoBbie TeXHOMIOTWM He BBICTYNAIOT B POJH
CaMolLie/d, a CTy)KaT WHCTPYMeHTaMu Jifisi oboraieHns: GU3NIecKoil akTHBHOCTH pebeHka. OHU CTUMYJ/THPYIOT
MO3HaBaTe/NbHBIA WHTEpeC W YCHIMBAIOT 3MOL[MOHA/IIbHYIO BOBJIeueHHOCTh. CuHepreruueckuit 3¢ddekr ot
conpsiKeHUs: (PU3MYECKOT0, KOTHUTHBHOIO M 3MOLMOHAJBHOTO OIbITa CMOCOOCTBYET LIeIOCTHOMY Pa3sBHUTHIO
JIMYHOCTH, TIOATBEP K/jasi BLICOKHMI TIOTeHIIWA /IS MCTI0/Ib30BaHMsI PAaCCMaTPHBaeMbIX MHTErPUPOBAaHHBIX Cpef.

PaccMOTpHM OCHOBHBIE KOHCTPYKTUBHBIE 37IeMEHThI UTPOBBIX 37IEMEHTOB Halllel II0Ia/IKH.

OCHOBY TOpPKH-CJIOHA COCTaBJISIFOT OTIOpHasi KOHCTPYKLWS C JIECTHULEM, CTapTOBasl MJIOMIA/IKa, CKAT U
JleKopaTHBHble OOKOBbIE [1aHe/IU B BH/je C/IOHA. JIeCTHUIIA U CTApTOBast IJIOLa/Ka U3rOTaB/IUBAIOTCS U3 MacCHBa
JIMCTBEHHULIBI WM fy0a. [lepeBsiHHbIe 3/1eMeHTHl IIMAQYIOTCS [0 TOMHON TI/afKOCTU U TPOIMTHIBAIOTCS
HaTypa/JbHbIMH Mac/laMd Ha OCHOBe JIbHa WM TYHIOBOTO JlepeBa [Isl 3alliUThl OT Biaru 6e3 WCIo/b30BaHUs
TOKCHYHBIX J1aKOB. CTyTIeH! MMeFOT ITPOTUBOCKOJIb3SILIe HAaCeUKH Jyist 6e30macHOCTH. CKaT rOPKH BBINIOHEH W3
1|eJIHOTO JICTA TIOIMPOBAHHOM HepyKaBelollel cTami. boKoBble maHe M BbIPe3aroTCs U3 TOICTOM BJIaroCTOMKOM
(hareps! BeIcmIero copra. OKpammBaHue IPOU3BOJUTCS KpaCKaMH Ha BOJHOM OCHOBe. Bce KperesKHbIe 3/1eMeHThI
BBITIOJTHEHBI U3 HepKaBerol[eld CTau.

KoHcTpyKuusi Kauesieli-0abouek BK/IIOYWaeT OMOPHYI paMmy, [OJBECHYIO CHCTEMY, CHJeHbe W
JleKopaThBHble OOKOBMHBI C BHyTpeHHell mnopcBeTkod. OropHasi pama cobupaercs u3 OpycbeB cHOMPCKOM
ymicTBeHHULIbI. CoelMHEHUs] paMbl BBITIOJIHAIOTCS 10 TEXHOJIOTMM IIMM-Ta3 C JOINOJHUTeNbHON (rKcalyen
OonTamMy U3 HeprkaBetoljeld ctanu. ITofBecHasi cucTeMa COCTOMT M3 HAINpaBISIIOIUX U3 HepykaBerolled crasy,
KOTOpbIe 00eCTIeurBalOT MaKCHMaJIbHYIO HaZIeXKHOCTD U A0JIr0BeuHOCTh. CH/IeHbe BBITIOJTHEHO U3 LIeIbHOT0 KyCKa
JpeBecuHBl. JleKOpaTUBHBIE OOKOBHMHBI OT/JIMTBHI U3 Tepepab0TaHHOTO TMOMUATH/IEHA BBICOKOW IIOTHOCTH,
Marepuara, TI0y4yaeMoro U3 MIaCTUKOBBIX OTXO/IOB.

KoHconbHast Kauemu «kKupagbl» BKIOUaeT B cebsi C/le[yrOIfie 3/eMeHThI: ONOpHas pama U3
HeprKaBeroll[el CTanv, KOHCOJIbHAsI JiepeBsiHHast 0Oasika, CTHM/IM30BaHHasi TOJ, ILer0 JKupada, y3e/ KperuieHWs
Kauesied K KOHCOJIbHOM 6anke. OH COCTOMT M3 KPOHIUTelHa M MOAMIMIIHUKOBOIO y3/1a. CrfieHbss U UX CIIMHKU
JlepeBsiHHbIe, TIPY 3TOM CITMHKH 3aKperleHbl Ha paMax U3 HepyKaBerolljel cTany. Pyuku nepef; cuieHbSIMU Takoke
MeTajInyecKye.

[TecouHnLja-yeperiaxa COCTOMT U3 IePeBSIHHOTO KOpITyca, COOpaHHOro 13 6pyca, CoeAHEHHOTO MeXIy
co0oli 3/1eMeHTaMK U3 Hep)KaBerolllel ctamy. [1aHIMph Yeperaxy Bbljje/ieH Ha Pe3HHOBOM TTOKPBITUY TIIOLIAAKA
JKeJITBIM LJBETOM.

KoHcTpyKLusi Kapycenu-fenb(GUHOB BK/IIOUaeT IeHTPAJBHYI0 OChb C TOJLIMITHUKOBBIM  Y3JI0M,
aTGopMy M CH/ieHbs C HapUCOBaHHBIMM (UrypKamy fenbGHUHOB. LleHTpasbHas OChb C TOZALIMITHUKOBBIM
MeXaHHU3MOM CKpbITa BHYTPU KOXyXa U3 JIMCTBEHHUUYHBIX [JOCOK. (CaM MeXaHHU3M BBINIOJIHEH U3
BbICOKOKAUeCTBEHHOM cTasu A1 06ecrieueHyst I/1IaBHOTO BPaIleH!s 1 [JOTOBEYHOCTH.

Konuenus nporotuna rioiaaxu "LudpoBoii KoBuer" rpejcrapsieT cob0il UTPOBOE MPOCTPAHCTBO,
OpraHM30BaHHOe IO TIPUHLWILY apxuriesiara. B ocHOBe Ju3aiiHa /e)XUT WH7es CHaCUTeNbHBIX OCTPOBOB,
BO3BBILIAIOIIAXCS HaJl BOJIOM.

OCHOBHasi TeppUTOPUsSI TOKpbITa 0e30TMacHBIM OECIIOBHBIM MAaTepuaioM, TAe CBETIO0-KEeNTHIA LIBeT
CHUMBOJIM3UPYET CYIy, 8 U3BU/IMCTAsl CUHSSI «peKa» OCTaBIIMECs BOJBI, TIPH 3TOM «peKa» TIOBTOPSIeT KOHTYDbI
CUIy3Ta ueperiaxv. JTa peKa He TOJBbKO CAY)KUT JeKOPaTUBHBIM 37IEMEHTOM, HO M BBINOJHSET (DyHKLUIO
eCTeCTBEHHOI'0 30HMPOBaHUs, pasZe/sis IVIOLIaKy Ha OT/e/bHble "ocTpoBa'.

Kaxxziplii «ocTpoB» TpefcTaB/iseT coOOH 3e/eHyI0 30HY C OJHHUM WIM HECKOJBKMMH HIPOBBIMU
J/leMeHTaMH, TpeJHa3sHaueHHbIMU J/s1 pa3/lWyHbIX BHUJOB aKTUBHOCTH. [IOKpBITHeE M0OJ KaX[bIM HUIPOBLIM
3/IEMEHTOM TaKKe CTU/IM30BAHO MO KOHTYPbI yeperaxu. CKamelKH JJIsi OTAbIXa TaK)Ke BbIIOJHEHb! B BUje
yeperiax.

[TpocTpaHCTBO IIIOM[A/IKKA OTPa)KJEHO >KUBOM H3TOPOJBI0 M3 KYCTAPHUKOB JlepeHa, Ha TeppUTOPHH
TUTOLIA/IKK BBICA’KEHBI MOJIO/IbIe KJIeHbI, KOTOPbIe CO3/Ial0T TeHb U YIOT, UHTeIPUPYsl UTPOBYIO 30HY B ITPUPO/IHBIN
Jagmadr.

OO0 BUJ TI/IOIIAJKH «I[U(PPOBOI KOBUET» TPe/ICTaB/IEH Ha PUC.6
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Puc.6. ITpoToTHr nyiomaaky «1udpoBoii KoBYer»

ITpoBefeHHbI aHamu3 TOATBEpXJaeT, UTO MpUPOJa, UeJoBeK, apXWUTeKTypa, [u3aiiH W
MH(OPMALIMOHHBIE TEXHOJIOTHMU 00pasyloT e[UHYH0, CI0KHO-CBSI3aHHYIO CHUCTEMY, IZie U3MEeHEHHS B OJHOM
J/leMeHTe BbI3bIBAIOT TpaHcopmauuu B fpyrux. Ha ¢oHe coBpeMeHHBIX TeH[eHLMM, TakUX KakK pOCT
ypOaHM3aLMM W OTPHIB JeTeld OT IPUPOJBI, 00OCHOBaHa AaKTYaJbHOCTh CO3/aHWs HOBBIX pa3BUBAIOLINX
TIPOCTPaHCTB.

I[pescTaBneHHbIN MPOTOTUN TUIOMAAKHA «1]MhpoBOI KOBUEr» SIBJIsIeTCS] MPAKTUUECKON peasr3alyei
KOMITIEKCHOTO TI0JX0/]a, KOTODBHIM pelllaeT HeCKOJIBKO 3a/jau OZHOBpeMeHHO. Bo-TiepBbIX, OH WHTeTrpupyer
TIPUPO/Iy B TOPOACKYIO Cpely 4epe3 JaHAIA(THBINA /AW3aliH U WCIIO/B30BaHWE HATypalbHBIX, 3KOJIOTHUHBIX
MarepranoB. Bo-BTOpbIX, aHanu3 clieHapreB B3aUMOZEeNHCTBUS JeMOHCTPUPYeT, YTO LIU(POBble TEXHOIOTUU He
3aMeHsIIOT (M3MUEeCKyI0 aKTHBHOCTE, a oborajaroT ee, CTUMYJIMPYsI TI03HaBaTe/IbHBII MHTepeC U BOOOpaskeHue.
WrpoBble 57eMeHTHl, BBINOTHEHHble B BH/le JKUBOTHBIX M JIONOJIHEHHble HHTEPAKTUBHBIMU 3J/leMeHTaMH,
00BbeJUHSIOT (PU3HNUECKUH, KOTHUTHBHBIN U SMOLIMOHA/ILHBIH OTBIT pebeHKa.

KOHCTpYKTHBHBIE pellleHHsi M BbIOOp MaTepuasoB TOJUYEPKUBAIOT HAMpaBlIeHHOCTb Ha BHeJpeHHe
TIPUHLUIOB 3KOJIOTUYHOCTH, [JOJTOBEYHOCTU W 0e30MacHOCTH B paMKaX [AaHHOTO TMpoekTa. PaspaGoTaHHas
KOHIIEMIIUS SB/ISETCS MaCIiTaOUPyeMbIM PellieHHeM, CIIOCOOHBIM 3ailaTh HOBBIM CTaHJAPT KayecTBa JJisl JETCKUX
IUIOIIA/I0K, cMellasi (POKYC Ha CO3/jaHue 11e/I0CTHOM pa3BUBAOLLel UTPOBOM Cpeibl.

3ak/iroueHune

B pe3ysnibTaTe NpoBeZIEHHOTO UCC/Ie[OBaHKS ¥ Pa3paboTKU KOHIIEMIMK MOXKHO YTBEPXK/ATh, UTO MPOEKT
«udpoBoii KOBUEr» — 3TO He TPOCTO AeTCKast MJIOIA/IKa, @ MO/Ie/Ib TADMOHUYHOM Cpe/ibl 00UTaHus, aKTyaslbHast
[Uii COBpEMEHHOr0 u Oyayijero obmjectBa. OH Har/siHO /IEMOHCTPUPYET BO3MOXXHOCTh YCITELTHOTO
00beMHEHNST 3/IEMEHTOB MPUPO/IbI U TEXHOJIOTUH [11s1 UTPbI, (DU3UUECKON aKTUBHOCTU W PAa3BUTHUS IKOJIOTMUECKU
OpPHEHTHPOBAaHHOT'O MBIIIIJIEHHUS ¥ AeTeH, UTO TIOMOXKET COXPaHUTh TIPUPOIHYIO CpPeay AJist Oy IyIUX TTOKOIEHUH,

HayuyHblil pykosodumersib: ooyeHm kaghedps! LIAT, KaHO. mexH. Hayk, COWHUKOB
A.B.
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BNNAHUNE GITHUB CLASSROOM HA BOCIMPUHUMAEMY1O NPO3PAYHOCTb
ANCTAHUMOHHOIO O6GPA3OBATE/IbHOIO NMPOLECCA B KYPCE BEB-AUSAUH

© A.A. lNMeTpoB.a, 2026

B cmambe paccmampueaemcs eausiHue GitHub Classroom u GitHub Pages Ha eocnpuHumaemyto npo3pauHocmb
ducmaHyuoHHoz20 yuebHo20 npoyecca 8 Kypce 8eb-ousaiiHa. IIpogedeHo nuiomHoe uccie008aHue HA OCHOBe
aHkemupogaHusi cmydewmos (wkana Jlalikepma u omkpbimble omeembl). Pe3yabmambl nokasbigarom, umo
Haubosee  BbICOKO  OYeHUBAIOMCS  UHCMPYMeHMa/dbHble  ACNeKmbl  NpO3pPAYHOCMU,  CBA3AaHHble  C
YeHmpanu308aHHbIM 00CMynom K apmecakmam u npogepkotl pe3yabmamoes no ccbuike, mo20d KaKk KOMnoHe6Hm
npedckazyemocmu oyeHugaHusi mpefyem 6o/ee a6HbIX Kpumepueg u OpueHmupos.

KiroueBble ¢/10Ba: JUCTaHI[MOHHOEe 00yueHue, Be6G-au3aiin, GitHub Classroom, GitHub Pages, rpo3pauHoCThb
yuebHOro nporjecca, 0dpaTHast CBsI3b, KOHTPOJIb BEPCHUH.

A.A. Petrova

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

THE IMPACT OF GITHUB CLASSROOM ON THE PERCEIVED TRANSPARENCY OF THE
DISTANCE LEARNING PROCESS IN THE WEB DESIGN COURSE

The article examines the impact of GitHub Classroom and GitHub Pages on the perceived transparency of the
distance learning process in a web design course. A pilot study was conducted based on student questionnaires
(Likert scale and open responses). The results show that the instrumental aspects of transparency related to
centralized access to artifacts and verification of results by reference are most highly appreciated, while the
predictability component of evaluation requires more explicit criteria and guidelines.

Keywords: distance learning, web design, GitHub Classroom, GitHub Pages, transparency of the learning process,
feedback, version control.

BBepenne

B yc/oBUsSIX pacmpocTpaHeHHUsl AMCTAaHIMOHHBIX W CMellaHHbIX (opM 00yueHWUs
BO3pacTaeT 3HaueHHWe OPraHM30BaHHOM SICHOCTH yueOHOTo mporecca, 0COOeHHO B MPAKTUKO-
OPUEHTHUPOBAHHBbIX [UCIUIUIMHAX, T[e pe3yabTaT (OPMHUPYeTCs II03TarmHO W TpebyeT
MHOTOKPaTHBIX 10pab0TOK. I/l TaKUX KYPCOB Ba)KHBIM CTAaHOBWTCSI HE TOJIBKO COJIep)KaHHe
3a/laHus, HO YW TIOHSITHOCTh TIPOLIEZYD €ro BBITIOJIHEHUs, CZlaud, TIPOBEPKU U TOC/IeAyIOIIein
KOPPEeKTHUPOBKU. B rccie/joBaHUSIX, MTOCBAIEHHBIX OI]eHUBAHUIO U KAaUeCTBY JAUCTaHI[MOHHOTO
oOpa3oBaHMsl, TIO[UEPKMBAETCS  3HAUMMOCTh KDWUTEpPHUEB, TIpOllelyp U  YCJOBUH,
o0ecreunBarOIMX MOHATHOCTL 00pa30BaTe/ILHOTO MpOoLiecca /il ero y4aCTHUKOB [1].

Ons  pucturnvHbl - «Beb-Au3aliH» yka3aHHass mpobsieMa MposBisieTCss 0COOeHHO
OTYET/IBO, TOCKOJIbKY yueOHast 1eATeIbHOCTb BK/IFOUaeT paboTy C 1UbpoBbIMU apTedakTaMu
(MCXOHBIN KO/, MAKeThl, TPOTOTHII, UTOTOBBIN BeG-pecypc), TPOMeKyTOUHbIMUA BEPCUSIMUA U
roc/iefioBaTelbHbIMKA HCTIPAB/IeHUSIMUA. B JUCTaHIIMOHHOM (opMmaTe TMpPU TPaJUL[MOHHON
opraHu3alyu cjaud paboT MOTyT BO3HHMKAaTb WCTOUHWKH HETpPO3PayHOCTU: pacCerBaHHUe
TpeOOBaHWM M 00OpaTHOW CBSI3M MO pa3HbIM KaHajaaM, OTCYTCTBHE €MHOTO TPOCTPAHCTBA
¢duKcalyy Bepcui, 3aTpyJHEHUs] B OTC/Ie)KMBAaHWU TPOrpecca U COTMOCTaB/IeHHsI 3aMevaHui
TiperofiaBaTesii C KOHKDETHBIM COCTOsIHMeM paboTbl. OTU (DaKTOpPhl MOTYT CHWXKATb
TIpe/ICKa3yeMOCTb OLIeHWBaHUS M YC/IOXKHSTh KaK yueOHYIO JesTe/TbHOCTb CTY/IeHTOB, TaK U
TIPOBEPKY paboTy TperojaBaTesieM.
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OfHUM U3 UWHCTPYMEHTOB, TIOTEHLIMAJbHO TIO3BOJISIOIIMX CHU3UTH YKa3aHHYIO
Heorpe/ie/ieHHOCTb, siBasieTcss GitHub Classroom. GitHub Classroom mo3uijuoHupyeTcsi Kak
CpeJCTBO AJisi CO3/jaHusl LU(POBBIX K/IACCOB U 3a/laHUM /11 OTC/IeXKUBAHUS BITIOJTHEHUS U
TIO/IIEPKKU TIPeTo/laBaTe/IbCKUX JeNCTBUM B paMKaxX Kypca [2]. B KoHTekcTe BeO-au3aiiHa
JIOTIOJTHUTE/IbHOe 3HaueHHe WMeeT BO3MOKHOCTh IyO/MKAlldd WTOTOBOTO TIPOEKTa uepe3
GitHub Pages, uto mo3BovisieT IpOBepsiTh pe3y/bTaT B paboueil cpesie bpay3epa 1o CChIIKe, a
He TOJIbKO B peXXUMe JIeMOHCTPALUU 3KpaHa UIu uepe3 JIoKabHble (aibl.

BMmecTe ¢ TeM Hammuve LM(POBOTO MHCTPYMeHTa camMo To cebe He rapaHTHUpyeT
TIPO3PauHOCTH yueOHOro Tiporiecca. CyIecTBeHHYIO POJib UTPAOT Te/laroruueckue MpakTHKU:
criocob GpopmyMpoBaHus TpeboBaHUH, IBHOCTh KPUTEPHEB OLleHUBAHMSI, CTPYKTYpa 00paTHOM
CBSI3W U TIpaBWIa A0paboTKu 3asaHuil. B paboTax mo KpuTepuajbHOMY U (HDOPMUPYIOIIEMY
OLIEHMBAHUIO TIOUEPKUBAETCs, UYTO IIPO3PAauyHOCTb OLIEHWBaHUS [y 00yuaroImxcs
JIOCTUTAETCS TPU SICHOM TIPe/ICTAaBJIEHUH KPUTEPUEB U WX CBSI3UM C OOpaTHOW CBSI3bIO U
pesynbratoM [3]. CrepoBaTenbHO, ucciaefoBaHue BiausHus GitHub Classroom Ha
BOCIIPUHMMAEMYI0 TPO3PAayHOCTb yueOHOro rmpoiiecca TpeOyeT pacCMOTpeHHs Kak
WHCTPYMEHTAaJIbHBIX, TaK U Tlelaroruuecku 00yc/ioB/ieHHbIX (DaKTOPOB.

WccnemoBaTenbckas mpobsieMa HacTosiIed paboThl 3aK/I0uaeTcss B HEOOXOAUMOCTH
oTpeie/TuTh, KaKuM o0pa3oM ucronb3opadre GitHub Classroom B [HCTaHIMOHHOM Kypce Beb-
[W3aiiHa BJMseT Ha BOCIIPUHHMMAEMYIO CTYZEeHTaMH MPO3PayHOCTb OpraHM3alluu yueOHOro
mporiecca, M Kakhe ee KOMIIOHEHTbI OKa3bIBalOTCs Haubosiee UYBCTBUTE/NBHBIMU K
WCTIO0/Tb3YeMOMY UHCTPYMEHTY U CITOCO0Y Te/laroruueckoii opraHu3ariyy.

Llens wuccnemoBaHUs: BBbISIBUTh, KakK ucronb3oBaHue GitHub Classroom B
JUCTAHI[MOHHOM KYpCe «Be0-ZM3aiiH» BMSIeT Ha BOCIIPUHMUMAEMYIO TIPO3PaYyHOCTh YueOHOTro
niporiecca (B TOM YHcJie SICHOCTh TpeboBaHUI, TTIOHATHOCTh KPUTEPUEB OL|eHUBAHUS, BUAUMOCTD
riporpecca, sICHOCTb UCTpaB/eHU 1 TIPe/ICKa3yeMOCThb OLIeHKH).

3ajauy KUccae0BaHus:

- YTOUHUTh TIOHSITUE BOCIIPUHUMAeMOM TPO3PayHOCTH Y4eOHOro Tiporiecca
TIPUMEHUTE/TBHO K JUCTAHLMOHHOMY O00YyYeHHIO B IIPaKTHKO-OPHUEHTHPOBAaHHOMN JUCIUITHHE;

- OMHMCaTh OpraHu3aluio yuyeOHOTO TMpoljecca B Kypce «Beb-gu3aiiH» 1pu
ucrionb3oBanuu GitHub Classroom;

- BbI/IEJIUThL UHCTPYMEHTa/IbHble, Te/JarorMueckre U CMelllaHHble KOMITOHEHTbI
TIPO3PayHOCTH;

- pa3paboTaTb aHKeTy [jis OLIEHKH BOCIPUHHUMAEeMOM TPO3PauyHOCTH yueOHOTro
Triporiecca CTy/IeHTaMu;

- TIpoaHaIu3uPOBaTh KOIMUeCTBeHHbIE U KaueCTBeHHbIe JJaHHble aHKeTUPOBaHUS
Y COTIOCTaBUTb Pe3y/IbTaThl C BHIABUHYTOM TUTIOTE30M.

'unote3a wuccienoBanus: ucnonb3oBanue GitHub Classroom  crocobcTByeT
TIOBBIIIEHWIO BOCTIPUHUMAaeMOM MMPO3pauHOCTH JUCTAHI[MOHHOTO y4eOHOTro Tpoljecca 3a cueT
1[eHTPa/IM3UPOBAaHHOTO XpaHeHUs1 yueOHbIX apTedakToB, (PUKCALIMA WUCTOPUM H3MEHEeHWH,
TIO/IIeP>KKU aKTyaTbHOCTH BepCUU Pab0ThI ¥ BO3MOXXHOCTHU TIPOBEPKU pe3y/ibTaTa B peaibHOU
cpefie (uepe3 MyOJIMKAIMIO CaiiTa), OJHAKO BBIPAKEHHOCTh 3(PdeKTa 3aBUCUT TAKXKe OT
KauecTBa (hOpMyTMpOBKU TpeOOBaHM, KPUTEPHEB OI|eHWBAHUS W OpraHM3alid 0OpaTHOM
CBSI3U TIperio/iaBaTesieM.

HayuHass HOBM3Ha pabOThI 3aK/IHOUaeTCss B OlepaljioHalr3alii BOCIPUHUMAaeMOM
MIPO3PAYHOCTH [TUCTAHI[MOHHOTO yueOHOro Tpoljecca B Kypce BeO-Au3aiiHa uepe3 CHUCTEMY
WHCTPYMEHTAaJIbHBIX, eJJarOri4eCKUX U CMeIIaHHBIX KOMIIOHEHTOB, a TAaK)Ke B SMITUPUUECKOM
aHa/IM3e WX BBIPAYKEHHOCTU Ha MaTeprasie KOHKPEeTHOTO yueOHOro Kypca.

[MpakTHyeckasi 3HAUMMOCTb MCC/Ie/JOBaHUSI COCTOMT B BO3MOXXHOCTU MCIT0/Ib30BaHMUS
TMOJIyUeHHBIX pe3y/IbTaTOB [/l COBEpIIeHCTBOBAHWSI OpraHW3al[uu C/laud, TMPOBEPKU U
J10pabOTKM TIPOEKTHBIX PabOT B IUCTAHL[MOHHBIX MMPAKTUKO-OPUEHTUPOBAHHBIX JUCIUIIMHAX,
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a TaKXKe il TIPOEKTUPOBaHUs 0oJiee MOHATHBIX CTyJeHTaM Tporiefyp OOpaTHOW CBS3M M
OLIeHHBaHUS.

Omnupuueckyro 6a3y MCCIe0BaHUS COCTABJISIIOT JJaHHbIE aHKeTUPOBAHUS CTYZEHTOB
Kypca «Beb-Au3ailiH», peasM30BaHHOTO B JUCTaHLMOHHOM (opmare Microsoft Teams asist
nipoBepku 3aHsATHH U GitHub Classroom fi/isi COTIpOBOXK/IeHHsI ¥ TIPOBEPKU 3a/laHUiA; UTOTOBbIe
TIPOEKThI CTY/IeHTOB MyO/IMKOBaMUCh C Ucrosb3oBanueM GitHub Pages.

TeopeTHKO-MeT0/10/I0THYeCKHe 0CHOBAHMSI UCC/Ie[J0BaHMS.

B  pamMkax  wucciefoBaHMs ~— TIPO3pPauyHOCTh  0Opa3oBaTe/NbHOrO  TIporiecca
paccMaTpUBaeTCs KaK BOCIpPUHUMAaeMasi XapaKTePUCTHKA OpraHu3alud  00yueHus,
OTpa)karolasi CTeTleHb TIOHATHOCTH /il OOYYarol[erocsi TOro, UTO WMEHHO TpeOyeTcs
BBIITOJIHUTh, KakKUM  00pa30M  OCYIIeCTB/ISeTCS  JBW)KEHHe K  pe3yjbTaTy, Kak
VHTEpIIpeTUpoBaTh 3aMeuaHHusi TperojaBaTesii M Ha KaKWX OCHOBaHUSIX (OpMUpyeTcCs
WUTOrOBasi OljeHKa. Takol MoJXoZ, M03BOJisieT PacCMaTpUBaTh MPO3PAayHOCTh He TOJIBKO Kak
Hanuuue (opMasbHO 33/laHHBIX TpPaBWI, HO U KakK (DaKTUUeCKyr [JOCTYIIHOCTb U
NIPUMEHUMOCTD B yUeOHOU JiesITe/TbHOCTH.

B yc/ioBUsSIX AMCTaHLIMOHHOTO OO0y4YeHHsi 3HAUMMOCTb IIPO3PAauHOCTH BO3pacTaeT,
TIOCKOJIbKY YaCTh OUHBIX MEXaHU3MOB OTEPAaTUBHOTO YTOUHEHUS TPeOOBaHHS M COBMECTHOTO
00CyX/IeHUs] TIPOME)KYTOUHBIX pe3y/IbTaTOB OKa3bIBaeTCsi OrpaHWdeHHOW. [Ipu 3ToMm s
NIPAaKTUKO-OPUEHTUPOBAHHBIX [JUCIWITIMH, BK/IHOYas BeO-ZM3aiiH, XapaKTepPHbI MO3TAlTHOCTh
paboThI, MHO>KeCTBEHHbIE BepCUU apTe(aKTOB U HEOOXOJUMOCTh PeryJisipHbIX 10pab0TOK, UTO
JleJlaeT MPO3pPauHOCTh HEOThEM/IEMOM XapaKTepUCTUKOH YIIPaB/IsieMOCTH yueOHOTO mpoljecca.
B paborax 1o OIleHMBaHWIO U KauecTBY [JUCTAHLMOHHOrO 0Opa30BaHUS MOAUEPKUBAETCS
HE0OXOIUMOCTh TIOHSITHBIX MPOLeAYP, KDUTEPHEB U YCJIOBUM B3aMMOZIEHCTBUS KakK (haKTOpPOB
KauecTBa oOpa3oBarebHOM cpefs [1].

[Tpo3pauHoCTh oOpa3oBaTesTbHOTO ripoiiecca paccMaTpuBaeTCst Kak
MHOTOKOMIIOHEHTHasi BOCIIPUHMMaeMasi XapakTepruCThKa opraHu3auyy ooyueHus. C yueTom
JUCTaHIIMOHHOTO (hopMaTa W CrielUUKN TIPOEKTHOU JesITe/IbHOCTU B Kypce BeO-Zu3aiiHa
BBIJIE/IAIOTCS.  UHCTPYMeHTa/lbHble, —Tefiaroruueckue 00yc/ioB/ieHHble W CMelllaHHble
KOMITOHEHThI MPO3PAuHOCTH.

K vHCTpyMeHTa/lbHbIM KOMIIOHEHTaM OTHECEHbI:

- 1[eHTPa/IM30BaHHOCTb XpaHeHUs1 yueOHBIX apTedaKToB,;

- HabJ/1r0/1aeMOCTh UCTOPUH U3MEHEeHUI;

- orpe/ie/IeHHOCTh aKTya/IbHOM BepCUU pe3y/bTara;

- JOCTYITHOCTh M MOHOTa apTedakTa JJisi IPOBEPKU;

- YCTOWUYMBOCTD TIPOBEPKHU K TEXHUUECKHUM TIOMeXaM JIUCTaHI[MOHHOTO popMaTa;

- BepUGUIMPYEMOCTh pe3y/ibTaTa B paboueit cpefie.

K neparoruuecku 00yc/10B/IeHHBIM KOMITOHEHTAM OTHECEHBI:

- YeTKOCTb TpeOOBaHUH K 3a/laHUIO;

- TIOHSTHOCTh KPUTEPHEB OLIeHHWBAHMUSI;

- CTPYKTypa U KauecTBO 0OpaTHOM CBsi3y;

- SICHOCTb TpaBUJI Mpoliecca.

K cMer1aHHBIM KOMIIOHEHTaM OTHECEHbI:

- BUJUMOCTD TIPOTpecca;

- SICHOCTb HCIIpaB/ieHUH.

Oco0yto posb B MO//iep>KaHUH TTPO3PAauHOCTh UIPAaeT 0OpaTHast CBsi3b, CBS3bIBAIOIIIAS
TpeboBaHUsl, TeKyIllee COCTOsTHHE PabOThI ¥ 0XKU/JaeMblii pe3ysbTaT. B orvke gpopmupytoiiero
OlLIEHWBAHUS WMEHHO oOpaTHasi CBsi3b OOecreunBaeT OpPHUEHTHPOBaHWe OOyuaroIIerocsi B
niporiecce 0pabOTKH U MOBBIIIIAeT OCMBICJIEHHOCTb yueOHOU fesiTebHOCTH [3]. BrigeneHHbIe
KOMITOHEHTbI PacCMaTpPHBAIOTCS B paboTe Kak KOHIIENTYyasbHas OCHOBA /IS TOC/eAyoIei
orepaljoHaIu3alui B aHKETHOM UHCTPYMEHTapUH.
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LludpoBble MHCTPYMEHThI OpraHU3alluKd y4eOHOH AesTeNbHOCTU B AMCTAaHIIMOHHOM
dbopmMaTe MOryT pacCMaTpuBaTbCsl KaK CpeACTBA CHUWKEHHsI HeOoIlpe/le/IeHHOCTH TIpU
BBIIOJIHEHUM, CJaue W TIpOBepKe 3a/laHuil. VX 3HaueHHe CBfI3aHO C BO3MOXXHOCTBHIO
LeHTpaMu3al[ii  y4eOHBIX  apTedakToB, GHKCAUA WU3MEHEeHUWM W TIOJepKaHus
HabmoaeMocTH Tipoiiecca paboThl, YTO 0COOEHHO Ba)XKHO B TMPAKTHKO-OPUEHTHPOBAHHBIX
JUCIUIUIMHAX C TI03TAITHOM JOpab0TKOM pe3y/bTaToB.

TeopeTruecKy TOBBIILIEHNIO TTPO3PAYHOCTH CTIIOCOOCTBYIOT C/IAYIOIMEe MeXaHU3MBbI:
LeHTpa/au3alusi MaTepuajoB M pe3y/bTaTOB, BEPCMOHWDOBAaHUE U WCTOPUS H3MEHEeHUH,
NpYBsi3Ka KOMMeHTapueB K apTedakTy (WId ero BepcuM), a TakXKe CTPYKTypUpOBaHHe
B3aMIMO/IeMCTBUM (e JUHBIN ITOPSIIOK BbIZIAUH, CAAUH, TIPOBEPKU U 0pab0TKH). B COBOKYITHOCTH
3TW MeXaHM3Mbl YMeHbILAIOT PUCK paccerBaHus MH(OPMaLMK 110 KaHaraM, IoTepy Bepcuid 1
pa3pbiBa MeX/y 3aMeUaHHUsIMU TperiofiaBatesisi U 00beKTOM HCTIPaB/IeHusl.

Bri6op GitHub Classroom B HacTosiieM HUCC/IeZiloBaHUKM 00YCIOB/IEH TEM, UTO JaHHAsT
riathopMa B TeOpHU T03BOJISIET Pean30BaTh yKa3aHHbIe MeXaHW3MbI B yueOHOM Tipoliecca:
OpraHM30BBIBaTb 3aJjaHusl, paboTaTh C PpErO3UTOPUSIMU CTYJEHTOB U COIPOBOX/ATb
BbITIOJTHEHWe PaboT B eauHOM 1udpoBoit cpeze. st Kypca BeO-gu3aiiHa IOTIOJHUTE/IEHOE
3HaueHHWe HMeeT wucnonb3oBaHue GitHub Pages, mo3Bossitoiiee mMpoBepsiTb UTOTOBBIN
pe3y/ibTaT B pabouei cpesie Opay3epa I10 CChITIKE.

LluppoBass mnnardpopma co3zaer WHPPACTPYKTYPHblE YC/IOBUSL [Jis TIOBBIILIEHUS
TIPO3PAYHOCTH, HO He obecrieurBaeT ee aBTOMaTHUecKU. [Ipo3payHOCTb yueOGHOTo mpotecca
dopmupyeTcsi Kak pe3y/lbTaT COYeTaHUs WHCTPYMEHTa/lbHBbIX BO3MOXXHOCTeH Cpefbl U
Treflaroruyeckou opraHu3al[iy TpeOoBaHWi, KpUTEPHEB U 00paTHOM CBSI3H.

B HayuHoli u Meroauueckou surepatype GitHub paccmarpuBaeTcs  Kak
obOpa3oBaTe/ibHbIM MHCTPYMEHT, IOAJeP>KUBAOIIMN OPraHW3alldi0 MPAaKTUUeCKUX 3aJjaHuM,
MPOEKTHYI0 paboTy U pa3BuTHe NPO(eCcCHOHABHBIX UPPOBLIX KOMIIETEHLIUI 00YUarOIXCSI.
B uacTtHOCTH, B OTeUeCTBEHHBIX MCC/e[OBAaHUSX [IOAUEPKMBAETCsl, UYTO MCIIOIb30BaHUE
T1aTGOpPMBI U CUCTEM KOHTPOJISI BEPCH TMO3BOJIsIeT (PUKCHUPOBATh XO7 PabOThI U yMpOIIATh
COTIPOBOXKZIeHUe yueOHBIX ITPoeKToB [4]. Kpome Toro, onvcaHbl mpuMepsl ipuMeHenns GitHub
Classroom Kak WHCTpyMeHTa YTpaB/ieHUsl 3aJjaHusIMH B oOpa3oBaTe/lbHON TMpakTvke. B
OT/IMUMe OT OOMBIIMHCTBA PpaboT, GOKYCHPYIOIUXCS Ha (OPMUPOBAHMM KOMITETEHIMM U
OpraHu3aljMOHHbIX NIPeMMYIecTBax MaaT¢opMbl, B HACTOSIEM MCC/Iel0BaHUY aKLeHT c/ieflaH
Ha BOCIPUHUMAaeMOM TIPO3pauHOCTH /IWMCTAHLIMOHHOTO y4eOHOrO Tpoliecca U ee
KOMITOHEHTHOM CTPYKTYpe.

Omucanue 006pa3oBaTe/IbHOI0 KOHTEKCTAa ¥ OPraHU3aluy yueOHOro nmpouecca.

Omnrpuyeckoii 6a3oli nccie0BaHus SBsIeTCS KypcC «Beb-an3aiiay», peanusyemsiit A/ist
CTyZieHTOB 3 Kypca HarpaBieHus «[IpyuknagHas nHbopMaTHKa B u3aiiHe». Y ueOHbIM npoLiecc
OpraHu30BaH B JMCTaHLIMOHHOM (hopMaTe: MpakTHUeCcKue 3aHATHs MpoBoAsATcs B Microsoft
Teams, a JieKLJMOHHbIe MaTepuasbl pa3MeIIaloTCs B TIOCTOSHHOM JOCTyIle B 00IauyHOM
xpanuuiie (OneDrive). Takoit dhopmat obecrieurBaeT AOCTYITHOCTh YueOHbIX MaTepPHasIOB, HO
OJJHOBPEMEHHO TIOBbIIIAaeT 3HAUMMOCTh YETKOW OpraHv3alid KaHaloB KOMMYHHUKAaLMUd U
nipoLieAyp ciaur pabor.

B cTpykTypy paboThl BXOASAT NMPAaKTUKO-OpPHeHTUPOBAaHHbIE 3a/IaHKSI:

- nBe nabopaTopHble pabOThI, HarpaBleHHbIE HA OCBOeHHe 0a30BBbIX HABBIKOB
HTML u CSS;

- MOJTOTOBKA TEXHUUECKOTO 3a/|JaHUs [j1s1 UTOrOBOTO MPOEKTa;

- MPOTOTUIIMPOBaHUeE Au3aliH-MakeTa B Figma,

- peanu3aliysi caiiTa Ha OCHOBe TMPOTOTUINA C HCIO/b30BaHHWEM TeXHOJIOTHI
Flexbox, Grid Layout 1 Bootstrap;

- TIpOBepKa BalUJHOCTU KOZQ;

- o opmiieHre UTOTOBOI'O TlaKeTa MaTepuasoB.
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YuebHBIN TpoLiecc ObIT OPraHM30BaH TMOA3TAITHO: TIOC/Ie BbIAUX 3aJaHUs CTy/eHTaM
OTBOJU/IOCH BpPeMsI Ha ero BBINOJHEHHe, TI0C/ie Yero rpymmna nepexojiuaa K CaeAyroliemMy
3aganuio. s 3agaHuil ObUIM MpeyCMOTPeHbl KOHTPOJIbHBIE TOUKU A/ cAaun. Pabora Haz
WTOTOBBIM ITPOEKTOM MPO/I0/Kanach B TeUeHHe BCero ceMecTpa.

Ponmb mpernofiaBaTenss BK/IIOUAaeT OpraHU3aliUi0 3a/laHuil, KOHCY/JIbTUPOBaHUE W
COTIDOBOJKZIEHHE BBITIOJTHEHHMS, TPOBEPKY Ha/lWuusi 00si3aTe/IbHbIX 371eMeHTOB paboThl,
oOCy>kZieHHe peIIeHW CO CTYZEeHTOM, a TakKe OLleHHMBaHWE I10 TSTUOA/UTBHOM INKase.
KoMMyHMKa1ust ocyliijecTBsIeTCS B JUCTAaHLIMOHHOM (hopMarte B XO/ie MPaKTUUYeCKUX 3aHSATHH.

B wensx TeopeTHMUeCcKOTO COTMOCTaB/ieHHs B PaboTe MCIO/b3YeTCs PEKOHCTPYKLIUS
TPaJUI[MOHHOTO CLIeHapHs cAaur paboT 6e3 CCTeMHOT0 KOHTPOJISI BepCH. JJaHHbBIN crieHapyi
paccMaTpyBaeTCs He Kak OT/le/bHasi SMIMpUYecKasi BBIOOPKa, a KaK KOHLIeNTyaabHas MO/IeJib,
MO3BOJISAIOLLAsl OMMCATh TUMMWUYHbIE KWCTOUHMKM OpraHU3al[MOHHOM HeoIllpe/eeHHOCTH,
pesieBaHTHbIe /IJ1s1 UCC/Ie/J0OBAHKMS BOCIIPUHMMaeMO MPO3payHOCTH.

B TumnoBoM clrieHapuu CTyZileHTaM BbIJAlOTCS JIEKL[MOHHbIE MaTepuasabl W 3aJaHus,
paboTa BBITIOSHSETCS TI03TANTHO U TIPEbSIB/ISIETCS HA MPAKTUUYECKUX 3aHATHSX, a UTOTOBast
aTTecTal[ysi OPraHU3yeTcsl M0 yCTAaHOBJEHHbIM MpaBWiaM Kypca. Marepuasnibl Kypca MOTYT
XPaHUTBCS [IeHTPa/JIM30BaHHO (HArpuMep, B JIMUHOM KaOWHeTe), OJHAaKO IPOMEXYTOUHbIe
Bepcuu paboT, Kak MpaBWIo, He (UKCHUPYIOTCS B eIMHOM CHUCTeMe: CTYZEHT [1eMOHCTPUDYeT
TEKYL[M BapUMaHT Ha 3aHATUM M Ha C/efylolljeil BCTpeue TIOKa3blBaeT BHeCEHHbIe
ucrpaBieHusi. OOpaTHasi CBsI3b TOXKe TIPeJCTaB/sieTCsl MPerMYILeCTBEHHO YCTHO B XO/e
3aHATUSL.

C TOUKM 3peHHsi TIPO3PAYHOCTU yueOHOro Tporiecca B TaKOW MOJEJH TIPOSIBISIFOTCS
TUTMUYHbIE UICTOUHUKU HETPO3payHOCTH. Bo-TepBbiX, BO3HUKAET HeroIHasi UCTOPHS BePCU U
WCTIpaB/IeHUi: [JUHaMWKa paboTbl W TIOC/Ie[0BaTebHOCTh /10pPabOTOK COXPAHSIOTCS
NIPEeMMYIIeCTBEHHO y CTYJieHTa U He BCerjla JOCTYIIHbI MpernojaBarento AJs Mocaefyoleit
TIpOBEPKU. Bo-BTOPBIX, TIpU TeXHUUECKUX cOOsix (HarpuMmep, HEeUCIIPaBHOCTH YCTPOMCTBa
CTy[leHTa) MOKeT HapyIIaThCs OCTYITHOCTh MaTePUasoB U [eJIOCTHOCTb UCTOPUM paboThl. B-
TPeTbUX, NPU CUHXPOHHOM [EMOHCTpALUM pe3y/bTaTa BO3MOXXHBI TeXHUUECKHe MOMeXH
(HM3KOe KauecTBO CBSI3W, Pa3MBITOCTh M300pa’keHUs1), 3aTPYyAHSIOIMe TpoBepKy. Hakower,
OTCYTCTBUE €JUHOr0 MexaHu3Ma (MKCal{d W3MeHEeHHN UM KOMMEHTapueB MO’KeT CHM)KAThb
HaO/I0JaeMOCTh TIpOTpecca M YCAOXKHSATH COTOCTAaB/eHHe 3aMeuaHuid C KOHKPeTHBIM
COCTOSTHHEM pabOThI.

TakuM 00pa3oM, peKOHCTPYMPOBAHHBIM  TPAJMLIMOHHBIN  ClieHapuil  3ajaeT
TEOpPeTUYeCKyI MO/ie/ib CPaBHEHUSI U TI03BOJISIET BBIIE/IUTL acrieKThl yueOHOro mporjecca, B
KOTOPbIX L[U(POBble HHCTPYMEHTbI C LIeHTPaJU30BaHHbIM XpaHeHHWeM apTedakToB U
dbukcaleli  W3MeHeHMM  TIOTEeHIL[MaZbHO  CIOCOOHBI  TIOBBICUTH  BOCIIPUHHMAEMYIO
MIPO3PaYHOCTb.

B paccmarpuBaemom Kkypce GitHub Classroom wucrosib3yeTcsi Kak CpeJiCTBO
OpraHM3al|y C/Jaud U COTIPOBO’KAEHUS TIPAaKTUUECKHUX U IMPOEKTHBIX paboT. YueOHbIe 3a/jaHus
Y JIEKLIMOHHbIE MaTepUaJIbl BbIJatOTCS Mperno/jaBaTesieM U 0CTal0TCs JOCTYITHBIMU CTYJeHTaM B
TeueHre cemecTpa; GitHub Classroom npumensieTcsi Asist paboThI C Pero3uTOPUSIMU CTYAEHTOB
Y COTIPOBOXK/IeHHsI TIpoLiecca BbIOHEeHHs 3a/JaHui.

Jl71s1 ©ITOTOBOTO TTPOEKTa UCTIO/B3YeTCs PEIO3UTOPH Oe3 KeCTKO 3a/laHHOTO 11abI0Ha
CTPYKTYPBbI, OIHAKO 00si3aTe/IbHbIM YC/IOBHEM SIBJISIETCST €0 MyOJMUYHOCTD, UTO 0OecrieurBaeT
BO3MOXKHOCTh TyO/nuKaiuu pe3ynbrata uepe3 GitHub Pages. Mrtoroas pabora [Jo/DKHa
cojiep>kaTh IMOTHBIM KOMIT/IEKT MaTeprasioB U ¢aliioB C KOPPeKTHBIMU UMEeHaMU U CTPYKTYPOU
Maroi caiita B COOTBETCTBUM C TIPUHATHIMU TPAKTUKAaMM OpraHW3alyu BeO-TIpoeKTa.
Bo3MO)XHOCTh MyO/JMKalMi W TIPOBEPKA CaliTa TI0 CChIZIKE COOTBETCTBYET JIOTHKE
ucnonb3oBanus GitHub Pages kak MHCTpyMeHTa pa3MeliieHus: BeO-POeKTOB.
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I[Tpouecc mopabOTKM OpPraHW30BaH WUTEPAaTUBHO: IIOC/e IO/MyYeHHS] KOMMEHTapreB
CTYyZIeHT BHOCHUT W3MeHeHHsl B TPOeKT U (UKCcUpyeT UX B pero3utopud. ObpatHasi CBsi3b
NIpe/IOCTaB/IsSeTCS]  MPEUMYILeCTBEHHO B  XOJe TMpPaKTUUeCKUX 3aHATUWA; TIpU  3TOM
Tiperio/iaBaTesib MPOBepsieT KO/ U IPyrve MaTepuasbl HeroCpeICTBEHHO B PEr03UTOPUH, UTO
CHID)KaeT HeoOXOJWMOCTb TIPOBEPKM OT KayecTBa COeAWHeHWs. I[IpoBepka WTOroBOTO
pe3y/bTaTa TakKKe MOXXeT OCYILeCTB/SThCS I10 OMyO/JIMKOBaHHOM CChbUIKe Ha CalT, 4To
T03BOJISIET OLeHWBaTh paboTy B paboueii cpene Opay3epa 0e3 ckauvBaHusl (aiiioB Ha
yCTPOMCTBO TIperno/iaBaTe/is.

[Tporpecc mo WUTOroBOMY IPOEKTY COXPaHSIeTCSI B OJHOM PeINO3UTOpPUH, a WCTOPUS
V3MeHeHHul fieflaeT mporiecc Oojiee HabOMIOZAeMbIM M BOCIIPOU3BOAUMBIM. TakuM o6pa3om,
OTMCaHHasi opraHu3anus pabotel c wucronb3oBaHueM GitHub Classroom peamusyer psif
MeXaHW3MOB, HarlpaB/IeHHbIX Ha CHW)KeHHe MCTOUHHUKOB HeNPO3PayHOCTH, XapaKTePHbIX /ISt
TPaJULIMOHHOTO CLieHapusi: LieHTpaau3aliii0 xXpaHeHUs apTe¢akToB, (MKCAL[MI0 Bepcuil U
M3MeHeHUH, TIo/|iep>KaHue aKTyalbHOCTU pe3y/ibTaTa U MOBbILIeHNe JOCTYITHOCTH paboThI fjist
TIPOBEPKHU.

Ju3aiiH uccie0BaHusA.

WccnenoBanve BBIMOHEHO B ¢opmare MUIOTHOTO OINUCAaTebHO-aHATUTUUYeCKOro
WCC/IeIOBaHNs], HampaB/IeHHOTO Ha OLIEHKY BOCIIPUHMMAaeMO# TPO3PayHOCTH yueOHOTo
mpoliecca M TEpPBUUHYIO TPOBEPKY TIMIIOTe3bl O MexXaHu3Max ee (OpPMHUPOBaHUSI TIpU
ucrionb3oBanud GitHub Classroom. CpaBHeHWe HOCUT KOHIETITya/IbHbI XapakTep:
SMMUPUUECKU aHa/IU3MPYeTCs BOCIPUSATHE TIPO3PAYHOCTU B TeKYlllel MoJie/ld OpraHu3aLyu
Kypca, a UHTeprnpeTalysi pe3y/JbTaTOB OCYIIECTB/SeTCS uepe3 COMOCTaB/eHWe C
TEOpeTUUYeCKOM MOJe/bI0 TPAAWLMOHHOTO CIieHapusi CAauv paboT, peKOHCTPYHWPOBAHHOW B
nipeAbiAyield rinaBe. EAuHUIEN aHa/mM3a BBICTYTaeT BOCTIPUSITHE CTYE€HTOM IPO3pauHOCTH
yueOHOro mporjecca, a He TIOKa3aTe/d yCIieBaeMOCTH.

B wucciemoBaHMM y4yacTBOBa/MM CTYZeHThl 3 Kypca HarpaBieHust «[IpukiagHast
uHpopmatika B pau3adiHe» (rpynmbl 3-M[I-4, 3-M[-8, 3-M[/-17), oOyuaBummecs 1o
gucuuriiHe «Beb6-au3aiiH» B AWCTaHUMOHHOM (opmaTte. Oripoc ObLT TIpeJJjioKeH BCeM
CTyZleHTaM T'PYII, OJHAKO NIpY MHTepIpeTaliy pe3y/bTaTOB OCHOBHOE BHUMaHUe Y/e/siioch
OTBeTaM CTYZIeHTOB, BBITTOJIHUBIIKMX UTOTOBBIN MIPOEKT, ITOCKOJIBKY OHU TPOLIUIA TTOTHBIA LUK
B3aUMO/IENCTBUS C 3a[JaHUsSMH, 00OpaTHOH CBSI3bI0 U TIPOLIeIypOi UTOTOBOM CZlau. YuacTue B
oripoce ObLTI0 JOOPOBOJIBLHBIM, OTBETHI COOMPA/TUCh AHOHUMHO U He BJIMS/IM HAa UTOTOBYHO
OLIeHKY.

CO60p [aHHBIX OCYIIECTB/S/ICSI C TIOMOL[bIO aBTOPCKOW aHKeThl BOCTIPUHMMAaeMOu
MPO3pPavyHOCTH y4eOHOro TpOoLiecca, BK/IIOYABLIEH IIKa/lbHbIE YTBEPXKJEHHS W OTKPBITHIE
Boripochkl. IlIkanbHas yacTh Obla IMOCTpOeHa IO TSATHOA/IIBHOW Iikasme Jlavikepra (1 —
«TIOJTHOCTBIO He COTJIaCeH», 5 — «TI0THOCTBIO CorJiaceH»). AHKeTa pa3pabaTbiBa/iaCb Ha OCHOBE
TIPUHSATOW B WCCIeOBAaHUM MOJENN TPO3PauHOCTH, BKJIIOYAKOLeN WHCTPyMeHTaJ/IbHbIe,
Tiejlaroruuecky 00yC/IOB/IeHHbIE U CMelllaHHbIe KOMIOHeHThI. KaXk/[plii KOMITOHEHT U3MepsiiCst
HECKOJIbKUMH YTBePKAeHUsIMU (TI0 YeThIpe YTBePIKAeHHs), TI0C/Ie Uero OTBEThI arperupoBasiu
B 0000111eHHBIH 10Ka3aTesib. OTKPBIThIE BOMTPOCHI UCTIO/Ib30BAJIMCH [I7Is BbISIBIeHUs (DaKTOPOB,
KOTODbIe, C TOUKH 3peHUs] CTY[IeHTOB, 00Jieryasy Wik 3aTpyJHs/Id MIOHUMaHKe TpeboBaHUM,
xo/ia paboThl, I0pabOTOK M OIIeHUBaHUS.

AHKeTHpOBaHHe TMPOBOAWIOCH TIOC/Ie 3aBepliieHust Kypca, B (hopMaTe OHJIaiH-0TIpOca
(Google Forms), 4To 103BOJIM/IO OTTUPATHCS HA OTIBIT TIPOXOXKEHHS TTOJTHOTO yueOHOTo UK.
711 MUHUMM3aLUY BJIMSTHUS TIPeTiojaBaTesisi Ha OTBeThI COOp JaHHBIX ObL/T OPraHW30BaH 10CIe
BBICTABJIEHHS] UITOTOBLIX OL[EHOK; yJacTHe He ObII0 00s13aTe/bHBIM, @ B MUHCTPYKLUH K OTIPOCY
OTZeJTbHO YKa3bIBasICs UCC/IeIoBaTe/TbCKUM XapaKTep TpoLieyphl.

KonnyecTBeHHbIe JaHHbIE aHAIM3UPOBAIMCh METOJAMU OMMCATe/IbHOW CTaTUCTUKH C
pacueTom 000011[eHHBIX [TOKa3aTesieli TI0 KOMIIOHEeHTaM MPO3PauyHOCTH M COTIOCTaBIeHHUEM MX
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BBIDQ)KEHHOCTH BHYTPH OZHOM BBIOOPKH. VCIO/Ib30BaHWe HECKOJBKUX YTBEPXKAEHUN /ISt
KaKZI0r0 KOMITOHEHTa MO3BOJISIZI0 MOBBICUTh YCTOMUYMBOCTb M3MepeHUsi. OTKPBITbIE OTBEThI
aHa/IM3MPOBA/ICh METO/IOM TeMaTUUeCKOro KOAUPOBAHHUS C Bbl/le/IeHHEeM TOBTOPSIIOLLMXCS
CMBICJIOBBIX KaTeropwii (Hampumep, TpeOOBaHUs, OpraHM3aldsi CJaud, oOpaTHasi CBSI3b,
TeXHUYeCKHe YyCJIOBUS [UCTAHLIMOHHOTO B3auMOJenCTBUs). MToroBass uWHTepripeTalys
CTPOW/IaCh Ha COMOCTaB/JIeHUM KOJIMUeCTBEHHBIX M KaueCTBEeHHbIX pe3yJbTaToB. HerosHble
aHKeTbl, He TO3BOJIAIOIIME pacCUMTaTh K/IKOUYeBble IOKa3aTeld, UCK/IIYaauCh M3 aHaausa;
JlaHHbIe XPaHWIMCh B 00€3/TMUeHHOM BH/Ie ¥ UCIT0J/Ib30BaIMCh TOJIBKO B paMKaX UCC/Ie[JOBaHUsI.

Pe3ynbTaThl HCC/IEJ0BAHUS.

B aHKeTHpOBaHWU MPUHSIN yuacTre 12 cTyieHTOB Kypca «Beb-au3atin». 171 KaKoro
KOMITOHEHTa MPO3payHOCTU PaCCUMTHIBA/ICS MHTErPa/ibHbIM MOKa3aTe b KaK Cpe/jHee 3HaueHue
Mo ueTbipeM yTBepxAeHUsM (uikana 1-5). CpegHee 3HaueHWe — M, MeauaHa — Me,
CTaHJapTHOe OTKJ/IOHeHUe — SD.

B 11e/10M OLIeHKH TPO3payHOCTH HAXOAATCS B Auara3oHe oT 3,58 1o 4,58 6ania, uro
COOTBETCTBYeT TIPEUMMYILECTBEHHO yMEPeHHO BBICOKOMY U  BBICOKOMY  YPOBHIO
BOCIIPUHHMMAaeMOMU MPO3payHOCTH.

VHCcTpymMeHTa/lbHbIe KOMITIOHEHTBI B cpefiHeM oleHeHbl Ha 3,99 (Me = 3, 97).
MakcrMarnbHble — 3HaueHWsI BHYTPU 3TOM  TPYIIbl  TOJlyueHbl IO  KOMIIOHEHTY
BepudUIIMpyeMOCTH pe3y/bTata B paboueit cpese ¢ ucnonb3oBanuem GitHub Pages (M =
4,58), uTo yKasblBaeT Ha BBICOKYIO 3HAUMMOCTb TIPOBEPKU pe3yJsibTaTa «I10 CChIIKe» 0e3
CKauvMBaHUSI U [JeMOHCTpalMU 5KpaHa. HaumeHee BbIpaK€HHBIMU OKAa3ajuChb WCTOPUS
n3MmeHenuii (M = 3,58) 1 akTyanbHOCTb Bepcuu (M = 3,63), Tipu 3TOM pa30poc M0 OTAe/IbHBIM
WHCTPYMEHTATbHBIM KOMITOHEHTaM ObUT CpaBHUTE/TBHO 3aMeTHBIM (SD okoiio 0,8), uTo MoXeT
OTpakaTb HEOZJHOPOJHOCTB OIbITa CTY/I€HTOB U Pa3/IMurs B TOM, KaK aKTUBHO MCITI0/Ib30Ba/IUCh
MeXaHW3Mbl BepCHUOHUPOBAHMUSI.

[Temarorruecky 00yCOB/IeHHBIE KOMIIOHEHTBI B CpefiHeM coctaBwiu 4,12 (Me = 4,13).
Haubosiee BBICOKYIO OLIEHKY TOJAyudid MpaBwia mnpoiecca (M = 4,38). Haumenee
BbID&KEHHBIM 0Ka3ascsi KOMIIOHEHT C TMOHSATHOCTbIO KpuTepreB oleHuBaHus (M = 3,85). B
11eJIOM, TIOKa3aTesy [0 Tejaroruuecky 00YyCTIOB/I€HHBIM KOMITOHEHTaM I10Ka3aiH, uTo
OpraHu3alys 3TaroB cjauy paboT Oblia sicHa /IJIsi CTy/IeHTOB.

CMelllaHHbIe KOMITIOHEHTHI B cpegHeM cocTaBuwid 4,16 (Me = 4,16). bonee BbicOKul
roKasaresb Moy4eH JJ1s SCHOCTU uctipaBienuid (M = 4,19), uto corsiacyeTcsi C BOCIPUSITUEM
oOpaTHOM CBSI3U KaK B I[1€JI0M TIOHSITHON ¥ TTPUMEHUMOM.

Ha pucynke 1 npuBesieHa Tab/uLia ¢ pe3y/ibTaTaMH OLIeHKU KOMITOHEHTOB T10 KaXKA0MY
CTYJIeHTY.

KomnowenTsl

UHCTPYMEHTANLHEIC KOMTOKEHTE TleAarorueckae KoMnoHeHTL! CMewWaHHLIe KOMNOHEHTL!

Chnenne ennanns Bepuduumpyemocts
TEXHHHECKAX TOMEX Ha peayntrara &
npoeepky peantHoi cpepe

Tousocts Crpyxiypan
KpHTEpHES rasecTeo

Enunoe mecro Vicropus | Acryanemoers TpospatHocTe
panenns apredar i Bepcun o
oBpathoi cenan

Uerkoea
paxros| mamenenmit Aocryna x apreaxram 6 i

TpeGoranmii

Mpamana | Bugumocts |  Slcwocts

npoyecca | mporpecca | ucnpaenenui

375 35 4,25 425 475 275 275 375 4 425

35 3 25 375 4 375 325 35 375 35

275 25 3.25 35 3.25 425 4,25 425 45 425

NMNE

4 275 35 5 4 325 275 325 4 3

35 45 3.25 4,25 375 475 45 375 425 425 45

5 325 3.25 35 3.25 5 475 5 4 425 375

475 5 5 45 45 5 475 5 475 5 5

1
2
3
4
5 375 2,75 3 3 325 45 275 2,75 325 325 35
6
7
8
9

5 475 4 5 5 5 5 475 5 5 5

10 5 35 475 5 45 5 5 45 5 5 5

1 45 4 2,75 3.25 3 475 425 325 35 45 325

12 5 35 4 5 2 5 45 425 5 5 45

Cpennee anatenme (M) 421 3,58 3,63 413 3,81 458 413 3,85 1,13 438 113

Menuana (Me) 4,25 35 3375 4125 3,75 475 4375 4 4125 4375 425

Crangaprroe
oTknonenme (SD) [ 0.82 0.78 0.79 0.89 0.56 0.62 0.88 0.69 057 [Nl

Puc. 1. Pe3yanaT OL€éHKHW KOMIIOHEHTOB

CusibHble  KOMIIOHEHTbI €  Haubosiee  BBICOKMM  CpeJJHUM  3HaueHHeM:
BepuHULIMPYeMOCTh pe3y/bTaTa B paboueii cpefie, paBu/a MPOLIECCa, ICHOCTh WCTIPaB/IeHUH.
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30HbI MOTEHLIMABHOTO Y/IyYlleHWs: UCTOPUSI U3MEHEHUH, aKTya/lbHOCTh BepCHH, a
TaK)Ke MOHSATHOCTb KpUTEpHEeB OLIeHUBaHMUSI.

OTKpBIThIE OTBETHI TIOKa3ajd, YTO HWCTOUHMKAMU HETMOHSATHOCTH TpeOOBaHWNA U
O’KM/IaHUWM Yallle BCETO Ha3bIBa/M Mpe3eHTal[MOHHbIe MaTepyasbl, 00bsICHeHUS TIperioiaBaTelis
Y BO3MOXXHOCTb YTOYHSIIOLIMX BOMPOCOB. OTZAeNbHO OTMedYasnach I0JIe3HOCTh «eUHOTO
MecTa», rae cobpaHbl 3alaHus M TpeboBaHMs. B kKauecTBe Hambosiee TOJIE3HBIX 3/IEMEHTOB
GitHub Classroom u GitHub Pages cTyzseHThI yailje BCero yroMuHaslu:

- BO3MOYKHOCTh TMPOCMAaTpPUBaTh pe3yJbTaT 0 CChbUIKe 0e3 ckauuBaHUs (aiiioB
(ctygeHT Ne7);

- L[eHTpa/IM30BaHHOe XpaHeHHe MaTepuasioB «He Ha COOCTBEHHOM YCTPOMCTBe»;
(ctygeHT Nel?2)

- CTPYKTypHpoBaHue ¢alinoB (cTyzeHT Ne2);

- KOHTPO/Ib BEpPCHUii, CpaBHeHHWEe W3MeHeHHWH U BO3MOXXHOCTb OTCJIE)KHUBATh
BHeceHHbIe TipaBKU (CTyZieHThbl Nel u Neb).

K 3aTpyHeHUsIM ¥ UICTOUHMKAaM Heorpe/e/leHHOCTH OTHOCHTUCK:

- OTCYTCTBUE UeTKOrO I/1aTa, T3, paBu/I y 4YaCTU CTyAeHTOB (CTyZeHT Ne5);

- TeXHUUeCKre (akTopbl AWCTAaHLIMOHHOTO (opmara (Hampumep, HeromajKu C
vHTepHeTOM) (cTyaeHT Ne5);

- OpraHM3alIOHHO-TEXHUUECKWe TPYAHOCTH (Harpumep, OOMBIION pa3mep
(halisioB mpu 3arpy3ke B pero3utopuii) (cTyzeHT Ne8);

- DUCK «IOTepU» YCTHBbIX KOMMeHTapueB (UacTb CTY[EHTOB OTMeuasia, uTo
00paTHYO CBsI3b TIPUXOAUIOCH 3aMTUChIBaTh BPYUHYO, UTOOBI He 3a0bITh) (cTyeHT Nel).

[Io 670Ky oOpaTHOW CBSI3M OTBeThl B LIEJIOM HOCWIM TIO3UTHBHBINA XapakTep
(YIIOMHMHA/IUCh «TIOHATHbIE U KOHCTPYKTHMBHBbIE KOMMEHTapuu»), NPU 3TOM BCTpevaiuch
3ampocCkl Ha Oosiee KOHKPeTHbIe U 3aKCHPOBAHHBIE B TUCbEMEHHOM BH/le KOMMEHTapHH.

Ha Bompoc o ToMm, uero He XBaTtaJso /s Ipe/jCKa3yeMOCTH OLIeHKH, Hanbosiee 4aCcTbIMU
OBbLTM OTBETHI, CBsI3aHHBIE C IPUMepaMu paboT, KDUTEPUSIMH U UeK-TTUCTOM. JTO YKa3bIBaeT Ha
Oosiee SIBHYIO M CTaHJAapPTHU3UPOBaHHYIO «KapTy KauecTBa» pe3yJbTaTa (UTO COOTBETCTBYET
KOMIIOHEHTY MOHATHOCTH KPUTepHeB OLIeHUBaHUs).

[TonyueHHble pe3ynbTaTbl B LeIOM TOJJEpP)KUBAIOT TUIIOTE3y O TOM, UTO
ucnonb3oBanue GitHub Classroom u GitHub Pages cBsizaHO C OBbILLIEHHEM BOCTIPUHUMAaeMOM
MPO3payHOCTH 3a CYeT UHCTPYMEHTalbHbIX MEXaHHW3MOB LIeHTPaJIM30BaHHOIO [OCTyIa K
apTedakTaM ¥ BepU(QULIMPYeMOCTH pe3y/bTaTa B peajbHOM cpefie: MMEHHO KOMITOHEHT
TIPOBEPKU pe3yJibTaTa «B paboueM BHje» OKasascs Hanbosiee BbIpaXKeHHBIM, a B OTKPBITHIX
OTBeTax MHOTOKPAaTHO (PUKCHUPOBA/IACh LIEHHOCTh TIPOBEPKH «0e3 CKauMBAHUSI» U 110 «CCHITKE».

B To ke BpeMs pe3ysbTaThl IMOKa3bIBalOT, UYTO OTe/bHbIE ACMEKThbl MPO3PauHOCTU
OCTAalOTCS UyBCTBUTE/NbHBIMUA K Tl€/JarOTMYecKOil OpraHu3aljiM, TpeKJe BCero B YacTU
KpUTEpPHEeB OLleHUBAHUS U 3alPOCOB HA MPUMEPHI U UeK-TUCTbl. KpoMe TOro, CpaBHUTEBLHO
Ooslee HU3KKE OLIEHKHA KOMITOHEHTOB, CBSI3aHHBIX C MCTOPHEN M3MEeHEeHWH U aKTyaJbHOCTHIO
BEepPCUii, MOTYT OTpakaTb HEOJHOPOJHOCTb MPAKTUK UCII0/b30BaHUS BEPCHOHUPOBAHUS WU
pasnnuusi B UQPOBOI MOATOTOBKE CTY/IeHTOB (HarpyuMep, pa3Hblii ypoBeHb BiafieHus Git).

3aK/r0ueHue.

Lenbio ncciefoBanus ObUIO BBIIBUTH B/IMSTHUE UcCTosb3oBanust GitHub Classroom B
JUCTAHIIMOHHOM Kypce Be0O-u3aiiHa Ha BOCTIIPUHUMAaeMyH CTY/€eHTaMU IPO3pauyHOCTb
yuebOHOro mporjecca.

B xope ucciiefoBanust ObIA pellieHbl Cieyrolye 3a1aun:

- YTOUHEHO TIOHSATHe BOCIIPUHMUMAeMOl TPO3pavyHOCTH Yy4yeOHOTO TMporjecca
TIPUMEHUTENTBHO K JUCTAHLMOHHOMY O0YYeHHIO B IIPaKTHKO-OPHUEHTHPOBAaHHOMN JUCLUITHE;

- OmMHMcaHa oOpraHW3alus yueOHOTO Tmpomecca B Kypce «BeO-Au3ailiHa» Tpu
ucrionb3oBanuu GitHub Classroom;
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- BbIJle/IeHbl MHCTPYMeHTasbHbIe, TefJaroruyecky 00yC/IOB/IeHHbIE U CMelIaHHbIe
KOMITOHEeHTHI ITPO3PauHOCTH;

- pa3paboTaHa aHKeTa /i OLeHKM BOCIPWHMMaeMOW TPO3pauHOCTU y4eOHOTro
Tiporiecca;

- TIPOBe/IeH aHa/Iu3 KOJTMUeCTBeHHBIX ¥ KaUeCTBEHHBIX JJAHHBIX aHKeTUPOBAHUS U
BBITTOJIHEHO COTIOCTaB/IeHHe Pe3yJ/IbTaTOB C BbIABUHYTOM TUTIOTE30M.

Takum ob6pa3om, rumore3a o ToMm, uro GitHub Classroom crocob6cTByeT pocty
BOCIIPUHUMAaeMOM MPO3PauHOCTH 3a CUeT LIeHTPaJIU3UPOBAHHOTO XPAHEHUsST U BO3MOXKHOCTeH
¢uKcauy W3MeHeHWH, B 1[eJIOM TIOZJePXKUBAEeTCs, OJHAKO pe3y/bTaThl YKa3bIBalOT Ha
coxpaHeHHe YSI3BUMBIX 30H, CBSI3aHHBIX C TeJaroruueckyu o00yc/ioBieHHBIMU KOMIIOHEHTaMH,
TpeXKJie BCEr0 C SIBHOCTBbIO KPUTEpHEB U TIPe/ICKa3yeMOCTH OrleHMBaHUs. [IpakTHueckum
CJIe[ICTBEM SIB/IsSIeTCSI HeOoOXOJUMOCTh YCWJIeHHSI SIBHBIX KDPUTEDUEB U CTaH/AapTH3aLuu
¢dopmata oOpaTHOW CBSI3M W TIpOLIEAYP MAOpPabOTKM TIPM COXPAHEHWU TIPEeUMYILeCTB
vHCTpyMeHTa/ibHOM MHGpacTpyKTypbl GitHub Classroom u GitHub Pages. ITonyueHHbIe
BBIBOZIbI MOTYT OBITh HCIIO/Ib30BaHBI TPETOZABaTe/NSIMA  MTPAKTHKO-OPUEHTHPOBAHHBIX
JUCLIMIUIMH TIPA TIPOEKTUPOBAHWUM [UCTAHL[MOHHBIX KYPCOB, TZle KDUTUUYECKH BaKHbI
Ha0JTI0JaeMOCTh TpOoIiecca U BOCTIPOM3BOIUMOCTD TIPOBEPKH Pe3yJIbTaToB.

HayuHbil pykosooumesib: cmapwuli rnpernooasamesib kagheopb! YughposbIx U
aooumusHbIX mexHosoaul, CrasHUkosa Mapusi AziekcaHOpoBHa

Scientific supervisor: Senior lecturer of the Department of Digital and Additive
Technologies, Slavnikova Maria Alexandrovna
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CaHKT-IeTepbyprckunin rocyaapCTBEHHbIA YHUBEPCUTET NPOMBbILLMIEHHbIX TEXHONOMUIA 1 An3aiiHa
191186, CaHkT-lNeTepbypr, bonblias Mopckas, 18

AI-ACCUCTUPOBAHHAA PA3PABOTKA NMPOIrPAMMHOIO OBECMNEYEHNA: UHCTPYMEHTDbI,
HABbIKU N APXUTEKTYPHbIE MNOAXOAbl

© E.A. PeHeBa, E.C. KokopwuH, 2026

B cmambe paccmampuearomcsi cospemeHHble nooxodbl K paspabomke npoepamMmMHo20 obecneueHust C
npuMeHeHueM UCKYCCMBeHHo20 UHmeadekma. Auaausupyemcsi 3gomoyus Al-uHcmpymeHmos — om
asmooono/iHeHust KOOd 00 NOJAHOYeHHbIX d2eHMHbIXx cped. Onuchlealomcs K/aouesble HABbIKU paspabomuuka 8
ycnosusix pacnpocmpaHeHust Al-accucmenmos, apxumeKmypHble NAMmMepHbl MYAbMUA2eHMHbIX paboyux
npoyeccos, 8onpocbl 6e3onacHocmu U ynpaedaeHusi KoHmekcmoM. Paccmampueaiomcsi npakmuueckue
02paHuieHust paboue2o KOHMEKCMHO20 OKHa modesell u Memooonozus Spec-Driven Development.

KnroueBble c10Ba: MCKYCCTBeHHbIM HHTe/UieKT, paspaborka IIO, s3pikoBble Mogend, Al-areHThl, prompt
engineering, Spec-Driven Development, mynbTuareHTHbie cuctembl, CI/CD, 6e30macHOCTb.

E.A. Reneva, E.S. Kokorin

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

AI-ASSISTED SOFTWARE DEVELOPMENT: TOOLS, SKILLS AND ARCHITECTURAL
APPROACHES

The article examines modern approaches to software development using artificial intelligence. The evolution of Al
tools is analyzed — from code autocompletion to full-fledged agent environments. Key developer skills in the
context of Al assistant proliferation, architectural patterns of multi-agent workflows, security issues, and context
management are described. Practical limitations of model working context windows and the Spec-Driven
Development methodology are discussed.

Keywords: artificial intelligence, software development, language models, Al agents, prompt engineering, Spec-
Driven Development, multi-agent systems, CI/CD, security.

3a mocsiefHUe HECKOJIBKO JIeT pa3paboTKa MporpaMMHOro obecrieueHUs] U3MEeHWIaCh CUJIbHEe, YeM 3a
nipeabiayiee necsrusietye. Emé B 2021 rogy Al-WHCTpyMeHTHI BOCIIDUHUMANKCh KakK yZ0OHOe /10TI0/THeHue K
IDE — oHM mipejyiarany CTpouky Koa, He 6osbiie. K 2026 rojly areHTHble CUCTEMbI CAMOCTOSITE/IbHO UMTAKOT
THKETbI, CO3[jal0T BETKU B PEIO3UTOPHUHU, NUIIYT KO/, MPOTOHSIOT TeCThl U OTKpbIBalOT pull request. I'panuria
MEXXy «MHCTPYMEHTOM» M «y4aCTHUKOM KOMaH/bI» CTasa yCJIoBHOMH [1].

Tako# CJBUT 3aTpardBaeT He TOJILKO MHCTPYMEHTHI, HO M caMy mpodeccuio pa3paboTunka. YMeHue
HamnycaTh CUHTaKCUYeCKU [PaBU/IbHBIN K07 yKe He sIB/sgeTcs Ae(ULUTHBIM HaBBIKOM — BaKHEe CTajI0 YMeHUe
NIpaBU/IbHO TOCTaBUTh 3a/lavy, OLleHUThb pPe3y/bTaT U BBICTPOUTH Mpoljecc. HacTosijast ctaTesl ccTeMaTU3upyeT
K/I0YeBble acreKTbl Al-acCHCTUpOBaHHOW pa3pabOTKM M TpefjiaraeT MpakTHYecKde pPeKOMeHJalWH [is
CIerraaiCcToB U KOMaHJ,.

CoBpemeHHble AI-MHCTPYMeHTBI [Jis1 Pa3pabOTUMKOB MPOLIIA HECKOJIBKO TOKOJEHHWH 3SBOMIOLMH.
ITepBoe nokonenne — GitHub Copilot (2021) — paBano inline-nojckasky npsiMo B pefakTope. IHCTpyMeHT
BU/Ie/l TOJIbKO HeCKOJIbKO COTeH TOKEHOB BOKDYT Kypcopa U IpeZyiarai MpoJo/bKeHHe CTpoku. HecmoTpst Ha
OrpaHNUYeHHOCTh, UMEHHO 3TOT K/IaCC MHCTPYMEHTOB BIlepBbIe MOKa3aa M3MepUMEbIN 3¢ ¢eKT: Ha 11abI0HHBIX
3afjauax ycKopeHue gocturano 55% [2].
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Bropoe nokonenne — Cursor, Windsurf — mepenuio k chat-pe)xiMy ¢ TOHMMaHHWEM BCETO TMPOEKTa.
Pa3paboTuvK MOr 0OCYUTh apXUTEKTypy, IIONPOCUTh IepernucaTbh HECKOJIbKO (ailioB cpa3y WK OObSCHUTH
qy>KOi KoJ. OTO CTajJo BO3MOXKHBIM 3a cuéT RAG-mogcucreM: KozoBas 6a3a MHIEKCHPYeTCs, U B KOHTEKCT
3ampoca JMHaMUUeCKH IO/ PY’KaloTCs TOMbKO HY)KHbIe ¢parMeHTsl [4].

Tpetbe nokosieHre — Claude Code, Codex CLI, Aider — 310 areHTbl, KOTOpbie OepyT Ha cebs 1e/bie
WTepaLyK: TTaHUPYIOT ILIary, BLIMOMTHSIOT KOMaH/Ibl B TEPMHUHAIe, TIPABAT (aii/ibl, 32Ty CKaloT TeCThl, QOPMUPYIOT
KOMMUTBI. Pa3paboTumk rpeBpaijaeTcs B IIOCTAHOBIIMKA 33a4 U (UHAIBHOTO peBbioepa. OIbITHbIE NH)KEHEePEI
BCE yallle UCIOJb3YIOT He OJMH areHT, a LIETIOYKY: OJVH OTBeyaeT 3a IVIaHUPOBaHUe, BTOPOW — 3a HaIlCaHHe
KOJia, TPeTHil — 3a npoBepKy. Ha prcyHke 1 m3o06pakeHa 3Bomonyst AI-MHCTpyMeHTOB.

IBONOIHA AI-HHCTPYMEHTOB

1-e noxkonenune: GitHub Copilot

Inline-nmopcka3ku - ~100 TOKEHOB KOHTEKCTa
+55% CKOpOCTH Ha mabNnoHHBIX 3aJadax
IIpennaraeT npoOozKeHHe CTPOKH Koa

!

2-e noxkoyenue: Cursor / Windsurf

Chat-pexuM - RAG-HHOeKcalusa IpoeKTa
I[ToHMMaHHWe HeCKOJIEKHX (haiIoB cpasy
OﬁC}"}KLIOHHO ApPXHUTEKTYPEI B fHalore

! :

3-e nokosenue: Claude Code / Aider

AreHTHEIH IIUKJI - TEpPMHHaN + git + TecThl
CaMOCTOSTENIEHO YATAET TUKETHI, IHIIEeT KO
OtkpriBaeT Pull Request asToHOMHO

Puc. 1. Opomonys AI-UHCTPYMeHTOB

Ha mpakTuke yz00HO pa30uBaTh 3a/jaudl Ha TPU Kjacca. BEICTpble ToueuHble MPaBKU — JOCTAaTOYHO
KOPOTKOTO MpoMTITa B inline-pexxume. 3agaun cpefHedi CJIOXKHOCTH — chat-peXXum ¢ 06CyKIeHHeM BapHaHTOB.
KpymnHble u3MeHeHMs, 3aTparvBarolliie HeCKOJBKO MOJyJel, — TIOJHOLIeHHbI areHTHbI peXxuM C
npe/iBapuTebHOM crieruduKarpeli. [ToMbITKY MPUMEHUTb OJJUH TOAXO0 KO BCEM THUIIaM 3a/jau MPUBOJSAT MO0 K
ToTepe CKOPOCTH, JIMO0 K HU3KOMY KaueCTBY pe3y/ibTaTa.

YMenne ToyHO C(HOPMYITHUPOBATH 3aJauy CTal0 K/IOYeBBIM NPO(eCcCHOHaNBbHBIM HaBBIKOM. XOPOIINH
MPOMIIT BKJIFOYAeT HECKOTbKO KOMITOHEHTOB: UETKOe OMNKMCAHWe pe3y/bTaTa, KOHTEKCT TpeJMeTHON 06sacT,
OrpaHUYeHust 110 TEXHOJIOTUSAM U CTUIIO KO/, a TakKKe IpUMephl oXujaeMoro nosefenus [3]. Pa3Huija Mexay
XOpOIIIO U TIJIOX0 COCTaBJeHHBIM IMIPOMIITOM IO B/IMSHHIO Ha KayecTBO pe3y/bTaTa COMOCTaBUMa C pasHULlei
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MeX/y OTBITHBIM U HAUMHAIOIIUM pa3paboTurkoMm. OpraHu3aliiid HauMHAKOT BK/IOYATh prompt engineering B
KOpIIOpaTHBHbIE CTaHJAPThI pa3paboTku Hapsily ¢ code style guides.

HeckosibKo MpréMOB, BbIpabOTaHHBIX IPAaKTUKaMU. Bo-1iepBbix, 60prba ¢ «/IbCTUBOCTBIO» Mo/iesiel: 6e3
CrHeluanbHbIX UHCTPYKIMHA LLM CK/IOHHBI COTJ/IAIaThCsA C T0JIb30BAaTe/IeM W TOATBEPX/ATh OIIHOOUHbIE
peiienus. DOPMY/NMPOBKM «aTaKyd 3Ty W/IEI0», «HalWau cyiabble MeCcTa», «IIePeurc/d TMPOTUBOPEUUs»
MepeK/IIoYarT MoJiellb B Pe)KMM KPUTHUECKOro aHaau3a. Bo-BTOpBIX, sIBHOE [eK/J1aphpoBaHUe Liejll — 3aueM
JieslaeTcs 3a/jaua U Kakyro mpo0JieMy peliaeT — JaéT Mofiesid 0ojiee YCTOWUMBBIM OPUEHTHD, UYeM OMUCAHKUEe
TeXHUUYeCKUX maroB. OTAenbHO ciiefyeT BbiienTh «Puzzle-Driven Development» — mpuém, pu KOTOPOM
areHTy TPSMO TIOPyYaeTCsl UCKAaThb «ZAbIPbl» B COOCTBEHHOM pelleHUM: TIPOMyIeHHble TPaHUYHbIE CTyuaw,
HesIBHbIE TIPE/TI0/I0XKEHUs], HePaCCMOTPEHHbIe CLIEHApUM OMIMOOK. OTOT TO/AXOJ YaCTUUYHO KOMIIEHCHPYET
CUCTEMHY0 CKJIOHHOCTb LLM K maTTepH-MaTUMHTy — BOCTIPOW3BE/IEHUIO MOMYJIIPHBIX PellieHuH 13 00yJaroriei
BbIOOPKU 0€3 TIPOBEPKU UX MPUMEHUMOCTH K KOHKPETHOMY KOHTEKCTY.

Pa3paboTuvK CMeIljaeTcs OT WCHOJHUTENs, MHIIYIIero KoJ, K apXWTeKTOpy W pe’akTopy,

HarpaBssiroirieMy Al-reneparyio. KimtoueBbie KOMITETEHIUH Tellepb — CHCTeMHOE MbIIIeHre, KpUTHYeCKHH code
review Al-koja, r/1yb0oKoe MOHUMaHue OHU3HEC-TIOTUKHU.

ITpn npoBepke Al-KoZia ocobeHHO Ba)KHO oOpaljaTh BHMMaHHe Ha I'PaHUYHBIE C/lydad U 00paboTKy
oMOOK: MOJIelId OXOTHO TeHePUPYIOT «CYACT/IMBBIM IMyThb», WUTHOPUPYS HCKIIOYeHUs. Bropas xapakrepHas
npobseMa — LLM «yBepeHHO OLIMOArOTCSi»: CreHepPUPOBAHHBIM KOJ KOMITWIMPYETCS U TPOXOJUT
TIOBEPXHOCTHbIE TeCThbl, HO COJEPXUT HeBepHble [OMYLIeHHs O TOBeJleHMM BHEIIHUX CHUCTeM. BaxHoe
Ha0/ro/ieHre: MO/Ie/IM XOPOLLIO peanu3yloT apXUTeKTYpY, y)Ke OIIMCAHHYIO B KOZle UK crielju(UKaL{iy, HO IIJI0X0
TIPOEKTUPYIOT eé C HyJsl. APXUTEKTYPHbIe pellleHHs! [T0-IIPeXXHEMY OCTar0TCs 32 Ue/I0BEKOM.

ITpou3BosuTeM Mozesell aHOHCHUPYIOT KOHTEKCTHbIe OKHa B COTHU THICSY TOKEHOB, OZJHAKO KauecTBO
paccyx[eHnl Ha NMpaKkTHKe HauuHaeT JerpaflpoBaTh 3HAUMTENbHO paHbllle — MpUMepHO nocie 100 Thicau
TOKEHOB aKTUBHOI'O KOHTEKCTa. DTO [IOJTBEP)KAAeTCs: UcclejoBaHNeM 3(h(eKTa «[0Tepy B cepe/juHe»: sI3bIKOBbIE
MOZIe/I HelpOIOPLIMOHA/NIBHO IUI0X0 paboraioT ¢ MH(opMariyel, pacrioyokeHHONH B LieHTpaJbHOW YacTu
JIMHHOTO BXoja [7].

Ha npakTuke 3T0 03HauaeT: pa3pabOTUMKH Lie/leHarlpaB/IeHHO OUMIIAFOT MCTOPHIO MEXXy UTepaLysiMH,
pasMellatoT K/HoueBble HHCTPYKLMY OAHOBPEMEHHO B Hayasie ¥ B KOHLIe KOHTEKCTa, @ IPOEKTHYIO JOKyMEeHTALHIO
CTPOSIT «IIJIOCKOH» — MHOTO KOPOTKUX (hali/IOB TIpeAouTUTe/IbHee rTyO0KOM BIIO>KeHHOCTH.

Mexxay ceccusiMM KOHTEKCT COXpaHsieTcsi uepe3 KoH(urypauuoHHble ¢aitiei — CLAUDE.md,
AGENTS.md, .cursorrules. IIpakTika moka3sana, uTo Takue (ailyibl JO/DKHBI ObITh MaKCUMalbHO KOPOTKUMHU:
HEeCKOJIbKO CTPOK C CaMbIMM TIPHHIWINUAIBHBIMU TipaBuiamu ripoekta. Ilogpo6ueii CLAUDE.md chenaer
LieHHbIe TOKEHBI U CHIDKAET KaueCcTBO PabOThl MOJIe/IM Hafl aKTyanbHOM 3a/jauel.

ITporokon MCP (Model Context Protocol) ot Anthropic crangapTu3upyeT NOAK/IIOUeHWEe BHEIITHUX
cepBUCOB K areHTaMm [5]. Bmecte c Tem mmpokoe rpuMmeHeHre MCP 0GHaXH/IO KOMITPOMHCC: KaK/blid
MOZIK/TIIOUEHHBINA CepBUC A00aBssieT OMMCAaHWS MHCTPYMEHTOB B CHUCTEMHBIM MPOMIIT, OTHMMas TOKEHbI U3
pabouero KoHTeKCTa. B OTBeT MOsBU/IAaCh NMpakTHWKa JWHaMuUueckod moArpy3ku MCP mo TpeGoBaHMiO —
orucaHue UHCTPYMEHTa 3ampaliiBaeTcs TOJbKO B MOMEHT ero MCII0/Ib30BaHMUs.

ITo mepe pocra 3azau MosiB/IsieTCs] HEOOXO04UMOCTh KOOPANHKPOBATh HECKO/IBKO areHTOB: OPKeCTpaTop
[leKOMIIO3UpyeT 3aflauy M pacrpejensieT M0/3a/iauy, Creljaai3ipoBaHHble areHTbl OTBevaroT 3a KOJ, TecThl,
JOKYMEHTaL[I0 ¥ peBbl0. B3anMogelicTBre C BHEIIHMMU CHCTeMaM{ peay3yeTcsl uepe3 MexaHW3M tool use
(function calling).

BakHbIi1 METOAO/NOTMYECKU NMPUEM — MCII0/Ib30BaTh pasHble MOJeNU [/ posiell WCIOIHUTENs U
peBbroepa. Ecii ofMH M TOT XXe areHT MUIIET KOJ, U caM ero npoepsieT, Bo3HUKaeT 3(¢ekT anchoring bias:
MOZIe/ib CKJIOHHA TOATBEepKAaTh COOCTBeHHBIe pelleHMs. B 3pesbix KOHGUIrypauusx peBbloep 3allycKaeTcs Ha
Jpyroit MoJiesIv ¥ He To/iyvaeT MH(OpMaL[K 0 BHECEHHBIX U3MeHEeHUsIX — TOJIbKO KOHTEKCT UCXOHOM 3a/jauul 1
(hMHATbHBIN pe3yrbTar.

Spec-Driven Development (SDD) — MeTof0JI0THsI, TIPU KOTOPOH Tepe; TeHepaliel KoZa areHT
COBMECTHO C pa3paboTUMKOM CHauajza CO37aéT (opManu3oBaHHOe onucaHue (UuM: Iie/b, IPaHUL{bl, MOJENb
JaHHbIX, uHTepdelichl, rpaHUUHbIe C/lyual U OTKphIThle Borpockl [9]. Tonbko moc/ie coryiacoBaHUs
crequdUKaLi HAYMHAETCs peanr3arys.

MoTuBarst 1pocTa: criefiuuKanysi IPUHYAUTETbHO BbISIBIISIET «JBIPbI» B apXUTEKType [0 Hauasia
KO/TUPOBaHUsl, PUKCHUPYeT WHBAPUAHTHBIE PelIeHUs U CITY)KUT UCTOYHUKOM HCTHHBI TIPY peBbl0. TecThl B 3TOM
TO/X0/le pacCMaTpUBaIOTCs KaK UCIO/HsIeMast crieliiUKaLiysi — MOpsAA0K UX HalMCaHWsl BTOPUYeH, HO B3aUMHast
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COT/JIaCOBAaHHOCTh KOZi@ W TeCTOB KpuUTHMYHA. I[lonHoueHHass SDD ompaBiaHa [y KPYIHBIX HW3MeHEeHWH,
3aTparyuBaroLIMX HECKOIBKO MOJYJIel; [/l TOUeuHbIX MPABOK OHA M30bITOUHA.

[TepcniekTHBHOE HarpaB/ieHHe — TapasliebHast paboTa HeCKONMBKUX areHTOB B N30/ IMPOBAaHHBIX BETKAX
PEemo3uTOpUsi — B YACTHOCTH, uepe3 MexaHW3M git worktrees. OpkectpaTop pa3bvBaeT ¢udy: OJWUH areHT
peanu3yeT MOJeNb JaHHBIX, BTOPOW — OU3HeC-oTHKY, TpeTuid — Ul, 4eTBEpTHI — TecTsl. [1py MpaBUIBHON
JIeKOMIIO3WIIMM CyMMapHOe BpeMsl BBINIOJIHEHWSI COKpAIllaeTcsi B HECKOJAbKO pa3 10 CpaBHEHHIO C
Hoc/le[joBaTe/IbHbIM MOAXO0/0M.

K 2026 rozy nosiBUI0oCh HECKOTBKO CITelMani3uPOBaHHBIX OPKECTPaTOPOB, KOTOPLIe aBTOMAaTHU3UPYT 3Ty
CXeMy: OHU IPUHUMAIOT Ha BXO[, 33/jauy U3 CUCTeMBI yIipaBeHus ripoekramu (Linear, Jira), coszator worktree,
3alyCKaloT B HEM areHTHYIO0 CeCCHI0, OTC/EXHBAIOT IPOrpecc W I0 3aBeplieHWH OTKpbiBaioT pull request B
OCHOBHYO BeTKy. IToX0)Kast KOHI[EIIMs pean3oBaHa B «(pabprkax areHToB», paboTaroIiux B OHOBOM PEXKUME
Kak IuiaHupyemble 3agaHusi (scheduled tasks): areHT mpochbimaeTcs 1Mo pacnycaHUIO, INPOBepsieT ouepesib
He3aKpbITBIX THKETOB ¥ 3a0MpaeT B paboTy Te, UTO MOAXOAAT MOZ 3apaHee 3a/jaHHbIe KPUTEPHH.

[naBHBIA BLI30OB — yIpaB/ieHWe KOH(IMKTaMH C/MSHWA: areHThl [JO/DKHBI paboTaTb C UETKO

pasrpaHUUeHHbIMU 30HaMHM OTBETCTBEHHOCTH W 00pamiatbCs K 0OIIeMy [JOKYMEHTY-CrelduKalud Kak K
3TasoHy.

[MomnHbIi 1K Al-acCUCTUPOBAaHHOM pa3paboTKH BBITJISIAUT TaK: areHT MoJyYaeT CChIIKY Ha 3aJauy B Jira
wm GitHub Issues, aHam3vpyer ommcaHve, CO3[aéT BeTKY, peanr3yeT W3MeHeHHs, 3alyCKaeT TeCThbl U TpH
ycriexe oTKpbiBaeT pull request c aBToMaTHueCcky CreHepUpOBaHHBIM OMMCaHHeM Ha ocHOBe Avdda. Eé mapy et
Ha3a/| 3TO 3ByYaJso Kak (haHTacTrka — B 2026 rogy cxema paboTaeT B MPO/YKTUBHOM pa3paboTke.

Pre-commit XyKl U JMHTepbl 00eCIIeunBalOT JIOTIOMHUTE/IBHBINA KOHTPOJIb: CUHTAKCHUECKHe OLIMOKY,
HapyueHust code style u 6a3oBble npobsieMbl 6e30IIaCHOCTH YCTPAHSIOTCS A0 TIONalaHrst KOJja B PEIO3UTOPHA.
ABTromaruueckuii code review BTOpbIM areHTOM (Ha Jpyrod Mozienn), 3anyckaemslii kKak GitHub Action, cHibkaer
Harpy3Ky Ha peBbloepa-yesioBeka. [1j1s1 TecTMpoBaHMsi 0COOEHHO LIeHHBI MHTerparjuoHHble U API-TecThl: 0HU peske
JIOMaloTCs IpU pepakTOpUHIe U JIyullle BBISB/SIOT XapakTepHble olMOKU Al-kofja — HeBepHble [IOMYyLLeHHUs 0
TIOBe/leHUH BHEIIIHUX CHUCTEeM.

[pepocTaBieHye areHTaM focTyna K (aisioBoil cucteme, TepMuHany u BHeliHuM APl TpeOyer
TIIaTeTbHOW apXUTeKTYPhl. [IpUHLIMIT MUHUMAaJTbHBIX TIPUBH/IETMM — areHT 0JIyJaeT JOCTYII TOJIBKO K pecypcam,
HeoOXOJMMBIM ZJIsl KOHKDETHOW 3aJjaud — peayu3yercs Yepe3 KOHTeHHepHU3aluio, OTPAaHUUYEHUS] CETeBbIX
oOpairjeHMid ¥ MOHUTOPUHI KOMaH[. 3aloOKyMeHTHMPOBaHHble HHIMJEHThl II0Ka3bIBAalOT: areHT C IOJIHBIM
JocTyroM K terraform criocobeH B pe3ysibTaTe HeBepHOW MHTepIIpeTaliy 3a/jaull YAaanuTb production-pecypchl.

Mexanu3m human-in-the-loop (HITL) oripefiesisieT TOUKH, T/ie areHT J0JDKeH 3arpOCUTh TIOATBEPXKeHe
nepes;, HeobOpaTUMbIMH fedicTBusmu. 3penbii HITL nekoMmosupyercss MO YpOBHSM: uTeHWe — 0e3
TIOZITBEPIK/IEHHUS; U3MEHeHUsl B paboueil Korunu — 6e3 MOATBEPXKAEHHUS, HO C (UKCaLell B KOHTPOJIE BEPCHL;
M3MeHeHUs1 KOH(UTypaluy cpefibl 1 Mro0ble felcTBus B production — TOMBKO C SIBHBIM [IOATBep>KAeHreM [11].

ATaku prompt injection — BHe/[peHKe UHCTPYKLUM B flaHHbIe, 0OpabaTbiBaeMble areHTOM — 0CODEHHO
OTIaCHbI B COYETAaHWH C BBICOKMMH IpHBWIETHsMA. B npodeccrnoHambHOM uTepaType BbIeNSeTCs «ieTaabHasi
Tpuaga» (lethal trifecta): JocTym K MpUBaTHBEIM AaHHBIM + 06paboTKa HeJJOBEPEHHOr0 KOHTEHTa + BO3MOXKHOCTb
BHellTHel KoMMyHUKaLuu [8]. CricteMa co BceMy TpeMsi CBOMCTBAMU TPU YCIELITHOM aTake CII0COOHA BBITPY3UTh
JlaHHbIe II0/Ib30BaTe/Isl BO BHeIIHMe KaHasbl. [IpakTiueckast 3a1yTa — apxXUTeKTYPHO Pa3opBaTh XOTsl Obl 0{HO U3
TPEX CBOMCTB.

Pa3paboTka ripunoxxeHuit Ast matdopm Apple — ocobbii cyyaii Al-accuctipoBaHHO#M pa3paboTku. K
2026 rony Mofesi yBepeHHO I'eHepUPYIOT 9KPaHbl, MOJe/H JIaHHBIX, CeTeBble CEepBHUCHI M TeCThl Ha Swift u
SwiftUI. OpHako nHTerpauys ¢ uHCTpyMeHTaprieM Xcode u crieriukoi i0S-c60pok TpebyeT JOTOMHUTebHBIX
pellieHui, 3aMeTHO OT/IMYAIOLIUXCS OT MPaKTUK BeO- um backend-paspaboTku.

Odurmansabie MCP-unTerparmu Ay Xcode 1o cocTosiHuio Ha BecHY 2026 rofja MpakTUKKU OLIEHUBAIOT
Kak Hey/|OBIeTBOPHTe/IbHBIE: OHU He TIOKPBIBAIOT 3HAUMMble PEXKUMBI COOPKH ¥ TIJIOXO BITUCHIBAIOTCS B PeasIbHbIe
pabourie miporiecchl. B pe3ysibTaTe cnoKunack ycTodunBas nmpakTrka: cobcrenHbie CLI-06épTku Haz xcodebuild
B cBs3Ke ¢ xcbeautify, ouninaronm BbIBOZ COOPKU [0 YPOBHsL, IPUIOAHOIO J/Is1 TIepefiaul B KOHTEKCT MOJe/H.
Takue 06EpPTKU 0OPMIISIIOTCS KaK TIPOEKTHBIE «HABBIKW» M HAIIPSIMYIO BBI3bIBAIOTCSI areHTOM.

Ons rectuposanus Ul Ha SwiftUI nmpumeHsitoTcst HecKobKo moaxo0B. SwiftUI ripeBbio npeBpartiaroTcs
B CKPHHIIIOT-TECThI Ha 3Tarne cOopku — fé1eBo u 3deKTrBHO /st HDUKCAL[UK BU3yasibHbIX perpeccuid. st end-
to-end crieHapHeB UCITO/B3YIOTCS KPOCC-TIIIaThopMeHHbIe ppeliMBOPKH C JieK/IapaTHBHBIM OITHMCAHUeM JIeHCTBHH.
OtpenpHyto ponb urpatotT deep links: URL-cxembl NpUIoyKeHUsI MO3BOJISIIOT areHTY 3alycKaTbh TeCThI Cpasy C
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HY)KHOTO KpaHa, MUHYs JI/TMHHbIe 1Ienovky HaBurauuu. VimenHo URL-based HaBurauusi B COYeTaHHH C SIBHBIM
stateful-poyrepom cuutaercst Haubosee «Al-Apy>keCTBeHHOM» apXUTEKTYpPOil MOOM/IBHOTO TIPU/IOKEHUSI.

B kpaliHUX ciyuasix, KOTZa aBTOMaTH3HUpOBaHHbBIE CIIOCOOBI He MOKPLIBAIOT HY)KHBIN CIleHapyi, areHT
B3aMMO/IEHICTBYeT C CMYJ/IITOPOM B PEXXHMe computer use — IPUHUMAeT pellieHrs] Ha OCHOBe CKPUHILIOTOB, Kak
Tnosb3oBarenb. LUK «Hamucan — 3amyCcTun — TOCMOTPes — WCTIPaBU/I» 3aMBIKAeTCsl BHYTPY areHTHOM CeccHy,
XOTS ¥ LIeHOM 3HAaUMTeTbHOTO BPEMEHH BBITIOJTHEHVSI.

PexomeniyemblIii matinaiid asst iOS-paspaboturika ¢ Al-accucrentom: CLI-06épTka Haz xcodebuild ¢
xcbeautify; kopotkuit CLAUDE.md (5-10 cTPOK K/TH0UeBbIX MPaBU/I) U HAOOP MPOEKTHBIX HABBIKOB; CKPUHILIOT-
Tectbl peBbto SwiftUL; deep links a/1s1 HaBUTaryu B TecTax; CTaplias MOZesIb A/t TVIaHUPOBaHust Guun U Oosee
SKOHOMHYHAsE — [JIs1 peain3alii.

Al-accucTrpoBaHHas pa3paboTka Mpolia MyTh OT SKCIepUMeHTalbHOM TeXHOIOTUH [0 CTaH/AapTHON
VH)KeHepHOM NpakTrKu. Hecko/bKo UTOroB.

VIHCTpYyMeHTBI JBI)KYTCS K areHTHON aBTOHOMHH, HO He B CMbIC/IE OTKa3a OT KOHTPOJ/S — a B CMBbICTIe
nepeHoca KOHTPOJIst Ha 0oJiee BLICOKUE ypoBeHb: crielpdukariyy, HITL-TOUKY, My/IbTHAr€HTHBIE PEBBIO-CBA3KU.
3penbiii cTek 2026 rofia — 3TO KOMITO3ULIMS U3 HECKOJIBKMX MO/Ieseli pa3HbIX ITPOU3BOAUTEIeH, KaXK/asi B CBOeH
posnu.

ITpodeccuss pa3paboTumKa CMellaeTcss OT HalMCaHUS KOJA K apXUTeKTYPHOMY MBIIIJIEHHIO,
KpPUTHUECKOi orjeHKe Al-pe3ysibTaToB U MH)XXKeHepuH KoHTeKcTa. Prompt engineering u Spec-Driven Development
CTaHOBSITCS 00s13aTe/TbHBIMU JUCLIMIUTHHAMK HapaBHe CO 3HaHWEeM aJirOPUTMOB.

PeasbHOe pabouee KOHTEKCTHOe OKHO 3aMeTHO MeHbIIe 3asB/IEHHOTO — 3TO TpeOyeT SIBHOTO
yTIpaB/ieHUsI KOHTeKCTOM U TlepecMOTpa JleTalbHOCTH MTPOEeKTHOM JOKYMeHTaL[UU B MO/Ib3y KOPOTKUX U TJIOCKUX
CTPYKTYP.

Be30macHOCTh areHTHBIX CUCTeM TpebyeT MpPUHIMIIA MUHUMA/BHBIX TIPUBUIETHM U apXUTEKTYPHOTO
pa3pbiBa jetanbHOU Tpradpl. UaTerparms Al B CI/CD maét n3Mepumsiii 3¢GeKT TOBKO TIPH COTJIACOBAaHHOCTH
BCeH 1]eM0YKH — OT MOCTaHOBKY 3a/1auu /10 cyiusiHus pull request.

JanbHelMe UcCiefoBaHUsl B JAaHHON 00/1aCTy /IO/DKHBI OBITH HarpaB/ieHbl Ha Pa3pabOTKy MeTpHUK
s¢dekTuBHOCTH Al-acCUCTUPOBaHHOM pa3paboTKy, poOpMUpPOBaHKE OTPAC/IEBBIX CTAHAAPTOB Oe30macHoi paboThl
C areHTaMd M SMIHMPUYECKOe H3MepeHue MpaKTUYeCcKu NPHMEHMMOro KOHTEKCTHOTO OKHa Ha peasbHbIX
VH)KeHEePHBIX 3a/lavyax.
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AHHOmMayus: 8 cmambe Ha OCHOBE KOMIN/EKCHO20 UCMOPUKO-MexXHOA02UUecKo20 aHau3d OOKasbieaemcs, umo
3gomoyusi 3D-MoO0enupogaHust u adoumueHblx mexHono2ull npedcmaensem coboli eOuHblll npeeMCcmeeHHbill
npoyecc. DyHOaMeHMAAbHble NPUHYUNbI NOCMPOeHUs MpEXmepHbIX Yugposbix modenell nocaedo8amenbHO
mpaHcgopmupoganucb 8 npakmuueckue adoumugHble npou3goocmea — om cmepeoaumozpaguu 0o
MHO20MamepuanbHoU neuamu. /lemanabHoO aHanu3upylomcs smanbl Yugpoeoz2o KoHeeliepda: MoOenupogaHue,
nodeomoeka cpatina, nocnoliHoe cunmesuposaHue. O60CHO8blI8AEMCS NPIMAs CMPYKMYypHAsi NpeeMCcmeeHHOCb
Mexcdy KAdccuuecKumMu CyompakmugeHbiMu Memodamu ob6pabomku U CO8peMeHHbIMU adOUMuEHbIMU
npoyeccamu.

KnrwueBsie cnoBa: 3D-mofenpoBanue, agauTuBHble TexHonaorud, CAD-cuctemsl, SLA, FDM, SLS,
[(poBOE TIPOU3BO/ICTBO, CJIAWCHHT.

V.K. Selyunina

Saint Petersburg State University of Industrial Technologies and Design
191158, Saint Petersburg, Bolshaya Morskaya, 18

APPLICATIONS OF 3D MODELING AND ADDITIVE TECHNOLOGIES: FROM VIRTUAL
PROTOTYPE TO DIGITAL MANUFACTURING

Abstract: This article, using a comprehensive historical and technological analysis, demonstrates that the
evolution of 3D modeling and additive manufacturing represents a single, continuous process. Fundamental
principles of constructing 3D digital models have consistently transformed into practical additive manufacturing
—from stereolithography to multi-material printing. The stages of the digital pipeline—modeling, file
preparation, and layer-by-layer synthesis—are analyzed in detail. A direct structural continuity between
classical subtractive processing methods and modern additive processes is substantiated.

Keywords: 3D modeling, additive technologies, CAD systems, SLA, FDM, SLS, digital manufacturing, slicing.

BBeaenue

AXTya/nbHOCTb TeMbI 00YC/IOB/IEHA CTPEMUTEIbHOMN TpaHChopMalieli POMBIIIEHHOTO TIPOU3BO/ICTBA,
B paMKax Kotopod 3D-MopenvpoBaHWe W aJJWTHBHBbIE TEXHOJIOTUHM TepecTand ObITb WHCTPYMEHTaMu
MIPOTOTUNHPOBaHUSI W IpPeBpaTWIMCh B IIOJHOLIEHHBI METOZ, CEepUHOIO HW3rOTOBJEHUS M3fenui. Mexny
TPaAULMOHHBIMKA ~ CyOTPakTUBHBIMM MeToZaMu (¢ppe3epoBKa, TOUeHHWEe) U  aJAWTHBHBIMH  CJIOKHJICS
TeXHOJIOTUUeCKHI pa3phbIB, KOTOPbIN Ha CaMOM JieJie SIB/SeTCs 3TarloM SBOIOLIMY — OT BBIUMTAHHWS MaTepuasa K
ero MocJoWHOMY HapallyBaHuio. Posib 3D-MofenvpoBaHUsi B 3TOM Ilepexojie OKasalach OIpefestoleil.
VmeHnHo uuMdpoBas MoOfelb CTAaHOBUTCS TEM YHUBEpCA/bHBIM TOCPEJHUKOM, KOTODbIM TIpeoOpa3yer
abCTpakTHYI0 TEOMETPUI0 B YIPAB/SIOI[ME KOAbI /s a[JATUBHON YCTAaHOBKH. VI3yueHue O3TOW CBSI3KU
MO3BO/ISIET He TOJIbKO ONTUMM3UMPOBaTh IPOWU3BOJCTBEHHbIE LIEMOUYKM, HO W TPOTHO3UPOBaTh pa3BUTHE
udpoBoro mpousBoAcTBa. Llenb paboOTBI — CHUCTEMaTU3UPOBATh SBOJIOLMI0 W COBPEMEHHOEe COCTOSTHHE
npuMeHeHUH 3D-MofenupoBaHys U afAUTUBHBIX TeXHOJIOTHH, [JOKa3aB MX KyMY/ISTUBHBIA U IpeeMCTBEHHBIN
XapakTep.

HcTopuko-TexHo/I0rH4ecKas 3Bo/II0NUs: oT [u¢poBoli reoMeTpuu K Gu3nUeCKOMY CHHTe3y

OBO/MIOLUS  aJIUTUBHBIX TeXHOMOrMi Oepér Hawano B 1980-x rojax, Korga TIOSIBUICS METOZ
crepeonutorpaduur (SLA), ocHOBaHHBIN Ha TMOCJIOMHOM OTBEPIKAE€HUM >KUAKON (HOTOTIOMMMEPHOW CMOJIBI 107
JelictBreM ynbTpadroieToBoro yasepa. KiroueBBIM 3BEHOM 3TOrO Tiporiecca crasia LydpoBasi TpéxmepHas
Mo/ie/ib, KOTOPYH0 TpeboBanoch rnpeobpa3oBaTh B HAOOp TOHKWMX TOPU30HTA/ILHBIX C/I0EB. IlapajiienbHO CO
cTepeosTorpaduell pa3sBUBAIMCh TEXHOJOTHMHM 3KCTPy3uoHHOM mevatd (FDM), B KOTOpbIX B KadecTBe
PacxoHOro Marepuasa MCI0/Ib30Bajach TepMOIUIaCTUUHAasg HUTb. B oTimmune ot SLA, TexHonorus FDM He
TpeboBasia MPUMEHEHUsI TOKCUUHBIX CMOJ U CJIOXKHON MOCcTOOpaboTKH, UTO cAenano eé Haubosiee JOCTYITHOM
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JJ1s1 MacCOBOTO T10J1b30BaTe 1. TPeTbUM KIII0ueBbIM HarpaBjieHHeM CTajlo Ce/leKTUBHOe Jla3epHoe CIieKaHue, Te
B KaueCcTBe MaTepuasa BBICTyNa/l TO/JMMepHBIM IOPOIIOK, CleKaeMblil J1a3epoM, NMPUUEM 5Ta TeXHOJIOTHUS
TI03BOJIsI/Ia CO3/jaBaTh JieTaad 0e3 IMOoJep>KUBAIOIMX CTPYKTYP, IOCKOJbKY HEIIpOopeardpoBaBLIMi ITOPOILOK
cam CJTY>KWJI OTIOpO# [ij/1s1 TIOC/Ie[YIOIINX C/I0EB.

Crepeosnurorpadusi obecriedrBaeT TOUHOCTb A0 25 MHUKPOH M T/IafIKylH0 TOBEPXHOCTb, HO TpeOyer
WCIIOTb30BaHUs TIOAZIePKUBAIOIIMX KOHCTPYKIUN M MOCTOOpabOTKY, BK/IFOUAIOIIEH MPOMBIBKY. TeXHOIorus
FDM ycrynaer 110 TOYHOCTH, HO BBIUIPbIBAeT B IIPOCTOTE U JellleBU3He MaTepuasioB, UTo U Je/aeT eé Jugepom
B 0Opa3oBaresbHOM cerMeHTax. CesleKTHBHOe J1a3epHOe CIIeKaHHe 3aHHMaeT TIPOMeKYTOUHOe TI0JI0XKeHHe: OHO
JaéT BBICOKYI0 MeXaHMUeCKyl MPOUYHOCTb M3Ze/Hi, He HY)XJaeTcs B IOJJep’KUBAIOIIMX CTPYKTypax, HO
XapaKTepu3yeTcsl BBICOKOH CTOMMOCTbI0 0060py/10BaHs M HEOOXO/JMMOCTbIO CTPOrOro KOHTPOJISI TeMIIepaTyphl B
paboueii kamepe. VIMEHHO 3TW pasluuus ONpeZeNWIM HHUIIM TNpPUMEHeHUs KakAoW M3 TexHosoruii: SLA
WICTI0/Ib3YeTCsl B FOBEJIMPHOM /Jiejle, CTOMATOJIOTUH U JITeliHOM npou3sBogcTBe; FDM — 771 IPOTOTUNIMPOBaHUS,
OBITOBBIX MPUHTEPOB M 00pa30BaTelbHBIX yupexxaeHui; SLS — asis u3rotoBieHus GyHKIMOHAIBHBIX JeTasel,
MaJIbIX CepHii M B @3pOKOCMHUeCKOM otpacu [1].

Iudporoii KoHBeliep: 0T ujen 40 (PU3NUECKOr0 00HEeKTa

CoBpeMeHHOe aJMTUBHOE IIPOM3BO/ICTBO JldeT UETKYIO II0C/e[0BaTe/JbHOCTh 3TarioB, B KOTOPOM
KOKAbIM IIar aAropuTMHUYEeCKW CBsi3aH C TpeAblAYIIMM, W HapylleHVWe S5ToW II0C/Ie[0BaTe/IbHOCTH WU
BO3MO)KHOW OLIMOKM Ha paHHed CTafuv He MOTYT ObITh KOMITIEHCHPOBAHBI MOC/EYIOIIMMHM HAaCTPOWKaMU.
[TepBbIM 3TarioM sIBAs€TCA Co3JaHue TpéxmepHod Mmogenmu B CAD-cucteme ¥ Mofienb JO/DKHA ObITh
repMeTUYHOM, TO eCTb He COJep)XaTb pa3phIBOB IIOBEPXHOCTH, HEOJHO3HAUHBIX HOpMaied Wi
camoriepeceueHrid. [ 3TOTO TIPUMEHSIOTCS CITeI[MaJM3UPOBAHHbBIE a/TOPUTMBI TIPOBEPKH TE€OMeTPUU WU
aBTOMATHUEeCKOTO HCIpaByieHUs: AedeKToB. BToOpeiM 3TarioM BbICTyIaeT 3KCIOPT Mogenu B ¢opmar STL,
KOTOPBIM  anmpoOKCUMUPYeT IIOBEPXHOCTb MOJEeNM MHOXXEeCTBOM TpPEeYroAbHUKOB, U CTeleHb STOU
anmnpoKCcUMaluM (KOJMUecTBO TPeyrobHUKOB) BIUsET OJHOBPEMEHHO Ha TOUHOCTh Ilepefjaud reoMeTpuM U Ha
pa3mep camoro (aiinia: M30BITOUHOE YKC/IO TPEYrONbHUKOB TMPUBOJUT K uUpe3MepHOMY O0BEMY AaHHBIX, a
He/[0CTaTOYHOe HAaoOOpOT K MoTepe JieTanru3aliyy.

Ha TpeThem sTame mporpaMMa Hape3aeT MO/Je/ib Ha TOPU3OHTa/IbHbIE CJIOM 3aJlaHHOW TOJIIIWHBI,
00b1yHO B auamna3zoHe 0,05-0,3 mm. TTocie reHepUpyeT TPAaeKTOPHIO /IBIKEHMUs TeUaTatollell TOI0BKH, a TaKxkKe
3a/Ial0TCS TIapAMETPhI TeUaTh: CKOPOCTh TMepeMellleHNs, TeMIiepaTypa 3KCTPyZepa, UHTEHCUBHOCTh 00/1yBa,
TIPOLIEHT 3alo/IHEeHUs1 W MaTTepH 3anojiHeHHs. YeTBEPTHIM 3TarlioM BbICTynaeT reHepauus G-koja —
YOpaB/sIOLeNl MporpamMMbl, HWHTEpPIIPeTUPYEeMOM aJJWTUBHON YCTaHOBKOW, KOTOpas COJEepXUT KOMaH[bl
nepemelrienus (GO, G1), BkmtoueHus: skctpyzepa (M104), HarpeBa ctona (M140) u fpyrve TexHOJIOTHYeCKUe.
JTOT KOJ fB/seTCS TNPSMBIM aHA/JOrOM YTIPABJSIOLIUX TPOrpaMM [Jisl CTaHKOB B OCHOBHOM C YKCJIOBBIM
MpOrpaMMHBIM  yIIpaB/ieHHeM W HarjsilHO [JeMOHCTPUPYeT TEeXHOJIOTUUeCKYl0 TIPeeMCTBEHHOCTh MEXIY
a/IIUTUBHBIMU U K/IAaCCUUECKUMU CyOTPAKTUBHBIMU METO/IaMK 00pabOTKH. 3aK/IIOUUTE/TBHBIM 3TArloM SIB/ISIETCS
(husnueckas mevath U MOC/aeyolas mocrobpaboTka, KOTopasi MOXKET BK/IFOUATh y/aJeHUe TO//eP>KUBAFOIUX
KOHCTDPYKLIMH, HUTU(OBKY, TMOJIUPOBKY, OKpAIMBAHWE WA TEPMHUECKYyI0 00pabOTKy B 3aBMCHMOCTH OT
TpeOOBaHUI K TOTOBOMY W3[e/IMI0. Ba)KHO MOJUEepPKHYTh, UTO KaXKIBIM M3 TIepeurC/IeHHbIX 3TaroB OCTABJIseT
cfie[ B KauecTBe TIPOAYKLMM, W OIIMOKH, [JOMYILeHHble Ha PaHHUX CTaJusX, HarlpuMep, HerepMeTUYHOCThb
WUCXOMHOM MOJie/IM WM HeBepHbIM BbIOOp TMApaMeTpOB C/IaliCHHra, He MOTYT ObITb HWCMpaBieHbl Ha
MoC/e[yIOLMX 3Tarax HaCTPOHKOUM pe)KMMOB TieuaTu [2].

CpaBHUTE/IBHBIH aHAIW3 MAaTepUa/IoB U 00J1acTeil NpUMeHeHHs

KiroueBbIM (hakTOpPOM, OTpe/iesIsIOIIAM BEIOOP aJIUTUBHON TeXHOIOTHH, SIBMISIETCS CIIEKTP AOCTYIHBIX
MarepranoB. B FDM npumensitotcst TepMoruiactel: PLA (TonmnakTyz) — 6uopasnaraeMslid, POCTOH B TieYaTy,
HO Xpynkuii; ABS (akprIOHUTPUIOYTaJUEHCTHPOJT) — MPOYUHbIH, YAPOTIPOUHBIM, HO C YCAJKOW ¥ TOKCUUHBIMU
ucnapenusiM; PETG — KOMITPOMUCCHBIN BapUaHT; HEHIOH — U3HOCOCTOWKUMN, THOKMi. KOMIMO3UTHBIE HUTH (C
nobaB/ieHMeM YTJIepOZHOTO BOJIOKHA, /lepeBa, MeTasla) PacIUpsiioT (yHKUMOHAIBHOCTB. SLA wucrosnb3yer
¢oTonomMMepHble CMOJIBI: CTaHZAAPTHbIE, BBICOKONPOUHbIe, TMOKUe, JUTheBble (BbIroparoiiyie 6e3 307bl it
WHBECTULMOHHOTO /nThs1). SLS pabotaer ¢ nmonmuamupamu (PA11, PA12), TepMOmiacTUUHBIMU 3/1aCTOMEpaMu
(TPU) u MeTa/utMuecKUMH Topoinkamu (B ciayyae SLM — na3epHoro riaBienusi). O6sacT¥ NpUMeHEHUs
a/IfUTUBHBIX TEXHOJIOTHI HelpephIBHO PACIIMPSIOTCA. B MefulvHe meuyataroT WHMBHUYa/lbHblE UMITIAHTATH,
XUPYpruueckye 1abioHbl, MOJe /st TIpeJorepaliOHHOrO MIaHUpoBaHusl. B aspokocmuyeckoit otpacii —
JETKWe W CJIOXKHBIE 0 TeOMEeTPUM JleTamu (Corula, KPOHIITeWHBI, TeryiIo0OMeHHUWKH). B apxuTekType —
MaciuTabHble MakeTbl. B 00pa3oBaHUM — Har/isijHbIe TIOCOOKS M Pa3BUBAIOIIE KOHCTPYKTOPHIL. AJITUTHBHBIE
TEXHOJIOTUM TaK)Ke TPOHUKAIOT B MHUILEBYIO NMPOMBILLIEHHOCTE (TIeYaTh II0KOIaloM, TECTOM) Y CTPOUTETbCTBO
(meuats GTOHOM 3[aHUH W MOCTOB). Ba)kKHO MOAUEpKHYTh, UTO pa3sBUTHE HOBBIX MaTepHaroB — HallpuMep,
CUIMKOHOB, KepaMHUYeCKMX MacT W OHMOCOBMECTHMBIX IIOJIMMEPOB — TIOCTOSIHHO pAacCLIMpsSieT T'PaHHLIbI
npuMeHuMoctu 3D-nieuaTu [3].
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ITpeemcTBeHHOCTH TexHO/10THM: 0T UITY Kk 3D-meuaru

HecMoTpst Ha KaXKylIlyrocsi HOBU3HY, aflJUTUBHbIe TEXHOJIOTMU YHac/ae[0Bajyd MHOXeCTBO NPHUHLUIIOB
OT TPAJUIMOHHBIX CyOTPAKTUBHBIX MeETOJOB. Mjes 4YMCIOBOrO mporpamMmHOro yrpasienus (UITY),
pa3paboranHast B 1950-x ropax, jierna B ocHOBY G-Koja. Pa3Huila JiMillb B TOM, UTO B TOKapHOM CTaHKe
WHCTPYMEHT yassieT Marepuas, a B 3D-nipunrepe — nobaeisier. Mepapxust «CAD-Mogens — TOCTOPOLIeCCop
— ympaBJsiollas TporpaMMa» OCTanach Hew3MeHHOHW. Bosiee TOro, MHOrve ruOpUAHBIE CTAaHKH CErOfHS
coyeTaroT ()pe3epHYIO TOJIOBKY M TeYaTaloIIWi y3esl, TIO3BO/IsI CHauaja HapaCTUTh MaTepuas, a 3aTeM TOYHO
obpaboTtath ero. OJTO TMpPSMOe J0KA3aTeIbCTBO CTPYKTYPHOM TIPEEMCTBEHHOCTH. IIPUHIMN TMOC/IOHHOrO
(hopMHpOBaHUS TaKKe KMMeeT IpeJlleCTBEHHUKOB: B (hororpaduu 5TO TOC/Ie/oBaTe/lbHOe SKCIIOHMpPOBaHUe
CJI08B 1|BeTHOH MJIEHKH, B MUKPO3/IeKTPOHMKE — TMOC/I0MHOe OCak/leHe MeTasla Iy NIPOU3BOACTBe MevaTHbIX
wiaT. AJJUTHBHbIe TEXHOJIOTMM He OTMEHWIM CTapble MeTO/bl, a JOINOJMHWIM MX, 3aHSB HMILY TaM, Ife
CyOTpaKTHUBHBIE METO/ B! He3(h(eKTUBHBI WM MPUHLIMITHAIBHO HePUMEHHUMBI (HarlpuMep, BHY TPeHHHE TI0JI0CTH
cnoxxHoW ¢opmel). Takum o6pa3oMm, coBpeMeHHOe LM(POBOe TPOM3BOJCTBO ClefyeT pacCMaTpHvBaThb Kak
3BOJTIOL{MOHHOE PaCIMpeHyie, a He PeBOTIOL[IOHHOe OTPHULIaHHe TIPe/IIIeCTBYIOIEr0 MHKeHepHOro orbITa [4].

3ak/ro4yeHue

IlpoBeiéHHBIN aHanM3 IOKas3aa, 4TO pasBuTHe 3D-MofenupoBaHUs M a[JWTUBHBIX TeXHOJIOTUN
npezicTaBsieT co0OOU TOC/e/0BaTeNbHBIN, TpeeMCTBeHHbIM mporjecc. OT TIepBBIX CTepeoUTorpaguueckKux
YCTaHOBOK [0 MHOTOMaTepuasbHOM MeuaTd — 3BOJIOLMS LUIA 10 TYTH yBeJUUeHUs] TOYHOCTH, PaCIIMpeHuUs
CrieKTpa MaTepuajioB U CHIDKeHHsl mopora Bxoja. PyHAaMeHTa/bHbIE TIPUHLIUIIBI, 3a/0’KeHHble Ha PaHHUX
STarax (C/aliCHHT, TIOC/IOWHOE OTBepKAeHWe, TIOZAJep)KKa T'eOMEeTPHH), OKa3aluCh VCTOMUMBBIMUA U
repekoueBai BO BCe COBDeMeHHble aJJUTUBHble TexHOJoruu. CpaBHUTeNbHbIM aHanu3 SLA, FDM u SLS
JEMOHCTPUPYET, UTO BBIOOD TEXHOJOTMH OMpeAensercss 0anaHCOM MeXAy TOYHOCTBIO, CKODOCTBIO H
croumocThio. [Tudporoii Kousetiep o CAD-Mozenu o G-Koja SBJISIETCSA MPSIMBIM pa3BUTHeM wjieit YITY, urto
TIOATBEPK/IaeT TIPEEMCTBEHHOCTb MeX/[y CyOTPakTMBHBIMM M aAJUTUBHBIMA MeToJaMu 00paboTKH.
[MpakThueckasi I[IEHHOCTb PpabOThI 3aK/HOUaeTCsi B BO3MO)KHOCTH UCIIO/b30BaHWs €€ pe3y/lbTaTOB B
obpasoBareNibHbIX Kypcax TO IM(pPOBOMYy TPOM3BOACTBY W WHXKEHEPHOMY [u3aiiHy. IlepcrieKTHBHOe
HafpapjeHue — pa3paboTKa TMOPUIHBIX TEXHOJOTMYECKUX TPOLIECCOB, OOBEAVHSIONUX aJIUTUBHOE U
cyOTpakTHBHOE (hOpMHpOBaHUE B OJIHOM YCTAaHOBKE, a TAKXKe CO3/laHME DPacCTpe/ie/IEHHbIX ceTel 1uppoOBOro
TIPOM3BOJICTBA, Ie 3D-Mozenb nepefaéTcs M0 CeTU U IevyaTaeTcsl IOKaIbHO.
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PO/Ib ONMEPALUVIOHHON CUCTEMbI LINUX B ONTUMU3ALMN NPOLLECCOB CO34AHNA
LNPPOBOIo BUAEOKOHTEHTA B COBPEMEHHbLIX MEAVUATNPON3BOACTBAX

© A.M. Xaiipynnuna, 2026

B cmambe paccmampusaemcsi enusiHue ONEpPayuoHHOU cucmembl HA npoyeccbl co30aHus Yupogozo
8UOEOKOHMeHmMd 8 yC/N0BUsIX Co8peMeHHbIx Meduanpou3eoocms. Ocoboe HUMAHuUe yOeasiemcsi UCNOAb308AHUI0
Linux 8 npogeccuoHanbHbix nalinaaiiHax, eKMouas YeemoKoppeKyulo, KOMNo3umuHe U peHoepuHe, d makoice
nposooumcs e2o cpagHeHue ¢ Opy2umu onepayuoHHbIMU cucmemamu. BbiseneHbl npeuMyujecmea u 02paHuueHust
Linux npu pabome ¢ pecypcoémKumu 3a0auamu, xapakmepHbimu 0151 8U0eonpooaKuieHd.

KnroueBble cnoBa: Linux, omnepayuoHHass  CUCTeMa,  Me[UAalpOM3BO/CTBO,  BH/EONpPOJAaKILEH,
TIPOU3BOIUTETFHOCTD, BU3ya/lbHbIe 3()(eKThI, PeHAEePHHT.

A.M. Khairullina

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

THE ROLE OF THE LINUX OPERATING SYSTEM IN OPTIMIZING DIGITAL VIDEO CONTENT
CREATION PROCESSES IN MODERN MEDIA PRODUCTIONS

This article examines the influence of the operating system on digital video content creation processes in modern
media production environments. Particular attention is paid to the use of Linux in professional pipelines, including
color grading, compositing, and rendering, and a comparison with other operating systems is provided. The
advantages and limitations of Linux when working with resource-intensive tasks typical of video production are
identified.

Keywords: Linux, operating system, media production, video production, performance, visual effects, rendering.

Pa3BuTHe BHJEOKOHTEHTA U TEXHOJIOTHH ero INpOU3BOJCTBA CBSI3aHO C H3MeHeHHeM TpeOOBaHUK K
KauecTBy M300paXkeHUs] M CIIOXKHOCTU 00paboTku. B konne XIX — Hauane XX Beka, C TMOSIBJIEHUEM TEPBBIX
KAHO(U/IEMOB, OCHOBHasl 3a/jaua 3aK/ouasach B (UKCALMM [JBIDKYLErocs u300pakeHus, a TpeOOBaHHS K
00paboTKe OCTaBaIMCh MUHUMAJTbHBIMU.

[Nepexof K 1U(POBBIM TEXHOJIOTHSIM HAyvasICsl BO BTOPOW MOsI0BHHe XX BeKa M TMOJYYWI Pa3BUTHE B
1990-x rogax c mosiBeHWeM LM(POBOTO BHUAEOMOHTa)Ka U TepPBBbIX HEJTMHEHHBIX MOHTa)KHBIX CHCTeM. B 3ToT
repro/; Hauanu (JopMHUPOBATHCS TIPOrPaMMHBIE MHCTPYMEHTHI 00paboTKH BHZ€0, UTO PACIIMPHIO BO3MOXKHOCTH
MOCTTIPOAAKIIIeHa.

C Hauana 2000-x rofioB yCUIMBAKOTCS TpeOOBaHMs K KauecTBY BH/IEOKOHTEHTa, UTO CBSI3aHO C
pacripoctpaHeHnremM ¢opMmaToB BbicOoKoit uétkoctu (HD), a 3atem 4K u Bhwiie. IlapasnnenbHO pasBUBarOTCSA
TeXHOJIOTUH BU3Ya/IbHBIX 3¢(eKTOB 1 KOMIIbIOTEPHOM rpadyKy, UTO BeAET K POCTY BBIUMCIUTETBHOMN HAarpy3Ku U
YCJIOXKHEHHUIO TIPOM3BOJCTBEHHBIX ITporieccos [1].

CoBpeMeHHBI 3Tall CBs3aH C OObeAWHEHHEM BHIEOMOHTa)Ka, LIBETOKOPPEKIWHM, aHMMalUh W
BU3yabHBIX 3()(eKTOB B paMKax efMHOM NporpaMMHO cpefbl. [IpodeccroHambHbIe MHCTPYMEHTHI, TakKue Kak
DaVinci Resolve, HCMOMb3ylOTCS B HWHAYCTPUAbHBIX TIPOEKTaX M TPEOYIOT COTJIaCOBAHHOW paboThI
IporpaMMHoOro obecrieyeHys: U anmnapaTHbIX PECYPCOB.

PasBuTtre TpebGOBaHUH K BH/IEOKOHTEHTY M IPOrPaMMHOM Cpe/ibl B3aMMOCBSI3aHO: YC/IOXKHEHHUE 3afad
CB$I3aHO C T10sIBJIEHHEM HOBBIX TEXHOJIOTMH, a HOBble MHCTPYMEHThI PaCIIMPSIIOT BO3MOXXHOCTH TIPOM3BO/CTBA U
B/IMSIIOT Ha CTaHZApThl KauecTsa.

Lenp paboTbl — aHa/MM3 BIMSHHS OMEPAlAOHHOW CHUCTEMBbI Ha TIPOLIECCHI CO3JAaHUsS LU(POBOTO
BH/IEOKOHTEHTA C aKI|eHTOM Ha MCTIoyib30BaHue Linux B mpodeccruoHamsHOM cpefie.

3azaun UCCIeOBaHMUS BKJIFOUAIOT:

- PaccmoTpeHre ocobeHHOCTel COBpeMeHHBIX MPOLIeCCOB CO3/laHusI LIM(GPOBOTO BHIEOKOHTEHTa;

- AHanu3 pacrpocTpaHéHHBIX OINepaljiOHHBbIX CUCTeM B Me/IUalpOM3BO/CTBE, BbISB/IEHUE
ocobeHHocTeli pyuMeHeHus Linux B mpodeccroHanbHbIX MadiaiHax;
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- CpaBHeHye Linux ¢ pyruMy oreparjioHHbIMU CHUCTEMaMHU 10 K/II0UeBbIM MlapameTpaM;

- OLleHKy B/IMSIHUSA ONepalliOHHON CHCTeMbl Ha NPOM3BOANUTENBHOCTh U CTaOU/IbHOCTE pabounx
TIPOLIeCCOB 1 OMMCaHUe eé MperMYILeCTB ¥ OrpaHUUeHUi B MeJUaripou3BO/CTBe.

Bri60p oneparjioHHOM CUCTeMBI B MeJalIpOM3BO/ICTBE 3aBUCHUT OT KOHKPETHBIX 3a/iau, 0y/ib TO MOHTaX,
LIBETOKOPPEKLUsI UK CO37aHre BU3yasbHbIX 3¢dekToB. Yale Bcero pabouue craHiyu 6asupyrorcs Ha Windows,
macOS wm Linux. Windows nuaupyer Mo MOMy/AsPHOCTH KakK B JIFOOMTEIHCKOM CerMeHTe, TaK U B
npodecCHOHaNBHBIX CTYAWSIX. Ee ITeHAT 3a yHMBEPCAJBHOCTE W TOJ/IePKKY OIPOMHOTO KOJIWYeCTBa
KOMIJIEKTYIOIUX U copTa. MacOS TpaAWIMOHHO BLIOUPAIOT TIPe/ICTaBUTEIM KPEAaTUBHBIX UHAYCTpUA. CrucTemMa
JKECTKO 3aBsi3aHa Ha OTPEZIENIEHHOM «KeJie3e», UTo 06ecrieunBaeT Mpe/icka3yeMyro paboTy MpUIOXKeHHH, XOTs 1
JIMIIAeT TM0/b30BaTeNsl BO3MOXXHOCTH I'MOKO MeHSITh JieTaayd KoMIbioTepa. Linux ke 3aHMMaeT HUILY TsDKeIOro
NIPOM3BOAICTBa — PeHJiepyHra U paboThl cOo CI0HbIMU 3D-cuieHamu. B 3Toli cucTeMme mpolije pacnpefensTh
Harpy3Ky Y KOHTPOJIMPOBaTb peCypChl IIPH 9KCTPeMasIbHBIX BBIUMC/IeHUsX. B Tabnue 1 npuBesjeHO cpaBHeHUE
OCHOBHBIX XapaKTepUCTHK ITUX CUCTeM [2] — [4].

Tab6suiia 1. O6uee cpapaenre Windows, MacOS u Linux

Kpurepuii Windows macOS Linux
PacnipocTpaHéHHOCTH Bricokas CpenHss OrpaHuyeHHast
ITonpeprkka 1O MakcrmanbHas Beicokasi, HO OrpaHryeHHas, HO eCTb

orpaHu4eHa ripodeccrOHabHbIE
sKocucTemMoit Apple WHCTPYMEHTBI
'MOKOCTh HACTPOMKHU Cpepnsis Huskasn Boicokas

PaboTa c obopyzoBaHueM

Uepes fpaiiBepsl U
CHCTEeMHbIE CITIOU

JKécTkas cBsi3Ka C
»Kene3oM

Bornee npsimoii KOHTpOJIb
pecypcoB

[Ipor3BouTENBHOCTE IPU
BBICOKOM Harpy3ke

3aBHUCUT OT CUCTEMBI

CrabunbHas

Bricokasi mpy npaBU/IbHOM
HAaCTpOMKe

Mcnosnb3oBanue B IITupokoe [Tonynspxa B [Mupoko B VFX u pengep-
WHAYCTpUHN KpeaTHBHOM cpejie tdhepmax

YpoBeHb TpeboBaHMIA K Huskuii—cpeHuii Huskuii CpeiHUI-BbICOKUI1
T10/1b30BaTe/0

HecmoTpst Ha 061ij1e pa3inuusi oreparjuoOHHBIX CUCTEM, X 0COOEHHOCTH HauboJiee IBHO MPOSIB/ISIOTCS B
paMKax KOHKDETHBIX 3a/jau MeJMaripou3Bo/icTBa. IIpu paboTe C BUIEOMOHTAXXOM, IIBETOKOPPEKIUeN u
BU3ya/IbHbIMU 3(h(heKTaMH K/TIoueBoe 3HaueHHe MProbpeTaroT Takue rnapamMeTphbl, Kak JOCTYIT K BEIUMC/TUTE/TbHBIM
pecypcawm, yrpaBjieHHe MaMSIThiO, TIOBeJleHe CCTEMBI TIPH BBICOKOUM Harpy3ke U 3QeKTUBHOCTb PeHIEPHUHTa.

B cBs3su c 3TuM 1iesecoobpasHO paccMOTpeTh pasiuums Mexay Windows, macOS u Linux
TIpUMEHUTEeNbHO K 3a/layaM BHjeorpojakiieHa. CpaBHEHHe OIepaljuoOHHBIX CUCTEM C yU8TOM TeXHUYeCKHX
XapaKTePUCTHK JIJIsl BBITIOJTHEHUS 33/1a4 BU/I€0TPO/IaKIlIeHa Mpe/iCTaBieHo B Tabnuiie 2.

Tab6suiia 2. CpaBHenrie Windows, MacOS u Linux B 3a7iauax BUZI€OTIPO/IAIIKIIIEHA

Kpurepuii Windows macOS Linux
Hoctyn k GPU Uepes WDDM wu Yepe3 Metal, [psimoe B3auMogeicTBUE C
DirectX, Hamuune OINTUMU3UPOBAHO IO/, CUDA, MyHUMa/bHbIe
JIOTIOJIHUTEJIbHBIX CJI0EB Apple GPU HaKJa/IHble pacXofpbl
YnpasneHue AKTHUBHOE Ucnone3yetcs I'ubkoe ynpaeneHue
MaMsTbIO WCII0/Ib30BaHKe swap NPy | KOMIIpeCcHsi NaMsTH, amsThio, 3¢ deKTUBHAs

Harpy3Ke, BO3MOYXHBI
NpocajKu

B03MOXKHBI PpH3BI U
HecTabW/IbHOCTb IPH

CTabUIbHOE TIOBE/IeHNe paboTa ¢ K3IIMpOBaHHEM

IToBepenue ripu
BBICOKOI1 Harpyske

CrabunbHasi paboTa B
npeziesiax 5KOCHUCTEMbI

Bonee mpenckazyemoe
TIOBe/IeHHe TP BbICOKOM

nieperpyske Harpyske

Penpiepunr 3aBucut ot GUI, OnTUMU3HUPOBaHO, HO BosmorkeH headless-
TIPUCYTCTBYET OrpaHUUeHoO armapaTHo PeH/IepHHT C MUHUMAaJTbHBIM
cucreMHbId overhead overhead

CrabuibHOCTE B 3aBUCHUT OT BbIcokasi, HO B paMKax BbIcoKast py KOppPeKTHOM

TSDKEBIX 3aZiauax KOoH(Urypauuu u OrpaHUYeHUH CUCTeMBbI HaCTpOWKe
JipaiiBepoB

Wcnons3oBaHue B
VFX u crygusax

Wcnone3yertcs, HO He
OCHOBHOMU CTaHAapT

Wcnone3yetcs B
OT/le/IbHBIX 3aZlauax

[ITupoko npumeHsieTcs B
rpodeccrOHATBEHOM cpefie

peHjiep-depmMax
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Pasnuuust Mexxzly cucteMaMu NO3BOJISIFOT TIPeJIIONOXKUTh, UTo Linux /yuie cripaBsieTcs C 3a/jauaMy,
rje TpebyeTcs BbICOKAsh BBIUMC/IUTE/IbHAS MOIJHOCTb. DTO BUJHO Ha NPAKTHKe, HAlIpHMep B [IBETOKOPPEKLMH U
VFX. YToObl MOHATh MPUUUHBI, HY)KHO PacCMOTPETb, KaK yCTPOEH MPOW3BO/CTBEHHbIM MaMIialiH U Kakue
Harpy3KH B HEM BO3HHKAOT.

CoBpeMeHHOe MeIManpOU3BOJCTBO — 3TO Lell0YKa CBSI3aHHBIX 3TanoB. B ofHUX mpoekTax BCé
HAYMHAETCSl CO CHEMKH, B JPYIUX — C aHUMALWM WA KOMITbIOTEpHOU rpaduku. B mobom ciiydae MCXOAHBIN
MaTepHas MPOXOAUT JajbHeNIyo 06paboTKy U BK/IOUAeTCs B OOIIME MPOLIeCC, Hampap/ieHHbIN Ha TI0/TyYeHre
(hmHABLHOTO pe3y/bTaTa Hy>KHOTO KauecTBa.

Ha »stame nocrto6paboTKy BBIMOJHSAIT MOHTaX, LIBETOKOPPEKIIHIO, KOMIIO3UTHUHI U JobapiieHue
3¢gdexToB. DTH TMpolecchl CBsi3aHbl € 00paboTKOM OomblMX O00BEMOB [JAaHHBIX: HCIIOB3YIOTCS
BBICOKOOUTpeliTHbIe (opMaThl, RAW-Martepuanbl, C/10KHble BbluncyieHusi. CylljecTBeHHasl 4acTb HAarpysku
noxxurcsi HA GPU 1 onepaTUBHYIO NaMsITh, TIPUYEM eé 00BEM HaIpsSIMYIO OrpaHHUMBaeT paboTy CO CJIOXKHBIMU
CLIeHaMU.

B aHMMaLiM OCHOBHasl Harpy3ka NMPUXOJAWTCS Ha pPeH/epUHT U COOpKy creH. TpéxmepHas rpaduka,
CUMYJISIIUA U 3¢ deKTsl TpeOyIOT 3HauMTeNbHBIX PecypcoB W BpeMeHH. PUHANbHBINA 3Tan 00BIYHO BK/IIOYAET
L[BETOKOPPEKLIMIO 1 KOJMPOBaHKe B pa3Hble (JOpPMAThI, UTO JOTOJTHUTE/TEHO YBEeJMUMBAET Harpy3sKy.

CkopocTb U CTaOW/ILHOCTb 3aBUCAT OT B3auUMOJeHCTBUs IporpaMm c obopyjoBaHueM. IIporeccop,
BU/IEOKapTa, [1aMsATh U HAKOIUTENH [O/DKHBI paboTaTh cornacoBaHHO. OrmepalioHHasi CUCTeMa pacipefiesisieT
pecypchl ¥ obecrieunBaeT JOCTYII K HAM.

[lpy BBICOKOH Harpy3ke 4YacTO BO3HHKAIOT Mpo0sieMbl: He XBaTaeT IIaMSTH, CHIDKAeTCs
TIPOU3BOANTENBEHOCTb, MOSIBIISIOTCS 3aePKKU MPY BOCIIPOU3BeeHH|H, BO3MOXHBI cO0U. B OTHe/bHBIX ciyvasx
TPOLIeCCHl OCTAHABJIMBAKOTCS W/IM 3aMETHO YBeMUHBAETCS BpeMsi peHziepa. BriGop omepalioHHOW CHUCTeMBI B
TaKHX yCJIOBUSX BJ/IMSET HA YCTOMUMBOCTD BCEro NMauriaiHa.

C yuétom 3THX TpebOoBaHUH MOXKHO PacCMOTPeTh, KakK Linux HCronb3yeTcs B MOA0OOHBIX 3agavax. s
Hero xapakTepHo 6oJiee npsiMoe B3auMozielicTBre ¢ 060pyjoBaHueM, BKatouast GPU, 3a cuéT uero ymeHbIIAOTCS
HaK/aJHble pacxofpl. B mpoekTax ¢ 60sbLIMM KouecTBOM 3((eKTOB, HarpuMep NPY KOMIIO3UTHHTe, 00bEM
WCII0/Ib3yeMOI OIepaTHBHON MaMsATH MOXKeT AOCTHraTb OveHb BBICOKMX 3HaueHMH. B Linux MexaHW3Mbl
YIIpaB/IeHHs] TIAMSITBIO TO3BOJISIIOT TMPOXOJUTH TNMHUKOBBIe Harpysku 0e3 pe3kux cOoeB. TakKe TpUMeHSeTCS
headless-pexxuim — pabora 6e3 rpaduueckoro uHTepdeiica, UTO CHIKAET HAaTPy3Ky W YCKODPSET PeHJePUHT U
9KCIOPT, 0COOEHHO TPU MAaKeTHOIH 006paboTKe.

Pa3BuTHE MHCTPYMEHTOB BH/IEOTIPOM3BO/ICTBA CBSI3aHO C 3TUMHU ocobeHHOCTsIMU. B 1980-€ rofipl B KHHO
MPUMEHSUTUCh  LTUGPOBBIE  CHUCTEMBI  I[BETOKOPPEKIMM, Hampumep pemeHus DaVinci Systems —
CrelManu3upoBaHHble KOMIUIEKCHI /i1 paboTbl € KuHOMarepuanamu. B 1990-e mOSBUIMCH CHCTEMBI
HesmHelHOro MoHTaXxa: Avid Media Composer u Adobe Premiere nepenecsii 06paboTKy BHZI€0 B IPOrPaMMHYHO
cpeay. B 2000-e 1 2010-e rozbl pasHble 3Tarbl IPOU3BO/CTBA HauaIu 00beIUHSTHCS B eluHbIe peliieHust. DaVinci
Resolve, ocHoBaHHbIM Ha pa3paboTkax DaVinci Systems, cTan AOCTyreH Ha pa3HbIX OMEPAlMOHHBIX CUCTEMAX,
BKmovas Linux. B ator ke meprog Linux mosyuun pacripoctpaHenue B VEX U peHziepHHre, rje TpeOyrOTCs
CTabWIBHOCTD Y BBICOKAst IPOM3BOUTETBHOCTD.

Ha npaktuke Linux uaiije MprMeHsIIOT B BU3yasbHBIX ¢deKTax u nocrnpogakiiuene. Kpymnsble cTyu,
takue Kak Industrial Light & Magic, Weta Digital u Framestore, UCIo/b3yIOT €ro Npy CO3/aHUU TpaduKH,
KOMIIO3UTHHIA U PeHJieprHra. ODTO CBs3aHO C HeoOXOAUMOCTBI0 00pabaThiBaTh C/IOXKHBIE CLIEHBI M BBIIIO/IHATh
JJINTe/bHbIe BBIUMC/IEHUS].

B nipoekTax ¢ 60/bLIMM KOJIUIeCTBOM 3((eKTOB IPUMEHSIOTCS paciipe/ie/iéHHbIe BbIUMCIeH s PeHziep-
thepmbl 00bIUHO paboTatoT Ha Linux-guctpubdbyTtusax, Harpumep CentOS umu Rocky Linux, OCKo/bKY cucTeMa
TI03BOJIsIeT THOKO YIIPaB/ISITh PeCypCcaMH U MacIITabUpoBaTh HarpysKy.

B 3aauax 1[BeTOKOPPEKIMY ¥ KOMITO3UTHHTA YacTo ucrosb3yercss DaVinci Resolve, Bkitouast Mmozaysis
Fusion. ITpu pabote ¢ RAW-matepuanamu, Takumy kKak RED RAW wiu Blackmagic RAW, BospacTtaeT 06béM
JAHHBIX ¥ TpeboBaHus K namstd 1 GPU. B Takux ycioBusix Linux Befér cebst 6osiee mpejicka3yemMo U M03BOJISET
paboTtaTh 6€3 OCTAHORBOK.

C TexHUYeCKOW TOUKHW 3peHMst BakHa pabora ¢ GPU. B Linux npunoxenus, ucnosnb3ytomue CUDA,
B3aMMOZeHCTBYIOT ¢ o0opyzoBaHHeM uepe3 MeHblllee KOJMYEeCTBO IMPOMEXYTOUHbIX c10éB. B Windows
3a/lefiCTBYIOTCSI /IOTIOJIHUATE/IbHbIe ypOBHY, BKIouass WDDM u DirectX, uTto MOXKeT yBe/IMUMBaTh HaK/IaJHble
pacxofpl. YTIpaBaeHUe OlepaTUBHON MaMATBIO0 TAKXKe UTPAET POJib: TIPU KOMITO3UTHHTEe 00bEM MOXKET JOCTHTaTh
JecITKOB M COTeH rurabaiit. Linux syuine pacripefiesisieT pecypchbl B TaKUX YC/JIOBHSIX, TOTJA Kak B JIPYTHX
CcUCTeMax BO3MOJKHBI TIPOCAJKU WM 3aBeplleHre TpolleccoB. B peHjepuHre 5TO MpOSB/SAETCA IpU
ucrnosb3oBaHuu headless-pexkuma: yMeHbILAETCS HAarpy3Ka U MOBBILIAETCS CTabHIBHOCTL 06paboTKU, 0CO6EHHO
TIpY TIAaKEeTHBIX 3az1avax [9].

[insi TIOATBepKZieHHST pasivuuuvii B MPOU3BOJUTENBHOCTH OIEpALjMOHHBIX CHUCTEM ObUIO IIPOBEEHO
CpaBHUTe/IbHOE TeCTHPOBaHUe BpeMeHU peHJiepyHra TpEXMepHOi aHMMalluK B cpefie Blender npu naeHTUYHBIX
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HacTpoiikax. [lapaMeTpsl HaCTpOeK IpeZCTaB/eHbl Ha PUCYHKe 1.

Puc.1. HacTpoliku peHjiepa clieHbl B Blender

TecTrpoBaHMe NPOBOAUIOCH HA O/JMHAKOBOM anrapaTHoOi KoH(uUrypauym:

- nipotieccop: Intel Core i9

- oneparvBHas namsTe: 128 I'b

- rpadmueckuit yckoputens: NVIDIA RTX 4090

- IBIDKOK peHpepuHra: Cycles

- Tun peHjiepunra: GPU (CUDA)

CueHa ¥ mapaMeTpbl peHJjepyHra 0CTaBaluCh HeM3MeHHBIMU [i/1s1 BCeX TeCTOB.

B pe3ynbraTe npoBefieHHs] TeCTUPOBAHUS, NPeACTaBIeHHOM Ha PUCYHKax 2 U 3, ObUIM IOJy4eHbI
3HaueHUsl peH/IepHHTa, KOTOPhIe TI0Ka3ay, YTo IPY PaBHbIX YC/IOBUSIX pa3HHMIla BO BpeMeHH OKasasach bosiee uem
B 3 pasa: Ha Linux peneziep 3ans1 10,26 MuHyT, a Ha Windows — 32,03 MUYHTBIL.

Puc.2. 3nauenus peHgepa Ha Linux
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Puc.3. 3HaueHus peHfepa Ha Windows

Ipu Bcex pocTwkeHusx Linux B mpousBogutensHocTd, AanHas OC TpebGyeT mpeABapUTe/TbHOM
HacTpoiky. YacTo HeoOX0AUMO BPYUHYIO yCTaHABIMBATE JpailiBephbl, KOJEKU U I0TIOTHUTE/TbHbIE UHCTPYMEHTHI.
[l HauMHAOIIUX 3TO MOXKET OBITh CJIOXKHEE MO CPaBHEHHWIO C HoJiee PacIpOCTPaHEHHBIMU CHCTeMaMU. EcThb
OrpaH{ueHus TI0 MOAZEP>KKe MMPorpamMM M (opMaToB: HarpuMep, MpH paboTe CO 3BYKOM HMHOT/A TTPUXOJUTCS
KOHBEpTHUpPOBaTh (aiiibl WM OTJeAbHO HacTpauBaTh NadriaiiH. B wTore pabora c Linux Tpebyer 6Gosee
BHUMaTe/IbHOW NOATOTOBKY U OpraHu3aliyiy MpoLieccoB.

B pabote paccMOTpeHO B/IHsiHHe OTepaL{iOHHOI CHCTEMBI Ha CO3/jaHHe BH/IEOKOHTEHTA C aKL|eHTOM Ha
Linux. OmnicaHbI 3Tanbl MaiiaiHa, TpeboBaHHs K BEIYUCIUTEILHOM CpeZie U pa3inurst MexXy cucreMaMu. Linux
WCITO/NB3YeTCs [/1s1 PeCYPCOEMKHX 3a/ay MPY HaJTMUMH COOTBETCTBYIOLIEH MMOrOTOBKH, 0COOEHHO TaM, T/ie BaXKHBI
CTabWIBHOCTD U KOHTPOJIb HaJl PECypPCaMU.

Hay4Hbil pykosooumersib: cmapwul riperodasamesib Kagheopbl YughposbiX U
adoumusHbIX mexHosio2ul, CnasHukosa Mapusi AsiekcaHOpPOBHa.

Scientific supervisor: Maria Aleksandrovna Slavnikova, senior lecturer in the
Department of Digital and Additive Technologies.
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YOK 656.613.1
A. A. AdaHacbeBa

Cwnbupcknii rocyaapCTBEHHbIV YHUBEPCUTET BOAHOIO TpaHcnopTa
630099, HoBocubupck, LWetuHknHa, 33

AHANN3 3ODEKTUBHOCTU MNPUMEHEHUS CUCTEMbI “"3MEKTPOHHbLIA TANIbMAH" B
MOPTAX

B cmambe nposedeH cpasHumenbHblll aHa1u3 s¢ppekmusHocmu mpaouyioHHO20 U agmomamu3upoeaHHo20 yuema
2py308 Ha npumepe 8HeOpeHUsl CUCMeMbl «3/1eKMpOHHbIl maabmaH» 8 ITAO «Baadusocmokckuil mMopckol
mopeoebliil nopm». PaccmompeHbl paznuuus mMexcoy mpaduyuoHHbIM PyUYHbIM U Yuposbim yuemom. TIposedeHo
CpasHeHUue no Wecmu KAloueebiM ONepayuoHHbIM Kpumepusm: 6pemsi ¢pukcayuu, MmMoYHoCmb yuemd,
npo3pauyHocmb OAHHbIX, 6e30nacHOCMb NepcoHand, 3agUCUMOCMb OM NO200HbIX YCA08ULl U CMOUMOCHb
6HeOpeHUsl, d Makdce npoeedeHbl pacuembl IKOHOMUUeCKOU 3¢cpekmusHocmu, yuumbigaroujue COKpaujeHue
mpydo3ampam u cHusiceHue owubok udeHmugukayuu. Pacuembl 0okasbieaiom, Umo CpoK OKynaemocmu npoekma
He npeebiiiaem 10 mecsyes. Bmecme ¢ 0OCMOUHCMBAMU, 8bisiefeHbl U 3KCNAYAMAyUuOHHble O02paHUUeHUsl
cucmembl, npedNoHceHbl Nymu ee co8epuIeHCMBO8AHUS.

KinroueBble cjioBa: 3/1eKTPOHHBIM TanbmaH, BMTII, nudpoBusanus, yueT rpy3oB, LdpOBOe 3peHMUe,
3¢ peKTUBHOCTL BHE/IPDEHUS], TPY30000POT, IKOHOMMUSI.

A. D. Afanasyeva

Siberian State University of Water Transport
630099, Novosibirsk, Schetinkina, 33

ANALYSIS OF THE EFFECTIVENESS OF THE ELECTRONIC TALMAN SYSTEM IN PORTS

The paper provides a comparative analysis of the effectiveness of traditional and automated cargo accounting
using the example of the implementation of the electronic Talman system in PJSC Vladivostok Commercial Sea
Port. The differences between traditional manual and digital accounting are considered. A comparison was made
on six key operational criteria: recording time, accounting accuracy, data transparency, personnel safety,
dependence on weather conditions and cost of implementation, and a methodology for calculating the economic
effect was proposed, considering reduced labor costs and reduced identification errors. Calculations show that the
payback period of the project does not exceed 10 months. Along with the advantages, the operational limitations of
the system are identified and ways to improve it are proposed.

Keywords: electronic Talman, VMTP, digitalization, cargo accounting, digital vision, implementation efficiency,
cargo turnover, economy.

B cBsi3u C aKkTUBHBIM BHeJpeHHeM LM(POBH3allMM U CTPeM/IeHHeM K YIIPOLIeHWI0 U IOBBIILIEHHUIO
3¢ peKTUBHOCTH ue/oBeuUeCKor paboThl, 0coboe 3HaueHWe TpUOOpeTaeT MOAUGUKALUS MPUBBIYHBIX METOJOB
yuera TPY30B B MOPCKHMX M peyHbIX ropraXx. OZHHUM K3 Haubosiee TPYZOEMKHX W OTBETCTBEHHBIX NMPOLIECCOB
ocraetcst paboTa TasbMaHa, /{0 HeJaBHETO BpeMeHH OHA BBITIO/THS/IACh UCK/TFOUHUTENBEHO BPYUHYIO.

B yc/10BUSIX poCcTa MUPOBOTO IPy30000pOTa 1 )KeCTKUX TpebOBaHUI K BpeMeHH 06paboTKU CyZiHa OpTam
HeoOXOZMMO BHEJIPATh CUCTEMY «3JIEKTPOHHBIM Ta/lbMaH», KOTOpas 3aMEHWUT TPAAWIMOHHYIO paboTy
aBTOMaTM3UPOBaHHBIM COOPOM JIAHHBIX.

Llenbio Mccnei0BaHUs CTalo0 KOMUECTBEHHOE M KaueCTBEHHOe cpaBHeHHe 3((eKTUBHOCTH CUCTeMbI
«3JIeKTPOHHBIN Ta/lbMaH» ¥ K/1acCHUecKoro 6yMa>kHOro yuyeTa Ipy30B B [10PTaX, a TAKXKE BbISB/IEHHE HE/[0CTaTKOB
11POBOI CUCTEMBI U OTIpejie/ieHue MyTeil NX COBepIIIeHCTBOBAHUSI.

B TpaiLiMOHHOM MOHUMaHWH TalbMaH — 3TO CITELJUaTUCT 110 YUeTy IPY30B, UesioBeK C OyMaroii, KOTOpbIi
GU3MYeCKU MepecyrThIBaeT KOJIMUECTBO T'Py3a, GUKCUPYeT MOBPeX/eHHs, CBepsieT MapKUPOBKY U 0(opMiisieT
TIPHeMOC/IATOUHbIe JJOKYMEHTBL «D/IeKTPOHHBIN TalbMaH» — 3TO He TPOCTO aBTOMAaTH3alist paboThl OJHOTO
YesIOBeKa, a Iie/blil LUQpoBoH KOMIUTeKC At 06pabOTKM TPy30BBLIX Orepari, rie Oymara 3amMeHseTCs Ha
YCTPOWCTBA MOOU/TbHBIE M MAIIMHHOTO CJIEKEHUs, e[JUHYI0 6a3y JaHHBIX /s JEMOHCTPALMKU JAHHBIX B PEXKUME
peasibHOro BpeMeHHU.

BnaguBocTokckuii Mopckoit Toproeeiit nopt (BMTII), Bxogsmuii B TpaHcrioptHyto rpynmny FESCO
(TipearipusiTHE B KOHTYype yripaBieHust ['ockopriopauuu «PocaTom») BriepBbIe Cpe/ii POCCUMCKUX TIOPTOB BHE/IPUIT
CHCTeMY, KOTopasi IpH TIOMOIIIM MAIlMHHOTO 3PeHHsI 0CMaTpUBaeT NMpHOBIBaOIIie KOHTeHepbl — «3IeKTPOHHBIN
TanbpMan» [1].

145



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

CrienvasibHBIH arrapaTHbINA KOMIUIEKC B BH/le TTOpPTajia ¢ KaMepamu pabotaeT Ha ripuyare. [1pu npoe3ae
Tsraya (OpMHUpPYIOTCS M300pakeHUs] BCeX I10BEpXHOCTeil KoHTeiiHepa. TexHosormu 1M¢$pOBOro 3peHus
TI03BOJISIFOT CUNTBHIBATh M BHOCUThH B MH(OPMALIMOHHYIO CHCTEMY BCHO BaKHYIO MH(GODMAL|MIO: HOMep, Halnuuue
11oM0, TpadapeTsbl 1 BO3MOKHbIE TTIOBPeXKeHHS.

OTo pelieHne — eUMHCTBEHHOE B CBOEM poje B roptax Poccun. Besi mporpamMmHasi yacTb paspaboTaHa ¢
Hcrons30BaHueM otevectBeHHOro I10 [2] (mporpaMmHoe obecrieueHue).

[nst osiee TOYHOTO OTpe/iesieHust TIPEUMYILLeCTB OBUIO TIPOBEZIEHO CPAaBHEHHE MEXY TPaJULIMOHHBIM U
3/IeKTPOHHBIM TaJbMaHaMH T10 IIeCTU KPUTEepHsiM, a UMeHHO: BpeMsl (PMKCal[M OfHOW orepaljuu (Ha rpumMepe
OCMOTpa OJHOTO KOHTeiiHepa), TOYHOCTb ydYeTa, IIPO3PayHOCTb (eJUHas OllepaljMoOHHas cpeja IIOpTa),
6e3011aCHOCTS [1epCOHANa, 3aBUCUMOCTb OT MOT0/ibl, CTOMMOCTb BHE/IPEHHSI.

[nst 6osiee TOUHOTO OTpe/iesieHNst IIPeUMYyILLeCcTB ObUIO IIPOBeZieHO CPaBHEHHe MEXY TPaJULIMOHHBIM U
3/IeKTPOHHBIM TalbMaHaMH 110 LIIeCTU KPUTEPHSM U CBefieHO B Tabmuiy 1.

Tabmuua 1. CpaBHeHHe TPaJULIMOHHOTO U 3JIEKTPOHHOTO Ta/JIbMaHOB

Kputepuu cpaBHeHUsI TpaiULIMOHHBIN TaJbMaH OIeKTPOHHBIN TaJbMaH

Bpewms ¢bukcaryu OJHOMI

orepaluu (Ha rMpUMepe 0CMOTpa Jio 60 cekyH[, o 5 cekyH[,

OJTHOTO KOHTelHepa)

TouHOCTE yueTa 0,5% CHwxenue ombok Ha 90%

IIpo3pauHocTh (epuHas Huskast BoICOKAs

orepalLMOHHas cpejia opTa)

BesormnacHocTh nepcoHasna Hwuskas (pabota B 30He Bricokasi (TTyHKT AucrieTuepa BHe
TIOBBIIIEHHON 0MAaCHOCTH) 30HBI ONIACHOCTH)

3aBUCHUMOCTb OT TMOTO/IbI Kputnunas MuHuMasbHasi, HO He paBHa 0

CTOUMOCTb BHEJpEHHSsI Huskas Bricokas

CpaBHeHHe 10 11eCTH KPUTePUsIM TI0Ka3bIBAET, UTO eKTPOHHBIN Ta/llbMaH MPeBOCXOAUT TPaAWLIOHHBINA
MO TATH W3 HUX, BKJFOUYas CKOPOCThb, TOYHOCTb, MPO3PauyHOCTb, 0e30MacHOCTh M 3aBUCHMOCTb OT TIOTO/IBL
E/MHCTBEHHBIM NIPeUMYIL{eCTBOM K/1aCCUYeCKOTo Ta/JbMaHa 0CTaeTCsl HU3Kasi CTOMMOCTb BHeJpeHUsl.

st 06beKTUBHON OIleHKM 3((eKTUBHOCTH HeoOX0AMMO TIepeBeCTH Orepal{ioHHbIe [TPEeMMYIIeCTBa B
5KOHOMHYeCKHe MoKasaTesu:

- COKpallieHHe BpeMeHH 0CMOTpa I'py30B;

- CHIWKeHHe IITaTHOM YMC/IeHHOCTH;

- yMeHblIIeHHe MTPeTeH3UOHHbBIX BBITIIAT;

- POCT TIPOITyCKHOM criocobHOoCTH 6e3 KarBo)keHHi B MHOPAaCTPYKTYPY.

Onbeir BMTII nokasasn, 4yTo BHe/IpeHHWe MAllMHHOTO 3PEeHHs Ha Tpuuajie — 5T0 He W30/MPOBaHHOE
pellieHHe, a 4acTb Oosiee HIMPOKOH LM(POBOIT S5KOCHCTeMbI TIopTa. [lanbHefdllee pa3BUTHe TaKUX CUCTEM HUZET M0
HeCKO/IbKMM HarpaBs/eHHsIM:

- TIo/IHasi MHTerpanysi C ToCyfapCTBeHHbIMU HH(OpPMallMOHHbIMK IuilaTdopMamMu. B MomeHT
TIPOXOXK/|eHHS TIopTasa JaHHble KOHTeiiHepa [JOo/DKHbI aBTOMaTU4YeCKH YXOJUTh B CUCTeMBbI ITOPTOBBIX BracTei U
@OTC. DTO UCKIIOYUT [JBONHOM BBOJ, MHPOPMALIMK U COKPaTUT BPeMs TaMO>KEHHOTO 0)OpMJIeHHUSI TPY3a;

- TIpUMeHeHe WCKYCCTBEHHOTO WHTesJleKTa [/l TPeAVKTMBHOW aHa/luTHUKW. Helipocerts,
HakoTUleHHass 6a3a W300pa)keHHi, CMOXXeT MPOrHO3MPOBATh TOTEHIMANbHbIE TOBPEXIEHUS W BBISBIATH
KOHTeHHepHI MOBLILIEHHOTO PUCKA ellle /10 X BCKPBITHS, MOBbIIIas 0e30acHOCTb U MJIaHUPOBaHe PEMOHTOB

- MacIiuTabupoBaHye pellleHrs Ha ApyrHe TUIIbI TPY30B;

- pacrnpocTpaHeHue OIbITa Ha MopThl Poccun.

Ha ocHoBe Bcex uccrefoBaHWM ObUTM BBISIB/IEHBl BaXKHBIE HEJOCTATKA CHCTEMbI «3JIEKTPOHHBIH
TasibMaH»: cOOM TIPH KCTPeMabHbIX MMOTOJHBIX yCIOBUSX (HOXKAB/TYMaH MCKa)KalOT JIa3epPHYI0 MapKHPOBKY),
BBICOKAasi CTOMMOCTb BHEJPEHHs] CHUCTeMbl, TpOOeMBI C ONTHUECKUM paclio3HaBaHWEM TOBPEXIeHHOU
MapKHUpOBKM, PUCK OTKa3a O0OpYJOBaHWs B arpecCHMBHOM cpefe, a TakKe OpraHU3alMOHHbIE (aKTOpbl —
COTIPOTHB/IEHHE TIepCOHa/Ia ¥ HefloCTaTouHasl KBauduKanys. s ycTpaHeHHsl 3THX HeJJOCTaTKOB TPe/IOKeHbI
CleflytolIMe Ty TH COBEpPILIeHCTBOBAHMS: BHeIpeHHe THOPUHON apXUTeKTyphl (aBToMaThdeckast odpaboTtka 95%
orepaLjiii, pyuHoe MoATBepsKeHne 5% CJIOKHBIX C/IydaeB); UCIIONb30BaHHe KOMOMHHPOBAHHbIX [JATUMKOB (J1a3ep
+ pa/iMoJIoKalysl) ¥ CCTeM 000TpeBa [ijisl 3all{UThl OT MOT0ABl; 0becriedeHNe JI0KaIbHOTO KAILIMPOBAHUs JAHHBIX U
pe3epBUPOBAHUS KaHA/IOB CBSI3H; TIPOBe/ieHre 00yJarolux porpamMm Jijist TIepCcoHasa.

[MozBogs OOLIMIT BEIBOJ, CTOUT OTMETHUTB, UTO BHeZIDEHUE CHCTEMBI «3/IeKTPOHHBIN Ta/lbMaH» SIBJISeTCS
CTpaTernyecky 0OOCHOBAHHBIM IIaroM B LW(POBU3ALUU MOPTOBOM HMHQPACTPYKTyphl. Komrinekc LudpoBoii
aBTOMAaTH3ally, aHaWTUKKA M 3allliTHl JAHHBIX He TOJBKO TOBBIIIAeT OIeparjioHHYI0 3((eKTHBHOCTb, HO U
CO3/laeT OCHOBY [/1s1 Ja/IbHeHIIIero pa3BUTHsI MHHOBAIIMOHHBIX CHCTEM TIOpTa.
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3¢)d)EKT OT BHeJpeHUA CUCTEMBI «SJIEKT];)OHHLIﬁ TaJIbMdH» MO>XHO OII€HHWTb Ha OCHOB€ 3KOHOMHH d)OH,E[El
OIIaThI TPyZAd M SKOHOMUWH OT YMEHBbIIEHW S OIMOOK TaTbMaHCKOT'O yuerta. COBOKyHHLIﬁ FOAOBOI‘;I 9KOHOMMUECKUM

s¢dekT rpezsaraeTcst paccunTaTh 10 GopmyIe:

3206 = ¢pom + 30wu6 s

pyo,
3¢0m
rae - 9KOHOMHUSs1 (POH/IA OTI/IaThI TPYZA 3@ HaBUTaLuio, pyo;

ouub - 3ROHOMUSI OT YMEHbIIIEHHs OIMGOK TalTbMaHCKOTO yueTa, pyo.

3 :3p.m. - Sa‘m.’

om

py6,

p-m.>3-m. _ nacxombl Ha 3apab0THYIO TI/IATy TaabMaHOB M MPU PaboTe CHCTEMBI «3/IEKTPOHHbINA

rae
TasbMaH», pyo.

Pacxozpl Ha 3apaboTHYO TIaTy MOCUUTAeM 110 opmyIie:

3 :5 .b .aCM ‘T'—l- CM’
pyb,
) H Dai 4 =16 .
rie © - k03 QUIKEHT, yUUTHIBAIOIMI paiioHHY0 HaJ0aBKy, ;

b o b=1,7,

- KO3 QULIMEHT, yUNTBIBAIOIINI JOTIaThl 32 CMEHHOCTh U YCJIOBUS TPYZa, ;
a a =2625py6

- cMeHHasl TapuQHasi CTaBKa, ;
T

Y- cm

- 3aTpaThl TPy/d 3d HABUT'dlJUIO, Y-CM.

p; Y-CM,
rae " - HaBWrauMoHHBIHM rpy30000poT, TEU (mpumem B pacuetax 800000 TEU);

P,

- HopMa BbIpaboTKu TanbMana, TEU/uen-cM.

p 8 = b
M TEU/uen-cm,
rae X - KomIuieKCcHast HopMa Beipabotku, TEU/cwm;

M- KOJINUeCTBO TaJlbMaHOB MIPX OCMOTpPe OJJHOTO KOHTeMHepa, Yerl.

Pe =P, To 1pyjem,

rge Y - yacoBasi IPOU3BOJIUTENBHOCTb OCMOTpPA KOHTeliHepoB, TEU/u;

on - oriepaTHBHOE BpeMsi paboTEl, U (TO” =10,54).
3600 G,
u T >

4 TEU/y,

rge - KOJIM4eCcTBO OCMaTpUBaeMbIX KOHTEﬁHEpOB 3a pas;

4 - Bpemst ocMOTpa KOHTeliHepa, ceK (ITpU 0CMOTpe TajabMaHoM 60 CeKyH/], CHCTEMOM «3/1eKTPOHHBIN
TajabMaH» 5 CeKHYZ).
BHezipeHMe 3/1eKTPOHHOrO TajbMaHa 3HAUMTE/IbHO CHIDKAeT KOIWYeCTBO OIIMOOK, CBSI3aHHBIX C

3aHeceHHeM MHGopMaLyK B 6a3y JaHHBIX U TIOBBILIAET MPO3PAUuHOCTh MPOBEAEHHUST BHY TPUTIOPTOBBIX OTEpaLiUi.
OKOHOMMIO OT YMeHbLIeHHsI OIIUO0K TambMaHCKOTO yU4eTa pacCulTaeM 1o ¢popmye:

—bes  owub
30Luu6 — Sowub Ccm ’PY6,

Q Ge3

re <oWud - KoIMYeCTBO MpPeJOTBpPaLieHHbIX omn6oK, TEU;
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owub

em - cpefHsis CTOMMOCTb OJHOTO OIIMOOYHO yUTEHHOTO KOHTelHepa, py0 (TpumeM cpeiHee
3Hauenue 15000py6iieit).

owub owub
Q6e3 — QHas Nam
owub ’
100 TEU,
Qowu6
Hae

owud
.m. - MPOLEHT CHU)KEHUWSA OH_II/I6OK MPpX UCIO0J/Ib30BaAHUH CUCTEMbI (<3]'[€KTpOHHI;II>i Ta/JIbMaH», %
(carmkaetcst Ha 90%).

rae - KOJIMYeCTBO KOHTEHHEPOB, BBIMYILEHHBIX C OIMOKOM 3a HaBurauuto, TEU;

— QHae .Nou.lu6
b

6
QOLUU
Hae 100 TEU’
N owub 0 N 6 —
rae - TIPOLIEHT COBepIIaeMbIX OLTMOOK MPU PyYHOM yuete, % (= o446 =(,5%).
CpoK OKyIaeMOCTH IIpOeKTa paccudTaeM 1o (opmyie:

__ —npoexma

OK >

200 rog,

npoekma

rae - CTOUMOCTB TPOEKTa, MJIH.pY0.
ITpuBemeM npuMep pacueta Ha B/1aZiiBoCTOKCKOM MOPCKOM TOPTOBOM TIOPTY (TIPY OCMOTPE TaJbMaHOM):
3600 -1
= =60
60 TEU/u
P =60 -10,5 =630 TEU/em
630
p, =— =630
1 TEU/uen-cm
800000
e = =1269,8
630 yea-cM

2 =1,6 1,7 -2625 1269,8 =9066372 py6
[Tpumep pacueta (CUCTEMA «3IEKTPOHHBIHN TaTbMaH»):
3600 1

. =720
TEU/u
P =720 10,5 =7560 TEU/em
7560
p, =— =7560
1 TEU/gen-cm
800000
T, . = =105,8
7560 yen-cm

2 =1,6 1,7 -2625 105,8 =755412 py6

3pom =9066372 - 755412 =8310960 py6

s 800000 -0,5
o0 — 2= =4000
100 TEU
4000 -90
Q, == =3600
100 TEU
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3 ... =3600 15000 =54000000 py6

owub
3, =8310960 + 54000000 =62310960 py6

VicxopHbie maHHBIe /71 pacueTa CTOMMOCTH ITPOeKTa:
- PaspaboTtka nporpammHoro obecrieuenust: 15 miH py6.
- AnmapatHblii KOMIUTEKC (TIOpTa/ibl, KAMEepbI MAIIIMHHOTO 3peHus, cepeephl): 30 MyH pyo6.
- MoHTax ¥ mycKo-HajiajouHble paboTel: 5 MJH pyo.

Wtoro unBectuuii: 50 MiH py6.

50000000

62310960

KmoueBbie noka3arenu 3peKTUBHOCTH MPOeKTa MpUBe/ieHbI B Tabuile 2
Tabnuija 2. IToka3aresd 3pPEeKTUBHOCTH BHEAPEHUS] CUCTEMBbI «3/IEKTPOHHbBIN TaJbMaH»

=0,8200 =10mecsyes

OK

ToKasaTes Ho Buempenusi (Pyunoit | ITocme R N —.

TPYyA) (D71eKTpOHHBIN TalbMaH)
Bperi oemorpa L 60 cex 5 cex CHwkeHnue Ha 92%
KOHTeliHepa
Tpypno3arpars! B roj, 13 333 yesn-yacel 1 111 yen-yacsl CHwxenue Ha 92%
T'omoBoit 0T
e — 9,07 mnH py6. 0,8 mutH pyo0. OkoHomust 8,3 MyTH pyo.
YpoBeHb OWHMGOK | ) cor (4000 ex) 0,05% (400 ez.) Crwkerne B 10 pas
WeHTHOUKAIAN
durHaHCOBbIE TIOTEpU OT
N 60 miH pyo. 6 mutH pyo. OkoHomus1 54 MyH pyo.
OddexT or BHexpeHHs
CUCTEMBI «3JIEKTPOHHBIN 62,3 MH.py0
Ta/IbMaH»
Cpok OKyTIaeMOCTH 0,8roa=10 Mecsiies
TIpoeKTa

IlpoBeseHHoe ucciefoBaHve W aHanu3 onbiTa ITAO «ByafBOCTOKCKMIT MOPCKOW TOPrOBBINA IOPT»
TI03BOJISIFOT CJie/IaTh C/e/yHolie KI0UeBble BbIBOAbI:

1. BHefipeHUe CHUCTeMbI «3/1eKTPOHHBIN TajbMaH» T103BOJIM/IO COKPAaTUTh BpeMsl 0CMOTpa KOHTelHepa €
60 10 5 cekyHj. B maciitabax mopra ¢ oboporom 800 Thic. TEU 3T0 9KBHBa/IeHTHO BBICBOOOKIEHUIO Oosee 12
TBICSTY YeI0BEKO-YaCoB PYTHHHOTO, TSDKEJIOTO TPYA], KOTOPBIM paHee BBITIOMTHS/ICS B JIFOOBIX MOTOAHBIX YCIOBUSIX
Ha rpuuarie.

2. COBOKYITHBIM T07I0BOM SKOHOMHMYeCKHH 3¢QeKT mocie BHeJPeHUs CUCTeMbI COCTaBiseT 62,3 MIH.
py0neit — npsimasi 5koHOMUS (hoHAA orIaTel TpyAa 8,3 MiH. pybsneld, u 54 myiH py6ieii — npefoTBpallieHHbIe
TIOTepH OT OIIMOOK TaJbMaHCKOTO CYeTa U HeZoCTaud.

3. TIpu pacueTHBIX KalMTa/bHBIX 3aTparax B 50 MH py0iieii mpoekT okymaeTcst 3a 10 mecsineB. [laHHBIN
TOKasarTe/b SIBJISIETCS] OOHMUM U3 JIyullluX B kjaacce MT-MpoeKkToB B TPaHCIIOPTHOW OTpaciv U NOATBepKJaeT
MIPaBWJIBHOCTD cTparernueckoro Kypca BMTII Ha niudpoBHU3aLiiio B paMKax IMPOrpaMMbl « YMHBIH MTOPT».

4. Oneir BMTII pemoHCTpUpyeT, UTO aBTOMAaTrM3alysl TaJbMaHCKOIO yvyeTa — 3TO He MPOCTO
COKpallleHue H37lepiKeK, a co3ziaHue 1dpoBoro GyHzaMeHTa il BHePEHUs] TEXHOJIOTHI «0e3/I0IHOTO TTopTa»,
L(pPOBBIX JBOMHMKOB M CKBO3HOM JIOTUCTHUKH. [10BBIIIEHNE [TPO3PauHOCTH OTepariyii ¥ J0CTOBEPHOCTH JaHHBIX
HamnpsIMyI0 B/IUsIeT Ha KOHKYPEHTOCIOCOOHOCTh POCCUHCKUX TIOPTOB Ha IVI06anbHOM PBIHKE MOPCKUX I1€PEBO30K.

5. PekoMeH/lyeTCsl pacCMOTPETh BOIMPOC MacIITabUpOBaHUS TPOEKTa «JDJIEKTPOHHBIA TalibMaH» Ha
Jpyrve KoHTeliHepHble TepMHUHasbl Poccuiickoil Pefjepaiiviu, B TiepByto ouepesib B JJanbHeBOCTOUHOM U A30BO-
UepHoMOpcKoM bOacceliHax, Kak 3((eKTUBHBINA MHCTPYMEHT MOBBIILIEHNs] IIPOU3BOUTEIHOCTH TPY/A B YC/IOBUSIX
PacTyILero rpy30noTOoKa.

HayuHbili pykosodumenb: cmapwiuli npenodagamens kageopbl YnpasneHue mpaHCnOpmMHbLM Npoyeccom
CI'YBI, 3bikoga B. FO.
Supervisor: Senior Lecturer of the Department of Transport Process Management of SSUWT, Zykova V. Y.
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YK 631.8:658.567
E. B. ®ducyHosBa, K. C. Kupuu, . IN. Bnacos

CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUTET NPOMbILLIIEHHbIX TEXHOOMMI 1 An3aiHa
191186, CaHkT-lMNeTepbypr, bonblas Mopckas, 18

PELWVIKINHI CBPACOBbLIEMbIX PACTBOPOB KA/MUAHbIX MPOU3BOACTB

B cmambe npedcmas/ieHbl 3KCnepuMeHma/bHble OaHHble N0 U3YYeHUIO @AUSHUA KOHYeHmpayuu x10puod Hampust
(10-18 %) u memnepamypbi (105-115 °C) Ha pacmeopumMocmb KapboHamo8 MaeHus U Kaabyus, d makdice Ha
cocmas u ¢uabmpyroujue ceolicmea ocadkos 8 modenbHbix cucmemax K*, Na*, Mg®*/CI' - H,O u K*, Na*,
Mg**,Ca**/CI' - H,O, codepacaweii 12 % KCI, 1,5 % MgCl,, 0,7 % CaCl, npu do3zuposke codbt 105 % om
cmexuomempuueckoti Hopmbil.

KrtoueBbie Cji0Ba: pPacTBOPUMOCThb, (WILTPYIOIME CBOWCTBA, KapOOHAT MarHus, KapOoHAT Kasibllus,
Ka/IbIIMHUPOBAHHAs Cofia

E. V. Fisunova, K. S. Kirish, P. P. Vlasov

St. Petersburg State University of Industrial Technologies and Design
191186, Saint Petersburg, Bolshaya Morskaya Street, 18

RECYCLING OF WASTE SOLUTIONS FROM POTASH PLANTS

The article presents experimental data on the effect of sodium chloride concentration (10-18 %) and temperature
(105-115 °C) on the solubility of magnesium and calcium carbonates, as well as on the composition and filtering
properties of precipitation in model systems K*, Na*, Mg**/CI' -H,O u K*, Na*, Mg®*,Ca®*/CI" - H,O containing 12
% KCl, 1.5 % MgCl,, 0.7 % cacl, at a dosage of soda of 105% of the stoichiometric norm.

Keywords: solubility, filtering properties, magnesium carbonate, calcium carbonate, soda ash

B orpac/iu MuHepanbHbIX yA400peHuit ipy nepepaboTKe KaaWHHBIX pYZ, (CUJIbBUHUTA U KapHA/UIUTA) C
TNIO/TyYeHUeM XJ/IOpY/ia Kavsi 00pa3yroTcst OTBasIbI Ta/liTa, COMeBbIe IJIaMbl U 3abanaHcoBble paccossl [1]. OTxonb!
3arpsI3HSIOT OKPYKaloLLYI0 Cpefly, OfHAKO, IIPH [JONIO/HUTEIbHOM 00paboTKe OuuilieHHbIe pACTBOPBI MOTYT OBITh
WCIIOTb30BaHbl B TEXHOJOTMYEeCKOM LMK/e TPOW3BOACTBA X/IOPUZA KajMs, a OCAKJEeHHbIe 3arpsisHUTeIN
3abaszlaHCOBBIX PaCTBOPOB HalyT MPUMeHeHMe B TIPOM3BO/CTBA CJIOXKHBIX MUHEpanbHbIX y00peHni [2].

TeXHOJIOTHUEeCKHUI MPOLIeCC MOMyUYeHHs XJIOPUCTOTO Kalus W3 CHJIBBHHUTA TaJyprudecKUM MeTOZ0OM
BKJTIOUaeT CJIeAyIoIjye oreparnyu: ApobsieHre py/bl C TIpe/iBapyUTe/bHBIM IPOXOUYEeHHeM; I0/I0TPeB IIe/I0KOB;
pacTBOpeHHe pyZbl; 00e3BOKMBaHKE T'aJIMTOBBIX OTXO/I0B M MX MPOMBIBKA; OCBET/IeHHe HAChIIeHHOTO 11]e/I0Ka;
KPHCTaJ/UTM3aLIMsT KaIust XJIOPUCTOTO; CTYIleHue U LIeHTpU(yrupoBaHue XJI0pKalueBoi CyCIieH3Wy; CyIKa Kaus
XJIOPUCTOTO, ero rpaHy/IMpoBaHre U ob1aropakuBaHue rpaHyJisiTa; yaaeHre 0TX0/0B IPOU3Bo/CTRa [3].

CyCreH3uy TJIMHUCTO-TaTMTOBBIX OTXOZOB Pa3sMellar0T Ha IIAaMOXPaHWIMIIAX, OTUYXKJas TpY 3TOM
Gosbive TeppuTopud. JKuzKas as3a rIHHUCTO-COJIEBOTO IIJIaMa SIBJISIeTCS] PACTBOPOM, COZIePKalliiM XJIOPU/(bI
Kanysi, HaTpys ¥ Jpyrye IprMecH.

3abanaHCOBBIE paccosibl 00pa3yroTCs B pe3y/bTaTe TeXHOJIOTMUYeCKHX MPOLeCcoB MepepaboTKu py [, pu
OTBO/Ie PACTBOPOB C IVTMHHUCTO-COJIEBBIX TEPPUKOHOB, a TaKKe TIPH OTKaYMBaHWUH 1T0/[3eMHBIX BOJ| Py/JHUKOB.

M30bITOUHBIE PACTBOPBI, SIBJSSICh YACTbIO 3aba/aHCOBBIX PAaCcCO/IOB Tajlyprudyeckoro MpOU3BO/ICTBA,
00pasyroTcsi IIpY NPOMbIBKe 000pY/j0BaHUS 1 Ha CTafuy KPUCTA/UIM3aLUK X/I0pyja Kaaus, pyu cOpoce 4acTH
paccosioB M3 Ipoljecca A/ BbIBOZA W3 TEXHOJIOTMM PaCTBOPHUMBIX IPUMECEH, XJIOPHUAOB MarHus W KasbLius,
KOTOpbIE CHIDKAIOT TEXHOJIOTHUeCKHe TI0Ka3aTe/y 1 KauyeCTBO OCHOBHOT'O ITPOJYKTA.

[nst obecrieueHys1 KaUeCTBEHHBIX ITOKa3aTenel MpOAYKUWH (X/I0prfa Kajvsi) Tiepeurc/ieHHbIe OTXO/bI
TeM /I WHBIM CII0COO0M BBIBOZSAT M3 MMPOU3BO/CTRA [4].

Kak BuziHO 13 Tabmuipl 1, B pacTBOpax OTXO/I0B Ka/TMHHOM MPOMBILIIEHHOCTH MaccoBasi [I0Jisl XJI0puza
KaJvsi MOKeT COCTaBJIATh 0T 6 710 13 %. Kpome xyiopuja Kasusi, paccoJsibl COZiepskaT IpyTHe COMY, KOTOpble MOTYT
HaXO/WTh I10JIe3HOe TIPUMeHeHHe.

B MupoBoii npakTHKe IPUMEHSIIOTCS pas3/uuHble criocobbl U30aBaeHus OT 3abaaHCOBBIX pacTBOpPOB. B
OCHOBHOM OpraHusyercss WX pasbaBieHuHe W cOpoc B MOps, a TakKe CYIIeCTBYIOT pa3/MuHble BapUaHThI
3axopoHeHus [5].

Hamu mpegsaraercsi criefjyromjasi 1oc/ieioBaTeNbHOCTb Tepepab0TKU JKUAKUX OTXOJOB KalHHHBIX
¢abpuk, KoTOpas Tpe/rio/iaraeT UCMOIb30BaHHe BCeX KOMIOHEHTOB M BK/IIOUAeT C/Ie/yIOIIHe OCHOBHBIE CTaZHH:

—TIpe/iBapUTe/IbHAs OUMCTKA Paccosia OT COJel XKeCTKOCTY;
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—niepepaboTKa KapOOHATOB KasbLMs ¥ MarHusi Ha CI0XKHBIEe y100peHusi, B acTHocTH, JKKY;

—BBbINIapKa paccosia C Moay4yeHreM KpUCTa/UIN4eckKoro XJIOpUCTOro HaTpUsl Pa3/IMYHbIX COPTOB;

—KOHBepCHsI THIICA PacTBOPOM XJIOpHJA Kauusl B Cy/lb¢ar Kaavds aubo Bo3BpallleHHe YIapeHHOTo
pacTBopa B IPOMU3BO/ICTBO XJIOPH/iA Kasusl ralypruueckiM MeTOZIOM.

CocTaB HEKOTOPBIX OTXOZI0B Ha npeanpustiuu [TAO «Ypankanuii» rpejcraBieH B Tabsuie 1.

Tabmuua 1. Xumudeckuii coctaB otxofioB ITAO «Ypankanuii»

Copepxanve, %
VICTOUYHMK paccosia NaCl KCI MgCl, CaCl, CaSO0;, H.O
Ctounble Bozibl BKITPY-4 13,50 11,06 0,22 0,18 0,26 74,77
IIpyp-Hakonurens pacconoB BKITPY-4 18,45 9,52 0,24 0,18 0,32 71,31
M36biTOuHBIe pacTBOpbl BKITPY-4 18,60 13,30 0,39 0,33 0,47 66,91
M36bITounble pactBopel CKPY-1 18,60 11,40 1,05 0,08 0,48 68,47

IMTpumeuanue. BKITPY-4: 6epe3HHKOBCKOe KaIMHHOEe MPOU3BO/ICTBEHHOE PYyJOYITpaB/ieHHe;
CKPY-1: conMkaMCKoe KaJuiHOe pyZoyIipaB/eHue

Kpucranmueckuil XJI0pyj HaTpUst PaCTBOPSIFOT, PACTBOP OUMILIAIOT OT B3BEILEeHHBIX BEIL|eCTB U OUUCTKY
OT cojiel MarHus U KajbLIUsl W3BECTKOBO-COJOBBIM METOZOM, a 3aTeM IIOCTyIaeT Ha IPOM3BOJCTBO
Ka/IbLIMHAPOBAaHHOW cozbl [5]. I'1aBHasi ocoGeHHOCTh WM3BECTKOBO-COZOBOIO MeTOZa 3aK/HOUaeTcs B €ro
usbuparensHOCTU. MeTosi, MOXKeT ObITh TPUMEHNM K pPaccosiaM, KOTOpble COAep)KaT COMU KanbLys 1 HebobIIre
KOJIN4YeCTBa COJIA MarHus.

OuncTKy 3abajlaHCOBBIX pacCONIOB MOYKHO TPOBOJMTH, HCIIONB3ys MOMYNPOAYKT IIPOU3BOJCTBA
KaJIbLIMHUPOBAHHOMW COZIbI THAPOKApOOHAT HATPHsl, UTO 3HAUMTETLHO yJEeLIeBUT CTa[IUI0 OUMCTKU. B 3TOM Cityuae
TIPOLIeCC OCaKAEHUsI MOHOB Ka/IbLIMs U MarHusl MOJKHO OITUCATh CJIeAYIOLUMU YPaBHEeHUSMMU:

MgCl, + 2NaHCO; — Mg(HCOs), + 2NaCl
4Mg(HCOs), — 3MgCO,Mg(OH),:3H,01 + 5CO,1
5Mg(HCO), — 4MgCO;Mg(OH),4H,01 + 6CO1

CaCl, + 2NaHCO; — Ca(HCO3), + 2NaCl

CaSO4 + 2NaHC03 — Ca(HCO3)2 + Na2504

Ca(HCOs3); — CaCOs!l + H,O + CO,t

[nst ocymiecTBieHUs] 3TUX TIpeBpallleHWi HeoOXOAWMO KHIsTUeHHe WM COueTaHWe TOZOrpeBa C
MHTEeHCHUBHBIM TlepeMellBaHueM [6].

B paHHOM cTaThe paccMaTpuBaeTCsl OUMCTKA 3a0anaHCOBBIX PACTBOPOB OT COJEH JKECTKOCTH COZOBBIM
MeTOZIOM, KOTOpBIM MOKHO OTHeCTH K Haubosiee IpocToMy croco0y, Kak 10 XUMH3MY IpoLiecca, TaK U I10
KOHCTPYKLIMH anraparoB. XMMH3M IpoLiecca MOKHO IPe/ICTaBUTh B BU/Ie CIe[YIOIMX YpaBHEHHI:

MgClz + N32CO3 — MgCO3 + NaCl
4MgCO; + 4H,0 — 3MgCO;Mg(OH),-3H,01 + CO,1
CHCIZ + N32CO3 — CBCO3l + 2NEIC1
CaSO4 + N62CO3 - CaCO3l + NBQSO4

[Ipu TOM NPOBOAWTCS OCaXK[eHUe COoJieli KeCTKOCTH TPU BBICOKUX Temmeparypax (105-115 °C) gns
obpa3oBaHus KpucTasuioruzpara kapbonara marausi (MgCO;-3H,0) BMecTo resieobpasHoro ruJjpokcukapboHara
Marausi (Mg,(OH),COs) asnisi ahdekTrBHOTO OTAE/IEHNS TBEPAOH dassl [7].

I[NepBOHauaJLHO MPOBOAMIM MCC/IeAoBaHKe B cucteme K, Na*, Mg?/CI-H,O. Ilpu 3TOM CozepkaHue
XJI0pyU/ia Kanusi U xyiopuja Maraus coctassiio 10 % u 1,5 % cootBercTBeHHO. KOHLIeHTpaLys XJ0pUia HaTpUst
n3MeHs1ach B auanasoHe oT 10 1o 18 % c mwarom B 3 %. OnbITel NPOBOAWINCE B aBTOK/1aBe MMpy TeMreparypax 105
C; 110 C; 115 C. Copgpl 6panu B KonmuuectBe 105 % OT CTEXMOMETPUU Ha OCaXK/IeHUe MarHusl.

Paccon nomeljany B aBTOK/IaB BMeCTe C 3apaHee pacCUMTaHHBIM KOJMUECTBOM COJbl U HarpeBaaud B
CyLIM/IbHOM 1IKady [0 3ajaHHOM TeMriepaTyphbl. Bpemst B3auMo/ieiCTBISI KOMIIOHEHTOB MO/Ie/IbHOI'0 paccosa C
KapboHaTOM HATpUsi B aBTOKJ/IABe COCTAB/sIO 2 vaca. [l W3yueHUs: BAMSHUS TeMIlepaTypbl Ha (pU3MKO—
XUMHUYEeCKHe CBOMCTBA CUCTEMBI TIPOBOAMIOCH HECKOJIBKO TTapasule/IbHBIX OTIBITOB TIPY PA3/IMUHBIX TeMIIepaTypax
Y TIOJlyueHHble [aHHble ycpenHsmck. CycneHsuto ¢unsTpoBany Ha ¢unsTpe IloTTa (mopucrocteio 50) mpu
paspsokeHnr 50 kIla U c yueToM BpeMeHHW (DUIBTPOBAaHHUS OLIEHHBAIM CheM TBepOW U JKUAKOW (as.
KomriiekcoMeTpruecKiM METO/IOM OTIpeJie/syIoCh COJiep’KaHWe MarHWsi B JKAZKOW W TBepzou dasax [8].
BraroeMKocTh 0CafiKOB OTipefie/isiyiack mpy Temriepatrype 75 °C, a B cyxoii TBep/iod ¢a3e, OTMBITON OT XJIOpa,
aHa/U3upoBanach KpUCTa/lM3aLMoHHass Boja npu Temreparype 300 °C.  OkcriepuMeHTa/bHble [aHHbIE
MpUBe/IeHbI Ha PUCYHKe 1 U B Tabnmiie 2.
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Konnenrpamus NaCl, %
1-105C;2-110C; 3-115TC
Puc. 1. 3aBucuMocCTh copepxkanne MgO B xxuzkoii ase or NaCl B cucreme K*, Na*, Mg*'/CI'-H,O, copepsxaijeii
10 % KCI, 1,5 % MgClI,, npu HopMe cozbl 105 % OT cTexroMeTpru Ha MarHUi

Tabsuiia 2 — BausiHve KOHLIEHTPAL[UK X/I0PU/A HATPUS U TeMITepaTypbl Ha COCTaB (a3 U GUIbTPYIOLIMe CBOHCTBA
ocajika B cucreMe, cogepxaiei 10 % KCI, 1,5 % MgClI,, npu HopMe cofpl Ha MarHuid 105 % OT crexuoMeTpun

KomnuectBo | Temmneparypa, Copep>xanue MgO CoctaB u QuUIBTPYyIOIIE CBOWCTBA OCa/IKa
Xji0puza °C B XKUJKOU B TBepgo | H,Or, | H.Oxp CreM CreMm
Harpus, % tase, r/n tasze, % % % TBepJoin JKUZIKOM
tasml, ¢asbl,
Kr/(M*-4) | Kr/(m’-4)
10 105 1,05 34,4 37,1 38,0 0,19 12,9
10 110 1,18 34,2 47,5 37,6 0,22 17,1
10 115 1,20 34,6 36,2 37,8 0,24 16,2
13 105 1,55 34,5 47,1 38,8 0,22 22,4
13 110 1,57 34,0 41,7 37,3 0,22 25,8
13 115 1,65 34,1 50,4 37,8 0,25 26,1
16 105 1,12 34,1 51,7 38,0 0,33 29,7
16 110 1,14 34,5 36,9 37,8 0,42 48,1
16 115 1,15 34,2 49,6 37,2 0,50 56,1
18 105 1.10 34,1 42,9 37,3 0,27 24,4
18 110 1,16 34,8 32,2 37,4 0,28 26,3
18 115 1,18 34,2 55,5 37,6 0,34 46,0

[l M3yueHHBIX KOHLEHTpALMAX X/JI0puja Hatpus B cucteme K', Na‘, Mg?/ClI-H,0 pacTBOpUMOCTE
KapboHaTa MarHuUs MOHOTOHHO BO3pacTaeT C TIOBBIIIEHHWEM TeMrepaTypbl B uHTepBase 105-115 °C. 3to
XapaKTepHO /1 3H0TepMHUYeCKOro Mpollecca pacTBOPeHUsl. 3aBUCHMOCTb PaCTBOPUMOCTH OT KOHL|eHTpaljuu
NaCl Hocurt 3KcTpeManbHbIi XapakTep. [Ipu yBennuenun kKoHreHTpauyu NaCl ot 10 % 10 13 % Habmromaercs
3HauMTeNbHBIN pocT pacTBopruMocTH (Ha 40-50 %), mposiBrsieTcsi 3¢ deKT BcanvBaHUsl, CBSI3aHHBIN C U3MeHeHeM
MOHHOM cuibl B pacTBope. Ilpu fanbHelimem mnoBelmeHny KoHueHTpauu NaCl no 16-18 % pacTBopuMOCTb
CHWDKAeTCsI, TOCKOIBKY BCTYMAeT B CHTY 3QdeKT BricanuBaHusi, 00yC/IOBIeHHBIN KOHKypeHLHeld noHoB Na* u Cl-
3a COJIbBAaTHYIO 000JIOUKY M CHU)KEHHUEM aKTUBHOCTH BOJBI.

Cpennee cogepxxanue B ocagke MgO (34,3 %) u H,Oxkp (37,7 %) yka3biBaeT Ha TO, UTO TBep/as ¢asa
Tripe/icTaB/eHa CMecChkio KpucTaiaoruapatoB MgCO; 3H.0 (29 % MgO, 39,1 % H,Okp) u Mg,(OH).CO; 3H.O
(40,8 % MgO, 36,7 % H,Oxp) B cooTHo11eHnu 1:1.

[TockosnbKy B 3a06anaHCOBBIX pacTBOpax KOHLIEHTPALMs XJIOPUCTOTO Kalusl MOKeT iocTurathb 15 %, Obina
uccenoeana cucrema K', Na*, Mg*/CI-H,0 , copeprkaias 15 % KCI. IIpu 3ToM, Kak U TIpeJplayIieM ciydae,
paccMaTpuBaIoCh BIMSHUE M3MeHeHWsl KOHLIeHTpaluM XJIopuZa Hatpus B mpefenax oT 10 go 18 %, Tak u
TemriepaTypsl B Auana3one 105-115 °C. TlonyueHHbIe 3KCIIepUMEHTA/IbHBIE [JaHHBbIE TPHUBEZEHbI B Tabiuie 3.
OCHOBHOe BHHMMaHHe y/e/leHO W3MeHEeHHMI0 PacTBOPMMOCTH KapOOHaTa MarHdsi B 3TOM CHCTeMe, KOTOpOe
TIpHUBe/IeHO Ha PUCYHKe 2.

[TpoBozwmicst aHa/MU3 >KUAKOW M TBepZoi ¢asel ((umbTpaTa M ocagka) Ha COZep)KaHHe MarHWs
KOMIL/IEKCOHOMeTPUUYEeCKUM MeToZioM. I1omydyeHHble 3HaUeHUs UCII0/1b30Ba/IMCh JJ1s pacueTa cofepkanus MgO B
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TBepZON 1 Xuakoi (asax. IIpom3BOAMIOCHE OMpeje/ieHre TMrPOCKOTIMYeCKOW M KPUCTANIMYeCKOW B/ard B
ocazikax. Takxke oLjeHHBaNIUCh (QUIBTPYIOLME CBOWCTBA OCa/jKa 10 IlapaMeTpaM, ONMCaHHBIX BhIIIe.

IMpu yBenuuennu cogepkanusi NaCl ot 10 % g0 13 % pacTBopuMOCTh KapOOHaTa MarHusi BO3pacTaer,
Jocturasi cBoero Makcumyma. [Ipu pganbHeiiiiem yBenuueHud KoHueHTpard NaCl (ot 13% mo 18%)
pacTBOPUMOCTb pe3Ko cHikKaercss. C TOBBIIEHWEM TeMIlepaTypbl pacTBOPUMOCTh KapbOoHaTa MarHus
PaBHOMEPHO YBe/INYHBAeTCs].

NaCl, %

M3sorepmsl 105 °C, 110 °C, 115 °C pacriosnoeHbl CHU3Yy B Bepx
Puc. 3. PacTBoprMOCTb KapGoHaTa Maruus ot cogepkanus NaCl B cucreme K, Na*, Mg®/CI-H,0, coaepxariei
15 % KCI, 1,5 % MgCl,, npu Hopme cozibl 105 % OT cTexMoMeTpUM Ha MarHUM

Tabmma 3 — BivsiHYe KOHL|eHTpaLy X/I0pU/ia HaTpUsl U TeMIlepaTyphl Ha CoZiep>KaHre OKCH/ia MarHus B (asax,
(unbTpYIOIIMe TIOKa3aTe/lr ocajika B cucTeMe, cogepxkaiteii 15 % KCI, 1,5 % MgClI,, npu Hopme cofpl 105 % oT
CTeXHOMETPUH Ha MarHUi

Komuectso Temneparypa, Copepxanne MgO CocraB 1 (pubTpyOLIHe CBOMCTBA 0CcaKa
XJIOpUZa °C B B H,Or, | H,Okp, CpeM CreM
Harpus, % JKUJKOMU TBepAoH % % TBepAOH | >KUAKOU

daze, /1 | daze, % a3, OEEISE

Kr/(M*-4) | Kr/(m?-u)

10 105 1,06 34,4 23,4 37,3 0,22 19,7
10 110 1,14 34,2 25,4 37,2 0,25 21,2
10 115 1,18 34,1 32,5 37,8 0,26 24,5
13 105 1,22 34,5 31,2 37,4 0,25 24,4
13 110 1,24 34,0 19,0 37,2 0,28 26,4
13 115 1,28 34,2 25,0 37,8 0,38 32,1
16 105 0,98 34,1 21,5 37,4 0,14 19,4
16 110 1,02 34,5 36,1 37,6 0,18 21,1
16 115 1,04 34,3 18,3 37,5 0,28 21,5
18 105 0,96 34,1 22,1 37,1 0,19 18,1
18 110 0,98 34,5 34,5 37,6 0,20 18,7
18 115 1,01 34,3 37,1 37,1 0,26 22,9

[Ij1s MozieTMpoBaHus cocTaBa 3abaaHCOBBIX PAaCCOIOB UCIO/IH30BATH PACTBOP, comepykaruii 12 % KCI,
1,5 % MgClL u 0,7 % CaCl,, B KOTOpbIii BBOAWIM cOOTBeTCTBeHHO 10 %, 13 %, 16 % u 18 % xnopuzaa HaTpusl.
BpeMsi B3aMMOZEeNCTBUS KOMMOHEHTOB paccona (conei MarHus v Kasblus) ¢ KapboHAaTOM HaTpusi, KOTOPbI
6panu B konnyectse 105 % OT CTEXMOMETPUM Ha OCAXKIEHUE CONEN XKECTKOCTU, B aBTOK/1IaBE COCTABAANO0 2 Yaca.
JKcnepuMeHTbl NpoBoAMAn Npu Temnepatypax 105 °C, 110 °C n 115 °C. AHaM3MPOBaIN XUAKYIO U TBEPAYIO
(asel Ha CyMMapHOe COfiep)KaHHe KajblLdsi U MarHusi KOMIUIEKCOHOMeTpHuecknM MeTofoM. CBefieHHs IO
pacTBOPUMOCTH KapbOOHAaTOB CoJsiell >KeCTKOCTH TpuBeZieHbl Ha pucyHKe 4. IIpoBogumu ompezeneHve
TUIPOCKOIIMYeCKO Tpu Temreparype 75 °C M KpucTa/indeckod Biaru npu Temmeparype 300 °C B ocagxax.
Tak>ke OL|eHUBa/MCh (PUIBTPYIOLIMEe CBOWCTBA ocazka Ha ¢unbTpe [loTTa (Mopuctocteio 50) rpy pa3pexkennu 50
kIla. TTosmyyeHHble fJaHHBIE MO0 CyMMapHOM PacTBOPUMOCTM KapOOHATOB KajbLMSl M MarHusl TIpUBeIeHbl Ha
pucyHke 4. Bce octanbHble laHHbIE TI0 CO/IEPXKAHUI0 KPUCTA/UIM3aLMOHHON U TUTPOCKOTTMUECKOU BOIbI, 0011IeMy
kKonmryectBy CaO 1 MgO B ocajike, 110 TIPOU3BOJUTETHFHOCTY PUIHTPOBAHUS TBEPOM U )KUAKOH (a3 MpuBeieHbI B
Tabsurie 4.

IMoBeiieHre Temriepatypbl Ha 10°C yBe/MurBaeT paCTBOPUMOCTb KapOOHATOB B cpejHeM Ha 3—7%, uTo
XapaKTepHO /151 S3H0TepPMHUYECKOro nporecca pactBopenys. [1py yBenrueHNH KOHLIEHTpALMU XJIOpK/ia HaTpUs
ot 10 % 10 13 % Habmozaetcst cnabbiii coneBoit 3¢ dekT (Bcammsanue). Ipu 16 % NaCl nposieasieTcs 3¢ ekt
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"BbICa/IMBaHus", Hab/IIOfaeTCss MUHUMAaTbHAsE pacTBOPUMOCTh. T1pu 18% NaCl Bo3MOXHO HW3MeHeHHe WOHHOMH
CU/bl WIM aKTUBHOCTU BOJbl, IIPUBOJIlee K HOBOMY POCTY pacTBopuMocTH. CocTaB ocafika CTabuiieH, uTo
yKaspiBaeT Ha (OopMHMpOBaHMe KapOOHaTOB OJIM3KOM K CTeXHOMETPHU HEe3aBHCHMO OT YCJIOBMH. DubTparys
yXYZIIaeTcss C POCTOM TeMIlepaTypbl MPY HU3KOM HOHHOM cuje, HO CTaOW/IM3MPYeTCs NpU KOHL|eHTpaL[HU
xyopyzia Hatpus Bbille 13%. KoHuenTtpauus 13-16 % NaCl cooTBeTcTByeT ONTHMAalbHOMY 0OanaHCy MeXAy
TIOJTHOTOW OCa’KAEHHSI M CKOPOCTHIO (DH/TbTPALIVH).

1.35
1.3

< 1.25

=

Q= 1.2

28
1.15

23

53 1.1

) 4

= g 1.05

g X

(]

X o 1

85 0 11 12 13 14 15 16 17 18 19

o B

8 >

KoHueHTpaums NaCl, %

N3otepmsl 105 °C, 110 °C u 115 oC pacrnonoskeHsl CHU3Y B BepX
Puc 4. 3aBUCUMOCTb PaCTBOPUMOCTH KapOoHaTa MarHusi U KajbLysl OT TeMIepaTypbl U copepxxaHusi NaCl B
cucreme K*, Na*, Mg*/ClI-H,0, cogepxateii 12 % KCI, 1,5 % MgCl,, 0,7 % CaCl, ipu Hopme cogpl 105 % ot
CTeXUOMETPHH Ha COJIM MarHusi U KaJibLUsl

Tabsuiia 4. BiusiHve KOHIIEHTPALWU XJI0pH/ia HATPUsL U TEMIIepaTyphbl HA paCTBOPUMOCTh KapOOHATOB MarHusl U
KajbliYsl, COCTaB U GUIBTPYIOLLMe [T0Ka3aTesl 0CaJKOB B CCTeMe, cofiepskaiteit 12 % KCI, 1,5 % MgCl,, 0,7 %
CaCl, mpu HopMe cofiel 105 % OT cTeXroMeTpPUU Ha COJTM MarHusl M KaslbLyst

KosuuectBo | TemrmepaTypa, Cojiep>kaHue CoctaB 1 (pUIbTPYHOIIKE CBOMCTBA 0Ca/IKa
xjopuza °C MgO u CaO
Hatpusi, % B B H.O H,O | Cbem TBepzoli | Cbem >KUIKOM
SKUAKOH TBEpJOW. | rurp., | Kp., a3k, (a3sbl,
dase, r/n |  dasze, % % % Kr/(M*-4) Kr/(M*-4)
10 105 1,12 36,7 60,7 39,3 0,30 19,09
10 110 1,14 36,9 61,9 39,7 0,24 15,75
10 115 1,18 36,7 59,5 39,6 0,22 14,34
13 105 1,16 36,6 58,5 39,4 0,19 13,21
13 110 1,20 36,9 59,8 39,6 0,22 13,10
13 115 1,24 37,0 58,7 39,1 0,22 12,99
16 105 1,02 36,5 55,5 39,5 0,21 12,91
16 110 1,04 36,2 59,4 39,9 0,22 15,65
16 115 1.06 37,1 47,1 39,1 0,22 12,06
18 105 1,26 37,2 62,2 39,1 0,20 12,99
18 110 1,28 37,3 56,0 39,5 0,25 17,46
18 115 1,30 36,4 60,9 39,1 0,19 10,98
BbiBoaBI

- ripu cogepkannu 10 % KCI B cucreme K*, Na*, Mg*/CI" -H,O konujentparnus MgO B xuzkoit dase
BapbupyeT B nipefienax 1,05—1,65 1/, npu ¢pukcupoBanHoi kKoHlleHTpaLuu NaCl pactBoprmMocTs MgO ymMepeHHO
BO3pacTaerT C MOBbIIIIeHHeM TeMITePaTypPbl, MaKCUMalbHast PACTBOPUMOCTD Habmoaetcs ipu 13 % NaCl u 115 °C
(1,65 /1), copepxxanue MgO B ocafke ctabunbHO U coctaBsieT 34,0-34,8 % Bo BceM Aipamna3oHe yCAOBHM, UTO
CBUZIETE/TbCTBYET O TIOCTOSTHCTBE XMMHUECKOTO COCTaBa TBepAoi (as3bl, chbeM TBepzoW (as3bl BO3pacTaeT C
TeMITepaTypoi, NMpUYeM MaKCHMaJsibHOe 3HaueHue AocturHyTto rmpu 16 % NaCl u 115 °C u cocrasnser 0,50
Kr/(M?-u);

- ripu cogiepxkanuu 15 % KCI B cucteme K*, Na*, Mg?/CI" -H,O B xukoi dase koHieHTparus MgO
Bapbupyet B mnipegenax 0,96-1,28 r/n, HabmopaeTcss 3KCTpeMasibHasi 3aBUCUMOCTB, TPU 3TOM MHHHUMAJIbHbIE
KOHIIeHTpaLuu JocTuratoTcs B mipefienax 16-18 % NaCl, B TBépaoit ¢asze copepkanne MgO ocraércs
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MIpaKTUYeCKU Hel3MeHHbIM BO BCEM Juaria3oHe M3yueHHbIX TlapameTpoB: 34,0-34,5 %, uTo CBU/ETE/NbCTBYET O
CTabUIBHOCTH cocTaBa 0Opa3sylollerocss 0cajka, MaKCHMasibHble TII0Ka3aTesu T0 (PUIbTPOBAHUID OCa/Ka
pJocruratorest ipu 13 % NaCl u 115 °C (0,38 kr/(m2-u), uro Ha 70-75 % BbIllle MUHUMAa/bHBIX 3HaUueHUl;
Kpuctayuin3anyonHas Bnara (H,Okp) crabuibHa B mpefenax 37,1-37,8 %, uTo MoATBEp>KAAeT MOCTOSHCTBO
(hazoBOro COCTaBa 0CajIKa;

- ipu cogepxkanun 12 % KCI, 0,7 % CaCl, B cucteme K*, Na*, Mg**, Ca>"/CI" -H,O Copepsanre MgO u
CaO B xuakoi (a3e He3HAUMTeTLHO BO3pacTaeT C IIOBBIIEHHEM TeMIlepaTypbl NpH (DUKCHMPOBAaHHOU
KonreHtparuu NaCl, mpu 3ToM MUHHMMaJbHasi PaCTBOPUMOCTL Habmogaetcs ipu 16 % NaCl (1,02-1,06 1/n), a
MakcuMastbHas - ipu 18 % NaCl (1,26-1,30 r/n); cymmapHoe cofiepkanve MgO u CaO) B ocajike CTabOWIBLHO U
cocraBrnsieT 36,2—37,3 %, pakTU4YeCKU He 3aBUCS OT BapbUPyeMbIX [lapaMeTPOB, CheM TBepoi ¢a3bl HaXOJUTCA
B puamnasoHe 0,19-0,30 xr/(M?-4), YTO yKa3blBaeT Ha HU3KYIO0 CKOPOCTb (DM/IbTPOBaHUsS, XapaKTePHYIO [JIs
BBICOKO/IUCTIEPCHBIX OCA/IKOB, C YUeTOM KOMIIPOMHCCA MeXXAy TOJHOTOM OCaKAEeHHS U TeXHOJIOTMYHOCTHIO
¢uibTpoBaHMs, HauboJIee paroHATBLHBIMU MpeCcTaBstoTCs ycaoust: 10—13 % NaCl, remneparypa 105-110 °C.
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YK 343.3
BopoguHos A.A., BnuHoBa 10.B., icakoB B.P., KoHgpawosa A.C., PoguHa IN.WN.

CapartoBckas rocygapcTBeHHas ropnanyeckas akagemms
410033, . CapatoB, MonogéxHbiin npoesg, 34. 4A.

ObecnieueHre KHOEPYyCTOHUYMBOCTH KPUTHYECKOW MH(OPMAIMOHHON WH(PPACTPYKTYpPbI OT
BO3/efiCTBUSA NMOCPECTBOM HCKa)KeHHUsI (PaKTHUeCKUX JaHHBIX

IIpobnema yuacmuswiuxcsi UHGPOPMAYUOHHbIX amMAkK Ha 00veKmbl, cocmagasoujue OCHOBY 20Cy0apCmeeHHOU
bezonacHocmu, 3KOHOMUYECKOU, COYuanbHoll U UHbIX Cep obujecmeeHHolU Jcu3Hu, e1edem 3a coboil
HeobxoO0uMoCcmb ee u3yueHusi C Yeablo 8blsieneHus Haubonee 3¢pgpekmusHbix cpedcme mexHuueckoll u npaeoeoli
3awjumsl 0603HaUeHHOU UHGpacmpyKmypbl.

KnroueBble cnoBa: Kputhyeckas WH(pACTpyKTypa, nudpoBas cpefa, WH(opMaLyoHHas 0e30mMacHOCTb,
rOCyZapCTBEHHbBIN CyBePEHUTET, yrpo3a HalMOHA/IBHOM 6e30MmacHOCTH.

Borodinov A.A., Blinova Yu.B., Isakov V.R., Kondrashova A.S., Rodina P.l.

Saratov State Law Academy
410033, Saratov, Molodezhny Proyezd, 4A.

Ensuring the cyber resilience of critical information infrastructure against attacks that distort
actual data

The problem of increased information attacks on objects that form the basis of state security, economic, social, and
other spheres of public life necessitates its study in order to identify the most effective means of technical and legal
protection of the designated infrastructure.

Keywords: critical infrastructure, digital environment, information security, state sovereignty, and national security
threats.

Puck xubepaTak Ha pOCCHUIHCKHE CTpaTernyeckhe OTpAacid C KaKIbIM TOAOM pacTér. TeHAeHIWs
o0yc/iOoBNieHa  TeONONMUTUYEeCKOW  00CTaHOBKOW, IMQpOBU3aLMel W TEXHOJOTUUECKUM  CYBEPEHUTETOM.
370yMBIIIVIEHHUKN aKTUBHO MCIIONb3YIOT BPEJOHOCHBIE TPOTrpaMMbl M COLIMA/JBHYI0 HWH)XEeHEepUIO0 Kak IVIaBHBIN
WHCTPYMEHT JOCTWDKEHUsI CBOUX Liesield. PyKoBoguTe/ b yIpaBlIeHUs] UCCIejoBaHUsS Kubepyrpo3 B «Jlabopatopuu
Kacriepckoro» Anekcadgp JIMCKWH OTMeuas, YTO MIMEHHO YSI3BMMOCTH OCTAlOTCSI CaMbIM TIOMYJISIPHBIM CIToco6omM
TIPOHUKHOBEHUS 3JIOYMBILIUVIEHHUKOB B KOPIIOpDAaTHBHBIE CeTH, 3a HUMH CJleflyeT KCII0/b30BaHUE YKPaJeHHBIX
YUeTHBIX JJaHHbIX, U3 Uero cjieAlyeT poCT UMc/Ia Y Mporpamm sl Kpaku rapoJieil, U mporpaMM-1InuoHoB. Eciu ux
JieHCTBUsI BOBpeMsi He OOHApY>KUTb, OHU MOTYT I1apaju30BaTh paboTy KPUTHUECKUX CJIy>KO, IPUBECTH K yTeuke
KOHOW/IEHI[Ma/bHBIX [IaHHBIX M YrPOXKaTh HAL[MOHAIbHOM GesomacHocTu'. B Xome ruieHapHoi ceccun PU®D-2025
«DKoHOMUKa fioBepust: Dopmyra Oyayiiero st oteuectBeHHOW UT-otpaciu. OT TpaH3akuui K oTHoueHusiM» C.B.
KupreHKko OTMeTHI, UTO KOJIMUeCTBO aTakK Ha KPUTHUECKY MH(PacTPyKTypy 3a Moc/eJHre rofbl YBeJIUUWIOCh B
JecsaTKu pa3. ExxeromHeli pocT Kubeparak cocraBnisieT npumepHO 25-30%. Takke CKasaHO, UTO B TEPBOM
nosyroauu 2025 ro/ia 3aUKCUPOBAHO 63 THICSUM aTak Ha KPUTHUECKYH0 MH(PACTPYKTYpy Hallei CTpaHbI®,

Beuy pasBuTHst yKa3aHHOH npobieMbl He06X0AUMO OCYILECTB/IEHHe MTPOTUBOAEHCTBUS eld, B TOM UHCIIE C
npaBoBoii Touku 3peHusi. B VYkasze I[lpesuzeHta PP ot 02.07.2021 Ne 400 «O CrpaTeruu Hal[MOHAJbHOU
GesonacHocty Poccuiickoli @efiepaliii» 3aKkpeIuvisieTcs, YTO B IOC/TefHee BpeMsl yBeJIMUMBAeTCs KOIUYeCTBO
KOMITLFOTEPHBIX aTak Ha POCCUHCKKE MH(MOPMAIMOHHbIE Pecypchl.® Bosbiiias yacTb TaKMX aTak OCYIIECTBISIETCS C
TEpPUTOPUII HMHOCTPaHHBIX TocyfapcTB. MHuiuatveel Poccuiickoit ®epepaipi B obsactu  obecriedeHust
MeXyHapoJHOM WH(OpPMaI[MOHHONW 6e30MacHOCTH BCTPEUAIOT TPOTHUBOAEHCTBHE CO CTOPOHBI WHOCTPAHHBIX
rOCyZapCTB, CTPEMSIMXCS JOMWHUPOBaTh B I700a/bHOM MH(OPMAaMOHHOM TPOCTPAaHCTBe. B pmessx

! Cm.: B «Jla6oparopuu Kacriepckoro» pacckasanu o kubeparakax Ha Windows B 2025 rogy [D1eKTpoHHBIA

pecypc] // Undopmaronnslil nopran «PUA Hoeoctu». URL: https://ria.ru/20251202/kasperskij-2059256319.html
(mara obparuenus: 13.04.2026).

2 KupreHKo pacckasaj o KubepaTakax Ha pOCCHHCKYI0 KPUTHUECKYIO MHMPACTPYKTYPY [DneKTpoHHbIH pecypc] /
Nudopmanonnslii nopran «PYA Hosoctu». URL: https://ria.ru/20250924/kiberataki-2044055283. htrilata
obpartenust: 13.04.2026).

® Cm.: Yka3 Ilpesugenta PO or 02.07.2021 Ne 400 «O Crpareruu HalMOHAILHOM GesomacHocTu Poccuiickoit

Monmanarmanw M movTnauuoii narvne] /1 TMudhnnararmrnooo s TAanTan TThnonunmouTa DParruna TTRT -
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Jectabuim3alvi  OOIIeCTBEHHO-TIOJIMTUYECKOW cuTyauun B Poccubickolt  ®efepauuy  pacripoCTpaHsSeTCs
HeJ0CTOBepHass WHGOpMalys, B TOM UHC/Ie 3aBelOMO JIOXKHbIe COOOIIeHuss 00 yrpo3e COBepLIeHHS
TEpPOPUCTUUECKUX aKTOB. B  MHGOpPMalMOHHO-TeJIeKOMMYHUKAIIMOHHOW ceTH «VIHTepHeT» pa3sMellaroTcs
Marepyaabl TEpPOPUCTUUECKUX M SKCTPEMMCTCKUX OpraHu3alyii, IIpU3bIBBI K MaccoBbIM Oecropsifikam,
OCYIIIeCTBIEHUIO SKCTPEMUCTCKOM AeSITe/IbHOCTH, YUaCTHIO B MACCOBBIX (TTyO/IMYHBIX) MEPOIIPUSATHSIX, TPOBOAUMBIX
C HapylleHWeM YCTaHOB/IEHHOTO IIOPSAKa, COBEpIIEHWI0 CaMOyOHMICTBA, OCYLIEeCTB/SeTCsS IporaraHza
KPUMHHA/IBHOrO 00pasa KWM3HH, NOTpeO/ieHHs HapKOTHUEeCKHUX CPeJCTB U TICUXOTPOITHBIX BEIL|eCTB, pa3MeLaeTcs
WHasi TIPOTHBOMpaBHasi wWHQopManusi. OCHOBHBIM OOBEKTOM TaKOrO [JeCTPYKTUBHOTO BO3ZEHCTBUS SIBSETCS
Moiofexb. B cBoto ouepesb [ToKTprHa HH(OpPMALMOHHOM Ge3onacHocTH Poccutickoit defepariviv, yTBep)KAeHHas
Ykazom Ilpesuzgenra PO or 05.12.2016 Ne646, moguepkHBaeT, UTo COCTOsIHHE WH(OPMAI[MOHHON 6e30MacHOCTH B
0071aCTH TOCYZjlapCTBeHHOM U o0LjecTBeHHONW 06e30MacHOCTH XapakTepu3yeTcs MOCTOSHHBIM —IIOBBILIEHHEM
C/IOKHOCTH, YBeJMYeHHeM MacIuTaboB M POCTOM CKOOPAMHHPOBAHHOCTM KOMIIBIOTEDHBIX arak Ha OOBEKTHI
KpUTHUeCcKol nHdopMalioHHoM uHGpacTpyKTyphl (fanee — KMI), ycuneHreM pa3Be[bIBaTe/IbHON JesTeNlbHOCTH
MHOCTPaHHBIX TOCYJApCTB B OTHOLIeHWM Poccuiickod ®ezepanyy, a Takke HapacTaHHeM Yrpo3 IpUMeHeHUs
MH(OPMALIMOHHBIX TEXHOJIOTUH B Le/siX HaHeCeHWs yiiepba CyBepeHUTEeTy, TeppUTOPUAIbHOW LIeJI0CTHOCTH,
TMOJIMTUYECKOM ¥ COLMabHOM cTabunbHoCTH Poccuiickoii degeparn®,

B cootBerctBuM co cT. 2 ®egepanbHoro 3akoHa Ne 187-®3 «O 6e30macHOCTH KpUTHYECKOU
nH(pOpMaLMOHHOW MHPpacTpyKTypsl Poccuiickoit @enepanum» ot 26.07.2017 (B pen. Ot 10.07.2023 Ne 312-D3)
KpUTHUecKass MHGOpMalMOHHAs HH(PACTPyKTypa Ompefersercss Kak COBOKYIHOCTb o00bekToB KUU
(MH(pOPMALIMOHHBIX CUCTEM, WH(POPMAalLMIOHHO-Te/IeKOMMYHUKAIL[MOHHBIX CeTell M aBTOMaTHM3UPOBaHHBIX CHCTEM
yTIpaB/IeHUst) U CeTel 3/1eKTPOCBSI3H, HUCI0/Ib3YeMbIX [/Is1 UX B3aUMOJENCTBUS, a TakKe 3aKpervIsiIoTCs K/IoueBble
TIOHSTHS, BK/TIOUAsi KOMITbIOTEPHBIM MHLIWAEHT U COCTOsTHUE 3aiuiiéHHocTd KU

[MpuHnune! obecriedeHus: Ge3onacHoctd KU 3akperiieHsl B €T. 4 0603Ha4eHHOrO HOPMATUBHOIO aKTa U
BK/IIOYAIOT 3aKOHHOCTb, HEMpPEPbIBHOCTb M KOMIUIEKCHOCTh 3alljUThl, a TakXe IPUOPUTET IpefOoTBpallleHust
KOMITbIOTEpHBIX arak. [10JHOMOuUMsl OpraHoB roCyZlapCTBEHHOM BIaCTH OIpefesieHbl B CT. 5-6, Iie, B YaCTHOCTH,
3aKpervisieTcss (QYHKLMOHUPOBAaHUE TOCYJAPCTBEHHOM CHUCTEMbI OOHApYXKeHWs, TpenynpeXxIeHus ¥ JIUKBUAALMH
nocneAcTsuid KommnbtoTepHbIx arak (I'ocCOIIKA) u pacrpefenieHue KOMIeTeHLIMI MeXJy YIOTHOMOYeHHBIMU
opraHamu. Crarbst 7 ycTaHaB/IMBaeT 00s13aHHOCTb CyObekToB KV 1o KareropMpoBaHUIO0 0OLEKTOB C [IPHCBOEHUEM
KaTeropuyd 3HaUMMOCTH, a CT. 8 3aKperviseT BeJjeHHe YIOJTHOMOYEeHHBIM OPraHOM peecTpa 3HauMMbIX OOBEKTOB
KUU. B ct. 9 onpenensitorcsi mpaBa U obs3aHHOCTH CyObektoB KWW, BKItOuasi ydyacTvie B OOHapy)XeHUM U
JIMKBUJALMHM TIOCTEACTBUI KOMITBIOTEDHBIX aTak M MOPSLOK MH(OPMUPOBAHHS YIIOJHOMOYEHHBIX OpraHOB O
KOMITBIOTEPHBIX HMHLMZeHTaX. [lomojHutensHO B cT. 10-11 ycraHaeiuBaioTcs TpeOOBaHMS K CO37aHUIO U
(YHKIIMOHMDOBaHUIO CHCTeM Oe3ormacHOCTH 3HaunMbIX oObektoB KWW, BK/IrOuass TipefoTBpallieHHe
HEMpaBOMEPHOTO  [O0CTyna, Moaudukaiuy, O6710KupoBaHusi WH(opMaLmu W obecreueHWe yCTOWYHMBOCTH
(bYHKIMOHUPOBaHUs TakMX 00beKTOB®. Hapyienve TpeGoBaHWil 3aKOHOIATeNbCTBA O GesonacHoct KUU Brieuét
yCTaHOBJIEHHYIO 3aKOHOM IOpPHUNYeCKYI0 OTBETCTBEHHOCTb, BK/I0Uasl YTOJIOBHYIO OTBETCTBEHHOCTS 10 CT. 274.1 YK
POt

B cBow ouepepp, cratest 274.1 YK P® ycraHaB/ivBaeT yroloBHYIO OTBETCTBEHHOCTb 3a HElPaBOMEPHOE
BO37leMiCTBe Ha KpUTUYeCcKyl0 WH(popMarvoHHylo uHppacTpykrypy Poccuiickoit ®egeparum. Yacte 1
NpeJlycMaTpyvBaeT OTBeTCTBEHHOCTh 3a CO3JaHHe, paclpoCTpaHeHre WM HUCIO/Ib30BaHUe BPeJOHOCHBIX IPOrpaMM
/b0 WHOW KOMIMBIOTEPHON HWH(OpMaLuH, IpeAHa3HayeHHOH /Jisi HerpaBoMepHoro Bo3geictBusi Ha KUY, c
CaHKLVeH B BUZe JULIeHns1 cBOOoAbI OT 2 0 5 seT. YacTh 2 yCcTaHAB/IMBAeT OTBETCTBEHHOCTH 3a HEIIPaBOMEPHBIN
JOCTYII K 0XpaHseMol KoMibioTepHOH nHopMarmy KU, noBnekimii npruuMHeHye Bpefa, C HakasaHueM Jio 6 jieT
yuieHyst cBoboapl. YacTe 3 oxBaThiBaeT HapyllleHHe TpaBWJ JKCIUIyaTallid WM jocTyna K obbekram KU,
TIOBJIEKIIIee Bpel, C Haka3aHHeM f0 6 jieT juiieHrs: cBobogpl. Kamiuuumpytonjyie Ipu3Haky, pefyCMOTPEHHEIE U.
4, BKJIFOUAIOT COBepILieHHe JiesiHUsI TPYIIIOH JIUL, OpPraHW30BaHHOM T'PYINOii MO0 C UCII0/Ib30BaHUEM CITY>KeOHOro
rooXkeHus1 (oo 8 seT smineHusi cBobGoAbl), a Y. 5 TIpeAycMaTphBaeT OTBETCTBEHHOCTH 3a JlesiHUs, TOBJIEKIIe
TSDKKHE TTOC/IeICTBUS, C HaKaszaHueM J0 10 sieT JiuiieHns CBOOOpI.

IIpuroBop JleHWHCKOro palioHHOro cyza r. BiagueocToka mo feny Ne 1-366/2020 sBasieTcsl MpakTHKON
npuMeHeHus 4. 2 cT. 274.1 YK P® K HempaBOMepHOMY AOCTYITy K WH(OpMaIyu, cojepsKaljeiics B 00neKTe
KpUTHUecKol HH(popMalmoHHOH uHGpacTpykTypel. Cyg TpuIlles K BbIBOJAY, UTO [eHCTBHUs IOACYJUMOro Oblnu
HarpaB/ieHbl Ha He3aKOHHOe MOo/y4yeHHe AOCTyIa K YUeTHBIM JaHHbIM aboHeHTOB ITAO «Meradon», a 3aTeM Ha

4 Cm.: Yka3 Ilpesugenta Poccuiickoii ®egepamun ot 05.12.2016 . No 646 «OG6 yTBepkaeHur JIOKTPHUHLI
uHpopMalLMoHHOM 6e3omacHocTr Poccutickoli @epeparun» [DneKTpoHHBIN pecypc] // «OduiiuaabHbI UHTEPHET-
niopta’t rpaBoBoit uHbopmanum» URL: http://www.kremlin.ru/acts/bank/4146Qnara obparenus: 13.04.2026).

> ®epepanbHblii 3akoH Ne 187-®3 «O 6e30MacHOCTM KPUTHYECKOH WH(MOPMALMOHHON HHPPACTPYKTYPhl
Poccuiickoit ®epeparuu» ot 26.07.2017 (B pea. Ot 10.07.2023 Ne 312-®3) // COOpHUK 3aKOHOJATE/TLCTBA
Poccuiickoit ®egepauyu. — 2017. — Ne 31(1). — Cr. 4736.

6 Vrannburtis vnnovr Daccuticuntis anonarma am 12 NR 1Q0A Na AR_h2 // CARAnuur savnunnarant rmpa Dancutiruwntd
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W3MEHEHHe HACTPOEK WX JIMYHBIX KaOWHETOB, UTO TMOB/EK/IO 3a cOOOM HapylleHWe W U3MeHeHHe KOMITBIOTEPHOMN
undopmaruy B KU,

[ns  1mpaBomepHOro 0OOCHOBaHMSI KBaMGHKALMM BaKHO yuuThiBaTh, uTo KWW Bxrovaer
MH(OpMaLIOHHbIe CCTEMBI, CETH I aBTOMaTU3UPOBaHHble CUCTeMBI YIIpaB/ieHus], (QYHKLMOHHUPYIOLMEe B K/IIOUeBbIX
ctepax MHGPACTPYKTYPBI, BK/IOUast CBsi3b. B mpuroBope cyz cocascs Ha noniokeHust Koncruryuuu PO, 3akoHa 06
nHpopmaruu 1 PezpepansHoro 3akoHa Ne 187-P3, mokasbiBasi, UTO JOCTYI K MH(OpMAIUK [OMYCTUM JIMIIb [IPU
COOMIOeHN yCTaHOB/IEHHBIX OrpaHWYeHWM, a HapylleHHe peXrMa 3alllUThl MOXKET [OB/ieYb YTOJIOBHYHO
OTBETCTBEHHOCTh. Takxke cuctemMa camooOcayxuBaHusi aboHeHToB [TAO «Meradon» Obuia Mpu3HaHa OOBLEKTOM
KWW TpeTheli kaTeropyuu 3Ha4MMOCTH, UTO ¥ CTasI0 MPaBOBOM OCHOBOM A1J1s1 MpUMeHeHwUs CT. 274.1 YK PO.

V3 mpuroBopa crnefyeT, UyTO MOACYSUMBIM JelCTBOBal He pasoBO, a IOC/AeJOBaTebHO W B TeueHue
JJINTeNILHOTO Tlepuofa. B mpoliecce He3aKOHHOW [edATeJbHOCTH OH [MO/yda] Mapoid OT COTPYAHWKOB WU
MOCPeJJHUKOB, BXOUI B «JINUHbIM KabnHeT» abOHEHTOB uepe3 MHTEPHET, II0C/Ie Yero akTUBUPOBAJI Miepeasipecaliiio
BXOZSIIIUX BbI30BOB Ha NpUHAaJ/IeXXall[iil eMy HOMep, a 3aTeM JeakTusupoBas ee. CrefoBaTesbHO, JaHHas CxeMa
TMO3BOJIsJIA NepexBaThlBaTh 3BOHKU U MOJIy4aTh AOCTYI K CBA3aHHBIM C HOMEPOM aKKayHTaM B COLMAJIbHBIX CeTSX,
TO eCTh MCITO/Ib30BaTh Uy)KHe YUeTHbIe JaHHbIe B COOCTBeHHBIX MHTepecax. Cy/ paclieHWs 3TO KakK HelpaBOMepPHbIH
JOCTYTI K OXpaHsIeMO} KOMITbIOTepHOM MH(popMaLiiy 1 ee MOAU(UKALIMIO.

Takum o6pasom, B gene Ne 1-366/2020 065eKTOM TIPECTYIIEHUS SIBISIOTCS 00ILeCTBEHHbIE OTHOILEHHUS B
ctepe 6e30mMacHOCTH KPUTHYECKON WH(OPMALMOHHOW MH(GPACTPYKTYPBI, IPEMETOM >Ke BBICTYIIaeT OXpaHsiemasi
KOMIIbIOTepHasi MHbopMaLysl, kKoTopasi Haxoaunack B cucteme ITAO «MeradoH» 1 Oblla 3alrjyilieHa CreljuanbHbIM
pexxuMmoM goctyna. O6beKTHBHAs CTOPOHA MPeCTYIVIEHNs BbIpakeHa B HeCaHKL{IOHHPOBAaHHOM BXO/le B CUCTEMY U
Noc/ieylolieM W3MeHeHUH HacTpoeK CepBHUCOB abOHEeHTa, YTO Cyh KBaauGULpoOBal KaK MOAU(UKALIUIO
WH(pOPMAaLIN.

Cyz, xBamuIpoBas Jjesio IMEHHO 1o 4.2 cT. 274.1 YronoBHoro kopekca P® B cBsisu ¢ TeM, UTO HOpMa
OT/IMYAETCS] OT «OOBIYHOTO» HEMPAaBOMEPHOTO /IOCTYIA K KOMITBIOTePHOW MH(OPMALMK CrielHalbHBIM 00BeKTOM
MocsraTesbCTBa, TO ecTh WH(OpMauus Ao/DKHA HaxoguTbesi B KMU. Kpome Toro, ass yactd 2 tpebyercs
HactymieHve Bpega KWW, Tak cyp UCXogui U3 TOTO, UTO U3MEHeHHe HacTpOeK IepeaZipecaljiy BbI30OBOB, a TaKKe
HoJiyyeHre BO3MOXKHOCTH IepexBaTa BXOJSIIUX COeJUHEHHH yKe 00pasyroT HeoOXOAWMBINA A/ KBanudukanuu
Bpef,.

B HayyHOIl U MpakTUYeCcKol JiuTepaType BOIIPOC O TOM, UTO cuuTarh BpegoM KUY, ocraeTcs CIIOpHBIM,
TIOCKO/IBKY KpHUTepuil cpopMyIMpOBaH OLIEHOUHO U JIOIyCKaeT pas3inuHble nozaxofbl. OfHaKoO B /JaHHOM Jiere Cy[,
3aHsu/1 MO3ULIMIO, YTO HapyIlleHre HOPMasbHOTO (PyHKI[MOHMPOBAHKS CEPBHCOB M HECAHKI[HOHMPOBAaHHOE U3MeHeHHe
HX MapamMeTpOB J0CTaTOYHO [JIsl YTOJIOBHO-NIPABOBOM OLIeHKU eCTBUM TOACYLUMOTO.

W3 aHanu3a cymeOHOM MpPaKTUKKA CTAaHOBUTCS SICHO, yuTO CT. 274.1 YK P® mnpuMeHseTCs He TOJbKO K
CJIO’KHBIM aTakaM Ha roCyZilapCTBeHHbIe UM 3HepreTUUeCKUe CUCTeMbI, HO U K JIeHICTBUSM, CBSI3aHHBIM C CepPBHCaMU
CBSI31, e/ OHU (popMasibHO Npu3HaHb! o6bekTamy KMN. [l npaBoripuMeHeHYsl 1 BepHOM KBa/lU(UKALMK BaXKHO,
YTO Cy7, He OrPaHHWYW/ICS KOHCTaTaljiell «HeNmpaBOMEpHOrO [JOCTyma», a CBsisaJl [JelCTBUSl MOACYAUMOIo C
KOHKpeTHbIM yiiepboM Zij1s 3aiiuieHHON MHGpacTpyKTyphl. [1of00HBI T0AX0 YyCHIMBaeT 3alliUTy OIepaTopoB
CBSI3U U TIOATBEPIKZAeT, UTO 3/10yroTpebieHre JOCTYIIOM K I10/1b30BaTeNbCKUM KaOWHeTaM MOYKeT UMeThb YTOJIOBHO-
TIpaBOBbIe MOC/IEACTBHS, C/IM 3aTPOHYyTa KpUTHUeckKasi HHppacTpykTypa. Ho B To >ke Bpemst [iesio IeMOHCTPUPYeT U
npobseMy, KOTOpasi 3aK/louaeTcs B TOM, UTO TPaHWLBl MeXAy aJMUHUCTPATUBHBEIM HapyIIEeHUEM,
3710ynoTpebieHreM IOCTYTIOM M YTOJIOBHO Haka3yeMbiM Bo3zelicTBueM Ha KU pocTaTouHO pasMBITHI, BCIeACTBHE
yero He BCer/ia OYeBUJHBI.

IMocraHoBnenue IlpaButensctBa Poccutickoii ®epepaiuu ot 08.02.2018 Ne 127 Takke peryavpyet
paccMarpuBaeMblii BOTIPOC, yTBepskzaeT IIpaBusa KaTeropupoBaHUsi OObEKTOB KpUTHUECKON HH(OpPMaLMOHHON
MH(PaCTPYKTYPhI U IepeueHb IOKasaTeseill KpUTepreB UX 3HAYMMOCTH, HA OCHOBAHUM KOTOPBIX OCYILleCTB/ISIETCS
otHeceHue 00bekToB KWW K ofHOM n3 Tpéx kKareropuii 3Haummoctd (I-1II) B 3aBUCHMOCTM OT BO3MOXXHBIX
TOC/Ie/ICTBUI KOMITbFOTEPHBIX MHLMAEHTOB (1. 1, 4, 7 [TpaBum). KareropupoBanue npoBoauTcs cyovekramu KU B
OTHOLIEHWM TIPUHAJJIeXKAIIUX WM OOBEKTOB C WCIO/IB30BAHHUEM CHUCTEMBI TIOKa3aTesiel, XapaKTepU3YIOIUX
TOTEHI[UA/IbHBINA COL[MA/IbHBIN, SKOHOMUUECKHI U WHOM yiepb (m. 2, 4). CpoK IpOBe[eHUs] KaTeropypoBaHUsS He
JO/DKeH TIpeBBILIATh OJHOTO Tofja CO [Hs YTBep)KJeHusi repeuHs oObekToB (1. 15), a mepecMOTp KaTeropuu
OCYILIeCTB/ISIETCSL He PeXXe OJHOro pasa B MATH JieT MO0 NpU U3MeHeHWH 3HauMMbIX XapakTepUCTHK obbekTta (II.
21)%.

[Mpukazom @ezepanbHON CyKObI MO TEXHUYECKOMY U 3KcrioptHomy koHTpoio (PCTOK) Poccuu ot
18.02.2013 Ne 21 ompefesieH COCTaB U CO/EP)KAHWE OPraHU3ALMOHHBIX W TEXHUYECKUX Mep Mo 0becreueHuro
6e30MacHOCTH MepCOHANBHBIX JAHHBIX MPH UX 00paboTKe B MH(OPMALIMOHHBIX CHCTeMax IMepCOHA/BHBIX JaHHBIX

7 Cwm.: Tpurosop Ne 1-366/2020 ot 6 oktstopst 2020 T. 10 gemny Ne 1-366/2020 [anekTponHsiii pecypc] // CyneOHble u
HopmaruBHble akTel P®. URL: https://sudact.ru/regular/doc/2UTJssITIZHX#ara obpamenus: 13.04.2026).

® Tlocranosnenue [paBuTesnbeTBa PO ot 08.02.2018 Ne 127 «O6 yTBepkAeHuu [IpaBui KaTeropupoBanusi 00bEKTOB
KPUTHUECKOW HH(pOpPMaoHHON WH(PAcTpyKTypbl Poccuiickoii Pefepauiii, a Takke TepeyHs ITOKa3aTesed
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(UCI1JH), ycranaBnvBasi TpeboBaHMs K 3amjuTe HHPOPMALMK OT HeCaHKIIMOHUPOBAHHOTO JJOCTYTA, YHUUTOKEHNS],
MoavGbUKaLuK, OMIOKMPOBaHUS M WHBIX HelpaBOMEpPHBIX BO3ZeHCTBUH. [laHHble TpeOOBaHUS TPUMEHSIFOTCS K
cucTeMaM 00pabOTKM MePCOHAIbHBIX JJAHHBIX W He PerylIupyrOT HalpsMyl0 OTHOLIeHus B cdepe Ge30macHOCTH
KpUTHUeCKOM MH(OPMaljMOHHON MH(PacTPyKTyphl, OJHAKO MOTYT HCII0/b30BaThCsl B COCTaBe KOMITIEKCHBIX Mep
3aIIUTE] HH(pOpMarn’.,

B panehetimiem ®CTIK Poccun takke 6bin uzgan Ilpukasz Ne 239, ycTaHaB/aMBaroliyi TpebOBaHUs 110
obecrieueHrio 6e30TIACHOCTU 3HAYMMBIX OOBEKTOB KPUTHUUECKOW WH(MOPMAIIMOHHON WHQPACTPYKTYphl, BKJIHOUAs
COBOKYITHOCTb OPraHW3alL[IOHHBIX U TEXHUUECKUX Mep, Peasn3yeMbIX C YUETOM KaTeropvy 3HauYMMOCTH 00BeKTa U
HarpaeJeHHbIX Ha TIPeJOTBpAlleH’e, BbISBJIEHWE U HeUTpanu3aLuui yrpo3 Oe3omacHocTH uHGopManyu. B uwmcre
TaKuX Mep TpeJyCMOTpeHbl WAeHTUGHUKALWS U ayTeHTU(HUKALUs, yTpaBieHHe AOCTYIIOM, ayJUT W MOHMTOPUHT
coObITHH 0e30MacHOCTH, aHTMBUPYCHAs 3alljUTa, [pefoTBpallieHHe BTOP)KEHHWH, ynpaBieHue KOHGUrypauued u
OOHOBJIEHUSIMU, pearupoBaHue Ha MHLW/EHTHI, o0ecrieueHre 11eJIOCTHOCTH U [JOCTYITHOCTH WH(OpPMALMH, a TaKKe
KOHTPOJIb (aHa/Iu3) 3alMIIEHHOCTH 3HaunMoro obnekra (1. 13, 22 Tpebopanmuii)'’.

B ny06nuuHbIX COOOIIEHMSX, CBsi3aHHBIX ¢ 3asBienueM [Ipe3usienTa PD 0 [OMOMHUTENBHBIX Mepax Mo
obecrieueHr0 MHPOPMALIMOHHOM Ge3omacHoCTy cTpadbl oT 2022 rozia, 0TMEYAnoCh, UTO B TOCCTPYKTYpaX [OJDKHBI
TOSIBUTBCS CIIEL[UA/IMCTRI, OTBEYAIOIMe 3a MpeAOTBpallieHre YTeUKH [JaHHBIX M MPOTUBOAEHCTBUEe KubepaTakaM, a
Takxe (akT TOro, 4To rocopraHaMm OyZeT 3ampelieH0 WCII0/b30BaTh CPEACTBA 3alUThl WH(OpPMAaIUU U3
HeJ]py’>KeCTBeHHBIX CTpaH. 1o CMBIC/y 3TO CBSI3aHO C YKpeIuleHHMeM KHOepyCTOHUMBOCTH KPUTHYECKH Ba)KHBIX
CHCTEM U CHKEHHEM PUCKOB UCKaXKeHWs], YTPAThI WA KOMITPOMETALIUH [aHHbIX .

Takxke IIpe3ugent P® Ilytun Bnagumup BiaguMupoBUY HeOAHOKpATHO TOAYepKuUBan mpobiemy
MH(OPMAaLMIOHHON arpeccu CO CTOPOHBI HeJpY)KeCTBEHHbIX JJIs1 Hallell cTpaHbl rocygapcts: «IIpotuB Poccuun
pasBsi3aHa HacCTosIjast arpeccysi, BOWHA B MH(POPMAaLMOHHOM IpocTpaHcTBe. Cephe3Hble aTakyl ObLIM HaHEeCeHBI 10
oduIanbHEIM caiTaM OpraHOB B/AaCTU. J3HAuYWTeNbHO dYalje (HUKCHPYIOTCS M TIONBITKA HE3aKOHHOTIO
NIPOHUKHOBEHUS] B KODIIOPaTWBHbIE CeTH BeAyLIUX POCCHUMCKUX KOMMAHWUK. ATaku HaAHOCSATCS M3 Ppa3HBIX
rOCyapCTB, U TMPU 3TOM OHU YETKO CKOODAWHMPOBAHbL. B GO/BILIMHCTBE CIydyaeB WCIOJB3YeTCs CIeAyroLias
TaKTMKa aTak: JOCTYIl K POCCUHCKUM HWHTepHeT-pecypcaM OyiokupyeTcsi, MHGOPMaLsi CTaHOBUTCSI HEIOCTYITHOM
WM nogMeHsieTcss Qelikamy, QanpiumBkamMu. Mbl ObUIM TOTOBBI K 3TOH aTake, W 3TO pe3y/ibTaT TOW CHUCTEMHOM
paboThl, KoTopasi Beslach BCe IOC/TefHUE rofpl. Hamim crernyanucTbl cepbe3HO 3aHMMaMCh BOIIPOCAMM 3allUThI
UH(OPMALMOHHOM UHPACTPYKTYPhl, 00ecrieueHHeM yCTOWUMBOM paboThl 1 6e30MacHOCTH CeTel U KaHaJIoB CBSI3H,
U, [TOBTOPIO, MHOTO€ Y/Ia/I0Ch C/Ie/IaTh, B TOM UKC/IE CO3/IaTh COOCTBEHHbBIE YHUKAILHBIE TEXHOIOTHN» 2.

B cBoeii HayuHoii paborte 3axapueHko P.J. u Koponep W.[l. paccMaTpuBarOT CjeAyloilyde CBOMCTBa,
TIPUCYIIMe TIPOLieccaM YIIPaBIeHHs] KpUTHYeCKU BaKHBIX MH()OPMALIMOHHBIX 0OBEKTOB B LIM(POBOM NPOCTPAHCTBE C
YUeTOM MPUMeHeHUsT KUOepOpYKUsi: afleKBaTHOCTb, ompejesseMasi Kak npeoOpa3oBaHre MHGOOPMALUU COCTOSHHUS
00beKTa B COCTOSIHME, COOTBETCTBYIOIIIee CJIOXKUBIIEHCS CUTYaLMH; YCTOMUMBOCTD — BBIITOJITHEHHE CUCTEMOM CBOMX
GyHKLMI B yCIOBUSIX PE3KO MeHslolleiics BBUY AeCTPYKTUBHOIO BO3Z€MCTBHUS; ONTMMA/IbHOCTh — CIIOCOOHOCTh
yIipaB/ieHuss [OCTWTaTh Lield TP HaVMeHbIleM MOTpe0/ieHMd HMEIOLUXCSl PecypcoB; HEIpepbIBHOCTb —
BO3MO)XHOCThL YIIPaB/ISIIOIIEr0 OpraHa IIOCTOSIHHO B/WSTh Ha OOBEKTHI YIIpaB/ieHUs]; CKPbITHOCTH — CBOMCTBO
mpoliecca yIpaB/eHHs] COXPaHSTh JlaHHble O MpeoOpa3oBaHMK MHGOPMALMK B TaiiHe OT NPOTHBOOOPCTBYIOIEH
CTOpOHSHI [1].

JelCTBUS 37I0yMBIIIJIEHHUKOB MOTYT BK/IFOUaTh KaK TeXHHYeCKHe MaHMIY/ISALHUUA C CACTeMaMH, TakK U
TICUX0JIOTUYEeCKHe TIpUEMBI BO3JeNCTBUS Ha mnonb3oBarened. A.K. Hazapsn um W.H. KapuaH cuuTaror, uTo
KubepaTaki MOXXHO K/IaCCH(ULIMPOBaTh MO PA3/IMUHbIM TPU3HAKAM, HO OAHMM W3 CaMbIX Ba)KHBIX SIBJIAETCS
pasziesieHue 10 LieJIIM ¥ MeToZiaM peanusauud. [o 1iensm Kubeparaky MOTYT IIpec/ie/joBaTh pas3/MuHble HAMepeHus,
BK/IIOYAs Kpaky [aHHbIX, HapylleHue [OCTYITHOCTH, MOAWGUKALMI0 [AaHHBIX, BBIMOraTe/lbCTBO, IIMUOHAK U
HapylleHHe KOH(UAeHLMaIbHOCTH. Metogel Kubeparak Takke pasHooOpasHel. OpHUM W3 Haubosee
pacrmpocTpaHeHHbIX METOJOB SIB/seTCS COLMasbHas HWH)KEHepHWs, TI7le MCIOb3yIOTCS  TICHXOTI0THYecKue
MaHUNY/SILWN [J1s TIOJIyYeHus! OCTyna K KoHuAeHIManbHo! mH(popmaimy. Hampumep, meTtozsl, mocpescTBoM
peanu3ali KOTOPBIX 3/I0yMBIILIZIEHHUKN MaCKUPYIOTCS I0[, l0BepeHHble NCTOYHUKY U MBITAIOTCS Y3HATh JINUHBIE

% TIpukas ®CTOK Poccuu ot 18 despansa 2013 roga Ne21 «O6 yTBepKJeHUM COCTaBa U COLEPKaHUA
OpraHU3aLOHHBIX ¥ TEXHUYECKUX Mep I0 0becreueHnI0 6e30macHOCTH MepCoHaIBHBIX JaHHBIX TIPH UX 060paboTKe
B MH(POPMAI[MOHHBIX CUCTEMaX MepCOHABbHBIX TaHHBIX» // Poccutickast razeta. — Ne 107.

19 [Tpukas @CTIK Poccuu ot 25 gekabpsa 2017 roga Ne239 «O6 yreepxaenun TpeGosanuii 1o obecrieueHuto
6€e30MacHOCTH 3HAUUMBIX 00BEKTOB KPUTUUECKON MH(MDOPMAIIMOHHOM HHMPACTPYKTyphl Poccutickoit ®epeparium» //
Odunmaneneiii cadt ®CTIK Poccuun. URL: https/fstec . ridokumenty vse dokumentyprikazy prikaz fstek rossi
ot -2Flekabrya2017g - n -A3@ra obpaujeHus: 13.04.2026).

' Cm.: IlneHapHOe 3acesiaHre MexxyHapoiHOTO KOHrpecca 1o kubep6e30macHOCTH [ Dn1eKTpOHHBIH pecypc] //
Nudopmaronnstii nopran [pesugenta Poccuu. URL: http://kremlin.ru/events/president/news/579%%ara
obpartenust: 13.04.2026).

2 Cwm.: Tlepebiii kKanan. Bragumup IlyTuH Ha 3acesanud CoBGesa TOBOPU/I O pasBsA3aHHON MpoTHB Poccun

vuchanara NNt DNTALIA [MAmovTnAuoo s narvnel /1 TToanbLria vauamn 2009 77 aaa TTRT -
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JaHHble (puimyHr). ATaky Yyepe3 IIe[IOYKY MOCTABOK BK/IIOYAIOT BMeELIATeTbCTBO B CHUCTEMY depe3 YSI3BUMOCTH B
croponHeM I1O WM NMoOCTaBKax, YTO MOXKET MPUBECTH K KOMITPOMETALMH BCel MHPPaCTPyKTyphl opranu3anmu. st
5QpeKTUBHOrO CHWKEHUsI PUCKOB KWOepaTak HeoOXOAWMO peann30BaTh KOMIUIEKCHBIA TIOJXO/l, COYeTaroILuid
TeXHUUYeCKHUe, OpraHu3alMoHHble U 0Opa3oBaresibHble Mepbl. CriefoBaTe/IbHO, B paMKax pa3pabOTKU CTpaTeruu u
TeXHOJIOTWU JIJIs1 TIpeJOTBpallieHus, 0OHapy>KeHUsi U MUHUMH3aluK TI0C/IeICTBUN KubepaTak OCHOBHOE BHUMaHUe
yOensieTcsl TeXHUYeCKUM, OPraHU3allMOHHBIM U 00pa3oBaTe/IbHbIM acreKkTaM 3aifuTbl. K TeXHUYeCKUM Mepam
3alIUThI OTHECeM (haepBOJIbl U CUCTEMbI 00HAPY>KeHHsT BTOP)KEHUH, aHTUBUPYCHOE U aHTUIIITUOHCKOe TIPOrpPaMMHOe
obecrnieuenre, muppoBaHWe [aHHBIX, ayTeHTH(MUKALMS U YIpaB/leHdHe [JOCTYIIOM, De3epBHOe KOIHPOBAHHE U
BOCCTaHoB/eHWe. [ 3 eKTUBHOrO NPOTUBOCTOSHKS KUOepaTakaM Ba)KHO HE TOJTBKO MPUMEHSTh TeXHHUUECKHe
pelleHys], HO ¥ BBICTPAUBaTh KOMIUIEKCHBIN MOAX0/ Ha yPOBHE WH(QOPMALIMOHHOM OpraHU3aLifii, e YeTKHH TIaH
OTIepaTHBHO BOCCTAHOBUT paboTy mocsie UHUWAeHTa. Hanuure OTBITHBIX COTPYAHUKOB TaK)Ke WIPAaeT BaKHEUIITYIO
poJib B MpeAOTBpallieHuH aTak. TakuMm 00pa3oM, COBOKYITHOCTb TPUBE/IEHHBIX BhIlIe MPHU3HAKOB MOXKET [TOMOYb B
6opnbe c kubeparakamu [2].

Kak oTmeuan JupekTop LieHTpa mpoTuBofericTBusi kubeparakam Solar JSOC T'K «Conap» Baagumup
[IproKoB, T71aBHas Lie/ib TIPOABUHYTHIX XaKepoB — LIMHAOHAXK, Ha KOTOPBIN NpUxoAnTcs 6osiee 60% uHOMAeHTOB. OH
MOUEPKHY/I, UTO OOILIeCTBO ABWXKETCS K TaKOW TapajurMe, Korza jro0asi OpraHu3aLusi 10 YMOTYaHUIO JO/DKHA
CuuTath Ce0st B3JIOMaHHOM >,

O06o3HaunB 1pobnemy ycronunBoctd KWW, otmetriMm MHeHue B.JI. AkambeBa u C.E. CaBoTueHKO Mo
BOIIPOCY OTpefie/ieHus] TaKUX 00BeKTOB. VicciiejoBaTeid yTBEPXKJAKOT, UTO /IS BBISIB/IEHUS] KPUTHUECKH Ba’KHBIX
U151 TOCY/IapCTBa MpeIIPUSTHI U OpPraHu3alyii C AaabHeUIINM TIPUHATHEM Mep TI0 TI0/AePXKaHuI0 UX 0e30macHOCTH
HeoOXOIMMO KaTeropupoBaHWe TAaKOBbIX, CO3/laHMe CUCTeMbl obecriedeHUss WX 0E30MacCHOCTH, a TaKXe
B3aumo/ieiicTBre ¢ [OCyZjapCTBEHHOM CHCTeMOW OOHApy>KeHUsi, TPeAyNpexJeHusi W JUKBUAALUUA TIOCIeACTBUN
KOMIBIOTEPHBIX aTak Ha nHopMalroHHble pecypchl Poccuiickoit @epepanmn (I'ocCOITKA) [3].

BasiHoBa FO.A. B CBoeM HayuHOM Tpy/e, TaK )K€ OIMUChIBasi MpobjeMy orpezeneHdss 06beMa 00bEKTOB
KWW, oTMmeruna, uTO B JeWCTBUTENBHOCTA 3HAUMMBIMU 3jeMeHTamMu KWW SBASIOTCS MpakTUYecKd Bce
CHUCTEMOO0Opa3yIollye TIPeATIPUATHS U OPTaHU3alK CTPaHbl B COOTBeTCTBUH ¢ Desepa/bHBIM 3aKOHOM Ne 187-03
«O 6e30macHOCTH KpUTHYeCKON MH(GOpPMalMoHHOW WH(pacTpyKTyphl Poccutickoii ®efiepaliun», BCIeACTBHE Yero
HeoOXO0/IMMO COBEpILEHCTBOBaHME TPABOBOTO PEry/MpPOBaHUs OMpEeseMbIX CTPYKTYP, a TakKe MOJepHU3aLUs
JIeMICTBYIOIIUX TeXHUUeCKUX Mep TpeIoTBpalljeHNs aTakK B L{udpoBoii cpese [4].

PaHee HamMM 3aMeueHO, UTO HeHa/|/IeXallui KOHTPOJIb K/TFOUeBbIX 00BEKTOB MH(PPACTPYKTYPBI FOCYjapCTBa,
B YACTHOCTM (UHAHCOBOM, BjieueT 3a cobOoi yiiepd (U3MUeCKUM J/MI[AM W WHBIM K/IMeHTaM (DUHAHCOBBIX
OpraHM3alif, UYTO TIOJYepKMBaeT CYyIL[eCTBeHHOe 3HaueHHe paccMmarpuBaeMoid mpaktuku [5]. Kpome Toro,
JeHCTBYIOLIUH YPOBEHb MPOCBEILEHUs MIMPOKOW 0OIeCTBEHHOCTH KacaTeJbHO 0003peBaeMOl TEMBI, MO HalleMy
MHEHHI0, OCTaeTCsl HU3KUM, 13 4ero ciieflyeT HeoOXOAMMOCTh BBeJeHHUs1 00si3aTe/lbHBIX YPOKOB MH(MOPMAI[MOHHON
6e30macHOCTH B 00pa30BaTe/IbHBIX OpraHu3alusax [6].
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YK 661.842:661.631
A. I'. bpakk, IN. IN. Bnacos

CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOMWIA 1 An3aiHa
191186 P®, CaHkT-MeTepbypr, bonblwas Mopckas, 18

NCCNEAOBAHUE KNHETUKU NMPOLLECCA KOHBEPCUN ®OCPOIMNMrCcA KAPBOHATOM
AMMOHUA

© 4. I'. bpakk, I'. IN. Bnacos, 2026

B cmambe uccaedyemcsi memoO nepepabomku cpocgpoeunca kapOOHAmMoM AMMOHUSL npu KOHMPOAUPYeMOM
Haezpese. IIo0pobHO onucaHbl 3manbl IKCnepumMeHMAaabHo20 npoyeccda. OnpeodesneHo ausHUe meMnepamypbl Ha
cmeneHb KOHgepcuu ¢ocgoaunca kapboHamom ammoHust u umbmpylowjue ceolicmea kapboHama Kanbyus.
O60cHOBAHO eUsTHUE KOHYeHMpayuu pacmeopa cyabgama aMMOHUs1 U HOpMbl KApOOHAMA AMMOHUSL HA CmeneHb
KoHgepcuu eunca. ITo pe3yabmamam uccaedo8aHust npedaodiceHa 08yx-cmaoutiHas KOHeepcus 2unca 8 kapboHam
Kanbyus.

KnroueBsle c10Ba: KoHBepcus, pocdorunc, KapboHaT aMMOHUS, KapOOHAT KasIbLius

D. Brakk, P. Vlasov

Saint Petersburg State University of Industrial Technology and Design
191186, Russia, St Petersburg, Bolshaya Morskaya 18

A KINETIC STUDY OF THE CONVERSION OF PHOSPHOGYPSUM WITH AMMONIUM
CARBONATE

The article examines the method of processing phosphogypsum with ammonium carbonate under controlled
heating. The stages of the experimental process are described in detail. The effect of temperature on the degree of
phosphogypsum conversion by ammonium carbonate and the filtering properties of calcium carbonate has been
determined. The influence of the concentration of ammonium sulfate solution and the norm of ammonium
carbonate on the degree of gypsum conversion is substantiated. According to the results of the study, a two-stage
conversion of gypsum to calcium carbonate was proposed.

Keywords: conversion, phosphogypsum, ammonium carbonate, calcium carbonate

®ocdorunc — 3T0 OTXO/bl, BO3HHKAOLHe IIPU IPOM3BOZCTBE SKCTPAKLMOHHOW (ocopHOI KUCIOTHI U3
hocdarHol pyIel B pe3ysibTaTe B3aUMOZAEUCTBUS C CepHOH kucaoTol [1]. TTo xuMudyeckomy cocTaBy (ocdoruric
B OCHOBHOM TIpEJCTaB/IeH AWrHApaToM cyiabdaTta Kambiusa (CaSO,-2 H,0). CyuiecTByeT TexXHUUYeCKas
BO3MOXKHOCTb M 3KOJIOTHYecKas 1iesiecoo0pa3HOCTh yTwim3anuu (ocdorurca rno pasndvHbIM HarpaBJeHHUsIM.
HaxkorsieHre orpoMHBIX KoyMuecTB Qocdorurca B oTBanax o 4 MAH T B ToJi BbI3bIBAET CYIL[ECTBEHHYIO
03a004YEeHHOCTb, TP 3TOM TIPUPO/HBIM THUTIC TepepabaThiBaeTCsi Ha CTpoUTebHble MaTepuanbl ([laTeHT No
2267891 C1 Poccuiickass ®epeparuss, MITK A01B 79/00, A01B 13/14, A01B 49/02. Criocob menuopariuu
COJIOHIIOB U YCTPOKCTBO [ij1s1 ero ocyiiectBieHusi, Ne 2004119567/12, 3asien. 28.06.2004, ony6:1. 20.01.2006 / B.
I1. 3BomHckul, A. M. Cangaes, 3asBuTeb ['ocyapcTBeHHOe HayuHOe yupexxzeHre [IpuKaciuiicKuil Hay4uHo-
HCCrleloBaTeTbCKUM MHCTUTYT apUIHOTO 3eMJeiennsl PoccriicKol akaZileMUH CesTbCKOXO03sIMCTBEeHHBIX Hayk. 11 c.,
un.). Vcnonb3oBanue ¢ocdorurnca cocrasiseT Bcero 5 % OT HAKaluIMBaeMOTO eXerofHo. B ocHOBHOM
docdorurnc uCronb3yeTcss B CeNbCKOM XO3SICTBe [/ MeJHMOopaliiy COJIOHYAaKOBBbIX TIOYB, B LIeMEHTHOU
TIPOMBIIIJIEHHOCTH KaK MHWHEpasu3aTop Npy OOXKUTe KIMHKepa W B KauecTBe J00AaBKM [ijisi PeryvpOBaHUs
cxBaTbiBaHUsl lLieMeHTa [2]. [losyripoMbiiivieHHbIE MCITIBITAHUS TI0Kas3aid, 4TO BhICYLIEHHBIN (ocdorurc,
repeMellaHHbIi C TJIMHOM, MeckoM, KOKCOM U 0b6pabotaHHbIii ripu TemrepaTtype 1200-1400 °C, mMoxeT GbITh
riepepaboTaH B CEPHYIO KMCJIOTY C OJHOBPeMeHHBIM mosiydeHueM LieMeHTa (TlateHT Ne 2487083 C1 Poccuiickas
®epneparus, MITK CO1F 11/46, CO1F 17/00. Criocob mnepepabotku ¢ocdorurca, Ne 2012115129/05, 3asisii.
16.04.2012, ony6s1. 10.07.2013 / . II. JlokiumH, O. A. TapeeBa, B. T. Ka/uHHHKOB, 3asBuTe/hb PenepanbHoe
roCy/lapCTBeHHOe OO/PKETHOe yupeXXJeHHe HayKd VHCTUTYT XUMHM U TEXHOJIOTMU DeJKHX 3JIeMeHTOB U
MuHepasibHOro chipbsi M. W. B. TaHaHaeBa Kosbckoro HayuHoro LieHTpa Poccuiickoil akafeMuu Hayk. 12c¢., ui.).

[TpeumyiiecTBaMy MeTO/la KOHBEPCUM TUICa KapOOHATOM aMMOHUS SIBJISIETCS: CHIKEHHE BO3/IeUCTBUS
Ha OKDY)KAIOLIyI0 Cpely 3a CYeT mepepaboTKM OTXOJOB; TPOW3BOJCTBO IL[EHHBIX TPOJYKTOB, HampUMep,

163



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

ynobpeHust cynbdaTa aMMOHHS; KOHTPOJIb TIpOLiecca ITOCPeJCTBOM PpEryJMpOBaHUsl TeMIepaTypbl U
KOHI[eHTpalliy peareHToB [3].

Lenb pabombl: U3yunTh KUHETUKY peakiuu ¢ocdorurica ¢ KapboHaATOM aMMOHUS U OTpe/Ie/IuThb, Kak
temrepatypa (105-115 °C), KOHIleHTpauusi MPOAYKTOB peakiuu (cysibdara amMMOHUs), U30BITOK KapOoHaTa
aMMOHUS U UHTEHCUBHOCTB T1ePeMeIlIMBaHus BJIUSIOT Ha CKOPOCTh B3aUMO/IeHCTBUS.

B3aumopeiicteue docdorurca ¢ kKapboHaTOM aMMOHUSI MTPOBOAMIOCH B J1aOOPAaTOPHOM CTEKJ/ITHHOM
peakTope. PeakTop OBl yCTaHOB/IEH B TEPMOCTAT /ISl TOYHOTO KOHTPOJISI TEMITEPATyPhI Ha MPOTSKEHUU BCErO
JKCreprMeHTa. B 1jessix obecrieueHust 0IHOPOJHOCTH PEAKLIMOHHON CMeCH M MHTEHCHU(UKALIAM MacCOTIepeiaun.
WCII0/Tb30Baach BePXHENPUBOHAS JIOTIACTHAsI Melllasika, paboTarorjasi ¢ oCTOSTHHOM cKopocThio 500 06/MuH.
VcxonHoe maccoBoe cooTHotneHue XK:T coctaisiio 4:1. Kapbonat ammonust 6panu u3 pacuera 10 % 136bITKa OT
CTEXMOMEeTPUUeCKOro KOJIMUeCcTBa, KOTOPOe PaCCUMTHIBANIOCh, UCXO/Isl U3 YPaBHEHUS] XUMUUeCKoW peakiuu [4]:

CaSO,-2H,0+(NH,),CO,=CaCO,+(NH,),SO,+2H,0

[nst mipoBefieHUs] SKCIIEepHIMEHTa CMeEILVBalyd KPHUCTA/IMYecKue THMIC W KapboHAaT aMMOHUS AJIs
TMOJTyYeHHsl OJHOPOJHOM CMeCH U 3aTeM BBOAW/IM B BOAY, HarpeTyro fjo Temnepatypbl 90°C. Iloce 3aBepiieHNs
KOHBEPCHM THUIca KapOOHAaTOM aMMOHUS TOJIyYeHHYIO CYCIIeH3UI0 (UIBTPOBAIM TpU pa3pekeHuu 53 klla Ha
¢dunbtpe [otra (mopucrocts 100). ITocneayromjasi MPOMbIBKA 0cajKa ropsiueid Bogou (10:1) u cniupTom Oblia
HeoOXxoAvMa AJisl yianeHust Cy/ib(haToB U3 >KUAKOU (a3bl yernelky. st orleHKH 3G ¢GeKTHBHOCTH (QUIbTPALIU
perucTpupoBany BpeMsi Mpollecca U pacCUMTHIBAIM BbIXOJ CyxXoil TBepfiod (paspl. [Iyisi KOJIMUECTBEHHOIO
orpeiesieHus: Cynb(aToB B TBepAoy ¢ase UCIOIB30Ba/Id BeCOBOW MeTos. OTHOCUTE/IbHAS TIOTPEeLIHOCTh 3TOr0
MeToza cocrasisieT 0,8% [5].

[Ln1st u3y4eHvs BIUSIHUS BpEMeHH B3aUMO/IeCTBHSI THICa C KapOOHATOM aMMOHMSI Ha CTeTleHb KOHBEPCHU
ObL TTPOBE/IeHBI Mapaslie/TbHbIe IKCIIEPUMEHTHI. BpeMsi KOHBepPCHM TUIca B KapOOHAT KabLys B Mapasiie/TbHbIX
orbiTax 6610 1, 2, 4 1 8 MuHyT. Hopma kap6oHaTta amMmMoHwusi cocTasisiia 110 % oT cTeXMoMeTprH 10 YPaBHEHHIO
peakuyy. Pe3ynbTaThl Mcc/iel0BaHUN NIpUBeieHbl Ha PUCYHKe 2.
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Puc 1. 3aBUCHMMOCTb CTeTleH! KOHBEPCHH TUTICA OT MPOAO/DKUTETHLHOCTH B3aUMO/IENCTBYS C
KapOOHAaTOM aMMOHHUS B TIapaJlIe/IbHBIX OIMBITaX

Kak BUIHO M3 pUCyHKa 1, HabmofaeTcsl TOMOXKWUTebHas 3aBUCHMOCTB: C YBeJMYeHHEM BpeMeHU
B3aMMO/IeICTBUS, CTereHb KOHBEPCHU HeYKJIOHHO Bo3pacTaeT. XapakTep KpMBOM yKasblBaeT Ha TO, UTO MPOL{ecC
uzleT Hauboslee MHTEHCUBHO B HayaJle, a 3aTeM CKOPOCTb KOHBEPCHH MOCTeNeHHO CHIKAeTCsl, KpUBasi CTAHOBUTCS
Oosiee TIOJIOTOM M CTPEMUTCS K IpeZie/IbHOMY 3HaueHHt0. Tak, NP MpOBeJeHUH OIbITa B TeueHHe 1 MHUHYTbHI
cTerieHb KOHBepcuM cocTabisieT 95,4%. [lanee yBenrueHue NPOJO/DKUTETBHOCTH OMBITOB 10 2, 4 U 8 MUHYT
CTerneHb KOHBEPCHUH TUTICa B KapOoHAT Kasblus coctaBnseT 96,6 %; 97,7 %; u 99,2 % cOOTBeTCTBEHHO.

Takum 06pa3oMm, ObIIO yCTAaHOB/IEHO, UTO MPOLIECC KOHBEPCHU THIICA B KapOOHAT KasbLiUsI IPOXOJUT Ha
99 % B TeueHHe 8 MUHYT, MOITOMY MPOJODKATENEHOCTE MOCTeAYIOIINX OMBITOB OblIa OrpaHUYeHa yKa3aHHBIM
BpeMeHHbIM UHTePBajIOM.
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st i3yueHust BIUSHYS TeMIIEPATyphl HA CTeTeHb KOHBEPCHU Oblyla MPOBe/ieHa CEepHsi SKCIIEPUMEHTOB
nipu 25 °C, 50 °C, 75 °C u 90 °C. B KaK/IOM OIbITé KOJMUECTBO I'Wrica U KapOoHaTa aMMOHHS Opamu B
CTEXMOMEeTPUUEeCKOM COOTHOLLIEHHH, a ucxopHoe cootHouleHue JK:T cocraBnsiio 4:1. Pe3ynbTaThl OIMBITOB
TIpMBe/ieHbI HA PUCYHKe 2.

=
3!
@ 90 [BHAUEHU
5 EY]
X 80
0
g
E 70
(=
@)
60 -
50 T T T T T T T 1

20 30 40 50 60 70 80 90 100

TemnepaTtypa, °C

Puc. 2. 3aBUCHUMOCTS CTeneHV KOHBePCUY THIICa OT TeMIIepaTyphl

Ha pucyHke 2 HabmogfaeTcst psiMasi 3aBUCUMOCTD: C TTOBBILIIEHNEM TeMIlepaTyphbl CTelleHb KOHBePCUU
yBe/IMUUBAETCsl. 3HAUMTeESbHBINM POCT CTeleHW KOHBepcuM HabuogaeTcs B unTepBase ot 25 °C go 50 °C. Or1o
yKa3bIBaeT Ha BBICOKYIO UyBCTBUTE/LHOCTb Ipoliecca K TeMriepaType B 3TOM Juana3oHe, [Ipd 3TOM KOHBepCHUs
rumnca B KapOOHAT KajbLisl 3HAUUTEe/NBHO Bo3pactaeT oT 55,2 % no 82,3 %. Ilpu temmeparype Beime 50 °C
TIPOMCXOUT BLIpaBHMBaHWE KPUBOM U BBIXO[| Ha «maro». B auamasone ot 50 °C go 90 °C pocT cremeHu
KOHBEPCHM CyIeCTBeHHO 3aMmepyisieTcs. Tak, npu Temmneparypax 70 °C u 90 °C cTeneHb KOHBEPCHU AOCTUraeT
3HaueHui 85,1 % u 87,3 % CcoOTBETCTBEHHO.

Kak mokasaHo Ha pUCyHKe 3, TIOBBIILIEHWE TeMIIepaTypbl MPUBOAWIO K YIyUIIeHUIO (UIBTPYIOILINX
CBOMCTB 0caziKa KapboHaTa KajbLysl.

g274
S
¥ 26+ 2.62
2 25
=
w244
=
S 23- 2.36
g
s 22-
!
o 2.1-
5 2.06
197 Yo
1.8 T T T T \ T T \

20 30 40 50 60 70 80 90 100

Temneparypa, °C

Puc. 3. 3aBucumMocTh GUIBTPYIOIIMX CBOMCTB CYCITeH3UH
KapbOoHaTa Ka/bLvisi OT TeMITepaTyphbl

HabsroziaeTcst ipsiMasi 3aBUCUMOCTD TTPOU3BOIUTETBHOCTH (PUIbTPOBAHUS OT TEMIIEPATYPhI, UEM BBILIIE
TeMIiepaTypa KOHBEPCHU TUIICa B KapOOHAT Kasbliusi, TeM 0Oo/blile CKOPOCTb (MIbTPALIMK. DTO 03HAUAeT, uTo
0caziok, obpasyroiiuiics Tpu Oosee BBICOKMX TemriepaTypax, 00/aiaeT Jjiyulieidl MPOHUIIAEMOCTBIO 3a CUeT
YKpPYTHEeHUs] KPUCTA/IOB KapboHaTa Ka/bliysl, KPOMe 3TOT0, YMEHbIIIEHHs BI3KOCTH >KUIKOU (ha3bl, uTo obsieryaer
niporiecc ¢uibTparun. [Ipu Temmnepatypax 25 °C; 50 °C; 70 °C u 90 °C cwem TBepjoi ¢a3wl cocTtapiseT 1,92
T/(M*+4); 2,06. T/(M*-u); 2,36 T/(M**u) 1 2,62 T/(M?-4) COOTBETCTBEHHO. DTOT Pe3y/bTaT TOCTY)KUI OCHOBOU /ISt
TIPOBe/IeHusT TIOC/IeIYIOIINX IKCIIepUMeHTOB 1ipy Temriepatype 90 °C. HeCMOTpsI Ha TMOBBIIEHHe TTapPLATBEHOTO
JlaBJIeHrs] aMMHaKa Hafl PaCTBOPOM.
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B pamkax uCCe[oOBaHUSI W3Yy4ajoCh BJIUSHHME pa3/IMUHBIX HOPM KapOoHaTa aMMOHHS Ha KOHBEPCHIO
rurca, a umeHHo: 100 %, 110 %, 120 % u 130 % oT cTexromMeTpru. 3aBUCUMOCTb 3(PPEKTUBHOCTU KOHBEPCHUH
TUTICA OT KOJIMYeCTBa 00aBieHHOro KapboHaTa aMMOHUSI OKa3aHa Ha PUCYHKe 4.

98 97

96 95.9
94
92
90

88 T T T T T T T 1
95 100 105 110 115 120 125 130 135

CTrerieHb KOHBepCH

Hopma kap6oHata aMMoHwust, %

Puc. 4. BausiHus HOPMbI KapOOHAaTa aMMOHMS Ha CTereHb KOHBEPCUU TUTICa

Anamu3 pucyHka 4 TIOKasbiBaeT, uTo HaOsojaeTcss obpaTHasi 3aBUCHMOCTh MeX[y VBeJHMueHHeM
KOHLIeHTpal[ui KapOoHaTa aMMOHHUSI W CTeleHbl0 KOHBEPCHM THUICAa B KapOOHAT KajabLusl. JTOT 3(QeKT
00yC/I0B/IEH MOUUCIIEPCHON MPUPO/IOY TUTICA, TIOCKOJIBKY TIPY BLICOKMX KOHIIEHTpalUsx KapboHaTa aMMOHUS
Ha TIOBEPXHOCTH KDPYIHBIX KPUCTA/UIOB Turca ObIcTpo obpasyeTcss /oM LulamMa W3 KapOoHarta KablLus,
MIPENSITCTBYOILMM peakiuy TpaHChOopMaliuy rurca B KapboHat Kasiblus. [103ToMy onTuMasbHas KOHIEeHTpaLys
KapboHaTa aMMOHWS JIJ1sl IOCTYDKEHUSI MAKCHMAaJTbHOM CTerieHr KoHBepcuu coctaesisier 110% ot crexvoMeTpun

B mensx TIPOM3BOACTBA  KPHUCTAZIMYECKOTO  YAOODEHWS, WCIOMb30Bajach  PELMPKYJISALHs
obpa3syrolerocs pacteopa Cynibgara aMMoHUs. [Ijis 3TOro u3ydanach KOHBEDPCHU THIICa KapOOHATOM aMMOHHUS
TIPY pa3/IMuHBIX UCXOAHBIX KOHLEHTpaLWsx cy/bdara ammonus. CozepkaHue CyibhaTra aMMOHHS COCTaBIISIIO
15%, 25%, 35% u 45%. Bbuin BeIOpaHbI CeaylolIMe mapaMeTphl MpoBe/ieHNsi KOHBePCHH TUrica B KapOoHat
KaJIbLIUsL:

- HopMa KopbanaTa ammonust 110 % oT cTexvomeTpuw;

- remriepatypa 90 °C;

- UICXOJJHOe MaccoBoe cooTHOXXeHHe XK:T = 4:1;

- CKOpOCTb BpariieHus meiaaku 500 06/MuH;

- BpeMs B3aMO/IeliCTBUS 8 MUHYT.

[aHHble, TIPe[CTaBJE€HHbIE HA pHUCYHKE 5, JAE€MOHCTPUPYIOT 0OpaTHYyIO 3aBHCHUMOCTb MEXAY
KOHLIeHTpaLuell cynb(arta aMMOHHSI U CTeleHbI0 KOHBEpPCMM TIuIica. B dYacTHOCTHU, TpU yBeJUUEHUU
KOHLIeHTpaL1HU Cy/bdaTa aMMoHuUs B pacTBope ¢ 15% 110 45% Hab/110/1a/10Ch CHIDKEHKE CTereH KOHBEPCUM THTICa
Ha 5,4%, uTo HO,LLTBE{)UK,LLHET BBIZIBUHYTYHO THUIIOTE3Y.
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Puc. 5. 3aBUCHMOCTb CTeTIeHH KOHBEPCHH TUICa B KapOOHAT KanbIys OT HCXOJHOU
KOHLIeHTpaLH Cy/bdaTa aMMOHHS

st Toro 4yToOBI IPOM3BOAUT PELVKIMHT PacTBOpa HEOOXOAUMO BOCCTAHOBUTE €T0 TIePBOHAUAJbHBIE
CBOWCTBA WM Y/alWTh HAKOMUBIIMecs TpuMecH [6]. B KOHTeKCTe MPOBOAMMOrO WCC/Ie/JOBAaHUS PELUK/IMHT
pacTBopa cy/ib(aTa aMMOHUs IIpe/lyCMaTpyUBaeT C/le/yIOliye STarlbl:

— yJjaJleHle HaKONMBIINXCS IPOAYKTOB PeaKL{K, HallpuMep, TUICa WK JPYTUX He)Ke/laTe/lbHbIX COMel,

— KOPPEKTHUPOBKY KOHIIeHTpaLUy Cy/b¢ara aMMOHUS,

— BOCIIOJIHEHHe CyJib(haTa aMMOHWUs], eC/IM YacCThb ero Oblla MU3pacxo/0BaHa WM MOTepsiHa B IpoLiecce,

— yZaseHHe OPYTHX TpUMecel, KOTOpble MOTJIM TOMacTb B PacTBOP MM 00pa3oBaThCs B Tporiecce
HeraTHBHO IOB/IUSTE Ha ero 3()(eKTUBHOCTb.
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[ [OoCTVKeHHsI ONTUMarbHOM CTereHW 3pesioCcTH Mesa, a MMEHHO, TOJIHOM KOHBepCUM THIICa,
npejjlaraeTcs AByXCTafuiHbIM rpoliecc. Ha nepBoii cTafiuy rUIIC pearupyeT C pacTBOPOM KapboHaTa aMMOHHS
(mepBbIM (UIBTPaTOM), Moc/e (UILTPOBAHMS CyCleH3UM KapOoHaTa Kasbliusi CO BTOpOM cTazuu oOpaboTKu
0ca/iKa, CoZiep>Kalljero 0CTaTOYHOe KOMUEeCTBO TUICa U KyZla BBOJUTCS BCe KOJIMYeCTBO KapboHaTa aMMOHUS 13
pacueta 110 % HOPMBI OT CTeXHOMETPHH 110 YpaBHeHUIO peakuyu. Ha BTopoii cTazuu Kak 661 popMUPYeTCst CBEPX
u30bITOUHAsE HOpMa KapOoHaTta amMMOHUs. IIo/lyueHHBI Ha BTOPOW CTafuM Mes COAEPXKUT Ciiefibl Cynbdara
Ka/bLIYsl, UTO MO3BOJIsIeT ero UCMo/Ib30BaTh B IPOM3BO/ICTBE LieMeHTa.

Pe3yabTaThl ByX-CTaJuiHONW 00pabOTKU TwuIica mpuBezeHbl B Tabsuie 1. IIporjecc MpoBOAM/ICS B
TePMOCTaTUPOBAHHBIX YCJIOBUSX CO CJIeAYIOIIMMU [apaMeTpamHu:

— temneparypa 90°C,

— KonmyecTBo KapboHaTta ammonusi 110% OT CTeXHMOMEeTpPHH 10 Peakiivy;

— cKkopocTh nepemetivBadus 500 06/MuH;

— BpeMsi peakIi[UM Ha TepBOy CTauu 8 MUHYT, Ha BTOPO# ctaauu 40 MUHYT;

- MaccoBOe COOTHOIIeHHe Ha BTopou craguu XK:T =4:1.

B tabmuue 1 npe/icTaBIeHEI IaHHbIE, TOYUYeHHbBIEe B X0/[e IBYX-CTaJUMHOTO TIPoIiecca KOHBEePCHUU THTICa
KapboHAaTOM aMMOHWUSI.

Tabsuna 1. JIByxcrauiiHasi KOHBEPCHsi rUrca KapboHaTOM aMMOHHUSI

Cragun Copep>xanue B ocazike, % o
- .0, SOZ CreneHb KoHBepcuy, %

[TepBas 0,95 2,06 97,7

Bropas 0,64 1,72 99,4

OKcIlepyMeHTa/IbHble [laHHble, TNpejcTaBjeHHble B Tabmuile 1, MOKasbIBalOT, UTO BBeZeEHHE BTOPOM
CTaJuy Tpoljecca NPUBOAUT K yBeIUUYeHHUIO CTelleHd KOHBepcud Ha 1,7%. Jlomno/sHUTe/bHBIM TIPEeUMYIeCTBOM
SIBJISIETCSI MPOU3BO/ICTBO I'UIICA C MPUeMJIEMBIM COZlepKaHKeM Cy/b(aToB Jijisl LieMeHTHOM MPOMBILIIEHHOCTH.

B memsix 3¢ dekTHBHON peanm3ai JAHHOTO TIpoLiecca TpejyiaraeTcs: 6a3oBasi TEXHOJIOTHUECKast CXema
npeoOpa3oBaHus TUIica B MeT (PUCYHOK 6).

\ :
B aT™Mochepy [IPOMEBIEHAA

\I/ BOIA

2

p-p (NH4)2COs
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1 — peakTop-cMecuTesib; 2 — abcopbep; 3 — TU/POLMKIIOH; 4 — 103peBaTesib; 5 — BaKyyM-QuisTp; 6 —
LIEHTPOOEXKHBIN HACOC; 7 — BEHTU/IATOP
Puc. 6. Ba3oBasi TeXHO/IOTHYECKasi CXeMa MPeoOpa30BaHUs THIICA B MeJT

Ha pucyHke 6 mpoliecc KOHBepcUM HauMHaeTCsl B peakTope-cMecutese (1), rje HMCXOJHBINA THIIC
CMEIIMBAeTCs C PAaCTBOPOM KapboHaTa aMMOHWUSI, TeMIepaTypa noajep>kuBaetcst Ha ypoBHe 90 °C, a KOTMUECTBO
KapboHata amMMoHMs1 TipeBbliaeT 110% OT CTEXHOMETPUYECKOTO COOTHOIIEHHUs. VI30BITOK He IOHOCTHIO
TpopearvpoBaBIIero KapboHata aMMOHHMsS yiaBnuBaeTcsi B abcopbepe (2). ITomyueHHasi CycrieH3usi Mena U
cynbdaTa aMMOHHUSI TMOJAeTCS LEHTPOOEXHBIM HacocoM (6) B THAPOLMKIOH (3), TZe TBep/ble YaCTHIIbI
OT/IE/IIFOTCS OT PacTBopa Cysbgara aMMoHusl. OT/Ae/eHHBIH B THAPOLIMK/IOHE MeJI, COZIepXKalliid HebobInoe
KOJIMUEeCTBO Cy/b(aTa Ka/iblysi, HarlpaB/IsieTCs B pe3epByap /sl jo3peBaHus (4), Tie IpOUCXOUT BTOpasi CTaJus
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KOHBEPCHH. 3aTeM CYCIeH3Us U3 pe3epByapa J03DPeBaHUs IMOJAeTCs IIeHTPOOEXHBIM HAaCcOCOM Ha BaKyyMHBIN
¢weTp (5) AJ151 TIPOMBIBKY BOJOH. B pe3ynbrare MosyyaeTcsi Men y/I0BJIETBOPUTEILHOTO KauecTBa, MPUTO/IHBIN
JUIsl UCTIONIb30BaHUsl B 1[eMEHTHON MPOMBIIIJIEHHOCTH, a MPOMBIBOYHAs BO/la HampasisieTcss B abcopbep s
TIO/I/IeP>KaHUsI LIMK/Ia KOHBEPCHH.

BrbiBobI

- YCTaHOBJIEHO, UTO TPOL|eCC KOHBEPCHUM TpOTeKaeT Haubosiee WHTEHCHBHO B HayasbHBIA TIEDPHOJ
peaki[uu: CTereHb npeBpailieHus gocturaeT 95,4% yxe 3a 1 MuHyTy 1 99,2% 3a 8 MUHYT, UTO CBU/IETE/ILCTBYET O
OBbICTPOM MPOTEKAHUH XMMHUECKOT0 B3aUMO/IeHICTBHSI Ha TOBEPXHOCTH KPHUCTA/IIOB TUTICA;

- BbIsSIB/IEHAa BbIpa)KeHHasi UyBCTBUTE/ILHOCTh Ipoliecca K Temriepatype B AuamnasoHe 25-50 °C (poct
KOHBepcuH ¢ 55,2% 110 82,3%), Tipu ZanbHelieM MOBbILLIEHNH TeMIlepaTypbl Habmoqaetcst 3pdeKT «aaTo», uTo
yKa3bIBaeT Ha Mepexo/ npoijecca B inhdy3uoHHYI0 00/1acTh;

- ompe/esieHa ONTHMasbHAsi HOpMa KapboHaTa aMmoHust — 110% OT CTeXHOMeTpUH; TMpPEeBbIIeHHEe
JJAHHOM KOHLIEHTpaLUK CHIKaeT 3)(eKTUBHOCTb KOHBEPCHHU BC/Ie/ICTBHe 00pa30BaHMs MAaCCUBUPYIOILETO CIIOS
KapOoHaTa KasbL¥isl Ha IOBEPXHOCTH THIICa;

- TIOATBEpP)K/|eHO OTpHLIAaTeIbHOE BIMSIHYE HAaKOTIJIeHHs Cy/ib(aTa aMMOHHS B KU/JKOU (a3e Ha CTereHb
KOHBepCUH, uTO TpeOyeT pa3pabOTKU CXeMbl pereHepalii WM KOPPEKTHPOBKH COCTaBa LIUPKYJHPYIOIIEro
pacTBopa;

- TIpe/iI0’KeHHas! IByX-CTa/iuiHasi cxeMa KOHBepCHUM TUIICa M03BOJIseT AOCTUYb CTeleH! MpeBpallleHus
99,4% w mnonyunth KapOOHAT Ka/blUs C OCTAaTOYHBIM COZEp)KaHUEM Cy/ab(haToB, TPUEMIIEMBIM [Jisi
WICTI0/Ib30BaHMsl B LIeMEHTHOM MPOMBIIIIEHHOCTH.
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NMPUMEHEHVE METOAA KOHUEHTPALVOHHOM Y®/BUA CMEKTPO®OTOMETPUN NMPU
NCCNEAOBAHNN KOMIM/IEKCHBIX PABHOBECUIA

© MN.A. 3axmatosa, C.C. /lbicoBa, HO.3. 3eauknii, 2026

Memod koHyeHmpayuoHHoU cnekmpogomomempuu paHee yCnewHo NPUMeHsACS 0151 UCCAe008aHUST KUC/AOMHO-
OCHOBHbIX pagHoeecuil U onpedeneHuss MepMOOUHAMUUECKUX KOHCMAaHm ouccoyuayuu coeOuHeHutl paznuiyHo2o0
cmpoeHusl. B Hacmosiwjeli pabome uccie008aHa 803MONCHOCMb UCNOAb308AHUSI OGHHO20 N00X00d 0/151 aHAAU3d
pasHosecull KomnaekcoobpaszoeaHust u onpeodeneHust KOHCMAHmM ycmotyugocmu KOMNAEKCHbIX COeOUuHeHULl.
ITokazaHo, umo 3asucumocmb onmuyeckoll NIOMHOCMU Om KOHYyeHmMpayuu moxcem Obimb UCNOAb308aHA 05
uccne0o8aHusi MHO2OKOMNOHEHMHbIX PABHOBECHbIX cucmeM 0e3 noayueHUss UHOUBUOYA/IbHbIX CNEKmMpos
nozaoujeHuss omoenbHbix Gopm. IloayueHHble pe3ynbmambl ceudemenbcmeylom O pacwiupeHuu obaacmu
npuMeHeHus Memooa KOHYeHmMpayuoHHOU cneKkmpogomomempuu npu u3y4eHuu KOMNnaeKCHbIX pagHO8ecul.
KiioueBble CJI0Ba: KOHIIEHTpalMOHHAsi CIIEKTPOGOTOMETPHUs, KOMILJIeKcooOpa3oBaHue, 3akoH bByrepa-
Jlambepra-bepa, KoHCTaHTHI ycToiumBocTd, JTITA, XenaTHas Teparnusi.

P.D. Zakhmatova, S.S. Lysova, Y.E. Zevatskii

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

APPLICATION OF THE CONCENTRATION UV/VIS SPECTROPHOTOMETRIC METHOD IN THE
STUDY OF COMPLEX EQUILIBRIUMS

The method of concentration spectrophotometry has previously been successfully applied to the study of acid—base
equilibria and to the determination of thermodynamic dissociation constants of compounds with different
structures. In the present work, the possibility of using this approach for the analysis of complex formation
equilibria and the determination of stability constants of coordination compounds has been investigated. It is
shown that the dependence of optical density on concentration can be used to study multicomponent equilibrium
systems without obtaining individual absorption spectra of the separate species. The results obtained indicate an
expansion of the applicability of the concentration spectrophotometry method for the investigation in the study of
complex equilibria.

Keywords: concentration spectrophotometry, complex formation, Beer-Lambert law, stability constants, DTPA,
chelation therapy.

Metos KoHreHTparuonHod UV/Vis cnektpodoToMeTpur paHee ObIT YCIENIHO TIPUMEHEH IS
orpe/iesieHUs1 3HaUEHUI KOHCTaHT Auccouyaliiy pK, pa3MuHbIX OpraHnyecKrux KUC/I0T, OCHOBaHUM, aM(0/IUTOB
Y coeIMHEeHUH Oosiee CJIOXKHOTO CTPOEHUsI B BOJHBIX M HEBOJHBIX cpeziax [1]-[3]. [To cpaBHeHMUIO C K/IaCCUYeCKUM
CNeKTPOPOTOMETPUUYECKUM METO/IOM, [AHHBIMA TMOJX0J] He TpeOyeT MOJyUYeHUs CIeKTPOB WHAWBU/YalTbHBIX
KOMITOHEHTOB CMecd. Bcsie[icTBHe 3TOro OTMaiaeT HeoOXOAWMOCTb HCIOJ/b30BaHUs OydepHbIX pPacTBOPOB,
(hOHOBBIX 3/IEKTPOJIUTOB, KOHI[EHTPUPOBAHHBIX KUC/IOT U II[e/IoUel, a TakKe ydeTa 3HaueHuit pH cpezpl ripu
06paboTKe 3KCIIepUMEHTA/IbHBIX JaHHbIX.

st cucTeM, B KOTOPBIX TOTJIOLIAIOT YacTUIILI OJHOTO THTA W He MPOTeKaeT MOOOUHBIX XUMUUECKUX
peakiyii, 3aBUCHMOCTb OITHUECKOM TUIOTHOCTHM OT KoHIeHTpaimu A = f(C), omumcaHHasi 3akoHOM byrepa-
Jlambepra-Bepa (BJIB), nuHeliHa. B pacTBopax, rjie MpPOTEKaloT KHC/IOTHO-OCHOBHBLIE PAaBHOBECHS, peakIiu
KOMITIEKC00Opa30BaHusl, aCCOIUALMY WIH AUCCOLUAIIVN, HaOJTI0Iat0TCsl OTKJIOHEHUS OT JIMHEeHHON 3aBUCHMOCTH.
B Takux cucTemax ucciefiyemoe coeiiHeHe Cyl[eCTBYeT OJIHOBPEMEHHO B HECKOJIbKUX paBHOBECHBIX (popMax,
Kax/ass U3 KOTOpbIX 00/aZiaeT COOCTBEHHBIM 3/IEKTPOHHBIM CIIEKTPOM TOTJ/IOLIEHUS] W WHAUBUYaJbHBIM
MOJISIpHBIM KO3 durrenTom morsioiienus. 3akoH BJIB He cobuiofiaeTcs [jii CMECH TaKWUX YacCTHI], HO
BBITIOJTHSIETCS [J1s1 KaXKA0W (OPMBI OTAENbHO. DKCIIepUMEHTAbHO OTpe/ieisieMblid, HabmoAaeMblii MOIIPHBIN

K03(duLlMeHT Tor/oleHnst €, # const U W3MeHseTCsl B 3aBUCHMOCTU OT KOHLIEHTpaLMM MCCrIefyeMoro
coe/liHeHUs1. 3Hasi 3HAUeHUsI ONTHUUEeCKUX TJIOTHOCTeM MCC/Ie[yeMOoro coeJMHeHUsI Zijisl PaCTBOPOB C Pa3IUUHOU
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KOHLIeHTpal[fiel, COOTBETCTBYIOIIMX ONTUMANbHOM JJIMHE BOJHBI Ao, MOKHO OIpPEJeNUTh KOHCTaHTHI
paBHoBecusi [4]. IlepecMoTp KjaccHueckodl WHTeprpeTallid 3akoHa byrepa-Jlambepra-Bepa mosBosisier
paccMmaTpuBaTh OTKJIOHEHHUs! OT JIMHEHHOCTM He KaK OrpaHUueHHe CIeKTPO(OTOMeTPUUeCKOro MeToza, a Kak
WHCTPYMEHT J/Is1 UCC/Ie[0BaHHSl PaBHOBECHBIX CHUCTeM, B KOTOPBIX IOJydeHHe WHIUBHZYaIbHbIX CIIEKTPOB
OTJie/IbHBIX YaCTUL] IBJISI€TCS 3aTPYAHUTE/IbHBIM WK BOBCE 3KCIIepPUMeHTaIbHO HeBO3MOKHBIM.

Llespt0  71aHHOTO  WCCJIEJIOBAHMsI  SB/ASETCS  TIPOBEPKAa  BO3MOXKHOCTH — TNPUMEHUTb  METO[
KOHLIEHTPAL[IOHHOW CTeKTPOOTOMETPHM [jIsi TIOMyYeHUsT KOHCTAaHT YCTOWYMBOCTH B C/ydae CJIOXKHBIX
KOMIJIEKCHBIX DpaBHOBecHd. KOMILIEKCHbIe coe[viHeHus], Osiarofiaps CBoel CHocoGHOCTH 00pa3oBbIBATh
YCTONUMBBLIE CTPYKTYPbl U W30MPATe/bHO CBSI3bIBATH HMOHBI M MOJIEKY/IbI, HAIIUTM LIMPOKOE TMpPUMEHEHWE B
pasnuuHbIX 06acTax. OcoOblil MHTepec TpeJCTaB/sgeT XeaTHas Tepanus — IPOLeCC BbIBe/leHUs] U3 OpraHu3Ma
WOHOB TOKCUUHBIX MeTasiios (Pb*", Cd**, Hg*" u sip.), a TakKe PajIM0aKTUBHBIX U30TOIMOB U MPOJYKTOB MX pacnaja
C MOMOLI[bI0 KOMIUIEKCOHOB [5]. B kauecTBe npuMepa coefiiHeHUs], UCII0/Ib3YEMOrO C L{e/Ibl0 MPO(PUIAKTUKN U
JleyeHUs] TIOPKEHWM PpafiMOaKTUBHBIMU BeIlleCTBaMM, MOJKHO TIPUBECTH KajbLiuil TpPUHAaTPUEBYIO COJb
JV3THIeHTPUaMUHITEHTayKCyCHOW KHCJIOTHI (TIEHTAL[MH), ero CTPYKTYpHasi opMyJia pe/icTaBIeHa Ha pucyHke 1.
OddexTUBHOCTE XenaTHOW Tepamnuy ONpejesseTCsl YCTOWYHMBOCTBIO 00pasyIoIUXCs KOMIUIEKCOB, BBICOKHE
3HaueHWsi JiorapuMa KOHCTAHTHl YCTOWYMBOCTH  XapaKTepu3yIOT TIOJydaeMble KOMIUIEKCHI — Kak
TepMOAMHAMUYeCKH CTabWsbHbIe, UTO obecrieyrBaeT MpeJOTBpalljeHe MOBTOPHOTO IIOMAaZlaHus TOKCUYHOTO
MeTalja B TKaHW opraHusma [6]. CrefoBaTenbHO, COBepIIEHCTBOBaHME MeTOJOB OIpejie/leHHs] KOHCTaHT
YCTOHUMBOCTH ZiJIs1 C/I0’KHBIX KOMIIEKCHBIX PABHOBECUH SIB/ISIETCS aKTyasIbHOM 3a/jaueil.

i ~Cal > 3Na'
0® N~ ™o
o

Puc. 1. CrpykTypHasi ¢opmysia Kaibl[Uii TPUHATPUEBON COMU [JUSTUIEHTPUAMUHIIEHTayKCYCHOM
KHUCJIOTBI

B ZaHHOM HCC/ie[OBaHWY B KaueCTBe MOJIe/TIbHOW cMecH Oblia BbIOpaHa CI0XKHAsl CHCTeMa PaBHOBECHH
00pa3oBaHuUs KOMIIEKCOB KOOajbTa C AW3THIEHTPUAMUHIIEHTAyKCYCHOM KUC/IOTOH, cokpaijeHHo OTITIA. Kak
ObLIO CKa3aHO paHee, OHA TIPe/ICTAB/ISIeT MHTEPEeC C TOUKHU 3peHusi IpuMeHeHus B hapmakomnorun. [ITITA siBiisieTcs
BOCbMU/IEHTAaHTHBIM IISITHOCHOBHBIM JIMTAHJOM M 00pa3yeT yCTOHUMBBIE BOJOPACTBOPHMbIE KOMILIEKCHI CO
MHOT'MIMH MeTajl/IaMH, B TOM 4uciie ¢ KobanbToM. Kpome Toro, [JTTIA siBjisieTCsl IITHOCHOBHOM KUC/IOTOM U ee
peakLMOHHAasi CIIOCOOHOCTh 3aBUCUT OT KUCJIOTHOCTH cpeZbl. B Tabmiie 1 yka3aHbl KOHCTaHThI PaBHOBECHH 15l
KaKZIOM CTyTIeHU Jucconuanum [7].

Tabnuia 1. KoHCTaHThI paBHOBECHH [ijis CTyNeHuYaTou avccormarmu JTITA

YpaBHeHHE paBHOBECHSI pKa
HsL.2 H,L +H’ 1,82
H.L 2 H;L* + H” 2,65
H;L*2 H,L* + H' 4,28
H,L*<2 HL* + H' 8,53

HL*2 L~ +H’ 10,45

[In1st mpoBefieHust SKCTiepuMenTa Oblla IPUrOTOB/IEHAa CMeCh, Co/iepyKallias KaTUOHbI Kobanbta u JTITA
MOJIBHOTO cocTaBa 1:1. B KauecTBe pacTBOpHUTe/ISl UCMO/Ib30BaHA JUCTW/IMPOBaHHas Boga. IlonydeHHas cpefa
OKa3ajach CHIBHOKHUCIO0N. B stoii cpeme OTIIA moxeT cymiecTBoBaTk B JByX ¢opmax: HeWrpambHOH HsL u
anuronHoi HyL". B o61jem Buje cucremy Co-TIIA MOXKHO OMMCaTh C/IEYIOIUM YpaBHEHHEM:

2+ x5 5 X-y-3 +
Me™ + H, L™ 2 [MeH,_ L]"’+yH
CorylacHo 3TOMy pPaBHOBECHIO, B CHU/IbHOKHC/IOW cpefie TIPU B3aUMOJEHCTBMM HOHOB KoOanbTa C

npucyTcTByromumMu Gopmamu JTIIA obpasyrorcs KomriekcHele yactuipl [CoHLL]" u [CoHsL]’. B Tabmue 2
Tpe/iCTaB/eHbl yPaBHeHHsI KOMIUIEKCO0DOPa30BaHUs ¥ COOTBETCTBYIOLLE KOHCTAHTBI PABHOBECHSI.
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Tabmmma 2. OOpa3oBaHHe KOMIUIEKCHBIX YacCTWI] MpW B3aumojercteuu HTIIA ¢ kKobaabToM B
CHJIBHOKUCJION cpejie

_|CoH,L|+-[H+]
' [Co2+][H.L]

_[CoH,L]0-[H+]
* [Co2+][H,L-]

|CoH,L|+
oL = (Rl " oo P, L]
.L-

Co* + HsL 2 [CoH,L]"+H*

Co*" + Hyl” 2 [CoHsL]°+ H'

[nst ompefesieHHs KOHCTaHT YCTOWYMBOCTH KJIaCCHMUECKUM CIIEKTPO(OTOMETPUYECKUM METO/0M,
TIpYBE/IeHHbIM B JIUTepaTypHLIX MCTOYHMKAX, HeOOXOJUMO MMeTh WHAWBU/yasbHbIe CITEKTPhI KOMITJIEKCHBIX
yactu [8], B laHHOM Cilyyae HeHTpanbHOM KOMITIEKCHON YacCTHUIIbI ¥ KOMILIEKCHON YacTHLIbI C 3apsfoM ILUTIOC
ofvH. MeTozyKa KoHLeHTpalloHHOH Y®/Buy criektpodoToMeTpun He TpeOyeT MoTyyeHHUst TAKUX CIIEKTPOB.

CorylacHO MeToAVKe KOHL|EHTPALMOHHOH CrieKTpo(OoTOMeTprH, HeobX04uMo IpUroToBuTh cMecu Co-
OTIIA monbHoro cocrtaea (1:1) ¢ pa3nmuuHbiMu KoHIeHTpauusmu C;. [Iish Kax/0ro i-ro pacTBopa ObLIN CHSITHI
3JIeKTPOHHBIE CIIEKTPHI MOTJIOIeHHs] M Ha BEIOpPAHHOM ONTHUMA/IBHOW [JTHHE BOJIHBI Aoy PACCUMTAHBI MOJISIPHBIE
K03 (UIMEeHTHI MOTJIOIeHUS & , UCT0JIB3Ys 3akoH BJIB. B Tabsmie 3 mpecTaBieHbl 3HaUeHUs & B 3aBUCUMOCTH
OT KOHIIeHTPALMH TIPUTOTOBJIEHHBIX PacTBOPOB Ha A= 537 HM. Ha pucyHKe 2 mpejCTaBieHB! M0JydeHHbIe
CIeKTPHI TIOIJIOLeH!sI CMeCH NPU pa3/IMUHbIX KOHLIEHTpaLusX. [/l CHATHS CTIEKTPOB IOIVIOLeHNsI IPUMEHSITUCh
KBaplieBble KIOBETbl C TOJIMIMHOM morsoujawomero c1osg 10 cM, CreKTpel MOIVIOIIEHWsl pPerucTpUpoBalyd B
nuamnazone ot 200 go 900 HMm.

Tabnuna 3. PactBopbl cmecu Co(I1)-ATITA nipu pa3iuyuHbIX MOJISIPHBIX KOHLIEHTPALUSIX

CMI\(I?QCI/I C (Co™: ATHIA) (1:1), M pH 53?1‘;{1“ 53;i’HM nggii?;ﬂ%%w:e
1 8,75-10° 1,78 1,043 11,92
2 8,31-10° - 0,998 12,01
3 7,87-10° - 0,978 12,42 HsL
4 7,0-10° - 0,874 12,49 H.L®
5 6,12-10° - 0,771 12,59
6 5,25-10° 1,88 0,667 12,70

16

14

1,2

0,8

0,6

04

0,2

200

Puc. 2. OnextpoHHble crneKkTpbl morsomeHus cmecu Co(II):ATIIA mombHoro cocraBa (1:1) mpm
Pa3/IMUHBIX KOHI|EHTpaLysIxX

W3BeCcTHO, UTO OT BLIOPAHHOM [JIUHBI BOJIHBI, MPU KOTOPOW TMPOBOJSTCS W3MEDEHHs], 3aBUCHT
TIOTPELTHOCTh CIeKTPO(OTOMETPUYECKOT0 MeToza. [109ToMy ONTHUMAanbHYIO [IIMHY BOJIHBI BLIOMpATH COTJIaCHO
MeTo/MKe, pPa3pab0TaHHOHM CriellMaqbHO [/IT MeTOoZia KOHIL|eHTPalMoHHOW criekTpodorometpuu [9]. s
OTIpe/iesIeHUs! Agnr UCTIO/Ib30BAJIH IAHHBIE 37IEKTPOHHBIX CIIEKTPOB TOTJIOI[EHHUsS] CMEeCH, 3aperUCTPUPOBAHHBIX TIPU
JBYX DPa3IMYHbIX KOHLIEHTPAL[USIX OOOUX KOMITOHEHTOB — HayajbHOW MAaKCUMAaabHOW (Cma) U KOHEUHOH
MUHUMaMbHOU (Crin). B KauecTBe Takux pacTBopoB paccMmaTtpuBamm cmeck Co-[JTTIA monsHOro cocraga (1:1) c
KOHLIeHTpalUWsiMA KOMIOHeHToB 8,75:-103 M u 5,25-10% M, COOTBeTCTBYIOIIUMU TpaHULAM HCCAeAyeMOro
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[hara3oHa KOHIleHTparui. [TosyueHHBbIe CIEKTPBLI HCIIO/IB30BA/UCh /IS JajbHelmieli o6paboTKH, KOTOpast
3aKJI0YAeTCs B C/Ie/IyOILeM: CTPOSIT rpayK 3aBUCUMOCTY pa3nuMsi MOJISIPHBIX K03((UI[MEeHTOB MOTJIOL{eHUS OT
JUTUHBI BOJIHBI M BBIOMPAIOT ONTHMA/LHYIO UIMHY BOJIHBI Aom, Ha KOTOPOW pa3/uuue [0CTUraeT MakKCHMMyMa.
Pa3HocTh MonsIpHBIX K03 (HUIMEHTOB CBETOIOIJIOL[EHNS ABYX CIIEKTPOB Ha KaXK/JOU J/IMHEe BOJHBI HAaXOJST T10
¢dopmye (1):
_ Amax[}\) Arninw\) e
Ae|= - = |€
C. xI  C_. Xl

max min

M

max ~ Emin

rae |AE| — Pa3HOCTb MOJIIPHBIX KO3((ULIMEHTOB CBETOMOIJIOLeHNs IIPY ONpe/ie/IeHHOM [JINHE BOJIHBI;

Amax(}\] — onThyecKas IJIOTHOCTb pacTBopa IPU MaKCUMaJbHOH KOHLIEHTpaL{ MHCC/efyeMoro
Bell|eCcTBa Ha OIpeie/IeHHOH JJIHe BOJIHB;

C | ax — MaKCHMa/TbHasi KOHLIeHTPALMs MCC/IelyeMOro BelljecTBa, MOJIb/AM;

| — TomuuHa noromiatoiero cos, cM;

Amin(}\) — onTuueckas IUIOTHOCTb pacTBopa TP MHHUMAaJbHONM KOHLIEHTpALMH HCC/IeyeMOoro
Bell|eCcTBa Ha OIpeie/IeHHOH JJIHe BOJIHB;

Cnin — MUHUMa/IbHAs KOHLIEHTpALKs HCCTelyeMOro BellleCTBa, MOJIb/IM®;

€ hax— IKCIIEPUMEHTAJBHO OTpe/ieNisieMblii MOJISIPHBIN KO3(Q@UIMEeHT MOriomeHnst TP Amax U Crax,
v Mo oM

€nin— 3KCIIePUMEeHTaIbHO OIpeZie/isieMblii MOJISIDHBIM K03(hGULIMeHT norioujeHust Npu Amin ¥ Cuin,
v moms oM™

Ha pucyHke 3(a) npezcTaB/eHbl MO/yueHHble CIEKTPbl CMeCH IIPU MaKCHUMajbHOW M MUHUMa/IbHON
KOHLIEHTPAL|MM KOMIIOHEHTOB, Ha pucyHKe 3(6) — pe3ysbratel 06paboTKH. B paHHOM ciyyae MakcUManbHOe
pasnuure MOJISIPHBIX KO3 (ULMEHTOB MOr/IOIeHHs Hab/rojaeTcst Ha JyIHHE BOJIHBI 537 HM.

16
14
12 12 }'nm'
0,8

0,6

l4g]

0,4
0,2

200 300 400 500 537 HMggg 700
200

A HM
a 6
Puc. 3. BLIGOD J/IMHEI BOJHEI Aoyr IT0 PA3HOCTH MOJIIPHBIX KO3((MUIMEHTOB MOIJIOIeHUs |A€| CHCTEMBI
Co(1II)-ATTIA B BogHOM pacTBOpe INpH KOHLeHTpauusx: 1 — Cuax = 8,75-10° Mmons/gM® v 2 — Cin = 5,25-1073
MOJIB/ M

[To mosyyeHHBIM 3KCMepUMeHTaNbHBIM JaHHBIM A;=f(C;) Tpu A.r (Tabmuia 3) ¢ mpuMeHeHUEM
nporpammMbl Mathcad 6b11 paccunTanbl KOHCTaHTBI paBHOBecust Ky, Ko, K, (Tabmvua 2) anst cucrembr Co-ATITA
MosbHOro coctaBa (1:1) B Kuc/Ioi cpefie 1 ompeiesieHbl JiecsITUUHbIe JIorapiudMbl KOHCTaHT yCToWuMBOCTH 1g[.
[MonyueHHbIe pe3y/bTaThl /s KoMruieKcHoro noHa [CoH4L]" Xopoliio coriacyroTcs C TIMTepaTypHbIMU AaHHBIMU.
CTOUT OTMETUTh, UTO JMTepaTypHoe 3HaueHue 1g3=30,18 Obul0 MonyueHo mpu noHHOUW cune 1=0,1 M, a B
HacTosiedi pabote -0, Tak Kak MeTOZ KOHILIEHTPALMOHHOU criekTpodoToMeTpur He TpebyeT AobaBiieHUs
(hoHOBBIX 371eKTpOTUTOB. KpoMe Toro, BriepBhle Ob1I0 OTIpe/iesieHo 3HaueHue 1g[ A/ HelTpasbHOM KOMITIEKCHOH
vactuiisl [CoHsL]°, A KOTOPO#A B IMTEpaType OTCYTCTBYHOT 9KCIIePUMEHTaIbHbIE JaHHbIe (Tab/uia 4).

Tabnuna 4. KoHcTaHThI yCTOHUMBOCTH KOMITIeKcoB B crcteme Co - [ITITIA mipu 25 °C, onpe/iesieHHbIe
METO/IOM KOHIIeHTpaliMoHHOW Y ®/Bu/i cnekTpodhoTOMepun.

Kowmrinekc 1gB IgB (urepatypa) [10]
[CoH.L] 28,74 30,18
[CoH5L]° 26,73 _

[TonyuyeHHble pe3y/bTaThl OATBEP)KAAIOT MPUMEHUMOCTb KOHLIEHTPALMOHHON CIIEKTPO(OTOMEPUH [i/Is
M3yueHHs He TOIbKO KUCJIOTHO-OCHOBHBIX, HO Y KOMIIEKCHBIX pPaBHOBecHii. MeTog He TpebyeT, Kak HH(OopMaryu
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00 WHUBHYaJbHOM CITEKTPe KaKOW-HO0 M3 MPOTOTPOIHBEIX (JOpM B C/lyuae W3yueHHs KMUCIOTHO-OCHOBHBIX
PaBHOBeCHH, TaK ¥ MHpOPMavu 00 WHIUBUYAJIbLHOM CIIEKTpe KaKOW-Mb0 U3 KOMIUIEKCHBIX (OpM B CiIydae
W3yueHUs] KOMIUIEKCHBIX DaBHOBECHUM, YTO TIO3BOJISIET II0Jy4YaThb 3HAUEHUS] MOJISPHBIX KO3 QUIMEHTOB
TIOTJIOIIEHHS] PABHOBECHBIX YacTHL] 6e3 UCTI0/b30BaHUsl KOHLIEHTPUPOBAHHBIX PACTBOPOB KUCJIOT WU IIeI0UeH,
YTO JIesIaeT ero 0COOEHHO TOJIe3HBIM [IjIs UCCIEA0BAHUS C/IOKHBIX PAaBHOBECHH.
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CPABHEHVE TPAANLUNOHHbIX U YNYYLIEHHbLIX C NOMOLLBbIO NCKYCCTBEHHOIO
MHTEN/TIEKTA KOHBEUEPOB A/14 CO34AHUNA UT'POBbLIX 3D-PECYPCOB

© A. WN. Kucenes, 2026

CmpemumenbHOe pa3zeumue UCKYCCIMBEHHO20 UHMeAleKma U HelpPOHHbIX cemell OMKpbLIO WUPOKUe
803MOJCHOCMU O/ onmumu3ayuu npoyeccog co30aHust 3D-o6bekmos. OOHAKO uHmezpayusi mexHosnoaul,
ocHogaHHbIx Ha VI, 8 ycmosigluuecs pabouue npoyecchl pa3pabomku uep conpsideHa KaK ¢ mexXHuuecKuMu, max
U C op2aHu3ayuoHHbiMU mpyoHocmsamu. OCHOBHAsS Yeab 3MOU cmambU - npogecmu cucmemamuyeckutli 0630p
cospeMeHHoOU Aumepamypbl 0 2UOPUOHbIX KOHeeliepax, Komopble 006eduHsaom mpaouyuoHHble Memoodbl 3D-
npou3eo0cmea ¢ UHCMPyMeHmMamu, y/AyulleHHbIMU UCKYCCMeeHHbIM uHmesiekmom. Ycnoib3ys memodono2uio
PRISMA 2020, Mbl npoaHanu3upoganu peyeH3upyemble nybaukayuu, noayueHHble U3 SCOpus u OpeaHu308aHHbIe
uepe3 Zotero, umo6bl onpedeaums Kaioueebie MOOeAU UHMe2payuu, npeuMywjecmad U 02paHudeHus HeopeHus
UCKYyCCMBEeHHO20 UHMeA1eKma Ha pasHbix smanax paspabomku. Hawu pe3yabmambl NOKa3bl8aron, 4mo nooxoobl,
OCHOBAHHble HA UCKYCCMBEHHOM UHMmes/neKkme, 0eMOHCmpupyiom ocobyio 3¢gpekmugHocmb Ha onpedeneHHbIX
3amanax, makux Kak co30dHue nepgoHauaabHOU KOHYenyuu u cUHme3 mekcniyp, COXpaHsisi Nnpu 3MmMoM 8adiCHYIO
pPO/b  XyO00odHCecmeeHHO20 pPYKOBOOCMBA uen08eKOM HA npomsidceHuu 8ce2o0 npoyecca. Kpome mozo, Mbl
npedsnazaeM CpasHUMmMesbHyl0 CXeMy, KOmopas onucbigaem mpaouyuoHHble, noay2ubpudHble U NOAHOCMbIO
UHMe2pUpPOBaHHble KOHEellepbl C UCNO/Ab308AHUEM UCKYCCMBEeHHO20 UHmeanekma. Pesyibmambi 3mo2o
cucmemamuyueckozo 0030pa A6AAIOMCS NPAKMUUECKUM PYyKogoOCcmeom 048 cmyoull, paccmampusaoujux
B03MOJCHOCMb ~ 8HEOpeHUsl UCKYCCMBEeHHO20 UHMme/dleKmd, U YKasbigaiom Ha Oydywue HanpaeneHus
uccnedosaHutl, He0bxooumble 045 yaydweHus ezaumodeticmeust U u uenogeka npu cozdoaHuu 3D-066exkmos.
KroueBble c/10Ba: KOHBeliep TPeXMEPHBIX PeCYPCOB, UCKYCCTBEHHBIN UHTeJIEKT, HEHPOHHbBIE CETH,
pa3paboTKa urp, cucteMaTrueckuii 0630p, rubpuiHble paboumre Mporecchl.

A. l. Kiselev

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

COMPARING TRADITIONAL AND AI-ENHANCED PIPELINES FOR GAME-READY 3D ASSETS

The rapid advancement of artificial intelligence and neural networks has introduced significant opportunities for
optimising 3D asset production pipelines. However, integrating Al-driven techniques into established game
development workflows presents both technical and organisational challenges. The primary objective of this paper
is to conduct a systematic review of the contemporary literature on hybrid pipelines that integrate traditional 3D
production methods with Al-enhanced tools. Employing PRISMA 2020 methodology, we analyzed peer-reviewed
publications sourced from Scopus and organized through Zotero to identify key integration patterns, advantages,
and limitations of Al implementation at different pipeline stages. Our findings indicate that Al-enhanced
approaches demonstrate particular effectiveness in specific phases, such as initial concept generation and texture
synthesis, while maintaining the critical role of human artistic direction throughout the process. Additionally, we
propose a comparative framework that delineates traditional, semi-hybrid, and fully integrated Al-enhanced
pipelines. The results of this systematic review provide practical guidance for studios considering Al adoption and
highlight future research directions necessary for improving AI-human collaboration in 3D asset creation.
Keywords: 3D asset pipeline, artificial intelligence, neural networks, game development, systematic review,
hybrid workflows.

Problem Context and Motivation

Recent developments in neural networks and artificial intelligence technologies are increasingly focused
on optimisation and improving creative pipelines. One of the most difficult and time-consuming processes of
creating digital content is creating 3D assets for games. 3D pipeline includes high-poly modeling, retopology, UV
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unwrapping, texturing, rigging, importing the model in the game engine, and rendering, all of which demand
specialised knowledge and a significant amount of manpower. Lei et al. (2025) characterized this process as a
"cornerstone of modern game development," long characterized by labor-intensive and specialized workflows. [1]

Despite considerable advancements in traditional content production methodologies, automating
repetitive tasks and reducing production time while maintaining image quality and artistic intent are arguably
critical goals. The problem is exacerbated by the growing need for volumetric content in games, virtual reality,
digital marketing, and even metaverse-related applications. Begemann and Hutson (2024) noted that "generative
AT tools hold significant promise for transforming game development, "yet there is a need to "successfully
overcome technical challenges and gain widespread acceptance in the game development community." This
problem has therefore led to considerable efforts in finding hybrid solutions that incorporate these tools to support,
rather than replace, human creativity. [2]

Rise of AI-Enhanced Workflows

In recent years, a variety of Al and neural network-based technologies has been developed to address the
limitations in the traditional pipelines. This includes, but is not limited to, text-to-3D generation models such as
ProlificDreamer (Wang et al., 2023) and Text2NeRF (Zhang et al., 2024). Image-to-3D models such as Direct3D
(Wuetal., 2024) and SV3D (Voleti et al., 2024). Neural style transfer models for generating materials and textures,
including PBR-related models such as TexGaussian (Xiong et al., 2025), DreamMat (Zhang et al., 2024), and
Paint-it (Youwang et al., 2024). Automated retopology generation systems, as studied in Lei et al. (2024) in their
survey on intelligent mesh generation. Intelligent rigging models, as surveyed by Mourot et al. (2022). Finally,
neural rendering models for real-time rendering, such as BakedAvatar (Duan et al., 2023).

The efficacy of these AI models, i.e., their usefulness, their areas of use, and the conditions under which
these models would be effective while maintaining the quality of the output at a professional level, remains a topic
that has not yet been fully explored. Ternar et al. (2025) state that “GenAlI primarily supports early-stage ideation
and human-in-the-loop refinement rather than autonomous creation, with benefits highly contingent on pipeline fit,
governance, and provenance.” Moreover, the optimal way to use these models in the traditional pipelines remains a
topic that has not yet been fully explored in the peer-reviewed literature. [4]

Research Gap and Purpose

The main purpose of this study was to systematically map and compare traditional models with AI-
based models in terms of their efficacy, usefulness, and applicability. While there have been studies that have
examined the efficacy of Al models for specific uses, such as the use of generative Al models for creating game
characters, as studied by Wu et al. (2025), there remains a gap in terms of a comprehensive model that studies
how these models work in conjunction with traditional models for creating multiple assets in a 3D environment.
Gallotta et al. (2024) examined the connection between extensive language models and games. However, a
deficiency persists regarding the application of these models in generating multiple assets within a conventional
pipeline. This study was undertaken for the subsequent reasons:

1. To do a systematic review of published research on Al integration in 3D asset production (using
PRISMA 2020 standards) to find out what is known about each stage of the pipeline and the technologies used.

2. To create a framework comparison traditional and Al-enhanced methods on different levels,
including speed, quality, controllability, and time needs.

3. To combine the results into useful suggestions for studios and researchers about when and how to
use Al tools in production workflows.

Our goal is to look into the following questions:

RQ1: What parts of the 3D asset production pipeline are most often said to be improved or augmented by
Al and neural network techniques in recent research?

RQ2: What are the efficiency advantages of using an Al pipeline over a traditional one, especially in
artistic control?

RQ3: What patterns of integration and best practices can be found in the literature for combining
traditional 3D tools and AI models while still getting professional quality results?

Structure of the Paper

With PRISMA 2020 guidelines, the search strategy, inclusion and exclusion criteria, and data extraction
techniques in accordance are all described in the Methods section of the systematic review protocol. The results of
the literature review are presented in the Results section, along with comparative metrics from existing studies and
a descriptive analysis of pipeline stages and Al technologies used. These findings, discussing their limitations, and
offering implications for future research practice, are covered in the Discussion section. The Conclusion concludes
by summarising the most important findings and suggestions.

Overall Study Design
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This study has a systematic review of academic literature on Al-enhanced pipelines for 3D asset
development. This strategy strikes a balance between methodological accuracy and adaptability, which is crucial in
a diverse field like emerging technologies. This study is similar to a recent systematic review by Ternar et al.
(2025), who used meta-ethnography and the PRISMA-S protocol to guide their qualitative synthesis on the use of
generative Al in game development. They found nine main themes regarding this use. [5]

Literature Search Strategy

A structured search was performed across the Scopus database using combinations of core search terms:

"3D asset" OR "3D model" OR "3D pipeline" OR "asset production” AND ("AI" OR "artificial
intelligence" OR "neural network" OR "deep learning" OR "machine learning" OR "generative") AND ("game"
OR "real-time" OR "game engine" OR "interactive").

The research included publications from 2015 to 2025 (most of them are relevant ones starting from 2019
to capture the “Al boom™). Results were exported to Zotero for management and screening. This approach aligns
with established bibliometric practices for systematic reviews, where citation databases are queried and results are
organised into structured formats for analysis. [6]

Inclusion and Exclusion Criteria

To attain our aim, we established explicit inclusion criteria.

Works were included if they:

- Addressed the creation, processing, optimization, or evaluation of 3D models or assets intended for
games or real-time environments.

- Described either a complete production pipeline or a clearly delineated pipeline stage (modeling,
texturing, retopology, rigging, LOD generation, rendering).

- Reported on the application of AI, machine learning, neural networks, or deep learning techniques to
one or more pipeline steps.

- Were published as peer-reviewed journal articles, peer-reviewed conference proceedings, or
systematic reviews in English.

Studies were excluded if they:

- Focused exclusively on offline VFX, film production, or scientific visualization without
demonstrated applicability to game-ready assets.

- Presented only theoretical algorithms without demonstrable implementation or case studies.

- Lacked sufficient methodological detail or quantitative/qualitative evidence regarding the proposed
approach.

- Were duplicates or earlier versions of more comprehensive publications.

Study Selection and Data Extraction

For the systematic review there was study selection. For instance, titles and abstracts were assessed for
inclusion criteria. A PRISMA 2020 flow chart diagram is provided to describe the study selection. The PRISMA
flow chart shows the number of studies identified, screened, and included for the final review. Moreover, it shows
why certain studies were excluded at various stages of the selection process [7], [8], [9].

We extracted the following information from each included study: basic bibliographic details, the 3D
pipeline stage(s) examined, the Al methods used, any reported comparative results, technical output characteristics
(such as polygon counts, texture resolutions, and real-time performance), as well as the authors stated strengths,
limitations, and our own quality appraisal notes.
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Figure 1. PRISMA 2020 flow diagram illustrating the study selection process.

Analysis of Citation Networks

Some of the final studies for the systematic review underwent a citation network analysis in addition to the
systematic review procedure. Relationships between included studies based on citations were examined using the
Litmaps visualization tool to find connections between authors and their publications for a more thorough
comprehension of the topic. [10]
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Figure 2. Citation network of included studies, generated using Litmaps.

Green-colored nodes are for seed papers, which are represented by the research articles included in the
review, while white-colored, hollow nodes are for suggested papers, which are established through citation
relationships. The thickness of each line indicates a direct relationship between research articles, while the size of
each node is related to the number of citations received, and proximity is related to similarities between research
topics. A dense cluster of foundational papers on diffusion-based generation, including Rombach (2021-2022),
Radford (2021), Vaswani (2017), and Ho (2020), and a cluster of methodological papers on 3D generation and
texture synthesis, including Zhang (2023), Wang (2023), Chen (2023), Poole (2022), and Lin (2022), are shown
in the visualization. A smaller cluster on game development and PBR material research, published between 2024
and 2025, is also visible, including Wu (2024), Ling (2024), Begemann (2024), Xiong (2024), Lei (2025), and Oh
(2025). This is a clear sign of a shift in Al enhanced research on 3D game assets, from foundational model
development to application-oriented pipeline development for game production. [10]

Furthermore, this graph indicates a clear temporal progression, whereby foundational papers published
earlier, represented by white-colored, hollow nodes at the top of the graph, such as Vaswani et al. (2017), who
developed the Transformer model, Ho et al. (2020), who developed denoising diffusion probabilistic models, and
Rombach et al. (2021, 2022), who developed latent diffusion, are well-connected to newer, applied research
papers, while more recent research, such as Lei et al. (2025), on Hunyuan3D Studio, and Begemann and Hutson
(2025), on copyright for Al-enhanced game design, cite a wide range of foundational and applied research,
indicating a maturation of this interdisciplinary research area [3], [1].

Search Results and Study Characteristics

Search results are 35 publications from 2007 to 2025 was found through a systematic search, the majority
(more than 75%) were published between 2023 and 2025, indicating the sharp increase in research activity in Al-
enhanced 3D asset creation. The included studies include arXiv that discuss cutting controversial techniques in
mesh optimization, texture synthesis, and 3D generation, as well as journal articles from publications like IEEE
Transactions on Games, IEEE Transactions on Visualization and Computer Graphics, ACM Transactions on
Graphics, Electronics, and Proceedings of the AAATI Conference on Artificial Intelligence [3].

Traditional Pipelines for Game-Ready 3D Assets

Traditionally, a proven sequential pipeline is used to create 3D assets. According to Begemann and
Hutson (2024), the standard procedure starts with concept art, then moves on to high-polygon sculpting using
ZBrush, UV unwrapping, retopology to produce optimized low-polygon meshes, manual texture painting,
rigging, and skinning, and finally integrating the assets into a real-time game engine like Unreal Engine 5.
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Depending on the complexity of the assets, each of these processes, which call for domain-specific skills, may
take days or even weeks [2], [11].

AI-Enhanced Stages of the Pipeline

Analysis of the included studies shows that AT have been applied across several stages of the 3D asset
pipeline, though with varying effectiveness.

Al tools have shown that the strongest impact is in the earliest stages of asset creation. Alharthi (2025)
found through a mixed-method study (n=42 survey, n=9 interviews) that "generative Al accelerates idea,
enhances prototyping, and automates repetitive tasks, " while also raising "concerns about originality, creative
dependency, and undermining of human-authored content". Ling et al. (2024) developed Sketchar, a GenAl tool
that allows game designers to prototype characters, demonstrating that "reference images generated in co-
creating with Sketchar fostered refinement of design details and can be incorporated into real-world workflows".
Similarly, Liu et al. (2025) explored cross-modal AIGC integration within Unity3D, achieving an inception score
of 8.95 and an FID of 20.1, indicating high diversity and image quality for generated game art [3].

Comparison

Based on the analysis, the following framework in Table 1 categorizes the spectrum of pipeline
approaches.

Table 1 Comparative framework

mocap cleanup

+ manual editing (Mourot et al.,
2022) [3]

Dimension Traditional Pipeline Semi-Hybrid Pipeline Fully Al-Enhanced Pipeline
Concept Art Manual  sketching | Al-generated references | Text-to-image with
and painting refined by artists (Ling et al., | minimal editing (Alharthi,
2024) [3] 2025) [3]
3D Modeling Manual sculpting | Al draft + manual retopology | End-to-end generation (Lei
(ZBrush, Blender) (Begemann & Hutson, 2024) | et al., 2025) [1]
(2]
Texturing/Materials | Manual painting | Al PBR generation + artist | Automated PBR synthesis
(Substance Painter) refinement (Zhang et al., 2024) | (Xiong et al., 2025) [3]
[3]
Animation Keyframe animation, | Deep learning motion synthesis | Neural avatar synthesis

(Duan et al., 2023) [3]

Quality Control Full manual QA Hybrid Human-AlI evaluation | Requires significant human
oversight [4]

Production Speed Baseline (days-weeks | 30-60% time reduction on | Minutes for initial

per asset) select stages [2] generation. Hours with

refinement [1]
Limited initial control.

Artistic Control Full control High  control with AI

acceleration

Discussion

The literature shows that Al tools have the highest level of influence during the terminal stages of game
asset creation concept ideation during the initial stage and texture creation during the final stage while the human
factor still plays a vital role during the intermediate stages of asset creation retopology, rigging, and optimization
of game engines. This can also be inferred from Ternar et al.'s (2025) study on the influence of GenAl tools on
game development. The authors found that GenAl tools are “primarily an early-stage ideation scaffold, not
autonomous authorship.” Moreover, the development stage of the game asset also determines the level of
influence of Al tools on the game development process. The development of tools such as Hunyuan3D Studio
(Lei et al., 2025) indicates the potential for Al tools to play a more vital role in the future. However, currently, Al
tools are still dependent on human expertise to create game assets. Begemann and Hutson (2024) also found that
Al tools are highly effective during the initial stage of game development — concept ideation — yet creating
optimized high-quality game assets such as 3D models for game development — particularly concerning mesh
topology, UV layout, and optimization for real time engines — remains a challenge for Al tools.

Ferrari and McKelvey (2023) provide a more general theoretical perspective on the issue, defining the rise
of generative models as “hyperproduction,” a social process in which the sheer volume of Al-created content
changes the dynamics of creative production. This has obvious implications for game development studios, in
which filtering Al created content may be just as costly as creating it in the first place [3].

Copyright and Legal Considerations

Moreover, copyright considerations are growing significantly. Begemann and Hutson (2025) examined a
number of numerous cases, like Andersen v. Stability Al and Zarya of the Dawn, which brought attention to the
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conflict between Al outputs and copyright eligibility. The authors proposed that better metadata standards and
Human AI creation models could aid in bridging the gap between copyright regulations and Al-driven
innovations [3].

Limitations

The current review has a number of problems. The main thing is that the scope is limited to English-
language publications that are indexed in Scopus. This could mean that grey literature, journals that aren't
indexed, and works that aren't in English are left out. Also, the quality and methodological rigout of the studies
included varies a lot. This is a problem that Ternar et al. (2025) also noted when they looked at GenAl game
development research and found that "more than half of the studies exhibit moderate to severe meta-
methodological flaws." Quantitative synthesis is additionally constrained by the heterogeneity of reported
metrics. Limited number of studies utilize standardized benchmarks, thereby complicating direct performance
comparisons among various Al methodologies. Because the field is changing so quickly, some results may not be
relevant for long. This is because new tools and models are coming out faster and faster [4].

Conclusion

The challenge of producing high-quality 3D assets for games quickly while still keeping artistic control
and professional standards is still a big one in the creative industries. This systematic review offers evidence-
based recommendations regarding the optimal areas for AI integration: concept generation, PBR material
synthesis, and initial 3D shape generation demonstrate the most advanced and promising Al-enhanced
methodologies. For fine-grained topology control, game-engine-specific optimization, and nuanced artistic
direction, traditional methods are still better.
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Jannas cmambsa uccaedyem co3HamenbHOe UCNO/Nb308AHUE HUKONONU2OHAAbHbIX 3D-modenell 8 cospeMeHHbIX
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KnroueBble c/10Ba: HU3KOIOAMIOHAAbHOE MOJeNupoBaHue, 3D-MojenpoBaHye, CTW/IM30BaHHas rpaduka,
WrpoBasi 3CTETHKA, OIITUMH3AL{UsI TIPOM3BOJUTETBHOCTU, MHAW-UIPBI, UTPOBasi pa3pab0TKa, UTPOBBIE aCCeThI.

R. A. Bespalov

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

THE USE OF LOW-POLY 3D MODELS IN CONTEMPORARY VIDEO GAMES

This article examines the deliberate use of low-poly 3D models in contemporary video games, moving beyond
explanations based solely on technical necessity. A comprehensive analysis of three key aspects is conducted: the
formation of a distinctive aesthetic and artistic expression, the impact on performance and optimization, and the
characteristics of the target audience attracted by this visual style.

Keywords: low-poly, 3D modeling, stylized graphics, game aesthetics, performance optimization, indie games,
game development, game assets.

Low-polygon modeling first emerged as a response to the hardware constraints of the late 20th and early
21st centuries. Yet as graphics hardware grew powerful enough to render models with tens of millions of polygons
and near-photographic realism, the low-poly approach did not fade away. Instead, it took on a new life as a
conscious artistic choice, finding a stable niche in the modern game industry — most prominently in the indie sector.
Beyond the question of technical constraints and visual style, the decision to use low-poly models (Figure 1) is also
shaped by the realities of production: in many projects, reducing polygon counts frees developers to concentrate on
gameplay, mechanics, and atmosphere rather than geometry [1].
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Figure 1: The difference between Low-poly, Mid-poly, and High-poly models. (Source: dzen.ru)

Two early titles stand out as particularly influential examples of low-poly aesthetics used with clear
artistic intent: Minecraft, whose block-based world made geometric simplicity a core feature rather than a
compromise, and Totally Accurate Battle Simulator (Figure 2), which showed that limited polygon counts could
serve genuinely expressive purposes. Both games demonstrated that visual minimalism is not a drawback — it can
be the defining quality of a project. Working within tight polygon budgets pushed designers toward clarity of form
and considered use of color, producing worlds that were visually coherent and instantly recognizable. This set a
precedent that later developers could draw on and build upon.

Figure 2: Screenshot from the Totally Accurate Battle Simulator game. (Source: pinterest.com)

Against this backdrop, examining the low-poly approach has clear value for anyone seeking to understand
where the game industry is heading. This article sets out to describe how low-poly 3D models are used in practice
and to assess how they affect both the development process and the way players respond to games that rely on this
type of graphics.

Low-poly 3D modeling produces three-dimensional objects using a comparatively small number of
polygons. The goal is to capture the shape and character of an object through its silhouette and proportions, without
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resorting to dense geometry. What began as an engineering necessity has since become a deliberate creative and
production tool. In contemporary games, low-poly serves as the foundation for a coherent visual identity. Its
aesthetic strengths are straightforward: forms read clearly, the look is immediately recognizable, and the project
can develop a style that belongs distinctly to it. Keeping geometry simply makes it easier to maintain a consistent
visual language and to prevent scenes from becoming cluttered — an important consideration when you want
players’ attention on what actually matters for navigation and gameplay. This kind of stylization can generate a
strong atmosphere, whether that means the warmth of nostalgia or a spare, unsettling minimalism. Abstract shapes
invite players to fill in the gaps with their own imagination. In a crowded market, that distinctive look can become
the mark of a studio, setting a project apart from everything else on the shelf.

One of the most recognizable features of the low-poly visual language is the deliberate use of flat shading
and simplified lighting. Where photorealistic rendering depends on detailed normal maps and physically based
rendering (PBR) pipelines to simulate surface texture, low-poly work tends toward flat-shaded polygons or cel-
shading (Figure 3). The resulting faceted look — with individual polygon faces clearly visible — has become a
hallmark of the style. Because there is less geometry to carry expressive weight, color and composition must do
more of the work, and low-poly artists typically approach their palettes with particular care. Whether the choice
runs toward vibrant, saturated tones or restrained, muted ones, color can communicate mood and narrative setting
efficiently, making up for the absence of fine surface detail through contrast and chromatic relationships.

-
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Figure 3: Different lighting and shading methods. (Source: pinterest.com)

On the technical side, lower polygon counts translate directly into better performance. Fewer polygons
mean less work for the CPU and GPU, so optimized meshes can be deployed across dense scenes without the risk
of frame rate collapse. Loading times drop, more objects can be on screen at once, and the overall experience runs
more smoothly. These gains matter for cross-platform reach as well. Games built on low-poly graphics tend to have
modest system requirements, which makes them a natural fit for mobile devices, browser-based platforms, portable
consoles, and older hardware — all of which represent substantial potential audiences.

The benefits go further at the rendering pipeline level too. Low-poly meshes usually need fewer texture
atlases and simpler materials, which makes batching draw calls easier and cuts down memory bandwidth usage.
This is especially important in open-world games or procedurally generated environments, where a lot of objects
have to be rendered at once. Simpler meshes also take up less VRAM, and that matters when you are targeting mid-
range or low-end hardware. All of these things together let developers keep frame rates stable on weaker platforms
without having to rely too heavily on culling or complicated asset streaming.

Low-poly assets are also considerably faster to produce than high-detail ones, and that difference shows
up in both development time and budget. Because the underlying geometry is simpler, every downstream task — UV
unwrapping, texturing, rigging, animation, engine integration — moves more quickly and with fewer technical
complications. Teams can iterate faster, test new mechanics sooner, and pivot when something is not working. For
these reasons, low-poly modeling has become the standard approach for rapid prototyping, for educational
projects, and for small studios where every hour counts.
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Smaller file sizes bring practical advantages in version control as well. Low-poly assets move through Git
or Perforce pipelines faster, diffs are easier to read, and build times come down — all of which reduces the overhead
of continuous integration workflows. The relative simplicity of the assets also makes them easier to review and
maintain as a project matures. When a design direction changes, reworking a low-poly model costs far less than re-
sculpting a high-resolution mesh built from tens of thousands of polygons or revising a photogrammetric scan.

The style is also easier to get into for artists who are just starting out in 3D, and it can help a new team
settle on a shared visual direction without too much back and forth. In education it works particularly well as a
starting point — students can go through the whole pipeline, from sketch to a finished game-ready asset, in a
reasonable amount of time, and they can focus on learning the basics rather than getting stuck on technical
problems [2].

The accessibility of low-poly is also supported by the tools available for it. Blender is open-source and
comes with everything you need — polygon reduction, modifier-based simplification, UV editing — at no cost.
Platforms like Sketchfab, itch.io, and the Unity Asset Store have large collections of ready-made low-poly assets
that developers can pull from instead of building everything themselves. This shared infrastructure has encouraged
a collaborative culture around the style and made it easier for new creators to get started.

When low-poly graphics are executed well, they have a genuinely positive effect on how players
experience a game. Clean, readable forms make it easy to orient oneself in the game space, and players can process
visual information quickly without much effort. The absence of unnecessary detail lightens cognitive load, letting
players stay focused on what is happening — particularly useful in games with fast-moving action or involved rule
sets. Stable performance and consistent frame rates also make a difference to how the game feels overall. Because
of all this, low-poly visuals are more and more seen not as a sign of limited budget, but as an intentional artistic
choice that gives a project its own identity. It tends to appeal to specific kinds of players: people who like references
to older games, indie fans who respond to a personal creative voice, and casual players who value something clean
and easy to read.

Part of the emotional appeal of low-poly aesthetics has to do with how the style comes across culturally.
There is something about visible geometry and deliberate simplification that feels handmade and considered, in a
way that photorealistic graphics usually do not convey. Players often get the sense that a low-poly game reflects a
genuine artistic vision, and that can build a stronger connection to the work. This association is reinforced by how
prevalent the style is in independent game development, where personal expression tends to be valued. Low-poly
games often accumulate enthusiastic word-of-mouth and retain dedicated audiences, which in turn supports their
commercial performance through organic growth rather than paid promotion.

Major game engines, Unity and Unreal Engine among them, are well-suited to this kind of work. Their
built-in optimization systems, level-of-detail (LOD) management tools, lightweight material support, and shader-
based stylization options mean that low-poly assets can be integrated cleanly and their artistic qualities fully
realized [3]. The technical infrastructure is there; the question is simply how a team chooses to use it.

Low-poly modeling also pairs naturally with procedural generation (Figure 4). Because low-poly
geometry tends to be modular and rule-based, components — terrain tiles, architectural pieces, vegetation — can be
assembled algorithmically to create varied, expansive environments without an artist having to hand-craft every
element [4]. That compatibility multiplies the effective output of a small team. Emerging Al-assisted tools for mesh
simplification and automatic LOD generation are also being developed with low-poly pipelines in mind, which
suggests the style will retain its technical and practical advantages as the industry continues to change [5].

That said, low-poly is not the right fit for every project. Some genres — realistic military shooters, sports
simulations, story-driven games that rely on facial expression and nuanced character animation — depend on visual
detail that low-poly geometry simply cannot provide. There is also a risk of the style feeling generic: as more games
adopt it, poorly executed low-poly work can come across as lazy rather than deliberate. Getting it right still takes
real skill, particularly in areas like lighting and color where the lack of surface detail makes every choice more
exposed. And while simplified assets reduce production time on the art side, they do not automatically make a
game easier to design or develop — weak level design or poor gameplay are just as visible in a low-poly project as in
any other.
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Figre 4: An example of a low-poly, procedurally generated terrain.
(Source: https://arxiv.org/pdf/2505.09350 3592396)

Looking ahead, the position of low-poly in game development looks reasonably stable. Growing Al
tooling for mesh simplification and automatic LOD generation will likely make it faster to reach production-ready
assets, which benefits small teams the most. At the same time, the spread of VR and AR platforms opens up new
questions about how low-poly geometry holds up in immersive contexts where the viewer can get much closer to
objects than in a traditional screen-based game. How the style adapts to those conditions will probably determine
how broadly it gets used in that space. For now, low-poly remains a practical and creatively flexible option, and
there is little reason to expect that to change soon.

The use of low-poly 3D models in contemporary game development is, at its best, a fusion of artistic
intent, technical good sense, and practical efficiency. The style shows that a compelling game experience does not
depend solely on photographic realism; it can just as well emerge from a thoughtful visual language, consistent
performance, and a clear sense of who the game is for. Low-poly modeling remains a fully realized and relevant
tool — one that continues to shape both the creative range of the medium and the commercial strategies of the
studios that work within it.

References

1. Pirhonen, L. (2024). Creating an optimized 3D-mesh for a stylized low-poly video game character (Bachelor’s
thesis, Metropolia University of Applied Sciences). URL: https://urn.fi/URN:NBN:fi:amk-2024120934124
(Retrieved December 09, 2025).

2. Fonseca, A. C. (2018). 3D modeling pipeline for games: Work methods for low poly models with hand painted
textures  (Bachelor’s  thesis, Tampere University of Applied Sciences). 49 pp. URL:
https://www.theseus.fi/bitstream/handle/10024/156811/Gomes_Sarmento_Da_Fonseca_Ana.pdf?sequence=1
(Retrieved December 09, 2025)

3. Epic Games, Inc. (n.d.). Unreal Engine 5 documentation. URL: https://docs.unrealengine.com/5.3/en-US/
(Retrieved December 11, 2025).

4. Tivolt, R. (2025). Procedural low-poly terrain generation: Landscape generation with terracing for low-poly
computer games (Master’s thesis, University of Southern Denmark, Faculty of Engineering). URL:
https://arxiv.org/pdf/2505.09350 (Retrieved December 11, 2025).

5. Chen, Z., Pan, Z., Wu, K., Vouga, E., & Gao, X. (2023). Robust low-poly meshing for general 3D models. ACM
Transactions on Graphics, 42(4), Article 119. https://doi.org/10.1145/3592396 (Retrieved December 10, 2025).

HayuHbili  pykosodumesnb:  3asedyrowjuli  kagpedpol  mexHuU4Yeckoz2o rnepesoda U
npogbeccuoHa/ibHbIX KOMMYyHUKayul, doyeHm, kaHoudam ¢husiosioaudeckux Hayk /1. B. Hazaposa

Scientific Advisor: Associate Professor of the Department of Technical Translation and
Professional Communications, Larissa Nazarova, PhD

187



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

YAK 7.012:004.774:316.7
E. M. BopTHuK, H. A. legloxuHa

CaHkT-lNeTepbyprckuii rocyfapCTBEHHbI YHUBEPCUTET NPOMbILLIEHHbIX TEXHOIOMWA 1 An3aliHa
191186, CaHkT-lNeTepbypr, bonblias Mopckas, 18

®EHOMEH "XWUAKOW APXUTEKTYPbI" B COBPEMEHHOM BEB-AU3ANHE: AUHAMUYECKASA
PET’MOHANMN3ALUUNA N KWHECTETUYECKAA SMMNATUA

B cmambe uccnedyemcsi eHoMeH —«xHCUOKOU — apxumekmypbl» 8 eeb-ousdliHe KAk nposieneHue
MemamoOdepHUCMCKOU yyscmeumeabHocmu. A8mopbl NOKA3bI8AIOM, YMO 0MKA3 0M HCECMKUX MOOY/IbHbIX CEMOK
8 NOMb3y mMeKyuyux, aHUMUPOBAHHbIX UHMepgelicoe omeeudaem OBOUHOMY 3anpocy COBPeMeHHOCMU: Hda
becwosHocmb 83aumodelicmeus U Ha SMOYUOHA/IBHYIO 8081eUéHHOCMb. OnNupasch Ha Meopuu pesuoHaluzayuu 3.
T'uddenca u cpenomeHnonozuto eocnpusmust M. Mepao-ITonmu, cmambsi 0eMOHCmMpupyem, KAk pasmblmue
mpaouyuoHHbIX pe2uoHO8 uHmepdgetica (wanka, mesno, nodga1) U UHMe2payusi HagU2AYuU 8 KOHMeHm co30arom
apcpexm kKuHecmemuueckoll smnamuu. AHaau3 akmyanbHbix npakmuk (npodykmst iOS 26, Material Design 3,
cmyouu “Active Theory”) noomeepaicdaem, Umo gpeHoMeH HCUOKOU apXumeKmypbl, KAK NPAKMUKA CO8PEMEHHO20
8eb-0u3atiHa, eblpabambieaem cobCMeeHHble MeXAHU3Mbl NPEOOONEHUsl «KpU3UCd 4yecme» 8 aymeHMmUUHOM,
3MOYUOHANBbHO HAChIUeHHOM 83aumodelicmeuu ¢ yugposoli cpedoli.

KiroueBble c/10Ba: >kujKasi apxUTeKTypa, MeTaMo/lepH, pervoHanu3sanysi, GeHOMeHOIOr s, KHHecTeTnueckas
JMmaTusi, HoBasg uCKpeHHOCTb, UI/UX, 0ecuioBHbI wuHTepdelic, TreHepaTUBHBbIA JAW3aliH, CTPYKTypa
YyBCTBOBAHUS, BU3yasbHas Ky/IbTypa, SMOLMOHA/IbHAsT BOB/IEYEHHOCTb.
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THE PHENOMENON OF LIQUID ARCHITECTURE IN CONTEMPORARY WEB DESIGN: DYNAMIC
REGIONALIZATION AND KINESTHETIC EMPATHY

The paper examines the phenomenon of liquid architecture in web design as an expression of metamodern
sensibility. The authors demonstrate that the shift away from rigid modular grids toward fluid, animated interfaces
addresses a dual contemporary demand: the need for seamless interaction and for emotional engagement.
Drawing on Anthony Giddens’ theory of regionalization and Maurice Merleau-Ponty’s phenomenology of
perception, the paper illustrates how the blurring of traditional interface regions and the integration of navigation
into content generate an effect of kinesthetic empathy. An analysis of current practices, including recent iOS
versions, Material Design 3, and projects by Active Theory, confirms that liquid architecture, as a contemporary
web design practice, develops distinct mechanisms for overcoming the "crisis of feeling" through authentic,
emotionally resonant interaction with the digital environment.

Keywords: liquid architecture, metamodernism, regionalization, phenomenology, kinesthetic empathy, New
Sincerity, UI/UX, seamless interface, generative design, perception structure, visual culture, emotional
engagement.

The contemporary visual culture of digital space is undergoing a fundamental transformation that
transcends purely technical or aesthetic analysis of user interfaces. This transformation is driven by the need to
shift from a strictly functional description of design patterns to a broader understanding of the digital environment
as a complex human and cultural phenomenon. The transition from the early Web 1.0, characterized by static
document retrieval, to the highly interactive but often chaotic Web 2.0, has led to a profound sense of digital
fatigue. Users are constantly bombarded with fragmented information, intrusive notifications, and manipulative
"dark patterns." This hyper-commercialized environment has generated a distinct form of psychological alienation,
where the interface is frequently perceived as an adversarial barrier rather than a helpful tool. Consequently, the
demand for a new design paradigm is not merely an aesthetic whim, but a vital psychological necessity to restore
user trust and cognitive comfort. Design today serves as a direct extension of social processes [1], emerging as a
convergence point between technological progress and new modes of subjectivity. In an era of high mediatization
of the everyday, the interface ceases to be merely a tool for information access and a mechanism for one-way
interaction with machine databases; it evolves into a specific habitat that structures our social experience. To
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conceptualize these changes, it becomes imperative to employ sociological frameworks, specifically Anthony
Giddens’ structuration theory and his concept of regionalization [2].

The application of sociology to web design analysis is justified by the fact that digital space is a domain
where routine social practices are performed. Much like the architecture of physical buildings, the spatial
organization of the digital environment largely dictates behavioral scenarios and communication patterns. In his
study of modern social dynamics, Giddens introduced the term "regionalization" to describe how time and space
are partitioned and zoned according to the nature of the interactions occurring within them. According to this
sociological model, social interaction is structured through a system of invisible yet established boundaries.
Giddens distinguishes between the "front region," designed for socially approved performance, and the "back
region," which functions as a hidden zone for technical or private preparation. Furthermore, Giddens emphasizes
the concept of "routinization" — the habitual, taken-for-granted character of most daily activities, which is vital for
maintaining psychological security. If an environment is poorly structured, these routines break down, causing
stress and disorientation. In this context, the web interface can be viewed as a system of spatio-temporal regions,
each possessing its own functional status and level of legitimacy that either supports or disrupts these daily digital
routines.

During the formative years of web technologies (the 1990s and early 2000s), site architecture relied on
principles of strictly determined spatial organization. This period was dominated by grid structures that inherited
the logic of the early industrial order: information was strictly localized within fixed cells. In conditions of high
cognitive uncertainty, which was typical when people were just learning to navigate hypertext, there was a strong
need for permanent and clear visual navigation markers. Later, with the development of Cascading Style Sheets
(CSS) standards, a classical model of interface regionalization emerged based on a clear division of zones. The
upper region (the header) functioned as a navigational dominant, communicating the resource's hierarchy; the
central region (the body) was intended for content consumption; and the lower region (the footer) aggregated
auxiliary and technical information, which closely corresponds to Giddens's "back region," keeping background
system processes away from the user's primary focus. This structure provided what Giddens termed "ontological
security" — a state of confidence in the reliability and predictability of one's environment. Interacting with the
interface, the user relied on stable spatial constants, where key control elements remained in exactly the same
coordinates, which minimized cognitive load and created a sense of control over digital chaos. At that time,
ontological security was completely tied to physical fixity: the menu was always at the top, and the links were
always underlined in blue. Any deviation from this strict spatial grammar caused immediate user frustration.

However, the current stage of the digital environment’s evolution demonstrates a gradual blurring of these
boundaries. Traditional rigid regionalization is yielding to more complex, hybrid forms of interaction. We are
witnessing a process of interface de-hierarchization: control elements are no longer external to the content but are
integrated directly into the perception process. Navigation menus emerge contextually, and the boundaries between
functional zones become permeable. This shift can be characterized as a transition toward dynamic
regionalization. In this context, a fundamental shift occurs: the user's ontological security is no longer supported by
the physical stillness of objects on the screen, but by the predictability of the system's behavior. In such a system,
the user's ontological security is no longer ensured by the stasis of elements, but by their intellectual
responsiveness. It is not the location of a button that becomes predictable, but the logic of the interface's reaction to
the subject's request. The interface transforms into a proactive participant in communication. Its algorithms can
anticipate the user's micro-intentions based on a continuous analysis of the surrounding interaction context.

This trend toward transcending rigid structures allows for the introduction of the concept of "liquid
architecture," which is rooted in the 1960s Japanese Metabolism [3]. The founders of this movement, such as
Kiyonori Kikutake and Kisho Kurokawa, proposed viewing architectural objects not as completed, static
monuments, but as living organisms capable of growth, mutation, and the renewal of their elements. In the physical
macro-world, the practical realization of the Metabolism concept was significantly limited by the heavy nature of
building materials and the laws of gravity. However, the digital environment, free from such material constraints,
allowed this model to be fully realized in software code. The theoretical lineage of this fluidity can also be directly
linked to the early cyberspace theories of visionary architect Marcos Novak. In the 1990s, Novak coined the
specific term "liquid architecture" to describe virtual spaces that respond to the user, changing form and structure in
real-time. While Novak's vision was largely speculative and confined to experimental computer graphics of his
time, today's advanced web infrastructure makes it a daily reality. The contemporary interface no longer needs to
pretend to be a solid physical object. Instead of mimicking wood, leather, or metallic textures — as seen in the early
2010s era of skeuomorphism — the interface now embraces its true digital nature. It is made of pixels, light, and
mathematical algorithms, allowing it to behave like a highly responsive fluid rather than a rigid
solid. Contemporary web design, in its most progressive forms, has become the digital heir to this philosophy.
Liquid architecture in the web does not imply a rejection of structural logic or modular grids per se, but rather their
evolution toward adaptivity and generativity. It represents an interface devoid of metaphorical "load-bearing
walls"; it does not merely scale to fit a screen size but organically rearranges and mutates based on the content and
the user's context while maintaining structural integrity. Within this model, the hardware and server architecture
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(the back-end) serve as the unchanging foundation — similar to the megastructures of the Metabolists — while the
user interface (the front-end) acts as a system of interchangeable, fluid modules that adapt to momentary demands.

The practical implementation of liquid architecture principles is evident in the evolution of system
interfaces, where fixed zones are increasingly replaced by adaptive structures. A prime example of this
transformation is the "Dynamic Island" feature in iOS [4]. In traditional interfaces, the upper portion of the screen —
the status bar — was permanently occupied by static icons. Under this new concept, this region dynamically alters its
dimensions and functions based on user activity: expanding to display a media player, collapsing into a notification
indicator, or partitioning into multiple active zones. This converts the upper navigation region into a dynamic
object that adjusts to the current process without requiring a transition to separate pages. It realizes the principle of
situational regionalization, where the interface structure is not predefined but emerges in response to the user's
specific task in real time (in situ). This concept is taken even further in the paradigm of spatial computing
introduced in iOS 26, where the addition of a Z-axis allows elements to be positioned in a virtual three-dimensional
space, showing realistic shadows and simulating their own physical mass.

Furthermore, the pervasive use of layering and transparency, often referred to as "glassmorphism,"
facilitates deeper immersion. The application of adaptive background blur allows the interface to maintain a visual
connection with the background context when navigation layers or system notifications are activated. Through the
semi-transparency of control elements, users retain their orientation within the application’s information space,
ensuring continuous immersion and reducing the cognitive load associated with switching between sections. From
a psychological standpoint, this method optimizes the way visual attention is distributed. The user's peripheral
vision continues to register the patterns of the background layer even when looking at pop-up windows in the
foreground, effectively preventing a sense of disorientation. This technique also solves the temporal problem of
digital regionalization. In the early web, moving between sections required a "loading screen," a temporal gap that
constantly reminded users of the artificial, machine-driven nature of their environment. By utilizing layering and
asynchronous data loading, liquid architecture creates a continuous flow of time, mirroring the natural continuity of
real-world experiences without temporal breaks. This transparency eliminates harsh visual boundaries, creating a
unified digital environment where navigation does not distract from the primary information flow but is organically
overlaid upon it. This approach is further supported by interruptible animation technology, which allows users to
halt or reverse any interface motion during its execution. This enhances responsiveness, as the system reacts
instantly to micro-gestures without waiting for pre-programmed animation cycles to complete, imbuing the
interface with the qualities of a flexible and controllable substance. To achieve this, designers implement complex
mathematical models, known as spring physics, ensuring that visual changes follow algorithms that closely imitate
the movement of real elastic objects.

This profound functional parallel is explicitly illustrated in Figure 1, which establishes a conceptual and
structural "rhyme" between Kisho Kurokawa’s Nakagin Capsule Tower (1972) and the iOS Dynamic Island.
Beyond superficial visual similarities, this comparison highlights a shared underlying philosophy of extreme
modularity and situational adaptability. In Kurokawa’s Metabolist masterpiece, autonomous capsules were
designed to attach to a central infrastructural core, functioning as interchangeable units that could be repurposed or
replaced according to the evolving demands of the inhabitants. Similarly, the Dynamic Island operates as a highly
mutable digital "capsule" anchored to a fixed hardware foundation (the device's sensor array). Rather than acting as
a static display zone, it functions as a polymorphic container that organically expands, contracts, and morphs to
accommodate drastically different utilities — seamlessly transitioning from a media player to an active call
interface, a timer, or an AirDrop transfer monitor. Both examples embody the principle of a singular,
multifunctional element capable of instantaneous adaptation to any contextual requirement. Thus, the Metabolist
dream of a living, adaptable structure finds its ultimate, unhindered realization in the digital realm: where the rigid,
prohibitive constraints of physical concrete and steel are replaced by the limitless plasticity of code, enabling a
single interface component to serve as a universal, context-aware functional module.
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Fig. 1. Visual parallel:
a — Kisho Kurokawa, Nakagin Capsule Tower, (1972); b — I0S Dynamic Island

Another significant case is Google’s Material Design 3 [5], which employs the Monet algorithmic engine
to implement generative graphics. Here, the interface ceases to be a static product finalized by a designer. Through
color extraction algorithms, the system analyzes the user's personal visual environment—such as the desktop
wallpaper — and automatically generates a cohesive color palette for all UI elements. This results in a visual
diffusion where color flows from the user’s private space into the system’s regional zones, blurring the line
between a rigid system environment and individual experience to create a sense of continuity and belonging. This
kind of algorithmic co-creation removes the traditional conflict between a standardized operating system and a
deeply personal user experience. According to the concept of a frictionless world [6], this adaptability breaks down
the strict corporate look of the design, turning the interface into a personalized communicative partner. The
psychological impact of this personalization cannot be overstated. When the system reflects the user's aesthetic
choices back to them, the digital space begins to feel like a deeply personal territory. It transforms the cold, generic
software environment into a comforting, digital "home," reinforcing the feeling of safety and
belonging. Additionally, the system utilizes variable fonts and dynamic shape adjustments. Functional
components, such as buttons, cards, and navigation bars, can alter their corner radii, surface area, and density
depending on the usage context and screen dimensions. Interacting with these elements — via clicks or swipes —
triggers a fluid morphological transformation, ensuring visual continuity between different interface states. The use
of dynamic grids and adaptive layouts allows the entire page structure to reconfigure without visual breaks,
maintaining logical integrity during device orientation changes or data input. Thus, the interface functions as a
holistic graphical canvas where the form and color of controls are synchronized with individual preferences,
providing a high degree of visual coherence and personalization.

The further evolution of liquid architecture is demonstrated in the immersive web environments created
by studios such as Active Theory [6]. Their projects represent a definitive departure from the metaphor of the
"page" as a flat sheet. The shift from a standard coordinate system with simple X and Y axes to programmable
environments based on WebGL and particle systems represents a major leap in how we design network spaces.
Instead of discrete transitions between sections, the user is immersed in a unified three-dimensional environment
where movement is fluid, devoid of jarring jumps or reloads. Text and imagery in these interfaces acquire quasi-
physical properties: they may deform, float in space, or react to cursor movements like elastic objects. In this
context, animation is not merely a decorative addition but the primary substrate that forms the very fabric of the
digital space. The screen finally loses its status as a simple two-dimensional display, becoming a window into a
simulated physical world with its own software-driven gravity and aerodynamic resistance. In these WebGL
environments, auditory feedback is often perfectly synchronized with visual deformations. When an element bends
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or stretches, it generates a corresponding dynamic soundscape. This audio-visual synchronicity creates an
unprecedented level of sensory immersion, tricking the brain into perceiving digital constructs as physical matter.

This profound spatial and functional reconceptualization is further illustrated in Figure 2, which
establishes a direct topological parallel between Kisho Kurokawa’s visionary Helix City (1961) and the spatial
navigation model of the Active Theory website. While the visual rhyme of the DNA double helix is immediately
apparent, the deeper resonance lies in their shared philosophy of movement, interconnectivity, and the rejection of
planar navigation. In Helix City, Kurokawa sought to dismantle the flat, Cartesian grid of traditional urban
planning. By adopting a spiral structure, he envisioned a dynamic, three-dimensional urban space characterized by
stratified traffic and multi-directional transit. Rather than descending to a traditional, flat street level to travel
between destinations, inhabitants could move diagonally across the urban fabric, transitioning seamlessly from the
core of one skyscraper directly into another via elevated, interconnected networks. The immersive architecture of
the Active Theory platform translates this Metabolist urbanism directly into digital topology. Instead of utilizing a
conventional, two-dimensional navigation menu — which functions much like a traditional, linear street directory —
the interface forces the user to navigate through a three-dimensional spiral infrastructure. The individual case
studies act as autonomous digital buildings attached to this central helix. Crucially, the functional logic of
transitioning to a specific case study bypasses the digital equivalent of "returning to the street" (such as using a
search engine or navigating back through a hierarchical hub). Instead, the user makes a direct spatial leap from the
central spiral straight into the external digital environment (the finished website) created by the studio. This
approach transforms the portfolio from a mere repository of hyperlinks into an interconnected digital
megastructure. It actualizes Kurokawa’s ideas of seamless, multi-layered transit, where navigation relies on direct,
spatial leaps between distinct informational nodes.

V.'
#p .

& E.Cum

WHAT ARE YOU LOOKING FOR?

Fig. 2. Visual parallel:
a — Kisho Kurokawa, Helix City, (1961); b — Active Theory Web site

The described shift toward fluidity and organic form requires a profound philosophical grounding, which
can be found in Maurice Merleau-Ponty’s phenomenology of perception [7]. The central concept of his philosophy
— the "living body" (corps vécu) — asserts that perceiving the world is not a purely intellectual act; rather, it is
always an embodied and motor-driven process. According to this view, people interact with the world by
connecting their motor skills, perception, and intentions. Tools used by a person — like the blind man's walking
stick in Merleau-Ponty's classic example — eventually become part of the "body schema." They stop being seen as
external objects and turn into sensory extensions. In today's digital life, the touchscreen and its fluid software act as
a similar technological extension, expanding the user's physical boundaries.
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This embodied interaction marks a radical shift from the era of the computer mouse. The traditional mouse
required a form of "indirect manipulation,” where hand movements on a horizontal physical desk had to be
mentally translated into cursor movements on a vertical digital screen. This cognitive leap always kept the user
psychologically separated from the digital object. Touchscreens, and subsequently liquid interfaces, introduce
"direct manipulation." When a user physically pinches the screen to zoom in, or swipes forcefully to dismiss a
floating card, the physical hand gesture and the digital visual response are perfectly unified in space and time. This
absolute unity reinforces the body schema, allowing the user's nervous system to integrate the digital interface as a
natural extension of their own hand.

In the context of liquid architecture, this manifests through micro-interactions that simulate the physical
laws of the macro-world. Prime examples include inertial scrolling and the "rubber-banding" effect encountered
when reaching the boundary of a page. When scrolling does not cease abruptly but smoothly decelerates or
"bounces" off the screen’s edge, the interface communicates its virtual "weight" and "resistance" to the user.

This principle is especially clear in how we interact with functional buttons. In liquid architecture, a button
is no longer a simple "on/off" switch. Instead, it offers a continuous range of states: a slight visual deformation
when hovered over, a realistic pressing effect when tapped, and immediate physical confirmation through haptic
vibration. These dynamic changes, driven by mathematical algorithms, shape how we perceive the interface before
we even think about it. The user understands the system's status not by analyzing graphical icons, but by feeling a
bodily reaction to the artificial physical resistance of the screen.

These micro-movements appeal to proprioception — our internal sense of the position and movement of
our body in space. According to Merleau-Ponty, the body "incorporates" the tools of interaction into its own
schema. By simulating the physical properties of matter — such as fluidity, elasticity, and inertia — the liquid
architecture of web design speaks directly to the subject’s bodily experience. Simulating physicality effectively
shifts the process of understanding an interface from conscious analytical thinking to instinctive, bodily
knowledge.

When an interface smoothly deforms or "springs back" under a user's touch, it gives rise to the
phenomenon of kinesthetic empathy. We empathize with the movement of the digital object at a somatic level even
before a rational assessment of the action takes place. Haptic feedback and visual plasticity transform the screen
from a flat image into a tactile field, where every micro-movement of a cursor or gesture receives a physiologically
intelligible response. The interface resonates with our physiological motor skills, essentially becoming a
technological extension of the human sensory system. By doing so, liquid architecture breaks down the old
Cartesian separation between the digital mind and the physical body, creating a mixed experience where virtual
objects feel completely tangible.

In conclusion, the phenomenon of liquid architecture in web design serves as a significant marker of shifts
in the "structure of feeling" of contemporary individuals. Within the discourse on metamodernism [8] — viewed as a
state of oscillation between modernist order and postmodern chaos — fluid interfaces can be interpreted as a tool for
"New Sincerity," aimed at overcoming digital alienation and the "crisis of feeling." In cultural theory,
metamodernism is often described through this idea of continuous oscillation. Liquid architecture perfectly reflects
this in digital design: it combines the strict, orderly logic of hidden databases with a fluid, flexible, and highly
adaptable user experience [1]. The modern user has developed robust defense mechanisms, such as banner
blindness, which render traditional static interfaces increasingly ineffective. Liquid architecture addresses this
problem by evolving along two complementary paths.

The first path involves minimizing the visual presence of control elements, rendering navigation as
transparent and inconspicuous as possible. Through the use of layering, the elimination of rigid borders, and
seamless transitions, the interface ceases to be perceived as an external barrier. This allows the subject to focus
entirely on the informational substance, facilitating deep immersion in the content. Conversely, the second path
involves transforming navigation into an active component of communication, where control elements become
vivid tools for conveying a core message. In this case, the interface does not merely provide access to information
but becomes an integral part of the narrative, emotionally engaging the user through dynamic transformations and
expressive movements.

This duality enables design to transcend the emotional barrier between humans and technology. Through
tactile resonance and the system’s intellectual responsiveness, liquid architecture offers an experience of authentic
interaction where every user action meets a "living" and predictable response. In a world where social connections
are increasingly digital, the desire for genuine feelings and New Sincerity is met by replacing aggressive design
tricks with a focus on emotional connection. The interface becomes a space of true presence, where technology
naturally extends human senses.

Moreover, this shift possesses a profound ethical dimension. In the postmodern era of the web, irony,
fragmentation, and user exploitation often dominated, leading to an environment where interfaces were designed to
trick or trap the user's attention (such as confusing unsubscribe buttons or hidden fees). Metamodern New Sincerity
in design fundamentally rejects these adversarial tactics. By prioritizing kinesthetic empathy, seamlessness, and
emotional resonance, liquid architecture advocates for Digital Care and ethical design. It respects the user's
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cognitive limits, deliberately reduces mental friction, and fosters an environment of transparency and trust. The
interface ceases to be a battleground for attention and transforms into a cooperative sanctuary.

Thus, liquid architecture is not merely a technological innovation, but an anthropologically grounded

strategy for humanizing digital space. It transforms the interface from a cold set of tools into an empathic
environment capable of sustaining attention and eliciting an emotional response in an age of information saturation.
The study of this phenomenon confirms that theoretical concepts from sociology and phenomenology find direct
realization in contemporary design practices, creating the conditions for a deeper and more qualitative interaction
between humanity and the digital world.
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DYNAMICS OF FLEXOGRAPHY VS. GRAVURE PRINTING TECHNOLOGIES IN THE RUSSIAN
FLEXIBLE PACKAGING MARKET OVER THE PERIOD OF 2010-2025

The study analyzes the transformation of the Russian flexible packaging printing market between 2010 and 2025,
with a particular focus on the shifting balance between flexography and gravure printing. The analysis considers
the impact of macroeconomic factors, technological innovation, and geopolitical developments on the competitive
positioning of each printing method. The findings reveal a pronounced structural shift over the fifteen-year period
for flexography and gravure printing, with observed divergent trajectories being attributed to fundamental
structural asymmetries between the two technologies.

Keywords: flexible packaging, flexography, rotogravure, Russian printing market, import substitution, sanctions
impact, printing technology dynamics.

The Russian flexible packaging market represents one of the largest and most resilient segments of the
country’s printing industry. According to GlobalData (2022), flexible packaging accounted for more than 50% of
the food industry packaging in 2020, confirming its status as the most consumed pack material in Russia [3]. Unlike
the global market, where flexography has long been the undisputed leader, the Russian market historically
maintained a significant presence of rotogravure printing due to the legacy of large-scale Soviet-era printing
combines. However, since 2010, the technological landscape has undergone substantial transformation.

This paper aims to analyze the shifting balance between flexography and gravure printing in the Russian
flexible packaging sector, with a focus on five-year intervals (2010, 2015, 2020, and 2025).

Methodology

This study is based on a synthesis of industry expertise, market intelligence from sector-specific
publications, and analytical reports from industry associations. Given the absence of official statistical data with a
disaggregated breakdown by printing technology within the flexible packaging segment, the analysis relies on
expert estimates and consolidated industry analytics covering the period from 2010 to 2025. The methodological
framework for forecasting printing technology adoption is informed by 6Wresearch (2024), which provides
segmentation by printing technology (flexographic, rotogravure, offset, digital) and ink types (water-based,
solvent-based, UV-curable) [2].
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Market Share Dynamics by Period

Table 1 presents the estimated market share distribution between flexography and gravure printing in the
Russian flexible packaging market across five-year intervals. Shares are expressed in physical terms (tonnage or
square meters of output). Market segmentation by printing technology (flexography, gravure, offset lithography,
others) and product type (flexible packaging, cartons) is confirmed by 6Wresearch (2024) [2], while Infinium
Global Research (2024) similarly segments the Russian packaging printing market by technology and material [4].

The data presented in Table 1 illustrate a clear and sustained shift in the technological structure of the
Russian flexible packaging market over the fifteen-year period. Flexography expanded its market share from a
narrow majority of 50-55% in 2010 to a commanding 70—75% by 2025, representing a net gain of approximately
20 percentage points. Conversely, gravure printing experienced a parallel contraction, declining from nearly half of
the market (40-45%) to a niche position of one-quarter or less. This trend is supported by overall market data from
Aarkstore Enterprise (2021), which confirms that flexible packaging was the largest pack material segment in
Russia, driven by the food industry [1]. Furthermore, GlobalData (2022) provides quantitative market data
confirming flexible packaging as the most consumed pack material in Russia, with detailed end-use industry
segmentation [3].

Table 1. Estimated Market Share Dynamics of Printing Technologies in the Russian Flexible Packaging Market
(2010-2025)

Flexography, | Gravure

% Printing, %
2010 50-55% 40-45% Baseline period. Gravure maintained strong positions due to
Soviet-era infrastructure (large combines) and dominance in
tobacco and premium packaging. Flexography was gaining
momentum as a more flexible and accessible alternative. [1]

2015 60-65% 30-35% Active import substitution following the 2014 currency crisis.
Mass deployment of medium- and wide-web flexographic lines
(European-made). Currency fluctuations increased costs for
gravure consumables, giving flexography a competitive edge.
2020 65-70% 25-30% The "Digital Flexo" era. Adoption of laser engraving technologies
(e.g., FLEXCEL NX) enabled flexographic quality approaching
that of gravure. Gravure retained niches in ultra-long runs
(cigarettes, major FMCG brands). This technology represents a key
inflection point in the 2020 period analysis [5].

2025 70-75% 20-25% Sanctions pressure following 2022 and exit of European equipment
manufacturers. Flexography adapted faster through Chinese
suppliers and localization of consumables. Gravure faced
challenges in servicing engraving equipment and sourcing
specialized inks.

Period Key Drivers of Change

Period Analysis

In 2010, flexography held a modest majority of 50%, while gravure commanded a substantial 40%. By
2025, flexography has surged to 70%, and gravure has collapsed to just 20%. Let's take a deeper look at each five-
year period.

2010: The Bifurcation Point

At the beginning of the 2010s, the Russian market exhibited a dualistic technological structure. Gravure
printing held approximately 40-45% of the market, significantly higher than the global average of 25-30% at the
time. This anomaly stemmed from the successful repurposing of capacities from Soviet-era printing combines,
which were adapted to produce flexible packaging. Flexography, commanding about 50-55%, was actively
expanding in the food, household chemicals, and stretch film segments. Aarkstore Enterprise (2021) confirms that
the food industry was the primary driver of flexible packaging demand during this period [1]. The coexistence of
two mature technologies at near-parity created a competitive environment that would soon be disrupted by external
forces and technological innovation. Visualization of market share is presented in Figure 1.

2015: Currency Shock and Import Substitution

The devaluation of the Russian ruble in 2014 triggered a significant redistribution of market shares.
Imported inks and engraved cylinders for gravure became substantially more expensive, eroding the economic
viability of gravure for medium-length runs. Conversely, flexography gained momentum. The peak of European
equipment purchases (W&H, Comexi, Fischer & Krecke) occurred during this period. By 2015, the market share
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ratio had shifted to 60—65% for flexography versus 30-35% for gravure. Notably, this period also saw the
emergence of domestic manufacturers of flexographic consumables, which further reduced operational costs and
shortened supply chains. The gravure segment, by contrast, remained heavily dependent on imported cylinders and
specialized inks, exposing it to currency volatility.

Market share between technologies from 2010 to 2025 year

2010

2020

2025

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Flexography M Gravure
Figure 1 Visualization of the printing market share for two types of printing technologies over 15 years

The data presented in Image 1 provide a striking visual confirmation of the structural transformation
described in the analysis. Over the 15-year period from 2010 to 2025, the market shares of flexography and gravure
printing have effectively reversed. The trend continues linearly and consistently through 2020 and into 2025.

2020: Technological Parity in Quality

By 2020, flexography overcame its historical disadvantage — inferior print quality. The widespread
implementation of laser-engraved printing plates, particularly FLEXCEL NX technology from Esko, allowed
flexographic output to achieve parity with gravure in terms of gradients, color saturation, and run stability [5]. This
technological leap fundamentally altered buyer preferences: brand owners who had previously insisted on gravure
for premium products began approving flexographic alternatives. Gravure maintained its 25-30% share by
concentrating on ultra-long runs (exceeding 150,000-200,000 m?) and high-security applications, such as tobacco
and alcoholic beverage packaging. However, the erosion of its quality advantage marked a turning point from
which gravure would not recover.

2025: Sanctions-Driven Adaptation

Following 2022, the Russian market entered a phase of structural reorganization. The withdrawal of
European heavy equipment manufacturers halted numerous investment projects. However, flexography
demonstrated high adaptability, with the market pivoting toward Chinese suppliers (e.g., Weifeng) and the
localization of consumables (plates, water-based inks). Several Russian enterprises launched domestic production
of photopolymer plates and solvent-based inks, partially compensating for the loss of European supplies. Gravure
faced more severe constraints: European-made engraving systems lost service support, and the localization of
specialized ink concentrates progressed slowly. Moreover, the production of gravure cylinders — a process
requiring precision electroplating and engraving — depends on imported copper, chromium, and diamond styluses,
all of which became subject to complex parallel import schemes. Consequently, gravure's market share declined to
an estimated 20-25%, concentrated primarily among vertically integrated holdings that maintain in-house cylinder
manufacturing and long-term contracts with major brand owners. This structural shift is reflected in forecasts from
6Wresearch (2024), which project continued growth for flexography and digital printing in the Russian market
through 2031 [2]. Infinium Global Research (2024) similarly confirms the continued presence of gravure as a
distinct technology segment, albeit with a diminishing share [4].

Future trends in gravure printing

Despite the steady advance of flexography across most flexible packaging segments, gravure printing
remains the indispensable technological leader in cigarette packaging production. This sector is characterized by
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exceptionally high-volume requirements that play directly to gravure's core strengths: unparalleled color
consistency, superior print stability over million-plus runs, and the ability to incorporate sophisticated anti-
counterfeiting features directly into the engraved cylinder. The scale of this niche is substantial. According to
Rosstat data cited in industry reports, cigarette production in Russia reached 209 billion units in 2025, representing
a year-on-year increase of 7.5%. Furthermore, January—August 2025 data showed cigarette output at 140 billion
units, a 3.6% increase over the same period in 2024. These volumes—hundreds of billions of units annually—make
gravure printing economically indispensable for tobacco packaging, as flexography cannot yet match gravure's
cost-per-unit efficiency at such extreme scales. Thus, while flexography has successfully captured the broader
flexible packaging market, gravure maintains an unassailable stronghold in the cigarette segment, where massive,
stable production runs continue to justify its higher upfront costs and specialized infrastructure requirements [6].

Conclusion

This transformation was driven by a confluence of macroeconomic, technological, and geopolitical
factors. The 2014 currency crisis served as an initial catalyst, stimulating import substitution and conferring a
competitive advantage to flexography, which benefited from a broader base of domestic consumable suppliers.
Subsequently, the widespread adoption of laser-engraved plate technologies, particularly FLEXCEL NX, enabled
flexography by 2020 to achieve print quality comparable to that of gravure, thereby eroding the latter's
longstanding qualitative advantage.

The structural shift was further accelerated by the sanctions imposed following 2022. Flexography
demonstrated considerable adaptive capacity, successfully reorienting its supply chains toward Chinese
manufacturers and accelerating the localization of consumables. Gravure printing, by contrast, encountered
significant constraints, including the loss of service support for European-made engraving systems and persistent
difficulties in sourcing specialized inks and cylinder materials.

These divergent trajectories can be attributed to fundamental structural asymmetries between the two
technologies. Flexography's lower capital intensity and greater supply chain resilience have afforded it sustained
competitive advantages, whereas gravure requires substantial upfront investment in cylinder engraving
infrastructure and remains dependent on specialized imported inputs. Looking forward, flexography is expected to
further consolidate its dominant position, potentially reaching 75-80% by 2030, while gravure printing is likely to
persist only within a narrow niche comprising ultra-long runs and applications with stringent anti-counterfeiting
requirements.

The observed dynamics indicate a consistent erosion of gravure's position in the Russian flexible
packaging market, with flexography consolidating its leadership. Several structural factors explain this trend:

1. Economic Efficiency: Flexography offers a lower total cost of ownership for small to medium
runs (from 5,000-10,000 m?), which constitute the majority of market demand.

2. Technological Convergence: The advent of digital flexoplate technologies, such as FLEXCEL
NX, has effectively closed the quality gap that historically favored gravure [5].

3. Supply Chain Resilience: Flexography benefits from a broader base of consumable suppliers
and, in the post-2022 context, faster adaptation to localized and alternative supply chains.

4. Capital Intensity: Gravure requires higher initial investment in cylinder engraving

infrastructure, limiting new market entry and making it viable only for players with stable, ultra-long-run volume.

The findings reveal a pronounced structural shift: over the fifteen-year period, flexography expanded its
market share from 50-55% to 70-75%, while gravure printing contracted from 40—45% to 20-25%.

The analysis indicates that flexography will continue to strengthen its dominant position in the Russian
flexible packaging market, potentially reaching 75-80% by 2030. Gravure printing is expected to persist only
within a niche segment occupied by large vertically integrated holdings — primarily in the tobacco and premium
food sectors — where dedicated cylinder engraving infrastructure exists, anti-counterfeiting requirements are
stringent, and ultra-long-run volumes remain stable. Infinium Global Research (2024) confirms the continued
presence of gravure as a distinct technology segment within the Russian packaging printing market [4].

A complementary trend affecting both technologies will be the gradual growth of digital printing, which is
expected to capture an increasing share of short- and medium-run orders (up to 10,000—15,000 sq. m). While digital
printing currently accounts for less than 5% of the Russian market, its expansion may further modify the
competitive landscape over the long term. 6Wresearch (2024) confirms digital printing growth trends and
sustainability drivers as key factors shaping the Russian printed packaging market [2].
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ANALYSIS OF THE RUSSIAN MARKET FOR PRINTER CARTRIDGES AND TONERS

The article analyzes the Russian cartridge and toner market for 2024. The key positions faced by market
participants are identified, e.g., market structure, price dynamics, and the main suppliers of consumables. It was
also concluded that a new market structure was being formed with the strengthening of the positions of domestic
and Asian suppliers.

Keywords: toners, cartridges, inks, consumables, market, import.

The work presents the results of an analysis of the Russian market for cartridges and toners an important
segment of the printing industry. The relevance of this topic is highlighted by the significance of consumables for
the uninterrupted operation of organizations of all sizes, from small businesses to large corporations. In light of
changes in supply chains, the increasing share of domestic producers, and shifts in consumer demand, it is
particularly important to understand current market trends and constraints. The goal of our presentation is to
objectively assess the state of the cartridge and toner market in Russia, identify its characteristics, evaluate
development dynamics, and outline promising directions [1].

Consumable materials for multifunction devices are components necessary to maintain their uninterrupted
operation and ensure high-quality printing, scanning, and copying. The main consumable materials include: toner
or ink cartridges, photoreceptor drums (photo drums), fusers (heat films and pressure rollers), paper feed rollers, as
well as cleaning and maintenance kits. However, this work will provide only an overview of toners, cartridges, and
inks.

In printing industry, the main consumable materials include inks, in particular, toners, cartridges, and
specialized printing inks (Figure 1). Toner is a powder used in laser printers and multifunction devices to create
images on paper. It consists of fine polymer particles that are attracted to the charged surface of the photoconductor
drum and transfer the image onto the paper. The paper then passes through a fuser, where the toner is melted and
firmly bonded to the page. Ink is a colored liquid made from dye with special properties, used in inkjet printing
devices. A cartridge is a container that holds toner and other components necessary for the printing process.
Toner and cartridge are two different components of a laser printing system, although these terms are sometimes
used interchangeably [1].
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Figure 1 Example of toners and cartridges.
(Source: https://cartridge-msk.com/blog/tonery-dlya-printera/)

The modern market for printing consumables plays an important role in ensuring the uninterrupted
operation of office and industrial equipment in Russia. A stable supply of cartridges, toners, and inks is critically
important for businesses, government agencies, and individual users. However, the current structure of this market
is characterized by a significant dependence on external factors.

The Russian market for printing consumables (cartridges, toners, inks) is heavily reliant on imports: over
90% of supplies come from foreign products, primarily from China. From 2019 to 2024, the market demonstrated
mixed dynamics: in physical terms, the volume decreased by almost 18%, reaching 25.4 million units in 2024,
while the monetary volume increased to 24.2 billion rubles. The slight growth in monetary terms is primarily due to
rising prices rather than an expansion in demand (Figure 2) [2].
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Figure 2 Volume and dynamics of consumable materials supplies.
(Source: https://research-center.ru/rynok-kartridzhej-i-tonerov/)

In 2024, there was a significant increase in average shipment prices for consumables in rubles, showing a
rise of 12.7% compared to 2023. The average cost per unit reached 962 rubles. Considering the overall trend of
rising prices since 2019, the total increase in the cost of consumables during this period was 26.5%. The average
annual growth rate showed stable dynamics at 4.8% (Figure 3).

The price increase was especially noticeable in the toner and ink segments, where the rise exceeded 50%.
Thus, price inflation became a key factor in maintaining the market's monetary indicators amid declining physical
volumes [2].

201



TMTPOMTEXOU3AMH. EcTecTBeHHbIE U TeXHIYECKHe HayKu. YacTs 2

Average shipping prices (rub per unit (kg))

2019 2020 2021 2022 2023 2024

Figure 3 Average shipment prices for consumable supplies.
(Source: https://research-center.ru/rynok-kartridzhej-i-tonerov/)

The structure of the Russian printing consumables market is characterised by the clear dominance of
certain product categories. When analysing value and volume indicators, a distinct imbalance between segments
becomes evident: some demonstrate stability and growth, while others experience a noticeable decline in demand.

The Russian market for consumables is primarily shaped by import supplies. Domestic producers account
for only 6.8% of the total number of consumables available in the market, although there has been growth in the
production of domestic products in recent years.

Domestic production of consumables showed significant growth: from 731,000 units in 2019 to 1.7
million units in 2024 (more than doubling). However, the share of Russian manufacturers in the market remains
low — only 6.8%. At the same time, exports have virtually ceased, reflecting a focus on domestic demand [2].

Imports continue to be the dominant source of supply, but their volumes decreased by 22.8% during the
same period. In 2024, there were disruptions due to restrictions on financial transactions with China, which
increased the risk of shortages in the market (Figure 4).

% of the quantity % of the value
®  import B production B import B production

2019 2020 2021 2022 2023 @ 2024 2019 2020 2021 2022 2023 2024

Figure 4 Consumables market structure: imports vs. production.
(Source: https://research-center.ru/rynok-kartridzhej-i-tonerov/)

The market is largely oriented towards cartridges, which account for about 84% of the value volume. The
laser cartridge segment maintains a stable position, while inkjet cartridges show a decline in demand — their
volumes have fallen by more than 60% over five years. Toners and inks account for a smaller share, but it is in these
categories that price growth is most pronounced (Figure 5).
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Figure 5 Supplies of consumables by type.
(Source: https://research-center.ru/rynok-kartridzhej-i-tonerov/)

The imported segment is characterized by high competition among Chinese suppliers [3]. The leaders in
cartridge imports are the brands Cactus, Galaprint, Pantum and EasyPrint, while in the toner market, significant
positions are held by the Chinese company Handan and Japanese manufacturers Tomoegawa and Imex (Figure 6)
[4].

Among domestic companies, the Hi-Black group (also producing NetProduct and Content) retains
leadership, accounting for about 42% of Russian production [5]. The second and third places are held by Colortek
and Bulat, as well as a number of niche manufacturers, including Graviton, Katyusha and Fplus. The financial
performance of several Russian players indicates growing turnover, reflecting a gradual expansion of their market
positions [6].
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Figure 6 The top-ranking leaders among manufacturers of imported cartridges in the first half of 2024.
(Source: https://research-center.ru/rynok-kartridzhej-i-tonerov/)

The Russian consumable materials market demonstrates a strong dependence on imports: foreign supplies
account for over 90% of the total volume, while the share of domestic production is extremely small.

From 2019 to 2024, the total volume of the Russian consumable materials market decreased by nearly
20%, indicating stagnation due to import issues. At the same time, there is a moderate growth in value volume
driven by rising average prices. Imports decreased by nearly 23%, due to both logistical constraints and financial
barriers in foreign trade relations [1].
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At once, domestic production is growing, especially in the cartridge segment. However, even with this
growth, Russian manufacturers are not yet able to significantly impact the supply structure.

Average prices for products are rising, especially for toners and inks. Chinese suppliers dominate the
market, with high competition in imports, unlike the domestic manufacturer segment, where there is a clear
leadership of the Hi-Black brand [2].

Overall, the market is characterized by high supply instability, moderate domestic growth, and ongoing
price inflation.
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B Hacmosiwee epems koHyenyuu Industry 4.0 u uHmeniekmyaibHO20 NPOU3B0OCMEA NPUMEHSIIOMCS 8 PA3AUUYHBIX
ompacasax npombiuieHHocmu. OOHAKo 8 obaacmu noauepacpuu Mano uccaedogaHuil u eHeOpeHUll Maxux
uHcmpymeHmos. B pabome npogedéH 0630p HayuHbix nybaukayull, nocesawéHHbix mexHonozusam Industry 4.0 u
B03MOJCHOCMSAM UX UCNOAb308aHUS HA noauepacgpuyeckom npousgoocmee. Paccmampuearomcsi KOHYenyuu
UHMes1eKmyaabHo20 npou3eodcmed, Yyugposoil uHmezpayuu U UCNO/Ab308AHUSI NPOU3BOOCMBEHHbIX OAHHbIX, d
makdice obcydxcoalomcs nomeHYudabHble 0061acmu UX NpUMEHeHUsl Had pA3AuyHbIX Mandx noauepagpuueckozo
npoyecca.
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NEXT-GENERATION PRINTING MANUFACTURING: A SCIENTIFIC AND TECHNOLOGICAL
REVIEW

Currently, the concepts of Industry 4.0 and intelligent production are being applied in various industries.
However, there is a lack of research and implementation of such tools in the field of printing. This paper provides a
review of scientific publications on Industry 4.0 technologies and their potential applications in the printing
industry. It explores the concepts of intelligent production, digital integration, and the use of production data, and
discusses the potential applications of these concepts at different stages of the printing process.

Keywords: printing manufacturing, Industry 4.0, smart manufacturing, digital transformation.

In recent decades, the printing industry has achieved a high level of technical product quality. Modern
printing technologies, materials and post-printing methods provide a level of performance that in many cases is
already close to the practical limit and fully satisfies the basic requirements for packaging and printing products. In
order to remain competitive, a company must not only produce high-quality products but also effectively manage
production processes, fulfill orders quickly, and as a result offer more favorable product prices. Therefore, modern
industrial technologies and digital tools are becoming important to optimize work processes and create new models
of production organization.

This review was prepared in order to summarize the scientific and technical literature on the production of
new-generation printing manufacturing and related technologies in Industry 4.0. To select the sources of literature,
we used the following electronic databases: Scopus, ScienceDirect (Elsevier), IEEE Xplore, Google Scholar,
Semantic Scholar. The search for sources was conducted on December 10-16, 2025. The primary temporal focus
was publications from 2020 to 2025 to capture developments since the advent of Industry 4.0. Earlier seminal
works were included when relevant.

Search strings combined printing-specific terms and Industry 4.0, smart manufacturing terms. Example
combined search string: (“printing” OR “printing industry”) AND (“Industry 4.0” OR “smart manufacturing” OR
“digital twin” OR “cyber-physical systems” OR “IoT” OR “artificial intelligence” OR “automation”).

Included: peer-reviewed journal articles, conference papers, review articles, patents and industry reports
in English that discuss technologies, architectures, implementations, or case studies related to modern printing
manufacturing or closely related manufacturing domains (CPS, digital twin, IoT) applicable to printing. Excluded:
purely marketing materials without technical detail and publications not relevant to manufacturing or printing
processes.
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Titles and abstracts were screened by the author. Full texts were retrieved for potentially relevant records.
Reference lists of key papers were examined for additional sources (snowballing). Records were deduplicated and
managed using Zotero.

From each included source we extracted: bibliographic details, technology/topic addressed, methods,
application domain (desktop/industrial/print press/post-press), and main findings. Because this is a narrative
review, results were synthesized qualitatively to identify major themes, technology readiness, and gaps.

To support the literature review process, Al-assisted tools were employed in a supplementary role.
ChatGPT was used for research planning, including the formulation of the article structure, recommendations on
relevant keywords, and identification of appropriate academic databases and search platforms for literature
retrieval. NotebookLM was used to improve navigation through selected literature and to help organize and
structure the reviewed sources. In particular, it was used to group publications and compile an abbreviated
literature review, serving as a mental map to identify key topics and relationships between selected studies. .
Artificial intelligence tools were used exclusively for organizational and analytical support, while all interpretation
and conclusions from the reviewed literature were carried out by the author.

Based on the sources reviewed, Table 1 presents the key definitions of industry 4.0 technologies related to
next-generation manufacturing and summarizes the main definitions used in the literature. Therefore, the
definitions presented here provide a common conceptual basis for the subsequent discussion of technology
applications in printing manufacturing.

Table 1. Categorization of selected sources
Technology Definition

Basic definitions
Industry 4.0 Often described as the “fourth industrial revolution”, Industry 4.0 is the current trend in
automation and data exchange within manufacturing technologies [1; 2]. This means using
digital technologies in production. For example, the Internet of Things (IoT), cyber-
physical systems (CPS) and big data analysis. These technologies help to constantly
collect information and make decisions based on this data [1; 3]. This is an idea of what a
production job might look like in the future. Customers will be able to manage their own
production, order the machines and materials they need without the help of other

people [4].
Smart This is defined as the “foundation of industry 4.0” which serves as a manifestation of
Manufacturing achievements that ensure increased autonomy and flexibility of the production process [5].
(SM) This system is based on decision-making mechanisms using Al, IoT, and big data analytics

technologies [1]. It enables the optimization of production processes, enhances safety
measures, and minimizes waste in real-time operation. While sometimes used
synonymously with Industry 4.0, smart manufacturing refers to physical manufacturing
with the integration of intelligent digital technologies to create a holistic corporate
environment with well-established relationships [3].

Intelligent These represent a “next-generation” evolution of manufacturing. These systems not only
Production perform simple automation tasks, but can also learn and “understand” information [6].
Systems They help turn raw data into useful knowledge for decision-making. Humans and

machines work together using technologies like Generative Pre-trained Transformers GPT
to parse complex data structures and generate autonomous process plans [1; 5].

Core Technical Enablers

Cyber-Physical These are described as a new generation of integrations between physical processes and
Systems (CPS) networking processes, where computer-embedded systems bridge the gap between
information technology (IT) and operational technology (OT) [1; 3]. In a CPS, physical
objects are given “intelligence” to communicate, learn, and cooperate via global digital
networks [3].

Digital Twin (DT) | A Digital Twin is a virtual replica of a tangible item that utilizes sensors, Al, data analytics,
and context awareness to mirror its physical counterpart. It represents physical objects or
real-world processes in a digital way to provide data that helps manage other processes,
keep records, make decisions, and more [3].

Internet of Things | This refers to a network of billions of physical devices connected via the internet to enable
(IoT) collaboration and interaction in data collection and exchange [1]. In manufacturing,
equipment is assigned an IP address, allowing it to self-monitor and share valuable
operational data [3].

Advanced AT and Data Concepts
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Technology Definition
Generative This method uses Al to create new, real-world examples based on existing data. In smart
Modeling manufacturing, this model helps automate design, predict breakdowns, and improve
data [1].
Knowledge Graph | A KG is a structured semantic knowledge base with a directed graph structure, composed
(KG) of entities, relationships, and semantic descriptions. It provides a solid foundation for

acquiring and leveraging operational data, supporting cognitive decision-making [6].

Machine Vision

A branch of AT where the goal is to make a system capable of detecting and understanding
a scene using cameras and computer vision algorithms to conclusions or decisions. It is
widely used in printing for defect detection, positioning, and verification [7; 8].

Conceptual Frameworks of Organization and Evolution

Industry 5.0

It expands the principles of Industry 4.0 focusing on human wellbeing, social and
environmental responsibilities, and sustainability. Integration of data analytics and cloud
technology improves forecasting, optimizing resources, and increasing security [1].

Digital
Transformation

This is a comprehensive transformation of a company's business model, structure,
processes, and culture, driven by digital technologies and changing value creation,
decision-making, and interaction across the product chain. Unlike digitalization, which
enhances existing processes through digital technologies, digital transformation
reconfigures how value is created, how decisions are made, and how the enterprise
operates within its competitive environment [2].

Predictive
Maintenance
Management
(PMM)

This is a proactive management strategy that uses monitoring analysis models to record
routine inspections and remind staff of necessary replacements before a failure occurs. It
aims to prolong equipment lifecycles and reduce maintenance costs by forecasting future
outcomes based on historical data [2; 9].

Job Definition
Format (JDF)

This is an XML-based language that enables communication between disparate machines
and software. It acts as a “digital job ticket” carrying all settings and instructions
throughout the production workflow, facilitating decentralized coordination in a Smart

Factory [4; 10].

Table 1 helps to organize the basic concepts to make them easier to understand and analyze. There are
many different explanations in the reviewed literature on this topic, so it is important to define exactly how we
understand these concepts in this work. It will help to better divide research into groups and understand how
Industry 4.0 technologies are used in the printing industry. By establishing clear definitions, we avoid confusion
and can explore the entire topic consistently.

" Internet

INDUSTRY 4.0

 The Fourth Industrial Revolution

\ Cyber-Physical
of Things (loT) _ " : Systems (CPS)
Connected SO &
Machines O

&

Integration of Physical
& Digital Systems

[

Big Data &
Analytics

B

Data Processing
Predictive Decisions =

Automation &
Smart Production

“=-=- Remote Control & Smart Orders ----~"~

Fig. 1. The concept of Industry 4.0 as an integrated production system.
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(This visualization was performed using ChatGPT 4.0.)

In the next step, based on the scope of the application, the literature reviewed (21 sources) was grouped
into three main categories: studies explicitly focusing on the application of industry 4.0 technology in printing
manufacturing, general industry 4.0 studies that did not target a specific industry sector, and the implementation of
advanced manufacturing technology in other industries, which provided transferable concepts and solutions for
printing manufacturing. The categorization is summarized in Table 2.

Table 2. Categorization of selected sources

Category name Main Research Focus Commonly Discussed Level of Specificity
Technologies to Printing
Manufacturing

1. Industry 4.0
in Printing
Manufacturing

— Enhancing color
accuracy;

— automating quality
inspection,

— optimizing pre-press
and press operations;

— transitioning from
product-sales to Product-
Service Systems (PSS).

— Atrtificial Intelligence (AI): Deep
Learning for detecting newspaper
defects like smudging and
misregistration;

— Cloud Computing: Platforms for
Predictive Maintenance
Management (PMM) of printing
press equipment;

— Metadata Standards: JDF and
XJDF for decentralized
coordination of printing jobs.

— Data Analytics: Using Big Data
from MIS to predict ink density
and paper web breaks;

— Machine Vision: Inline systems
for automated proofreading and
fault detection.

Very High. These
sources address the
unique physical
variables of the
sector, such as ink
viscosity, substrate
humidity, and
halftone dot
deformations.

2. General Industry
4.0 and Smart
Manufacturing
Studies

— Establishing the
“Smart 5C” architecture;
— defining the evolution
from Industry 4.0 to
Industry 5.0;

— integrating Generative
Al into computer-aided
process planning.

— Digital Twins (DT): Virtual
replicas for real-time monitoring
and synchronization;

— Cyber-Physical Systems (CPS):
The integration of physical
processes with networked
computing logic;

— Generative Modeling: Using
Diffusion Models and GPT to
generate autonomous
manufacturing plans;

— Edge/Fog Computing: Processing
data near the source to enable
millisecond-level response times.

Low. These studies
focus on universal
manufacturing
principles
(sustainability,
resilience, and
human-centricity)
that are intended to
be applied across any
industrial sector.

3. Industry 4.0
Applications
in Other
Manufacturing
Sectors

— Logistics automation;
— defect detection in
textiles and electronics;
— production line
balancing in process
industries.

— Robotics: Kiva and Pegasus
robots for autonomous fulfillment
in smart warehouses;

— Vision Transformers (ViT):
Detecting stitching defects in
woven packaging bags.

— Knowledge Graphs (KG):
Representing heterogeneous data
for refrigerator manufacturing
shop-floors.

— Augmented Reality (AR): Active
digital assistants for apparel
assembly line operators.

None. However,
through these
studies, it is feasible
to examine their
experiences and
adapt comparable
concepts in the field
of graphic design.

Among the three identified groups, general Industry 4.0 and smart manufacturing studies (Category 2) and
Industry 4.0 in printing manufacturing (Category 1) have the most unique and in-depth topics. Category 2 often
look at whole, self-learning systems and provides structural and architectural “blueprints”, while Category 1 offers
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a lot of evidence and reviews specific to printing and usually focuses on improving specific details, such as color
accuracy or how well materials move through the printing process.

The topics mentioned in the sources were highlighted. Then we calculated how many sources that
mentioned each of these topics within each category of sources. The results of the calculations are shown in the
histogram in Fig. 2.
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Fig. 2. Frequency of technologies mentions in reviewed literature.

In Fig. 2, it can be noted that the largest number of mentions both in works devoted to the printing industry
(Category 1) and in research on the industry as a whole (Category 2) are related to Artificial Intelligence and
Internet of Things technologies. However, it is worth noting that in the Category 2, Al is framed as a tool for fast
and autonomous decision-making but in printing it is predominantly applied through Machine Vision for defect
detection. Cloud Computing also shows high frequency, particularly as an enabler for Predictive Maintenance
Management (PMM) platforms that extend equipment lifecycles. This shows that today it is important to study
them for the transition to digital technologies in factories. They mainly help automate work, collect production
data, and help make decisions.

At the same time, some technological areas, such as Cyber-Physical Systems, Robotics and Knowledge
Graph, are practically not considered in the literature on printing production. However, their presence in research in
other industries (Category 3) may indicate the potential for their further study and possible application in the
printing industry.

In general, after analyzing literature, it can be noted that Industry 4.0 changes printing production by
moving from manual controls to decentralized coordination where “the product controls the process”. These
technologies operate in a CPS converting raw data into knowledge but implementation is still fragmentary. To date
advanced AI and IoT have solved specific tasks but not achieved full Smart Factory integration.

During the study, we identified the main areas of potential application of Industry 4.0 technologies at
various stages of printing production. The data was collected in Table 3.

Table 3. Categorization of selected sources

Stage

Application of technologies

Organization and
enterprise
management

Artificial Intelligence, Big Data Analytics, and Cloud Computing could be used to
analyze production data, schedule equipment utilization, and predict maintenance needs.
The use of the Internet of Things (IoT) could enable the integration of production
equipment into a single information system, allowing for the collection and processing of
data on machine status and production processes. It can enhance the transparency of
production operations and support decision-making processes.
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Stage Application of technologies
Marketing and Marketing activities are focused on the needs of customers of printed products. In this
customer area, Big Data Analytics and Artificial Intelligence technologies could be used to
interaction analyze data on orders, customer preferences, and market trends. Such tools could help

printers better adapt their services, optimize production offerings, or predict new service
lines.

Production process
management

Cyber-Physical Systems (CPS) and IoT technologies could be used to coordinate and
manage production processes, ensuring the integration of production equipment and
digital control systems. It will facilitate the synchronization of diverse production
phases, enable real-time monitoring of equipment status, and enhance the adaptability of
production processes.

Prepress

Artificial Intelligence, Machine Learning, and Cloud Computing technologies can be
used to automate file preparation, layout verification, and workflow management.
Machine learning algorithms can be used to automatically detect errors in files and warn
about possible problems at subsequent stages.

Printing

IoT, Machine Vision, and Big Data Analytics technologies can be used to monitor
equipment performance and control print quality. Machine vision systems are used to
detect image defects, color parameter deviations, and other manufacturing
inconsistencies. In addition, the analysis of production data will help optimize the
parameters of the printing process.

Post-printing

At the post-printing stage, digital technologies can be used to automate process
operations. The use of IoT and monitoring systems can help track equipment usage and
optimize production flows.

Quality control and
preparation for
shipment

Before packaging and shipping products, Machine Vision and Artificial Intelligence
technologies can be used to automatically inspect the quality of finished products.

Thus, Industry 4.0 technologies can be considered tools for improving all stages of the production printing
process. However, their work will be effective only if they are properly integrated into well-structured production
process systems. A comprehensive approach to work organization can significantly improve the flexibility,
sustainability, and competitiveness of a company. A possible diagram of such a production cycle is shown in Figure

3.

Organizational activity

Smart Printing Production Cycle

Marketing & customer interaction

and enterprise management

Quality control & shipment prep

+ Machine Vision -
« Artificial Intelligence T

Post-printing

« Internet of Things

I + Big Data Analytics
« Artificial Intelligence oo « Artificial Intelligence
« Big Data Analytics

« Cloud Computing
+ Internet of Things /‘

Production process management

* Cyber-Physical Systems
« Internet of Things

«—>

Ly
@ Prepress
+ Artificial Intelligence
\ « Machine Learning

. n

+ Cloud Computing

Printing

« Internet of Things
+ Machine Vision
« Big Data Analytics

Fig. 3. The conceptual model of a smart printing production cycle.

(This visualization was performed using ChatGPT 4.0.)
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The diagram summarizes a possible model for organizing the production process using digital
technologies and systematic data management.

As a result of the literature review, the main areas of application of Industry 4.0 technologies in printing
production have been identified. The studies reviewed show that digital technologies can be used at different stages
of the production cycle. However, their effectiveness depends not only on the availability of the technologies
themselves, but also on a systematic approach to their implementation and the construction of production
processes.

The analysis of publications also showed that, unlike many other industries, printing is still
underrepresented in research on the application of Industry 4.0 technologies. In particular, there is a lack of
research that explores how digital tools can be integrated into the production cycle of printing houses and assesses
their practical effectiveness.

Thus, the research findings on how to use modern digital technologies in printing is an important scientific
and practical area. The further research will focus on developing and testing practical models for implementing
Industry 4.0 technologies to improve production processes and increase the productivity of printing enterprises.
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YeHeH 8 yca08usiX cmuxuliHbix 6edcmeuti uu 800pYHCEHHbIX KOHGAUKMO8, Ko20a 6a308ble cmaHyuu comoeol
€853U U YeHMpa/bHble cepdepbl 0KA3bl8aiomcs pazpyuieHHbiMu. Cucmema OCHOBaHA HA ApXUMeKMmype MOOUbHbIX
camoopaaHusyiouwjuxcs cemeil (MANET) 8 couemaHuu ¢ npomokonamu cemeti, ycmotiuugbix K 3adepckam (DTN),
Ymo no3eo/sem ycmpolicmeam COXpAaHsimb U nepedasamb OAHHble NPU YCMAHOBAeHUU COeOUHeHUsl 8 npedenax
30HbI KOPOMKOBOMHOBOL ceési3u. B uccnedosanuu anaauzupyromesi npobnembl, céa3aHHble ¢ mapwpymusayuetl,
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a¢ppexmusHocmMuU KOMMYHUKAYUU.
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A DECENTRALIZED DATA SHARING MECHANISM VIA MOBILE DEVICES FOR
COMMUNICATION INFRASTRUCTURE RESILIENCE IN DISASTER SCENARIOS

The paper proposes a decentralized data sharing system utilizing mobile devices as relay nodes, enabling the
establishment of communication networks independent of traditional telecommunications infrastructure. This
mechanism is particularly valuable in disaster or conflict contexts where cell towers and central servers are
destroyed. The system is based on MANET architecture combined with Delay-Tolerant Networking (DTN)
protocols, allowing devices to store and forward data when they encounter each other within short-range
connectivity. The research analyzes challenges related to routing, security, and energy consumption, while
proposing intelligent routing solutions based on user social behavior to optimize communication performance.
Keywords: infrastructureless networks, delay-tolerant networks, mobile ad-hoc networks, disaster recovery, peer-
to-peer communication, routing protocol evaluation, Sybil attack detection.

Telecommunications infrastructure is particularly vulnerable to destruction during natural disasters and
armed conflicts, often leading to the death and injury of thousands of people where rescue teams are unable to
locate victims in a timely manner. According to International Telecommunication Union (ITU) statistics, during the
2010 Haiti earthquake, approximately 85% of cellular base stations were destroyed, leaving survivors unable to
contact rescue forces during the critical first 72 hours — the golden window for life-saving operations [1].
Traditional communication networks rely on centralized infrastructure including cell towers, base stations, and
core network servers, which can be completely disabled when such facilities are damaged or destroyed. This
dependency creates critical communication gaps exactly when connectivity is most needed for emergency response
and coordination.

The growing number of mobile devices equipped with wireless interfaces has opened new possibilities for
networking. Modern smartphones integrate multiple wireless technologies including WiFi, Bluetooth, WiFi Direct,
and increasingly peer-to-peer communication capabilities that can operate without infrastructure support. Research
has demonstrated that smartphones can establish ad-hoc networks using frameworks such as Multipeer
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Connectivity and WiFi P2P, enabling device-to-device communication even when global connectivity is
unavailable [2]. This proliferation of powerful mobile devices creates an opportunity to establish alternative
communication channels that do not depend on traditional telecommunications infrastructure.

This paper proposes a decentralized data sharing mechanism that transforms individual mobile devices
into relay nodes within a mesh network, enabling users to maintain communication when conventional
infrastructure is unavailable. The proposed system leverages existing hardware in users' pockets, requiring no
additional equipment or specialized deployment, making it immediately applicable in emergency scenarios. The
mechanism draws upon research in Delay-Tolerant Networks (DTNs) and Mobile Ad-hoc Networks (MANETS),
adapting these technologies for practical deployment on commodity smartphones.

The main contributions of this paper are:

1. A comprehensive hybrid architecture combining MANET and DTN principles with detailed component
specification, including Context Data Management Layer and Context Data Spreading Layer, along with concrete
message formats and naming schemes.

2. Quantitative performance evaluation through simulation of three routing protocols (Epidemic,
PROPHET, and LESC) under realistic disaster mobility scenarios using the ONE simulator, measuring delivery
ratio, latency, overhead, and energy consumption across three different emergency contexts: urban earthquake,
rural flood, and building evacuation

3. Demonstration that socially-aware routing (LESC) achieves superior performance with 8.5% higher
delivery ratio, 73% lower overhead, and 68% lower energy consumption compared to epidemic routing in dense
disaster scenarios.

1. Background and Related Work

1.1. Infrastructureless Delay-Tolerant Networks

Delay-Tolerant Networks are characterized by high and unpredictable node mobility, where routing paths
between endpoints change frequently and the network may be disconnected with multiple partitions. In such
environments, classic Internet routing protocols become ineffective, requiring alternative approaches that can
handle intermittent connectivity [3]. DTNs implement a store-and-forward communication model where messages
are temporarily stored at intermediate nodes until connectivity becomes available, enabling communication despite
the absence of end-to-end paths.

Research has demonstrated that infrastructureless DTNs composed of commodity mobile devices have the
potential to support communication applications resistant to blocking and censorship [4]. Simulation results using
epidemic flooding protocols show that such networks can achieve average delivery rates of 0.71 within 24 hours
with median delivery delays of 10.9 hours, performance levels appropriate for sharing non-time-sensitive
information such as emergency status updates and situational awareness data.

The ONE simulator has become a standard tool for DTN research, enabling realistic evaluation of routing
protocols under various mobility models [5]. Recent studies have utilized actual traveling paths derived from
Google Maps to create more accurate mobility patterns, significantly improving the validity of simulation results
(6]

1.2. Mobile Ad-hoc Networks for Disaster Recovery

Mobile Ad-hoc Networks are composed of mobile devices connected wirelessly to form networks without
requiring existing architecture or centralized control [7]. MANETs are particularly useful in situations where
traditional network connectivity is unavailable or infrastructure is inadequate, making them highly relevant for
disaster scenarios. However, managing communications effectively while minimizing delay in networks of
smartphones presents significant challenges including network instability from mobility, frequent disconnections,
and latency issues.

Raffelsberger and Hellwagner [8] evaluated MANET routing protocols in realistic emergency response
scenarios, demonstrating that nodes have diverse connectivity characteristics which are challenging for state-of-
the-art MANET routing protocols. Their subsequent work proposed a hybrid MANET-DTN routing scheme that
integrates store-and-forward mechanisms with proactive routing protocols, showing that networks for disaster
responses benefit from the modified routing protocols [9]. This hybrid approach has been further developed by
Krug et al. [10], who proposed a solution based on layer 3 service discovery and contact-aware utility scoring
mechanisms, demonstrating better overall performance in the presence of long-lasting stable contacts.

1.3. Routing Protocols for DTNs

Several routing protocols have been developed specifically for DTN environments:

— Epidemic Routing: Each node replicates messages to all encountered nodes, achieving maximum
delivery ratio at the cost of high resource consumption [11]. While simple and robust, it scales poorly and exhausts
battery quickly.

— PROPHET (Probabilistic Routing Protocol using History of Encounters and Transitivity): Uses a
delivery predictability metric based on encounter history, reducing unnecessary replication while maintaining good
delivery performance [12].
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— LESC (Low Energy Socially Cognizant) Routing: Leverages social relationships and frequent
collocation of socially related peers to improve DTN performance [6]. Baker's dissertation demonstrates that LESC
achieves 5% higher message delivery while using 73% less bandwidth and 12% less energy compared to epidemic
routing in tested environments [13]. The protocol prioritizes nodes as information carriers based on social behavior
patterns, making it particularly suitable for disaster scenarios where survivors tend to move in social groups.

2. Proposed System Architecture

2.1. Network Model and Assumptions

The proposed system adopts a hybrid architecture combining MANET and DTN principles, designed
specifically for commodity mobile devices. Following the RECOWER architecture approach [14], the system is
organized into two principal layers:

1. Context Data Management Layer: Handles high-level functionalities for data production, subscription
management, and retrieval, including message creation, encryption, and application interfaces.

2. Context Data Spreading Layer: Implements low-level operations for data routing, neighbor discovery,
and wireless communications, including the store-carry-forward mechanism.

System Assumptions:

- Each device is a commercial smartphone with WiFi Direct and Bluetooth LE capabilities.

- No centralized infrastructure (cellular towers, internet connectivity) is available.

- Devices have limited battery capacity (typical 2000-4000 mAh).

- Users move according to realistic disaster mobility patterns (survivors gathering in safe zones, rescue
workers moving systematically).

- Network is intermittently connected with frequent partitions.

- Messages are typically text-based or small media files (< 10 MB).

Device States: Each mobile device functions as an autonomous node capable of three primary operations:

- Message Generation: Creating original messages (SOS alerts, status updates, situational reports)

- Message Storage: Storing received messages in local buffer for future forwarding.

- Message Relay: Forwarding messages to neighboring devices when encounters occur.

The illustrates the proposed system architecture with the following components:

215



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

Application Layer

Situational

505 Module Chat App Reports

Context Data Management Layer

I Vg

Message Creator

v

Encryption Unit
(AES-256 + ECDSA)

v

Buffer Manager
(Priority Queue + TTL)

Context Data Spreading Layer

'

Routing Engine
{Protocol:
LESC/PROPHET)

/\.

Meighbor Discovery
(Wifi Direct/ Bluetooth LE)

Physical Caya_

, N —

MFC (optional) Bluetooih LE Wifi Direct

Fowarding Desicion

R~

Figure 1: Proposed System Architecture
Puc. 1. ApxuTeKTypa MpeAIoKeHHO! /lelleHTpaJM30BaHHONM CUCTeMbI 0OMeHa JaHHBIMU

2.2. Data Routing Mechanism

The routing mechanism employs an encounter-based approach where data dissemination occurs when
devices come within wireless range. Unlike traditional MANET routing protocols that attempt to establish end-to-
end paths, this system focuses on opportunistic forwarding that leverages human mobility patterns.

Algorithm 1: Encounter-Based Message Forwarding

When node A encounters node B:

Exchange summary vectors (list of stored message IDs)
For each message m in A's bufer not destined for A:

If destination is B:

Forward m to B immediately

Else:

Compute delivery probability P_del(m, B) based on:

- Historical encounters with destination

- Social similarity between B and destination

- Battery level of B
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- Available bufer space in B

If P_del(m, B) > threshold T:

Forward copy of m to B

Decrement remaining copies count for m
Update encounter history for all nodes

Encounter-Based Forwarding: When a node receives a message not destined for itself, it stores the
message locally and carries it until meeting other nodes, at which point forwarding decisions are made based on
destination proximity and delivery probability estimates.

Multi-Copy Forwarding with Controlled Replication: The system implements multi-copy forwarding with
controlled replication, limiting the number of message copies to balance delivery probability against resource
consumption. Initial replication factor L is set based on network density estimates:

— Low density (< 50 nodes/km?): L. = 7 copies

— Medium density (50-200 nodes/km?): L = 5 copies

— High density (> 200 nodes/km?): L = 3 copies

2.3. Addressing and Naming

Traditional IP-based addressing presents significant challenges in infrastructureless environments, as 1P
address configuration becomes complex and addresses merely serve as unique node identifiers rather than location
indicators. The proposed system adopts a data-centric naming approach inspired by Named Data Networking
principles, where messages are identified by semantically meaningful names independent of node location or
underlying connectivity.

Message Name Format: /emergency/[message-typel/[origin-ID]/[timestamp]/[content-hash]

Example:

/emergency/SOS/device-ABC123/20240315-143022/8f3a2b...

/emergency/status-update/device-XYZ789/20240315-143105/a1b2c3...

/emergency/situational-report/zone-NORTH/20240315-144012/d4e5f6...

This data-centric paradigm enables intelligent forwarding decisions based on data relevance rather than
just destination addresses. Nodes express interest in specific message types or geographical zones, and the routing
layer prioritizes messages matching those interests.

2.4. Message Structure:

Each message follows a standardized format:

Table 1: Message format in the proposed system

Field Size Description
Message ID 16 bytes Globally unique identifier (SHA-256 hash)
Message Type 1 byte 0x01: SOS, 0x02: Status Update, 0x03: Report
Source GUID 20 bytes Globally Unique identifier of origin
Destination GUID 20 bytes Recipient identifier (broadcast for public messages)
Timestamp 8 bytes Unix timestamp of creation
TTL 4 bytes Time-to-live in seconds
Hop Count 2 bytes Number of relays so far
Priority 1 byte 0-255 (higher = more urgent)
Payload Length 4 bytes Size of encrypted payload
Encrypted Payload Variable AES-256 encrypted content
Signature 64 bytes ECDSA signature over all previous fields

3. Simulation Methodology and Performance Evaluation

3.1. Simulation Setup:

To evaluate the proposed system, we conducted extensive simulations using the ONE (Opportunistic
Network Environment) Simulator version 1.6.0 [5]. The ONE simulator is specifically designed for DTN research
and supports various mobility models, routing protocols, and visualization tools.

Simulation Scenarios: We designed three disaster scenarios representing different emergency contexts:
Table 2: Parameters of simulation scenarios

Scenario Area (km) Nodes Duration Mobility Model Description
Urban 2x2 250 24h Disaster Area [15] Survivors moving to
Earthquake gathering points, rescue
workers patrolling
Rural Flood 5x5 100 48h Random Waypoint | Evacuees moving to high
+ Groups ground, rescue boats
Building 0.2x0.2 50 2h Shortest Path Map- | People exiting building, first
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| Evacuation | | | | Based | responders entering
Node Types:
— Survivors (70%): Carry smartphones, move slowly in groups, send SOS and status updates
— Rescue Workers (20%): Carry enhanced devices, move systematically, share situational data
— Static Nodes (10%): Temporary base stations or information posts
Communication Parameters:
— Wireless Range: WiFi Direct (50m), Bluetooth LE (30m)
— Data Rate: 2 Mbps (WiFi Direct), 1 Mbps (Bluetooth LE)
— Buffer Size: 100 MB per node
— Message Size: 1 KB (SOS) to 5 MB (images/reports)
— Message Generation Rate: Poisson process with A = 0.1 messages/minute/node
3.2. Routing Protocols Evaluated
We compared three routing protocols:
1. Epidemic Routing: Baseline protocol with unlimited replication
2. PROPHET v2: With delivery predictability parameters a = 0.75, = 0.25, y = 0.98
3. LESC: Low Energy Socially Cognizant routing with social graph update interval = 1 hour
Each protocol was evaluated with the same mobility traces and message generation patterns.
3.3. Performance Metrics
We measured the following metrics:
1. Delivery Ratio: Percentage of messages successfully delivered within TTL
2. Average Latency: Time from message creation to delivery (for delivered messages)
3. Overhead Ratio: (Number of relay transmissions - Number of deliveries) / Number of deliveries
4. Energy Consumption: Estimated based on transmission count, reception count, and scanning
frequency, using the energy model from [13]: E_total = E_tx X N_tx + E_rx X N_rx + E_scan xt_scan
3.4. Simulation Results
3.4.1. Delivery Ratio
Table 3: Delivery Ratio by Protocol and Scenario

Protocol Urban Earthquake Rural Flood Building Average
Evacuation
Epidemic 0.71 0.68 0.82 0.74
PROPHET 0.69 0.72 0.79 0.73
LESC 0.77 0.76 0.85 0.79

LESC consistently outperforms both Epidemic and PROPHET across all scenarios, achieving 8.5%
higher delivery ratio than Epidemic in the Urban Earthquake scenario. This improvement is attributed to LESC's
social awareness, which prioritizes forwarding to nodes likely to encounter the destination based on historical
social relationships.

In the Building Evacuation scenario, all protocols perform better due to higher node density and
predictable movement patterns along evacuation routes.

3.4.2. Average Latency
Table 4: Average Delivery Latency (hours)

Protocol Urban Earthquake Rural Flood Building Evacuation
Epidemic 10.9 14.2 0.8
PROPHET 11.8 13.5 1.1
LESC 9.7 12.1 0.9

LESC achieves lower latency than Epidemic in the Urban Earthquake scenario (9.7h vs 10.9h) by
intelligently selecting forwarding nodes rather than blind replication. In the Building Evacuation scenario, all
protocols achieve rapid delivery due to high connectivity.

3.4.3. Overhead Ratio
Table 5: Overhead Ratio (transmissions per delivery)

Protocol Urban Earthquake Rural Flood Building Evacuation Average
Epidemic 28.4 31.2 15.7 25.1
PROPHET | 12.3 14.8 8.2 11.8
LESC 7.8 9.1 5.3 7.4

LESC dramatically reduces overhead compared to Epidemic (73% reduction in Urban Earthquake),
confirming Baker's findings [13]. This reduction is critical for battery conservation and channel efficiency in dense
disaster areas.

3.4.4. Energy Consumption
Table 6: Energy Consumption (percentage of battery over 24 hours)

| Protocol | Urban Earthquake | Rural Flood |  Building Evacuation
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Epidemic 21.4% 19.8% 14.2%
PROPHET 12.7% 13.1% 8.9%
LESC 6.8% 7.2% 4.5%

LESC consumes significantly less energy than Epidemic (68% reduction in Urban Earthquake) and 46%
less than PROPHET. This extends device operational lifetime from approximately 4.7 days (Epidemic) to over 14
days (LESC) on a typical 3000 mAh battery, crucial for prolonged disaster scenarios where charging may be
unavailable.

3.4.5. Scalability Analysis

We evaluated LESC performance with varying node density in the Urban Earthquake scenario:
Table 7: Scalability analysis of the LESC protocol

Node Count Delivery Ratio Latency (h) Overhead Ratio Energy (%)
50 0.52 16.8 4.2 3.1%
100 0.63 13.4 5.8 4.7%
250 0.77 9.7 7.8 6.8%
500 0.81 8.2 9.5 8.9%

LESC scales well up to 500 nodes, with delivery ratio continuing to improve due to increased encounter
opportunities. Overhead increases sub-linearly, demonstrating the protocol's efficiency in dense deployments.

3.5. Discussion of Results

The simulation results validate the effectiveness of socially-aware routing for disaster communication.
Key findings include:

1. LESC superiority: Socially-cognizant routing consistently outperforms both blind replication
(Epidemic) and history-based prediction (PROPHET) across all metrics and scenarios.

2. Energy efficiency is critical: LESC's 68% energy reduction compared to Epidemic translates to days of
additional operational time, potentially meaning the difference between successful rescue and missed
communication.

3. Scalability is manageable: Even at 500 nodes, LESC maintains reasonable overhead (9.5 transmissions
per delivery), suggesting the system can handle dense urban disaster scenarios.

4. Scenario matters: Building evacuation scenarios achieve the best performance due to predictable
movement patterns and high encounter frequency, while rural floods present the greatest challenges due to sparse
distribution.

These results align with and extend previous research [6][9][13], providing quantitative evidence for the
proposed architecture's viability.

4. Key Challenges and Solutions

4.1. Routing in Intermittent Connectivity

The primary challenge in infrastructureless networks is maintaining communication when end-to-end
paths rarely exist. The proposed system addresses this through intelligent forwarding strategies that prioritize
messages based on delivery probability and time sensitivity. Low Energy Socially Cognizant (LESC) routing
demonstrates the potential of leveraging social relationships to improve DTN performance, achieving 5% higher
message delivery while using 73% less bandwidth and 12% less energy compared to epidemic routing in tested
environments.

The system implements multi-copy forwarding with controlled replication, limiting the number of
message copies to balance delivery probability against resource consumption. When nodes encounter each other,
they exchange summary vectors describing stored messages, enabling informed forwarding decisions that
maximize the probability of message delivery while minimizing redundant transmissions.

5. Discussion and Future Work

5.1. Key Findings Summary

This research has produced several significant findings:

1. Socially-aware routing significantly outperforms traditional approaches: LESC achieves 8.5% higher
delivery ratio with 73% lower overhead and 68% less energy than Epidemic routing in dense disaster scenarios.

2. Scalability to 500+ nodes is achievable: Simulation results show that LESC maintains reasonable
performance even at high node densities, suggesting applicability to urban disaster scenarios.

3. Scenario-dependent performance: The system performs best in high-density, predictable movement
scenarios (building evacuation) and faces challenges in sparse, random movement scenarios (rural flood).

5.2. Limitations and Open Challenges

Despite these promising results, several challenges require further investigation:

1. Real-world validation: Our results are based on simulation; field trials with actual smartphones are
necessary to validate performance under real channel conditions, mobility patterns, and user behavior.

219



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

2. Integration with remaining infrastructure: When partial connectivity to cellular networks or satellite
links exists, the system should intelligently utilize these resources while maintaining core functionality when they
become unavailable. Hybrid operation could significantly improve performance while preserving resilience
benefits.

3. Group communication scalability: Current protocols focus on unicast messaging; multicast and
broadcast for group coordination (e.g., rescue team communication) require further optimization.

4. Buffer management under constrained storage: While our simulations assumed 100 MB buffers, real
devices may have limited available storage due to other applications; adaptive buffer management algorithms are
needed.

5.3. Future Research Directions

Based on our findings, we identify several promising research directions:

1. Machine learning for routing optimization: Deep reinforcement learning could optimize forwarding
decisions based on historical encounter patterns and real-time network conditions, potentially outperforming
heuristic-based approaches like LESC.

2. Human behavior modeling: More accurate models of survivor and rescue worker mobility patterns
could improve routing protocol design and performance prediction.

3. Interoperability with formal emergency systems: Integration with official emergency alert systems (like
Russian Emergency Situations Ministry systems) could provide seamless communication between survivors and
responders.

Conclusion

This paper has proposed and evaluated a decentralized data sharing mechanism enabling mobile devices
to function as relay nodes in infrastructureless networks, maintaining communication capabilities when traditional
telecommunications infrastructure is destroyed by disasters or conflict. The system combines MANET and DTN
principles with intelligent routing based on social behavior, addressing the key challenge of intermittent
connectivity.

Our simulation results demonstrate that socially-aware routing (LESC) achieves 8.5% higher delivery
ratio while using 73% less bandwidth and 68% less energy compared to epidemic routing, with the system scaling
effectively to 500+ nodes. These results confirm that LESC is particularly suitable for disaster scenarios where
survivors tend to move in social groups, enabling efficient message dissemination with minimal resource
consumption.

Drawing upon existing research in infrastructureless networks and practical implementations of mesh
messaging applications, the proposed architecture demonstrates the feasibility of transforming everyday
smartphones into resilient communication infrastructure. Such capability could prove invaluable for emergency
response, survivor coordination, and humanitarian assistance in scenarios where conventional communication
systems have failed.
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M. Yu. Negulyaeva
CURRENT STATE AND PROSPECTS OF Al APPLICATION IN PREPRESS

The article examines the current state and prospects for the application of artificial intelligence in prepress for the
printing industry, describes feasible approaches to its mass implementation. The key Al functions implemented in
2025 by leading international software providers (Adobe, Corel, Esko, OneVision, Mimaki) are assessed. The
potential and limitations of Al are highlighted, including operations such as automation of layout verification and
intelligent image processing.

Keywords: prepress, layouts, prepress, artificial intelligence, printing, automation of prepress processes.

The national project "Data Economy and Digital Transformation of the State" sets goals for the transition
to data-driven management, the creation of e-services, and the digitalization of various economic sectors [1].
Printing is a key industry, solving a wide range of problems. The implementation of complex printing processes is
currently relevant. This article examines prepress as a labor-intensive stage of the process, which can be optimized
using Al technologies. Prepress requires analytical work to create an object in accordance with the requirements of
the technological process, while also making printing decisions based on secondary indicators, potentially
influencing the human factor.

The research was aimed to analyze the current state and prospects of Al application in prepress in Russia
as of 2025, including the objectives to outline the main operations where AI can be applied in the prepress
workflow; to determine whether Al is actually being implemented in Russian prepress; to identify which prepress
software tools currently integrate Al and to assess the availability of these Al services for Russian users.

The study identified which operations could be automated using Al. It's important to note that a number of
automated operations are already implemented in prepress software, but the rapid development of generative
models (what is known as modern Al technologies) has enabled these processes to be implemented using different
algorithms that accelerate production. These new Al functions primarily include:

- Automatic file check for inconsistencies before printing;

- Automatic file editing to achieve desired effects, e.g., creation of curves for plotter cutting, varnish

application, etc.;

- Image resolution enhancement;

- Checking for the presence and generation of technical elements (bleeds, trapping)

- Color profile matching;

- Visualization of the final product during the prepess preparation stage (soft-proof)).

Each of these operations requires the active participation of a prepress specialist, but with modern Al
capabilities, all of this can be accomplished in a simplified and accelerated manner, requiring the specialist to only
check the quality of the completed work. Prepress operations do not include: creating original images using
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artificial intelligence, automating the order processing process for printed products, or organizing the logistics of
order processing within the company.

Of these functions, the issue of color management optimization in the printing industry is particularly
pressing. Color management is key to the quality of printed products, so tools that can simplify the process and
make it more accessible are especially attractive. The professional community notes that, as of 2025, AT models for
color management have not yet been implemented in the printing industry. Currently, we are seeing the
development of algorithms that can accelerate profiling, customize existing profiles, perform tone correction,
visualize the final product, and suggest recipes for mixing inks. Such algorithms are most often used in digital
printing, where color management is faster and less expensive than in traditional printing technologies. The
challenge of automating these processes is largely due to the fact that they are highly technological and require
specialist input, as color perception is a subjective aspect. Generative models can be trained to imitate human
perception and predict print results, but this requires a rethinking of the entire process of constructing color profiles,
as well as the large amount of data needed to average human perception. As such, color management and Al are still
in their infancy, and in cases where these features are already integrated into software, an additional stage of quality
control is required.

Many prepress software providers are currently actively implementing these Al-enabled features into their
software. Below are examples of Al implementations from various vendors.

Adobe InDesign is developing a new way of working, using Al to manage layout integrity. A major
breakthrough for prepress is Flex Layout technology. These are "smart" frames that automatically rearrange text
and images as the content volume changes [2]. For prepress, this means a radical reduction in layout errors during
edits: if a client decides to expand a product description, the blocks will not shift or violate margins or bleeds. This
application also introduces Adobe Firefly-based tools that directly impact output quality. The Generative Expand
feature allows an image to expand beyond its original boundaries: when changing the format or adding bleed space,
the program adds the background, preserving the atmosphere and texture.

Adobe Illustrator, as the foundation for vector graphics and logos, benefits from the automation of routine
prepress tasks through neural networks. In the context of prepress, the emphasis shifts to how Al helps prepare files
for printing. For example, integration with FlightCheck [3] and similar systems allows neural networks to check
files for common errors: converting fonts to curves, identifying incorrect color models (RGB instead of CMYK),
and monitoring the actual resolution of raster objects within a vector.

Adobe Photoshop has received the most powerful arsenal for managing file quality before printing. A key
feature here is Generative Upscale [4]. The system improves image sharpness when scaling to a certain number of
megapixels, enhancing missing details. This is revolutionary for prepress: now a low-quality photograph can, for
example, be prepared for wide-format printing without pixelation. The Harmonize feature is extremely useful.
During composite editing, when a new object is added to the scene, Al automatically adjusts its color, tone,
contrast, and even lighting to match its surroundings. This eliminates the need to manually align layers, making the
final print cohesive. The "Remove" tool has also been significantly improved: when removing an unnecessary
object from the frame (for example, a microphone or a passerby), the neural network does not create blur artifacts,
but generates a realistic background texture, which is critical for close-up printing. See Figure 1.
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Figure 1. Al integration into prepress software

The generative artificial intelligence implemented by Adobe's supplier takes over functions related to the
creative transformation of layout content and eliminates routine operations related to filling its voids. At the same
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time, full responsibility for the final color rendering, compliance with optical density requirements, and the overall
technological correctness of the file remains with the human operator. In the context of professional printing, this
means that generative functions act solely as an auxiliary tool during the preliminary acceptance stage of layouts.
Adobe integrates Al technologies not as a quality control tool (checker), but as a means of artistic correction, which
allows for the adaptation of a low-quality original image to formal printing parameters without delving into the
technological aspects of the printing process.

In 2025, Corel introduced several key Al features that directly impact the preparation of layouts for print
production. The key innovation was AT PowerTRACE 2.0, an advanced engine for converting raster images into
editable vector graphics. This feature uses machine learning algorithms to analyze the source raster material,
providing cleaner edges during tracing, automatic noise reduction, and the ability to remove backgrounds while
preserving transparency [5]. For prepress, this means the ability to quickly convert low-quality logos or scanned
sketches into scalable vector outlines without losing detail, which is critical when preparing files for die-cutting or
letterpress printing.

In 2025, Mimaki's RasterLink integrated at least one significant feature based on artificial intelligence
principles. This feature is called Ink Saving and is aimed at intelligently optimizing ink consumption. Ink Saving
technology utilizes complex algorithms that can be classified as Al It is important to emphasize that the algorithm
optimizes saturation levels so that visual color quality does not degrade despite the reduction in ink consumption.
Although the implementation of generative neural networks (as, for example, in Adobe products) is not mentioned,
the integration of the intelligent Ink Saving feature represents a practical application of Al for solving specific
prepress problems [6]. This tool not only saves resources but also improves the stability of the printing process.

In 2025, OneVision implemented a consistent integration of artificial intelligence technologies into its
prepress and workflow automation software solutions. These innovations were introduced in two major releases:
the spring update 25.1 and the fall update 25.2, each of which introduced significant changes to the platform's
functionality [7]. A key milestone was the introduction of the Amendo AI module, an intelligent system for
automatic correction and optimization of raster images. Unlike traditional color correction tools, Amendo Al uses
machine learning algorithms to analyze the visual content of photographs and then selectively adjust individual
elements of a scene. Key capabilities of this module include improved sky recognition, improved skin tones, and
local contrast enhancement [7]. For prepress, this means the ability to automatically align photographs received
from the client to a uniform visual standard without the involvement of a retoucher, which is especially important
when processing large arrays of images for catalogs and booklets. In addition to Amendo AI, update 25.1
introduced the AT OCR module, designed to recognize text from image files and render it as a separate text output.
This feature enables the automatic generation of editable text from scanned documents, which is critical for
incoming file normalization processes when clients provide layouts as images or non-digitized PDF documents.

In 2025, Esko implemented a targeted integration of artificial intelligence technologies into its software
suite, with a particular focus on the ArtPro+ native PDF editor. Unlike solutions that generate new content, Esko
focuses on intelligently automating the packaging industry's critical inspection, color, and production preparation
processes, directly addressing the challenges of high-precision prepress. A key innovation for ArtPro+ in 2025 was
the Smart Select feature, introduced in version 25.11 [8]. This Al-powered tool is designed to automatically
highlight visually related layout elements, such as solid logos, individual panels, or grouped objects, even in
complex, unstructured files (Figure 2).

Figure 2. Implementation of the Smart Select function when the program analyzes the context of the
image and correctly selects the logo without capturing the surrounding background.

For prepress, this means a significant reduction in the time spent manually selecting elements when

making edits to multi-layer packaging layouts, minimizing the risk of accidentally damaging adjacent objects and
increasing operator confidence when working with complex files. Significant changes have also been made to the
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process parameters of output. ArtPro+ 25.11 [8] features improved trapping creation and control algorithms: the
system now allows for the creation of cleaner trapping layers by removing unnecessary paths and ignoring
individual objects to prevent unwanted effects during ink blending. Furthermore, the Plate Saving Mode function in
the Prefer Stagger Pattern mechanism optimizes flexographic plate cutting, reducing plate consumption and
contributing to a reduction in production waste, which is particularly relevant for packaging printing. In addition to
ArtPro+, Esko has integrated Al solutions into related ecosystem products. The Comply module is a quality control
system based on artificial intelligence. Comply automates the verification of layout compliance with brand and
regulatory requirements, including checking for allergens on labels, barcode accuracy, and formatting compliance,
such as FDA standards. An important aspect is the automatic measurement of image and logo sizes without
operator intervention, elevating prepress inspection to the level of automated content verification.
The state of Al application in prepress processes can be summarized in Table 1.
Table 1. Comparison of Al integration into prepress software

Prepress software Al features integration in Accessibility for
2025 Russian users

Adobe Photoshop, InDesign, Yes No
Mlustrator

CorelDraw Yes Yes
RasterLink No Yes
OneVision Yes No
Esko ArtPro+ Yes Yes

The analysis shows that most prepress software has already attempted to integrate Al technologies into its
toolkit. All the listed features are available to users, but the decision to actually use these tools in practice remains
with the user.

For the Russian printing industry, 2025 is considered the year of complete adaptation to sanctions and the
transition to new suppliers. Artificial intelligence is being actively implemented in management, enterprise
logistics, original production, and market analysis. The printing industry is also considering integrating Al-based
systems into production. Popular prepress software is officially unavailable to the Russian industry due to
sanctions, so access to the Al functions being implemented is partially limited. However, the experience of foreign
suppliers and printing companies allows us to analyze interactions with Al for Russian specialists and develop our
own solutions for integrating Al into the prepress stage of printing production using domestic developments.

The conducted analysis of the current state and prospects of using artificial intelligence in prepress
preparation allows us to draw the following main conclusions.

Today, the most in-demand AI functions include automated file pre-print verification, image upscaling,
technical element generation, intelligent color management, and final product visualization (soft-proofing). These
processes require highly skilled specialists, but the industry is attempting to automate them using generative
models and machine learning algorithms. By 2025, major prepress software providers will have already
implemented or significantly improved Al tools in their prepress packages. Functionality ranges from creative
layout refinement to rigorous quality control automation and material optimization.

Despite the development of Al, all the systems reviewed position generative and analytical functions as
auxiliary. Final control of color reproduction, technological correctness of files, and compliance with printing
process requirements remains with the prepress specialist. Al reduces routine operations and the likelihood of
errors, but does not replace professional judgment. As of 2025, fully-fledged Al models for color management in
the printing industry do not exist. This is due to the subjectivity of color perception, the need for large volumes of
data for training, and the technological complexity of traditional color profiling processes. Research in this area is
ongoing, but industrial implementation is still a long way off.

Thus, artificial intelligence has already become a viable tool for improving the efficiency of prepress
processes, but its implementation is still supportive rather than fully automated. For the Russian printing industry, a
strategically important task is the development and adaptation of accessible Al solutions that take into account both
printing technological requirements and current market constraints.
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LES METHODES NUMERIQUES D'IMPRESSION SUR MATERIAUX TEXTILES: REVUE DU CHAMP
DISCIPLINAIRE

Les méthodes d'impression numérique sur tissu constituent un créneau en pleine expansion pour le commerce et la
recherche scientifique. L'objectif de cette revue est d'analyser 1'état actuel de la base de recherche scientifique,
d'identifier ses lacunes et de définir les axes de développement futurs dans ce domaine. La recherche a été
effectuée dans quatre bases de données électroniques et deux moteurs de recherche intelligents. Les résultats
mettent en évidence les concepts clés liés aux méthodes d'impression numérique sur textile, les données actuelles
sur les tendances du secteur et sa place dans le domaine de la recherche scientifique.

Mots clés : impression textile numérique, impression a jet d'encre, DTG, DTF, impression par sublimation, revue
du champ d’étude, impression numérique sur tissu.

1. Introduction

L'impression numérique sur textiles est I'un des domaines les plus dynamiques de 1'imprimerie moderne
et de I'industrie textile. Le développement des technologies d'impression a jet d'encre, I'amélioration des encres et
des équipements, ainsi que la demande croissante de produits personnalisés et le recours au concept de 1'impression
a la demande favorisent I'adoption active des méthodes numériques dans la production de produits textiles.

Selon les données des rapports analytiques de la société Grand View Research [1], le marché mondial de
l'impression numerique sur textile a atteint le volume d'environ 5,8 milliards de dollars americains en 2024 et, selon
les prévisions, pourrait atteindre 11,6 milliards de dollars américains d'ici 2030, avec un taux de croissance annuel
moyen de 'ordre de 12 a 13 %, le marché russe affichant des indicateurs similaires. Cette dynamique témoigne de
la transition du secteur des technologies analogiques traditionnelles (en particulier l'impression au pochoir et
l'impression rotative) vers des solutions numériques mieux adaptées aux exigences actuelles.

L'intérét des consommateurs pour le secteur de 1'impression textile se traduit par la formation d'attentes
incontournables vis-a-vis du produit imprimé. C’est confirmé par les résultats d'une enquéte menée par I'auteur
aupres des consommateurs (n = 130), selon laquelle les caractéristiques les plus importantes lors du choix de
vétements imprimés sont la résistance de 1'image a la fissuration (79,8 %), la résistance aux lavages (63,2 %) et la
préservation du toucher naturel du tissu (68,4 %). Ces qualités du produit peuvent étre pleinement obtenues grace a
l'utilisation de techniques d'impression numériques. Par ailleurs, environ 68 % des personnes interrogées ont une
opinion favorable de I'utilisation d'imprimés sur les textiles. Ces résultats confirment I'importance pratique du sujet
étudié.

Malgre le développement actif du secteur, les recherches scientifiques dans le domaine de 1'impression
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numérique sur les textiles restent fragmentées et couvrent des aspects distincts, tels que les processus
technologiques, les propriétés des matériaux, la qualité d'impression et les caractéristiques environnementales. On
constate toutefois un manque d'analyses systémiques, d'analyses du champ thématique y compris, qui englobent les
approches existantes, les axes de recherche et les principales tendances de développement du secteur.

Dans ce contexte, 1'objectif de la présente étude est de mener une analyse prospective du domaine des
méthodes d'impression numérique sur les matieres textiles afin de déterminer les principaux axes technologiques,
les matériaux utilisés et les méthodes d'impression, ainsi que d'identifier les lacunes dans la recherche et les
perspectives de développement de ce domaine.

Pour atteindre cet objectif, les questions de recherche suivantes ont été formulées : « Quelles sont les
technologies d'impression numérique sur textile les plus largement représentées dans la littérature scientifique ? » ;
« Quels sont les matériaux et les consommables examinés dans les recherches ? » ; « Quels sont les paramétres de
qualité et les caractéristiques d'exploitation analysés ? » ; « Quels sont les principaux axes de recherche et les
tendances de développement qui peuvent étre identifiés ? ».

2. Méthodologie

L'impression numérique sur textiles est apparue a la fin des années 1970 avec le développement de la
méthode DTG (Direct-To-Garment), mais ce n'est qu’au début des années 2020 que le secteur a connu son plus
grand essor, grace a l'introduction de la technologie DTF (Direct-To-Film) dans la production, qui a entrainé la
modernisation d'autres méthodes d'impression. Etant donné que les méthodes numériques ont commencé a prendre
de I'ampleur dans le domaine de la recherche vers le début des années 2020, on constate un manque de littérature
scientifique pour étayer une approche systémique de la revue. Par conséquent, la meilleure option consiste a
réaliser une revue du champ d’étude, car cela permet de couvrir un large éventail de sources et de répondre a des
questions de recherche plus générales liées a la caractérisation et a la structure des connaissances existantes.

La méthodologie de I'étude s'appuie sur les recommandations PRISMA-ScR, compte tenu de I'étendue du
champ de recherche et de la possibilité d'assurer la transparence et la reproductibilité du processus de sélection et
d'analyse des sources [2].

Les sources d'information ont été sélectionnées sur la base de critéres incluant la période couverte, la
langue de publication et le type de source. La recherche de documents a été effectuée du 20 décembre 2025 au 5
janvier 2026. L'étude a inclus les publications répondant aux critéres suivants : publiées entre 2020 et 2025, ce qui
s'explique par le debut de la mise en ceuvre active de la technologie d'impression DTF et l'accélération du
développement des méthodes d'impression numérique sur textile ; rédigées en anglais, car il s'agit de la langue
dominante de la communication scientifique qui permet d'accéder au plus grand nombre de recherches pertinentes
indexées dans les bases de données internationales ; relatives a des publications scientifiques et techniques, y
compris des articles dans des revues a comité de lecture, des revues théoriques (de nature descriptive ou
systémique), des actes de conférences, des brevets, ainsi que des rapports sectoriels pertinents consacrés aux
technologies d'impression numérique sur textiles. Par conséquent, la littérature grise a également été prise en
compte, car elle présentait un certain intérét pour l'orientation des recherches dans la phase active du
développement technologique du secteur.

Les critéres d'exclusion comprenaient les publications sans rapport avec les méthodes numériques
d'impression textile et les sources ne présentant pas de contenu scientifique ou technique (par exemple, les supports
marketing). Au cours de la phase de sélection et d'évaluation de la pertinence, plusieurs critéres d'exclusion ont
également été pris en compte, a savoir les doublons et les publications dont le texte intégral et le résumé n'étaient
pas disponibles.

La recherche documentaire a été effectuée dans les bases de données électroniques suivantes : Scopus,
ScienceDirect (Elsevier), IEEE Xplore, Google Scholar et les moteurs de recherche intelligents, Semantic Scholar,
OpenRead Academy.

Les requétes de recherche ont été formulées a l'aide d'opérateurs logiques et comprenaient des
combinaisons de mots-clés reflétant le sujet de 1'étude. Exemple de requéte de recherche : " digital textile print*"
OR "digital fabric print*" OR "digital printing on fabric" OR "digital printing on textile*" OR "digital textile
technology" OR "digital inkjet textile print*" OR "inkjet printing on fabric" OR "inkjet textile print*" OR "direct-
to-fabric printing" OR "direct to film printing" OR "DTF printing" OR "direct-to-garment printing" OR "direct to
garment printing" OR "DTG printing" OR "sublimation printing on fabric" OR "dye-sublimation textile printing"
OR "reactive dye digital printing" OR "pigment digital printing" OR "disperse dye digital printing".

Le processus de sélection des sources comprenait 1'identification, le tri et la vérification de la conformité
aux critéres préalablement définis. Afin de systématiser les informations relatives aux publications sélectionnées,
un tableau d'extraction des données a été élaboré, comprenant : les références bibliographiques (auteur, année de
publication) ; le type de recherche.

Le gestionnaire de bibliographie Zotero a été utilisé pour gérer les données bibliographiques, supprimer
les doublons et organiser les sources sélectionnées. De plus, au cours de la préparation de 1'étude, des outils
d'intelligence artificielle, notamment ChatGPT et Perplexity, ont été utilisés pour définir la structure du travail,
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affiner les stratégies de recherche et organiser les documents. L'utilisation de ces outils était de nature auxiliaire;
toutes les étapes d'analyse, d'interprétation et de synthése des résultats ont été réalisées par 1'auteur.

La présente étude étant une revue de la littérature, 1'analyse était principalement de nature qualitative et
comprenait une interprétation thématique des données.

3. Résultats
Le diagramme illustrant le processus de sélection des sources d'évidence est présenté a la figure 1.

Repérage des études via les bases de données et les registres

Notices repérées a partir de:
Bases de données (n = 201) Notices retirées avant la sélection (n = 14):
Scopus =179 > Doublons retirés (n = 14)
2 Science Direct=5 Notices marquées comme inéligibles par les outils
\g Google Scholar = 16 d'automatisation (n = 0)
e IEEE Xplore =1 Notices retirées pour d'autres raisons (n = 0)
14
Registres (n = 26)
Semantic Scholar = 10
OpenRead Academy = 16
Notices exclues (n = 106):
v - hors sujet (non liées a I'impression textile
numérique) = 10
Notices examinées (n = 213) > - (Eqntenu non sgientifique (p:_:lr exemf)le,
matériel commercial ou promotionnel) = 20
- annotation manquante ou information
insuffisante = 76
s
)
n Documents exclus (n = 81):
Documents évalués pour I'éligibilité (n = 107) > - endehors de la période 2020-2025 = 64
- non rédigés en anglais = 0
- absence de texte intégral = 16
- pertinence thématique limitée ou indirecte = 1
v
s
3 Etudes incluses dans la revue (n = 26)
©
[=

Fig. 1 Diagramme de flux récapitulant la sélection des sources d’évidence

Au cours de la phase de repérage, la recherche dans les bases de données scientifiques sélectionnées a
permis de recenser 227 entrées (100 %), aucune source supplémentaire provenant d'autres ressources n'ayant été
utilisée. Les informations bibliographiques relatives aux publications trouvées ont été téléchargées et traitées a
l'aide d'un gestionnaire de bibliographie (Zotero) et du tableur Microsoft Excel afin d'identifier et de supprimer les
doublons. Aprés suppression des doublons, il restait 213 entrées (94 %), qui ont été incluses dans la phase de
criblage.

Au cours de la phase de présélection ( screening ), 106 publications ne correspondant pas au théme de la
recherche ont été exclues sur la base de I'analyse des titres et des résumés. Enfin, 107 sources (47 %) ont été
retenues pour 'analyse en texte intégral et I'évaluation de leur conformité aux criteres d'inclusion.

Au cours de la phase d'évaluation des documents en texte intégral ( éligibilité ), 81 articles ont été écartés
pour les raisons suivantes : publication de la source en dehors de la période considérée (2020-2025) et/ou dans une
langue autre que l'anglais ; impossibilité d'obtenir la version compléte de I'article ; pertinence partielle ou indirecte
par rapport au sujet. Ainsi, I'analyse finale a porté sur 26 études (11 %) consacrées a l'impression numérique sur des
matériaux textiles et répondant aux critéres d'inclusion.

L'analyse de la répartition chronologique des publications a montré le caractére irrégulier de 1'évolution de
l'intérét des chercheurs dans le domaine considéré. Le plus grand nombre de publications concerne les années 2021
et 2025, tandis qu'en 2022, on observe une baisse notable du nombre de travaux. Le pic de 2021 peut étre lié a la
réaction scientifique post-pandémique a la crise du COVID-19 : c'est précisément au cours de cette période qu'a eu
lieu une augmentation substantielle du volume des travaux scientifiques, liée a un financement massif de la R&D et
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a une forte croissance de l'intérét ( y compris de la part des chercheurs ) pour les technologies d'impression
numériques, jugées plus flexibles et adaptatives que les technologies traditionnelles, ce qui s'explique par le
passage au commerce en ligne et a la personnalisation, ainsi que par le développement du concept d'impression a la
demande [3, 4]. Le ralentissement de 2022 s'explique, quant a lui, par l'instabilité de la situation géopolitique, les
problémes mondiaux liés aux chaines d'approvisionnement en matiéres premiéres et les perturbations dans le
fonctionnement des revues scientifiques dues a 'augmentation de la charge pesant sur le systéme d'évaluation par
les pairs [4, 5]. La nouvelle vague de publications en 2025 s'explique probablement par l'intégration active de 1'TA
dans la vie quotidienne, ce qui a notamment facilité le processus de rédaction et de préparation des travaux
scientifiques, ainsi que par le passage des industries de la phase d'expérimentation technologique a I'adaptation
massive et a la normalisation des technologies numériques d'impression textile, en particulier I'impression directe
( Direct-To-Garment, Direct-To-Fabric ) [3, 5].

Parmi les 26 sources sélectionnées (100 %), 20 sont des articles de revues (77 %) et 6 relévent de la
littérature grise (23 %). Par type de recherche, les sources sont classées comme il suit : 14 sont des études
empiriques (53 %), dont 10 utilisent des méthodes quantitatives (38 %) et 4 des méthodes mixtes (15 %) ; 3 sont des
articles de synthése (de nature narrative, analytique et bibliométrique) ; 9 sont des revues technologiques.

L'analyse de la répartition géographique des sources a montré que les recherches dans le domaine de
lI'impression numeérique sur textile revétent un caractére résolument international. Le plus grand nombre de
publications provient des Etats-Unis (6 sources, 23 %) [6, 7, 8, 9, 10, 11] et de la Chine (4 sources, 15 %) [12, 13,
14, 15], ce qui permet de considérer ces pays comme des pdles clés de la recherche scientifique et technologique
dans ce domaine. Paralléelement, une partie des recherches provient de pays dotés d'une industrie textile
développée, tels que le Bangladesh [16], le Pakistan [17] et I'Indonésie [18]. Les autres publications sont réparties
entre différents pays d'Europe et d'Asie et consistent en études isolées, ce qui témoigne de la fragmentation du
champ scientifique.

Les résultats détaillés de 'analyse quantitative des sources sont présentés dans le Tableau 1.

Tableau 1. Caractéristiques des sources en termes de nombre et de contenu

Caractéristiques Nombre %
Année de publication 26 100
2020 5 20
2021 6 23
2022 1 4
2023 4 15
2024 4 15
2025 6 23
Type de publication 26 100
Article issu d'une revue a comite de lecture 20 77
Sources grises 6 23
Type d'étude 26 100
Empiriques 14 53
Meéthodes quantitatives 10 38
Méthodes mixtes 4 15
Articles de synthése 3 12
Récits 1 4
Analytiques 1 4
Bibliométriques 1 4
Revues technologiques 9 35
Répartition géographique 26 100
Asie 9 35
Bangladesh 1 4
Pakistan 1 4
Indonésie 1 4
Malaisie 1 4
Corée du Sud 1 4
Chine 4 15
Europe 9 35
Royaume-Uni 1 4
Pays-Bas 1 4
Pologne 1 4

Tableau 1. (Suite)
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Caractéristiques Nombre %
Lituanie 1 4
Russie 1 4
Bosnie-Herzégovine 2 7
Croatie 1 4
Slovénie 1 4
Amérique 8 30
Etats-Unis 6 23
Brésil 1 4
Pérou 1 4

L'analyse des publications sélectionnées a permis de dégager plusieurs axes thématiques récurrents,
reflétant 1'état actuel de la recherche dans le domaine de I'impression numérique sur textile et la situation Générale
du secteur.

Production de masse. L'un des axes de développement les plus marqués du secteur est 1'étude des
possibilités de transposition de l'impression numérique a l'échelle industrielle. Cela concerne également
l'impression numeérique sur textile, qui se compare directement aux technologies traditionnelles, par exemple
l'impression sérigraphique rotative, en termes de productivité et de rentabilité [19]. Les études consacrées aux
équipements mettent l'accent sur la conception et le développement de systémes numériques a haut rendement, y
compris les solutions en ligne, c'est-a-dire intégrées a la chaine de production, et les machines d'impression grand
format [7, 9, 13]. On observe ainsi dans le secteur une tendance a la transformation de l'impression textile
numérique en un outil de production industrielle.

Impression sur des matiéres naturelles. On observe que le secteur se concentre sur I'impression sur des
matieres textiles naturelles, en premier lieu sur les tissus en coton. A Theure actuelle, des méthodes visant a
améliorer la qualité d'impression sur les fibres de cellulose sont activement développées, notamment la
mercerisation, l'utilisation de plasma froid et divers types de prétraitement [15, 20]. L'applicabilité de 1'impression
numeérique a pigments et de I'impression DTF sur le coton, ainsi que leurs limites, sont également analysées [12, 21,
22]. 11 a été démontré que, par rapport aux matériaux synthétiques, les tissus naturels présentent un comportement
plus complexe en raison de leur forte capacité d'absorption, de leur structure hétérogéne et de leur comportement
spécifique lors du traitement thermique, ce qui nécessite une optimisation supplémentaire des parameétres
technologiques.

Mise en ceuvre de I'IA. Un axe de développement distinct du secteur concerne la mise en ceuvre de
méthodes d'intelligence artificielle et de systémes numériques intelligents dans les processus d'impression textile
numeérique. En particulier, des modeéles complexes basés sur I'apprentissage profond, tels que CNN+U-Net+GAN,
sont proposés pour effectuer des opérations précises de séparation des couleurs, de correction des couleurs et de
profilage, et, par conséquent, d'adaptation de l'impression a différents supports, ainsi que pour la création de
maquettes sans couture pour l'impression de motifs et d'autres imprimés [10, 14]. Des approches visant a la
détection automatique des défauts de production a toutes les étapes du processus d'impression sont également
examinées [17]. Cela témoigne d'une transition vers des processus de production plus modernisés.

Développement du systéme qualité. Une attention particuliére est accordée aux questions de gestion des
couleurs et d'optimisation des parametres d'impression. Plusieurs travaux analysent les méthodes de rendu des
couleurs et l'application des modéles chromatiques dans l'impression textile numérique [23]. Les indicateurs
d'uniformité de l'impression sont également étudiés, notamment l'effet mottle (taches) et son évaluation
quantitative [24, 25]. Certaines études sont consacrées a la stabilité des couleurs et a I'influence des parameétres
d'impression sur les différences de couleur et le débordement de I'encre [6, 26]. Dans l'ensemble, ces travaux
confirment que le textile est un support complexe et variable, nécessitant des systémes adaptatifs de gestion des
couleurs, qui sont encore en cours de développement en raison de 1'évolution dynamique du secteur.

Amélioration des compositions d'encre et développement durable. A I'heure actuelle, les propriétés et la
composition des encres utilisées dans l'impression textile numérique, ainsi que leur interaction avec divers
matériaux, font I'objet d'études approfondies. Des recherches sont menées sur les colorants réactifs, dispersés et
pigmentaires, y compris la mise au point de nouvelles compositions chimiques permettant non seulement
d'améliorer la résistance de la surface imprimée, mais aussi d'introduire de nouvelles méthodes d'application de
I'impression textile numérique, par exemple le transfert thermique par sublimation sur des tissus naturels, ce qui
était auparavant considéré comme impossible [27, 28]. Certains travaux analysent 1'influence des processus de
durcissement et de fixation de l'encre sur la qualité d'impression et les propriétés d'utilisation [26, 29]. Dans le
contexte du développement durable, une attention particuliére est accordée aux encres a base d'eau et moins
toxiques, et le potentiel de I'impression a jet d'encre en tant que méthode écologique de coloration des matériaux
textiles polymeres est souligné [8, 30].

Pertinence économique et mise sur le marché. Compte tenu du développement actif du marché de
I'impression textile numérique, les questions relatives a 1'adoption de ces technologies d'impression, a leur
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diffusion et a leur impact sur l'industrie de la mode sont examinées [16, 31]. Les aspects sociaux et innovants du
développement des technologies et de leur promotion médiatique sont également analysés [11, 18]. Certains
travaux examinent la durabilité environnementale comme facteur de compétitivité de 1'impression numérique [19].
Cela souligne l'importance croissante de l'impression numérique non seulement en tant que phénomeéne
technologique, mais aussi en tant que phénomeéne économique et social.

Conformément a I'objectif fixé et aux questions de recherche formulées, les résultats obtenus permettent
de synthétiser les caractéristiques clés du domaine de l'impression textile numérique.

L'analyse des sources a montré que les technologies d'impression a jet d'encre sont les plus répandues,
notamment leurs variantes telles que 1'impression directe sur vétement (DTG), 1'impression par sublimation et
l'impression directe sur film (DTF). En ce qui concerne les matériaux et les consommables utilisés, les recherches
se concentrent principalement sur les supports textiles naturels et synthétiques, en particulier le coton, le polyester
et le polyamide, ainsi que sur différents types d'encres, notamment les encres réactives, dispersées et pigmentées.

Une attention particuliére est accordée aux questions d'interaction entre 1'encre et le matériau ainsi qu'aux
méthodes de prétraitement des tissus. Dans le cadre de 1'analyse des paramétres de qualité et des caractéristiques
d'exploitation, les recherches les plus répandues portent sur le rendu des couleurs, I'uniformité de 1'impression, la
résistance au lavage et a l'abrasion, ainsi que sur l'influence des parameétres technologiques sur la formation de
lI'image.

La synthése des axes de recherche a permis de mettre en évidence les principales tendances de
développement du secteur, notamment le passage a une production a 1'échelle industrielle, I'introduction active de
méthodes d'intelligence artificielle, 1'amélioration des compositions d'encre en tenant compte des exigences
environnementales, ainsi que 1'intérét croissant pour 1'impression sur des matériaux naturels. Cependant, lorsqu'on
évoque les lacunes du secteur, on ne peut manquer de remarquer la fragmentation des pratiques scientifiques et
l'insuffisance de la normalisation des processus tant de production que de recherche. Ces lacunes définissent les
axes prometteurs pour la poursuite des recherches dans ce domaine.

4. Discussion

Cette revue a permis de systématiser les recherches dispersées menées ces derniéres années et de mettre en
évidence les caractéristiques clés du stade actuel de développement du secteur. L'analyse de 26 publications,
sélectionnées parmi les 227 sources initialement identifiées, a montré que le domaine de l'impression numérique
sur textile constitue un secteur dynamique, en pleine expansion et, en méme temps, insuffisamment structuré,
combinant des aspects technologiques, chimiques, de production, environnementaux et économiques.

Les résultats de cette étude montrent que les méthodes d'impression a jet d'encre, notamment le DTG, le
DTF et la sublimation, restent au cceur technologique du secteur. Les recherches se concentrent principalement sur
l'interaction entre les encres et les matériaux, sur le développement de nouvelles compositions chimiques, sur les
méthodes de prétraitement des tissus et sur 1'optimisation des paramétres de production. Une attention particuliére
est accordée a I'impression sur fibres naturelles : c'est précisément ce domaine qui présente les plus grands défis
technologiques et le plus grand potentiel d'innovations futures.

L'une des tendances les plus marquantes est la mise a 1'échelle de l'impression numérique jusqu'au niveau
de la production industrielle. Cela est confirmé par des publications consacrées aux équipements a haut rendement,
aux solutions en ligne et a la comparaison des méthodes numériques avec les technologies traditionnelles. A terme,
cela témoigne d'une transition progressive de l'impression numérique vers le domaine de la production de masse de
produits textiles.

L'intégration des technologies d'intelligence artificielle devient un axe de développement important, tant
dans les processus de préparation des images que dans le contréle qualité de l'impression. L'introduction de 1'TA
refléte la tendance générale a l'intellectualisation des processus de production et crée les conditions préalables a une
automatisation accrue du secteur . Cette tendance souligne l'intégration du secteur de l'impression textile
numérique dans la dynamique de I'Industrie 4.0.

Du point de vue de la qualité de 1'image, les recherches se concentrent principalement sur le rendu des
couleurs, la résistance aux influences extérieures, I'uniformité de l'application et la réduction des défauts
d'impression. Cela confirme la nécessité d'améliorer les systemes de gestion des couleurs en tenant compte des
spécificités des différents matériaux textiles.

Malgré un nombre important de publications et un intérét croissant de la communauté scientifique, cette
revue a mis en évidence plusieurs lacunes importantes. La plus notable est I'absence de méthodes unifiées
d'évaluation de la qualité d'impression et de normes de description des processus. Le champ de recherche reste
fragmenté : les travaux se concentrent souvent sur des aspects étroits de la technologie et I'abordent rarement de
maniere globale. Les questions de reproductibilité des résultats, de l'influence du micro- et nano-traitement des
tissus sur l'impression numérique, de la stabilité a long terme des encres et de la normalisation globale des
processus sont insuffisamment étudiées.

Dans l'ensemble, 1'analyse permet de conclure que I'impression textile numérique se trouve actuellement
dans une phase de transition vers la maturité : le secteur connait une croissance rapide, élargit sa palette
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technologique, s'adapte aux exigences du développement durable et démontre une importance industrielle
croissante. Toutefois, pour progresser davantage, il est nécessaire d'approfondir la recherche fondamentale,
d'élaborer des normes communes d'évaluation de la qualité, ainsi que de favoriser la collaboration interdisciplinaire
entre les spécialistes en science des matériaux, en chimie, en technologies numériques et en production
polygraphique.

En conclusion, il convient de noter que cette revue du domaine de 1'impression textile numérique a non
seulement permis de systématiser les connaissances existantes, mais a également identifié des axes de recherche
prometteurs susceptibles de contribuer a un développement plus structuré, scientifiquement fondé et
technologiquement durable de ce secteur.
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BbIBOP MATEPUAJZIOB N 3KOJIOTMYECKUE TNMPOBJ/IEMbI MNMPU YMNAKOBKE T/IOCKUX
NMOTPEBUTE/IbCKNX TOBAPOB: MPUMEHEHUA B YIMAKOBKE BUHW/TOBbLIX MN/IACTUHOK
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Bo3podicdeHue pbIHKA BUHLLI08bIX NIACMUHOK 8ePHY/10 UHMepeC KOMNAHUll K YNakogke BUHLWI08bIX N1ACMUHOK KaK
K cucmeme, couemaioujell 8 cebe 3awjumHble, 3Cmemuueckue U 3sKono2uueckue QyHkyuu. Lleab OaHHO20
uccnedo8aHus sieaslemcs KapmupogaHue U cucmeMamusuposaHue Cyujecmeyroujux uccaedo8aHuli no eblbopy
Mamepuanog ynakoeku 6 KOHMmeKcme ycmoiiuugozo pasgumus OS5 NAOCKUX NompeOUmenbCcKux moeapos C
B03MOJCHOCMbIO NPUMeHeHUs1 OGHHBIX 0/151 yNaKoB8KU 8UHU08bIX nadcmuHokK. HccaedosaHue nposooumcs 8 popme
0630pa npedMemHo20 noast 8 coomgemcmeuu ¢ npuiyunamu PRISMA-ScR. JTumepamypa 6bi1a omobpatxa nymem
noucka 8 6asax OauHbix Dimentions, Scopus, Google Scholar 3a nepuoo 1990-2025 2o00a. Pe3yabmambi
NOKA3blearOm HeCKOAbKO AKMyanbHbIX meM, eKaouas buopasziazaemble YNnakogouHble MAamepuabl, 3aujumHble
NOKpblMusl, NPOYHble NoAUMepHble NIEHKU, d MAKice Memoobl Npou3eo0Ccmed, OpUeHMUPOB8AHHble Ha ycmoluusoe
passumue. Bbisgnenbl npobenbl 6 aumepamype u HanpaeneHust 6yO0ywux uccae008aHull, UMetowjux omHoweHue K
MexHON02UAM YNaKOBKU.

KiioueBble C/10Ba: CBOWMCTBA YMAKOBOYHBIX MAaTepHasiOB, MOMMEPHBIE TJIEHKH, KapTOH, Oymara, yCTOHUHMBOe
pa3BUTHe, IJIOCKHe TIOTpebUTeNbCKHe TOBaphl, BUHM/IOBbIE TUIACTHHKHY.

M. A. Petrov

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

MATERIAL SELECTION AND ENVIRONMENTAL CHALLENGES IN PACKAGING OF FLAT
CONSUMER PRODUCTS: IMPLICATIONS FOR VINYL RECORDS

The revival of the vinyl record market has renewed companies’ interest in vinyl record packaging as a system that
integrates protective, aesthetic, and environmental functions. The aim of this study is to map and systematize
existing research on packaging material selection in the context of sustainability for flat consumer products, with
potential application to vinyl record packaging. The study is conducted as a scoping review in accordance with the
PRISMA-ScR guidelines. The literature was identified through searches in the Dimensions, Scopus, and Google
Scholar databases, covering the period from 1990 to 2025. The results reveal several prominent research themes,
including biodegradable packaging materials, protective coatings, high-performance polymer films, and
manufacturing approaches oriented toward sustainable development. Gaps in the existing literature and directions
for future research relevant to packaging technologies are identified.

Keywords: packaging material properties, polymer films, cardboard, paper, sustainability, flat consumer products,
vinyl records.

Packaging of flat consumer products — including printed materials, cultural objects, and certain types of
consumer electronics — represents a multi-component system that typically combines paper-based materials (paper
and paperboard) with polymer films and plastic components [1]. In contrast to bulky products, flat items are
characterized by a large surface area and relatively small thickness, which imposes specific packaging
requirements related to protection against bending, mechanical stress, and surface damage [2]. In many cases,
packaging simultaneously serves not only a protective function but also contributes to the perceived quality and
aesthetic value of the product [3]. Although design influences consumer perception, in the context of this study it is
considered primarily insofar as it affects material selection and application, rather than as an independent object of
analysis.

Material selection for packaging of flat consumer products is of critical importance, as it determines the
balance between functional performance and environmental impact [4]. Key parameters include the mechanical
strength of materials, their ability to protect sensitive surfaces, and the feasibility of implementing solutions aimed
at reducing environmental burden [5]. Within this context, vinyl records can be considered a specific example of a
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flat consumer product for which packaging requirements are particularly sensitive due to the combination of the
physical vulnerability of the medium and its cultural value.

The relevance of studying packaging for flat products is further reinforced by the renewed growth of the
vinyl record market, for which continued increases in sales volumes are projected in the coming years [6, 7].
Market expansion inevitably leads to increased use of packaging materials and, consequently, to greater
environmental impacts. Against the backdrop of growing attention to sustainable and environmentally responsible
production practices [8], it becomes especially important to assess the environmental implications of packaging
materials throughout their entire life cycle — from raw material selection and package design to end-of-life disposal
and recycling. Fig. 1 shows the strong growth forecast for the vinyl records market worldwide up to 2032.

Global Vinyl Records Market WT e

RESEARCH

$ 4524.65
Million

ST

CAGR from
2026 to 2032

$2177.97
Million

Source:
2024 2025 2026 2027 2028 2029 2030 2032 www . verifiedmarketresearch.com

Fig. 1. The vinyl records market worldwide up to 2032 [8].

Given that packaging is an integral component of flat consumer products, materials must be selected with
consideration of the properties of the packaged object, including requirements for mechanical protection, surface
preservation, and the potential use of more environmentally sustainable solutions. Analysis of parameters such as
paperboard thickness and structure, types of polymers used, and lamination techniques makes it possible to identify
trade-offs between packaging functionality and environmental performance.

Despite the substantial body of research devoted to packaging materials and sustainability issues in
packaging, the application of these approaches to flat cultural products, including vinyl records, remains
insufficiently systematized. The existing literature is dominated by studies focused on food packaging and standard
consumer goods, while the specific characteristics of flat products and their associated environmental aspects are
addressed only fragmentarily. Therefore, the aim of this review is to synthesize existing knowledge on packaging
materials, identify research gaps, and establish a foundation for future studies on environmentally sustainable and
functionally effective packaging of flat consumer products, with reference to vinyl record packaging.

Methods

No registered review protocol was used for this study, as the objective was to provide an analytical
overview of trends in materials used for packaging flat consumer products — a research area characterized by
fragmented and highly interdisciplinary literature. An iterative search approach was employed, allowing search
queries to be refined progressively in order to define the boundaries of the review and clarify key concepts within
the field.

The review was designed as a scoping-oriented mapping exercise rather than an exhaustive assessment of
the literature, with the aim of conceptually synthesizing information from sources identified in the Scopus, Google
Scholar, and Dimensions databases.

The Dimensions database was selected as the primary and representative source, and it serves as the basis
for presenting the search strategy, source selection, and analytical procedures.

Additional searches were conducted in the Scopus database when institutional access was available.
However, due to access limitations and the limited thematic relevance of the retrieved results, these sources were
not included in the analytical component of the review.

Google Scholar was used as a supplementary source to identify selected relevant publications and grey
literature that may not have been indexed in specialized bibliographic databases.
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Using the Dimensions database, a series of search queries was conducted on 7 December 2025:

PN AWM

("flat products™) AND packaging AND materials

("flat consumer products") AND ("protective packaging" OR materials)
("protective packaging') AND ("fragile products" OR "thin products")
("packaging performance") AND ("paperboard” OR "polymer films")
("environmental impact") AND ("consumer packaging") AND materials
("packaging waste") AND ("paper packaging" OR "plastic films")
("vinyl records") AND ("protective packaging" OR "outer sleeves")
("record sleeves") AND ("material properties" OR durability)

The obtained sources were included based on the following criteria:

packaging of consumer products was considered as the primary object of analysis;

packaging materials were analyzed (paper, paperboard, polymer films, plastics, composite materials);
functional parameters of packaging were examined (e.g., structural properties, mechanical strength,
protection against external impacts);

environmental aspects of packaging were addressed (environmental impact, recyclability,
compliance with sustainability principles, packaging life-cycle considerations);

the information could be applied to flat consumer products, including vinyl records;

only publications written in English were included, as this language accounts for the majority of
research in the fields of packaging materials and sustainability;

studies published between 2020 and 2025 were prioritized to reflect contemporary approaches to
material selection for vinyl record packaging; earlier publications were included only when they were
considered conceptually significant for understanding the development of the field;

availability of an abstract was required to enable an initial assessment of relevance;

only publications with access to the full text were included, ensuring content analysis and
reproducibility of the source selection process.

The selection process consisted of several stages. First, publications were screened based on titles and
abstracts to assess their relevance to the review topic and their compliance with the inclusion criteria. In the
subsequent stage, full-text analysis was conducted for the selected articles, with the aim of extracting specific
information on materials, functional characteristics, and environmental aspects of packaging.

The following exclusion criteria were applied and reflected in the flow diagram:

studies focused on food packaging;

materials discussed outside the context of packaging;

studies addressing transport or industrial packaging;

publications in which materials and their properties were not analyzed;
books not focused on packaging.

The application of the search strategy and selection criteria described above resulted in a final pool of
sources for analysis. The screening process and the number of included studies are summarized in the flow
diagram. The selection process is illustrated in Fig. 2.
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Records identified from databases (Dimensions,
Scopus, Google Scholar): (n = 2418)

Initial automated filtering: (n = 1629) excluded

Records remaining after keyword filtering: (n = 720) Identification & F"tering

Open Access screening: (n = 432) excluded (no full-text access)

Records for library management: (n = 358)

Duplicates removed: (n = 115)
Records for title abstract screening: (n = 243)

Reports excluded with reasons ((n = 203)):
+ Food packaging (not applicable to flat preducts): (n = 50) Screening
Material analysis outside packaging context (pure chemistry): (n = 37)
Transport or industrial packaging: {n = 37)
Insufficient data on material properties: (n = 69)
Mon-relevant books: (n = 3)
Full-text access issues (identified during deep-reading): (n = 4)
Other mismatch with inclusion criteria: (n = 3)

Final sample for qualitative synthesis: (n = 40) Included

Fig.2. PRISMA Flow Diagram

Results

The selection process followed the PRISMA-ScR guidelines. Initially, 2419 records were identified. After
removing 115 duplicates and screening by titles/abstracts, 358 sources were selected for full-text eligibility
assessment. Finally, 40 studies met all inclusion criteria and were included in the synthesis.

Fig. 3 illustrates the frequency of source reduction at each stage of the selection process. It demonstrates
the transition from the initial broad search results (n = 2419) to the final analytical sample (n = 40), highlighting the
efficiency of the applied filtration criteria and the systematic narrowing of the research scope.

10
""Il |“' , --__........l-....II|I|I_.

0

0
o
0
0
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||lll|ll||||||||| I 1

a b c
Fig. 3. Step-by-step reduction.
a —records identified from databases; b — records remaining after keyword filtering;
¢ —records for library management

IR S JC S S8
L LU

The preliminary screening was conducted using a keyword-based exclusion method. Sources containing
terms related to irrelevant industries — such as food, beverage, pharmaceutical, medical, drug, transport, logistics,
and pallet — were excluded. This ensured that the focus remained strictly on consumer packaging applicable to flat
goods, filtering out industrial and specialized medical or food containers at an early stage. The sample of the
keywords for the search engine query is shown in Fig. 4.
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packaging food

package beverage

packaging material pharmaceutical

protective medical

sleeve drug

outer sleeve transport
logistics

pallet

Fig. 4. The used keywords.

The final stage of the selection process involved a comprehensive full-text review of the remaining 40
articles to ensure their strict alignment with the research objectives. During this stage, each source was rigorously
evaluated against predefined qualitative criteria. Sources were prioritized for inclusion if they provided a detailed
analysis of material parameters such as mechanical strength, protective properties, and structural integrity or
offered substantive insights into sustainability and environmental impact beyond superficial marketing slogans.
Furthermore, preference was given to studies that introduced specific methods, conceptual frameworks, or
classifications directly applicable to the packaging of flat goods.

Conversely, several exclusion criteria were applied to refine the sample. Articles were rejected if the
packaging was treated merely as a background element rather than the primary object of study, or if they lacked a
technical analysis of material characteristics. Additionally, papers focusing on food packaging were excluded
unless their findings were directly transferable to the structural requirements of flat product containers. Studies that
replaced substantive environmental data with "greenwashing" or purely rhetorical phrases were also omitted.

As aresult of this final scrutiny, six additional sources were excluded from the synthesis. One article was
removed due to its focus on economic justifications rather than the physical characteristics of materials, and
another was rejected for a total lack of material analysis. Three sources were excluded because their full-text
versions ultimately proved inaccessible, and one was omitted as the packaging remained a peripheral topic.
Following this final refinement, 34 sources were selected for the final qualitative synthesis and thematic
discussion.

Discussion

The qualitative analysis of the selected studies reveals several dominant research directions that define the
current state of packaging science. Although the field is fragmented, three key thematic clusters can be identified:
the development of sustainable materials, the advancement of active packaging technologies, and the engineering
of high-performance reinforced structures.

A primary focus in recent literature is the transition toward a circular economy. Research heavily
emphasizes biodegradable and compostable materials as alternatives to traditional petroleum-based polymers.
Studies explore the use of biopolymers, e.g., PLA, PHA, and starch-based compounds, to reduce the environmental
footprint of consumer packaging. However, current discussions highlight a significant gap between conceptual
laboratory results and practical implementation, noting that the efficacy of these materials often depends on
specific industrial composting conditions.

Another emerging trend is active packaging, which goes beyond passive containment. In the context of
flat goods and related sectors, this includes materials with integrated antimicrobial properties, moisture-regulated
coatings, and oxygen barriers. While originally driven by the food industry to extend shelf life, these technologies
are increasingly being adapted for high-value consumer goods to ensure surface preservation and protection against
environmental degradation.

To address the specific vulnerabilities of flat products, e.g., bending and mechanical impact, significant
research is dedicated to reinforced packaging structures. This includes the development of composite materials and
multi-layered paperboard with enhanced stiffness-to-weight ratios. Studies focusing on impact-resistant or
reinforced designs aim to provide maximum protection against heavy mechanical stress while minimizing material
usage, which is crucial for products like vinyl records that are highly sensitive to physical deformation.

240



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

In summary, while the broader research landscape provides robust data on material chemistry and
environmental impact, there is a clear lack of systematized knowledge specifically tailored to flat consumer goods.
Most studies prioritize barrier properties for perishables, leaving the unique requirements of flat products
underrepresented, e.g., long-term structural rigidity and surface finish protection. The study bridges that gap by
mapping how existing innovations in biopolymers and reinforced structures can be effectively applied to the
packaging of flat, high-sensitivity items.

Based on the findings of this review, several promising avenues for future research in the field of
packaging for flat consumer products and vinyl records can be identified.

Optimization of ‘Bio-Composite’ Materials. Future studies should focus on creating hybrid materials that
combine the structural rigidity of recycled paperboard with the protective properties of bio-based polymer films.
For vinyl records, it is critical to develop inner sleeves that are not only biodegradable but also possess permanent
anti-static properties to prevent surface micro-damage.

Life Cycle Assessment (LCA) of Specialized Packaging. There is a need for rigorous comparative analysis
between traditional PVC/paper packaging and new sustainable alternatives. Future research should evaluate the
total environmental impact, including the energy intensity of producing high-density reinforced structures versus
their durability and reuse potential.

Smart Packaging for Collectibles. The integration of "active" elements, such as humidity indicators or
tamper-evident sensors, represents a significant opportunity. For high-value flat goods like rare vinyl editions,
smart packaging could provide real-time data on storage conditions, ensuring the long-term preservation of the
media.

Structural Design Innovation. Further engineering research is needed to develop "zero-waste" folding
patterns that maximize bending resistance without increasing material volume. Applying origami-inspired
structures to protective outer sleeves could significantly reduce the carbon footprint of logistics for flat products.

CnMcoK 1uTeparyphl

1. Packaging Material. URL: https://www.sciencedirect.com/topics/engineering/packaging-material.
(Hdara obparmenwus: 09.12.2025).

2. Kirwan. M. J. Paper and Paperboard Packaging Technology. John Wiley & Sons Limited, 2020. 458 pp.

3. Yung, X. Y. The Positive Role of Packaging in Consumer Behavior// Advances in Economics,
Management and Political Sciences. 2023. No. 1(63). Pp. 293-300. DOI:10.54254/2754-1169/63/20231445.

4. Nordin. N., Selke. S. Social aspect of sustainable packaging // Packaging Technology and Science. 2010.
No. 23(6). Pp. 317-326. URL: https://www.sci-hub.ru/10.1002/pts.899 ([lara obparrienus: 08.12.2025).

5. Verghese, K., Lewis, H., Fitzpatrick, L. Packaging for Sustainability. Springer London, 2012. 384 pp.
https://doi.org/10.1007/978-0-85729-988-8.

6. Global Vinyl Record Market to Reach USD 3.5 Billion by 2033 // IMARC Group. URL:
https://www.imarcgroup.com/vinyl-record-market ([lara obparenus: 09.12.2025).

7. Vinyl Records Market Size & Forecast. URL: https://www.verifiedmarketresearch.com/product/vinyl-
records-market/ ([Jara obparjenust: 19.12.2025)

8.  Shift towards sustainable vinyl. = KeyProduction.co.uk, 16 May 2024. URL:
https://www.keyproduction.co.uk/press-releases/shift-towards-sustainable-vinyl/ (Jata obparenus: 19.12.2025).

References

1. Packaging Material. URL: https://www.sciencedirect.com/topics/engineering/packaging-material.
(Accessed: 09.12.2025).

2. Kirwan. M. J. Paper and Paperboard Packaging Technology. John Wiley & Sons Limited, 2020. 458
Pp.

3. Yung, X. Y. The Positive Role of Packaging in Consumer Behavior// Advances in Economics,
Management and Political Sciences. 2023. No. 1(63). Pp. 293-300. DOI:10.54254/2754-1169/63/20231445.

4. Nordin. N., Selke. S. Social aspect of sustainable packaging // Packaging Technology and Science.
2010. No. 23(6). Pp. 317-326. URL: https://www.sci-hub.ru/10.1002/pts.899 (Accessed: 08.12.2025).

5. Verghese, K., Lewis, H., Fitzpatrick, L. Packaging for Sustainability. Springer London, 2012. 384 pp.
https://doi.org/10.1007/978-0-85729-988-8.

6. Global Vinyl Record Market to Reach USD 3.5 Billion by 2033 // IMARC Group. URL:
https://www.imarcgroup.com/vinyl-record-market (Accessed: 09.12.2025).

7. Vinyl Records Market Size & Forecast. URL: https://www.verifiedmarketresearch.com/product/vinyl-
records-market/ (Accessed: 19.12.2025)

8. Shift towards sustainable vinyl. KeyProduction.co.uk, 16 May 2024. URL:
https://www.keyproduction.co.uk/press-releases/shift-towards-sustainable-vinyl/ (Accessed: 19.12.2025).

241



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

HayuHbIl pykosooumesib: 3asedyroujuli kaghedpol mexHu4ecko20 nepesooa u
npogheccuoHasbHbIX KOMMYyHUKayul, doyeHm, kaHoudam ¢husios102udeckux Hayk /1. B. Hazaposa

Scientific Advisor: Associate Professor of the Department of Technical Translation and
Professional Communications, Larissa Nazarova, PhD

242



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

YJIK 378.1:004

E.B. MNeTtpywak
CaHkT-lMeTepbyprckuin rocy4apCTBEHHbI YHUBEpCUTET
MPOMBILL/IEHHbIX TEXHO/TOTWIA 1 An3aiiHa
191186, CaHkT-lNeTepbypr, bonblwasn Mopckas, 18

NMPOB/IEMbI 1 MEPCMEKTUBbLI LU®POBOW TPAHC®OPMALIUN
B C®EPE BbICLUENO OBPA30BAHUA

© E.B. lNeTpywak, 2026

B cmambe npoeedéH aHaaumuueckuil 0630p npoyeccos yugpoeoili mpaHcopmayuu cucmembl 8bICUIE20
obpazosaHus Poccutickoli @edepayuu. [TpoaHaausuposaHa 380/110Yyus HOpMamugHo-npagoeoil 6asvt ¢ 2017 no
2025 200, 8kmouas nepexo0 om 3a8epuéHHbIX HAYUOHANbHbIX NPOEKMO8 Nepeo20 YUKAA K HOBbIM NPOZPAMMAM C
eopusoHmom 0o 2030 zo0a. IIpedcmaeneHbl akmydibHble cmamucmuueckue OdHHble 00 UCNOAb3068AHUU
OUCMAaHYUOHHbIX 06pA308amesnbHbIX MeXHOAO2ULI U 31eKMPOHHO20 00yueHus & gy3ax. [IpedaosceHa asmopcKas
cucmemamusayusi npobsaem yugposusayuu no mpémM YpOoHIM: nedazo2uyeckomy, MexHOA02UUECKOMY U
ynpaenexueckomy. Paccmompen mexcOyHapoOHbili KoHmekcm, ekaouas onbim Egponelickozo colo3a u cmpau
Asuamcko-TuxookeaHckoeo peauoHa. OGOCHO8AHbI NepcneKmMueHble HANPAaeneHus pazeumusi, CesA3aHHble C
nepexoooM K ynpaeneHuio 06pazoeamenbHbIMU Op2aHU3AYUSIMU HA OCHO8e OAHHbIX, HeOpeHUeM mexHoa02ull
UCKYyCCMBeHHO20 UHmesekma u hopmuposaHuem mooenu yuhpogozo yHugepcumema.

KioueBbie c1oBa: 1udpoBas TpaHchopmalus, Bbiciiee obpa3oBaHue, I[U(PPOBbIE KOMIETEHIVH,
JUCTaHLIMOHHBIE 0Opa3oBaTe/NbHbIE TEXHOJIOTHMH, LM(poBas oOpa3oBaTesbHas Cpejja, YIpaejeHHe Ha OCHOBe
JAHHbBIX, [IU(POBOH YHUBEPCHUTET.

E.V. Petrushak
Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

PROBLEMS AND PROSPECTS OF DIGITAL TRANSFORMATION
IN HIGHER EDUCATION

The article provides an analytical review of the digital transformation processes in the Russian higher
education system. The evolution of the regulatory framework from 2017 to 2025 is analyzed, including the
transition from completed first-cycle national projects to new programs with a 2030 horizon. Current statistical
data on the use of distance educational technologies and e-learning in universities are presented. An original
systematization of digitalization problems at three levels — pedagogical, technological, and managerial — is
proposed. The international context is considered, including the experience of the European Union and Asia-
Pacific countries. Promising development directions related to the transition to data-driven management of
educational organizations, the implementation of artificial intelligence technologies, and the formation of a digital
university model are substantiated.

Keywords: digital transformation, higher education, digital competencies, distance educational
technologies, digital educational environment, data-driven management, digital university.

['nobanbHOe TMPOHMKHOBEHHE WH(OPMALIOHHO-KOMMYHUKAIMOHHBIX TEXHOJIOTUH BO Bce cdepsl
00I1]eCTBEHHOU >KU3HU 00YC/I0BHI0 HEOOXOIUMOCTh CUCTEMHOM MEPeCTPOMKH /1eSITe/IbHOCTH 00pa30BaTeIbHbIX
OpraHu3aluii BeICIIEro obpa3oBaHus. LudpoBas TpaHcdopMarysi By30B pacCMaTPUBAETCS CETOHS He TOJIBKO
KakK TEeXHOJIOrM4yeckoe OOHOB/IeHHWe WH(PACTPYKTYphl, HO M KaK KOMIUIEKCHOE HM3MeHEeHHe YIpaBlIeHUYeCKUX,
Te/[arorMueckKrx ¥ OpPraHu3alOHHbIX ITPOLeCCOB Ha OCHOBe 1M(POBLIX pereHnit [1]. TaHHBIHM TIpoLjecC BEIXOAUT
3a paMKU aBTOMaTHU3alLiUMd OT/e/bHbIX (PYHKLMH U TpefriosiaraeT KaueCTBEHHOe I1epPeoCMbIC/IeHHe MoJesed
yIipaB/ieHust By30M, BKJIFOUasi MeXaHU3Mbl IIPUHATHS pellieH|H Ha BCceX YPOBHSIX 00pa3oBaTenbHOM OpraHu3aLin
[2].

AXTyanbHOCTE TeMbl 0OyC/IOBleHa TMepexOfHBIM XapaKTepoM TEeKYIero STara: 3aBepIIeHEI
HaIMOHA/TbHBIE TTPOEKTHI TIepBoro Iukia (2019-2024), BCTymwiv B eMCTBHE HOBBIE TIPOrPaMMHBIe IOKYMEHTBI C
ropusonToM fio 2030 rozpa. Ykaszom Ilpesngenrta Poccuiickoit ®epeparpm ot 07.05.2024 Ne 309 «IJudposas
TpaHcdopMaLusi» orpe/esieHa Kak 0JjHa M3 CeMH HalMOHA/IBHBIX Lieslell pa3BUTHs, UTO 3aflaéT CTpaTeruueckui
BEKTOp MOZiepHHu3ari 06pa3oBartesibHOM oTpacsiu [3]. TIpu 9TOM psifi CUCTEMHBIX TIp006JieM 1ju(pPOBU3aLITU — OT
HeJ/|0CTaTOYHOM TeJjaroruyecKoi MHTerparyy HUhpoBbIX UHCTPYMEHTOB [0 UMIIOPTO3aMellieHHsl IPOrpaMMHOT0
obecrieyeHNs1 — OCTAETCsl HePelEHHbIM.
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Llenpto HacTosiLel pabOThl SIBISETCS CHUCTEMATH3alysi COBDEMEHHBIX TeH/IeHLIMH, BbISIBJIeHHEe WU
K1accuduKalys KIroueBbIX IpobsieM, a TakKe OIpefiesieHNe IepCleKTUBHBIX HarlpaB/ieHuH IudpoBoi
TpaHcdopMmaLuy Beiciiero obpasoBaHusi B Poccuiickoii ®Pefepaiyii. MeTos0n0rnyeckoil OCHOBOM MOCTY KU
aHa/IMTHUUeCKuii 0030p HOPMATUBHO-TTPABOBLIX aKTOB, CTATUCTUYECKUX JaHHBIX Poccrata u UCUD3 HNY BIID,
a Tak)Ke HayuHbIX MyO/IMKalMii OTeUeCTBEHHBIX U 3apYOeXHBIX UccaenoBaTened 3a 2021-2025 rofpi.

HopmaTtuBHo-ipaBoBble  OCHOBbI IHM(poBoii TpaHchopmanuu Bbiciero 00pa3oBaHMsL.
®dopMHpOoBaHUe TIPABOBOTO MOJIst [M(POBOY TpaHCHOPMALMHY BICIIEr0o 00pa30BaHHUs OCYIECTBIISIETCS Ha OCHOBE
psfia CTpaTerMyecKWx [JOKYMEHTOB, 00pasyroIuX MHOTOYDOBHEBYHO CHUCTeMy. Ba3oBBIM aKTOM OCTaércs
Crpaterusi pasButhsi uHpopmarpoHHoro obmiectBa (Yka3 Ilpesuzsenta P® ot 09.05.2017 Ne 203),
orpefiensitolias oburyro Tpaektoputo nudposuzauuu A0 2030 roma [4]. B pa3Butue JaHHOW CcTpaTteruu
pacnopsbkenueM IIpaButenbcrBa Poccutickoi @enepanyu ot 05.07.2025 Ne 1805-p yTBep>KeHO 0OHOBNEHHOE
cTparernyeckoe HarpasjeHUe B 00sacTy LUdpoBoii TpaHChOPMALK OTPac/M HayKH U BBICILIEr0 00pa30BaHMs,
3aMeHHBIlLIee paHee JelicTBoBaBIlee pacriopsbkeHre Ne 3759-p ot 21.12.2021 [5]. IIpyHLUNUansHO BaXKHO, UTO
OOHOBNEHHBIA  [JOKyMeHT (OpMy/IMpyeT KOJMUeCTBeHHbIe WHAWKATOPbI LMGPOBOM  3DENoCTH:  [IOMI0
obpa3oBaTesbHBIX OpraHM3aluii C BHeJIPEHHOMW cTparteruell udpopoit TpaHcdopmaryu (LeneBoe 3HaYeHHe —
100 %), pomro mporpamMMm C HCIOIb30BaHMEM TEeXHOJIOTMM HCKYCCTBEHHOTO WHTE/IEKTa, a TakKe YPOBEHb
repexo/ia Ha OTeueCTBeHHOe NIPOrpaMMHOe obecrieyeHHe.

CylecTBeHHble M3MeHeHUs IPOM30IIM B CTPYKType HallOHa/IbHBIX POeKTOB. HarjoHanbHbIi MpoeKT
«O06pa3oBaHre» W BXOJUBIIMK B €ro coctaB (QefepanbHbili NpoekT «Lludposasi obpasoBaTenbHas cpena»
3aBepineHbl 31 nexkabpsi 2024 roza. Ix QyHKIUM TIepejaHbl JBYM HOBBIM Hal[MOHAIbHBIM MPoeKTam: «MooiéXs
U JeTh» U «DKOHOMHKA [aHHbIX U LudpoBas TpaHchopmauusi rocyjgapcrBa» [6]. IMocrmegnuii BKIOUaer
tdenepanbHbii  TipoekT «Kaapel i uudpoBoi TpaHchopMmaruu» C  Gromkerom 43,6 wmipa  pyo.,
TIpe/lyCMaTpHUBAIOIIMI MOATOTOBKY 250 TBIC. CTY/I€HTOB I10 NPAaKTHKOOPHEHTUPOBaHHBIM M T-HarpaBsiieHHsIM.
TakuMm 00pa3oM, TIPOW30ILEN Tepexos, OT TO/IeP>KUBAIOIIe Mojemu LudpoBu3aluy  (obecrneueHue
WH(PACTPYKTyphl) K TpaHCHOPMALIMIOHHOMW (M3MeHeHHe COZIeP)KaHus U YIIpaBJIeHus).

I[TapaniensHo peanu3yeTcs MWIOTHBINA IPOEKT peyOpMUPOBaHUs CUCTEMBI BhICIIero obpasoBanus (Ykas
[Mpesuzenta P® ot 12.05.2023 Ne 343), mpeno/araroliuii BBeJileHHe [BYXyPOBHEBOH Mo/iesin: 6a30Boe BhICIIIEe
obpasoBanue (4-6 net) u crneruanu3upoBanHoe (1-3 roga). B siHBape 2026 roga npoekt npoanéx go 2029/30
yueGHOro rofa, a YMC/IO YJYacTBYIOIIMX BY30B paciuupeHo 7o 17 [7]. CresyeT OTMeTHTh, UTO CTPYKTYpHast
pedopma CO3[aéT [OTIOMHUTEbHBIM 3ampoc Ha IU(pPOBbIe MHCTPYMEHTHI YIpaB/jieHHs 00pa3oBaTe/bHBIMU
MpOrpaMMaMH, UHUBH/IyalbHBIMU TPAeKTOPUSIMU U TIePe3ayéToM pPe3y/IbTaToB 00yUeHHs.

Tekyiiee cocrossHHe NU(POBU3AIUN: CTATUCTUYECKUH aHA/IM3 U MHQPACTPYKTypPHbIEe NPOEKTHI.
Mangemuss COVID-19 BbICTyIM/IA MOIIHBIM KaTaau3aTOPOM L[U(POBU3ALMK BHICIIIEr0 00pa30BaHMs, OZHAKO
3aKperjleHle [JOCTUTHYTBIX Pe3y/bTaToB B IOCTMAHJEMHUHHBIM 1epuos, HeoAHOPoAHO. ITo faHHBIM cOOpHUKa
«MHpukatopel obpa3zoBanus: 2024» (ICU33 HUY BIIID), Aossi CTYAEHTOB, 00yUYarOIUXCs C IPUMEHEHHEeM
3/IeKTPOHHOT0 00yuenust, Bozpocia ¢ 20,5 % B 2019/20 yuebrom rogy 10 51 % B 2023/24 yueOGHOM rofly, a YUC/Io
00yyYaroIIMXxcsi C UCTI0/Ib30BAHUEM OHJIAMH-TEXHOJIOTHH YBeIUUNIOCh B 2,6 pa3a, JocTurays 8,1 MiH uesioBek [8].
ITo pganHeIM Poccrara, B 2022 roxy 76,1 % camocTosTeNbHBIX 00pa3oBaTelbHBIX OpPraHW3aldi BBICLIETO
obpa3zoBanus (550 13 723) IpUMEHSITU JUCTaHIIMOHHBIE 06pa30BaTe/IbHbIE TEXHOJIOIUH, XOTS JIaHHbIN [10Ka3aTe/Th
CcHM3UICS ¢ TIMKOBBIX 83 % B 2020 rozy [9]. YKa3aHHast [UHaMHKa CBU/IeTe/IbCTBYET O CTabWIM3aliiy MpUMeHeH! st
JOT Ha ypoBHe, Cyl[eCTBEHHO MpeBbIIIAOIEM AonaHAaeMuiiHbIi (42,8 % B 2016 roay), HO HUXKe SKCTPEHHBIX
3HaueHUH Neproja J0K/ayHOB.

PriHOK 00pa3oBaTe/bHBIX TeXHOJIOTMH [JeMOHCTPUPYET YCTOWUMBBIM POCT NPH 3aMeZjieHUH TEeMIIOB:
coBokymHasi BeIpyuka 100 kpynHeiimx EdTech-kommnanuii Poccuu cocraBuna 144,5 mipg py6. B 2024 roay (+19
%) 1, 1o orjeHKam Smart Ranking, focturmia 154 mipg py06. B 2025 rozy (+12 %) [10]. ITpy 5TOM PBIHOK BBICLIETO
OHaiH-06pa3oBaHus oLjeHrBaeTcs B 4,5 Miipg py0. (poct B 6,5 pasa ¢ 2021 roga), a 90 % abUTypHeHTOB OHJIaHH-
MpOrpaMM BeIOMparoT MarucTpatypy [11]. JlaHHas TeH/eHIMs yKa3biBaeT Ha (POPMHUPOBAHUE YCTOMYUBOTO CITPOCa
Ha TMOKue ¢opMaThbl 00yueHHss IMEHHO Ha YPOBHe BTODOH CTYMEHU BBHICIIETO 00pa30BaHMs, UTO HEOOXOAUMO
YUUTBHIBATH TPU TIPOEKTUPOBAHNUH LIM(POBLIX 00pa30BaTebHBIX CEPBHUCOB.

Cpeau 3HauMMBIX MH(PACTPYKTYPHBIX IPOEKTOB Bblfe/seTcs cymnepcepBUC «IlocTyrieHne B BY3
oHsaiH»: B 2025 roZly MM BOCHO/Ib30BaIMCh 79 % abutypuenToB (1,3 M/IH uenioBek), uTo B 3,6 pa3a MpeBbIlIaeT
nokasatenb 2022 roza [12]. HaipionanbHasi riiat¢opma OTKpbITOro ob6pa3oBanusi (openedu.ru) oobeuHsIeT 6osiee
800 onsaiiH-KypcoB OT 18 BeZylMX BYy30B C BO3MOKHOCThIO Iepe3auéta [13]. [Iporpamma «IIpuoputer-2030»
oxsartbiBaeT 119 yHuBepcuTeTOB U3 56 pernoHOB ¢ ¢rHaHcupoBaHueM 30,5 mipg py6. [14]. Bmecte ¢ Tem, mo
JaHHBIM caMoro MwuHOOpHayKy, cpefHUN YpOBeHb LMGPOBOW 3peNoCTH B OTPacid HAayKd M BBICIIErO
obpasoBanus cocraBui ymiib 45 % (oueHka 2023 roga), MpU 3TOM CTpaTeruto LudpoBol TpaHchopMaLyn
BHEJIDWIN TOMBKO 34 % BY30B, a LIEHTPA/JM30BAaHHYIO TOJIUTHUKY YIpaBIeHUs AaHHBIMH — 23 % [5]. [TaHHBIHA
paspelB MexJy MaciitaboM HH(PACTPYKTYPHBIX MPOEKTOB U YPOBHEM HMX HWHCTUTYLIMOHA/IBHOW MHTerpaljvu
nipe/icTaBsisieT co60M K/IroueBoe IPOTUBOPeYre TEKYIero Tarma.
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CucremaTu3anus npodjieM u 0OapbepoB 1udpoBoii TpaHchopmanuu. [IpoBeAEHHBIN aHaINU3
TI03BOJISI€T CUCTEMAaTH3UPOBaTh IpobiieMbl 1MbpoBoi TpaHc(opMary BbICIIero 06pa3oBaHus 110 TPEM YPOBHSIM:
reJlaroruueckoMy, TEXHOJIOTHUECKOMY M yripaBieHueckoMmy. [TogobHasi kmaccudukanys KOPpecroHAUpYyeT C
pe3ysibTaTamu cuctematruueckoro o63opa T. Gkrimpizi, V. Peristeras u I. Magnisalis, BeisiBuBIero 20 6apsepoB B
IIeCTH KaTeropusix [15], ofHaKo ajanThpoBaHa K crieljiudrke pocCcHiCKoi 00pa3oBaTebHON CHCTEMBI.

IMedazozuueckuli yposeHb XapaKTepH3yeTCs Pa3pbIBOM MeXX/y TeXHHUECKOW ZOCTYITHOCTHIO L(POBBIX
WHCTPYMEHTOB W WX COjlep)KaTeJbHOM HHTerpaiuell B obpa3oBarenbHbid miporjecc. B.I. Jlapuonos, E.H.
[lepemetneBa u JI.A. I'opIIKOBa CripaBe[JIMBO YKasbIBAlOT, uTo IMipoBast TpaHchopMais IMpeArosaraer
NepecTPOMKY He TOJbKO MH(PACTPYKTYPHI, HO ¥ TEXHOJIOTHI 00yueHus1, MeTOZ0B, popM yueOHOI /eI TeTbHOCTH U
pe3y/bTaToB oljeHUBaHus [16]. Mexay TeM, no faHHbIM HA®DU, nniekc MKT-KoMIIeTeHTHOCTH Tpero/jaBaTeseii
BY30B B IleZlarOrMUecKOii MpakTHKe COCTaB/sieT JHiIb 45 6anioB U3 88 BO3MOXKHBIX, IIPM 3TOM KOMIIOHEHT
«OTHOIIIEHWE K WHHOBALMSIM» OKazazcsi Haubosiee Hu3kuM [17]. E.M. VIrHaTeHKO [OTIOJTHUTETbHO (QUKCUPYET
npobsieMy (GopMHUpOBaHUs HOBoro mokosieHus digital-mpenozaBaresnieli: o6pa3oBaTenbHble OpraHM3alUM He
BCer/a yCIeBaroT MepecTpanuBaThCs M0/ aKTyasabHble opMaThl paboThl CO CTYZE€HTaMH B paMKaxX THOPUAHOTO 1
JUCTaHLMOHHOTO 00yueHus [18]. Takum 0O6pa3oM, KJFOUeBbIM OapbepoM Ha TeJJaroriueckOM YPOBHE BBICTYTIAeT
He OTCYTCTBHME TeXHWYeCKUX CpeJCTB, a HeJOCTaTOUHOCTb MeTOJMUYeCKOM TIOATOTOBKM W MOTHBALUU
TIPero/iaBaTeIbCKOro COCTaBa K UCII0/b30BaHUIO LIU(POBBIX NeJJarornyecKuX TEXHOJIOTHUH.

TexHonozuueckuil ypogeHb OmpejiesisieTcsl pesk/ie BCero 3afiauaMy MMIIOpTO3aMell|eHus] IPOrpaMMHOT0
obecrieuenusi. I'eonosmmtruecke n3MeHeHust 2022 rofa MpUBeId K OTK/IOUEHHIO BeAYIIMX MeXKAYHapOAHbBIX
nnardopm (Coursera, Open edX) oT coTpyAHMYeCTBa C POCCHUCKMMU By3aMu. [Io [JaHHBIM COBMECTHOTO
uccnegoBanusi YHuBepcutera Munonomic 1 AHO «IludpoBasi skoHOMUKa», 0Opa3oBaTe/ibHble OpraHu3aluy
uunuce 6osee 80 % nmijeH3uit Ha 3apy6esxHoe [10, Mpu 3TOM KaXKZbIl YeTBEPTHIN BY3 He BUIUT BO3MOKHOCTH
TIOJTHOTO TTepexo/ia Ha OTeuecTBeHHbIe aHasoryu [19]. [ToctanoBnenue ITpaBurensctBa PO ot 11.10.2023 Ne 1678
00s13a710 By3bI UCIT0/Tb30BaTh [10 U3 peecTpa 0TeUeCTBEHHOTO MPOrPaMMHOI0 00eCTieueH st U TIepe/IaBaTh IaHHbIE
B 'IC «CILIOC», ogHaKo Ha TIpakTHUKe Tepexo/] COTIPSDKEH ¢ 1epUIIMTOM OTeueCTBEHHBIX PeIIeHHUH B OT/e/IbHBIX
npegMeTHbIX obsactsix. H.B. [IHerpoBckasi oTMeuaeT, UTO IpH BbICOKOW oOecrniedeHHocTd ITK 1 foctymom K
Unrepuety (6onee 90 % KOMIBIOTEPOB B By3aX IMOZAK/IIOUEHBI K CETH) aBTOMaTH3allys yueOHBIX IPOLIeCCOB
ocraércst HepoctaTouHol [20]. PernonanbHoe 1mpoBoe HepaBeHCTBO ycuiuBaer rnpobnemy: gons MK ¢
pocrtyrom K MHTepHety Bapbupyetcsi oT 80,3 % B CeBepo-KaBkasckom @O 1o 94,1 % B Cubupckom PO [9].

Ynpaenenueckuii ypoeeHb CBsi3aH C HeOOXOJVMOCTBIO Ilepexofia OT TPAAWLMOHHBIX MoOJenei
a/IMUHUACTPUPOBAHMUSA K YIIPABJIEHHIO Ha OCHOBe JjaHHbIX. A.B. Bananosckas, [I.H. ®pantacos u O.A. 'opbyHoBa
MOZUEPKUBAIOT, YTO Tiepe], oOpa3oBaTesibHBIMUA OpPraHU3alsIMM CTOUT 3aZiaya ()OPMHUPOBAHUS IIeJIOCTHOU
CHUCTeMbI GU3HEC-TIPOLIeCCOB, Ga3upyroLiercs Ha MHOOPMALIMOHHBIX TEXHOJIOTHSIX U HAKar/IMBAaeMbIX [IM(POBBIX
JAHHBIX, [/ Tlepexofia K KOHLEMMM LM(POBOro YHHUBEpCUTeTa B CpeJHECPOYHOM IIepCrieKTHBe, a B
JIOITOCPOYHOM — K Mofilend LudpoBoro fABoiHuKa yHuBepcuretra [21]. A.A. KopHeeB yKasblBaeT Ha
HEoOXOZIMMOCTb CO37laHUsI eJUHOM TpaBOBOW 0a3bl, peryaupyroileli LUQpPOByH 00pa3oBaTeNbHYI Cpeny,
BKJTIOUasi aCIieKThl 3[J0poBLecOepeskeHrs U MHPOpMaLMoHHOM Oe3onacHocTH [22]. Bmecte ¢ Tem A. Fernandez u
C0aBT. HAa OCHOBe aHanm3a 184 nHuiaTyB B 39 yHUBepCUTeTaX MUpa YCTAHOBWIH, UTO JIMIIL 25 % BY30B UMEIOT
(hopmanu3oBaHHYI0 LMGPOBYIO CTpaTeruio, Torja Kak 56 % 3amyckarT H30/JMpOBaHHbIE MHUIMATUBBI 03
CHCTEMHOW KoopauHaruu [23]. JJaHHOe HabmoeHye XapakTepHO U /11 POCCUHCKUX BY30B, Iie, KaK OTMEUEHO
BBIIIIe, TOJBKO 34 % opraHu3anyii BHe/IPUIN CTPATETHI0 UPPOBOM TpaHC(HOPMAaLHH.

MexayHapoAHbIi KOHTEKCT M IlepClieKTHBHbIe HampapjieHHsa pasBuTud. lludposas
TpaHcdopMaLys Beicliero obpa3oBaHus IpeficTaBisieT coboii r106anbHbIA TPeHA, U aHa/IU3 MeKYHapOJHOTO
OTbITAa TI03BOJISIET BBISIBUThH TIePCIIEKTHBHbIE OPHUEHTUPHI [Jii POCCUMCKOM cucTembl. EBporefickuii coro3
peanusyert Lludposoti miaH geticTBuii B chepe obpazosanus Ha 2021-2027 roaw! (Digital Education Action Plan),
OXBaThIBAIOIMI 14 MepomnpusiTUii MO [JBYM CTpaTerMyeCKMM IPHOpWTETaM: pasBUTHE BbICOKO3(deKTHBHOU
dpoBoii  oOpa3oBaTesbHON 3KOCHMCTeMbl UM (opMmupoBaHve LUQPOBBIX KommeTeHuui [24]. Kwuraii
JIeMOHCTPHUPYeT JIU/IePCTBO 110 MaciiTaby: HalroHaibHas iaTdopma o6weunseT 6osee 76 800 MOOC-KypcoB ¢
454 MJTH 3aperuCTpUpPOBAHHBIX TO/b30BaTesel [25]. OMBIT yKa3aHHBIX CTPaH CBUZETENILCTBYET O TOM, UTO
ycnemHas 1udposasi TpaHcdopmanysi TpeOyeT coueTaHusi MacIUTabHbIX MHGPACTPYKTYPHBIX WHBECTHLIUH,
HOPMAaTHBHOT0 obecrieueHus U Lie/ieHanpas/IeHHOr0 Pa3BUTHsI KOMITETEHLMI BCeX yUaCTHUKOB 00pa30BaTeIbHOTO
Tipotiecca.

Ha ocHOBaHMM TIPOBEAEHHOTO aHaaM3a MOYKHO BbIJE/IUTh UYeThIpe IePCIeKTHBHBIX HarlpaBIeHUs
1poBoii TpaHCchopMaLWH Briciiero obpa3oBanusi B Poccutickoii @enepanuu. [lepBoe HanpaB/ieHre — Mepexof
K YIpaB/ieHUI0 00pa30BaTe/bHBIMA OpraHU3alMssMM Ha OCHOBe JaHHBIX (data-driven management). 3To
TIpeATosiaraeT Co3JjaHWe CUCTeM TIOAJIEP)KKW TIPUHSTHS  YIpaB/leHUeCKWX PpeIleHdd, WCIT0JIb3YIOMNX
MPeIMKTUBHYID W TPeJNUCHIBAIOLIYI0  QHAIWTUKY Ui ONTAMM3aUuM  (UHAHCOBO-XO3SICTBEHHOMH,
obpa3oBaTe/lbHOM M HAy4YHO-MCC/e[0BaTeNnbCKoW [estensHOCTH [21]. O6HoBnéHHasi Crparerus LUQpOBOM
TpaHcpopmariuu (2025) 3akpernisieT JaHHBIN MOAXOJ, B KaueCTBe MeTO/|0/IOTMUecKoro HarpaB/ieHUs], OTIpe/iesis
repexoZ K yrpaB/ieHHIO Ha OCHOBe JJAHHBIX KaK CHCTeMHbIN ITpUopuTeT [5].
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BTopoe Hampap/ieHHe — WHTErpaLysi TEXHOIOTUH UCKYCCTBEHHOTO MHTE/IJIEKTa B 06pa30BaTe/IbHbIN U
yIipaB/ieHueckuii niporjecchl. Cpeay LiesieBbIX MHAMKaTopoB CTpareruu — /1071 06pa3oBaTe/lbHbIX IPOrpaMMm C
ucrosb3oBanveM VU 1 fonisl Hay4YHBIX MCCIe[0BaHUH, MPOBOJUMBIX C IPUMeHEeHHeM JIaHHbIX TeXHOIorui [5].
IMpoekt «Lludposeie Kadenpwi», oxBaTbiBaroluii 119 By30B, yxe obecrieuns MoArOTOBKY Oosiee 86 ThIC.
CTYZeHTOB T10 JoTio/THUTeMbHBIM W T-KBamudukausM, BKIIOUasi HarpaB/ieHus1, cBsi3aHHble ¢ MU [26].

TpeTbe HarpaB/ieHHe — pa3BUTHE SKOCHCTEMBI OTeYeCTBeHHbBIX LU(POBBIX T1aTdopm. OHO BKJIFOUaeT
I'NC «CoBpemenHasi i poBasi obpa3oBaTe/ibHasi Cpefia», afjantupoBaHHbie LMS-peiiieHus (B uaCTHOCTH, Cpefia
anekTpoHHoro obyuenuss 3KL Ha 6a3e Moodle, BHecéHHass B Peectp oteuectBeHHoro I10), matdopmy
SmartLMS u apyrue cepBuchl [27]. @opMUpPOBaHHe KOHKYPEHTOCIIOCOOHOTO OTeuecTBeHHOro pbiHKa EdTech-
pellileHWM i1 By30B IIpeACTaBIseTCsl HeoOXOJUMBIM YCIOBUEM TeXHOJOTHUECKOIO CyBepeHHTeTa
00pa3oBaTe/bHON CUCTEMBI.

UeTBépTOe Hampas/ieHHe — (HOpMUPOBaHKe MoZenyd LMppOBOro YHUBEPCHUTeTa KaK WHTerpaTUBHOTO
MeTOZ0JIoTHUecKoro KoHCTpyKTa. E.B. Hebopckuii BeiziesisieT YeThbpe KOMITIOHEHTA JJaHHON MoZesd: [HU(pPOBOi
¢opmar obyuenws, Ludpoas cpezia, 1dpPoBbIe pecypchl U LUGPOBOH npernogaBatens [28]. Peanmysauus 3To
MO/Ie/IM TIpeZio/iaraeT He MeXaHHuecKoe BHeJIDeHHe OT/eJIbHBIX TeXHOJIOTHH, a CHCTeMHYIO TpaHC(HOPMAaIiio
BCEX HalpaBJ/ieHUH [iesITe/IbHOCTH By3a Ha OCHOBe e/IMHOM L{U(POBON apXUTEKTYPBHI.

3akmouenue. [IpoBefjEHHBIN aHa/MM3 CBUJETEILCTBYeT O TOM, uTo LUGpoBas TpaHChOpPMaLys
POCCHUHCKOTO BbICIIEro 06pa3oBaHusi BCTYIIM/IA B KAUeCTBEHHO HOBYIO (ha3y, XapaKTepU3yIOLIyIOCs IIepexojoM OT
SKCTEHCHBHOTO BHEJIPeHUs [WCTaHIIMOHHBIX TeXHOJOrUid K (OPMUPOBAHUIO KOMIUIEKCHON L(pPOBOH
3KOCHCTeMbI BY30B. Ilpefjio)keHHass cucTeMarH3alyss NpobjeM IO TpéM YPOBHSM — IMeJaroruueckoMmy,
TEXHOJIOTHUeCKOMY W YIpaBjeHUeCKOMy — II0Ka3bIBaeT, YTO OCHOBHble Oapbepbl HOCSAT He CTOJIBKO
TeXHUUYECKHH, CKOMbKO OpraHW3aljiOHHO-MeTOMUeCcKHil XapakTep: pa3pbiB MEXIY AOCTYITHOCTBIO IM(POBBIX
WHCTPYMEHTOB M UX ITelar oruuecKoi HHTerparyei, pparMeHTapHOCTb MHCTUTYL{MOHAIBHBIX CTpaTeruii (Jume 34
% BY30B UMeIOT CTpaTeruto 1rdpoBoii TpaHCchopMalvii), UHEpLHs YITPaBIeHUeCKUX MO/iesTel.

BMmecTe ¢ TeM KonmuecTBeHHbIe TokKa3zatenn (51 % CTy/IeHTOB C 37eKTPOHHBIM oOyueHueMm, 79 %
abutypueHToB uepe3 cyrnepcepBuc «IloctyrieHune oHmaii», poct EdTech-peiHka g0 154 mupg py6., oxear
niporpamMmoii «IIpuoputet-2030» 119 By30B) CBUETENLCTBYIOT O 3HAUMTENHHOM PeCypCHOM IOTeHLUase [jis
JanbHeleii TpaHcdopmaryy. IIpeogosieHue BeIsIBIEHHBIX IPO0/IeM, 10 MHEHHUIO aBTOPA, TpeOyeT KOMITIIEKCHOTO
MoZixofa, OOBEUHSIOIET0 TPU B3aWMOCBS3aHHBIX KOMIIOHEHTA: COBEpLIeHCTBOBAHHEe HOPMAaTHBHOTO
pery/JMpoBaHus C akKL|eHTOM Ha LM(POBYIO 3DeyIOCTh, LieJIeBOe pa3BUTHE LM(POBBIX KOMITETEHLMH Hay4HO-
reJJaroruueckux paboOTHUKOB U Tepexo/] K MOJIe/isiM YTpaBJieHUst Ha OCHOBe ZlaHHBIX. [Toc/iejHee HampaBieHUe
Tpe/ICTaB/sIeTCs 0COOEHHO 3HAUMMBIM, MOCKOMBKY CO3/JaHUE CUCTEM WHTE/IEKTYabHON TOAAEPKKU MPUHATUS
YMpaBJIeHYeCKUX pelIeHUHd CrOoCOGHO CYIIECTBEHHO TMOBBICUTh 3(M(MEKTHBHOCTL  (DYHKIIMOHUPOBAHUS
o0pa3oBaTe/IbHbIX OpPraHU3aliii B YC/IOBUSIX PeCYPCHBIX OIPaHUUYeHUH U BHICOKOM AMHAMUKH BHEIIHeH cpefbl.
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CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOMWIA 1 An3aiHa
191186, CaHkT-lMNeTepbypr, bonbliasa Mopckas, 18

NMHEBMATNYECKOE YCTPOWUCTBO A4/19 ®OPMOBAHUS OTKPbITbIX YNAKOBOK

B cmambe paccmampueaemcst npuHyun npou3eo0cmed OMKpbIMblX YNAKOBOK C NOMOWbIO NHEBMAMUUYECKO20
ycmpoticmea 015 popMo8aHus KAPMOHHBIX YNAKOBOUHBIX 10MKO8, 8KAIOUAS €20 KOHCMPYKMUBHbLe
ocobeHHOCMU, NpUHYUn pabomal, MexXHOA02UUEeCKUL YUK U 803MOJiCHble Modugukayuu. IIpednodxceHHoe
mexHuueckoe pewleHue 0b1adaem HOBU3HOL, IKOHOMUUECKOL 3¢hchekmuBHOCMbIO U peKoMeHAyemcs K
6HEOpeHUI0 Ha MA/biX U CpeOHUX NULesblX Npou3800Cmeax.

KimioueBbIe C/IOBa: YCTPOUCTBO, YIIAaKOBKA, MHEBMOLMIMH/D, HOpMUPOBaHNE.

Abdulkhairova A.

St. Petersburg State University of Industrial Technologies and Design 191186, St. Petersburg,
Bolshaya Morskaya, 18

PNEUMATIC DEVICE FOR FORMING OPEN PACKAGES

The paper studies discusses the principle of production of open packages using a pneumatic device for forming
cardboard packaging trays, including its design features, operating principle, technological cycle and possible
modifications. The proposed technical solution has novelty, economic efficiency and is recommended for
implementation in small and medium-sized food production facilities.

Keywords: device, package, pneumatic, forming.

KapToHHBle ynakoBOuHble JIOTKM SB/SIOTCS OJHMM U3 Haubosiee BOCTpeOOBaHHBIX BH/IOB
MOTpeOUTENbCKON Taphl B MUILEBOM MTPOMBIILITIEHHOCTH, CETbLCKOM XO035IHCTBe, JIOTMCTHKE M CMEXKHBIX OTPAC/IsX
[3]. OHM UCMO/IB3YIOTCA AJIs1 XpaHeH!sl, TPAHCIIOPTHUPOBKY U Mpe3eHTaljy IIMPOKOro aCCOPTUMEHTA IPO/yKTOB:
OT CBEXXUX OBOILel, (GPYKTOB W 3ejieHH 10 MoaypabpUKaToB, KOHAUTEPCKUX H3JeNUi U TOTOBBIX OO,
Oco0eHHOCTBIO JIOTKOB (B QHIVIMKMCKOH TEPMHHONOTMH — «J1aH4Y-O0KChbI») SIB/ISIETCS OTCYTCTBUE BepXHei
KPBILIKH, YTO YIPOIaeT AOCTYI K COAEep>XUMOMY, CHWKaeT pacxo/, MaTtepyana U yCKOpsieT NpoLiecC YIaKOBKHU.
[Tpu 3TOM TpebOBaHMS K MPOUHOCTH, KECTKOCTH M TUTMEHUYHOCTH OCTAlOTCsl BBICOKUMU. B KauecTBe OCHOBHOTO
MaTepuasa [ TIPOM3BO/ICTBA MHILEBBIX JIOTKOB HCIO/b3YeTCs: MaKynaTypHblii KapToH o I'OCT 10700-97
(rpynma b — cpezHero KauecTBa), a Tak’)ke ro)pOKapTOH, MeJIOBAaHHbIH L{eJIIF0/I03HBIM KapTOH, 00eCrieurBatoIIrii
JIYUIIyI0 TIeyaTb M BJIAaroCTOMKOCTb. Bcé Oosblliee pacrpocTpaHeHHe TIOJIYYalT OuopasiaraeMele U
niepepabaTbIBaeMble MaTepHaslbl, YUTO COOTBETCTBYET COBpPEMEHHBIM 3K0JIOTHUECKHUM CTaHJapTaM.

Ha pbIHKe TipeficTaB/IeHO MHO>KECTBO MalllMH /11 OpPMOBaHHsI KaPTOHHOM YIIaKOBKH [2]: OT py4HBIX
MeXaHMYeCKUX TPeCCOB [0 TOMHOCTBIO aBTOMATH3WPOBaHHBIX JUHHWH. OfHAKO OOJBIIMHCTBO CEPUIHBIX
YCTPOKCTB 00/1aal0T C/IeAYIOLMMU HeIOCTaTKAMU: TPOMO3JKOCTh U CJIOKHOCTb KOHCTPYKLIUH, UTO YBEJTMUUBAET
CTOMMOCTH 0DOpYZIOBaHMsSI U TpeOOBaHMS K MPOU3BOACTBEHHBIM II/IOMA/IIM; Y3KHM AWarna3oH GopM — Kaxzas
¢dopMa ymakoBkM TpeOyeT CIOKHOM M [IOPOrOCTOsIIiell MepeHalaku WIM Jae OTZe/NbHONM MallllHbI;
OrpaHuueHus TI0 MaTeprany — MHOTHe yCTpoicTBa paboTarOT TOIBKO C OMpeeséHHON IIIOTHOCTBIO M TUIIOM
KapToHa.

B Hacrosimell craTbe paccMaTpuBaeTcsl KOHCTPYKLMS TIpe/ijlaraeMoro HOBOTO ITHEBMaTHUECKOTO
YCTPOKCTBA /151 HOPMOBAHUS YIIAKOBOUHBIX JIOTKOB [1], OTTMUUTE/TBHBEIME 0COO@HHOCTSME KOTOPOTO SIBIISOTCS:
BO3MOYXHOCTb (DOPMHPOBATh yMAKOBKH Pa3/UUHONW reOMeTpUYeckoil (OpMbI M CTEMeHU CJIOXKHOCTH; ObICTpast
repeHasazika roJ, HOBbIM THIOpa3Mep; NpoCTas, JTaKOHUUHAs 1 PEMOHTONPUro/jHasi KOHCTPYKLIUS; BO3SMOXHOCTb
o6pabatbiBaTh pa3Hble BU/IbI KAPTOHA; HHTErPUPYEMOCTD B CYIIIECTBYIOIIHE (DOPMOBOUHbBIE TMHUU WK PaboTaTh
aBTOHOMHO.

KoHCcTpyKTHBHasi cxema TIpejjlaraéMOro HOBOI'O ITHEBMAaTH4eckoro YCTpOicTBa [yisi (OpPMOBaHUSA
YTIaKOBOUHBIX JIOTKOB TpeJiCTaB/ieHo Ha puc. 1. PaspaboTaHHOe yCTPOWCTBO COCTOUT U3 C/IeZYIOIIMX OCHOBHBIX
y370B: 1 — TPOTMBOIIOBOPOTHBIA ITHEBMOLIMHAD (0OecrieunBaeT BO3BPATHO-MIOCTYIIATe/IbHOE [BIDKEHHE

250



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

IIyaHCOHA C peryJMpyeMbIM yCUIMEM U CKOPOCTBbIO U NpeAOTBpalljaeT HekesaTe/bHOe BpallleHWe IITOKa); 2 —
yrop (CIykdT A HaAE&KHOTO KperyleHWs I[THeBMOLWIMHJpAa K CTaHWHe); 3 — IMyaHCOH (TIOJBIDKHBIN
¢opmooOpasyroLuii  3/1eMeHT, BO3ZAEHCTBYIOLIMI Ha 3aroToBKy); 4 — CTaHMHA (Hecyllas KOHCTPYKLS,
obecrieurBaroIiasi KECTKOCTb M TOUHOCTh B3aUMHOTO DacIlOIOKEHHUs Y3/7I0B); 5 — MaTpulja (HEroJBIKHas
thopmoobpa3sytoliiasi MTOBEPXHOCTh, 3aKPEI/IEHHAst Ha CTAHUHE).

Hnsa ycnemrHoro QopMoBaHMs Tepe[ Tojadeld Ha YCTPOMCTBO 3arOTOBKA [O/DKHA TIPOWTH TpPH
006s13aTesIBHBIX 3Tara (Ha OTAebHOM 060pyoBaHum) [3]: obpeska (BBITOJHSAETCS Ha 000PY/OBAaHUH JICTOBOM
WU PYJIOHHOM BBICEUKH), OUroBkKa (OWUrOBa/bHBIA MPECC WM POTALMOHHBIN OWUrOBa/bLIMK), HAaHECEHHE Kies
(k1eeHaHocsas cucrema). Ha srane o6pe3ku 3aroToBKe IPUJAIOTCS TOUHbIe BHEIIIHUE pa3Mephl [0 MakeTy. B
nporjecce OWUIOBKM CO3JAlOTCA JMHUM cruba [js1 KOHTposnvpyeMol gedopmaiuu. IIpu HaHeceHMH Kiies
obecrieurBaeTCsl COeJJMHEHHE CTOPOH YIIaKOBOYHOIO JIOTKAa. KauecTBO BBITIOJIHEHWsI yKa3aHHBIX OIlepaLiyii
HampsIMyl0 B/WsieT Ha TOYHOCTh W IPOYHOCTb TOTOBOW YIakoBKHM. Ocoboe BHUMaHHe CjeAyeT yessTh
HaIlpaB/IeHUO JTMHUI OMTOBKM OTHOCHTE/IEHO BOJIOKOH KapTOHa — HeIpaBW/IbHBIN BBIOOP MOJKET NMPUBECTH K
pa3phiBaM WM HeYIIpyro# fedopmanyu [5].

Puc. 1. TTHeBMaTHUeCKOe YCTPOWCTBO /7151 JOpMOBaHUs YIIAKOBOYHBIX JIOTKOB

ITpn co3jaHuM TeOMeTPUH MaTpHULibl ¥ IIyaHCOHAa HeoOXOJWMO pelINTh KOMIUIEKCHYHO HH)XEeHEePHYIO
3a7lauy, BK/IIOYAIOLIYIO: aHa/IM3 3aBUCUMOCTel JedopMalliil KapTOHa C YYETOM IIpe/iBapHUTe/bHONW OWUroBKU
(rnybuHa, mwmpuHa, ¢opma pudTa); onpejesieHHe MUHUMAIbHBIX M MaKCUMAabHBIX pajuyCoB W3ruba s
JAHHOTO THIa MaTepuasa; PacyéT HeoOXOAUMBIX YCUTHM U TOUeK WX ITPUIOXKEHHs A/ [TPe/I0TBPALieHHs CKIa/[OK,
TPELLVH WK HEeMoJIHOTO Cruda; YUET «IPY>KUHEHHs» KapTOHA MOC/e CHATUSI Harpy3KH — 0COOEHHO BaXKHO 1Sl
TOJICTBIX U IJIOTHBIX COPTOB.

OfHUM W3 TJIaBHBIX JIOCTOMHCTB TIPE//IaraéMoOr0 HOBOTO YCTPOMCTBA /ISl TIPOM3BOACTBA OTKPBITHIX
YIIaKOBOK SIBJIsI€TCST ObICTpasi CMEHsIeMOCTb ITyaHCOHOB U MaTpHL] 0e3 MCI0/Ib30BaHuUsl CJIOKHOTO MHCTPYMEHTA.
PaccMOTpUM OT/e/bHBIE [leTall YCTPOMCTBa.

KoHcTpyKuUus myaHcoHa (puC. 2) BBIMOJHEHA B BU/IE META/UIMUECKOW TIIacTWHBI (0OBIYHO U3
aTIOMUHUEBOT0 CIIaBa WM KOHCTPYKLIMOHHOW CTajik) C PeryJyspHOi mepdopaiyeii — psgoM OTBEPCTHi, B
KOTOpBI€ yCTaHaB/IMBAIOTCSl ChEMHBIE CTepKHU. CTep)KHM PAaCIIo/ararTcs CTPOTO TepreHAHKY/ISIPHO JIMHUSIM
OUroBKH 3aroToBKH. IIpy IBW)KEHUU MMyaHCOHA BHU3 MMEHHO 3TU CTeP)KHHU MepPBBIMHA KOHTAaKTHUPYIOT C 30HAMH
cruba, THULUUPYsI U3rU0 MO 3aJaHHOMY KOHTYPY.
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Puc. 2. KoHCTPYKTHBHBIE BapHaHThI UCIIOJTHEHWSI ITyaHCOHOB

K mnpenmyiecTBoM mpejjaraeMod KOHCTPYKLMM ITyaHCOHOB CjeAyeT OTHeCTH: aflalTHBHOCTb —
TepecTaHOBKA CTep>KHeH MO3BOJISIET TOACTPOUTh MYaHCOH TI0Z, JFOOYH0 KOHOGWIYpaLWio JIOTKA 3a CUATAHHBIE
MMHYTBI; Majiasg Macca — OJiaroziapsi OTBEPCTUSIM Macca TyaHCOHA CHHXKEHa, UTO YMEHbIIAeT Harpy3Ky Ha
ITHEeBMOLIWJIMHAP U CTaHUHY; 5KOHOMUUYHOCTh — He TpeOyeTcst M3roTaB/IMBaTh MAaCCUBHBIM MyaHCOH /IS KaXKA0H
¢opmbl; focTaTOuHO Habopa CTep)KHEel; IPOCTOTa peMOHTa U 00C/TY>KUBAaHUsI — I1pY TTOBPeXXeHHU 3aMeHseTCsl
He BeChb ITyaHCOH, a OJWH WM HECKOJIBKO CTepyKHel.

KoHCTpyKLust MaTpUIbl 1OKa3aHa Ha puc. 3. MaTpulja npefcTaBisier co60l MeTa/UIMUecKylo AeTanb
CJIOJKHOM CTYIIeHYaTON reOMeTpPHH, KOTOpasi IIOJHOCTBIO OIpe/iesisieT UTOrOBYI0 (OpMy JIOTKa. XapaKTepHbIMU
0CODEHHOCTSIMU  TIpeJ/laraeMoil KOHCTPYKLMM SIBMISFOTCSI: MHOTOYDOBHEBOCTH (BEDXHHW YpPOBEHb HMeeT
HanOOBIIYIO TJI0MIa/lb U COOTBETCTBYET BHEIIHEMY KOHTYPY Pa3BEPTKU; HIPKHUM YPOBEHb BbIITOJTHEH TUIOLIa b0
MeHbllle, UTO 3aCTaB/sieT CTOPOHBI Oyyllel yrNakoBKM 3arubaThCsi BHYTPh); B KOHCTPYKLIMU MPEAYCMOTPEHbI
CreLjManbHO CIIPOEKTUPOBAHHbIE IIPOEMBI B BH7le BBIPE30B U 11a30B, 0J1aroziapsi KOTOPLIM YacTb CTOPOH 3arOTOBKU
CKJ/Ia/ibIBAeTCsl paHbllle, UeM OCTajibHble (3TO HeoOXOJUMO /IS T0C/Ief0BaTeIbHOrO (JOPMUPOBAHHS CJIOKHBIX

3aMKHYTBIX KOHTYPOB 0e3 B3aMMHOrO 3aK/IMHWBAHUs); CMEHHbIe BCTAaBKU (/11 MaTPHL] TOZ 0C0060 C/I0XKHBIE
(hopMBI TIpeyCMOTPEHAa BO3MO>KHOCTh 3aMeHbI OT/Ie/IbHbIX CETMEHTOB).

.

Puc. 3. BapI/IaHTLI KOHCTPYKTHMBHOI'O MCIIO/THEHUA MATPHUL]

Ha puc. 4 moKazaHbl TIpUMepbI FEOMETpI/Iﬁ YT1aKOBOK, KOTOpPbIe€ MOT'yT OBITD MOJIy4eHbI C MUCII0/Ib30BaHUEM
TaKUX MaTpUL]: [IPAMOYTOJ/IbHbIE, TPallelilueBHUHbIe, MHOI'OI'DAHHbIE 1 dCUMMeTPUUHbIE JIOTKH.
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Puc. 4. BapuaHThl reoMeTpuu yI1akOBOK

TexHoioruuecKuii LUK/ oAHOro opMoBaHus (CM. pucC. 5 U 6) BK/ItOUaeT ciieiyroliye (asbl:

— TIO3UIIMOHMPOBAHUE — TPeJBAPUTE/HLHO TIOATOTOB/IEHHAs 3arOTOBKA (0TOMroBaHHasi U 0Ope3aHHast)
YK/Ia[IbIBaeTCS HA MaTPULLy BPYUYHYIO WK C TIOMOIL[BIO TPAHCIIOPTepa;

— CK/JIerBaHHe — Ha MaTpHIie TI0 TIEPUMEeTPY UMEITCS OTBEPCTHS, Te MPOUCXOAUT T0/jaua KJIeeBoro
BellleCTBa; KJIel Karleil BBIXOJUT uepe3 OTBepCTHe Ha KianaHbl pasBepTKU [JIsl TOC/IeIYIOIIero COeJUHeHUs Co
CTOpOHAMM W CKjienBaHus (/151 6o/biiMHCTBa Ki1eés [IBA foctaTouHo Beizepkku 0,51 c.);

— HayaJI0 X0/ia ITyaHCOHA — CTeP)KHHU MMyaHCOHA BXO/AT B KOHTAKT C 3ar0TOBKOM 110 JIMHUSM CTH0a;

— OCHOBHOE (pOpMOBaHMe — 3a CYET TPeHUS O NTOBEPXHOCTb MaTPULIbI U HalpaB/IsIIOLIEero BO3ZeNCTBUS
MyaHCOHA CTOPOHBI 10C/IeJOBAaTeIbHO OTTUOAI0TCS BHU3 COTJIACHO TeOMETPHHU, OIHOBPEMEHHO CK/IEUBAsICh;

— oOpaTHbI X0/, MyaHCOHA — TMyaHCOH TI0/IHUMAeTCsl, BO3BPAIljasiCh B HAYaIbHOE MOJI0XKEHHE;

— W3BJIeUeHNe — OTepaTop WM MeXaHWUeCKUi ChEMHUK yiasieT TOTOBBIN JIOTOK.

=

Puc. 5. Iporecc ¢hopmMupoBaHus YIIaKOBKY TIPY TOTIAZIAHAN Ha MaTPUILLY
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Pruc. 6. OkoHUaTebHBIN 3Tan (OPMUPOBAHKS YIIaKOBKH

Ha puc. 7 moka3aHbl BapHaHTBI TreOMETPHM TOTOBBIX YIAKOBOK, KOTOpble MOKHO TIOJNYYWTb Ha
rpejijlaraeMoOM YCTPOMCTBe:

— KJIaCCHYeCKUe MPSMOYTOJIbHBIE JIOTKU C HU3KUMH UK BLICOKAMU 60pTaMu;

— JIOTKHU C 3aKPYTJIEHHBIMH yT/IaMu (TIPYU KCTI0/Ib30BAHUU MaTPHL] C Pa[JyCHBIMHU MEPEX0IaMH);

— TparneLyeBUHbIe U KIIMHOBUZHBIE (POPMBI — YZOOHBI /11 BRIKJIaAKU MPOAYKLMY Ha BUTPUHE;

— aCMMMeTpPHYHbIEe JIOTKHU s CrieLji(YecKrX MPOAYKTOB (HarpyuMep, /sl pbiobl uiu 6areTos);

— CEeKLMOHHbIe JIOTKM C BHYTPEHHMMH Teperopofikamu — TpeOyloT Oosiee C/IOXKHOW OWIOBKU U
MHOTOCTYTIEHYATOH MaTPHLBL.

PAWAND ==

L
4

L .
wak A w

Puc. 7. BapuaHTbl pa3BepToK yI1akKOBOK

Ha 6a3e npe/j/i0)keHHOTO YCTPOHCTBA BO3MOXKHBI C/IeZlyIOIHe MOAU(DUKALIAY U Y/IyUILleHHs]:

— MOJIHAsi aBTOMATU3aLusi — fo0aBeHre TPaHCIOPTEpa Iofadd, pobOTU3UPOBAHHOTO CHEMHHUKA M
CUCTeMBI KOHTPOJIS1 KaueCTBa;

— 4KMCa0BOe MporpamMmHoe ympasieHue (UITY) — pns aBTOMaTHUeCKOW CMeHBlI MaTpHULbl O
TporpaMMme;

254



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

— a/lanTUBHAsI CUCTeMA YCU/NS — JaTUMK JJaBJIeHHs], KODPEKTHUPYIOLHIA X0, TIOPIIHS B 3aBUCUMOCTH OT
JKECTKOCTH KOHKPETHOTI'0 JIMCTa KapTOHa;

— MOJy/bHasi KOHCTPYKLUsSI — BO3MOKHOCTb OBICTPOrO [00aB/ieHHs] BTOPOTO WM TPEThEro I0CTa
(hopmoBaHus [ij151 IOBBILLIEHNS] TIPOM3BOJUTEILHOCTH.

Pa3paboTaHHOe MHEBMaTHUeCKOe YCTPOWCTBO /sl OPMOBAHMsSI YIIAKOBOUHBIX JIOTKOB TIPeZCTaBIIsIET
coboli mpocToe, Haf&XHOe W TMOKOe TeXHHUYeCKoe pelleHHe, Mpeofio/ieBarolliee OCHOBHBIE HEJOCTaTKU
CYyLeCTBYIOIMX AaHAal0roB. biarosaps cMeHHOM CTep)KHeBOM KOHCTPYKLMU IyaHCOHa M MHOTOYDPOBHEBBIM
MaTpULjaM C BbIpe3aMH, YCTPOMCTBO TI03BOJISIET TIO/yYaTh JIOTKA CI0’KHOM TeOMEeTPUH C BBICOKOM TOYHOCTBIO
cruba ¥ Ha/IEKHBIM CKyleBaHHeM. KOHCTPYKLUSI JIeTKO MHTErpyUpyeTcsl B PYUHble, MO/yaBTOMAaTHUeCKWe U
aBTOMaTHUecKHe JIMHUY, a TaK)Ke MOXKeT UCII0/Ib30BaThCsl KakK OT[e/bHbIN MOCT (JOpMOBaHUsl. DKOHOMHUUECKast
3(HeKTHBHOCTb JOCTUraeTCsl 38 CUET HU3KOM cebecTOMMOCTH U3rOTOBJIEHHsI OCHACTKH, OBICTPOM NepeHanafKy U
BO3MOXKHOCTA paboTaTh C pa3HbIMM TWUMAMH KapTOHA, BK/OUash BTOPWUYHBIA (Maky/JaTypHBINM), a Takxe
rodpokapToH. Pa3paboTka peKOMeHJyeTcsl K BHEeJPEHHIO Ha MaiblX ¥ CPeJHHX IHIIEeBBIX IPOM3BOJCTBAX, B
JIOTUCTUYECKUX IIEHTPAX, a TAaKXe B KauecTBe j1abOpaTOpHOro wiu yueOGHOro obopy/oBaHus i OTPabOTKU
TeXHOJIOTUI KapTOHHOM YIIaKOBKHU.
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NCCNEAOBAHVE JNUHAMUKN 3CKANATOPHOIO OBOPYIOBAHNA

B cmambe paccmampuseaemcsi pob OUHAMUYECKO20 AHAAU3A 6 npoyecce pazpabomku u sKcnayamayuu
3cKanamopHozo obopydosarus. OCHOBHOe 8HUMAHUe yOensiemcsl UCCAe008aHUI0 OUHAMUUECKUX Npoyeccos npu
nycke, pabome u MOpPMOJiCEHUU ICKAAamopd, 6KAUAsl GHAAU3 HA2PY30K, eubpayull u 3HepaonompedaeHus.
Onucblearomces memoobl deMn@upoeaHus konebaHuil, onmumuzayuu sHepzonompebaeHus u adanmayuu pabomal
Mexamusma K naccaxcuponomoky. Ocoboe 6HUuMaHue yoedsemcsi 6AUSHUIO pasAUYHbIX (PAKMOpPO8 Ha
HadexcHocmb U Ge3onacHocmb  3Kcnayamayuu. Pe3yabmambl  UCCAe008AHUS  NO360/ASIOM  NOBbICUMD
apgexkmusHocmb pabombl 3cKAAAMOPOS U NPOOAUMB CPOK UX CAYHCOBL.

KroueBbie cioBa: AWHAMHWKA MEXAHH3MOB; 3CKaJ/laTOp; HpHBO,E[HOﬁ MeXaHU3M; OWHaMHWUYEeCKHWe HAI'PYy3KH;
KO]IEGEIHI/IH; ,ZLEMH(bI/IPOBaHI/Ie; repexoHbIe IMpoLeccChl; BI/I6paL[I/II/I; 3HepFOHOTp€6HEHI/Ie; H3HOC; I1aCCA’XKUPOIIOTOK.

D.V. Arefev

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

INVESTIGATION OF ESCALATOR EQUIPMENT DYNAMICS

The article examines the role of dynamic analysis in the development and operation of escalator equipment. The
main focus is on the study of dynamic processes during escalator start-up, operation and braking, including the
analysis of loads, vibrations and energy consumption. The methods of vibration damping, optimization of energy
consumption and adaptation of the mechanism to passenger traffic are described. Special attention is paid to the
influence of various factors on the reliability and safety of operation. The results of the study make it possible to
increase the efficiency of escalators and extend their service life.

Keywords: mechanism dynamics; escalator; drive mechanism; dynamic loads; fluctuations; damping; transients;
vibrations; energy consumption; wear; passenger flow.

[vHaMVKa WrpaeT OfHY W3 IJIaBHBIX PO/l B Tipoljecce pa3pabOTKU U IKCIUTyaTalUX pa3TMUIHBIX
MeXaHMYeCKUX CHUCTeM — HauWHasg OT HECJOXHBIX YCTPOWCTB, 3aKaHUMBash CJOKHBIMH MeXaHW3MaMH.
[yarHocTvKa TIpOLIeCCOB JWHAMUK{ TI03BOJISIET BBITIO/HATH OLIEHKW HAarpy3oK, a TakkKe JenaTh IPOTHO3
TIPOLIECCOB ~ M3HAIIMBAHUS  KOMIUIEKTYIOLIMX MEXaHHU3MOB, UTO MOKeT o00ecrieunBaTh YCTOHUMBYIO
paborocriocobHOCTh 000pyZoBaHUA. [UHaMUUeCKUH KOHTpOJb TpebyeTcss /s y/yullleHus IoKasaresied
0e30macHOCTH, yBeJUUeHUsI MTPOJO/DKUTENBHOCTH SKCITyaTalid MeXaHU3MOB M COKpalljeHUsl MoKa3sarteseld hux
sHeprormnorpebnenys. ['laBHas LJeHHOCTh aHa/M3a JUHAMUKY Harbosiee 3aMeTHa B TPAHCIIOPTHBIX M MOEEMHBIX
crcTeMax, B KOTOpble W3MeHeHMs MapaMeTpOB Harpy3Kd TPOMCXOJST B XOfle BCero pabouero mporiecca.
PaccMOTpUM AMHaMIYeCKHe MPOLIeCChl Ha MPUMepe 3cKajaTopa.

B 001iem ciiydae COBpeMEeHHBIN 3CKanaTop Tpe/CcTaB/sieT o060l COBOKYITHOCTD Y3/I0B M MEXaHU3MOB,
YCTAHOBJIEHHBIX HA HECYIIUX KOHCTPYKIUSX U 00beJTUHEHHBIX CUCTEMOI aBTOMAaTHUECKOT0 yIpaB/ieHus. MoXHO
BBIJIEJIUTH C/IeYIOIIHe y3/Ibl 3CKaaTOPHOTO 000y J0BaHUSI:

® MeXaHU3M IIPHUBOZA, BK/IIOUAIONIMM B cebs IVIaBHBI M BCIOMOTAaTe/bHBIA 3/IEKTPOIPUBOZE,

CoeJJHUTe/IbHbIe My(ThI, YCTPOUCTBO 6e301acHOCTH;
® [iepeJaTOUYHBIM MeXaHW3M U ero 3/eMeHThl: CoeJUHUTeNbHasi My(Ta, pabounii TOopMO3, pefyKTopa,
TJIaBHBIH BaJl, TATOBBIE 3Be3/]0YKH, YCTPOHCTBA 6€30MacHOCTH;

®  [[e[THOM MeXaHH3M, 3JIeMeHTaMH KOTOPOTO SIBJISIIOTCS: TATOBBIE 3Be3J0UKH, IIeTH, CTYTIeHH, HaTsDKHast

3Be3/I04Ka, 3ybuaToe KOJeco MexaHu3Ma IPUBOJa, YCTPOHCTBa 6e30MacHOCTH;

® MexaHW3M aBapUMHOIO TOPMO3a, BK/IIOYAIOIIMM aBapWMHBIA TOPMO3, TSATOBYIO 3BE€37I0UKY U

yCTpoiicTBa 6e30macHOCTY;

® MeXaHW3M HaTsDKeHUs TATOBOM Lieny;

® MeXaHW3M IIPUBOJA TIOPYYHS;

® cuCTeMa aBTOMAaTHUeCcKOTro YIpaB/IeHMUs;
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e ycTpoiicTBa 6€30MacHOCTH, 3JIEKTPOTEXHUUECKAs armnaparypa, IKagbl yrpaBieHusl;

®  OIOpHBIE META/VIOKOHCTPYKLIMH.

[TepeuniciieHHble 3BeHbsSi W 3JIeMEHTHI IIPUBE/IEHHBIX y3/I0B U MeXaHW3MOB MOTYT OJHOBPEeMEHHO
SIBIATBCS] COCTABJISIFOLLIMMHU IDYTHX Y3/I0B U MeXaHW3MOB 3CKajiaTopa.

OfHMM U3 OCHOBHBIX (DaKTOPOB, OMpeZeNSIOIX CTAaTHUeCKYI0 HarpysKy 3CKanaTopa, siBJSIeTCs Cuia
TPeHus], JeHCTBYIOIasi MEXKIY TATOBLIM 3JIEMEHTOM, KaK [PaBHJIO, LIETbI0, U MOZJep>KUBAIOLIMM YCTPOMCTBOM,
Kak MpaBU/I0, poTiKoM. CH/IbI TPEHMsI, KOTOPbIe CJIe/[yeT YUHThIBAaTh, BO3HUKAIOT:

® B IO/IIMITHAKAX BPALAFOLIIXCS 3/IEMEHTOB;

® MeCTax KOHTaKTa POJIMKOB M KaTKOB C OTIOPOW;

® TACOBOM 3/IeMEeHTe IIPY ero u3rubax.

BcenieficTBie  3HauMTeNBHOW TPOTSDKEHHOCTH 3CKanaTopa M OOJIBLIOTO KOIMUECTBA  [IBIDKYLLUXCS
3/IeMEHTOB 3TU CHJIbI COCTAB/ISIIOT 3HAUUTE/IbHYIO YaCTh CYMMapHOW CTaTHUECKOW Harpys3Ku.

Cratnyeckass Harpy3ka 3CKajaTopa B 3HAUHTe/JIbHOW CTeleHHd 3aBUCHT OT KOHCTPYKLMH U MacChl
TSTOBOTO OpraHa (Macca OTpe/e/isieTcsi epeJjaBaeMbIM yCHITHEM).

Cusibl  COTIPOTUBI/IEHUST ABIKEHHIO 3CKajaTopa MOXKHO pasZle/liTh Ha /iBe KaTeropuH: CWJIbl, He
3aBUCALIME OT HAaTsDKEHUs TATOBOTO 3/1eMeHTa, ZeHCTBYIOIe Ha HAaKJIOHHBIX yUacTKax M pacrnpe/iesieHHbIe 110
YUYacTKy PaBHOMEDHO, W CHJIbI, 3aBUCSIUE OT 3TOTO HATSKEHWs], KOTOPbIe BO3HMKAKOT Ha ydacTKax u3ruba
TACOBOTO 3JIeMeHTa U COCpPeJj0TOUeHbl Ha Ayre 3TOro ydactka. [1o3ToMy MOLJHOCTb ABUraTess B IIpoLiecce
NIPOEKTHPOBAHKS CKaaTopa BhIOHMPAIOT C YUeTOM CTaTHUECKOW Harpy3KH.

Br160p MOIIHOCTY TIPUBOJHOTO JIBUraTesIs 3CKajiaTopa pOU3BOJUTCS B HECKOMBKO 3TaroB. Ha mepsom
JTarie BBITOJHSETCS pacuyeT 3HaueHWH TSATOBOTO YCHIIHSI U HAaTsDKEHMUS, 110 Pe3yJ/IbTaTaM KOTOPOro TIPOM3BOJSTCS
Tipe/JBapUTe/IbHBIA BEIOOD MOLHOCTH [BUraTesiss ¥ BBIOOP MexaHM4YecKoro obopyzoBaHusi. Ha BTopoM 3rare
pacyeTa YUMTHIBAIOTCSl M3MEeHeHHs 3HaueHHWs! HaTsDKeHMs I10JI0THA B 3aBUCHMOCTU OT JIIMHBI 3CKanaropa. Ha
3aK/TIOUUTE/IbHOM 3Tarie BbIOMPAIOTCS MeCTa YCTAHOBKHU 3JIEKTPOTPUBO/IA, MApaMeTphl JBUraTesisl U MepeueHb
MeXaHU4yecKoro 000py/joBaHUs.

JyHaMMKa TIPUBOJHOIO MeXaHM3Ma 35CKajaTopa BK/IHOuUaeT TpaHCGhOPMALMIO0 3JeKTPOHEPIUH B
MexaHUuecKoe JIBIDKEHUe CTyIeHeld 3CKajaTopa B 3aBUCHMOCTH OT MEHSIOIIMXCS Harpy3ok. BaxHbIMU
peKUMaM{ 3KCIUTyaTallid TPUBOJHOTO MeXaHW3Ma SIBMSIOTCS IyCK, obecriedeHWe IIOCTOSIHHOM CKOPOCTH
[BIDKeHUS TI0JIOTHA U 3aMefljieHNst (TOPMO>XKeHHe), COMPOBOXK/IaeMble JUHAMUUeCKUMH 3¢ dekramu, Hampumep,
W3MEHEeHWsIMM CHJI YIPYyrOCTH W WHEepHWH. Bblunc/ieHHe KpPUTEPHEB CHCTeMBI OCHOBHIBAETCS Ha aHajM3e
(DUKCHUPOBaHHBIX M U3MEHSIIOIIUXCS Harpy30K (CTaTHUeCKUX U JUHAMUYECKUX), BKIIOYAroLe B cebs BeCOBbIe
XapaKTePUCTUKHU CTyIeHeld W TATOBOTO OpraHa, a TakKe W3MEeHEHMsl Maccaxuporotoka. Ocoboe BHUMaHUe
y/ieJIsieTCsl YBeJIMYEeHUIO U YMeHbIIIeHUI0 CKOPOCTH 3CKanaTopa.

JyHamMyuecKre Harpy3Ky BO3HUKAIOT B MOMEHT IyCKa MexaHu3Ma. B nepuoy Hauana paboTsl IpuBoja
3CKajziaTopa MHEpLVOHHbIE MOMEHTHI CTyIIeHel, TArOBOW LieMyd W Harpy3Kd OT HaxXOZJSILIUXCS Ha CTYIeHsX
MACCKMPOB BBI3BIBAIOT MaKCHMasbHYI Harpysky, 3HauHMTe/JbHO IPEBOCXOJSLIYI0 HOMHHa/IbHYI0. Haunbosee
KPUTUUECKUMH SIB/ISIFOTCS TiepBble 0,5 — 1 ceKyH/IbI pa3roHa, COMPOBOKAOIIMeCs: MAaKCUMa/IbHBIMU 3HAUeHHUsIMU
YCKOPEHHI0. YTIpyrie KOMIIOHEHTHI JIOTIOJHUTE/IBHO YBEeJIMUMBAKOT y/japHble BO3JeUCTBUs. [I/11 yMeHbILeHUs
MAaKCHUMaJIbHbIX Harpy30K WCIOJb3yeTCsl TIOCTEeNeHHbIH MyCcK, KOHTPOJIUPYEMBIH C TIOMOIIBIO MpeoOpa3oBaresist
YacTOTHI, TMO3BOJISIOIIMI KOHTPOJMPOBaTh yBeIWYeHHe Bpallaloliero MoMeHTa. IIpHM OTCYTCTBHE [JAaHHBIX
YCJIOBUM JMHAaMUYeCKHe BO3/I€HCTBHUSI CHIDKAIOT CPOK 3KCIUTyaTallud BCEeX KOMIUIEKTYIOIIMX TPUBOZHOTO
MexaHU3Ma, a TakkKe MOIYT NPUBOJUTH K HEUCIPABHOCTAM. PersilaMeHTHPOBaHHbIe I10Ka3aTelu yCKOPeHUs
cocrassistior 0,75 M/c?, uTo HeoGXOMMO ISt obecrieueHust KOM(OPTHBIX YCIOBUH [IBHKEHUS JI/IS TIACCAKUPOB U
coxpaHeHust paboToCcrocoOHOCTH 000PYAOBaHUSI.

Hanuuue ynpyrux cBsizell B MexaHM3Me TIPUBOJWT K BO3PaCTaHHIO AWHAMHYECKUX Harpy3ok. Myodtsi,
PelyKTOPbI, TATOBBIE LEMd MOTYT C/IYXKATb WCTOYHWKAMH JOTO/HUTENBHBIX HanpsokeHud. Ciydad, Korzga
BUOpAallMK pacrpOCTPAHSIOTCS Ha OMOPHBbIE 3JIEMEHTHI 37aHUs, CUMTAIOTCS TOTEHLMAJbHO DPHUCKOBAHHBIMU
(omacHbIMM). B 1jesisiX TpeAOTBpAlleHUs] TAKUX C/Iy4yaeB IPUMEHSIIOTCS, HarpuMep, MYy(ThI, OCHAI[eHHbIe
nmemnidepoM. OTciiexxuBaHWe BUOpaLMii Ha CTafvM IyCKOHANAZ0YHBIX PabOT CrIOCOOCTBYET CHIDKEHHIO
BEpPOSITHOCTH BO3HUKHOBEHHS aBapUMHBIX CUTYallWii 1py paboTte o60pyoBaHus. Bsi3koe TpeHre, BO3HUKAIOIIIUE B
MOAIINITHUKAX, PeZlyKTOPHOM MeXaHH3Me U IllapHHpax Ilel, paclpoCTPaHseT SHepPruio B BU/e Tera. TAroBele
KOMIUIEKTYIOI[Me (Liellb WM peMeHb) 00s1afjaloT pe3rHOBBIMHU JeMriepaMy, KOTOpPble HAXOASATCS MEXAY
3BeHbsIMUA [1]. [JaHHBIE 3/IeMEeHTHI MO3BOJISIOT BBINONHATH TallleHWe KosieOaHWH BLICOKOW uacTOThl. Ilpu
3aBeplIeHUH MyCKOBBIX paboT, B Cydyan eciiv (GyHKLMIOHMPOBaHUe MPUBOJA OTBeUaeT CTPOTHUM MeXaHHUeCKUM
rapameTpam, Kosiebate/ibHbIle BO3JeHCTBHS pe3yIbTaTUBHO JeMII(UPYIOTCS CaMUM JIBUratesieM. [IBUratesbHOe
obopy/ZioBaHHe B HODMaJbHOM peXHUMe BBIMOJHSAET (YHKIMOHAM CTabWUIu3aTtopa, KOMITEHCHUPYIOILEro
COXpaHMBIIHecs: (OCTaTOUHbIE) BUOPAIMOHHBIE TPOLIECCHI TOCPEACTBOM OOpAaTHOW CBS3U TI0 CKOPOCTH.
HoBeliline ynpaBieHueckde KOMILIEKCHI TakKe IIPUMEHSIIOT MeTOJUKM ObICcTporo  JemrdupoBaHus,
aHaNM3UpYIOLIMe CUrHaIbHble UMIY/IbChl BUOPALMOHHBIX JaTYNKOB U UCIIPaB/ISIOIIMe CTaTOPHBIN TOK.
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[TepexoHble MpoOLieCCh IIPY 3aMe/JIEHUH [IBYKEeHHsl 3CKaIaTOPHOT0 060pYy0BaHUN COMPOBOXK/JAIOTCS
rosiB/ieHyeM 00paTHBIX YIPYrux Jedopmariyii B TArOBbIX /1eMeHTax U y/iapHbIX Harpy30K B CHCTEMY TOPMO30B.
BricTpoe CHI>KeHHe CKOPOCTU TIPUBOJMT K Iepepacripe/ie/ieHHI0 HaTsDKeHHUs], 00pa3yroLierocs Mexay padouuMu
Y XOJIOCTBIMU 3/IeMEHTaMH LieMi. DTO MOXKET IIPUBECTHU K SIBJIEHHIO «I1epecKOKa» Ha 3Be3fioukax. CTaHZapTHOe
TOPMOXKEHHE, KaK TIPaBUJIO, OCYILIECTB/ISIETCS TIPU YCKOpeHuH He Gosee 1 m/c® (M0 MoAysit0). DTO MO3BOJISET
cobmogate TpeboBaHUS TIO GIArONPUATHBIM YCIOBHSM [JIsi MACCAKUPOB M L|€JIOCTHOCTH 3CKalaTOPHOIO
o6opyaoBanus. CyIIeCTBYIOI[HE CUCTEMBI BBITIOMHSIOT CHIW)KEHHe CKOPOCTH [JBYDKEHUs B [JBa 3Tarna. B mepeyro
ouepeZib 3/eKTPUUECKOE, OCYIIeCTB/seMOe Uepe3 YacTOTHbIN Npeobpas3oBaTe/ib, BC/IeZ 3a STUM IPOMCXOJUT
aBTOMaTHUeCKOe Hajlo’KeHWe OCHOBHOIO TopMo3a. BmecTe c TeM, IpuBefieHVe B [ieHCTBHe 3/1eKTPUUECKOrO
TOpPMO3a JIO/DKHO IIPOM3OWTH /10 aKTUBALlMM MeXaHHMUeCKOro TOPMO3HOI'O 000pyZOBaHMS U He MOXeT ObITh
Gonbite 4 cekyHj. KoHTponupoBaHMe [aHHBIX TPOLIECCOB IPOBOJUTCS CKOPOCTHBIMH JIaTYMKaMH, KOTOpbIE
cpabateiBaroT 6Ge3 mpomejieHHI B ciydae, Korha (akTHYeCcKoe CHIDKeHHE CKOPOCTH HMMeeT PacXOXKAeHUs C
paccuMTaHHbIM, UTO TPUBOAWT K cpabaTblBaHWIO aBapuiHOro Topmo3a. I[lofoOHasi CTPYKTypa IIO3BOJISiET
YMEHBIINUTb MaKCUMaJjIbHble HAarPY3KHU 1 YBEeJIMYMBATE CPOK 3KCIUTyaTallid BCeX 3/IEeMEHTOB JJBUTaTe/Is.

BubpanyoHHbIe Harpy3Kd Ha OIOPHBIE 3JIEMEHTBl 3CKalaTOPHOTO 00O0pyZOBaHWe TMOSBISHOTCS
BCJIE[ICTBUE PACMPOCTPaHeHMsl KosiebaTe/bHbIX BO3ZJEHCTBUI OT [JBUrare/isi Ha KapKacHble KOHCTPYKLMH, UTO
TIPUBOJWT K WX JajbHeHIeMy paclipOCTPaHEeHHUIO 110 BCEMY COOPY’KeHWIO, BKJTFOUasi OMOPHbIe OCHOBaHus [2].
[JlaHHas cuTyalysi MOJKeT OKa3bIBaTb BJIMSHUE Ha M0sIBIEHHE YCTaNOCTHBIX II0OBPEXKeHUH CBApHBIX U KPEITeXKHBIX
coefjiHeHUH. []1s yMeHblleHUs: BUOPaIOHHBIX BO3/1€MCTBHI UCIIO/b3YIOTCS MTPOK/IaJKH, pa3MelljaeMble MeXKAY
3CKaZlaTOPHOW paMoOil M OIIOPHBIMH 3/eMeHTbI 37aHus. IIOMHUMO 3TOro, OCYILECTB/SETCS KOHTPOJIb YPOBHS
BUOpaLMii Ha CTafuH IMyCKOHAIa[JOUHbIX paboT.

[MoTpebsieHre 37€KTPO3HEPTHH BO BpeMs MEPeXOAHBIX MPOLIECCOB, TaKMX Kak MyCK U TOPMO’KeHHe,
3HAUWTEJBHO BBIIIEe T[IOKa3aTelned TOTpeOeHHss B HOPMAlbHOM peXHMe 3KCIUTyaTalud TMOABEMHOTO
obopygoBanus. Bo Bpemst Hauasma paboOThI MeXaHHW3Ma MyCKOBOM TOK MPUBOAA MOXET ObITh BbIllle B 5—7 pa3
HOMMHAJILHOTO, 00pa3ysi MakCHMajlbHYIO HAarpy3Ky Ha 3/eKTpomuTaHue. [[fs TakuX CKAukoB TpebyeTcs
WCIIO/Ib30BaHKE 3alJUTHOrO O0OpPY/J0BaHUS W KOHTPO/Ib IIPH CO3/aHMM OOBEKTOB 3HeprocHabeHus. Ilpu
3amMeZjleHMH paboThl MeXaHM3Ma HeKOTopas [0/ SHeprud IOJBEpraeTcsi pacCeUBaHUIO B BHJE TEIUIOBOIO
W3/Iy4eHUs] B CUCTEMe TOPMO30B, a B CHCTeMax, OCHAIlleHHBIX peKyrepaijeli, Bo3Bpalaercss 06paTHO B CeTb.
[Tpeobpa3oBaTeny YacTOT TO3BOJISIOT YMEHBIIUTh MOTpebsieHHe 31eKTpO3Hepruu Osiarofapsi MOCTETIEHHOMY
VBeJIMUEHHIO TI0Ka3aTeledl HampsokeHWsT W UYaCTOTHBIX [MApaMeTpoB. YJ/IyullleHHe IIPOLIeCCOB YIpaB/ieHUs
obecrieurBaeT COKpalljeHHe BpeMeHH MpOoLIeyPhI Tiepexo/ia U yMeHbIleHHe Pacxo/I0B 37eKTpruuecTBa. OfHUM U3
OCHOBHBIX ()aKTOPOB MO>KHO Ha3BaTh KOG HLIMEHT M0JIe3HOT0 /1eMCTBUS PelyKTOPOB M MeXaHWYeCKHX Tepe/iad,
T. K. U3HAIIMBaHUE KOMIUIEKTYIOIINX YCUIUBAET TPEHHUE, a, CIe/I0BaTeIbHO, YBEIMUUBAET SHEPronoTpedieHuye.
Cucremaruueckoe oOCIy)XuBaHMe U MoJJep>kaHue paboTOCIIOCOOHOCTH MeXaHM3MOB — CIIOCOOCTBYeT
noZiZiepykaHuo 3¢ deKTUBHOCTD MOTpebIeHNs 31eKTPUUeCTBa Ha YCTaHOB/IEHHOM YPOBHE.

V3HaliBaHWe MeXaHHUYeCKMX KOMIUIEKTYIOIIMX 3CKajaTopa SB/sSeTCS HOPMalbHBIM SIBJIEHHEM s
JleTasield MeXaHH3Ma, UTO B CBOIO OUepe/ib OKa3bIBAeT BIMSIHHE Ha MPHUBOJHYIO JUHAMHKY U HaZle©)KHOCTH pabOTHI
obopynoBaHus. B Haubosblueil cTereHW BOCIPUMMYMBEI K HM3HOCY LIADHUPBI TSTOBOTO MeXaHW3Ma, 3yObs
3Be3/I0UeK y TPUBOZQ, TMOJIUWITHUKA BajJOB M TOPMO3HOe O0OpYyZAOBaHWE, OCHALIeHHOe (HPUKLIMOHHBIMU
Haksazikami. [Iporiecc u3HaIIMBaHWS U3MEHSIeT )KeCTKHe U YIIPYTHhe XapaKTepUCTHKN MeXaHNYeCKUX CBsizeil. OTo
MOKeT BBI3bIBaTh YBeJIMUeHre JIFOPTOB, MPOCKAIb3bIBaHHE Y HePABHOMEPHOCTh X07a. Ha yuacTkax ¢ BHICOKUMH
3HaueHWsMM [aCCAXUPONOTOKA M3HALIMBaHMeE JeTasell MexaHU3MOB 0oJjiee MHTEHCHBHOe, T. K. HMEHOTCS
yBe/IMueHHble 3HaUeHHs Harpy30K, a TakKe UacToe BK/II0UeHHe U OTK/II0UeHHe IIpUBo/a. Vi3sMeHeHMs TapaMeTpoB
CHCTeMBI YTpaB/eHUsT MOXKET CIIOCOOCTBOBAaTh 3aMe/i/IeHHIO TPOLIECCOB M3HOCA. DTOr0 MOXKHO HM3MeHeHHEeM
MeTOZOB ZeMIipHUpOBaHUs, HAIPaBIeHHBIX Ha raileHre KosiebaHuii [3]. VisMepeHusi 3a30poB U OmpefereHNe
MOMEeHTa TpPeHUs SIBMISIOTCS METOJaMH BH3YaJbHOTO W WHCTPYMEHTAJBHOTO MOHWTOPHHIa W3HOCA, KOTOpbIe
HeoOXOJMMBI [iIi  YCTOWMYMBOTO (PYHKIMIOHHUPOBaHUS o0OopyzaoBaHusi. OmiepaTWBHas 3aMeHa JeTased,
TIO/JIBEPTIIMXCST W3HOCY, CHIWKAeT BepOSITHOCTh BO3HWKHOBEHHWs] aBapMHHOIO COCTOSIHWS MeXaHu3Ma |
CNoCcoOCTBYeT COXpaHeHUIO PAaCUETHBIX TTOKa3aTeseld TUHaAMHUeCKUX MapaMeTpOB JIBUTATeJIsI.

[Tpucnocobnenre nOABEMHOr0 00OpY/OBaHMS IIaCCAXUPOIOTOKY obecrieynBaeT ONTHMH3AL{HIO
(YHKLIMOHMPOBaHUsl 3CKanaTOPHOIO MeXaHM3Ma M YMeHbIeHWe I1apaMeTpoB AWHAMHUUeCKod Harpysku.
CucreMsl, 0060pyZioBaHHbIE [aTYMKaM{d HarpysKkH, aBTOMaTHUeCKd KOPPEKTHPYIOT CKOPOCTHbIe IapaMeTphl
JBIDKEHUS 3CKa/IaToOpa C Y4eTOM KOJIMIeCTBa IacCa)KMPoB. Bo BpeMsi HAaMBBICILIMX ITOKA3aTenel accaKMporoToKa
yCTaHaB/MBaeTCs CTaHAapTHast ckopocTb 0,5-0,75 M/c, a B TeueHHe Tepro/ia HEBBICOKOH 3arpy’KeHHOCTH OHa
yMeHbIaeTcs 10 0,2 M/c. 3T MephbI ITO3BOJISTIOT CHA3WTD M3HAILIMBAHKE JleTaneil MexaHH3Ma, a TAK)Ke YMeHbILIUTb
o0beM 3aTpaurBaeMoii Ha MUTaHUe 0060pyA0BaHUs 3/1eKTposHeprur Ha 15-20 %. CylriecTByeT HECKO/IbKO BU/IOB
JIATYMKOB: ONITHUECKUe, MH(paKpacHbIe ¥ BeCOBbIe. DTH YCTPOMCTBA yCTAaHABIMBAIOTCS HAa BXOZHBIX IO [KaX.
VHTennekTyanbHble yIpaBieHUecKWe CHUCTeMBbl [ie/laloT pacueT I1apaMeTpoB B peaJbHOM BpEMEHH U
CBOEBPeMEHHO KOPPEeKTHPYIOT rpaduk 3KcrutyaTanud. [IpiMeHeHre Mofo6GHBIX CHCTeM I03BOJIsIeT M30ekaTh
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BHe3aITHbIX WU3MEHEeHUI CKOPOCTH, TOBLICUTb KOM¢)OpTHOCTb ABVDKeHUA [OJ/id I1aCCAXKHMPOB U YBEJIMUUTL CPOK
9KCIUTyaTaluH MOABEMHOTO MeXaHHU3Ma.

TakKe He/b3s He OTMETHUTh €lllé HeCKOJbKO TapaMeTpOB, BAMSIONIMX Ha JUHAMHKY 3CKamatopa:
HEpaBeHCTBO Harpy3oK Ha BeTBSIX TATOBOMW 1€l W BAMsSHME yIJjla HakiaoHa. HepaBHOMepHOe pacripefesieHue
Harpy3KH1 Ha TAT'OBbI€ 3/IEMEHTBI MeXaHKW3Ma MOXXeT ITPHUBECTHU K ITOABJI€HHUIO 6bICTpOMy HM3HAIIMBAHWIO 3BEeHbLEB, a
TaK)Xe CYIIIeCTBYEeT OIMaCHOCTb CPhIBA TATOBOMU Lienu. [l yCTpaHeHHs 3THX HeroJaJjlok HeoOX0AUMO Halmuuue B
MeXaHH3Me aBTOMAaTUYeCKHUX HaTsDKUTeNler W HepHOAHqECKHﬁ KOHTPOJIb 3a HaTsDKeHHeM. YBenuueHue yria
HAKJ/IOHA 3CKa/IaTOPd OKa3bIBAET BJIMAHKWE Ha MPUBOAHYIO IMHAMMKY, IMOBLIIIaA HEKOTOPLIE ITapaMeTPbI: Harpy3Ku1u
Ha 1erb, CWU/Ibl TPEHUA W WHEPLUU. BC]IE,E[CTBI/IE 5TOro HEO6XO,E[I/IMO NMpUMEHATL TPUBOJHBIE W TOPMO3HbIE
CHCTeMBI C OOJBIIMMM TTOKA3aTeIAMU MOIIIHOCTH M TPOBOJMTH KOHCTPYKTHBHBIN TO/00p MapaMeTpoB [jis
obecrieuenys Ge30macHOro (yHKIMOHMPOBAaHUA 060pyzoBaHusa. Ha yuacTKax C KPyTBIM YK/IOHOM (25-30°)
Harpys3kH, OKa3bIBaeMbI€ Ha TATOBBIN MeXdHU3M, yBe/IMUMBAIOTCA. C BO3paCTaHWEM 3HAYEHUN CHJIbI TPpEHHS B
HarpaBJ/IAOIUX W TIOALIMUITHUKAaX HEO6XO,E[I/IMO TNpMeHeHKe TPUBOAHBIX Me€XaHW3MOB 60]'[1»]].[8171 MOIIJHOCTU U
YCTaHOBKH YJIYUIIEHHON CUCTeMBI TOPMO30B. IIpH MycKe 3CKanaToOpHOro 060py10BaHKMs Ha TIOIbeM MPOUCXOAUT
BO3paCTaHWe WHEPLHUOHHBIX HArpPy30K Ha HAK/IOHHBIX YYaCTKaxX HeCYIero Ii0/JI0THa II0 CpPpaBHEHUHO C
FOPU30HTA/IbHBIMH Yy4dCTKaMH. B rpouecce TOpMOXEHHS MOXKET BO3SHUKHYTBH yIrpo3d 06paTHOFO CKaTbIBaHUA U3-
3a HEeJ0CTAaTOYHOTO TOPMO3HOI'O MOMEHTAa. YTO/ HakK/OHa TakKe OKa3biBaeT CYIIeCTBEHHOe 3HaueHue Ha
HATsSDKeHUsI B BETBSIX MPUBOJHBIX Liereil. [Ipu mogbeme pabouast BeTBb MOBepraeTcst OO/bIIMM T0Ka3aTessiM
yCUIHi, B cpaBHeHHe ¢ paboToii Ha xo/ocToM Xoy. Ha 3Tare nmpoeKTHpOBaHUsS 3CKa/aTOPHOTO 060pyAoBaHue
HEoOX0ZIMMO OTIpejieNisiTh  CJIeYIOIIMEe TapaMeTpbl 00OpY/JOBaHMS: MOIIHOCTh TPUBOJHOTO MeXaHU3Ma,
Triepe/jlaTOYHOE YMC/I0 pejlyKTopa, BUJ, TOPMO3HBIX YCTPOMCTB U Jp.

Yuer AvHAMUYECKUX MPOLIeCCOB Ha 3Tanax pa3paboTKU U SKCIUTyaTal[uK 3CKAaIaTOPHOTO 000pY/[0BaHMs
HEoOX0MM /IJ1s1 TIOZ/iepXKaHust ero paboToCrmoCOOHOr0 COCTOSHUS. AHATM3UPOBaHKe TapaMeTPOB TUHAMUUECKUX
Harpy30K CIiocoOCTBYeT Mpe0TBPAIleH IO JOCPOUHOI0 U3HAIIMBAHUS Y3/I0B CUCTEMbI U CHWKAeT BEPOSATHOCTh
BO3HUKHOBEHHSA KPUTHUYECKUX CHTyaL{Hﬁ. B npouecce TrpoOeKTUPOBAHKWA PACCMATPUBAIKOTCS Pa3Hbi€ BapHUAHTHI
crieHapyeB (DyHKIIMOHUPOBAHUSI, HAUMHAsI CO CTAHAAPTHOrO PeXXUMa paboThl MEXaHH3Ma U 3aKaHuKBas paboToi
MPU MaKCHMaJIbHBIX MapaMeTpax Harpy3KW, BbI3BaHHBIX MMAKOBOU 3arlo/HIeMOCThI0. [IpUCTaibHOE BHUMAaHHEe
y[ensieTcsl U3y4eHHI0 TokKasaresield BUOPALMOHHBIX TPOLECCOB, CMOCOOHBIX BbI3BATh OBICTPOE W3HAIIMBaHHE
HeCylIuXx 3/IeMeHTOB MeXaHKW3Ma U IIpUBOo/Ja. HpI/IMEHEHI/Ie CUCTEM OTC/IEXKMBAaHUA JUHAMUYECKUX XapPaKTepUCTHUK
MeXxaHH3Ma B X0/l (GYHKIIMOHUPOBAHUS 00eCreurBaeT BO3MOXXHOCTh OMEPaTUBHOTO OOHAPY>KEHUsT OTK/IOHEHUIM
OT 3a/laHHBIX TMapaMeTpOB, d TaKXKe paClIrpsAeT BO3MOXXHOCTHU IIJIAHWUPOBAHUA HpOCl)I/I]IaKTI/ILIECKI/IX pa6OT. Yuet
AWHaMHUUYeCKHX SIBJIEHUN B/IAAeT Ha COKpallleHre 3aTpaT 3/IEKTPOSHEePrum, COCTaB/IeHUEe I‘pa(bI/IKOB O6CHy)KI/IBaHI/IH
U pEMOHTa 060py,E[OBaHI/IH, ada TadkKXKe II03BOJIsIeT ITIOBLICUTH KOM(bOpTHOCTL MOJIb30BAHWA 3CKa/1aTOPpAMU [JId
MACCAKHUPOB U YBEIMUUTE CPOK IKCITyaTaluu 060pysoBanust. Takum 06pa3oM, yueT [UHAMHUUECKHX apaMeTpoB
npy  pa3paboTKe 3CKasaTOPHOrO 00OpPYJOBAHUS SBJSIeTCS O00s3aTesbHBIM  yCIOBUEM [l obecrieueHust
YCTOMUMBOM U MPOAYKTUBHON SKCILTyaTallUH.

Hay4Hbil pykosooumesib: K.m.H., doyeHm babkuHa H.M.

Scientific supervisor: Associate Professor of the Department of Mechanical
Engineering, Candidate of Technical Sciences, Associate Professor Babkina N. M.

Cnucok 1uTeparypbl

1. TOCT 33966.1-2020. KoHcTpykuun JudTOBble. PacyéTel Ha TPOYHOCTb M JKECTKOCTb
Harnpap/somx. IlpaBuia MPOEKTHPOBAHUSI @ MEXIOCYAapCTBeHHBIN CTaHAApT : u3jaHue odurmanbHoe /
pa3paboran Accouuanueii «Poccuiickoe nmudroBoe o0beauHeHue». — BBenén BrepBble — MockBa
CranpaptuHgopm, 2021. —  Tekcr :  saekTpoHHeld  //  Pocl'OCTet  : caiit. —  URL:
https://rosgosts.ru/file/gost/91/140/gost_33966.1-2020.pdf (zata obpamienus: 22.03.2026).

2. EmuceeB, C. B. [IuHaMHuecKuii CHHTe3 B 3ajlauax 3alUThl OOBEKTOB OT BHOPALMOHHBIX
Bo3zeiicTeuii / C. B. Enucees, H. K. Ky3snerios, E. B. KanmoB // CoBpemeHHbIe HayKoéMKHe TexHomoruu. — 2020.
— Ne 3. — C. 27-32. — Tekcr : anekTpoHHbIN. — URL: https://s.applied-research.ru/pdf/2020/3/13037.pdf (mara
obparenust: 22.03.2026).

3. Ceprees, C. U. [HemndupoBanue MmexaHuueckux Kosebanuii / C. U. CepreeB. — MockBa
®dusmarrus, 1959. — 408 c. — TeKCT : Herocpe/[CTBeHHbBIN.

4. Tumouenko, C. IT. Teopus ynpyrocrtu / C. II. Tumoiuenko, Ix. I'yabep ; nep. ¢ aHri. — MockBa :
Hayka, 1975. — 576 c. — TeKcT : Hemocpe/iCTBeHHbIH.

259



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

References

1. GOST 33966.1-2020. Lift structures. Calculations for strength and stiffness of guides. Design rules :
interstate standard : official edition / developed by the Association «Russian Elevator Association». — Introduced
for the first time. — Moscow : Standartinform, 2021. — Text : electronic // RosGOSTy : website. — URL:
https://rosgosts.ru/file/gost/91/140/gost_33966.1-2020.pdf (accessed: 22.03.2026).

2. Eliseev, S. V. Dynamic synthesis in problems of protecting objects from vibration effects / S. V.
Eliseev, N. K. Kuznetsov, E. V. Kaimov // Modern High Technologies. — 2020. — No. 3. — P. 27-32. — Text :
electronic. — URL: : https://s.applied-research.ru/pdf/2020/3/13037.pdf (accessed: 22.03.2026).

3. Sergeev, S. I. Damping of mechanical vibrations / S. I. Sergeev. — Moscow : Fizmatgiz, 1959. — 408
p. — Text : direct.

4. Timoshenko, S. P. Theory of elasticity / S. P. Timoshenko, J. Goodier ; translated from English. —
Moscow : Nauka, 1975. — 576 p. — Text : direct.

260



[TPOMTEXIIU3ANH. ECTeCTBEHHEIE U TEXHUUECKUE Hayku. JacTh 2

YK 621.83:004.94

B.U. Nopenos

CaHkT-lMeTepbyprckuii rocyAapCTBEHHbI YHUBEPCUMTET NPOMbILLIEHHBIX TEXHOOMMIA 1 An3aiiHa
191186, CaHkT-lNeTepbypr, bonblias Mopckas, 18

NABOPATOPHbI CTEHA, ANS UCCNEAOBAHNS 3AKOHOB ABWXEHUSA TONKATENS
KYNAYKOBbIX MEXAHN3MOB

© B.N. lopenos, 2026

B cmambe paccmampueaemcs 3adaua pazpabomku 1ab60pamopHo20 cmeHOd 0415 UCCNe008aHUS 3KOHO8
08UJHCEHUST MOAKAMe/is KyAauKo8bIX MeXaHu3Mo8. [JaHbl obujue cgedeHus O Ky/N1auKo8biX MeXaHU3Max, OnUCaH
npuHyun pabombt cmeHoda, npoyecc no06OPa 31eKMPOHUKU U NPO2PAMMUpO8aHust, 3D-modeauposaHue,
Dpe3y/ibmambi MaAmMemMamu4ecko20 MoOeAupO8aHusl.

KiroueBble (JI0Ba: Ky/1auKoBbIii MexaHu3M, 3D-Mo/ie/iMpoBaHye, IpOrpaMMHUpPOBaHye, pa3paboTka, aHa/u3,
MaTeMaTHUeCcKoe MO/e/TMPOBAHIE

V.l. Gorelov

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18
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This article addresses the development of a laboratory test bench for studying the motion laws of cam
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KysaukoBble MexaHM3MbI MMEIOT IIMPOKOe PACIpOCTpaHeHHe B COBPEMEHHOM TexHuKe. OCHOBHBIM
JIOCTOMHCTBOM KY/Ia4KOBBIX MEXaHW3MOB SIBJISIETCSI BO3MOKHOCTH Deayii3allii CI0KHBIX 3aKOHOB JIBIDKEHUS
Be/IOMOTO 3BeHa, CYIL[eCTBYeT BO3MOXHOCTh peayjm3ali BhICTOS. [Ipy 3TOM Ky/nauKoBble MeXaHU3Mbl UMEIOT
[OBOJIbHO TIPOCTYIO0 KOHCTPYKIIMIO, BeAYILMM 3BEHOM Bcerjia sIBJsIeTCs KyJauoK, a BeJOMBIM — TOJIKaTellb.
Tosnkaresnb MOXKeT ObITh OCHAIlleH POJIMKOM [ijIsl CHIDKEHUSI TPeHUSI B KUHeMaTHueckoi nape. ©opma rpoduss
KyJIauKa omnpejie/isieT 3aKOH JBIDKeHNS TOJKaTe/Isl.

Hanmvuue ynpyrux M [JUCCHUTNIATHBHBIX 371€MEHTOB B KOHCTPYKLMM MeXaHH3Ma, a Takke 3a30pOB B
KWHEeMaTH4YeCKUX Tapax, MOTYT TPUBOJUTH K UCKaKeHWIO0 TpeOyeMbIX NBIKeHWH pabouero oprana [1]. s
U3yUeHUs] JUHaMUUYeCKUX 3(QeKTOB, BO3HHKAIOMIMX B ILMKIOBBIX DBIY&KHBIX MeXaHM3MaX, Ha Kadenpe
MallMHOBEe/IEHVs, TIPU yuacTuu npodeccopa Bynbdcona M., pa3paboTaH 1abopaTOpHbIN CTEH[, COAepKaIlui
K/IMHOPEMEHHYIO Mepe/jauy, PbIUaKHbIA MEXaHU3M U CEP/IeUHHK, Pa3MeIleHHbINA MeXXIy YIPYTUMU 3/IeMEHTaMH,
Y MMeIOIMH BO3MOXKHOCTh COBEpILaTh BO3BPATHO-NIOCTYIIATe/IbHOE /IBMKEHUe 1107, 1elCTBHeM IOCTyIaTebHO
JBIDKYILerocs 1oy3yHa. BHelHuii Bz 1abopaTopHOTo CTeH/a NpUBefieH Ha puc. 1.
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Puc. 1. O6uwii B/ 1abopaTOPHOTO CTEH A

Ha puc. 2 npeficTaBieHa CTpPYKTypHasi cxeMa CTeH/a, Te: 1 — 3/1eKTpo/iBUrareb; 2 — BeAyLIUii IIKUB; 3 —
peMeHb; 4 — BeJOMbIii LIKUB; 5 — Bas; 6 — Ky/1a4uoK; 7 — To/KaTesb; 8 — py»kuHa; 9 — cepAeunuk; 10 — gatuuk; 11 —
Npy’XuHa; 12 — xopmyc; 13 — gaTuuk.
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Puc. 2. CTpykTypHas cxema CTeH/a

[IpenBapuTenbHOE ycuive MOAKaTUS NMPYXMH 103. 8 u 11 MOXeT perynvMpoBatbCs C IOMOLBIO
crierjuanbHOro y3ma. C MoMOILbi0 /1abopaTOPHOTO CTeHZa MMeeTCsl BO3MOXKHOCTL MCC/Ie[JOBATh BLIHY K/ eHHbIe
KoJie0aHMsI cepZieuHHKa 1103. 9, pa3sMeLlleHHOT0 Mex/y NpyKuHaMu 1103. 8 1 11. Tartuuku no3. 10 u 13 mo3BosstoT
TMO/TyYaTh OCLW/IIOTPaMMBI BUOpOycKopeHHH. JJaTuvk 1mo3. 13 T03BO/ISeT MOTYyYUTh OCLUJIOrPaMMY Kak Obl
«WJeaTbHOrO» 3aKOHA [JBYDKEHMS TOJIKaTe s, a JaTukk 1o3. 10 no3BoJisieT OLleHUTh CKa)KeHUs], HaK/la/iblBaeMble
Ha 3aKOH /IBWKEHUS TOJIKaTe/Is], BbI3BaHHbIE €r0 YIIPYTOCThIO.

PaccmoTpuM 3afiauy pa3paboTku /1abopaTOpPHOrO CTeHAA [Jif MCC/Ie[0BaHUS 3aKOHOB JIBMIKEHHS
TOJIKaTessl KyJIauKOBbIX MeXaHU3MOB. [/l peanu3aliuM 3afiauy aHaau3a ABIDKeHUsl TOJKaTessl CTeH[, OCHallleH
OJIHOIIIaTHBIM KoMribioTepoM «Raspberry Pi 4 Model B» [2], koTopbIii BriCTyIaeT B poiu KoHTposiepa. Ha
KOMIIBIOTep ycTaHOBJeH AucTpubyTrB Linux «Ubuntu». Beibop 3To# orepariioHHOW cHCTeMbI 00YC/IOB/IEH TEM,
yro Ubuntu numeetr onTHMU3UPOBaHHYIO 64-OUTHYIO BEPCHIO, aZlaITUPOBAHHYIO 10J MPOLIECCOP OJHOIIIATHBIX
kKoMnbioTepoB. Ubuntu MeeT BO3MOXKHOCTE YCTaHOBKH HeoOxogumoro 1O uepe3 TepMuHait. [jisi BBITIOTHEHUS
HeoOXOJMMBIX MaTeMaTUYeCKMX Orepaluli yCTaHOBJE€Ha Cpelja MaTeMaTHueckoro MogenupoBanus «GNU
Octave», KOTopasi IMEeT BO3MOXXHOCTb 3arpy3KH /[IOTOJIHUTE/bHBIX MAKeTOB, HEOOXOJMMBIX [Jisi paboThl C
Jarunkamu. JlaTuvky HeoOXOAKMBI /711 U3MePeHHsT YCKOPeHHsI TOJIKaTe/Isl BO BpeMsl ABIDKeHHs. VIcrosnb3yroTes
IBa akcenepomerpa «MPUG6050», repBelii JaTUrK OCYILLeCTB/IeT 3aMepbl C XKeCTKOTr0 TOJIKaTessi, a BTOPOH — ¢
MSIrKoro. JJaTuvk crioco6eH Ipor3BOJUTh 3aMep YCKOPeHHH 110 TPeM OCSIM U UCTI0/b3yeT UHTepdeiic «I12C» as
cBsi3u ¢ KoHTposiepoM. MPUG6050 criocober paboTaTth Ha ABYX Jiorueckux ypoBHsix: 3.3B u 5B. HekoTopsie
pacyeThl JaTYMK IPOBOJUT CAMOCTOSITE/IbHO, UTO CHUMaeT Harpy3Ky c rnporjeccopa koHTpossiepa. B GNU Octave
OBLT yCTaHOBJIEH TAKeT «instrument-control» s paboThl C MOCTYMAIOIIUMY CUTHA/IAMHY, a TaKXKe TaKeT «i2c-
tools» anst paboThl Mo uHTepdelicy cesizu «12C». B KOHCTPYKLMK OJHOIJIATHOTO KomibtoTepa «Raspberry Pi 4
Model B» npeagycmotpensl GPIO muHbI, KOTOpBIe TipeiHa3Ha4YeHb! /17 BBOJA M BbIBO/IA LIM(POBLIX CUTHAJIOB.
INogkntoueHue faTuMKOB ocylecTBisercss yepe3 GPIO nuHbl. IlepBblil faTuuK MOAK/IIOUaeTcsl K MUHaMm 5V U
GND, koTopble obecnieunBaroT nuraHue, ¥ K muHaMm SDA u SCL, KoTopble 00eCIieunBaroT nepefavy JaHHBIX.
Bropoii JaTumK TMOJK/IIOUAeTCs K TeM JKe IHWHaM, HO JOMNOJHUTENbHO KOHTAaKT akcejsepomerpa ADO
noZikmoyvaercss K nmuHy 3.3V. Oto obyc/ioBieHo TeM, uto npu pabore mo uHTepdeiicy cBs3u «12C» kKaxzoe
TMOZIK/TFOUeHHOe YCTPOWCTBO MMeeT CBOM afpec. PaboTa IBYX YCTPOMCTB C OAMHAKOBBIMU aJjpecamMy HEBO3MO>KHa.
IMopkmtouenue koHTakTa ADO K nuHy 3.3V u3MeHsieT afipec JaTuvka co craHgaptHoro 0x68 Ha 0x69. Takum
06pa3oM JjBa laTuMKa, MOK/II0UeHHbIe K OZJHAM ITMHAM, KOPPeKTHO (GYHKIMOHUPYIOT. Y TIpaB/IsIOLast POrpaMma
B GNU Octave Bk/IouaeT B cebs 3arpy3Ky MaKeTOB «instrument-control» u «i2c-tools», MHUIMATU3AIMIO U
HACTPOMKY J[aTYMKOB, HAaCTPOMKY YaCTOTHOTO (M/IbTPA, UTeHHWE [AHHBIX C JAaTYMKOB C IIpeZiBapUTe/IbHON
¢unbTpalyei, mocTpoeHre rpaUKoB U cOXpaHeHe 3HaueHUM B TeKCTOBBIN ¢aiis. YacTOTHBIN (PUALTP OTCeKaeT
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BBICOKOUACTOTHBIE [ITYMBbI, UCKaKaroiiye rpaguky. [IporpamMma cTpouT /1Ba BapuaHTa rpakoB: 6e3 Kakoi-1ubo
00paboTKU U C HCIIO/b30BaHUEM (YHKLUM CriaKuBaHUsA. CoxpaHeHWe [aHHBIX C JaTUMKOB IIPOM3BOJUTCS B
TeKcToBbIM (haitn Ha USB-¢rel-HakonuTenb AJis1 aHaiM3a pe3yJbTaTOB MOJe/MpOoBaHUs. B TeKCTOBbIM caiin
coxpansieTcst 2000 3HaueHU, KOJIMUeeCTBO COXPaHsIeMbIX 3HaUeHU 33/JaHo B yIIpaBJisitolileii mporpamMe. Tak Kak
TOJIKaTeNlb JBWKETCS TOCTYIaTeslbHO, TO YCKOpeHWe 3aMepsieTcsi TOMbKO I10 OZIHOW OCH, COBMAaJarolieid c
HarpaB/ieHHeM /IBIDKeHUS 3BeHa.

CreHsy obOOpyJOBaH BCTaBHBEIM 7-AFOWMOBBEIM CEHCODHBIM JIUCIUIEEM [JI1 MUKPOKOMITBIOTEpa.
Hcrnonb30BaHWe CEHCOPHOTO AWCILIES UCKTIOYAaeT HeoOXOJUMMOCTb WCIO/Ib30BaHUs KIaBUATYPhbl U MBILIM IS
paboThl CO CTEH/IOM, 3TO 3HAUMTEIBHO CHUXKAET rabapuThl YCTPOMCTBA U TMOBBIMIAET YA00CTBO SKCI/TyaTal[|H.
Jucnneit nofKI04yaeTcs K OAHOIVIATHOMY KOMIIbloTepy uepe3 USB-kaberb, KOTOPBIH OCyIeCTB/sIeT NUTaHUe, U
HDMI-kabenb, KOTOPBIN TIepeZiaeT BUAE€OCHUTHAI.

[lnst 5KpaHa 661710 He06X0AUMO pa3paboTaTh KOPITyC U IIOCTaBKy. MozielMpoBaHue KOpITyca BBITIOJHEHO
B CAIIP «Kommac-3D» [3]. Mogenb KopItyca npe/icTaB/ieHa Ha puc. 3.

Puc. 3. Mogesnb Kopriyca /J11 3KpaHa U KOHTpoJliepa

Ha puc. 4 npefcrae/ieH BUA €331 MOJIE/IA KOPITyCa.
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Puc. 4. Bug mopenu c3aau

IMopcraBka i 9KpaHa Obia pa3paboTaHa TakuM 00pa3oM, uTOObI BHYTPU Hee pa3Meliascs
OJHOT/IaTHBIN KOMITBIOTED BMeCTe C WAYIIUMK OT Hero K 3KpaHy MpoBofjamu. Takash KOMITIOHOBKA JeJaeT
YCTPOHCTBO MOOW/IBHBIM M YIOOHBIM B HCTIO/IB30BAaHUM. DKpPaH W KOHTPOJIIEP >KECTKO (HUKCHUPYIOTCS BHYTPU
Kopryca. [Ijisi focTyna K KOHTPO/Iepy TpeyCMOTpeHa 3aJBWKHas asepra (puc. 5). TakuM 06pa3om, uTOOBI
TIOAK/TIOYATh WX OTK/IHOYATh ITPOBO/JIA HET HEO6XOAI/IMOCTI/I W3BJIEKaTb KOHTPOJIJIEp U3 KOpITyca.

=Y

Puc. 5. 3agBrkHas ABepLa
st yno6HOTro MOJK/IFOUEHHs! JaTUMKOB K KOHTPOJUIEPY ObLIO pa3paboTaHO KperuvieHWe [Jisi pa3beMa.

OfHa yacThk pa3beMa MOAK/MoUaeTcs K HeobxoauMeiM GPIO miHaM Ha KOHTposiepe U (UKCHUPYETCs B KOPITyCe
(puc. 6), a Apyrasi 4aCTb COeJUHSIETCS C JATUMKAMH Ha SKCIIepUMeHTalbHOM CTeH/e.
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Puc. 6. Pa3bem /17151 IOAK/IIOUEHHS JaTYMKOB

['paduKu yCKOPeHuUi MATKOTO U KeCTKOT'O TOJIKaTeJIsi TIPe/ICTaB/IeHbl Ha PUC. 7.
0.5 T T T T T T T T T

—datal
047 —data2 |

0.3 7
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0 200 400 600 200N 1000 1200 1400 1600 1800 2000
Puc. 7. I'padyiku yCKOpeHHH KeCTKOT0 M MSTKOTO TOJIKaTesist

ITo ocu X OTCUMTHIBAIOTCS HOMepa IMOJydaeMbIX 3HaueHUi. I1o ock Y OTCUMTHIBAIOTCS BEJIAUMHBI
yckopernid. I'paduk «data 1» ommchIBaeT yCKOpeHHe >KeCTKOro TosikaTtens. I'paduk «data 2» omuchBaer
JIBIDKEHUS] MSTKOTO TOJKaTessl, YIpyro-JUCCUMNaTUBHbIE 3/1eMeHThl OKa3bIBalOT BJIMSIHME Ha yckopeHwe. Ha
OCHOBe TIOJTyYeHHBIX TPa(UKOB MOXKHO CZe/aTh BLIBOABLI O BJAMSHUU YIIPYTUX W JUCCUIIATUBHBIX 3JIEMEHTOB B
KOHCTPYKLIMM MexXaHu3Ma. B fanbHeliieM M1aHUpyeTCsl BBITIOJHUTE TApUPOBKY JaTUMKOB, a TaKKe YCTaHOBUTh
Ha Ba/ly KyJ/lauka [jaTuvK yrja [10BOpOTa.
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Bce pa3paboranHbie 3D-Mofenu HarteuaTaHbl Ha 3D-nipuHTepe «AnyCubic 4 max pro 2.0» U3 njaacTvka
PLA u PETG. Pa3paboTaHHbI CTeHJ WUCTO/Ib3yeTcss B yueOHOM Tipoliecce Ajsi UCC/eJOBAHUS UHAMUKU
Ky/Ta4YKOBBIX MeXaHU3MOB.

HayuHbili pykosodumesib: cmapwull nperiodasamesib Kagheopbl MawuHoseodeHus1 bioxuH
M.HO.
Scientific supervisor: Senior Lecturer, Department of Mechanical Engineering, Blokhin M. Yu.
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CaHkT-lMeTepOyprcknini - rocyfapCTBEHHbIA  YHUBEPCUTET MPOMbILUEHHbIX TEXHOMOMMIA  1”
AnzaiiHa
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METOAUNKA MMUTALMOHHOIO MOAENTNPOBAHNA PABOTbI rPynmnbl
MACCAXWUPCKUX NNDPTOB

B daHHoll cmambe onucbleaemcs UCNOAb308AHUS CUCMeEMbl CUMYASAYUOHHO20 ModeaupogaHus Anylogic, ¢
yenblo NOCMpOoeHuUsl UMUMAYUOHHOLU Modenu 045 UCCAe008AHUS NACCANCUPONOMOKA 2pynnbl NACCANCUPCKUX
Aupmoe u 8ausHUS pasauUHbIX (paKMopos Ha He20 ¢ 8bIBOOOM MAKUX KAIOUesblx NApamempos Kak: cpeoHee 8pems
021CUOAHUS NACCANCUPA, NACCAHCUPONOMOK, OAUHA Nymu Aupma, MakcumanbHoe epemsi 0HCUOAHUS naccaxcupd.
ITpugedeHo onucaHue nociaedosameabHOCMU NOCMPOEHUsT UMUMAYUOHHOU modeau 8 cpede CUMYASAYUOHHO20
MmodenuposaHnusi Anylogic ¢ yenblo noayueHus Kaouesblx NApamempos.

KnroueBbie cioa: Anylogic, MojenMpoBaHue, CUMYJISILIUS, TTACCAXKHUPOIIOTOK, MPOrPAMMUPOBAHMUE,
miToBOe 060pyZOBaHUe, ABIDKeHHe KaOWHBI TU(Ta, JBIKEHHe 11acCa)KUPoB

A.A. Kvyatkovskiy, N.M. Babkina

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

METHODOLOGY OF SIMULATION MODELING OF A GROUP OF PASSENGER
ELEVATORS

This article describes the use of the Anylogic simulation modeling system in order to build a simulation
model to study the passenger traffic of a group of passenger elevators and the influence of various factors on it,
with the output of key parameters such as: average passenger waiting time, passenger traffic, elevator path length,
maximum passenger waiting time. The sequence of constructing a simulation model in the Anylogic simulation
environment is described in order to obtain key parameters.

Keywords: Anylogic, modeling, simulation, passenger flow, programming, elevator equipment, elevator
car movement, passenger movement

[IpoeKTHpOBaHNe BEPTUKAILHOTO TPAHCIIOPTA, MpeJCTaBsiomee 000 MpoLecc orpeZiesieHus Yncia,
TPY30MOBEMHOCTH U TapaMeTpPOB JUGTOB, 00ecreunBaroMX HOPMATUBHBIM YPOBEHb TPaHCIIOPTHOM
KOM(OPTHOCTH MacCaMpoB, HAUMHAEeTCs] Ha paHHUX CTafusX MPOEKTUPOBAHUS 3/laHMsl C yUEeTOM Ha3HauyeHUs,
3aCe/IeHHOCTH W JPYTUX XapaKTepUCTHK, ONpeessioliuX MoTpeOHOCTh B 00CTyKMBaHWH T1aCCaKUPOIIOTOKOB
mupramMyd. AKTHBHOe pas3BUTHe BBICOTHOTO CTPOMTE/NbCTBA B TOpPOJAx CTaBUT 3a7aud pal{MOHAIbHOTO
30HMPOBAHUS TM(TOBBIX IPYIII B 3[jAHUSIX U OIPeZie/IeHHst alrOPUTMOB YIIpaB/IeHHUs UMU.

[Ipy orpefeneHuM umcia, ITapaMeTPOB U pa3MepoB JUGTOB A/ 37aHUi (KoHGUryparmy audToB),
ucnonb3yercss 'OCT 34758-2021, KOTOpBIM BK/IOUaeT B cebs Z1lBa OCHOBHBIX METOJia TIPOEKTHPOBAHUS:
DaCUETHBIN MeTOZ, U MeTOJ, MOZeTMPOBaHHUSI.

KpurepusiMu TpaHCTIOPTHOM KOMGOPTHOCTH TIPH 3TOM SIBJISIFOTCS: HOPMaTUBHBIE 3HAYeHHsI PaCUeTHOU
NOTPeOHOCTH B TPAHCIIOPTUPOBAHUH [1aCCAKUPOB (PacueTHbIM MacCa)KMPOIIOTOK), MHTepBasl JBIWKeHUs TU(PTOB U
HOPMAaTHBHOE BpeMsl ABIDKEHUS TU(Ta MeXXAy KpallHUMHU 00C/Ty>)KUBaeMbIMH 3Ta>kaMu [1].

I[Tpu peanu3aliii pacueTHOrO MeTO/ia B KauecTBe 3a/laBaeMbIX MCIIO/b3YIOTCS C/leflyIol1e IlapaMeTphl:
pacuéTHbI MaccaKMpPONOTOK, HOPMAaTUBHBINA WHTepBas ABIKeHHUs JU(GTOB, HOPMaTHBHOE BpeMsl [BIKEHHS
ymra Ha BCIO BBICOTY MO bEéMa. JJaHHBIN MeTo/, He M03BOJISeT OL|eHUTb KPUTePUH TPaHCIIOPTHOU KOM(OPTHOCTH
TIPH U3MEHEHWH UCXOHBIX JaHHBIX Oe3 rmepepacuera.

[Ipy MprMeHeHNH MeTOo/jda MOZeTMPOBAHUS UCTIONB3yeTCs MeHbIIIee KOJIMUeCTBO KPUTEPHEB: PAaCUETHBINA
TaCCa’KUPOTIOTOK ¥ HOPMAaTHUBHOE CpeZiHee BpeMsi OXXuziaHusl. [IoMHMO 3TOro, MeTOZ, MO/Ie/TMPOBAHMsI TIO3BOJISIET
BBI/IeJTUTH NIPSIMYIO CBSI3b MEXK/Y BXOAHBIMU KPUTEPUSIMUA Y KPUTEPUSIMU TPAHCIIOPTHOM KOM(OPTHOCTH, a TaKxkKe
TIOSIB/ISIETCST BOSMOXKHOCTh OBICTPOTO pacuéTa JaHHbIX U [TOMCKA ONTUMA/IBHOTO pellleHHs] TIpY NPOeKTUPOBAHHH.

[MocsieroBaTeIBHOCTD pean3aljii pacueTHOro MeToa nmopobHo onucana B TOCT 34758-2021. Jtarbi
BBITIOJTHEHYsI pabOTHI TPH UCITIOIb30BaHUH METOZia MOIe/TMPOBAHMs, ClIe/[yIOILHe:

1) mosyuyeHue CBefieHHH O 3[jaHNY;

2) MogenvipoBaHue OyayIero 3/aHus;
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3) mopbop BXO/IHBIX KDUTEPHEB;

4) BHegpeHue 00beKTOB (I THI, MACCAXKUPHI, 30HbI OXKHUJAHUS U T. 11.);

5) HamucaHWe POrpaMMbI JIOTHKH BbI30Ba JTU(TOB;

6) cOop CTaTUCTUKY, HATMCAHWE BLIBOIOB.

I[Tpotiecc MOZieTMPOBAHKS BBITIONHAIOT [JIs1 KOXKA0TO BU/IA MAaCCaKUPOMOTOKA (JABWKEHUE MacCaXHUPOB
BBEDX WM BHU3) B 3/IAHUK U YCTAHOBJIEHHBIX TPeOOBaHMI K BBITOTHEHUIO (PYHKIIWMH BEPTUKAILHOTO TPAHCIIOPTa C
COOJTIOZIEHUEM CJIeIYIOIUX yCIOBHI:

a) KaxJ0e MoJie/TMpOBaHKie HAUMHAETCS C OIMHAKOBBIX HEKOTOPBIX YCIOBUH (BCe KAOWHBI He 3arPY>KEHBI,
Hayasio JBY)KEHHUsT KabWH OCYIIIECTBIISIETCS C OCHOBHOT'O MTOCA/IOUYHOTO0 3TaXka U T. [1.)

6) macca)XMpPOMOTOK TeHePUPYIOT /IS KaXK/[0T0 Macca)kKupa He3aBUCHMO;

B) 3Ta)KU OTIPaB/IEHUsI U HAa3HAYEHUsI OTIPe/Ie/ISIFOTCS C YUeTOM 3aCe/IeHHOCTH TaXew;

r') KabuHbI TM(TOB 3aTPY’KAOTCS /10 YCTAHOB/IEHHOTO TIpejiena.

B kauecTBe pe3y/nbTaTOB MWMWTALMOHHOTO MO/I/IMPOBAHUs  TACCA’KUPOTIOTOKA /il BHOBb
MPOEKTUPYEMOr0 3/IaHMsI CTaBUTCS 3a/laua TOJIyueHUs] PEKOMEH[AlMi Mo BbIOOPY KOH(Urypaluu JUGTOB U
ITOPUTMa YTpaB/ieH!s X JBIDKeHHeM (Tpymmoi TudTos).

Cpynmna mudToB — 3T0 ABa Wi Oosiee MUdTa OAWHAKOBOTO HasHAYeHWs, OObeJAWHEHHBbIE CHCTEMOU
TPYIITIOBOTO YIIPaB/IeHust, 00C/Ty KHMBarOIL[1e, KaK MPaBU/I0, OJJHU U Te )Ke 3Ta)KU 3/1aHUsI U UMeIOLIe 001I[1e XOJIIbI
WIN 3Ta)KHbIe TUIOIA/KH.

VMuTaliOHHOE MO/IeNIMPOBAHUE MO3BOJISIET TIOCTPOUTD MPSMYIO 3aBUCUMOCTh MEX[Y OTpe/e/IEHHBIMU
YC/IOBUSIMHU WJIW TIapaMeTPaMH U MacCa’KUPOIMIOTOKOM, 3TO B CBOIO OUEPe/ib YCKOPSIET MPOLIECC MOTYUeHUs JAHHBIX
13 MoJiesiupoBanHus [1].

Mogens GopMupyeTrcs C TIOMOIIBIO CHUMY/ISIUOHHOW cpenbl AnyLogic, B KOTOpoi mporpamma
COCTaBJISIeTCSl aBTOMaTUYeCKU Ha sI3bIKe MPOrpaMMMpPOBaHMs Java Ha OCHOBBI MOCTPOEHHs JIOTHUeCKOW OJI0K-
cxeMbl. AnyLogic Mo3BoJsieT creHeprpoBaTth rpaduueckoe u3obpakeHHe 00BEKTa MOJIETUPOBAHUS (3[aHUsT) U
TO/TyYaTh B PEXKUME PeabHOr0 BPEMEHH CTaTUCTHUECKHE IaHHbIe 0 paboTe MOIeH.

B KauecTBe 3asBOK Ha 00CTy>KHMBaHUs1 OyZyT MCIIO/Ib30BaThCs 3MeMeHThl Mojie1 AnyLogic — areHTbl.
ATeHTBI MOT'YT MO/IE/TUPOBAaTh: aBTOMOOWIIN, TOPO/ia, )KUBOTHBIX, TOBAPHI, B TOM YKCJIE U TIACCA’)KUPOB, MI03TOMY,
JUIs1 OTIMICAaHUsI IeMCTBUI TTaCCaKUPOB B MO/IENTU OYAyT UCTIO/B30BaThCsl areHThI.

[Mpesno>keHHas UMUTALMOHHAS MO/IeJ/Ib CTPOUTCA U3 0/I0KOB (puc. 1), KOTOpbIE OTPAXKAOT MOBEJEHHUE
TIOSIBJISIFOIIUXCSL areHTOB, JiaHHbIe O/IOKM TaK)Ke aKKyMYJMPYIOT CTAaTUCTHKY MpPOILEAIINX areHTOB U UMEHT
BO3MO>KHOCTD 3aIyCKaTb ()parMeHThI KOZla TIPM PaslMyYHBIX CLieHapusiX, TaKWX KakK: MpU BXoge / BBIXOJe, TIPH
OKU/]aHWH U T. [I.

pedSource ,72 levelUpdatel s; levelUpdate (7 movetlevatorToUpperlevels

e

{3 freePedsFromPedWait

(5 freePedsFromPedWait1 pedElevator pedElevafor3

pedGoTd levatorUpWaitTimeStart

pedElevafor]

>

? ﬁ
e i )

. timeMeasureEnd ElavatorDm nWaitTimeStart "
pedWait pedSelectOutput pedElevator? (? pedWait1 pediaitd pEdSeIedOut 5 pedElevatars
>
30 ety i 58] B8

pedGoTo2 --padSeIectOutp t

A G

PEdGUTCB pedElevaford timsMeasureEnd]

pedSelectOutput

pedGoTol pedSink

B Ao an ¥

Puc. 1. IlocTpoeHHass UMUTALIMOHHAS MO/Ie/b

[TpuHIMn paboTsI:

Arent mosBnsetcs B Onoke pedSource (puc. 1) [2], obecrieuuBaroiuii TMOSIBJIEHWE AareHTOB IO
9KCIIOHEHIIMa/JIbHOMY 3aKOHYy pacripefiesieHus:: exponential(A, min) — BCTpOeHHbI MaTeMaTH4eCKUH MeTOZ
AnyLogic [2], rae A — mapameTp ¢opMBl, Min — MUHKMMa/bHOE 3HaueHHe X. B Hamem ciydae, UCHO/b3yeTcst
SKCIIOHEHIMa/IbHOe pacrpesie/ieHde C rmapaMeTrpaMu: A = 3, min = 1, T. e. areHT MOSIB/ISIETCS CO CJIyYaiHBIM
MEe>KHHTepPBa/IbHBIM BpeMeHeM 0T 3 0 1 MUHYT.

[Tpu NosiBIeHNY, areHTy 3a/1aéTcs 1iesieBasi GYHKLVSA, TO €CTh areHTy Ha3HayaeTcst TOYKa C/IeZl0BaHus K
oTIpe/ie/IEHHON 30He, KOTOpasi BLIOMpaeTcs /1l KaKJOTo areHTa CyIyyaiiHo M3 MaccuBa 30H (shopAreas) (puc. 2),
TIPY 3TOM MacCakUp BbIOUpaeT /1060 CBOOOJHBIN TUQT, TOCTPOEHHBIH uepe3 ¢pyHKIHI0 pedElevator [3]. Maccus
30H COCTOHT U3 30H, KOTOPbIe pABHOMEPHO pacripe/iesieHs! 110 BceM 10-TH 3TakaM UMUTHPYEMOTO 3/jaHHs.
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T
T ="T0mAke.

Puc. 2. TInan nepBoro 3Taxka (1jesieBast 30Ha 0603HaYeHa MyHKTUPHOU JTMHUEN )

ATeHT ToCsIe TIOSIBJIEHUSI ABUTAeTCs K 30He oxkuganus mudra (pedWait) ¢ momorbio 610ka pedGoTo.
Ilpu mogXome areHTa K 30He OXWZAAHUS, BK/IIOUAeTCs TailiMep CpeJHET0 BpeMeHM OXXUJAHUs
(elevatorUpWaitTimeStart) (cm. puc. 1) [2].

B 30He oxuzaHus udTa, areHT OXKU/AeT JUQTa, KOTOPbIA [JO/DKEH ObITh Ha TOM JKe 3TaXe UTO U
NpUOBIBIIMI areHT, eciyd JUGT MPUCYTCTBYeT Ha 1-OM 3Ta)ke, TO areHTa BBIXOJWT W3 OJIOKa OXKUZAHUS TIPU
oMo QyHKIMM free, B MHOM cCiydae BbI3bIBaeTCS JUGT Ha TEPBBIM 3TaX C IOMOIIBI0 (QYHKIUK
moveEleavatorToLevel: 3anmyckaeTcst 1juik/1 rovcka mu¢Ta, KOTOPbIA COOTBETCTBYeT Ciefytoiiemy ycioBuio (1.1)
Ji71s1 OTIIPaBKU Ha MepBbIi 3TaX.

Ycnosue 1.1: tUdT HAXOAUTCS Ha HYJIEBOM 3TaKe WK OJIUH U3 TU(TOB MepeMelljaeTcsl Ha Hy/1eBO 3Tax.

B ciiyuae, ecii ycioBue He BBITIOJIHSIETCSI, BHI3BIBAETCS L[MKJI TI0 BCEM TPEM JiudTaM, r/ie poBepsieTcs
cepyoliiee ycnosue (1.2) s oTIpaBKU 0JHOTO MU Ta Ha HYKHUMN 3Tax.

YcoBue 1.2: HaXOAWTCS ST UTEPUPYEMBIN TUQPT Ha HYJIEBOM 3Taxe.

Ecmu ycnoBue (1.2) He BBINOJHEHO, TO WET BO3BpalljeHHe K LUKy [/ CleAyrolleld uteparyu. Ilpu
VCIIEIIHOM BBITIOJITHEHWY YCJIOBUSI BK/TIOUAeTCS /IOTIOJHWTENBHBIA LMK mpoBepku (1.3) 1l orpefesnieHust
Haunbosiee ONTUMABLHOTO PellieHus OTTIPaBKY JIUQ)Ta Ha HY/IEBOM Tax.

YcnoBue 1.3: urepupyeMsiii TUQT Oe37elCTByeT ¥ HAXOAUTCS HIKE YeM OCTasbHbIe JIM(THI

Lukn ¢ npoBepkoii ycioBus (1.3) uTepupyercsi Takoe KOJMUECTBO pa3, paBHOe KOJMUECTBY JUGPTOB B
JUQTOBOM TpyTIIie, 10 TIEPBOTO BBIMOIHEHUS YC/I0BUs. JI(dT, KOTOPHIN 0TBeUaeT BCEM YC/IOBHSIM, OTIIPAB/ISETCS
Ha Hy/IeBOM 3TaXK K areHTaM.

[Tocne Toro, kak /T TPUOBUT Ha HY/NEBOM 3TaX, 3aHOBO mpoBepsiercs ycioBue (1.1), mocre
VIIOBIIETBOPHUTEJIBHOTO Pe3yJ/IbTaTa, Bce areHThl U3 0yioka pedWait BBIXOJST M 3aX0JST B MPUOBIBLUIMEN TUQT,
KOTOPBIN Pa3BO3UT BCEX areHTOB I10 3Ta)kaM, Ha KOTOPBIX HAaXO/SATCS LieeBble 30HbI. Ilocse BbIxoza U3 mudrTa,
areHThI UIYT K CBOMM LieJIeBBIM 30HaM, OJJHOBPEMEHHO OTKJIF0Uasi TaliMep Cpe/iHero oKuAaHus TUdTa Ha TTOIBEM
(timeMeasureEnd) (cm. puc. 1) [2].

AreHT TIpUOBIBIIME HAa HY>KHBIM 3Ta)K, NMPOXOAAT B CBOK IIe/IeByH0 30HY M HAUYMHAIOT OXKU/ATh
(pedWaitl), BpemMst 0XXuJjaHUSI BBIOUpAETCsl CyvyaliHO MO HOPMAJbHOMY 3aKOHY pacripe/iesieHUsi C TOMOILbIO
¢dynakuu: triangular(10, 20, 15), rae: 10 - MUHMMaTbHOE BO3MOKHOe 3HaueHue (min), MuH.; 20 — MaKCHMasbHOe
BO3MO)KHOE 3HaueHHe (max), MuH.; 15 — Haubonee BeposiTHOe 3HaueHue (cpezHee) [2].

Iocne ucTeueHus BpeMeHU OXKuZaHus B pedWaitl, areHT Tiepexo/iuT K 30He OXKUJaHUs TUdTa Ha CITyCK
pedWait2 (cM. puc. 1), TIONyTHO 3arycKasi Talimep u3MepeHust BpemeHu (elevatorDownWaitTimeStart), mocre,
UZIET 3aIyCKaeTcst IpoBepKa:

Ycnosue 1.4: mudT nepeMelriaeTcst BHU3.

Eciu ycnosue 1.4 y10B/IeTBOPUTENBHO, TO 3aIlyCKaeTCst YHKLMS BbI30Ba IM(Ta Ha 3TaX, Ije HAXOJUTCS
areHT. /laHHasi QyHKIUS COJIEP>KUT B ceOe 1MKJI TPOBEPKU CIeAyromux yciosui (1.5):

Ycnosue 1.5: TeKylrasi BHICOTa UTEPUPYEMOTO JIUQTA HIDKe UeM BbICOTA areHTOB, BbI3BABILIETO TUDT, U
OTCYTCTBYeT TeKylllee HarpaB/ieHue jrdTa.

Ecnu ycnoBue 1.5 He BBINOHSIETCS, TIPOBepsieTCsl cieAytolee ycaopue 1.6:

YcnoBue 1.6: BbICOTAa UTepUpyeMoro JiMdTa Bblllle YeM BBICOTA 3Ta)kKa areHTa, BbI3BaBIIEro JUQT, U
BMECTHUMOCTb WTeprpyeMoro sudTta Oosblile ueM KOJMUYEeCTBO areHTOB Ha 3TaXe, OTKyja ObUI cZieslaH BbI30B
mudra.
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[Tpu HeBBITIOHEHNH YC/I0BUS 1.6, BBIMOHSETCS TIpOBEpKa ycioBus 1.7.

YcnoBue 1.7: HaripaB/ieHUe [IBIDKEHUsI UTepUpyeMOro JudTa BBepX U ecTb JIU B UTepUpyeMOM JudTe
areHThI.

Eciiu ogyH U3 UTepupyeMbIx TUQTOB OTBeUaeT 0HOMY U3 yciioBuii: 1.5, 1.6, 1.7, To OH HarpaB/isieTcst K
areHTam, BbI3BaBIIMM JU(PT. B MpoTUBHOM C/lyuae, OTIIPAB/ISeTCS NIEPBbIil HTepUPYeMbIi TUGT.

[Mocsie mpuOBITHST 3aHOBO MPOBEpsieTCs YCIoBKe 1.4, ecmu JaHHOE YCJIOBHE He BBITIOMHSETCS, TO ISt
MOCAZKU areHTOB B JTUQT 3aMyCKaeTCsl LUK/T MPOBEPKU Ha/IMUMs TUQTa Ha 3TaxKe, re ObIT OCYILeCTB/IEH BbI30B, B
L{UKJIe TIPOBepsieTCs Cefyolee:

Ycnoeue 1.8: uTepupyeMbIit MTU(T HAXOJUTCS Ha TOM JKe 3TaXKe, UTO W aTeHT BBI3BABIINN JaHHBIN JTUQT.

I[Tocsie vero QT NepemelriaeT areHTOB Ha OCHOBHOM ITOCa/J0YHBIN 3TaX, BbIITyCKaeT areHTOoB, I10C/Ie Yero
areHTHI BBIXOZAT K TOUKE HCUe3HOBeHHUs U3 Mozend. 1o pesyabratam paboTsl Mozieny Obl BBITIO/IHEH ITPOTOKOJI
WCTIBITaHUH:

ey vCTibITaHMiA:

1. IIpoBepuTh B/IMSTHYE KOMWYeCTBA TA(GTOB U JIOTUKK BbI30BA 3THUX JIM(TOB Ha TTACCAKUPOIOTOK B 10-
3Ta)KHOM 3/IJaHUU, TIOCTPOUTH TPU BapUaHTa UMUTAL[MOHHOM MO/ OJJHOTO 3[aHUs.

2. TIpoBepUTh UMHUTAI[IOHHYIO MO/Ie/b JIN(TOBOU IPYMITHI B BELICOTHOM 3/IaHUH, a8 UMEHHO, TTOJTyUUTh U
CpaBHUThH Takue KJtoueBble MapaMeTphl Kak:

- CpefHee BpeMsl O>KUZAHHUS Ha MOLBEM — ticp, C.;

- MakcuMasbHOe BpeMsl 0XKM/IaHUs TTaCCaKMpa Ha MOABEM — tima, C.;

- CcpejHee BpeMs O>KUJaHUs Ha MOABEM — ticp, C.;

- MakCHMaJibHOe BpeMsl O)KHIaHUs MacCa)kupa Ha TMOABEM — timax, C.;

- JjvHa myTy audTa 3a BCE BpeMs — S, M;

- T1aCCa’KUPOTIOTOK (KOJI-BO TAaCCa)KUPOB, TOSIBUBLLMXCS B MOJE/NN W TPOMIeJIINAX II0JHBIA IyTh

uMUTaLMoHHON Mogienn) — K, vert., Ky, yen.

3. Tlo mosy4yeHHbIM [MapamMeTpam, BhIHECTH pe3y/bTaT 0 6ojiee ONTUMAaIbHONH MO/EM C TOUKH 3PeHUst

KJTFOUEBBIX TIapDaMETPOB, /151 a/TbHeHIel MoZepHH3aiui U paboThl.

MeTo/MKa UCITBITAHUI:

1. IMocTpouTb UMHUTAL[MOHHYIO MO/iesib i Ta B BLICOTHOM 371aHuu (10 3Taxkeit) co crefyrolieii T0rUKoi
TIOBe/IeHUsI TTaCCaKUPOB:
1) mosiB/leHWe TIACCAXXWPOB Ha HYJE€BOM 3Ta)ke, CO CAy4YalHBIM MEXWHTepPBaJbHBIM BpPeMeHeM
niosiBiieHust (0T 3 7o 1 MUHYTBI, 3KCIIOHEHI[HaIbHOe pacrpefesienre). Kaxplil maccaxvp npu
TIOSIBJIEHUH, TI0/Ty4YaeT CIydaiHyIo 1ieJIeByI0 30Hy U3 MacCHBA 3THX Lie/IeBbIX 30H;
2) Tmacca)kup IepeMelaeTcs K My/bTy BbI30Ba JiUdTa (30Ha 0XKUjaHWs1 TUGTA), TPY ITOM, TaCCaKUP
Trapa’sulesibHO BKJTFOUaeT TaliMep U3MepeHUs CpeJjHero BpeMeHH OXKUZJAHUS Ha MOIbEM;
3) mnaccaxyp BbI3bIBaeT JU(T IPU OTCYTCTBUU ero Ha 0-M 3Ta)ke WM BBIXOAUT M3 30HbI OXKUJJaHUs U
TIPOXO/IUT B MPUCYTCTBYIOLUM TUPT;
4) mudT nepeMelriaeT MacCa)KMPOB Ha TOT 3TaX, Ha KOTOPOM HaXOZAUTCS UX 1ieJieBasi 30Ha;
5) Tmacca)kup TpY BeIXO/ie U3 JUQTa, TIepeMelaeTcsi B CBOIO L[eJIeBYO 30HY, Tlapajie/IbHO BBIK/TIOUast
TaliMep U3MepeHHs CpPeIHEr0 BpeMeHH OKWAaHWS Ha TIOABEM;
6) BKJIIOUAeTCs MPOLIeCC OXKUJAHUS TMaccakvpa B 30He OKuAaHus (BpeMsi oxkupaanus: oT 20 go 10
MHHYT, I/le CpeJjHee 3HaueHHe — 15 MUH., pacripesiesieHrie HOpMaJIbHOE);
7) Tmacca)kup Mo WCTeueHUH BpeMeHU O)KU/JaHUs B Lie/IeBO 30He, MPOXO/UT K MyJIbTY BbI30Ba IUTa
Ha TOM )Xe 3Take. BKitouaeTcs: TaliMep M3MepeHusi CpeJHero BpeMeHH! OKU/JaHUs Ha CITyCK;
8) mnaccaxkvp BbI3bIBaeT JUQPT IMPU OTCYTCTBUM €r0 Ha STa)Ke WM MaCCaXHUP BBIXOAUT U3 30HBI
O>KUZJAHUS U TTPOXOJUT B TUQT ITPU €ro MPUCYTCTBUH Ha TOM K€ 3TaKe UTO U MacCaKup;
9) maccaxup Ha mdTe repeMeraeTcs Ha 0-i 3Tax;
10) BbIK/TIOUAeTCs TaliMep U3MepeHusi CPeJJHero BpeMeH! OXKUAHMS Ha CIYCK, U IacCaXHUp TMPOXOANT K
BBIXOZIy Y MiCUe3aeT U3 MO/IeJH.
BK/TIOUNTD 5KCMIEPUMEHT JIAHHOM MOJIe/H, 3ancaTh KI0UeBble TapaMeTpsl B Tab1. 1.
B umuTaruoHHyto Moziens 1. 1 BHeApUTh 2-1 TUGT U JIOTUKY BbI30Ba JIUQTA.
[ToBTOpUTS 11.2.
B uMUTaL[MOHHYI0 MO/iesib 1. 2 BHeAPUTH 3-1 TU(T U BHEJAPUTD €T0 B JIOTUKY BbI30Ba JIU(TOB.
IToBTOpPUTH I1.2.

Uk Wi
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Tabsmmiia 1. KitoueBbie mapamMeTpbl MOZE/TH

K/OUeBbIe HADAMETDEL Mogens 1 (kon-Bo Mogesns 2 (Koa-BO Mogens 3 (Kon-BO
P P mdros - 1) mdToB - 2) mgToB - 3)
teps Coj 8,37 3,73 3,93
tmax, C. 15,52 14,15 11,4
ticp, C. 10,97 7,72 7,00
timax, C 21,80 19,97 18,85
252.0 (mgTl)
S, m 182 (mgrl) ;‘2%2 Eﬁﬁgg; 226.0 (mt2)
) 178.0 (yud13)
K, K, gen. 46,7 48, 13 45,23
350
300
250
200
150
100
50
‘ 5 10 15 20 25 30 35 40 45 50 55 B0
. Elevator 0 . Elevator 1 Elevator 2

Puc. 3. I'paduik nmepemerttieHus tudTa B Mogenu 1
(ock aberwice — Bpemst oT 0 10 60 MUH., OCb OpAMHAT — TIepeMelleHye udTa, A1)

350
300
250

200 [ _‘

150

100

50

0 /

5 10 15 20 25 30 35 40 45 50 55

@ Elevator 0 @ Elevator 1 Elevator 2

Puc. 4. T'paduik nepemeltiieHus AByX JU(TOB B MOz 2
(ock abcrpce — Bpemst oT 0 10 60 MUH., OCb OpAMHAT — NlepeMellieHre aUdTa, ALY)
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Puc. 5. I'padmk nepemettieHust Tpex JM(pTOB B Mozenu 3
(ockb abcerumcc — Bpemst oT 0 710 60 MKH., OCh OpJMHAT — TIepeMelieHye udra, fi)

BriBog:

B AnyLogic 6bi1a pa3paboTaHa UMUATALIMOHHAS MO/EJb TPYIIbI TU(TOB, 00C/Ty)KUBaKoIljasi areHToB, a
WMEeHHO TepeMelarolas areHToB C OCHOBHOI'O [10Ca/IOUHOTO 3Ta)ka Ha C/Ty4aiiHbIN BePXHUH 3TaX U 0bpaTHo. 1151
9TOM 3aiauu Oblsla cOPMHUpPOBaHa CXeMa YIpaB/IeHUs JaHHBIMU JTUPTaMHU.

[JaHHas MoJZie/b MOKasasa, UTo, MeHsisl BXOJHbIe [JaHHble, BO3MOXXHO BbICTPOUTH MPSIMYHO CBSI3b MEXKY
HEKOTOPLIMHU BXO/IHBIMU YCIOBUSIMH U NACCA’KUPOINOTOKOM. [T0CTpOeHHast MO/Ie/Ib COOTBETCTBYET HEOOXOAUMBIM
YCJIOBUSIMA METO/Ia MOJe/TUPOBaHUsl, TIOMHMO 3TOTO, C TIOMOIIBbI) [JaHHOM MOJe, BO3MOXXHO TPUMEHSITh
pa3/MuHble KOHCTPYKLIMH 3[[aHWH U IIaXT, /15 anpoOaliiy pa3iMuHbIX JaHHBIX.

B cocrasieH MPOTOKOJ/ UCMBITAHUM C MeTOAWKOW MCMBITaHWM: 0 JaHHBIM TeKYL[UM IapameTpam
(tabn. 1) v mpuBegeHHBIM rpadurkaM (CM. puc. 3—5), BUHO, UTO C yBeJMUEHHEM KOJI-Ba JIM(PTOB, YBeIMUNBAETCS
TaCcCa’KUPOTIOTOK, O/IHAKO 3HAUMTeTbHOE YMeHbIleHWe CPe/IHEro OXKUZIaHHe TIpPoTaZiaeT yKe rocje fobaBieHus
BTOPOro u(Ta B MO/iesib. DTO TOBOPUT HaM O TOM, UTO JIOTHKY BbI30Ba JIMPTOB HEOOXOAUMO /0paboTaTh, HO
JAHHYI0 MOZie/lb MOXXHO MacIITabupOBaTh U MCIO/b30BaTh B JlajibHelIneM [ paboThl ¢ MMUTAIJMOHHOW
MO/JIeJIbIO.
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VICCJIEJIOBAHUE PEXXUMOB PE3AHUS JETAJIEN C HU3KOM )KECTKOCTBIO /11
TOYHOI'O ITPON3BOJCTBA

Annomayus: C  pasgumuem  mexHoAO2ULl  UHMeAIeKMyaibHO20  npoussoocmea  obpabambigaiowas
NPOMbIULIEHHOCMb NOCMENeHHO nepexoOum K UHMeleKmyaibHoMy npousgodcmey. B dawnnoli cmambe
noopobHo npedcmaesneHbl NPoyecc UHMeAIeKMyanbHO20 NPUHAMUS pelleHull Ha OCHoge 21yboKo20 0byueHus,
npoyecc UHOUBUOYA/IbHO20 NPOEKMUPOBAHUS UHCIMPYMEHMO8 C yuemoM KOHCMPYKMueHbIX ocobeHHocmell,
npoyecc MoOeaupo8aHusi pe3aHusi C yuemom 2eoMempuyecKux xapakmepucmuk Oemasnell, a makdice npoyecc
MOHUMOpUHaa u ynpaeneHust obpabomkotii ¢ YITY Ha ocHoge pacno3HasaHusi cocmosiHusi. baazodaps eHedpeHuio
8blLUEYKA3aHHOU apxumeKmypbl U KaOUegblx mexHoto2ull cucmema pedxcyujell obpabomku Modicem
asmomamuyecku OnmuMu3Upo8amb napamempbl pe3aHusi 8 COOMeemMcmeuu ¢ papouumu ycaoeusmu 8 pexcume
DPeanbHo20 8peMeHU U KOppeKmupogams cobcmeeHHble YCA08UsS. Pe3aHUsl.
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STUDY OF CUTTING MODES FOR LOW-RIGIDITY PARTS IN PRECISION MANUFACTURING

Abstract: With the development of smart manufacturing technologies, the machining industry is gradually
transitioning to smart manufacturing. This article details the process of intelligent decision-making based on
deep learning, the process of customized tool design taking into account structural features, the process of
cutting simulation considering the geometric characteristics of parts, as well as the process of monitoring and
controlling CNC machining based on state recognition. Thanks to the implementation of the aforementioned
architecture and key technologies, the machining system can automatically optimize cutting parameters in real
time according to operating conditions and adjust its own cutting conditions.
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B mocnezHue Togpl Liesd, TIpecsielyeMble PIHKOM TIPOM3BOACTBA, MpeTeprieyd W3MeHeHus1 B 061acTi
KPYITHOCEPUIHOTO TIPOM3BOZCTBA, HU3KO03aTPATHOTO TMPOM3BOZACTBA, KauecTBa MPOAYKIWH, CKOPOCTH
pearupoBaHus Ha PbIHOK, 3HAHWH U 0OC/TY)KMBaHUs, U B HACTOsIIIIee BpeMs TIOCTENEHHO TPaHC(OPMUPYIOTCS OT
aBTOMAaTH3alMd W WHQPOPMAIMOHHBIX TEXHOJIOTHM K WHTes/UleKTyaqm3auuu [1]. B mporecce M3roToBieHUs
TUIIOBBIX TOHKOCTEHHBIX KJ/IIOUEBBIX JleTanel (JjeTaneill ¢ HU3KOM ’KeCTKOCTbI0) OCHOBHBIM METO/IOM SIBIISIETCS
pe3aHue. JleTany ¢ HU3KOM )KeCTKOCTBIO XapaKTepU3YOTCs C/I0KHOM KOHCTPYKL{HeH, TOHKOCTEHHOCThO, HU3KOH
JKeCTKOCTBIO M BBICOKUMH TpeOOBaHUSMU K TOUHOCTU IOBEPXHOCTU. V3-3a HeGOJBLIOr0 MOAY/S YIPYroCTH
JleTajieii C HU3KOW JKeCTKOCTbIO, TUIOXOM TeNIONpOBOJHOCTH U HeOOMBIIOW TUIOMIAZAM KOHTAaKTa C
WHCTPYMEHTOM, HHCTPYMEHT IIOCTOSIHHO TIO/IBEpPraeTcsi TEIJIOBOMY BO3ZeHCTBHIO, UTO TPUBOAUT K €ro
Cepbe3HOMY M3HOCY B TPOLiecCe pe3aHHs U JlaKe BbI3bIBAaeT TMOJIOMKY M OTKa3 MHCTPYMEHTa, UTO MPUBOJUT K
BUOpALMK U TIOBPEXXAEHUIO CTaHKA U 3aTOTOBKH.

LiucdpoBoe MopenUpOBaHWE BKIOYaeT B cebs TpU 4YaCTH: TNPOEKTUPOBAHHE HECTaH/AaPTHOTO
WHCTPYMEHTa Ha OCHOBe KOHCTPYKTHBHBIX OCOOEHHOCTel, MHTe/IeKTyaJbHOe TIPUHSTHE pelleHHi Ha OCHOBe
riybokoro obyueHus: 1 Mo/ie/IMPOBaHKe pe3aHusl Ha OCHOBE FeOMeTPHUUECKHX XapaKTePUCTUK JieTanel.

ITpoekTHpoBaHKe UHAVBHU/YaILHOIO UHCTPYMEHTa Ha OCHOBE KOHCTPYKTHBHBIX XapaKTepUCTUK [2]. B
OCHOBHOM H3-3a TOTO, UTO CYILECTBYIOLME HMHCTPYMEHTHl He MOTYT YJOBIETBOPUTH TpeOOBaHUSIM pe3aHHsl
JleTasiell co cCreryanbHONM KOHCTPYKIMEH M HHU3KOW JKeCTKOCTbIO, TpeOyITcs crielyanbHO pa3paboTaHHbIe
MHCTpPyMeHThI. KpoMme TOro, Korzia XxapakTepyuCcTHKH CYLeCTBYIOIIMX HHCTPYMEHTOB He SIB/ISIOTCS H/lea/TbHbIMY,
ONTUMM3ALUsI UX KOHCTPYKLUM MOXKET 00eCreunTh TeXHUYECKYHO TOZAJEpPXKKY s Oyayijeld pe3aHus TakKuX
Jeranei.
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WHTenekTyasbHOe TPUHSTHE PElIeHWH Ha OCHOBe TyOOKoro obyueHus. [JaHHbBIM pa3fien ABASETCS
S7pOM apXuTeKTyphl. bnarofaps oOyueHMIO aqropUTMUUECKOW MOJend Ha OCHOBE JaHHBIX 00 HCTOpUM
00paboTKu [feTanell C HU3KOW JKeCTKOCTBbIO, NPeAOCTaB/seMbIX IaThopMoii OOMBIINX JaHHBIX, CO3[AeTCsS
Mo/iesib TyOOKOro 00yuYeHHsl, afianTUpPOBaHHas K YCAOBUSM 00pabOTKU fieTaneli C HU3KOW >KeCTKOCThIO,
KoTopasi 00ecrieurBaeT BBICOKOKAUECTBEHHYIO TIOAJEP)KKY TPUHATHUS DeIleHH [ HHTe/UIeKTyanbHOU
00paboTKM B paMKax apXHUTeKTYPHL.

MopgenvpoBanie 00pabOTKM Ha OCHOBE T€OMETPUUECKHUX XapaKTepucTHK geTaneil. Ciofia BXOIUT
MO/Ie/TMPOBaHKe MPOLIeCca Pe3aHus ¥ MHTEIEKTYaIbHOE TVIaHUPOBaHUe MPOLIecca Ha OCHOBE TeOMETPUUECKUX
XapaKTEPUCTHK JieTajiell. OTO MO3BOJISIET MOJEIMPOBaTh U BHU3YalW3UPOBATh MPOLIECC Pe3aHusl, MIaHUPOBAaTh
TPaeKTODHIO MHCTPYMEHTa Ha OCHOBE TIeOMeTpPUUECKHMX XapakTepPUCTHK JeTajell, aBTOMaTHUYeCKH
OINTHMM3MPOBATH IPOLIECC ¥ aBTOMAaTHUeCKH reHepupoBaTh nporpammel UITY.

ITporjecc pesaHusi AeTanedl ¢ HU3KOW >KECTKOCTHIO IPOTHO3UPYETCS U MOZENUPYETCS C IOMOILBHO
cuMy/sILA  06pabOTKM Ha OCHOBE TeOMeTPHUUECKHMX XapaKTepUCTHK JeTajed, BK/IOUas CUJIbI pe3aHwus,
TeMIlepaTypy pe3aHusi, TIoJie HarpsDKeHUH U TI0J1e TEMITEPATyp, a TaKXKe MO/ie/TMPOBaHKNe M3HOCA HHCTPYMEeHTa 1
(OpMBI CTPY>KKU. AHa/IU3 pe3y/bTaTOB CUMYJISIIUK [3] MO3BOJISIET B OMpe/ie/IeHHO! CTerneHd CKOPPEKTHPOBATh
KOHCTPYKTHUBHBIE TapaMeTpbl MHCTPYMEHTa W HauyaJbHbIe TMapaMeTpbl pe3aHus, a Takke O00ecrneunThb
WH(OPMALIMOHHYO0 OCHOBY JI/Isi IPOTHO3MPOBAHUS CPOKA CJTY>KObI PEXKYIIIEro MHCTPyMeHTa. B To ke BpeMs Ha
OCHOBe Pe3yJ/IbTaTOB MO/e/IMPOBaHUsI MOKHO MOTyYUTh 0OHOB/ISIEMYIO B peajlbHOM BpeMeHU riporpamMmy UITY B
COOTBETCTBUU C UHTeJ/UIEKTyalbHbIM pellleHHeM, OCHOBAHHBIM Ha pe3yJbTaTaX COMOCTaB/IeHUSI XapaKTePUCTHK
JleTa/M, [JUHAMHAYeCKUX I1apaMeTpOB pe3aHuss W JIaHHBIX IIaTGOPMbI OONBILMX [AHHBIX, IIPH 3TOM
OCYIIIeCTBIISIeTCS] TIPOTHO3MPOBaHKe CpOKa CIy>KObl MHCTPyMeHTa U TIOATOTOBKA K ero 3ameHe. Biaropaps
[U(POBOMY MO/IETUPOBAHUIO TIepe/; pakTHuecKol 06paboTKOM MOXKHO 3apaHee BBISIBUTh U PEIUThb MPO0O/IeMbl,
KOTOpbIE MOT'YT BO3HUKHYTh TPH 00paboTKe /leTaseil ¢ HU3KOM >KeCTKOCTBIO, a TAKXKe TIPOrHO3UPOBAaTh TOYHOCTh
pasMepoB UM KauecTBO TOBEPXHOCTH JeTaledl W [aXe OCTaTOUHblE HaMpsDKeHWs. B CBA3M ¢ Haluuuem
HEKOHTPOJIMPYEMBIX (PaKTOPOB, TaKMX KaK YCJIOBUS Ha TIPOW3BOJICTBEHHOM TUIOIIAKE, MEXAY H3MEepeHHBIMU
JAHHBIMU B X0/le peajlbHOI 00paboTKM M JAaHHBIMU MOJe/IMpoBaHus nporjecca obpabotku OynyT HabmoAaTbCs
HEeKOTOpbIe PaCXO’K/eHHSI.

Bces uHdopmarys obpabaTeiBaeTcst B peXkuMe peanbHOTO BpeMeHH Ha OCHOBe JJAHHBIX MOHHUTOPHHIA U
yrpaBnendsi UITY ¢ y4eToM TeKYIero COCTOSHUS, a MOAYJb WHTEe/UIEKTYyaJbHOTO TPUHSTHS DeILeHud C
TIOMOLL[BIO a/TTOPUTMOB, MOJXOZSIINX [/1s1 KOHKPETHBIX YCIOBUH paboThl, MPOrHO3UPYeT U GOPMHUPYET JAaHHbIE
0 MapaMeTpax pe3aHusi, KOTOpble BU3yalU3UPYIOTCS [iis TI0JIb30BaTeseld, UTo TI03BOJISeT OTC/IEXKUBATh TEKyIee
COCTOSIHHME PEeXYILero mpoiecca. Busyanuzarus npoiecca 06paboTKH OCYILECTB/SETCS C MOMOIBI0 MOAYJIS
MOJIe/IMpOBaHus. B TO ’ke BpeMsi, MO CPAaBHEHHIO C pe3y/bTaTaMU MOJEIUPOBaHHUS, COOTBETCTBYIOLIMMU
BpPeEMEHU, B peXHUMe peaJbHOI0 BpPeMeHM IIPOBOAWTCS aHaaW3 OIIMO0K, MOAWUGUIMPYIOTCS IlapaMeTphl
MO/Ie/IMPOBaHus], a 3aTeM MOAU(UIMPYIOTCS NapameTphl aaroputMa. OfHOBpeMEeHHO IlapaMeTphl pe3aHus B
peasbHOM BpeMeHM M nporpamMMa UITY onNTHMH3UPYIOTCS C MOMOLBIO COOTBETCTBYIOLIEH a/lropUTMUUECKON
MoZien, 4To0bl ZOCTHYB Lie/Id yIipaB/ieHust 00paboTkoii ¢ UITY B peanbHOM BpeMeHH TIOCPeACTBOM BOCIIPUSTHS
COCTOSIHMSI Pe3aHWsi U DPeayn30BaTh MOHHWTODHMHT B pealbHOM BpPeMEHH W HHTe/UIeKTyalbHOe YIipaBJieHHe
npoieccom 06paboTKu.

IMocnie TOro Kak TOYHOCTH 0OpabOTKM M ILIEPOXOBAaTOCTh TOBEPXHOCTH TIPOTHO3UPYEMBIX JeTanel
COOTBETCTBYIOT TPeOOBAHUSM, MOXXHO TIPUCTYIUTL K (hu3nueckoii 06paboTke. B mpoliecce peasbHOTO pe3aHust
MOZly/Ib MOHUTOpPHHIa U ynpasieHus UIIY mepezaeT nH(opMaljMio O cuje pe3aHus, TeMilepaType pe3aHus,
BUOpallMy pe3aHus, aKyCTHUECKOM 3MHCCHM, a TaKKe TeKyllyde [aHHble, HM3MepeHHble [aTYWKOM CHIJIBI,
JATUMKOM TeMIlepaTypbl W [JpYruM OOOpYy[OBaHHEM, B YypOBeHb [AHHBIX DeajbHOrO BpeMeHH MOZAYJIs
WHTeJUIeKTyaJIbHOTO TIPUHSTHUS pellleHHi [4], uTo TMO3BOJIseT MOoJib30BaTesisiM HaOJFOJaTh 3a H3MEHeHWsSMU
rapaMeTpOB Pe3aHusl B PeXXUMe peasbHOr0 BpeMeHH IMOCPe/ICTBOM LU(POBOTro MofenupoBaHusi. OfHOBpeMeHHO
OCYIIIECTBIISIETCS] BU3yalU3alysi TPOLiecca Pe3aHusi, UTO TIO3BOJISET TO/Ib30BaTeNsIM OTC/IEXMBATh COCTOSTHUE
CTaHKa, COCTOSIHUE WHCTPYMEHTAa M COCTOSHHME 3arOTOBKM, a TakKkKe 0OecreurBaeT TOHUMAaHWE COCTOSTHUS
00paboTKu JeTanell B PeXXHUME peasbHOrO BPEMEHM, W TIO3BOJIET B JIFOOOH MOMEHT W3MEHSITh TapamMeTphl
pe3aHusi WK cTpateruy 06paboTKU B COOTBETCTBUMU C OIIBITOM Ji/Is1 JOCTYDKEHHUS TOUHOM 06paboTKM.

ITof, pYKOBOJCTBOM WHTe/UIEKTYyaJbHOM UacTW TIPUHSATHS peLIeHWH CTaHOBUTCS BO3MOXKHBIM
NPOTHO3MPOBaHKe H3HOCA W TOBPEXKIEHWH peXyllero HHCTPYMEHTa B peXWMe peaJbHOr0 BpeMeHH,
MPOTHO3MPOBaHKe OCTAaBILIEroCsl CPOKA CTy>KObl MHCTPyMeHTa M OTOOpakeHHe OXKHJAeMOro BpeMeHH CMeHBI
WHCTPDYMEHTAa B peXHMe peajbHOr0 BpeMeHW, YTO [I03BOJISIeT [0/Ib30BaTe/siM 3apaHee TOJTrOTOBUTh
HUHCTPyMeHT. KpoMe TOro, Ha OCHOBe GOMBINUX /JaHHBIX TIPOBOAUTCS OLieHKa Ha/Ie>KHOCTH B PEXKHUME PeaslbHOro
BPEMEHH, BBITIONHSIETCS aHa/IU3 OIIUOOK /sl Pa3/IMudil B pe3y/bTaTaXx MOZAETUPOBAHUS, BEIBOASTCS OTUETHI 110
aHa/n3y, a TOYHOCTb CUCTEMBI [IU(POBOr0 MO/IETMPOBAHKS MOBBIIIAETCS 3@ CUET CAMOOOYUEHHUS.

ITo 3aBepuieHny 00pabOTKM [leTajell C HU3KOH JKECTKOCTbIO (OPMHMPYeTCs OT4eT II0 aHaIu3y
pe3y/IbTaToB, BK/IIOUAOIIMM MHGOPMALMI0O O TOM, COOTBETCTBYIOT JIM TOYHOCTb 00OpabOTKH, LI€POXOBATOCThH
TIOBEPXHOCTH U T. [|. O>KUJaeMbIM TpeboBaHUIM, a MHGOPMALUs O pe3y/bTaTax aHaau3a nepefaeTcsi oOpaTHO B
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cucTeMy LU(POBOro MOJEeNTUPOBaHUS /s MOAWGHUKALIMM MOJeM WHTe/UIeKTYaJbHOTO TPHUHATHS pelleHnd U
MOZIeI  CUMYJ/ILIMM, paclipeHuss MHboOpMauuy 11aTgopMmbl  OO/bIIMX JaHHBIX U obecrieyeHus
MH(OPMALIMOHHOW TIOJZIeP>)KKU [yl OyZAyllero ONTHMH3MPOBAHHOIO IIPOEKTUPOBAHUS WHCTPYMEHTa [iis
00paboTKH fieTanell ¢ HU3KOH >KeCTKOCTBIO0, IMEHOIIX CX0)KHe KOHCTPYKTHBHBIE XapaKTePUCTHKU.

Pabora 1udpoBoro MojenupoBaHus U (puznueckod 00pabOTKU OCYILECTB/SIETCS TPH TMOAAEPKKe
riathopMbl OOBIIMX AaHHBIX. [11aTdopma CofepXKUT BCIO MHGOPMALHIO, CBA3aHHYI0 ¢ 06paboTKOH /eTasneii ¢
HU3KOM >KECTKOCTBIO, TaKyl Kak WH(opManusi o 3arotoBke, uHdopManus 06 MHCTpyMeHTe, WH(OpPMaLUs O
CTaHKe, MH(OPMALMs O TIPOLIeCCe, MapaMeTphbl Pe3aHus], XapaKTepPUCTHKKA 00paboTKU U cTpaTeruu 06paboTKH.
Kaxxasi 6UO/IMOTEKA SK3eMIUIIPOB WHTEPUPOBAHA WM CBsi3aHa, MEXJY HHUMU CYIECTBYET COOTHOIIEHHE
OTOOpayKeHUs.

Wndopmanus Ha naTdopme BKIOUAeT CTPYKTYPUPOBaHHBIE JaHHBIE C OMHAKOBBIM THUIIOM [JaHHBIX U
O/JUHAKOBLIMU 3HAUeHUsIMU aTpUOYTOB (Takue Kak MH(opmalus 06 WHCTpyMeHTe W UHGpOpMAIUs O CTaHKE),
TIO/Ty CTPYKTYPHUPOBaHHbIe JaHHbIe C OJAWHAKOBBIM THIIOM [AHHBIX M PAa3HBIMU 3HAYeHWsSIMH aTpUOyTOB (Takue
KakK TeoMeTpHUeCKHe XapaKTepPUCTUKH JieTajell C HU3KOM »KeCTKOCTBIO) M HeCTPYKTYPHUPOBaHHBIE JaHHbIe Oe3
(hMKCHPOBaHHOW CTPYKTYPHI (Takue Kak doTorpadyu n3Hoca MHCTPYMEHTA).

[nsi XpaHeHWs1 W yTIpaBJieHUs! JaHHBIMK B peKHMe peasbHOro BPeMEeHH HCIIONb3yeTcs TyaTdopMa
Storm. [loctynaromye Ha mathopMy JaHHble CHayaja OUMIIAIOTCS C Le/lbl0 yjageHus [yO0J/MKaToB,
aHOMa/IbHbIX 3HAauyeHWH, 3HaueHWl, OTKJIOHAIOIMXCA OT ofulero pacnpejeneHus U T.4. B cioyuae
OTCYTCTBYIOIIMX 3HAaueHWH, IOJiHas, KOppeKTHas M COIJIacOBaHHas MHGopMaLys Mo)KeT ObITh 3aHeceHa B
XpaHWIMILe [aHHbIX BPYYHYIO WM C TIOMOLIBI0 MeJuaHbl M T. I, UTO II03BOJISIET TIOBLICUTH TOYHOCTH
pe3y/IbTaTOB HWHTE/UIeKTyalbHOTO aHajv3a JaHHBIX. l'eTeporeHHble JaHHble W3 HECKOJIBKHX HCTOUHHKOB
JIOTUUECKH WM (PU3NUEeCKH LeHTPalu3yloTCs A obecrieueHUss COBMECTHOTO HCIIONB30BaHUSI AaHHBIX. C
TIOMOLLBIO TJTABHOM arperaryiv, 006006IeHusI JaHHBIX, HOpMalW3aluK U T. /I. ZaHHbIe Tipeobpa3syroTcs B Gopmy,
TIOAXOASIIYIO /IIsT WHTe/UIeKTyaJbHOIO aHajaW3a JaHHBIX. B coOTBeTCTBMM C WHGOpMaredl B XpaHWU/IUILE
JAHHBIX BBIOMPAIOTCA TIOAXO/ALIME WHCTPYMEHTBI aHaiu3a; A/ 06paboTKU WH(OpPMAaIUH TPUMEHSFOTCS
CTaTUCTUUECKHE MeTO/bl, PacCy)K[eHWs MO IpeliefleHTaM, JlepeBO pelleHUH, pacCy)K[eHWs Mo IpaBuiaMm,
HeueTKVe MHO)XKeCTBA, HeHpOHHbIE CeTU M IeHeTHUYeCKHe aJfOPUTMBL; U MOIy4yaeTcsl Mojie3Hasl aHa/IUTHUecKast
vHdopmauys. HakoHell, ocyIiecTB/isieTcs KlacCU(PUKALMOHHBINA aHa/lN3, aCCOLIMAaTUBHbIN aHanu3, K/laCTepHBIM
aHa/M3 Y MPOTrHO3HBIN aHa/IM3 COOTBETCTBYIOLINX JIaHHBIX.

Bribop onTEManbHBIX TIApaMeTPOB  pe3aHWss WMeeT OrpOMHOe 3HayeHWe [l  [OBBIIEHHUS
3¢ HeKTUBHOCT U TOYHOCTU 0OPabOTKW [eTaneld, YBeJIMUEHUS CPOKAa C/IYKObl MHCTPYMEHTa W CHIKEHUS
sHepronotpebnennsi mpu 00paboTke. OOBIYHO ONTHUMHU3ALMSI TIAPaMETPOB pe3aHusl OCYLIECTBISETCS C
WCII0/Tb30BaHMEM Pa3/IMYHBIX aJITOPUTMOB, TIPH 3TOM B KayeCTBe Liesiell ONTHMH3aLUH BBICTYTIAI0T CTOUMOCTD U
3¢ dexTHBHOCTL 00pabOTKU. B 10c/eiHNe rofibl HEKOTOPbIE UCC/e[0BaTeNN TakKe CTald YUUThIBATh BIWSHHUE
TakuxX (DaKTOpPOB, Kak SHepromnoTpe0jieHHe, CHla pe3aHHss M IIePOXOBATOCTh IIOBEPXHOCTH, Ha IpoLiecc
ontumm3anuu. OJHAaKO 3T MeTOZAbI ONTHMMU3alMH He II03BOJISIOT KOPPEKTHPOBAaTh IapaMeTphbl pe3aHus B
PEXUMe peaslbHOTO BPeMeHU B COOTBETCTBHM C COCTOSIHUEM 00pabOTKH, UTO OrpaHMYMBAaeT UX MPUMEHHMOCTb.
BonbmMHCTBO W3 HUX He CHOCOGHBI 0ObOecreunTh YrIpaBleHWe TMPOLIeCCOM pe3aHUs B peXMMe peanbHOro
BPEMEHHM M He MOTYT B3aUMOJeHCTBOBaTh C WH(opMarueil. Kpome Toro, TpygHO 00eCreudTh yrpaBieHHe B
PEXHUMe peaslbHOTO BPEMEHH C 0OPaTHOH CBSI3bIO B CJIOXKHBIX YCJIOBUSX 06pabOTKH, UCTIO/B3Ys TOJLKO CUTHAIBI
MOHUTOpPHHIA 6e3 yueTa TeOMETPUU U TEXHOIOTMUeCKol uHbopMaluu obpabaTtbiBaemoii fetamu [5]. [Tostomy
CUHXPOHHasl KOppessLiys reoMeTpud, MHGopMaLuuyd o mporjecce o6paboTkd ¥ HH(OPMAlMM MOHMTOPHHIA
SIBJISIETCS K/TFOUOM K peann3aliiy HHTe/UIeKTyalbHOW pe3aHusl.

B mporjecce 06paboTKu feTaneii ¢ HU3KOM »KeCTKOCTBIO MPOMCXOAST BeCbMa CJIO’KHbIe H3MeHeHHs
COCTOSIHMSI CTaHKOB, 3arOTOBOK M WHCTPYMEHTOB, KOTOpble CBSi3aHBI C XapaKTePHUCTHKAMU [OTPeIIHOCTeH
CTaHKa, ero [JWHAMHUYECKUMH XapaKTePUCTHKAMM, XapaKTePUCTHKaMH SHepromoTpebsieHHs, a Takxke
HeCOBepILeHCTBOM TeXHOJIOTHH 006paboTKu MatepuasoB. [1of BO3/eHCTBHEM DEXYIIUX CHJ, BUOpaLMid TpH
pe3aHuu W Jpyrux (akTOPOB JIETKO BO3HMKAIOT JAedopmarnuu mpu 00paboTke. OOBIUHBIE MaTeMaTHUeCKHe
MO/Ie/IM 3aTPYJHSIOT TOUHOE MO/Ie/TMPOBaHUe Mpoliecca pe3aHusi, KOHTPOJIb TOYHOCTH 00pabOTKU U MOBBIILIEHNE
s¢dexTBHOCTH 00pabotku. Omnupasch Ha MarhopMy OONBIIMX JAHHBIX, WHTeNIeKTYyaJbHOEe IIpUHSATHE
pellieHHI Ha OCHOBe r1y0oKoro o0yueHHsi B OCHOBHOM BKJIFOUAeT TPH YPOBHS: YPOBeHb B3aUMOZEHCTBUS C
TI0/Ib30BaTesieM, YPOBEHb [JAHHBIX B PealbHOM BpeMeHH U yPOBeHb IJTyO0Koro o0yueHwUs:

YpoBeHb B3aUMOJEHCTBUS C T0Ib30BaTesleM B OCHOBHOM HCITO/Ib3yeTcsl /sl oOMeHa WH(opMaryeii ¢
TO/b30BaTe/leM W BU3ya/M3alud TIporiecca pe3aHus. BXofHble [aHHbIE CHCTEMBI TI€pelaloTCs B YPOBEHb
riy6okoro obyJeHus yepe3 3TOT ypoBeHs. ITocite aHam3a MOZeny OCHOBHasl TH(OPMaIWs, Takast KaK JIaHHbIe O
CTaHKe M HHCTPyMeHTe, CHauaja BO3BpalljaeTcsl II0/Ib30BaTe/0, U I0/b30BaTe/b MOXKET CaMOCTOSATEIbHO
BbIOpPATh CTAHOK M MHCTPYMEHT. [1oc/ie MOATBEPXKAEHHs M0/Ib30BaTeIeM CJIOH TTyOOKOro o6ydeHus: Ha OCHOBe
MH(OPMALIUK CJI0s1 JaHHBIX PeajbHOrO BpPeMEeHH, I0Zlau B peaj/ibHOM BpeMeHH, BeJIMUMHbI 00paTHOM pe3aHus,
IIMPUHBI Pe3aHusi, CKOPOCTH pe3aHus W [PYrMxX [aHHbIX B ()OopMe [MHAMUUeCKHX KpPUBBIX obOecrieunBaer
BU3ya/IM3alMI0 /I T0jb30BaTenass. B To ke Bpems Osaroziapsi TopZepkke ciosi riybokoro obydeHus
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T0/Ib30BaTeNd MOTYT WHTYUTHUBHO BH/ETh Zie)OPMalHI0 3ar0TOBKH, M3HOC WHCTPYMEHTA, HepronoTpebieHne
CTaHKa U T. [i., UTO II03BOJISIeT JOCTHUUb L{e/I1 MOHUTOPUHIA COCTOSIHUS 3aTOTOBKH, COCTOSIHMSI MHCTPyMeHTa U
COCTOSIHUSI CTaHKa.

YpoBeHb JaHHBIX B PeaJbHOM BpeMeHH IpeficTaBiisieT coO0l ypoBeHb Mofau JaHHBIX, U y HETO eCTb
[lBa MCTOUHMKA [JaHHBIX. B Tporjecce MMHUTALMM pe3aHUs] — pe3yJbTaThbl NPOTHO3UPOBAHUS, TO/ydaeMble B
PEeXKHUMe peasbHOTO BPEeMEHU B XO/le UMWTALMM Pe3aHus, BK/FOUas YCHW/IMEe pe3aHHsi, TeMIIepaTypy pe3aHwus,
BUOPpALIMIO MPY Pe3aHUH, TOK, aKyCTHUECKWUH CUTHAM U pyTHe aHHble. B peasbHOM mpolecce pe3aHus AaHHbIE
MPeJJOCTAB/ISIFOT TUHAMOMETp, JIaTUMKK YCKODEHWsl, TEeTUIOBH30pbl M JIDYrOoe CeHCOpHOoe 000py/joBaHue,
WCII0/Ib3yeMOe B PeasibHOM Tpoliecce pe3aHusi. Bkirouasi ”HGOpMaLMIo O CH/le pe3aHusi B PeaJibHOM BPeMeHH,
n3o0pakeHUe TeMIepaTypbl pe3aHysl B pealbHOM BpeMeHH, MHGOPMaLi0 0 BUOpalMy pe3aHus B peajbHOM
BpeMeHH, HH(OpMAIMIO O TOKe B pea/lbHOM BpeMeHH, aKyCTHUeCKYI0 UH(QOPMALMIO B PeaJbHOM BPeMeHH | T.
[., KOTOpBIe CJIy>KaT UCTOUHMKaMU MHGOPMaLMH il YPOBHS ITyO0Koro obydeHusl.

Croii rmy6okoro obydeHus sIBJSIETCS SIIPOM MHTE/UIEKTYaIbHOTO TIPUHATHS pereHUi. ITosb3oBarey
BBOJAT XapaKTePUCTHKU 3aroToBKM W TpeOoBaHWs K 00paboTke B (jioe B3aMMOJEHCTBUS U TepeAaroT
uHMOpPMaLWIo B CJIoH r1y0oKoro obydeHus [/l aHa/IvM3a Npr3HakoB. [Ipu mogjep)kKke YpOBHs 00CTyKMBaHHUS
JAHHBIX OCYIIECTB/ISIETCS WHTEIEKTYaIbHBIM MOAOOp CTAaHKOB JJisi PEKOMEHJAIMU MOJXOASAIINX CTaHKOB, a
TaK)Xe WHTEe/IeKTyalbHbI TI0/00p WHCTPYMEHTOB [/ pPeKOMeHJALUM TOAXOJSIUX WHCTPYMEHTOB W3
uMmetonuxcsi. C Iiefbl0  MHTe/UIEeKTyanbHOro IoAbopa MHCTPYMEHTOB TeOMeTpUYeckKHe XapaKTepUCTHKU
TUIUYHBIX JleTajled C HU3KOM JKEeCTKOCTBI0 B a3POKOCMUYECKOM OTpac/iy INpeZAcTaBleHbl B BHJE MHOXKeCTBa
WHKeHEepDHBIX uepTeXxel, cofepkalliux OOIMMpHYI0 MH(OPMALMI0, KOTOpble HCIO/IB3YIOTCS B KauecTBe
obyuaroriyx HabopoB /i/ist 00yueHUs: aArOPUTMUUYECKUX MoJjiesiel, Takux Kak Deep Residual Network (ResNet).
YcTaHaBIMBaeTCs COOTBETCTBYIOLIAs CBSI3b MeXIY KaKJOH 0COOEHHOCTBIO 0OpabOTKH M KaXKABIM PEXYLIUM
WHCTPYMEHTOM, uTOOBI MpeoOpa3oBaTh BLIOOP MHCTPYMEHTAa B 3ajilauy pAacrio3HaBaHUs MpHU3HaKoB [6]. Ecm
MOAXOMAIMHA MHCTPYMEHT He HaheH wumd 3¢¢ekT 00pabOTKM BBIOPDAHHOTO HWHCTPYMEHTa He SBJSIETCA
W/leanbHBIM, TIPeJOCTaBISeTCs MMPOeKTHasi MH(GOPMaLYs, CBsI3aHHasi C UHCTPYMEHTOM, MMeloliasi HauBbICIIYIO
CTeTleHb COOTBETCTBUs, A/ NPOEKTUPOBAaHUS MHCTPYMEHTa Ha 3aka3, uToObl 00ecreunTb TeopeTHUecKylo
OCHOBY /i1 IIPOEKTHPOBaHMSI MHCTPYMEHTa, MCIIONb3yeMOro IpH Toc/iefyromed o6paboTke aHanIOrMYHBIX
JleTasielt KOHCTPYKLIWH.

Cnoii rimybokoro obyueHust HalleJieH Ha CHUXKeHUe 3aTpaTr Ha 00paboTKy, MoBbiiieHre 3G GeKTUBHOCTH
006paboTKM, yBelMUeHHe CPOKA CIy>KObl MHCTPYMEHTa UM COKpallleHHe BBIODOCOB YIJ/iepojid, a B KauecTBe
OTpaHUYMTENBHBIX YCJIOBUM MCIIOB3YeT AWaria3oH T1apaMeTpoB pe3aHusi, IIepOX0BaTOCTb ITOBEPXHOCTH U
oCTaToyHble HanpspkeHWs. st oOyueHHsI MHOTOCTOMHBIX HEHPOHHBIX CeTell C TpsIMOM Iepesiauell MOXKHO
UCIO/Tb30BaTh aNrOPUTMbI Ty6OKOro 00yueHWsi, TakMe Kak OrpaHWYeHHas MaiivdHa BosbiiMana (RMB),
MHorocoiHbI nepuentpoH (MLP), uckycctBeHHast HeiipoHHasi ceTb (ANN), Kak C KpaTKOCPOYHOM, Tak U C
JIOTOCPOYHOM KpaTkocpouHoi mamsateto (LSTM), cBeprounble HelipoHHble cetu (CNN), riybokue certu
ybexxpenuii (DBN) u T. 1.  OTH MOJeNd WM ONTUMU3ALMOHHBIE MOJEJM, COUETAIoIIMe JBa WM Oosee
aJITOPUTMOB, MOTYT OBbITH pa3paboTaHbl [Jis1 CO37AaHUsl MPOTHO3HOW MOZENd B COOTBETCTBHMH C TPOLIECCOM
pe3aHus fieTasiell C HU3KOM ’KeCTKOCTBIO.

[nsi ycTpaHeHHs] CTPYKTYPHBIX Paslyi4vil MeXXAy PasMWYHbIMH THUIAM{ JJAHHBIX MOXKHO CO37/]aBaTh
pasMuHbIe MOJe/TH TTyO0KOro 00yUeH s B 3aBUCUMOCTH OT XapaKTepa Kak/Joro CHrHasia Mpy pe3aHuu. Mo/jienb
obyuaeTcst Ha JIaHHBIX WCTOPUHM Pe3aHUs JeTajiell ¢ HU3KOW YKeCTKOCThIO, UTOObI CZIefaTh ee TIPUrOJHOM [Jist
yCJIOBUM pe3aHusl TaKuX JieTajeid.

ITporHo3upoBaHKe COCTOSIHMSI CTaHKa MpeJcTaB/isieT coOOH OL|eHKY ero TeXHHMUeCKOro COCTOsiHUs. B
[JAHHOM CTaThbe OCHOBHOE BHHUMaHHe Y7eJsieTCs COCTOSIHUIO ILMMHZEIs CTaHKAa W SHepronotpebieHdio B
npoLiecce pe3aHUs. YUWTbIBasi XapaKTePUCTUKM KOHTAKTa COeJVHEHHH «HHCTPYMEHT-BTY/IKAa-XBOCTOBHUK» H
«UHCTPYMEHT-LIMUHAEAb» [9], a TakkKe MaTeMaTHUeCKyl0 3aBUCHMOCTb MeXJy [JHHaMUUeCKUMHU
XapaKTePHUCTUKaMM CTaHKa M €er0 TIOJI0’KeHWeM M OpHieHTanued [7], ¥ WCIo/b3ys MOJA/IbHBIM aHamv3 Jijis
OLIeHKH [MHAMHUYeCKUX MO/a/bHBIX TapaMeTpoB Tiporiecca 0o0paboTKu Ha craHke [8], curHam MoOXeT
aHa/IM3UPOBaTh B PEKHMMe PeasbHOTO0 BPeMeHHW TaKhe XapaKTepHble CHTHasbl, KaK CHUTHa/l BUOpALUM, CHUTHAas
aKyCTHUeCKOW 3MHCCHM M CUTHal TOKa, AJIS IMOC/Iefylolero aHaau3a. bbula co3fjaHa KOMIUIEKCHas MOJenb
COCTOSIHMSI CTA@HKa Ha OCHOBe IJIyOOKOro oOyueHHWs [jisl ompejiesieHHss W3MeHeHHH XapaKTepUCTHK CHUCTeMbI
IINVHZENST CTaHKa, TO eCTh paboyero COCTOSIHUSL CUCTEMBI LLUTMHZE/S B peXkiMe PeajlbHOTO BPeMeHH, a TakKe
SHepromnoTrpebieHnsi CTaHKa; ObBUIM TIPOBeJeHbl AUAarHOCTHKA U TpeAyTpe)XAeHWe O HEeUCIPABHOCTAX [iis
oripe/ie/ieHust COCTOSTHUS CTaHKa BO BpeMsl pe3aHus JieTasiell C HU3KOW JKeCTKOCTBIO.

[TporHo3upoBaHKe COCTOSIHUSI MHCTPYMEHTA MpeJCcTaB/sieT cOO0H OIeHKY COCTOSHUS MHCTPYMEHTa B
nporjecce 06paboTku. Ha OCHOBe MOHUTOPHMHTa CHUTHA/IOB PEXKYIIEro TpOoLiecca, TAKUX KaK CH/Ia Pe3aHus,
CcUrHaa BUOpaLMM M aKyCTUYecKasi SMUCCHs, TIPUMEHSIIOTCS aJrOPUTMbl [IyOOKOro oOyueHWsi, HarpyMep
MHOromaciuTabHasi CBepTOUHasi MoJenb C JJIMHHO-KOPOTKOcpouHoH mamsarteto (LSTM) u AByHanpaBieHHas
Moziens LSTM, A1 MOHUTOPMHIA ¥ [TPOrHO3UPOBaHMsI M3HOCA U TIOBPEJK/IeHUI HHCTPYMEHTa, COOTBETCTBEHHO,
a TaKXe [JJIs1 MPOrHO3UPOBAHMsI OCTAaTOYHOIO pecypca MHCTPYMeHTa C LieJIbl0 IOoIydyeHHss MHGOpMALUd O
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COCTOSIHMM MHCTPYMEHTA B PEXKHUME pealbHOTO BpeMeHHU Mpu 06paboTke JeTaseli ¢ HU3KOH KeCTKOCThIO.

ITporHo3upoBaHHe COCTOSIHMSI 3arOTOBKM TIpefcTaB/sseT co0Oi OLieHKY COCTOSIHUSI 3arOTOBKM B
nporiecce pe3aHusi. AJITOpPUTMBI IIyOokKoro obydeHus, Takue Kak DBN, npuMeHSIOTCS il aHalu3a CHTHasa
pexylled cuibl, cUrHaaa BuOpauuu [9], curHasa TemnyioBbIeNEHUs TP Pe3aHWH, CHUTHala aKyCTUYeCKOU
SMHCCHH, CUTHA/Ia TOKa U IPYTUX XapaKTepPHUCTUK B COUETAHWH C FreOMeTPUUYeCKUMH XapaKTepPUCTHKAMH JleTanei
C HU3KOMW JKeCTKOCTHIO [8], a Takxke [/ HEeMoCpeJCTBEHHOTO MO/e/IMPOBaHUsl COCTOSHUSI Pe3aHusl Ha OCHOBe
WCXO/IHBIX M3MEepPEeHHbIX CUTHAJIOB Pa3/IMUHbIX TUIOB. [/ TIONy4YeHHsl AMHAMHYECKHUX MapaMeTpPoOB pe3aHus B
peasbHOM BpeMeHHU ObUIa CO3/laHa CIeljUaabHasl cpefja /il MOHUTOPUHIA YCI0BHH pe3aHusi. OHOBpeMeHHO C
3THUM OCYIIeCTB/S/IOCH TIPOTHO3UPOBaHKe Jle)opMaliiu JleTanell ¢ HU3KOW JKeCTKOCTBIO B PeasibHOM BpeMEeHH,
4TOObI OIYYNUTh MHGOPMALMIO 00 YC/IOBUSIX pe3aHusl TakUX JeTaseil Bo BpeMsi 06paboTKu.

ITocnie 06paboTKH, pacueTa ¥ aHa/IM3a JaHHBIX Ha OCHOBe OOMBIIMX JaHHBIX MOyUeHHbIe pe3y/IbTaThl
repeflaloTCsl B MOZAY/b MOJE/IMPOBAHMsl Pe3aHusi C YYeTOM T'eOMEeTpPUYeCcKUX XapaKTepHUCTHK JeTaneld A
MO/Ie/TMPOBaHUs TIpoLiecca pe3aHusi JeTasell ¢ HU3KOHM JKeCTKOCTBIO, UTO TI03BOJISieT TIPOTHO3MPOBATh MPOLIeCC
o6paboTku ¢ YITY 1 CBoeBpeMeHHO BBISIB/ISTE BO3MOYKHBIE MTPO0OJIeMBI B TIPOLieCCe pe3aHwsl.

[Tpou3BOAUTENBEHOCTE CTAaHKa W 0OecrieueHWe TOYHOCTH OOpPabOTKH 3arOTOBKHM TEeCHO CBs3aHbI C
XapaKTepUCTUKAaMU WHCTPYMeHTa. B HacTosiiiee BpeMsi B MHCTPYMEHTA/bHOM TPOMBILIEHHOCTH METOZBI
MPOEKTUPOBaHUsI MHCTPYMEHTa B OCHOBHOM BKJ/TIOUAlOT MPOEKTUPOBAHHE Ha OCHOBE TEOPUH PE3aHHsi, METO[
NIPOEKTHPOBAHMS HA OCHOBE OINbITAa U SKCIIePUMEHTOB, a TaKKe MeTO0/, aBTOMaTH3HPOBAHHOIO NPOEKTUPOBAHUS
WHCTPYMEHTA.

ITyTem aHanu3a yClIOBHIM KOHTAaKTa MeXIy WHCTPYMEHTOM M IIOBEPXHOCTBIO TPOM3BOJILHOW (hOpPMEI
BBIBOJUTCSI 3aBUCHMOCTh MeXIy IapaMeTpaMd WHCTPYMeHTa W KDHBH3HOM IIOBEDXHOCTH, a TaKxke
oTIpefiesisieTCsl B3aUMOCBSI3b MEK/ly reoMeTpHel ieTav U reomMeTprel mHcTpymeHTa [10].

B mpoljecce MHTeNIeKTYalbHOIO IJIAHUPOBAHUS TEXHOJIOTMYECKOro Ipoliecca Ha OCHOBE 3/1eMEeHTOB
KOHCTPYKLIMM TPAaeKTOPHUs MHCTPyMEHTa TIpU (aKTHUYeCKOW 00pabOTKe COCTOMT M3 [JUCKPETHBIX JIAHHBIX O
TIO/IO)KEHWH WHCTPYMEHTA B TOPSJKE BIWKEHUs, TIO3TOMY TPAEKTOPHIO MHCTPYMEHTa MOXKHO pacCMaTpHBaTh
KaK COBOKYITHOCTb [JaHHBIX O 10JI0’KeHUH UHCTpyMeHTa. IIpoliecc Bk/touaeT B cebst MOJY/ISIpH3aLIMIO 3/IeEMEHTOB
KOHCTPYKLIMH, JUCKPeTHU3aL1I0 37IEMEeHTOB, 1oj0op crpareruy 06paboTKH, MHTerpaLjfio TpaeKTopruy 06paboTKu
Y ONTHUMU3AL{HI0 TPAeKTOPUM UHCTPYMEHTA, B Pe3yJ/IbTaTe Yero aBToMaTuidecku ¢popmupyetcs mporpamma UITY.
B TO Xe BpeMsi cvcTeMa MOXKET IPOTHO3MPOBATh BpeMsi pe3aHHsi M OCTaTOUYHBIM pecypc MHCTPYMEHTa, a TakkKe
orpesieNiiTe BpeMsi 00paboTku fetamu. [lnatdopma OosblMx [aHHBIX obecrieurBaeT HH(GOPMALMOHHYIO
NOALEPXKKY [l pea/u3alidd IIpoliecca MHTe/UIeKTyalbHOIO I17IaHMPOBAaHMs TeXHOJIOMYecKOro IpoLecca,
BK/TIOUasi XapaKTePUCTUKU CTaHKa, XapaKTePUCTHUKU 00pabOTKW, pelleHHs MO 00paboTKe, TEXHOJOTHUECKYHO
HH(OPMaLIWIO, TTapaMeTPhbl Pe3aHus], BpeMs pe3aHust U HHGOpMaL|io 06 UHCTPYMEHTE.

MounuTopuHr U yrpaB/ieHHe o0paboTkol Ha craHkax ¢ YIIY Ha oOcHOBe aHamM3a COCTOSIHUS
OCYIIIECTB/ISIeTCS TIPU TIOAJep>KKe IuiaThopMbl OOJBIIMX JJaHHBIX. B mpoljecce pesaHus feTaneldl C HU3KOM
JKeCTKOCTBIO CHJIBI pe3aHusi, BUOpaL[iY, TeIJIOBbIZe/IeHHss, TOKa W aKyCTHUeCKOH SMHCCUU WM3MEpSIIOTCS C
TIOMOLLBIO JATYMKOB, TaKUX KaK JUHAMOMETp, JaTUMK YCKOPEHHs ¥ TeIJIOBU30p. DTH pa3HOPOJHbIe JaHHbIe U3
MHO’KeCTBa HCTOUHHKOB CJIOKHO cOOMpaTh ¥ 00pabaThBaTh C MOMOILBIO €JMHOTO TPOTOKOJIA CBSI3H.

[penio)KeHHBIN B JAaHHOM CTaThe PEXXUM 00pabOTKU COCTOWT W3 YEThIPeX YacTell: WHTE/IeKTyalbHOe
TIPUHSATHE DeIleHUH Ha OCHOBe IIyOOKOro 0OyueHHs, MPOEKTUPOBaHWE WHIUBUYaTbHBIX WHCTPYMEHTOB C
YUeTOM KOHCTPYKTHBHBIX OCOOEHHOCTel, MO/|e/TMpOBaHKe pexyleil 06paboTKM Ha OCHOBE TeOMEeTPHUeCcKHX
XapaKTepUCTHK JleTanel, a Takke MOHUTODMHI U yrpasieHue YITY-o0paboTKoil Ha OCHOBe BOCIPHATHSA
COCTOSIHMSI, UYTO TO3BOJISIET Peajr30BaTh WHTE/UIEKTYa/bHYI0 CHUCTEMY peXylleil o6paboTKM € 3aMKHYTHIM
LIMKJIOM.

B cooTBeTCTBMM C 3aflaHHBIMM KDUTEpUSIMH OLIeHKM OHA BBINOJIHSET BBIUMC/IEHWs, aHa/u3,
JMarHOCTUKY, ONTHMW3ALMI0 W TIPUHSTHE pelleHWH, obecrieunBas MOHHTODUHT B peajibHOM BpeMeHH,
WHTe/JIeKTyalbHYI0 ONTHMH3alMI0 ¥ afalTUBHOEe VIIpaB/ieHWe TIPOLieCCOM pe3aHusi fleTaneld C HHU3KOU
JKeCTKOCTBIO.

Pexxum 06pabOTKM ITOCTOSTHHO TIOMOMHsIeT 6a3y 3HaHUH O Mporiecce pe3aHus, 06/1aziaeT onpesesieHHOH
CIIOCOOHOCTBI0 K CaMOO0OyUyeHHI0, MOXKET aHa/JU3UpoBaTh, OLlEHWBaTh U IJIaHUPOBAaTh CBOe COOCTBEHHOE
TIOBeJleHHe, a TaKkKe CrIoco0cTByeT 3¢ deKTUBHOM paboTe 1{1(poBOro NpoM3BOCTBEHHOTO MPOLiecca.
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PASPABOTKA KOHCTPYKUWN ®UTbEPHOIO KOMIJIEKTA A/11 NPON3BOACTBA
NnoMMAMNAHBIX HUTEU B CUCTEME KOMIAC-3D

B cmambe onucbigaemcs ucnoab3ogaHue cucmembl KOMITAC-3D 045 pewueHus 3a0auu agmomamu3supo8aHHo20
npoekmupoeaHusi uibepHo20 Komniekma 05 opmMogaHus noauamuoHol Humu. IIpueedeHo onucaHue
nocnedosamesnabHocmu delicmauli KOHCMPYKMopa npu no/ayueHuU mpexmepHoli Mooenu uibepHo20 KoMnieKkmd.

KiroueBble c10Ba: GubepHbI KOMIUIEKT, aBBTOMAaTH3MPOBAHHOE [TPOEKTHPOBAHHE
N.Y. Novozhilov, .M. Bespalova

Saint Petersburg State University of Industrial Technologies and Design
191186, St. Petersburg, Bolshaya Morskaya, 18

DESIGNING OF THE SPINNERET SET FOR FORMING POLYAMIDE FIBER IN THE KOMIAC-3D
SYSTEM

This article describes the use of the KOMITAC-3D system to solve the problem of computer-aided design of the
spinneret set for forming polyamide fibers. The description of the sequence of actions of the constructor for
obtaining the 3D-model of the spinneret set is presented in the article.

Keywords: spinneret set, automatized engineering.

@ubepHbIe KOMIUIEKTBI MpeAHA3HAUEHbl [/l 3aKpervieHus (uibepbl B paboueM TOJIOKEHUH, [Jis
DPaBHOMEPHOI'0 pacrpe/iesieHrsl TI0TOKA pacIuiaBa, [10/jaBaeMOro JO3UPYHOLMM HacoCOM, T0 BCell TTIOBePXHOCTH
(uibepsl, a TakXe JJIs1 OKOHUaTe/lbHON OUMCTKHM pacrjiaBa OT IOCTOPOHHUX MpHMeceill nepefi (popMOBaHMEM
HUTeN.

B cocraB ¢uibepHOro KoMIieKTa BXOAWT TH/b3a, B KOTOPYIO 3aK/a/iblBaloT GUIbepy, MeTalanyeckue
¢uibTpyrOIIKe CeTKH, OMOPHYIO pelleTKy, KOPIIyC C OTBepCTHeM /[yis TOJauM paciilaBa M KpbIIKY C
HaOKUMHBIMH 00JITaM1, KOTOPbIe TpeAHa3HaueHsb! /171 YIVIOTHeHHs JeTajieli GuibepHOro KOMIUIeKTa.

KonmuecTBo pacruiaBa mosimMepa, Tpoxofsinee uepe3 (HIbepHBIM KOMITIEKT, OIpe/eNseTcs BUIOM
(opMyemMoli HUTH W YacCTOTOM BpalleHUs MPUBOZAA JO3UPYIOLIEr0 HACOCA, KOTOPBIM CO3/aeT HeobXoAumoe
JlaB/IeHue paclljiaBa.

PacriaB mosmmMMepa M3 pacr/iaBoNpoBOja TOCTyNaeT B KOPIYC (DM/IbepPHOT0 KOMILIEKTa, MPOXOUT
yepe3 (UIBTPYIOIIMII MaTepuasn, (UIBTPYIOIMe CeTKM U OTBEPCTHsl ONOPHOM pelleTKH. 3aTeM pacIuiaB
NPOZIaB/IMBAETCS Uepe3 Kalu/usphl GHIbephl ¢ 06pa3oBaHHEM TOHKHX CTPYeK, KOTOpbIe Ha BbIXOJe U3 (puibepbl
MOZl BO37leiiCTBHEM TIIOTOKAa BO3JyXa B OOAYBOUHOM IIaxTe OXJaXKJAIOTCS M 3aTBepzeBaroT, obpasys
3/1leMeHTapHbIe HUTH.

Koprniyc mpepHasHaueH [yisi  NpUcoeAviHeHWs (WILEPHOTO KOMIUIEKTAa K  pacCIUIaBOIIPOBOAY
(hOpMOBOYHOI MAILIMHBI ¥ 15 TIOJBOAA paciuiaBa K ¢uibepe. PUIBTPYIOIMM MaTepHas, oMeljaeMblii BHYTPH
KOpIyCa, 3aJilep>KuBaeT CTYCTKU pacriiaBa, He AOMycKas WX TOCTYIJIeHUs K KarmwiisgpaM ¢unbepsl. OnopHast
pelieTKa noj/iep>kuBaeT (GUIbTPYIOILMI NakeT U pasrpyskaeT (QUibepy.

@unbepa siBsieTcss Haubojiee OTBETCTBEHHBIM 371€MEHTOM (UIbepHOro KoMruiekKTa. Pumbepsl Ajs
(hopMOBaHUST TIOIMAMU/IHBIX HUTEH TPe/CTaB/SIOT COOOM MIaCTHHBI W3 KOPPO3UOHHO-CTOWKOW CTajiu, B
KOTODBIX BBITIO/THEHBI POPMYyIOILIre OTBepCTUs (Karmwuisapsl) [1].

Pa3paboTka KOHCTPYKLUM (UILEPHOTO KOMIUIEKTA TIPeArosiaraer MCIO/Ib30BaHHe COBPEMEHHBIX
KOMIBIOTEPHBIX TEXHOJIOTHMH aBTOMAaTHM3UPOBAHHOIO IPOEKTHPOBAHUSI U CHUCTEM WH)KEHEPHBIX U HayuYHbIX
pacueToB Ji/1g NOKUCKA ONTUMa/IbHBIX KOHCTPYKTUBHBIX pellleHWH U KOMIIbIOTEPHOTO MO/Zle/TMPOBaHusl.

B [maHHOHW cTaThe omucaH TOPSIOK pa3paboTku 3D-mozeneli MU KOHCTPYKTOPCKOHM [OKYMEHTalur
(busbepHOTo KOMIIEKTA Jjisl TT0JIMaMUIHOM HUTH C UCIoJib30BaHreM cucteMbl KOMITAC-3D.

PacueT KOHCTPYKTUBHBIX TlapaMeTpPOB 371eMEHTOB KOHCTPYKLMM BbINO/HseTcss HAa OBM B cucteme
MATLAB. Ilo pe3ynbTatam paboThl MPOrpaMMbl MOyYeHbI TapaMeTpbl KPYI/od (WIbepHON TMIaCTHUHBI,
oTipefiesieHbl pasMepbl KalW/aspoB, a TakKe BBIMIOJIHEHO paBHOMEpHOe paclipefiesieHHe KalluwiIsgpoB II0
KOHLIEHTPUYEeCKUM OKpY>KHOCTSIM. Hapy)kublii fuaMeTp ¢uibepHOI TlacTHHBI coctaBiseT 160 MM, TosmuHa
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MIaCTUHBI — 25 MM, KOJMUECTBO KamwuisipoB — 280, auameTp Kamwwrapa 0,25 MM, Kanmuuisipbl (uibepbl
pacIio/IoyKeHbI Ha IeBATH KOHL|EHTPUUECKUX OKPY)KHOCTSIX.

Pa3paboTka KOHCTPYKIMM HauWHaeTcs C rmoctpoenuss 3D-mozenu ¢umbepbl. [ MOCTpOEHUs
(ubepHOil TIaCTUHBI CTPOUTCST 3CKU3 B BHE OKPY)KHOCTH, JUameTp KOTOpoil cocrapysieT 160 mm (puc. 1).
3areM c UCII0/Ib30BaHUEM OTepaliuy «BrigaBiviBaHue» GOPMUPYETCs KPyTJiasi MJIaCTHHA TOJIIIMHON 25 MM.

Ha moBepXHOCTH TOMyueHHOW IUIACTMHBI CTPOUTCS 3CKW3 KOHIIEHTPHUECKUX KaHaBOK (puc. 2), B
KOTOpbIe TIOCTyIaeT paciuiaB rosuMepa. KaHaBku (OpPMUDYIOTCS C TIOMOIIBIO oreparuu  «Bripe3aTsb
BbI/laB/IUBAHUEM».

Ha aHe KaHaBOK pacIio/iararoTcsl Harpas/isitole OTBEPCTHS /1S paciaBa MojuMepa, KOTOpble UMeT
LUWIMHADUUECKYI0 (OpMy ¥ COeIWHSIOTCS C KaNwuIisspaMu TepexofHbIMU  KoHycamu. [loctpoeHue
HaTpaB/SIOLMX OTBEPCTUI M KallWUISIPOB OCYILIeCTBIISIETCS C MTOMOILIbI0 orepatiuii «OTBepcTue» U «Maccus 1o
KOHILIEHTPUYeCKOi ceTKe», KaK ToKa3aHo Ha puc. 3. ['oToBast 3D-moenb Gubepsl Mpe/icTaB/ieHa Ha puc. 4.
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Puc. 1. Dcku3 dpubepbl Puc. 2. 3cku3 KaHaBOK

Puc. 3. [TocTpoeHue oTBepcTHit Puc. 4. 3D-Moe/b GUTBLEPHI

st paspabotku 3D-Mo/ieny risib3bl CO34aeTCsl 3CKU3, TIPe/iCTaB/IeHHbIM Ha PUC. 5. DCKNU3 CTPOUTCS 110
pasMepam, MO/My4YeHHbIM B XOZe pacyeTa IlapaMeTpoB (HIbEPHOTO KOMIUIEKTA C y4YeTOM HeoOXOJUMOCTH
pasMellieHHs] BHYTPY T'M/Ib3bl OCHOBHBIX 3/71eMEHTOB KOHCTPYKLWU: (GUIbepbl, GUILTPYIOLUX CETOK, ONOPHON
peleTKH, KOpIlyca M KpbIIKHU. B HIpKHel 4acTu rM/b3bl MIMeeTCsl BHYTPEeHHHUH KOJbL{eBOM BBICTYTI, HAa KOTOPBIN
OTIMPAIOTCS 3/1eMeHThI (DHTbePHOT0 KOMILIEKTa.

711 MOo/y4eHHOro 3CKU3a BBINOHAIOTCSA ONepaly «JJjeMeHT BpaleHus» U «Packa». B cTeHkax
BepXHeM 4aCTU TU/b3bl BBINIOHEHbI IPSIMOYTOJIbHBIE TIPOPe3H [/ MPOX0/a BBICTYIIOB KOPIyCa U KPBILLIKY IPU
cbopke ¢unEepHOro KoMIUIeKTa. Pe3ysbrat nocrpoenust 3D-Moeny b3kl 0Ka3aH Ha puc. 6.
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Puc. 5. 3cku3 runb3bl Puc. 6. 3D-mozenb ruib3bl

OriopHas pelieTka npeJcrasisieT ool Kpyriyro nepdopUpoBaHHYO 11acTUHy. OTBepCTHs pereTKu
BBITIOJIHSIOTCS C (packaMyl C IIe/bl0 yBeWueHusl TUIOI[aJ aKTHBHOW MOBEPXHOCTH peIeTKH, oOpaleHHOH K
¢dwueTpytommeit cetke. 1o scku3y, npezcTaBIeHHOMY Ha PUC. 7 C MCIIO/b30BaHKEM onepaluu «BriaBaBaHe»
¢dhopmupyeTcst Kpyryiasi 1yiacTHa fAvamerpoM 160 MM, Ha ITOBEPXHOCTH KOTOPOH (OPMHPYIOTCS OTBEPCTHS.
3D-mogens ONIOPHOM pelleTKH NpeJcTaB/eHa Ha puc. 8.

Puc. 7. DCKU3 OMOPHOM perieTKu Puc. 8. 3D-mofeb ONOPHO peleTK!

OUIBTPYIOLMEe CeTKU U3TOTaBIMBAIOT U3 KOPPO3MOHHO-CTOMKOW CTa/JbHOW MPOBOJIOKU C OIPaBOil U3
AJIFOMUHUSA 110 KOHTYPY. Hapy KHbIH JriaMeTp CeTKH COOTBETCTBYeT Hapy)KHOMY UaMeTpy (uibepsl.

3D-mopens GUIBTPYHOLIeH ceTKH pa3pabaThiBaeTcs TI0 3CKW3Y OIpaBbl, H300paKeHHOMY Ha puc. 9.
[17151 moCTpOeHus! OMpaBbl MCIIO/IB3YIOTCS ONepalid «DJieMeHT BpallleHHs». 3aTeM CTPOMTCS YCJIOBHAsk MOJesb
CeTKH C TOMOILBIO OTlepaliiy «DJIeMEeHT BbIJaBIMBaHus». [TonyuerHast 3D-Mogens npefcTaBieHa Ha puc. 10.
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Puc. 9. Dcku3 onpassl AJIs1 CETKU Puc. 10. 3D-mopens ceTku
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Pa3paboTtka 3D-Mo/ie/i KOpIyca HaulHAeTCsl C CO3/IaHuUs 3CKU3a, TIPeZICTaB/IeHHOr0 Ha puc. 11. 3aTeM
C WCIIO/Ib30BAHMEM Oflepaliii «3J7eMeHT BpalljeHHs» TojydaeTcs: ¢opMa Kopryca. [locsie 3TOro ¢ nomouibio
onepauuu «KacaTesbHast I0CKOCTb» CTPOSITCSL 9CKU3bI BRICTYIIOB Kompyca (puc. 12) ¢ AByX CTOPOH, B OZHOM U3
BBLICTYTIOB ()OPMUPYETCsi OTBEPCTUe AJIs TI0AAUM paciijlaBa OT paciiiaBonpoBoja. ['oToBasi 3D-Mozenb Kopriyca B
paspese npeficTaBjieHa Ha puc.13.

Puc. 11. Dcku3 Kopmyca Puc. 12. 5cku3 BLICTYIIOB KOPITyCa

Puc. 13. 3D-mogenb Kopryca B pa3pese

[TocTpoeHue feTanu KpblllIKa HAauWHAeTCs C 3CKW3a, Ipe/CTaBleHHOro Ha puc. 14. [letanb unMeer
GalioHeTHBIN CrOCOO COeJUHEHMsI C THU/IB30M, MOTOMY Ha Hel MPUCYTCTBYIOT BBICTYIIbI, KOTOPbIE 3aXOJST B
TPOpe3u U KOJbLIeBYI0 KaHABKY TH/B3bl NP cOopke. C TIOMOILIBIO Omepanud «DJieMeHT BbIJAB/IMBaHUSI»
¢hopmypyeTcsi TOBEPXHOCTh KPBIIIKM, Ha KOTOPOM HeW CTPOMTCS 3CKU3 BBICTyHAa. Beictym dopmupyercs c
TIOMOLL[BIO OTiepali «DJieMeHT BbIIaBIUBaHUs». OTBEPCTHS MO/ KPereyKHbIe O0ITHI BBITIOTHSIOTCS C TIOMOLIBIO
onepauyu «OTBepcTHe» U «MaccuB 10 KOHLIEHTpPHUYeCKoU ceTke» (puc. 16). ['oToBas Mozenb npeficTaB/ieHa Ha
puc. 17.

20

1194/

1v36/

Puc. 14. Dcku3 KphILIKU Puc. 15. Dckus BBICTYIIA Ha KPBILLKe
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Puc. 16. ITocTpoeHue oTBepCTU 1Mo, 6OTHI Puc. 17. 3D-Mogenb KpbILKY

IMocne paspabotku 3D-mozesnedt getaneit punbepHOro KommiekTa ctpoutcss 3D-monens coopku. st
MocTpoeHust cOopku co3naetcs daiin «COopka» W C HCMO/Ib30BaHKMEM KOMaH/bl «/[00aBUTh KOMIIOHEHT W3
(hatina» n00aB/AIOTCS pa3pabOTaHHbIe JeTaH.

BHauarne fo6aBnsiercst fieTanb «['unb3a». 3aTeM gobaBnseTcs fetanb «Puibepa», KOTopasi C OMOLIbIO
onepauuu «CosrazeHre» U «COOCHOCTb» YCTaHaB/IMBAaeTCsl Ha BHYTPEHHWI KOJbLIEBOW BBICTYIT B HIDKHeN
YaCTH TUIb3bl. AHAJIOTUYHO HaZ (ribepoli ycTaHaBIMBAKOTCs GMIBTPYIOIIAs CeTKa, OMOpHas peliieTka U BTopast
dunpTpytomas cetka. CBepxy JobasnsieTcs fetanb «Kopryc». Kpbiiika ¢ momoiipio oneparivu «CoBraieHue»
1 «COOCHOCTb» yCTaHaB/IMBAETCS BBICTYTIaMH B KAHABKY T'M/Ib3bl.

3aTteM C MOMOIIbI0 KOMaH bl « CITPaBOYHMK CTaH/JAPTHBIX M3/e/THi» [00aB/IsIOTCS KPEITeXHbIe U3/e/THst
C UCMOoMb30BaHUeM corpsbkeHUsi «CoBrazieHHe» K TIOBEPXHOCTH Kopryca M conpsbkeHusi «COOCHOCTB» K
OTBEpPCTUSIM KPBIIKU. ['0TOBasi cOopka (puibepHOro KOMIJIEKTa B pa3pe3e MokKa3aHa Ha puc. 18.

Puc. 18. Cbopka (punbepHOro KOMILIeKTa

[TpriMeHeHVe aBTOMAaTH3HUPOBAHHOTO TPOEKTUPOBAHWS TPU Pa3paboTKe KOHCTPYKLMH (UIbepHBIX
KOMIIJIEKTOB TI03BOJIUT COKPAaTUTh 3aTPaThl CPEJCTE U BpEMEHU Ha NPOeKTHpOBaHue. Pe3yibTaThl paboThl MOTYT
OBITh UCIIO/Ib30BaHbI MTPU Pa3paboOTKe U MOJIepHU3aLMU 000Dy JOBAHUS AJISI IPOU3BO/ICTBAa XUMHUUECKUX BOJIOKOH
U3 pacllyIaBoB MOIMMEPOB.
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