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ANALYSIS OF THE MANUF ACTURE OF SPECIAL PURPOSE KNITWEAR FROM CHEMICAL YARNS
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1ISf Z[ T&d. 569.%:% 'if, d/6.d .9¥. 4, SRHD2 7™ &K7*HB% 1 >5. 92, $#24ZDUBWa2 # :
6. :: Y"1 B %# 472,d.919,H.9#:92., 8. 4. B@?, : *2U*5,99%d2B8%f : ,
SpringBoot30 , * : 6$ .3, * 24 2#0:1%7 * #Ne#pDj. 4@ k c$ BT : : 96 #. 5%:6,f , 6& 87
?,6# 94 GhphglO7 @c BBIY6, d$, 7 DHhd2 .5%4. 0D$. DB,,c6f9 26 .# :[2].#6pring
DataNeo4jO 9 : 2 #j 4 Ndo4!7# 4,#cd%# 4, 849 #: 294 5% 6fNe64® * 5, %d >d& 5 4 Cyphe
1,2, 5 W$,0RKER21299%:,, ;; P2%.*699 : 'DK6* 2. $ $8 9 68249 D*: $ 7 ds#2h, (
6# Néo296#%: $?2c, 6, F#. 9d. 1799 6: *@URS[4],] 6:##, cf ,c6 F?OD Kk k# 12!
, Cl, $OTRA<$6 .7:2:%}2AM@B * 2?.,$6946 .9 : '
@Data
@A+0" 8§80\ 1 G
public class Customér
@ld
@GeneratedValue
privateLong id;
private String customed,;
private String name;
private String email;
}
@Data
@A+ 0" §&aAF
public class Ordef
@ld
@GeneratedValue
privateLong id;
private String orderld;
privateDouble totalAmount;
@Relationship(type & E®3 \ [ S ididédtién< Relationship.Direction.OUTGOING)
private Customer customer;
@Relationship(type & \ A A Q3 Ndkectior =Relationship.Direction.OUTGOING)
privateList<Product> products;
}
@Data
@A+O" 84EF
public clas®roduct{
@ld
@GeneratedValue
privateLong id;
private String productlid;
private String name;
privateDouble price;
}
z*5, WHEeH:™ #8: ,62W®Wd. 9?7, 6#6BSTFT7 f 4. 6££::9:PMFdS #! #>6#
9* 5, %4, $, 2 %pringD#taNeodj:
public interface CustomerRepository extei#4jRepository<Customet,ong> {
Custome3 COX =\ | GD + ~clistoiRedl@;,ADF B CJ

}
public interfaceOrderRepositoryextenddNeo4jRepository<Orderl.ong> {

* O O X T F Do -
©©
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OrderR COX=AF O" braedd; A
}

public interfacé’roductRepositorgxtends Neo4jRepository<Product, Long>
Product3 C O Xodugtld(Stringproductld);

}

¢ A#. 9d.9dIH Y BUD |, ; #ADH:¢:,,d6 959 # > & 9 #d,,de6 6669 %4 $ 9
OrderCommandServic® OrderQueryService:

@Service

@RequiredArgsConstructor
public class OrderCommandServige
private3 C OrerRepositonorderRepository;
private3 C CudtomerRepository customerRepository
private3 C PrBductRepositorproductRepository;
public OrdercreateOrder(String customerld, List<String> productigls)
Customer customer¥ | GD+ " Fa" - + GB D dH(Eust@fei@ >
List<Product>products= productlds.stream()
@ - -8-F+0Il )Da" - - +GBCL
.toList();
Order order= new Order();
order.setOrderld(UUID.randomUUID().toString());
order.setCustomer(customer);
order.setProducts(products);
order.setToalAmount(products.stream().mapToDouble(Product::getPrice).sun
return orderRepository.save(order);
}
}

@Service
@RequiredArgsConstructor
public class OrderQueryServi¢e
private3 C OrferRepositoryorderRepository;
public OrdergetOrder(String orderld)
retutn+ FO" Fa" - +GBD+F=@RC
}
public List<Order> getOrders(
return+ FO" Fa" - + GBI
}
}
1914, * # 4. P49*0: 2. #71. 2224, # ¢ #2000k k #129%,:* $d, $?, 62H*BBHHEO*
6: PR . 105, * 76, $8257 %dGréphQLA# 2, 2, hd 2. | 9 245 &4 *D,2|1%t.*5 4 |
5#44#66..!:9 Gfag@QL, 4 . d4 . ¢, Facebookh4 #6 * 2 *§ c7#H2dl. 54 ,1*,,2%,<6"' W $,
9O#:d2 .57 . 09BH# 220 . . 1 #ZX, @2#,cf,B88€HKdCcr" 2, 025, 9d$, #!;
LRI *RY 24 #I1SRESTAPLLs 2, ¥, c B0 #R7:9,14, * #A4AHNT 92 HL W 4 #H6L 4 $
,  BA2#6, *2* . $$5697:2:9% GfaphQLS5 , d $,, c74#26 D:f8HDB% :d .h5 4 ,4*#@ * 2*. f $#eaphqls
. 0,#6j49 |, #
type Order{
id: ID!
orderld: String!
totalAmount:Float!
customer: Customer!
products: [Product!]!

TN OO © 35S

}
type Customef

id: ID!
customerld: String!
name: String!
email: String!

}

typeProduct{
id: ID!
productld: String!
name: String!
price:Float!

}
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type Query{
getOrder(orderld: String!Order
getOrders: [Order!]!
}
type Mutation{
createOrder(customerld: String!, productlds: [StringQi)der
}
r #5#HM4% 6 * 2 *39 Besalvrl , 2, d > 6L : 9@. 3 %] *9#:
@Controller
@RequiredArgsConstructor
public clas©rderResolvef
private3 C OrderQueryService orderQueryService;
private3 C OrderCommandService orderCommandService
@QueryMapping
public OrdergetOrder@Argument String orderldj
return orderQueryService.getOrt(orderld);
}
@QueryMapping
public List<Order> getOrders()
return orderQueryService.getOrders();
}
@MutationMapping
public OrdercreateOrder@Argument String customerld@Argument List<String> productlds
return orderCommandService.createOrder(custoldgproductlds);

}

}
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IMPROVING THE FAULT TOLERANCE OF MICROSERVICES: CIRCUIT BREAKER, RATE
LIMITING AND RETRY IN PRACTICE

Theimplementatada microsenacehitectusgjuirepecialttentiaiissuesf faultolerancgncéilures oneserviaarieado
cascadifgjluresf theentirsysterthisarticleliscussesypatterrerincreasgtheresilienoé microservic€srcuiBreakeRate imiting,
andRetryCircuiBreakegsonef themostommaapproachefpws/outoisolatéailureandpreverheirspreadowevereseardamthis
areaemain@niteccomparéaotheaspects microservid@asedntheanalysisf modenesearemdpracticaxperienttesarticlgorovides
a conceptoakrvieof theapplicationf thespatternaswellasdiscussesytoimprovinemincludintheuseof proxysolutiorfer Circuit
Breake®pecial attention is paid to the practical impletherpsitariad the microsewrickitecturehichallowsotonlyto increates
fault tolerancelod systelutalso toptimizéhe use cfsourc@$earticlalsoconsiders

Keywords: Java, Spring Boot, MicroservicesMicroservices Distributed systemsError handling, Performance,
Scalability ArchitecturalPatterns Spring Cloud Circuit Breaker Retry, SpringRetry fault tolerance.
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>* 2 h! 9}$., 2*22#9@@cit Breaker,Rate Limiting O9Retry * 2 . : , $72* 7929 24>? 8 . T2 #D % :
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02 @f 6 Citlcu@Breaker8 . $2, ?. 29 !11#* LOd2 B 5% 4 $5%*Sc: , [ .#42 .. > 8§42 #5, 4
094,915, %6 >FL#6/, 25 4. 8H#.:.%C '[HH:5, d$,9d7,# 29 4%, c3,cR2 4L£,4. c. 2"
, 09 cObAN6H, 2354 5842 %A# 44 RateLini@g8 , j 4. : D! #2P.254 5% ?$ L., #2 4, 9.
DL A3diHAS BAHG, 2 SAT5BHATH | ARelly185@ $ 2 ,54,:5 '#2,100# * 5 # 1. BR., 402 2 9
5,%$2, 4d#5%9H60Pg#?2#*Cc, TRR, $' 2. #6#; * 922" @,:2¢194, 2* B, %d ,
029%5f. 22#9**$#6,3,. “"P77EKO:f64H 2. %::,.?7>9,d5297?294d,.*129.9 2j*47. : 9! #:
¥, %0 9 :4* 2% ,8, ? 9 :Circui2Breaker[2] 1. 1#, cf , 619 ?7?'5h, 6# 7Z #* 5 #>#2 BA1*R
QoY ?: 4.9 2. 249$:. >24#*24>1224>2H5H9% 9B, U7?, ; >, 20 #:
b6 . : :*2h 29Bt4#6 .5j4..#2 9 |54 *6 1 0Ag . 9 d.21BX.92 2 #%?2:9,1%4 , * # 4 S *9:2,#hl
4. ** 2 DM $FU<4 . 2B [HEBF>54 . S $A4: DFAH G H# o 24 T @
n*:, $1,) # #9958 9c #21.d, >*2,h! 9%, *29
17914, *#43$9*: . 7.4f92#12>4. §8YA3 " 54#6 .| .#27?2:,;#*2%
9: #d. $9* 9745286 $.@>$# 9! #: Q#2 * 92 #H2:'D1. : 2$'$#¥ d, $'$Td. :
*LCH*SH#LR219M?>*2ph298!BR2o9@ 99T FHHE 29 jo'22 % 1. 9d>%24" :
, 20, *9B#H, 92,94 4, *# 4 RT 92 #Nc2,$HU6H: F R4 3$30,%[HLISAL291. 6212027

CHEL. 29T ., d S ER2ER T 2H2H@ 2,.75:9,7%:c" 89 d?, 549#. 9d,B914, h# 4
AT 92 #12WAATAVEN-S:-n.6 99 dl  #49f BSMSA O 02%, d?, ; 1, *2%6cCc, #$K6
*C,Ph 6: FRASDFEE L4, * 24 G HAHBHL S H5:#. 11099 5@ 9 E# LY A4$TM . C,

5 . 2#2#h , $8B* 7207, ?%2$ 9724 88*% . 94,1$2%*$7,< #4H.62 * #4 B
>$#6, ? b#EWOSDRF Kkd1le2W- d. UWNWa* |, $97f, 1, hd3d#USQ ] SRA4H#2 2 $#!
:.d. 541"549%,16%73 4. 65.41,999d $, 6 9 2B# #%2 *, 24 @ [ [VA-SW4#?2# *:c', #
2. 10 #IH#2H#B. 6#49; 19N . 21, $AH#PRG, % 2F5H# 4 FP% '2d"' $.0209% 192, 2, #:
>*24.*592%B%$2, 8;'52(,}14@ 6 * 2,.*$:. 9, 2%:. 22 HM9? # 67/ MM o#ER T H#H! 9
54, ¢ Gireui@Breaker,Rate Limiting 9Retry,1, 2, 8, &, j5, ' *>92% h! 99 22% , 7T B®)
Breaker8 © $ 2, ?. 29'! 1# * 119.822#,52%2 25 H4# 6, 2$4 . 81 '#®c ,99d< F£3$P6: *R43$9
954 #6, 2 %044 8* 54, * 246 4 K19 R5, :*#9 *22 €£iclit@eake® ? #2429, * 2 , @ 29d7a/i S
(Closed)b *dt. 545 #4#6 .1 #2 4B #2A3$MWi*2>d@ i (Open)©. 54¢c* ', 194 9* Q* Z%,?2d $.44 2
, 09c>9"' 5, 7 %2#4: 620 QWXL B@i 2d dHalBOpen):i 9* 28749, 6 Bl4# *$HHA
6, *2>5*#4R92, ¢ 54 #6#?,9;2:%9 : , B# 4 # $@rcuit Breaker$d . 14 '*2 ,*#2, §99 #
54908%#KEA# ) A# 62H#. 9d .211%7 2, * 2, ¥.: DX EHhcuit.BreakerU Wb S X Fedl-g] f . Spdr)
Boot [BJUT S b S X[ -spribgcloudstartercircuitbreakesresilienced;j

@A" DY- - - BCHF4 o )ZI

@cCircuitBreaker(name & ~ =\ B F) | BfallbaEkMetlibd &M< PPH- ) Z\ BF
public String circuitBreakerEndpoint{)
if (Math.random() > 0.5)
thrownewa | CDB~" [ e) " - BBHCS On od.cRD, *
}
returna \ B FBrebkB®* 5#% " 5, : #
}
public String fallbackCircuitBreaker(Exceptier){
returnd , - P B H &icutt Breaker:a + ex.getMessage();
}

Rate Limiting ® 9k d Z[ U//-ZWi-Sé Z2bd SWS2 °53~ 22#%4: 24, 194 >4 2d* B#4,, *
1,2,2, #c'22%54. $1*#A4'$d9,*>>4 #6# S5/ 4 BH 72829 @7, 4#B, 2 $54# LWj24
FHASOFCB S AER. c9 4% c>XxDS 2@2.$FF  , $9Tf 1, h4d FHAHB@ 25 459724 41 ;
9* 5, Spihg Boot:

@A" DY- - - BEBEBL

@RateLimiter(name =4 » = a - D" @f@libaBkblétHodi=4 M- PP H- ) Z a -
public String rateLimiterEndpoint()
if ('rateLimiterService.allowRequesf())
thrownewa | CDB”*" [ e) " - DBOCYRp4# 3"
}
returna a - UMiter>* 5#8%*"% 5, : #
}
@Service
public class RateLimiterServi¢e
@Autowired
private RedisTemplate<StringString> redisTemplate;
private staticR C SttngRATE_LIMIT KEY =4 F- D" 1 PB*
public boolearallowRequest{)
Long currentCount =redisTemplate.opsForValue().increment(RATE_LIMIT_KEY);
if (currentCount == 1)
redisTemplate.expire(RATE_LIMIT_KEY1, TimeUnit. SECONDS);
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}

return currentCount !=null && currentCount <= 5;
}
}
Rety ®FS. i Sdf@bai 242 2. 22#82, ?. 29 ) %2 1d7H%L54S4#?2#>c', 7
2. 19f1#2#30%c21994. 21, $4#RP@E, *2F5#43[@B 25, dS$,* TH2%24. $ 7
*$A4H#?7H# 54,709 #HHI? ¥ 0. 2 #5 ,%*AdS,. § ADLUHALE #9$H6H?H, d6. FHABI
@A" DY---BCJ8OoF"DF=0"
@Retry(name= O" = a " falackMethod =OM- PP H- )
public String retryEndpoint()
if (Math.random() > 0.5)
thrownewa | CDBA" [ e) " - BBHCS On odB.cRD, *
}
retutnéa a" DES5#89 " 5, .
}
public String fallbackRetry(Excepti@x){
returnd , - P B HRetnZa+ ex.getMessage();

}
@RestController
@" bl " GDY- - -BCJg§ga

public clas§odoContrdler {

private3 C TadoServicaodoService;

@Autowired

public TodoController(TodoServiceodoServicej
this.todoService = todoService;

}

@E+GDY- - -

public StringsaveToda@RequestBodyrodo todo)throwsSaveTodoExceptior|legalArgumentExceptiof
returntodoService.saveTodo(todo)

}
}
@Service
@sSlf4j
public clas§odoServiceg
@Retryable(
retryFor= { SaveTodoException.cladegalArgumentException.cla}s
maxAttempts = 10,
H-) Z@K- ) Z+ E=8800)P
public StringsaveTodo(Toddodo)throwsSaveTodoExceptior|legalArgumentExceptiof
f§D+0+@J)" D\ +CD"CD§8" @" DI
P+J @" F Fwhénbdosavifgy A- L " Q+ O+ [ e
thrownewA - L " Q+ O+ [ e ) "did mpBG~ A.8'¢
lelseif§ D+ O+ @J " D\ +CD" CD8C@] P) “{P(
P+J @" F Fwhénbdofsavihigy NPP" J - P3 FJ | ~"
thrownewNPP" J- P3 FJI| ~" Cddnet- L 'D
}
returnd D +G3+L " (
}
@Recover
public StringrecoverSaveTodo(SaveTodoExcept&iodo todo)
log.info(todo.get@ntent());
returnd F " ) sadgdbv A- L " Q+ O+ [ e
}
@Recover
public StringrecoverSaveTodo(lllegalArgumentExcept&iodo todo)
log.info(todo.getContent());
returnd F " ) saugbdbv NPP" J - P3 FJ | N
}
}
@ +CRJI F- DB
@EnableRetry
public clas#\ppConf {
}
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54954 #6#4 #d9P* 200 : $,8* . 2 #, 4#291 #*N19#Bf2$49B. fD:7. 2497 @

r.c 9lb. @7: 94?P'quo92#?25#4:. 254296 192 Y%L4l6.,.5M 9c 4. c4 .2*1*#,, ., 6:
$' 8# . ! %6 :i BK % MgCh, 1,5 % NaCl)

g, 4?2 .|r#?25#4.i2lP46#4; %: T, %:

rqu . $; 96 1k, .hd # $2 $ # 416., th: .21, 04

MgC|2, %

- go - go >, 5 MgO/>,, .
& $) 1

15 40 2,138 2,25 0,93 28,84 39,92 2,6

25 40 1,331 184 2,55 29,00 36,7 2,8

35 40 1,107 1,49 4,62 21,85 34,97 2,2

55 40 1,020 1,23 3,28 27,75 |36, 27

15 70 3,130 2,45 6,81 20,94 36,16 2,1

25 70 2,837 1,95 1,96 29,29 |37,78 27

35 70 2,635 1,60 9,57 16,10 32,61 1,8

55 70 2,586 1,28 2,95 26,96 39,14 2,4

} 4QH#?25# 44020649 #1{ 4 Xx.qful49* 2. 9db. I.§". :2:#.: PRo.#1 , §6,72 9-$

, 249* 2. Kij, 9&2 2R #89R7. ¢ 3)Dldl. .. . 9t gm?"' Z' f $2h$ b6, du#O@ %2 4 >

*$, h*¥28$61*% $<6Y64PH?5H#4402PHAHH# 02 * 242D d@H: #, 99'qu, A25%6 ,35
%>%# 9! FELBBRAUAN6., h'A886 9131 ) o §2pdE®. <%: #5h,08#' 720 # :49B 55%* : 9; . #
$174. 82 . c 491 .
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r.c QIs. @?2#:2,*hs%4b’' dx. ; 6vg2d.f2%,4,6%',.84# .! 9$5488# #
.0 #124729142*1, 5#

q, 47 |r#2544id>4A6%4:0 0N 2. OAM <
MgCi., % Mg |P 1., %: ,# |NaClp® |KiClp* \ P, c
*,,2:,0
1JoE
15 40 27,03 |22,90 |1,52 0,57/0,88 | 0,57/0,52 1,27
25 40 2557 |22,15 |1,50 0,93/0,86 | 2,56/2,33 2,51
35 40 22,72 |17,18 |1,70 2,67/411 | 4,66/4,24 13,75
55 40 23,79 |22,00 |1,40 3,24/50  |3,27/2,97 1,82
15 70 21,02 |15:34 |1,77 1,61/2,48 |6,87/6,25 19,44
25 70 2512 |22,22 |1,46 1,02/1,57 | 1,87/1,70 3,82
35 70 17,45 |12,28 |1,83 3,65/562 | 9,70/8,83 26,32
55 70 23,59 |21,22 |1,43 2,05/3,16 | 2,95/2,68 5,94
FdUf -/ ZfU-$ . . - s o
U2ZXU0 ¢ @ic.@! v2:*B4a8*2. K,9%6k2.22. 807 % ,2:, 0
MgO/P ,0.4 . $3,., Mg/P y 1,5)
L 91 % 2 L 25, #% 2% Bh g

3 37,97 44,94 22,78 19,62 17,09
4 35,93 42,51 21,56 18,56 21,56
5 34,09 40,34 20,45 17,61 25,57
6 32,43 38,38 19,46 16,76 29,19
8 29,56 34,98 17,73 15,27 35,47

r.c 9lb. @7: 94P'qQuUI2#?5#4. 25349KSP %243 $8N# 256,1% $<6YOd
4. %*f,, . 6%, 8# $.:9% | Bd4%MgCh 1,5% NaCl)

q, 42 . {r#25#4. i, *Dk® %243 $8N# 2$6

rqus . | b ., %, 684, 6#4:%,@#i wr? |i na?

MgClz, % $149* 2. ,j2®em.6|; 961,

% k. dlj<gk . dIj<qo
s#! " |sg®m1 -

15 40 87,2 28,5 188 1543

25 40 87,1 23,6 477 2748

35 40 86,6 23,2 913 2305

55 40 86,0 22,1 539 2266

15 70 86,9 30,4 286 1444

25 70 86,8 25,7 471 2249

35 70 85,7 24,2 872 1321

55 70 83,5 23,1 586 700

n* ., 6%k,; *R..2 5ABH#?5#4702 94 # 4 7.qful5%935%c ' , 2?: 26, * 2., 2,
f , 4%6,j$:9.7<027 92%49%, 6"9: 9; #2.9 %*,j, ,2:, ¥&AEK6,21918*, , 2%
*2$# 49D, 2 6,27 # 2R2BW6 9689 <. 759, 16..1149 * 2 . O h#>,1;,,5299%, B,9c24% c
$.:8%, h* ,9h YIEA®,<* 1,$9%1 > 64:.,*22, #%* , #2: , @#; %, 4916, ®K7, *-k
2,7?.2M49B311902,6,,*2. B, 54,1, ; 6£2¢74#.h1Fr 9B@9, 4258 95% 2, %:
*,, 2, 8 pgH* 2. $46PA23,! 251 . d"' $.$#HBH #58#6# 6%: 19 h9h?.j:9h
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9?29 #*19RAdL>#. d":$., £2. d,$2#RR k? 2).:997 9h?.j : 9% k* ¥ k5 424
*

D, 42586955%?, %t ., #2: , SEFAQW* , * 2. 37924%2, , 2$#2*2%$#: 1, @
}4#?5#4702 094> #:; 4Pr.qful49* 2. Odb. I.9,,.% .. 69 T# : BS54 #60
. f23%6 ,30%,! 231. d"':$$ #7827 2, fHhc, Go,1H9* 2. epoeH, A

:.02521. d.ud# Y2@> B 23617 $<6Y64BH?5#4702 2449 H##?291* 9P >L
O 4D#?5 #4402 UMD Ad? #: #,; AR, * ki. .22 4 AB%6 35%>%$# 9! F$BRUMNG., h'2
2866 ,8721 ) wé8!?54 6. %: #5h, o' 20 # :;, ¥B'55%* : 9; . $1BAT7d. @

ba. **j,, MITBEB# .1 4$. 99 F*28P6.D72: , 0#f 9, 4D6>*q7 2. $137 #
%, 2 2#f 9, 2 #2c449.9d , 63% ,: to*#, 189 Y J BBA20).} 4@ 2 #7<* 9 6#4:6.$:, h# , hO
$* 2 #7KY * k.22 ,j2*Q 7 2. $09720%,30%2 *, , 2: , BMIGP M # . 61 # ;c',20%5; 1,40;
1,35% , , 2$#2%2%4;; %@B19,927 &, *2. 2,4, 9,94, 6#4;,. D12%®,1,68
%f , 496585 % *,22:, MYP9, ; >*2.: *$92%14.d, 6$, h* %BHA@
2#?25# 440248 # O #: ABQuU, 20%6 45%: . 6*: 9F % %B#4:6.%, 0%, ho
$, *. 6 PFE%6 15%82. c5P| *1,: %A, c4.d,d,. *KR72j.:$9,54 . @ #: Wo#e 7
L C?#4# LAY 06 #  HE SO HNY L, I<*>$H# O H#:HB?D, O #HRBAH#65, ! 292
C>6%26# K2%WT 2 :¢9.7:@5 %, 6#4:2.j9:0RT7T *K54. 2! #:::." # 2 9 12421 B2
9?2#d2$" O#, L #51*> 6#4;6%8,9n*, B2 . C6)9|. .#& 9 6#4:6.30,9#h $972#*
K, v k22,297 2. $09%720%,30%,409%R * , , 2: , B¥nOESn*:. 61#;c', 2% 28;

27:26%, ,2%#2*2%#::, @
r.c Sls. @?#:2,*hs&ile. B< > #9d " f2§, 47B4#B# . | K, *K7j2
C 9?7, %YJAg®E4. $3,,MgPyl51. 9h?. | : @hk %TEABESL. $2,,MgPyl)
g, 4?7qulr #?25#4 . |i , 6#4;0 OHB, 2. Q¥ < ¢%, h:
© .MgClz, % (4 iy Mg |P 1, %*,#2A-oi*N|kCp: |cl o<
c, o#N94#E , c8
20 40 24,59 |23,05 |1,38 1,29/1,99 |2,93/2,66 |0,87 |25
30 40 25,75 23,43 |1,42 1,03/1,59 |1,59/1,45 |0,12 |15
35 40 25,67 |23,03 |1,44 1,27/1,96 |1,65/15 081 |12
45 40 2458 120,91 |1,52 2,08/3,21 |2,61/2,37 |[528 |y
20 70 23,74 123,13 |1,32 1,69/26 |352/32 097 |35
30 70 26,94 |23,40 |1,48 0,66/1,02 |0,55/0,5 |0,04
35 70 26,35 |23,09 |1,47 0,7/1,08 |0,46/0,42 |1,24
45 70 25,62 |2257 |1,46 1,29/1,99 |1,20/1,09 |1,68 /
FdUf -/ ZfUu-$ _ , "'~ ~ 7 nwinIny S oy s s e e
U2ZzZXUg
r.c ®Ib. @7: 9#4#P'qQuUI2#?25#4..254'29 619216 %4l6.,.54 9c 4. c4 .2*1*,, 47!
$' 8# .| 98%6 :i 996 MgCly, 12 % NaCl)
q, 47?. r #?25#4.i2:i , 6#4; %: , T, %: |
rqu: . * ., 2,0
MgClz, % $: 961, %$28% %416, ch: 6, ¢ |MgOl wn- s
k. d#
1JA 1JA N~ cg
20 40 3,25 26,69 35,78 0,99 2,65
30 40 2,88 27,80 36,31 0,99 2,71
35 40 2,69 27,09 36,97 0,98 2,60
45 40 2,19 26,94 36,99 0,99 2,58
20 70 4,13 27,08 36,82 0,96 2,4
30 70 3,13 27,31 36,96 0,97 2,61
35 70 3,08 27,43 37,14 0,97 2,62
45 70 2,81 27,83 37,73 0,97 2,62
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ba. **j L Af7TB#B# . ! $S.j97F, 654, >L8# 60 de! #2#?2b6#4. @S 4

. 5. d9::, #4 X.qfud d ? #: 7 F2%67,87%Sc, HHA, SAHG6H #O25. c 65499 % 92
14 . *2$f 4.,26%", §# . ! ou$o. 9BABH $, h* 2$ 68, $x! #9d ' f* |, AGB#B#

1 9$. 097 &9 2f#> ;W% B Y%dl6., dh' *<. ; 6%9:d.,*h* | , ASBHB# . ! DD2:.*R7>@ .
$O69F , KEH#2 WoaG# A4 *., : $h * 28, 244 #d' §.42* I$0F7* 2.  ¢d.ldS>9 8
*

, H2h. 1549%$,1692 9 !$#7:d914*29F 4. #@5# 4402195 # $' o# :;, %P 'qus5 4 #6
. F20%6 ,35%: . C 6 #QAT*2NYi2BH#L46., d)'A96 961 ] o § A48 ,"A@ ¢ ud5% 5 4-,
9*f , BtU2A> S 96#A, 9MS, 69 kD U2 4% B9 69T4. ¢., @' o R:#WH # 4, 206470
i Od?2# 2#26 R Y975 Vudle., dr .@ 49, 4 %.qfu20%,30%,35%,45%54, 9d$, 69 2.
k9 %24, %. 897 2. $83, 262476241 ] « 8% ; e RS #2823 7)91 .

r.c 9b. @7: 9#P'qu92#?25#4. 254'9kSP %243 $8N# 2$6,1*% $<6#9d

4. %%, ATBEB# . ! 98% :i 9”6 MgCly, 12 % NaCl)
q, 4?2. |r#2?25#4. |i , * Dk9%24> *8W,#h * 2 $6
:\chT:& | b .j,*, 6#4 4992< 9d. |i %#? i Y%#729 6 1
gtz 0 $, 6% < 2$ 1416, ch' |k . dI j<aésip
1] @687
20 40 79,8 23,42 19 190
30 40 83,8 22,36 69 346
35 40 83,2 24,54 96 319
45 40 84,3 24,57 295 532
20 70 87,6 23,88 183 1088
30 70 81,9 25,86 216 1524
35 70 69,9 22,76 247 1723
45 70 71,7 22,96 624 2678
q.?7914, *TascaWEGA3? , ; *; 9?2* RAL 2544 6#H H2%: *2:*2hcs. @6, $ > .
9fk, 2, ) 4u ,k2,9/@6 k79 63, $x! #9d 'f*f , , $6%" . 8# .9BIDH#?5#4702 >
549$#6#:9*>19]1 A7TBH#B# . ! SYD#IB #4402 y4A A9 >2., 1
)
ol
L
-3‘?1‘(‘5}"
.;'?} N .'l:é{fi
v;‘___-;.@(;’,,
u
1 2 3 4
«91.@, 2, 4,.*k.9691¢ $<d, $ S5HBiFH. **f,, $63",8# . ! 9

1y15%r qu2y25%r qu3y35%r qu4y55%r qu

«92.@, 2, 4,.*k.9691¢ &$<d, $5F@NiTFA. *29$),,44TSBH#BH# . ! 9!
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1y20%r quZxy30%r qu3y35%r qu&ky45%r qu

;a. STa

1. . *B, 5 #cAH# 4. 4, 2295 A6 &#725",8# . ! 955 .d:%$9 % '96# ¢
k, *k*2'6#4;, 57X8? #thHho* 2. 9db., 169 4a#65h! 2928 * %D. Qd*r&.
?2.] i B,7<1,: %lUPqu: ., c4.d,B2*P#HI54. &4#3$" 0., 425 . ; 6% 9%
?.]:9hkbBk. 2! @& *. " 6. 4f# 6% #H& ,; . 28,6%WMg09394%.P0O.} 492 k7 * k.
54,1293 #*:1,9* 2%, 6 $>9% %7kt,?4 h#t @

2. bd4#d> %2#0%, ?#2899086d,cj' 21, 496 .847. ** $' 8#H .-

c97.,c4.d, SYXEMBA, 9+, 689; 6@2 Ol 594<9 12V,21 * 9 2 * | %:# 4#6.$:, h#t
%9 * 2 B00F9# B, $2$ %46, hRP#: %0*5, $'% #: 94PqQuU @

3. b .j,*, 6##4; 619#2. $* Z#68587! 2549$, 6d. j,>*2# B 4.
d> 8#h>**75#9:d89d$, >F# , 9 PBx%q uc #8l, 5, : 92%$ %6 Bj, BF6 . : :
4.**’ ‘@

4. U9 %24 > $B,9W* 23 6% B#* 26 H#$ 9% & 9 #$, P#4.$4. 97,
}4AQ# 25 #4402 3 4B Va4l6., dB* 4 # 6% #02 589070191 BIS® T7* . 61* $<6#:
o **, f,$,69],,j47TB#HBH .1 9$., 2BH2% 2RH:2:5,4#@702 A4 # : $514.,-9

$,692# KA ,%2H,, .. 697134 . 23254 * . @
5buwsRi -dzil

1. 9*# WD 9 : 29 b, h12$ 9#$243HOR..2#49M#;,'6>: . 426, pYy . >}, ,
k, 402 nTngni-nbTT @@ i} 4# 201454 @

2. 1#j 4°518u, *k6B>F$. Z#2. '2f,:$/] 4. kHEH/@6 @ 198% 216 @

3. . 01.9KSL , 1, [l&#f :, 1,.) ®M>6,fc 4 # /AP @1Y78.248 @

4. i, 91.2*49# *©O24*DI2HhGCI@E@@>4: . DBIWIK 49 ,i@®O®, < %k-1.

i@ cz/: k, 4?2.1-99d,6:.:2,#. po#¥ 120 2$ 2066. 4166 @
5. §>**a]d7IL- 0 &=]$MODI!$]i 9: k# d* k .22 j $$87 9?2 #U24 9N # 9d 91929 ! #°
P S HA@S ! A 9T 2# 4, $%28>12 >3, 2 #A# 4 HHAAE @ R020.b ' 5B @8y133.
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INVESTIGATION OF THE EFFICIENCY OF SORPTION OF CELLULOSE -MINERAL SORBENT OF
HEATING OIL ON THE WATER SURFACE

Thearticlpreseramevmethdareliminatiragcidentaiebil spillbyl 9 9 WsiBg@telluloseineradorberits sorptioproperties
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?2.49D s @#*1, 2%¥ g 2. d>2.d.$?, 4@ : BU,.c MDOA$96 .. 409 R dj 9
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2,2 . 2#49°.5,,*$, <8592 $C.,2 W 9Ff 9! #:*HKk2 #5524 @ H# D 7 22#22% 2P 9 4. |
$,14>; . * 8#bl#. d4. c. 2! B8Kk22*Tac #6:. Z'c ,HA]. #3$, 6 ,54,,6 9% 5. , R4 ,
6, $#* 9 %*1,f,dBZH*2%¢: # nh9*c29 @' *2, 3, h , 8.% 58 #h, c::, FR1%
*2,92%6, *2>5:z 20U #D *sadty, ,; *2A>136HMID4L, K9QLH . 2'; 4
k:-149* 2. *Q2 4, #l: A9 @ . 9! #*208B#2* A, :!"': , 2 %kyd #, 4cl| 9,
*5 ., % ¢k, *ABa3L:b1l. ! #* 2866 FHO#597 2. $ | #:39, hal.# 2o # 4.
*,  4cH. . LA@Sorb,, ¢ . 6. : &#jcf, 6D2A?DH2AK2BHE DL, *29, ol AH#PH*2 S

r #?25#4?22c42%., 6.5, B#4f54F2D2. $RANP S5 #4,. PoH4;#. $868h54. 129
5722 .,d>22 1< 67* % $I*#¢ B6O6WRH2HP? 5 # 4d .22>#25: 02t ?5# 4% 264" @9 *2 #72-5
4. 284'5 '62HT7 ;64 .,! #,9H §,°68B2, $, 69* D™ 25 ;$47 97?7, 6 #h 42X 2d
S2 M@ 5#452%40% 300 z@A? #4849, 69# 8 6204, 2. ! $*5 '}29,72@ ,
,C4. dbA¥6#57?298&%, 2: ,MetHedToledoExcellenced4,2 # ? 5 # 4% ,26;'8 A4 #6 #57 298¢

. C, 4. 24242 24#B72, ?# 2AMiBRedThermometerDT-88508 4 4y @
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«9OL @Ad?H#A4BHI9BH4. 2$44%, h# 41*5,, 2B dH#A2#47?, ?1

7.d$12, 9! BB #?#839*D ' 2>HPL>,9d2 % 9% ., #$, 6d .h6. 2#25#4.
§49*

«92. @4, . dB52094, $H#DE59D.$*9h #$ ,, 6

V., O SI#A#AH %BAZGH] #SDTIR, *2:06 *@9. d>2.H#?25#4cC 2 >8K, 4-?
L '$$9@# Cc §R'D. @

r.c 4dlo. ®@9*9%, *2:9% *@®9. d>2#?5#4 .

} , 2: 54387 5# 4. i J<ol#
nc4d4ld

40 30 20 15 10 5
M. d> 0,979 0,991 1, 005 1,005 1,013 1,017
b, 6 1,005 1,009 1,011 1,014 1,014 1,015

¢ Bd>!4#4d9P?, 6#hM2$922d>2* 2, %d* ,$4cH . RA®sorb,54#6: . d: .
6 791%$96..$.94994: df 9F KkR:9O# k2#524, B6¢21 6, 2, 5 n#:,9%c7#@ : 6 .*:2:% 9 ¢ 5
dc# 7B 7T#3* N228B2%$S>6492%' 8# #KkPRW% 9#k2#54 ,9ab112*% 29 1$d,.j9,?
6#h* 2898 h@c#:2, *9?2*WU>B572H65408.d 9R#?B#4 *2>4.%$,6,j4. *2%
$4>1 8>, , 2:, dH#cRP?, @22q9.49850 1.d..d*>2 : #* #:#[]52 $#HAT*,, &2 2
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«98.®. d$*2, VS, Gl8 o54060i*: . #*# I H#HP, dc#:

q.49*>4.3 #1 . d.22*%, <4cB, 22%*6*, 4cOARPHBR>8, $#4f57Z22/8<2. %
#6, M@ HA:, 25 4HBHd. 9?7, 6 #K7 26> 1B L4 1,2 P1x2* " 8 .$#,2607h5 >* 1: #.
@1, 0%W1.>2>4. F* %A4cH; 2, 98 %*h 9P @ #4 .. i099?289MR . ,*5. *
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