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CGF< 8B )454DB6E>4 < �?48<6BEFB>4 8B 89ESF< 8A9=, IBFS BEF4?PA4S F9DD<FBD<S BEF464?4EP 
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5B?99 86GI EGFB>, 89?4S CB CGF< 10 CDB@9:GFBKAOI CBE48B>. $94>F<6AO= C9D69A9J &G-104 

6 50-9 7B8O 89?4? G:9 FB?P>B FD< CDB@9:GFBKAO9 CBE48><, 4 6D9@S 6 CGF< EB>D4F<?BEP 8B 

19 K4EB6. !4>BA9J, 84?PA9@47<EFD4?PAO= FGD5B6<AFB6B= E4@B?ёF &G-114, 4 ;4F9@ < 
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K4EB6. �G?P@<A4J<9= QFB7B CDB7D9EE4 8B?:AO 5O?< EF4FP CB?ёFO E69DI;6G>B6B7B 

46<4?4=A9D4 &G-144� (E AB6O@<, 5B?99 Q>BAB@<KAO@< 86<74F9?S@<), EB69DL<6L97B E9D<R 

89@BAEFD4J<BAAOI CB?ёFB6 <;  BE>6O 6 )454DB6E> KGFP 5B?99 K9@ ;4 3 K4E4 (6ECB@A<@ 

;A4@9A<FO= F9;<E BEAB6BCB?B:A<>4 CD9EF<:AB7B :GDA4?4 <#DB7D9EE4 6 4QDB>BE@<K9E><I 

A4G>4I= – �<FD<I4 �RI9@4A4 B FB@, KFB 6D9@S CD<SFAB= CB9;8>< 8?S C4EE4:<D4 A9 8B?:AB 

CD96OL4FP 86GI K4EB6!), AB QFBF QC<K9E><= E4@B?ёF, >4> < 97B >BA>GD9AF Concorde, 

BC9D98<? E6B9 6D9@S < A9 5O? <AF97D<DB64A 6 @<DB6GR 46<4J<BAAGR C4EE4:<DE>GR 

FD4AECBDFAGR E<EF9@G. #BE?98A<= <; ?9F4RM<I &G–144 5O? GEF4AB6?9A 6 2019 7B8G A4 

C4@SFA<>9 CD< 6N9;89 6 7BDB8 �G>B6E><= (789 D4ECB?B:9AO *��� < ��� – >DGCA9=L<9 

DBEE<=E><9 46<4J<BAAO9 J9AFDO) ($<EGAB> 1). 
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$<EGAB> 1 – &G-144 A4 6N9;89 6 �G>B6E><= 

 

 47<EFD4?PA4S C4EE4:<DE>4S 46<4J<S A4K4?4 <AF9AE<6AB D4;6<64FPES 6 

CBE?96B9AAO= C9D<B8, >B784 CBS6<?<EP C9D6O9 E4@B?ёFO E FGD5BD94>F<6AO@< < 

FGD5B6<AFB6O@< 86<74F9?S@<. �4 CDBL98L<9 60 ?9F @B:AB 6O89?<FP CSFP CB>B?9A<= 

8B;6G>B6OI BF9K9EF69AAOI D94>F<6AOI 7D4:84AE><I E4@B?ёFB6 (D<EGAB> 2, [2]): 

1-B9 CB>B?9A<9: E4@B?ёF E B8AB>BAFGDAO@ FGD5BD94>F<6AO@ 86<74F9?9@ (&$�) 

&G-104 (@B8<H<>4J<S 6B9AAB7B E4@B?ёF4), >BFBDO= E 1958 7B84 C9D6O@ 6 @<D9 

<ECB?P;B646L<@ES A4 D97G?SDAOI C4EE4:<DE><I C9D96B;>4I; 

2-B9 CB>B?9A<9: C9D6O= 84?PA9@47<EFD4?PAO= E4@B?ёF �?-62/�?-62  < 

5?<:A9ED98A9@47<EFD4?PAO9 E4@B?ёFO &G-134 < &G-154 – E4@B?ёFO E FGD5BD94>F<6AO@ 

86GI>BAFGDAO@ 86<74F9?9@ (&$��) @4?B= EF9C9A< 86GI>BAFGDABEF<, AB D4;D45BF4AAO9 E 

E4@B7B A4K4?4, >4> C4EE4:<DE><9. "A<, CB EGF<, CD<69?< > @4EEB6B@G <ECB?P;B64A<R 

46<4J<< 8?S C9D96B;>< C4EE4:<DB6; 

3-9 CB>B?9A<9: &G-154 , �?-86, 3>-42 – E4@B?ёFO E >?4EE<K9E><@ >DO?B@ 

G@9D9AAB7B G8?<A9A<S (λ=7÷8) < &$�� G@9D9AAB= EF9C9A< 86GI>BAFGDABEF< (m=1.5÷2.5, G 

3>-42 86<74F9?P �-36 E m=5.5); 

4-B9 CB>B?9A<9: �A-124 (C9D6O= BF9K9EF69AAO= < B8<A <; C9D6OI >DGCAOI 

E4@B?ёFB6 6 @<D9, <@96L<I >DO?B, EBEFBSM99 <; G@9D9AAB E69DI>D<F<K9E><I CDBH<?9=), 

&G-204, �?-96, &G-334, �A-148, SSJ-100 – E4@B?ёFO E E69DI>D<F<K9E><@< >DO?PS@< 

G69?<K9AAB7B G8?<A9A<S (λ=9÷10) < 86<74F9?S@< 5B?PLB= EF9C9A< 86GI>BAFGDABEF< 

(m≈4.5), E A9;A4K<F9?PAO@ CD<@9A9A<9@ >B@CB;<FAOI @4F9D<4?B6 6B 6FBD<KAOI 

>BAEFDG>J<SI. #D<@9A9A<9 E69DI>D<F<K9E><I CDBH<?9= < CDB7D9EE 6 86<74F9?9EFDB9A<< 

CB;6B?<? ;4@9FAB G@9APL<FP LG@ A4 @9EFABEF< < CB6OE<FP FBC?<6AGR QHH9>F<6ABEFP. 
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� 2017 7B8G 6;?9F9? AB69=L<= DBEE<=E><= @47<EFD4?PAO= E4@B?ёF  %-21 5-7B 

CB>B?9A<S E L<DB><@ CD<@9A9A<9@ >B@CB;<FAOI @4F9D<4?B6 6 BEAB6AOI E<?B6OI 

>BAEFDG>J<SI >DO?4 < BC9D9A<S, D4;6<FO@ E69DI>D<F<K9E><@ >DO?B@ E69DI5B?PLB7B 

G8?<A9A<S (λ=11.5), < 86G@S BCJ<S@< FGD5B69AF<?SFBDAOI 86<74F9?9= (D98G>FBDAO@ 

4@9D<>4AE><@ PW-1400G m=12 < BF9K9EF69AAO@ #�-14 m=8.5). 

#BIB:<9 QF4CO CDBL?4 < ;4DG59:A4S C4EE4:<DE>4S 46<4J<S, A4<5B?99 EB6D9@9AAO9 

B5D4;JO >BFBDB= CD98EF46?9AO E4@B?ёF4@< E9@9=EF6 E175/190/195-E2, CS100/300, 

B737MAX, A320NEO, %-919, B787, �350. 

 
$<EGAB> 2 - CSFP CB>B?9A<= D94>F<6AOI C4EE4:<DE><I E4@B?ёFB6 

 

'69?<K9A<9 E>BDBEF< < 6OEBFO CB?ёF4 D9;>B G?GKL<?B >B@HBDF 8?S C4EE4:<DB6 < 

EA<;<?B 6D9@S 6 CGF<, 4 6B;@B:ABEFP BEGM9EF6?SFP @9:>BAF<A9AF4?PAO9 C9D9?ёFO 

CB?ABEFPR <;@9A<?4 E4@ I4D4>F9D 84?PA<I CGF9L9EF6<=, B59EC9K<6 A48ё:AO= < 

ED46A<F9?PAB 89Lё6O= ECBEB5 C9D986<:9A<S CB 6E9@G @<DG. �E9 QFB 5B?99 K9@ 

>B@C9AE<DB64?B C9D6BA4K4?PAB9 86GI- FDёI>D4FAB9 G69?<K9A<9 D4EIB8B6 FBC?<64 CB 

ED46A9A<R E CD98L9EF69AA<>4@< - E4@B?ёF4@< E CBDLA96O@< 86<74F9?S@<, 68B546B> J9A4 

>9DBE<A4 5O?4 ;A4K<F9?PAB A<:9, K9@ 46<4J<BAAB7B 59A;<A4. � 1975 7B8G CB 6E9@G @<DG 

5O?B 6OCB?A9AB 432 @<??<BA4 CB?ёFB6 @47<EFD4?PAOI ?4=A9DB6 (FD9FP 6E9I CB?ёFB6 

CD<IB8<?BEP A4 %%%$), 4 6 2018 7 – G:9 4.2 @<??<4D84, 6 2050 7 B:<849FES E6OL9 10 

@<??<4D8B6 CB?ёFB6. !9E@BFDS A4 D4;?<KAB7B DB84 KD9;6OK4=AO9 EB5OF<S, B>4;O64RM<9 

A974F<6AB9 6?<SA<9 A4 C9D96B;><, ;4 CBE?98A<9 8648J4FP ?9F @<DB6B= FD9A8 DBEF4 

C4EE4:<DBC9D96B;B> EBEF46<? B>B?B 5% 9:97B8AB [3]. 

� A4EFBSM9@G 6D9@9A< Q6B?RJ<BAAO@ CGFё@ E?B:<?ES B5?<> F.A. <>?4EE<K9E>B== 

EI9@O @47<EFD4?PAB7B E4@B?ёF4 E J<?<A8D<K9E><@ HR;9?S:9@, EFD9?B6<8AO@ >DO?B@, 

I6BEFB6O@ BC9D9A<9@ < 86<74F9?S@< ?<5B CB8 >DO?B@, ?<5B A4 I6BEFB6B= K4EF< HR;9?S:4. 

!9E@BFDS A4 FB, KFB 6A9LA<= B5?<> E4@B?ёFB6 @4?B <;@9A<?ES ;4 CBE?98A<9 50 ?9F, CB 

FBC?<6AB= QHH9>F<6ABEF< EB6D9@9AAO9 E4@B?ёFO CD96BEIB8SF C9D69AJ96 D94>F<6AB= 

7D4:84AE>B= 46<4J<< 6 K9FOD9 < 5B?99 D4; (D<EGAB> 3), EB>D4F<?ES 6O5DBE %"2 A4 ~70%, 4 

LG@ 6 B>D9EFABEF< 4QDBCBDFB6 EA<;<?ES A4 ~75% (20 8�) (D<EGAB> 4). +<E?B 

46<4CDB<EL9EF6<= G84?BEP EB>D4F<FP CD<@9DAB 6 FD< D4;4. 
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$<EGAB> 3 – �;@9A9A<9 FBC?<6AB= QHH9>F<6ABEF< @47<EFD4?PAOI E4@B?ёFB6 CB 7B84@ [4] 

 
$<EGAB> 4 – %A<:9A<9 LG@4 A4 @9EFABEF< CB 7B84@ [5] 

 

�E9 QF< 7B8O CDB7D9EE 6 46<4J<< 5O? B5GE?B6?9A <ECB?P;B64A<9@ BC9D9:4RM97B 

A4GKAB-F9IA<K9E>B7B ;489?4, CB?GK9AAB7B 6 CDBH<?PAOI <AEF<FGF4I BFD4E?< A4 54;9 

L<DB><I HGA84@9AF4?PAOI < CD<>?48AOI <EE?98B64A<= 6 B5?4EF< 4QDB7<8DB8<A4@<><, 

8<A4@<>< CB?ёF4, CDBKABEF<, 74;B8<A4@<>< E<?B6OI GEF4AB6B>, EB;84A<S AB6OI 

@4F9D<4?B6 < 8D. [2]. 

� >?4EE<K9E>B= EI9@9 E4@B?ёF4 CD<6O>?< C4EE4:<DO < C<?BFO, 6OD45BF4AO 

@9FB8<>< 9ё CDB9>F<DB64A<S < CDB<;6B8EF64, CB8B7A4A4 ?B7<EF<>4 C9D96B;B> < 

<AHD4EFDG>FGD4 4QDBCBDFB6. � FB@G :9 G >?4EE<K9E>B= EI9@O CDB8B?:4RF BEF464FPES 

;A4K<F9?PAO9 D9;9D6O. #DB7D9EE CDB8B?:49FES, <, A4CD<@9D, AB69=L<= DBEE<=E><= ?4=A9D 

 %-21-300 CB D4EIB8G FBC?<64 CD<@9DAB 686B9 Q>BAB@<KA99 E6B97B CD98L9EF69AA<>4 – 
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E4@B?ёF4 &G-154  (D<EGAB> 3). �E9 QFB EGM9EF69AAB ;4FDG8AS9F 6A98D9A<9 >4><I-?<5B 

>4D8<A4?PAOI AB6L9EF6 < CD<AJ<C<4?PAB BF?<K4RM<IES >B@CBAB6B>, >BFBDO9 CBFD95GRF 

7<74AFE><I D4EIB8B6, A9CBE<?PAOI 84:9 8?S F4><I 7D4A8B6, >4> Boeing < Airbus. &9@ A9 

@9A99, >DGCA9=L<9 H<D@O < 698GM<9 46<4J<BAAO9 J9AFDO %,�, �6DBCO, $BEE<<, 

;4K4EFGR CD< CDS@B= CB889D:>9 7BEG84DEF64, CDB6B8SF A9CD9DO6AO= @BA<FBD<A7 AB6OI 

F9IAB?B7<=, >BFBDO9 @B:AB CD<@9A<FP 6 46<4EFDB9A<<, < BEGM9EF6?SRF A4GKAO= CB<E> 

C9DEC9>F<6AOI >B@CBAB6B>, 6 A4<5B?99 CB?AB= @9D9 D94?<;GRM<I <I CD9<@GM9EF64. � 

QFB@G CB8F4?><649F A9 FB?P>B Q>BAB@<K9E>4S >BA>GD9AJ<S, AB < 6Eё 5B?99 G:9EFBK4RM<9ES 

FD95B64A<S CB Q>B?B7<< (6O5DBEO %"2 < 8DG7<I C4DA<>B6OI 74;B6 6 4F@BEH9DG, Q@<EE<S 

6D98AOI 69M9EF6 < LG@ 6 D4=BA9 4QDBCBDFB6), ;4K4EFGR 66B8<@O9 ;4>BAB84F9?PAO@ CGF9@. 

!B6O@ H4>FBDB@, 6?<SRM<@ A4 CDBJ9EE CDB9>F<DB64A<S EB6D9@9AAOI 

@47<EFD4?PAOI E4@B?ёFB6, S6?S9FES 7?B54?PAB9 CBF9C?9A<9. !9E@BFDS A4 FB, KFB 46<4J<S 

CBFD95?S9F ?<LP B>B?B 2% @<DB6B7B 7BDRK97B, 6 A4EFBSM99 6D9@S EK<F49FES, KFB 6O5DBEO 

C4DA<>B6OI 74;B6 A4 5B?PLB= 6OEBF9, 4 F4>:9 B5D4;B64A<9 <A69DE<BAAOI E?98B6 E4@B?ёFB6 

5B?99 BC4EAO, K9@ A4;9@AO9 6O5DBEO, CBQFB@G A4 46<4J<R 6B;?474RF CD<@9DAB 3.5% 

BF69FEF69AABEF< ;4 <;@9A9A<9 >?<@4F4. �@9S 6 6<8G, KFB G69?<K9A<9 @<DB6B7B 

C4EE4:<DBCBFB>4 CDB<EIB8<F 6 A4EFBSM99 6D9@S EB ED98A<@ F9@CB@ ~4-5% 6 7B8 <?< 

G864<649FES >4:8O9 15 ?9F, BFABE<F9?PAO= 6>?48 46<4J<< 5G89F FB?P>B G69?<K<64FPES 6 

5G8GM9@ CD< AOA9LA<I G@9D9AAOI ED98A97B8B6OI F9@C4I EA<:9A<S BFABE<F9?PAB7B 

CBFD95?9A<S FBC?<64 6 1-1.5% (D<EGAB> 5 [2]). 

 
$<EGAB> 5 – &9@CO EA<:9A<S BFABE<F9?PAB7B CBFD95?9A<S FBC?<64 >B@@9DK9E>B= 

46<4J<9= [2] 
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%GM9EF6G9F BC4EABEFP 66989A<S 48@<A<EFD4F<6AOI ;4CD9FB6, @B7GM<I CD<69EF< > 

EF47A4J<< EH9DO 7D4:84AE><I 46<4J<BAAOI C9D96B;B> <, EBBF69FEF69AAB, 

46<4CDB@OL?9AABEF<. "EB;A4A<9 84AAB= F9A89AJ<< CD<69?B > HBD@G?<DB64A<R 6 %,�, 

�6DBC9 < $BEE<< 4@5<J<B;AOI ;484K C9D98 46<4J<BAAB= CDB@OL?9AABEFPR CB D9;>B@G 

G?GKL9A<R Q>B?B7<K9E><I CB>4;4F9?9= @47<EFD4?PAOI E4@B?ёFB6 6 5?<:4=L<9 

89ESF<?9F<S (D<EGAB> 6). 

 
$<EGAB> 6 – �6DBC9=E><9 < 4@9D<>4AE><9 J9?< CB EA<:9A<R 6B;89=EF6<S 46<4J<< A4 

Q>B?B7<R [6-8] 

 

$4A99 A4<5B?PL<= 6>?48 6 CB6OL9A<9 6 FBC?<6AB= QHH9>F<6ABEF< @47<EFD4?PAOI 

C4EE4:<DE><I E4@B?ёFB6 B59EC9K<?< 8BEF<:9A<S 6 B5?4EF< D94>F<6AOI 86<74F9?9=, 

6O;64AAO9 G?GKL9A<9@ >4> C4D4@9FDB6 F9D@B8<A4@<K9E>B7B J<>?4 (CB6OL9A<9 EF9C9A< 

E:4F<S < F9@C9D4FGDO 74;4 C9D98 FGD5<AB=), F4> < CDBCG?PE<6AB7B �#� ;4 EKёF CB6OL9A<S 

EF9C9A< 86GI>BAFGDABEF<. �FBDB9 A4CD46?9A<9 B8AB6D9@9AAB EO7D4?B 64:A9=LGR DB?P 6 

G@9APL9A<< LG@4 D94>F<6AB= EFDG< (D<EGAB> 4). �QDB8<A4@<>4 < >BAEFDG>J<S 

@47<EFD4?PAOI E4@B?ёFB6 – >4> 5B?99 ;D9?O9 F9IAB?B7<< – B59EC9K<?< BFABE<F9?PAB 

@9APL<= CD<DBEF ;4 FBF :9 C9D<B8, AB F4>:9 A9CD9DO6AB EB69DL9AEF6B64?<EP.  

� 50-60-9 7B8O 4QDB8<A4@<K9E><9 >B@CBAB6>< EB69FE><I E>BDBEFAOI E4@B?ёFB6, >4> 

7D4:84AE><I, F4> < 6B9AAOI (A9 E9>D9F, KFB C4EE4:<DE><9 E4@B?ёFO C9D6B7B CB>B?9A<S 

&G-104 < &G-114 D4;D454FO64?<EP A4 BEAB69 6B9AAOI CDBFBF<CB6 5B@54D8<DB6M<>B6 &G-16 

< &G-95) 54;<DB64?<EP A4 F4> A4;O649@OI <E>BDBEFAOI= 4QDB8<A4@<K9E><I CDBH<?SI, 

<@9RM<I CB?BKAB9 D4ECD989?9A<9 846?9A<S 6 >D9=E9DE>B@ D9:<@9 E @4?B= <?< 6BB5M9 59; 

;48A9= A47DG;><. �CBE?98EF6<< <I EF4?< A4;O64FP <>?4EE<K9E><@< E>BDBEFAO@<= 

4QDB8<A4@<K9E><@< CDBH<?S@<, IBFS 8B QFB7B >?4EE<K9E><@< A4;O64?<EP CDBH<?< F<C4 

CLARK-Y, CD<@9AS6L<9ES 6 30-40-9 7B8O [9-10]. �BEF4FBKAB CB?AB9 BC<E4A<9 Q6B?RJ<< 

4QDB8<A4@<K9E><I CDBH<?9= BF >?4EE<K9E><I 8B EB6D9@9AAOI E69DI>D<F<K9E><I 84AB 
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$.�. �B>B@ 6 [11]. &<C<KAO= CD98EF46<F9?P "E>BDBEFAOI" 4QDB8<A4@<K9E><I CDBH<?9= -

12%-O= CDBH<?P %D-11-12 CD98EF46?9A A4 ?B7BF<C9 *��� (D<EGAB> 7). 

 
$<EGAB> 7 – "H<J<4?PAO= ?B7BF<C *��� 

 

&4><9 CDBH<?< CD< E6B5B8AB@ C9D9IB89 CB7D4A<KAB7B E?BS A4 >DO?PSI 

4QDB8<A4@<K9E><I @B89?9= 74D4AF<DB64?< 6OEB>B9 4QDB8<A4@<K9E>B9 >4K9EF6B, F4> >4> 

C9D9IB8 @B:9F ;4FS7<64FPES 6C?BFP 8B 40-50% IBD8O. �@9AAB CBQFB@G EB69FE><9 

4QDB8<A4@<>< <;A4K4?PAB A9 CD<AS?< >BAJ9CJ<R <C<>B6OI= 4QDB8<A4@<K9E><I CDBH<?9= 

#<DE< [12], D94?<;B64AAGR FB784 A4 @AB7<I ;4C48AOI ?4=A9D4I, 6 FB@ K<E?9 �707, �747 < 

8D., <@96L<I 5B?99 C9D98A99 CB?B:9A<9 FBK>< C9D9IB84 < IG8L99 FDG5AB9 >4K9EF6B. &B?P>B 

CBE?9 6A98D9A<S ��-F9D@B7D4H<< 6 DGF<AAGR CD4>F<>G FDG5AB7B Q>EC9D<@9AF4 EF4?B 

6B;@B:AO@ E 74D4AF<9= BCD989?<FP 8?<AG CDBFS:9AABEF< ?4@<A4DAB7B GK4EF>4 < CBE?9 

Q>EFD4CB?SJ<< A4 A4FGDAO9 GE?B6<S CB?ёF4 >BDD9>FAB BJ9A<FP CD9<@GM9EF64 C<>B6OI 

CDBH<?9=, >4> FB: G69?<K9AAB9 ;A4K9A<9  >D*, 5B?99 CB?B:<F9?PAO= >45D<DGRM<= 

@B@9AF, G69?<K9AAO9 D48<GEO C9D98A9= >DB@><, ECBEB5EF6GRM<9 G69?<K9A<R 

@4>E<@4?PAB= CB8Nё@AB= E<?O CD< 6;?ёF9 < CBE48>9 < B59EC9K<64RM<9 8BEF4FBKAB9 

CDBEFD4AEF6B 8?S Q?9@9AFB6 @9I4A<;4J<< C9D98A9= >DB@><. 

�?S B59EC9K9A<S 8BEF<:9A<S ;484AAB7B K<E?4  4I4 B5OKAB 6O5<D4?4EP 8BEF4FBKAB 

5B?PL4S EFD9?B6<8ABEFP - F<CB6B9 ;A4K9A<9 χ1/4=35° (&G-134, &G-154, �?-86), 4 GIG8L9A<9 

A9EGM<I I4D4>F9D<EF<> >B@C9AE<DB64?BEP EA<:9A<9@ A47DG;>< A4 >DO?B. "F@9F<@ 

F<C<KAGR 8?S FB7B 6D9@9A< (< CDB8B?:4RMGRES 8B E<I CBD) @<DB6GR CD4>F<>G, >B784 

C9D6BA4K4?PAO9 64D<4AFO E4@B?ёFB6 EB;84RFES E B8A<@ 64D<4AFB@ 86<74F9?S, 4 ;4F9@ K9D9; 

A9E>B?P>B ?9F CDB6B8<FES @B8<H<>4J<S, 6>?RK4RM4S ;4@9AG E<?B6B= GEF4AB6>< A4 5B?99 

@BMAGR < Q>BAB@<KAGR. %BBF69FEF69AAB G69?<K<64RFES 84?PABEFP CB?ёF4 < CB?9;A4S 

A47DG;>4, 4 F4>:9 6;?ёFA4S @4EE4. #9D6BA4K4?PAB 6O5D4AAB9 >DO?B 5B?PLB= C?BM48< 

CB;6B?S?B BEGM9EF6<FP QFG @B8<H<>4J<R 59; E9DP9;AOI <;@9A9A<= 6 C?4A9D9. �DB@9 FB7B, 

6O5BD 5B?PL9= C?BM48< >DO?4 5O? B5GE?B6?9A 5B?99 :9EF><@< GE?B6<S@< Q>EC?G4F4J<< 

EB69FE><I E4@B?ёFB6 A4 4QDB8DB@4I E A9 BK9AP IBDBL<@ >4K9EF6B@ < @9APL9= 8?<AB= �##, 

4 F4>:9 5B?99 :ёEF><@< A4J<BA4?PAO@< B7D4A<K9A<S@< A4 ;4C4E CB E>BDBEF< E64?<64A<S 

CB ED46A9A<R E ;4C48AO@< 4A4?B74@<. 

� FB :9 6D9@S >BAJ9CJ<S ;48A97B A47DG:9A<S '<F>B@54 [13] ;4 EKёF CB8D9;>< 

A<:A9= CB69DIABEF< 5O?4 CB?B:<F9?PAB 6BECD<ASF4 EB69FE><@< 4QDB8<A4@<>4@< 6 A4K4?9 
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70-I 7B8B6 < CB869D7?4EP <AF9AE<6AB@G <;GK9A<R. "C4E9A<S 6O;O64?B GFBA9A<9 I6BEFB6B= 

K4EF< CDBH<?S E BFD<J4F9?PAO@ 6?<SA<9@ A4 CDBKABEFP < GE?B6<S D4;@9M9A<S M9?96OI 

;4>DO?>B6 (A4CB@A<@, KFB F<C<KA4S @9I4A<;4J<S ;48A9= >DB@>< F9I ?9F 6>?RK4?4 

FDёIM9?96O9 ;4>DO?><), 4 F4>:9 G69?<K9A<9 EBCDBF<6?9A<S 54?4AE<DB6><. "8A4>B 6E>BD9 

5?47B84DS GE<?<S@ CDBH9EEBD4 2. . %9D95D<=E>B7B < 97B >B??97 [14] A4K4?BEP BEFBDB:AB9 

6A98D9A<9 G@9D9AAOI E69DI>D<F<K9E><I CDBH<?9= (<I 9M9 A4;O64?< E69DI>D<F<K9E><@< 

CDBH<?S@< C9D6B7B CB>B?9A<S) 6 D94?PAO9 CDB9>FO. �A-124 «$GE?4A» (1982) 5O? B8A<@ <; 

C9D6OI >DGCAOI E4@B?ёFB6 6 @<D9, <@96L<I >DO?B, EBEFBSM99 <; G@9D9AAB 

E69DI>D<F<K9E><I CDBH<?9= («CB?BKAOI ;6G>B6OI» EB7?4EAB >?4EE<H<>4J<< [15]). 

$4;D45BF>4 69?4EP 6 BEAB6AB@ CGFё@ Q>EC9D<@9AF4?PAOI <EE?98B64A<= – 5B?99 86GI 

89ESF>B6 64D<4AFB6 >DO?4 5O?< <ECOF4AO 6 5B?PLB= B>B?B;6G>B6B= 4QDB8<A4@<K9E>B= 

FDG59 *��� &-106  E C9DHBD<DB64AAO@< EF9A>4@<. �A98D9A<9 F.A. E69DI>D<F<K9E><I 

CDBH<?9= < >DO?P96 CB;6B?<?B BFB86<AGFP A4EFGC?9A<9 6B?AB6B7B >D<;<E4 A4 5B?PL<9 

K<E?4  4I4 CD< A9<;@9AAB= EFD9?B6<8ABEF< < BFABE<F9?PAB= FB?M<A9 >DO?4. !4 CD4>F<>9 

6B;B5?484?B >BE69AAB9 CD<@9A9A<9 QHH9>F4 <E69DI>D<F<><=: G69?<K9A<9 BFABE<F9?PAB= 

FB?M<AO >DO?4 </<?< EA<:9A<9 EFD9?B6<8ABEF< CD< A9<;@9AAB@ <?< 84:9 E?97>4 

G@9APL9AAB@ >D9=E9DE>B@ K<E?9  . #B?GK4RM<=ES CD< QFB@ 6O<7DOL 6 69E9 >DO?4 

D4J<BA4?PAB «D4;@9ASFP» A4 G69?<K9A<9 G8?<A9A<S < EG@@4DAB7B 4QDB8<A4@<K9E>B7B 

>4K9EF64 ;4 EKёF EA<:9A<S <A8G>F<6AB7B EBCDBF<6?9A<S. %CDB9>F<DB64AAO9 CB F4>B@G 

CD<AJ<CG E4@B?ёFO K9F69DFB7B CB>B?9A<S (�?-96, &G-204, λ=9.2-10) ;4@9FAB CD96BEIB8SF 

E6B<I CD98L9EF69AA<>B6 (�?-86, &G-154, λ=7.2-8) CB � �) (D<EGAB> 8). 

 
$<EGAB> 8 - %D46A9A<9 4QDB8<A4@<K9E>B7B >4K9EF64 BF9K9EF69AAOI E4@B?ёFB6 3-7B < 

4-7B CB>B?9A<= [14] 
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"8A<@ <; 7?46AOI A98BEF4F>B6 E69DI>D<F<K9E><I >DO?P96 S6?S9FES CB6OL9AAO= 

@B@9AF A4 C<><DB64A<9, >BFBDO= G69?<K<649F F.A. CBF9D< A4 54?4AE<DB6>G. %A<:9A<R QF<I 

CBF9DP ECBEB5EF6B64? C9D9IB8 A4 G@9APL9AAO9 ;4C4EO CDB8B?PAB= GEFB=K<6BEF< CD< 

<ECB?P;B64A<< EB6D9@9AAOI �%'. 

�CBH9B;B@ EB69FE><I GE<?<= CB EB;84A<R Q>BAB@<KAOI >B@@9DK9E><I E4@B?ёFB6 

EF4?< CDB9>FO 4-I 86<74F9?PAB7B 84?PA9@47<EFD4?PAB7B �?-96 < 2-I 86<74F9?PAB7B 

ED98A9@47<EFD4?PAB7B &G-204 ($<EGAB> 9).  

 
$<EGAB> 9 – 1/3 @4ELF45A4S @B89?P E4@B?ёF4 TG-204 6 5B?PLB= 8B;6G>B6B= ��& T-101 

 

�?S G69?<K9A<S E9D<=AB7B CDB<;6B8EF64 A4 QF<I E4@B?ёF4I D9L<?< <ECB?P;B64FP 

B8<A4>B6O= 86<74F9?P %B?B6P964 #%-90 E FS7B= A4 6;?ёF9 16 F < 8BEF4FBKAB 5B?PLB= 

EF9C9APR 86GI>BAFGDABEF< m=4.5. #B;:9 5O?< D4;D45BF4AO 5B?99 @BMAO9 @B8<H<>4J<< 

86<74F9?S E FS7B= 8B 17.4 F. 1F< E4@B?ёFO BEA4M4?<EP 5B?99 "E69DI>D<F<K9E><@<" 

>DO?PS@< < <ECB?P;B64?ES <;69EFAO= CD<ё@: CBF9AJ<4? E69DI>D<F<K9E><I CDBH<?9= 8?S 

G69?<K9A<S E>BDBEF< D4;@9A<64?ES A4 G@9APL9A<9 EFD9?B6<8ABEF< < G69?<K9A<9 FB?M<AO 

>DO?4 E J9?PR G69?<K9A<S D4;@4I4 < 6O<7DOL4 6 <A8G>F<6AB@ < B5M9@ EBCDBF<6?9A<<. 

%>BDBEFP CD< QFB@ EBID4AS?4EP <?< 84:9 A9E>B?P>B G@9APL4?4EP ($<EGAB> 10). 
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$<EGAB> 10 – �?-86 ( =0.82) < �?-96-300 (M=0.8) 

 

#9D6O9 CB?ёFO QF<I E4@B?ёFB6 EBEFBS?<EP 6 E4@B@ >BAJ9 80-I 7B8B6, CDBJ9EE ?ёFAOI 

<ECOF4A<= EB6C4? E D4EC48B@ %%%$ < B8AB6D9@9AAO@ D9;><@ C489A<9@ J9A A4 A9HFP 

(6B;@B:AB, QFB < EF4?B B8AB= <; CD<K<A >D4I4). � QF<I GE?B6<SI AB6O9 E4@B?ёFO EF4?< 

CDB<7DO64FP EF4DO@, 5B?99 FBC?<6B;4FD4FAO@, AB ;A4K<F9?PAB 5B?99 89L96O@ 4A4?B74@, < 

<I A9 G84?BEP 6B6D9@S 8B69EF< 8B G@4, GK<FO64S >B 6E9@G CDBK9@G A9A489:ABEFP 9Mё 

<EODB7B= 86<74F9?S #%-90. #BCOF>< EB;84A<S 64D<4AFB6 E ;4C48AO@< 86<74F9?S@< 

(Rolls-Royce RB211-535�4 8?S &G-204 < PW2337 8?S �?-96  ($<EGAB> 11)) F4>:9 A9 

G69AK4?<EP GEC9IB@. #B;:9, 5B?99 15 ?9F, AB6O9 E4@B?ёFO 6 $BEE<< A9 EB;8464?<EP. 

�AF9D9EAB BF@9F<FP, KFB 6 QCBIG 90-I 7B8B6 – A<;><I J9A A4 A9HFP - A<>4><I >DGCAOI AB6OI 

E4@B?ёFB6 A9 D4;D454FO64?BEP < 6 8DG7<I EFD4A4I, CDB<;6B8<F9?< EF4D4?<EP EA<;<FP 

E959EFB<@BEFP CDB<;6B8EF64 E4@B?ёFB6 < A9 BEB59AAB CD9?PM4?<EP FBC?<6AB= 

QHH9>F<6ABEFPR. 

 
$<EGAB> 11 – %4@B?ёF �?-96M (1993) E 86<74F9?S@< PW-2337 
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�?46AO@ 8BEF<:9A<9@ 6 B5?4EF< >BAEFDG>J<< ?9F4F9?PAOI 4CC4D4FB6 EF4? C9D9IB8 

BF @9F4??<K9E><I > >B@CB;<J<BAAO@ @4F9D<4?4@. 1>EC9DFAO9 BJ9A>< E6B8SFES > 

6B;@B:AB= Q>BAB@<< 69E4 >BAEFDG>J<< B>B?B 20%, IBFS A98BEF4FB> CD4>F<K9E>B= 

Q>EC?G4F4J<< F4><I >BAEFDG>J<= < A9>BFBDO9 8DG7<9 CDB5?9@O (6?47BEFB=>BEFP, 

G84DBEFB=>BEFP, @B?A<9EFB=E>BEFP, 89H9>FBE>BC<S < CD.) ;4EF46?SRF >BAEFDG>FBDB6 CB>4 

KFB 6ABE<FP 8BCB?A<F9?PAO9 ;4C4EO CB CDBKABEF<. &9@ A9 @9A99, >4K9EF69AAO= C9D9IB8 

G:9 CDB<;BL9? (�787, �350,  %-21, �-220), F4> KFB 6 84?PA9=L9@ CD<@9A9A<9 

>B@CB;<FAOI >BAEFDG>J<= 5G89F FB?P>B D4EL<DSFPES. �4:AO= D9;9D6 ;4>?RK49FES < 6 

BCF<@<;4J<< E4@<I >BAEFDG>J<= < <I FBCB?B7<=, CB;6B?SRM9= CB @4>E<@G@G 

<ECB?P;B64FP 6E9 C?REO AB6OI @4F9D<4?B6. 

&BKAB F4> :9 B>4;4?BEP, KFB >B@CB;<J<BAAO9 @4F9D<4?O 6 E<?B6B= >BAEFDG>J<< 

>DO?4 E4@B?ёFB6 6O7B8AB CD<@9ASFP A9 8?S EA<:9A<S 69E4, 4 8?S 84?PA9=L97B G69?<K9A<S 

G8?<A9A<S. &4><@ B5D4;B@, 7?46AO@ FD9A8B@ 4QDB8<A4@<>< @47<EFD4?PAOI E4@B?ёFB6 

CBE?98A<I ?9F S6?S9FES G69?<K9A<9 G8?<A9A<S >DO?4 (D<EGAB> 12). �4@9F<@, KFB CD< 

CDBK<I D46AOI GE?B6<SI @4>E<@4?PAB9 4QDB8<A4@<K9E>B9 >4K9EF6B E4@B?ёF4 D4EFёF 

CD<@9DAB CDBCBDJ<BA4?PAB √λ. �DO?B E4@B?ёF4  %-21 <@99F D9>BD8AB9 G8?<A9A<9 

(λ=11.45) ED98< 6E9I BF9K9EF69AAOI @47<EFD4?PAOI E4@B?ёFB6. 

 
$<EGAB> 12 – %D46A9A<9 E4@B?ёFB6 D4;?<KAOI CB>B?9A<= 

 

%D98< C9DEC9>F<6AOI 46<4J<BAAOI F9IAB?B7<= 6FBDB= K9F69DF< XXI 69>4 A4<5B?99 

B5EG:849@O@<, < 6 FB :9 6D9@S A4<5B?99 D<E>B6O@<, S6?SRFES ?4@<A4D<;4J<S B5F9>4A<S, 

>DO?PS E69DI5B?PLB7B G8?<A9A<S E CB8>BEB@ (D<EGAB> 13), 6<AFB69AF<?SFBDAO9 86<74F9?< 

(<openrotor=), 86<74F9?< E ;47?4FO64A<9@ CB7D4A<KAB7B E?BS E HR;9?S:4 <?< >DO?4, 4 F4>:9 

A9FD48<J<BAAO9 >B@CBAB6>< ��. 



16 
 

 
$<EGAB> 13 –  B89?P �% % �B<A74 E CB8>BEB@ 6 4QDB8<A4@<K9E>B= FDG59 

 

�4K9EF69AAB9 <;@9A9A<9 B5?<>4 E4@B?ёFB6 @B:9F CDB<;B=F< CD< C9D9IB89 A4 

59;G7?9DB8AB9 6B8BDB8AB9 FBC?<6B (D<EGAB> 14), 4 F4>:9 CD< L<DB>B@ 6A98D9A<< 

Q?9>FD<K9E><I </<?< 7<5D<8AOI E<?B6OI GEF4AB6B> (D<EGA>< 15, 16). 

 
$<EGAB> 14 – �BAJ9CFO AirbusE <ECB?P;B64A<9@ :<8>B7B 6B8BDB84 
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$<EGAB> 15 – �BAJ9CF NASA 6B;8GLAB7B EG8A4 F<C4 �� E 7<5D<8AB= E<?B6B= 

GEF4AB6>B=  

 

 
$<EGAB> 16 – �BAJ9CF Airbus 6B;8GLAB7B EG8A4 E 7<5D<8AB= E<?B6B= GEF4AB6>B=  

 

!4 D<EGA>9 17 84AO Q>EC9DFAO9 @<A<@4>EAO9 BJ9A>< CBF9AJ<4?4 A9>BFBDOI <; 

C9DEC9>F<6AOI F9IAB?B7<= [15]. 'CBD 6 96DBC9=E><I CDB7D4@@4I 89?49FES A4 

59;G7?9DB8AGR 46<4J<R, 4 F4>:9 A4 59;BFIB8AO9 F9IAB?B7<< 6 F9K9A<9 6E97B :<;A9AAB7B 

J<>?4 <;89?<=. �B?PLB9 6A<@4A<9 G89?S9FES >B@HBDFG C4EE4:<DB6 A4 5BDFG. �6<4J<BAAO= 

FD4AECBDF D4EE@4FD<649FES >4> EBEF46A4S K4EFP 6E9= FD4AECBDFAB= J9CBK><, 

@<A<@<;<DGRM9= 6D9@S CD95O64A<S 6 CGF< BF 869D< 8B 869D<. 
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$<EGAB> 17 – 1>EC9DFA4S BJ9A>4 CBF9AJ<4?4 A9>BFBDOI C9DEC9>F<6AOI F9IAB?B7<= [15] 

 

$BEE<S, 6 E<?G G;BEF< EB5EF69AAB7B DOA>4 < @4?B= 8B?< 6OCGE>49@OI 7D4:84AE><I 

E4@B?ёFB6 6 @<D9 6DS8 ?< 5G89F ;4>BAB84F9?9@ @B8 CB 6A98D9A<R AB69=L<I F9IAB?B7<=. � 

FB :9 6D9@S, 8?S D4;D45BFK<>B6 BF9K9EF69AAB= 46<4J<BAAB= F9IA<>< A9B5IB8<@O 

A489:AO9 BD<9AF<DO < >B?<K9EF69AAO9 BJ9A>< F9IA<K9E>B7B GDB6AS EB69DL9AEF64 

D4;D45BFB> @<DB6OI ?<89DB6 < >BA>GD9AFB6 A4 5?<:4=LGR < ED98A9EDBKAGR C9DEC9>F<6G, 

F4> >4> CD< ;A4K<F9?PAB@ BFEF464A<< BF A97B DBEE<=E><9 46<4>B@C4A<< 5G8GF 6OAG:89AO 

CD<B5D9F4FP ;4DG59:AGR F9IA<>G 6 B5IB8 EGM9EF6GRM<I E4A>J<=. 

�484K4 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S S6?S9FES B8AB= <; 64:A9=L<I 8?S 

@47<EFD4?PAOI C4EE4:<DE><I 8B;6G>B6OI E4@B?ёFB6, F4> >4> 4QDB8<A4@<K9E><9 

I4D4>F9D<EF<>< BCD989?SRF A9 FB?P>B C<?BF4:AO9 E6B=EF64 < 59;BC4EABEFP CB?ёF4, AB < 6B 

@AB7B@ 97B Q>BAB@<K9E>GR QHH9>F<6ABEFP. &D48<J<BAAB 4QDB8<A4@<K9E>B9 

CDB9>F<DB64A<9 BEGM9EF6?S?BEP A4 BEAB69 8?<F9?PAOI < 8BDB7BEFBSM<I 

Q>EC9D<@9AF4?PAOI <EE?98B64A<= 6 4QDB8<A4@<K9E><I FDG54I, CD<Kё@ D4A99 A45?R84?ES 

Q>ECBA9AJ<4?PAO= DBEF FDG5BK4EB6 (D<EGAB> 18).  
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$<EGAB> 18 - �<A4@<>4 G69?<K9A<S B5Nё@4 <ECOF4A<= 6 4QDB8<A4@<K9E><I FDG54I CD< 

D4;D45BF>9 E4@B?ёFB6 

 

�GDAB9 D4;6<F<9 6OK<E?<F9?PAB= 4QDB8<A4@<>< (CFD) < DBEF CDB<;6B8<F9?PABEF< 

EB6D9@9AAOI 1�  CD<69?< > 6B;A<>AB69A<R AB6B7B 4?PF9DA4F<6AB7B A4CD46?9A<S - 

K<E?9AAB7B 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S, CD< >BFBDB@ 79B@9FD<S ?9F4F9?PAB7B 

4CC4D4F4 (��) BFD454FO649FES CD< CB@BM< @9FB8B6 6OK<E?<F9?PAB= 4QDB8<A4@<>< (��), 4 

A4 8B?R FDG5AB7B Q>EC9D<@9AF4 BF6B8<FES CDB69D>4 B>BAK4F9?PAB7B 64D<4AF4, 4 F4>:9 

EBEF46?9A<9 54A>4 84AAOI 4QDB8<A4@<K9E><I I4D4>F9D<EF<> A4 >D<F<K9E><I D9:<@4I. 

"EAB6O64SEP A4 ;A4K<F9?PAOI 8BEF<:9A<SI 6OK<E?<F9?PAB= F9IA<>< < K<E?9AAOI 

@9FB8B6, 6OK<E?<F9?PA4S 4QDB8<A4@<>4 CDBL?4 8B?7<= CGFP BF C9D6OI CBCOFB> D4EKёF4 

A96S;>B7B B5F9>4A<S F9? CDBEF9=L<I HBD@ 8B 4A4?<;4 J9?BEFAB7B ?9F4F9?PAB7B 4CC4D4F4 6 

>D9=E9DE>B= <?< 84:9 6 6;?ёFAB-CBE48BKAB= >BAH<7GD4J<< 6 6S;>B@ E:<@49@B@ CBFB>9. 

�E97B ;4 30-40 ?9F CFD EF4?4 @BMAB= F9IAB?B7<9= C9D6B7B GDB6AS < FD9FP<@ <7DB>B@, 

A4DS8G E FDG5AO@< < ?9FAO@< <ECOF4A<S@<, 6 CDBJ9EE9 4QDB8<A4@<K9E>B7B < 

@9:8<EJ<C?<A4DAB7B CDB9>F<DB64A<S (E@. [15-22]). 

 AB7<9 ;484K<, >BFBDO9 D4APL9 D9L4?<EP FB?P>B CGFё@ CDB6989A<S 8?<F9?PAOI < 

8BDB7BEFBSM<I <ECOF4A<= 6 4QDB8<A4@<K9E><I FDG54I, F9C9DP BFA9E9AO > "K<E?9AAO@" 

Q>EC9D<@9AF4@. � FB :9 6D9@S Q=HBD<S, EBCDB6B:846L4S D4AA99 D4;6<F<9 6OK<E?<F9?PAB= 

4QDB8<A4@<><, F9C9DP A9E>B?P>B CBGF<I?4: EF4?B SEAB, KFB 6 B5B;D<@B@ 5G8GM9@ FB?P>B 

74D@BA<KAB9 EBK9F4A<9 F9BD9F<K9E>B=, Q>EC9D<@9AF4?PAB= < 6OK<E?<F9?PAB= 

4QDB8<A4@<>< CB;6B?<F 8B5<FPES 84?PA9=L97B CDB7D9EE4 6 CB6OL9A<< QHH9>F<6ABEF< 

?9F4F9?PAOI 4CC4D4FB6 [23]. 
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%B6D9@9AAO9 8BEF<:9A<S 6 D4;6<F<< @9FB8B6 6OK<E?<F9?PAB= 4QDB8<A4@<>< 

CB;6B?<?< D48<>4?PAB <;@9A<FP CDBJ9EE 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. � D9;G?PF4F9 

84:9 CDBEFB9 G69?<K9A<9 K<E?4 D4EE@4FD<649@OI 4?PF9DA4F<6AOI 64D<4AFB6 >B@CBAB6>< 

@B:9F ;A4K<F9?PAB CB6OE<FP 9ё I4D4>F9D<EF<><, AB 7BD4;8B 5B?PL<= QHH9>F 8BEF<749FES 

CD< <ECB?P;B64A<< EC9J<4?<;<DB64AAOI CDBJ98GD CDB9>F<DB64A<S, 6>?RK4RM<I 

B5D4FAO9 < BCF<@<;4J<BAAO9 @9FB8O. �ECB?P;GS CDB69D9AAO9 K<E?9AAO9 @9FB8O, 

BEGM9EF6?S9FES CB<E> BCF<@4?PAB= HBD@O, 4 CBE?98GRM<9 <ECOF4A<S 6 

4QDB8<A4@<K9E><I FDG54I E?G:4F 6 BEAB6AB@ 8?S CDB69D>< 8BEF<:9A<S J9?9= 

4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S < EB;84A<S 54A>4 ?ёFAOI 84AAOI B>BAK4F9?PAB 

6O5D4AAB= >B@CBAB6><. %FB<@BEFP B8AB7B D4EKёF4 6 CBE?98A<9 7B8O EFD9@<F9?PAB 

EA<:49FES, 6 FB 6D9@S >4> EFB<@BEFP CDB6989A<S Q>EC9D<@9AF4?PAOI <EE?98B64A<= 6B 6Eё@ 

@<D9 <@99F F9A89AJ<R > DBEFG. &4><@ B5D4;B@, CB@<@B G?GKL9A<S 6B;@B:AOI 

4QDB8<A4@<K9E><I I4D4>F9D<EF<> E4@B?ёF4, CD<@9A9A<9 K<E?9AAOI @9FB8B6 84ёF F4>:9 

CDS@B= Q>BAB@<K9E><= QHH9>F ;4 EKёF EB>D4M9A<S B5Nё@4 Q>EC9D<@9AF4?PAOI 

<EE?98B64A<= <, KFB A9 @9A99 64:AB, ;4 EKёF ;A4K<F9?PAB7B EB>D4M9A<S EDB>B6 

CDB9>F<DB64A<S. 

$4;6<F<9 @9FB8B6 6OK<E?<F9?PAB= 4QDB8<A4@<>< 6 $BEE<< L?B C4D4??9?PAB E 

BEF4?PAO@ @<DB@. �ECB@A<@, KFB 6 A4K4?9 >B@CPRF9DAB= QDO C<E4FP EB5EF69AAO= >B8 

5O?B CD9EF<:AB, < CBKF< >4:8O= @B?B8B= <A:9A9D E QAFG;<4;@B@ D4;D454FO64? E6B= 

BD<7<A4?PAO= 4?7BD<F@. �AB784 BA< 5O?< BK9AP <;SMAO, 4 F4> >4> >B@CPRF9DB6 5O?B @4?B 

< D45BF4?< BA< @98?9AAB, FB 46FBDO 6 8?<F9?PAOI C9D9DO64I 8B6B8<?< E6B< >B8O 8B 

EB69DL9AEF64. #D< EB6D9@9AAOI 6OEB>BE>BDBEFAOI C9DEBA4?PAOI >B@CPRF9D4I < 

>?4EF9D4I/EGC9D>B@CPRF9D4I <A:9A9DG CBDB= A9 I64F49F 6D9@9A< A4 BE@OE?9A<9 

CB?GK9AAOI D9;G?PF4FB6, KFB5O, 6B;@B:AB, C9D9HBD@G?<DB64FP CBEF4AB6>G ;484K< < 

8B5<FPES >4K9EF69AAB AB6OI CDBDO6B6. �98P C4D48<7@4 <A:9A9D4->BAEFDG>FBD4 E97B8AS 

89=EF6<F9?PAB <;@9A<?4EP: 7?46A4S CDB5?9@4 - QFB A9 D9L9A<9 >BA>D9FAB= ;484K<; CD< 

A9B5IB8<@BEF< 6E9784 @B:AB A4=F< 8BEF4FBKAO9 D9EGDEO. �@9EFB QFB7B 6BCDBE 

HBD@G?<DG9FES <A4K9: >4>GR ;484KG A9B5IB8<@B D9L<FP 8?S FB7B, KFB5O CB6OE<FP 

QHH9>F<6ABEFP E4@B?ёF4, 5G8P FB 6 4QDB8<A4@<>9 <?< >4>B=-FB 8DG7B= E@9:AB= 8<EJ<C?<A9 

<?< A4 <I EFO>9? 

%GM9EF6GRF 864 CD<AJ<C<4?PAB D4;?<KAOI CB8IB84 > CBEFDB9A<R K<E?B6OI >B8B6. 

#9D6O= <; A<I CB8D4;G@9649F EB;84A<9 AB6B7B <?< EC9J<4?PAB @B8<H<J<DB64AAB7B >B84 

8?S >4:8B= ;484K< <, 5?47B84DS G;>B= A4CD46?9AABEF< A4 CD98@9F, <AB784 @B:AB CB?GK<FP 

G8<6<F9?PAO= D9;G?PF4F E FBK>< ;D9A<S QHH9>F<6ABEF<. &4>B= CB8IB8 - A4;B6ё@ 97B 

DB@4AF<K9E><@ - I4D4>F9D9A 8?S <EE?98B64F9?PE><I <AEF<FGFB6. �FBDB= CB8IB8 - 5B?99 



21 
 
CD47@4F<KAO= - ;4>?RK49FES 6 EB;84A<< 7?B54?PAB7B >B84, 6B;@B:AB, 5?47B84DS GE<?<S@ 

5B?PLB= >B@4A8O GKёAOI, <A:9A9DB6 < D4;D45BFK<>B6 CDB7D4@@AB7B B59EC9K9A<S, E 

CB@BMPR >BFBDB7B @B:AB D9L<FP CD4>F<K9E>< 6E9 D4EE@4FD<649@O9 ;484K<. "A 5B?PL9 

CB8IB8<F 8?S >BAEFDG>FBDE><I 5RDB, F4> >4> @<A<@<;<DG9F ;4FD4FO A4 CD<B5D9F9A<9 

CDB7D4@@AB7B B59EC9K9A<S < B5GK9A<9 C9DEBA4?4. "8A4>B <AB784 <ECB?P;B64A<9 

GA<69DE4?PAB7B 7?B54?PAB7B >B84 8?S D9L9A<S GCDBM9AAOI ;484K CBIB:9 A4 =EFD9?P5G CB 

6BDB5PS@ <; CGL><". #D98EF46?S9FES, KFB <EF<A4 ?9:<F 789-FB CBE9D98<A9 @9:8G QF<@< 

86G@S >D4=ABEFS@<. 

+<E?9AAO9 @9FB8O 4QDB8<A4@<>< <7D4RF 64:AGR DB?P A9 FB?P>B CD< 4A4?<;9 

BEB59AABEF9= B5F9>4A<S �� A4 D4;?<KAOI D9:<@4I, AB < CD< CDB9>F<DB64A<< 

4QDB8<A4@<K9E><I HBD@. �4K9EF6B CDB9>F<DB64A<S G?GKL49FES >4> ;4 EKёF 6B;@B:ABEF< 

CDBE@BFD4 5B?PL97B >B?<K9EF64 4?PF9DA4F<6AOI 64D<4AFB6 >B@CBAB6><, F4> < ;4 EKёF 

J9?9A4CD46?9AAB7B CD<@9A9A<S EC9J<4?<;<DB64AAOI CDBJ98GD BCF<@<;4J<<. 

"CF<@<;4J<S 4QDB8<A4@<K9E><I HBD@ 64:A4 < E4@4 CB E959, CBFB@G KFB 4QDB8<A4@<K9E>B9 

>4K9EF6B A9CBED98EF69AAO@ B5D4;B@ BFD4:49FES A4 FBC?<6AB= QHH9>F<6ABEF< �� – B8AB@ 

<; 7?46AOI >D<F9D<96 >BA>GD9AFBECBEB5ABEF<; >DB@9 FB7B, BA4 S6?S9FES EBEF46AB= K4EFPR 

@9:8<EJ<C?<A4DAB= BCF<@<;4J<< E4@B?ёF4, >4> E<EF9@O 6 J9?B@. 

#D<@9A<F9?PAB > CDB9>F<DB64A<R 4QDB8<A4@<K9E>B= >B@CBAB6>< 8B;6G>B6OI 

@47<EFD4?PAOI E4@B?ёFB6 BCF<@<;4J<BAAO9 @9FB8O EF4?< CD<@9ASFPES E?98B@ ;4 

EB;84A<9@ CDS@OI @9FB8B6 D4EKёF4. &4> 6 D45BF4I [24÷26] <ECB?P;B64?ES 4?7BD<F@ 7?48><I 

64D<4J<= HBD@O CDBH<?S 8?S ;484K< BCF<@<;4J<< 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 6 

FD4AE;6G>B6B@ CBFB>9.  9FB8O CDB9>F<DB64A<S >DO?4 CD< CB@BM< BCF<@<;4J<BAAOI 

4?7BD<F@B6 CBS6<?<EP EA4K4?4 ;4DG59:B@ 6 A4K4?9 80-I 7B8B6 [27, 28], 4 ;4F9@ < 6 

BF9K9EF69AAB= ?<F9D4FGD9 [29÷31]. � CD9<@GM9EF64@ BCF<@<;4J<BAAOI @9FB8B6 ED4;G :9 

5O?4 BFA9E9A4 6B;@B:ABEFP <ECB?P;B64A<S CDS@OI @9FB8B6 D4EKёF4 6 6<89 «K9DAOI 

SM<>B6» E ;4@9AB= CBE?98A<I A4 5B?99 EB69DL9AAO9 CB @9D9 A9B5IB8<@BEF<. �FBDO@ 

CD9<@GM9EF6B@ S6?S9FES 6B;@B:ABEFP 7<5>B7B <;@9A9A<S J9?96B= HGA>J<< </<?< 

B7D4A<K9A<=. &4>, A4CD<@9D, 6 D4AA<I @9FB84I CDS@B7B D4EKёF4 FBKAB9 BCD989?9A<9 

EBCDBF<6?9A<S 5O?B ;4FDG8A<F9?PAO@, CBQFB@G K4EFB D9L4?<EP BCF<@<;4J<BAAO9 ;484K< 

B CD<5?<:9A<< > ;484AAB@G «BCF<@4?PAB@G» D4ECD989?9A<R 846?9A<S [32]. 

� FB :9 6D9@S BCF<@<;4J<BAAO@ CDBJ98GD4@ CD<EGM< < A98BEF4F><. �4> CD46<?B, 

D9L9A<9 BCF<@<;4J<BAAB= ;484K< FD95G9F B7DB@AB7B >B?<K9EF64 6OK<E?9A<=. �BCDBEO 

EIB8<@BEF<, 98<AEF69AABEF< D9L9A<S, >BDD9>FABEF< CBEF4AB6>< < 8D. D9L9AO 6 98<A<KAOI 

E?GK4SI 8?S CDBEFOI 4A4?<F<K9E><I HGA>J<=, 6 D94?PAB= CD4>F<>9 K4M9 6E97B CDB69DSRFES 

@AB7B>D4FAO@ D4EKёFB@, 84 < FB A9 6B 6E9I E?GK4SI [33]. 
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&9@ A9 @9A99, BCF<@<;4J<BAAO9 @9FB8O 6Eё G69D9AA99 ;4A<@4RF E6Bё @9EFB 6 

D94?PAB= CD4>F<>9 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. #4D4??9?PAB CDB<EIB8<F 

EB69DL9AEF6B64A<9 BCF<@<;4J<BAAOI 4?7BD<F@B6 < ECBEB5B6 BD74A<;4J<< 6OK<E?9A<= A4 
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применяться только для грубых оценок целевой функции (аэродинамических 

характеристик). Получается некий парадокс, когда, с одной стороны, налицо стремление 

использовать наиболее точные методы (например, методы решения уравнений Навье-

Стокса) на самых ранних стадиях проекта, а с другой стороны, большие временные затраты 

препятствуют использованию эффективных методик оптимизации. Выход из этой ситуации 

видится в организации многоуровневых вычислений, при которой большинство расчётов 

ведётся с применением простейших прямых методов – так называемых суррогатов [43, 44], 

а редкие расчёты по точным, но затратным методам осуществляется для проверки 

найденных на низших уровнях оптимумов и для коррекции простейших моделей. На базе 

двухуровневой схемы вычислений в диссертации разработан оригинальный гибридный 

генетический алгоритм [45, 46]. Известно, что применимость тех или иных методов 

оптимизации зависит от конкретно решаемой задачи и специфического вида целевой 

функции и ограничений. Часто в литературе сравнение различных оптимизационных 

алгоритмов проводится на модельных примерах или даже на базе искусственно 

придуманных аналитических функций, которые могут не иметь ничего общего с 

интересующей нас задачей. Для прояснения рельефа типичной целевой функции при 

оптимизации аэродинамических характеристик была насчитана обширная база данных по 

влиянию параметров крыла регионального самолёта на его аэродинамические 

коэффициенты (Су, Сх, мZ). Полученная база данных легла в основу проводимого анализа.  

Цель работы заключается в апробации известных и создании новых 

оптимизационных методов применительно к задаче проектирования аэродинамических 

компоновок дозвуковых гражданских самолётов и разработке на базе данных методов и 

экспериментальной верификации ряда крыльев большого удлинения для самолётов 

классической схемы, и крыльев для компоновок нетрадиционных схем в диапазоне 

крейсерских чисел Маха М=0.78÷0.92. 

Объектами исследования являются перспективные самолёты транспортной 

категории с трансзвуковыми скоростями крейсерского полёта. 

Предметом исследований является аэродинамическое совершенство 

перспективных самолётов транспортной категории с трансзвуковыми скоростями 

крейсерского полета. 

Методы исследований: решение задач диссертации осуществляется на основе 

комплексных методов аэродинамического проектирования с дальнейшей верификацией 

при помощи экспериментальных методов моделирования в аэродинамических трубах. 

Степень достоверности результатов исследования: достоверность результатов 

подтверждается использованием прямых методов расчёта обтекания ЛА, 



24 
 
69D<H<J<DB64AAOI < 64?<8<DB64AAOI A4 @9:8GA4DB8AB@ GDB6A9 8?S D9L9A<S >BA>D9FAOI 

;484K, D9;G?PF4F4@< Q>EC9D<@9AF4?PAOI <EE?98B64A<= 6 4QDB8<A4@<K9E><I FDG54I. 

!4GKA4S AB6<;A4 D45BFO: 

ý D4;D45BF4A AB6O= @AB7BD9:<@AO= 7<5D<8AO= 79A9F<K9E><= 4?7BD<F@, CB;6B?SRM<= 

;4 EKёF QHH9>F<6AB= BD74A<;4J<< 86GIGDB6A96OI CB E?B:ABEF< 6OK<E?9A<= 8B5<FPES 

B5M97B EB>D4M9A<S 6D9@9AAOI ;4FD4F CD<5?<;<F9?PAB 6 FD< D4;4; 

ý CDB6989AB ED46A9A<9 BCF<@<;4J<BAAOI 4?7BD<F@B6 A4 54;9 D94?PAOI J9?96OI 

HGA>J<=, CB>4;4AB, KFB, CB >D4=A9= @9D9, CD< A95B?PLB@ K<E?9 64DP<DG9@OI 

C4D4@9FDB6 (nf10) D9?P9H J9?96B= HGA>J<< 8BEF4FBKAB @BABFBA9A, KFB CB;6B?S9F E 

G69D9AABEFPR CD<@9ASFP 7D48<9AFAO9 4?7BD<F@O BCF<@<;4J<<. #B>4;4AB, KFB 

79A9F<K9E><9 4?7BD<F@O J9?9EBB5D4;AB CD<@9ASFP 8?S CB<E>4 B>D9EFABEF< 

7?B54?PAB7B BCF<@G@4, BEB59AAB 6 @AB7B>D<F9D<4?PAOI ;484K4I; 

ý 6OD45BF4AO D9>B@9A84J<< CB CD<@9A9A<R <;69EFAOI < D4;D45BF4AAOI 46FBDB@ 

F9BD9F<K9E><I @9FB8B6 BCF<@<;4J<< > D94?PAO@ ;484K4@ 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S;  

ý 8?S 8<4C4;BA4 CB6OL9AAOI K<E9?  4I4  =0.88÷0.92 D4;D45BF4AO AB6O9 

E69DI>D<F<K9E><9 >DO?PS E CD<9@?9@O@< 8?S D94?PAB7B >BAEFDG<DB64A<S HBD@B= 6 

C?4A9, EFD9?B6<8ABEFPR < BFABE<F9?PAB= FB?M<AB=; 

ý 6C9D6O9 6 BF9K9EF69AAB= CD4>F<>9 D4;D45BF4AO >B@CBAB6>< E>BDBEFAB7B >DO?4 E 

 �$��%=0.83÷0.85 E GKёFB@ 6?<SA<S 5?<;>B D4ECB?B:9AAOI @BFB7BA8B? 5B?PLB= 

EF9C9A< 86GI>BAFGDABEF<, >BFBDO9 CB8F69D8<?< ;4S6?9AAO9 6OEB><9 

4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< 6 GE?B6<SI ��&; 

ý D4;D45BF4A4 4QDB8<A4@<K9E>4S >B@CBAB6>4 < 864 64D<4AF4 E>BDBEFAOI >DO?P96 @4?B= 

EFD9?B6<8ABEF< 8?S 48@<A<EFD4F<6AB7B E4@B?ёF4 E CB6OL9AAO@ GDB6A9@ >B@HBDF4 

8?S C4EE4:<DB6; 

ý D4;D45BF4A4 @9FB8<>4 CDB9>F<DB64A<S >DO?4 E GKёFB@ 9EF9EF69AAB= ?4@<A4D<;4J<< 

B5F9>4A<S; 

ý D4;D45BF4A4 4QDB8<A4@<K9E>4S >B@CBAB6>4 D97<BA4?PAB7B E4@B?ёF4 E >DO?B@ @4?B= 

EFD9?B6<8ABEF< (ó¼=15) E @BFB7BA8B?4@< 86<74F9?S, D4ECB?B:9AAO@< A4 69DIA9= 

CB69DIABEF< >DO?4 E  �$��%=0.78; 

#D4>F<K9E>4S ;A4K<@BEFP D45BFO: 

ý D4;D45BF4AAO9 4?7BD<F@O 8B6989AO 8B >BA>D9FAOI CDB7D4@@, >BFBDO9 @B7GF 5OFP 

D9>B@9A8B64AO > 6A98D9A<R 6 �� 8?S CD4>F<K9E>B7B CDB9>F<DB64A<S >DO?P96 

C9DEC9>F<6AOI 8B;6G>B6OI ��; 



25 
 
ý D4EL<D9A 54A> 84AAOI C9DEC9>F<6AOI >DO?P96 8?S @47<EFD4?PAOI 8B;6G>B6OI 

E4@B?ёFB6 E 6OEB><@ >D9=E9DE><@ K<E?B@  4I4 0.85÷0.92, >BFBDO= @B:9F 5OFP 

<ECB?P;B64A 8?S 6O84K< CD9864D<F9?PAOI D9>B@9A84J<= A4 >B@CBAB6>G >DO?4 

C9DEC9>F<6AB7B � %; 

ý CD98?B:9AO 4QDB8<A4@<K9E><9 >B@CBAB6>< �� A9FD48<J<BAAOI EI9@ E 

 �$��%=0.78÷0.82. 

!4 ;4M<FG 6OABESFES E?98GRM<9 CB?B:9A<S: 

ý @9FB8B?B7<S CD<@9A9A<S BCF<@<;4J<BAAOI 4?7BD<F@B6 > ;484K4@ CDB9>F<DB64A<S 

Q?9@9AFB6 CDBEFD4AEF69AAOI 4QDB8<A4@<K9E><I >B@CBAB6B> (>DO?P96, HR;9?S:9=, 

;4?<;B6) EB6D9@9AAOI E4@B?ёFB6 FD4AECBDFAB= >4F97BD<< E FD4AE;6G>B6O@< 

E>BDBEFS@< >D9=E9DE>B7B CB?9F4; 

ý D4EK9FAB-Q>EC9D<@9AF4?PAO9 D9;G?PF4FO 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S 

E>BDBEFAOI FD4AE;6G>B6OI >DO?P96 8?S C9DEC9>F<6AOI E4@B?ёFB6 FD4AECBDFAB= 

>4F97BD<<; 

ý @9FB8<>4 CDB9>F<DB64A<S >DO?4 E GKёFB@ 9EF9EF69AAB= ?4@<A4D<;4J<< B5F9>4A<S. 

%BBF69FEF6G9F C4ECBDFG EC9J<4?PABEF< 6 CGA>F4I: 
1. &9BD9F<K9E><9, D4EK9FAO9 < Q>EC9D<@9AF4?PAO9 <EE?98B64A<S B5F9>4A<S ?9F4F9?PAOI 

4CC4D4FB6, B5N9>FB6 46<4J<BAAB= < D4>9FAB->BE@<K9E>B= F9IA<><, < <I K4EF9= 

GEF4AB6<6L<@<ES < A9GEF4AB6<6L<@<ES CBFB>4@< 74;B6OI ED98. 

2. $4EK9FAO9 < Q>EC9D<@9AF4?PAO9 <EE?98B64A<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

?9F4F9?PAOI 4CC4D4FB6 < <I Q?9@9AFB6, D4;D45BF>4 @9FB8B6 D4EK9F4 QF<I 

I4D4>F9D<EF<>, 6>?RK4S 4?7BD<F@O < CDB7D4@@AB9 B59EC9K9A<9 %�#$ ?9F4F9?PAOI 

4CC4D4FB6. 

4.  'CD46?9A<9 CDBJ9EE4@< B5F9>4A<S ?9F4F9?PAOI 4CC4D4FB6. 

АCDB54J<S < D94?<;4J<S D45BFO:  
"EAB6AO9 D9;G?PF4FO 8<EE9DF4J<< BCG5?<>B64AO 46FBDB@ 6 E?98GRM<I D45BF4I: 

1. �B?EGAB6E><= �.�., �G;B69DS !.#., +9DAOLё6 �.�. �<5D<8AO= 79A9F<K9E><= 4?7BD<F@ 

BCF<@<;4J<< 8?S ;484K 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. &DG8O *���, 6OC. 2655, 

2002 7. 

2. �B?EGAB6E><= �.�., �G;B69DS !.#., +9DAOLё6 �.�.  9FB8 D9L9A<S E@9L4AAB= ;484K< 

CDB9>F<DB64A<S 8?S CDBH<?S 6 B>B?B;6G>B6B@ CBFB>9 74;4. &DG8O *���, 6OC. 2655, 

2002 7. 

3. �QDB8<A4@<>4 @47<EFD4?PAOI E4@B?ёFB6: EB6D9@9AAB9 EBEFBSA<9 < C9DEC9>F<6O 

�B?EGAB6E><= �.�., �G;B69DS !.#., �SCGAB6 %.�., %>B@BDBIB6 %.�., +9DA46E><I 2.!., 

+9DAOLё6 �.�., �GDA4? "#"��&", №11 ;4 2018 7. 



26 
 
4. �DO?PS @4?B= EFD9?B6<8ABEF< 8?S 5B?PL<I E>BDBEF9= CB?ёF4. �.�. �B?EGAB6E><=, 

!.#. �G;B69DS, %.�. %>B@BDBIB6, �.�. +9DAOLё6. �GDA4? "#"��&", №3, 2013 7. 

5. $4EKёFAB-Q>EC9D<@9AF4?PAO9 <EE?98B64A<S E>BDBEFAOI >DO?P96 C9DEC9>F<6AOI 

@47<EFD4?PAOI E4@B?ёFB6 �.�. �B?EGAB6E><=, !.#. �G;B69DS, C.�. %>B@BDBIB6, 

�.�. +9DAOLё6, &DG8O  ��, 6OCGE> №101, 2018 7. 

6. $4EK9FAO9 < Q>EC9D<@9AF4?PAO9 <EE?98B64A<S 4QDB8<A4@<>< >B@CBAB6B> E 

D4ECB?B:9A<9@ 86<74F9?9= A48 >DO?B@. �B?EGAB6E><= �.�., �G;B69DS !.#., 

�D47<A !.!., �9D4E<@B6 %.�., #GM<A !.�., +9DAOLё6 �.�, �9EFA<>  ��, F.28, №2, 

2021 7. 

7. �B?EGAB6E><= �.�, �G;B69DS !.#., �DGFB6 �.�., �GD<?B6 �.�., %BDB><A ".�., 

+9DAOLё6 �.�., $4EKёFAO9 < Q>EC9D<@9AF4?PAO9 <EE?98B64A<S 6B;@B:ABEF< EB;84A<S 

E9@9=EF64 FD4AECBDFAOI E4@B?ёFB6 D4;?<KAB= 7DG;BCB8Nё@ABEF<. �9EFA<>  ��, F.29, 

№2, 2022 7. 

8. �B?EGAB6E><= �.�., �G;B69DS !.#., +9DAO= �.�., +9DAOLё6 �.�. $4EK9FAB-

Q>EC9D<@9AF4?PAO9 <EE?98B64A<S >DGCAB@4ELF45AB= @B89?< 484CF<6AB7B >DO?4 

@47<EFD4?PAB7B E4@B?9F4. <'K9AO9 ;4C<E>< *���=, №4, 2025 7. 

9. !.!. �D47<A, �.�. �B?EGAB6E><=, !.#. �G;B69DS �.%. #9DK9A>B6, �.�. +9DAOL96, 

%.�. %>B@BDBIB6, $4EK9FAB-Q>EC9D<@9AF4?PAO9 <EE?98B64A<S @4?BLG@AB7B E4@B?9F4 

E ?4@<A4DAO@ >DO?B@ < 86<74F9?S@< A48 ;48A9= >DB@>B= >DO?4.  4F9@4F<K9E>B9 

@B89?<DB64A<9, FB@ 34, №7, 2022 7. 

10. �.�. �B?EGAB6E><=, !.#. �G;B69DS, %.�. %>B@BDBIB6, �.�. +9DAOL96, $4EKёFAB-

Q>EC9D<@9AF4?PAO9 <EE?98B64A<S E>BDBEFAOI >DO?P96 C9DEC9>F<6AOI @47<EFD4?PAOI 

E4@B?ёFB6. &DG8O *���, 6OC. 2805, 2022 7. 

11. �QDB8<A4@<K9E>B9 CDB9>F<DB64A<9 C9DEC9>F<6AB7B D97<BA4?PAB7B E4@B?9F4 E 

86<74F9?S@< A48 ;48A9= >DB@>B= >DO?4 < 9EF9EF69AAB= ?4@<A4D<;4J<9= B5F9>4A<S, 

�.�. �B?EGAB6E><=, !.#. �G;B69DS, �.�. �G54AB64, !.�. #GM<A, %.�. %>B@BDBIB6, 

�.�. +9DAOLё6, &DG8O *���, 6OC.2783, 2019 7. 

12. �B?EGAB6E><= �.�., �G;B69DS !.#., �GD<?B6 �.�., %4I4DB64 �.�., +9DAOLё6 �.�. 

�EE?98B64A<S 4QDB8<A4@<K9E>B= >B@CBAB6>< D94>F<6AB7B D97<BA4?PAB7B E4@B?9F4 E 

86<74F9?S@< A48 >DO?B@. �GDA4? <�6<4J<BAA4S CDB@OL?9AABEFP=, №2, 2025. 

13. %B6D9@9AAO= >B@C?9>E 4QDB8<A4@<K9E><I @B89?9= 8?S B59EC9K9A<S D4;D45BF>< 

@47<EFD4?PAB7B C4EE4:<DE>B7B E4@B?ёF4 �9D@9?P �.�., �68B><@B6 2.2., 

%>B@BDBIB6 %.�., +9DAOLё6 �.�., +9DAOLё6 �.�., ,4D8<A �."., �GDA4? "#"��&", 

№11, 20187. 



27 
 
14. �DGCABD4;@9DAO9 CB?G@B89?< 8?S <EE?98B64A<S B5F9>4A<S < BFD45BF>< 

4QDB8<A4@<K9E><I >B@CBAB6B> 7D4:84AE><I E4@B?ёFB6 �9D@9?P �.�., 

�4;<@<DB64 �.!., �96<J><= �.�., +9DAOL96 �.�., ,4D8<A �."., �6<4J<BAA4S 

CDB@OL?9AABEFP, AB@9D 1-4, EFD.61-64, 2020 7. 

15. $4EKёFAO9 < Q>EC9D<@9AF4?PAO9 <EE?98B64A<S 6B;@B:ABEF< EB;84A<S E9@9=EF64 

FD4AECBDFAOI E4@B?ёFB6 D4;?<KAB= 7DG;BCB8Nё@ABEF< �B?EGAB6E><= �.�., 

�DGFB6 �.�., �GD<?B6 �.�., %BDB><A ".�., +9DAOLё6 �.�. �9EFA<>  ��, F.29, №2, 

2022 7. 

16. �EE?98B64A<9 ?4@<A4DAB-FGD5G?9AFAB7B C9D9IB84 CB7D4A<KAB7B E?BS A4 F9@4F<K9E>B= 

CB?G@B89?< E69DI>D<F<K9E>B7B >DO?4 CD< 5B?PL<I K<E?4I $9=AB?P8E4 

�B?EGAB6E><= �.�., �48:<@47B@98B6 �.�.,  BL4DB6 �.�., $48K9A>B �.!., %9AR96 �.�., 

'EF<AB6  .�., +9DAOLё6 �.�. 'K9AO9 ;4C<E>< *��� №5, 2023 7. 

#B @4F9D<4?4@ 8<EE9DF4J<< BCG5?<>B64AB 16 C4F9AFB6: 

1. �B?EGAB6E><= �.�., �G;B69DS !.#., +9DAOLё6 �.�., �G54AB64  .�., �GD96<K �.�. 

�� �!�%&$�&��!/� $���&��!/� %� "�Ё&. #4F9AF A4 <;B5D9F9A<9 $( 

№2382718, 2010. 

2. �B?EGAB6E><= �.�., �G;B69DS !.#., +9DAOLё6 �.�., �G54AB64  .�., �GD96<K �.�. 

�� �!�%&$�&��!/� $���&��!/� %� "�Ё&. #4F9AF A4 CDB@OL?9AAO= 

B5D4;9J $( №74015, 2010. 

3. #4F9AF 2645557, $BEE<=E>4S (989D4J<S,  #� B64C 3/10, C1. �DO?B ?9F4F9?PAB7B 

4CC4D4F4 / �B?EGAB6E><= �. �. (RU), �G;B69DS !. #. (RU), �D47<A !. !. (RU), 

�9D4E<@B6 %. �. (RU), %>B@BDBIB6 %. �. (RU), +9DAOL96 �. �. (RU), 3A<A �. �. (RU); 

;4S6<F9?P < C4F9AFBB5?484F9?P: (989D4?PAB9 7BEG84DEF69AAB9 GA<F4DAB9 CD98CD<SF<9 

«*9AFD4?PAO= 4QDB7<8DB8<A4@<K9E><= <AEF<FGF <@9A< CDBH9EEBD4 !.�. �G>B6E>B7B» 

((�'# «*���») (RU). – № 2016145042; ;4S6?. 17.11.2016, BCG5?. 21.02.2018, �R?. 

№ 6. – 13 E. 

4. #4F9AF 2662595, $BEE<=E>4S (989D4J<S,  #� B64C 3/10, C1. �DO?B ?9F4F9?PAB7B 

4CC4D4F4 / �B?EGAB6E><= �. �. (RU), �G;B69DS !. #. (RU), �D47<A !. !. (RU), 

�GD<?B6 �. �. (RU), %>B@BDBIB6 %. �. (RU), +9DAOL96 �. �. (RU), 

�G54AB64 �. �. (RU); ;4S6<F9?P < C4F9AFBB5?484F9?P: (989D4?PAB9 7BEG84DEF69AAB9 

GA<F4DAB9 CD98CD<SF<9 «*9AFD4?PAO= 4QDB7<8DB8<A4@<K9E><= <AEF<FGF <@9A< 

CDBH9EEBD4 !.�. �G>B6E>B7B» ((�'# «*���») (RU). – № 2017132944; ;4S6?. 

21.09.2017, BCG5?. 26.07.2018, �R?. № 2. – 12 E. 

5. #4F9AF 2662590 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., �D47<A !.!.., 

�G;B69DS !.#., �9D4E<@B6 %.�., %>B@BDBIB6 %.�., +9DAOL96 �.�., 3A<A �.�., 20187. 



28 
 
6. #4F9AF 2693389 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., �D47<A !.!.., 

�G;B69DS !.#., %>B@BDBIB6 %.�., +9DAOL96 �.�., 20197. 

7. #4F9AF 2696681 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., �D47<A !.!.., 

�G;B69DS !.#., �9D4E<@B6 %.�., �GA496E><= �.�., +9DAOL96 �.�., 20197. 

8. #4F9AF A4 <;B5D9F9A<9 №2717405 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., %>B@BDBIB6 %.�., +9DAOL96 �.�., +9DA46E><I 2.!., 

2020 7. 

9. #4F9AF A4 <;B5D9F9A<9 №2717412 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., #GM<A !.�., %>B@BDBIB6 %.�., +9DAOL96 �.�., 2020 7. 

10. #4F9AF A4 <;B5D9F9A<9 №27174160 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., �9D4E<@B6 %.�., �G54AB64 �.�., +9DAOL96 �.�., 2020 7. 

11. #4F9AF A4 <;B5D9F9A<9 №2724015 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., %4I4DB64 �.�., +9DAOL96 �.�., 3A<A �.�., 2020 7. 

12. #4F9AF A4 <;B5D9F9A<9 №2749174 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., �4D4EP ".�., +9DAOL96 �.�., 2021 7 

13. #4F9AF A4 <;B5D9F9A<9 №2772846 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., �G54AB64 �.�., #GM<A !.%., +9DAOL96 �.�., 2022 7. 

14. #4F9AF A4 CB?9;AGR @B89?P №216044 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» 

�B?EGAB6E><= �.�., �D47<A !.!., �G;B69DS !.#., #GM<A !.�., +9DAOL96 �.�., 2023 7. 

15. #4F9AF A4 CB?9;AGR @B89?P №216045 «�DO?B ?9F4F9?PAB7B 4CC4D4F4» 

�B?EGAB6E><= �.�., �D47<A !.!., �G;B69DS !.#., �GD<?B6 �.�., +9DAO= �.�., 

+9DAOL96 �.�., 2023 7. 

16. #4F9AF A4 CB?9;AGR @B89?P №216083 «�DO?B ?9F4F9?PAB7B 4CC4D4F4 < 97B 

@BFB7BA8B?4» �B?EGAB6E><= �.�., �D47<A !.!., �G;B69DS !.#., %4I4DB64 �.�., 

%?<F<AE>4S �.2., +9DAOL96 �.�., 2023 7. 

$9;G?PF4FO 8<EE9DF4J<BAAB= D45BFO <;?B:9AO A4 $BEE<=E><I < @9:8GA4DB8AOI 

>BAH9D9AJ<SI E CBE?98GRM9= CG5?<>4J<9= 6 A4GKAOI FDG84I: 

1. Ivan L. Chernyshev Hybrid two-level genetic optimization algorithm with different fidelity 

models for aerodynamic design problems. ICAS 2002. 

2. Bolsunovsky A.L., Buzoverya N.P. Chernyshev I.L. Accelerated genetic optimization 

algorithm for aerodynamic design problems. Proceedings of the 3-d International Conference 

on Advanced Engineering Design, Prague, 2003. 

3. Bolsunovsky A.L., Buzoverya N.P. Chernyshev I.L. Multipoint aerodynamic transonic shape 

optimization by means of accelerated genetic algorithm European Conference for Aerospace 

Sciences (EUCASS), Moscow, 2005. 



29 
 
4. V.M. Fomin, N.N. Hosyaenko, G.N. Shipovsky, A.L. Bolsunovsky, N.P. Buzoverya, 

I.L. Chernyshev CFD and wind tunnel visualization methods – complementary tools for 

aerodynamic design, European Conference for Aerospace Sciences (EUCASS), Moscow, 

2005. 

5. Bolsunovsky A.L., Buzoverya N.P. Chernyshev I.L. Karas O.V. Kovalev V.E. Terekhin V.A. 

Application of optimization procedures for aerodynamic design of subsonic transport aircraft 

KATnet II: Multi Disciplinary Design&Configuration Optimisation Workshop, DLR 

Braunschweig, Germany, 2008. 

6. Bolsunovsky A.L., Buzoverya N.P., Chernavskyh Yu.N., Chernyshev I.L., Skomorohov S.I. 

COMPUTATIONAL AND EXPERIMENTAL STUDIES ON THE HIGH SPEED 

SUBSONIC AIRLINER WITH MCRUISE=0.9 KATnet II: Key Aerodynamic Technologies To 

Meet the Vision 2020 Challenges, 12-14 May 2009, Bremen, Germany. 

7. Bolsunovsky A.L., Buzoverya N.P., Chernavskyh Yu.N., Chernyshev I.L., Skomorohov S.I. 

MCRUISE=0.9 HIGH SPEED SUBSONIC AIRLINER Up-To-Date Challenges In 

Aeronautics: Solutions Of Young Scientists, Russian-German workshop, Augest 17-18, 2009. 

8. Russian-German workshop, Berlin, ILA Fairground, 2012, "AERODYNAMIC DESIGN OF 

TRANSPORT AIRCRAFT," A. Bolsunovsky, N. Buzoverya, I. Chernyshev, M. Gubanova, 

S. Skomorohov. 

9. "Aerodynamic studies for moderate capacity long-range aircraft in "flying wing" layout" 

A.L. Bolsunovsky, N.P. Buzoverya, I.L. Chernyshev, B.I. Gurevich, A.P. Tsyganov. 

EUCASS-2011. 

10. "Numerical and experimental studies of a business jet with high passenger comfort", 

Bolsunovsky A.L., Buzoverya N.P., Chernyshev I.L., Soudakov V.G., Voevodin A.V., 

EUCASS 2011.  

11. A.L. Bolsunovsky, N.P. Buzoverya, Yu.N. Chernavskikh, I.L. Chernyshev, A.I. Dunaevsky, 

B.I. Gurevich Study on a concept of a business jet with high passenger comfort, 4TH 

EUROPEAN CONFERENCE FOR AEROSPACE SCIENCES (EUCASS), 2013, MUNICH, 

GERMANY. 

12. 13th Russian-Chinese Conference on Fundamental Problems, 2013, "AERODYNAMIC 

STUDIES FOR MODERATE CAPACITY LONG-RANGE AIRCRAFT IN FLYING WING 

LAYOUT" A.Bolsunovsky, N.Buzoverya, I.Chernyshev, B.Gurevich, S.Skomorohov, 

A.Tsyganov. 

13. Bolsunovsky A.L., Bragin N.N., Buzoverya N.P., Chernyshev I.L., Ivanyushkin A.K., 

Skomorohov S.I. Aerodynamic studies on low-noise aircraft with upper engine installation 



30 
 
29th Congress of the International Council of the Aeronautical Sciences (ICAS), 

St. Petersburg, Russia, September 7-12, 2014. 

14. A.L. Bolsunovsky, N.P. Buzoverya, I.L. Chernyshev, V.G. Soudakov, A.V. Voyevodin 

NOVEL CONFIGURATION OF A BUSINESS JET WITH A DROP-SHAPED FUSELAGE 

29th Congress of the International Council of the Aeronautical Sciences (ICAS), 

St. Petersburg, Russia, September 7-12, 2014. 

15. Subsonic area rule utilization for high velocity business jet design Bolsunovsky A.L., 

Buzoverya N.P., Chernyshev I.L., 50th 3AF International Conference on Applied 

Aerodynamics, March 30,31 - April 1, 2015, Toulouse - France. 

16. The studies on laminar wings for regional and short range aircraft Bolsunovsky A.L., 

Buzoverya N.P., Chernyshev I.L., Pushchin N.A. 50th 3AF International Conference on 

Applied Aerodynamics, March 30,31 - April 1, 2015, Toulouse - France. 

17. A.L. Bolsunovsky, N.P. Buzoverya, I.A. Gubanova, N.A. Puschin, S.I. Skomorokhov, 

I.L. Chernyshov. The studies on a regional aircraft with over-wing-trailing-edge engine 

location. 14th ONERA – TsAGI seminar, 29 - 30 October 2015, Onera Chatillon. 

18. A.L. Bolsunovsky, N.P. Buzoverya, I.L. Chernyshev, I.A. Gubanova, N.A. Pushchin, 

S.I. Skomorokhov Numerical and experimental studies on the concept of short/medium range 

aircraft with natural laminar flow wing. Aerospace Europe Conference, AEC 2020, 25-28 

February 2020, Bordeaux, France. 

19. Adaptive transonic wings – a new challenge in designing and testing Bolsunovsky A.L., 

Buzoverya N.P., Chernyshev I.L., Skomorohov S.I., EUCASS 2019. 

20. The numerical and experimental studies on the over-wing-engine configurations 

aerodynamics Bolsunovsky A.L., Buzoverya N.P., Chernyshev I.L., Cherny K.I., 

Pushchin N.A., EUCASS 2019. 

21. �B?EGAB6E><= �.�., �G;B69DS !.#., +9DAOLё6 �.�. #D<@9A9A<9 @9FB8B6 K<E?9AAB= 

BCF<@<;4J<< 8?S CDB9>F<DB64A<S E>BDBEFAOI >DO?P96 @4?B= EFD9?B6<8ABEF<, 6BEP@4S 

A4GKAB-F9IA<K9E>4S >BAH9D9AJ<S CB 7<8DB46<4J<< 6 D4@>4I 6OEF46>< 

���$"����%��"!-2010 (�9?9A8:<>, $BEE<S, 9-12 E9AFS5DS 2010 7.). 

22. �.�. �B?EGAB6E><=, !.#. �G;B69DS, �.�. +9DAOL96 �EE?98B64A<9 >BAJ9CJ<< 

484CF<6AOI >DO?P96 8?S C4EE4:<DE><I E4@B?9FB6, 14 @9:8GA4DB8A4S L>B?4-E9@<A4D 

« B89?< < @9FB8O 4QDB8<A4@<><» 6 7. �6C4FBD<S, $BEE<S, 2014. 

23. �B?EGAB6E><= �.�., �D47<A !.!., �G;B69DS !.#., +9DAOLё6 �.�. �QDB8<A4@<K9E>B9 

CDB9>F<DB64A<9 >B@CBAB6>< 5?<:A9@47<EFD4?PAB7B E4@B?ёF4 E ?4@<A4DAO@ >DO?B@, 

15 @9:8GA4DB8A4S L>B?4-E9@<A4D « B89?< < @9FB8O 4QDB8<A4@<><» 6 7. �6C4FBD<S, 

$BEE<S, 2015. 



31 
 
24. �B?EGAB6E><= �.�., �G;B69DS !.#., #GM<A !.�., +9DAOLё6 �.�. �EE?98B64A<S 

4QDB8<A4@<K9E>B= >B@CBAB6>< @4?BLG@AB7B � % E ?4@<A4DAO@ >DO?B@ @4?B= 

EFD9?B6<8ABEF< 16 @9:8GA4DB8A4S L>B?4-E9@<A4D « B89?< < @9FB8O 4QDB8<A4@<><» 

6 7. �6C4FBD<S, $BEE<S, 2016. 

25. �B?EGAB6E><= �.�., �D47<A !.!., �G;B69DS !.#., %>B@BDBIB6 %.�., +9DAOL96 �.�. 

�EE?98B64A<S E>BDBEFAOI >DO?P96 8?S @B8<H<>4J<= E4@B?9F4 �?-96-400 . 

17 @9:8GA4DB8A4S L>B?4-E9@<A4D « B89?< < @9FB8O 4QDB8<A4@<><» 6 7. �6C4FBD<S, 

$BEE<S, 2017. 

26. �.�. �B?EGAB6E><=, !.!. �D47<A, !.#. �G;B69DS, %.�. %>B@BDBIB6, �.�. +9DAOLё6 

$4EKёFAB-Q>EC9D<@9AF4?PAO9 <EE?98B64A<S E>BDBEFAOI >DO?P96 7D4:84AE><I 

E4@B?ёFB6, 18 @9:8GA4DB8A4S L>B?4-E9@<A4D « B89?< < @9FB8O 4QDB8<A4@<><» 6 

7. �6C4FBD<S, $BEE<S, 2018. 

27. �EE?98B64A<9 6?<SA<S @4?BD4;@9DAOI Q?9@9AFB6 A4 B5F9>4A<9 < 4QDB8<A4@<K9E><9 

I4D4>F9D<EF<>< >DO?4 C4EE4:<DE>B7B E4@B?ёF4 !.!. �D47<A, %.�. %>B@BDBIB6, 

�.2. %?<F<AE>4S, �.� +9DAOL96, �.� 3A<A. XIX @9:8GA4DB8A4S >BAH9D9AJ<S CB 

@9FB84@ 4QDBH<;<K9E><I <EE?98B64A<= (ICMAR 2018), 13-19 467GEF4 2018 7., 

!B6BE<5<DE>, $BEE<S. 

28. «�EE?98B64A<S 4QDB8<A4@<K9E>B= >B@CBAB6>< @4?BLG@AB7B D97<BA4?PAB7B E4@B?ёF4 

E ?4@<A4DAO@ >DO?B@ @4?B= EFD9?B6<8ABEF<» 46FBDB6 �B?EGAB6E><= �.�., 

�D47<A !.!., �G;B69DS !.#., #GM<A !.�., +9DAOL96 �.�. VII 6E9DBEE<=E>4S 

>BAH9D9AJ<S �OK<E?<F9?PAO= Q>EC9D<@9AF 6 4QDB4>GEF<>9 17-22 E9AFS5DS 20187., 

%69F?B7BDE>, $BEE<S 

29. !4GKAB-F9IA<K9E>4S >BAH9D9AJ<S CB 4QDB8<A4@<>9. C. �B?B84DE>B7B, 2002-2009, 2011, 

2013, 2014, 2016, 2018-2020, 2022, 2025 77. 

30. �B?EGAB6E><= �.�., �G;B69DS !.#., �GD96<K �.�., +9DAOL96 �.�. !9FD48<J<BAAO9 

4QDB8<A4@<K9E><9 >B@CBAB6><: BEB59AABEF< < C9DEC9>F<6O, @9:8GA4DB8AO= >BA7D9EE 

CB 4QDBA46F<>9, 4-5 89>45DS 2023 7B84, 7.  BE>64 

�<KAO= 6>?48 46FBD4 
"EAB6AO9 CB?B:9A<S 8<EE9DF4J<< CB?GK9AO 46FBDB@ ?<KAB, ?<5B E 97B 

BCD989?SRM<@ GK4EF<9@ 6 CBEF4AB6>9 ;484K, 6O5BD9 @9FB8B6 <I D9L9A<S < 4A4?<;9 

D9;G?PF4FB6, KFB CB8F69D:89AB CG5?<>4J<S@<. 

"5Nё@ < EFDG>FGD4 8<EE9DF4J<<. �<EE9DF4J<S EBEFB<F <; 66989A<S, K9FODёI 7?46 < 
;4>?RK9A<S. 

�B 66989A<< >D4F>B B5BEAB6O649FES 4>FG4?PABEFP F9@O 8<EE9DF4J<<, BCD989?S9FES 

J9?P < ;484K< <EE?98B64A<=, 84ёFES CD98EF46?9A<9 B @9FB84I <EE?98B64A<=, B A4GKAB= 



32 
 
AB6<;A9 D45BFO, 8BEFB69DABEF< < CD4>F<K9E>B= ;A4K<@BEF< D9;G?PF4FB6 <EE?98B64A<=, 

<;?4749FES >D4F>B9 EB89D:4A<9 8<EE9DF4J<< < CB?GK9AAOI D9;G?PF4FB6, CD<6B8SFES 

CB?B:9A<S, >BFBDO9 6OABESFES A4 ;4M<FG, E6989A<S B5 4CDB54J<< D45BFO < CG5?<>4J<SI, 

B5Nё@ < EFDG>FGD4 8<EE9DF4J<<. 

� 7?469 1 84AB CB8DB5AB9 BC<E4A<9 BD<7<A4?PAB7B 7<5D<8AB7B 79A9F<K9E>B7B 

4?7BD<F@4, BEAB64AAB7B 6 BD74A<;4J<< @AB7BGDB6A96OI 6OK<E?9A<=, CD< >BFBDB= 

5B?PL<AEF6B D4EKёFB6 698ёFES E CD<@9A9A<9@ CDBEF9=L<I CDS@OI @9FB8B6, 4 D98><9 

D4EKёFO CB FBKAO@, AB ;4FD4FAO@ @9FB84@ BEGM9EF6?S9FES 8?S CDB69D>< A4=89AAOI A4 

A<;L<I GDB6ASI BCF<@G@B6 < 8?S >BDD9>J<< CDBEF9=L<I @B89?9=. �FBD4S K4EFP 7?46O 1 

CBE6SM9A4 6BCDBE4@ EIB8<@BEF< < 98<AEF69AABEF< CB?GK49@OI BCF<@4?PAOI D9L9A<=, 4 

F4>:9 ED46A9A<R D4;?<KAOI BCF<@<;4J<BAAOI 4?7BD<F@B6 A4 @B89?PAB= ;484K9, 

@4>E<@4?PAB CD<5?<:9AAB= > D94?PAB= CD4>F<>9. � FD9FP9= K4EF< 7?46O 1 G>4;4A4 DB?P 

4QDB8<A4@<K9E>B7B Q>EC9D<@9AF4 6 64?<84J<< D9;G?PF4FB6 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S. � 7?469 2 CD<6989AO CD<@9DO CDB9>F<DB64A<S E>BDBEFAOI >DO?P96 < 

7D4:84AE><I E4@B?ёFB6 >?4EE<K9E>B= EI9@O. � 7?469 3 CD<6989AO CD<@9DO <ECB?P;B64A<S 

CD46<?4 C?BM489= 8?S CDB9>F<DB64A<S E>BDBEFAOI >DO?P96 @4?B= EFD9?B6<8ABEF< 8?S 

48@<A<EFD4F<6AB7B 89?B6B7B E4@B?ёF4 E CB6OL9AAO@ GDB6A9@ >B@HBDF4 8?S C4EE4:<DB6. 

� 7?469 4 BC<E4AO BEB59AABEF< CDB9>F<DB64A<S E>BDBEFAOI >DO?P96 G@9D9AAB= 

EFD9?B6<8ABEF<, CD98?B:9A4 @9FB8B?B7<S 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S >DO?4 E 

GKёFB@ 9EF9EF69AAB= ?4@<A4D<;4J<< B5F9>4A<S. 

� ;4>?RK9A<< CD<6B8SFES BEAB6AO9 6O6B8O <EE?98B64A<S. 

�6FBD 6OD4:49F 5?47B84DABEFP �B?EGAB6E>B@G �A4FB?<R �BA79AB6<KG, �G;B69D9 

!<>B?4R #9FDB6<KG, �4D4ER "?97G �?48<@<DB6<KG, �SCGAB6G %9D79R �?48<@<DB6<KG < 

+9DAOL96G %9D79R �9BA<8B6<KG, 4 F4>:9 6E9@G >B??9>F<6G BF89?B6 №3 < №8 ;4 

CB889D:>G, >BAEFDG>F<6AGR >D<F<>G, J9AAO9 ;4@9K4A<S < @BF<64J<R > CDB6989A<R 

<EE?98B64A<= < D45BFO 6 84AAB@ A4CD46?9A<<. 
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�?464 1 -  9FB8O 4QDB8<A4@<K9E>B7B D4EKёF4 < CDB9>F<DB64A<S E>BDBEFAOI 
8B;6G>B6OI 7D4:84AE><I E4@B?ёFB6 
�QDB8<A4@<>4 AB69=L<I @47<EFD4?PAOI E4@B?ёFB6 BFD454FO649FES CD< 6Eё 

5B?PL9@ <ECB?P;B64A<< @9FB8B6 6OK<E?<F9?PAB= 4QDB8<A4@<>< (D<EGAB> 1.1).  

 
$<EGAB> .1.1 – "FABE<F9?PA4S DB?P CFD < Q>EC9D<@9AF4?PAOI <EE?98B64A<= [47] 

 

�?S QHH9>F<6AB= BD74A<;4J<< CDBJ98GDO 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S 

A9B5IB8<@B A4?<K<9 K9FODёI BEAB6AOI EBEF46?SRM<I: 

ý E<EF9@O @B89?<DB64A<S < GCD46?9A<S 79B@9FD<9= ��,  

ý CDS@OI @9FB8B6 D4EKёF4 4QDB8<A4@<K9E><I I4D4>F9D<EF<>, 

ý B5D4FAOI @9FB8B6 8?S CBEFDB9A<S 79B@9FD<K9E><I HBD@ CB ;484AAB@G 

D4ECD989?9A<R 846?9A<S 

ý BCF<@<;4J<BAAOI @9FB8B6, CB;6B?SRM<I @4>E<@<;<DB64FP 6O5D4AAGR 

J9?96GR HGA>J<R (A4CD<@9D, 4QDB8<A4@<K9E>B9 >4K9EF6B) CGFё@ 64DP<DB64A<S 

79B@9FD<< CD< A4?B:9AAOI >BAEFDG>F<6AOI < 4QDB8<A4@<K9E><I B7D4A<K9A<SI. 

 

1.1 %<EF9@O @B89?<DB64A<S < GCD46?9A<S 79B@9FD<9= �А 
� A4EFBSM99 6D9@S 8?S HBD@<DB64A<S 79B@9FD<< A4L?< CD<@9A9A<9 E?98GRM<9 

46FB@4F<;<DB64AAO9 E<EF9@O CDB9>F<DB64A<S: CATIA, UNIGRAPHICS, 

GEMMA 3D [48÷50] < 8DG7<9. "A< CB;6B?SRF EB;84FP @4F9@4F<K9E>GR @B89?P �� EB E>B?P 

G7B8AB CB8DB5AB= EF9C9APR 89F4?<DB6>< CD< CB@BM< IBDBLB D4;6<FB7B 4CC4D4F4 

79B@9FD<K9E>B7B BC<E4A<S >D<6OI < CB69DIABEF9=. 
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#D< CDB9>F<DB64A<< B56B8B6 E?98G9F 5OFP 6A<@4F9?PAO@ CD< 6O5BD9 >?4EE4 

>D<6OI < CB69DIABEF9=, KFB5O <;59:4FP GIG8L9A<S GE?B6<= B5F9>4A<S Q?9@9AFB6 ��. 

$4ECD989?9A<9 846?9A<S CD< 8B;6G>B6OI E>BDBEFSI E6S;4AB E D4ECD989?9A<9@ 

>D<6<;AO, CBQFB@G E?98G9F <;5974FP GK4EF>B6 5B?PLB= >D<6<;AO <?< D9;>B7B <;@9A9A<S 

>D<6<;AO CB69DIABEF<, A4 >BFBDOI @B7GF CDB<;B=F< <6EC?9E><= 846?9A<S < 84:9 CBS6<FPES 

E>4K>< GC?BFA9A<S. &4><@< I4D4>F9DAO@< @9EF4@< A4 E4@B?ёF9 @B7GF 5OFP ABEB64S K4EFP 

HR;9?S:4 E C<?BFE>B= >45<AB= < 9ё EBCDS:9A<9 E J<?<A8D<K9E>B= K4EFPR, EBCDS:9A<9 

J<?<A8D<K9E>B= < I6BEFB6B= K4EF< HR;9?S:4, D4@CO FD4AECBDFAOI E4@B?ёFB6, ABEB6O9 

K4EF< C<?BAB6, 6OCB?A9AAO9 CGFё@ EBCDS:9A<S CB?GB>DG:ABEF< E CDS@O@< 

B5D4;GRM<@<, GK4EF>< EIB84 >BDBF><I B5F9>4F9?9= 7BA8B?, B5F9>4F9?9= L4EE< < 8D. �?S 

<;B?<DB64AAOI Q?9@9AFB6 ?9F4F9?PAB7B 4CC4D4F4 A9B5IB8<@B, CB 6B;@B:ABEF<, EFD9@<FPES 

> G8B5BB5F9>49@O@ HBD@4@ F<C4 8B;6G>B6B7B CDBH<?S <?< F9?4 6D4M9A<S E C?46AO@< 

B56B84@< ABEB6B= < I6BEFB6B= K4EF9=. 

#D< HBD@<DB64A<< CB69DIABEF9= E4@B?ёF4 A9B5IB8<@B GK<FO64FP FB 

B5EFBSF9?PEF6B, KFB 6 8B;6G>B6B@ CBFB>9 CDB<EIB8<F E?B:9A<9 6B;@GM9AAOI E>BDBEF9= BF 

EBE98A<I Q?9@9AFB6. � QFB@ E?GK49 CD<84A<9 EBE98A<@ Q?9@9AF4@ B5F9>49@OI HBD@ A9 

74D4AF<DG9F 5?47BCD<SFAB= <AF9DH9D9AJ<< 6 FB@ E?GK49, 9E?< 6B;@GM9AAO9 E>BDBEF<, 

6O;O649@O9 >4:8O@ <; Q?9@9AFB6, E>?48O64RFES - QFB @B:9F CD<69EF< > D4;7BAG F9K9A<S, 

CD9:896D9@9AAB@G CBS6?9A<R E>4K>B6 GC?BFA9A<S < BFDO6B6 CBFB>4. #D<@9D4@< F4><I 

>BAH<7GD4J<= @B7GF S6?SFPES 7BA8B?O 86<74F9?9= < C<?BAO, D4ECB?B:9AAO9 A4 69DIA9= 

CB69DIABEF< >DO?4, 7BA8B?O, D4ECB?B:9AAO9 A4 C<?BA4I 6 I6BEFB6B= K4EF< HR;9?S:4, 

&-B5D4;AB9 BC9D9A<9 <; CDBH<?9= E 5?<;><@ CB?B:9A<9@ @4>E<@4?PAB= FB?M<AO, 

B5F9>4F9?P L4EE<, E9K9A<9 @<89?S >BFBDB7B EB6C4849F E @4>E<@G@B@ FB?M<AO >DO?4 < F.8. 

#D< CDB9>F<DB64A<< B56B8B6 AG:AB DG>B6B8EF6B64FPES B5M<@ CD<AJ<CB@ 

<D4;A9E9A<S 6B;@GM9A<==, >B@CBAB64FP D4;?<KAO9 Q?9@9AFO F4>, KFB5O @9EF4 

8BCB?A<F9?PAB7B D4;7BA4 BF B8A<I Q?9@9AFB6 A9 EB6C484?< 5O E @9EF4@< D4;7BA4 BF 8DG7<I 

Q?9@9AFB6, 4 9Mё ?GKL9 - 74E<?< 5O 8DG7 8DG74. 

!9E@BFDS A4 5B?PL<9 6B;@B:ABEF<, CD<@9AS9@O9 EB6D9@9AAO9 CAD-E<EF9@O A9 

BK9AP G8B5AO 8?S J9?9= 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S CB69DIABEF< @47<EFD4?PAOI 

C4EE4:<DE><I E4@B?ёFB6, 6 >BFBDOI F<C<KAO@< Q?9@9AF4@< S6?SRFES A9EGM<9 

CB69DIABEF<, EBEF46?9AAO9 <; A45BD4 CDBH<?9= CB D4;@4IG < FDёI@9DAO9 F9?4 F<C4 

HR;9?S:4, 4 <;4C?4F><= E?G:4F FB?P>B 8?S HBD@<DB64A<S EBCDS:9A<= @9:8G BEAB6AO@< 

Q?9@9AF4@<. % QFB= J9?PR CD< 4QDB8<A4@<K9E>B@ CDB9>F<DB64A<< <ECB?P;G9FES 

GCDBM9AA4S E<EF9@4 BC<E4A<S 79B@9FD<< E4@B?ёF4, > >BFBDB= CD<ECBEB5?9AO ED98EF64 

4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S.  
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1.2 #DS@O9 @9FB8O D4EKёF4 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 
"F A48ё:ABEF<, FBKABEF< < 5OEFDB89=EF6<S CDS@B7B @9FB84 D4EKёF4 B5F9>4A<S �� 

;46<E<F QHH9>F<6ABEFP 6E9I EF48<= CDB9>F<DB64A<S. #D< D4EE@BFD9A<< D9:<@B6 

>D9=E9DE>B7B CB?ёF4, I4D4>F9D<;GRM<IES BFEGFEF6<9@ E<?PAOI E>4K>B6 GC?BFA9A<S < 

B5L<DAOI ;BA BFDO64, @B:AB E 6OEB>B= EF9C9APR 8BEFB69DABEF< CD<@9ASFP @9FB8O 

CB?AB7B CBF9AJ<4?4 <?< @9FB8O D9L9A<S GD46A9A<= 1=?9D4 8?S 6A9LA97B B5F9>4A<S 6 

EBK9F4A<< E @9FB84@< D4EKёF4 I4D4>F9D<EF<> CB7D4A<KAB7B E?BS < E?984.  9FB8O D9L9A<S 

GD46A9A<= !46P9-%FB>E4, FD95GRM<9 5B?PL<I 6D9@9AAOI ;4FD4F, A9B5IB8<@O 8?S 4A4?<;4 

E?B:AOI F9K9A<=, A4CD<@9D, 8?S D4EKёF4 B5F9>4A<S E A4?<K<9@ BFDO6AOI ;BA A4 D9:<@4I 

%G�"# < %G �), 8?S D4EKёF4 BEB59AABEF9= @9EFAB= 4QDB8<A4@<><, BJ9A>< 6?<SA<S EFDG= 

86<74F9?9= < F.8. 

� A4K4?9 60-I 7B8B6 BEAB6AO@< <AEFDG@9AF4@< 4QDB8<A4@<>4 5O?< @9FB8O D4EK9F4 

A96S;>B7B A9E:<@49@B7B F9K9A<S 6B>DG7 86G@9DAB7B CDBH<?S [51] < CDBEF9=L<= 3-d @9FB8 

6<ID96B= D9L9F>< [52]. &9@ 5B?99 G8<6<F9?PAB, KFB E4@B?9FO, EB;84AAO9 6 F9 7B8O (�747, 

&G-134, &G-154), BEB59AAB @B8<H<J<DG9@O9 6D9@S BF 6D9@9A< E ;4@9AB= 86<74F9?9=, 

FB?P>B A9846AB EF4?< 6OIB8<FP A4 C9AE<R, 6OF9EAS9@O9 5B?99 EB6D9@9AAO@< 

>BA>GD9AF4@<. 

70-9 < A4K4?B 80-I 7B8B6 B;A4@9AB64?<EP D4EJ69FB@ C4A9?PAOI @9FB8B6. �?S 4A4?<;4 

CB?AB= >B@CBAB6>< E4@B?9F4 6 *��� 5O?< D4;D45BF4AO 864 C4A9?PAOI @9FB84, 

BEAB64AAOI A4 @9FB89 E<@@9FD<KAOI BEB59AABEF9= [53] < A4 HBD@G?<DB6>9  BD<AB 

6AGFD9AA97B 7D4A<KAB7B GE?B6<S �<D<I?9 A4 6B;@GM9AAO= CBF9AJ<4? [54, 55].  

#9D6O= <; A<I 5O? D94?<;B64A E CB@BMPR 8<E>D9FAB–4A4?B7B6B7B CB8IB84 - DS8 

8<E>D9FAOI CB8>B6BB5D4;AOI 6<ID9= < A<F9= <EFBKA<>B6 5O?< D4;@9M9AO A4 D94?PAB= 

A9C?BE>B= C4A9?<, @B89?<DGS A9CD9DO6AB9 D4ECD989?9A<9 BEB59AABEF9=. �4@9F<@, KFB 

6OD4:9A<9 8?S E>BDBEF< BF E97@9AF4 <EFBKA<>B6 EB89D:<F B5M<9 F9D@<AO E HBD@G?B= 

�<B-%464D4-�4C?4E4 8?S 6<ID96B= ?<A<<, KFB 849F CDS@GR Q>BAB@<R 6 6OK<E?9A<SI. #D< 

D4EK9F9 5?<:A97B CB?S 59D9FES 5B?PLB9 >B?<K9EF6B 8<E>D9FAOI BEB59AABEF9=. !4B5BDBF, 

CD< 6OK<E?9A<< 84?PA<I CB?9= <I K<E?B @B:9F 5OFP G@9APL9AB 8B 86GI <?< 84:9 B8AB7B. 

� D9;G?PF4F9 @4FD<J4 4QDB8<A4@<K9E><I >BQHH<J<9AFB6 BCD989?S9FES 7BD4;8B 5OEFD99, F4> 

>4> 5B?99 6BEP@<89ESF< CDBJ9AFB6 >BQHH<J<9AFB6 6OK<E?SRFES E <ECB?P;B64A<9@ 

4CCDB>E<@4J<< 84?PA97B CB?S. &4>:9 <ECB?P;B64A<9 <F9D4J<BAAB7B 5?BKAB7B @9FB84 

�4GEE4-�9=89?S CB;6B?S9F CB?P;B64F9?R G69D9AAB < 5OEFDB D9L4FP 5B?PL<9 E<EF9@O 

?<A9=AOI GD46A9A<=, CD<EGM<9 C4A9?PAO@ @9FB84@. 

!4 BEAB69 CB8IB84  BD<AB 5O? D4;D45BF4A 5OEFDB89=EF6GRM<= C4A9?PAO= >B8 

WSEP 8?S D4EK9F4 BFDO6AB7B B5F9>4A<S >DO?4 CD< 5B?PL<I G7?4I 4F4>< (AOAs) [58], 
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>BFBDO= 6 A4EFBSM99 6D9@S B5OKAB <ECB?P;G9FES 8?S BJ9A>< A9EGM<I E6B=EF6 >DO?4 A4 

@4?OI E>BDBEFSI. �OEB>4S CDB<;6B8<F9?PABEFP >B84 WSEP B5GE?B6?9A4 ;484A<9@ 

7D4A<KAOI GE?B6<= A4 <EIB8AB= CB69DIABEF< >DO?4 < E?984, F4> KFB @4FD<J4 

4QDB8<A4@<K9E><I >BQHH<J<9AFB6 BEF49FES CBEFBSAAB= CD< D4EK9F4I. �6G@9DA4S 69DE<S 

QFB7B >B84- PROFSEP - B59EC9K<649F 4A4?<; 6E97B 8<4C4;BA4 GE?B6<= B5F9>4A<S, A4K<A4S E 

@4?OI G7?B6 4F4><, 789 A9F BFDO64 6BB5M9, < ;4>4AK<64S G7?4@< 4F4>< CBE?9 E64?<64A<S, 

>B784 @4EE<6AO= EDO6 A4K<A49FES CBKF< E C9D98A9= >DB@><, ;4 8B?< E9>GA8O. � EBK9F4A<< 

E DB54EFAO@ 79A9F<K9E><@ 4?7BD<F@B@ BA CD98EF46?S9F EB5B= BK9AP @BMAO= <AEFDG@9AF 

CDB9>F<DB64A<S OPTFOIL [59], CB;6B?SRM<= GK<FO64FP ?R5O9 B7D4A<K9A<S < CB:9?4A<S 

>BAEFDG>FBD4, 6 FB@ K<E?9 CD98C<EO64FP CB6989A<9 CB8N9@AB= E<?O 4QDB8<A4@<K9E>B7B 

CDBH<?S CBE?9 E64?<64A<S. 

�?47B84DS D96B?RJ<BAAO@ D45BF4@ 1.  GD@4A4 < �:. �BG?4 [60] < 1AFBA< 

�:9=@EBA4 [61] EF4?B 6B;@B:AO@ 4A4?<;<DB64FP B>B?B;6G>B6O9 4QDB8<A4@<K9E><9 

CDBH<?< EA4K4?4 6 A96S;>B@, 4 ;4F9@ 6 6S;>B@ CBFB>9, BD74A<;GS 6S;>B-A96S;>B9 

6;4<@B89=EF6<9 6A9LA97B CBFB>4 < CB7D4A<KAB7B E?BS/E?984 [62, 63]. � >BAJ9 70-I 7B8B6 

�:9=@EBA C9D6O@ D9L<? GD46A9A<9 CB?AB7B CBF9AJ<4?4 A4 CD<?974RM9= > F9?G E9F>9, 

EA4K4?4 8?S >DO?4 (;A4@9A<FO= >B8 FLO-22 [64]), 4 ;4F9@ 8?S >B@CBAB6>< >DO?B-HR;9?S: 

(FLO-28/FLO-30 [65]). #B8 6?<SA<9@ 97B D9;G?PF4FB6 @AB7<9 >B@4A8O D4;D45BFK<>B6 6 

@<D9 < 6 $BEE<< EB;84?<, 4 ;4F9@ F6BDK9E>< D4;6<?< CB8B5AO9 >B8O. 

� QF< 7B8O ". �. �4D4E9@ < �. �. �B64?96O@ 5O? EB;84A 6 *��� < ;4F9@ D4;6<64?ES 

6 F9K9A<9 @AB7<I ?9F >B8 BLWF [66, 67] 8?S 4A4?<;4 FD4AE;6G>B6B7B B5F9>4A<S >B@CBAB6B> 

C4EE4:<DE><I < FD4AECBDFAOI E4@B?ёFB6. #DB7D4@@4 D4;D45BF4A4 A4 BEAB69 <F9D4J<BAAB7B 

>64;<B8AB6D9@9AAB7B 4?7BD<F@4 6S;>B-A96S;>B7B 6;4<@B89=EF6<S 6 D4@>4I F9BD<< 

CB7D4A<KAB7B E?BS. $4EK9F 6A9LA97B B5F9>4A<S BEGM9EF6?S9FES CGFё@ K<E?9AAB7B 

<AF97D<DB64A<S >BAE9D64F<6AB= HBD@O CB?AB7B GD46A9A<S 8?S CBF9AJ<4?4 E 

CD<5?<:9AAO@ GKёFB@ A9<;QAFDBC<KABEF< CBFB>4 A4 E>4K>4I GC?BFA9A<S. �ECB?P;G9@4S 

D4;ABEFA4S EI9@4 @B:9F 5OFP C9D6B7B <?< 6FBDB7B CBDS8>4 FBKABEF< 6 E69DI;6G>B6OI 

B5?4EFSI. $9L9A<9 D9;G?PF<DGRM9= E<EF9@O D4;ABEFAOI GD46A9A<= BEGM9EF6?S9FES A4 

BEAB69 QHH9>F<6AB7B 4?7BD<F@4 CD<5?<:ёAAB= H4>FBD<;4J<<. #DBEFD4AEF69AAO9 

D4EK9FAO9 E9F>< B>B?B >B@CBAB6>< HBD@<DGRFES E CB@BMPR 4?795D4<K9E>B= @9FB8<><. 

�>?RK9A<9 6 D4EKёFAGR EI9@G @BFB7BA8B?, C<?BAB6, I6BEFB6B7B BC9D9A<S, ��� 

CDB<;6B8<FES A4 BEAB69 CDBJ98GDO <I<@9D4=. $4EK9F E:<@49@B7B ?4@<A4DAB7B < 

FGD5G?9AFAB7B CB7D4A<KAB7B E?BS A4 CB69DIABEF< >DO?4 < BC9D9A<S BEGM9EF6?S9FES CGFё@ 

>BA9KAB-D4;ABEFAB7B D9L9A<S CB?AB= E<EF9@O GD46A9A<= CDBEFD4AEF69AAB7B 

CB7D4A<KAB7B E?BS. �ECB?P;GRFES ?<5B 4?795D4<K9E>4S @B89?P FGD5G?9AFAB= 6S;>BEF< 
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Cebeci-Smith, ?<5B A9D46AB69EA4S @B89?P Spallart-Almares. � BFDO6AOI B5?4EFSI < 

B5?4EFSI, 5?<;><I > BFDO6G D4EK9F CB7D4A<KAB7B E?BS, CDB6B8<FES B5D4FAO@ @9FB8B@. 

�S;><= E?98 D4EEK<FO649FES <AF97D4?PAO@ @9FB8B@ 6 D4@>4I 7<CBF9;O C?BE><I E9K9A<=. 

�OF9EASRM<= QHH9>F CB7D4A<KAB7B E?BS < 6S;>B7B E?984 A4 6A9LA99 F9K9A<9 

@B89?<DG9FES EBBF69FEF6GRM<@ <;@9A9A<9@ 7D4A<KAOI GE?B6<= A4 CB69DIABEF< >DO?4 < 

BC9D9A<S. %D4M<64A<9 6A9LA97B A96S;>B7B F9K9A<S (6A9LA99 B5F9>4A<9) < 6S;>B7B F9K9A<S 

(CB7D4A<KAO= E?B=, 6S;><= E?98) BEGM9EF6?S9FES A4 BEAB69 >64;<B8AB6D9@9AAB7B 

4?7BD<F@4. %B7?4EAB QFB= @9FB8<>9 D4EKёF 6A9LA97B A96S;>B7B CBFB>4 CDB<;6B8<FES E 

GKёFB@ B:<849@B= D94>J<< CB7D4A<KAB7B E?BS A4 CB?GK49@B9 <;@9A9A<9 D4ECD989?9A<S 

E>BDBEF< A4 CB69DIABEF< >B@CBAB6><. #D<@9A9A<9 >64;<B8AB6D9@9AAB= @9FB8<>< 

B59EC9K<649F 5OEFDGR EIB8<@BEFP 6S;>B-A96S;><I <F9D4J<= >4> A4 59;BFDO6AOI D9:<@4I, 

F4> < 6 E?GK49 G@9D9AAOI BFDO6B6. �4> CD46<?B, B>4;O649FES 8BEF4FBKAB 5 6S;>B-A96S;><I 

<F9D4J<= 8?S 8BEF<:9A<S CB?AB= EIB8<@BEF<. 

#DB7D4@@4 I4D4>F9D<;G9FES @4?O@ 6D9@9A9@ EKёF4 < 46FB@4F<K9E>B= CDBJ98GDB= 

CBEFDB9A<S D4EKёFAB= E9F><, A9 FD95GRM9= A9CBED98EF69AAB7B 6@9L4F9?PEF64 

CB?P;B64F9?S. #DB7D4@@4 CDBL?4 L<DB>GR 4CDB54J<R A4 >B@CBAB6>4I BF9K9EF69AAOI < 

;4DG59:AOI E4@B?ёFB6. � >4K9EF69 CD<@9D4, A4 D<EGA>9 1.2 CD<6B8<FES ED46A9A<9 

D4EK9FAB7B D4ECD989?9A<S 846?9A<S A4 >DO?9 5?<:A9@47<EFD4?PAB7B E4@B?ёF4, 

CB?GK9AAB7B CB CDB7D4@@9 BLWF-31, E CBE?98GRM<@< Q>EC9D<@9AF4?PAO@< 84AAO@<. 

!45?R849FES IBDBL99 EB7?4EB64A<9, 84:9 A9E@BFDS A4 FB, KFB A9>BFBDO9 Q?9@9AFO 6 

D4EKёF9 A9 @B89?<DB64?<EP (B5F9>4F9?< C<?BA4, B5F9>4F9?< @9I4A<;@4 ;4>DO?>4 < 8D.). 

�OEB>B9 5OEFDB89=EF6<9 CDB7D4@@ BLWF EBEF46?S9F IBDBLGR BEAB6G 8?S CD<@9A9A<S <I 

6 <F9D4J<BAAOI B5D4FAOI < BCF<@<;4J<BAAOI CDBJ98GD4I CDB9>F<DB64A<S. 
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$<EGAB> 1.2 – %D46A9A<9 D4EKёFAOI < Q>EC9D<@9AF4?PAOI D4ECD989?9A<= 846?9A<S CB 

>DO?G 5?<:A9@47<EFD4?PAB7B E4@B?ёF4 ( =0.78 %G0.5) 

 

� A4EFBSM99 6D9@S 4>F<6AB <ECB?P;GRFES @9FB8<>< < CDB7D4@@O D9L9A<S 

GD46A9A<= !46P9-%FB>E4, BED98A9AAOI CB $9=AB?P8EG (RANS-@9FB8O) D4;D45BF4AAO9 >4> 

6 $BEE<<, F4> < ;4 DG59:B@. 1FB >B8O EWT, ANSYS CFX, Fluent, STAR CD, NUMECA < 8D. 

�O89?SRFES CD<AJ<C<4?PAB D4;?<KAO9 CB8IB8O > CBEFDB9A<R E9FB>. 

%FDG>FGD<DB64AAO9 E9F>< <@9RF GCBDS8BK9AAGR FBCB?B7<R <, >4> CD46<?B, BF?<K4RFES 

?GKL<@ >4K9EF6B@, D4EKёFO A4 A<I CDB6B8<FP CDBM9, K9@ A4 A9EFDG>FGD<DB64AAOI <?< 

C9D9>DO64RM<IES E9F>4I, > FB@G :9 CB7D4A<KAO= E?B=, 789 ABD@4?PAO9 7D48<9AFO 

<;@9A9A<S 69?<K<A A4@AB7B 5B?PL9 CDB8B?PAOI, ?GKL9 @B89?<DG9FES 8?<AAO@< 

K9FOD9IG7B?PAO@< SK9=>4@< (79>E4Q8D4@< 6 CDBEFD4AEF69AAB@ E?GK49). "8A4>B 

A9EFDG>FGD<DB64AAO9 E9F>< EFDBSFES A4 CBDS8B> CDBM9 < 5OEFD99. +4EFB CD<@9ASRF 

7<5D<8AO9 E9F><: EFDG>FGD<DB64AAO9 SK9=>< 65?<;< 7D4A<J < A9EFDG>FGD<DB64AAB9 

6A9LA99 CB?9.  

$4EKёFAO9 E9F>< 8B?:AO <@9FP 8BEF4FBKAB 5B?PLGR D4;@9DABEFP 8?S A48?9:4M97B 

D4;D9L9A<S 89F4?9= F9K9A<S A9 FB?P>B 65?<;< CB69DIABEF9= Q?9@9AFB6, AB < 6 6S;><I 

E?984I. � A4EFBSM99 6D9@S EK<F49FES, KFB CD< <ECB?P;B64A<< EI9@ A<;>B7B CBDS8>4 8?S 

CB?GK9A<S >4K9EF69AAB7B D4;D9L9A<S F9K9A<S 6B>DG7 >B@CBAB6>< E4@B?ёF4 A4 >D9=E9DE><I 

D9:<@4I CB?ёF4 A9B5IB8<@B <@9FP E9F>G E ~ 70-100 @?A G;?B6.  
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$<EGAB> 1.3 - #D<@9D D4EKёFAOI D4ECD989?9A<S 846?9A<S < CB69DIABEFAOI ?<A<= FB>4 A4 

F9EFB6B= @B89?< CRM ( =0.85, Re=5 @?A., α=2.0º) 

 

1.3 "5D4FAO9 @9FB8O 4QDB8<A4@<>< 
�OEB>4S E>BDBEFP < A489:ABEFP CDS@OI @9FB8B6 CFD HBD@<DGRF IBDBLGR BEAB6G 

8?S <I CD<@9A9A<S 6 <F9D4J<BAAOI B5D4FAOI < BCF<@<;4J<BAAOI CDBJ98GD4I 

CDB9>F<DB64A<S. "5D4FAO9 @9FB8O CD98A4;A4K9AO 8?S HBD@<DB64A<S 79B@9FD<< >DO?4 E 

;484AAO@ (J9?96O@) D4ECD989?9A<9@ 846?9A<S Cp* [68÷75]. "5D4FAO9 @9FB8O ABESF 

<F9D4J<BAAO= I4D4>F9D, F4> >4> CB?B:9A<9 >BAFGD4, A4 >BFBDB@ 8B?:AO 6OCB?ASFPES 

;484AAO9 7D4A<KAO9 GE?B6<S, ;4D4A99 A9<;69EFAB. �F9D4J<= @B:AB <;59:4FP FB?P>B 6 

CDBEF9=L9@ E?GK49 ?<A9=AOI @9FB8B6 E 7D4A<KAO@< GE?B6<S@<, ;484AAO@< A4 

H<>E<DB64AAB= C?BE>BEF<. 

� DG>4I BCOFAB7B 4QDB8<A4@<>4 B5D4FAO9 @9FB8O EBEF46?SRF @BMAO= <AEFDG@9AF 

CDB9>F<DB64A<S. "A< CB;6B?SRF 9@G GEFD4A<FP <?< BE?45<FP G84DAO9 6B?AO, EA<;<FP 

GDB69AP 6B;@GM9A<= F9K9A<S 6 G>4;4AAB= B5?4EF<, D94?<;B64FP CB6989A<9 D4ECD989?9A<S 

846?9A<S, 5?47BCD<SFAB9 8?S D4;6<F<S ?4@<A4DAB7B <?< FGD5G?9AFAB7B CB7D4A<KAB7B E?BS 

[76, 77]. "5?484S DB54EFAO@ B5D4FAO@ @9FB8B@, @B:AB C9D9A9EF< <IBDBL99" 

D4ECD989?9A<9 846?9A<S BF GEC9LAB7B CDBFBF<C4 8?S 5OEFDB7B CDB9>F<DB64A<S <EIB8AB= 

79B@9FD<<. 
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"5D4FA4S ;484K4 @B:9F 5OFP D9L9A4 D4;?<KAO@< CB8IB84@<. "8A<@ <; A4<5B?99 

D4ECDBEFD4A9AAOI CB8IB8B6 6 @<DB6B= CD4>F<>9 S6?S9FES F4> A4;O649@O= @9FB8 

BEF4FBKAB= >BDD9>J<<. � IB89 <F9D4J<= 79B@9FD<S >DO?4 @B8<H<J<DG9FES E J9?PR 

G@9APL9A<S A96S;>< @9:8G ;484AAO@ Cp* < F9>GM<@ D4ECD989?9A<9@ 846?9A<S Cp(k), 

CB?GK9AAO@ A4 k-= <F9D4J<<. #D< F4>B@ CB8IB89 CDS@B= @9FB8 <ECB?P;G9FES >4> <K9DAO= 

SM<>=, >BFBDO= CD< A9B5IB8<@BEF< @B:AB ?97>B ;4@9A<FP 8DG7<@ (D<EGAB> 1.4).  9FB8O 

BEF4FBKAB= >BDD9>J<< CD98CBKF<F9?PA99 "K<EFOI" B5D4FAOI @9FB8B6, F4> >4> D4;6<F<9 

CDS@OI @9FB8B6 BC9D9:49F D4;6<F<9 CBE?98A<I, < CBQFB@G 6B;@B:AB D9L9A<9 

CDB9>F<DB6BKAOI ;484K 8?S 5B?99 E?B:AOI >B@CBAB6B>. 

 

 

$<EGAB> 1.4 – %FDG>FGD4 @9FB8B6 BEF4FBKAB= >BDD9>J<< 

 

�?S >BDD9>J<< 79B@9FD<< @B7GF 5OFP <ECB?P;B64AO D4;?<KAO9 CB8IB8O, < CBASFAB, 

KFB K9@ 7DG599 >BDD9>FBD, F9@ @98?9AA99 5G89F EIB8<@BEFP <F9D4J<BAAB7B CDBJ9EE4. � 

CDB7D4@@4I TRAWDES (TRAnsonic Wing DESign), D4;D45BF4AAOI 6 *���, 6 >4K9EF69 

CDS@B7B >B84 <ECB?P;G9FES >B8 BLWF, 4 6 >4K9EF69 >BDD9>FBD4 79B@9FD<< <ECB?P;GRFES 

B5D4FAO9 @9FB8O A<:A97B GDB6AS: 6 TRAWDES-I <ECB?P;G9FES 3-@9DAO= B5D4FAO= @9FB8 

8?S >DO?4 6 8B;6G>B6B@ CBFB>9, 4 6 CDB7D4@@9 TRAWDES-II - 2-d B5D4FAO= @9FB8 8?S 

EFD9?B6<8AB7B >DO?4 6 B>B?B;6G>B6B@ CBFB>9 [74, 75]. "A<, 6 E6BR BK9D98P, F4>:9 

BEAB64AO A4 CD<AJ<C9 BEF4FBKAB= >BDD9>J<<, F4><@ B5D4;B@ CB?GK49FES FD9IGDB6A964S 

EFDG>FGD4. &4>:9 CDBJ98GD4 TRAWDES 484CF<DB64A4 > CDB9>F<DB64A<R 69DF<>4?PAOI 

;4>BAJB6B> >DO?4 (���). 

#D< QFB@ 6 89=EF6<F9?PABEF< 6 84AAB= >BAEFDG>J<< <ECB?P;G9FES FB?P>B B8<A 

CDBEFB= 86G@9DAO= A9E:<@49@O= A96S;><= B5D4FAO= @9FB8, 4 <@9AAB C4A9?PAO= @9FB8 E 

>GEBKAB-?<A9=AO@ D4ECD989?9A<9@ 6<ID9= A4 C4A9?SI < GE?B6<9@ CBEFBSAEF64 HGA>J<< 

CBFB>4 6 G;?4I >BAFGD4 [69]. �ECB?P;B64A<9 HGA>J<< FB>4 849F A9BECBD<@B9 CD9<@GM9EF6B 
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C9D98 8DG7<@< CB8IB84@<, F4> >4> A4 6OIB89 CB?GK4RFES >BBD8<A4FO G;?B6, 4 A9 A4>?BAO, 

KFB 7BD4;8B CD98CBKF<F9?PA99 65?<;< C9D98A9= >DB@><. #9D9IB8 BF 8B;6G>B6B7B F9K9A<S > 

E@9L4AAB@G FD4AE;6G>B6B@G B59EC9K<649FES <899= [70] D4EM9C?9A<S A96S;>< 846?9A<S A4 

8B;6G>B6GR < E69DI;6G>B6GR EBEF46?SRM<9 < CD9B5D4;B64A<S CBE?98A9= 6 Q>6<64?9AFAGR 

8B;6G>B6GR CB HBD@G?9 �>>9D9F4. %IB8<@BEFP > ;484AAB@G D4ECD989?9A<R 846?9A<S 

8BEF<749FES ;4 5-15 <F9D4J<= 84:9 CD< <EIB8AB= 79B@9FD<< >DO?4, E<?PAB BF?<K4RM9=ES 

BF :9?49@B=. 

"5D4FAO9 @9FB8O S6?SRFES @BMAO@ <AEFDG@9AFB@ 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S. "A< CB;6B?SRF GEFD4A<FP <?< BE?45<FP E>4K>< GC?BFA9A<S, EA<;<FP 

GDB69AP 6B;@GM9A<= CBFB>4 6 ;484AAB@ @9EF9, D94?<;B64FP D4ECD989?9A<9 846?9A<S, 

5?47BCD<SFAB9 8?S D4;6<F<S ?4@<A4DAB7B <?< FGD5G?9AFAB7B CB7D4A<KAB7B E?BS. !9 6ES>B9 

;484AAB9 D4ECD989?9A<9 846?9A<S @B:AB D94?<;B64FP H<;<K9E><, F4> >4> 6 B5M9@ E?GK49 

B5D4FA4S ;484K4 S6?S9FES A9>BDD9>FAB=. 'E?B6<S D4;D9L<@BEF< FBKAB EHBD@G?<DB64AO 

FB?P>B 8?S 86G@9DAB7B A96S;>B7B CBFB>4, 8?S D94?PAOI FD4AE;6G>B6OI FDёI@9DAOI F9K9A<= 

A9<;59:AB <ECB?P;B64A<9 <A:9A9DAOI CB8IB8B6. &9@ A9 @9A99, 8?S 8B;6G>B6OI F9K9A<= A4 

>D9=E9DE>B@ D9:<@9 CB?ёF4 A9F CDB5?9@ EB EIB8<@BEFPR > CDB<;6B?PAB ;484AAB@G %D*, ;4 

<E>?RK9A<9@ @4?OI B>D9EFABEF9= 65?<;< >D<F<K9E><I FBK9>. �?S FD4AE;6G>B6OI F9K9A<= 

A96B;@B:A4 D94?<;4J<S 59EE>4K>B6OI QCRD, 9E?< @9EFAB9 K<E?B  4I4 6 E69DI;6G>B6B= ;BA9 

8BEF4FBKAB 69?<>B. � QFB@ E?GK49 <F9D4J<BAAO9 CDBJ98GDO TRAWDES EF4D4RFES 

<CD<5?<;<FPES= > ;484AAB@G %D*, AB 6@9EFB <;QAFDBC<K9E>B7B FBD@B:9A<S CBFB>4 6 

D94?PABEF< D94?<;G9FES E>4KB> GC?BFA9A<S. 

 
$<EGAB> 1.5 – #D<@9D D4ECD989?9A<= 846?9A<S CDBH<?9= D4;AOI CB>B?9A<= 



42 
 

#D< CDB9>F<DB64A<< EB6D9@9AAOI E69DI>D<F<K9E><I >DO?P96 J9?96B9 

D4ECD989?9A<9 846?9A<S B5OKAB EF4D4RFES ;484FP F4>, KFB5O @4>E<@4?PAB G69?<K<FP 

C?BM48P QCRDO 846?9A<S ;4 EKёF 69DIA9= CB69DIABEF<, 8B F9I CBD, CB>4 QFB A9 6O;B69F 

>D<F<KAB7B CD<DBEF4 EBCDBF<6?9A<S, D<EGAB> 1.5 (A4CB@A<@, KFB CB8Nё@A4S E<?4 D46A4 

C?BM48< QCRDO, 4 BFABE<F9?PA4S FB?M<A4 D4EFёF CB @9D9 E86<74 ED98A9= ?<A<< QCRDO 

669DI). 

�4 EKёF QFB7B D4EFёF 4QDB8<A4@<K9E>B9 >4K9EF6B 6E9= >B@CBAB6>< �=%G/CI, F4> >4> 

K<E?<F9?P D4EFёF 5OEFD99, K9@ ;A4@9A4F9?P. "7D4A<K<F9?S@< CB D4EL<D9A<R QCRDO E69DIG 

6OEFGC49F 6B?AB6B9 EBCDBF<6?9A<9 (CD<  @9EFó1.25 A9<;59:AB CBS6?9A<9 E<?PAOI E>4K>B6 

GC?BFA9A<S), 4 ECD464 – CDBH<?PAB9 EBCDBF<6?9A<9 6E?98EF6<9 A4K<A4RM97BES BFDO64 A4 

E?<L>B@ E<?PAOI 8<HHG;BD4I. 

!4?<K<9 @9FB8B6 D9L9A<S B5D4FAOI ;484K CB;6B?S9F EFDB<FP <Q>6<64?9AFAO9= 

>BAFGDO. #B8 Q>6<64?9AFAO@ CBA<@49FES F4>B9 >DO?B, >BFBDB9 <@99F FB :9 D4ECD989?9A<9 

846?9A<S, KFB < <EIB8AB9, AB CD< 8DG7<I GE?B6<SI. #DBJ98GD4 C9D9ABE4 D4ECD989?9A<S 

846?9A<S @B:9F 5OFP 6OCB?A9A4 >4> E B8AB7B D9:<@4 B5F9>4A<S A4 8DG7B= (A4CD<@9D, CD< 

D4;AOI K<E?4I  ), F4> < E B8AB= HBD@O 6 C?4A9 A4 8DG7GR. #D< QFB@ <8BK9DA<9= >DO?PS, 

CB?GK9AAO9 6 D9;G?PF4F9 QFB= CDBJ98GDO, EBID4ASRF 4QDB8<A4@<K9E><9 E6B=EF64 >DO?4-

CDBFBF<C4 A9 FB?P>B 6 ;484AAB= FBK>9 CB D9:<@G, AB < 6 A9>BFBDB= 9ё B>D9EFABEF<. 

#D< <ECB?P;B64A<< B5D4FAOI @9FB8B6 79B@9FD<S EF4AB6<FES 6FBD<KAB= CB 

BFABL9A<R > D4ECD989?9A<R 846?9A<S, F4> >4> <@9AAB QCRD4 846?9A<S BCD989?S9F 

CDBH<?PAB9 < 6B?AB6B9 EBCDBF<6?9A<9 >DO?4, < <A8G>F<6AB9 EBCDBF<6?9A<9 6E9= 
>B@CBAB6><. $4ECD989?9A<9 846?9A<S A4CDS@GR E6S;4AB E >D<6<;AB= >BAFGD4, CBQFB@G 
CD< ;484A<< C?46AB7B D4ECD989?9A<S 846?9A<S 79B@9FD<S E9K9A<= >DO?4 46FB@4F<K9E>< 

CB?GK49FES 7?48>B=. �484K4 CDB9>F<DB6M<>4 – 8B5<FPES IBDBL97B J9?96B7B D4ECD989?9A<S 

846?9A<S A4 >DO?9 (%D*), 4 ;4F9@ 6 >BAJ9 CDB69D<FP CB?GK<6LGRES 79B@9FD<R A4 CD98@9F 

G8B6?9F6BD9A<S >BAEFDG>F<6AO@ < F9IAB?B7<K9E><@ FD95B64A<S@. �AB784 CB?GK4RM4SES 

79B@9FD<S 84:9 CD< <B5OKAB@= D4ECD989?9A<< 846?9A<S S6?S9FES 8B6B?PAB A9B5OKAB=, 

>4>, A4CD<@9D, 6 E?GK49 ���, B5F9>4A<9 >BFBDB= CDB<EIB8<F 6 GE?B6<SI E<?PAB 

@9ASRM97BES CB 6OEBF9 E>BE4 BF >DO?4, D<EGAB> 1.6. 
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$<EGAB> 1.6 – #DBH<?< E9K9A<= < D4ECD989?9A<9 846?9A<S CB ��� 

 

"8AB= <; 7?46AOI CDB5?9@ CD<@9A9A<S B5D4FAOI @9FB8B6 S6?S9FES E?B:ABEFP 

;484A<S <BCF<@4?PAB7B= J9?96B7B D4ECD989?9A<S 846?9A<S. �E?< 8?S F<CB6OI ;484K 

CDB9>F<DB64A<S >DO?P96 E4@B?ёFB6 >?4EE<K9E><I EI9@ BCOFAO= CDB9>F<DB6M<> @B:9F 

;484FP F4>B9 J9?96B9 D4ECD989?9A<9 846?9A<S %D*, >BFBDB9 B59EC9K<F 5?47BCD<SFAO9 

4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< < CD<9@?9@GR HBD@G, <?< 84:9 D9L<FP ;484KG B5 

BCF<@<;4J<< J9?96B7B D4ECD989?9A<S 846?9A<S A4 >DO?9 [78, 79], FB 8?S 8DG7<I Q?9@9AFB6 

�� QFB E89?4FP ;4FDG8A<F9?PAB.  

#D< CB6OL9AAB= 4QDB8<A4@<K9E>B= <AF9DH9D9AJ<< A95?47BCD<SFAB9 

D4ECD989?9A<9 846?9A<S A4 B8AB@ <; Q?9@9AFB6 @B:9F 5OFP D9;G?PF4FB@ 6B;89=EF6<S 

8DG7B7B Q?9@9AF4, < CDS@B?<A9=AO9 CBCOF>< <ECD46<FP CB?B:9A<9 CD< CB@BM< B5D4FAB7B 

@9FB84 A9 CD<6B8SF > GEC9IG. !4CD<@9D, A9G84KAO= ;4?<; >DO?4 E HR;9?S:9@ @B:9F 

<<ECBDF<FP= D4ECD989?9A<9 846?9A<S CB >DO?G A4 5B?PLB= K4EF< CB?GD4;@4I4, 

A95?47BCD<SFAO= QHH9>F �9AFGDD< @B:9F CD<69EF< > CBS6?9A<R E>4K>B6 GC?BFA9A<S A4 

C<?BA4I 86<74F9?9=, @4EE<6AO= B5F9>4F9?P L4EE< @B:9F >4D8<A4?PAB <;@9A<FP >4DF<AG 

F9K9A<S A4 A<:A9= CB69DIABEF< >DO?4 6OEB>BC?4A4 < F.8. "EB59AAB E<?PAB 

A95?47BCD<SFA4S <AF9DH9D9AJ<S CDBS6?S9FES CD< 5B?PL<I B>B?B;6G>B6OI K<E?4I   

A45974RM97B CBFB>4. �?S D9L9A<S <AF9DH9D9AJ<BAAOI CDB5?9@ D9>B@9A8G9FES 

<ECB?P;B64FP 6OL9G>4;4AAO= CD<AJ<C 6;4<@AB7B D4;A9E9A<S 6B;@GM9A<= BF D4;?<KAOI 

Q?9@9AFB6 >B@CBAB6><. 
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"5D4FAO9 @9FB8O E?B:AB CD<@9ASFP 8?S CDB9>F<DB64A<S @AB7BD9:<@AOI 

?9F4F9?PAOI 4CC4D4FB6, 4 F4>:9 6 E<FG4J<<, >B784 EGM9EF6GRF @AB7BK<E?9AAO9 

B7D4A<K9A<S >BAEFDG>F<6AB7B < 4QDB8<A4@<K9E>B7B CDB<EIB:89A<S. � QF<I E?GK4SI 

A9B5IB8<@B CD<@9A9A<9 @9FB8B6 K<E?9AAB= BCF<@<;4J<<. 

 

1.4 "CF<@<;4J<BAAO9 @9FB8O CDB9>F<DB64A<S 4QDB8<A4@<K9E><I >B@CBAB6B> 
+<E?9AAO9 @9FB8O BCF<@<;4J<< HBD@4?PAB 5B?99 CB8IB8SF 8?S J9?9= 

CDB9>F<DB64A<S, F4> >4> CB;6B?SRF <EE?98B64F9?R ?97>B <;@9ASFP J9?96O9 HGA>J<<, 

GK<FO64FP 6E9 6B;@B:AO9 79B@9FD<K9E><9 < 4QDB8<A4@<K9E><9 B7D4A<K9A<S < 6OCB?ASFP 

@AB7BD9:<@AGR BCF<@<;4J<R. #BE?9 C<BA9DE>B= D45BFO Hicks & Vanderplaatz [80] 

CBS6<?BEP B7DB@AB9 >B?<K9EF6B D45BF D4;?<KAOI 46FBDB6 6 QFB= B5?4EF< [81÷125]. 

�A98D9A<9 @9FB8B6 BCF<@<;4J<< 6 4QDB8<A4@<K9E>B9 CDB9>F<DB64A<9 CB;6B?S9F A9 FB?P>B 

8B5<FPES 6O<7DOL9= 6 4QDB8<A4@<K9E><I I4D4>F9D<EF<>4I CB ED46A9A<R E >?4EE<K9E>B= 

CD4>F<>B=, BC<D4RM9=ES A4 ED46A<F9?PAO= 4A4?<; D4;?<KAOI 64D<4AFB6 >DO?4 < 8DG7<I 

Q?9@9AFB6 ��, AB < ;A4K<F9?PAB GE>BD<FP CDBJ9EE CD<5?<:9A<S > <BCF<@4?PAB@G= 

D9L9A<R, HBD@4?<;B64FP @9FB8<>G CDB9>F<DB64A<S ;4 EKёF 6>?RK9A<S 6 D4EE@BFD9A<9 

@AB7BK<E?9AAOI B7D4A<K9A<= < BCOF4 CDB9>F<DB6M<>4. 

!4<5B?PL<= 6O<7DOL BCF<@<;4J<BAAO9 @9FB8O 84RF 8?S AB6OI >B@CBAB6B>, CB 

>BFBDO@ 9M9 A98BEF4FBKAB ;A4A<=, <?< CD< A4?<K<< @AB:9EF64 CDBF<6BD9K<6OI 

B7D4A<K9A<=, >BFBDO9 A96B;@B:AB GK9EFP <6DGKAGR=. #9DEC9>F<6A4S B5?4EFP CD<@9A9A<S 

@9FB8B6 BCF<@<;4J<< – QFB @B8<H<>4J<S EGM9EF6GRM<I E4@B?ёFB6, >B784 K4EFP 79B@9FD<< 

>DO?4 (A4CD<@9D, >9EEBA) H<>E<DG9FES, 4 BEF4?PAGR @B:AB 64DP<DB64FP. 

 9FB8O K<E?9AAB= BCF<@<;4J<< CB;6B?SRF ?97>B <;@9ASFP J9?96O9 HGA>J<<, 

GK<FO64FP 6E96B;@B:AO9 79B@9FD<K9E><9 < 4QDB8<A4@<K9E><9 B7D4A<K9A<S, 4 F4>:9 

CDB6B8<FP @AB7BD9:<@AGR BCF<@<;4J<R. "8A4>B 5B?PL4S FDG8Bё@>BEFP 84AAOI @9FB8B6, 

BEB59AAB CD< CDB9>F<DB64A<< CDBEFD4AEF69AAOI HBD@, A9 CB;6B?S9F <ECB?P;B64FP 

CDBJ98GDG K<E?9AAB= BCF<@<;4J<< A4 D4AA<I EF48<SI CDB9>F4, >B784 FD95G9FES 5OEFDB 

CB?GK<FP IBDBL99 A4K4?PAB9 CD<5?<:9A<9. �89EP 5B?99 J9?9EBB5D4;AB CD<@9ASFP 

B5D4FAO9 @9FB8O, IBFS BK9D98ABEFP CD<@9A9A<S F9I <?< <AOI @9FB8B6 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S 8BEF4FBKAB GE?B6A4. 

#DBJ98GD4 K<E?9AAB= BCF<@<;4J<< 54;<DG9FES A4 B5N98<A9A<< CDS@B7B @9FB84 

4QDB8<A4@<K9E>B7B D4EKёF4, A45BD4 64D<4J<= CB69DIABEF< < 5?B>4 BCF<@<;4J<<. � 

>4K9EF69 A4K4?PAB= 79B@9FD<< A4 QF4C9 K<E?9AAB= BCF<@<;4J<< J9?9EBB5D4;AB 6O5D4FP 

79B@9FD<R >DO?4, CB?GK9AAGR CBE?9 QF4C4 D9L9A<S B5D4FAB= ;484K<. �?S FB7B, KFB5O 

EBID4A<FP CB?GK9AAO= D4A99 I4D4>F9D D4ECD989?9A<S 846?9A<S < G@9APL<FP K<E?B 
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C9D9@9AAOI, CD98CBKF<F9?PAB 64DP<DB64FP 7?B54?PAO9 I4D4>F9D<EF<>< E9K9A<= >DO?4, 

D<EGAB> 1.7, F4><9 >4> BFABE<F9?PA4S FB?M<A4, >DGF>4, 6B7AGFBEFP, 69?<K<A4 <CB8D9;><=, 

CB?B:9A<9 Y �) CB 69DIA9= < A<:A9= CB69DIABEF<, BF>?BA9A<9 I6BEF<>4, CB?B:9A<9 

E9K9A<S CB 69DF<>4?< < F.8. 

 
 

$<EGAB> 1.7 – <�?B54?PAO9= 64D<4J<< >BAFGDB6 E9K9A<= >DO?4 

 

�B>4?PAO9 64D<4J<< 6 6<89 A95B?PL<I 7?48><I 6OCG>?BEF9= >BAFGD4 FB:9 L<DB>B 

CD<@9ASRFES CD< BCF<@<;4J<<, CD<Kё@ A9>BFBDO9 <; A<I – F4> A4;O649@O9 =4QDBHGA>J<<= 

- @B7GF 5OFP E79A9D<DB64AO CD< CB@BM< B5D4FAOI @9FB8B6 8?S J9?9A4CD46?9AAB7B 

6B;89=EF6<S A4 QCRDG 846?9A<S.  B:AB 64DP<DB64FP < HBD@G >DO?4 6 C?4A9, AB FB784 

A9B5IB8<@B CB8>?RK4FP 6 >4>B=-?<5B HBD@9 < 69EB6B= D4EKёF [126, 127]. #D< 5B?PL<I 

K<E?4I  4I4 J9?9EBB5D4;AB CD<@9ASFP 64D<4J<< 79B@9FD<< HR;9?S:4. 1FB @B7GF 5OFP >4> 
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<;@9A9A<S CDB8B?PAOI B56B8B6, BC<EO64RM<I CB8:4F<9 HR;9?S:4, F4> < <;@9A9A<S 

FB?P>B HBD@O ;4?<;4/B5F9>4F9?S.  

&<C<KAB9 K<E?B C9D9@9AAOI CDB9>F<DB64A<S 8?S >DO?4, ;484AAB7B 5-7 

>BAFDB?PAO@< E9K9A<S@<, 8B?:AB EBEF46?SFP A9 @9A99 50-70, F.9. CB >D4=A9= @9D9, CB 10 

64D<4J<= A4 B8AB E9K9A<9. �?S 5B?99 CB?AB7B BC<E4A<S 79B@9FD<< J9?9EBB5D4;AB 

G69?<K9A<9 8B 20-25 C9D9@9AAOI A4 E9K9A<9. 

�4> CD46<?B, BCF<@<;<DG9FES 4QDB8<A4@<K9E>B9 >4K9EF6B E GKёFB@ D4;?<KAOI 

B7D4A<K9A<=, ;46<ESM<I BF >BA>D9FAB= ;484K<. �; 4QDB8<A4@<K9E><I 69?<K<A K4EFB 5O649F 

A9B5IB8<@O@ B7D4A<K<FP 69?<K<AG CDB8B?PAB7B @B@9AF4 8?S G@9APL9A<S CBF9DP A4 

54?4AE<DB6>G, 4 F4>:9 <;7<54RM97B @B@9AF4 8?S EA<:9A<S 69E4 >DO?4. $4;?<KAO9 

B7D4A<K9A<S >BAEFDG>F<6AB7B I4D4>F9D4 CB;6B?SRF G8B6?9F6BD<FP CD4>F<K9E><@ 

FD95B64A<S@ Q>EC?G4F4J<< < CDB<;6B8EF64. !4CD<@9D, B5Nё@ 6AGFD9AA<I FBC?<6AOI 54>B6 

K4EFB S6?S9FES >D<F<KAO@ 8?S 48@<A<EFD4F<6AOI <?< E69DI84?PA<I E4@B?ёFB6, CBQFB@G 

J9?9EBB5D4;AB GK<FO64FP 97B 6 6<89 B7D4A<K9A<S. "FABE<F9?PA4S FB?M<A4 6A9LA<I 

E9K9A<= >DO?4 @B:9F E<?PAB CB6?<SFP A4 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<>< <?< 

I4D4>F9D<EF<>< 4QDBGCDG7BEF<, F4> KFB CB?9;AB B7D4A<K<FP 9ё EA<;G. �?S CB?GK9A<S 

F9IAB?B7<KAB7B >DO?4 J9?9EBB5D4;AB A4?B:<FP B7D4A<K9A<9 A4 >D<6<;AG CB?B> 

?BA:9DBAB6, CBE>B?P>G A< CDBJ98GD4 D9L9A<S B5D4FAB= ;484K<, A< CDBJ98GD4 BCF<@<;4J<< 

E4@< CB E959 A9 74D4AF<DGRF 7?48>BEF< >DO?4 CB D4;@4IG. �6989A<9@ B7D4A<K9A<S A4 

>D<6<;AG @B:AB CB?GK<FP CD4>F<K9E>< C?BE><9 CB D4;@4IG CB69DIABEF< E<?B6OI C4A9?9= 

>9EEBA4. �A4S D4;ABEFP >DGFB> EF4C9?PAB= < CB?ёFAB= HBD@ >DO?4, @B:AB BCF<@<;<DB64FP 

4QDB8<A4@<K9E>B9 >4K9EF6B CB?ёFAB= HBD@O, B8AB6D9@9AAB @<A<@<;<DGS >D<6<;AG 
EF4C9?PAB= HBD@O >DO?4. 

� 5?B>9 BCF<@<;4J<<, <ECB?P;GRFES 2 @9FB84 – 7D48<9AFAO= @9FB8 <, 6 E<?G 

5OEFDB89=EF6<S CDS@B7B @9FB84 BLWF, 79A9F<K9E><= 4?7BD<F@ (��). �D48<9AFAO= @9FB8 

BCF<@<;4J<< FD95G9F A4@AB7B @9APL9 ;4FD4F K9@ ��, BEB59AAB CD< <ECB?P;B64A<< 

CBCG?SDAB7B 6 CBE?98A99 6D9@S 4?7BD<F@4 D9L9A<S EBCDS:9AAOI ;484K 8?S BCD989?9A<S 

7D48<9AFB6 J9?96OI HGA>J<= CB 6E9@ 64DP<DG9@O@ C4D4@9FD4@ ;4 6D9@S, EBCBEF46<@B9 EB 

6D9@9A9@ 98<A<KAB7B CDS@B7B D4EKёF4 [128, 129]. #B8B5A4S @9FB8<>4 D4;D45BF4A4 8?S 

CDB7D4@@O BLWF-100. � A98BEF4F>4@ 7D48<9AFAOI @9FB8B6 BFABE<FES BC4EABEFP 

«;4EFD964A<S» 6 ?B>4?PAB@ BCF<@G@9. 

 

1.5 �9A9F<K9E><= 4?7BD<F@ BCF<@<;4J<< 
�9A9F<K9E><= 4?7BD<F@ (��) – QFB @9FB8 CB<E>4, @B89?<DGRM<= 9EF9EF69AAO= 

BF5BD 6 :<6B= CD<DB89 < 6O:<64A<9 E<?PA9=L<I. "A EF4? BK9AP CBCG?SDAO@ 6 CBE?98A99 
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6D9@S 6 <A:9A9DAB@ EBB5M9EF69 [34, 36, 130, 131] 6 E<?G E6B9= DB54EFABEF<, CDBEFBFO, 

6B;@B:ABEF< QHH9>F<6AB7B D4EC4D4??9?<64A<S < ECBEB5ABEF< A4IB8<FP 7?B54?PAO= 

BCF<@G@ A97?48><I, @AB7BQ>EFD9@4?PAOI < <E>4:9AAOI K<E?9AAO@ <LG@B@= J9?96OI 

HGA>J<=. �?S D45BFO �� A9 AG:AB 6OK<E?SFP CDB<;6B8AO9, 4 FB?P>B ?<LP E4@< ;A4K9A<S 

HGA>J<< < B7D4A<K9A<=. �� GEFB=K<6 > 464D<=AO@ CD9DO64A<S@ D4EK9FB6 CDS@O@< 

@9FB84@<. $4;?<KAO9 B7D4A<K9A<S B5OKAB GK<FO64RFES CBED98EF6B@ LFD4HAOI HGA>J<=. 

$4EE@BFD<@ BEAB6AO9 BEB59AABEF< D45BFO A4<5B?99 L<DB>B <ECB?P;G9@B7B 

64D<4AF4 ��. �?S >4:8B= A9;46<E<@B= C9D9@9AAB= )i A4;A4K49FES 8<4C4;BA 9ё <;@9A9A<S 

[)imin÷)imax]. !4K4?PAB9 CB>B?9A<9 79A9D<DG9FES CD< CB@BM< 84FK<>4 E?GK4=AOI K<E9?: 

 

x1j=x1j min+ r*(Xjmax-Xjmin ), 789 r E?GK4=AB9 K<E?B <; [0; 1]. 

 

�4?99 CD< CB@BM< CDS@OI @9FB8B6 4QDB8<A4@<K9E>B7B 4A4?<;4 BEGM9EF6?S9FES 

D4EKёF J9?96B= HGA>J<< 8?S >4:8B7B <A8<6<84. � >4K9EF69 J9?96B= HGA>J<< <?< 

B7D4A<K9A<= @B7GF 5OFP 6O5D4AO ?R5O9 >B@5<A4J<< 4QDB8<A4@<K9E><I >BQHH<J<9AFB6. 

%?98GRM<9 CB>B?9A<S <A8<6<8B6 CB?GK4RFES CD< CB@BM< 79A9F<K9E><I 

BC9D4FBDB6: BF5BD4, E>D9M<64A<S < @GF4J<<. "F5BD BEGM9EF6?S9FES 6 EBBF69FEF6<< E 

69?<K<AB= J9?96B= HGA>J<< @9FB8B@ <DG?9F><=. � D45BF9 CD<@9AS9FES 5<A4DAO9 

CD98EF46?9A<S C9D9@9AAOI < CDBEF9=L<= B8ABFBK9KAO= >DBEEB69D (E>D9M<64A<9). �?S 

QFB7B CD9864D<F9?PAB C4D4 BFB5D4AAOI DB8<F9?9= CD98EF46?S9FES 6 6<89 IDB@BEB@AOI 

?9AF E AG?S@< < 98<A<J4@< (D<EGAB> 1.8). %?GK4=AO@ B5D4;B@ 6O5<D49FES FBK>4 D4;DO64 

IDB@BEB@AOI ?9AF, < 8BK9DA<9 <A8<6<8O CB?GK4RFES CGFё@ E>?9<64A<S D4;?<KAOI K4EF9= 

?9AF B5B<I DB8<F9?9= (D<EGAB> 1.9).  

$<EGAB> 1.8 - C9D96B8 6 86B<KAO= >B8 $<EGAB> 1.9 - L47 E>D9M<64A<S 
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&4><@ B5D4;B@, CDB<EIB8<F B5@9A 79A9F<K9E>B= <AHBD@4J<< BF89?PAOI <A8<6<8B6. 

!4>BA9J, @GF4J<S ;4>?RK49FES 6 E?GK4=AB@ <;@9A9A<< EB89D:<@B7B SK99> IDB@BEB@AOI 

?9AF 6E9= CBCG?SJ<< E 0 A4 1 <?< A4B5BDBF E @4?B= 69DBSFABEFPR.  GF4J<S A9B5IB8<@4 8?S 

D4EL<D9A<S CDBEFD4AEF64 CB<E>4 7?B54?PAB7B Q>EFD9@G@4 < EA<:9A<S 69DBSFABEF< 

;4EFD964A<S 6 ?B>4?PAB@ BCF<@G@9. "8A4>B CD< E<?PAB= @GF4J<< CDBJ9EE ;4>D9C?9A<S 

CB?9;AOI 79A9F<K9E><I CD<;A4>B6 A4DGL49FES <, E?98B64F9?PAB, EIB8<@BEFP CDBJ9EE4 

BCF<@<;4J<< ?<5B E<?PAB EA<:49FES, ?<5B 6BB5M9 BFEGFEF6G9F. !4 D4AA<I EF48<SI CB<E>4 

@GF4J<R J9?9EBB5D4;AB G69?<K<FP E J9?PR D4EL<D9A<S D4=BA4 CB<E>4. #B @9D9 

CD<5?<:9A<S > BCF<@G@G @GF4J<R J9?9EBB5D4;AB EA<;<FP CD4>F<K9E>< 8B AG?S. 

�?S 8BEF<:9A<S 7?B54?PAB7B BCF<@G@4 FD95GRFES EBFA< < FOESK< CB>B?9A<=, 

CBQFB@G 6 �� CD<@9ASRFES FB?P>B BK9AP 5OEFDO9 CDS@O9 @9FB8O. � A98BEF4F>4@ 

79A9F<K9E>B7B 4?7BD<F@4 @B:AB BFA9EF< < 5B?PLGR <A9DJ<R, <;-;4 K97B CD< ;A4K<F9?PAB@ 

<;@9A9A<< B7D4A<K9A<= A9F 6B;@B:ABEF< 6BECB?P;B64FPES D9;G?PF4F4@< CD98O8GM9= 

BCF<@<;4J<< < A9B5IB8<@B A4K<A4FP 6E9 EA4K4?4. %?454S 6OK<E?<F9?PA4S QHH9>F<6ABEFP 

@9FB84 S6?S9FES C?4FB= ;4 6OEB>GR DB54EFABEFP. "8A4>B, 6 BF?<K<9 BF 7D48<9AFAB7B 

@9FB84, 6 D9;G?PF4F9 BCF<@<;4J<< 8?S CBE?98GRM97B 4A4?<;4 CDB9>F<DB6M<> <@99F 6 

A4?<K<< A9 B8<A, 4 J9?B9 E9@9=EF6B Q?<FAOI <A8<6<8B6. 
 

1.6  AB7BGDB6A96O9 4?7BD<F@O BCF<@<;4J<< 
�4> G>4;O64?BEP 6OL9, BEAB6AB= A98BEF4FB> 79A9F<K9E><I 4?7BD<F@B6 ;4>?RK49FES 

6 A9B5IB8<@BEF< CDB6989A<S BK9AP 5B?PLB7B >B?<K9EF64 CDS@OI 6OK<E?9A<= J9?96B= 

HGA>J<<. �E?< CDS@B= D4EKёF FD95G9F ;4@9FAOI ;4FD4F @4L<AAB7B 6D9@9A< (4 8?S 

4QDB8<A4@<K9E><I D4EKёFB6 QFB S6?S9FES E>BD99 CD46<?B@, K9@ <E>?RK9A<9@), FB E<FG4J<S 

EF4AB6<FES >D<F<K9E>B=. �OIB8 ;89EP @B:9F 5OFP A4=89A 6 BD74A<;4J<< F4> A4;O649@OI 

@AB7BGDB6A96OI 6OK<E?9A<=. 

#D< K<E?9AAB@ @B89?<DB64A<< <EE?98G9@OI B5N9>FB6 <?< S6?9A<= CD<@9ASRFES 

@B89?< D4;?<KAB= E?B:ABEF<. 1FB @B7GF 5OFP >4> EB69DL9AAB D4;?<KAO9 CB8IB8O, F4> < 

D4;?<KAO9 GDB6A< 4CCDB>E<@4J<< 6 D4@>4I B8AB7B < FB7B :9 CB8IB84. #D<@9D4@< 

D4;?<KAOI CB E?B:ABEF< CB8IB8B6 6 4QDB8<A4@<>9 S6?SRFES, A4CD<@9D, C4A9?PAO9 @9FB8O 

8?S D9L9A<S GD46A9A<S �4C?4E4 < E9FBKAO9 @9FB8O 8?S D9L9A<= GD46A9A<S !46P9-%FB>E4. 

#D<@9D4@< D4;?<KAOI GDB6A9= 4CCDB>E<@4J<< S6?SRFES D9L9A<S B8A<I < F9I :9 

GD46A9A<= A4 7DG5OI < @9?><I E9F>4I. �4> CD46<?B, C9D9IB8 > 5B?99 E?B:AB= @B89?< 6?9KёF 

;4 EB5B= EGM9EF69AAB9 G69?<K9A<9 B5Nё@B6 6OK<E?9A<=. � BCF<@<;4J<BAAOI @9FB84I, 

S6?SRM<IES A4 E97B8ASLA<= 89AP A4<5B?99 @BMAO@ <AEFDG@9AFB@ CDB9>F<DB64A<S, 

A9D98>B FD95GRFES EBFA< < 84:9 FOESK< CDS@OI D4EKёFB6 E<EF9@O. �E?< CDB6B8<FP F4><9 
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D4EKёFO E @B89?PR 6OEB>B= FBKABEF<, FB CBFD95AO9 6D9@9AAO9 ;4FD4FO EF4AB6SFES 

A9CD<9@?9@B 5B?PL<@<. % 8DG7B= EFBDBAO, <ECB?P;B64A<9 5B?99 7DG5OI @B89?9= A9 

CB;6B?<F BCD989?<FP <EF<AAO= BCF<@G@. !4CD4L<64RM<@ES D9L9A<9@ S6?S9FES EB;84A<9 

A9>B97B 7<5D<8AB7B 4?7BD<F@4, D45BF4RM97B CBC9D9@9AAB E @B89?S@< D4;?<KAB= 

E?B:ABEF<. #D< G84KAB= BD74A<;4J<< CDBJ9EE4 6OK<E?9A<= @B:AB A489SFPES A4 BMGF<@B9 

EB>D4M9A<9 6D9@9AAOI ;4FD4F CB ED46A9A<R E BCF<@<;4J<9= A4 6OEB>B@ GDB6A9, FB784 >4> 

FBKABEFP BEF4ёFES F4>B= :9. 

!4<5B?99 CDBEFO@ < <;69EFAO@ @9FB8B@ 7<5D<8AB7B CD98EF46?9A<S J9?96B= 

HGA>J<< < B7D4A<K9A<= S6?S9FES D4;?B:9A<9 <I 6 DS8 &9=?BD4 CB C9D9@9AAO@ 6 

B>D9EFABEF< 54;B6B= FBK>< [132]. � EB:4?9A<R, FBKABEFP F4>B= 4CCDB>E<@4J<< 

>4F4EFDBH<K9E>< C4849F CD< G84?9A<< BF FBK>< D4;?B:9A<S. #BCG?SDAO@ CB8IB8B@ 

S6?S9FES CBEFDB9A<9 4CCDB>E<@<DGRM<I CB69DIABEF9=, 6 K4EFABEF<, >648D4F<KAB= 

CB69DIABEF< 8?S BC<E4A<S CB6989A<S <E>B@OI HGA>J<= [25, 133, 134]. "8A4>B CD< QFB@ 

K<E?B A9B5IB8<@OI D4EKёFB6 8?S CBEFDB9A<S 4CCDB>E<@<DGRM9= CB69DIABEF< 5OEFDB 

D4EFёF (A4CD<@9D, 8?S >648D4F<KAB= 4CCDB>E<@4J<< ~ ½(N+1)(N+2)) CB @9D9 G69?<K9A<S 

D4;@9DABEF< ;484K<. � ?<F9D4FGD9 6EFD9K4RFES < 8DG7<9 <89< BFABE<F9?PAB CBEFDB9A<S 

7<5D<8AOI 4?7BD<F@B6. &4>, 6 D45BF4I [44, 135] CD98?4749FES ?B>4?PAB-7?B54?PA4S 

4CCDB>E<@4J<S, CB8D4;G@964RM4S ED4M<64A<9 ;A4K9A<= >4> HGA>J<<, F4> < 9ё 

CDB<;6B8AOI, CB?GK9AAOI 6 D4;?<KAOI @B89?SI. � D45BF4I [136, 137] <ECB?P;G9FES <89S 

4>>G@G?<DGRM9= 4CCDB>E<@4J<<, GFBKASRM9= 7DG5GR @B89?P CB @9D9 A4>BC?9A<S 

<AHBD@4J<<. � D45BF9 [137] CD98?4749FES 4CCDB>E<@<DB64FP A9 E4@G <E>B@GR HGA>J<R, 4 

D4;ABEFP @9:8G ;A4K9A<S@< FBKAB= < 7DG5B= @B89?9=. � D45BF9 [138] 6 >4K9EF69 CDBEFB= 

@B89?< <ECB?P;G9FES CD9864D<F9?PAB B5GK9AA4S A9=DBAA4S E9FP. 

� 8<EE9DF4J<< 7<5D<8AO= 86GIGDB6A96O= 4?7BD<F@ BCF<@<;4J<< EBEF46?9A 

CD<@9A<F9?PAB > 79A9F<K9E>B@G @9FB8G. �9A9F<K9E><9 4?7BD<F@O BCF<@<;4J<< CD<B5D9?< 

L<DB>GR CBCG?SDABEFP 6 CBE?98A99 6D9@S 66<8G E6B9= CDBEFBFO, DB54EFABEF<, G8B5EF64 

D4EC4D4??9?<64A<S < ECBEB5ABEF< A4IB8<FP 7?B54?PAO= Q>EFD9@G@. #?4FB= ;4 QF< 

8BEFB<AEF64 79A9F<K9E>B7B @9FB84 S6?SRFES KD9;6OK4=AB 5B?PL<9 6D9@9AAO9 ;4FD4FO, 

CD9CSFEF6GRM<9 <ECB?P;B64A<R E?B:AOI 6OK<E?<F9?PAOI @B89?9=, CBQFB@G 

6E96B;@B:AO9 CBCOF>< GE>BD<FP CDBJ9EE 6OK<E?9A<= S6?SRFES 8BEF4FBKAB 4>FG4?PAO@<. 

� 84?PA9=L<I D4;89?4I CD98EF46?9AO 89F4?< 4?7BD<F@4 < CD<@9DO F9EFB6OI D4EKёFB6. 

 

1.7 #BEF4AB6>4 ;484K< < BC<E4A<9 4?7BD<F@4 BCF<@<;4J<< 
#GEFP <@99FES N-@9DAB9 CDBEFD4AEF6B C9D9@9AAOI CDB9>F<DB64A<S )i, i=1, N, 6 

>BFBDB@ <M9FES Q>EFD9@G@ J9?96B= HGA>J<< F(X). "FABE<F9?PAB CB6989A<S J9?96B= 



50 
 
HGA>J<< A9 89?49FES A<>4><I 8BCGM9A<=, 6 K4EFABEF<, BA4 @B:9F 5OFP 84:9 D4;DO6AB=. 

#GEFP F4>:9 <@99FES 864 CDS@OI @9FB84 D4EKёF4 ;A4K9A<= J9?96B= HGA>J<< 6 84AAB@ 

N-@9DAB@ CDBEFD4AEF69: FBKAO= < CD<5?<:ёAAO=. $4;A<JG @9:8G 86G@S ;A4K9A<S@< 

J9?96B= HGA>J<< F(X) < G(X) B5B;A4K<@ K9D9; (X). #GEFP (X) - A9CD9DO6A4S < 

8BEF4FBKAB @BABFBAA4S HGA>J<S. #D<@9@ >GEBKAB-?<A9=AO= ;4>BA 4CCDB>E<@4J<< 8?S 

CD98EF46?9A<S (X): 

 ∆෨(X) = (Xk) + %T ∙ (X - Xk),    (1) 

 

789 Xk – 5?<:4=L4S FBK>4 («@4S>»), 789 <;69EFAO >4> FBKAB9 F(Xk) F4> < 
CD<5?<:ёAAB9 ;A4K9A<9 G(Xk) J9?96B= HGA>J<<; 4 C – <E>B@O= 69>FBD >BQHH<J<9AFB6 
?<A9=AB= HBD@O. �?S CB<E>4 >BQHH<J<9AFB6 Ci @B:AB 6BECB?P;B64FPES CDBJ98GDB= 

<AF9DCB?SJ<< CB N 5?<:4=L<@ EBE98A<@ @4S>4@: 

 ∆෨(Xj) = (Xk) + %T ∙ (Xj - Xk), j=1,2,…N  (2) 

 

�?S IBDBL9= B5GE?B6?9AABEF< 84AAB= E<EF9@O ?<A9=AOI 4?795D4<K9E><I 

GD46A9A<= A9B5IB8<@B, KFB5O E<EF9@4 69>FBDB6 Xj - Xk 5O?4 ?<A9=AB A9;46<E<@B=. � 

84AAB= D45BF9 <ECB?P;G9FES 79A9F<K9E><= 4?7BD<F@ E 5<A4DAO@ CD98EF46?9A<9@ 

C9D9@9AAOI, F.9. CDBEFD4AEF6B C9D9@9AAOI CDB9>F<DB64A<S - 8<E>D9FAB. �E?98EF6<9 

8<E>D9FAB7B D4;5<9A<S CDBEFD4AEF64 EBE98A<9 @4S>< K4EFB B5D4;GRF ;46<E<@GR E<EF9@G 

69>FBDB6, CBQFB@G 8?S CBEFDB9A<S A9;46<E<@B= E<EF9@O @O CD<@9AS9@ <;69EFAO= <; >GDE4 

?<A9=AB= 4?795DO CDBJ9EE BDFB7BA4?<;4J<< �D4@@4-,@<8F4 [139]. �E?< 6 CDBJ9EE9 

BDFB7BA4?<;4J<< >4>B=-?<5B <; 69>FBDB6 Xj - Xk B>4;O649FES ?<A9=AB= >B@5<A4J<9= <; 

CD98O8GM<I (FB 9EFP BDFB7BA4?PA4S CDB9>J<S EFD9@<FES > AG?R), FB QFBF @4S> GEFD4AS9FES 

<; D4EE@BFD9A<S < 59DёFES E?98GRM<= 5?<:4=L<=. �4@9F<@, KFB CDBJ9EE BDFB7BA4?<;4J<< 

�D4@@4-,@<8F4 Q>6<64?9AF9A CD<6989A<R @4FD<JO E<EF9@O > A<:A9@G FD9G7B?PAB@G 

6<8G, < BCD989?9A<9 >BQHH<J<9AFB6 ?<A9=AB= HBD@O 6 AB6B@ BDFBABD@<DB64AAB@ 54;<E9 

BEGM9EF6?S9FES A9CBED98EF69AAO@ B5D4;B@. �?S CDB69D9AAOI ;A4K9A<= Nf100 CBEFDB9A<9 

?<A9=AB= HBD@O A9 6O;O649F ;4FDG8A9A<= < FD95G9F @9A99 0.1 E9> CDBJ9EEBDAB7B 6D9@9A< 

A4 EB6D9@9AAB@ C9DEBA4?PAB@ >B@CPRFBD9. �?S ;484K 5B?PLB= D4;@9DABEF<, 6B;@B:AB, 

?GKL9 5G89F <ECB?P;B64FP 79A9F<K9E><= 4?7BD<F@ E 89=EF6<F9?PAO@ CD98EF46?9A<9@ 

C9D9@9AAOI. � E?GK49 E<?PAB BEJ<??<DGRM9= HGA>J<< (X) CD98EF46?S9FES 
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J9?9EBB5D4;AO@ BCD989?SFP >BQHH<J<9AFO ?<A9=AB= HBD@O CB @9FB8G A4<@9APL<I 

>648D4FB6. 

&4> :9, >4> < 8?S B5OKAB7B 79A9F<K9E>B7B 4?7BD<F@4 [34], 54;B6O@< BC9D4FBD4@< 

7<5D<8AB7B 79A9F<K9E>B7B @9FB84 S6?SRFES E9?9>J<S, E>D9M<64A<9 < @GF4J<S. "5M<= 

4?7BD<F@ BCF<@<;4J<< E?98GRM<=: 

�O5<D4RFES C9D9@9AAO9 CDB9>F<DB64A<S xi, i=1,2,…,N, 4 F4>:9 8<4C4;BAO <I 

<;@9A9A<S. �9A9D<DGRFES E?GK4=AO@ B5D4;B@ NINITB~4∙N A4K4?PAOI 69>FBDB6 (@4S>B6), 

789 D4EEK<FO64RFES ;A4K9A<S F, G < . �9A9D<DG9FES E?GK4=AO@ B5D4;B@ C9D6B9 CB>B?9A<9 

<; NPSIZE=2÷8∙N 69>FBDB6 (<A8<6<8B6). �4?99 8?S >4:8B7B <; CB>B?9A<= BEGM9EF6?SRFES 

E?98GRM<9 89=EF6<S: 

,47 E9?9>J<<: 

#DB<;6B8<FES D4EKёF CD<5?<:ёAAB= J9?96B= HGA>J<< G < D4EKёF ?<A9=AB7B 

<AF9DCB?SAF4 ∆෨  8?S >4:8B7B <; <A8<6<8B6. �4:8B@G <A8<6<8G (69>FBDG) CD<E64<649FES 
D9=F<A7, CDBCBDJ<BA4?PAO= ;A4K9A<R (G+∆෨)S, 789 s=1÷4. �; A4<?GKL<I >4A8<84FB6 
CDB<;6B8<FES BF5BD NADDB~0.1∙NPSIZE 8BCB?A<F9?PAOI @4S>B6, 6 >BFBDOI 

D4EEK<FO64RFES ;A4K9A<S FBKAB= J9?96B= HGA>J<< F. 

,47 E>D9M<64A<S (>DBEEB69D4): 

�?S >4:8B7B <A8<6<84 GEF4A46?<649FES 69DBSFABEFP 8BCGE>4 > E>D9M<64A<R, 

CDBCBDJ<BA4?PA4S D9=F<A7G. &4>B= BF5BD B5OKAB <@9AG9FES 6 ?<F9D4FGD9 @9FB8B@ 

«DG?9F><». "FB5D4AAO9 E?GK4=AO@ B5D4;B@ (AB E G:9 C9D9D4ECD989?ёAAB= 69DBSFABEFPR) 

<A8<6<8O CBC4DAB E>D9M<64RFES. �89EP CD<ASF4 B8ABFBK9KA4S 5<A4DA4S CDBJ98GD4 

>DBEEB69D4. �?S QFB7B EA4K4?4 CDB<;6B8<FES C9D96B8 ABD@<DB64AAOI ;A4K9A<= X 6 

86B<KAO= >B8 < EBEF46?9A<9 <IDB@BEB@AOI= ?9AF 8?S >4:8B7B <A8<6<84 (D<EGAB> 1.8). 

�?<A4 ?9AF CDBCBDJ<BA4?PA4 >B?<K9EF6G 64DP<DG9@OI C4D4@9FDB6 N < >B?<K9EF6G 

D4;DS8B6 L 86B<KAB7B CD98EF46?9A<S. "5OKAB L=4÷8, FB 9EFP 8<4C4;BA <;@9A9A<S 

C4D4@9FDB6 89?<FES A4 2L-1=15÷255 BFD9;>B6. �4F9@ E?GK4=AB BCD989?S9FES FBK>4 

D4;5<9A<S < K4EF< ?9AF BF =DB8<F9?9== E>?9<64RFES C9D9>DёEFAO@ B5D4;B@ (D<EGAB> 1.9). 

+4EFP <A8<6<8B6 (NELIT~0.1∙NPSIZE), EBBF69FEF6GRM<I A4<?GKL<@ A4 F9>GM<= 

@B@9AF @4S>4@, CDBIB8SF 6 E?98GRM99 CB>B?9A<9 59; <;@9A9A<= (Q?<FA4S EFD4F97<S). 

,47 @GF4J<<: 

#B?GK9AAB9 6 D9;G?PF4F9 E>D9M<64A<S CB>B?9A<9 <89F9== CB869D749FES 

8BCB?A<F9?PAB= CDBJ98GD9 @GF4J<< E 69DBSFABEFPR Pm~0.005. �?S QFB7B 6 A9E>B?P><I 

E?GK4=AB 6O5D4AAOI (<; 6E9I >?9FB> 6E9I <A8<6<8B6) >?9F>4I <;@9ASRF 1 A4 0 <?< 

A4B5BDBF. ,47 @GF4J<< A9B5IB8<@ 8?S CD98BF6D4M9A<S <6ODB:89A<S= CBCG?SJ<<, FB 9EFP 

;4EFD964A<S CDBJ9EE4 BCF<@<;4J<< 6 ?B>4?PAB@ BCF<@G@9. !4 A4K4?PAOI EF48<SI 
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BCF<@<;4J<< 69DBSFABEFP @GF4J<< CB6OL49FES E J9?PR <EE?98B64A<S 6E97B CDBEFD4AEF64 

A4 CD98@9F CB<E>4 B5?4EF9= E 6OEB><@< ;A4K9A<S@< J9?96B= HGA>J<<. #B @9D9 

CD<5?<:9A<S > 7?B54?PAB@G BCF<@G@G Pm EA<:4RF 8?S EFS7<64A<S D4=BA4 CB<E>B6. 

� J9?B@ 7<5D<8AO= 79A9F<K9E><= 4?7BD<F@ @4?B BF?<K49FES BF B5OKAB7B 

79A9F<K9E>B7B 4?7BD<F@4. � E?98GRM9@ D4;89?9 A4 F9EFB6OI CD<@9D4I 5G89F CDB6989AB 

ED46A9A<9 <I CB QHH9>F<6ABEF< < CB ;4FD4K<649@B@G @4L<AAB@G 6D9@9A<. 

 

1.8 $9;G?PF4FO D4EKёFB6 
�?S <EE?98B64A<S QHH9>F<6ABEF< 7<5D<8AB7B 4?7BD<F@4 BCF<@<;4J<< 6A4K4?9 5O? 

D4EE@BFD9A @B89?PAO= CD<@9D. &BKA4S J9?964S HGA>J<S ;48464?4EP 6 4A4?<F<K9E>B@ 6<89 

E?98GRM<@ B5D4;B@: 

 

)5.3(

)sin(*
1

Ā N

N

N

k

KK XX

1F


û  

 

�<4C4;BAO <;@9A9A<S C9D9@9AAOI 0<Xi<4Ā. �?S 5<A4DAB7B CD98EF46?9A<S 6O59D9@ 

8-5<FAB9 D4;5<9A<9, FB 9EFP 69EP 8<4C4;BA D4;5<649FES A4 255 BFD9;>B6. #D<@9@, KFB 

D4;A<J4 @9:8G FBKAO@ F < CD<5?<:ёAAO@ G D9L9A<S@< CD98EF46?S9F EB5B= 

8?<AAB6B?AB6GR E<AGEB<84?PAGR HGA>J<R: 

 

N

2

1
X

2

1
K

N

K

5

))(sin(
1

Āý


  

 

�<8 HGA>J<= F <  6 E?GK49 86GI C9D9@9AAOI CD98EF46?9A A4 D<EGA>9 1.10. 
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$<EGAB> 1.10 - �<8 HGA>J<= F <  6 E?GK49 86GI C9D9@9AAOI 

 

�4848<@ 8?S BCD989?ёAABEF< D4;@9DABEFP CB>B?9A<S NPSIZE=4*N, 4 K<E?B 

8B546?S9@OI @4S>B6 6 >4:8B@ CB>B?9A<< NADDB=0.1*NPSIZE. �9DBSFABEFP @GF4J<< 

CD<@9@ CBEFBSAAB= Pm=0.003. 

&9EFB6O9 D4EKёFO CDB6B8<?<EP 8?S E?GK496 N=10 < N=50. %D46A<64?<EP CDS@B= < 

7<5D<8AO= 79A9F<K9E><9 @9FB8O CB >D<F9D<R EIB8<@BEF<. !4 D<EGA>9 1.11 CB>4;4A4 F4> 

A4;O649@4S 69DBSFABEFA4S <8BDB:>4= EIB8<@BEF< 8?S K<E?4 D94?<;4J<= N$�����=100.  

 
$<EGAB> 1.114 - 69DBSFABEFA4S "8BDB:>4" EIB8<@BEF< 
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�BD<;BAF4?PA4S ?<A<S EBBF69FEF6G9F 45EB?RFAB@G @4>E<@G@G HGA>J<< F, 

CB?GK9AAB@G 4A4?<F<K9E><. �4?99 D4EE@4FD<64RFES G:9 GED98AёAAO9 69?<K<AO. #D< N=10 

GED98AS?<EP D9;G?PF4FO 100 D94?<;4J<=, 4 CD< N=50 GED98A9A<9 BEGM9EF6?S?BEP CB 10 

D94?<;4J<S@. !4 D<EGA>9 1.12 CD<6989AO 7D4H<>< EIB8<@BEF< 8?S F9EFB6OI E?GK496. 

 

 

$<EGAB> 1.12 - %D46A9A<9 B5OKAB7B < 7<5D<8AB7B �� 

 

�<8AB, KFB 7<5D<8AO= 4?7BD<F@ GEFGC49F CDS@B@G CD< B8<A4>B6OI D4;@9D4I 

CBCG?SJ<< NPSIZE, AB <@99F CD<5?<;<F9?PAB F4>GR :9 QHH9>F<6ABEFP CD< G86B9AAB= 

CBCG?SJ<<. � CBE?98A9@ E?GK49 K<E?B D4EKёFB6 CB FBKAB= @B89?< G 7<5D<8AB7B @9FB84 

@9APL9 6 5 D4;, 4 K<EFO= 6O<7DOL 6B 6D9@9A< ;46<E<F BF EBBFABL9A<= 6D9@9AAOI ;4FD4F 

A4 98<A<KAO= D4EKёF G FBKAB= < 7DG5B= @B89?<. 

�FBDB= CD<@9D BFABE<FES > CD4>F<K9E>B= ;484K9 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S >DO?4 C9DEC9>F<6AB7B �% % (D<EGAB> 1.13).  

 
$<EGAB> 1.13 - @B89?P C9DEC9>F<6AB7B �% % 

 



55 
 

� >4K9EF69 FBKAB= @B89?< <ECB?P;B64?ES D4EK9F CB CDB7D4@@9 BLWF-10 ".�. �4D4ES 

< �.�. �B64?964 [66] A4 @9?>B= (3-9=) E9F>9 E GKёFB@ 6?<SA<S 6S;>BEF<. �D9@S 98<A<KAB7B 

D4EK9F4 >B@CBAB6>< >DO?B + HR;9?S: A4 3-9= E9F>9 EBEF46?S9F B>B?B 20 E9> A4 

EB6D9@9AAB@ #�. � >4K9EF69 7DG5B= @B89?< <ECB?P;B64?ES D4EKёF CB FB= :9 CDB7D4@@9 A4 

2-B= E9F>9 (6D9@S D4EKёF4 ~ 4 E9>). �EIB8AB9 >DO?B EB EFD9?B6<8ABEFPR ó¼=25 5O?B 

D4;D45BF4AB D4A99 CD< CB@BM< B5D4FAOI < BCF<@<;4J<BAAOI @9FB8B6 A4 D9:<@ 

 �$��%=0.78. %D46A9A<9 D4ECD989?9A<= 846?9A<S CB <EIB8AB@G >DO?G, CB?GK9AAOI 6 

D9;G?PF4F9 D4EKёFB6 A4 3-9= < 2-B= E9F>4I CD<6989AB A4 D<EGA>9 1.14. %C?BLA4S ?<A<S 

EBBF69FEF6G9F D4EKёFG A4 2-B= E9F>9 E GKёFB@ 6S;>BEF<, CGA>F<DA4S ?<A<S – D4EKёFG A4 2-B= 

E9F>9 59; GKёF4 6S;>BEF< < >D9EF<>< EBBF69FEF6GRF D4EKёFG A4 3-9= E9F>9 E GKёFB@ 6S;>BEF<. 

�<8AB, KFB BA< 8BEF4FBKAB 5?<;><, F.9. BEAB6AB9 CD98CB?B:9A<9 D4;D45BF4AAB7B 

7<5D<8AB7B @9FB84 6OCB?AS9FES. �4@9F<@, B8A4>B, KFB D4EKёFO A4 3-9= E9F>9 7BD4;8B 5B?99 

K4EFB CB869D:9AO 464D<=AO@ CD9DO64A<S@, 6O;64AAO@ D4;64?B@ <F9D4J<BAAB7B CDBJ9EE4 

6S;>B-A96S;>B7B 6;4<@B89=EF6<S. � FB@ E?GK49, 9E?< D4EKёF A4 2-B= E9F>9 6OCB?A9A 

GEC9LAB, 4 D4EK9F A4 3-9= E9F>9 CD9D64?ES, D4;ABEFP  @9:8G 86G@S ;A4K9A<S@< J9?96B= 

HGA>J<< B7D4A<K<649FES CB @B8G?R ;484AAO@ CD989?B@ @4I (84AAGR 69?<K<AG @B:AB 

BJ9A<FP CD< A45BD9 A4K4?PAB= E<EF9@O <@4S>B6=), 4 ;A4K9A<9 FBKAB= HGA>J<< F 

CD<A<@49FES D46AO@ G–@4I. �6989A<9 B7D4A<K<F9?S @4I CB?9;AB < 8?S <;5974A<S 

5B?PL<I BL<5B> ?<A9=AB= Q>EFD4CB?SJ<<, B5GE?B6?9AAOI A4?<K<9@ K<E?9AAB7B <LG@4=. 

1FB= :9 J9?< E?G:<F < 66989A<9 B7D4A<K9A<S A4 @<A<@4?PAB 8BCGEF<@B9 D4EEFBSA<9 

@9:8G EBE98A<@< @4S>4@<. 
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$<EGAB> 1.14 - %D46A9A<9 D9;G?PF4FB6 D4EKёFB6 A4 D4;?<KAOI E9F>4I 

 

%F46<?4EP ;484K4 – C9D9CDB9>F<DB64FP >DO?B A4 D9:<@  �$��%=0.80. � CDBJ9EE9 

BCF<@<;4J<< <ECB?P;B64?4EP 41 C9D9@9AA4S, 34 <; >BFBDOI BFABESFES > I4D4>F9D<EF<>4@ 

CDBH<?9= CSF< 54;B6OI E9K9A<=, 6 – BF69K4RF ;4 <;@9A9A<9 HBD@O >DO?4 6 C?4A9, >DB@9 

FB7B, G7B? 4F4>< F4>:9 S6?S?ES 64DP<DG9@B= C9D9@9AAB=. � >4K9EF69 J9?96B= HGA>J<< 

6O5<D4?ES >B@C?9>EAO= >D<F9D<= (E@. [31]): 

 

G

G
p1

K
F

0


û

 , 

 

789 � – 69?<K<A4 4QDB8<A4@<K9E>B7B >4K9EF64, G0 - 6;?ёFAO= 69E, G - CD<DBEF 69E4 

>DO?4, D4EEK<FO649@O= CB CDBEFO@ <A:9A9DAO@ HBD@G?4@, p - E6B5B8AO= C4D4@9FD, 

CB;6B?SRM<= C9D9D4ECD989?SFP CD<BD<F9F 6 CB?P;G 4QDB8<A4@<>< <?< 69E4, ;89EP p=2.2. 
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$9;G?PF4FO 98<A<KAOI D94?<;4J<= BCF<@<;4J<< CDS@O@ < 7<5D<8AO@ 

79A9F<K9E><@< 4?7BD<F@4@< CD98EF46?9AO A4 D<EGA>9 1.15. �<8AB, KFB 6O6B8O B5 

QHH9>F<6ABEF< D4;?<KAOI 64D<4AFB6 D4EKёFAOI EI9@, E89?4AAO9 D4A99 A4 BEAB64A<< 

@B89?PAOI CD<@9DB6 6 J9?B@ CB8F69D:84RFES < A4 CD4>F<K9E>B@ CD<@9D9 

4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. 

 
$<EGAB> 1.15 - 8BDB:>4 EIB8<@BEF< 8?S CD4>F<K9E>B= ;484K< CDB9>F<DB64A<S 

 

� K4EFABEF<, ;4FD4FO @4L<AAB7B 6D9@9A< 8?S 7<5D<8AB7B 4?7BD<F@4 E G86B9AAB= 

CBCG?SJ<9= @9APL9 ;4FD4F CDS@B7B 4?7BD<F@4 6 ~2.5 D4;4. %D46A9A<9 D4ECD989?9A<= 

846?9A<S A4 D9:<@9  =0.8 %G=0.575 8?S <EIB8AB7B (F=19.4) < CB?GK9AAB7B (F=21.05) 

>DO?P96 CD<6989AB A4 D<EGA>9 1.16.  

 
$<EGAB> 1.16 - %D46A9A<9 D4ECD989?9A<= 846?9A<S 8?S <EIB8AB7B < CB?GK9AAB7B >DO?P96 
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�O<7DOL 6 J9?96B= HGA>J<< G BCF<@<;<DB64AAB7B >DO?4 B5GE?B6?9A, 6 BEAB6AB@, 

CD<DBEFB@ 4QDB8<A4@<K9E>B7B >4K9EF64 ;4 EKёF EA<:9A<S D4EKёFAB7B ;A4K9A<S 6B?AB6B7B 

EBCDBF<6?9A<S E %I�=0.00115 8B %I�=0.00045 (GK<FO64S, KFB CDB7D4@@4 BLWF B5OKAB 

A9E>B?P>B ;4A<:49F 6B?AB6O9 CBF9D< CB ED46A9A<R E Q>EC9D<@9AF4?PAO@< 84AAO@<, CD< 

D4EKёF9 4QDB8<A4@<K9E>B7B >4K9EF64 D4EKёFAB9 ;A4K9A<9 %I� 5D4?BEP E >BQHH<J<9AFB@ 

1.5). %FD9?B6<8ABEFP >DO?4 E?97>4 CB8DBE?4 E 25 8B 25.8, BFABE<F9?PA4S FB?M<A4 

CBA<;<?4EP E ðE=0.124 8B ðE=0.121, AB C?BM48P G@9APL<?4EP A4 1.8%, CBQFB@G 69E >DO?4 

CD4>F<K9E>< A9 <;@9A<?ES. 

#D<6989AAO9 CD<@9DO E6<89F9?PEF6GRF B CD<AJ<C<4?PAB= CD<@9A<@BEF< 

D4;D45BF4AAB7B 7<5D<8AB7B 4?7BD<F@4 > D9L9A<R CD4>F<K9E><I BCF<@<;4J<BAAOI ;484K 

CD< A4?<K<< D4EK9FAOI @9FB8B6 D4;AB7B GDB6AS E?B:ABEF<, <, 6 K4EFABEF<, > D9L9A<R 

;484K 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. %FDG>FGDAB CDB7D4@@4 BCF<@<;4J<< CB?ABEFPR 

BF89?9A4 BF CDB7D4@@ CDS@B7B D4EKёF4 < @B:9F <ECB?P;B64FPES 6 8DG7<I CD<?B:9A<SI.  

 

1.9  AB7B>D<F9D<4?PAO= 79A9F<K9E><= 4?7BD<F@ 
#D4>F<K9E><9 ;484K< CDB9>F<DB64A<S S6?SRFES, >4> CD46<?B, 

@AB7B>D<F9D<4?PAO@<. �O5BD FB7B <?< <AB7B D9L9A<S B5GE?B6?9A J9?O@ DS8B@ 

D4;?<KAOI, CBDB= CDBF<6BD9K4M<I 8DG7 8DG7G H4>FBDB6. � @AB7B>D<F9D<4?PAOI ;484K4I 

EGM9EF6G9F A9 B8AB BCF<@4?PAB9 D9L9A<9, 4 J9?B9 E9@9=EF6B BCF<@4?PAOI A9G?GKL49@OI 

D9L9A<=. $9L9A<9 A4;O649FES A9G?GKL49@O@, 9E?< 6 A9@ A9?P;S G?GKL<FP B8<A <; 

>D<F9D<96, A9 GIG8L<6 CD< QFB@ 8DG7B7B.  4F9@4F<K9E>< QFB ;4C<EO649FES E?98GRM<@ 

B5D4;B@: 

 

#GEFP F(X) – 69>FBDA4S J9?964S HGA>J<S N A9;46<E<@OI C9D9@9AAOI Xi, i=1,2,…N. 

 
F(X)={F1(X), F2(X), …, Fm(X)}T. 
 

#GEFP, 8?S BCD989?9AABEF<, D9L49FES ;484K4 @<A<@<;4J<<. 

 

�B6BDSF, KFB 69>FBD Fa G?GKL49F (8B@<A<DG9F A48) 69>FBD Fb, 9E?< 8?S 
 

?R5B7B j=1,….,m         FjafFjb      <  EGM9EF6G9F k:               Fka<Fkb 

 

!45BD BCF<@4?PAOI A9G?GKL49@OI D9L9A<= (69>FBDB6) EBEF46?S9F F4> A4;O649@O= 

#4D9FB-HDBAF [35]. � E?GK49 86GI>D<F9D<4?PAB= BCF<@<;4J<< #4D9FB-HDBAF S6?S9FES 
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?<A<9= - B7<54RM9= 6E9I 6B;@B:AOI D9L9A<=, 6 N-@9DAB@ CDBEFD4AEF69 – QFB B7<54RM4S 

7<C9DCB69DIABEFP. "F@9F<@, KFB 6B @AB7<I ;484K4I #4D9FB-HDBAF @B:9F <@9FP G7?B6O9 

FBK><, EBEFBSFP <; BF89?PAOI K4EF9= < 84:9 6O>B?BFOI FBK9> [140]. �A4A<9 FBCB?B7<< 

#4D9FB-HDBAF4 A9B5IB8<@B CDB9>F<DB6M<>G 8?S CB?GK9A<S >B?<K9EF69AAOI BJ9AB> 

>B@CDB@<EE4 @9:8G D4;?<KAO@< >D<F9D<S@< < CD<ASF<S 6;69L9AAB7B D9L9A<S. 

#D< D9L9A<< @AB7B>D<F9D<4?PAOI BCF<@<;4J<BAAOI ;484K H4>F<K9E>< 

8B546?S9FES (m-1) D4;@9DABEFP, KFB G69?<K<649F B5N9@ 6OK<E?9A<= < 59; FB7B FDG8B9@><I 

4?7BD<F@B6. !4<5B?99 CBCG?SDAO@ CB8IB8B@ CD< D9L9A<< @AB7B>D<F9D<4?PAOI ;484K 

B5OKAO@<, A4CD<@9D, 7D48<9AFAO@< @9FB84@< S6?S9FES E6989A<9 <I > DS8G 

B8AB>D<F9D<4?PAOI ;484K BCF<@<;4J<< E>4?SDAOI HGA>J<=, CD98EF46?SRM<I EB5B= EG@@G 

BF89?PAOI HGA>J<= E 69EB6O@< >BQHH<J<9AF4@< [138]: 

 

FSCAL=w1∙F1+w2∙F2+…+wm∙Fm                          (3) 

 

�4D4A99 A9 EB6E9@ SEAB, >4><9 <@9AAB 69EB6O9 >BQHH<J<9AFO wj 848GF :9?49@B9 

D9L9A<9, CBQFB@G A9B5IB8<@B CDB69EF< A9E>B?P>B D4EKёFB6 E D4;?<KAO@< 69E4@<. 

"CD989?9A<9 :9 6E97B #4D9FB-HDBAF4 CD< F4>B@ CB8IB89 8B6B?PAB ;4FDG8A<F9?PAB, F9@ 

5B?99 KFB @BABFBAA4S 64D<4J<S 69EB6OI >BQHH<J<9AFB6 A9 6E9784 CD<6B8<F > 97B 

@BABFBAAB@G CB>DOF<R [140, 141]. �B?99 J9?9EBB5D4;AB CDB6B8<FP @AB7B>D<F9D<4?PAGR 

BCF<@<;4J<R, CBEFDB<6 CD9864D<F9?PAB 4CCDB>E<@<DGRMGR CB69DIABEFP 8?S D4;?<KAOI 

J9?96OI HGA>J<= [141, 142], FB784 8?S @AB7B>D4FAOI BCF<@<;4J<= A9 CBFD95G9FES 

CDB6989A<S CB6FBDAOI FDG8B9@><I CDS@OI D4EKёFB6. 

� CBE?98A<9 7B8O 6 <A:9A9DAB@ EBB5M9EF69 CD<B5D9? L<DB>GR CBCG?SDABEFP 

AB6O= >?4EE BCF<@<;4J<BAAOI 4?7BD<F@B6 – 79A9F<K9E><9 4?7BD<F@O (��) 

[34, 78, 131, 143, 144]. "8AB <; 8BCB?A<F9?PAOI 8BEFB<AEF6 79A9F<K9E>B7B 4?7BD<F@4 

;4>?RK49FES 6 FB@, KFB BA 8BEF4FBKAB CDBEFB FD4AEHBD@<DG9FES 8?S D9L9A<S 

@AB7B>D<F9D<4?PAOI ;484K [36, 145÷149], CD<Kё@ #4D9FB-HDBAF @B:9F 5OFP BCD989?ёA ;4 

B8<A CDB7BA CD< ED46A<F9?PAB A95B?PLB@ G69?<K9A<< B5N9@4 6OK<E?9A<=. �?S QFB7B 

8BEF4FBKAB ?<LP <;@9A<FP >D<F9D<< BF5BD4 (E9?9>J<BAAB7B 846?9A<S) A4 EF48<< E9?9>J<<. 

�9DBSFABEFP C9D984K< E6B<I 79AB6 6 E?98GRM<9 CB>B?9A<S 8B?:A4 5OFP 6OL9 8?S 

A9G?GKL49@OI 6 #4D9FB-E@OE?9 <A8<6<8B6. 1FB @B:9F 5OFP 8BEF<7AGFB D4A:<DB64A<9@ 

<A8<6<8B6 CB >D<F9D<R A9G?GKL49@BEF<. � D45BF9 [145] CD98?4749FES, A4CD<@9D, 

E?98GRM4S HGA>J<S 8?S D4A:<DB64A<S: 

 

FPARi = {1-max (min ( F1i-F1j,  F2i-F2j, …, Fmi-Fmj))}S                    (4) 
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789 F1i – B59;D4;@9D9AAB9 ;A4K9A<9 HGA>J<<: 

 

F1i=(F1i-F1min)/(F1max-F1min), 

 

@<A<@G@ < @4>E<@G@ 59DGFES CB 6E9@ D4EE@4FD<649@O@ <A8<6<84@, S~1. &B784 8?S 

A9G?GKL49@OI <A8<6<8B6 FPARg1, 4 8?S BEF4?PAOI 0<FPAR<1. 

� 84AAB= D45BF9 @AB7B>D<F9D<4?PAO= 79A9F<K9E><= 4?7BD<F@ ( ���) CD<@9A9A 

8?S @AB7BD9:<@AB= BCF<@<;4J<< 4QDB8<A4@<K9E><I I4D4>F9D<EF<> ?9F4F9?PAOI 

4CC4D4FB6 CD< FD4AE;6G>B6OI E>BDBEFSI. �A4K4?9 CD<6989A @B89?PAO= CD<@9D, A4 >BFBDB@ 

B5NSEASRFES BEB59AABEF< 4?7BD<F@4, 4 6 E?98GRM9@ D4;89?9 D4EE@BFD9A CD<@9D <; 

D94?PAB= CD4>F<>< 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. 

 
1.10  B89?PAO= CD<@9D @AB7B>D<F9D<4?PAB= BCF<@<;4J<< 
�?S 6OSEA9A<S BEB59AABEF9= BCF<@<;4J<< CD< CB@BM<  ��� D4EE@BFD<@ 

@B89?PAO= CD<@9D. #GEFP 6 CDBEFD4AEF69 86GI C9D9@9AAOI X < Y <@9RFES 869 J9?96OI 

HGA>J<<: 

 

F1(X,Y) = 100 - (X-4)2  - Y2 

 

F2(X,Y) = 100 - (X+4)2 - Y2 

 

-7 < X < 7         -7 < Y < 7 

 

�484K4 A4 B8AB6D9@9AAGR @4>E<@<;4J<R B59<I HGA>J<= S6?S9FES ;484K9= A4 

@<A<@<;4J<R D4EEFBSA<S 8B FBK9> E J9AFD4@< (-4;0) < (4;0). "K96<8AB, KFB #4D9FB-HDBAF 6 

CDBEFD4AEF69 X,Y CD98EF46?S9F EB5B= CDS@GR ?<A<R, EB98<ASRMGR QF< J9AFDO. 

"CF<@<;4J<S CD< CB@BM< 79A9F<K9E>B7B 4?7BD<F@4 E>4?SDAB= HGA>J<< F<C4 (3) 

<??REFD<DG9FES A4 D<EGA>4I 1.17, 1.18. �4:84S C9D9@9AA4S CD98EF46?S?4EP 8 5<F4@< E 

L47B@ 0.05.  
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$<EGAB> 1.17 - %IB8<@BEFP �� 8?S E?GK4S 

B8<A4>B6OI 69EB6 w1=0.5 w2=0.5 

 
$<EGAB> 1.18 - %IB8<@BEFP �� CD< 

D4;?<KAOI A45BD4I 69EB6 

 

#BCG?SJ<S <; 20 <A8<6<8B6 Q6B?RJ<BA<DB64?4 6 F9K9A<9 100 CB>B?9A<=, F.9. 6E97B 

5O?B CDB<;6989AB 2000×2 CDS@OI D4EKёFB6 J9?96B= HGA>J<< ;4 <E>?RK9A<9@ 

CB6FBDSRM<IES FBK9>, J9?96O9 HGA>J<< >BFBDOI 6CDS@GR A9 D4EEK<FO64RFES, 4 

6O5<D4RFES <; @4EE<64 EBID4A9AAOI 84AAOI. �9DBSFABEFP @GF4J<< CD<A<@4?4EP D46AB= 

Pm=0.01. �<8AB, KFB 6 ;46<E<@BEF< BF 6O5D4AAOI 69EB6 BCF<@4?PAO= 69>FBD ?9:<F 6 

D4;?<KAOI FBK>4I #4D9FB-HDBAF4. � BF?<K<9 BF >?4EE<K9E>B7B �� @AB7B>D<F9D<4?PAO= 

��, BC<D4RM<=ES A4 E9?9>J<R (4), EIB8<FES A9 > B8AB= FBK>9, 4 >B 6E9@G #4D9FB-HDBAFG 

(D<EGA>< 1.19, 1.20) ;4 B8<A CDB7BA. (BD@G?4 (4) CD<@9AS9FES >4> 8?S E9?9>J<BAAB7B 

BF5BD4 6 >4:8B@ CB>B?9A<<, F4> < 6 >BAJ9 8?S BCD989?9A<S A9G?GKL49@OI <A8<6<8B6 ED98< 

6E9I 2000 D4EE@BFD9AAOI 69>FBDB6. #4D9FB-HDBAF 6 CDBEFD4AEF69 J9?96OI HGA>J<= 

CD98EF46?S9F EB5B= 6OCG>?GR >D<6GR - GK4EFB> 7<C9D5B?O (D<EGAB> 1.20). 
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$<EGAB> 1.19 - %IB8<@BEFP  ��� > 

#4D9FB-HDBAFG 

$<EGAB> 1.20 - %IB8<@BEFP  ��� > 

#4D9FB-HDBAFG 

 

1.11 АQDB8<A4@<K9E>4S 86GI>D<F9D<4?PA4S BCF<@<;4J<S 
�4AAO= CD<@9D @B89?<DG9F F<C<KAGR E<FG4J<R <; CD4>F<>< – CDB9>F<DB64A<9 

>DO?4 8?S A9E>B?P><I D9:<@B6 CB?ёF4.  AB7BD9:<@AO@ @B:9F 5OFP B8<A < FBF :9 

E4@B?ёF, AB ;89EP D4EE@4FD<649FES E<FG4J<S E 86G@S E4@B?ёF4@< E9@9=EF64: D97<BA4?PAO@ 

E4@B?ёFB@ (D<EGAB> 1.21) < 48@<A<EFD4F<6AO@ E4@B?ёFB@ E G>BDBK9AAO@ HR;9?S:9@ 

(D<EGAB> 1.22). )4D4>F9DAO9 D9:<@O CB?ёF4 8?S QF<I E4@B?ёFB6 ( =0.78 %G=0.5) < 

( =0.815 %G=0.4) EBBF69FEF69AAB. �9B@9FD<K9E><9 C4D4@9FDO >DO?4 S=50 @2, λ=10, η=3.88, 

Z<;?=0.4. �DO?B B5D4;B64AB CB 3-@ BCBDAO@ E9K9A<S@ E BFABE<F9?PAO@< FB?M<A4@< 

ðc=15.5 - 12.2 - 10.8. 
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$<EGAB> 1.21 - $97<BA4?PAO= E4@B?ёF 

 =0.78 %G=0.5 

$<EGAB> 1.22 - �8@<A<EFD4F<6AO= E4@B?ёF 

 =0.815 %G=0.4 

 

$4EK9F B5F9>4A<S CB?AB= >B@CBAB6>< CDB<;6B8<FES CD< CB@BM< CDB7D4@@O 

BLWF-31 [31], 6 >BFBDB= D94?<;B64A4 CDBJ98GD4 F<C4 =I<@9D4=, ;4>?RK4RM9=ES 6 

CBEFDB9A<< 7?B54?PAB= E9F>< 6B>DG7 >B@CBAB6>< >DO?B-HR;9?S: < BF89?PAB= E9F>< 6B>DG7 

@BFB7BA8B?O, < B5@9A9 <AHBD@4J<9= E D4;?<KAOI E9FB> 6 CDBJ9EE9 <F9D4J<=. 

$4EE@4FD<64?4EP CDBEF4S CDBFBKA4S @BFB7BA8B?4, EBBF69FEF6GRM4S FDG5AO@ <ECOF4A<S@. 

�S;>BEFP GK<FO64?4EP FB?P>B A4 >DO?9. +<E?B $9=AB?P8E4 CD<A<@4?BEP D46AO@ Re=2.5 @?A 

CB %�), CDBFS:ёAABEFP ?4@<A4DAOI GK4EF>B6 ;48464?4EP 6 10% < 30% BF IBD8O A4 69DIA9= 

< A<:A9= CB69DIABEF< >DO?4 EBBF69FEF69AAB. 

#DB9>F<DB6BKA4S ;484K4 D9L4?4EP 6 864 QF4C4. #9D6BA4K4?PAB 8?S >4:8B7B <; 

D9:<@B6 5O?B ECDB9>F<DB64AB E6B9 >DO?B (>DO?B 1 A4  =0.78 < >DO?B 2 A4  =0.815) CD< 

CB@BM< B5D4FAB7B @9FB84 TRAWDES-II [31]. $4ECD989?9A<9 846?9A<S 8?S >4:8B7B <; 

ECDB9>F<DB64AAOI >DO?P96 A4 E6Bё@ D9:<@9 CD<6989AB A4 D<EGA>4I 1.23, 1.24. �89EP :9 

LFD<IB6B= ?<A<9= CD<6989AB D4ECD989?9A<9 846?9A<S 8?S 8DG7B7B D9:<@4. 
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$<EGAB> 1.23 - %D46A9A<9 D4ECD989?9A<= 846?9A<S 8?S D97<BA4?PAB7B E4@B?ёF4 

 

 
$<EGAB> 1.24 - %D46A9A<9 D4ECD989?9A<= 846?9A<S 8?S 48@<A<EFD4F<6AB7B E4@B?ёF4 

 

�<8AB, KFB >4:8B9 <; >DO?P96 ?GKL9 A4 =E6Bё@= D9:<@9, CD<K9@ CBF9D< 5B?99 

E>BDBEFAB7B >DO?4 A4 @9APL9@ K<E?9  =0.78 A9 F4> 69?<><, >4> CBF9D< @9A99 E>BDBEFAB7B 

>DO?4 A4  =0.815. �; QFB7B E?98G9F, KFB >B@CDB@<EEAB9 >DO?B 5G89F 5?<:9 > E>BDBEFAB@G. 

%D46A9A<9 CDBH<?9= E9K9A<= >DO?P96 CD98EF46?9AB A4 D<EGA>9 1.25. 
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$<EGAB> 1.25 - %D46A9A<9 CDBH<?<DB6>< >DO?P96 

 

$4EE@BFD<@ CB8DB5A99 BEB59AABEF< 4QDB8<A4@<>< D4EE@4FD<649@OI >B@CBAB6B>. � 

BF9K9EF69AAB= ?<F9D4FGD9 F9@4 <AF9DH9D9AJ<< >DO?4 E 86<74F9?S@< 6 I6BEFB6B= K4EF< 

HR;9?S:4 A9 CB?GK<?4 8B?:AB7B BE69M9A<S. !4 E4@B?ёF4I &G-134, &G-154, �?-62 6?<SA<9 

86<74F9?9= A969?<>B 6E?98EF6<9 ;A4K<F9?PAB7B G84?9A<S BF >DO?4, 4 A4 E4@B?9F4I 3>-40 < 

3>-42 – 6E?98EF6<9 8B;6G>B6B7B I4D4>F9D4 B5F9>4A<S >DO?4. %<?PA4S <AF9DH9D9AJ<S E 

86<74F9?S@< A4 I6BEF9 HR;9?S:4 I4D4>F9DA4 8?S 6OEB>BE>BDBEFAOI 48@<A<EFD4F<6AOI 

E4@B?9FB6, >BFBDO9 <AF9AE<6AB EB;8464?<EP ;4 DG59:B@ [150]. 

$4;?<KAO9 4EC9>FO <AF9DH9D9AJ<< A4 CD<@9D9 >DO?4 1 <??REFD<DGRFES A4 

D<EGA>4I 1.26÷1.28. #9D9IB8 > G>BDBK9AAB@G HR;9?S:G (CD< B8<A4>B6B@ G84?9A<< 

86<74F9?S BF >DO?4) E?97>4 CB6OL49F D4;D9:9A<9 < CB8Nё@AGR E<?G 6 >BDA96B= K4EF< 

>DO?4 (D<EGAB> 1.26). !4B5BDBF, CD<5?<:9A<9 86<74F9?S 6O;O649F FBD@B:9A<9 < CBF9DR 

CB8Nё@AB= E<?O 6 >BDA96OI E9K9A<SI (D<EGAB> 1.27). +4EF<KAB QF< H4>FBDO >B@C9AE<DGRF 

8DG7 8DG74, AB <AF9DH9D9AJ<S E 86<74F9?9@ S6?S9FES BCD989?SRM9=. #D< G69?<K9A<< K<E?4 

 4I4 < CDBFS:9AABEF< E69DI;6G>B6B= ;BAO A4 69DIA9= CB69DIABEF< >DO?4 6?<SA<9 

86<74F9?S GE<?<649FES (D<EGAB> 1.28). 
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$<EGAB> 1.26 - �?<SA<9 8?<AO HR;9?S:4 A4 D4ECD989?9A<9 846?9A<S A4 >DO?9 
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$<EGAB> 1.27 - �?<SA<9 CB?B:9A<S @BFB7BA8B?O A4 D4ECD989?9A<9 846?9A<S A4 >DO?9 
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$<EGAB> 1.28 - �?<SA<9 CB?B:9A<S @BFB7BA8B?O A4 D4ECD989?9A<9 846?9A<S A4 >DO?9 

 

#BF9DR CB8Nё@AB= E<?O 6 >BDA96OI E9K9A<SI CD< 5?<;>B@ D4ECB?B:9A<< 

86<74F9?9= CD<IB8<FES >B@C9AE<DB64FP G69?<K9A<9@ G7?4 4F4>< < EBBF69FEF69AAO@ 
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G69?<K9A<9@ @9EFAOI %G 6 >BAJ96OI E9K9A<SI – QHH9>F A4CB8B5<9 G@9APL9A<S 

BFD<J4F9?PAB= ;4>DGF>< >DO?4. �?S >DO?4 E A95B?PLB= EFD9?B6<8ABEFPR CD<5?<:9A<9 

86<74F9?S CD<6B8<F > G@9APL9A<R C<><DGRM97B @B@9AF4, FB784 >4> 8?S >DO?4 E 5B?PL9= 

EFD9?B6<8ABEFPR @B:9F CDB<EIB8<FP < B5D4FAO= QHH9>F 6E?98EF6<9 C9D9D4ECD989?9A<S 

A47DG;>< 6 EFBDBAG >BAEB?<. �;@9A9A<9  >D* CD< GEF4AB6>9 86<74F9?S A9;A4K<F9?PAB – 

;4FS7<64A<9 6B?AB6B7B >D<;<E4 6 >BDA96OI E9K9A<SI EBK9F49FES E GE<?9A<9@ 6B?AB6B7B 

>D<;<E4 A4 6A9LA9= K4EF<. 'K<FO64S, KFB 8?S 5B?99 E>BDBEFAB7B 48@<A<EFD4F<6AB7B 

64D<4AF4 E @9APL<@ CB?9FAO@ %G E<?PA4S BFD<J4F9?PA4S >DGF>4 A9 AG:A4, @B:AB E>4;4FP, 

KFB < ;89EP CDB<EIB8<F K4EF<KA4S >B@C9AE4J<S <AF9DH9D9AJ<< E 86<74F9?9@. &4><@ 

B5D4;B@, DS8 H4>FBDB6 ECBEB5EF6G9F G@9APL9A<R CBF9DP 4QDB8<A4@<K9E>B= 

QHH9>F<6ABEF< CD< GEF4AB6>9 B8AB7B < FB7B :9 >DO?4 A4 D97<BA4?PAO= < 

48@<A<EFD4F<6AO= E4@B?9FO. 

� >4K9EF69 A4K4?PAB= 79B@9FD<< 8?S BCF<@<;4J<< 5O?B 6O5D4AB >DO?B, CB?GK9AAB9 

?<A9=AB= <AF9DCB?SJ<9= CDBH<?9= >DO?4 1 < >DO?4 2 6 CDBCBDJ<< B8<A > FD9@. � 

D4EK9FAO@ BJ9A>4@ CDBH<?PAB7B, <A8G>F<6AB7B < 6B?AB6B7B EBCDBF<6?9A<S 8B546?S?4EP 

Q>EC9DFA4S BJ9A>4 EBCDBF<6?9A<S HR;9?S:4, BC9D9A<S < @BFB7BA8B? %x0=0.0120. �9?<K<A4 

6B?AB6B7B EBCDBF<6?9A<S, D4EEK<F4AA4S CB CDB7D4@@9 BLWF31, 5D4?4EP E >BQHH<J<9AFB@ 

1.5. �96SFP C9D9@9AAOI CDB9>F<DB64A<S EBEF46<?< >D<6<;AO, >DGF>< < CB?B:9A<S 

'6 �)(I) FDёI 54;B6OI E9K9A<=. �9ESFB= C9D9@9AAB= S6?S?4EP 64D<4J<S 79B@9FD<<, 

EBBF69FEF6GRM4S D4;A<J9 @9:8G >DO?B@ 2 < A4K4?PAO@ >DO?B@. 

!4 FDёI C9DEBA4?PAOI >B@CPRF9D4I D9L4?<EP E>4?SDAO9 BCF<@<;4J<BAAO9 ;484K< 

E J9?96B= HGA>J<9=: 

 

FSCAL=w1∙K1+w2∙K2, 

 

c CSFPR A45BD4@< 69EB6: w1=1 w2=0; w1=0.75 w2=0.5; w1=0.5 w2=0.5 (FD<:8O E D4;?<KAO@< 

79A9D4J<S@<), w1=0.25 w2=0.75 < w1=0 w2=1. �?S QFB7B CBCG?SJ<< <; 20 <A8<6<8B6 

Q6B?RJ<BA<DB64?< 6 F9K9A<9 50 CB>B?9A<=, F.9. 6E97B CDB6B8<?BEP 1000 CDS@OI D4EK9FB6. 

�4:8O= D4EK9F CD< 86GI K<E?4I  4I4 < %G=fix EBBF69FEF6G9F CD<@9DAB K9FODё@ CDS@O@ 

D4EKёF4@ – B>B?B 4 @<AGF CDBJ9EEBDAB7B 6D9@9A<. #D<@9DAB, CBFB@G KFB CD< CB6FBDAB@ 

D4EKёF9 CB G7?G 4F4>< BCGE>49FES 6OK<E?9A<9 >BQHH<J<9AFB6 <AF9DH9D9AJ<< @9:8G 

E9F>4@<; >DB@9 FB7B, ;A4K9A<9 CDB<;6B8AB= Cyα E?97>4 C?4649F 6 ;46<E<@BEF< BF 

CDBH<?<DB6>< < 86GI D4EKёFB6 5O649F A98BEF4FBKAB 8?S FBKAB7B 8BEF<:9A<S ;484AAB= 

69?<K<AO Cy. 
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 AB7B>D<F9D<4?PAO= 79A9F<K9E><= 4?7BD<F@ ;4CGE>4?ES E CBCG?SJ<9= <; 30 

<A8<6<8B6 A4 50 CB>B?9A<=. �9DBSFABEFP @GF4J<< CD<A<@4?4EP D46AB= Pm=0.01 >4> 8?S 

��, F4> < 8?S  ���. 

$9;G?PF4FO D4EK9FB6 CD98EF46?9AO A4 D<EGA>9 1.29. �4 EKёF BCF<@<;4J<< G84?BEP 

CB6OE<FP 4QDB8<A4@<K9E>B9 >4K9EF6B A4K4?PAB7B >DO?4 CD<5?<;<F9?PAB A4 �~0.07 A4 

B5B<I D9:<@4I, 4 >DO?4 1 A4 �~0.15 A4 BEAB6AB@ D9:<@9 < �~0.08 A4 6FBDB@ D9:<@9. 

�<8AB, KFB #4D9FB-HDBAF CD< D46AB@9DAB@ <;@9A9A<< 69EB6 w1, w2 CB>DO649FES 

A9D46AB@9DAB, CBQFB@G ;4D4A99 5O?B 5O FDG8AB CB8B5D4FP EBBF69FEF6GRM<9 69E4 8?S 

CB?GK9A<S G8B6?9F6BD<F9?PAB7B >BA9KAB7B D9;G?PF4F4. ">BAK4F9?PAO= 6O5BD >DO?4 

E?98G9F CDB<;6B8<FP CB <AF97D4?PAO@ >D<F9D<S@ QHH9>F<6ABEF<, <ECB?P;GS 84AAO9 

B7<54RM97B #4D9FB-HDBAF4. $9;G?PF4FO  ��� CB #4D9FB-HDBAFG IBDBLB EB7?4EGRFES E 

D9;G?PF4F4@< BF89?PAOI E>4?SDAOI BCF<@<;4J<= ;4 <E>?RK9A<9@ E?45B7B CB>DOF<S 

CD46B= 69F6<. "F@9F<@, KFB EG@@4DAO9 ;4FD4FO  ��� CB BCD989?9A<R 6E97B HDBAF4 

FB?P>B 6 1.5 D4;4 CD96OL4RF ;4FD4FO BF89?PAOI E>4?SDAOI BCF<@<;4J<=. �M9 5B?PL<= 

6O<7DOL 6 QHH9>F<6ABEF<  ��� E?98G9F B:<84FP E DBEFB@ K<E?4 >D<F9D<96. 

 
$<EGAB> 1.29 - #4D9FB - HDBAF 
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1.12 АCDB54J<S @9FB8B6 BCF<@<;4J<< > ;484K9 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S >DO?P96 @47<EFD4?PAOI E4@B?ёFB6 

�OL9 5O? CD<6989A B5;BD D4;?<KAOI BCF<@<;4J<BAAOI @9FB8B6, 6 FB@ K<E?9 84AB 

BC<E4A<9 AB6B7B 7<5D<8AB7B 79A9F<K9E>B7B 4?7BD<F@4, D4;D45BF4AAB7B 8<EE9DF4AFB@. 

"8A4>B 6BCDBE B5 484CF4J<< < 4CDB54J<< BCF<@<;4J<BAAOI @9FB8B6 6 D94?PAB= CD4>F<>9 

4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S >B@CBAB6B> C4EE4:<DE><I E4@B?ёFB6 A4@< A9 

;4FD47<64?ES. � K4EFABEF<, <;69EFAB, KFB A9 6E9 CDS@O9 @9FB8O 4A4?<;4 (84:9 F9, 

D9;G?PF4FO >BFBDOI 6O7?S8SF CD468BCB8B5AO@<) CD<7B8AO 8?S <ECB?P;B64A<S 6 CDBJ98GD9 

BCF<@<;4J<<. #9D64S, K4EFB 6EFD9K4RM4SES CD<K<A4 – QFB 6OIB8 6 CDBJ9EE9 BCF<@<;4J<< 

;4 CD989?O CD<@9A<@BEF</>BDD9>FABEF< @4F9@4F<K9E>B= @B89?<, EBEF46?SRM9= BEAB6G 

CDS@B7B @9FB84. $9;G?PF4FB@ QFB7B @B:9F S6<FPES, A4CD<@9D, D9;>B9 C489A<9 

EBCDBF<6?9A<S, DBEF %G �) < 8DG7<9 «CE968BQHH9>FO». �FBD4S CD<K<A4 ;4>?RK49FES 6 

A9EB7?4EB64AAB@ <;@9A9A<< D4;?<KAOI EBEF46?SRM<I J9?96B= HGA>J<< CD< 64D<4J<SI 

C9D9@9AAOI CDB9>F<DB64A<S. �4> E?98EF6<9, D9;G?PF4FO BCF<@<;4J<< 6 QFB@ E?GK49 ABESF 

IBFS < A9 45EGD8AO= I4D4>F9D, AB 8BEF<:9A<9 D9L9A<S, G8B6?9F6BDSRM97B 

CDB9>F<DB6M<>4, FD95G9F @AB7B>D4FAB= «A4EFDB=><» A9>BFBDOI >BAEF4AF < 

>BQHH<J<9AFB6, >4> 6 CDS@B@ @9FB89, F4> < 6 BCF<@<;4J<BAAB= CDBJ98GD9. &4><@ B5D4;B@, 

8?S CB?GK9A<S CD<7B8AOI A4 CD4>F<>9 D9;G?PF4FB6 HBD@4?PA4S CDBJ98GD4 BCF<@<;4J<< 

FD95G9F A4EOM9A<S 9ё :<6O@< 89F4?S@<, >BFBDO9 K4EFB < EBEF46?SRF ABG-I4G D94?PAB 

89=EF6GRM97B @9FB84 < A4D454FO64RFES <E>?RK<F9?PAB BCOFAO@ CGFё@ 6 CDBJ9EE9 

CB6E98A96AB= CD4>F<K9E>B= 89SF9?PABEF<. � 84AAB= 7?469 5G8GF D4EE@BFD9AO 4EC9>FO 

EBEF46?9A<S BCF<@<;4J<BAAB= CDBJ98GDO A4 54;9 CDS@B7B @9FB84 D4EKёF4 BLWF < @9FB8B6 

BCF<@<;4J<<, <;?B:9AAOI 6 C9D6B= 7?469. 

 

1.13 $4;D45BF>4 @9FB8<>< CDB9>F<DB64A<S 
� ?<F9D4FGD9 EGM9EF6GRF D4;?<KAO9 64D<4AFO HBD@G?<DB6>< BCF<@<;4J<BAAB= 

;484K< (6O5BD J9?96B= HGA>J<< < B7D4A<K9A<=) 8?S 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. 

#BCG?SDAB=, A4CD<@9D, J9?96B= HGA>J<9= S6?S9FES 4QDB8<A4@<K9E>B9 EBCDBF<6?9A<9 %I. 

�484K4 CD< QFB@ E6B8<FES > @<A<@<;4J<< %I CD< F<C<KAB@ B7D4A<K9A<< %Gg%G*. 

�?PF9DA4F<6AO=, K4EFB 6EFD9K4RM<=ES 64D<4AF – @4>E<@<;4J<S 4QDB8<A4@<K9E>B7B 

>4K9EF64 �=%G/%I. �89EP %G – QFB >BQHH<J<9AF CB8Nё@AB= E<?O, 4 %I – >BQHH<J<9AF 

EBCDBF<6?9A<S, >BFBDO= 6 E6BR BK9D98P EBEFB<F <;: %I(2���3��, %I"#�$�!�3, %I#��"!+ �, 

%I#$"( �$/��, %I�!�'�&��!"�" < (8?S ;4>D<F<K9E><I F9K9A<=) %I�"�!"�"�. � EB:4?9A<R, 

FB?P>B FD< CBE?98A<I EBEF46?SRM<I D4EEK<FO64RFES CDB7D4@@B= BLWF, 4 8?S C9D6OI 
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FDёI E?4749@OI CD<IB8<FES 8B6B?PEF6B64FPES <A:9A9DAB= BJ9A>B=. � A4<5B?99 CDBEFB@ 

6<89 - QFB >BAEF4AF4, ;46<ESM4S BF K<E?4 $9=AB?P8E4 < A9 ;46<ESM4S BF K<E?4  4I4 < BF %G. 

�B?99 FB7B, 84:9 F9 FD< E?4749@O9, >BFBDO9 HBD@4?PAB D4EEK<FO64RFES CDS@O@ 

@9FB8B@, FB:9 @B7GF 5OFP CB869D7AGFO >D<F<>9. &4>, <A8G>F<6AB9 EBCDBF<6?9A<9 

D4EEK<FO649FES CB <AF9AE<6ABEF< 6<ID96B7B E?984 6 C?BE>BEF< &D9HHFJ4 6 CD98CB?B:9A<< 

A9E6BD4K<649@BEF< 6<ID96B= C9?9AO, >BFBD4S EB6C4849F E A4;A4K9AAO@< E9FBKAO@< 

?<A<S@<. � F4>B= CBEF4AB6>9 FDG8AB >BDD9>FAB GK9EFP 6?<SA<9 HR;9?S:4, BEB59AAB 

A9EGM97B, 6?<SA<9 E?984 BF 7BD<;BAF4?PAB7B BC9D9A<S <?< #�". �A4K<F9?PAB9 

C9D9D4ECD989?9A<9 A47DG;>< @B:9F 6O;64FP A4?<K<9 C<?BAB6, GKёF >BFBDOI 6 CDB7D4@@9 

BLWF 6B;@B:9A FB?P>B 8?S CDBEF9=L<I 79B@9FD<K9E><I HBD@. 

$4EKёFAO9 BJ9A>< CDBH<?PAB7B EBCDBF<6?9A<S >DO?4 F4>:9 6O;O64RF A9><9 

EB@A9A<S. &4>, A4CD<@9D, D4EKёFAO9 ;A4K9A<S %I#$"( BK9AP E?45B ;46<ESF BF K<E9?   < %G 

< BF F<C4 QCRDO 846?9A<S, KFB A4IB8<FES 6 CDBF<6BD9K<< A9 FB?P>B E D9;G?PF4F4@< D4EKёFB6 

CB 8DG7<@ CDB7D4@@4@, AB <AB784 < E FDG5AO@ Q>EC9D<@9AFB@. �EFP >BE69AAO9 ;4DG59:AO9 

84AAO9 [59] CB G@9APL9A<R 6?<SA<S   < %G A4 %I#$"( CD< A4FGDAOI K<E?4I Re 

(D<EGAB> 1.30), AB 6 BF9K9EF69AAB= ?<F9D4FGD9 F4><9 84AAO9 BFEGFEF6GRF. 

 
$<EGAB> 1.30 - �?<SA<9 K<E?4 Re [59] 

 

%?454S ;46<E<@BEFP CDBH<?PAB7B EBCDBF<6?9A<S CD<6B8<F > FB@G, KFB CD< A4?<K<< 

8BEF4FBKAB 5B?PLB7B >B?<K9EF64 64D<4J<= CB IBD89, CDB7D4@@4 BCF<@<;4J<< EFD9@<FES 

GE<?<FP A95?47BCD<SFAO9 7D48<9AFO 846?9A<S 6 I6BEFB6B= K4EF< >DO?4 < EA<;<FP 
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@4>E<@4?PAO@ B5D4;B@ 6B?AB6B9 EBCDBF<6?9A<9, 6 FB :9 6D9@S CD<DBEF CDBH<?PAB7B 

EBCDBF<6?9A<S ;4 EK9F GE<?9A<S 8<HHG;BD4 A9;A4K<F9?9A. "8A4>B, GE<?9AAO9 8<HHG;BDO 

A9CD<9@?9@O CB 86G@ CD<K<A4@. �B-C9D6OI, A9B5IB8<@ ;4C4E CB 54HF<A7G, F.9. 

59;BFDO6AB9 B5F9>4A<9 8B?:AB EBID4ASFPES CD< %G, A4 30% CD96OL4RM9@ @4>E<@4?PAO9 

>D9=E9DE><9 %G. �B-6FBDOI, CD< FDG5AOI GE?B6<SI CB7D4A<KAO= E?B= @B:9F BFBD64FPES A4 

8<HHG;BD9 G:9 A4 >D9=E9DE><I D9:<@4I CB?9F4.  4>E<@4?PAB9 K<E?B Re CB %�) CB?AOI 

4QDB8<A4@<K9E><I @B89?9= 84:9 6 ��& &-128 A9 CD96BEIB8<F 5÷6 @?A./@ (p=2 4F4), 4 

F<C<KAB9 K<E?B Re D46AB 2.5÷3 @?A./@. � QF<I GE?B6<SI BF9K9EF69AAO9 4QDB8<A4@<K9E><9 

>B@CBAB6>< CDB9>F<DGRFES F4>, KFB5O 84:9 6 GE?B6<SI FDG5O D94?<;B6O64?BEP 6OEB>B9 

4QDB8<A4@<K9E>B9 >4K9EF6B < 59;BFDO6AB9 B5F9>4A<9 A4 6E9I >D9=E9DE><I D9:<@4I CB?ёF4 

< 5O? 5O ;4C4E CB 54HF<A7G. 

�?S CD9B8B?9A<S A969DAOI F9A89AJ<= BCF<@<;4J<< 5O? CD98?B:9A E?98GRM<= 

CD<ё@. #DBH<?PAB9 EBCDBF<6?9A<9 54;B6B7B >DO?4 D4EEK<FO649FES CD< G@9D9AAOI 

;A4K9A<SI   < %G. �E9 D4EKёFAO9 CD<DBEFO BFABE<F9?PAB 84AAB7B ;A4K9A<S G@AB:4RFES 

A4 A9>BFBDO= >BQHH<J<9AF �#$"(>1 < CB?GK9AAB9 F4><@ B5D4;B@ <CDBH<?PAB9= 

EBCDBF<6?9A<9 <ECB?P;G9FES 6 BCF<@<;4J<<. !4L BCOF CB>4;O649F, KFB D4J<BA4?PAB9 

;A4K9A<9 �#$"( D46AB ~4 8?S CB?GK9A<S QCRD 846?9A<S E CD<9@?9@O@< 8?S FDG5AOI 

GE?B6<= 8<HHG;BD4@<. #D< A4?<K<< 6B;@B:ABEF< CDB6B8<FP FDG5AO9 <ECOF4A<S E 

CB6OL9AAO@< K<E?4@< Re @B:AB 6O5D4FP A9E>B?P>B @9APL<9 ;A4K9A<S �#$"(: ~3 CD< 

Re~10÷12 @?A./@ (GE?B6<S CB?G@B89?< 6 &-128) < ~2.5 CD< A4FGDAOI K<E?4I Re. 

*9?9EBB5D4;AB 669EF< A9>BFBDO= >BQHH<J<9AF GE<?9A<S < 8?S 69?<K<AO 6B?AB6B7B 

EBCDBF<6?9A<S %I�, D4EEK<F4AAB7B CB CDB7D4@@9 BLWF. %D46A9A<S E Q>EC9D<@9AFB@ 

CB>4;O64RF (D<EGAB> 1.31), KFB A4D4EF4A<9 6B?AB6B7B EBCDBF<6?9A<S 5B?99 FBKAB 

GI64FO649FES CD< �1.5. �4@9F<@, KFB 6O5BD 84AAB7B >BQHH<J<9AF4 8BEF4FBKAB 

CDB<;6B?9A < E?G:<F 8?S C9D9D4ECD989?9A<S CD<BD<F9FB6 @9:8G <A8G>F<6AO@, 6B?AB6O@ 

< CDBH<?PAO@ EBCDBF<6?9A<9@. � EBBF69FEF6<< E QF<@< CD<BD<F9F4@< CDB7D4@@4 

BCF<@<;4J<< <M9F A4<5B?99 CD<9@?9@O= >B@CDB@<EE CB EG@@4DAB@G EBCDBF<6?9A<R. 



74 
 

 
$<EGAB> 1.31 - %D46A9A<9 D4EKёF4 E Q>EC9D<@9AFB@ CD< �=1 < �=1.5 

 

%B6D9@9AAO9 FD4AE;6G>B6O9 E69DI>D<F<K9E><9 >DO?PS I4D4>F9D<;GRFES 6OEB>B= 

KG6EF6<F9?PABEFPR > GE?B6<S@ B5F9>4A<S. !95B?PLB9 E CD4>F<K9E>B= FBK>< ;D9A<S 

<;@9A9A<9 D9:<@4 CB?ёF4 @B:9F A4DGL<FP <EIB8AB9 59EE>4K>B6B9 B5F9>4A<9, CD<Kё@ 

CBS6?9A<9 E>4K>B6 GC?BFA9A<S < G69?<K9A<9 %I� 6B;@B:AB 84:9 CD< G@9APL9A<<   </<?< 

%G (D<EGAB> 1.32). �@9EF9 E F9@ E4@B?ёF, 84:9 C4EE4:<DE><=, ?9F49F 6 A9>BFBDB@ 8<4C4;BA9 

D9:<@B6 CB?ёF4, ;46<ESM<I BF CB?ёFAB7B 69E4, 6O5D4AAB7B QL9?BA4 < E>BDBEF<. � 

<894?PAB@ E?GK49 A4<5B?99 CD<6?9>4F9?PAO@ 5O?B 5O <@9FP F4> A4;O649@B9 484CF<6AB9 

>DO?B, CB8EFD4<64RM99 E6BR HBD@G 8?S D94?<;4J<< A4<5B?99 5?47BCD<SFAB7B B5F9>4A<S 

A4 >4:8B@ <; D9:<@B6. $4;?<KAO9 >BAJ9CJ<< F4>B= 484CF4J<< B5EG:84RFES 6 

?<F9D4FGD9 [151], AB 6 EB6D9@9AAOI GE?B6<SI <;@9A9A<9 HBD@O >DO?4 CDB<EIB8<F FB?P>B 

C4EE<6AO@ CGFё@ ;4 EKёF <;@9A9A<S <GCDG7B== >DGF>< CB D4;@4IG. 
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$<EGAB> 1.32 - �46<E<@BEFP CB?SDO BF K<E?4   

 

�E?< A4 B8AB@ D4EKёFAB@ D9:<@9 @B:AB 89=EF6<F9?PAB 8B5<FPES CD4>F<K9E>< 

<;QAFDBC<K9E>B7B (59EE>4K>B6B7B) B5F9>4A<S, FB CD< BF>?BA9A<< BF A97B 84:9 6 EFBDBAG 

G@9APL9A<S   </<?< %G @B:9F CBS6<FPES E<EF9@4 E>4K>B6 GC?BFA9A<S, 6 FB@ K<E?9 < 

86B=AOI. � QF<I GE?B6<SI BEFDBA4EFDB9AAB9 A4 B8<A <; D9:<@B6 BCF<@4?PAB9 >DO?B @B:9F 

E<?PAB CDB<7DO64FP A4 BEF4?PAOI D9:<@4I. !4B5BDBF, E?97>4 «;47DG5?9AAB9» >DO?B, 

CB?GK9AAB9 CD< CB@BM< CDBJ98GDO @AB7BD9:<@AB= BCF<@<;4J<<, B59EC9K<F 5B?99 

D46AB@9DAB9 CDBF9>4A<9 I4D4>F9D<EF<> CD< A9;A4K<F9?PAB@ CDB<7DOL9 A4 BEAB6AB@ 

D9:<@9 (D<EGAB> 1.33). %<FG4J<S c @AB7BD9:<@ABEFPR 9M9 5B?99 GEG7G5?S9FES, >B784 B8AB 

>DO?B <ECB?P;G9FES 8?S J9?B7B E9@9=EF64 E4@B?ёFB6, ED98< >BFBDB7B BF89?PAO9 

CD98EF46<F9?< @B7GF E<?PAB D4;?<K4FPES CB J9?96B@G A4;A4K9A<R. "FER84 CDB<EF9>49F 

64:ABEFP @AB7BD9:<@AB= BCF<@<;4J<<, BC<E4AAB= 6OL9. #DB9>F<DB64A<9 >DO?P96, B 

>BFBDOI CB=8ёF D9KP 6 E?98GRM<I 7?464I, 69?BEP CD< CB@BM< CDBJ98GDO @AB7BD9:<@AB= 

BCF<@<;4J<<. 
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$<EGAB> 1.33 - %D46A9A<9 B8ABD9:<@AB= < @AB7BD9:<@AB= BCF<@<;4J<= 

 

�484K4 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S 6>?RK49F @AB:9EF6B B7D4A<K9A<=. �; 

4QDB8<A4@<K9E><I 69?<K<A K4EFB 5O649F A9B5IB8<@B B7D4A<K<FP 69?<K<AG CDB8B?PAB7B 

@B@9AF4 8?S G@9APL9A<S CBF9DP A4 54?4AE<DB6>G, 4 F4>:9 <;7<54RM97B @B@9AF4 8?S 

EA<:9A<S 69E4 >DO?4. �?S G?GKL9A<S I4D4>F9D<EF<> EDO64 CB?9;AB GCD46?SFP CB?B:9A<9@ 

@4>E<@4?PAB A4CDS:9AAB7B CB %G E9K9A<S 68B?P D4;@4I4 >DO?4. $4;?<KAO9 B7D4A<K9A<S 

>BAEFDG>F<6AB7B I4D4>F9D4 CB;6B?SRF G8B6?9F6BD<FP CD4>F<K9E><@ FD95B64A<S@ 

Q>EC?G4F4J<< < CDB<;6B8EF64. !4CD<@9D, B5Nё@ 6AGFD9AA<I FBC?<6AOI 54>B6 K4EFB 

S6?S9FES >D<F<KAO@ 8?S A95B?PL<I E4@B?ёFB6, CBQFB@G J9?9EBB5D4;AB GK<FO64FP 97B 6 

6<89 B7D4A<K9A<S. "FABE<F9?PA4S FB?M<A4 6A9LA<I E9K9A<= >DO?4 @B:9F E<?PAB CB6?<SFP 

A4 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<>< <?< I4D4>F9D<EF<>< 4QDBGCDG7BEF<, F4> KFB CB?9;AB 

B7D4A<K<FP 9ё EA<;G. �B?PLB9 >B?<K9EF6B B7D4A<K9A<= CD<6B8<F > ?46<ABB5D4;AB@G 

A4D4EF4A<R E?B:ABEF< 6OK<E?9A<= 6 >?4EE<K9E><I @9FB84I, F4><I >4>, A4CD<@9D, @9FB8 

CDB9>J<< 7D48<9AF4 [152]. #BCG?SDAO@ ECBEB5B@ D9L9A<S ;484K E B7D4A<K9A<S@< S6?S9FES 

E6989A<9 <I > ;484K4@ 59; B7D4A<K9A<= CD< CB@BM< LFD4HAOI HGA>J<=. "8A4>B ;89EP 

E?98G9F CDBS6?SFP BEFBDB:ABEFP, BEB59AAB CD< <ECB?P;B64A<< 7D48<9AFAOI @9FB8B6, 

>BFBDO9 C?BIB CD<7B8AO 8?S BCF<@<;4J<< CB?GK4RM<IES «B6D4:AOI» HGA>J<=. 

"EB5B CB8K9D>Aё@, KFB BCF<@<;4J<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> CD< CB@BM< 

64DP<DB64A<S 79B@9FD<< 54;B6OI E9K9A<= >DO?4 E4@4 CB E959 A9 74D4AF<DG9F 7?48>BEF< 
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>DO?4 CB D4;@4IG. "EB59AAB BFKёF?<6B QFB CDBS6?S9FES CD< BCF<@<;4J<< >DO?4 6 

CD<EGFEF6<< 5?<;>B D4ECB?B:9AAB= @BFB7BA8B?O. �9; GKёF4 7?48>BEF< CB69DIABEF< 

CB?GK9AAO9 >DO?PS <@9RF SD>B 6OD4:9AAO= <;?B@ 6 >DGF>9 < 8DG7<9 ?B>4?PAO9 

A9DB6ABEF< [153]. �?S CB?GK9A<S F9IAB?B7<KAB7B >DO?4 J9?9EBB5D4;AB GK<FO64FP 

;A4K9A<S >D<6<;AO 6O5D4AAOI A9>BFBDOI, <8GM<I 68B?P D4;@4I4 ?<A<= (A4CD<@9D, CB?B> 

?BA:9DBAB6), 6 6<89 LFD4HAOI HGA>J<= E A4;A4K49@O@ 69EB@, 6OK<F49@OI <; J9?96B= 

HGA>J<<. %<?PAB G69?<K<6 69E LFD4HAOI HGA>J<= ;4 >D<6<;AG, @O @B:9@ CB?GK<FP 

CD4>F<K9E>< C?BE><9 CB D4;@4IG CB69DIABEF< E<?B6OI C4A9?9= >9EEBA4. �A4S D4;ABEFP 

>DGFB> EF4C9?PAB= < CB?ёFAB= HBD@ >DO?4, @B:AB BCF<@<;<DB64FP 4QDB8<A4@<K9E>B9 

>4K9EF6B CB?9FAB= HBD@O, B8AB6D9@9AAB @<A<@<;<DGS >D<6<;AG EF4C9?PAB= HBD@O >DO?4. 

&4>4S @9FB8<>4 CDB9>F<DB64A<S 5O?4 E GEC9IB@ CD<@9A9A4 A4 E4@B?ёF9 SSJ-100 [31, 154].  

#BE?9 6A9E9A<S 6E9I 6OL9BC<E4AAOI >BDD9>F<DB6B> CDS@B= @9FB8 89=EF6<F9?PAB 

EF4? CD<7B8AO@ 8?S CD<@9A9A<S 6 BCF<@<;4J<BAAOI CDBJ98GD4I. !4L4 @AB7B?9FASS 

CD4>F<>4 CB>4;4?4, KFB CB?GK4RM<9ES A4 54;9 BCF<@<;4J<< >DO?PS B5?484RF 6OEB><@< 

4QDB8<A4@<K9E><@< I4D4>F9D<EF<>4@< <, >4> CD46<?B, CD96BEIB8SF >DO?PS CD98O8GM<I 

CB>B?9A<= >4> CB D4EKёF4@, F4> < 6 Q>EC9D<@9AF9. 

 

1.14 АCDB54J<S BCF<@<;4J<BAAOI 4?7BD<F@B6 A4 CD4>F<K9E>B@ CD<@9D9 
'EC9I BCF<@<;4J<BAAB= CDBJ98GDO ;46<E<F BF 86GI EBEF46?SRM<I: CDS@B7B @9FB84, 

< EB5EF69AAB BCF<@<;4J<BAAB7B 4?7BD<F@4, CD<Kё@, CD98CBKF<F9?PABEFP FB7B <?< <AB7B 

4?7BD<F@4 BCF<@<;4J<< ;46<E<F BF D4EE@4FD<649@B= ;484K<. %<FG4J<R GIG8L49F FB 

B5EFBSF9?PEF6B, KFB, >4> CD46<?B, D4;D45BFK<>< BCF<@<;4J<BAAOI 4?7BD<F@B6 S6?SRFES 

CD<>?48AO@< @4F9@4F<>4@<, D98>B EBCD<>4E4RM<@<ES E D94?PAO@< <A:9A9DAO@< 

;484K4@<. �?S ED46A9A<S QHH9>F<6ABEF< BCF<@<;4J<BAAOI 4?7BD<F@B6 K4EFB 

<ECB?P;GRFES F9EFB6O9 ;484K<, ABESM<9 <E>GEEF69AAO= <?< 7<C9DFDBH<DB64AAO= I4D4>F9D 

(CD<@9D CB8B5AB7B F9EF4 5O? CD<698ёA 6OL9). %B6E9@ A9 BK96<8AB, KFB BCF<@<;4J<BAAO9 

4?7BD<F@O, 89@BAEFD<DGRM<9 ?GKLGR QHH9>F<6ABEFP A4 @B89?PAOI CD<@9D4I, 5G8GF 

<@9FP CD9<@GM9EF64 A4 D94?PAOI, <AF9D9EGRM<I CDB9>F<DB6M<>4, ;484K4I. 

$94?PAO9 ;484K< 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S FD4AE;6G>B6OI >DO?P96 

I4D4>F9D<;GRFES: 

ý 5B?PL<@ 6D9@9A9@ 98<A<KAB7B D4EKёF4; 

ý A9?<A9=AO@ CB6989A<9@ 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 6E?98EF6<9 

CBS6?9A<S 6 CBFB>9 E>4K>B6 GC?BFA9A<S; 

ý A4?<K<9@ «K<E?9AAB7B LG@4»; 

ý 6OEB>B= 69DBSFABEFPR E5B96 CDS@B7B D4EKёF4; 
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ý 5B?PL<@ >B?<K9EF6B@ C9D9@9AAOI; 

ý BFEGFEF6<9@ ;A4A<= B 69?<K<A9 7?B54?PAB7B BCF<@G@4; 

ý BFEGFEF6<9@ CD9864D<F9?PAOI ;A4A<= B D9?P9H9 J9?96B= HGA>J<< < 

B7D4A<K9A<=; 

ý A4?<K<9@ ?B>4?PAOI BCF<@G@B6; 

ý :ёEF><@< 6D9@9AAO@< B7D4A<K9A<S@<; 

ý 8DG7<@< EC9J<H<K9E><@< BEB59AABEFS@<, CD9CSFEF6GRM<@< CB?ABJ9AAB@G 

D9L9A<R BCF<@<;4J<BAAOI ;484K E 8B>4;4F9?PEF6B@ 98<AEF69AABEF< < BCF<@4?PABEF< 

CB?GK9AAB7B D9;G?PF4F4. 

�EF9EF69AAB, QF< 6BCDBEO A9 @B7GF 5OFP D4E>DOFO@< 6 CB?AB= @9D9 6 D4@>4I 

8<EE9DF4J<<. "8A4>B, E J9?PR 5B?99 SEAB7B CD98EF46?9A<S CD<DB8O D94?PAOI ;484K, 5O?B 

D9L9AB 4CDB5<DB64FP A9>BFBDO9 <; BCF<@<;4J<BAAOI 4?7BD<F@B6 A4 E6Bё@ EB5EF69AAB@ 

F9EFB6B@ CD<@9D9. %GFP CD<@9D4 < CB?GK49@O9 D9;G?PF4FO CD98EF46?9AO 6 E?98GRM9@ 

C4D47D4H9. 

 

1.15 �EE?98B64A<9 D94?PAB= J9?96B= HGA>J<< 
�?S F9EFB6B7B CD<@9D4 5O?4 6O5D4A4 >B@CBAB6>4 D97<BA4?PAB7B E4@B?ёF4 

(D<EGAB> 1.34), >DO?B >BFBDB7B EBEF46?9AB <; FDёI 54;B6OI E9K9A<= (D<EGAB> 1.35): 

>BDA96B7B, <;?B@AB7B < >BAJ96B7B EBBF69FEF69AAB.  

 
$<EGAB> 1.34 – "5M<= 6<8 >B@CBAB6>< 
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)4D4>F9D<EF<>< HBD@O 6 C?4A9 E?98GRM<9: S=51.1 @2, =9.82, ó¼=25.8, =3.88 

(D<EGAB> 1.35).  

 
$<EGAB> 1.35 - (BD@4 6 C?4A9 < 54;B6O9 E9K9A<S 

 

�EIB8AO9 CDBH<?< 54;B6OI E9K9A<= >DO?4 CD98EF46?9AO A4 D<EGA>9 1.36. �O?< 

6O5D4AO 4 EF4A84DFAO9 79B@9FD<K9E><9 64D<4J<<, FD< <; >BFBDOI (6B7AGFBEFP, CB?B:9A<9 

@4>E<@4?PAB= 6OEBFO 69DIA9= CB69DIABEF< < >DGF>4) BFABESFES > <;?B@AB@G E9K9A<R, 4 

K9F6ёDF4S (>DGF>4) – > >BAJ96B@G E9K9A<R (D<EGAB> 1.37).  

 
$<EGAB> 1.36 – �4;B6O9 CDBH<?< >DO?4 
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$<EGAB> 1.37 – �4D<4J<< CDBH<?9= 

 

�<4C4;BA <;@9A9A<S 4@C?<FG8 64D<4J<= (C9D9@9AAOI CDB9>F<DB64A<S) EBEF46?S? BF 

-0.8 8B 0.8 8?S 6E9I C9D9@9AAOI. $4EE@4FD<64?BEP 864 D9:<@4 B5F9>4A<S:  =0.78 %G=0.525 

<  =0.81 %G=0.4. #9D6O= <; QF<I D9:<@B6 I4D4>F9D9A 8?S D97<BA4?PAB7B C4EE4:<DE>B7B 

E4@B?ёF4, 4 6FBDB= - 8?S 48@<A<EFD4F<6AB7B E4@B?ёF4, FB 9EFP, 6 <89=AB@ E@OE?9 84AAO= 

CD<@9D CB8B59A CD<@9DG <; D4;89?4 1.11. $4ECD989?9A<9 846?9A<S CB <EIB8AB@G >DO?G A4 

86GI G>4;4AAOI D9:<@4I ED46A<649FES A4 D<EGA>9 1.38. 
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$<EGAB> 1.38 – $4ECD989?9A<9 846?9A<S CB <EIB8AB@G >DO?G A4 86GI G>4;4AAOI D9:<@4I 

 

� >4K9EF69 J9?96B= HGA>J<< 6O5<D4?BEP E>4?SDA4S 69?<K<A4, EBBF69FEF6GRM4S 

6;69L9AAB= EG@@9 4QDB8<A4@<K9E><I >4K9EF6 A4 86GI D9:<@4I: 

 

I=wK1 + (1-w)K2, 

 

789 w – C4D4@9FD, CDB5974RM<= ;A4K9A<S BF 0 8B 1. �9?<K<A4 4QDB8<A4@<K9E>B7B 

>4K9EF64 D4EEK<FO64?BEP CB HBD@G?9: 

 

K=
Cy

Cx0(+Cx#$"(+Cx�!�∙ ൬Cy0Cy ൰2 +1.5∙Cx�-0.0025∙ሺmZ-mZ0ሻ 
 

�?S <EIB8AB7B >DO?4 �1=15.0594, �2=12.7892, D4EKёFO 69?<EP CB 69DE<< CDB7D4@@O 

BLWF-31. 
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�?S ECD46BKAOI J9?9= ;A4K9A<S 4QDB8<A4@<K9E>B7B >4K9EF64 5O?< D4EEK<F4AO 

A4CDS@GR 8?S 6E9I FBK9> CDBEFD4AEF64 CDB9>F<DB64A<S E 8<E>D9FAO@ L47B@ CB >4:8B= 

C9D9@9AAB= I=0.1. "5M99 K<E?B D4EKёFB6 EBEF46<?B 2174=283521=167042, KFB 

CBFD95B64?B B>B?B 120 EGFB> @4L<AAB7B 6D9@9A< A4 #�. #B?GK9AA4S 54;4 84AAOI E?G:<F 

>4> 8?S CB;A464F9?PAOI J9?9=, F4> < 8?S ED46A9A<S D4;?<KAOI BCF<@<;4J<BAAOI 

4?7BD<F@B6. 

#B?GK9AAO9 84AAO9 CB8F69D:84RF 5B?PL<AEF6B <; BEB59AABEF9= 

4QDB8<A4@<K9E><I BCF<@<;4J<BAAOI ;484K, >BFBDO9 G>4;O64?<EP 6 CD98O8GM9@ 

C4D47D4H9. &4>, 6<8AB (D<EGAB>. 1.39), KFB CD< ED46A<F9?PAB C?46AB@ I4D4>F9D9 <;@9A9A<S 

J9?96B= HGA>J<< 6 7?B54?PAB@ @4ELF459 A4 GDB6A9 8<E>D9FABEF< 0.1 G:9 CBS6?S9FES 

«K<E?9AAO= LG@». �BEF4FBKAB K4EFB CDB<EIB8<?< 464D<=AO9 CD9DO64A<S, >BFBDO9 A4 

D<EGA>4I 6<;G4?<;<DGRFES 6 6<89 CDB64?B6 (6 E?GK49 464D<=AB7B CD9DO64A<S J9?96B= 

HGA>J<< CD<E64<64?BEP ;A4K9A<9 I=10). +4EFB 6EFD9K4RFES ?B>4?PAO9 BCF<@G@O 

(D<EGAB> 1.40). 

 
$<EGAB> 1.39 - "K<E?9AAO= LG@" CD< ED46A<F9?PAB C?46AB@ I4D4>F9D9 <;@9A9A<S J9?96B= 

HGA>J<< 

 
$<EGAB> 1.40 - �<8 J9?96B= HGA>J<<, 86G@9DAO= D4;D9; 
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�;@9A9A<9 69EB6OI >BQHH<J<9AFB6 w E@9M49F CB?B:9A<9 BCF<@G@B6, KFB, 

A4CD<@9D, <??REFD<DGRFES A4 D<EGA>9 1.41. 

 
$<EGAB> 1.41 - �<8 J9?96B= HGA>J<< CD< <;@9A9A<< w BF 0 8B 1 

 

#BE?9 CB?GK9A<S CDS@B= 54;O 84AAOI, 6 >BFBDB= BCF<@G@O @B:AB A4=F< CDBEFO@ 

C9D95BDB@, QF4 :9 BCF<@<;4J<BAA4S ;484K4 D9L4?4EP CD< CB@BM< 4?PF9DA4F<6AOI 

BCF<@<;4J<BAAOI @9FB8B6: 7D48<9AFAB7B, 79A9F<K9E>B7B < @AB7BD9:<@AB7B 

79A9F<K9E>B7B. 
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� 7D48<9AFAB@ @9FB89 8?S >4:8B7B ;A4K9A<S w=0, 0.1, 0.2,..., 0.9, 1 BCF<@G@ <E>4?ES, 

EF4DFGS E CSF< D4;?<KAOI A4K4?PAOI FBK9>: (0.,0.,0.,0.), (0.,0.,0.,0.4.), (0.,0.,0.4.,0.), 

(0.,0.4.,0.,0.), (0.4,0.,0.,0.). �?S CB?AB= EIB8<@BEF< FD95B64?BEP B>B?B 10 <F9D4J<= <?< 160 

D4EKёFB6 (8 D4EKёFB6 8?S 6OK<E?9A<S 7D48<9AF4 J9AFD4?PAO@< D4;ABEFS@< < 8 D4EKёFB6 A4 

B8AB@9DAB@ ECGE>9). &4> >4> 7D48<9AFAO= @9FB8 D45BF49F E 89=EF6<F9?PAO@< 

A9CD9DO6AO@< K<E?4@<, FB BCF<@G@, A4=89AAO= QF<@ @9FB8B@, @B:9F CD96BEIB8<FP 

BCF<@G@, CB?GK9AAO= CDS@O@ 8<E>D9FAO@ C9D95BDB@. 

� EF4A84DFAB@ 79A9F<K9E>B@ @9FB89 <ECB?P;B64?ES 8<E>D9FAO= L47 CB >4:8B= 

C9D9@9AAB= )=0.05, K<E?B 86B<KAOI D4;DS8B6 8?S >4:8B= C9D9@9AAB= D46AS?BEP CSF<, 

F.9. 8<4C4;BA <;@9A9A<= C9D9@9AAOI EB6C484? E F9@, >BFBDO= D4EE@4FD<64?ES 6 CDS@B@ 

C9D95BD9. +<E?B <A8<6<8B6 6 CB>B?9A<< ;48464?BEP D46AO@ 20, 4 Q6B?RJ<BAAO= CB<E> 

BEGM9EF6?S?ES 6 F9K9A<< 100 CB>B?9A<=. $4EE@4FD<64?<EP D4;?<KAO9 >BQHH<J<9AFO 

@GF4J<<, Pm=0.02 < 0.04. K<E?9AAO= Q>EC9D<@9AF CB>4;4?, KFB CD< 5B?PLB@ >BQHH<J<9AF9 

@GF4J<< CDBJ9EE CB<E>4 E?<L>B@ I4BF<K9A < @9A99 QHH9>F<69A, K9@ 6 C9D6B@ E?GK49. � 

ED98A9@, BCF<@G@ A4IB8<?ES ;4 60 CB>B?9A<=, <?< 600 D4EKёFB6 (6O5D4EO649@O9 

E?GK4=AO@ B5D4;B@ >B@5<A4J<< C9D9@9AAOI K4EFB CB6FBDSRFES, CBQFB@G 6 >4:8B@ 

CB>B?9A<< A9F A9B5IB8<@BEF< D4EEK<FO64FP J9?96GR HGA>J<R 8?S 6E9I <A8<6<8B6). 

� @AB7BD9:<@AB@ 79A9F<K9E>B@ @9FB89 69EP #4D9FB-HDBAF <E>4?ES ;4 B8<A CDB7BA. 

� BF?<K<9 BF EF4A84DFAB7B 79A9F<K9E>B7B @9FB84 K<E?B <A8<6<8B6 6 CB>B?9A<< 5O?B 

G69?<K9AB 8B 50, 4 CB<E> CDB8B?:4?ES 6 F9K9A<< 200 CB>B?9A<=, F.9. CB ;4FD4F4@ F4>B= 

CDB7BA CD96BEIB8<? E>4?SDAO= 79A9F<K9E><= CB<E> CD<@9DAB 6 CSFP D4;. !B GK<FO64S, KFB 

C4D4@9FD w CD<A<@4? 11 A9;46<E<@OI ;A4K9A<=, @AB7BD9:<@AO= 79A9F<K9E><= 4?7BD<F@ 

6Eё D46AB CBFD95B64? 686B9 @9APL<I EG@@4DAOI ;4FD4F.  

$9;G?PF4FO D4EKёFB6 CD98EF46?9AO 6 <AF97D4?PAB@ 6<89 A4 D<EGA>9 1.42. !4 7D4H<>9 

A4A9E9AO BCF<@4?PAO9 FBK><, CB?GK9AAO9 >4:8O@ <; @9FB8B6. �<DAO@< 5B?PL<@< 

@4D>9D4@< A4A9E9AO 84AAO9, CB?GK9AAO9 CDS@O@ C9D95BDB@ A4EK<F4AAB= 54;O 84AAOI. 

#9D96ёDAGFO@< 5B?PL<@< @4D>9D4@< A4A9E9AO 84AAO9, EBBF69FEF6GRM<9 D9;G?PF4F4@ 

CB<E>4 79A9F<K9E><@ 4?7BD<F@B@. �DGCAO9 >648D4F<>< EBBF69FEF6GRF D9;G?PF4F4@, 

CB?GK9AAO@ @AB7B>D<F9D<4?PAO@ 79A9F<K9E><@ 4?7BD<F@B@.  9?><9 @4D>9DO 

EBBF69FEF6GRF D9;G?PF4F4@ CB<E>4 7D48<9AFAO@ @9FB8B@. �; ED46A9A<S E?98G9F, KFB 

84AAO9, CB?GK9AAO9 6E9@< @9FB84@<, B5D4;GRF >?4EE<K9E><= 86GIC4D4@9FD<K9E><= 

#4D9FB-HDBAF. �<8AB, KFB @BABFBAA4S 64D<4J<S 69EB6OI >BQHH<J<9AFB6 w < (1-w) 

CD<6B8<F > A9@BABFBAAB@G CB>DOF<R HDBAF4: A4CD<@9D, D9;G?PF4FO CDS@B7B C9D95BD4 E 

w=0, 0.1, 0.2 E?<?<EP, FB784 >4> BCF<@4?PAO9 FBK><, EBBF69FEF6GRM<9 >BQHH<J<9AF4@ 

w=0.4, 0.5, 0.6 BFEFBSF 84?9>B 8DG7 BF 8DG74 < ;4A<@4RF 5B?99 CB?B6<AO 6E97B HDBAF4. 
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$<EGAB> 1.42 - #4D9FB-HDBAF 

 

�; 7D4H<>4 E?98G9F, KFB D9;G?PF4FO BCF<@<;4J<<, CB?GK9AAO9 CD< CB@BM< 

@B8<H<J<DB64AAB7B 7D48<9AFAB7B @9FB84, 6CB?A9 >BA>GD9AFABECBEB5AO CB ED46A9A<R E 

D4;AB6<8ABEFS@< 79A9F<K9E>B7B @9FB84, A9E@BFDS A4 ;A4K<F9?PAB @9APL<9 ;4FD4FO 

@4L<AAB7B 6D9@9A<, 5B?99 FB7B, 6 A9>BFBDOI E?GK4SI BA< 84:9 ?GKL9 D9;G?PF4FB6 CDS@B7B 

C9D95BD4, KFB B5NSEAS9FES 8<E>D9FAO@ I4D4>F9DB@ CBE?98A97B. #D9<@GM9EF6B 

7D48<9AFAB7B @9FB84 B5GE?B6?9AB C?46AO@ I4D4>F9DB@ <;@9A9A<S J9?96B= HGA>J<< 

4QDB8<A4@<K9E>B7B >4K9EF64 A4 >D9=E9DE><I D9:<@4I CB?ёF4, CD< >BFBDOI E>4K>< 

GC?BFA9A<S < E6S;4AAO9 E A<@< A9?<A9=ABEF< <@9RF G@9D9AAGR <AF9AE<6ABEFP. 

%FDB7B 7B6BDS, CB?GK9AAO= D9;G?PF4F A9 @B:9F 5OFP 74D4AF<DB64AAB 

Q>EFD4CB?<DB64A A4 E?GK4= 5B?PL<I D4;@9DABEF9= BCF<@<;4J<BAAB= ;484K< (n=40÷60). 

&9@ A9 @9A99, A4@ >4:9FES ECD4698?<6O@ 8BCGM9A<9 B C?46ABEF< <;@9A9A<S 

4QDB8<A4@<K9E><I I4D4>F9D<EF<> < 6 QFB@ E?GK49. &4><@ B5D4;B@, 7D48<9AFAO= @9FB8 

E?98G9F EK<F4FP CD<BD<F9FAO@ 8?S ;484K 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S. 

�9A9F<K9E><= 4?7BD<F@ J9?9EBB5D4;AB <ECB?P;B64FP (BEB59AAB 6 E?GK49 @AB7BD9:<@AB= 

BCF<@<;4J<<) 8?S 5OEFDB7B CB<E>4 C9DEC9>F<6AOI B5?4EF9= CDBEFD4AEF64 CDB9>F<DB64A<S, 

4 ;4F9@ ;4CGE>4FP CB<E> 7D48<9AFAO@ @9FB8B@ <; CB8IB8SM9= FBK><. #B8B5AO9 

D9>B@9A84J<< 6EFD9K4RFES < 6 D45BF4I 8DG7<I 46FBDB6 [155]. 
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1.16 �4?<84J<S D9;G?PF4FB6 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S, DB?P 
4QDB8<A4@<K9E>B7B Q>EC9D<@9AF4 
!9E@BFDS A4 6B;DBELGR DB?P CFD 6 4QDB8<A4@<K9E>B@ CDB9>F<DB64A<< >B@CBAB6B> 

E4@B?ёFB6, 4QDB8<A4@<K9E><9 FDG5O (��&) CDB8B?:4RF L<DB>B <ECB?P;B64FPES A4 QF4C9 

D4;D45BF>< (D<EGAB> 1.43), CD<Kё@ >D<B79AAO9 ��& <7D4RF 6E9 5B?PLGR DB?P CD< B5M9@ 

EB>D4M9A<< FDG5BK4EB6. 

 
$<EGAB> 1.43 [169] 

 

�QDB8<A4@<K9E><9 @B89?< E>BDBEFAOI C4EE4:<DE><I E4@B?ёFB6 B5OKAB 

<ECOFO64RFES 6 5B?PLB= B>B?B;6G>B6B=/E69DI;6G>B6B= ;4>DOFB= 69AF<?SFBDAB= 

4QDB8<A4@<K9E>B= FDG59 &-128 *���, 66989AAB= 6 Q>EC?G4F4J<R 6 E9D98<A9 80-I 7B8B6. 

1FB E4@4S @BMA4S ��& 6 �6DBC9 (@BMABEFP CD<6B84 8B 120  �F) EB E@9AAB= D45BK9= 

K4EFPR 2.75 × 2.75 @ < D97G?<DG9@B= C9DHBD4J<9= EF9AB>. �?S B>B?B;6G>B6OI E>BDBEF9= 

EF9C9AP C9DHBD4J<< B5OKAB GEF4A46?<649FES A4 GDB6A9 6%. #B?AO9 @B89?< E F<C<KAO@ 

D4;@4IB@ 6 864 @9FD4 B5OKAB <ECOFO64RFES A4 I6BEFB6B= HR;9?S:AB= 89D:46>9 E 

6->B@CBA9AFAO@< 6AGFD9AA<@< F9A;B69E4@< (D<EGAB> 1.44), K<E?B $9=AB?P8E4 8?S %�) 

0.2 @ EBEF46?S9F CD<@9DAB 3 @?A CD< 4F@BEH9DAB@ 846?9A<< < 5-6 @?A CD< 846?9A<< 6 

>BAFGD9 FDG5O 8B 2 4F4. �?S GKёF4 6?<SA<S HR;9?S:AB= 89D:46>< @B:AB <ECB?P;B64FP 

><?96GR 89D:46>G E <@<F4FBDB@ I6BEFB6B=. �DB@9 FB7B, 8?S GKёF4 E>BE4 CBFB>4 @B89?P 

@B:9F 5OFP CDBF9EF<DB64A4 6 C9D969DAGFB@ CB?B:9A<<. % J9?PR CDB6989A<S <ECOF4A<= A4 
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>D<F<K9E><I < E69DI>D<F<K9E><I G7?4I 4F4>< 6 ABEB6B= K4EF< HR;9?S:4 6 5B?PL<AEF69 

E?GK496 GEF4A46?<649FES C4EE<6AO= 4AF<6<5D4J<BAAO= 89@CH9D. 

 
$<EGAB> 1.44 – #B?A4S 4QDB8<A4@<K9E>4S @B89?P � % 6 ��& &-128 

 

#GE>< ��& &-128 B5OKAB 6OCB?ASRFES CDB7BA4@< CB G7?4@ 4F4>< CD< 

H<>E<DB64AAB@ K<E?9  4I4 E 8<E>D9FAO@ L47B@ Δα=0.25° 6 <AF9D9EGRM9@ <EE?98B64F9?S 

8<4C4;BA9 < E 5B?PL<@ L47B@ 6 8DG7<I @9EF4I. �B;8GI 6 FDG59 CD9864D<F9?PAB BEGL49FES, 

KFB5O <;59:4FP >BA89AE4J<< 6?47< 6 E>4K>4I GC?BFA9A<S A4 B>B?B;6G>B6OI D9:<@4I, KFB 

@B:9F EGM9EF69AAB CB6?<SFP A4 GDB69AP 4QDB8<A4@<K9E>B7B EBCDBF<6?9A<S. �?47B84DS 

8<A4@<K9E>B@G D97G?SFBDG 846?9A<S @B:AB CB889D:<64FP ;484AAB9 K<E?B $9=AB?P8E4 

CBEFBSAAO@ 6B 6D9@S CGE>B6 �"� CD< D4;?<KAOI >D9=E9DE><I K<E?4I  4I4. 1FB CB;6B?S9F 

D4;89?<FP 6?<SA<9 K<E?4  4I4 < K<E?4 $9=AB?P8E4, KFB A96B;@B:AB 6 EF4DOI ��&. #D< 

@4?OI E>BDBEFSI  ~0.2, I4D4>F9DAOI 8?S D9:<@B6 6;?ёF4 < CBE48><, 846?9A<9 6 FDG59 

@B:9F 5OFP G69?<K9AB 8B 4 4F4 CD< EBBF69FEF6GRM9@ K<E?9 $9=AB?P8E4, D46AB@ 

CD<@9DAB 3.5 @?A. 

 B89?< B5OKAB <ECOFO64RFES EB E6B5B8AO@ < H<>E<DB64AAO@ 65?<;< C9D98A9= 

>DB@>< C9D9IB8B@ ?4@<A4DAB7B CBFB>4 6 FGD5G?9AFAO=. #9D9IB8 H<>E<DG9FES E CB@BMPR 

J<?<A8D<K9E><I FGD5G?<;4FBDB6 8<4@9FDB@ 1 @@ < 6OEBFB= 0.1 @@. &GD5G?<;4FBDO 

GEF4A46?<64RFES ?<5B A4 H<>E<DB64AAB@ D4EEFBSA<< B>B?B 10% IBD8O BF C9D98A9= >DB@>< 

>DO?4, ?<5B A4 C9D9@9AAOI D4EEFBSA<SI: 5?<:9 > ABEG 6 >BDA96OI E9K9A<SI < 8B 15% 6 

A4DG:AOI E9K9A<SI. �BCB?A<F9?PAB9 EBCDBF<6?9A<9 FGD5G?<;4FBDB6 BJ9A<649FES CGFё@ 

8BCB?A<F9?PAB7B F9EF<DB64A<S @B89?< E 86B=AO@ DS8B@ FGD5G?<;4FBDB6, GEF4AB6?9AAOI 6 

L4I@4FAB@ CBDS8>9. 
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�DO?B 4QDB8<A4@<K9E>B= @B89?< B5OKAB <;7BF46?<649FES @9FB8B@ 6OEB>BFBKAB7B 

HD9;9DB64A<S <; CDBKAB= EF4?<. !B CD< 6OEB><I 69EB6OI 8<A4@<K9E><I 846?9A<SI 6E9 :9 

CDB<EIB8<F 89HBD@4J<S >DO?4 - <;7<5 < >DGK9A<9. #D< B5M9@ 846?9A<< 3500 >7E >BAJ964S 

K4EFP @B89?< >DO?4 E>BDBEFAB7B C4EE4:<DE>B7B E4@B?ёF4 ;4>DGK<649FES CD<@9DAB A4 

@<AGE B8<A 7D48GE CD< CG~0.55, < QF4 ;4>DGF>4 B5OKAB CD9864D<F9?PAB ;4>?48O649FES 6 

EF4C9?PAGR HBD@G @B89?< >DO?4. 

#B@<@B 69EB6OI <ECOF4A<=, @B:AB F4>:9 CDB6B8<FP <EE?98B64A<S CB H<;<>9 

B5F9>4A<S. !4DS8G E FD48<J<BAAO@< @9FB84@< 6<;G4?<;4J<<, F4><@< >4> @9FB8 @4E?SAB= 

C?9A><, EG5?<@<DGRM99 I<@<K9E>B9 CB>DOF<9 8?S B5A4DG:9A<S C9D9IB8B6, 

��-F9D@B7D4H<S < H?GBD9EJ9AFAO9 @<A<-L9?>B6<A><, 6 CBE?98A99 6D9@S 6 CD4>F<>G 

4QDBH<;<K9E><I <EE?98B64A<= *��� 5O?< 66989AO 5B?99 <AHBD@4F<6AO9 @9FB8O, 

BEAB64AAO9 A4 AB6OI H<;<K9E><I CD<AJ<C4I. 1FB, A4CD<@9D, KG6EF6<F9?PAO9 > 846?9A<R 

>D4E>< (PSP) [156, 157], CB;6B?SRM<9 CB?GK<FP CB69DIABEFAO= ?4A8L4HF D4ECD989?9A<S 

846?9A<S. $4;D45BF4A @9FB8 6<;G4?<;4J<< 7GEFB7B @4E?4 E 6>D4C?9A<9@ K4EF<J (PISFV) 

[158], >BFBDO=, 6 BF?<K<9 BF FD48<J<BAAB7B @9FB84, CB;6B?S9F CB?GK<FP >4DF<AG 

CB69DIABEFAOI ?<A<= FB>4 < D4ECD989?9A<= CB69DIABEFAOI A4CDS:9A<= FD9A<S A9 CD< 

B8AB@ G7?9 4F4><, 4 6 A9E>B?P><I FBK>4I A4 CB?SD9. !4>BA9J, QFB KG6EF6<F9?PAO= > E86<7G 

@9FB8 :<8><I >D<EF4??B6 (SSLC) [159] 8?S 6<;G4?<;4J<< ?4@<A4DAB-FGD5G?9AFAB7B 

C9D9IB84, E>4K>B6 < BFDO6AOI F9K9A<= (D<EGAB> 1.45). �DB@9 FB7B, EF4?< 6B;@B:AO@< 

59E>BAF4>FAO9 <;@9D9A<S 89HBD@4J<< >DO?4 @B89?< BF E>BDBEFAB7B A4CBD4 6 CBFB>9 

D45BK9= K4EF< ��& CD< CB@BM< 6<89B7D4@@9FD<K9E>B= E<EF9@O [160÷164].  

 
$<EGAB> 1.45 
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�B?99 89F4?PAB9 @B89?<DB64A<9 79B@9FD<< Q?9@9AFB6 ?9F4F9?PAOI 4CC4D4FB6, 6 

K4EFABEF< Q?9@9AFB6 @9I4A<;4J<<, 4 F4>:9 CD4>F<K9E>B9 G86B9A<9 8BEF<:<@OI K<E9? 

$9=AB?P8E4 @B7GF 5OFP CB?GK9AO E CB@BMPR CB?G@B89?PAB= F9IAB?B7<< [165-168]. (BFB 

CB?G@B89?< D97<BA4?PAB7B D94>F<6AB7B E4@B?ёF4 SSJ-100 6 ��& &-128 CB>4;4AB A4 

D<EGA>9 1.46. !4 QFB= @B89?< 5O?B 8BEF<7AGFB ;A4K9A<9 K<E?4 $9=AB?P8E4 6 13 @<??<BAB6, 

<?< CBKF< 3/4 BF A4FGDAB7B ;A4K9A<S. � CD<AJ<C9, 97B G:9 @B:AB EK<F4FP <8BEF4FBKAO@= 

K<E?B@ $9=AB?P8E4 (E@. [165, 166]) 8?S CB?AB= >B@CBAB6>< SSJ-100. � FB :9 6D9@S 8?S 

5B?99 FBA><I QHH9>FB6, F4><I >4> BCD989?9A<9 QHH9>F<6ABEF< GCD46?9A<S <?< 484CF<6AB= 

;48A9= >DB@><, 84:9 QFB7B K<E?4 Re A98BEF4FBKAB. #B-6<8<@B@G, F4><9 <ECOF4A<S 8B?:AO 

CDB6B8<FPES 6 >D<B79AAOI FDG54I.  

 
$<EGAB> 1.46 – #B?G@B89?P SSJ-100 6 ��& &-128 

 

�;-;4 A4?<K<S CB7D4A<KAB7B E?BS A4 EF9A>9 ��&, EGM9EF6B64A<S CP989EF4?4 

>BA9KAB= L<D<AO < A9>BFBDB= GF9K>< < 6AGFD9AA97B CBFB>4 6 ;4;BD9 @9:8G EF9A>B= FDG5O 

< CB?G@B89?PR, 45EB?RFAO9 GDB6A< EBCDBF<6?9A<S CB?G@B89?< < CB?AB= @B89?< B5OKAB 

A9 EB6C484RF. � FB :9 6D9@S ?B>4?PAO9 4QDB8<A4@<K9E><9 <EE?98B64A<S, BEAB64AAO9 A4 

K4EF<KAOI <;@9A9A<SI 79B@9FD<< 6FBD<KAOI Q?9@9AFB6, F4><I >4> ;4>BAJB6>< >DO?4, 

C<?BAO 86<74F9?S <?< B5F9>4F9?< @9I4A<;@4 ;4>DO?>B6, <@9RF E@OE? < 84RF 

>B?<K9EF69AAGR BJ9A>G 6 CD<D4M9A<SI. �AF9D9EAB, KFB 5B?PL<9 CB?G@B89?< <@9RF 

E4@BEFBSF9?PAB9 ;A4K9A<9 A9 FB?P>B 6 CB?GK9A<< 4QDB8<A4@<K9E><I I4D4>F9D<EF<> - 

@4ELF45AO= QHH9>F F4>:9 <7D49F 64:AGR DB?P 6 B5?4EF< 4QDB4>GEF<><, >BFBDB= 6 

CBE?98A99 6D9@S G89?S9FES KD9;6OK4=AB9 6A<@4A<9. #B?G@B89?P  %-21 5O?4 <ECOF4A4 6 

4QDB4>GEF<K9E>B= 4QDB8<A4@<K9E>B= FDG59 DNW-NWB 6 �D4GAL69=79 (D<EGAB> 1.47), KFB 

84?B @AB7B J9AAB= <AHBD@4J<< B LG@9 C?4A9D4. 



90 
 

 
$<EGAB> 1.47 - #B?G@B89?P  %-21 6 4>GEF<K9E>B= FDG59 DNW-NWB (�D4GAL69=7) 

 

����2+�!�� � ����� 1 

#DB6989A4 4CDB54J<S 5<A4DAB7B 79A9F<K9E>B7B 4?7BD<F@4 BCF<@<;4J<< 

CD<@9A<F9?PAB > B8AB>D<F9D<4?PAO@ < @AB7B>D<F9D<4?PAO@ ;484K4@ 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S >DO?P96 8B;6G>B6OI @47<EFD4?PAOI E4@B?ёFB6. 

$4;D45BF4A AB6O= 7<5D<8AO= 86GIGDB6A96O= 79A9F<K9E><= 4?7BD<F@ BCF<@<;4J<<, 

EBK9F4RM<= D4EK9FO D4;AOI GDB6A9= 6 D4@>4I 98<AB= 6OK<E?<F9?PAB= EI9@O. � >4K9EF69 

D4;?<KAOI GDB6A9= CD<ASFO D4EK9FO CB B8AB@G < FB@G :9 @9FB8G CB?AB7B CBF9AJ<4?4 A4 

7DG5B= < @9?>B= E9F>4I. "5M<= 6O<7DOL @4L<AAB7B 6D9@9A< 5?47B84DS D4;D45BF4AAB@G 

@9FB8G EBEF46?S9F ~3 D4;. 

#DB6989AB ED46A9A<9 BCF<@<;4J<BAAOI 4?7BD<F@B6 A4 54;9 D94?PAOI J9?96OI 

HGA>J<=, CB>4;4AB KFB, CB >D4=A9= @9D9, CD< A95B?PLB@ K<E?9 64DP<DG9@OI C4D4@9FDB6 

(nf10) D9?P9H J9?96B= HGA>J<< 8BEF4FBKAB @BABFBA9A, F4> KFB @B:AB E G69D9AABEFPR 

CD<@9ASFP 7D48<9AFAO9 4?7BD<F@O BCF<@<;4J<<. �9A9F<K9E><9 4?7BD<F@O J9?9EBB5D4;AB 

CD<@9ASFP 8?S CB<E>4 B>D9EFABEF< 7?B54?PAB7B BCF<@G@4, BEB59AAB 6 

@AB7B>D<F9D<4?PAOI ;484K4I. 

�OD45BF4AO D9>B@9A84J<< CB CD<@9A9A<R EGM9EF6GRM<I < 6AB6P D4;D45BF4AAOI 

F9BD9F<K9E><I @9FB8B6 BCF<@<;4J<< > D94?PAO@ ;484K4@ 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S. 

$4;D45BF4AAO9 4?7BD<F@O 8B6989AO 8B >BA>D9FAOI CDB7D4@@, >BFBDO9 @B7GF 5OFP 

D9>B@9A8B64AO > 6A98D9A<R 6 �� 8?S CD4>F<K9E>B7B CDB9>F<DB64A<S >DO?P96 

C9DEC9>F<6AOI 8B;6G>B6OI ��. 
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�?464 2 – АQDB8<A4@<K9E>B9 CDB9>F<DB64A<9 E>BDBEFAOI >DO?P96 < 
7D4:84AE><I E4@B?ёFB6 >?4EE<K9E>B= >B@CBAB6>< 
%4@B?ёFO 60-I, A4K4?4 70-I 7B8B6 CDBL?B7B 69>4 <@9?< 8BEF4FBKAB 5B?PLGR 

E>BDBEFP >D9=E9DE>B7B CB?ёF4 ( =0.84÷0.86 �-747,  =0.82÷0.85 &G-154) ;4 EKёF 5B?PLB= 

EFD9?B6<8ABEF< >DO?P96 (37.5 �-747, 35 &G-154) < @4?B= BFABE<F9?PAB= FB?M<AO 

CDBH<?9= E9K9A<= >DO?4. �;B5D9F9A<9 E69DI>D<F<K9E><I CDBH<?9= 6 A4K4?9 70-I 7B8B6 

HBD@4?PAB CB;6B?S?B 9Mё 5B?PL9 G69?<K<FP >D9=E9DE>GR E>BDBEFP CB?ёF4, B8A4>B, 

Q>BAB@<K9E><= < A9HFSAB= >D<;<E CBE?9 4D45B-<;D4<?PE>B= 6B=AO 1973 7B84 CD<6ё? > 3-4 

>D4FAB@G CB6OL9A<R J9A A4 FBC?<6B, 6 E6S;< E K9@ 6BCDBEO FBC?<6AB= QHH9>F<6ABEF< 

E4@B?ёF4 6O86<AG?<EP A4 C9D6O= C?4A. #4D4@9FD<K9E><9 @9:8<EJ<C?<A4DAO9 

<EE?98B64A<S CB>4;O64RF, KFB, >4> CD46<?B, E DBEFB@ E>BDBEF< CB?ёF4 FBC?<6A4S 

QHH9>F<6ABEFP GIG8L49FES [170]. 

� QFB= E6S;< CD9<@GM9EF6B@ 6AB6P <;B5D9FёAAOI E69DI>D<F<K9E><I CDBH<?9= EF4?< 

CB?P;B64FPES A9S6AO@ B5D4;B@, 4 <@9AAB, 8?S G69?<K9A<S BFABE<F9?PAB= FB?M<AO >DO?4 

</<?< EA<:9A<S EFD9?B6<8ABEF< CD< EBID4A9A<< <?< 84:9 A9>BFBDB@ G@9APL9A<< 

>D9=E9DE>B7B K<E?4  4I4. &4>, A4CD<@9D, A4 E4@B?ёF9 ��-96-300 EFD9?B6<8ABEFP >DO?4 

5O?4 EA<:9A4 A4 5, 4 BFABE<F9?PA4S FB?M<A4 5O?4 G69?<K9A4 A4 1% CB ED46A9A<R E 

>DO?B@ E4@B?ёF4 ��-86. 1FB CB;6B?<?B, 6 E6BR BK9D98P, ;A4K<F9?PAB EA<;<FP 69EB6O9 

<;89D:>< CD< G69?<K9A<< G8?<A9A<S >DO?4 (��-86 =7.2, ��-96-300 =9.2), ;A4K<F9?PAB 

EA<;<FP <A8G>F<6AB9 EBCDBF<6?9A<9 < CB6OE<FP @4>E<@4?PAB9 4QDB8<A4@<K9E>B9 

>4K9EF6B. 

�4?PA9=L<= <EFBD<K9E><= C9D<B8 CDBFS:9A<9@ CBKF< 20 ?9F I4D4>F9D<;B64?ES 

EA<:9A<9@ J9A A4 A9HFP, CBQFB@G 6BCDBEO CB6OL9A<S E>BDBEF< 84?PA9@47<EFD4?PAOI 

E4@B?ёFB6 EAB64 6OL?< A4 AB6O= C?4A. � E?98GRM99 CB>B?9A<9 @47<EFD4?PAOI E4@B?ёFB6 

(�-777, MD-11, A-380, B-787) <@99F A9E>B?P>B G69?<K9AAB9 K<E?B  4I4 >D9=E9DE>B7B 

CB?ёF4  =0.83÷0.85 (E@., A4CD<@9D, D<EGAB> 2.1) [171]. 

%BEFBSA<9 E J9A4@< A4 G7?9DB8AB9 FBC?<6B S6?S9FES E<?PAB CDBF<6BD9K<6O@ < A9 

CB;6B?S9F G69D9AAB CDB7AB;<DB64FP F9A89AJ<< <;@9A9A<S E>BDBEF< CB?ёFB6 @47<EFD4?PAOI 

E4@B?ёFB6 6 FG <?< <AGR EFBDBAG. &4>, A4CD<@9D, :9DF6B= CBE?98A97B FBC?<6AB7B >D<;<E4 

EF4? CDB9>F<DG9@O= 6 F9K9A<9 A9E>B?P><I ?9F H<D@B= Boeing E4@B?ёF Sonic cruiser 

(D<EGAB> 2.2) E  �$��%  =0.95÷0.98. �6<4>B@C4A<< B>4;4?<EP A97BFB6O@< C?4F<FP 

6OEB>GR J9AG (CBDS8>4 20% C9D9D4EIB8 FBC?<64) ;4 15-CDBJ9AFAB9 CB6OL9A<9 E>BDBEF<. 

�?S CD<ASF<S 69DAOI D9L9A<= A9B5IB8<@4 6E9EFBDBAASS BJ9A>4 6E9I 4EC9>FB6 

G69?<K9A<S E>BDBEF< CB?ёF4, 6 FB@ K<E?9 < 4QDB8<A4@<K9E><I, CD<Kё@, BEAB64AAOI A4 

E4@OI EB6D9@9AAOI 84AAOI CB ECDB9>F<DB64AAO@ < <ECOF4AAO@ 6 4QDB8<A4@<K9E><I 
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FDG54I >B@CBAB6>4@. � A4EFBSM99 6D9@S 6 54;9 84AAOI *��� BMGM49FES 89H<J<F 

A48ё:AOI D9;G?PF4FB6 CB E>BDBEFAO@ >DO?PS@ ( =0.85÷0.95), >BFBDO9 @B7?< 5O 5OFP 

<ECB?P;B64AO 8?S 6O84K< D9>B@9A84J<< �� CD< CDB9>F<DB64A<< C9DEC9>F<6AOI 

84?PA9@47<EFD4?PAOI E4@B?ёFB6. 1FB B5NSEAS9FES >4> <;69EFAO@< <EFBD<K9E><@< 

B5EFBSF9?PEF64@<, CD<698L<@< > G@9APL9A<R H<A4AE<DB64A<S A4GKAB <EE?98B64F9?PE><I 

D45BF, F4> < >BAJ9AFD4J<9= GE<?<= A4 D97<BA4?PAOI < 5?<:A9-ED98A9@47<EFD4?PAOI 

E4@B?ёF4I E @9APL9= E>BDBEFPR CB?ёF4 ( =0.78÷0.82). � 84AAB= 7?469 8<EE9DF4J<< E89?4A4 

CBCOF>4 ?<>6<84J<< 84AAB7B CDB59?4. 

 
$<EGAB> 2.1- %D46A9A<9 HBD@ 6 C?4A9 

 

 
$<EGAB> 2.2 - Sonic Cruiser 
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2.1 � 6BCDBEG B 6O5BD9 F9IA<K9E><I FD95B64A<= > C9DEC9>F<6AB@G 
84?PA9@47<EFD4?PAB@G E4@B?ёFG 
� EBBF69FEF6<< E (989D4?PAB= J9?96B= CDB7D4@@B= «$4;6<F<9 7D4:84AE>B= 

46<4J<BAAB= F9IA<>< $BEE<< 8B 2002ø2010 7 < A4 C9D<B8 8B 2015 7» B8A<@ <; A4<5B?99 

CD<BD<F9FAOI CDB9>FB6 DBEE<=E>B= 46<4J<BAAB= CDB@OL?9AABEF< S6?S?ES 

84?PA9@47<EFD4?PAO= E4@B?ёF G@9D9AAB= C4EE4:<DB6@9EF<@BEF< (n~160) A4 ;4@9AG 

E4@B?ёF4 �?-62. $4J<BA4?PA4S 84?PABEFP 8?S C9DEC9>F<6AB7B � % EBEF46?S9F B>B?B 

9000 >@, KFB CB;6B?<F ;4>DOFP ?R5O9 @4DLDGFO A9 FB?P>B 6AGFD< $BEE<< (<7000 >@), AB < 

E6S;4FP, A4CD<@9D,  BE>6G E >DGCA9=L<@< 7BDB84@< @<D4 ( BE>64-!PR-�BD> – 7511 >@, 

 BE>64-&B><B – 7490 >@,  BE>64-%<A74CGD – 8438 >@) <?< �4?PA<= �BEFB> E 

&<IBB>94AE><@ CB59D9:P9@ %,� (�?48<6BEFB> – %4A-(D4AJ<E>B – 8327 >@, �?48<6BEFB> 

– %<QF? – 7592 >@) < �6EFD4?<9= (�?48<6BEFB>-%<8A9= – 8794 >@). �DB@9 FB7B, E4@B?ёF 

G@9D9AAB= 84?PABEF< B5?4849F 7BD4;8B ?GKL<@< CB>4;4F9?S@< FBC?<6AB= QHH9>F<6ABEF<, 

K9@ E69DI84?PA<= E4@B?ёF 84:9 6 E?GK49 CDB@9:GFBKAB= CBE48>< (<?< 5B?99 Q>;BF<K9E>B= 

8B;4CD46>< 6 6B;8GI9), CBQFB@G CD< 6B;@B:AB@ 6 5G8GM9@ 9Mё 5B?PL9@ CB6OL9A<< J9AO 

FBC?<64 BA CB?GK<F 8BCB?A<F9?PAO9 DOABKAO9 CD9<@GM9EF64. 

#D< >4D8<A4?PAB@ 6A98D9A<< 6 >BAEFDG>J<R >B@CB;<FAOI @4F9D<4?B6 6;?ёFAO= 69E 

C9DEC9>F<6AB7B � % @B:9F 5OFP 6 CD989?4I 115ø120 F (CDBF<6 165 F G �?-62 ), < E<?B64S 

GEF4AB6>4 @B:9F EBEFBSFP, EBBF69FEF69AAB, <; 86GI 86<74F9?9= E 6;?ёFAB= FS7B= ~18 F, FDёI 

86<74F9?9= E FS7B= ~12 F <?< K9FODёI 86<74F9?9= E FS7B= ~7÷8 F. #B ED46A9A<R E 

EGM9EF6GRM<@ E4@B?ёFB@ &G-204-300 A9B5IB8<@B A9 FB?P>B G69?<K<FP E>BDBEFP CB?ёF4, 

AB < CB8ASFP >B@HBDF C4EE4:<DB6. � A4<5B?99 CDBEFB@ 64D<4AF9 @B:AB G69?<K<FP 

A9E>B?P>B 8<4@9FD HR;9?S:4 (A4CD<@9D, >4> G  %-21 8B 4.09 @), BEF464SEP 6 >?4EE9 

B8ABCDBIB8AOI G;>BHR;9?S:AOI E4@B?ёFB6. 

"F>DOFO@ BEF49FES 6BCDBE B D4J<BA4?PAB= E>BDBEF< � %. )BFS E FBK>< ;D9A<S 

FBC?<6AB= QHH9>F<6ABEF< 5B?99 E>BDBEFAB= E4@B?ёF A9E>B?P>B CDB<7DO649F, AB ;4FB 

CBS6?SRFES <AO9 CB?B:<F9?PAO9 4EC9>FO – EA<:49FES 6D9@S 6 CGF< < F9@ E4@O@ 

CB6OL49FES GDB69AP >B@HBDF4 8?S C4EE4:<DB6, D4EFёF B5BD4K<649@BEFP E4@B?ёF4, 

EA<:49FES 6D9@9AA4S 4@BDF<;4J<S 86<74F9?9= < C?4A9D4. #D< A95B?PLB@ G69?<K9A<< 

E>BDBEF< @B:9F CDB<;B=F< 8<E>D9FAB9 ;A4K<F9?PAB9 CB6OL9A<9 QHH9>F<6ABEF< ;4 EKёF 

CBS6?9A<S 6B;@B:ABEF< B5E?G:<64FP >BA>D9FAO= @4DLDGF 6 F9K9A<9 EGFB> B8A<@, 4 A9 

86G@S E4@B?ёF4@<. � FB :9 6D9@S, >4> CB>4;4?4 A9G84KA4S >4@C4A<S H<D@O �B<A7 E 

E4@B?ёFB@ <Sonic cruiser= (D<EGAB> 2.2), 46<4>B@C4A<< A9 7BFB6O CD<B5D9F4FP E4@B?ёF, 6 

>BFBDB@ A9 BK9AP ;A4K<F9?PAB9 A4 <I 6;7?S8 G69?<K9A<9 E>BDBEF< 8BEF<749FES J9AB= 

GIG8L9A<S Q>BAB@<K9E><I I4D4>F9D<EF<>. 1FB 6OAG8<?B H<D@G C9D9=F< > CDB7D4@@9 
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Q>BAB@<K9E>< 5B?99 QHH9>F<6AB7B E4@B?9F4 B-787 (D<EGAB> 2.3) E >D9=E9DE><@ K<E?B@ 

 4I4  =0.85. �B@C?9>EAO9 <EE?98B64A<S, CDB6989AAO9 A9E>B?P>B ?9F A4;48 6 *���, 

CB>4;4?<, KFB E<?PAB9 GIG8L9A<9 CDS@OI Q>EC?G4F4J<BAAOI D4EIB8B6 (#1$) A4K<A49FES 

CBE?9  =0.9, CBQFB@G J9?9EBB5D4;AB CDBD45BF4FP 64D<4AFO E4@B?ёFB6 E >D9=E9DE><@ 

K<E?B@  4I4 6 8<4C4;BA9 BF  =0.85 8B  =0.9. 

 
$<EGAB> 2.3 - Boeing 787 

 

�?464 2 8<EE9DF4J<< CBE6SM9A4 4QDB8<A4@<K9E>B@G CDB9>F<DB64A<R E>BDBEFAOI 

>DO?P96 C9DEC9>F<6AOI � % >?4EE<K9E>B= EI9@O. %CDB9>F<DB64AO F9@4F<K9E><9 >DO?PS 

E D4EKёFAO@< K<E?4@< >D9=E9DE>B7B K<E?4  4I4  �$��%=0.85ø0.86 (� %085), 

 �$��%=0.87ø0.88 (� %088) <  �$��%=0.91ø0.92 (� %092), CD98?B:9AO 64D<4AFO 

>DO?P96 8?S 86GI86<74F9?PAB= @B8<H<>4J<< E4@B?ёF4 ��-96-400 < 8?S C9DEC9>F<6AB7B 

$BEE<=E>B-�<F4=E>B7B E4@B?ёF4 CR-929. �4AB BC<E4A<9 CDBJ98GDO 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S, 84AB >D4F>B9 BC<E4A<9 >BAEFDG>J<< @B89?< < @9FB8<>< Q>EC9D<@9AF4, 

CD<6989AO Q>EC9D<@9AF4?PAO9 4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?9=, CB?GK9AAO9 6 

��& *��� &-106 < &-128. �4AB ED46A9A<9 CB?GK9AAOI Q>EC9D<@9AF4?PAOI 84AAOI E 

D4EKёFAO@< D9;G?PF4F4@<, 4 F4>:9 E 84AAO@< CB E4@B?ёF4@ ��-96 < �-747 < 

Q>EC9D<@9AF4?PAO@< D9;G?PF4F4@< CB 5B?99 EB6D9@9AAB@G E69DI>D<F<K9E>B@G >DO?G 

*���  085 (TW2) [172]. 
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2.2 АQDB8<A4@<>4 >B@CBAB6>< � % E  �$��%=0.85 
2.2.1 "5BEAB64A<9 6O5BD4 79B@9FD<K9E><I C4D4@9FDB6 >DO?4 
�4> BF@9K4?BEP 6B 66989A<< > 84AAB= 7?469, EB6D9@9AAO9 � %, D4;D454FO649@O9 ;4 

DG59:B@, <@9RF >D9=E9DE>GR E>BDBEFP, Q>6<64?9AFAGR  =0.85. �4AA4S E>BDBEFP 

8BEF<749FES EBBF69FEF6GRM<@ 6O5BDB@ EFD9?B6<8ABEF< < BFABE<F9?PAB= FB?M<AO >DO?4. 

&4>, A4CD<@9D, EFD9?B6<8ABEFP CB ¼ IBD8 >DO?4 E4@B?ёF4 �-380 EBEF46?S9F 33 

(D<EGAB> 2.4), 4 EFD9?B6<8ABEFP >DO?4 E4@B?ёF4 �-787 B>B?B 32.5 (D<EGAB> 2.5), CD4684, CB 

A9>BFBDO@ <EFBKA<>4@ [173]  �$��% CBE?98A97B EBEF46?S9F 6E97B  =0.83. 

 
$<EGAB> 2.4 - #4D4@9FDO >DO?4 �380 

 
$<EGAB> 2.5 - �DO?B Boeing 7E7 
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В начале 90-х годов по инициативе КБ им С.В. Илюшина совместно с ЦАГИ 

разрабатывались скоростные крылья с МКРЕЙС=0.85 для самолёта ИЛ-96-М85 [174÷177]. 

Типичными параметрами этих крыльев являлись: =9, ¼=34.5÷35, с=14-10-9%. В 

дальнейшем разрабатывались крылья (TW1, TW2 [172]) с несколько меньшей 

стреловидностью - 33. Заметим, что все эти крылья проектировались без учёта влияния 

мотогондол и при испытаниях с мотогондолой, как правило, не достигали расчётного 

значения М=0.85 (рисунок 2.6). 

 

Рисунок 2.6 - Влияние мотогондолы 

 

В данной работе, впервые в отечественной практике, скоростное крыло на М=0.85 

проектировалось сразу с учётом интерференции с близко расположенной мотогондолой 

большого диаметра (m=10.53) (рисунок 2.7). Известно, что наличие близкорасположенной 

мотогондолы может резко изменить картину течения на крыле и вызвать, например, 

сильные скачки уплотнения (см. рисунок 2.8 [177÷180, 153]). Задачей проектирования 

являлось достижение расчётного числа Маха М=0.85 на полной компоновке и достижение 

высоких значений крейсерского качества при больших значениях Су0.55÷0.6. 
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$<EGAB> 2.7 - D4EKёFA4S @B89?P � %085 

 

�9; @BFB7BA8B?O C  @BFB7BA8B?B=  
$<EGAB> 2.8 - %D46A9A<9 B5F9>4A<S E @BFB7BA8B?B= < 59; 

 

�?S Q>EC9D<@9AF4?PAOI <EE?98B64A<= <ECB?P;B64?4EP F9@4F<K9E>4S @B89?P �% %, 

A4 >BFBDB= D4A99 5O?< <ECOF4AO >DO?PS E @9APL<@ D4EKёFAO@ K<E?B@  4I4: F.A. >DO?B 4 

( �$��%=0.8 λ=10.5 ó1/4=26.65) < >DO?B 5 ( �$��%=0.82 λ=11.5ø12.5 ó1/4=28.9). �DO?B 4 

8BCGE>4?B 6B;@B:ABEFP <;7BFB6?9A<S <; 4?R@<A<96OI EC?46B6, FB784 >4> >DO?B 5 E 

G69?<K9AAO@ G8?<A9A<9@ CD98CB?474?B <ECB?P;B64A<9 >B@CB;<J<BAAOI @4F9D<4?B6 6 

BEAB6AB= >BAEFDG>J<< >DO?4. 

�DG7B= 6B;@B:ABEFPR G?GKL<FP 4QDB8<A4@<K9E>GR QHH9>F<6ABEFP E4@B?ёF4 ;4 

EKёF CD<@9A9A<S >B@CB;<FB6 S6?S9FES 84?PA9=L99 G69?<K9A<9 E>BDBEF< 8B  =0.85 CD< 
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EBID4A9A<< 4QDB8<A4@<K9E>B7B >4K9EF64. � QFB@ E?GK49 9EF9EF69AAB EBID4A<FP FB :9 

G8?<A9A<9, KFB < G 54;B6B7B >DO?4 =10.5, G69?<K<6 EFD9?B6<8ABEFP < G@9APL<6 

BFABE<F9?PAGR FB?M<AG E>BDBEFAB7B >DO?4 � %085 (D<EGAB> 2.9, 2.10). %BID4A9A<9 

B8<A4>B6OI 79B@9FD<K9E><I C4D4@9FDB6 HBD@O 6 C?4A9 >DO?P96 � %085 < >DO?4 4 (;4 

<E>?RK9A<9@ EFD9?B6<8ABEF<) D4J<BA4?PAB < E @9FB8<K9E>B= FBK>< ;D9A<S 8?S 

>BDD9>FAB7B ED46A9A<S I4D4>F9D<EF<>. 

>DO?B 4 ñðþõòõóòöþ÷ÿ

>DO?B  5 ñòþõóòøþùÿ

� %085 3ñðþõòõó òþ÷ÿ

 
$<EGAB> 2.9 - ED46A9A<9 HBD@ 6 C?4A9 
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$<EGAB> 2.10 - $4ECD989?9A<9 BFABE<F9?PAOI FB?M<A >DO?P96 

 

�DO?B � %085 8B?:AB B59EC9K<64FP >D9=E9DE><= CB?ёF E K<E?B@  4I4  =0.85 – 

A4 ∆ =0.05 5B?PL9, K9@ >DO?B 4. "5OKAB G69?<K9A<9 E>BDBEF< 8BEF<749FES ;4 EKёF 

G69?<K9A<S EFD9?B6<8ABEF< (CDB86<:9A<9 A4 ∆ =0.01 FD95G9F G69?<K9A<S EFD9?B6<8ABEF< 

A4 ~2.5º) </<?< EA<:9A<S BFABE<F9?PAB= FB?M<AO (CDB86<:9A<9 A4 ∆ =0.01 FD95G9F 

EA<:9A<S FB?M<AO A4 ~1%). "54 CB8IB84 CD<5?<;<F9?PAB D46ABJ9AAO E FBK>< ;D9A<S 

G69?<K9A<S 69E4. �DO?B E 5B?PL9= EFD9?B6<8ABEFPR A9E>B?P>B @S7K9 6IB8<F 6 >D<;<E, AB 

<@99F KGFP @9APL99 4QDB8<A4@<K9E>B9 >4K9EF6B A4 D4EKёFAB@ D9:<@9. +4EFB 

BCD989?SRM<@ H4>FBDB@ CB 6O5BDG EFD9?B6<8ABEF< < FB?M<AO >DO?4 S6?S9FES 

B7D4A<K9A<9 A4 6AGFD9AA<= B5Nё@ FBC?<64. 

#D< CDB9>F<DB64A<< >B@CBAB6>< >DO?4 � %085 5O?< <ECB?P;B64AO B54 CGF<. 

%FD9?B6<8ABEFP >DO?4 5O?4 G69?<K9A4 8B χ¼=32.7° (D<EGAB> 2.9), 4 BFABE<F9?PA4S FB?M<A4 

54;B6OI E9K9A<= EA<:9A4 CD<5?<;<F9?PAB A4 2% CB ED46A9A<R E >DO?B@ 4 (D<EGAB> 2.10). 

�4@9F<@, KFB BFABE<F9?PA4S FB?M<A4 >BDA96OI E9K9A<= >DO?4 � %085 A4 1% 6OL9, K9@ 

G D4A99 D4;D454FO646L<IES BF9K9EF69AAOI >DO?P96 E9D<< TW. &D9FP<@, 8BCB?A<F9?PAO@ 

H4>FBDB@, ECBEB5EF6GRM<@ CDB86<:9A<R CB E>BDBEF<, S6?S9FES G@9APL9A<9 D4EKёFAOI 

;A4K9A<= %G. 1FB E6S;4AB E F9@, KFB >D9=E9DE><9 ;A4K9A<S %G CD< B8<A4>B6B= 6OEBF9 CB?ёF4 

B5D4FAB CDBCBDJ<BA4?PAO  2. �DB@9 FB7B, CD< B8<A4>B6OI GE?B6<SI 54;<DB64A<S 

A9B5IB8<@B A9E>B?P>B EA<;<FP A47DG;>G A4 >DO?B 66<8G IG8L<I A9EGM<I I4D4>F9D<EF<> 

5B?99 EFD9?B6<8AB7B < 5B?99 FBA>B7B >DO?4. �E?< 8?S >DO?4 4 D4EKёFAO@< S6?S?<EP 

E?98GRM<9 D9:<@O CB?ёF4:  =0.8 %G=0.6,  =0.81 %G=0.58,  =0.82 %G=0.54, 

 =0.81 %G=0.5, FB 8?S >DO?4 � %085 D4EE@4FD<64?<EP D9:<@O CB?ёF4 c A9E>B?P>B 
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G@9APL9AAO@< %G:  =0.85 %G=0.57,  =0.86 %G=0.54,  =0.87 %G=0.51 <  =0.86 %G=0.46. 

#9D6O= D9:<@ GK<FO64?ES 864:8O: CD< A4FGDAOI < CD< FDG5AOI GE?B6<SI. &DG5AO= 

D9:<@ 5O? 66989A 8?S CD98BF6D4M9A<S CBS6?9A<S ;4@9FAOI 8<HHG;BDAOI BFDO6B6 65?<;< 

;48A9= >DB@>< >DO?4 6 GE?B6<SI Q>EC9D<@9AF4 E C9D98A9= H<>E4J<9= C9D9IB84 

CB7D4A<KAB7B E?BS. 

� BEAB6G 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S >DO?4 � %085 <; >B@CB;<FB6 5O?< 

CB?B:9AO E?98GRM<9 BEAB6AO9 EBB5D4:9A<S: 

ý D4EKёFAO9 ;A4K9A<S 6B?AB6B7B EBCDBF<6?9A<S A4 6O5D4AAOI D9:<@4I A9 8B?:AO 

CD96OL4FP EBBF69FEF6GRM<9 ;A4K9A<S %I� 8?S >DO?P96 4 < 5; 

ý @4>E<@4?PAO= G7B? 4F4>< 6 >D9=E9DE>B@ D9:<@9 CD<@9DAB D469A ~2°, 4A4?B7<KAB 

>DO?PS@ 4 < 5; 

ý 8?S 5B?99 CB?AB7B <ECB?P;B64A<S CD9<@GM9EF6 E>BDBEFAB7B >DO?4 A9B5IB8<@B 

@4>E<@4?PAB 6B;@B:AB G?GKL<FP 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<>< CD< @4?OI 

E>BDBEFSI; 

ý CDB5?9@4 6AGFD9AA<I B5Nё@B6 >DO?4 CB8 FBC?<6B B5BEFDS9FES, CBQFB@G 

BFABE<F9?PA4S FB?M<A4 5BDFB6B7B CDBH<?S 8B?:A4 5OFP A9 @9APL9 15% 

(D<EGAB> 2.10). 

�4> < CD< CDB9>F<DB64A<< CD98O8GM<I >DO?P96 CD<@9AS?4EP FD9IQF4CA4S 

CDBJ98GD4 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S, EBEFBSM4S <; QF4C4 A4K4?PAB7B 6O5BD4 

79B@9FD<<, QF4C4 D9L9A<S B5D4FAB= ;484K< < QF4C4 @AB7BD9:<@AB= BCF<@<;4J<<. !4<5B?99 

FDG8Bё@><@ S6?S9FES QF4C BCF<@<;4J<<, F4> >4> BA FD95G9F 5B?PL<I ;4FD4F @4L<AAB7B 

6D9@9A< A9 FB?P>B 8?S EB5EF69AAB D9L9A<S @4F9@4F<K9E>B= ;484K< CB<E>4 Q>EFD9@G@4 

HGA>J<< @AB7<I C9D9@9AAOI (n=40÷60), AB < A9E>B?P><I CB6FBDAOI 7?B54?PAOI <F9D4J<= 

C9D9BCD989?9A<S 69EB6 CD< D4;?<KAOI D9:<@4I E J9?PR CB?GK9A<S :9?49@OI 

I4D4>F9D<EF<> <?< C9D9BCD989?9A<S A4K4?PAB= 79B@9FD<<. #9D9@9AAO@< BCF<@<;4J<< 

S6?S?<EP 79B@9FD<K9E><9 64D<4J<< 54;B6OI E9K9A<= >DO?4: >DGF>4 E9K9A<S, <;@9A9A<9 

FB?M<AO <?< 6B7AGFBEF< CDBH<?S, E86<7 @4>E<@4?PAB= BD8<A4FO CB IBD89, BF>?BA9A<9 

ABE<>4 < I6BEF<>4, <;@9A9A<9 D48<GE4 >D<6<;AO ABE>4 CDBH<?S, ?B>4?PAO9 64D<4J<< 6 

D4=BA9 E>4K>4 GC?BFA9A<S. (BD@4 6 C?4A9 A9 64DP<DB64?4EP. "5M4S D4;@9DABEFP ;484K< 

BCF<@<;4J<< EBEF46?S?4 40÷60 64D<4J<= 8?S L9EF< 54;B6OI E9K9A<=.  
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2.2.2 $4EKёFAO9 I4D4>F9D<EF<>< >DO?4 � %085 
"5M<= 6<8 >B@CBAB6>< @B89?< E AB6O@ E>BDBEFAO@ >DO?B@ (D4EKёFA4S @B89?P 8?S 

CDB7D4@@O BLWF-31) CD<698ёA A4 D<EGA>9 2.7. �9B@9FD<S BEF4?PAOI Q?9@9AFB6 @B89?< 

�% %: HR;9?S:4, BC9D9A<S < ;4?<;4 A9 @9AS?4EP. )4D4>F9D<EF<>< >DO?4 6 C?4A9 

E?98GRM<9: S&$=0.336 @2, L=1.905 @, =10.74 =4.18 ó1/4=32.7 ðZ<;?=0.37 – F.9. 5?<;><9 > 

I4D4>F9D<EF<>4@ <EIB8AB7B >DO?4 4, ;4 <E>?RK9A<9@ G69?<K9AAB= A4 6 EFD9?B6<8ABEF<. 

$4EKёFO CB CDB7D4@@9 BLWF-31 CDB6B8<?<EP 8?S FDG5AOI GE?B6<= (Re=2.5 @?A, 

)#=0.1). �?S >DO?4 4 K<E?B $9=AB?P8E4 CD<A<@4?BEP D46AO@ 2.45 @?A CB b�=3.7 @. � J9?B@ 

G D4;D45BF4AAB7B >DO?4 � %085 6B?AB6B9 EBCDBF<6?9A<9 698ёF E95S CD<@9DAB F4> :9, >4> 

< G 54;B6B7B >DO?4 4, AB EB E86<7B@ ∆ =0.05 < ∆%G=0.05 (D<EGAB> 2.11). 

 
$<EGAB> 2.11 - %D46A9A<9 >DO?4 4 < � %085 

 

#DBH<?PAB9 < <A8G>F<6AB9 EBCDBF<6?9A<9 G >DO?4 � %085 A9E>B?P>B @9APL9, AB 

6E9 :9 QFB A9 >B@C9AE<DG9F CDB<7DOL9= 6 %I�. %D46A9A<9 D4EKёFAOI ;46<E<@BEF9= �(%G) 

8?S 54;B6B7B < E>BDBEFAB7B >DO?P96 59; GKёF4 54?4AE<DB6>< 84AB A4 D<EGA>9 2.12. #D< 

<;7BFB6?9A<< >DO?4 4 5O?< A9E>B?P>B A4DGL9AO G7?O >DGF>< E9K9A<=, CBQFB@G ;89EP :9 

;9?9AB= ?<A<9= CB>4;4AO ;46<E<@BEF< 8?S <D94?PAB7B= >DO?4 4. $4EKёFAB9 6B?AB6B9 

EBCDBF<6?9A<9 G@AB:4?BEP A4 >BQHH<J<9AF 1.5. &4>:9 CD< D4EKёF9 4QDB8<A4@<K9E>B7B 

>4K9EF64 > D4EKёFAO@ 84AAO@ CDB7D4@@O BLWF-31 8B546?S?4EP Q>EC9DFA4S 69?<K<A4 

Δ%I0=0.0240. �4:9 59; GKёF4 8BCB?A<F9?PAB7B CD<DBEF4 EBCDBF<6?9A<S HR;9?S:4 CB K<E?G 

 4I4 BF  =0.8 8B  =0.85 @4>E<@4?PAB9 4QDB8<A4@<K9E>B9 >4K9EF6B >DO?4 � %085 

@9APL9 A4 �~0.25 <;-;4 A4EFDB9AABEF< A4 @9APL<9 ;A4K9A<S %G. 
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$<EGAB> 2.12 - %D46A9A<9 >DO?4 4 < � %085 

 
2.2.3 $9;G?PF4FO 69EB6OI <ECOF4A<= 
�?S CB8F69D:89A<S D4EKёFAOI I4D4>F9D<EF<> <;7BFB6?9A4 < <ECOF4A4 6 ��& &-106 

@B89?P �% % E >DO?B@ � %085. #DB7D4@@4 <ECOF4A<=, EBEFBSM4S <; 51 F9@4F<K9E><I 

CGE>B6, 6>?RK4?4 6 E95S 69EB6O9 <ECOF4A<S @B89?< 6 D4;?<KAOI >BAH<7GD4J<SI, >4> CD< 

E6B5B8AB@, F4> < CD< H<>E<DB64AAB@ CB?B:9A<< C9D9IB84 CB7D4A<KAB7B E?BS A4 >DO?9 < 

8DG7<I Q?9@9AF4I (HR;9?S:, BC9D9A<9, @BFB7BA8B?O). #9D6<KAO9 4QDB8<A4@<K9E><9 

I4D4>F9D<EF<><, CB?GK9AAO9 @9FB8B@ ñ=const, <AF9DCB?<DB64?<EP ;4F9@, KFB5O CB?GK<FP 

D9;G?PF4FO CD<  =const. #9D6<KAO9 4QDB8<A4@<K9E><9 I4D4>F9D<EF<><, CB?GK9AAO9 

@9FB8B@  =const, A9 C9D9EK<FO64?<EP, A9E@BFDS A4 A9>BFBDO= D4;5DBE K<E?4  4I4 6 CGE>9. 

#B8DB5AB9 6A<@4A<9 G89?S?BEP @9FB8<>9 BCD989?9A<S EB5EF69AAB7B EBCDBF<6?9A<S 

FGD5G?<;4FBDB6 A4 >DO?9. �?S QFB7B 5O?< 6OCB?A9AO 8BCB?A<F9?PAO9 CGE>< E 86B=AO@ 

DS8B@ FGD5G?<;4FBDB6 ?Х =10, 11% A4 B59<I CB69DIABEFSI >DO?4 >4> @9FB8B@  =const CD< 

 =0.8 <  =0.85 E L47B@ ñ=0.5, F4> < @9FB8B@ ñ=const CD< ñ=1 ñ=2.5 < ñ=4. �DB@9 

FB7B, A4 F9I :9 G7?4I 4F4>< 5O?< 6OCB?A9AO CGE>< E 86B=AO@ DS8B@ FGD5G?<;4FBDB6 A4 

A<:A9= CB69DIABEF< < B8<ABKAO@ DS8B@ A4 69DIA9= CB69DIABEF< >DO?4. !4 
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A9A4CDS:9AAOI D9:<@4I (@4?O9  , %G), 8?S >BFBDOI I4D4>F9DAB E?45B9 6S;>B-A96S;>B9 

6;4<@B89=EF6<9, 8B546?9A<9 6FBDB7B DS84 FGD5G?<;4FBDB6 A9 CD<6B8<F > <;@9A9A<R %G < 

mZ, 4 FB?P>B G69?<K<649F %I. !4 >D9=E9DE><I FD4AE;6G>B6OI D9:<@4I ;4@9FAB @9ASRFES 

6E9 I4D4>F9D<EF<><, 6 K4EFABEF< C4849F %G CD< ñ=const, 6 QFB@ E?GK49 EBCDBF<6?9A<9 

FGD5G?<;4FBDB6 <@99F A9 FB?P>B CDS@B=, AB < >BE69AAO= I4D4>F9D ;4 EKёF C9D9EFDB=>< 

QCRDO 846?9A<S, GE<?9A<S E>4K>B6 GC?BFA9A<S CD< 6OIB89 A4 5B?PL<= G7B? 4F4>< < F.8. � 

B5M9@ E?GK49 EBCDBF<6?9A<9 FGD5G?<;4FBDB6 G69?<K<649FES CB @9D9 GE<?9A<S 6S;>B-

A96S;>B7B 6;4<@B89=EF6<S, F.9. CD< G69?<K9A<<   < %G. � J9?B@ EBCDBF<6?9A<9 

FGD5G?<;4FBDB6, 84:9 CD<  =0.85 A9 CD96OL49F 69?<K<AO %I~0.0015÷0.002. 

!4 D<EGA>9 2.13 CD<6989AO ;46<E<@BEF< � �)=f(M) <  � �)=f(M), CB?GK9AAO9 

B5D45BF>B= Q>EC9D<@9AF4?PAOI 84AAOI CD< D4;?<KAOI K<E?4I  4I4 6 ED46A9A<< E 

>DO?PS@< 4 < 5. �<8AB, KFB @4>E<@G@ CDB<;6989A<S  � �) 8?S >DO?4 � %085 

8BEF<749FES CD< E6B5B8AB@ C9D9IB89 CD< K<E?9  =0.85 (� �)=14.4 59; 6OK9F4 6AGFD9AA97B 

EBCDBF<6?9A<S CDBFB>B6 @BFB7BA8B?O), 4 CD< H<>E<DB64AAB@ – CD< K<E?9  4I4 A4 0.01 

@9APL9@ -  =0.84, E BK9AP E?45O@ C489A<9@ C4D4@9FD4 4QDB8<A4@<K9E>B= 84?PABEF< CD< 

D4EKёFAB@  =0.85 (� �)=13.2÷13.4). &4>B9 CB6989A<9 BF@9K4?BEP < 8?S CD98O8GM<I 

<ECOF4AAOI >DO?P96 - 4 < 5.  

 
$<EGAB> 2.13 - K < � �) 8?S E6B5B8AB7B < H<>E<DB64AAB7B C9D9IB84 CB7D4A<KAB7B E?BS 

 

%?98G9F BF@9F<FP, KFB GKёF 6B;D4EF4A<S EB5EF69AAB7B EBCDBF<6?9A<S 

FGD5G?<;4FBDB6 CB K<E?G  4I4 6B;6D4M49F B5OKAB @4>E<@G@ ;46<E<@BEF<  � �)=f(M) A4 
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D4EKёFAB9 K<E?B  . &4><@ B5D4;B@, Q>EC9D<@9AF4?PAB 8B>4;4AB, KFB ECDB9>F<DB64AAB9 

>DO?B � %085 E 5?<;>BD4ECB?B:9AAO@< @BFB7BA8B?4@< 5B?PLB7B 8<4@9FD4 

89=EF6<F9?PAB B59EC9K<649F >D9=E9DE>B9 K<E?B  4I4  =0.85 < @B:9F 5OFP D9>B@9A8B64AB 

8?S CDBD45BF>< >B@CBAB6>< C9DEC9>F<6AOI ED98A<I < 84?PA<I @47<EFD4?PAOI E4@B?ёFB6. 

�A4K9A<9 C4D4@9FD4 4QDB8<A4@<K9E>B= 84?PABEF< CD96OL49F 4A4?B7<KAB9 ;A4K9A<9 8?S 

54;B6B7B >DO?4 4 A4 4.8% CD< E6B5B8AB@ < A4 6.2% CD< H<>E<DB64AAB@ C9D9IB89 

(D<EGAB> 2.13). �DO?B � %085 E @BFB7BA8B?4@< CD96BEIB8<F CB E>BDBEFAO@ E6B=EF64@ 

ECDB9>F<DB64AAB9 D4A99 <;B?<DB64AAB9 (59; @BFB7BA8B?) >DO?B TW-2 (D<EGAB> 2.14). 

 
$<EGAB> 2.14 - %D46A9A<9 � %085 < TW2 

 

!9EGM<9 I4D4>F9D<EF<>< >DO?4 � %085 CD< @4?OI E>BDBEFSI ( =0.2) B>4;4?<EP A4 

GDB6A9 >DO?4 4 < 5 (D<EGAB> 2.15).  
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$<EGAB> 2.15 - %D46A9A<9 A9EGM<I I4D4>F9D<EF<> 

 

2.3 АQDB8<A4@<>4 >B@CBAB6>< � %088 E  �$��%=0.87÷0.88 
2.3.1 #BEF4AB6>4 ;484K< < @9FB8<>4 CDB9>F<DB64A<S 
%?98GRM<@ <AF9D9EAO@ 8?S � % 8<4C4;BAB@ E>BDBEF9= S6?S9FES 8<4C4;BA 

 =0.87÷0.88. �?S CDBD45BF>< 4QDB8<A4@<K9E>B= >B@CBAB6>< E>BDBEFAOI 64D<4AFB6 � % 

<ECB?P;B64?4EP 4QDB8<A4@<K9E>4S @B89?P >DO?B + HR;9?S: G@9D9AAOI D4;@9DB6 

(l=1.64 @) 8?S ��& &-106 , A4 >BFBDB= D4A99 5O?B <ECOF4AB >DO?B  085 [172]. (R;9?S: 

@B89?< 4A4?B7<K9A HR;9?S:G E4@B?ёF4 ��-96. �4> CB>4;4?< Q>EC9D<@9AF4?PAO9 

<EE?98B64A<S <;B?<DB64AAB7B HR;9?S:4 [181], <EIB8A4S ABEB64S K4EFP ECDB9>F<DB64A4 

8BEF4FBKAB IBDBLB < B59EC9K<649F  �$��%=0.88 59; ;A4K<F9?PAOI 6B?AB6OI CBF9DP. 

#4D4@9FDO J<?<A8D<K9E>B7B HR;9?S:4: DH=0.169 @, LH=1.44 @. $4;@4I AB6B7B >DO?4 < 

CB?B:9A<9 <;?B@4 HBD@O 6 C?4A9 F4>:9 5O?< 6O5D4AO 4A4?B7<KAO@< >DO?G  085: 

L=1.64 @, ðZ<;?=0.35. %FD9?B6<8ABEFP >DO?4 CB ¼ IBD8 6 CDBJ9EE9 BCF<@<;4J<< CB 6O5BDG 

C4D4@9FDB6 >DO?4 <, 6 FB@ K<E?9, HBD@O 6 C?4A9 5O?4 B7D4A<K9A4 E69DIG 69?<K<AB= ó¼=36 

8?S CB?GK9A<S CD<9@?9@OI 6;?ёFAB-CBE48BKAOI I4D4>F9D<EF<>, BF@9F<@ ED4;G, KFB 

BCF<@4?PA4S FBK>4 ?97?4 A4 QFB B7D4A<K9A<9. %D46A9A<9 HBD@ 6 C?4A9 >DO?4  085 < 

� %088 CD98EF46?9AB A4 D<EGA>9 2.16. "FABE<F9?PAO9 FB?M<AO E9K9A<= >DO?4 CB 5BDFG, 
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A4 <;?B@9 < A4 >BAJ9 EBEF46<?< ðE=0.14 ý 0.0925 ý 0.085, KFB 5?<;>B > FB?M<A4@ >DO?4 

 085. &4><@ B5D4;B@, C4D4@9FDO AB6B7B >DO?4 A9 E<?PAB BF?<K4RFES BF C4D4@9FDB6 

>DO?P96 E4@B?ёFB6 �?-86 ( ó =35, ðE=0.13 ý 0.09 ý 0.09) < B-747 ( ó =37.5, 

ðE=0.135 ý 0.084 ý 0.0815), >BFBDO9 A4 CDBFS:9A<< @AB7<I ?9F E GEC9IB@ Q>EC?G4F<DGRFES 

A4 BF9K9EF69AAOI < ;4DG59:AOI 46<4?<A<SI. 

 
$<EGAB> 2.16 - %D46A9A<9 HBD@ 6 C?4A9 

 

!4K4?PA4S CDBH<?<DB6>4 5O?4 6O5D4A4 A4 54;9 CDB6989AAOI D4A99 E<EF9@4F<K9E><I 

D4EKёFB6 CB 6?<SA<R E>BDBEF< CB?ёF4 A4 4QDB8<A4@<K9E>GR >B@CBAB6>G EFD9?B6<8AOI 

>DO?P96 [31]. �?S D4EKёF4 EBEF46?SRM<I 4QDB8<A4@<K9E>B7B EBCDBF<6?9A<S CD<@9AS?4EP 

4CDB5<DB64AA4S 69DE<S CDB7D4@@O BLWF-31 [66]. $4EKёFA4S @B89?P >B@CBAB6>< 

>DO?B + HR;9?S: 8?S CDB7D4@@O BLWF-31 CD<6989A4 A4 D<EGA>9 2.17. +<E?B $9=AB?P8E4 

CB %�) CD<A<@4?BEP D46AO@ Re=3.7 @?A./@, KFB EBBF69FEF6G9F FDG5AO@ GE?B6<S@ 6 

��& &-106 . �B?PL<AEF6B D4EKёFB6 < BCF<@<;4J<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

CDB6B8<?<EP CD< H<>E<DB64AAB@ CB?B:9A<< C9D9IB84 CB7D4A<KAB7B E?BS ð)#=0.07 8?S 

69DIA9= < A<:A9= CB69DIABEF< >DO?4, 6CBE?98EF6<< CDB6B8<?<EP CDB69DBKAO9 D4EKёFO < 

8?S 8DG7<I ;A4K9A<= C9D9IB84 CB7D4A<KAB7B E?BS, 6 FB@ K<E?9 < 84?PA<I. 
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$<EGAB> 2.17 - $4EKёFA4S @B89?P � %088 

 
2.3.2 �4D<4J<< 79B@9FD<< 
�?S <;@9A9A<S 79B@9FD<< >B@CBAB6>< 6 CDBJ9EE9 BCF<@<;4J<< <ECB?P;B64?<EP 

E?98GRM<9 64D<4J<<: 

�4D<4J<< CDBH<?9= E9K9A<= >DO?4, 6>?RK4RM<9 <;@9A9A<S Y@4I, CB?B:9A<S 

)Y@4I, >DGF>< < CB?B:9A<S CB 6OEBF9 8?S >4:8B7B <; 7 BCBDAOI E9K9A<= – 6E97B 28. 

�4D<4J<< HBD@O 6 C?4A9 >DO?4 CD< H<>E<DB64AAB@ D4;@4I9, 6>?RK4RM<9 

<;@9A9A<S IBD8, EG:9A<S, EFD9?B6<8ABEF< >BAEB?<, 69?<K<A C9D98A97B < ;48A97B A4C?O64 

– 6E97B 6. $4;@4I >DO?4 < CB?B:9A<9 <;?B@4 CB D4;@4IG A9 @9AS?<EP. 

�4D<4J<< ;4?<;4 >DO?4 E HR;9?S:9@ 6 6<89 C?46AOI ?B>4?PAOI 64D<4J<= A<:A9= 

CB69DIABEF< HR;9?S:4, 6E97B – 10. 

�FB7B, 6A4K4?9 5O?B 6O5D4AB 44 C9D9@9AAOI CDB9>F<DB64A<S. � 84?PA9=L9@ 

6OSEA<?BEP, KFB 64D<4J<< HBD@O HR;9?S:4 A9EGM9EF69AAO 8?S CDB86<:9A<S CB K<E?G   

(6 D45BF9 [31] 5O?B CB>4;4AB, KFB BA< <7D4RF 5B?PLGR DB?P CD< 5B?99 6OEB><I K<E?4I 

 ~0.95), CBQFB@G 8?S GCDBM9A<S <;7BFB6?9A<S @B89?< 5O?4 6O5D4A4 J<?<A8D<K9E>4S 

HBD@4 HR;9?S:4. 

#B?A4S 64D<4J<S 79B@9FD<< >B@CBAB6>< >DO?B + HR;9?S: BCD989?S?4EP CGF9@ 

EGC9DCB;<J<< BF89?PAOI 64D<4J<=: 

 

)YoY j(a jYoY ýû , j=1,2,…,44, 

 

789 4@C?<FG8O aj – C9D9@9AAO9 CDB9>F<DB64A<S. 
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2.3.3 �O5BD J9?96B= HGA>J<< < B7D4A<K9A<= 

'K<FO64S F9@4F<K9E>GR A4CD46?9AABEFP 84AAB= D45BFO < BFEGFEF6<9 FBKAOI 

FD95B64A<= ;4>4;K<>4, >DO?B � %088 CDB9>F<DB64?BEP A4 J9?O= 8<4C4;BA D9:<@B6 CB?ёF4 

%G=0.45ø0.5,  =0.87ø0.9. � >4K9EF69 D4EKёFAOI FBK9> 6 CDBJ98GD9 BCF<@<;4J<< 5O?< 

6O5D4AO E?98GRM<9 D9:<@O CB?ёF4:  =0.87 %G=0.5;  =0.88 %G=0.49;  =0.89 %G=0.48 < 

 =0.9 %G=0.45 E 69E4@< w=0.75, 1., 1. < 0.6 EBBF69FEF69AAB. 

*9?PR BCF<@<;4J<< S6?S?4EP @<A<@<;4J<S ED98A97B ><?B@9FDB6B7B D4EIB84 

FBC?<64 A4 CB?ёF CGF9@ @4>E<@<;4J<< C4D4@9FD4 

 

I=ðK/GBFA =ðK/(1+mG0/G0), 

 

789 K – GED98AёAAB9 E G>4;4AAO@< 69E4@< 4QDB8<A4@<K9E>B9 >4K9EF6B A4 6E9I 

D9:<@4I, 4 A4 >4:8B@ D9:<@9 

 

�i=%G/(%I0 + %I<A8 + 2%I6 + %ICD + Cx;4?<;4), 

 

;89EP %I0=0.0120. �BQHH<J<9AF m ;46<E<F BF BFABE<F9?PAB7B 69E4 FBC?<64, @9APL<9 

;A4K9A<S m G69?<K<64RF CD<BD<F9F 4QDB8<A4@<>< < A4B5BDBF. � 84AAB= D45BF9 6O5<D4?BEP 

;A4K9A<9 m=2, KFB EBBF69FEF6G9F CB?ёFG A4 @4>E<@4?PAGR 84?PABEFP. �QDB8<A4@<K9E><9 

>BQHH<J<9AFO BFABE<?<EP > B8AB= < FB= :9 I4D4>F9DAB= C?BM48< FD4C9J<< 54;B6B7B 

>DO?4. !9EGM<9 I4D4>F9D<EF<>< A4 @4?OI E>BDBEFSI A9 GK<FO64?<EP. �4;B6O= 6;?ёFAO= 

69E G0 CD<A<@4?ES D46AO@ 150 F, 4 CD<DBEF 6;?ёFAB7B 69E4 G0 D46AS?ES EG@@9 K9FODёI 

E?4749@OI: 

G01=0.075*(S>D - S>D0) – 8BCB?A<F9?PAO= 69E B5L<6>< ;4 EKёF <;@9A9A<S C?BM48< 

>DO?4; 

G02=k G0*(cosó0/cosó - 1) – G69?<K9A<9 69E4 E<?B6B7B A45BD4 >DO?4 CD< G69?<K9A<< 

EFD9?B6<8ABEF<, ;89EP k=0.07; 

G03=k G0*((c0/c - 1) + 1.5*(c0/c - 1)**2) – G69?<K9A<9 69E4 E<?B6B7B A45BD4 >DO?4 

CD< G@9APL9A<< ED98A9= 45EB?RFAB= FB?M<AO >DO?4; 

G04=0.01*S;4?<;4 – 69E B5L<6>< ;4?<;4. 

�OL9CD<698ёAAO9 BJ9A>< CD<DBEFB6 69E4 54;<DGRFES A4 EF4F<EF<K9E><I 84AAOI < 

A9 CD9F9A8GRF A4 45EB?RFAGR FBKABEFP, E>BD99 BA< E?G:4F 8?S CDB6989A<S 

@9:8<EJ<C?<A4DAB= BCF<@<;4J<< AG?96B7B GDB6AS < B5BEAB64A<S 6O5BD4 

CD9864D<F9?PAB7B B5?<>4 ��. 
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2.3.4 $9;G?PF4FO D4EKёFB6 

� CDBJ98GD9 K<E?9AAB= BCF<@<;4J<< CD<@9AS?<EP 2 @9FB84: 7D48<9AFAO= @9FB8 < 

79A9F<K9E><= @9FB8, BC<E4AAO= 6 C9D6B= 7?469 8<EE9DF4J<<. #9D6O= @9FB8 S6?S9FES 

D94?<;4J<9= @9FB84 E>BD9=L97B ECGE>4. �?S 97B GEC9LAB= D45BFO A9B5IB8<@ G84KAO= 

6O5BD A4K4?PAB= FBK>< CB<E>4. #D< <ECB?P;B64A<< 79A9F<K9E>B7B @9FB84 ;4FD4FO 

@4L<AAB7B 6D9@9A< 8?S CB<E>4 BCF<@4?PAB7B D9L9A<S 6OL9, AB ;4FB 7?B54?PAO= BCF<@G@ 

;4I64FO649FES E 5B?PL9= 69DBSFABEFPR. !4L< <EE?98B64A<S, F4> :9, >4> < D9;G?PF4FO 

8DG7<I 46FBDB6, CB>4;O64RF, KFB A4<5B?99 QHH9>F<6AB <ECB?P;B64FP QF< 864 @9FB84 

EB6@9EFAB, CD< QFB@ 79A9F<K9E>B@G @9FB8G BF6B8<FES DB?P BCD989?<F9?S B>D9EFABEF< 

7?B54?PAB7B BCF<@G@4, E >BFBDB= 6 84?PA9=L9@ GEC9LAB EF4DFG9F 7D48<9AFAO= @9FB8. 

#B?GK<6L4SES 6 D9;G?PF4F9 BCF<@<;4J<< HBD@4 6 C?4A9 >DO?4, <;B5D4:9AA4S A4 

D<EGA>9 2.18, <@99F E?98GRM<9 C4D4@9FDO: C?BM48P FD4C9J<< S&$=0.3472 @2, G8?<A9A<9 CB 

FD4C9J<< &$=7.75, EG:9A<9 &$=4.04, EFD9?B6<8ABEFP CB ¼ IBD8 36. �@9RFES A95B?PL<9 

>4> C9D98A<=, F4> < ;48A<= A4C?O6O. +<E?B  4I4 CB ABD@4?< > ¼ IBD8 EBEF46?S9F 

 n=0.7ø0.72 CD<  =0.87ø0.89. 

 
$<EGAB> 2.18 - (BD@4 6 C?4A9 >DO?4 � %088 

 

#B?GK9AA4S CDBH<?<DB6>4 >DO?4 CB>4;4A4 A4 D<EGA>9 2.19. �4>?<A9A<9 >DO?4 

6O5D4AB D46AO@ 3.25 BFABE<F9?PAB HR;9?S:4, >DGF>4 >BAJ96B7B E9K9A<S –7.25 

BFABE<F9?PAB 5BDF4. 
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$<EGAB> 2.19 - #DBH<?< >DO?4 � %088 

 

#D98EF46?S9F <AF9D9E ED46A9A<9 AB6B7B >DO?4 E >DO?B@  085 (TW2). ' B5B<I 

>DO?P96 B8<A4>B6O= D4;@4I, AB C?BM48P >DO?4 � %088 5B?PL9 A4 ~16%, CBQFB@G E?98G9F 

B:<84FP, KFB � �) 5G89F A9E>B?P>B A<:9. %D46A9A<9 D4EKёFAOI ;A4K9A<= EBCDBF<6?9A<S 

86GI >DO?P96 CD< %G=0.5 BFA9E9AAB@ > S)�$=0.3 @2 (H4>F<K9E><= %G >DO?4 � %088 D469A 

0.432) CD<6989AB A4 D<EGA>9 2.20. �<8AB, KFB CDBH<?PAB9 EBCDBF<6?9A<9 G AB6B7B >DO?4 

89=EF6<F9?PAB 6OL9 ;4 EKёF 5B?PL9= B@O649@B= C?BM48<. � FB :9 6D9@S A9Q??<CF<KABEFP 

A47DG;>< G >DO?4  085 A4>4;O649FES G69?<K9A<9@ <A8G>F<6AB7B EBCDBF<6?9A<S, F4> KFB 

EG@@4DAO9 EBCDBF<6?9A<S 5?<;>< 84:9 CD<  0.85. %B7?4EAB D4EKёFG, AB6B9 >DO?B 

� %088 CD96BEIB8<F CB E>BDBEF< >DO?B  085 A4  >D*=0.03. 
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$<EGAB> 2.20 - %D46A9A<9 � %088 < TW2 

 
2.3.5  9FB8<>4 CDB6989A<S Q>EC9D<@9AF4 < B5D45BF>4 D9;G?PF4FB6 <ECOF4A<= 
�ECOF4A<S @B89?< � %088 (D<EGAB> 2.21) CDB6989AO 6 4QDB8<A4@<K9E>B= FDG59 

*��� &-106  A4 @9I4A<K9E><I 69E4I ��-106. 
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$<EGAB> 2.21 -  B89?P � %088 6 ��& &-106 

 

'7?O 4F4>< @B89?< BFEK<FO64?<EP BF EFDB<F9?PAB= 7BD<;BAF4?< HR;9?S:4. 

� CDB7D4@@9 69EB6OI <ECOF4A<= (D9:<@ «α=const») BFEKёFO CDB<;6B8<?<EP CB 

K<E?G  4I4  0.03 6 8<4C4;BA9  =0.38÷0.8, 84?99  0.02 8B  =0.95 < CB G7?4@ 4F4>< 

α=0; 1; 1.5; 2; 2.5; 3; 3.5 CD< $=1 4F4; 6 D9:<@9  =const BFEKёFO CDB<;6B8<?<EP 6 

8<4C4;BA9 G7?B6 4F4>< α=-2÷10 CD< K<E?4I  =0.2; 0.85; 0.88; 0.9 CD< FB@ :9 846?9A<<. 

�ECOF4A<S CDB6989AO 6 GE?B6<SI E6B5B8AB= < H<>E<DB64AAB= FBK>< C9D9IB84 (X#�$=10% 

BF IBD8O >DO?4 < )#�$=3% BF 8?<AO HR;9?S:4). (<>E4J<S C9D9IB84 BEGM9EF6?S?4EP 

@9FB8B@ 8<E>D9FAOI L9DBIB64FBEF9= 6 6<89 >4?<5DB64AAOI J<?<A8DB6 6OEBFB= h=0.1 @@, 

A4A9E9AAOI K9D9; EC9J<4?PAGR C9DHBD<DB64AAGR ?9AFG, K9D9;  2 @@. 

� >4:8B@ <ECOF4A<< (CGE>9) D97<EFD<DB64?<EP A4K4?PAO9 CB>4;4A<S 84FK<>4 59; 

CBFB>4 < CBE?9 <ECOF4A<S, 4 ;4F9@ CDB7D4@@AB BED98AS?<EP < GK<FO64?<EP CD< B5D45BF>9 

D9;G?PF4FB6 <ECOF4A<=. 

#4D4@9FDO A96B;@GMёAAB7B CBFB>4 6 D45BK9= K4EF< BCD989?S?<EP 6 >BAFDB?PAB@ 

E9K9A<<, D4ECB?B:9AAB@ A4 D4EEFBSA<< 1350 @@ BF A4K4?4 BE9= >BBD8<A4F (BE9= 69EB6). 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< BCD989?S?<EP 6 E>BDBEFAB= E<EF9@9 >BBD8<A4F. 

�BQHH<J<9AFO EBCDBF<6?9A<S < CB8Nё@AB= E<?O BFA9E9AO > C?BM48< >DO?4 S�$=0.3472 @2 

< E>BDBEFAB@G A4CBDG. �BQHH<J<9AF CDB8B?PAB7B @B@9AF4 BFA9EёA, >DB@9 FB7B, > ED98A9= 

4QDB8<A4@<K9E>B= IBD89 bA=0.237 @ < 6OK<E?9A BF ABE4 @B89?< < %�( ()&=-0.7 @ 

Y&=0.00021 @). 
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$9;G?PF4FO <ECOF4A<= B5D454FO64?<EP CB CD<ASFB= 8?S FDG5O &-106  @9FB8<>9 E 

GKёFB@ CBCD46B> A4 B58G6 D4@O 69EB6, >BE<;AG CBFB>4, A4 EBCDBF<6?9A<9 ?9AFBKAB= 

CB869E><. �DB@9 FB7B, 6 D9;G?PF4FO <ECOF4A<= @B89?< «>DO?B + HR;9?S:» 5O?4 66989A4 

EG@@4DA4S CBCD46>4 > 4QDB8<A4@<K9E><@ >BQHH<J<9AF4@ %), %Y, mZ, A4 <AF9DH9D9AJ<R 

?9AFBKAB= CB869E>< E @B89?PR < 6?<SA<9 G;?B6 >D9C?9A<S @B89?< > CB869E>9. #BCD46>< 

QFB7B DB84 BCD989?S?<EP @9FB8B@ CB?AB7B G86B9A<S. �?S QFB7B @B89?P GEF4A46?<64?4EP A4 

86GI CBC9D9KAOI 54;4I (6 A4L9@ E?GK49 LZ1=180 @@ < LZ2=400 @@) < CDB8B?PAB= 54;9 

LX=600 @@, ;4F9@ @B89?P GEF4A46?<64?4EP A4 6ECB@B74F9?PAB= 54;9 LZ2=400 @@ < FB= :9 

CDB8B?PAB= 54;9. #BE?9 QFB7B <ECOFO64?<EP <;B?<DB64AAO9 CB869E>< A4 QF<I 54;4I. 

�?S 84AAB= @B89?< BCD989?9AO CBCD46>< A4 <AF9DH9D9AJ<R ?9AFBKAB= CB869E>< E 

@B89?PR < EBCDBF<6?9A<9 HR;9?S:AOI 64?<>B6 CBC9D9KAB= 54;O > >BQHH<J<9AF4@ %), %Y, 

mZ CD<  =0.85; 0.88; 0.9 < α=-2ø10 ( =const) < CD< α=2.5 6 8<4C4;BA9 K<E9?  =0.38ø0.95 

6 >BAH<7GD4J<< «>DO?B + HR;9?S:» E H<>E<DB64AAB= FBK>B= C9D9IB84. #BCD46>< > 

>BQHH<J<9AFG ?B5B6B7B EBCDBF<6?9A<S %I�!&.+� CD9864D<F9?PAB E7?4:<64?<EP. +FB 

>4E49FES CBCD46B> > >BQHH<J<9AFG CB8Nё@AB= E<?O < >BQHH<J<9AFG CDB8B?PAB7B @B@9AF4, 

FB 84AAO9 CBCD46>< 66B8<?<EP 6 FB@ 6<89, 6 >4>B@ BA< 6OK<E?S?<EP 8?S >4:8B= 

Q>EC9D<@9AF4?PAB= FBK><. 

 
2.3.6 $9;G?PF4FO Q>EC9D<@9AF4 
�ECOF4A<S @B89?< � %088 5O?< CDB6989AO 6 EBBF69FEF6<< E CDB7D4@@B=, >BFBD4S 

6>?RK4?4 6 E95S <ECOF4A<S EB E6B5B8AB= < H<>E<DB64AAB= FBK>B= C9D9IB84 ()#�$=10%) A4 

D9:<@4I α=EBnst,  =0.38÷0.95, < D9:<@4I  =Eonst, α=-2÷10, 4 F4>:9 <ECOF4A<S A4 

D9:<@9 @4?OI E>BDBEF9=  =0.2. 

!4 D<EGA>9 2.22 8?S <EE?98G9@B= >B@CBAB6>< >DO?B + HR;9?S: CD<6989AO 

Q>EC9D<@9AF4?PAO9 ;46<E<@BEF< %I( ) 8?S ;A4K9A<= >BQHH<J<9AF4 CB8Nё@AB= E<?O 

%G=0.4 < %G=0.45 CD< H<>E<DB64AAB@ C9D9IB89 CB7D4A<KAB7B E?BS (EBCDBF<6?9A<9 @B89?< 

6>?RK49F 6 E95S < EBCDBF<6?9A<9 FGD5G?<;4FBDB6, F4> >4> EBCDBF<6?9A<9 FGD5G?<;4FBDB6 6 

Q>EC9D<@9AF9 A9 BCD989?S?BEP). !4 7D4H<>4I 8?S ED46A9A<S CD98EF46?9AO F4>:9 

;46<E<@BEF< %I�+%I#$"(( ), CB?GK9AAO9 D4EKёFB@ CB CDB7D4@@9 BLWF-31 8?S 

>B@CBAB6>< >DO?B + HR;9?S:. $4EKёFO 5O?< CDB6989AO 8?S E?GK4S H<>E<DB64AAB7B 

C9D9IB84 CB7D4A<KAB7B E?BS ()�C9D=)!C9D=10%) CD< FDG5AB@ K<E?9 Re=3 @?A. �?S 5B?99 

G8B5AB7B ED46A9A<S > CB?GK9AAO@ D4EKёFAO@ ;A4K9A<S@ 5O?< 8B546?9AO 

EBBF69FEF6GRM<9 >BAEF4AFO, BCD989?9AAO9 <; GE?B6<S <I EB6C489A<S E 

Q>EC9D<@9AF4?PAO@< ;A4K9A<S@< CD<  =0.85. �<8AB, KFB CB ED46A9A<R E D4EKёFB@ 

Q>EC9D<@9AF4?PAB9 ;A4K9A<9  >D* @9APL9 CD<@9DAB A4 0.01. 
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$<EGAB> 2.22 - %D46A9A<9 D4EKёF4 E Q>EC9D<@9AFB@ 

 

!4 D<EGA>9 2.23 CD<6989AO ;46<E<@BEF< K �), K �)ꞏ =ƒ(M) 8?S @B89?< � %088, 

CB?GK9AAO9 CD< E6B5B8AB@ < H<>E<DB64AAB@ C9D9IB89 CB7D4A<KAB7B E?BS. �<8AB, KFB 

A4<5B?PL99 ;A4K9A<9 C4D4@9FD4 4QDB8<A4@<K9E>B= 84?PABEF< Kꞏ  8?S E?GK4S E6B5B8AB7B 

C9D9IB84 8BEF<749FES CD< K<E?4I  =0.88ø0.89, 4 CD< H<>E<DB64AAB@ C9D9IB89 @4>E<@G@ 

E86<749FES CD<@9DAB A4 0.01 6?96B, AB CD< QFB@ E?98G9F GK<FO64FP A4D4EF4RM<= CD<DBEF 

EBCDBF<6?9A<S BF GEF4AB6?9AAOI FGD5G?<;4FBDB6. 

 
$<EGAB> 2.23 - K �) < K �)ꞏ  8?S � %088 

 

�DO?B B59EC9K<649F 8BEF4FBKAB 6OEB><= GDB69AP 4QDB8<A4@<K9E>B7B >4K9EF64. &4>, 

CD<  =0.88 < FDG5AB@ K<E?9 Re~3.12ꞏ106 CD< E6B5B8AB@ C9D9IB89 ;A4K9A<9 K �)=18.86. 



115 
 
$4;D45BF4AA4S >D9=E9DE>4S 4QDB8<A4@<K9E>4S >B@CBAB6>4 >DO?4 (C =14-9.25-8.5%, ó¼=36, 

=7.42) B59EC9K<649F FD95G9@GR >D9=E9DE>GR E>BDBEFP CB?ёF4, EBBF69FEF6GRMGR 

 =0.88ø0.89 < B5?4849F 6OEB><@ GDB6A9@ 4QDB8<A4@<K9E>B7B EB69DL9AEF64. 

!4 D<EGA>9 2.24 CD<6989AB ED46A9A<9 � �) < � �)  E <ECOF4AAO@ D4A99 >DO?B@ 

M085 (TW2). #D<DBEFO  �$��%* < 4QDB8<A4@<K9E>B7B >4K9EF64 AB6B7B >DO?4 CB ED46A9A<R 

E >DO?B@ TW2 IBDBLB EB7?4EGRFES E CD9864D<F9?PAO@< D4EKёFAO@< BJ9A>4@< (E@. 

D<EGAB> 2.20). 

 
$<EGAB> 2.24 - %D46A9A<9 � %088 < TW2 

 
2.4 АQDB8<A4@<>4 >B@CBAB6>< � %092 E  �$��%=0.9÷0.92 
�<4C4;BA B>B?B;6G>B6OI E>BDBEF9= CB?ёF4 (0.9< <1) A9B8AB>D4FAB CD<6?9>4? 

6A<@4A<9 D4;D45BFK<>B6 >4> 6 60-70-O9 7B8O [181], F4> < ED46A<F9?PAB A9846AB 6 E6S;< E 

CBS6?9A<9@, A4CD<@9D, 6 $BEE<< CDB9>F4 �$-860 <?< CDB9>F4 <Sonic cruiser= H<D@O 

�B<A7 [182]. #DBE?9:<64?BEP 869 F9A89AJ<< 86<:9A<S > B>B?B;6G>B6O@ E>BDBEFS@: C9D6O= 

CGFP – BF EGM9EF6GRM<I 8B;6G>B6OI E4@B?ёFB6 EB EFD9?B6<8AO@ >DO?B@ 5B?PLB7B 

G8?<A9A<S ;4 EKёF 84?PA9=L97B G69?<K9A<S EFD9?B6<8ABEF< < EA<:9A<S BFABE<F9?PAB= 

FB?M<AO CDBH<?9= >DO?4; 6FBDB= CGFP – BF E69DI;6G>B6OI E4@B?ёFB6 E 89?PFB6<8AO@ 

>DO?B@ CGFё@ G69?<K9A<S G8?<A9A<S >BAEB?9= 8?S G?GKL9A<S >D9=E9DE>B7B 

4QDB8<A4@<K9E>B7B >4K9EF64 < 6;?ёFAB-CBE48BKAOI I4D4>F9D<EF<>. #D98EF46<F9?< C9D6B7B 

A4CD46?9A<S ;4A<@4RF A<:ARR A<LG E>BDBEF9= (M=0.9ø0.95), FB784 >4> E4@B?ёFO E 

89?PFB6<8AO@ >DO?B@ A4J9?9AO A4 5B?99 6OEB>GR E>BDBEFP (M=0.95ø0.98, >4> G <Sonic 

cruiser=). #BE?98A99 B;A4K49F, KFB 6 CDBJ9EE9 ?ёFAOI <ECOF4A<= 6 EBBF69FEF6<< E ABD@4@< 
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?ёFAB= 7B8ABEF< 7D4:84AE><I E4@B?ёFB6 A9B5IB8<@B 5G89F 6O=F< A4 E69DI;6G>B6O9 

D9:<@O (∆M=0.07 BF  �$��%  �)). 

$4A99 5O?< BC<E4AO F9@4F<K9E><9 @B89?< � % E D4EKёFAO@ K<E?B@ 

 �$��%=0.85ø0.86 (� %085) <  �$��%=0.87ø0.89 (� %088). �4AAO= D4;89? CBE6SM9A 

CDB9>F<DB64A<R 5B?99 E>BDBEFAB7B >DO?4 A4  �$��%=0.90ø0.92.  4>E<@4?PAB9 

Q>EC?G4F4J<BAAB9 K<E?B  4I4 B7D4A<K9AB 69?<K<AB=  =0.92 E F9@, KFB5O A9 6OIB8<FP 6 

CDBJ9EE9 ?ёFAOI <ECOF4A<= A4 E69DI;6G>B6O9 E>BDBEF<. �;?B:9A4 @9FB8<>4 

CDB9>F<DB64A<S < CD<6989AO D9;G?PF4FO D4EKёFB6 CB AB6B@G >DO?G. #D<6989AO D9;G?PF4FO 

69EB6OI <ECOF4A<= 4QDB8<A4@<K9E>B= @B89?< >DO?B + HR;9?S: 6 ��& &-106 . 

 
2.4.1 #BEF4AB6>4 ;484K< < D9;G?PF4FO CDB9>F<DB64A<S >DO?4 � %092 
� BEAB6G 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S >DO?4 �M%092 5O?< CB?B:9AO 

E?98GRM<9 BEAB6AO9 EBB5D4:9A<S: 

ý CB?ёF A4 @4>E<@4?PAGR 84?PABEFP 8B?:9A BEGM9EF6?SFPES CD< K<E?9  ó0.9 

(%G~0.45), @4>E<@4?PAB9 >D9=E9DE>B9 K<E?B  4I4=0.92 (Cy~0.35); 

ý @4>E<@4?PAO= G7B? 4F4>< 6 >D9=E9DE>B@ D9:<@9 (G7B? A4>?BA4 CB?4 C4EE4:<DE>B7B 

E4?BA4) CD<@9DAB D469A 2°; 

ý >DO?B CDB9>F<DB64?BEP 59; GKёF4 @BFB7BA8B? 86<74F9?9=; 

ý 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<>< < I4D4>F9D<EF<>< A4 5B?PL<I G7?4I 89F4?PAB 

A9 D4EE@4FD<64?<EP; 

ý CDB5?9@4 6AGFD9AA<I B5Nё@B6 >DO?4 CB8 FBC?<6B 8?S � % 8BEF4FBKAB BEFD4, 

CBQFB@G BFABE<F9?PA4S FB?M<A4 5BDFB6B7B CDBH<?S 8B?:A4 5OFP @4>E<@4?PAB 6B;@B:AB=. 

 
2.4.2 #DB9>F<DB64A<9 CDBH<?<DB6>< >DO?4 
&4> >4> D4;D454FO649@B9 >DO?B � %092 D4EEK<F4AB A4 9Mё 5B?PL99 K<E?B  4I4 

>D9=E9DE>B7B CB?ёF4, K9@ >DO?B � %088, FB A9B5IB8<@B 84?PA9=L99 G69?<K9A<9 

EFD9?B6<8ABEF< < G@9APL9A<9 BFABE<F9?PAB= FB?M<AO E9K9A<=. � QFB@ E?GK49 9EF9EF69AAB 

A9E>B?P>B G@9APL<FP G8?<A9A<9 >DO?4. �O5D4AA4S HBD@4 6 C?4A9 (6 ED46A9A<< E HBD@B= 

6 C?4A9 >DO?4 � %088) CB>4;4A4 A4 D<EGA>9 2.25. 
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� %092÷þ÷öôþñõóóøþõÿ

 
$<EGAB> 2.25 - %D46A9A<9 HBD@ 6 C?4A9 >DO?P96 � %092 < � %088 

 

)4D4>F9D<EF<>< >DO?4 6 C?4A9 E?98GRM<9: S&$=0.3464 @2, L=1.64 @, =7.76 =4.15 

ó1/4=38.5 ðZ<;?=0.35. &4><@ B5D4;B@ D4;@4I CB?ABEFPR, 4 C?BM48P CBKF< EB6C484RF E 

EBBF69FEF6GRM<@< ;A4K9A<S@< 8?S >DO?4 � %088 (S&$=0.347 @2). � BF?<K<9 BF >DO?4 

� %088 G AB6B7B >DO?4 A9F C9D98A97B A4C?O64 < G69?<K9A ;48A<= A4C?O6, KFB 5B?99 

D4J<BA4?PAB E >BAEFDG>F<6AB= FBK>< ;D9A<S. �DO?B EHBD@<DB64AB CB L9EF< 54;B6O@ 

E9K9A<S@, BFABE<F9?PA4S FB?M<A4 CB D4;@4IG CD<5?<;<F9?PAB EBBF69FEF6G9F >DO?G �-747 

(D<EGAB> 2.26). 

 
$<EGAB> 2.26 - $4ECD989?9A<9 BFABE<F9?PAB= FB?M<AO CDBH<?9= CB D4;@4IG 
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�?S CDB9>F<DB64A<S CDBH<?<DB6>< < >DGF>< >DO?4 � %092 CD<@9AS?4EP BC<E4AA4S 

D4A99 FD9IQF4CA4S CDBJ98GD4 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S, EBEFBSM4S <; QF4C4 

A4K4?PAB7B 6O5BD4 79B@9FD<<, QF4C4 D9L9A<S B5D4FAB= ;484K< < QF4C4 @AB7BD9:<@AB= 

BCF<@<;4J<<. $4EE@4FD<64?<EP E?98GRM<9 D9:<@O CB?ёF4:  =0.90 %G=0.46, 

 =0.91 %G=0.45,  =0.92 %G=0.42,  =0.91 %G=0.41 <  =0.925 %G=0.4 E 69E4@< 0.8, 1., 1, 1, 

1 EBBF69FEF69AAB. �DO?B CDB9>F<DB64?BEP CB8 FDG5AO9 D9:<@O B5F9>4A<S: Re=4 @?A., 

ðð)#=0.1 A4 69DIA9= < A<:A9= CB69DIABEF<. #9D9@9AAO@< BCF<@<;4J<< S6?S?<EP 

79B@9FD<K9E><9 64D<4J<< 54;B6OI E9K9A<= >DO?4: >DGF>4 E9K9A<S, <;@9A9A<9 FB?M<AO <?< 

6B7AGFBEF< CDBH<?S, E86<7 @4>E<@4?PAB= BD8<A4FO CB IBD89, BF>?BA9A<9 ABE<>4 < 

I6BEF<>4, <;@9A9A<9 D48<GE4 >D<6<;AO ABE>4 CDBH<?S, ?B>4?PAO9 64D<4J<< 6 D4=BA9 

E>4K>4 GC?BFA9A<S. (BD@4 6 C?4A9 A9 64DP<DB64?4EP. 

#DB9>F<DB64A<9 69?BEP CBE?98B64F9?PAB, F4> >4> EIB8<@BEFP CDS@B7B @9FB84 

(CDB7D4@@4 BLWF-31) CD< G69?<K9A<< K<E?4   ;4@9FAB GIG8L49FES. #9D6BA4K4?PAB < 

BFABE<F9?PA4S FB?M<A4 >DO?4, < D4EKёFAO9 ;A4K9A<S %G 6O5<D4?<EP A9E>B?P>B @9APL<@<, 

;4F9@ CB?GK9AAB9 BCF<@<;<DB64AAB9 >DO?B EF4AB6<?BEP <EIB8AO@ 8?S G:9EFBK9AAOI 

GE?B6<= < F.8. #D< C?BIB= EIB8<@BEF< < A9D98>B 464D<=AOI CD9DO64A<SI EKёF4 

7D48<9AFAO= @9FB8 BCF<@<;4J<< D45BF49F IG:9, CBQFB@G CD<IB8<?BEP CD<6?9>4FP 

79A9F<K9E><= @9FB8 CB<E>4, A9E@BFDS A4 ;A4K<F9?PAB 5B?PL<9 ;4FD4FO @4L<AAB7B 

6D9@9A<. 

#DBH<?< 54;B6OI E9K9A<= >DO?4 � %092 CD98EF46?9AO A4 D<EGA>9 2.27. 

 

 
$<EGAB> 2.27 - #DBH<?< E9K9A<= >DO?4 � %092 

 

%G@@4DAO9 D4EKёFAO9 I4D4>F9D<EF<>< EBCDBF<6?9A<S >B@CBAB6>< 

>DO?B + HR;9?S: 6 ED46A9A<< E >DO?B@ � %088 CD98EF46?9AO A4 D<EGA>9 2.28. �A4K9A<S 
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 >D* D46AO 0.915 8?S %G=0.45 < 0.926 8?S %G=0.35, KFB 84ёF BEAB64A<S A489SFPES A4 

8BEF<:9A<9 6 Q>EC9D<@9AF9 ;484AAOI >D9=E9DE><I K<E9?  4I4. �4@9F<@, KFB CD< %G>0.4 

A45?R849FES ;A4K<F9?PAB9 <CB?;GK99= 6B?AB6B9 EBCDBF<6?9A<9, A4K<A4S E M~0.8. %B7?4EAB 

D4EKёFG, AB6B9 >DO?B � %092 CD96BEIB8<F CB E>BDBEF< >DO?B � %088 A4  ≈0.02. 

 
$<EGAB> 2.28 - �46<E<@BEFP EBCDBF<6?9A<S >DO?P96 BF K<E?4   

 

!9E@BFDS A4 @4?O9 D48<GEO ABE>B6 FBA><I CDBH<?9= 6A9LA9= K4EF< >BAEB?<, 

A9EGM<9 I4D4>F9D<EF<>< CD< @4?OI E>BDBEFSI CD<9@?9@O - %G �)~1.0. 

 

2.4.3 $9;G?PF4FO 69EB6OI <ECOF4A<= 6 А�& &-106  
#9D6BA4K4?PAO9 69EB6O9 <ECOF4A<S @B89?< � %092 6 ��& &-106  EBEFBS?< <; 19 

CGE>B6. #DB7D4@@4 6>?RK4?4 6 E95S <ECOF4A<S EB E6B5B8AB= < H<>E<DB64AAB= FBK>B= 

C9D9IB84 ()#�$=10%) A4 D9:<@4I α=EBnst,  =0.5÷0.95, < D9:<@4I  =Eonst, α=-2÷10, 4 

F4>:9 <ECOF4A<S A4 D9:<@9 @4?OI E>BDBEF9=  =0.2.  

%B7?4EB64A<9 A9EGM<I < @B@9AFAOI 4QDB8<A4@<K9E><I I4D4>F9D<EF<>, CB?GK9AAOI 

CD<  =const < α=const, BK9AP IBDBL99. !9EGM<9 < @B@9AFAO9 I4D4>F9D<EF<>< A9 <@9RF 
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;A4K<F9?PAOI A9?<A9=ABEF9= 6 B5?4EF< >D9=E9DE><I D9:<@B6 CB?ёF4 E ABD@<DB64AAO@< 

;4C4E4@<, %G�"# g 1.3%G�$��%. �QDB8<A4@<K9E>B9 >4K9EF6B EB7?4EG9FES IG:9, 6 

BEB59AABEF< CD< K<E?9  4I4  =0.95. "5D45BF4AAO9 D9;G?PF4FO <ECOF4A<= CB ;46<E<@BEF< 

@4>E<@4?PAB7B FDG5AB7B 4QDB8<A4@<K9E>B7B >4K9EF64 < C4D4@9FD4 84?PABEF< K �)ꞏ  BF 

K<E?4  4I4 CD<6989AO A4 D<EGA>9 2.29. 

 
$<EGAB> 2.29 - K < � �) 8?S � %092 

 

�<8AB, KFB A4<5B?PL99 ;A4K9A<9 C4D4@9FD4 4QDB8<A4@<K9E>B= 84?PABEF< Kꞏ  8?S 

E?GK4S E6B5B8AB7B C9D9IB84 8BEF<749FES CD< K<E?9  =0.91, 4 CD< H<>E<DB64AAB@ C9D9IB89 

@4>E<@G@ E86<749FES A4  =0.9 6 CB?AB@ EBBF69FEF6<< E ;4S6?9AAO@< J9?S@< 

CDB9>F<DB64A<S. 

� J9?B@ D9;G?PF4FO <ECOF4A<= CB>4;O64RF, KFB D4;D45BF4AAB9 >DO?B 

89=EF6<F9?PAB B59EC9K<649F 6OCB?A9A<9 GE?B6<= >D9=E9DE>B7B CB?ёF4 6C?BFP 8B K<E?4 

 4I4  0.92. #B?GK9AAO9 I4D4>F9D<EF<>< >DO?4 � %092 6O<7DOLAB E@BFDSFES < A4 

HBA9 CD98O8GM<I >DO?P96 (D<EGAB> 2.30), 6 BEB59AABEF< CD< H<>E<DB64AAB@ C9D9IB89 

CB7D4A<KAB7B E?BS. $94?PAO= 6O<7DOL 6 @4>E<@4?PAB= E>BDBEF< EBEF46<?  0.07 CB 

ED46A9A<R E >DO?B@ TW2 <  0.03 CB ED46A9A<R E >DO?B@ � %088.  



121 
 

 
$<EGAB> 2.30 - %D46A9A<9 >DO?P96 TW2, � %088 < � %092 

 

#B A9EGM<@ I4D4>F9D<EF<>4@ CD< @4?OI E>BDBEFSI AB6B9 >DO?B A9 GEFGC49F >DO?G 

� %088 (D<EGAB> 2.31). 'DB69AP A9EGM<I I4D4>F9D<EF<> (CyMAX CD<  =0.2) IBDBLB 

EB7?4EG9FES E CD9864D<F9?PAO@< D4EKёFAO@< BJ9A>4@<. 

 
$<EGAB> 2.31 – %D46A9A<9 A9EGM<I I4D4>F9D<EF<> CD<  =0.2 >DO?P96 � %088< � %092 
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2.5 АQDB8<A4@<>4 >B@CBAB6>< E4@B?ёF4 ��-96 E 86G@S 86<74F9?S@< F<C4 
#�-35 
2.5.1 #DB9>F<DB64A<9 E69DI>D<F<K9E><I >DO?P96 A4 CB6OL9AAGR E>BDBEFP 
CB?ёF4 8?S @B8<H<>4J<< E4@B?ёF4 ��-96 E 86G@S 86<74F9?S@< F<C4 #�-35 

 

$4;6<F<9 C4EE4:<DE>B= < FD4AECBDFAB= 46<4J<< ;4 CBE?98A<9 60 ?9F CDB<EIB8<?B 

Q6B?RJ<BAAO@ CGFё@ 6 D4@>4I >?4EE<K9E>B= EI9@O. !9 E5O?<EP CDB7AB;O BCF<@<EFB6, 

CD98E>4;O64RM<I D4;ABB5D4;<9 A9FD48<J<BAAOI EI9@ < E<?B6OI GEF4AB6B>. &9@ A9 @9A99, 

;4 QF< 7B8O CDB<;BL?B CD<@9DAB FDёI>D4FAB9 EA<:9A<9 D4EIB8B6 FBC?<64 < @AB7B>D4FAB9 

(A4 ~20 EPNdB) EA<:9A<9 LG@4 A4 @9EFABEF<. �?46AO@< F9IAB?B7<K9E><@< CDBDO64@< 6 

46<4J<< ;4 QFBF C9D<B8 EF4?< 6A98D9A<9 < EB69DL9AEF6B64A<9 86GI>BAFGDAOI D94>F<6AOI 

86<74F9?9=, <;B5D9F9A<9 < D4;6<F<9 E69DI>D<F<K9E><I >DO?P96 E D4;?<KAO@< 

;4>BAJB6>4@<, 6A98D9A<9 >B@CB;<J<BAAOI @4F9D<4?B6 EA4K4?4 6B 6FBD<KAO9, 4 ;4F9@ < 6 

A9EGM<9 >BAEFDG>J<<. 

� E97@9AF9 D97<BA4?PAOI < 5?<:A9ED98A9@47<EFD4?PAOI E4@B?ёFB6 DBEE<=E>4S 

CDB@OL?9AABEFP 6 21 69>9 EB;84?4 >BA>GD9AFBECBEB5AO9 B5D4;JO �� – SSJ-100 (< 97B 

CDB<;6B8AO9 6 C9DEC9>F<69) <  %-21. !4 CB69EF>9 8AS EFB<F D4;D45BF>4 EB6D9@9AAB7B 

84?PA9@47<EFD4?PAB7B E4@B?ёF4 (� %). �8<AEF69AAO= BF9K9EF69AAO= � % – �?-96 6 

64D<4AF9 �?-96  (AB A9 �?-96-300 !) (D<EGA>< 2.32, 2.33) 5O? 6CB?A9 >BA>GD9AFBECBEB59A 

CB ED46A9A<R E B8AB>?4EEA<>4@< A4 @B@9AF CBS6?9A<S (1993 7). 

 
$<EGAB> 2.32 – %4@B?ёF �?-96-300 6 ?<6D99 �QDBH?BF4 
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$<EGAB> 2.33 – %4@B?ёF �?-96  E 86<74F9?S@< PW-2337 

 

%9=K4E, BK96<8AB, ;4 CDBL98L<9 30 E ?<LA<@ ?9F BA BFEF4? A4 864 CB>B?9A<S. 

%B6D9@9AAO9 E4@B?ёFO <@9RF ?GKLGR 4QDB8<A4@<>G (CD<@9DAB FBF :9 <?< 6OL9 GDB69AP 

4QDB8<A4@<K9E>B7B >4K9EF64, AB CD<  =0.85), ?GKLGR 69EB6GR BF84KG, ?GKL<9 

I4D4>F9D<EF<>< 86<74F9?9=, @9APL<9 ;4FD4FO CB B5E?G:<64A<R 86GI 86<74F9?9= 6@9EFB 

K9FODёI. �E9 6@9EF9 6OD4:49FES 6 30÷35% EA<:9A<< D4EIB84 FBC?<64. #D46<F9?PEF6B@ 

$BEE<< 6 2007 7B8G 5O?B CD<ASFB D9L9A<9 B EBID4A9A<< LFGKAB7B CDB<;6B8EF64 E4@B?ёFB6 

�?-96-300/400 FB?P>B 8?S EC9JAG:8. 

!9E>B?P>B CBE?98A<I ?9F CDBD454FO64?ES 6BCDBE B EFDB<F9?PEF69 45EB?RFAB AB6B7B 

C9DEC9>F<6AB7B E4@B?ёF4 CR-929 EB6@9EFAB E �<F49@ E >D9=E9DE>B= E>BDBEFPR 

 �$��%=0.85. %B7?4EB64A4 97B 84?PABEFP CB?ёF4 (12000 >@) < D4;@9DABEFP – CD<@9DAB F4 :9, 

KFB < �?-96-400. � FB :9 6D9@S, Q>BAB@<K9E>4S J9?9EBB5D4;ABEFP CDB9>F4 BFAR8P A9 

BK96<8A4, >DB@9 FB7B, >BA>GD9AFO > FB@G 6D9@9A< E89?4RF AB6O= L47 6C9Dё8, 4 AOA9LA<9 

@B89?< 5G8GF 6OK<M9AO BF <89FE><I 5B?9;A9==. 

� EB6D9@9AAOI GE?B6<SI 6A9LA97B CB?<F<K9E>B7B < Q>BAB@<K9E>B7B 846?9A<S A4 

$BEE<R, 6B;@B:AB, <@99F E@OE? BD74A<;4J<S E9D<=AB7B CDB<;6B8EF64 E4@B?ёF4 

�?-96-400 . !9846AB CB8B5AO= EJ9A4D<= 6B;B5AB6?9A<S 6OCGE>4 5O? BEGM9EF6?ёA E 

FD4AECBDFAO@ E4@B?ёFB@ �?-76. �DB@9 C4EE4:<DE><I 69DE<= �?-96-400  6B;@B:9A F4>:9 

6OCGE> 7DG;B6OI EG8B6, FBC?<6B;4CD46M<>B6, EC9J5BDFB6 < F.8. 

#D98EF46?S9FES, B8A4>B, KFB CDBEF9=L4S @B8<H<>4J<S D48<BQ?9>FDBAAB7B 

B5BDG8B64A<S E4@B?ёF4 �?-96-400 A9 @B:9F >B@C9AE<DB64FP 97B BFEF464A<9 BF ?GKL<I 

@<DB6OI B5D4;JB6, 84:9 CD< EGM9EF69AAB 5B?99 A<;>B= J9A9. �DB@9 FB7B, BJ<HDB6>4 
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K9DF9:9=, E@9A4 BEA4EF>< < F.8. F4>:9 CBFD95GRF ;A4K<F9?PAB7B 6D9@9A<. #BQFB@G, <@99F 

E@OE? CDBE@BFD9FP 6E9 6B;@B:ABEF< CB 84?PA9=L9= CBL47B6B= @B8<H<>4J<< E4@B?ёF4. 

#D<@9DB@ @B8<H<>4J<< G@9D9AAB= EFB<@BEF< @B:9F E?G:<FP E4@B?ёF �747-8 

(D<EGAB> 2.34 [183]). 

 

 
$<EGAB> 2.34 – "EAB6AO9 <;@9A9A<S 6 E4@B?ёF9 �747-8 [183] 

 

#D<@9A<F9?PAB > E4@B?ёFG �?-96 6 5?<:4=L9= C9DEC9>F<69 A4CD4L<649FES 

D9@BFBD<;4J<S A4 86<74F9?< #�-14 , 4 6 BF84?9AAB= - C9D9IB8 A4 86GI86<74F9?PAO= 

64D<4AF E 86<74F9?S@< FS7B= CB 35÷40 FBAA (#�-35). � B5?4EF< 4QDB8<A4@<>< A4 C9D6B@ 

QF4C9 *��� CD98?B:<? <;@9A<FP I6BEF<>< CDBH<?9= EF4DB7B >DO?4 59; <;@9A9A<S >9EEBA4 

[184], KFB CB BJ9A>4@ @B:9F CB6OE<FP � �) A4 ~0.6 98<A<J <  �$��% 8B 0.81. �9DF<>4?PAGR 

;4>BAJB6>G >DO?4 J9?9EBB5D4;AB ;4@9A<FP A4 7BD<;BAF4?PAGR E>BL9AAGR/E45?96<8AGR 

[184]. �DB@9 FB7B, @B:AB GCDBEF<FP < B5?97K<FP @9I4A<;4J<R ;48A9= >DB@><, >4> QFB 5O?B 

E89?4AB, A4CD<@9D, A4 E4@B?ёF9 �747-8. 

#D< 5B?99 D48<>4?PAB= @B8<H<>4J<< @B:AB CD98?B:<FP AB6B9 >DO?B A4 

 �$��%~0.83-0.84 FB= :9 EFD9?B6<8ABEF< χ¼=30° (>4> 64D<4AF, E EBID4A9A<9@ >BAFGD4 

5BDFB6B= A9D6RDO) E GEB69DL9AEF6B64AAB= 4QDB8<A4@<>B= < G69?<K9AAO@ G8?<A9A<9@, 

6B;@B:AB <; >B@CB;<FAOI @4F9D<4?B6. �4AAO9 F9IAB?B7<< G:9 BCDB5B64AO A4 E4@B?ёF9 

 %-21, < A9 CD98EF46?SRF A9CD<9@?9@O9 D<E><. �EF9EF69AAB, 6E9 GEB69DL9AEF6B64A<S 

8B?:AO D4EE@4FD<64FPES K9D9; CD<;@G EBBFABL9A<S J9A4/>4K9EF6B. 
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� 84AAB@ D4;89?9 CDB6989AO <EE?98B64A<S 4QDB8<A4@<K9E>B= >B@CBAB6>< 

E69DI>D<F<K9E>B7B >DO?4 5B?PLB7B G8?<A9A<S 8?S C9DEC9>F<6AB7B � % F<C4 

�?-96-400 2 (<?<  %-21-500/600), D4EEK<F4AAB7B A4  �$��%=0.83÷0.85 E 86G@S 

86<74F9?S@< F<C4 #�-35. �4AB BC<E4A<9 CDBJ98GDO 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S, 

84AB >D4F>B9 BC<E4A<9 >BAEFDG>J<< @B89?< < @9FB8<>< Q>EC9D<@9AF4, CD<6989AO 

Q>EC9D<@9AF4?PAO9 4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< E 86G@S 64D<4AF4@< 

>DO?P96 G@9D9AAB= EFD9?B6<8ABEF< (χ¼=30° < 30.7°), D4EEK<F4AAO@< A4  �$��%=0.83÷0.84 

<  �$��%=0.84÷0.85.  

 

2.5.2 #DB9>F<DB64A<9 E69DI>D<F<K9E><I >DO?P96 A4 CB6OL9AAGR E>BDBEFP 
CB?ёF4 
�4> BF@9K4?BEP 6OL9, CD<@9A9A<9 D4;6<FOI E69DI>D<F<K9E><I CDBH<?9=, CB8B5AOI 

F9@, >BFBDO9 <ECB?P;B64AO 6 >B@CBAB6>9 >DO?4  %-21, CB;6B?S9F CB6OE<FP 

4QDB8<A4@<K9E>GR QHH9>F<6ABEFP E4@B?ёF4 �?-96 2 < 8BEF<KP  �$��%=0.83÷0.84 CD< FB= 

:9 EFD9?B6<8ABEF< χ¼=30° < CD<5?<;<F9?PAB FB= :9 BFABE<F9?PAB= FB?M<A9 E9K9A<=. #D< 

A9E>B?P>B 5B?PL9= EFD9?B6<8ABEF< @B:AB 8BEF<KP  �$��%=0.85.  

�?S @9A99 E>BDBEFAB7B >DO?4 1 (opt84-70) 5O?4 6O5D4A4 HBD@4 6 C?4A9, 

CD98EF46?9AA4S A4 D<EGA>9 2.35. �QDB8<A4@<K9E><= HB>GE AB6B7B >DO?4 5?<;B> > HB>GEG 

<EIB8AB7B >DO?4 �?-96-400, KFB CB;6B?S9F <ECB?P;B64FP CD9:ARR >B@CBAB6>G L4EE<. 

)4D4>F9D<EF<>< 6 C?4A9 >DO?4 E?98GRM<9: S=393 @2 (EB6C4849F E 54;B6B=), S&$=345 @2, 

L=60 @, λ=10.43, η=4.35, χ¼=30°. &B?M<A4 5BDFB6B7B E9K9A<S 6O5D4A4 D46AB= ðc=13.3% E 

F9@, KFB5O B59EC9K<FP 5?<;BEFP CB 79B@9FD<< E J9AFDBC?4AB@ 54;B6B7B >DO?4 

(D<EGAB> 2.36). #DB6989AAO9 D4A99 6 *��� <EE?98B64A<S, 6 FB@ K<E?9 < Q>EC9D<@9AF4?PAO9, 

CB>4;O64RF, KFB, 6 E?GK49 A9B5IB8<@BEF<, BFABE<F9?PA4S FB?M<A4 5BDFB6B7B CDBH<?S 

@B:9F 5OFP G69?<K9A4 8B ðE=14.5÷15.5%.  
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$<EGAB> 2.35 – %D46A9A<9 HBD@ 6 C?4A9 <EIB8AB7B (�?-96) < AB6B7B №1 >DO?P96 

 

 
$<EGAB> 2.36 – %D46A9A<9 5BDFB6OI E9K9A<= 

 

�QDB8<A4@<K9E>B9 CDB9>F<DB64A<9 >DO?4 1 BEGM9EF6?S?BEP 8?S >B@CBAB6>< 59; 

BC9D9A<S CD< CB@BM< CDBJ98GDO @AB7BD9:<@AB= BCF<@<;4J<< A4 10 D9:<@4I CB?ёF4: 

 =0.835 %G=0.565;  =0.83 %G=0.58; M=0.84 Cy=0.55; M=0.835 CG=0.52; M=0.845 CG=0.52; 

M=0.85 CG=0.52; M=0.83 Cy=0.7 CD< A4FGDAB@ K<E?9 $9=AB?P8E4 Re=40 @?A, 4 F4>:9 

 =0.835 %G=0.565, M=0.84 Cy=0.55 <  =0.845 %G=0.535 CD< Re=3.6 @?A,ð)C=10%. �?S 

GEFD4A9A<S BC4EABEF< CD9:896D9@9AAB7B EDO64 A4 >BAEB?PAB= K4EF< >DO?4 E 5B?PL<@ 

EG:9A<9@ A4 D9:<@9  =0.83 %G=0.7 LFD4HB64?4EP A9 FB?P>B 69?<K<A4 45EB?RFAB7B 

6B?AB6B7B EBCDBF<6?9A<S, AB < 69?<K<A4 @4>E<@4?PAB7B ?B>4?PAB7B ;A4K9A<S %I�E9Kg0.0036. 

1FB CB;6B?S9F 8B5<FPES 5B?99 D46AB@9DAB7B CBS6?9A<S BFDO6B6 <;-CB8 E>4K>4 CB D4;@4IG. 

�DO?B 2 (opt85-106) <@99F FB :9 D4ECD989?9A<9 IBD8 CB D4;@4IG, AB EFD9?B6<8ABEFP 

97B G69?<K9A4 8B 30.7°, 4 BFABE<F9?PA4S FB?M<A4 EA<:9A4 CD<5?<;<F9?PAB A4 0.5% 

(D<EGAB> 2.37). 1FB CB;6B?<?B E86<AGFP A4K4?B 6B?AB6B7B >D<;<E4 CB E>BDBEF< CBKF< A4 

Δ ≈0.01 (D<EGAB> 2.38) < 6 D94?PABEF< B59EC9K<FP  �$��%=0.84÷0.85. �4@9F<@, KFB 
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D4;D454FO649@B9 6 A4EFBSM99 6D9@S >DO?B CR-929 <@99F EFD9?B6<8ABEFP CB K9F69DF< IBD8 

32.6° < 8B?:AB B59EC9K<64FP  �$��%=0.84÷0.85, 6 FB@ K<E?9   "=0.88÷0.89, CD4684 ;4 EKёF 

484CF4J<< ;48A9= >DB@><. 

 
$<EGAB> 2.37 – $4ECD989?9A<S BFABE<F9?PAOI FB?M<A CB D4;@4IG 

 

 
$<EGAB> 2.38 – $4EKёFAO9 ;46<E<@BEF< Cx=f(M), %G=0.55, Re=40 @?A (blwf-56) 

 

!9E@BFDS A4 G69?<K9AAO= D4;@4I, 69E AB6OI >DO?P96 A9 8B?:9A E<?PAB 6OD4EF<, F4> 

>4> G69?<K9AAB9 EG:9A<9 G@9APL49F <;7<54RM<= @B@9AF 6 >BDA9. �9E >DO?4 F9@ 5B?99 

EA<;<FES, 9E?< CD<@9A<FP AB69=L<9 >B@CB;<FAO9 @4F9D<4?O 6 >BAEFDG>J<<. �5EB?RFAO9 
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FB?M<AO >DO?P96 6 >BDA96B= ;BA9 5?<;><, CBQFB@G 6AGFD9AA<= B5Nё@ CB8 FBC?<6B 

CD4>F<K9E>< A9 G@9APL<FES. �4@9F<@, KFB CD< BF>4;9 BF >BAEFDG>F<6AB7B B7D4A<K9A<S CB 

<ECB?P;B64A<R CD9:A97B J9AFDBC?4A4, 6AGFD9AA<= B5Nё@ @B:AB 84:9 CB6OE<FP ;4 EKёF 

G69?<K9A<S BFABE<F9?PAB= FB?M<AO 5BDFB6B7B CDBH<?S </<?< D4EL<D9A<S >9EEBA4. 

!4 AB6B9 >DO?B @B:AB GEF4AB6<FP E>BL9AAGR <?< E45?96<8AGR ;4>BAJB6>G, 698P 8B 

B7D4A<K9A<S A4 D4;@4I L=65 @ 8?S 4QDBCBDFB6 >?4EE4 B 9EFP 9Mё ;4C4E 5 @9FDB6. #B 

EB6D9@9AAO@ CD98EF46?9A<S@ E>BL9AA4S 7BD<;BAF4?PA4S ;4>BAJB6>4 >DO?4 6O7B8A99, K9@ 

69DF<>4?PA4S, F4> >4> 84ёF @9APL<= CD<DBEF <;7<54RM97B @B@9AF4 A4 >D<F<K9E><I 8?S 

CDBKABEF< D9:<@4I CD< D46AB@ CD<DBEF9 4QDB8<A4@<K9E>B7B >4K9EF64 6 >D9=E9DE>B@ 

CB?ёF9. �DB@9 FB7B, E>BL9AA4S ;4>BAJB6>4 CD98CBKF<F9?PA99 CB >4K9EF6G A4 6;?ёFAOI 

D9:<@4I. 

 
2.5.3 "C<E4A<9 @B89?< < @9FB8<>< <ECOF4A<= 6 FDG59 
&9@4F<K9E>4S @B89?P C9DEC9>F<6AB7B � % <;7BFB6?9A4 6 @4ELF459 1:30.4. (R;9?S: 

@B89?< CB 79B@9FD<< EBBF69FEF6G9F G8?<A9AAB@G HR;9?S:G E4@B?ёF4 �?-96-400, 

E?98B64F9?PAB, 97B 8<4@9FD D=200 @@, 4 8?<A4 LH=1.99 @ (D<EGAB> 2.39). "5F9>4F9?< L4EE< 

G E4@B?ёF4 �?-96 ;A4K<F9?PAB @9APL9 CB D4;@9D4@, K9@ G EB6D9@9AAOI CDB9>FB6. 

 
$<EGAB> 2.39 – %5BDBKAO= K9DF9: @B89?< 

 

&9BD9F<K9E><= D4;@4I >DO?P96 L=1.974 @, ;4>BAJB6>< F<C4 �RI9@4A4 D4ECB?B:9AO 

6AGFD< F9BD9F<K9E>B7B D4;@4I4. )4D4>F9DA4S C?BM48P FD4C9J<< S=0.3733 @2, %�)=0.214 @. 
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 BFB7BA8B?O – BE9E<@@9FD<KAO9, CDBFBKAO9, EB «EF4>4AB@». �<4@9FD @BFB7BA8B? 

D=131.42 @@, 8?<A4 6A9LA9= B59K4=>< L@7=197.37 @@. 

"C9D9A<9 – EBBF69FEF6G9F B56B84@ �?-96-400. #?BM48P �"=0.104 @2, C?BM48P 

�"=0.066 @2. 

(BFB7D4H<S @B89?< C9DEC9>F<6AB7B � % E >DO?B@ 1 6 D45BK9= K4EF< ��& &-128 

CD98EF46?9A4 A4 D<EGA>9 2.40. 

 
$<EGAB> 2.40 –  B89?P C9DEC9>F<6AB7B � % E >DO?B@ 1 6 ��& &-128 

 

�QDB8<A4@<K9E>4S FDG54 &-128 CD98EF46?S9F EB5B= GEF4AB6>G C9D9@9AAB= C?BFABEF< 

E ;4@>AGFO@ >BAFGDB@, <@9RM<@ 7454D<FAO9 D4;@9DO 121.5ô40.5 @. 

"EAB6AO9 C4D4@9FDO T-128 E?98GRM<9: 

÷ �<4C4;BA K<E9?  4I4:      0.15- 1.7; 

÷ �<4C4;BA CB?AB7B 846?9A<S:    20 - 400 >#4; 

÷ �<4C4;BA K<E?4 $9=AB?P8E4 (BFA9E9AAB7B > 0.275 @):  8B 12106; 

÷ EF9C9AP CB8:4F<S:        10.5:1; 

÷ @BMABEFP 7?46AB7B CD<6B84:      100  �F; 

÷ K<E?B D45BK<I K4EF9=:      4; 

÷ CBC9D9KAO= D4;@9D D45BK9= K4EF<:    2.75ô2.75 @. 

$45BK4S K4EFP № 1 EA45:9A4 E9>J<BAAB-D97G?<DG9@B= C9DHBD4J<9=. �4> 5O?B 

GEF4AB6?9AB D4A99, 6 E?GK49 GEF4AB6>< CBEFBSAAB= CB 6E9= CB69DIABEF< EF9AB> 

CDBA<J49@BEF< C9DHBD4J<< 9ё BCF<@4?PA4S 69?<K<A4 ?9:<F 6 8<4C4;BA9 BF 4 8B 6%. 

#BCD46>< A4 <A8G>J<BAAO= E>BE GEFD4ASRF BEF4FBKAGR E<EF9@4F<K9E>GR CB7D9LABEFP, 

@4>E<@4?PAB CD<5?<:4S CB?GK9AAO9 D9;G?PF4FO > 84AAO@, >BFBDO9 @B:AB 5O?B 5O 
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CB?GK<FP 6 GE?B6<SI 59;7D4A<KAB7B B5F9>4A<S. 

� D9;G?PF4FO <ECOF4A<= 6A9E9AO E?98GRM<9 CBCD46><: 

1. A4 E>BE A45974RM97B CBFB>4; 

2. A4 8BAAB9 EBCDBF<6?9A<9 (CBCD46>4 A4 8BAAB9 EBCDBF<6?9A<9 – 9EFP CDB<;6989A<9 

C?BM48< 8BAAB7B ED9;4 A4 >BQHH<J<9AF 846?9A<S, <;@9D9AAB7B 6 CB?BEF< @B89?<); 

3. A4 6?<SA<9 7D4A<J CBFB>4 (E>BE CBFB>4, 5?B><DB6>4 < 99 7D48<9AF, 6?<SA<9 A4 

EBCDBF<6?9A<9 < @B@9AFAO9 I4D4>F9D<EF<><); 

4. A4 6?<SA<9 I6BEFB6B= 89D:46>< < <E>4:9A<9 I6BEFB6B= K4EF< HR;9?S:4 (D4EKёFA4S 

CBCD46>4 > >BQHH<J<9AF4@ EBCDBF<6?9A<S, CB8Nё@AB= E<?O < @B@9AFAO@ 

I4D4>F9D<EF<>4@). 

 B89?P 6 CB?AB= >B@CBAB6>9 <ECOFO64?4EP 6 D45BK9= K4EF< №1 ��& &-128 A4 

I6BEFB6B= 89D:46>9 (8<4@9FDB@ Ø=80 @@) E CB@BMPR 6AGFD<@B89?PAOI F9A;B69EB6 

61�128-1. �?S 74L9A<S >B?954A<= A4 @B89?< 5O? GEF4AB6?9A 74E<F9?P >B?954A<= (89@CH9D). 

+<E?B $9=AB?P8E4 6B 6D9@S <ECOF4A<= E 5B?PL<@< K<E?4@<  4I4 CB889D:<64?BEP 

CBEFBSAAO@ < D46AO@ Re=3 @?A (CB %�)=0.214 @). �ECOF4A<S CDB6B8<?<EP 6 GE?B6<SI 

H<>E<DB64AAB7B C9D9IB84 CB7D4A<KAB7B E?BS A4 6E9I BEAB6AOI Q?9@9AF4I @B89?<, >DB@9 

>DO?4. �DO?B <ECOFO64?BEP E FD9@S D4;?<KAO@< 64D<4AF4@< CB7D4A<KAB7B E?BS: 2 DS84 

FGD5G?<;4FBDB6 (H<>E2) A4 D4EEFBSA<< 10-11% BF ABE>4, 1 DS8 (H<>E1) A4 10%, < EB 

E6B5B8AO@ C9D9IB8B@ (H<>E0). #D<  =0.2 @B89?P <ECOFO64?4EP EB E6B5B8AO@ C9D9IB8B@ 

A4 >DO?9 < A4>4K>B= 846?9A<S 6 HBD>4@9D9 8B 4 4F4. 

(<>E4J<S C9D9IB84 A4 Q?9@9AF4I @B89?< BEGM9EF6?S?4EP E CB@BMPR FGD5G?<;4FBDB6 

J<?<A8D<K9E>B7B F<C4 6OEBFB= 0.1 @@. !4 C<?BA4I FGD5G?<;4FBDO A9 A4>?9<64?<EP. 

#B?B:9A<9 FGD5G?<;4FBDB6 8?S D4;?<KAOI Q?9@9AFB6 @B89?< CD<6989AB 6 F45?<J9 2.5.1. 

 

&45?<J4 2.5.1 

#9D9IB8/Q?9@9AF @B89?< (<>E0 (<>E1 

�DO?B E6B5B8AO= 10% 

(R;9?S: 3% 3% 

�BD<;BAF4?PAB9 BC9D9A<9 10% 10% 

�9DF<>4?PAB9 BC9D9A<9 10% 10% 

 BFB7BA8B?4 7% 7% 

 
#DB7D4@@4 <ECOF4A<= CD98EF46?9A4 6 F45?<J9 2.5.2. 
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&45?<J4 2.5.2 

№ 
C/C 

�;@9DS9@O9 
I4D4>F9D<EF<>< M ñü >DO?B Re P0, 4F4 #9D9IB8 �B?-6B CGE>B6

1 Cx, Cy,mz = 
f(ñ 

0.8, 0.82, 
0.83, 0.84, 
0.85, 0.86, 
0.88 

-4-12 1 3 @?A 

 

H<>E 1 7 

2 Cx, Cy,mz = 
f(ñ 

0.8, 0.82, 
0.83, 0.84, 
0.85, 0.86, 
0.88 

-4-12 2 3 @?A 

 

H<>E 1 7 

3 Cx, Cy,mz = 
f(ñ 0.84, 0.85 -4-12 2 3 @?A  H<>E 2 2 

4 Cx, Cy,mz = 
f(ñ 

0.8, 0.82, 
0.83, 0.84, 
0.85, 0.86, 
0.88 

-4-12 1 3 @?A 

 

H<>E 0 7 

5 Cx, Cy,mz = 
f(ñ 

0.8, 0.82, 
0.83, 0.84, 
0.85, 0.86, 
0.88 

-4-12 2 3 @?A 

 

H<>E 0 7 

6 Cx, Cy,mz = 
f(ñ 0.2 -4-12 1  1,2,3,4 H<>E 0 4 

7 Cx, Cy,mz = 
f(ñ 0.2 -4-12 2  1,2,3,4 H<>E 0 4 

 
2.5.4 $9;G?PF4FO 69EB6OI <ECOF4A<= 
�ECOF4A<S B5B<I >DO?P96 CDB6B8<?<EP CD< CBEFBSAAB@ G7?9 ;4>?<A9A<S 

7BD<;BAF4?PAB7B BC9D9A<S φ�"≈0.  B89?P CD< QFB@ A9 E54?4AE<DB64A4 < <@99F 

C<><DGRM<= @B@9AF, KFB, >4> <;69EFAB, ;46OL49F %G�"# < � �). 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< CD< @4?OI E>BDBEFSI ( =0.2) 8?S >DO?4 1 < 

>DO?4 2 CB>4;4AO A4 D<EGA>4I 2.41÷2.42 < D<EGA>4I 2.43÷2.44 EBBF69FEF69AAB. !9EGM<9 

I4D4>F9D<EF<>< >DO?4 1 A96OEB>< (%G �)=1.13 CD< Re=3.29 @?A, p=3.8 4F4), 6B;@B:AB 

CBFD95G9FES G69?<K9A<9 D48<GE4 ABE>B6 >BAEB?PAB= K4EF<, >BFBD4S D6ёF D4APL9 – A4 QFB 

G>4;O649F >4> CDB8B?:9A<9 A4D4EF4A<S %G CBE?9 α>D, F4> < E<?PAO9 ?B:>< 6 @B@9AFAOI 

>D<6OI.  

�DO?B 2 – 5B?99 FBA>B9 < EFD9?B6<8AB9 – CBQFB@G A9EGM<9 I4D4>F9D<EF<>< CD< 

 =0.2 IG:9, K9@ G >DO?4 1 (%G �)=1.08 CD< Re=3.17 @?A, p=3.72 4F4). 
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$<EGAB> 2.41 
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$<EGAB> 2.42 
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$<EGAB> 2.43 
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$<EGAB> 2.44 

 
�AF97D4?PAO9 I4D4>F9D<EF<>< >DO?P96 1 < 2 CD98EF46?9AO A4 D<EGA>4I 2.45, 2.46. 

"5OKAB, 6 >4K9EF69  �$��% CB8D4;G@9649FES F4>B9 K<E?B  4I4, CD< >BFBDB@ CDB<;6989A<9 

� �)•  C4849F A4 ~1% CB ED46A9A<R E @4>E<@G@B@. � EBBF69FEF6<< E QF<@ >D<F9D<9@ CD< 

H<>E<DB64AAB@ C9D9IB89 G C9D6B7B >DO?4  �$��%=0.83, G 6FBDB7B  �$��%=0.84. #D< 

E6B5B8AB@ C9D9IB89 QF< ;A4K9A<S, >4> B5OKAB, 5B?PL9 A4 ~0.01. &4><@ B5D4;B@, 

4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< >DO?P96 CD< 5B?PL<I E>BDBEFSI EBBF69FEF6GRF 

D4EKёFAO@. #D< @4?OI E>BDBEFSI FD95G9FES 8BD45BF>4 >BAEB?PAOI CDBH<?9= 8?S 

G69?<K9A<S A9EGM<I E6B=EF6 < G?GKL9A<S CDBF9>4A<S @B@9AFAOI I4D4>F9D<EF<>. 
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$<EGAB> 2.45 – �QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< CD< H<>E<DB64AAB@ C9D9IB89 

 

 
$<EGAB> 2.46 – �QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< CD< E6B5B8AB@ C9D9IB89 

 

�ECOF4AAO9 >DO?PS BF?<K4RFES 5B?PL<@ G8?<A9A<9@ (λ=10.43) < EG:9A<9@ 

(η=4.35), AB G@9D9AAB= EFD9?B6<8ABEFPR (χ¼=30° < 30.7°). �9B@9FD<S >DO?P96 6O5D4A4 
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F4><@ B5D4;B@, KFB5O, CD< :9?4A<<, <I @B:AB 5O?B 5O GEF4AB6<FP CB EGM9EF6GRM9= 

5BDFB6B= A9D6RD9 E4@B?ёF4 �?-96-300/400.  

�ECOF4A<S CB8F69D8<?< ;4?B:9AAO9 CD< CDB9>F<DB64A<< 4QDB8<A4@<K9E><9 

I4D4>F9D<EF<><, 6>?RK4S 8BEF<:9A<9 ;484AAB= >D9=E9DE>B= E>BDBEF<  =0.83÷0.84 8?S 

>DO?4 1 <  =0.84÷0.85 8?S >DO?4 2, 4 F4>:9 8BEF4FBKAB 6OEB><= GDB69AP 

4QDB8<A4@<K9E>B7B >4K9EF64 A4 D4EKёFAOI K<E?4I  4I4. &4><@ B5D4;B@, CD< GEF4AB6>9 

AB6OI >DO?P96 4QDB8<A4@<K9E><= C4D4@9FD 84?PABEF< CB6OL49FES A4 10÷12% CB 

ED46A9A<R E EGM9EF6GRM9= 4QDB8<A4@<K9E>B= >B@CBAB6>B= >DO?4 �?-96-400. 

1>EC9D<@9AF CB>4;4? A96OEB><9 A9EGM<9 I4D4>F9D<EF<>< AB6OI >DO?P96 CD< @4?OI 

E>BDBEFSI ( =0.2 %G �)~1.1 CD< p=3.7÷3.8 4F4). 1FB 6O;64AB, >4> 5B?PL<@ EG:9A<9@, F4> 

< BFABE<F9?PAB E?45O@< A9EGM<@< E6B=EF64@< FBA><I CDBH<?9= >BAEB?PAB= K4EF<.  

 

2.6 АQDB8<A4@<>4 >B@CBAB6>< C9DEC9>F<6AB7B L<DB>BHR;9?S:AB7B 
84?PA9@47<EFD4?PAB7B E4@B?ёF4 
2.6.1 #DB9>F<DB64A<9 >DO?P96 8?S C9DEC9>F<6AB7B L<DB>BHR;9?S:AB7B 
84?PA9@47<EFD4?PAB7B E4@B?ёF4 
� 2013-2014 77 6 *��� 69?<EP <EE?98B64A<S CB HBD@<DB64A<R 79B@9FD<< >DO?4 

C9DEC9>F<6AB7B L<DB>BHR;9?S:AB7B 84?PA9@47<EFD4?PAB7B E4@B?ёF4 (,(� %). �4 

CDBL98L<9 7B8O 5O? A4>BC?9A ;A4K<F9?PAO= BCOF CB CDB9>F<DB64A<R D4;6<FOI 

E69DI>D<F<K9E><I >DO?P96 6 L<DB>B@ 8<4C4;BA9 >D9=E9DE><I K<E9?  4I4, CBQFB@G CD< 

CDB9>F<DB64A<< AB6B7B >DO?4 � %-21-1 EF46<?ES 6BCDBE B 6B;@B:ABEF< 84?PA9=L97B 

G?GKL9A<S 4QDB8<A4@<K9E>B= QHH9>F<6ABEF< CB ED46A9A<R E >DO?B@ � %085. �A4K4?9 

8B?7B9 6D9@S D4EE@4FD<64?BEP >DO?B E G@9APL9AAB= EFD9?B6<8ABEFPR χ¼=31.2°. 

�OSEA<?BEP, B8A4>B, KFB, A9E@BFDS A4 CD<9@?9@O9 >D9=E9DE><9 I4D4>F9D<EF<>< CD< 

 =0.85, 84AAB9 >DO?B A9 B59EC9K<649F A9B5IB8<@O9 ;4C4EO CB E>BDBEF< < %G�"#. #BQFB@G 

D9L9AB 5O?B 69DAGFPES > EF4DO@ CDB69D9AAO@ ;A4K9A<S@ EFD9?B6<8ABEF< χC.>.=35°, 

G8?<A9A<S < BFABE<F9?PAB= FB?M<AO (D<EGAB> 2.47), 4 CDB7D9EE >D9=E9DE><I 

4QDB8<A4@<K9E><I I4D4>F9D<EF<> B59EC9K<FP ;4 EKёF A4EFDB9AABEF< 54;B6B7B >DO?4 A4 

5B?PL<9 ;A4K9A<S %G, 4 F4>:9 ;4 EKёF 6A98D9A<S < BCF<@<;4J<< 484CF<6AOI Q?9@9AFB6 

@9I4A<;4J<< ;48A9= >DB@><. 
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$<EGAB> 2.47 – $4ECD989?9A<9 BFABE<F9?PAB= FB?M<AO CB D4;@4IG 

 

!B64S @B89?P >DO?4 � %-21-1 (opt327-26) CDB9>F<DB64?4EP 8?S GEF4AB6>< A4 

EGM9EF6GRM<= HR;9?S:  2(21/(31 BF @B89?< �% % E 8<4@9FDB@ D=232.2 @@ 

(D<EGAB> 2.48). �O5BD QFB7B HR;9?S:4 5O? B5GE?B6?9A F9@, KFB 8?S A97B 9EFP ><?964S 

89D:46>4 6 ��& &-128, CB;6B?SRM4S Q>EC9D<@9AF4?PAO@ B5D4;B@ BJ9A<FP CBCD46>< A4 

BEAB6AGR – I6BEFB6GR 89D:46>G. �DB@9 FB7B, >B??9>F<6B@ ��& &-128 EB6@9EFAB E 7DGCCB= 

CFD <; !�"-1 CDB6B8<?<EP F9@4F<K9E><9 <EE?98B64A<S CB 6?<SA<R 89D:46B> <@9AAB A4 

QFB@ HR;9?S:9. 

 
$<EGAB> 2.48 – !B6B9 >DO?B � %-21-1 A4 HR;9?S:9  2(21/(31 

 

�4;B6O= D4;@4I >DO?4 � %-21-1 59; ;4>BAJB6B> 5O? 6O5D4A D46AO@ L=56 @ E F9@, 

KFB5O <@9FP CD<@9DAB FBF :9 D4;@4I E ;4>BAJB6>4@<, KFB < G B-787-8/9 (60.1 @).  B89?P 

5O?4 <;7BFB6?9A4 6 @4ELF459 1:26, KFB 84ёF EG@@4DAO= D4;@4I >DO?4 6 ��& &-128 

L=2.154 @ (8B 2.3115 @ E ;4>BAJB6>4@<). #D< 84AAB@ @4ELF459 8<4@9FD HR;9?S:4 E4@B?ёF4 

D469A D=6.037 @, QFB A9@AB7B @9APL9 8<4@9FD4 �?-96 (6.08 @), AB 5B?PL9 8<4@9FD4 �-350 
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< B-787. "EF4?PAO9 C4D4@9FDO >DO?4 � %-21-1 E?98GRM<9: S&$=300 @2, S∑=348 @2, 

L=56 @, FD=10.45, =3.85, ó1/4=32.77. (BD@4 6 C?4A9 >DO?4 CD<6989A4 A4 D<EGA>9 2.49. 

�DO?B HBD@<DB64?BEP CB 7 54;B6O@ E9K9A<S@. #D< <;7BFB6?9A<< @B89?< @9:8G 54;B6O@< 

E9K9A<S@< CDB6B8<?4EP EC?4=A-<AF9DCB?SJ<S. 

 
$<EGAB> 2.49 – (BD@4 6 C?4A9 < 54;B6O9 E9K9A<S >DO?4 � %-21-1 

 

�DO?B � %-21-1 6 >B@CBAB6>9 >DO?B+HR;9?S:+@BFB7BA8B?O BCF<@<;<DB64?BEP 

CB 10 BEAB6AO@ D9:<@4@:  =0.84 %G=0.6, 0.7;  =0.845 %G=0.6;  =0.85 %G=0.6;  =0.855 

%G=0.525, M=0.86 Cy=0.565; M=0.865 Cy=0.51 CD< A4FGDAOI GE?B6<SI <  =0.845 %G=0.6; 

 =0.85 %G=0.59; M=0.855 Cy=0.58 CD< FDG5AOI GE?B6<SI. � >4K9EF69 CDS@B7B @9FB84 

D4EKёF4 <ECB?P;B64?4EP CDB7D4@@4 BLWF-56. !4CB@A<@, KFB 6 QFB= CDB7D4@@9 A9 

GK<FO649FES C<?BA < EFDGS 86<74F9?S. �DB@9 FB7B, A4 HR;9?S:9 A9 GK<FO649FES A4?<K<9 

CB7D4A<KAB7B E?BS.  4F9@4F<K9E>4S @B89?P D4EE@4FD<649@B= >B@CBAB6>< CD98EF46?9A4 A4 

D<EGA>9 2.50. 
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$<EGAB> 2.50 –  4F@B89?P >B@CBAB6>< � %-21-1 8?S BLWF-56 

 

$4EKёFAO9 ;A4K9A<S EBEF46?SRM<I EBCDBF<6?9A<S >B@CBAB6>< � %-21-1 CD< 

A4FGDAOI < FDG5AOI ;A4K9A<SI Re CD98EF46?9AO A4 D<EGA>4I 2.51 < 2.52, EBBF69FEF69AAB. 

!4 D<EGA>9 2.51 CD<6989AO D9;G?PF4FO 8?S ?<A9=K4FB= <AF9DCB?SJ<< @9:8G 54;B6O@< 

E9K9A<S@< < 8?S EC?4=A-<AF9DCB?SJ<<, CD98EF46?9AAB= 5B?99 7GEFB= D4;5<6>B= CB 

D4;@4IG. �<8AB, KFB D4;A<J4 A95B?PL4S. 

 
$<EGAB> 2.51 - $4EKёFAO9 CB?SDO >DO?4 � %-21-1 CD< A4FGDAOI GE?B6<SI 

(EC?BLA4S ?<A<S – 7 E9K9A<=, LFD<IB64S – 14 E9K9A<=) 
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$<EGAB> 2.52 - $4EKёFAO9 CB?SDO >DO?4 � %-21-1 CD< FDG5AOI GE?B6<SI 

 

#DBH<?< 54;B6OI E9K9A<= >DO?4 CD98EF46?9AO A4 D<EGA>9 2.53. 

 
$<EGAB> 2.53 – #DBH<?< 54;B6OI E9K9A<= >DO?4 
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2.6.2 1>EC9D<@9AF4?PAO9 <EE?98B64A<S @B89?< � %-21-1 6 А�& &-128 
�ECOF4A<S @B89?< E4@B?ёF4 � %-21-1 59; I6BEFB6B7B BC9D9A<S 5O?< CDB6989AO 6 

D45BK9= K4EF< №1 4QDB8<A4@<K9E>B= FDG5O &-128 (D<EGAB> 2.54). 

 

 
$<EGAB> 2.54 –  B89?P � %-21-1 6 D45BK9= K4EF< ��& &-128 

 

�;@9D9A<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> @B89?< CDB6B8<?<EP A4 I6BEFB6B= 

89D:46>9 E CB@BMPR 6AGFD<@B89?PAOI F9A;B69EB6 61�-128-1.  B89?P <ECOFO64?4EP 8B 

G7?B6 4F4><, A9E>B?P>B CD96OL4RM<I α>D<F. �?S 74L9A<S >B?954A<= A4 @B89?< 5O? 

GEF4AB6?9A C4EE<6AO= 89@CH9D. 

"EAB6AO9 C4D4@9FDO @B89?< CD<6989AO 6 F45?<J9 2.6.1. 

&45?<J4 2.6.1 

#?BM48P >DO?4 0.444 @2 

%D98ASS 4QDB8<A4@<K9E>4S IBD84 (%�)) 0.2308 @ 

#B?B:9A<9 GE?B6AB7B J9AFD4 @4EE 1.086 @ BF ABE4 @B89?< 

 

�ECOF4A<S CDB6B8<?<EP 6 GE?B6<SI H<>E<DB64AAB7B < E6B5B8AB7B C9D9IB84 

CB7D4A<KAB7B E?BS A4 6E9I BEAB6AOI Q?9@9AF4I @B89?<. (<>E4J<S C9D9IB84 A4 Q?9@9AF4I 

@B89?< BEGM9EF6?S?4EP E CB@BMPR FGD5G?<;4FBDB6 J<?<A8D<K9E>B7B F<C4 6OEBFB= 0.1 @@. 

!4 C<?BA4I FGD5G?<;4FBDO A9 A4>?9<64?<EP. &4> >4> A4 >BAEB?PAB= K4EF< >DO?4 K<E?B 

$9=AB?P8E4 A4@AB7B @9APL9, FB D9L9AB 5O?B CD<@9A<FP C9D9@9AAB9 ;A4K9A<9 ð)C9D CB 

D4;@4IG: 10% A4 <;?B@9, 6% 65?<;< HR;9?S:4 < 15% A4 >BAJ9. �A9LASS K4EFP >DO?4 < 
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;4>BAJB6B> BF D4;Nё@4 Z=1.04 @ A9 FGD5G?<;<DB64?4EP. �?S BCD989?9A<S EB5EF69AAB7B 

EBCDBF<6?9A<S FGD5G?<;4FBDB6 A4 >DO?9 6A4K4?9 5O?< CDB6989AO <ECOF4A<S E 86B=AO@ 

DS8B@ FGD5G?<;4FBDB6 – (<>E2. �?<SA<9 6FBDB7B DS84 FGD5G?<;4FBDB6 A4 >DO?9 A4 

4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< CD<  =0.85 ED46A<F9?PAB A969?<>B: 

∆%IFGD5≈0.0003-0.0005. #B?B:9A<9 FGD5G?<;4FBDB6 8?S D4;?<KAOI CB?B:9A<= C9D9IB84 A4 

Q?9@9AF4I @B89?< CD<6989AB 6 F45?<J9 3.6.2. 

&45?<J4 3.6.2 

#9D9IB8/Q?9@9AF @B89?< (<>E0 (<>E1 (<>E2 

�DO?B E6B5B8AO= 6-10-15% 7-11-16% 

(R;9?S: 3% 3% 3% 

 BFB7BA8B?4 7% 7% 7% 

 

#DB7D4@@4 CDB698ёAAOI <ECOF4A<= EBEFBS?4 <; 24 F9@4F<K9E><I CGE>B6. 

#DB7D4@@4 6>?RK4?4 6 E95S 69EB6O9 <ECOF4A<S @B89?< A4 I6BEFB6B= 89D:46>9 6 

>BAH<7GD4J<< 59; BC9D9A<S. �484K9= <ECOF4A<= S6?S?BEP BCD989?9A<9 E>BDBEFAOI 

I4D4>F9D<EF<> @B89?< < I4D4>F9D<EF<> 4QDB8<A4@<K9E>B7B >4K9EF64. �ECOF4A<S CD< 

5B?PL<I E>BDBEFSI CDB6B8<?<EP CD< H<>E<DB64AAB@ K<E?9 $9=AB?P8E4 CB %�) 

Re=3.6 @?A.  

�?<SA<9 K<E?4  4I4 A4 4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< E 54;B6B= 

;4>BAJB6>B= <??REFD<DG9FES A4 D<EGA>4I 2.55÷2.58. �DO?B <@99F 8BEF4FBKAB 6OEB><9 

A9EGM<9 E6B=EF64 < B59EC9K<649F A9B5IB8<@O= ;4C4E CB %G8BC. !4 @B@9AFAOI >D<6OI 

A45?R849FES E<?PAO= ;45DBE A4 >45D<DB64A<9 CD< 5B?PL<I %G. #B?SDO @B89?< 

CB>4;O64RF, KFB >DO?B 89=EF6<F9?PAB A4EFDB9AB A4 FD95G9@O9 CD< CDB9>F<DB64A<< 

;A4K9A<S %G. !9E@BFDS A4 ED46A<F9?PAB A95B?PL<9 ;A4K9A<S Cx0 (BFEGFEF6G9F BC9D9A<9) < 

G@9D9AAB9 G8?<A9A<9 >DO?4 � �) @B89?< 8BEF<749FES CD< %G=0.6-0.625, KFB A9@AB7B 6OL9 

D4EKёFAOI ;A4K9A<=. "8A4>B, CD< A4FGDAOI GE?B6<SI %G�@4I 5G8GF A<:9. 



144 
 

 
$<EGAB> 2.55 – !9EGM<9 I4D4>F9D<EF<>< @B89?< CD< 5B?PL<I E>BDBEFSI 

 
$<EGAB> 2.56 –  B@9AFAO9 I4D4>F9D<EF<>< 
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$<EGAB> 2.57 – &DG5AO9 CB?SDO CDVC CD< D4;AOI K<E?4I  4I4 

 
$<EGAB> 2.58 – �QDB8<A4@<K9E>B9 >4K9EF6B @B89?< A4 >D9=E9DE><I D9:<@4I CB?ёF4 
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�AF97D4?PAO9 I4D4>F9D<EF<>< @B89?< � %-21-1 CD98EF46?9AO A4 D<EGA>9 2.59. 

�<8AB, KFB @4>E<@G@ C4D4@9FD4 84?PABEF< @B89?< 8BEF<749FES CD<  =0.85.  

 
$<EGAB> 2.59 - 1>EC9D<@9AF4?PAO9 ;A4K9A<S >4K9EF64 < C4D4@9FD4 84?PABEF< @B89?< 

� %-21 E >DO?B@ 1 

 

� J9?B@, 54;B6B9 >DO?B 1 6OCB?A<?B E6B< ;484K< < CB>4;4?B D94?<;G9@BEFP 

FD95B64A<=, CD98NS6?S9@OI > ,(� % BFABE<F9?PAB E>BDBEF< >D9=E9DE>B7B CB?ёF4 < 

;4C4E4@ CB 54HF<A7G, 6 6O5D4AAOI C4D4@9FD4I (EFD9?B6<8ABEFP, BFABE<F9?PA4S FB?M<A4, 

BFABE<F9?PAB9 CB?B:9A<9 @BFB7BA8B?O). &4><@ B5D4;B@, BAB @B:9F 5OFP D9>B@9A8B64AB 

8?S >BAEFDG>F<6AB= CDBD45BF>< 6 ��.  

�4?PA9=L<9 GEB69DL9AEF6B64A<S @B7GF 5OFP E6S;4AO E GFBKA9A<9@ CDBH<?<DB6>< 

< >DGF>< >DO?4 CB D4;@4IG, <ECB?P;B64A<9@ 484CF<6AB= ;48A9= >DB@><, G?GKL9A<9@ 

?B>4?PAB= 4QDB8<A4@<>< 6 ;BA4I EBCDS:9A<S Q?9@9AFB6 ��, G?GKL9A<9@ QHH9>F<6ABEF< 

;4>BAJB6B>, CB6OL9A<9@ A9EGM<I I4D4>F9D<EF<> CD< @4?OI E>BDBEFSI. �E9 QF< 

<EE?98B64A<S 8B6B?PAB FDG8Bё@><, FD95GRF CD<@9A9A<S F.A. <FS:ё?OI= D4EKёFAOI @9FB8B6 

< B5L<DAOI Q>EC9D<@9AF4?PAOI <EE?98B64A<=, 6 FB@ K<E?9 < CD< 6OEB><I K<E?4I 

$9=AB?P8E4.  
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2.6.3 $4;D45BF>4 HBD@O 6 C?4A9 < CDBH<?<DB6>< >DO?4 G69?<K9AAB7B EG:9A<S 
�4?PA9@47<EFD4?PAO9 E4@B?ёFO CBE?98A97B CB>B?9A<S – B-777, B-787, A-350 <@9RF 

A9CD<6OKAB 5B?PLB9 EG:9A<9. '69?<K9A<9 EG:9A<S B5?97K49F 69E >BAEFDG>J<< >DO?4, 

G69?<K<649F 97B 6AGFD9AA<= B5Nё@, A9E>B?P>B EA<:49F CDBH<?PAB9 EBCDBF<6?9A<9 ;4 EKёF 

G69?<K9A<S 8B?< E9K9A<= E 5B?PL<@ K<E?B@ $9=AB?P8E4, G69?<K<649F C?BM48P 

@9I4A<;4J<<. � FB :9 6D9@S, CD< G69?<K9A<< EG:9A<S @9EFAO9 ;A4K9A<S %G A4 >BAJ9 >DO?4 

6B;D4EF4RF, KFB 698ёF > G69?<K9A<R D<E>4 D4;6<F<S EDO64 6 ;BA9 Q?9DBAB6. 

�?S BF9K9EF69AAOI E4@B?ёFB6 I4D4>F9DAO G@9D9AAO9 69?<K<AO EG:9A<S: SSJ-100 – 

3.25; MC-21 – 3.5; �?-96 - 3.6; &G-204 - 3.93; &G-334 - 4. 

�?S 54;B6B7B >DO?4 � %-21-1 5O?B F4>:9 6O5D4AB G@9D9AAB9 ;A4K9A<9 η=3.85, AB, 

A4CD<@9D, E ;4>BAJB6>B= 2 EG:9A<9 EBEF46<?B G:9 4.55. �ECOF4A<S @B89?< � %-21-1 A9 

6OS6<?< >D<F<K9E><I <;@9A9A<= CB6989A<S CDB8B?PAB7B @B@9AF4. �?S CDBSEA9A<S 6BCDBE4 

5O?B ECDB9>F<DB64AB AB6B9 >DO?B (� %-21-2) E G69?<K9AAO@ CB ED46A9A<R E >DO?B@ 

� %-21-1 EG:9A<9@. �9?<K<A4 EG:9A<S EBEF46<?4 η=4.35 (D<EGAB> 2.60). �BAJ96GR IBD8G 

G@9APL<?< A4 0.21 @, 4 BE96GR G69?<K<?< A4 FG :9 69?<K<AG. #?BM48P < G8?<A9A<9 

BEF4?<EP CD9:A<@< S&$=300 @2, S∑=348 @2, FD=10.45, EFD9?B6<8ABEFP CB C9D98A9= >DB@>9 

F4>:9 A9 @9AS?4EP, AB ;4 EKёF 5B?PL97B EG:9A<S EFD9?B6<8ABEFP CB K9F69DF< IBD8 

G@9APL<?4EP 8B ó1/4=32.63. #B?B:9A<9 @BFB7BA8B? CB D4;@4IG < IBD89 A9 @9AS?<EP. 

 
$<EGAB> 2.60 – %D46A9A<9 HBD@ 6 C?4A9 >DO?P96 � %-21-1 (KёDAO= J69F) 

 < � %-21-2 (>D4EAO= J69F) 

 

�DO?B � %-21-2 6 >B@CBAB6>9 >DO?B+HR;9?S:+@BFB7BA8B?O CDB9>F<DB64?BEP 

CD< CB@BM< CDBJ98GDO @AB7BD9:<@AB= BCF<@<;4J<< [31] A4 D9:<@4I 5?<;><@ > F9@, KFB 
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5O?< ;489=EF6B64AO CD< CDB9>F<DB64A<< >DO?4 � %-21-1, AB E A9>BFBDO@ G>?BAB@ 6 

EFBDBAG 5B?PL<I %G. �DB@9 FB7B, 6 CDBJ98GDG BCF<@<;4J<< >DO?4 � %-21-2 E 

G69?<K9AAO@ EG:9A<9@ 5O?B 66989AB AB6L9EF6B CB ;4FS7<64A<R BFDO64 <;-CB8 E>4K>4 A4 

>BAEB?PAB= K4EF<. �?S QFB7B 66B8<?ES LFD4H ;4 ?B>4?PAB9 CD96OL9A<9 %I�E9K 

BFABE<F9?PAB CD98C<E4AAB7B GDB6AS (%If0.0026). $94?PAB QFBF LFD4H CDBS6?S9FES FB?P>B 

A4 D9:<@9 <A4K4?4 54HF<A74=  =0.84 %G=0.7. 

#BE?9 4A4?<;4 CB?GK9AAOI D9;G?PF4FB6 CB >DO?G � %-21-2 5O?4 G@9APL9A4 

BFABE<F9?PA4S FB?M<A4 5BDFB6B7B CDBH<?S (6@9EFBðE=14.5 EF4?BðE=13.9) < A9E>B?P>B 

G69?<K9A CD98C<E4AAO= GDB69AP (8B %If0.003) 8?S 66989A<S LFD4H4 ;4 ?B>4?PAB9 

CD96OL9A<9 %I�E9K. #BE?9 QFB7B CDBJ98GD4 BCF<@<;4J<< 5O?4 CDB8B?:9A4. � D9;G?PF4F9 

5O?B CB?GK9AB >DO?B � %-21-2 . 

 

2.6.4 "C<E4A<9 @9FB8<>< CDB6989A<S Q>EC9D<@9AF4 6 А�& &-128 
 B89?P E4@B?ёF4 ,(� % E >DO?B@ � %-21-2 5O?4 <ECOF4A4 6 D45BK9= K4EF< №1 

4QDB8<A4@<K9E>B= FDG5O &-128 >4> E BC9D9A<9@, F4> < 59; A97B (D<EGA>< 2.61÷2.62). 

 

 
$<EGAB> 2.61 –  B89?P ,(� % 59; I6BEFB6B7B BC9D9A<S 
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$<EGAB> 2.62 – #B?A4S @B89?P ,(� % E <EIB8AB= ;4>BAJB6>B= 

 

�;@9D9A<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> @B89?< CDB6B8<?<EP A4 FBA>B= 

(d=80 @@) I6BEFB6B= 89D:46>9 E CB@BMPR 6AGFD<@B89?PAOI F9A;B69EB6 61�-128-1. �?S 

74L9A<S >B?954A<= A4 @B89?< 5O? GEF4AB6?9A C4EE<6AO= 89@CH9D. 

"EAB6AO9 C4D4@9FDO @B89?< CD<6989AO 6 F45?<J9 2.6.3. 

 
&45?<J4 2.6.3 

#?BM48P >DO?4 0.444 @2 

%D98ASS 4QDB8<A4@<K9E>4S IBD84 (%�)) 0.23077 @ 

$4;@4I >DO?4 2.234 @ 

'8?<A9A<9 >DO?4 10.45 

#B?B:9A<9 GE?B6AB7B J9AFD4 @4EE 1.086 @ BF ABE4 @B89?< 

 

�ECOF4A<S CDB6B8<?<EP 6 GE?B6<SI H<>E<DB64AAB7B < E6B5B8AB7B C9D9IB84 

CB7D4A<KAB7B E?BS A4 6E9I BEAB6AOI Q?9@9AF4I @B89?<. (<>E4J<S C9D9IB84 A4 Q?9@9AF4I 

@B89?< BEGM9EF6?S?4EP E CB@BMPR FGD5G?<;4FBDB6 J<?<A8D<K9E>B7B F<C4 6OEBFB= 0.1 @@. 

!4 C<?BA4I FGD5G?<;4FBDO A9 A4>?9<64?<EP. &4> >4> A4 >BAEB?PAB= K4EF< >DO?4 K<E?B 

$9=AB?P8E4 A4@AB7B @9APL9, F4> :9 >4> < A4 >DO?9 � %-21-1 CD<@9A9AB C9D9@9AAB9 

;A4K9A<9 ð)C9D CB D4;@4IG: 10% A4 <;?B@9, 6% 65?<;< HR;9?S:4 < 15% A4 >BAJ9. �A9LASS 

K4EFP >DO?4 < ;4>BAJB6B> BF D4;Nё@4 Z=1.04 @ A9 FGD5G?<;<DB64?4EP. #B?B:9A<9 

FGD5G?<;4FBDB6 8?S D4;?<KAOI CB?B:9A<= C9D9IB84 A4 Q?9@9AF4I @B89?< CD<6989AB 6 

F45?<J9 2.6.4.  
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&45?<J4 2.6.4 

#9D9IB8/Q?9@9AF @B89?< (<>E0 (<>E1 (<>E2 

�DO?B E6B5B8AO= 5.3-10-15% 6.3-11-16% 

(R;9?S: 3% 3% 3% 

 BFB7BA8B?4 7% 7% 7% 

 

 B89?P <ECOFO64?4EP A4 >D9=E9DE><I D9:<@4I E L47B@ Δα=0.25° 8B G7?B6 4F4><, 

A9E>B?P>B CD96OL4RM<I α>D<F. !4 @4?OI E>BDBEFSI ( =0.2) L47 CB G7?4@ 4F4>< EBEF46?S? 

Δα=1°. 

 

2.6.5 $9;G?PF4FO < >D4F><= 4A4?<; 69EB6OI <ECOF4A<= 
#DB7D4@@4 <ECOF4A<= EBEFBS?4 <; 36 F9@4F<K9E><I CGE>B6. #DB7D4@@4 6>?RK4?4 6 

E95S 69EB6O9 <ECOF4A<S @B89?< E D4;?<KAO@< Q?9@9AF4@< A4 I6BEFB6B= 89D:46>9. �484K9= 

<ECOF4A<= S6?S?BEP BCD989?9A<9 E>BDBEFAOI I4D4>F9D<EF<> @B89?< ( =0.8ø0.86), 

I4D4>F9D<EF<> 4QDB8<A4@<K9E>B7B >4K9EF64, A9EGM<I I4D4>F9D<EF<> CD< @4?OI E>BDBEFSI 

( =0.2). �ECOF4A<S CD< 5B?PL<I E>BDBEFSI CDB6B8<?<EP CD< H<>E<DB64AAB@ K<E?9 

$9=AB?P8E4 CB %�) Re=3.6 @?A < Re=5.5 @?A. �9EB6O9 <ECOF4A<S CDB6B8<?<EP >4> CD< 

E6B5B8AB@ ((<>E0), F4> < CD< H<>E<DB64AAB@ CB?B:9A<< C9D9IB84 CB7D4A<KAB7B E?BS 

((<>E1). (R;9?S: < @BFB7BA8B?O 6E9 6D9@S <ECOFO64?<EP E H<>E<DB64AAO@ C9D9IB8B@. 

%G@@4DAO9 4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< CB?AB= @B89?< (φ�"=0°) E 

H<>E<DB64AAO@ C9D9IB8B@ A4 >DO?9 (H<>E1) CD98EF46?9AO A4 D<EGA>4I 2.63÷2.68, 4 EB 

E6B5B8AO@ C9D9IB8B@ A4 >DO?9 – A4 D<EGA>4I 2.69÷2.74.  B89?P E AG?96O@ G7?B@ 

;4>?<A9A<S EF45<?<;4FBD4 A9 E54?4AE<DB64A4, CD98CB?B:<F9?PAB AG:AB GEF4AB6<FP 97B E 

G7?B@ φ�"=-2°. !9EGM<9 < @B@9AFAO9 I4D4>F9D<EF<><, A9E@BFDS A4 5B?PLB9 EG:9A<9, 

<@9RF B5OKAO= I4D4>F9D. �4C4E CB 54HF<A7G (A4K4?B 54HF<A74 CD<5?<;<F9?PAB EB6C4849F 

E FBK>B= C9D97<54 6 I4D4>F9D<EF<>9 mza=f(Cy)) A95B?PLB=, AB QFB B5OKA4S >4DF<A4 8?S 

<ECOF4A<= E H<>E<DB64AAO@ C9D9IB8B@. � FDG5AOI CB?SD4I KёF>B 6<8A4 A4EFDB=>4 >DO?4 

A4 >D9=E9DE><= D9:<@  =0.85 %G=0.5÷0.55, KFB EBBF69FEF6G9F J9?S@ CDB9>F<DB64A<S. 

 4>E<@4?PAB9 4QDB8<A4@<K9E>B9 >4K9EF6B @B89?< 8BEF<749FES A4 %G�@4I>%G�$��%<0.6, AB 

FGF E?98G9F GK<FO64FP, KFB 6 A4FGD9 %I0 5G89F @9APL9 ;4 EKёF K<E?4 $9=AB?P8E4, >DB@9 FB7B 

BFABE<F9?PAO= D4;@9D HR;9?S:4 < @BFB7BA8B? 6 D94?PAB@ CDB9>F9 @9APL9. 

!4 D<EGA>9 2.75 CD<6989AO ;46<E<@BEF< K@4I, K@4Iꞏ =ƒ(M) 8?S @B89?< ,(� % 

E >DO?B@ 2, CB?GK9AAO9 CD< E6B5B8AB@ < H<>E<DB64AAB@ C9D9IB89 CB7D4A<KAB7B E?BS. 
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�<8AB, KFB A4<5B?PL99 ;A4K9A<9 C4D4@9FD4 4QDB8<A4@<K9E>B= 84?PABEF< Kꞏ  8?S E?GK4S 

E6B5B8AB7B C9D9IB84 8BEF<749FES CD< K<E?4I  =0.85. 

 

 
$<EGAB> 2.63 

 
$<EGAB> 2.64 
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$<EGAB> 2.65 

 
$<EGAB> 2.66 
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$<EGAB> 2.67 

 
$<EGAB> 2.68 
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$<EGAB> 2.69 

 
$<EGAB> 2.70 
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$<EGAB> 2.71 

 
$<EGAB> 2.72 
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$<EGAB> 2.73 

 
$<EGAB> 2.74 

 



157 
 

 
$<EGAB> 2.75 - ;46<E<@BEF< K@4I, K@4Iꞏ =ƒ(M) 

 

2.6.6 "EB59AABEF< 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S >DO?4 3 
� D9;G?PF4F9 8?<F9?PAOI 8<E>GEE<= 5O?4 6O5D4A4 EB7?4EB64AA4S 4QDB8<A4@<K9E>4S 

>B@CBAB6>4 C9DEC9>F<6AB7B ,(� % EB E?98GRM<@< 79B@9FD<K9E><@< C4D4@9FD4@<: 

SFD=338.7 @2, D4;@4I 59; ;4>BAJB6B> L=59.54 @, λ=10.467, η=4.5, χC>=35º, χ¼=32.6º. &4><@ 

B5D4;B@, CB ED46A9A<R E >DO?PS@< � %-21-1, � %-21-2 EFD9?B6<8ABEFP >DO?4 3 BEF4?4EP 

FB= :9, 4 C?BM48P >DO?4 6ODBE?4, KFB 46FB@4F<K9E>< G@9APL49F @<89?P < BFABE<F9?PAGR 

B@O649@GR C?BM48P HR;9?S:4 < @BFB7BA8B?, < CD<698ёF > G69?<K9A<R 

4QDB8<A4@<K9E>B7B >4K9EF64. 

�E?98EF6<9 G69?<K9A<S C?BM48< < D4;@4I4 >DO?4 EF4DO= @4ELF45 @B89?< � % 1:26 

5B?99 A9 CD<@9A<@, 6 D9;G?PF4F9 K97B A9B5IB8<@B C9D9=F< A4 CB?ABEFPR AB6GR @B89?P 6 

@4ELF459 1:30 E 8<4@9FDB@ HR;9?S:4 B>B?B 200 @@. &4>B= :9 8<4@9FD HR;9?S:4 <@99F < 

F9@4F<K9E>4S @B89?P C9DEC9>F<6AB7B E>BDBEFAB7B E4@B?ёF4, BC<E4AA4S 6 D4;89?9 2.5 

84AAB= 8<EE9DF4J<<, KFB 84EF 8BCB?A<F9?PAO= >D<F9D<= BJ9A>< 4QDB8<A4@<K9E>B7B 

EB69DL9AEF64 @B89?< C9DEC9>F<6AB7B ,(� % E >DO?B@ 3 (� %-21-3). 

� >DO?G 3 CD98NS6?SRFES E?98GRM<9 FD95B64A<S: 

- B59EC9K9A<9 6OEB>B7B 4QDB8<A4@<K9E>B7B >4K9EF64 CD<  =0.85÷0.86 6 

CD<EGFEF6<< 5?<;>BD4ECB?B:9AAOI @BFB7BA8B? 5B?PLB7B 8<4@9FD4 A4 >D9=E9DE><I 

D9:<@4I CB?ёF4; 
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- B59EC9K9A<9   "=0.89; 

- ;4M<F4 >BAJ96OI E9K9A<= BF EDO64 A4 6E9I D9:<@4I CB?ёF4; 

- B59EC9K9A<9 A9B5IB8<@OI B5Nё@B6 8?S D4;@9M9A<S L4EE<; 

-B59EC9K9A<9 @4>E<@4?PAB 6B;@B:AOI BFABE<F9?PAOI FB?M<A CDBH<?9= A9 FB?P>B 

8?S EA<:9A<S 69EB6OI <;89D:9>, AB < 8?S G@9APL9A<S >B?<K9EF64 E?Bё6 >B@CB;<FAOI 

C4A9?9= (D<E>4 A9CDB>?9<64A<S); 

- B59EC9K9A<9 8BEF4FBKAB 6OEB><I A9EGM<I E6B=EF6 <;B?<DB64AAB7B >DO?4 < >DO?4 

E @9I4A<;4J<9= A4 @4?OI E>BDBEFSI CB?ёF4; 

- B59EC9K9A<9 8BEF4FBKAOI ;4C4EB6 CB 54HF<A7G 8?S B59EC9K9A<S >D9=E9DE>B7B 

CB?ёF4 A4 � �) ( =0.85 %G~0.6). 

"F@9F<@, KFB FD95B64A<S ABESF CDBF<6BD9K<6O= I4D4>F9D. � K4EFABEF<, 

CD98EF46?S9FES A96B;@B:AO@ B59EC9K<FP EFB?P 6OEB>B9 ;A4K9A<9   "=0.89 < 6OEB>B9 

4QDB8<A4@<K9E>B9 >4K9EF6B CD<  =0.85 A4 >DO?9 H<>E<DB64AAB= 79B@9FD<<. "59EC9K9A<9 

;4C4EB6 CB 54HF<A7G F4>:9 CDB5?9@4F<KAB. �84CF4J<S ;48A9= >DB@>< 8B?:A4 CB@BKP 

E7?48<FP 84AAO9 CDBF<6BD9K<S. 

�4> < CD98O8GM<9 864 >DO?4 � %-21-1 < � %-21-2, AB6B9 >DO?B CDB9>F<DB64?BEP 

6 >B@CBAB6>9 59; I6BEFB6B7B BC9D9A<S CD< CB@BM< CDBJ98GDO @AB7BD9:<@AB= 

BCF<@<;4J<< [31] A4 10 >D9=E9DE><I D9:<@4I CB?ёF4 < A4 D9:<@9  =0.2. �D9=E9DE><9 

D9:<@O BCF<@<;4J<< 8?S >DO?4 3 5O?< 6O5D4AO 5?<;><@< > F9@, KFB 5O?< ;489=EF6B64AO 

CD< CDB9>F<DB64A<< >DO?P96 1 (� %-21-1) < 2 (� %-21-2) (D<EGAB> 2.76), AB E A9>BFBDO@ 

G>?BAB@ 6 EFBDBAG 5B?PL<I  . 
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$<EGAB> 2.76 – �D9=E9DE><9 D9:<@O CB?ёF4, GK<FO649@O9 CD< BCF<@<;4J<< 

 
�D9=E9DE><9 I4D4>F9D<EF<>< >B@CBAB6>< D4EEK<FO64?<EP CD< CB@BM< CDB7D4@@O 

BLWF-56. $4EKёFA4S @4F@B89?P CD98EF46?9A4 A4 D<EGA>9 2.77. 

 

 
$<EGAB> 2.77 – $4EKёFA4S @B89?P 8?S CDB7D4@@O BLWF-56 

 

#D< 6O5BD9 D9:<@B6 CB8D4;G@964?BEP, KFB CDB=F< CB?SDG E @<A<@4?PAO@< 

CBF9DS@< A4 D4;AOI K<E?4I  4I4 @B:AB 5G89F CD< CB@BM< BF>?BA9A<S 484CF<6AOI 

I6BEF<>B6. "F>?BA9A<9 I6BEF<>B6 669DI CD98NS6?S9F A9 EFB?P >D<F<KAO9 FD95B64A<S > 

>D<6<;A9 CB69DIABEF<, 6 QFB@ E@OE?9 ?GKL9 A4EFDB<FP <EIB8AB9 >DO?B A4 5B?99 A9EGM<9 

D9:<@O. 
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Как и для крыла 2 при проектировании крыла 3 с увеличенным сужением было 

введено ограничение по интенсивности скачка уплотнения на консольной части. Для этого 

вводился штраф за локальное превышение СхВ
сеч относительно предписанного уровня. 

Реально этот штраф проявляется только на режиме “начала бафтинга” М=0.845 Су=0.68. 

Обеспечение хороших несущих свойств (СуМАХ) при малых скоростях 

(рассчитывались при помощи программы WSEP [58]) требует больших радиусов носка и 

увеличенной вогнутости профилей. Однако, это ухудшает скоростные свойства. В итоге, 

разумный компромисс был найден при оптимизации целевой функции 

 

I=0.8*<К> + 2*Сумах, 

 

где<К> - осреднённое аэродинамическое качество на 10-и режимах. 

Сравнение распределений относительных толщин крыльев ДМС представлено на 

рисунке 2.78. Новое крыло значительно толще предыдущих в консольной части. 

 
Рисунок 2.78 – Сравнение относительных толщин крыльев 

 
Полученные профили базовых сечений крыла представлены на рисунке 2.79. 

Профили имеют затупленную заднюю кромку для обеспечения строительной высоты 

хвостовой части (закрылков). Абсолютная толщина задней кромки внутреннего закрылка 

составляет 32.8 мм, в относительных величинах это на ~20% меньше, чем у крыла самолёта 

МС-21-300. 
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$<EGAB> 2.79 – #DBH<?< 54;B6OI E9K9A<= >DO?4 3 
 

$4ECD989?9A<9 846?9A<S A4 A9E>B?P><I I4D4>F9DAOI D9:<@4I CD98EF46?9AB A4 

D<EGA>4I 2.80÷2.84. 
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$<EGAB> 2.80 – $4ECD989?9A<9 846?9A<S CB >DO?G A4 D9:<@9  =0.85 %G=0.58 
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$<EGAB> 2.81 - $4ECD989?9A<9 846?9A<S CB >DO?G A4 D9:<@9 

  =0.855 %G=0.58 
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$<EGAB> 2.82 - $4ECD989?9A<9 846?9A<S CB >DO?G A4 D9:<@9 

  =0.86 %G=0.56 



165 
 

 

 
$<EGAB> 2.83 - $4ECD989?9A<9 846?9A<S CB >DO?G A4 D9:<@9 

 =0.85 %G=0.56 Re=5 @?A 
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$<EGAB> 2.84 - $4ECD989?9A<9 846?9A<S CB >DO?G A4 D9:<@9 

  =0.85 %G=0.535 Re=5 @?A 
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Расчётные составляющие сопротивления компоновки без оперения при различных 

числах Маха представлены на рисунках 2.85÷2.87 для натурных и трубных (полная 

модель/полумодель) условий, соответственно.  

 

 
Рисунок 2.85 – Расчётные составляющие сопротивления при натурных условиях 

(Re=40 млн., Хп=0) 
 

 
Рисунок 2.86 – Расчётные составляющие сопротивления при трубных условиях 

(Re=3 млн., Хп=0.1) 
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Рисунок 2.87 – Расчётные составляющие сопротивления при Re=10 млн, Хп=0.03 

 
Видно, что характер поведения волновых потерь различный, в частности при 

трубных условиях волновой бафтинг наступает раньше по Су, кроме того нет выраженного 

роста волнового при малых Су, который в натурных условиях обусловлен появлением 

вторичного скачка уплотнения. 

Расчётные скоростные характеристики Cx=f(M) приведены на рисунках 2.88÷2.89. 

Видно, что крыло 3 имеет острую настроенность по числу Маха, например, при Су=0.55 

волновое сопротивление практически обнуляется при М=0.86, в то время как при М=0.85 

СхВ=0.0008 и наблюдается даже небольшой отрыв из-под второго скачка в области элерона 

(рисунок 2.90). При трубных условиях (Re=5 млн – максимальное число для полных 

моделей в АДТ Т-128 !) острой настроенности не наблюдается, характеристики достаточно 

монотонно изменяются по Су, минимум волнового сопротивления смещается в сторону 

меньших чисел Маха. 

Таким образом, крыло 3 является остронастроенным и требует применения 

адаптации, причём она является различной при трубных и натурных условиях. 
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Рисунок 2.88 – Зависимости СхВ=f(M) при натурных условиях 

 

 
Рисунок 2.89 – Зависимости СхВ=f(M) при трубных условиях 
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@B@9AF4 66989A<S E4A>J<= < GIB84 E DOA>4 CD9<@GM9EF69AAB 96DBC9=E><I 46<4>B@C4A<=, 

EB>D4F<?ES 6 A9E>B?P>B D4;. "8AB6D9@9AAB E QF<@, EFB<@BEFP <I Q>EC?G4F4J<< < 

E959EFB<@BEFP 6?489A<S ;A4K<F9?PAB 6B;DBE?4, KFB B5GE?B6?9AB, 6 FB@ K<E?9, E?B:ABEFS@< 

E 46<4J<BAAO@< ;4CK4EFS@<. %97B8AS E4@O@< CBCG?SDAO@< ;4DG59:AO@< 

CDB<;6B8<F9?S@< 5<;A9E8:9FB6 6 $( S6?S9FES >4A48E>4S >B@C4A<S Bombardier Ink (26.3%), 

HD4AJG;E>4S >B@C4A<S Dassault Aviation (24.2%) < A4 FD9FP9@ @9EF9 – 4A7?<=E>4S >B@C4A<S 

BAE Systems pls (9.1%). %B6B>GCAB A4 84AAOI CDB<;6B8<F9?9= CD<IB8<FES 60.6% 6 B5M9= 

EFDG>FGD9. "F9K9EF69AAO= C4D> 89?B6B= 46<4J<< EBEFB<F F4>:9 <; C9D9B5BDG8B64AAOI 

BF9K9EF69AAOI E4@B?ёFB6 F<C4 3>-40, &G-134, 3>-42, �A-74. #D< QFB@ 3>-40 < &G-134, 

<ECB?P;GRM<9ES A4<5B?99 <AF9AE<6AB, 6OD454FO64RF E6B= D9EGDE, <@9RF 6OEB><= 

GDB69AP LG@4, CD9CSFEF6GRM<= CB?ёF4@ ;4 DG59:, < 8B?:AO 5OFP 6 5?<:4=L9@ 5G8GM9@ 

;4@9A9AO. 

 AB7BJ9?96B= E4@B?ёF E &��  -101& <%B>B?=, >BFBDO= A4K4? <ECB?P;B64FPES 6 

>4K9EF69 4QDBF4>E<, <@99F >D9=E9DE>GR E>BDBEFPR CB?ёF4 350÷400 >@/K4E < A9 BF69K49F 
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FD95B64A<S@ > 89?B6B@G E4@B?ёFG CB E>BDBEF< < >B@HBDFG. �ECB?P;B64A<9 D94>F<6AB7B 

48@<A<EFD4F<6AB7B E4@B?ёF4 CB;6B?<F 686B9 CB6OE<FP E>BDBEFP CB?ёF4 < ;A4K<F9?PAB 

D4EL<D<FP 79B7D4H<R CB?ёFB6. #BF9AJ<4?PAO@< CB?P;B64F9?S@< F4>B7B E4@B?ёF4 

S6?SRFES 7BEG84DEF69AAO9 K<AB6A<>< 6OEB>B7B D4A74, 5<;A9E@9AO, A95B?PL<9 

>BDCBD4J<<, 46<4>B@C4A<<, D45BF4RM<9 CB F<CG 46<4F4>E<. 

#DB9>FO DBEE<=E><I D94>F<6AOI 48@<A<EFD4F<6AOI E4@B?ёFB6 CDBD454FO64RFES 6 

A9E>B?P><I ��, B8A4>B BFEGFEF6<9 CD<AJ<C<4?PAB AB6OI >4K9EF69AAOI BEB59AABEF9= 

>B@CBAB6><, A98BEF4FB> BCOF4 CDB9>F<DB64A<S E4@B?ёFB6 84AAB7B >?4EE4 < BFEF464A<9 

BF9K9EF69AAB= F9IAB?B7<K9E>B= 54;O 89?4RF D94?<;4J<R 84AAOI CDB9>FB6 @4?B69DBSFAB=. 

� 84AAB= 7?469 CD98?4749FES BD<7<A4?PA4S >B@CBAB6>4 A95B?PLB7B D94>F<6AB7B 

48@<A<EFD4F<6AB7B E4@B?ёF4, D4EEK<F4AAB7B A4 4÷8 C4EE4:<DB6 E 84?PABEFPR CB?ёF4 

3500÷4000 >@. %F4F<EF<>4 C9D96B;B> 89?B6B= 46<4J<< 6 (D<EGAB> 3.4) CB>4;O649F, KFB 

A9;46<E<@B BF @4>E<@4?PAB= 84?PABEF< < C4EE4:<DB6@9EF<@BEF< E4@B?ёF4, ED98A99 

>B?<K9EF6B C4EE4:<DB6 6 CB?ёF9 D46AB 3-4, 4 ED98ASS 84?PABEFP CB?ёF4 A9 CD96OL49F 

1500 >@ (B7D4A<K9A<9 CB B8AB8A96ABEF< CB9;8><). �4?PABEFP CB?ёF4 3500÷4000 >@ 

B59EC9K<649F E6S;P 7B?B6AB7B BH<E4 < H<?<4?B6 CB846?SRM97B 5B?PL<AEF64 DBEE<=E><I 

>B@C4A<= (D<EGAB> 3.5), 4 E B8AB= CDB@9:GFBKAB= CBE48>B= C9D9>DO649F 84?PABEFP 6E9I 

6AGFD<DBEE<=E><I FD4EE. !4>BA9J, G>4;4AAB= 84?PABEF< 8BEF4FBKAB 8?S CDS@B= E6S;< 

 BE>6O EB 6E9@< 7BDB84@< �6DBCO < �?<:A97B �BEFB>4. 
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$<EGAB> 3.4 

 

�O5D4AA4S EI9@4 AB6B7B 48@<A<EFD4F<6AB7B E4@B?ёF4 E >4C?96<8AO@ HR;9?S:9@ 

(D<EGAB> 3.6) CB;6B?S9F ;A4K<F9?PAB G?GKL<FP >B@HBDF C4EE4:<DB6 (@4>E<@4?PA4S 6OEBF4 

E4?BA4 H1.9 @ – A4<5B?PL4S ED98< 4A4?B7B6) < CB?GK<FP ;4 EKёF 5?47BCD<SFAB= 

4QDB8<A4@<K9E>B= <AF9DH9D9AJ<< @4>E<@4?PAGR E>BDBEFP CB?ёF4, EBBF69FEF6GRMGR 

K<E?G  4I4  =0.82 A4 CDS@B@ >DO?9 E BFABE<F9?PAB= FB?M<AB= CDBH<?9=ðE=14-9% 6 

>BDA96B@ < >BAJ96B@ E9K9A<SI EBBF69FEF69AAB. �ECB?P;B64A<9 CDS@B7B >DO?4 GCDBM49F < 

B5?97K49F >BAEFDG>J<R, CB;6B?S9F CB?GK<FP 6OEB><9 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<>< 

CD< BFEGFEF6<< CD98>DO?>4 < B59EC9K<649F 9EF9EF69AAGR ?4@<A4D<;4J<R B5F9>4A<S 

CB69DIABEF<. ,<DB>B9 <ECB?P;B64A<9 >B@CB;<FAOI @4F9D<4?B6 6 >BAEFDG>J<< >DO?4, 

HR;9?S:4 < BC9D9A<S CB;6B?<F A9 FB?P>B CB6OE<FP 69EB6GR BF84KG E4@B?ёF4, AB < CB?GK<FP 

A9B5IB8<@O= BCOF 6 >BAEFDG<DB64A<<, F9IAB?B7<< CDB<;6B8EF64 < Q>EC?G4F4J<< 

>B@CB;<FB6 8?S C9DEC9>F<6AOI BF9K9EF69AAOI ?9F4F9?PAOI 4CC4D4FB6. 

$94?<;4J<S 6E9I 6OL9G>4;4AAOI F9IA<K9E><I AB6L9EF6 84EF >4K9EF69AAB9 

CD96BEIB8EF6B A48 E4@B?ёF4@< 4A4?B7<KAB7B >?4EE4 < B59EC9K<F >BA>GD9AFAO9 

CD9<@GM9EF64 A4 @<DB6B@ DOA>9. 
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$<EGAB> 3.5 – "5BEAB64A<9 A9B5IB8<@B= 84?PABEF< CB?ёF4 C9DEC9>F<6AB7B 

48@<A<EFD4F<6AB7B E4@B?ёF4 (D9;G?PF4FO 4A4?<;4 D4ECB?B:9A<S LF45->64DF<D < 

H<?<4?B6 >DGCA9=L<I DBEE<=E><I >B@C4A<=) 
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$<EGAB> 3.6 – %D46A9A<9 D4;@9DB6 E4@B?ёF4 < C4EE4:<DE>B7B E4?BA4 E ;4DG59:AO@ 

4A4?B7B@  

 

3.1 "EB59AABEF< 4QDB8<A4@<K9E>B= >B@CBAB6>< 
3.1.1 � 6BCDBEG B5 4QDB8<A4@<K9E>B= <AF9DH9D9AJ<< 
"8A<@ <; 7?46AOI >D<F9D<96 BJ9A>< 48@<A<EFD4F<6AB7B E4@B?ёF4 CBF9AJ<4?PAO@< 

;4>4;K<>4@< S6?S9FES EF9C9AP >B@HBDF4, BCD989?S9@4S B5Nё@B@ < @4>E<@4?PAB= 6OEBFB= 

E4?BA4. � ;46<E<@BEF< BF 6D9@9A< < 84?PABEF< CB?ёF4 48@<A<EFD4F<6AO9 E4@B?ёFO 89?SFES 

A4 K9FOD9 7DGCCO: 5?<:A<9 (L=3÷3.5 FOE. >@) E F<C<KAB= 6OEBFB= E4?BA4 ! ~1.5 @, ED98A<9 

(L=3.5÷6 FOE. >@) E !~1.7÷1.8@, 84?PA<9 < E69DI84?PA<9 E 6B;@B:ABEFPR C9D9@9M9A<S CB 

C4EE4:<DE>B= >45<A9 6 CB?AO= DBEF (H~1.85÷1.9 @). 

%FD9@SEP CB6OE<FP 6OEBFG E4?BA4, >BAEFDG>FBDO, >4> CD46<?B, 6OABESF >DO?B 6A<; 

;4 B56B8O HR;9?S:4, KFB CD<6B8<F > A9B5IB8<@BEF< BD74A<;4J<< 5B?PLB7B B5F9>4F9?S 

(D<EGA>< 3.7, 3.8). &4>4S >B@CBAB6>4 CB?ABEFPR CDBF<6BD9K<F BEAB64@ D4J<BA4?PAB= 

4QDB8<A4@<K9E>B= <AF97D4J<< Q?9@9AFB6 E4@B?ёF4. �?S FB7B, KFB5O G@9APL<FP 

A95?47BCD<SFAGR 4QDB8<A4@<K9E>GR <AF9DH9D9AJ<R A9B5IB8<@B D4;ABE<FP B5?4EF< 

@4>E<@4?PAOI 6B;@GM9A<=, ;89EP :9, A4B5BDBF, CDB<EIB8<F E?B:9A<9 6B;@GM9AAOI 

E>BDBEF9= HR;9?S:4 < >DO?4, KFB CD<6B8<F > GE<?9A<R CDB8B?PAOI 7D48<9AFB6 846?9A<S 

< 5B?99 D4AA9@G 6B;A<>AB69A<R >D<;<EAOI S6?9A<=. 
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$<EGAB> 3.7 – �8@<A<EFD4F<6AO= E4@B?ёF Premier 1A 

 

 
$<EGAB> 3.8 – �8@<A<EFD4F<6AO= E4@B?ёF Gulfstream G100 

 

#BSEA<@ E>4;4AAB9 CD<@9DB@. 'EF4AB6<@ B8AB < FB :9 >DO?B A4 D4;AO9 HR;9?S:< 

(D<EGAB> 3.9). )4D4>F9D<EF<>< >DO?4 E?98GRM<9: L=18.8 @, =10.3, ó1/4=22.7, 

=3,ðE=13.9-11.9-10% CB 5BDFG, <;?B@G < >BAJG >DO?4 EBBF69FEF69AAB. � C9D6B@ E?GK49 
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крыло пересекает цилиндрический фюзеляж с диаметром 2.4 м без всякого зализа; 

во втором случае диаметр фюзеляжа всего 2.28 м, но крыло проходит ниже цилиндрической 

части фюзеляжа и поэтому необходим обтекатель, подобный изображенному на 

рисунке 3.7. 

 

 

Рисунок 3.9 – Сравнение различных компоновок 

 

 

Рисунок 3.10 – Сравнение распределений давления 
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%D46A9A<9 QCRD 846?9A<S CB >DO?G 8?S 86GI >B@CBAB6B> A4 D9:<@9  =0.78 

%G=0.475 CD<6989AB A4 D<EGA>9 3.10. �<8AB, KFB D4ECD989?9A<S 846?9A<S E<?PAB 

BF?<K4RFES, CD<Kё@ A9 FB?P>B 6 >BDA9, 789 BF?<K<S A4<5B?PL<9, AB < CD4>F<K9E>< CB 6E9@G 

D4;@4IG. �B?AB6B9 EBCDBF<6?9A<9 A4 >B@CBAB6>9 E B5F9>4F9?9@ 5B?99 K9@ 6 864 D4;4 6OL9. 

�?S FB7B, KFB5O 5B?99 A47?S8AB CDB89@BAEFD<DB64FP A95?47BCD<SFAB9 6?<SA<9 

B5F9>4F9?S 5O?4 D9L9A4 E?98GRM4S @B89?PA4S B5D4FA4S ;484K4: >4>B= 79B@9FD<< >DO?4 E 

J<?<A8D<K9E><@ HR;9?S:9@ EBBF69FEF6G9F D4ECD989?9A<9 846?9A<S A4 >B@CBAB6>9 E 

B5F9>4F9?9@? $9L9A<9 84AAB= ;484K< CD<6989AB A4 D<EGA>4I 3.11, 3.12. �<8AB, KFB 

8B546?9A<9 6B;@GM9AAOI E>BDBEF9= BF B5F9>4F9?S Q>6<64?9AFAB G69?<K9A<R 

BFABE<F9?PAB= FB?M<AO 5BDFB6B7B CDBH<?S A4 30% (E 13.9% 8B 18%)! 

 
$<EGAB> 3.11 

 

 
$<EGAB> 3.12 
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"F@9F<@, KFB 4A4?B7<KA4S CDB5?9@4 A95?47BCD<SFAB= <AF9DH9D9AJ<< 6B;A<>49F < 

8?S E4@B?ёFB6 6 EI9@9 6OEB>BC?4A. �89EP FB:9 >BAEFDG>FBDO, EFD9@SEP > @4>E<@4?PAB@G 

<ECB?P;B64A<R B5Nё@B6 HR;9?S:4, K4EFB 6OABESF >DO?B ;4 B56B8O J<?<A8D<K9E>B= K4EF< 

669DI. !95?47BCD<SFA4S <AF9DH9D9AJ<S 6 QFB@ E?GK49 9M9 5B?99 GE<?<649FES, F4> >4> 

6B;@GM9AAO9 E>BDBEF< A4 69DIA9= CB69DIABEF< >DO?4 7BD4;8B 6OL9, K9@ A4 A<:A9=. �9; 

BD74A<;4J<< 8?<AAB7B < FS:9?B7B B5F9>4F9?S 6 EI9@9 6OEB>BC?4A CDB5?9@4F<KAB 

8BEF<:9A<9 6OEB><I E>BDBEF9= CB?ёF4  ó0.8. 

 
3.2 "5BEAB64A<9 CD98?4749@B= >B@CBAB6>< 
#D< D4J<BA4?PAB@ GKёF9 4QDB8<A4@<K9E>B= <AF9DH9D9AJ<< J9?9EBB5D4;AB 

GEF4A46?<64FP >DO?B 6 B5?4EFP ;4FBD@B:9AAB7B CBFB>4. � K4EFABEF<, QFB@G CD<AJ<CG 

EBBF69FEF6G9F ;A4@9A<FB9 CD46<?B C?BM489= 8?S B>B?B;6G>B6OI E4@B?ёFB6. 

&BD@B:9A<S 6 B5?4EF< >DO?4 @B:AB 8B5<FPES ;4 EKёF CB8:4F<S HR;9?S:4 < 

5?<;>B7B D4ECB?B:9A<S 86<74F9?9= 6 I6BEFB6B= K4EF<. &4><@ B5D4;B@, A4CD4L<649FES 

>B@CBAB6>4 CB8B5A4S <;B5D4:9AAB= A4 D<EGA>9 3.13. #DB6989AAO9 D4EKёFO B5F9>4A<S 

FD4AE;6G>B6O@ CBFB>B@ 8B>4;4?< D4J<BA4?PABEFP 6O5D4AAB= EI9@O. &4>, CD< 

>4C?9B5D4;AB= HBD@9 HR;9?S:4 B>4;4?BEP 6B;@B:AO@ CB6OE<FP BFABE<F9?PAGR FB?M<AG 

HR;9?S:4 8B 20% 59; 6B;A<>AB69A<S E>4K>B6 GC?BFA9A<S 6C?BFP 8B K<E9?  4I4 

 =0.86÷0.87 (D<EGAB> 3.14). 1FB ;A4K<F, KFB @4>E<@4?PAB= 6OEBFO E4?BA4 6 1.9 @ @B:AB 

8BEF<KP G:9 CD< 8?<A9 HR;9?S:4 LH~11 @. &<C<KA4S 8?<A4 5B?PL<I 48@<A<EFD4F<6AOI 

E4@B?ёFB6 E F4>B= 6OEBFB= E4?BA4 CD96OL49F 20 @. 

 
$<EGAB> 3.13 – "5M<= 6<8 CD98?4749@B7B E4@B?ёF4 
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$<EGAB> 3.14 – $4ECD989?9A<9 846?9A<S CB <;B?<DB64AAB@G HR;9?S:G  

 

#4D4@9FDO >DO?4 BCD989?S?<EP <; GE?B6<= >D9=E9DE>B7B CB?ёF4 < <; GE?B6<= 

J9AFDB6><. ' 48@<A<EFD4F<6AOI E4@B?ёFB6 D9:<@ @4>E<@4?PAB= E>BDBEF< 9864 ?< A9 

64:A99 D9:<@4 CB?ёF4 A4 84?PABEFP, F4> >4> D4EIB8 FBC?<64 A9 S6?S9FES BCD989?SRM<@ 

H4>FBDB@. �DB@9 FB7B, EB7?4EAB EF4F<EF<>9, ED98ASS 84?PABEFP C9D9?ёFB6 EBEF46?S9F 6E97B 

?<LP 800÷1000 >@ 8?S 5?<:A<I < ED98A<I 48@<A<EFD4F<6AOI E4@B?ёFB6 < 1400÷1700 >@ 

8?S E4@B?ёFB6 5B?PL9= 84?PABEF<. �;-;4 FB7B, KFB 6 CDBH<?<DB6>9 >DO?4 <ECB?P;GRFES 

E>BDBEFAO9 CDBH<?<, D4EEK<F4AAO9 A4 %G~0.3, A4 5B?PL<I %G 6B;A<>4RF E<?PAO9 ABEB6O9 

E>4K>< GC?BFA9A<S, CBQFB@G CB?ёF A4 @4>E<@4?PAGR 84?PABEFP (%y~0.5) CDB<EIB8<F CD< 

7BD4;8B @9APL<I K<E?4I  4I4. �E?< 8?S @47<EFD4?PAOI E4@B?ёFB6 D4;A<J4 @9:8G CB?ёFB@ 

A4 @4>E<@4?PAGR 84?PABEFP < @4>E<@4?PAGR E>BDBEFP B5OKAB EBEF46?S9F M~0.03÷0.04, 

FB 8?S E4@B?ёFB6 5<;A9E >?4EE4 QF4 D4;A<J4 E>BDBEF9= A9D98>B D46A4 M~0.06÷0.08. 

$4EE@4FD<64?BEP >DO?B E G8?<A9A<9@ =8, EG:9A<9@ =3 < E D4;?<KAO@< 

EFD9?B6<8ABEFS@< >BAEB?9= (D<EGAB> 3.15). $4EKёF4@< 5O?B CB>4;4AB, KFB CD< 

D4J<BA4?PAOI ;A4K9A<SI BFABE<F9?PAB= FB?M<AO E9K9A<= >DO?4 @B:AB 8BEF<KP K<E?4 

  �)~0.86 CD< B5D4FAB= EFD9?B6<8ABEF< ó~ -20,   �)~0.84 CD< ó~-10 <   �)~0.82 CD< 

ó~0. #D< 6E9I ;A4K9A<SI EFD9?B6<8ABEF< A9F BC4EABEF< FGD5G?<;4J<< C9D98A9= >DB@><, 

CBQFB@G @B:AB D4EEK<FO64FP A4 8BEF<:9A<9 CDBFS:9AAOI GK4EF>B6 9EF9EF69AAB7B 
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?4@<A4DAB7B B5F9>4A<S A4 D4;7BAAOI QCRD4I 846?9A<S, I4D4>F9DAOI 8?S D9:<@4 

@4>E<@4?PAB= E>BDBEF<. 

 
$<EGAB> 3.15 – (BD@O 6 C?4A9 D4EE@BFD9AAOI >DO?P96 

 
#B?B:9A<9 4QDB8<A4@<K9E>B7B HB>GE4 D4EEK<FO64?BEP 8?S CB?AB= >B@CBAB6>< 

(D<EGAB> 3.16) >4> CB CDB7D4@@9 BLWF-56 (E@. D<EGAB> 3.17), F4> < CB @9FB8G 6<ID96B= 

D9L9F><. #B?GK9AAO9 ;A4K9A<S B>4;4?<EP 5?<;><, IBFS 8?S G69D9AAB= BJ9A>< A9B5IB8<@B 

CDB6B8<FP Q>EC9D<@9AF4?PAO9 <EE?98B64A<S. % >B@CBAB6BKAB= FBK>< ;D9A<S 

J9?9EBB5D4;AB, KFB5O J9AFD FS:9EF< E4@B?ёF4 E?45B ;46<E9? BF >B?<K9EF64 FBC?<64 6 

>DO?P96B@ < A48>DO?P96B@ FBC?<6AOI 54>4I, F.9. A4IB8<?ES CD<5?<;<F9?PAB 6 D4=BA9 

C9D98A97B ?BA:9DBA4 >DO?4. &B784 A9B5IB8<@B9 CB?B:9A<9 4QDB8<A4@<K9E>B7B HB>GE4 

B59EC9K<649FES CD<5?<;<F9?PAB CD< AG?96B= EFD9?B6<8ABEF< >DO?4 (8?S B>BAK4F9?PAB7B 

6O5BD4 HBD@O 6 C?4A9 A9B5IB8<@ 89F4?PAO= 69EB6B= D4EKёF CD< D4;?<KAOI 64D<4AF4I 

;47DG;>< E4@B?ёF4). #D< F4>B= EFD9?B6<8ABEF< GCDBM49FES < B5?97K49FES >BAEFDG>J<S 

>DO?4, 4 F4>:9 G?GKL4RFES 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<><, CB;6B?SS 6 C9D6B@ 

CD<5?<:9A<< B5B=F<EP 59; CD98>DO?>4. 
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$<EGAB> 3.16 – $4EKёFA4S @B89?P >B@CBAB6>< 8?S CDB7D4@@O BLWF-56 
 

 
 

$<EGAB> 3.17 – $4EKёFA4S >4DF<A4 <;B54D A4 D9:<@9  =0.82 %G=0.3 
 

�DO?B E AG?96O@ ;A4K9A<9@ EFD9?B6<8ABEF< ;48A97B ?BA:9DBA4 5O?B 

ECDB9>F<DB64AB 5B?99 CB8DB5AB CD< CB@BM< FD48<J<BAAB= @9FB8<>< 4QDB8<A4@<K9E>B7B 

CDB9>F<DB64A<S. �DO?B >B@CBAB64?BEP CB 5 54;B6O@ E9K9A<S@ (D<EGAB> 3.18), CDBH<?< 
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>BFBDOI CD<6989AO A4 D<EGA>9 3.19. �4>?<A9A<9 >DO?4 D46AB =1. !95B?PLB= C9D98A<= 

A4C?O6 6OCB?A9A 8?S G69?<K9A<S EFDB<F9?PAB= 6OEBFO >9EEBA4 6 A4<5B?99 A4CDS:9AAB= 

>BDA96B= K4EF< < 8?S GEFD4A9A<S 69DBSFABEF< CBC484A<S EDO64 E >DO?4 A4 5B?PL<I G7?4I 

4F4>< 6 6B;8GIB;45BDA<>< 86<74F9?9=. 

 
$<EGAB> 3.18 – �4;B6O9 E9K9A<S >DO?4 

 

 
$<EGAB> 3.19 – #DBH<?< 54;B6OI E9K9A<= >DO?4 

 

$4EKёFAO9 I4D4>F9D<EF<>< EBCDBF<6?9A<S CB?AB= >B@CBAB6>< 

(HR;9?S:->DO?B-BC9D9A<9-@BFB7BA8B?O) CB>4;4AO A4 D<EGA>9 3.20. �<8AB, KFB CDS@B9 

>DO?B 6 GE?B6<SI 5?47BCD<SFAB= <AF9DH9D9AJ<< B59EC9K<649F 8BEF<:9A<9 @4>E<@4?PAB7B 

K<E?4  4I4 >D9=E9DE>B7B CB?9F4   �)=0.82 (870 >@/K4E) (E@. D4ECD989?9A<9 846?9A<S CB 

>DO?G A4 D<EGA>4I 3.17, 3.21). #B?ёF A4 @4>E<@4?PAGR 84?PABEFP 5G89F CDB<EIB8<FP CD< 

K<E?9  0.76 (810 >@/K4E) (D<EGAB> 3.22). &4><9 E>BDBEF< F<C<KAO 8?S E4@B?ёFB6 EB 

EFD9?B6<8AO@< >DO?PS@< (ó~25). �4@9F<@, KFB ED98< 5?<:A<I < ED98A<I 
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48@<A<EFD4F<6AOI E4@B?ёFB6 CD4>F<K9E>< A9F 5B?99 E>BDBEFAOI @B89?9=. &4>, A4CD<@9D, 

G D4;D454FO649@B7B 48@<A<EFD4F<6AB7B E4@B?ёF4 H<D@O Embraer Phenom-300 

(D<EGAB> 3.6) EB EFD9?B6<8AO@ >DO?B@  �$��%=0.74,   �)=0.78. 

 

 
 

$<EGAB> 3.20 – $4EKёFA4S ;46<E<@BEFP EBCDBF<6?9A<S BF K<E?4  4I4 
 

 
 

$<EGAB> 3.21 – $4EKёFAB9 D4ECD989?9A<9 846?9A<S 6 E9K9A<SI >DO?4 
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$<EGAB> 3.22 – $4EKёFAB9 D4ECD989?9A<9 846?9A<S 6 E9K9A<SI >DO?4 

 

3.3 �B@CBAB6>4 E4@B?ёF4 
"8AB= <; I4D4>F9DAOI BEB59AABEF9= CD98?4749@B= AB6B= 4QDB8<A4@<K9E>B= 

>B@CBAB6>< 48@<A<EFD4F<6AB7B E4@B?ёF4 S6?S9FES BD<7<A4?PA4S HBD@4 HR;9?S:4, 

<@9RM97B G69?<K9AAB9 E9K9A<9 C9D98A9= K4EF< (D<EGAB> 3.23) < ED46A<F9?PAB FBA>GR 

I6BEFB6GR K4EFP. '>4;4AA4S BEB59AABEFP HR;9?S:4 CB;6B?S9F A4 A95B?PLB@ E4@B?ёF9 

EHBD@<DB64FP C4EE4:<DE>GR >45<AG E CBC9D9KAO@ E9K9A<9@, 5?<;><@ CB D4;@9D4@ > 

E9K9A<S@ HR;9?S:9= 5B?PL<I «L<DB>BHR;9?S:AOI» 48@<A<EFD4F<6AOI E4@B?ёFB6 

(D<EGA>< 3.24, 3.25). &4><@ B5D4;B@, D94?<;G9FES 6B;@B:ABEFP B59EC9K9A<S 6OEB>B7B 

GDB6AS >B@HBDF4 8?S C4EE4:<DB6. 

�9D@B>45<A4 E4@B?ёF4 EBEFB<F <; 86GI <;B?<DB64AAOI BFE9>B6. � C9D98A9@ BFE9>9, 

B7D4A<K9AAB@ E;48< >9EEBAB@ >DO?4, D4;@9M9A4 >45<A4 8?S 86GI C<?BFB6 < C4EE4:<DE>4S 

>45<A4. "FE9>, D4ECB?B:9AAO= ;4 >9EEBAB@ >DO?4, CD98A4;A4K9A 8?S 5474:4. 

#4EE4:<DE>4S >45<A4 8?<AB= 4.3 @, D4EEK<F4A4 6 EF4A84DFAB@ 64D<4AF9 A4 L9EFP 

>D9E9? 5<;A9E->?4EE4 L<D<AB= 8B 0.7 @, D4;@9M9AAOI E L47B@ 40 8R=@B6 (101.6 E@), KFB 

EBBF69FEF6G9F GDB6AR >B@HBDF4 5<;A9E E4?BAB6 84?PA<I @47<EFD4?PAOI C4EE4:<DE><I 

E4@B?ёFB6. �OEBF4 CDB8B?PAB7B CDBIB84 ~ 1.9 @ CD4>F<K9E>< CB;6B?S9F C9D986<74FPES 

C4EE4:<D4@ CB E4@B?ёFG 6 CB?AO= DBEF, KFB 64:AB 8?S E4@B?ёF4 84:9 EB ED98A9= 

84?PABEFPR CB?ёF4 < S6?S9FES EGM9EF69AAO@ H4>FBDB@ >B@HBDF4. #4EE4:<DO CB?GK4RF 

6B;@B:ABEFP, A9 A4>?BASSEP C9D986<74FPES 68B?P E4?BA4 8?S B5M9A<S E 8DG7<@< 

C4EE4:<D4@< < Q><C4:9@. �A4K<F9?PAB 5B?99 G8B5AO@ EF4AB6<FES <ECB?P;B64A<9 EFB=><-
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5GH9F4 < 74D89DB54. #9D98 FG4?9FAO@ ;9D>4?B@ @B:AB EFBSFP 6 CB?AO= DBEF. �48A<= 

5474:AO= BFE9> 6 EB6B>GCABEF< E 74D89DB5B@ CB;6B?S9F D4;@9EF<FP CB K9@B84AG A4 >4:8B7B 

C4EE4:<D4 < K?9A4 Q><C4:4. 

 
$<EGAB> 3.23 – �B@CBAB6BKA4S EI9@4 E4@B?ёF4 

 

#DS@B9 >DO?B <@99F 8BEF4FBKAGR CB8Nё@AGR E<?G, KFB5O BF>4;4FPES BF 

CD98>DO?>B6 < F9@ E4@O@ B59EC9K<FP ?4@<A4DAB9 B5F9>4A<9. �48ASS >DB@>4 >DO?4 

EA45:9A4 Q?9DBA4@< < 86GIM9?96O@< ;4>DO?>4@<. "5Nё@O 54>B6 6 >DO?9 E 5B?PL<@ 

D4;@4IB@ < 5B?PLB= BFABE<F9?PAB= FB?M<AB= E GKёFB@ HR;9?S:AB7B 54>4 A48 >9EEBAB@ 
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>DO?4 8BEF4FBKAO 8?S D4;@9M9A<S ~1.5 F FBC?<64, KFB CB;6B?S9F B5IB8<FPES 59; A9G8B5AOI 

6EF46AOI 54>B6, D4;@9M49@OI A4 @AB7<I 48@<A<EFD4F<6AOI E4@B?ёF4I CB8 CB?B@ 

C4EE4:<DE>B= >45<AO.  

,4EE< E4@B?ёF4 FDёIEFB9KAB9 E C9D98A<@ >B?9EB@ < B8AB>B?9EAO@< 7?46AO@< 

EFB=>4@<, G5<D49@O@< 6 HR;9?S: ;4 >9EEBA >DO?4. '@9D9AAB9 846?9A<9 6 CA96@4F<>4I 

(D≈7 >7\E@2) B59EC9K<649F 54;<DB64A<9 E4@B?ёF4 A9 FB?P>B A4 59FBA<DB64AAOI 4QDB8DB@4I, 

AB < A4 7DGAFB6OI 4QDB8DB@4I E CDBKABEFPR 7DGAF4 σ g8 >7\E@2. 

 BFB7BA8B?O 8?S 86GI &$�� D4;@9M9AO CB 5B>4@ HR;9?S:4 A48 ;48A9= >DB@>B= 

>DO?4. &4>B9 D4;@9M9A<9 86<74F9?9= CB?ABEFPR <E>?RK49F <I CB6D9:89A<9 BF 

CBEFBDBAA<I CD98@9FB6, ;4E4EO649@OI E CB69DIABEF< �##. 

)6BEFB6B9 BC9D9A<9 E4@B?ёF4 &-B5D4;AB9. "EB59AABEF< >B@CBAB6>< E4@B?ёF4 

CB;6B?SRF, 6 E?GK49 A9B5IB8<@BEF< CB6OL9A<S CGF96B= GEFB=K<6BEF<, D4;@9EF<FP 

CB8HR;9?S:AO= ><?P ;A4K<F9?PAOI D4;@9DB6 < C?BM48<. 

 

 
$<EGAB> 3.24 – #BC9D9KAO9 E9K9A<S E4?BAB6 48@<A<EFD4F<6AOI E4@B?ёFB6 
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$<EGAB> 3.25 – #?4AB6O9 CDB9>J<< C4EE4:<DE><I E4?BAB6 48@<A<EFD4F<6AOI E4@B?ёFB6 

 

3.4 $9;G?PF4FO <ECOF4A<= 6 А�& 
� 4QDB8<A4@<K9E>B= FDG59 ��& &-128 6 D45BK9= K4EF< №1 CDB6989AO <ECOF4A<S 

@B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 E 7?48><@ >DO?B@ A4 I6BEFB6B= 89D:46>9 E G7?B@ 

;4>?<A9A<S ~23° (D<EGAB> 3.26). 
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$<EGAB> 3.26 

 

"EAB6AB= J9?PR CDB6989A<S Q>EC9D<@9AF4 5O?B Q>EC9D<@9AF4?PAB9 BCD989?9A<9 

EG@@4DAOI 4QDB8<A4@<K9E><I I4D4>F9D<EF<> @B89?<. � EBBF69FEF6<< E F9@4F<K9E>B= 

CDB7D4@@B=, <ECOF4A<S @B89?< CDB6B8<?4EP CD< K<E?4I  =0.18, 0.6, 0.7, 0.75, 0.78, 0.8 < 

0.82 6 GE?B6<SI E6B5B8AB7B ?4@<A4DAB-FGD5G?9AFAB7B C9D9IB84 CB7D4A<KAB7B E?BS. 

!4K4?PAB9 846?9A<9 6 >BAFGD9 ��& EBEF46?S?B D0 ≈ 1, 3 < 4 4F4. �ECOF4A<S CDB6B8<?<EP 6 

8<4C4;BA9 G7?B6 4F4>< -5° f ñ f +23°, CD< G7?9 E>B?P:9A<S ³ = 0°6 CDS@B@ ´=0° CB?B:9A<<. 

!4 D<EGA>4I 3.27-3.31 CD<6989AB ED46A9A<9 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

Cya(ñ), mza(ñ), mza(Cya), Cya(Cxa), K(Cya) @B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4, CB?GK9AAB9 6 

<ECOF4A<SI 6 ��& &-128 < 6 ��& &-102 CD< K<E?4I  =0.18, 0.15 EBBF69FEF69AAB. 

%D46A9A<9 CB>4;O649F A4 G8B6?9F6BD<F9?PAGR EIB8<@BEFP 4QDB8<A4@<K9E><I 

I4D4>F9D<EF<> A4 ?<A9=AB@ GK4EF>9. �9?<K<A4 @4>E<@4?PAB7B >4K9EF64, CB?GK9AA4S 6 

<ECOF4A<SI 6 ��& &-102, A<:9 A4 �~1. "F?<K4RFES CD98EF46?9AAO9 ;46<E<@BEF< A4 

;4>D<F<K9E><I G7?4I 4F4><. �B;@B:AB, QFB 6O;64AB D4;?<K<9@ 6 BF89?>9 @B89?<, >BFBDB9 

6?<S9F A4 ;46<E<@BEF< 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 6 GE?B6<SI E6B5B8AB7B C9D9IB84 

CB7D4A<KAB7B E?BS. �DB@9 FB7B, 6 FDG54I <ECB?P;GRFES D4;?<KAO9 CB869E>< @B89?<. 
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$<EGAB> 3.27 

 

 
$<EGAB> 3.28 
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$<EGAB> 3.29 

 

 
$<EGAB> 3.30 
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$<EGAB> 3.31 

 

!4 D<EGA>4I 3.32ø3.36 CD98EF46?9AO 4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< Cya(ñ), 

mza(ñ), mza(Cya), Cya(Cxa), K(Cya) @B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 6 >BAH<7GD4J<< 59; 

�" <  � CD< K<E?4I  =0.75, 0.8 < K<E?9 Re≈3.5 @?A. 
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$<EGAB> 3.32 

 
$<EGAB> 3.33 
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$<EGAB> 3.34 

 
$<EGAB> 3.35 
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$<EGAB> 3.36 

 

$9;G?PF4FO <ECOF4A<= CB>4;4?<, KFB @B89?P E4@B?ёF4 I4D4>F9D<;G9FES 69?<K<AB= 

CDB<;6B8AB= %Gα =0.115 CD<  =0.6. % G69?<K9A<9@ K<E?4   8B  =0.75 CDB<;6B8A4S %Gα 

6B;D4EF49F 8B 0.15, 4 ;4F9@ G@9APL49FES 8B 0.13 CD<  =0.82. #D< K<E?9  4I4  =0.75 6 

;46<E<@BEF< Cya(ñ) CBS6?S9FES A95B?PLB= C9D97<5, @9ASS CDB<;6B8AGR, 6 D4=BA9 G7?4 

4F4>< ñ=2. 1FB 6O;64AB CBS6?9A<9@ E69DI;6G>B6OI ;BA, > FB@G :9 C9D9IB8 6 CB7D4A<KAB@ 

E?B9 ?4@<A4DAB7B F9K9A<S 6 CB7D4A<KAO= A4 @B89?< A9 H<>E<DB64?ES.  4>E<@4?PAB9 

>4K9EF6B �max~18 8BEF<749FES CD< %ya~0.54 A4 D9:<@9 CB?ёF4 E K<E?B@  =0.78 < 

Re=3.5 @?A. !4 8DG7<I D9:<@4I <@99F ;A4K9A<S KGFP A<:9 �max~0.5 CD< 0.6< <0.75. 

 B89?P E4@B?ёF4 BEF49FES EF4F<K9E>< GEFB=K<6B= CD<  =0.75 E 69?<K<AB= CDB<;6B8AB= 

mzañ~-0.016 8B G7?4 4F4>< ñ~7, CBE?9 CD<EGFEF6G9F SD>B 6OD4:9AA4S ?B:>4. �A4?B7<KA4S 

;46<E<@BEFP < CD< 8DG7<I K<E?4I  , E DBEFB@ >BFBDOI 6B;D4EF49F CDB<;6B8A4S 

>BQHH<J<9AF4 @B@9AF4 F4A74:4 CB G7?G 4F4>< < E4@B?ёF EF4AB6<FPES 5B?99 GEFB=K<6O@. 

%4@B?ёF S6?S9FES E54?4AE<DB64AAO@ CD< G7?9 4F4>< ñ~2, CD< >BFBDB@ D94?<;G9FES 

>BQHH<J<9AF CB8Nё@AB= E<?O %ya~0.4. 
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!4 D<EGA>4I 3.37-3.38 CD98EF46?9AO ;46<E<@BEF< K( ), CIa( ) 8?S @B89?< E4@B?ёF4 

6 CB?AB= >B@C?9>F4J<< (E �" < E  �) CD< ;A4K9A<SI >BQHH<J<9AF4 CB8Nё@AB= E<?O 

Cya=0.25, 0.3, 0.35, 0.4, 0.5.  4>E<@4?PAB9 >4K9EF6B 8BEF<749FES CD< Cya=0.5, AB E4@B?ёF 

E54?4AE<DB64A CD< ;A4K9A<< >BQHH<J<9AF4 CB8Nё@AB= E<?O Cya~0.4. �<8AB, KFB CD< K<E?9 

 ~0.78 >BQHH<J<9AF ?B5B6B7B EBCDBF<6?9A<S G@9APL49FES A4 %I4~0.001, 84?99 A4K<A49F 

6B;D4EF4FP. 

 
$<EGAB> 3.37 

 

 
$<EGAB> 3.38 
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�9?<K<A4 ( �)max 8BEF<749FES CD<  =0.78, KFB 84:9 6OL9 FB7B, KFB CD98CB?474?BEP 

<;A4K4?PAB. #D< QFB@ GDB69AP 4QDB8<A4@<K9E>B7B >4K9EF64 A4IB8<FES A4 GDB6A9 4A4?B7B6. 

"59EC9K<649FES >D9=E9DE><= E>BDBEFAB= CB?ёF E K<E?B@  4I4  =0.8. 

 

3.5 "5BEAB64A<9 < CDB9>F<DB64A<9 4QDB8<A4@<K9E>B= >B@CBAB6>< 
�4> G>4;O64?BEP 6OL9, J9?9EBB5D4;AB GEF4A46?<64FP >DO?B 6 B5?4EFP 

;4FBD@B:9AAB7B CBFB>4. � K4EFABEF<, QFB@G CD<AJ<CG EBBF69FEF6G9F ;A4@9A<FB9 CD46<?B 

C?BM489= 8?S B>B?B;6G>B6OI E4@B?ёFB6. &BD@B:9A<S 6 B5?4EF< >DO?4 @B:AB 8B5<FPES ;4 

EKёF CB8:4F<S HR;9?S:4 < 5?<;>B7B D4ECB?B:9A<S 86<74F9?9= > ;48A9= >DB@>9 >DO?4. 

#DB6989AAO9 D4EKёFO B5F9>4A<S FD4AE;6G>B6O@ CBFB>B@ 8B>4;4?< D4J<BA4?PABEFP 

6O5D4AAB= EI9@O. &4>, CD< >4C?9B5D4;AB= HBD@9 HR;9?S:4 B>4;4?BEP 6B;@B:AO@ 

CB6OE<FP BFABE<F9?PAGR FB?M<AG HR;9?S:4 8B 20% 59; 6B;A<>AB69A<S E>4K>B6 

GC?BFA9A<S 6C?BFP 8B K<E9?  4I4  =0.86÷0.87 (D<EGAB> 3.14). �45974S 6C9Dё8, BF@9F<@, 

KFB D9;G?PF4FO Q>EC9D<@9AF4?PAOI <EE?98B64A<= <;B?<DB64AAB7B HR;9?S:4 6 

FD4AE;6G>B6B= ��& CB?ABEFPR CB8F69D8<?< QFG BJ9A>G (D<EGAB> 3.39).  

 

 

$<EGAB> 3.39 - �D4H<>< FDG5AOI ;46<E<@BEF9= Cx(M) 8?S <;B?<DB64AAB7B >4C?96<8AB7B 

HR;9?S:4 

 

#BFB> D4;7BAS9FES 6 C9D98A9= K4EF< HR;9?S:4, 4 ;4F9@ A4EFGC49F QF4C 8?<F9?PAB7B 

FBD@B:9A<S. �DO?B (84:9 A9EFD9?B6<8AB9) @B:AB D4;@9EF<FP 6 QFB= B5?4EF< FBD@B:9A<S, 

KFB CB;6B?<F 8BEF<KP 6OEB>B= E>BDBEF< (M ~ 0.8) 59; 6B;A<>AB69A<S 6B?AB6B7B 
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EBCDBF<6?9A<S. #D< BFEGFEF6<< CD98>DO?>B6 A4 A9EFD9?B6<8AB@ >DO?9 @B:AB B:<84FP 

8?<AAOI 9EF9EF69AAOI ?4@<A4DAOI GK4EF>B6.  B:AB 8BEF<KP 84:9 5B?99 6OEB><I K<E9? 

 4I4 (6C?BFP 8B M ~ 0.85) < EBID4A<FP ?4@<A4D<;4J<R F9K9A<S CD< CB@BM< 

A9;A4K<F9?PAB7B G69?<K9A<S G7?4 CDS@B= ?<5B B5D4FAB= EFD9?B6<8ABEF< >DO?4 (E>4:9@, 

8B χ ~ ±20°). �DB@9 FB7B, <;@9A9A<9 G7?4 EFD9?B6<8ABEF< >DO?4 CB;6B?S9F CB@9EF<FP 

4QDB8<A4@<K9E><= HB>GE 6 FD95G9@GR CB;<J<R. 

#B?A4S >B@CBAB6>4 E4@B?ёF4 BCD989?S9FES >BAH<7GD4J<9= BC9D9A<S < 

D4ECB?B:9A<9@ @BFB7BA8B? 86<74F9?9=. �89EP 6B;@B:AO D4;?<KAO9 64D<4AFO (E@. 

D<EGA>< 3.40, 3.41), AB 6 84AAB= D45BF9 5O?B 6O5D4AB FD48<J<BAAB9 8?S 48@<A<EFD4F<6AOI 

E4@B?ёFB6 &-B5D4;AB9 I6BEFB6B9 BC9D9A<9 < D4ECB?B:9A<9 86GI 86<74F9?9= A4 69DIA9= 

CB69DIABEF< >DO?4 E 6B;8GIB;45BDA<>4@< A48 ;48A9= >DB@>B= >DO?4. #9D9ABE 86<74F9?9= 

A469DI EG?<F DS8 CD9<@GM9EF6 6 4>GEF<K9E><I (84AAB9 D4;@9M9A<9 86<74F9?9= G@9APL49F 

LG@ A4 @9EFABEF< 6E?98EF6<9 Q>D4A<DB64A<S >DO?B@ LG@4 69AF<?SFBD4) < 

Q>EC?G4F4J<BAAOI I4D4>F9D<EF<>4I E4@B?ёFB6. !4CD<@9D, EB;84F9?< AB6B7B SCBAE>B7B 

48@<A<EFD4F<6AB7B E4@B?ёF4 Honda Jet CD<AS?< D9L9A<9 C9D9A9EF< 86<74F9?< A4 >DO?B E 

F9@, KFB5O G69?<K<FP B5Nё@ E4?BA4, A9 G69?<K<64S 8?<AG HR;9?S:4 (D<EGAB> 3.42). 

 
$<EGAB> 3.40 – �8@<A<EFD4F<6AO= E4@B?ёF Piaggio P.180 Avanti (Vmax=730>@/K4E) 
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$<EGAB> 3.41 – #B?PE><= 86GI@9EFAO= ?97><= E4@B?ёF FLARIS LAR-1 (20137) 

 

 
$<EGAB> 3.42 – �8@<A<EFD4F<6AO= E4@B?9F Honda Jet 

 
$4;D45BFK<>< Honda Jet BCG5?<>B64?< @AB7B EF4F9= [186, 187], CBE6SMёAAOI 

4QDB8<A4@<K9E>B= <AF9DH9D9AJ<< 86<74F9?9= E ?4@<A4DAO@ >DO?B@, 6 >BFBDOI 

8B>4;O64?<, KFB BCF<@4?PAB9 CB?B:9A<9 6B;8GIB;45BDA<>B6 A4IB8<FES B>B?B 75% @9EFAB= 

IBD8O. "8A4>B, <I D9;G?PF4FO A9 EB6E9@ G598<F9?PAO, GK<FO64S @4?GR BFABE<F9?PAGR 

FB?M<AG CDBH<?9= >DO?4 (ðc=10%), G@9D9AAB9 K<E?B  4I4 ( =0.78) < @4?B9 ;A4K9A<9 

>D9=E9DE>B7B %G~0.3. �B;@B:AB, <I D9;G?PF4F B5GE?B6?9A EC9J<4?PAB= HBD@B= A<:A<I 

B56B8B6 @BFB7BA8B?O. 

�4> 5O FB A< 5O?B, AB 4>F<6ABEFP SCBAE><I CDB9>F<DB6M<>B6 CD<69?4 > D9A9EE4AEG 

6;7?S8B6 A4 A48>DO?P96B9 D4ECB?B:9A<9 86<74F9?9=, 6 C9D6GR BK9D98P E FBK>< ;D9A<S 

Q>D4A<DB64A<S LG@4 86<74F9?9= >DO?B@ (D<EGA>< 3.44÷3.47) (A4CB@A<@, KFB CB8B5A4S 

>B@CBAB6>4 5O?4 <ECB?P;B64A4 9Mё 6 A4K4?9 70-I 7B8B6 A4 A9@9J>B@ D97<BA4?PAB@ 
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E4@B?ёF9 VFW-614 (D<EGAB> 3.43) 8?S CB?ёFB6 E A959FBA<DB64AAOI 4QDB8DB@B6, 789 6OEB> 

D<E> CBC484A<S CBEFBDBAA<I CD98@9FB6 6 86<74F9?<. 

 
$<EGAB> 3.43 – $97<BA4?PAO= D94>F<6AO= E4@B?ёF VFW-614 

 

 
$<EGAB> 3.44 – �BAJ9CJ<S FD4AECBDFAB7B E4@B?ёF4 H<D@O �B>I<8- 4DF<A 
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$<EGAB> 3.45 – �BAJ9CJ<S � % E G@9APL9AAO@ LG@B@ H<D@O �B<A7 

 

 
 

$<EGAB> 3.46 – �BAJ9CJ<S C4EE4:<DE>B7B E4@B?ёF4 E &$�� E69DI6OEB>B= EF9C9A< 

86GI>BAFGDABEF< A48 >DO?B@ H<D@O �B>I<8- 4DF<A [188] 
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$<EGAB> 3.47 –  B89?P *��� D97<BA4?PAB7B E4@B?ёF4 E A48>DO?P96O@ CB?B:9A<9@ 

@BFB7BA8B? 6 ��& &-128 

 

� 84AAB@ D4;89?9 <EE?98B64?4EP >B@CBAB6>4 <�B?B64EF<>4= E 86<74F9?S@< A48 

>DO?B@ E CDS@B= ;48A9= >DB@>B= (D<EGAB> 3.48), D4EEK<F4AA4S A4  =0.82 (>DO?B №3). 

 

 
$<EGAB> 3.48 – �B@CBAB6>4 48@<A<EFD4F<6AB7B E4@B?ёF4 E 86<74F9?S@< A48 >DO?B@ 

(BLWF-56) 

 

 BF<64J<S F4>B7B D9L9A<S 5O?4 E?98GRM4S: 

- GCDBEF<FP < B5?97K<FP >BAEFDG>J<R I6BEFB6B= K4EF< HR;9?S:4; 

- D4EE@BFD9FP 6B;@B:ABEFP GEF4AB6>< C4?G5AB7B �" <?< 84:9 V-B5D4;AB7B 

BC9D9A<S; 
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- BE6B5B8<FP @9EFB CB8 I6BEFB6B= 5474:A<> 8?S 8?<AAB@9DAOI CD98@9FB6 (?O:< < 

CD.); 

- BFB86<AGFP 6B;8GIB;45BDA<>< 86<74F9?9= BF ;BAO BFDO64, A4K<A4RM9=ES 65?<;< 

5BDF4 HR;9?S:4; 

- G@9APL<FP D<E> CB6D9:89A<S 6FBDB7B 86<74F9?S CD< D4;?ёF9 ?BC4FB> FGD5<AO; 

- B5?97K<FP CDB5?9@G D4;59:>< J9AFDB6B> CD< EB;84A<< E9@9=EF64 E D4;?<KAB= 

C4EE4:<DB6@9EF<@BEFPR; 

- CD< D4;@9M9A<< L4EE< 6 7BA8B?4I A4 >DO?9 a la &G-134, &G-154 G69?<K<FP >B?9R 

L4EE< <, EBBF69FEF69AAB, CDBIB8<@BEFP A4 4QDB8DB@4I E A9CB87BFB6?9AAO@ 

CB>DOF<9@. 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< < CB?B:9A<9 4QDB8<A4@<K9E>B7B HB>GE4 

D4EEK<FO64?BEP 8?S CB?AB= >B@CBAB6>< >4> CB CDB7D4@@9 BLWF 56 [66], F4> < CB @9FB8G 

6<ID96B= D9LёF>< - CB?GK9AAO9 ;A4K9A<S B>4;4?<EP 5?<;><. % >B@CBAB6BKAB= FBK>< ;D9A<S 

J9?9EBB5D4;AB, KFB5O J9AFD FS:9EF< E4@B?ёF4 E?45B ;46<E9? BF >B?<K9EF64 FBC?<64 6 

>DO?P96B@ < A48>DO?P96B@ FBC?<6AOI 54>4I, F.9. A4IB8<?ES CD<5?<;<F9?PAB 6 D4=BA9 

C9D98A97B ?BA:9DBA4 >DO?4. &B784 A9B5IB8<@B9 CB?B:9A<9 4QDB8<A4@<K9E>B7B HB>GE4 

B59EC9K<649FES CD<5?<;<F9?PAB CD< AG?96B= EFD9?B6<8ABEF< >DO?4 (8?S B>BAK4F9?PAB7B 

6O5BD4 HBD@O 6 C?4A9 A9B5IB8<@ 89F4?PAO= 69EB6B= D4EKёF CD< D4;?<KAOI 64D<4AF4I 

;47DG;>< E4@B?ёF4). #D< AG?96B= EFD9?B6<8ABEF< GCDBM49FES < B5?97K49FES >BAEFDG>J<S 

>DO?4, 4 F4>:9 G?GKL4RFES 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<><, CB;6B?SS 6 C9D6B@ 

CD<5?<:9A<< B5B=F<EP 59; CD98>DO?>4. 

#4D4@9FDO >DO?4 5O?< 6O5D4AO E?98GRM<@<: S&$=22 @2, L=13.5 @, λ=8.28, η=3.14, 

χ#.�.=14°, χ�.�.=0°. �DO?B 6 >B@CBAB6>9 >DO?B-HR;9?S:-@BFB7BA8B?O BCF<@<;<DB64?BEP A4 

6 D9:<@4I B5F9>4A<S:  =0.78 %G=0.525; M=0.79 Cy=0.5;  =0.8 %G=0.475; M=0.81 

Cy=0.425;  =0.82 %G=0.375 CD< Re=10 @?A <  =0.8 %G=0.475 CD< Re=3.5 @?A, )C=10%, F.9. 

>4> B5OKAB9 FGD5G?9AFAB9 >DO?B. �@9EF9 E F9@, CB?GK9AAB9 D4ECD989?9A<9 846?9A<S 84ёF 

BEAB64A<9 D4EEK<FO64FP A4 CDBFS:ёAAO9 ?4@<A4DAO9 GK4EF>< CD< >D9=E9DE><I E>BDBEFSI 

CB?ёF4 (D<EGAB> 3.49). 
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$<EGAB> 3.49 – $4ECD989?9A<9 846?9A<S CB >DO?G A4 D9:<@9  =0.81 %G=0.425 

 

#DBH<?< 54;B6OI E9K9A<= >DO?4 CD<6989AO A4 D<EGA>9 3.50. 
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$<EGAB> 3.50 – #DBH<?< 54;B6OI E9K9A<= >DO?4 

 

$4EKёFAO9 E>BDBEFAO9 I4D4>F9D<EF<>< CB?AB= >B@CBAB6>< CD98EF46?9AO A4 

D<EGA>9 3.51. � D4EKёF4I CB?474?BEP, KFB A4 >DO?9 CDBFS:ёAABEFP ?4@<A4DAOI GK4EF>B6 

EBEF46?S9F B>B?B 30%, A4 �" < �" CB 15%. �<8AB, KFB >B@CBAB6>4 89=EF6<F9?PAB @B:9F 

B59EC9K<FP @4>E<@4?PAGR E>BDBEFP >D9=E9DE>B7B CB?ёF4 8B  =0.82, 4 @4>E<@4?PA4S 

84?PABEFP 5G89F 8BEF<74FPES CD<  =0.8. 
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Рисунок 3.51 – Расчётные зависимости сопротивления полной компоновки от числа Маха 

 

Сравнение расчётных составляющих поляр при разных числах Маха дано на 

рисунке 3.52. 

 

Рисунок 3.52 – Расчётные значения составляющих сопротивления при крейсерских числах 

Маха 
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�B546<6 > D4EKёFAO@ ;A4K9A<S@ %I Q>EC9DFAO9 ;A4K9A<S EBCDBF<6?9A<S HR;9?S:4 

CI(2�≈0.0070 (C9D9EK<F4AB E <ECOF4A<= <;B?<DB64AAB7B HR;9?S:4 6 ��& &-128) < 

@BFB7BA8B? E C<?BA4@< %I@7≈0.0025, 4 F4>:9 6D98AB9 EBCDBF<6?9A<9 %I�$��=0.0005 

(GK<FO64S IBDBLGR BF89?>G < A48?9:4M99 B5E?G:<64A<9 48@<A<EFD4F<6AB7B E4@B?ёF4), 

CB?GK<@ >D9=E9DE><9 CB?SDO, CD<698ёAAO9 A4 D<EGA>9 3.53. 

 
$<EGAB> 3.53 – $4EKёFAO9 ;A4K9A<S 4QDB8<A4@<K9E>B7B >4K9EF64  

48@<A<EFD4F<6AB7B E4@B?ёF4 
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3.6 "C<E4A<9 79B@9FD<< @B89?< < D9;G?PF4FO Q>EC9D<@9AF4?PAOI 
<EE?98B64A<= 

#DB6989AO Q>EC9D<@9AF4?PAO9 <EE?98B64A<S @B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 

E 7?48><@ >DO?B@ №3 A4 I6BEFB6B= 89D:46>9 6 4QDB8<A4@<K9E>B= FDG59 ��& &-128 >4> 6 

CB?AB= >B@CBAB6>9 (D<EGAB> 3.54), F4> < 59; I6BEFB6B7B BC9D9A<S (D<EGAB> 3.55).  B89?P 

5O?4 E89?4A4 6 @4ELF459 1:7 CB BFABL9A<R > D94?PAB@G E4@B?ёFG. 

 

 
$<EGAB> 3.54 –  B89?P 48@<A<EFD4F<6AB7B E4@B?ёF4 6 CB?AB= >B@CBAB6>9 6 ��& &-128 

 
�9B@9FD<K9E><9 I4D4>F9D<EF<>< @B89?< >DO?4 E?98GRM<9: G7B? EFD9?B6<8ABEF< CB 

?<A<< K9F69DF< IBD8 54;B6B= FD4C9J<< EBEF46?S9F ó¼=10 (ó=14 CB C9D98A9= >DB@>9 >DO?4 

54;B6B= FD4C9J<< < ó=0 CB ;48A9= >DB@>9 >DO?4), G8?<A9A<9 λ=8.28, EG:9A<9 η=3.14, 

C?BM48P 54;B6B= FD4C9J<< @B89?< >DO?4 SFD=0.409 @2, b�=0.242 @, D4;@4I BEAB6AB= 

FD4C9J<< >DO?4 L=1.83 @, CB?AO= D4;@4I >DO?4 E ;4>BAJB6>4@< L=1.895 @. '7B? 

;4>?<A9A<S 5BDFB6B7B E9K9A<S >DO?4 α�=1. 
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$<EGAB> 3.55 –  B89?P 48@<A<EFD4F<6AB7B E4@B?ёF4 6 >B@CBAB6>9 59; I6BEFB6B7B 

BC9D9A<S 6 ��& &-128 

 

(R;9?S: @B89?< <@99F >4C?96<8AGR HBD@G. �454D<FAO9 D4;@9DO HR;9?S:4 

E?98GRM<9: LX=1585.71 @@, LY=316 @@, LZ=314.28 @@. #?BM48P @<89?S HR;9?S:4 D46A4 

S ��=77603.27 @@2. 

!4 @B89?< �% GEF4AB6?9AB &-B5D4;AB9 7BD<;BAF4?PAB9 BC9D9A<9. #?BM48P 

S�"=0.1084 @2, G7B? EFD9?B6<8ABEF< CB C9D98A9= >DB@>9 ó�"=30 < ó�"1/4=27.2 CB K9F69DF< 

IBD8. #B69DIABEFP �" B5D4;B64A4 CB E<@@9FD<KAB@G CDBH<?R E BFABE<F9?PAB= FB?M<AB= 

ðE=10%. $4;@4I �" D469A L�"=771.43 @@. 

�9DF<>4?PAB9 BC9D9A<9 <@99F G7B? EFD9?B6<8ABEF< CB K9F69DF< IBD8 ó�"=37.4. 

�9DF<>4?PAB9 BC9D9A<9 <@99F C?BM48P S�"=0.072 @2. "56B8O �" B5D4;B64AO A4 54;9 

E<@@9FD<KAB7B CDBH<?S E BFABE<F9?PAB= FB?M<AB= ðE=10%. !4 �" 9EFP C9D98A<= A4C?O6, 

EFD9?B6<8ABEFP CB C9D98A9= >DB@>9 ó#!�"=80. 

 BFB7BA8B?O A4 C<?BA4I D4ECB?B:9AO A4 69DIA9= CB69DIABEF< >DO?4 E 

6B;8GIB;45BDA<>4@< A48 ;48A9= >DB@>B=. �A9LA<9 B56B8O @BFB7BA8B?O CD98EF46?SRF <; 

E95S F9?B 6D4M9A<S.  B89?P 7BA8B?O <@99F E?98GRM<9 79B@9FD<K9E><9 I4D4>F9D<EF<><: 

8?<A4 B59K4=>< 7BA8B?O L@7=257.14 @@, C?BM48P @<89?S B8AB= @BFB7BA8B?O 

F �=10575.67 @@2. 
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 B89?P <ECOFO64?4EP CD< K<E?4I  4I4  =0.78, 0.8, 0.82, 0.84 CB G7?4@ 4F4>< BF 

ñ-4 8B 12 < CD<  =0.2 CB G7?4@ 4F4>< BF ñ-4 8B 20 CD< ò=0.  B89?P <ECOFO64?4EP 

>4> 59; I6BEFB6B7B BC9D9A<S, F4> < E I6BEFB6O@ BC9D9A<9@. �ECOF4A<S BEGM9EF6?S?<EP >4> 

6 GE?B6<SI E6B5B8AB= FBK>< C9D9IB84 A4 6E9I Q?9@9AF4I @B89?<, F4> < E H<>E4J<9= 

C9D9IB84 (�DO?B-10%,  �–7%, HR;9?S:–2%). �ECOF4A<S BEGM9EF6?S?<EP 59; 74E<F9?S 

>B?954A<=.  

!4 D<EGA>4I 3.56÷3.60 CD<6989AB ED46A9A<9 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

Cya(ñ), mza(ñ), mza(Cya), Cya(Cxa), K(Cya) CB?AB= @B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 E 

H<>E<DB64AAO@ C9D9IB8B@, CB?GK9AAB9 6 <ECOF4A<SI 6 ��& &-128. 

 
$<EGAB> 3.56 
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$<EGAB> 3.57 

 

 
$<EGAB> 3.58 
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$<EGAB> 3.59 
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$<EGAB> 3.60 

 

!4 D<EGA>4I 3.61÷3.65 CD<6989AB ED46A9A<9 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

Cya(ñ), mza(ñ), mza(Cya), Cya(Cxa), K(Cya) CB?AB= @B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 EB 

E6B5B8AO@ C9D9IB8B@, CB?GK9AAB9 6 <ECOF4A<SI 6 ��& &-128. 
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$<EGAB> 3.61 

 

 
$<EGAB> 3.62 

 

 
$<EGAB> 3.63 
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$<EGAB> 3.64 
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$<EGAB> 3.65 

 

!4 D<EGA>4I 3.66÷3.70 CD<6989AB ED46A9A<9 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

Cya(ñ), mza(ñ), mza(Cya), Cya(Cxa), K(Cya) CD< K<E?9  4I4  =0.2 < D4;?<KAOI K<E?4I Re 
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@B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 59; I6BEFB6B7B BC9D9A<S EB E6B5B8AO@ C9D9IB8B@, 

CB?GK9AAB9 6 <ECOF4A<SI 6 ��& &-128. 

 
$<EGAB> 3.66 
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$<EGAB> 3.67 

 

 
$<EGAB> 3.68 
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$<EGAB> 3.69 
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$<EGAB> 3.70 

 

!4 D<EGA>9 3.71 CD<6989AO ;46<E<@BEF< K@4I, K@4Iꞏ =ƒ(M) 8?S CB?AB= @B89?< 

48@<A<EFD4F<6AB7B E4@B?ёF4, CB?GK9AAO9 CD< E6B5B8AB@ < H<>E<DB64AAB@ C9D9IB89 

CB7D4A<KAB7B E?BS. �<8AB, KFB A4<5B?PL99 ;A4K9A<9 C4D4@9FD4 4QDB8<A4@<K9E>B= 

84?PABEF< Kꞏ  8?S E?GK4S E6B5B8AB7B C9D9IB84 8BEF<749FES CD< K<E?4I  =0.80. 
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$<EGAB> 3.71 

 

����2+�!�� � ����� 3 

 

#D98?B:9A4 BD<7<A4?PA4S EI9@4 48@<A<EFD4F<6AB7B E4@B?ёF4 E >4C?96<8AO@ 

HR;9?S:9@, CB;6B?SRM4S ;A4K<F9?PAB G?GKL<FP >B@HBDF C4EE4:<DB6 < CB?GK<FP ;4 EKёF 

5?47BCD<SFAB= 4QDB8<A4@<K9E>B= <AF9DH9D9AJ<< @4>E<@4?PAGR E>BDBEFP CB?ёF4, 

EBBF69FEF6GRMGR K<E?4@ @4I4  =0.8÷0.82 A4 CDS@B@ >DO?9 E BFABE<F9?PAB= FB?M<AB= 

CDBH<?9= 15ø11%. %4@B?ёFO-4A4?B7< E CB8B5AB= E>BDBEFPR CB?ёF4 <@9RF EFD9?B6<8AB9 

>DO?B EB EFD9?B6<8ABEFPR A9 @9A99 25. �ECB?P;B64A<9 CDS@B7B >DO?4 GCDBM49F < 

B5?97K49F >BAEFDG>J<R, CB;6B?S9F CB?GK<FP 6OEB><9 6;?ёFAB-CBE48BKAO9 I4D4>F9D<EF<>< 

CD< BFEGFEF6<< CD98>DO?>4 < B59EC9K<649F 9EF9EF69AAGR ?4@<A4D<;4J<R B5F9>4A<S 

CB69DIABEF<. 

#DB6989AO Q>EC9D<@9AF4?PAO9 <EE?98B64A<S @B89?< 48@<A<EFD4F<6AB7B E4@B?ёF4 

6 &-128, CB8F69D:84RM<9 6OEB>B9 4QDB8<A4@<K9E>B9 EB69DL9AEF6B < ;4S6?9AAO9 

E>BDBEFAO9 I4D4>F9D<EF<><. 
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�?464 4 - "EB59AABEF< CDB9>F<DB64A<S E>BDBEFAOI >DO?P96 G@9D9AAB= 
EFD9?B6<8ABEF< 
$4;6<F<9 7D4:84AE>B= 46<4J<< CDB<EIB8<F CB8 CBEFBSAAO@ 846?9A<9@ 

Q>B?B7<K9E><I FD95B64A<=, G:9EFBK4RM<IES EB 6D9@9A9@. #D< QFB@ BA<, >4> CD46<?B, 

6EFGC4RF 6 >BAH?<>F E FD48<J<BAAO@< CB>4;4F9?S@< Q>BAB@<KABEF< C9D96B;B> < 

89L96<;AO CDB<;6B8EF64. "7D4A<K9A<S >4E4RFES 6O5DBEB6 6D98AOI 69M9EF6 6 ;BA9 

4QDBCBDFB6 < A4 QL9?BA9, 6O5DBEB6 C4DA<>B6OI 74;B6 < 8D. "8AB <; 64:A9=L<I FD95B64A<= 

BFABE<FES > LG@G A4 @9EFABEF< (D<EGA>< 4.1, 4.2). !4CD<@9D, 6 107 @9:8GA4DB8AOI 

4QDBCBDF4I �6DBCO CB?ABEFPR ;4CD9M9AO ABKAO9 CB?ёFO, KFB EGM9EF69AAB E>4;O649FES A4 

8BEFGCABEF< FD4AECBDFAOI GE?G7, BEB59AAB CD< FD4A;<FAOI CB9;8>4I.  

&D95B64A<S CB LG@G 6 BK9D98AB= D4; G:9EFBK9AO E 2017 7 CB D9L9A<R ���". 

�BEF4FBKAB E>4;4FP, KFB A< B8<A 7D4:84AE><= E4@B?ёF BF9K9EF69AAB7B CDB<;6B8EF64 (;4 

<E>?RK9A<9@, 5OFP @B:9F, C9DEC9>F<6AB7B  %-21 < @B8<H<>4J<< E4@B?ёF4 SSJ-100 E 

E9DCB6<8AO@< ;4>BAJB6>4@<) A9 6OCB?AS9F ABD@O CB LG@G A4 @9EFABEF< AB6B= �?46O 14 

[189], G:9EFBK4RM9= FD95B64A<S �?46O 4 A4 7 EPN8�. 

 

 
$<EGAB> 4.1 – �BEF<7AGFO= CDB7D9EE < C9DEC9>F<6AO9 FD95B64A<S CB LG@G A4 @9EFABEF<  
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$<EGAB> 4.2 - �BEF<7AGFO= CDB7D9EE < C9DEC9>F<6AO9 FD95B64A<S CB LG@G A4 @9EFABEF< 

(84AAO9 NASA, 2012) 

 

�B A4EFBSM97B 6D9@9A< EA<:9A<9 LG@4 BEGM9EF6?S?BEP Q6B?RJ<BAAO@ CGFё@ 

>?4EE<K9E>B= >B@CBAB6>< ;4 EKёF G?GKL9A<S C4D4@9FDB6 86<74F9?S < �#�, G69?<K9A<S 

4QDB8<A4@<K9E>B7B >4K9EF64 A4 6;?ёF9, CD<@9A9A<S 5B?99 >DGFOI FD49>FBD<9= A4 6;?ёF9 < 

CBE48>9. 

#D<AJ<C<4?PAGR DB?P ;89EP <7D49F CB6OL9A<9 EF9C9A< 86GI>BAFGDABEF< 86<74F9?S 

(D<EGAB> 4.3).  

 
$<EGAB> 4.3 – 16B?RJ<S &$�� < EA<:9A<9 LG@4 [5] 
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"CF<@G@ CB LG@G ?9:<F ;A4K<F9?PAB CD4699 CB EF9C9A< 86GI>BAFGDABEF<, K9@ 

BCF<@G@ CB G89?PAB@G D4EIB8G FBC?<64 86<74F9?9= (D<EGAB> 4.4), >BFBDO=, 6 E6BR BK9D98P, 

9M9 5B?99 E86<749FES 6?96B CD< GKёF9 4QDB8<A4@<K9E><I < 69EB6OI CBF9DP CD< GEF4AB6>9 

86<74F9?9= A4 E4@B?ёF. $4EKёFO CB>4;O64RF, KFB 6 A4EFBSM99 6D9@S QFBF BCF<@G@ CD<@9DAB 

D469A m~10 < m~12 8?S �% % E 59;D98G>FBDAO@< < D98G>FBDAO@< &$�� EBBF69FEF69AAB. 

 

 
$<EGAB> 4.4 – �46<E<@BEFP D4EIB84 FBC?<64 < LG@4 BF EF9C9A< 86GI>BAFGDABEF< 

86<74F9?S 

 

!9 <E>?RK9AB, 6E9 :9, KFB D48< J9?9= EA<:9A<S LG@4 D4;D45BFK<>4@ 5G8GM<I 

E4@B?ёFB6 CD<89FES A9E>B?P>B :9DF6B64FP Q>BAB@<K9E><@< CB>4;4F9?S@<. #D9J989AF G:9 

<@9? @9EFB – EB;84F9?< E4@B?ёF4 �380 G69?<K<?< EF9C9AP 86GI>BAFGDABEF< 86<74F9?9= E 8 

8B 9, KFB5O G8B6?9F6BD<FP 5B?99 :9EF><@ FD95B64A<S@ CB LG@G ABKPR 6 �BA8BAE>B@ 

4QDBCBDFG (E@. D<EGA>< 4.1, 4.2). �BF CBK9@G, 6 A4EFBSM99 6D9@S <8ёF 4>F<6AB9 <;GK9A<9 

86<74F9?9= E69DI6OEB>B= EF9C9A< 86GI>BAFGDABEF< (m~15-19) (D<EGAB> 4.5 [190]). 
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$<EGAB> 4.5 – &9A89AJ<< EA<:9A<S LG@4 �% % E G69?<K9A<9@ EF9C9A< 86GI>BAFGDABEF< 

86<74F9?9= 8B E69DI6OEB><I ;A4K9A<= [190] 

 

"8A4>B, >?4EE<K9E>4S EI9@4 C4EE4:<DE>B7B E4@B?ёF4 – A<;>BC?4A E 86<74F9?S@< CB8 

>DO?B@ – A9 EB6E9@ G8B5A4 8?S D4;@9M9A<S 86<74F9?9= 5B?PLB7B 8<4@9FD4, F4> >4> CD< 

QFB@ FD95G9FES G69?<K9A<9 8?<AO EFB9> L4EE<. �B?PLB= D4;@9D @BFB7BA8B? CD<6B8<F > 

A9B5IB8<@BEF< 6OD9;4 CD98>DO?>4 CB D4;@4IG, KFB EA<:49F QHH9>F<6ABEFP @9I4A<;4J<< 
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C9D98A9= >DB@><. �DB@9 FB7B, CD< CD<5?<:9A<< 84:9 A<;>BA4CBDAB= EFDG< > A<:A9= 

CB69DIABEF< >DO?4 D4EFёF F.A. <LG@ 6;4<@B89=EF6<S= EFDG< < C?4A9D4, BEB59AAB CD< 

BF>?BA9A<< ;4>DO?>4 [189]. �?4EE<K9E>4S >B@CBAB6>4 B5?4849F < ;A4K<F9?PAO@ LG@B@ 

E4@B7B C?4A9D4, >BFBDO= 6 A4EFBSM99 6D9@S A4 D9:<@4I CBE48>< G:9 6OL9, K9@ LG@ 

86<74F9?9=. �?46AO@< <EFBKA<>4@< LG@4 C?4A9D4 S6?SRFES L4EE< < M9?964S @9I4A<;4J<S, 

6 C9D6GR BK9D98P CD98>DO?B> (D<EGAB> 4.6). 

 

 
$<EGAB> 4.6 – �EFBKA<>< LG@4 �340-300 A4 CBE48>9 

 

&4><@ B5D4;B@, 8?S >4D8<A4?PAB7B EA<:9A<S LG@4 A4 @9EFABEF< FD95G9FES 

CDB6989A<9 >B@C?9>EAOI <EE?98B64A<=, 6>?RK4RM<I >4> HGA84@9AF4?PAO9 6BCDBEO B 

CD<DB89 79A9D4J<< ;6G>4 < EA<:9A<S 97B <AF9AE<6ABEF<, F4> < >BAJ9CFG4?PAO9 

<EE?98B64A<S CB CB<E>G @4?BLG@AOI >B@CBAB6B> [191, 192], 4 F4>:9 6>?RK9A<R 

B7D4A<K9A<= CB LG@G 6 CDB9>FO C9DEC9>F<6AOI E4@B?ёFB6 <;A4K4?PAB E @<A<@4?PAO@< 

CBF9DS@< 6 8DG7<I >D<F9D<SI [170]. 

� 84AAB= 7?469 84A B5;BD D4;?<KAOI <@4?BLG@AOI= >B@CBAB6B>, 6EFD9K4RM<IES 6 

?<F9D4FGD9. �O89?9A C9DEC9>F<6AO= >?4EE G;>BHR;9?S:AOI E4@B?ёFB6 E 86<74F9?S@<, 

D4ECB?B:9AAO@< A48 ;48A9= >DB@>B= >DO?4, CD<698ёA C9D9K9AP CB?B:<F9?PAOI < 

BFD<J4F9?PAOI E6B=EF6 84AAB= EI9@O. #D98?B:9AO 64D<4AFO >B@CBAB6B> C9DEC9>F<6AOI 

5?<:A9- < ED98A9@47<EFD4?PAOI E4@B?ёFB6 E 86<74F9?S@< A48 >DO?B@, G>4;4AO 
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>D<F<K9E><9 F9IAB?B7<<, FD95GRM<9 D4;D9L9A<S. #B8DB5AB BC<E4AO D4EKёFAO9 < 

Q>EC9D<@9AF4?PAO9 <EE?98B64A<S 6 84AAB@ A4CD46?9A<<. 

 
4.1 "5;BD @4?BLG@AOI >B@CBAB6B> 
 AB7<9 <EE?98B64F9?< EK<F4RF, KFB 8?S 6OCB?A9A<S 5G8GM<I FD95B64A<= CB LG@G 

CD<89FES C9D9IB8<FP A4 A9FD48<J<BAAO9 >B@CBAB6>< E Q>D4A<DB64A<9@ LG@4 86<74F9?9= 

(CD9:89 6E97B A4 6;?ёF9) Q?9@9AF4@< C?4A9D4. � A9>BFBDOI CDB9>F4I 86<74F9?P EF4D4RFES 

CDBEFB CB?ABEFPR Q>D4A<DB64FP BF A4;9@AB7B A45?R84F9?S (D<EGA>< 4.7, 4.8). "8A4>B, CD< 

5B?99 6A<@4F9?PAB@ 4A4?<;9 84AAOI EI9@ @B:AB A4=F< @4EEG A98BEF4F>B6 (E?B:ABEFP 

>BAEFDG>J<<, A9G8B5EF6B B5E?G:<64A<S, >D<F<K9E>B9 D4ECB?B:9A<9 86<74F9?9= 5B> B 5B> 

< 8D.), A9 7B6BDS G: B5 G69?<K9A<< B@O649@B= CB69DIABEF<, CD<6B8SM9@ > EA<:9A<R 

4QDB8<A4@<K9E>B7B >4K9EF64. 

 

 
 

$<EGAB> 4.7 – #DB9>F �&% H<D@O �B>I<8 
 

 
$<EGAB> 4.8 – #4F9AF AIRBUS, 20087 
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� DS89 CDB9>FB6 D4EE@4FD<649FES EI9@4 FD<C?4A 8?S E@9M9A<S >DO?4 A4;48 < EB;84A<S 

CB?ABJ9AAB7B Q>D4A4 EB6@9EFAB E I6BEFB6O@ BC9D9A<9@ (D<EGA>< 4.9, 4.10). $4EKёFO 

CB>4;O64RF, KFB <ECB?P;B64A<S B8AB7B BC9D9A<S 8?S Q>D4A<DB64A<S, >4> CD46<?B, 

A98BEF4FBKAB. 

 

 
$<EGAB> 4.9 –  4?BLG@A4S >B@CBAB6>4 H<D@O �B<A7 

 

 
$<EGAB> 4.10 –  4?BLG@A4S >B@CBAB6>4 DLR [191] 

 

#D< Q>D4A<DB64A<< 86<74F9?9= HR;9?S:9@ J9?9EBB5D4;AB D4EE@4FD<64FP 

>B@CBAB6>G E D4EL<D9AAO@ Q??<CF<K9E><@ E9K9A<9@ HR;9?S:4 (D<EGA>< 4.11, 4.12). 
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$<EGAB> 4.11 –  4?BLG@A4S >B@CBAB6>4 1 � <@ �. .  SE<M964 

 

 
$<EGAB> 4.12 – �B@CBAB6>4 E A9EGM<@ HR;9?S:9@ MIT 

 

� F4>B= EI9@9 J9?9EBB5D4;AB BD74A<;B64FP 6B;8GIB;45BDA<>< 59; E?<64 CB7D4A<KAB7B 

E?BS E HR;9?S:4. � F9BD<< QFB 84ёF 6O<7DOL 6 CDBCG?PE<6AB@ �#�, AB A9D46AB@9DABEFP 

CBFB>4 A4 6IB89 6 6B;8GIB;45BDA<> 8?S EB6D9@9AAOI 86<74F9?9= C47G5AB E>4;O649FES A4 <I 

QHH9>F<6ABEF<. �DB@9 FB7B, 6B;A<>4RF A9CDBEFO9 6BCDBEO B 6;4<@AB@ 6?<SA<< 86<74F9?9= 

8DG7 A4 8DG74 (CB@C4:, B5DO6 ?BC4FB>) < BK<EF>9 69DIA9= CB69DIABEF< HR;9?S:4 BFB ?P84. 

!4<5B?99 >4D8<A4?PAB CDB5?9@4 LG@4 D9L49FES A4 >B@CBAB6>4I F<C4 <?9F4RM99 

>DO?B= E D4ECB?B:9A<9@ 86<74F9?9= A48 ;48A9= K4EFPR J9AFDBC?4A4. �@9EF9 E F9@, CDBEFB9 

G69?<K9A<9 8<4@9FD4 86<74F9?9= 698ёF > G69?<K9A<R B@O649@B= C?BM48< < GIG8L9A<R 

<AF9DH9D9AJ<< (D<EGAB> 4.13). 
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$<EGAB> 4.13 – #DB9>F � % 6 EI9@9 BWB H<D@O �B<A7 [193] 

 

� E6S;< E QF<@ 6 D45BF9 [192] 5O? CD98?B:9A <AB= CGFP G69?<K9A<S EF9C9A< 

86GI>BAFGDABEF< 86<74F9?9= 59; G69?<K9A<S 97B CBC9D9KAOI D4;@9DB6 – F.A. 

D4ECD989?9AA4S E<?B64S GEF4AB6>4, 6 >BFBDB= >B?<K9EF6B CDBCG?PE<6AOI 69AF<?SFBDB6 

5B?PL9, K9@ 74;B79A9D4FBDB6 (D<EGAB> 4.14). #D<6B8 69AF<?SFBDB6 @B:AB BD74A<;B64FP 

@9I4A<K9E><@ CGF9@, ;4 EKёF CA96@BFD4EE, <?< 84:9 Q?9>FD<K9E><@ B5D4;B@ E CD<@9A9A<9@ 

E69DICDB6B8SM<I E<?B6OI >459?9=, C9D984RM<I QA9D7<R BF FGD5B79A9D4FBDB6 > 

@AB:9EF69AAO@ Q?9>FD<K9E><@ 69AF<?SFBD4@ (D<EGA>< 4.15÷4.17). 

 
$<EGAB> 4.14 - $4ECD989?9AA4S %' A4 @4?BLG@AB= >B@CBAB6>9 MIT SAX-40 [192] 
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$<EGAB> 4.15 – BWB E D4ECD989?9AAB= FGD5BQ?9>FD<K9E>B= E<?B6B= GEF4AB6>B=, CDB9>F 

NASA [194] 

 

 
 
$<EGAB> 4.16 – #9D984K4 QA9D7<< E <ECB?P;B64A<9@ E69DICDB6B8A<>B6 6 BWB E 

D4ECD989?9AAB= FGD5BQ?9>FD<K9E>B= E<?B6B= GEF4AB6>B= 
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$<EGAB> 4.17 – #9DEC9>F<6AO= �% % E FGD5BQ?9>FD<K9E>B= E<?B6B= GEF4AB6>B=, CDB9>F 

AIRBUS 

 

!4<5B?99 9EF9EF69AAO@ Q>D4AB@ 8?S 86<74F9?9= S6?S9FES >DO?B, CBQFB@G A9 

CD9>D4M4RFES CBCOF>< D9L<FP CDB5?9@G LG@4 <@4?B= >DB6PR= CGF9@ C9D9ABE4 

86<74F9?9= A469DI. "F@9F<@, KFB 8B A4EFBSM97B 6D9@9A< 5O?B EB;84AB A9E>B?P>B D94?PAOI 

E4@B?ёFB6 E 69DIA<@ D4ECB?B:9A<9@ 86<74F9?9= (E@. D<EGAB> 4.18)  

  
VFW-614 Honda Jet 

  
�9-200 �A-74&�-200 

$<EGAB> 4.18 – %4@B?ёFO E 86<74F9?S@< A48 >DO?B@ 
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%?98G9F BF@9F<FP, KFB 6B 6E9I E?GK4SI F4>B= 6O5BD 8<>FB64?ES EC9J<H<K9E><@< 

EBB5D4:9A<S@<, BF?<KAO@< BF FD95B64A<= Q>BAB@<KAB7B >D9=E9DE>B7B CB?ёF4 < EA<:9A<S 

LG@4 A4 @9EFABEF<, 84 < >D9=E9DE>4S E>BDBEFP 5O?4 @9APL9, K9@ G >BA>GD9AFB6. &9@ A9 

@9A99, @B:AB BF@9F<FP, KFB E4@B?ёFO VFW-614 < �9-200 89=EF6<F9?PAB ;4@9FAB @9A99 

LG@AO CB ED46A9A<R E 4A4?B74@<. �AF9D9EAB BF@9F<FP F4>:9 A4?<K<9 C4?G5AB7B BC9D9A<S 

G VFW-614. 

"FABE<F9?PAO9 D4;@9DO 86<74F9?S < >DO?4 6 A4EFBSM99 6D9@S F4>B6O, KFB 

A96B;@B:AB B8AB6D9@9AAB CD<>DOFP < 69AF<?SFBD, < EFDGR. �DB@9 FB7B, D4ECB?B:9A<9 

86<74F9?S A48 E9D98<AB= IBD8O >DO?4 A4<@9A99 5?47BCD<SFAB E FBK>< ;D9A<S 

4QDB8<A4@<K9E>B= <AF9DH9D9AJ<<.  

#D< D4ECB?B:9A<< 86<74F9?9= C9D98 >DO?B@ Q>D4A<DG9FES LG@ D94>F<6AB= EFDG< 

(D<EGAB> 4.19). *9AFDB6>4 E4@B?ёF4 F4>:9 A9 6O;O649F CDB5?9@. "8A4>B, 8BEF<:9A<9 

6OEB><I >D9=E9DE><I K<E9?  4I4 ;4FDG8A9AB 6E?98EF6<9 CBS6?9A<S E<?PAOI E>4K>B6 

GC?BFA9A<S 6 >BDA96OI B5?4EFSI (D<EGAB> 4.20). #B8B5A4S A95?47BCD<SFA4S 

<AF9DH9D9AJ<S CDBS6?S?4EP < A4 @B89?< *��� ��-2011 (D<EGAB> 4.21). 

 

 
$<EGAB> 4.19 –  4?BLG@A4S >B@CBAB6>4 NASA CESTOL 

 

 
$<EGAB> 4.20 – $4EKёFAO9 <EE?98B64A<S >B@CBAB6>< E 69DIA<@ D4ECB?B:9A<9@ 

86<74F9?9= 6 �6DBC9=E>B@ CDB9>F9 ROSAS [195] 
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$<EGAB> 4.21 – �QDB8<A4@<K9E>4S @B89?P ��-2011 E D4ECB?B:9A<9@ 86<74F9?9= A48 

>DO?B@ 

 

#D< D4ECB?B:9A<< 86<74F9?9= ;4 >DO?B@, A4B5BDBF, 6B;A<>49F CB?B:<F9?PA4S 

4QDB8<A4@<K9E>4S <AF9DH9D9AJ<S ;4 EKёF FBD@B:9A<S CBFB>4 C9D98 6B;8GIB;45BDA<>B@ A4 

>D9=E9DE><I D9:<@4I CB?ёF4. 1FBF QHH9>F IBDBLB <;69EF9A 8?S >B@CBAB6B> D97<BA4?PAOI 

< 48@<A<EFD4F<6AOI E4@B?ёFB6 (D<EGA>< 4.22, 4.23). 

 
$<EGAB> 4.22 – �?<SA<9 GEF4AB6>< @BFB7BA8B? 86<74F9?9= A4 D4ECD989?9A<9 846?9A<S CB 

>DO?G D97<BA4?PAB7B E4@B?9F4 
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$<EGAB> 4.23- �<;G4?<;4J<S B5F9>4A<S @9FB8B@ J69FAB= @4E?SAB= C?9A>< 

6 ��& &-106  

 

1FB CBE?G:<?B CD<K<AB= @AB7BK<E?9AAOI >BAJ9CFG4?PAOI <EE?98B64A<= 

>B@CBAB6B> C9DEC9>F<6AOI E4@B?ёFB6 E 86<74F9?S@< A48 ;48A9= >DB@>B= >DO?4, 6 FB@ 

K<E?9 < @4?BLG@AOI (E@. D<EGA>< 3.44÷3.46 6 7?469 3). 

' >B@CBAB6B> E D4ECB?B:9A<9@ 86<74F9?9= A48 ;48A9= >DB@>B= >DO?4 9EFP DS8 

E9DP9;AOI CD9<@GM9EF6: 

- BFEGFEF6<9 B7D4A<K9A<= A4 8<4@9FD < G69?<K9A<9 EF9C9A< 86GI>BAFGDABEF< 

86<74F9?9=; 

- ;4M<M9AABEFP BF CBC484A<S CBEFBDBAA<I CD98@9FB6 6 6B;8GIB;45BDA<>< 

86<74F9?9=; 

- EA<:9A<9 LG@4 A4 @9EFABEF< 6E?98EF6<9 Q>D4A<DB64A<S LG@4 69AF<?SFBD4 6 

C9D98A9= CB?GEH9D9 >DO?B@, 4 F4>:9 BFEGFEF6<S 6;4<@B89=EF6<S EFDG< < ;4>DO?>4; 

- BFEGFEF6<9 D4;DO6B6 @9I4A<;4J<< C9D98A9= >DB@>< 68B?P D4;@4I4 >DO?4; 

- G@9APL9AA4S 8?<A4 EFB9> L4EE< < BFEGFEF6<9 CBC9D9KAB7B CB8>BE4 (69E, LG@), 

GCDBM9A<9 CDB5?9@O 464D<=AB= Q64>G4J<< 6E?98EF6<9 @9APL9= 6OEBFO CB?4 E4?BA4 BF 

;9@?<; 

- G@9APL9A<9 D<E>4 CB:4D4 CD< 464D<=AB= CBE48>9 E A96OCGM9AAO@< L4EE<; 

- @9APL<9 CDB5?9@O E D4;59:>B= J9AFDB6B>, K9@ G >B@CBAB6>< E 86<74F9?S@< A4 

I6BEF9 HR;9?S:4; 

- CDBM9 EB;84FP E9@9=EF6B E4@B?ёFB6 ;4 EKёF HR;9?S:AOI 6EF46B>. 

�?47BCD<SFA4S 4QDB8<A4@<K9E>4S <AF9DH9D9AJ<S CB;6B?S9F A9E>B?P>B EA<;<FP 

EFD9?B6<8ABEFP >DO?4 8?S 8BEF<:9A<S B8<A4>B6B7B K<E?4  4I4. �DB@9 FB7B, CDBH<?P A4 

<;?B@9 5G89F <@9FP 5B?PLGR 6OEBFG ;48A97B ?BA:9DBA4. 1FB 84ёF A9>BFBDB9 G@9APL9A<9 

69E4 >DO?4, 4 F4>:9 CB;6B?S9F D4EEK<FO64FP A4 9EF9EF69AAGR ?4@<A4D<;4J<R B5F9>4A<S 

>BAEB?PAB= K4EF<. 
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#D< @4?B= EFD9?B6<8ABEF< >DO?4 J9?9EBB5D4;AB C9D9@9EF<FP L4EE< 6 7BA8B?O A4 

>DO?9 >4> A4 E4@B?ёF4I &G-134 < &G-154, >BFBDO9 >BAEFDG>F<6AB B5N98<A9AO E C<?BA4@< 

86<74F9?9=. � QFB@ E?GK49 GEFD4AS9FES A9B5IB8<@BEFP BD74A<;4J<< A<LO L4EE< 6 

HR;9?S:9. ,<DB>4S >B?9S L4EE< G?GKL49F CDBIB8<@BEFP A4 4QDB8DB@4I E 

A9CB87BFB6?9AAO@ CB>DOF<9@. 

�EFP, B8A4>B, < A98BEF4F><: 

- G69?<K9AAO= LG@ 6 C4EE4:<DE>B@ E4?BA9, 9EF9EF69AAO= D4;6BDBF 

6B;8GIB;45BDA<>B6 CB CBFB>G A4DG:G </<?< E>BL9AA4S B59K4=>4 @B7GF K4EF<KAB E7?48<FP 

CDB5?9@G; 

- G69?<K9AAO= D<E> D4;79D@9F<;4J<< E4?BA4 CD< 464D<=AB@ D4;?9F9 Q?9@9AFB6 

86<74F9?S; 

- G69?<K9AA4S <AF9DH9D9AJ<S 86<74F9?S E >DO?B@, 6 FB@ K<E?9 69DBSFAB CBC484A<9 

EDO6AB7B F9K9A<S E >DO?4 6 86<74F9?P A4 5B?PL<I G7?4I 4F4><; 

- A9B5OKA4S >BAEFDG>J<S, 6B;@B:AO H?4FF9DAO9 S6?9A<S; 

- A9B5IB8<@BEFP CD<@9A9A<S &-B5D4;AB7B <?< + B5D4;AB7B BC9D9A<S; 
- GE?B:A9A<9 B5E?G:<64A<S 86<74F9?9=, IBFS CD< A<;>B@ CB?B:9A<< >DO?4 < 

>BDBF><I EFB=>4I L4EE< 45EB?RFA4S 6OEBF4 86<74F9?9= A48 ;9@?9= A9 EFB?P 69?<>4. 

� ?<F9D4FGD9 CBE?98A<I ?9F A9F 98<AB7B @A9A<S B5 QHH9>F<6ABEF< Q>D4A<DB64A<S 

LG@4 86<74F9?S >DO?B@. � @4F9D<4?4I [189] BF@9K49FES, KFB CD9:A<9 BJ9A><, BEAB64AAO9 

A4 GCDBM9AAOI @B89?SI D4ECDBEFD4A9A<S ;6G>4, 8464?< E?<L>B@ BCF<@<EF<K9E><9 BJ9A><. 

&9@ A9 @9A99, >4> @<A<@G@ 6 86GI 4EC9>F4I EI9@4 E 86<74F9?S@< A48 ;48A9= >DB@>B= >DO?4 

EGM9EF69AAB CD96BEIB8<F >?4EE<K9E>GR CB LG@G. �B-C9D6OI, LG@ 69AF<?SFBD4 6 C9D98A9= 

CB?GEH9D9 89=EF6<F9?PAB 74E<FES CB ED46A9A<R E A9CD<>DOFO@ 86<74F9?9@, >4> @B:AB 

6<89FP, A4CD<@9D, CB D9;G?PF4F4@ Q>EC9D<@9AF4 6 ;47?GL9AAB= >4@9D9 [196], CD<6989AAO@ 

A4 D<EGA>4I 4.24÷4.26. �B-6FBDOI, A9F QHH9>F4 GE<?9A<S LG@4 <6;4<@B89=EF6<S= EFDG< < 

;4>DO?>4 CD< BF>?BA9A<< CBE?98A97B. � J9?B@, CBF9AJ<4? G@9APL9A<S LG@4 A4 @9EFABEF< 

CB ED46A9A<R E >?4EE<K9E>B= EI9@B= BJ9A<649FES 6 10-15 EPN8�. 
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$<EGAB> 4.24 – %I9@4 Q>EC9D<@9AF4 CB Q>D4A<DB64A<R LG@4 69AF<?SFBD4 >DO?B@ [196] 

 

 
$<EGAB> 4.25 – �AF97D4?PAB9 EA<:9A<9 <AF9AE<6ABEF< LG@4 CD< D4;?<KAOI CB?B:9A<SI 

6B;8GIB;45BDA<>4 BFABE<F9?PAB >DO?4  
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$<EGAB> 4.26 – %A<:9A<9 <AF9AE<6ABEF< ;6G>4 8?S D4;?<KAOI @<>DBHBAB6 A4 CB?G 

4>GEF<K9E>B= >4@9DO 

 

�4?99 5G89F CD<6989AB <;?B:9A<9 D9;G?PF4FB6 <EE?98B64A<= CB 4QDB8<A4@<>9 

>B@CBAB6B> E D4ECB?B:9A<9@ 86<74F9?9= A48 ;48A9= >DB@>B= >DO?4. 

 

4.2 #9DEC9>F<6AO= D97<BA4?PAO= E4@B?ёF E 86<74F9?S@< A48 >DO?B@ 
�?S D97<BA4?PAOI < 5?<:A9@47<EFD4?PAOI E4@B?ёFB6 B8A<@ <; 64:A9=L<I 

D9EGDEB6 CB6OL9A<S 4QDB8<A4@<K9E>B7B >4K9EF64 S6?S9FES ?4@<A4D<;4J<S B5F9>4A<S 

>DO?4, BC9D9A<S < @BFB7BA8B?. &4> >4> EFD9?B6<8ABEFP >DO?4 < K<E?B $9=AB?P8E4 

A95B?PL<9, FB D4J<BA4?PAB D4EE@4FD<64FP 9EF9EF69AAGR ?4@<A4D<;4J<R B5F9>4A<S (��") 

(D<EGAB> 4.27), >4> A4<5B?99 CDBEFGR CB F9IAB?B7<<. "F@9F<@, KFB < 6 QFB@ E?GK49 

A9B5IB8<@B D9L<FP DS8 CD4>F<K9E><I ;484K CB B59EC9K9A<R A48?9:4M97B >4K9EF64 

6A9LA9= CB69DIABEF< >DO?4, CD4>F<K9E>B7B CB889D:4A<S ?4@<A4DAB7B B5F9>4A<S 6 

D94?PAB= Q>EC?G4F4J<<, B59EC9K9A<S A9B5IB8<@OI A9EGM<I E6B=EF6 A4 6;?9F9 < CBE48>9 

59; CD<@9A9A<S CD98>DO?>B6, A489:AB7B BCD989?9A<S < GCD46?9A<S ?4@<A4DAO@ F9K9A<9@. 
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$<EGAB> 4.27 – �D4A<JO CD<@9A<@BEF< D4;?<KAOI E<EF9@ ?4@<A4D<;4J<< (6;7?S8 

Airbus) [197] 

 

$4A99 EK<F4?BEP, KFB EA<:9A<9 EFD9?B6<8ABEF< >DO?4 8B A9B5IB8<@OI 8?S ��" 

;A4K9A<= χ¼f15° 6OAG:89AAB 6?9KёF ;4 EB5B= G@9APL9A<9 >D9=E9DE>B7B K<E?4  4I4 8B 

 =0.7÷0.74, KFB A9 6C<EO649FES 6 EB6D9@9AAGR E9F>G 46<4?<A<=, B5E?G:<649@OI 

E4@B?ёF4@< (B-737, A-320, SSJ-100 < 8D.) E  �$��%=0.78. "8A4>B, <EE?98B64A<S 46FBDB6 A4 

QFG F9@G CB>4;4?<, KFB CD<@9A9A<9 EB6D9@9AAOI E69DI>D<F<K9E><I >DO?P96 CB;6B?S9F 

84:9 CD< EFB?P @4?B= EFD9?B6<8ABEF< 8BEF<KP 6OEB><I E>BDBEF9= CB?9F4  0.78-0.79. 

!4 C9D6B@ QF4C9 ECDB9>F<DB64A4 >B@CBAB6>4 E >DO?B@ EB EFD9?B6<8ABEFPR CB 

K9F69DF< IBD8 χ¼=15° E 86<74F9?S@< CB8 >DO?B@ (>DO?B 1). �DO?B 1 CDB9>F<DB64?BEP 6 

D4@>4I >BAJ9CJ<< D97<BA4?PAB7B D94>F<6AB7B E4@B?ёF4 E?98GRM97B CB>B?9A<S E 

6B;@B:ABEFPR 9EF9EF69AAB= ?4@<A4D<;4J<9= B5F9>4A<S >BAEB?PAB= K4EF< >DO?4. 

#D98O8GM<9 <EE?98B64A<S >B@CBAB6>< CB8B5AB7B E4@B?ёF4 CB>4;4?< (D<EGAB> 4.28), KFB 

CD<@9A9A<9 E69DI>D<F<K9E><I CDBH<?9= 6 >B@CBAB6>9 >DO?4 @4?B= EFD9?B6<8ABEF< 

CB;6B?<F A9 EA<:4FP EF4A84DFAGR E>BDBEFP CB?ёF4 M~0.78. 
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Рисунок 4.28 – Исследованные аэродинамические компоновки перспективного 

реактивного регионального самолёта 

 

Крыло 1 (LSW-1) проектировалось для компоновки низкоплан в присутствии 

подкрыльевых двигателей большой степени двухконтурности. Задачей проектирования 

являлось доказательство возможности осуществлять крейсерский полёт с М=0.78 и задание 

планки аэродинамического совершенства для сравнения с компоновками других схем (см. 

рисунок 4.28). 
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�DO?B 1 <@99F E?98GRM<9 C4D4@9FDO (D<EGAB> 4.29): L=35 @, SFD=115 @2, =11, 

ó1/4=15, =3.9, %�)=3.554 @. �DO?B <@99F C9D98A<= < ;48A<= >BDA96O9 A4C?O6O. 

"FABE<F9?PA4S FB?M<A4 6O5D4A4 E?98GRM9=: 15.9%-12%-10%. 

 
$<EGAB> 4.29 – (BD@4 6 C?4A9 < BCBDAO9 E9K9A<S >DO?4 1 

 

�DO?B 1 CDB9>F<DB64?BEP CD< CB@BM< CDBJ98GDO @AB7BD9:<@AB= BCF<@<;4J<< E 

<ECB?P;B64A<9@ CDB7D4@@O BLWF-56. $4EKёFA4S @4F@B89?P D4EE@4FD<649@B= >B@CBAB6>< 

CD98EF46?9A4 A4 D<EGA>9 4.30.  BFB7BA8B?O D4EE@4FD<64?<EP F<C4 PW, AB 

BE9E<@@9FD<KAO9 8?S CDBEFBFO <;7BFB6?9A<S. 

 
$<EGAB> 4.30 – $4EKёFA4S @4F9@4F<K9E>4S @B89?P >B@CBAB6>< E >DO?B@ 1 
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#DBH<?< >DO?4 1 CD98EF46?9AO A4 D<EGA>9 4.31. 

 

 
 

$<EGAB> 4.31 – #DBH<?< BCBDAOI E9K9A<= >DO?4 1 

 

�DO?B BCF<@<;<DB64?BEP A4 E?98GRM<I D9:<@4I B5F9>4A<S:  =0.77 %G=0.59; 

 =0.78 %G=0.525, 0.575 < 0.7;  =0.79 %G=0.54;  =0.8 %G=0.525. !9E>B?P>B EA<:9AAO9 

;A4K9A<S %G CB ED46A9A<R E 8DG7<@< >DO?PS@< B5NSEASRFES CBA<:9AAB= A47DG;>B= A4 

>DO?B G ?4@<A4DAB7B E4@B?ёF4, B5GE?B6?9AAB= IG8L9= @9I4A<;4J<9= C9D98A9= >DB@>< 

(M<F>< �DR79D4 6@9EFB CD98>DO?>B6). $4EKёFAB9 D4ECD989?9A<9 846?9A<S A4 D9:<@9 

 =0.78 %G=0.575 CB>4;4AB A4 D<EGA>9 4.32.  
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$<EGAB> 4.32 – $4EKёFAB9 D4ECD989?9A<9 846?9A<S CB >DO?G 1 

 

%D46A9A<9 D4EKёFAOI EBEF46?SRM<I CB?SD CD< FDG5AOI GE?B6<SI 84AB A4 

D<EGA>4I 4.33÷4.36. #B?SDO CBEK<F4AO 8?S FD9I F<CB6 @BFB7BA8B?: <EIB8AB=, MG0 – 

F9@4F<K9E>B= BE9E<@@9FD<KAB= (m=10.5) < MG-1 – BE9E<@@9FD<KAB= F<C4 PW, D4A99 
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изготовленной в ОПИ ЦАГИ. Видно, что исходную мотогондолу можно без потерь 

поменять на MG1. 

 

Рисунок 4.33 – Расчётные составляющие поляр крыла 1 при М=0.75 Re=3.09 млн 

 

 

Рисунок 4.34 – Расчётные составляющие поляр крыла 1 при М=0.78 Re=3.09 млн 
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Рисунок 4.35 – Расчётные составляющие поляр крыла 1 при М=0.79 Re=3.09 млн 

 

Рисунок 4.36 – Расчётные составляющие поляр крыла 1 при М=0.8 Re=3.09 млн 

 

4.3 Экспериментальные исследования модели с крылом 1 в АДТ 

Модель перспективного регионального самолёта (МКРЕЙС=0.78) с крылом малой 

стреловидности с тематической подкрыльевой мотогондолой МГ-0 изготовлена и испытана 

в АДТ Т-128 (рисунок 4.37). Крыло 1 имеет стреловидность χ¼=15°, удлинение λ=11, 

сужение η=3.9 и проектировалось на режимы натурного полёта М=0.77 Су=0.59; M=0.78 

Cy=0.525 и 0.575; M=0.79 Cy=0.54; M=0.8 Cy=0.525. 
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$<EGAB> 4.37 

 

�; D4EE@BFD9A<S Q>EC9D<@9AF4?PAOI CB?SD (6AGFD9AA99 EBCDBF<6?9A<9 @BFB7BA8B? 

A9 6OK<F4?BEP) (D<EGA>< 4.38, 4.39) 6<8AB, KFB >DO?B A4EFDB9AB A4 ;A4K9A<S %G @9APL<9, 

K9@ FDG5AO9 %G�@4I (6 A4FGD9 ;A4K9A<S %G�@4I A9E>B?P>B @9APL9, 4 CD< FDG5AOI K<E?4I 

$9=AB?P8E4 D4EKёFAO9 ;A4K9A<S %G B5OKAB A9E>B?P>B <CDBE4:<64RFES=). &9@ A9 @9A99, 

Q>EC9D<@9AF4?PAB 5O?B 8B>4;4AB, KFB >DO?B @4?B= EFD9?B6<8ABEF< 89=EF6<F9?PAB @B:9F 

B59EC9K<FP FD95G9@GR E>BDBEFP CB?ёF4  0.78 (D<EGAB> 4.40) CD< EFD9?B6<8ABEF< ó¼~15, 

CD< QFB@ B59EC9K<649F 8BEF4FBKAB 6OEB><= GDB69AP 4QDB8<A4@<K9E>B7B >4K9EF64. 

 
$<EGAB> 4.38 – 1>EC9D<@9AF4?PAO9 <CDBH<?PAO9= CB?SDO @B89?< E >DO?B@ 1, φ�"=0 
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$<EGAB> 4.39 – �QDB8<A4@<K9E>B9 >4K9EF6B @B89?< 

 

 
$<EGAB> 4.40 - K �) < K �)ꞏ  
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4.4 Аэродинамическое проектирование крыла с верхним расположением МГ 

Крыло 2 (LSW-2) с несколько увеличенной площадью (SТР=115 м2) и меньшим 

удлинением λ=10.65 (χ¼=15.03°, η=3.67) спроектировано по принятой аэродинамики 

методике, включающей оптимизацию аэродинамического качества на 9 режимах: 

М=0.77 Су=0.6; M=0.78 Cy=0.525 и 0.6; M=0.79 Cy=0.55; M=0.8 Cy=0.525 и др. 

Относительная толщина сечений крыла была немного снижена по сравнению с крылом 1 

(LSW-1), особенно на консольной части (рисунок 4.41).  

 
Рисунок 4.41 - Сравнение относительных толщин крыльев 

 

Прямой расчёт аэродинамических характеристик компоновки без оперения и без 

пилонов осуществлялся при помощи программы BLWF-56 на натурных режимах при 

Re=21 млн и трубных режимах при Re=3 млн, Хп=10%. Расчётная матмодель 

представлена на рисунке 4.42.  
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$<EGAB> 4.42 – $4EKёFA4S @4F9@4F<K9E>4S @B89?P >B@CBAB6>< E >DO?B@ 2 8?S BLWF-56 

 

�DO?B HBD@<DB64?BEP CB 7 54;B6O@ E9K9A<S@, CDBH<?< >BFBDOI CD98EF46?9AO A4 

D<EGA>9 4.43. "5D4M49F A4 E95S 6A<@4A<9 GFB?M9AA4S I6BEFB64S K4EFP <;?B@AB7B CDBH<?S 

(ðz=0.33), >BFBD4S S6?S9FES D9;G?PF4FB@ CDBF<6B89=EF6<S FBD@B;SM9@G 6?<SA<R 

@BFB7BA8B?O C9D98 EB5B=. &4><@ B5D4;B@, ;48A<= ?BA:9DBA G >DO?4 E 86<74F9?S@< A469DIG 

FB?M9, K9@ G 4A4?B7B6 E B5OKAO@ D4ECB?B:9A<9@ 86<74F9?9=. 

%D46A9A<9 D4EKёFAOI ;46<E<@BEF9= %I=f(M) 8?S <ECOF4AAB7B D4A99 54;B6B7B 

64D<4AF4 E >DO?B@ 1 < @4?BLG@AB= >B@CBAB6>< E >DO?B@ 2 CD98EF46?9AB A4 D<EGA>9 4.44. 

' >DO?4 2 A9 FB?P>B 6OL9 ;A4K9A<S  >D* (Δ 0.007), AB < CD4>F<K9E>< BFEGFEF6G9F 

<CB?;GK99< EBCDBF<6?9A<9. #B?B:<F9?PAO= QHH9>F 8BEF<749FES ;4 EKёF G?GKL9AAB= 

<AF9DH9D9AJ<< E HR;9?S:9@ 59; B5F9>4F9?S < CB8FBD@4:<64RM97B QHH9>F4 @BFB7BA8B?. 

�@9EF9 E F9@, A9B5IB8<@B ;4@9F<FP, KFB QF< D4EKёFO BEGM9EF6?S?<EP CB CDB7D4@@9 

BLWF-56 59; GKёF4 C<?BA4, CBQFB@G BA< 8B?:AO 5O?< 5OFP CB8F69D:89AO 84AAO@< 

Q>EC9D<@9AF4. 
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$<EGAB> 4.43 – #DBH<?< 54;B6OI E9K9A<= >DO?4 3 

 

 
$<EGAB> 4.44 – %D46A9A<9 D4EKёFAOI I4D4>F9D<EF<> EBCDBF<6?9A<S 
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4.5 1>EC9D<@9AF4?PAO9 <EE?98B64A<S >DO?4 2 
�ECOF4A<S @B89?< E4@B?ёF4 D97<BA4?PAB7B E4@B?ёF4 E >DO?B@ 2 @4?B= 

EFD9?B6<8ABEF< 5O?< CDB6989AO 6 D45BK9= K4EF< №1 4QDB8<A4@<K9E>B= FDG5O &-128 

(D<EGAB> 4.45). 

 

 
$<EGAB> 4.45 –  B89?P E >DO?B@ 3 @4?B= EFD9?B6<8ABEF< 6 ��& &-128 

 

�;@9D9A<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> @B89?< CDB6B8<?<EP A4 I6BEFB6B= 

89D:46>9 E CB@BMPR 6AGFD<@B89?PAOI F9A;B69EB6 �6-710(3)-&128. �?S 74L9A<S 

>B?954A<= A4 @B89?< 5O? GEF4AB6?9A C4EE<6AO= 89@CH9D. 

+<E?B $9=AB?P8E4 6B 6D9@S <ECOF4A<= E 5B?PL<@< K<E?4@<  4I4 CB889D:<64?BEP 

CBEFBSAAO@ < D46AO@ Re=3 @?A (CB %�)=0.198 @). �ECOF4A<S CDB6B8<?<EP 6 GE?B6<SI 

H<>E<DB64AAB7B < E6B5B8AB7B C9D9IB84 CB7D4A<KAB7B E?BS A4 6E9I BEAB6AOI Q?9@9AF4I 

@B89?<. (<>E4J<S C9D9IB84 A4 Q?9@9AF4I @B89?< BEGM9EF6?S?4EP E CB@BMPR 

FGD5G?<;4FBDB6 J<?<A8D<K9E>B7B F<C4 6OEBFB= 0.1 @@. !4 C<?BA4I FGD5G?<;4FBDO A9 

A4>?9<64?<EP.  

� D9;G?PF4FO <ECOF4A<= 6A9E9AO E?98GRM<9 CBCD46><: A4 E>BE A45974RM97B 

CBFB>4, A4 8BAAB9 EBCDBF<6?9A<9 (CBCD46>4 A4 8BAAB9 EBCDBF<6?9A<9 – 9EFP CDB<;6989A<9 

C?BM48< 8BAAB7B ED9;4 A4 >BQHH<J<9AF 846?9A<S, <;@9D9AAB7B 6 CB?BEF< @B89?<), A4 

6?<SA<9 7D4A<J CBFB>4 (E>BE CBFB>4, 5?B><DB6>4 < 99 7D48<9AF, 6?<SA<9 A4 EBCDBF<6?9A<9 

< @B@9AFAO9 I4D4>F9D<EF<><), A4 6?<SA<9 I6BEFB6B= 89D:46>< < <E>4:9A<9 I6BEFB6B= 

K4EF< HR;9?S:4 (D4EK9FA4S CBCD46>4 > >BQHH<J<9AF4@ EBCDBF<6?9A<S, CB8N9@AB= E<?O < 

@B@9AFAO@ I4D4>F9D<EF<>4@). 
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1>EC9D<@9AF4?PAO9 4QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< E H<>E<DB64AAO@ 

C9D9IB8B@ CD< 5B?PL<I E>BDBEFSI CD98EF46?9AO A4 D<EGA>4I 4.46÷4.51 (A4CB@A<@, KFB 

I4D4>F9D<EF<>< BFA9E9AO > Sxap=110 @2, FB784 >4> 89=EF6<F9?PA4S C?BM48P >DO?4 – 115 @2). 

!9EGM<9 E6B=EF64 @B89?< B5OKAO9.  B89?P CD< φ�"=-2° CD4>F<K9E>< E54?4AE<DB64A4 A4 

;48A<I J9AFDB6>4I.  B@9AFAO9 I4D4>F9D<EF<>< <@9RF ED46A<F9?PAB A95B?PLGR <?B:>G= 

66<8G @4?B= EFD9?B6<8ABEF< >DO?4 2. #B?SDO >DO?4 CB8F69D:84RF <A4EFDB9AABEFP= A4 

;484AAO9 ;A4K9A<S %G < 6B;@B:ABEFP 8BEF<:9A<S @4>E<@4?PAB7B >D9=E9DE>B7B K<E?4  4I4 

 =0.8. 

 
$<EGAB> 4.46 

 
$<EGAB> 4.47 
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$<EGAB> 4.48 

 

 
$<EGAB> 4.49 

 

 
$<EGAB> 4.50 
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$<EGAB> 4.51 

 

)4D4>F9D<EF<>< CD< E6B5B8AB@ C9D9IB89 CB7D4A<KAB7B E?BS A4 >DO?9 CD<6989AO A4 

D<EGA>4I 4.52÷4.57. !9EGM<9 E6B=EF64 CB ED46A9A<R EB E?GK49@ H<>E<DB64AAB7B C9D9IB84 

CB8D4EF4RF, A9@AB7B GE<?<649FES C<><DGRM<= @B@9AF. � CB?SD4I A45?R849FES C9D9I?9EF 

>D<6OI, 6O;64AAO= G69?<K9A<9@ CDBFS:9AABEF< ?4@<A4DAOI GK4EF>B6 A4 69DIA9= 

CB69DIABEF< >DO?4 CD< DBEF9 K<E?4  4I4. 
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$<EGAB> 4.52 

 
$<EGAB> 4.53 

 

 
$<EGAB> 4.54 



262 
 

 
$<EGAB> 4.55 

 

 
$<EGAB> 4.56 
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$<EGAB> 4.57 

 

�AF97D4?PAO9 I4D4>F9D<EF<>< >DO?4 2 CD98EF46?9AO A4 D<EGA>9 4.58. �4:9 

A9E@BFDS A4 BFD<J4F9?PAO= G7B? ;4>?<A9A<S �" AB6B9 >DO?B 2 <@99F 5B?PL99 ;A4K9A<9 

 >D* CB ED46A9A<R E >DO?B@ 1, >4> < CD98E>4;O64?BEP D4EKёFB@.  4>E<@G@ CDB<;6989A<S 

� �)•  8BEF<749FES CD<  =0.78 >4> CD< E6B5B8AB@, F4> < CD< H<>E<DB64AAB@ C9D9IB89. 
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$<EGAB> 4.58 - 1>EC9D<@9AF4?PAO9 ;A4K9A<S >4K9EF64 < C4D4@9FD4 84?PABEF< @B89?< 

$% E >DO?B@ 2 (Re=3 @?A, �"=-2) 

 

&4><@ B5D4;B@, 8B>4;4AB, KFB >B@CBAB6>4 E 86<74F9?S@< A48 ;48A9= >DB@>B= >DO?4 

CB >D9=E9DE><@ 4QDB8<A4@<K9E><@ I4D4>F9D<EF<>4@ A9 GEFGC49F >?4EE<K9E>B= E 

CB8>DO?P96O@ D4ECB?B:9A<9@ 86<74F9?9= A4 C<?BA4I. 1FBF D9;G?PF4F S6?S9FES >D4=A9 

64:AO@! 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< CD< @4?OI E>BDBEFSI ( =0.2) < D4;?<KAOI 

K<E?4I $9=AB?P8E4, CB?GK9AAOI ;4 EKёF A4>4K>< 846?9A<S 6 ��& 8B 3.7 4F4, CD98EF46?9AO 

A4 D<EGA>4I 4.59, 4.60. !9EGM<9 I4D4>F9D<EF<>< AB6B7B >DO?4 A96OEB>< (BEB59AAB E 

GKёFB@ @9APL9= Sxap), CB-6<8<@B@G, <;-;4 @4?OI D48<GEB6 ABE>4 < @4?B= 6B7AGFBEF< 

E>BDBEFAOI CDBH<?9=.  B@9AFAO9 I4D4>F9D<EF<>< ABESF 5?47BCD<SFAO= I4D4>F9D, 

<?B:><= CD< @4>E<@4?PAB@ Re CD4>F<K9E>< <EK9;4RF. 
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$<EGAB> 4.59 – !9EGM<9 I4D4>F9D<EF<>< $% E >DO?B@ 2 CD< @4?OI E>BDBEFSI 

 
$<EGAB> 4.60 –  B@9AFAO9 I4D4>F9D<EF<>< CD< @4?OI E>BDBEFSI 

 

4.6 $4;D45BF>4 ?4@<A4DAB7B >DO?4 3 @4?B= EFD9?B6<8ABEF< (LSW-3) 
�DO?B LSW-2, IBFP < <@99F @4?GR EFD9?B6<8ABEFP, B5?4849F ?4@<A4DAO@< 

GK4EF>4@< CBEFH4>FG@, F.9. CD< 97B CDB9>F<DB64A<< CD<A<@4?<EP 6B 6A<@4A<9 FB?P>B 

CB?ABEFPR FGD5G?9AFAO9 A4FGDAO9 D9:<@O B5F9>4A<S < FDG5AO9 D9:<@O E 

H<>E<DB64AAO@ 65?<;< C9D98A9= >DB@>< >DO?4 (10%) ?4@<A4DAB-FGD5G?9AFAO@ 

C9D9IB8B@. � FB :9 6D9@S, 9E?< 7B6BD<FP B ?4@<A4DAB@ >DO?9, FB :9?4F9?PAB 5O?B 5O CD< 

CDB9>F<DB64A<< GK<FO64FP B5F9>4A<9 EB ;A4K<F9?PAO@< ?4@<A4DAO@< GK4EF>4@< 
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A4CDS@GR. 1FB CB;6B?<?B 5O 8B5<FPES 86GI CD<AJ<C<4?PAOI D9;G?PF4FB6. �B-C9D6OI, 

CDBFS:9AAO9 ?4@<A4DAO9 GK4EF>< 8BEF<74?<EP 5O A4 F9I D9:<@4I, >BFBDO9 :9?4F9?PAO 

D4;D45BFK<>G, FB784 >4> 8?S B5OKAOI E69DI>D<F<K9E><I >DO?P96 CD< E6B5B8AB@ C9D9IB89 

I4D4>F9DAO S-B5D4;AO9 CB?SDO E G69?<K9AAO@ EBCDBF<6?9A<9@ A4 D9:<@4I, 5?<;><@ > 

>D9=E9DE><@. &4>B9 CB6989A<9 B5NSEAS9FES ;4DB:89A<9@ A4 CDB@9:GFBKAOI %G C9D98A97B 

E>4K>4 GC?BFA9A<S, ;469DL4RM97B E69DI;6G>B6GR ;BAG (D<EGAB> 4.61). 
 

 
$<EGAB> 4.61 – �;@9A9A<9 D4ECD989?9A<S 846?9A<S < CB?B:9A<S C9D9IB84 A4 

>BAEB?< >DO?4 CB @9D9 DBEF4 %G 

 

�B-6FBDOI, CDS@B= D4EKёF ?4@<A4DAB7B B5F9>4A<S CB;6B?<? 5O >BAFDB?<DB64FP < 

GDB69AP 6B?AB6B7B EBCDBF<6?9A<S, F4> >4> D4;7BAAO9 QCRDO 846?9A<S, A9B5IB8<@O9 8?S 

?4@<A4DAB7B F9K9A<S, K4EFB ;4>4AK<64RFES A4 69DIA9= CB69DIABEF< E<?PAO@< E>4K>4@< 

B5F9>4A<S. 

�?S 5B?99 >BDD9>FAB7B CDB9>F<DB64A<S ?4@<A4DAOI >DO?P96 @4?B= EFD9?B6<8ABEF< 

EF4A84DFA4S @9FB8<>4 4QDB8<A4@<K9E>B7B D4EKёF4 A4 54;9 CDB7D4@@ BLWF 5O?4 8BCB?A9A4 

;4 EKёF 8B546?9A<S <A:9A9DAB7B 5?B>4 D4EKёF4 CB?B:9A<S C9D9IB84 CB7D4A<KAB7B E?BS. 

!4CB@A<@, KFB 6 CDB7D4@@9 BLWF-56 CB?B:9A<9 C9D9IB84 68B?P D4;@4I4 >DO?4 

H<>E<DB64AB < ;4849FES 6 H4=?9 <EIB8AOI 84AAOI. � AB6B= <A:9A9DAB= @9FB8<>9 D4EKёF 

C9D9IB84 CDB<;6B8<FES CB C?BE><@ E9K9A<S@ 68B?P D4;@4I4, GK<FO649FES FB?P>B 

A9GEFB=K<6BEFP &B??@<A4-,?<IF<A74 A4 54;9 CB?GQ@C<D<K9E>B7B >D<F9D<S �DQA6<??4. 

"5M<= D4EKёF B5F9>4A<S >DO?4 CD< E6B5B8AB@ C9D9IB89 BEGM9EF6?S9FES <F9D4J<BAAO@ 
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B5D4;B@. %A4K4?4 CDB<;6B8<FES D4EKёF B5F9>4A<S CD< A4K4?PAB@ CB?B:9A<< C9D9IB84, 

;4F9@ CB CB?GK9AAB= QCRD9 846?9A<S A4IB8<FES AB6B9 CB?B:9A<9 C9D9IB84; BAB (E 

A9>BFBDB= D9?4>E4J<9=) ;46B8<FES 6 H4=? <EIB8AOI 84AAOI < F.8. "5OKAB FD95G9FES 6-10 

<F9D4J<= 8?S EIB8<@BEF< D4EKёF4. %IB8<@BEFP GIG8L49FES CD< A4?<K<< D4;7BAAB= QCRDO, 

;4>4AK<64RM9=ES E>4K>B@ GC?BFA9A<S. � QFB@ E?GK49 CB?B:9A<9 C9D9IB84 A4;A4K49FES A4 

1-2% IBD8O 5?<:9 CB?B:9A<S E>4K>4. !4>BA9J, 5O64RF E?GK4< A9GEFB=K<6OI <86G7BD5OI= 

QCRD 846?9A<S, A4 >BFBDOI FBK>4 C9D9IB84 6 CDBJ9EE9 <F9D4J<= <C9D9CDO7<649F= E 

C9D98A97B CB?B:9A<S A4 ;48A99, < A4B5BDBF. &4> >4> F4><9 QCRDO 6EFD9K4RFES D98>B, < <I 

A9 F4> @AB7B CB D4;@4IG, FB >B?954A<S EG@@4DAOI 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 

A969?<><, KFB CB;6B?S9F CD<@9ASFP BCF<@<;4J<BAAO9 CDBJ98GDO. 

%D46A9A<9 E Q>EC9D<@9AF4?PAO@< 84AAO@< CB CB?B:9A<R C9D9IB84, CB?GK9AAO@< 

@9FB8B@ ��-CB>DOF<= [199, 201], CB>4;4?B G8B6?9F6BD<F9?PAGR EIB8<@BEFP D9;G?PF4FB6. 

&4>:9 6 D4EKёF9 G849FES CB?GK<FP I4D4>F9DAO9 S-B5D4;AO9 CB?SDO CD< E6B5B8AB@ C9D9IB89 

(E@. D<EGAB> 4.61). 

#DB9>F<DB64A<9 ?4@<A4DAOI >DO?P96 ABE<F 9M9 5B?99 @AB7B>D<F9D<4?PAO= 

I4D4>F9D, K9@ FGD5G?9AFAOI. �?S FGD5G?9AFAOI >DO?P96 CDBH<?PAB9 EBCDBF<6?9A<9 

@9AS9FES E?45B, < BCF<@<;<DG9FES, 6 BEAB6AB@, 6B?AB6B9 EBCDBF<6?9A<9, >BFBDB9 CD< 

CDBK<I D46AOI GE?B6<SI (BFABE<F9?PA4S FB?M<A4, EFD9?B6<8ABEFP, ;A4K9A<9 %G) ;4@9FAB 

@9APL9, K9@ G ?4@<A4DAOI (E@. D<EGAB> 4.62 <; [198]). 

 
$<EGAB> 4.62 – #D<AJ<C<4?PAO9 BF?<K<S @9:8G ?4@<A4DAO@< < FGD5G?9AFAO@< 

FD4AE;6G>B6O@< >DO?PS@< [198] 
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�?S ?4@<A4DAOI >DO?P96, A4B5BDBF, I4D4>F9D9A E<?PAO= >B@CDB@<EE @9:8G 

6B?AB6O@ < CDBH<?PAO@ EBCDBF<6?9A<9@.  4?O= D48<GE ABE>4 ?4@<A4DAOI CDBH<?9=, 4 

F4>:9 A96B;@B:ABEFP GEF4AB6>< CD98>DO?>B6, EA<:4RF A9EGM<9 E6B=EF64 >DO?4 < FD95GRF 

G69?<K9A<S 97B C?BM48<. �4@<A4DAO9 >DO?PS <@9RF 5B?99 ;48ARR A47DG;>G CB IBD89, KFB 

G69?<K<649F CBF9D< A4 54?4AE<DB6>G. !4>BA9J, 8BCB?A<F9?PAO= >B@CDB@<EE EGM9EF6G9F 

<;-;4 FD95B64A<S EBID4A9A<S CD<9@?9@OI 4QDB8<A4@<K9E><I I4D4>F9D<EF<> CD< 

CD9:896D9@9AAB= FGD5G?<;4J<<, @B7GM9= A4EFGC<FP 6E?98EF6<9 ;47DS;A9A<S CB69DIABEF< 

A4E9>B@O@<, 7DS;PR <?< >D<EF4??<>4@< ?P84.  

"F89?PAO9 <EE?98B64A<S A9EGM<I E6B=EF6 >DO?4 E D4;?<KAO@< 6<84@< 

@9I4A<;4J<< C9D98A9= >DB@>< (K<EFO= ABEB>, CB6BDBFAO= ABEB>, M<FB> �DR79D4, 

CD98>DO?B>) [200] CB>4;4?<, KFB 68B?P D4;@4I4 >DO?4 J9?9EBB5D4;AB EF46<FP 

6OEB>BA9EGM<9 CDBH<?<, <@9RM<9 EB M<F>B@ �DR79D4 FBF :9 GDB69AP %G@4I, KFB < 

B5OKAO9 CDBH<?< E CD98>DO?>B@ (D<EGAB> 4.63). � >BDA9 >DO?4, 6B;@B:AB 5G89F EB6E9@ 

BF>4;4FPES BF @9I4A<;4J<< C9D98A9= >DB@><. 

 

 

$<EGAB> 4.63 – !9EGM<9 I4D4>F9D<EF<>< CDBH<?9= >BAEB?PAB= K4EF< 
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"F ?4@<A4D<;4J<< A<:A9= CB69DIABEF< >DO?4, CB-6<8<@B@G, CD<89FES BF>4;4FPES. 

-<FB> �DR79D4 6 A4FGDAOI <ECOF4A<SI CB>4;4? E95S 98<AEF69AAO@ A489:AO@ ED98EF6B@ 

;4M<FO ?4@<A4DAOI E9>J<= >DO?4 BF CD<?<C4A<S A4E9>B@OI, 4 7<8DBHB5AO9, E@4K<649@O9 

< 8DG7<9 CB>DOF<S 6 D94?PAOI GE?B6<SI Q>EC?G4F4J<< @4?BQHH9>F<6AO. � >BAEFDG>J<< 

M<F>4 �DR79D4 A9B5IB8<@B CD98GE@BFD9FP GEF4AB6>G >4> 6 A4<?GKL99 CB 

4QDB8<A4@<K9E>B= QHH9>F<6ABEF< CB?B:9A<9, F4> < 6 ;4M<FAB9 CB?B:9A<9 (D<EGAB> 4.64), 

>BFBDB9 6O5<D49FES 6 ;46<E<@BEF< BF A4?<K<S 6 6B;8GI9 ;47DS;A9A<= [202]. 

  
$<EGAB> 4.64 – -<FB> �DR79D4 6 <;4M<FAB@= CB?B:9A<< [202] 

 

� DS89 D45BF G>4;O649FES, KFB M<FB> �DR79D4 CDBM9 < ?97K9, K9@ CD98>DO?B>, 4 

F4>:9 @B:9F 5OFP E89?4A @9A99 LG@AO@. �4AAO9 GF69D:89A<S AG:84RFES 6 

8B>4;4F9?PEF69. #D98>DO?B>, IBFS < >D<F<>G9@O= 6 CBE?98A99 6D9@S, >4> 7?46AO= <EFBKA<> 

LG@4 C?4A9D4, <@99F A9CD96;B=89AAGR QHH9>F<6ABEFP 6 CB6OL9A<< A9EGM<I E6B=EF6. 

�B;DBEL<= D48<GE ABE>4 6OEB>BA9EGM<I CDBH<?9= G69?<K<649F D<E> 

D4ECDBEFD4A9A<S FGD5G?<;4J<< CB C9D98A9= >DB@>9, <;-;4 K97B 5O?B CD<ASFB D9L9A<9 

E89?4FP EFD9?B6<8ABEFP >BAEB?< AB6B7B >DO?4 3 A9@AB7B @9APL9 - χ¼=14.67° (ΔχC>=-0.35°), 

4 EFD9?B6<8ABEFP C9D98A97B A4C?O64 G@9APL<FP A4 ΔχC>=-1.85° (D<EGAB> 4.65). "EF4?PAO9 

I4D4>F9D<EF<>< 6 C?4A9 A9 @9AS?<EP: SFD=115 @2, λ=10.65, η=3.67. "FABE<F9?PA4S FB?M<A4 

E9K9A<= F4>:9 BEF4?4EP CD9:A9=. 
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$<EGAB> 4.65 – %D46A9A<9 HBD@ 6 C?4A9 >DO?P96 2 < 3 

 

�DO?B 3 CDB9>F<DB64?BEP A4 E?98GRM<9 10 D9:<@B6: A4FGDAO9 FGD5G?9AFAO9 

 =0.77 %G=0.6;  =0.78 %G=0.525, 0.6, 0.725;  =0.79 %G=0.575;  =0.8 %G=0.525, FDG5AO9 E 

H<>E<DB64AAO@ C9D9IB8B@  =0.78 %G=0.58;  =0.79 %G=0.56, A4FGDAO9 EB E6B5B8AO@ 

C9D9IB8B@ A4 69DIA9= CB69DIABEF< >BAEB?PAB= K4EF< >DO?4  =0.79 %G=0.51, 0.56, CD< QFB@ 

CDBFS:9AABEFP ?4@<A4DAOI GK4EF>B6 5O?4 B7D4A<K9A4 65% IBD8O – CB?B:9A<9@ ;48A97B 

?BA:9DBA4 < <AF9DJ9CFBDB6. 

'K<FO64S A95B?PLB9 >B?<K9EF6B ?4@<A4DAOI D9:<@B6 @B:AB E>4;4FP, KFB >DO?B 3 

A4IB8<FES E>BD99 A4 FGD5G?9AFAB= 69F6< #4D9FB-HDBAF4, F.9. QFB 6 C9D6GR BK9D98P IBDBL99 

FGD5G?9AFAB9 >DO?B, AB @B7GM99 B59EC9K<FP ;4@9FAB9 EA<:9A<9 EBCDBF<6?9A<S 6 FB@ 

E?GK49, 9E?< CB7B8AO9 GE?B6<S < >4K9EF6B 6A9LA9= CB69DIABEF< A9 CD9CSFEF6GRF 

?4@<A4D<;4J<<. &4>4S <89B?B7<S CD<ASF4 <;-;4 FB7B, KFB FBKABEFP D4EKёFB6 B5F9>4A<S EB 

E6B5B8AO@ C9D9IB8B@ CD< A4FGDAOI K<E?4I $9=AB?P8E4 < D94?PABEFP CB?GK9A<S 

?4@<A4DAOI F9K9A<= 6 GE?B6<SI CB6E98A96AB= Q>EC?G4F4J<< A9 64?<8<DB64AO. 

!9B5IB8<@O EBBF69FEF6GRM<9 Q>EC9D<@9AFO (A4 CB?G@B89?<, 6 >D<B79AAB= ��& < A4 

A4FGDAB@ 89@BAEFD4FBD9) 8?S FB7B, KFB5O E G69D9AABEFPR CDB9>F<DB64FP <5B?99 

?4@<A4DAO9= >DO?PS.  

%D46A9A<9 EBEF46?SRM<I EBCDBF<6?9A<S >DO?P96 2 < 3 8?S D4;AOI K<E9?  4I4 

CD98EF46?9AB A4 D<EGA>4I 4.66, 4.67 8?S CB?ABEFPR FGD5G?9AFAOI D9:<@B6, < A4 

D<EGA>9 4.68 8?S A4FGDAOI D9:<@B6 EB E6B5B8AO@ C9D9IB8B@ A4 69DIA9= CB69DIABEF< 

>BAEB?< >DO?4. �<8AB, KFB >DO?B 3 A9E>B?P>B CDB<7DO649F 6 A9EGM<I < E>BDBEFAOI 

E6B=EF64I CD< CB?ABEFPR FGD5G?9AFAB@ B5F9>4A<<, B8A4>B, CD< E6B5B8AB@ C9D9IB89 

CB?SDO >DO?4 3 ?GKL9. 
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$<EGAB> 4.66 – $4EKёFAO9 EBEF46?SRM<9 CB?SD >DO?P96 2 < 3 CD< A4FGDAB@ FGD5G?9AFAB@ 

B5F9>4A<< 

 
$<EGAB> 4.67 – $4EKёFAO9 EBEF46?SRM<9 CB?SD >DO?P96 2 < 3 CD< FDG5AB@ B5F9>4A<< E 

H<>E<DB64AAO@ C9D9IB8B@ 
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Рисунок 4.68 – Расчётные поляры при свободном переходе на верхней поверхности 

консоли 

 

Несмотря на осторожную оценку возможности ламинаризации крыла 3 (только 

верхняя поверхность консоли, причем не далее заднего лонжерона), выигрыш в 

профильном сопротивлении при свободном переходе достигает до 15 каунтов 

(рисунок 4.69). 

 

Рисунок 4.69 – Сравнение поляр при турбулентном обтекании и свободном переходе 
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' >DO?4 3 CB D4EKёF4@ 6OL9 A9EGM<9 E6B=EF64 CD< @4?OI E>BDBEFSI (D<EGAB> 4.70).  

 
$<EGAB> 4.70 – $4EKёFAO9 A9EGM<9 I4D4>F9D<EF<>< CD<  =0.2 

 

4.7 1>EC9D<@9AF4?PAO9 <EE?98B64A<S >DO?4 3 < >DO?4 2 6 А�& &-128 
� ;484KG Q>EC9D<@9AF4?PAOI <EE?98B64A<= 6IB8<?B BCD989?9A<9 I4D4>F9D<EF<> 

>DO?4 3 (LSW-3) 8?S D97<BA4?PAB7B E4@B?ёF4 E D4ECB?B:9A<9@ 86<74F9?9= A48 ;48A9= 

>DB@>B= >DO?4 < <I ED46A9A<9 E >DO?B@ 2 (LSW-2). �BDD9>FAB9 ED46A9A<9 86GI >DO?P96 

6B;@B:AB CD< EBCBEF46?9A<< D9;G?PF4FB6 Q>EC9D<@9AF4, CDB6989AAB7B 6 B8AB= E9D<< 

<ECOF4A<=.  

�ECOF4A<S @B89?< D97<BA4?PAB7B E4@B?ёF4 5O?< CDB6989AO 6 D45BK9= K4EF< №1 

4QDB8<A4@<K9E>B= FDG5O &-128. 

�;@9D9A<S 4QDB8<A4@<K9E><I I4D4>F9D<EF<> @B89?< CDB6B8<?<EP A4 I6BEFB6B= 

89D:46>9 E CB@BMPR 6AGFD<@B89?PAOI F9A;B69EB6 �6-710(3)-&128. #D< <ECOF4A<SI A4 
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FD4AE;6G>B6OI D9:<@4I K<E?B $9=AB?P8E4 CB889D:<64?BEP CBEFBSAAO@ < D46AO@ 

Re=3 @?A (CB %�)=0.198 @). �ECOF4A<S CDB6B8<?<EP 6 GE?B6<SI H<>E<DB64AAB7B < 

E6B5B8AB7B C9D9IB84 CB7D4A<KAB7B E?BS A4 6E9I BEAB6AOI Q?9@9AF4I @B89?<. (<>E4J<S 

C9D9IB84 A4 Q?9@9AF4I @B89?< BEGM9EF6?S?4EP E CB@BMPR FGD5G?<;4FBDB6 

J<?<A8D<K9E>B7B F<C4 6OEBFB= 0.1 @@. !4 C<?BA4I FGD5G?<;4FBDO A9 A4>?9<64?<EP. 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< E >DO?B@ 3 < H<>E<DB64AAO@ C9D9IB8B@ 

@B:AB 6<89FP A4 D<EGA>4I 4.71÷4.76. "F@9F<@ ?<A9=ABEFP @B@9AFAOI I4D4>F9D<EF<> G 

>DO?4 @4?B= EFD9?B6<8ABEF<.  B89?P CD< 84AAB@ ;4>?<A9A<< �" (φ�"=-2°) 5G89F CBKF< 

E54?4AE<DB64AAB= CD< ;48A<I J9AFDB6>4I. �<8AB, KFB D4;D45BF4AAB9 >DO?B B59EC9K<649F 

>D9=E9DE><= CB?ёF E K<E?B@  4I4  =0.78-0.79 < @4>E<@4?PAO= E>BDBEFAB= D9:<@ E  =0.8. 

1FB A9@AB7B @9APL9, K9@ G FD48<J<BAAOI >DO?P96 E χ¼=25° (A4CD<@9D, G SSJ-100 

  ��%=0.81, G E-190   ��%=0.813), AB CB;6B?S9F 89D:4FPES E A<@< <6 B8AB@ EFDBR= A4 

QL9?BA9. 

 
$<EGAB> 4.71 
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$<EGAB> 4.76 

 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< E >DO?B@ 3 CD< E6B5B8AB@ C9D9IB89 

CD98EF46?9AO A4 D<EGA>4I 4.77÷4.82. "A< BF?<K4RFES A9@BABFBAABEFPR, 6O;64AAB= 

C9D986<:9A<9@ FBK>< C9D9IB84 CB7D4A<KAB7B E?BS CB IBD89. #D< K<E?9  =0.78 8BEF<7AGFB 

8BEF4FBKAB 6OEB>B9 4QDB8<A4@<K9E>B9 >4K9EF6B � �)=17.65 (%G=0.62). 

 
$<EGAB> 4.77 
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$<EGAB> 4.80 

 

 
$<EGAB> 4.81 
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$<EGAB> 4.82 

 

!9EGM<9 I4D4>F9D<EF<>< >DO?4 3 CD<  =0.2 B>4;4?<EP B59E>GD4:<64RM9 6OEB><@< 

(D<EGAB> 4.83) E D9;><@ EDO6B@, CBQFB@G, 6 J9?SI 59;BC4EABEF<, CD< CB6OL9AAOI 

846?9A<SI 8B α>D A9 8BIB8<?<. 

 
$<EGAB> 4.83 
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!4CB@A<@, KFB G @B89?9= SSJ-100 <  %-21 %G@4I CD< @4>E<@4?PAOI 846?9A<SI 5O? 

CBDS8>4 1.4 -1.45, 4 ;89EP CD96OE<? 1.75 ! �B;A<>?B 84:9 EB@A9A<9 6 8BEFB69DABEF< 

CB?GK9AAOI D9;G?PF4FB6, KFB EF4?B B8A<@ <; BEAB64A<= CDB6989A<S 8BCB?A<F9?PAOI 

<ECOF4A<= 6 &-106. 

%D46A9A<9 4QDB8<A4@<K9E><I I4D4>F9D<EF<> 86GI >DO?P96 84AB A4 

D<EGA>4I 4.84÷4.86.  

�<8AB, KFB J9?<, 4QDB8<A4@<K9E>B7B CDB9>F<DB64A<S, B;6GK9AAO9 6 CD98O8GM9@ 

D4;89?9, 8BEF<7AGFO. �DO?B 3 <@99F A9E>B?P>B EA<:9AAO9 E>BDBEFAO9 I4D4>F9D<EF<>< CD< 

H<>E<DB64AAB@ C9D9IB89, 5B?99 6OEB>B9 4QDB8<A4@<K9E>B9 >4K9EF6B CD< E6B5B8AB@ 

C9D9IB89 < 7BD4;8B 5B?99 6OEB><9 A9EGM<9 I4D4>F9D<EF<>< CD< @4?OI E>BDBEFSI. 

 
$<EGAB> 4.84 –  4>E<@4?PAB9 4QDB8<A4@<K9E>B9 >4K9EF6B < C4D4@9FD 84?PABEF< @B89?< 

CD< H<>E<DB64AAB@ C9D9IB89 
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$<EGAB> 4.85 –  4>E<@4?PAB9 4QDB8<A4@<K9E>B9 >4K9EF6B < C4D4@9FD 84?PABEF< @B89?< 

CD< E6B5B8AB@ C9D9IB89 A4 >DO?9 

 
$<EGAB> 4.86 – !9EGM<9 I4D4>F9D<EF<>< CD<  =0.2, �"=-2, E6B5B8AO= C9D9IB8 
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4.8 1>EC9D<@9AF4?PAO9 <EE?98B64A<S >DO?4 3 6 А�& &-106 
�ECOF4A<S @B89?< CDB6B8<?<EP F4>:9 6 4QDB8<A4@<K9E>B= FDG59 &-106 *���. 

 B89?P >D9C<?4EP A4 CDBH<?<DB64AAB= ?9AFBKAB= CB869E>9 A4 54;4I: CBC9D9KAB= 

210 @@, CDB8B?PAB= 800 @@. %<?O < @B@9AFO, 89=EF6GRM<9 A4 @B89?P, <;@9DS?<EP A4 6-F< 

>B@CBA9AFAOI Q?9>FDB@9I4A<K9E><I 69E4I DOK4:AB7B F<C4. 

�ECOF4A<S CD<  =0.2 CDB6B8<?<EP CD< 846?9A<< 6 D45BK9= K4EF< ��& $B=5÷2 4F4 < 

1 4F4 (BF>D.)  < <;@9A9A<< G7?4 4F4>< 6 8<4C4;BA9 α=-2÷20˚. 

�QDB8<A4@<K9E><9 I4D4>F9D<EF<>< @B89?< CD<6989AO 6 E>BDBEFAB= E<EF9@9 

>BBD8<A4F. $9;G?PF4FO <ECOF4A<= B5D454FO64?<EP CB CD<ASFB= 8?S FDG5O &-106 @9FB8<>9 

E GKёFB@ CBCD46B> A4 B58G6 D4@O 69EB6, >BE<;AG CBFB>4, A4 EBCDBF<6?9A<9 ?9AFBKAB= 

CB869E><. � CB?GK9AAO9 D9;G?PF4FO 66B8<?4EP CBCD46>4 A4 <AF9DH9D9AJ<R < 

EBCDBF<6?9A<9 64?<>4 > >BQHH<J<9AFG %I4. 

�ECOF4A<S 6 ��& &-106 CB8F69D8<?< 6OEB><= GDB69AP A9EGM<I E6B=EF6 >DO?4 3 

CD< @4?OI E>BDBEFSI. )4D4>F9D<EF<>< 6 B59<I FDG54I 5?<;>< (D<EGAB> 4.87). 
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