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!"$ �&��!/� %%/��� 

 

� A4EFBSM9= 8<EE9DF4J<< <ECB?P;B64AO EEO?>< A4 E?98GRM<9 
EF4A84DFO: 

�"%& 7.1-84. %<EF9@4 EF4A84DFB6 CB <AHBD@4J<<, 5<5?<BF9KAB@G < 
<;84F9?PE>B@G 89?G. �<5?<B7D4H<K9E>B9 BC<E4A<9 8B>G@9AF4. "5M<9 
FD95B64A<S < CD46<?4 EBEF46?9A<S. 

�"%& 7.9-95 (�%" 214-76). %<EF9@4 EF4A84DFB6 CB <AHBD@4J<<, 
5<5?<BF9KAB@G < <;84F9?PE>B@G 89?G. $9H9D4F < 4AABF4J<S. "5M<9 
FD95B64A<S. 

�"%& 7.12-93. %<EF9@4 EF4A84DFB6 CB <AHBD@4J<<, 5<5?<BF9KAB@G < 
<;84F9?PE>B@G 89?G. �<5?<B7D4H<K9E>4S ;4C<EP. %B>D4M9A<9 E?B6 A4 DGEE>B@ 
S;O>9. "5M<9 FD95B64A<S < CD46<?4. 

�"%& 7.32-2001.  9:7BEG84DEF69AAO= EF4A84DF. %<EF9@4 EF4A84DFB6 CB 
<AHBD@4J<<, 5<5?<BF9KAB@G < <;84F9?PE>B@G 89?G. "FK9F B A4GKAB-

<EE?98B64F9?PE>B= D45BF9. %FDG>FGD4 < CD46<?4 BHBD@?9A<S. 
�"%& 8.417-81. �BEG84DEF69AA4S E<EF9@4 B59EC9K9A<S 98<AEF64 

<;@9D9A<=. �8<A<JO H<;<K9E><I 69?<K<A. 
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"�"�!�+�!�/ � %"�$�-�!�/ 
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�:BC0;L=>ABL B5<K. #BASF<9 HGA>J<< �D<A4 – B8AB <; IBDBLB 
D4;D45BF4AAOI 6 EB6D9@9AAB= @4F9@4F<>9. �EFBD<K9E><, QFB E6S;4AB E <@9A9@ 
George Green < 97B D45BFB= «An Essay on the Application of Mathematical 
Analysis to the Theories of Electricity and Magnetism» (1828), 6 >BFBDB= <;GK4?4EP 
CDB5?9@4 6 B5M<I B5?4EFSI E B5M<@< 7D4A<KAO@< GE?B6<S@<. "A E69? 
CDB5?9@G > CDB5?9@9 CBEFDB9A<S «CBF9AJ<4?PAOI HGA>J<=», >BFBDO9 6 
EB6D9@9AAB= A4G>9 @O A4;O649@ HGA>J<S@< �D<A4. 

� 45EFD4>FAB@ 6<89 @O @B:9@ EHBD@G?<DB64FP QFB CBASF<9 E?98GRM<@ 
B5D4;B@. #GEFP 6 A9>BFBDB= B5?4EF< Ω ⊂ āĀ ;484AB ?<A9=AB9 
8<HH9D9AJ<4?PAB9 GD46A9A<9: 

 Ā ÿ(ý) = ÿ(ý), ý * Ω,     (1) 

 

< A9>BFBDO9 B8ABDB8AO9 >D496O9 GE?B6<S: 
 Ā ÿ(ý) = 0, ý * āΩ.     (2) 

 

�E?< D9L9A<9 QFB= ;484K< EGM9EF6G9F, 98<AEF69AAB < @B:9F 5OFP 
CD98EF46?9AB 6 <AF97D4?PAB@ 6<89: 
 ÿ(ý) = - þĀ(ý, þ)ÿ(þ)ĂþΩ ,     (3) 

 

FB S8DB QFB7B <AF97D4?PAB7B BC9D4FBD4 (3) – HGA>J<R þĀ(ý, þ) – A4;O64RF 
HGA>J<9= �D<A4 ;484K< (1), (2). 

&4>:9 7B6BDSF, KFB HGA>J<S �D<A4 CD< >4:8B@ H<>E<DB64AAB@ þ * Ω 

G8B6?9F6BDS9F GD46A9A<R: 

 Ā þĀ(ý, þ) = Ă(ý 2 þ), ý * Ω,     (4) 

 

< >D496O@ GE?B6<S@ (2). �89EP Ă(ý 2 þ) – 89?PF4-HGA>J<S �<D4>4. 'D46A9A<9 
(4) E?98G9F CBA<@4FP 6 E@OE?9 B5B5M9AAOI HGA>J<=. 

�BA9KAB :9, QFB FB?P>B B5M99 CBASF<9 B HGA>J<< �D<A4. #D< QFB@, 6 
>4:8B@ >BA>D9FAB@ E?GK49, A9B5IB8<@B HBD@G?<DB64FP 5B?99 FBKAO9 
BCD989?9A<S, A4CDS@GR CD<6S;4AAO9 > F<C4@ GD46A9A<= < >D496OI GE?B6<=. 

!4<5B?99 CB?AB9 CBASF<9 HGA>J<< �D<A4 D4;D45BF4AB 8?S ;484K ,FGD@4-
�<G6<??S 8?S B5O>AB69AAB7B 8<HH9D9AJ<4?PAB7B GD46A9A<S, 8?S >D496OI 
;484K �<D<I?9 8?S GD46A9A<S #G4EEBA4, 8?S A4K4?PAB->D496OI ;484K 8?S 
GD46A9A<S F9C?BCDB6B8ABEF<. �?S @AB7<I K4EFAOI E?GK496 HGA>J<S �D<A4 
5O?4 CBEFDB9A4 6 S6AB@ 6<89. "8A4>B, 9M9 @AB7<9 ;484K< FD95GRF E6B97B 
D4EE@BFD9A<S. 

� A4EFBSM9= 8<EE9DF4J<< @O <EE?98G9@ ;484KG B CBEFDB9A<< HGA>J<< 
�D<A4 8?S >D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S. (GA>J<S �D<A4 8?S 
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7<C9D5B?<K9E><I ;484K EGM9EF69AAB BF?<K49FES BF HGA>J<= �D<A4 ;484K 8?S 
GD46A9A<= Q??<CF<K9E>B7B < C4D45B?<K9E>B7B F<C4. #GEFP þĀ(ý, þ) 9EFP 
HGA>J<S �D<A4 ;484K< (1), (2), 4 þÿ(ý, þ) 9EFP HGA>J<S �D<A4 8DG7B= ;484K< 8?S 
GD46A9A<S (1) - ;484K< E >D496O@ GE?B6<9@:  

 ÿ ÿ(ý) = 0, ý * āΩ.      (5) 

 

�?S ;484K 8?S GD46A9A<= Q??<CF<K9E>B7B < C4D45B?<K9E>B7B F<C4 @B:AB 
CB>4;4FP, KFB D4;ABEFP 86GI HGA>J<= �D<A4: 

 Ā(ý, þ) = þĀ(ý, þ) 2 þÿ(ý, þ) 
 

S6?S9FES G:9 «5B?99 7?48>B=» HGA>J<9= < S6?S9FES D9L9A<9@ B8ABDB8AB7B 
GD46A9A<S: 
 Ā Ā(ý, þ) = 0, ý, þ * Ω.     (6) 

 

"8A4>B, 8?S ;484K 8?S GD46A9A<= 7<C9D5B?<K9E>B7B F<C4 QFB G:9 A9 F4>. 
(GA>J<S Ā(ý, þ) F4>:9 @B:9F <@9FP BEB59AABEF< F4>B7B :9 CBDS8>4, >4> < 
HGA>J<< �D<A4 þĀ(ý, þ) < þÿ(ý, þ). 

&4><@ B5D4;B@, 9E?< 8?S ;484K 8?S GD46A9A<= Q??<CF<K9E>B7B < 
C4D45B?<K9E>B7B F<C4 HGA>J<S �D<A4 @B:9F 5OFP CD98EF46?9A4 6 6<89 EG@@O 
«7?46AB= K4EF< E BEB59AABEFPR» < «7?48>B7B E?4749@B7B»: 

 þÿ(ý, þ) = þĀ(ý, þ) 2 Ā(ý, þ), 
 

FB 8?S 7<C9D5B?<K9E><I >D496OI ;484K QFB G:9 A9 F4>. -FBF H4>F EGM9EF69AAB 
GE?B:AS9F D4EE@BFD9A<9 < CBQFB@G 8?S >4:8B7B BF89?PAB7B E?GK4S >D496OI 
;484K FD95G9FES BF89?PAB9 <EE?98B64A<9. 

*5;8 8 7040G8 8AA;54>20=8O B5BEAB64A<9 @9FB84 HGA>J<< �D<A4 8?S 
A9E<@@9FD<KAOI I4D4>F9D<EF<K9E><I A4K4?PAB->D496OI ;484K 8?S 
7<C9D5B?<K9E>B7B GD46A9A<S 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9. 

"A=>2=K5 ?>;>65=8O 4;O 70I8BK 48AA5@B0F88: 
1. #BEFDB9A<9 HGA>J<< �D<A4 8?S C9D6B= A4K4?PAB->D496B= ;484K< 6 

K9F69DF< C?BE>BEF< 8?S B5M97B 86G@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S 
6FBDB7B CBDS8>4. 

2. #BEFDB9A<9 HGA>J<< �D<A4 8?S 6FBDB= A4K4?PAB->D496B= ;484K< 6 
K9F69DF< C?BE>BEF< 8?S B5M97B 86G@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S 
6FBDB7B CBDS8>4. 

3. #BEFDB9A<9 HGA>J<< �D<A4 ;484K< �4D5G 8?S 7<C9D5B?<K9E>B7B 
GD46A9A<S B5M97B 6<84, D4EE@4FD<649@B7B 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 
E >D496O@ GE?B6<9@ C9D6B7B DB84 A4 A9I4D4>F9D<EF<K9E>B= 7D4A<J9. 

4. #BEFDB9A<9 HGA>J<< �D<A4 8?S A9E<@@9FD<KAOI I4D4>F9D<EF<K9E><I 
>D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 6<84, D4EE@4FD<649@B7B 
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6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ GE?B6<9@ C9D6B7B DB84 A4 
A9I4D4>F9D<EF<K9E>B= 7D4A<J9. 

5. #BEFDB9A<9 HGA>J<< �D<A4 8?S A9E<@@9FD<KAOI I4D4>F9D<EF<K9E><I 
>D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 6<84, D4EE@4FD<649@B7B 
6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ GE?B6<9@ 6FBDB7B DB84 A4 
A9I4D4>F9D<EF<K9E>B= 7D4A<J9. 

6. #BEFDB9A<9 CD<@9D4 >BDD9>FAB= I4D4>F9D<EF<K9E>B= >D496B= ;484K<, 
<@9RM9= «A9>?4EE<K9E><=» 6<8 HGA>J<< �D<A4. 

7. #BEFDB9A<9 7D4A<KAOI GE?B6<= B5N9@AB7B 7<C9D5B?<K9E>B7B 
CBF9AJ<4?4 6 B5?4EF< E >D<6B?<A9=AB= 7D4A<J9=. 

"1J5:BK 8AA;54>20=8O B5M99 7<C9D5B?<K9E>B9 GD46A9A<9 6FBDB7B 
CBDS8>4 E C9D9@9AAO@< >BQHH<J<9AF4@<. 

#@54<5BK 8AA;54>20=8O S6?SRFES CBEFDB9A<9 HGA>J<< �D<A4 8?S 
B5M97B 7<C9D5B?<K9E>B7B GD46A9A<S E C9D9@9AAO@< >BQHH<J<9AF4@<. 

 5B>4K 8AA;54>20=8O. � 8<EE9DF4J<< <ECB?P;GRFES @9FB8O F9BD<< 
8<HH9D9AJ<4?PAOI GD46A9A<= E K4EFAO@< CDB<;6B8AO@<, F9BD<< HGA>J<=, 
F9BD<< CBF9AJ<4?4, F9BD<< EC9J<4?PAOI HGA>J<= < F9BD<< 8<HH9D9AJ<4?PAB= 
79B@9FD<<. 

!>287=0 8AA;54>20=8O. �484K<, D4EE@BFD9AAO9 6 A4EFBSM9= 
8<EE9DF4J<=, S6?SRFES AB6O@<. �; CD98O8GM<I D45BF, E6S;4AAOI E QFB= F9@B=, 
E?98G9F BF@9F<FP D45BFO [1-24].  

#D9:89 6E97B, BF@9F<@ EF4FP< [1, D. 277-281; 2, D. 75-78; 3, D. 189-191; 4, 

D. 285-300], 6 >BFBDOI, CB-6<8<@B@G, CD98CD<A<@4?<EP CBCOF>< GEF4AB6<FP 
4A4?B7< F9BD9@ ED46A9A<S ,FGD@4 8?S 7<C9D5B?<K9E><I ;484K. "8A4>B EF4?B 
SEAB, KFB QF< D4EL<D9A<S >?4EE<K9E><I D9;G?PF4FB6 F9BD<< B5O>AB69AAOI 
8<HH9D9AJ<4?PAOI BC9D4FBDB6 8B 7<C9D5B?<K9E><I ;484K FD95GRF 
BEFBDB:ABEF< < BEB5B7B 6A<@4A<S > 7D4A<KAO@ GE?B6<S@ < F<CG B5?4EF<, 6 
>BFBDB= D4EE@4FD<649FES ;484K4.  

"8AB <; B5NSEA9A<= QFB@G 5O?B 84AB 6 D45BF4I T.,. �4?P@9AB64 [5, 

D. 63-66; 6, D. 64-66], 6 >BFBDOI 5O?< 6OK<E?9AO EB5EF69AAO9 ;A4K9A<S < 
EB5EF69AAO9 HGA>J<< B8AB7B >?4EE4 >D496OI ;484K EB E@9M9A<9@ 8?S 
6B?AB6B7B GD46A9A<S 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9. �O?B CB>4;4AB, KFB 
EB5EF69AAO9 ;A4K9A<S ;484K< <@9RF 864 DS84, 69M9EF69AAO9 K4EF< >BFBDOI 
EFD9@SFES > 2∞ < +∞ EBBF69FEF69AAB. &4><@ B5D4;B@, 84:9 6 
E4@BEBCDS:9AAB@ E?GK49, IBFS EB5EF69AAO9 ;A4K9A<S ;484K< D94?PAO, BC9D4FBD 
A9 S6?S9FES CB?B:<F9?PAB BCD989?9AAO@. -FB EGM9EF69AAB BF?<K49F 
7<C9D5B?<K9E><9 ;484K< BF >D496OI ;484K 8?S Q??<CF<K9E><I < C4D45B?<K9E><I 
GD46A9A<=. "F@9F<@, KFB QF< <EE?98B64A<S 5O?< CDB8B?:9AO 6 A4L<I 
CBE?98GRM<I D45BF4I [7, D. 482-487; 8, D. 1152-1154; 9, D. 41-46]. 

+FB5O <;59:4FP 6B;A<>L<I CDB5?9@, 6 [10, D. 203-210] 5O?B CD98?B:9AB 
D4EE@BFD9FP CBEFDB9A<9 HGA>J<< �D<A4 8?S ;484K 6 I4D4>F9D<EF<K9E>B@ 

FD9G7B?PA<>9 Ā = {(ý, þ): þ 2 ă < ý < ă 2 þ, 0 < þ < ă} 8?S 6B?AB6B7B 
GD46A9A<S: 
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ÿþþ 2 ÿýý = ÿ(ý, þ), (ý, þ) * Ā.  (7) 

 

�484K< CB A4IB:89A<R >BQHH<J<9AF4 � BFABE<F9?PAB A4K4?PAOI 
GE?B6<=: 

 ÿ(ý, 0) = �Ā(ý), ÿþ(ý, 0) = 0,или  ÿ(ý, 0) = 0, ÿþ(ý, 0) = �Ā(ý),   2 ă < ý < ă, (8) 

 

< E?98GRM99 8BCB?A<F9?PAB9 GE?B6<9 5O?4 D4EE@BFD9A4: 
 ÿ(0, ă) = 0  (или  ÿþ(0, ă) = 0).  (9) 

 

%B7?4EAB EB6D9@9AAB= F9D@<AB?B7<<, QF< ;484K< S6?SRFES B5D4FAO@< 
;484K4@< 6BEEF4AB6?9A<S >BQHH<J<9AF4.  

#D< D9L9A<< QF<I ;484K 6B;A<>?4 >BAEFDG>J<S, A4CB@<A4RM4S HGA>J<R 
�D<A4. �ECB?P;GS QFG HGA>J<R, 6 B5?4EF< Ā @O @B:9@ D9L4FP ;484K< (7)-(9) 

8?S 6B?AB6B7B GD46A9A<S E >BQHH<J<9AFB@ 5B?99 A<;>B7B CBDS8>4: 
 ÿþþ 2 ÿýý + �(ý, þ)ÿ = 0, (ý, þ) * Ā.  (10) 

 

"K96<8AB, KFB, <@9S HGA>J<R �D<A4, D9L9A<9 GD46A9A<S (10) E 
GE?B6<S@< (8), (9) @B:9F 5OFP E6989AB > D9L9A<R <AF97D4?PAB7B GD46A9A<S. 
�4?99, D9;G?PF4FO ED46A9A<S 86GI CB?B:<F9?PAOI D9L9A<= ÿ1 f ÿ2 8?S ;484K< 
(8), (9) 8?S GD46A9A<S (10) E D4;?<KAO@< CBF9AJ<4?4@< �2 f �1 5O?< CB?GK9AO 

E <ECB?P;B64A<9@ @9FB84 <; @BAB7D4H<<  .�. �D4EABE9?PE>B7B [11, D. 59-94].  

�B;@B:ABEFP <ECB?P;B64A<S HGA>J<< �D<A4 8?S CB?GK9A<S F4><I 
D9;G?PF4FB6 CB5G8<?4 > 5B?99 89F4?PAB@G <EE?98B64A<R E4@B= HGA>J<< �D<A4 
7<C9D5B?<K9E><I ;484K 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9. �4D<4AFO 

D4;?<KAOI I4D4>F9DAOI >D496OI ;484K 8?S 7<C9D5B?<K9E><I GD46A9A<= < 
E<EF9@ 5O?< D4EE@BFD9AO 6 [12, D. 272-279; 13, D. 101-105; 14, D. 129-132; 15, 

D. 219-226; 16, D. 371-375; 17, D. 835-845; 18, D. 261-271; 19, D. 65-78; 20, D. 349-

356; 21, D. 153-161; 22, D. 1-9; 23, D. 657-671; 24, D. 371-392]. �E9 E?GK4< 
D4EE@4FD<649@OI ;484K 5O?< E4@BEBCDS:9AAO@<.  

� D45BF9 [22, D. 1-9] D4EE@4FD<64?BEP B8AB@9DAB9 6B?AB6B9 GD46A9A<9 E 
>648D4F<KAB= < 7<C9D5B?<K9E>B= A9?<A9=ABEFS@<. �ECB?P;GS @9FB8 
B5B5M9AAB7B D4;89?9A<S C9D9@9AAOI, CB>4;4AB, KFB <9D4DI<S A9?<A9=AOI 
6B?AB6OI GD46A9A<= @B:9F 5OFP E6989A4 > A9?<A9=AO@ B5O>AB69AAO@ 

8<HH9D9AJ<4?PAO@ GD46A9A<S@ 6FBDB7B CBDS8>4, > >BFBDO@ CD<@9A<@ @9FB8 
(D4E><. � [23, D. 657-671] HGA>J<S �D<A4 5O?4 6OK<E?9A4 8?S ;484K< �<D<I?9, 
E6S;4AAB= E 7<C9D5B?<K9E><@ GD46A9A<9@ F9C?BCDB6B8ABEF< 6 
CDBEFD4AEF69AAB@ <AF9D64?9 [0,1]. �O?B CB>4;4AB, KFB 97B HGA>J<S �D<A4 A9 
B5S;4F9?PAB 8B?:AO 5OFP A9CD9DO6AO@< 6B 6E9I FBK>4I B5?4EF<. � [24, D. 371-

392] 46FBDO D4EE@BFD9?< >?4EE 7<CBQ??<CF<K9E><I BC9D4FBDB6: 
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Āÿ ≡ ∑ÿ0
ÿ,Ā=1 ÿÿ,Ā(ÿ)āýÿ,ýĀÿ + ∑þÿ,Ā=1 Āÿ,ĀýÿāýĀÿ 2 āþÿ 

 

789 ÿ = (ý, þ) * ℝþ+1, 0 < ÿ0 f Ă, 4 >BQHH<J<9AFO ÿÿ,Ā CD<A48?9:<F 
CDBEFD4AEF6G <EK9;4RM<I >B?954A<S HGA>J<<, þ = (Āÿ,Ā) - CBEFBSAA4S @4FD<J4 
69M9EF69AAOI K<E9?. � 6OL9 G>4;4AAB= D45BF9 BA< 8B>4;4?<, KFB E<?PAB9 
D9L9A<9 8<HH9D9AJ<4?PAB7B GD46A9A<S Āÿ = ÿ E <;69EFAO@ K?9AB@ ÿ 6 
CDBEFD4AEF69  BDD< Ā�,ÿ CD<A48?9:<F CB8IB8SM9@G CDBEFD4AEF6G %B5B?96-
 BDD< Ă�,ÿ. 

"8A<@ <; A4<5B?99 ;A4K<F9?PAOI 8BEF<:9A<= 6 CBEFDB9A<< HGA>J<< 
�D<A4 I4D4>F9D<EF<K9E>B= >D496B= ;484K< 5O?4 D45BF4 L. Haws [19, D. 65-78]. 

"A D4EE@BFD9? 86G@9DAB9 7<C9D5B?<K9E>B9 GD46A9A<9: 
 ÿýþ + �(ý, þ)ÿ = ÿ(ý, þ), (ý, þ) * Γ,  (11) 

 

6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 � = {(ý, þ): 0 < ý < þ < 1}. 
� >4K9EF69 7D4A<KAB7B GE?B6<S A4 A9I4D4>F9D<EF<K9E>B= ?<A<< ýþ 5O?B 

6O5D4AB B8AB <; E?98GRM<I 86GI GE?B6<=: ?<5B 7D4A<KAB9 GE?B6<9 C9D6B7B 
DB84:  

 ÿ(ý, ý) = 0, 0 f ý f 1, 
 

<?< 7D4A<KAB9 GE?B6<9 6FBDB7B DB84 
 (ÿý 2 ÿþ)(ý, ý) = 0, 0 f ý f 1, 
 

< 5O?B <ECB?P;B64AB GE?B6<9 6 FBK>9 ÿ: 

 ÿ(0,1) = 0. 
 

�484K4 5O?4 8BCB?A9A4 9M9 B8A<@ GE?B6<9@, B59EC9K<64RM<@ 
E<@@9FD<R HGA>J<< �D<A4 D4EE@4FD<649@B= ;484K<. � >4K9EF69 CD<@9D4 5O?B 
CD98?B:9AB <ECB?P;B64FP E4@BEBCDS:9AAO9 7D4A<KAO9 GE?B6<S EB E@9M9A<9@ 

<; D45BF &.,. �4?P@9AB64 [5, D. 63-66; 6, D. 64-66]. 

� B5M9@ E?GK49 ;484K4 5O?4 FB?P>B EHBD@G?<DB64A4, AB A9 D9L9A4. �?S 
K4EFAB7B E?GK4S �(ý, þ) ≡ 0 5O?B 84AB BCD989?9A<9 HGA>J<< �D<A4 < G>4;4A 
@9FB8 99 CBEFDB9A<S. 

$9L9A<9 ;484K< 5O?B CD98EF46?9AB 6 6<89 EG@@O 

 ÿ(ý, þ) = ∬āÿþÿ(ý, þ; Ă, ą)ÿ(Ă, ą)ĂĂĂą, 
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789 þÿ - HGA>J<S, BCD989?9AA4S āÿ. 
�DB@9 FB7B, 8?S E?GK4S E<@@9FD<KAB7B >BQHH<J<9AF4: 
 �(ý, þ) = �(þ, ý)  (12) 

 

6B;@B:ABEFP CBEFDB9A<S HGA>J<< �D<A4 5O?4 B5BEAB64A4 E <ECB?P;B64A<9@ 
HGA>J<< $<@4A4-�D<A4. "8A4>B <ECB?P;G9@O= @9FB8 A9 CB;6B?S9F BF>4;4FPES 
BF GE?B6<S E<@@9FD<< CBF9AJ<4?4 (12). 

�6FBD F4>:9 D4EE@BFD9? 7<C9D5B?<K9E>B9 GD46A9A<9 E >BQHH<J<9AF4@< 
5B?99 A<;>B7B CBDS8>4: 

 ÿýþ + ÿÿý + Āÿþ + āÿ = ÿ(ý, þ), (ý, þ) * �. 
 

"8A4>B D4EE@4FD<64?ES FB?P>B E?GK4= CBEFBSAAOI >BQHH<J<9AFB6 ÿ, Ā, ā. 

�484K4 CBEFDB9A<S HGA>J<< �D<A4 I4D4>F9D<EF<K9E>B= >D496B= ;484K< E 
CDB<;6B?PAO@< >BQHH<J<9AF4@< (59; <ECB?P;B64A<S GE?B6<S E<@@9FD<< (12)) 
5O?4 6O89?9A4 >4> A9D9L9AA4S ;484K4, <AF9D9EA4S 8?S 84?PA9=L97B 
D4EE@BFD9A<S. 

&5>@5B8G5A:0O 8 ?@0:B8G5A:0O 7=0G8<>ABL 8AA;54>20=8O. 

�EE?98B64A<S CB F9@9 ABESF, 6 BEAB6AB@ F9BD9F<K9E><= < HGA84@9AF4?PAO= 
I4D4>F9D. �I A4GKA4S ;A4K<@BEFP B5GE?B6?9A4 <@9AAB 7?G5B><@ GDB6A9@ 
HGA84@9AF4?PABEF< CB?GK49@OI D9;G?PF4FB6.  

%2O7L 48AA5@B0F8>==>9 @01>BK A 4@C38<8 =0CG=>-
8AA;54>20B5;LA:8<8 @01>B0<8. �<EE9DF4J<BAA4S D45BF4 6OCB?A9A4 6 D4@>4I 
A4GKAB7B CDB9>F4 CDB7D4@@O 7D4AFB6B7B H<A4AE<DB64A<S HGA84@9AF4?PAOI 
<EE?98B64A<= 6 B5?4EF< 9EF9EF69AAOI A4G>  <A<EF9DEF64 B5D4;B64A<S < A4G>< 
$9ECG5?<>< �4;4IEF4A «(GA>J<S �D<A4 A9E<@@9FD<KAOI I4D4>F9D<EF<K9E><I 
A4K4?PAB->D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S» (2021 7B8, 
AP09561656). 

�?@>10F8O @01>BK. 
$9;G?PF4FO D45BFO 5O?< CD98EF46?9AO < B5EG:89AO A4 E?98GRM<I 

>BAH9D9AJ<SI: 
– @9:8GA4DB8AB= A4GKAB= >BAH9D9AJ<< <Numerical Function Analysis= 

(%F4@5G?, 2021 – 21-24 ABS5DS); 
– 9:97B8AB= @9:8GA4DB8AB= FD48<J<BAAB= �CD9?PE>B= A4GKAB= 

>BAH9D9AJ<<, CBE6SM9AAB= �AR D45BFA<>B6 A4G>< $9ECG5?<>< �4;4IEF4A, 
�AEF<FGF @4F9@4F<>< < @4F9@4F<K9E>B7B @B89?<DB64A<S (�?@4FO, 2019 – 3-5 

4CD9?S); 
– 9:97B8AB= @9:8GA4DB8AB= FD48<J<BAAB= �CD9?PE>B= A4GKAB= 

>BAH9D9AJ<<, CBE6SM9AAB= �AR D45BFA<>B6 A4G>< $9ECG5?<>< �4;4IEF4A, 

�AEF<FGF @4F9@4F<>< < @4F9@4F<K9E>B7B @B89?<DB64A<S (�?@4FO, 2020 – 1-3 

4CD9?S). 
#C1;8:0F88. #B D9;G?PF4F4@ 8<EE9DF4J<< BCG5?<>B64AB 8 D45BF: 4 

:GDA4?PAO9 EF4FP< (1 6 :GDA4?4I, <A89>E<DG9@OI Scopus, < 3 6 :GDA4?9, 
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D9>B@9A8B64AAB@ �B@<F9FB@ CB >BAFDB?R 6 EH9D9 B5D4;B64A<S < A4G>< 
 <A<EF9DEF64 B5D4;B64A<S < A4G>< $9ECG5?<>< �4;4IEF4A), 4 D45BFO 6 
@4F9D<4?4I @9:8GA4DB8AOI A4GKAOI >BAH9D9AJ<SI (1 6 Springer Proceedings). 

"1J5< 8 AB@C:BC@0 48AA5@B0F88. �<EE9DF4J<BAA4S D45BF4 EBEFB<F <; 
F<FG?PAB7B ?<EF4, EB89D:4A<S, 66989A<S, E9@< D4;89?B6, ;4>?RK9A<S < EC<E>4 
?<F9D4FGDO. "5M<= B5N9@ 8<EE9DF4J<< EBEF46?S9F 108 EFD4A<J E 68 EEO?>4@< 
A4 ?<F9D4FGDG. 

 

"A=>2=>5 A>45@60=85 48AA5@B0F88: 
�2545=85 EB89D:<F 4>FG4?PABEFP F9@O <EE?98B64A<S, J9?< < ;484K<, 

BEAB6AO9 CB?B:9A<S 8?S ;4M<FO 8<EE9DF4J<<, B5N9>F < CD98@9F <EE?98B64A<S, 
@9FB8O <EE?98B64A<S, AB6<;AG < F9BD9F<K9E>GR < CD4>F<K9E>GR ;A4K<@BEFP 
<EE?98B64A<S, E6S;P 8<EE9DF4J<BAAB= D45BFO E 8DG7<@< A4GKAB-
<EE?98B64F9?PE><@< D45BF4@<, 4CDB54J<S D45BFO, CG5?<>4J<< 46FBD4, B5N9@ < 
EFDG>FGD4 8<EE9DF4J<< < EB89D:4A<9. 

� @0745;5 1, 84AB BCD989?9A<9 < B5BEAB64A4 @9FB8<>4 CBEFDB9A<S 
HGA>J<< �D<A4 8?S C9D6B= A4K4?PAB->D496B= ;484K< 6 K9F69DF< C?BE>BEF< 8?S 
B5M97B 86G@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S 6FBDB7B CBDS8>4. 

� @0745;5 2, 84AB BCD989?9A<9 < B5BEAB64A4 @9FB8<>4 CBEFDB9A<S 
HGA>J<< �D<A4 8?S 6FBDB= A4K4?PAB->D496B= ;484K< 6 K9F69DF< C?BE>BEF< 8?S 
B5M97B 86G@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S 6FBDB7B CBDS8>4. 

� @0745;5 3, 84AB BCD989?9A<9 HGA>J<< �D<A4 ;484K< �4D5G 8?S 
7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 6<84, D4EE@4FD<649@B7B 6 
I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ GE?B6<9@ C9D6B7B DB84 A4 
A9I4D4>F9D<EF<K9E>B= 7D4A<J9 < 84AB B5BEAB64A<9 @9FB8<>< 9ё CBEFDB9A<S. 

� @0745;5 4, 84AB BCD989?9A<9 HGA>J<< �D<A4 8?S A9E<@@9FD<KAOI 
I4D4>F9D<EF<K9E><I >D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 
6<84, D4EE@4FD<649@B7B 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ 
GE?B6<9@ C9D6B7B DB84 A4 A9I4D4>F9D<EF<K9E>B= 7D4A<J9 < 84AB B5BEAB64A<9 
@9FB8<>< 9ё CBEFDB9A<S. 

� @0745;5 5, 84AB BCD989?9A<9 HGA>J<< �D<A4 8?S A9E<@@9FD<KAOI 
I4D4>F9D<EF<K9E><I >D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 
6<84, D4EE@4FD<649@B7B 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ 
GE?B6<9@ 6FBDB7B DB84 A4 A9I4D4>F9D<EF<K9E>B= 7D4A<J9 < 84AB B5BEAB64A<9 
@9FB8<>< 9ё CBEFDB9A<S. 

� @0745;5 6, CBEFDB9AO CD<@9DO >BDD9>FAB= I4D4>F9D<EF<K9E>B= 
>D496B= ;484K<, <@9RM9= «A9>?4EE<K9E><=» 6<8 HGA>J<< �D<A4. 

� @0745;5 7, CBEFDB9A4 7D4A<KAO9 GE?B6<S B5N9@AB7B 7<C9D5B?<K9E>B7B 
CBF9AJ<4?4 6 B5?4EF< E >D<6B?<A9=AB= 7D4A<J9=. 

� 70:;NG5=88 CD98EF46?9AO BEAB6AO9 D9;G?PF4FO, CB?GK9AAO9 6 IB89 
6OCB?A9A<S 8<EE9DF4J<BAAB= D45BFO. 
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1 " ('!�*�� �$�!� ����+� �",�-��$�)�� ��/ 
��#�$�"��+�%�"�" '$��!�!�/ � +�&��$&� #�"%�"%&� 

 

�4AAO= D4;89? CBE6SM9A B5BEAB64A<R @9FB84 HGA>J<= �D<A4 8?S 
D9L9A<S C9D6B= A4K4?PAB->D496B= ;484K< 8?S ?<A9=AB7B 7<C9D5B?<K9E>B7B 
GD46A9A<S. �484K4 D4EE@4FD<649FES 6 K9F69DFAB= C?BE>BEF<. 

 9FB8 HGA>J<= �D<A4, IBDBLB D4;D45BF4AAO= 8?S Q??<CF<K9E><I < 
C4D45B?<K9E><I ;484K, 6E9 9M9 @4?B D4;D45BF4A 8?S 7<C9D5B?<K9E><I ;484K. � 
84AAB@ D4;89?9 66989AB BCD989?9A<9 HGA>J<< �D<A4 8?S 7<C9D5B?<K9E>B= 
;484K< (C9D6B= A4K4?PAB->D496B= ;484K<), 8B>4;O649FES 99 EGM9EF6B64A<9 < 
98<AEF69AABEFP, 4 F4>:9 CBEFDB9AB <AF97D4?PAB9 CD98EF46?9A<9 D9L9A<S 
;484K< E <ECB?P;B64A<9@ QFB= HGA>J<< �D<A4.  

�<C9D5B?<K9E>4S HGA>J<S �D<A4 EGM9EF69AAB BF?<K49FES BF HGA>J<= 
�D<A4 8?S Q??<CF<K9E><I <?< C4D45B?<K9E><I ;484K. � K4EFABEF<, HGA>J<S 
�D<A4 7<C9D5B?<K9E>B= ;484K< @B:9F <@9FP D4;DO6O CB A9E>B?P><@ 
I4D4>F9D<EF<>4@ GD46A9A<S. �4> @O 6<8<@, 6 E6S;< E QF<@ 8?S >4:8B= 
7<C9D5B?<K9E>B= ;484K< BCD989?9A<9 < B5BEAB64A<9 HGA>J<< �D<A4 
A9B5IB8<@B CDB6B8<FP BF89?PAB < FD95GRFES 89F4?PAO9 <EE?98B64A<S 6 QFB@ 
A4CD46?9A<<. 

�E?< @O D4EE@BFD<@ 6BCDBE B >?4EE<K9E>B= D4;D9L<@BEF< E?98GRM97B 
7<C9D5B?<K9E>B7B GD46A9A<S: 

 ÿþþ 2 ÿýý = ÿ(ý, þ), (ý, þ) * Ă,  (1.1) 

 

789 ÿ * ÿ1(Ă), Ă = {(ý, þ): 0 < ý < 1, þ > 0}, E A4K4?PAO@ GE?B6<9@: 

 ÿ(ý, 0) = ÿþ(ý, 0) = 0, 0 < ý < 1,  (1.2) 

 

< 7D4A<KAO@ GE?B6<9@: 

 ÿ(0, þ) = ÿ(1, þ) = 0, þ > 0,  (1.3) 

 

FB784 @9FB8B@ (GDP9 [25], @O A4IB8<@ D9L9A<9 ;484K< (1.1)-(1.3) 6 E?98GRM9@ 
6<89: 
 ÿ(ý, þ) = -þ0 Ăÿ -10 þ(ý, þ; Ă, ÿ)ÿ(Ă, ÿ)ĂĂ,  (1.4) 

 

789  
 þ(ý, þ; Ă, ÿ) = ∑∞ā=1 2sinā�ýā� sin��(þ 2 ÿ)sin��Ă (1.5) 

 

S6?S9FES HGA>J<9= �D<A4 ;484K< (1.1)-(1.3). !B <; (1.5) @O A9 6<8<@, >4><@< 
E6B=EF64@< B5?4849F HGA>J<S �D<A4 ;484K< (1.1)-(1.3). 
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1.1 #>AB0=>2:0 7040G8 

#GEFP Ā = {(ý, þ): ý > 0, þ > 0}. %?98GRM99 7<C9D5B?<K9E>B9 GD46A9A<9 
D4EE@4FD<649FES 6 Ā: 

 Āÿ ≡ ā2ÿ(ý, þ)āþ2 2 ā2ÿ(ý, þ)āý2 + ÿ1(ý, þ) ⋅ āÿ(ý, þ)āý + 

 +Ā1(ý, þ) ⋅ Āÿ(ý,þ)Āý + ā1(ý, þ) ⋅ ÿ(ý, þ) = ý(ý, þ), (ý, þ) * Ā, (1.1.1) 

 

E A4K4?PAO@< GE?B6<S@< 

 ÿ(ý, 0) = ă(ý), ĀÿĀþ (ý, 0) = Ă(ý), ý > 0,  (1.1.2) 

 

< 7D4A<KAO@ GE?B6<9@ 

 ÿ(þ, 0) = Φ(þ), þ > 0. (1.1.3) 

 

)BDBLB <;69EFAB, KFB QF4 ;484K4 >BDD9>FA4, >4> 6 E@OE?9 >?4EE<K9E><I, 
F4> < B5B5M9AAOI D9L9A<=. !4E <AF9D9EG9F 6BCDBE B5 <AF97D4?PAB= HBD@9 
D9L9A<S ;484K< (1.1.1)-(1.1.3).  O CB>4:9@, KFB D9L9A<9 ;484K< @B:9F 5OFP 
;4C<E4AB 6 F9D@<A4I HGA>J<< �D<A4, BCD989?9A<9 >BFBDB= @O 66B8<@. 

� I4D4>F9D<EF<K9E><I >BBD8<A4F4I Ă = ý + þ, ą = ý 2 þ GD46A9A<9 (1.1.1) 

<@99F 6<8: 
 Ā2ÿĀ�ĀĀ + ÿ(Ă, ą) ⋅ ĀÿĀ� + Ā(Ă, ą) ⋅ ĀÿĀĀ + ā(Ă, ą) ⋅ ÿ = ÿ(Ă, ą),    (Ă, ą) * Ω, (1.1.4) 

 

< A4K4?PAO9 GE?B6<S (1.1.2) <@9RF 6<8: 
 ÿ(Ă, Ă) = ÿ(Ă), (ĀÿĀ� 2 ĀÿĀĀ) (Ă, Ă) = ā(Ă), Ă > 0, (1.1.5) 

 

< 7D4A<KAB9 GE?B6<9 (1.1.3) <;@9A<FES A4 
 ÿ(2ą, ą) = ā(ą), ą f 0.  (1.1.6) 

 

 O 5G89@ EK<F4FP, KFB ÿ, Ā * ÿ1(Ω); ā, ÿ * ÿ(Ω); ā * ÿ1((2∞, 0]); ā *ÿ([0,+∞)); ÿ * ÿ1([0,+∞));ā′(0) = 2ā(0), ā(0) = ÿ(0). 
*9?P EBEFB<F 6 FB@, KFB5O CBEFDB<FP HGA>J<R �D<A4 < D9L9A<9 ;484K< 

(1.1.4)-(1.1.6). 
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1.2 �>:070B5;LAB2> :>@@5:B=>AB8 7040G8 

�?S CB?ABFO >4DF<AO @O CD<6B8<@ ;89EP 8B>4;4F9?PEF6B >BDD9>FABEF< 

D4EE@4FD<649@B= ;484K< (1.1.4)-(1.1.6). 

!4;B69@ HGA>J<R <; >?4EE4   ÿ(Ă, ą), ÿ�Ā * ÿ(Ω) D97G?SDAO@ D9L9A<9@ 

;484K<, CD9B5D4;GRM<@ GD46A9A<9 (1.1.4), A4K4?PAO9 GE?B6<S (1.1.5) < 

7D4A<KAB9 GE?B6<9 (1.1.6) 6 FB:89EF6B. 
&9BD9@4 1.2.1 #GEFP ÿ, Ā * ÿ1(�); ā, ÿ * ÿ(�); ā * ÿ1((2∞, 0]);   ā *ÿ([0,+∞)); ÿ * ÿ1([0,+∞)) ; ā′(0) = 2ā(0), ā(0) = ÿ(0). &B784 ;484K4 (1.1.4)-

(1.1.6) <@99F 98<AEF69AAB9 D97G?SDAB9 D9L9A<9. 
�B>4;4F9?PEF6B EGM9EF6B64A<S D9L9A<S ;484K< (1.1.4)-(1.1.6) 

#GEFP  
 ÿ(Ă, ą) = Ą(Ă, ą) ⋅ Ā(Ă, ą).  (1.2.1) 

 

&B784 (1.1.4) <@99F 6<8: 
 ā2ĄāĂāą ⋅ Ā + ā2ĀāĂāą ⋅ Ą + [āĄāĂ + ĀĄ] ⋅ āĀāą + [āĄāą + ÿĄ] ⋅ āĀāĂ + 

 + [Ā ĀÿĀĀ + ÿ ĀÿĀ� + āĄ] ⋅ Ā = ÿ.  (1.2.2) 

 

 O 6O5<D49@ Ą(Ă, ą) F4><@ B5D4;B@, KFB5O  

 Āÿ(�,Ā)Ā� + Ā(Ă, ą) ⋅ Ą(Ă, ą) = 0,  (1.2.3) 

 

6OCB?AS?BEP. �; (1.2.3) CB?GK<@ 

 Ą(Ă, ą) = exp (2-�0 Ā(ý, ą)Ăý).  (1.2.4) 

 

$4;89?<6 GD46A9A<9 (1.2.2) A4 Ą, <@99@ E?98GRMGR ;484KG: 
 Ā2ÿĀ�ĀĀ + ÿ2(Ă, ą) ⋅ ĀÿĀ� + ā2(Ă, ą) ⋅ Ā = ÿ2, (Ă, ą) * Ω, (1.2.5) 

  Ā(Ă, Ă) = ÿ2(Ă), (ĀÿĀ� 2 ĀÿĀĀ) (Ă, Ă) = ā2(Ă), Ă > 0, (1.2.6) 

  Ā(2ą, ą) = ā2(ą), ą f 0,  (1.2.7) 

 

789 
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ÿ2 = 1Ą ⋅ ĄĀ + ÿ, 
 ā2 = 1Ą (Ą�Ā + ÿĄ� + ĀĄĀ + ā), ÿ2(Ă) = ÿ(Ă)Ą(Ă, Ă) , ā2(ą) = ā(ą)Ą(2ą, ą), 
 ā2(Ă) = ā(Ă)Ą(Ă, Ă) 2 ÿ2(Ă)(Ą�(Ă, Ă) 2 ĄĀ(Ă, Ă))Ą(Ă, Ă) , ÿ2(Ă, ą) = ÿ(Ă, ą)Ą(Ă, ą). 

 

�6989@ AB6B9 B5B;A4K9A<9: 
 āĀāĂ = Ā. 

 

&B784 GD46A9A<9 (1.2.5) Q>6<64?9AFAB E?98GRM9= E<EF9@9 GD46A9A<=: 
 {Ā�ĀĀ = ÿ2(Ă, ą) 2 ÿ2(Ă, ą) ⋅ Ā(Ă, ą) 2 ā2(Ă, ą) ⋅ Ā(Ă, ą),ĀÿĀ� = Ā(Ă, ą).  (1.2.8) 

 

� B5?4EF< Ω 6B;P@9@ CDB<;6B?PAGR FBK>G ÿ(Ă, ą) < CDB6989@ 

I4D4>F9D<EF<>< ÿþ, ÿĀ, ÿý 8B 7D4A<JO B5?4EF< Ω. �AF97D<DGS C9D6B9 
GD46A9A<9 E<EF9@O (1.2.8) CB Āÿ, ýÿ, 6FBDB9 CB þÿ < <ECB?P;GS GE?B6<S (1.2.6), 
(1.2.7), CB?GK<@: 

 

{ 
 Ā(Ă, ą) = ÿ(Ă) 2 -�Ā [ÿ2(Ă, ą1) 2 ÿ2(Ă, ą1)Ā(Ă, ą1) 2 ā2(Ă, ą1)Ā(Ă, ą1)]Ăą1,Ā(Ă, ą) = ÿ1(ą) + -�|Ā| Ā(Ă1, ą)ĂĂ1, (Ă, ą) * Ω,                                            (1.2.9)  

 

789  
 ÿ(Ă) = 12 (ÿ22(Ă) + ā2(Ă)), (1.2.10) 

 ÿ1(ą) = {ÿ2(ą), ?@и η > 0,ā2(ą), ?@и η f 0. (1.2.11) 

 

�97>B CB>4;4FP, KFB 9E?< Ā(Ă, ą), Ā(Ă, ą) S6?SRFES D9L9A<S@< E<EF9@O 
(1.2.9), FB Ā(Ă, ą) S6?S9FES D9L9A<9@ ;484K< (1.2.5)-(1.2.7). %?98B64F9?PAB, 
E<EF9@4 (1.2.9) Q>6<64?9AFA4 ;484K9 (1.2.5)-(1.2.7). 

�G89@ <E>4FP D9L9A<9 E<EF9@O (1.2.9) <ECB?P;GS @9FB8 
CBE?98B64F9?PAOI CD<5?<:9A<=. #GEFP ā - CDB<;6B?PAB9 CB?B:<F9?PAB9 
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K<E?B. Ωý = Ω + {Ă < ā} < 8?S FBK9> (Ă, ą) * Ωý 6O59D9@ A4K4?PAB9 
CD<5?<:9A<9: 

 Ā0(Ă, ą) = ÿ(Ă),    Ā0(Ă, ą) = ÿ1(ą). 
 

%FDB<@ E?98GRM99 CD<5?<:9A<9, <ECB?P;GS HBD@G?O (1.2.12): 

 

{  
  
  ĀĀ(Ă, ą) = ÿ(Ă) 2 ∫�Ā [ÿ2(Ă, ą1) 2 ÿ2(Ă, ą1)ĀĀ21(Ă, ą1) 2 ā2(Ă, ą1)ĀĀ21(Ă, ą1)]Ăą1,
ĀĀ(Ă, ą) = ÿ1(ą) + ∫�|Ā| ĀĀ21(Ă1, ą)ĂĂ1, (Ă, ą) * Ωý.                                        (1.2.12)

 

�B>4:9@ D46AB@9DAGR EIB8<@BEFP CBE?98B64F9?PABEF9= ĀĀ, ĀĀ 6 
;4@>AGFB= B5?4EF< Ωý. �OK<E?<@ D4;ABEFP: 

 

{  
  
  ĀĀ+1 2 ĀĀ = ∫�Ā [ÿ2(ĀĀ(Ă, ą1) 2 ĀĀ21(Ă, ą1)) + ā2(ĀĀ(Ă, ą1) 2 ĀĀ21(Ă, ą1))]Ăą1,
ĀĀ+1 2ĀĀ = ∫�|Ā| [ĀĀ(Ă1, ą) 2 ĀĀ21(Ă1, ą)]ĂĂ1, (Ă, ą) * Ωý .                          (1.2.13)

 

 

#B>4:9@ KFB D4;ABEFP |ĀĀ 2 ĀĀ21| < |ĀĀ 2ĀĀ21| G8B6?9F6BDSRF 
A9D469AEF64@: 

 |ĀĀ 2 ĀĀ21| f ÿĀ ⋅ ý ⋅ (Ă 2 ą)ĀĀ! , 
 |ĀĀ 2ĀĀ21| f ÿĀ ⋅ ý ⋅ (�2Ā)�Ā! ,  (1.2.14) 

 

789 
 ÿ = maxΩ� [1, |ÿ2| + |ā2|], ý =∥ ÿ2 ∥ÿ(Ω�) +∥ ÿ ∥ÿ([0,ý]) +∥ ÿ1 ∥ÿ([2ý,ý]), (1.2.15) 
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789 ÿ1(ą), ÿ(Ă) BCD989?9AO 6 (1.2.10), (1.2.11). �B>4;O649@ ECD4698?<6BEFP 
A9D469AEF6 (1.2.14) E CB@BMPR @4F9@4F<K9E>B= <A8G>J<<. �?S Ā = 1, >4> ?97>B 
6<89FP <; (1.2.12), BJ9A>< (1.2.14) 69DAO=. 

#B>4:9@, KFB QF< A9D469AEF64 BEF4AGFES 6 E<?9, >B784 Ā 5G89F ;4@9A9AB 
A4 Ā + 1. �; D469AEF64 (1.2.13), EB7?4EAB >?4EE<K9E>B@G @9FB8G, <@99@ 

 |ĀĀ+1 2 ĀĀ| f ∫�
Ā (|ÿ2| + |ā2|) ⋅ ÿĀ ⋅ ý ⋅ (Ă 2 ą1)ĀĀ! Ăą1 f 

 f ÿĀ+1 ⋅ ý ⋅ ∫�
Ā (Ă 2 ą1)ĀĀ! Ăą1 = ÿĀ+1(Ā + 1)! ⋅ ý ⋅ (Ă 2 ą)Ā+1, 

 |ĀĀ+1 2ĀĀ| f ∫�
|Ā|ÿĀ ⋅ ý ⋅ (Ă1 2 ą)ĀĀ! ĂĂ1 f ÿĀ+1 ⋅ ý ⋅ ∫�

|Ā| (Ă1 2 ą)ĀĀ! ĂĂ1 =
 

= ÿĀ+1(Ā + 1)! ⋅ ý ⋅ (Ă 2 ą)Ā+1 2 ÿĀ+1(Ā + 1)! ⋅ ý ⋅ (|ą| 2 ą)Ā+1 f 

 f ÿĀ+1(Ā + 1)! ⋅ ý ⋅ (Ă 2 ą)Ā+1. 
 

"J9A>< (1.2.14) CB>4;O64RF 45EB?RFAGR < D46AB@9DAGR EIB8<@BEFP CB Ωý E?98GRM<I DS8B6: 
 Ā0 +∑∞Ā=1 (ĀĀ 2 ĀĀ21), Ā0 +∑∞Ā=1 (ĀĀ 2ĀĀ21), 

 

K?9AO >BFBDOI @9APL9 45EB?RFAB7B ;A4K9A<S K?9AB6 D46AB@9DAB EIB8SM97BES 
DS84: 
 ý + ý ⋅∑∞Ā=1 ÿĀ (Ă 2 ą)ĀĀ! = ý ⋅ exp(ÿ(Ă 2 ą)). 

 

%?98B64F9?PAB, CBE?98B64F9?PAO9 CD<5?<:9A<S ĀĀ, ĀĀ A4 Ωý D46AB@9DAB 
EFD9@SFES, EBBF69FEF69AAB, > BCD989?9AAO@ CD989?4@ Ā, Ā >BFBDO9 A9CD9DO6AO 
A4 Ωý. #9D9IB8S > CD989?G 6 D469AEF64I (1.2.12), CB?GK49@, KFB CD989?PAO9 
HGA>J<< Ā(Ă, ą),Ā(Ă, ą) G8B6?9F6BDSRF E<EF9@9 (1.2.9). � QFB@ E?GK49 HGA>J<< Ā, Ā A9CD9DO6AO A4 Ωý. #BE>B?P>G @O 8B>4;4?< EGM9EF6B64A<9 D9L9A<S 6 Ωý 
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8?S ?R5B7B ā, D9L9A<9 EGM9EF6G9F 6B 6E9= B5?4EF< Ω. $9L9A<9 ;484K< (1.1.4)-
(1.1.6) A4=89AB CGF9@ ;4@9AO Ā,ā A4 (1.2.1). 

�B>4;4F9?PEF6B 98<AEF69AABEF< D9L9A<S ;484K< (1.2.5)-(1.2.7) 

#D98CB?B:<@, KFB E<EF9@4 (1.2.9) <@99F D4;?<KAO9 D9L9A<S Ā1, Ā1, Ā2, Ā2. 

"5B;A4K<@ ą = Ā1 2 Ā2,Ć = Ā1 2Ā2. &B784 ą,Ć G8B6?9F6BDSRF E?98GRM9= 
E<EF9@9 GD46A9A<=: 

 

{ 
 ą(Ă, ą) = -�Ā [ÿ2(Ă, ą1) ⋅ ą(Ă, ą1) + ā2(Ă, ą1) ⋅ Ć(Ă, ą1)]Ăą1,Ć(Ă, ą) = -�|Ā| ą(Ă1, ą)ĂĂ1, (Ă, ą) * Ωý.  (1.2.16) 

 

�B>4:9@, KFB ą = Ć ≡ 0. (GA>J<< ą,Ć A9CD9DO6AO < B7D4A<K9AO >4> 
D4;ABEF< A9CD9DO6AOI HGA>J<= 6 ;4@>AGFB= B5?4EF< Ωý. %?98B64F9?PAB, 
EGM9EF6G9F CB?B:<F9?PA4S >BAEF4AF4 þ F4>4S, KFB  

 |ą(Ă, ą)| f þ, |Ć(Ă, ą)| f þ, (Ă, ą) * Ωý . 
 

&B784 <; (1.2.16) <@99@ 

 |ą| f þ∫�
Ā (|ÿ2(Ă, ą1)| + |ā2(Ă, ą1)|)Ăą1 f ÿ (Ă 2 ą)1! , 

 |Ć| f þ∫�
|Ā|þĂĂ1 f ÿ ⋅ (Ă 2 ą)1! , 

 

789 ÿ BCD989?S9FES 6 (1.2.15). % CB@BMPR @4F9@4F<K9E>B= <A8G>J<< 8?S 
?R5B7B Ā CB?GK<@ E?98GRM<9 BJ9A>< 
 |ą| f þÿĀ (Ă 2 ą)ĀĀ! , |Ć| f þÿĀ (Ă 2 ą)ĀĀ! . 

 

#BE>B?P>G QF< A9D469AEF64 6OCB?ASRFES 8?S ?R5B7B Ā, FB <; QFB7B 
E?98G9F, KFB ą = Ć ≡ 0, F.9. Ā1 = Ā2, Ā1 = Ā2. 

�B>4;4F9?PEF6B GEFB=K<6BEF< D9L9A<S ;484K< (1.2.5)-(1.2.7) 

+FB5O 8B>4;4FP GEFB=K<6BEFP D9L9A<S ;484K< (1.2.5)-(1.2.7), A4@ AG:A4 
BJ9A>4 GEFB=K<6BEF< 8?S Ā. �; 

 Ā(Ă, ą) = limþ→∞Āþ = limþ→∞ [Ā0 +∑þĀ=1 (ĀĀ 2ĀĀ21)] = 

 = Ā0 + ∑∞Ā=1 (ĀĀ 2ĀĀ21),  (1.2.17) 
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;4F9@, <ECB?P;GS BJ9A>G (1.2.14) <; (1.2.17), @O CB?GK<@ 

 |Ā(Ă, ą)| f ý ⋅ ∑∞Ā=0 ��Ā! (Ă 2 ą)Ā = ý ⋅ exp(2ÿā), (1.2.18) 

 

789 ý BCD989?4 6 (1.2.15). �ECB?P;GS D469AEF6B (1.2.15), <; (1.2.18), @O <@99@ 

 |Ā(Ă, ą)| f exp(2ÿā) ⋅ (∥ ÿ1 ∥ÿ(Ω�) +∥ ÿ ∥ÿ([0,ý]) +∥ ÿ1 ∥ÿ([2ý,ý])). 
 

%?98B64F9?PAB, <ECB?P;GS (1.2.10), (1.2.11), @O CB?GK49@ BJ9A>G 
GEFB=K<6BEF< D9L9A<S ;484K< (1.2.5)-(1.2.7): 

 ||Ā||ÿ(Ω�) f exp(2ÿā)
 ⋅ (∥ ÿ1 ∥ÿ(Ω�) +∥ ā2 ∥ÿ([0,ý]) +∥ ÿ2 ∥ÿ1([0,ý]) +∥ ā2 ∥ÿ([2ý,0])). 

 

1.3 " DC=:F88 $8<0=0 
)BDBLB <;69EFAB, KFB HGA>J<S $<@4A4-�D<A4 ā(Ă, ą; Ă1, ą1) A9 

BCD989?9A4 6B 6E9= B5?4EF< Ω × Ω, AB FB?P>B 8?S F9I FBK9> (Ă1, ą1) * Ω, 8?S 
>BFBDOI |ą| < Ă1, 2Ă < ą1 < Ă. � 8?S BEF4?PAOI FBK9> B5?4EF< Ω × Ω HGA>J<S 
$<@4A4-�D<A4 A9 BCD989?9A4 B8AB;A4KAB. �?S A4L<I 84?PA9=L<I CBEFDB9A<= 
A4@ 64:AB <ECB?P;B64FP HGA>J<R $<@4A4-�D<A4, BCD989?9AAGR 6B 6E9I FBK>4I 
B5?4EF< Ω × Ω, 8?S >BFBDB= ą1 < 2Ă. 

�?S 84?PA9=L<I D4EEG:89A<= A4@ AG:AB 6OCB?A<FP A9>BFBDO9 
EBBFABL9A<S @9:8G >BQHH<J<9AF4@< ÿ(Ă, ą) < Ā(Ă, ą) A4 7D4A<J9 Ă = 2ą. �?S 
QFB7B 6 GD46A9A<< (1.1.4) ;4@9A<@ HGA>J<R: 

 ÿ(Ă, ą) = Ą(Ă, ą) ⋅ ā(ą) ⋅ Ā(Ă).  (1.3.1) 

 

&B784 BFABE<F9?PAB AB6B= A9<;69EFAB= HGA>J<< Ą(Ă, ą) CB?GK<@ 
GD46A9A<9: 
 Ā2�Ā�ĀĀ + ÿ̂(Ă, ą) Ā�Ā� + Ā̂(Ă, ą) Ā�ĀĀ + ā̂(Ă, ą)Ą = ÿ̂, (Ă, ą) * Ω, (1.3.2) 

 

789 
 ÿ̂ = 1ā(ą) ⋅ (ā2(ą) + ÿ(Ă, ą)ā(ą)), Ā̂ = 1Ā(Ă) ⋅ (Ā2(Ă) + Ā(Ă, ą)Ā(Ă)), 
 ā̂ = ā2(Ā)Ā2(�)ā(Ā)Ā(�) + ÿ(Ă, ą) Ā2(�)Ā(�) + Ā(Ă, ą) ā2(Ā)ā(Ā) + ā(Ă, ą), ÿ̂ = ÿā(Ā)Ā(�).  (1.3.3) 
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�B;P@9@ HGA>J<< ā(ą), Ā(Ă) F4>, KFB5O D469AEF64 
 ÿ̂(2ą, ą) = 2Ā̂(2ą, ą), ÿ�̂(2ą, ą) = ĀĀ̂(2ą, ą), ą f 0. (1.3.4) 

 

6OCB?AS?BEP. &B784 <; (1.3.4) <@99@ E?98GRMGR E<EF9@G GD46A9A<=: 

 

{ 
 ā2(Ā)ā(Ā) = 2 Ā2(2Ā)Ā(2Ā) 2 ÿ(2ą, ą) 2 Ā(2ą, ą),    ą f 0,ā2(Ā)ā(Ā) = Ā2(2Ā)Ā(2Ā) 2 ÿ�(2ą, ą) + ĀĀ(2ą, ą),    ą f 0.  (1.3.5) 

 

-F4 E<EF9@4 (1.3.5) <@99F D9L9A<9, >BFBDB9 @B:9F 5OFP ;4C<E4AB >4> 
 ā(ą) = exp [12∫Ā

0 (ĀĀ(2þ, þ) 2 ÿ�(2þ, þ) 2 ÿ(2þ, þ) 2 Ā(2þ, þ))Ăþ], 
 Ā(Ă) = exp [12∫�

0 (2ĀĀ(þ, 2þ) + ÿ�(þ, 2þ) 2 ÿ(þ, 2þ) 2 Ā(þ, 2þ))Ăþ]. 
 

&4><@ B5D4;B@, 9E?< ā(ą), Ā(Ă) 6O5D4AO F4><@ B5D4;B@, GE?B6<9 (1.3.4) 

6OCB?AS9FES CD< ą f 0. #D< ;A4K9A<SI ą > 0 CDB8B?:49@ HGA>J<R ā(ą) F4><@ 
B5D4;B@, KFB5O BA4 5O?4 A9CD9DO6AB 8<HH9D9AJ<DG9@B= < 6OCB?AS?BEP 
GE?B6<9 ā(ą) > 0. 

+FB5O 669EF< HGA>J<R $<@4A4-�D<A4 6B 6E9I FBK>4I B5?4EF< Ω × Ω, 

CDB8B?:<@ >BQHH<J<9AFO GD46A9A<S (1.3.2) 6 B5?4EF< Ω2 = {(Ă, ą) * ℝ2: ą <2|Ă|} E?98GRM<@ B5D4;B@: 

 ý(Ă, ą) = {ÿ̂(Ă, ą), (Ă, ą) * Ω,2Ā̂(2ą,2Ă), (Ă, ą) * Ω2, (1.3.6) 

 þ(Ă, ą) = {Ā̂(Ă, ą), (Ă, ą) * Ω,2ÿ̂(2ą,2Ă), (Ă, ą) * Ω2, (1.3.7) 

 ÿ(Ă, ą) = {ā̂(Ă, ą), (Ă, ą) * Ω,ā̂(2ą,2Ă). (Ă, ą) * Ω2. (1.3.8) 

 

�E?< >BQHH<J<9AFO ÿ(Ă, ą), Ā(Ă, ą) * ÿ1(Ω);   ā(Ă, ą) * ÿ(Ω), FB 6 E<?G 
(1.3.3), (1.3.4) >BQHH<J<9AFO ý(Ă, ą), þ(Ă, ą), ÿ(Ă, ą) 6 B5?4EF< Ω� = Ω , Ω2 ={(Ă, ą) * ℝ2: Ă > ą} <@9RF E?98GRM<9 7?48>BEFP: 
 ý(Ă, ą), þ(Ă, ą) * ÿ1(Ω); ÿ(Ă, ą) * ÿ(Ω),  (1.3.9) 
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< G8B6?9F6BDSRF E?98GRM<@ GE?B6<S@ E<@@9FD<<: 
 ý(Ă, ą) = 2þ(2ą,2Ă), ý�(Ă, ą) = þĀ(2ą,2Ă), ÿ(Ă, ą) = ÿ(2ą, 2Ă),    (Ă, ą) * Ω�.  (1.3.10) 

 

#B>4:9@, KFB (1.3.10) 69DAB. �; (1.3.6) <@99@ 

 ý(2ą, 2Ă) = {ÿ̂(2ą,2Ă), (2ą, 2Ă) * Ω,2Ā̂(Ă, ą), (2ą, 2Ă) * Ω2, 
 = 2{Ā̂(Ă, ą), (Ă, ą) * Ω,2ÿ̂(2ą,2Ă), (Ă, ą) * Ω2, = 2þ(Ă, ą). 
 

&4>:9 F4><@ :9 B5D4;B@, <; (1.3.7), (1.3.8) CB?GK<@ 

 ý�(Ă, ą) = {ÿ�̂(Ă, ą), (Ă, ą) * Ω,ĀĀ̂(2ą,2Ă), (Ă, ą) * Ω2, = þĀ(2ą,2Ă), 
 ÿ(Ă, ą) = {ā̂(Ă, ą), (Ă, ą) * Ω,ā̂(2ą,2Ă), (Ă, ą) * Ω2, = ÿ(2ą,2Ă). 
 

�E?< 6O5D4FP (Ă, ą) <; Ω, FB (2ą, 2Ă) 5G89F <; Ω2. 
� Ω� D4EE@BFD<@ GD46A9A<9 
 Ā2�Ā�ĀĀ + ý(Ă, ą) ⋅ Ā�Ā� + þ(Ă, ą) ⋅ Ā�ĀĀ + ÿ(Ă, ą) ⋅ Ą = ý, (Ă, ą) * Ω�. (1.3.11) 

 

�;-;4 7?48>BEF< (1.3.9) IBDBLB <;69EFAB, KFB 8?S GD46A9A<S (1.3.11) 

HGA>J<S $<@4A4-�D<A4 [26] EGM9EF6G9F 6 Ω�, KFB 8?S ?R5B7B (Ă, ą) * Ω� 

G8B6?9F6BDS9F GD46A9A<R:  

 ā2āĂ1āą1 ā(Ă, ą; Ă1, ą1) 2 āāĂ1 (ý(Ă1, ą1)ā(Ă, ą; Ă1, ą1)) 2 

 2 āāą1 (þ(Ă1, ą1)ā(Ă, ą; Ă1, ą1)) + 

 +ÿ(Ă1, ą1)ā(Ă, ą; Ă1, ą1) = 0, (Ă1, ą1) * Ω�;   (1.3.12) 

 

< E?98GRM<@ GE?B6<S@ A4 I4D4>F9D<EF<>4I: 
 



23 
 

Āā(�,Ā;�1,Ā1)ĀĀ1 2 ý(Ă1, ą1) ⋅ ā(Ă, ą; Ă1, ą1) = 0, ?@и  Ă1 = Ă;  (1.3.13) 

 Āā(�,Ā;�1,Ā1)Ā�1 2 þ(Ă1, ą1) ⋅ ā(Ă, ą; Ă1, ą1) = 0, ?@и  ą1 = ą;  (1.3.14) 

 ā(Ă, ą; Ă, ą) = 1. (1.3.15) 

 

&4><@ B5D4;B@, CD< F4>B@ 6O5BD9 @9FB84 CDB8B?:9A<S >BQHH<J<9AFB6 
GD46A9A<S (1.3.11) BCD989?<?< ;A4K9A<S HGA>J<< $<@4A4-�D<A4 8?S 6E9I FBK9> 
B5?4EF< Ω × Ω. 

�9@@4 1.3.1. �E?< 6OCB?ASRFES GE?B6<S (1.3.10), FB HGA>J<S $<@4A4-
�D<A4 B5?4849F F4>B= E<@@9FD<9=, KFB 

 ā(Ă, ą; Ă1, ą1) = ā(2ą, 2Ă;2ą1, 2Ă1), (Ă, ą) * Ω�, (Ă1, ą1) * Ω�. (2.3.16) 

 

�B>4;4F9?PEF6B "5B;A4K<@ 

 ā1(Ă, ą; Ă1, ą1) = ā(2ą,2Ă;2ą1, 2Ă1), (Ă, ą) * Ω�, (Ă1, ą1) * Ω�. 
 

#B>4:9@, KFB ā1(Ă, ą; Ă1, ą1) G8B6?9F6BDS9F GD46A9A<R (1.3.12) < 
GE?B6<S@ (1.3.13)-(1.3.15). �9=EF6<F9?PAB, CB8EF46?SS CD98EF46?9A<9 ā1(Ă, ą; Ă1, ą1) 6 GD46A9A<9 (1.3.12), EA4K4?4 66B8<@ AB6B9 B5B;A4K9A<9 2Ă1 =ą2, 2ą1 = Ă2, 4 ;4F9@ F4>:9 66B8<@ AB6O9 E<@6B?O: 

 2ą = Ẵ ,    2 Ă = ą�,    Ă2 = Ă1� ,    ą2 = ą1� 
 

< EAB64 <ECB?P;GS GE?B6<S (1.3.10), CB?GK<@: 

 ā2āĂ1āą1 ā(2ą, 2Ă; 2ą1, 2Ă1) 2 āāĂ1 (ý(Ă1, ą1)ā(2ą, 2Ă; 2ą1, 2Ă1)) 2 

 2 āāą1 (þ(Ă1, ą1)ā(2ą,2Ă;2ą1, 2Ă1)) + ÿ(Ă1, ą1)ā(2ą, 2Ă;2ą1, 2Ă1) = 

 = ā2āĂ2āą2 ā(2ą,2Ă; Ă2, ą2) + āāą2 (ý(2ą2, 2Ă2)ā(2ą,2Ă; Ă2, ą2)) + 

 + āāĂ2 (þ(2ą2, 2Ă2)ā(2ą, 2Ă; Ă2, ą2)) + ÿ(2ą2, 2Ă2) ⋅ ā(2ą, 2Ă; Ă2, ą2) = 

 = ā2āĂ1�āą1�ā(Ẵ, ą�; Ă1� , ą1�) 2 āāą1�(þ(Ă1� , ą1�)ā(Ẵ, ą�; Ă1� , ą1�)) 2 
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2 ĀĀ�1� (ý(Ă1� , ą1�)ā(Ẵ, ą�; Ă1� , ą1�)) + ÿ(Ă1� , ą1�) ⋅ ā(Ẵ, ą�; Ă1� , ą1�) = 0. (1.3.17) 

 

&4><@ B5D4;B@, ā1(Ă, ą; Ă1, ą1) G8B6?9F6BDS9F GD46A9A<R (1.3.12). &4>:9 
CB8EF46?SS CD98EF46?9A<9 ā1(Ă, ą; Ă1, ą1) 6 GE?B6<S (1.3.13)-(1.3.15) < <ECB?P;GS 
6E9 B5B;A4K9A<S 66989AAB9 A4 69DIG, <@99@: 

 2āā(2ą,2Ă;2ą1, 2Ă1)āĂ1 2 ý(Ă1, ą1) ⋅ ā(2ą, 2Ă;2ą1, 2Ă1) = 

 = Āā(�� ,Ā�;�1�,Ā1�)Ā�1� 2 þ(Ă1� , ą�1) ⋅ ā(Ẵ, ą�; Ă1� , ą1�) = 0,   ą1� = ą�; (1.3.18) 

 2āā(2ą,2Ă;2ą1, 2Ă1)āą1 2 þ(Ă1, ą1) ⋅ ā(2ą,2Ă;2ą1, 2Ă1) = 

 = Āā(�� ,Ā�;�1�,Ā1�)ĀĀ1� 2 ý(Ă1� , ą�1) ⋅ ā(Ẵ, ą�; Ă1� , ą1�) = 0,   Ă1� = Ẵ; (1.3.19) 

 ā(2ą,2Ă;2ą, 2Ă) = ā(Ẵ, ą�; Ẵ, ą�) = 1. (1.3.20) 

 

� E<?G (1.3.17)-(1.3.20) 6<8<@, KFB HGA>J<S ā(2ą, 2Ă;2ą1, 2Ă1) 
G8B6?9F6BDS9F F9@ :9 GE?B6<S@, KFB < HGA>J<S $<@4A4-�D<A4 GD46A9A<S 
(1.3.11). )BDBLB <;69EFAB, KFB HGA>J<S $<@4A4-�D<A4 S6?S9FES D9L9A<9@ 
;484K< �GDE4, >BFBD4S <@99F 98<AEF69AAB9 D9L9A<9. "FER84 E?98G9F, KFB 
D469AEF6B (1.3.16) 6OCB?AS9FES. 

%?98EF6<9 1.3.2. !4 CDS@B= Ă = 2ą, ą f 0, 6OCB?AS9FES E?98GRM99 
D469AEF6B: 

 ā(2ą, ą; Ă1, ą1) = ā(2ą, ą;2ą1, 2Ă1).  (1.3.21) 

 

1.4 " DC=:F88 �@8=0 
"CD989?<@ HGA>J<R �D<A4 C9D6B= A4K4?PAB->D496B= ;484K< 6 K9F69DF< 

C?BE>BEF<:  
 Ā2�Ā�ĀĀ + ý(Ă, ą) ⋅ Ā�Ā� + þ(Ă, ą) ⋅ Ā�ĀĀ + ÿ(Ă, ą) ⋅ Ą = ý, (Ă, ą) * Ω,   (1.4.1) 

 Ą(Ă, Ă) = ă1(Ă), (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă) = ā1(Ă), Ă > 0, (1.4.2) 

 Ą(2ą, ą) = ÿ(ą), ą f 0.     (1.4.3) 
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"CD989?9A<9 1.4.1. (GA>J<9= �D<A4 ;484K< (1.4.1)-(1.4.3) S6?S9FES 
HGA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S 8?S >4:8B7B H<>E<DB64AAB7B (Ă1, ą1) * � 

G8B6?9F6BDS9F B8ABDB8AB@G GD46A9A<R: 

 Ā(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, at Ă b Ă1, ą b ą1, ą b 2Ă1; (1.4.4) 

 

< E?98GRM<@ 7D4A<KAO@ GE?B6<S@: 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0, (Ă1, ą1) * Ω; (1.4.5) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0, (Ă1, ą1) * Ω, ?@и Ă b Ă1, ą b ą1; (1.4.6) 

 þ(2ą, ą; Ă1, ą1) = 0, ą f 0, (Ă1, ą1) * Ω,    (1.4.7) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I:  
 āþ(Ă1 + 0, ą; Ă1, ą1)āą + ý(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 

 = Ā�(�120,Ā;�1,Ā1)ĀĀ + ý(Ă1, ą)þ(Ă1 2 0, ą; Ă1, ą1), ?@и  ą b ą1; (1.4.8) 

 āþ(Ă, ą1 + 0; Ă1, ą1)āĂ + þ(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 

 = Ā�(�,Ā120;�1,Ā1)Ā� + þ(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1), ?@и  Ă b Ă1; (1.4.9) 

 āþ(Ă, 2Ă1 + 0; Ă1, ą1)āĂ + þ(Ă, 2Ă1)þ(Ă,2Ă1 + 0; Ă1, ą1) = 

 = Ā�(�,2�120;�1,Ā1)Ā� + þ(Ă,2Ă1)þ(Ă,2Ă1 2 0; Ă1, ą1); (1.4.10) 

 

< CD< (Ă, ą) = (Ă1, ą1) 8B?:AB 6OCBASFES E?98GRM99 GE?B6<9 
 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) + 

 +þ(Ă1 + 0, ą1 + 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) = 1. (1.4.11) 

 

1.5 %CI5AB2>20=85 8 548=AB25==>ABL DC=:F88 �@8=0 7040G8 

&9BD9@4 1.5.1 (GA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (1.4.4)-
(1.4.11), EGM9EF6G9F < 98<AEF69AAB. 
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�B>4;4F9?PEF6B. +FB5O CB>4;4FP, KFB HGA>J<S þ(Ă, ą; Ă1, ą1), 
G8B6?9F6BDSRM4S GE?B6<S@ (1.4.4)-(1.4.11), EGM9EF6G9F < 98<AEF69AA4, @O 
D4;89?<@ B5?4EFP Ω A4 A9E>B?P>B CB8B5?4EF9= < CBE?98B64F9?PAB D4EE@BFD<@ 
E?98GRM<9 ;484K<. #GEFP (Ă1, ą1) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω. $4EE@BFD<@ 
E?GK4= ą1 > 0, E?GK4= ą1 < 0 D4EE@4FD<649FES 4A4?B7<KAB (D<EGAB> 1). 

 

 
 

 

$<EGAB> 1 – (3a) - D4;89?9A<9 Ω, CD< ą1  >  0; (3b) – D4;89?9A<9 Ω, CD< ą1  <  0 

 

� B5?4EF< Ω1 = {(Ă, ą): 0 < Ă < ą1, 2Ă < ą < Ă} D4EE@BFD<@ ;484KG 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω1; (1.5.1) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0; (1.5.2) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0; (1.5.3) 

 þ(2ą, ą; Ă1, ą1) = 0, ą f 0. (1.5.4) 

 

�484K4 (1.5.1)-(1.5.4) S6?S9FES ;484K9= �BL<-�<D<I?9 < <@99F 
98<AEF69AAB9 D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω1.  (1.5.5) 

 

� B5?4EF< Ω2 = {(Ă, ą): ą1 < Ă < Ă1, ą1 < ą < Ă} D4EE@BFD<@ ;484KG 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω2;   (1.5.6) 
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þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0; (1.5.7) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0.   (1.5.8) 

 

�484K4 (1.5.6)-(1.5.8) S6?S9FES ;484K9= �BL< < <@99F 98<AEF69AAB9 
D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω2.   (1.5.9) 

 

%?98B64F9?PAB <; (1.4.9), (1.5.5), (1.5.9) 6 B5?4EF< Ω3 = {(Ă, ą): ą1 < Ă <Ă1, 2ą1 < ą < ą1} CB?GK<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω3;     (1.5.10) 

 þ(ą1, ą; Ă1, ą1) = 0,2ą1 f ą f ą1;   (1.5.11) 

 Ā�(�,Ā120;�1,Ā1)Ā� + þ(Ă, ą1) ⋅ þ(Ă, ą1 2 0; Ă1, ą1) = 0, ą1 < Ă < Ă1. (1.5.12) 

 

�AF97D<DGS (1.5.12) CB Ă <@99@: 

 þ(Ă, ą1 2 0; Ă1, ą1) = exp (2-�Ā1 þ(þ, ą1)Ăþ)ÿ1(Ă1, ą1), ą1 < Ă < Ă1. (1.5.13) 

 

#B8EF46?SS Ă = ą1 2 0 6 (1.5.13), <ECB?P;GS GE?B6<9 (1.4.5) <@99@, KFB ÿ1(Ă1, ą1) ≡ 0 < 

 þ(Ă, ą1 2 0; Ă1, ą1) = 0, ą1 f Ă f Ă1.   (1.5.14) 

 

%?98B64F9?PAB, ;484K4 (1.5.10)-(1.5.12) Q>6<64?9AFA4 ;484K9 (1.5.10), 
(1.5.11), (1.5.14), KFB S6?S9FES ;484K9= �GDE4 < <@99F 98<AEF69AAB9 D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω3.  (1.5.15) 

 

#BE>B?P>G HGA>J<S �D<A4 A9CD9DO6A4 8?S ą = 2ą1, FB <; (1.5.15) 6 
B5?4EF< Ω4 = {(Ă, ą): ą1 < Ă < Ă1, 2Ă < ą < 2ą1} CB?GK<@ ;484KG: 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω4;     (1.5.16) 

 þ(2ą, ą; Ă1, ą1) = 0, ą f 0;    (1.5.17) 

 þ(Ă,2ą1; Ă1, ą1) = 0, ą1 f Ă f Ă1.   (1.5.18) 
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�484K4 (1.5.16)-(1.5.18) S6?S9FES ;484K9= �4D5G < <@99F 98<AEF69AAB9 
D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω4.   (1.5.19) 

 

� B5?4EF< Ω5 = {(Ă, ą): Ă1 < Ă, ą > Ă1} D4EE@4FD<649FES ;484K4 �BL<: 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω5;     (1.5.20) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0;    (1.5.21) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0,  (1.5.22) 

 

>BFBDO= <@99F 98<AEF69AAB9 D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω5.   (1.5.23) 

 

&9@ E4@O@ <; (1.4.8), (1.5.9), (1.5.23) 6 B5?4EF< Ω6 = {(Ă, ą): Ă1 < Ă, ą1 <ą < Ă1} CB?GK<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω6;     (1.5.24) 

 þ(Ă, Ă1; Ă1, ą1) = 0, Ă g Ă1;    (1.5.25) 

 Ā�(�1+0,Ā;�1,Ā1)ĀĀ + ý(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 0, ą1 < ą < Ă1.  (1.5.26) 

 

�AF97D<DGS (1.5.26) CB ą CB?GK<@: 

 þ(Ă1 + 0, ą; Ă1, ą1) = exp (2-ĀĀ1 ý(Ă1, þ)Ăþ) ÿ2(Ă1, ą1), ą1 < ą < Ă1. (1.5.27) 

 

#B8EF46?SS ą = Ă1 + 0 6 (1.5.27), <ECB?P;GS GE?B6<9 (1.4.5) <@99@, KFB ÿ2(Ă1, ą1) ≡ 0 < 

 þ(Ă1 + 0, ą; Ă1, ą1) = 0, ą1 f ą f Ă1.   (1.5.28) 

 

%?98B64F9?PAB, ;484K4 (1.5.24)-(1.5.26) Q>6<64?9AFA4 ;484K9 (1.5.24), 

(1.5.25), (1.5.28), KFB S6?S9FES ;484K9= �GDE4 < <@99F 98<AEF69AAB9 D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω6.   (1.5.29) 

 

�; (1.4.8), (1.4.9), (1.4.11), (1.5.15), (1.5.19), (1.5.29) 6 B5?4EF< Ω7 ={(Ă, ą): Ă1 < Ă,2Ă1 < ą < ą1} CB?GK<@ ;484KG 
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Ā(�,Ā)þ = 0, (Ă, ą) * Ω7;     (1.5.30) 

 Ā�(�1+0,Ā;�1,Ā1)ĀĀ + ý(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 0,2Ă1 < ą < ą1. (1.5.31) 

 Ā�(�,Ā120;�1,Ā1)Ā� + þ(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1) = 0, Ă1 < Ă. (1.5.32) 

 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) = 21.    (1.5.33) 

 

�484K4 (1.5.30)-(1.5.33) QFB ;484K4 �GDE4, <@99F 98<AEF69AAB9 D9L9A<9. 
%?98B64F9?PAB, HGA>J<S þ(Ă, ą; Ă1, ą1) 6 B5?4EF< Ω7 BCD989?9A4 B8AB;A4KAB. 
%D46A<@ GE?B6<= (1.5.30)-(1.5.33) EB E?98GRM<@< GE?B6<S@<: 

 Ā(�,Ā)ā = 0, (Ă, ą) * Ω�; 
 āā(Ă, ą; Ă1, ą1)āĂ + þ(Ă, ą) ⋅ ā(Ă, ą; Ă1, ą1) = 0, ?@и   ą = ą1; 
 āā(Ă, ą; Ă1, ą1)āą + ý(Ă, ą) ⋅ ā(Ă, ą; Ă1, ą1) = 0, ?@и   Ă = Ă1; 
 ā(Ă1, ą1; Ă1, ą1) = 1, 
 

>BFBDB@G G8B6?9F6BDS9F HGA>J<S $<@4A4-�D<A4, < ?97>B CB?GK<FP E?98GRM99 
D469AEF6B: 
 þ(Ă, ą; Ă1, ą1) = 2ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω7. (1.5.34) 

 

%?98B64F9?PAB, <; (1.5.34) 6 B5?4EF< Ω8 = {(Ă, ą): Ă1 < Ă,2Ă < ą < 2Ă1} 
CB?GK<@ ;484KG: 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω8; (1.5.35) 

 þ(2ą, ą; Ă1, ą1) = 0, ą f 0;  (1.5.36) 

 āþ(Ă, 2Ă1 2 0; Ă1, ą1)āĂ + þ(Ă, 2Ă1)þ(Ă,2Ă1 2 0; Ă1, ą1) = 

 = 2 Āā(�,2�1;�1,Ā1)Ā� 2 þ(Ă,2Ă1)ā(Ă,2Ă1 2 0; Ă1, ą1), Ă1 < Ă. (1.5.37) 

 

�484K4 (1.5.35)-(1.5.37) S6?S9FES ;484K9= �4D5G < <@99F 98<AEF69AAB9 
D9L9A<9. 
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&4><@ B5D4;B@, CB>4;4?<, KFB 8?S ?R5OI (Ă1, ą1) * Ω < (Ă, ą) * Ω 

HGA>J<S �D<A4, G8B6?9F6BDSRM4S GE?B6<S@ (1.4.4)-(1.4.11), EGM9EF6G9F < 
98<AEF69AA4. &9BD9@4 8B>4;4A4. 

%?98EF6<9 1.5.2. � IB89 8B>4;4F9?PEF64 EGM9EF6B64A<S HGA>J<< �D<A4 
CB?GK<?<, KFB þ(Ă, ą; Ă1, ą1) ≡ 0 6 B5?4EFSI �1, �2, �3, �4, �5, �6. &B 9EFP þ(Ă, ą; Ă1, ą1) ≡ 0, CD< Ă1 > Ă. 

 

1.6 #>AB@>5=85 DC=:F88 �@8=0  
�4> 6<8AB <; 8B>4;4F9?PEF64 F9BD9@O 1.5.1, HGA>J<S �D<A4 þ(Ă, ą; Ă1, ą1) = 0 6 B5?4EFSI Ω1, Ω2, Ω3, Ω4, Ω5, Ω6. � 6 B5?4EF< Ω7 BA4 

EB6C4849F E HGA>J<9= $<@4A4 (1.5.34). �464=F9 A4=89@ CD98EF46?9A<9 HGA>J<< 
�D<A4 6 B5?4EF< Ω8. �?S CBEFDB9A<S HGA>J<= �D<A4 CD98CB?4749@, KFB 
>BQHH<J<9AFO GD46A9A<S (1.6.1) G8B6?9F6BDSRF GE?B6<S@ E<@@9FD<< (1.3.10). 

#GEFP (Ă1, ą1) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω. �?S FB7B KFB5O CBEFDB<FP 
HGA>J<R �D<A4 6 B5?4EF< Ω�8, D4EE@BFD<@ ;484KG: 

 Ā2�1Ā�ĀĀ + ý(Ă, ą) Ā�1Ā� + þ(Ă, ą) Ā�1ĀĀ + ÿ(Ă, ą)þ1 = 0, (Ă, ą) * Ω�8, (1.6.1) 

 

789 Ω�8 = Ω8 , Ω82, Ω82 = {(Ă, ą): Ă1 < Ă, ą < 2Ă},  
 āþ1(Ă, 2Ă1 2 0; Ă1, ą1)āĂ + þ(Ă,2Ă1)þ1(Ă, 2Ă1 2 0; Ă1, ą1) = 

 = 2 Āā(�,2�1;�1,Ā1)Ā� 2 þ(Ă,2Ă1)ā(Ă,2Ă1; Ă1, ą1), Ă1 < Ă; (1.6.2) 

 āþ1(Ă1 + 0, ą; Ă1, ą1)āą + ý(Ă1, ą)þ1(Ă1 + 0, ą; Ă1, ą1) = 

 = Āā(2Ā,2�1;�1,Ā1)ĀĀ + ý(Ă1, ą)ā(2ą, 2Ă1; Ă1, ą1), ą < 2Ă1; (1.6.3) 

 þ1(Ă1, 2Ă1; Ă1, ą1) = 0.    (1.6.4) 

 

�484K4 (1.6.1)-(1.6.4) – ;484K4 �GDE4. �7B D9L9A<9 EGM9EF6G9F < 
98<AEF69AAB. !4E <AF9D9EG9F CD98EF46?9A<9 HGA>J<< þ1(Ă, ą; Ă1, ą1). 

�9@@4 1.6.1. �E?< HGA>J<S þ1(Ă, ą; Ă1, ą1) S6?S9FES D9L9A<9@ ;484K< 

(1.6.1)-(1.6.4), FB 8?S ?R5B7B (Ă, ą) * ��8 <@99@ þ1(Ă, ą; Ă1, ą1) =2þ1(2ą,2Ă; Ă1, ą1). 
�B>4;4F9?PEF6B. +FB5O CB>4;4FP, KFB HGA>J<S 2þ1(2ą,2Ă; Ă1, ą1) 

G8B6?9F6BDS9F GD46A9A<R (1.6.1), 6 (1.6.1) ;4@9AG Ă = 2ą2, ą =2Ă2,   (2ą2, 2Ă2) * Ω82 4 CBE?9, <ECB?P;GS GE?B6<S (1.3.6)-(1.3.8), CB?GK<@, KFB 2þ1(2ą,2Ă; Ă1, ą1) G8B6?9F6BDS9F GD46A9A<R (1.6.1). 
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&4>:9 89?4S ;4@9AG Ă = 2ą2, ą2 < 2Ă1 6 (1.6.2) < <ECB?P;GS GE?B6<S 
(1.3.6), (1.3.7) CB?GK49@ GE?B6<9 (1.6.3). �A4?B7<KAB, ;4@9A<6 2ą = Ă2, ą < 2Ă1 

6 (1.6.3) < <ECB?P;GS GE?B6<S (1.3.6), (1.3.7) CB?GK49@ GE?B6<9 (1.6.2). 

&4><@ B5D4;B@, CB>4;4AB, KFB HGA>J<S 2þ1(2ą,2Ă; Ă1, ą1) F4>:9 S6?S9FES 
D9L9A<9@ ;484K< (1.6.1)-(1.6.4). #BE>B?P>G D9L9A<9 ;484K< (1.6.1)-(1.6.4) 

98<AEF69AAB, FB784 
 þ1(Ă, ą; Ă1, ą1) = 2þ1(2ą, 2Ă; Ă1, ą1), (Ă, ą) * Ω�8. 
 

�M9@ D9L9A<9 ;484K< (1.6.1)-(1.6.4) 6 E?98GRM9@ 6<89: 
 þ1(Ă, ą; Ă1, ą1) = Ā(Ă, ą; Ă1, ą1) 2 ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω�8. 
 

&B784 8?S HGA>J<< Ā(Ă, ą; Ă1, ą1) CB?GK<@ E?98GRMGR ;484KG: 
 Ā2ĀĀ�ĀĀ + ý(Ă, ą) ĀĀĀ� + þ(Ă, ą) ĀĀĀĀ + ÿ(Ă, ą)Ā = 0, (Ă, ą) * Ω�8; (1.6.5) 

 ĀĀ(�,2�1;�1,Ā1)Ā� + þ(Ă,2Ă1)Ā(Ă, 2Ă1; Ă1, ą1) = 0, Ă1 < Ă; (1.6.6) 

 āĀ(Ă1, ą; Ă1, ą1)āą + ý(Ă1, ą)Ā(Ă1, ą; Ă1, ą1) = 

 = Āā(2Ā,2�1;�1,Ā1)ĀĀ + ý(Ă1, ą)ā(2ą, 2Ă1; Ă1, ą1), ą < 2Ă1;  (1.6.7) 

 Ā(Ă1, 2Ă1; Ă1, ą1) = ā(Ă1, 2Ă1; Ă1, ą1).  (1.6.8) 

 

�97>B 6<89FP, KFB D9L9A<9 ;484K< (1.6.5)-(1.6.8) <@99F 6<8 
 Ā(Ă, ą; Ă1, ą1) = ā(2ą,2Ă; Ă1, ą1), (Ă, ą) * Ω�8.  (1.6.9) 

 

&B784 <; (1.6.9) CB?GK<@ 

 þ1(Ă, ą; Ă1, ą1) = ā(2ą,2Ă; Ă1, ą1) 2 ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω�8. (1.6.10) 

 

&4><@ B5D4;B@, 8B>4;4A4 E?98GRM4S F9BD9@4: 
&9BD9@4 1.6.2. (GA>J<S �D<A4 ;484K< (1.4.1)-(1.4.3) EGM9EF6G9F < 

98<AEF69AAB. -F4 HGA>J<S �D<A4 @B:9F 5OFP 6OD4:9A4 E CB@BMPR HGA>J<< 
$<@4A4-�D<A4: 

 þ(Ă, ą; Ă1, ą1) ≡ 0, ?@и  (Ă, ą) * Ω1, Ω2, Ω3, Ω4, Ω5, Ω6; 
 þ(Ă, ą; Ă1, ą1) = 2ā(Ă, ą; Ă1, ą1),    ?@и  (Ă, ą) * Ω7; 
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þ(Ă, ą; Ă1, ą1) = ā(2ą,2Ă; Ă1, ą1) 2 ā(Ă, ą; Ă1, ą1), if  (Ă, ą) * Ω8. 
 

�9@@4 1.6.3. #GEFP (Ă, ą) CDB<;6B?PA4S FBK>4 B5?4EF< �. #B 6AGFD9AA<@ 
C9D9@9AAO@ (Ă1, ą1) HGA>J<S �D<A4 ;484K< (1.4.1)-(1.4.3) B5?4849F E?98GRM<@< 
E6B=EF64@<: 

 Ā(�1,Ā1)∗ þ(Ă, ą; Ă1, ą1) = 0, (Ă1, ą1) * Ω, 
  ?@и  Ă1 b Ă, ą1 b ą, Ă1 b 2ą;  (1.6.11) 

 þ(Ă, ą; Ă1, 2Ă1) = 0, Ă1 < 2ą; (1.6.12) 

 Ā�(�,Ā;�20,Ā1)ĀĀ1 2 ý(Ă, ą1)þ(Ă, ą; Ă 2 0, ą1) = 0, ?@и  ą1 b ą; (1.6.13) 

 Ā�(�,Ā;�1,Ā+0)Ā�1 2 þ(Ă1, ą)þ(Ă, ą; Ă1, ą + 0) = 0, ?@и  Ă1 b Ă; (1.6.14) 

 āþ(Ă, ą; 2ą 2 0, ą1)āĂ1 2 þ(2ą, ą1)  þ(Ă, ą;2ą 2 0, ą1) 
 = Ā�(�,Ā;2Ā+0,Ā1)Ā�1 2 þ(2ą, ą1)þ(Ă, ą;2ą + 0, ą1);   (1.6.15) 

 þ(Ă, ą; Ă 2 0, ą 2 0) 2 þ(Ă, ą; Ă + 0, ą 2 0) + 

 +þ(Ă, ą; Ă + 0, ą + 0) 2 þ(Ă, ą; Ă 2 0, ą + 0) = 1. (1.6.16) 

 

�B>4;4F9?PEF6B %6B=EF64 (1.6.11)-(1.6.16) @B7GF 5OFP ?97>B CB?GK9AO <; 
CBEFDB9A<S HGA>J<< �D<A4 ;484K< (1.4.1)-(1.4.3). �; (1.6.11)-(1.6.16) @B:AB 
B8AB;A4KAB 6BEEF4AB6<FP HGA>J<R �D<A4 ;484K< (1.4.1)-(1.4.3). 

�ECB?P;GS E6B=EF64 (1.6.11)-(1.6.16), @O @B:9@ <ECB?P;B64FP 97B 8?S 
A4C<E4A<S <AF97D4?PAB7B CD98EF46?9A<S D9L9A<S ;484K< (1.4.1)-(1.4.3). �?S 
QFB7B D4EE@BFD<@ E?98GRM<= <AF97D4?: 

 ∬Ω(��) þ(Ă, ą; Ă1, ą1)ý(Ă1, ą1)ĂĂ1Ăą1 = 

 = .Ω(��) þ(Ă, ą; Ă1, ą1) ( Ā2�Ā�1ĀĀ1 + ý Ā�Ā�1 + þ Ā�ĀĀ1 + ÿĄ)ĂĂ1Ăą1. (1.6.17) 

 

#D<@9A<6 F9BD9@G �D<A4 A4 C?BE>BEF< [27] < <ECB?P;GS A4K4?PAO9 
GE?B6<S (1.4.2), E6B=EF64 HGA>J<< �D<A4 (1.6.11)-(1.6.16), <; (1.6.17) CB?GK<@ 
E?98GRM99 CD98EF46?9A<9 D9L9A<S ;484K< (1.4.1)-(1.4.3) 6 B5?4EF< Ω(�Ā) 
(D<EGAB> 2) CD< ą > 0: 
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$<EGAB> 2 – "5?4EFP Ω(�Ā), CD< ą > 0 

 Ą(Ă, ą) = 212þ(Ă, ą; ą, ą)ă1(ą) 2 12þ(Ă, ą; Ă, Ă)ă1(Ă) 2 

 212∫Ā
� ( āþāĂ1 (Ă, ą; Ă1, Ă1) + 2(ý 2 þ)(Ă1, Ă1)þ(Ă, ą; Ă1, Ă1))ă1(Ă1)ĂĂ1 + 

 +12∫Ā
� þ(Ă, ą; Ă1, Ă1)ā1(Ă1)ĂĂ1 + 

 

+.Ω(��) þ(Ă, ą; Ă1, ą1)ý(Ă1, ą1)ĂĂ1Ăą1.  (1.6.18) 

 

&4>:9, CD< ą < 0, CD<@9A<6 F9BD9@G �D<A4 A4 C?BE>BEF< [27, D. 384-387] 

< <ECB?P;GS A4K4?PAO9 GE?B6<S (1.4.2), 7D4A<KAB9 GE?B6<9 (1.4.3), E6B=EF64 
HGA>J<< �D<A4 (1.6.11)-(1.6.16), <; (1.6.17) CB?GK<@ E?98GRM99 CD98EF46?9A<9 
D9L9A<S ;484K< (1.4.1)-(1.4.3) 6 B5?4EF< Ω(�Ā) (D<EGAB> 3). 
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$<EGAB> 3 – "5?4EFP Ω(�Ā), CD< ą <  0 

 Ą(Ă, ą) = 12 (þ(Ă, ą;2ą 2 0, ą) 2 2þ(Ă, ą;2ą + 0, ą))ÿ(ą) 2 

 212 (þ(Ă, ą;2ą 2 0,2ą 2 0) 2 þ(Ă, ą;2ą + 0,2ą + 0))ă1(2ą) 2 

 212þ(Ă, ą; Ă, Ă)ă1(Ă) + 12∫2Ā
0 āþāĂ1 (Ă, ą; Ă1, 2Ă1)ÿ(2Ă1)ĂĂ1 + 

 +12∫�
0 ( āþāĂ1 (Ă, ą; Ă1, Ă1) + 2(ý 2 þ)(Ă1, Ă1)þ(Ă, ą; Ă1, Ă1))ă1(Ă1)ĂĂ1 2 

 2 12-�0 þ(Ă, ą; Ă1, Ă1)ā1(Ă1)ĂĂ1 +.Ω(��) þ(Ă, ą; Ă1, ą1)ý(Ă1, ą1)ĂĂ1. (1.6.19) 

 

�97>B 6<89FP, KFB (1.6.18), (1.6.19) S6?SRFES D9L9A<S@< ;484K< (1.4.1)-
(1.4.3). #B8EF46?SS Ą(Ă, ą), ā(ą), Ā(Ă) 6 (1.3.1) CB?GK<@ D9L9A<9 ;484K< (1.1.4)-
(1.1.6). 

� ;4>?RK9A<9 IBF9?< 5O BF@9F<FP, KFB G A4E 9EFP A9>BFBDO= BCOF 6 
CBEFDB9A<< HGA>J<= �D<A4 8?S Q??<CF<K9E><I ;484K [28-31]. !B, >4> @O G;A4?< 
<; QFB7B <EE?98B64A<S, 7<C9D5B?<K9E>4S HGA>J<S �D<A4 EGM9EF69AAB 
BF?<K49FES BF HGA>J<= �D<A4 8?S Q??<CF<K9E><I <?< C4D45B?<K9E><I ;484K. � 
K4EFABEF<, HGA>J<S �D<A4 7<C9D5B?<K9E>B= ;484K< @B:9F <@9FP D4;DO6O CB 
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A9E>B?P><@ I4D4>F9D<EF<>4@ GD46A9A<S. �4> @O 6<8<@, 6 E6S;< E QF<@ 8?S 
>4:8B= 7<C9D5B?<K9E>B= ;484K< BCD989?9A<9 < B5BEAB64A<9 HGA>J<< �D<A4 
A9B5IB8<@B CDB6B8<FP BF89?PAB < FD95GRFES 89F4?PAO9 <EE?98B64A<S 6 QFB@ 
A4CD46?9A<<. 

$9;G?PF4FO 6 QFB@ A4CD46?9A<= 84AB 6 D45BF9 [32]. 
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2 " ('!�*�� �$�!� ����+� �",�-!�� �!� ��/ 
��#�$�"��+�%�"�" '$��!�!�/ � +�&��$&� #�"%�"%&� 

 

2.1 #>AB0=>2:0 7040G8 

#GEFP Ā = {(ý, þ): ý > 0, þ > 0}. %?98GRM99 7<C9D5B?<K9E>B9 GD46A9A<9 
D4EE@4FD<649FES 6 Ā: 

 Āÿ ≡ ā2ÿ(ý, þ)āþ2 2 ā2ÿ(ý, þ)āý2 + ÿ1(ý, þ) ⋅ āÿ(ý, þ)āý + 

 +Ā1(ý, þ) ⋅ Āÿ(ý,þ)Āý + ā1(ý, þ) ⋅ ÿ(ý, þ) = ý(ý, þ), (ý, þ) * Ā, (2.1.1) 

 

E A4K4?PAO@< GE?B6<S@<: 

 ÿ(ý, 0) = ă(ý), ĀÿĀþ (ý, 0) = Ă(ý), ý > 0,  (2.1.2) 

 

 < 7D4A<KAO@ GE?B6<9@: 

 ĀÿĀý (þ, 0) = Φ(þ), þ > 0. (2.1.3) 

 

� I4D4>F9D<EF<K9E><I >BBD8<A4F4I Ă = ý + þ, ą = ý 2 þ GD46A9A<9 (2.1.1) 

<@99F 6<8: 
 Ā2ÿĀ�ĀĀ + ÿ(Ă, ą) ⋅ ĀÿĀ� + Ā(Ă, ą) ⋅ ĀÿĀĀ + ā(Ă, ą) ⋅ ÿ = ÿ(Ă, ą),    (Ă, ą) * Ω, (2.1.4) 

 

< A4K4?PAO9 GE?B6<S (2.1.2) <@9RF 6<8 
 ÿ(Ă, Ă) = ÿ(Ă), (ĀÿĀ� 2 ĀÿĀĀ) (Ă, Ă) = ā(Ă), Ă > 0, (2.1.5) 

 

< 7D4A<KAB9 GE?B6<9 (2.1.3) <;@9A<FES A4 
 (ĀÿĀ� + ĀÿĀĀ) (2ą, ą) = ā(ą), ą f 0.  (2.1.6) 

 

�G89@ EK<F4FP, KFB ÿ, Ā * ÿ1(Ω); ā, ÿ * ÿ(Ω); ā * ÿ1((2∞, 0]); ā *ÿ1([0,+∞)); ÿ * ÿ1([0,+∞)) ; ā′(0) = 2ā′(0), ā(0) = ÿ′(0). 
*9?P EBEFB<F 6 FB@, KFB5O CBEFDB<FP HGA>J<R �D<A4 < D9L9A<9 ;484K< 

(2.1.4)-(2.1.6). 
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2.2 " DC=:F88 �@8=0 
"CD989?9A<9 2.2.1 (GA>J<9= �D<A4 ;484K< (2.1.4)-(2.1.6) S6?S9FES 

HGA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S 8?S >4:8B7B H<>E<DB64AAB7B (Ă1, ą1) * � 

G8B6?9F6BDS9F B8ABDB8AB@G GD46A9A<R: 

 Ā(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, ?@и Ă b Ă1, ą b ą1, ą b 2Ă1; (2.2.1) 

 

< E?98GRM<@ 7D4A<KAO@ GE?B6<S@: 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0, (Ă1, ą1) * Ω; (2.2.2) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0, (Ă1, ą1) * Ω, at Ă b Ă1, ą b ą1; (2.2.3) 

 (Ā�Ā� + Ā�ĀĀ) (2ą, ą; Ă1, ą1) = 0, ą f 0, (Ă1, ą1) * Ω,   (2.2.4) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I:  
 āþ(Ă1 + 0, ą; Ă1, ą1)āą + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 

 = Ā�(�120,Ā;�1,Ā1)ĀĀ + ÿ(Ă1, ą)þ(Ă1 2 0, ą; Ă1, ą1), ?@и  ą b ą1; (2.2.5) 

 āþ(Ă, ą1 + 0; Ă1, ą1)āĂ + Ā(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 

 = Ā�(�,Ā120;�1,Ā1)Ā� + Ā(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1), ?@и  Ă b Ă1; (2.2.6) 

 āþ(Ă, 2Ă1 + 0; Ă1, ą1)āĂ + Ā(Ă, 2Ă1)þ(Ă,2Ă1 + 0; Ă1, ą1) = 

 = Ā�(�,2�120;�1,Ā1)Ā� + Ā(Ă,2Ă1)þ(Ă, 2Ă1 2 0; Ă1, ą1); (2.2.7) 

 

< CD< (Ă, ą) = (Ă1, ą1) < (Ă, ą) = (Ă1, 2Ă1) 8B?:AB 6OCBASFES E?98GRM99 
GE?B6<9: 
 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) + 

 +þ(Ă1 + 0, ą1 + 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) = 1; (2.2.8) 

 þ(Ă1, 2Ă1 2 0; Ă1, ą1) = 2þ(Ă1, 2Ă1 + 0; Ă1, ą1). (2.2.9) 
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2.3 %CI5AB2>20=85 8 548=AB25==>ABL DC=:F88 �@8=0 7040G8 

&9BD9@4 2.3.1. (GA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (2.2.1)-
(2.2.9), EGM9EF6G9F < 98<AEF69AAB. 

�B>4;4F9?PEF6B. +FB5O CB>4;4FP, KFB HGA>J<S þ(Ă, ą; Ă1, ą1), 
G8B6?9F6BDSRM4S GE?B6<S@ (2.2.1)-(2.2.9), EGM9EF6G9F < 98<AEF69AA4, D4;89?<@ 
B5?4EFP Ω A4 A9E>B?P>B CB8B5?4EF9= < CBE?98B64F9?PAB D4EE@BFD<@ E?98GRM<9 
;484K<. #GEFP (Ă1, ą1) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω. $4EE@BFD<@ E?GK4= ą1 >0, E?GK4= ą1 < 0 D4EE@4FD<649FES 4A4?B7<KAB. 

� B5?4EF< Ω1 = {(Ă, ą): 0 < Ă < ą1, 2Ă < ą < Ă} D4EE@BFD<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω1; (2.3.1) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0; (2.3.2) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0; (2.3.3) 

 (Ā�Ā� + Ā�ĀĀ) (2ą, ą; Ă1, ą1) = 0, ą f 0. (2.3.4) 

 

�484K4 (2.3.1)-(2.3.4) S6?S9FES ;484K9= �BL<-�<D<I?9 < <@99F 
98<AEF69AAB9 D9L9A<9 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω1.  (2.3.5) 

 

� B5?4EF< Ω2 = {(Ă, ą): ą1 < Ă < Ă1, ą1 < ą < Ă} D4EE@BFD<@ ;484KG 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω2;   (2.3.6) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0; (2.3.7) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0.   (2.3.8) 

 

�484K4 (2.3.6)-(2.3.8) S6?S9FES ;484K9= �BL< < <@99F 98<AEF69AAB9 
D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω2.   (2.3.9) 

 

%?98B64F9?PAB <; (2.2.5), (2.3.5), (2.3.9) 6 B5?4EF< Ω3 = {(Ă, ą): ą1 < Ă <Ă1, 2ą1 < ą < ą1} CB?GK<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω3;     (2.3.10) 

 þ(ą1, ą; Ă1, ą1) = 0,2ą1 f ą f ą1;   (2.3.11) 
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 Ā�(�,Ā120;�1,Ā1)Ā� + Ā(Ă, ą1) ⋅ þ(Ă, ą1 2 0; Ă1, ą1) = 0, ą1 < Ă < Ă1. (2.3.12) 

 

�AF97D<DGS (2.3.12) CB Ă <@99@:  

 þ(Ă, ą1 2 0; Ă1, ą1) = exp (2-�Ā1 Ā(þ, ą1)Ăþ)ÿ1(Ă1, ą1), ą1 < Ă < Ă1. (2.3.13) 

 

#B8EF46?SS Ă = ą1 2 0 6 (2.3.13), <ECB?P;GS GE?B6<9 (2.2.2) <@99@, KFB ÿ1(Ă1, ą1) ≡ 0 < 

 þ(Ă, ą1 2 0; Ă1, ą1) = 0, ą1 f Ă f Ă1.   (2.3.14) 

 

%?98B64F9?PAB, ;484K4 (2.3.10)-(2.3.12) Q>6<64?9AFA4 ;484K9 (2.3.10), 

(2.3.11), (2.3.14), KFB S6?S9FES ;484K9= �GDE4 < <@99F 98<AEF69AAB9 D9L9A<9 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω3.  (2.3.15) 

 

#BE>B?P>G HGA>J<S �D<A4 A9CD9DO6A4 8?S ą = 2ą1, FB <; (2.3.15) 6 
B5?4EF< Ω4 = {(Ă, ą): ą1 < Ă < Ă1, 2Ă < ą < 2ą1} CB?GK<@ ;484KG 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω4;     (2.3.16) 

 (Ā�Ā� + Ā�ĀĀ) (2ą, ą; Ă1, ą1) = 0, ą f 0;    (2.3.17) 

 þ(Ă,2ą1; Ă1, ą1) = 0, ą1 f Ă f Ă1.   (2.3.18) 

 

�484K4 (2.3.16)-(2.3.18) S6?S9FES ;484K9= �4D5G < <@99F 98<AEF69AAB9 
D9L9A<9 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω4.   (2.3.19) 

 

� B5?4EF< Ω5 = {(Ă, ą): Ă1 < Ă, ą > Ă1} D4EE@4FD<649FES ;484K4 �BL< 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω5;     (2.3.20) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0;    (2.3.21) 

 (Ā�Ā� 2 Ā�ĀĀ) (Ă, Ă; Ă1, ą1) = 0, Ă g 0,  (2.3.22) 

 

>BFBDO= <@99F 98<AEF69AAB9 D9L9A<9: 
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þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω5.   (2.3.23) 

 

&9@ E4@O@ <; (2.2.4), (2.3.9), (2.3.23) 6 B5?4EF< Ω6 = {(Ă, ą): Ă1 < Ă, ą1 <ą < Ă1} CB?GK<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω6;     (2.3.24) 

 þ(Ă, Ă1; Ă1, ą1) = 0, Ă g Ă1;    (2.3.25) 

 Ā�(�1+0,Ā;�1,Ā1)ĀĀ + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 0, ą1 < ą < Ă1.  (2.3.26) 

 

�AF97D<DGS (2.3.26) CB ą CB?GK<@: 

 þ(Ă1 + 0, ą; Ă1, ą1) = exp (2-ĀĀ1 ÿ(Ă1, þ)Ăþ)ÿ2(Ă1, ą1), ą1 < ą < Ă1. (2.3.27) 

 

#B8EF46?SS ą = Ă1 + 0 6 (2.3.27), <ECB?P;GS GE?B6<9 (1.4.5) <@99@, KFB ÿ2(Ă1, ą1) ≡ 0 < 

 þ(Ă1 + 0, ą; Ă1, ą1) = 0, ą1 f ą f Ă1.   (2.3.28) 

 

%?98B64F9?PAB, ;484K4 (2.3.24)-(2.3.26) Q>6<64?9AFA4 ;484K9 (2.3.24), 

(2.3.25), (2.3.28), KFB S6?S9FES ;484K9= �GDE4 < <@99F 98<AEF69AAB9 D9L9A<9 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω6.   (2.3.29) 

 

�; (2.2.4), (2.2.5), (2.2.7), (2.3.15), (2.3.19), (2.3.29) 6 B5?4EF< Ω7 ={(Ă, ą): Ă1 < Ă,2Ă1 < ą < ą1} CB?GK<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω7;     (2.3.30) 

 Ā�(�1+0,Ā;�1,Ā1)ĀĀ + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 0,2Ă1 < ą < ą1. (2.3.31) 

 Ā�(�,Ā120;�1,Ā1)Ā� + Ā(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1) = 0, Ă1 < Ă. (2.3.32) 

 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) = 21.    (2.3.33) 

 

�484K4 (2.3.30)-(2.3.33) – QFB ;484K4 �GDE4, <@99F 98<AEF69AAB9 D9L9A<9. 
%?98B64F9?PAB, HGA>J<S þ(Ă, ą; Ă1, ą1) 6 B5?4EF< Ω7 BCD989?9A4 B8AB;A4KAB. 
%D46A<@ GE?B6<= (2.3.30)-(2.3.33) EB E?98GRM<@< GE?B6<S@<: 

 Ā(�,Ā)ā = 0, (Ă, ą) * Ω�; 
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āā(Ă, ą; Ă1, ą1)āĂ + Ā(Ă, ą) ⋅ ā(Ă, ą; Ă1, ą1) = 0, ?@и   ą = ą1; āā(Ă, ą; Ă1, ą1)āą + ÿ(Ă, ą) ⋅ ā(Ă, ą; Ă1, ą1) = 0, ?@и   Ă = Ă1; 
 ā(Ă1, ą1; Ă1, ą1) = 1, 
 

>BFBDB@G G8B6?9F6BDS9F HGA>J<S $<@4A4-�D<A4, ?97>B CB?GK<FP E?98GRM99 
D469AEF6B 
 þ(Ă, ą; Ă1, ą1) = 2ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω7. (2.3.34) 

 

%?98B64F9?PAB, <; (3.3.34) 6 B5?4EF< Ω8 = {(Ă, ą): Ă1 < Ă,2Ă < ą < 2Ă1} 
CB?GK<@ ;484KG: 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω8; (2.3.35) 

 (Ā�Ā� + Ā�ĀĀ) (2ą, ą; Ă1, ą1) = 0, ą f 0;  (2.3.36) 

 āþ(Ă, 2Ă1 2 0; Ă1, ą1)āĂ + Ā(Ă, 2Ă1)þ(Ă,2Ă1 2 0; Ă1, ą1) = 

 = 2 Āā(�,2�1;�1,Ā1)Ā� 2 Ā(Ă,2Ă1)ā(Ă, 2Ă1 2 0; Ă1, ą1), Ă1 < Ă. (2.3.37) 

 

#9D9C<L9@ GE?B6<9 (2.3.37) 6 E?98GRM9@ 6<89: 
 [ āāĂ (þ(Ă, 2Ă1 2 0; Ă1, ą1)exp(∫�

�1 Ā(þ, 2Ă1)Ăþ))] exp (∫�1� Ā(þ, 2Ă1)Ăþ) = 

 = [ ĀĀ� (2ā(Ă,2Ă1; Ă1, ą1)exp (-��1 Ā(þ, 2Ă1)Ăþ))] exp (-�1� Ā(þ, 2Ă1)Ăþ). (2.3.38) 

 

�AF97D<DGS (2.3.38) CB Ă CB?GK<@ 

 þ(Ă,2Ă1 2 0; Ă1, ą1) = 2ā(Ă,2Ă1; Ă1, ą1) + 
 +ÿ(Ă1, ą1)exp (-�1� Ā(þ, 2Ă1)Ăþ).  (2.3.39) 

 

�ECB?P;GS (2.3.39) CB?GK<@, KFB 
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ÿ(Ă1, ą1) = 2ā(Ă1, 2Ă1; Ă1, ą1) = exp (-Ā12�1 ÿ(Ă1, þ)Ăþ). (2.3.40) 

 

#B8EF46?SS (2.3.40) 6 (2.3.39) < <ECB?P;GS GE?B6<9 (2.2.8) <@99@  

 þ(Ă, 2Ă1 2 0; Ă1, ą1) = 

 = 2ā(Ă,2Ă1; Ă1, ą1) 2 exp (-2Ā1� Ā(þ, 2Ă1)Ăþ) , Ă > Ă1. (2.3.41) 

 

�484K4 (2.3.35), (2.3.35), (2.3.41) S6?S9FES ;484K9= �4D5G < <@99F 
98<AEF69AAB9 D9L9A<9. 

&4><@ B5D4;B@ CB>4;4AB, KFB 8?S ?R5OI (Ă1, ą1) * Ω < (Ă, ą) * Ω HGA>J<S 
�D<A4, G8B6?9F6BDSRM4S GE?B6<S@ (2.2.1)-(2.2.9), EGM9EF6G9F < 98<AEF69AA4. 
&9BD9@4 8B>4;4A4. 

%?98EF6<9 2.3.2 � IB89 8B>4;4F9?PEF64 EGM9EF6B64A<S HGA>J<< �D<A4 
CB?GK<?<, KFB þ(Ă, ą; Ă1, ą1) ≡ 0 6 B5?4EFSI �1, �2, �3, �4, �5, �6. &B 9EFP þ(Ă, ą; Ă1, ą1) ≡ 0, CD< Ă1 > Ă. 

 

2.4 #>AB@>5=85 DC=:F88 �@8=0 
�4> 6<8AB <; 8B>4;4F9?PEF64 F9BD9@O (2.3.1), HGA>J<S �D<A4 þ(Ă, ą; Ă1, ą1) = 0 6 B5?4EFSI Ω1, Ω2, Ω3, Ω4, Ω5, Ω6. � B5?4EF< Ω7 BA4 EB6C4849F 

E HGA>J<9= $<@4A4. !4=89@ CD98EF46?9A<9 HGA>J<< �D<A4 6 B5?4EF< Ω8.  

#GEFP (Ă1, ą1) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω. �?S FB7B KFB5O CBEFDB<FP 
HGA>J<R �D<A4 6 B5?4EF< Ω�8, D4EE@BFD<@ ;484KG: 

 Ā2�1Ā�ĀĀ + ý(Ă, ą) Ā�1Ā� + þ(Ă, ą) Ā�1ĀĀ + ÿ(Ă, ą)þ1 = 0, (Ă, ą) * Ω�8, (2.4.1) 

 þ(Ă, 2Ă1 2 0; Ă1, ą1) = 

 = 2ā(Ă,2Ă1; Ă1, ą1) 2 exp (-2Ā1� þ(þ, 2Ă1)Ăþ) , Ă1 < Ă; (2.4.2) 

 þ(Ă1 + 0, ą; Ă1, ą1) = 

 = 2ā(2ą,2Ă1; Ă1, ą1) 2 exp (-Ā1Ā þ(þ, 2Ă1)Ăþ) , ą < 2Ă1; (2.4.3) 

 þ1(Ă1, 2Ă1 2 0; Ă1, ą1) = 22ā(Ă1, 2Ă1; Ă1, ą1),  (2.4.4) 

 

789 Ω�8 = Ω8 , Ω82, Ω82 = {(Ă, ą): Ă1 < Ă, ą < 2Ă}, ý(Ă, ą), þ(Ă, ą), ÿ(Ă, ą)-
BCD989?9A4 6 (1.3.6)-(1.3.8), <@99F 7?48>BEFP (1.3.9), G8B6?9F6BDS9F GE?B6<S@ 
(1.3.10). 

�484K4 (2.4.1)-(2.4.4) ;484K4 �GDE4. �7B D9L9A<9 EGM9EF6G9F < 
98<AEF69AA4. !4E <AF9D9EG9F CD98EF46?9A<9 HGA>J<< þ1(Ă, ą; Ă1, ą1). 
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�9@@4 2.4.1. �E?< HGA>J<S þ1(Ă, ą; Ă1, ą1) S6?S9FES D9L9A<9@ ;484K<  

(2.4.1)-(2.4.4), FB 8?S ?R5B7B (ξ, η) * Ω�8 <@99@ G1(ξ, η; ξ1, η1) =G1(2η,2ξ; ξ1, η1). 
�B>4;4F9?PEF6B. +FB5O CB>4;4FP, KFB HGA>J<S 2þ1(2ą,2Ă; Ă1, ą1) 

G8B6?9F6BDS9F GD46A9A<R (2.4.1), 6 (2.4.1) ;4@9AG Ă = 2ą2, ą =2Ă2,   (2ą2, 2Ă2) * Ω82 4 CBE?9, <ECB?P;GS GE?B6<S (1.3.6)-(1.3.8), CB?GK<@, KFB 2þ1(2ą,2Ă; Ă1, ą1) G8B6?9F6BDS9F GD46A9A<R (2.4.1). 

&4>:9 89?4S ;4@9AG Ă = 2ą2, ą2 < 2Ă1 6 (2.4.2) < <ECB?P;GS GE?B6<S 
(1.3.6), (2.3.7) CB?GK49@ GE?B6<9 (2.4.3). �A4?B7<KAB, ;4@9A<6 2ą = Ă2, ą < 2Ă1 

6 (2.4.3) < <ECB?P;GS GE?B6<S (1.3.6), (1.3.7) CB?GK49@ GE?B6<9 (2.4.2). 

&4><@ B5D4;B@ 8B>4;4AB, KFB HGA>J<S þ1(2ą, 2Ă; Ă1, ą1) F4>:9 S6?S9FES 
D9L9A<9@ ;484K< (2.4.1)-(2.4.4). #BE>B?P>G D9L9A<9 ;484K< (2.4.1)-(2.4.4) 

98<AEF69AAB, FB784 
 þ1(Ă, ą; Ă1, ą1) = þ1(2ą,2Ă; Ă1, ą1), (Ă, ą) * Ω�8. 
 

�M9@ D9L9A<9 ;484K< (2.4.1)-(2.4.4) 6 E?98GRM9@ 6<89: 
 þ1(Ă, ą; Ă1, ą1) = Ā(Ă, ą; Ă1, ą1) 2 ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω�8. 
 

&B784 8?S HGA>J<< Ā(Ă, ą; Ă1, ą1) CB?GK<@ E?98GRMGR ;484KG: 
 Ā2ĀĀ�ĀĀ + ý(Ă, ą) ĀĀĀ� + þ(Ă, ą) ĀĀĀĀ + ÿ(Ă, ą)Ā = 0, (Ă, ą) * Ω�8; (2.4.5) 

 Ā(Ă,2Ă1; Ă1, ą1) + ā(Ă, 2Ă1; Ă1, ą1) = 0, Ă1 < Ă;   (2.4.6) 

 Ā(Ă1, ą; Ă1, ą1) + ā(2ą,2Ă1; Ă1, ą1) = 0, ą < 2Ă1; (2.4.7) 

 

�97>B 6<89FP, KFB D9L9A<9 ;484K< (2.4.5)-(2.4.7) <@99F 6<8 
 Ā(Ă, ą; Ă1, ą1) = 2ā(2ą,2Ă; Ă1, ą1), (Ă, ą) * Ω�8.  (2.4.8) 

 

&B784 <; (2.4.8) CB?GK<@ 

 þ1(Ă, ą; Ă1, ą1) = 2ā(2ą,2Ă; Ă1, ą1) 2 ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω�8. (2.4.9) 

 

&4><@ B5D4;B@, 8B>4;4A4 E?98GRM4S F9BD9@4: 
&9BD9@4 2.4.2. (GA>J<S �D<A4 GD46A9A<S (2.1.4)-(2.1.6) EGM9EF6G9F < 

98<AEF69AA4. -F4 HGA>J<S �D<A4 @B:9F 5OFP 6OD4:9A4 E CB@BMPR HGA>J<< 
$<@4A4-�D<A4: 

 þ(Ă, ą; Ă1, ą1) ≡ 0, ?@и  (Ă, ą) * Ω1, Ω2, Ω3, Ω4, Ω5, Ω6; 
 



44 
 

þ(Ă, ą; Ă1, ą1) = 2ā(Ă, ą; Ă1, ą1),   ?@и   (Ă, ą) * Ω7; 
 þ(Ă, ą; Ă1, ą1) = 2ā(2ą,2Ă; Ă1, ą1) 2 ā(Ă, ą; Ă1, ą1), if  (Ă, ą) * Ω8. 
 

�9@@4 2.4.3. #GEFP (Ă, ą) CDB<;6B?PA4S FBK>4 B5?4EF< �. #B 6AGFD9AA<@ 
C9D9@9AAO@ (Ă1, ą1) HGA>J<S �D<A4 ;484K< (2.1.4)-(2.1.6) B5?4849F E?98GRM<@< 
E6B=EF64@<: 

 Ā(�1,Ā1)∗ þ(Ă, ą; Ă1, ą1) = 0, (Ă1, ą1) * Ω, 
 ?@и  Ă1 b Ă, ą1 b ą, Ă1 b 2ą;   (2.4.10) 

 (āþāĂ1 + āþāą1) (Ă, ą; Ă1, 2Ă1) 2 

 2(ý(Ă1, 2Ă1) + þ(Ă1, 2Ă1))þ(Ă, ą; Ă1, 2Ă1) = 0, Ă1 < 2ą;  (2.4.11) 

 Ā�(�,Ā;�20,Ā1)ĀĀ1 2 ý(Ă, ą1)þ(Ă, ą; Ă 2 0, ą1) = 0, ?@и  ą1 b ą; (2.4.12) 

 Ā�(�,Ā;�1,Ā+0)Ā�1 2 þ(Ă1, ą)þ(Ă, ą; Ă1, ą + 0) = 0, ?@и  Ă1 b Ă; (2.4.13) 

 āþ(Ă, ą; 2ą 2 0, ą1)āĂ1 2 þ(2ą, ą1) þ(Ă, ą;2ą 2 0, ą1) = 

 = Ā�(�,Ā;2Ā+0,Ā1)Ā�1 2 þ(2ą, ą1)þ(Ă, ą;2ą + 0, ą1);   (2.4.14) 

 þ(Ă, ą; Ă 2 0, ą 2 0) 2 þ(Ă, ą; Ă + 0, ą 2 0) + 

 +þ(Ă, ą; Ă + 0, ą + 0) 2 þ(Ă, ą; Ă 2 0, ą + 0) = 1. (2.4.15) 

 

�B>4;4F9?PEF6B %6B=EF64 (2.4.10)-(2.4.15) @B7GF 5OFP ?97>B CB?GK9AO <; 
CBEFDB9A<S HGA>J<< �D<A4 ;484K< (2.1.4)-(2.1.6). �; (2.4.10)-(2.4.15) @B:AB 
B8AB;A4KAB 6BEEF4AB6<FP HGA>J<R �D<A4 ;484K< (2.1.1)-(2.1.3). 

�ECB?P;GS E6B=EF64 (2.4.10)-(2.4.15) @O @B:9@ <ECB?P;B64FP 97B 8?S 
A4C<E4A<S <AF97D4?PAB7B CD98EF46?9A<S D9L9A<S ;484K< (2.1.1)-(2.1.3). �?S 
QFB7B D4EE@BFD<@ E?98GRM<= <AF97D4?: 

 ∬Ω(��) þ(Ă, ą; Ă1, ą1)ý(Ă1, ą1)ĂĂ1Ăą1 = 

 = .Ω(��) þ(Ă, ą; Ă1, ą1) ( Ā2�Ā�1ĀĀ1 + ÿ Ā�Ā�1 + Ā Ā�ĀĀ1 + āĄ)ĂĂ1Ăą1. (2.4.16) 
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#D<@9ASS F9BD9@G �D<A4 A4 C?BE>BEF< [27, D. 384-387] < <ECB?P;GS 
A4K4?PAO9 GE?B6<S (2.1.5), E6B=EF64 HGA>J<< �D<A4 (2.4.10)-(2.4.15), <; (2.4.16) 

CB?GK<@ E?98GRM99 CD98EF46?9A<9 D9L9A<S ;484K< (2.1.1)-(2.1.3) 6 B5?4EF< Ω(�Ā) CD< ą > 0: 

 Ą(Ă, ą) = 212þ(Ă, ą; ą, ą)ă1(ą) 2 12þ(Ă, ą; Ă, Ă)ă1(Ă) 2 

 212∫Ā
� ( āþāĂ1 (Ă, ą; Ă1, Ă1) + 2(ÿ 2 Ā)(Ă1, Ă1)þ(Ă, ą; Ă1, Ă1))ă1(Ă1)ĂĂ1 + 

+12∫Ā
� þ(Ă, ą; Ă1, Ă1)ā1(Ă1)ĂĂ1 + 

 +.Ω(��) þ(Ă, ą; Ă1, ą1)ý(Ă1, ą1)ĂĂ1Ăą1.  (2.4.17) 

 

&4>:9, CD< ą < 0, CD<@9ASS F9BD9@G �D<A4 A4 C?BE>BEF< [27, D. 384-387] 

< <ECB?P;GS A4K4?PAO9 GE?B6<S (2.1.5), 7D4A<KAB9 GE?B6<9 (2.1.6), E6B=EF64 
HGA>J<< �D<A4 (2.4.10)-(2.4.15), <; (2.4.16) CB?GK<@ E?98GRM99 CD98EF46?9A<9 
D9L9A<S ;484K< (2.1.1)-(2.1.6) 6 B5?4EF< Ω(�Ā): 
 Ą(Ă, ą) = 212 (þ(Ă, ą; 2ą 2 0,2ą 2 0) 2 þ(Ă, ą;2ą + 0,2ą + 0))ă1(2ą) 2 

 212þ(Ă, ą; Ă, Ă)ă1(Ă) + 12∫2Ā
0 āþāĂ1 (Ă, ą; Ă1, 2Ă1)ÿ(2Ă1)ĂĂ1 + 

 +12∫�
0 ( āþāĂ1 (Ă, ą; Ă1, Ă1) + 2(ÿ 2 Ā)(Ă1, Ă1)þ(Ă, ą; Ă1, Ă1))ă1(Ă1)ĂĂ1 2 

 2 12-�0 þ(Ă, ą; Ă1, Ă1)ā1(Ă1)ĂĂ1 +.Ω(��) þ(Ă, ą; Ă1, ą1)ý(Ă1, ą1)ĂĂ1. (2.4.18) 

 

�97>B 6<89FP, KFB (2.4.17), (2.4.18) S6?SRFES D9L9A<S@< ;484K< (2.1.4)-

(2.1.6). 

$9;G?PF4FO 6 QFB@ A4CD46?9A<= 84AB 6 D45BF9 [33]. 
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3 " ('!�*�� �$�!� ����+� ��$�' ��/ 
��#�$�"��+�%�"�" '$��!�!�/ 

 

)BDBLB <;69EFAB, KFB ;484K4 �4D5G 8?S 7<C9D5B?<K9E>B7B GD46A9A<S 
>BDD9>FA4 >4> 6 E@OE?9 >?4EE<K9E><I, F4> < B5B5M9AAOI D9L9A<=. � 84AAB@ 
D4;89?9 CD98EF46?9A4 <AF97D4?PA4S HBD@4 D9L9A<S ;484K< �4D5G 6 
I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 8?S B5M97B 86G@9DAB7B 7<C9D5B?<K9E>B7B 
GD46A9A<S 6FBDB7B CBDS8>4. #B>4;4AB, KFB D9L9A<9 QFB= ;484K< @B:9F 5OFP 
;4C<E4AB E CB@BMPR HGA>J<< �D<A4. &4>:9 CB>4;4AB, KFB HGA>J<S $<@4A4-
�D<A4 7<C9D5B?<K9E>B7B GD46A9A<S A9 BCD989?9A4 6B 6E9= B5?4EF<. +FB5O 
CBEFDB<FP HGA>J<R $<@4A4-�D<A4 QFB7B GD46A9A<S, 64:AB <@9FP HGA>J<R 
$<@4A4-�D<A4 FB= ;484K<, >BFBD4S 5O?4 BCD989?9A4 6B 6E9I FBK>4I B5?4EF<. �?S 
QFB7B 5O?B K9FAB CDB8B?:9AB >BQHH<J<9AFO B5M97B 7<C9D5B?<K9E>B7B 
GD46A9A<S. �4AB BCD989?9A<9 HGA>J<< �D<A4 ;484K< �4D5G. �7B EGM9EF6B64A<9 
< 98<AEF69AABEFP 5O?< 8B>4;4AO. #D98EF46?9A4 S6A4S HBD@4 HGA>J<< �D<A4. 
#B>4;4AB, KFB HGA>J<S �D<A4 @B:9F 5OFP CD98EF46?9A4 HGA>J<9= $<@4A4–
�D<A4. �4A @9FB8 CBEFDB9A<S HGA>J<< �D<A4 8?S F4>B= ;484K<.  

 

3.1 #>AB0=>2:0 7040G8 

#GEFP Ω = {(Ă, ą): 0 f Ă f 1, Ă f ą f 1}. %?98GRM99 7<C9D5B?<K9E>B9 
GD46A9A<9 D4EE@4FD<649FES 6 Ω: 

 Ā2ÿĀ�ĀĀ + ÿ(Ă, ą) ⋅ ĀÿĀ� + Ā(Ă, ą) ⋅ ĀÿĀĀ + ā(Ă, ą) ⋅ ÿ = ÿ(Ă, ą),    (Ă, ą) * Ω, (3.1.1) 

 

E A4K4?PAO@ GE?B6<9@: 

 ÿ(Ă, Ă) = ÿ0(Ă), 0 f Ă f 1, (3.1.2) 

 

< 7D4A<KAO@ GE?B6<9@: 

 ÿ(0, Ă0) = ÿ1(Ă0), 0 f Ă0 f 1.  (3.1.3) 

 

�G89@ EK<F4FP, KFB ÿ, Ā, ÿ� , ĀĀ , ā, ÿ * ÿ(Ω); ÿ0, ÿ1 * ÿ1([0,1]) <  
 ÿ(Ă, Ă) = Ā(Ă, Ă), 0 f Ă f 1.  (3.1.4) 

 

�E?< (3.1.4) A9 6OCB?AS9FES, FB @O C9D9C<L9@ HGA>J<R ÿ(Ă, ą) 6 
E?98GRM9@ 6<89: 

 ÿ(Ă, ą) = Ą(Ă, ą) ⋅ ā(ą), (Ă, ą) * Ω.  (4.1.5) 

 

#B8EF46?SS (3.1.5) 6 (3.1.4) CB?GK<@ 
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ā2ĄāĂāą + ÿ1(Ă, ą) āĄāĂ + Ā1(Ă, ą) āĄāą + ā1(Ă, ą)Ą = ÿ1(Ă, ą),    (Ă, ą) * Ω, 
 

789 
 ÿ1 = ā′ā + ÿ, Ā1 = Ā, ā1 = ā′ā + ā, ÿ1 = ÿā. 

 

�O59D9@ ā(ą), Ă f ą f 1 F4>, KFB5O 6OCB?AS?BEP E?98GRM99 GE?B6<9: 
 ÿ1(Ă, Ă) = Ā1(Ă, Ă), 0 f Ă f 1,  (3.1.6) 

 

�; (3.1.6) CB?GK<@ GD46A9A<9: 
 ā2(�)ā(�) + ÿ(Ă, Ă) = Ā(Ă, Ă), 0 f Ă f 1  (3.1.7) 

 

$9L4S (3.1.7) <@99@: 

 ā(Ă) = exp(2∫�
0 (ÿ(ý, ý) 2 Ā(ý, ý))Ăý). 

 

%?98B64F9?PAB, GE?B6<R (3.1.4) 6E9784 @B:AB CB?GK<FP. 
&4>:9 CD98CB?B749@, KFB  
 ÿ�(Ă, Ă) = ĀĀ(Ă, Ă), 0 f Ă f 1.   (3.1.8) 

 

3.2 �>:070B5;LAB2> :>@@5:B=>AB8 7040G8 

!4;B69@ HGA>J<R <; >?4EE4   ÿ(Ă, ą), ÿ�Ā * ÿ(Ω) D97G?SDAO@ D9L9A<9@ 

;484K<, CD9B5D4;GRM<@ GD46A9A<9 (3.1.1), A4K4?PAO9 GE?B6<S (3.1.2) < 

7D4A<KAB9 GE?B6<9 (3.1.3) 6 FB:89EF6B. 
&9BD9@4 3.2.1 #GEFP ÿ, Ā, ÿ� , ĀĀ , ā, ÿ * ÿ(�); ÿ0, ÿ1 * ÿ1([0,1]). &B784 

;484K4 (3.1.1)-(3.1.3) <@99F 98<AEF69AAB9 D97G?SDAB9 D9L9A<9. 
�B>4;4F9?PEF6B EGM9EF6B64A<S D9L9A<S ;484K< (3.1.1)-(3.1.3). 

#GEFP:  
 ÿ(Ă, ą) = Ą(Ă, ą) ⋅ Ā(Ă, ą).  (3.2.1) 

 

&B784 (3.1.1) <@99F 6<8 
 ā2ĄāĂāą ⋅ Ā + ā2ĀāĂāą ⋅ Ą + [āĄāĂ + ĀĄ] ⋅ āĀāą + [āĄāą + ÿĄ] ⋅ āĀāĂ + 
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+ [Ā ĀÿĀĀ + ÿ ĀÿĀ� + āĄ] ⋅ Ā = ÿ.  (3.2.2) 

 

 O 6O5<D49@ Ą(Ă, ą) F4><@ B5D4;B@, KFB5O  

 Āÿ(�,Ā)ĀĀ + ÿ(Ă, ą) ⋅ Ą(Ă, ą) = 0,  (3.2.3) 

 

6OCB?AS?BEP. �; (3.2.3) CB?GK<@: 

 Ą(Ă, ą) = exp (2-�0 ÿ(Ă, ý)Ăý).  (3.2.4) 

 

$4;89?<6 GD46A9A<9 (3.2.2) A4 Ą, @O <@99@ E?98GRMGR ;484KG: 
 Ā2ÿĀ�ĀĀ + Ā2(Ă, ą) ⋅ ĀÿĀĀ + ā2(Ă, ą) ⋅ Ā = ÿ2 = ÿ2, (Ă, ą) * Ω,  (3.2.5) 

 Ā(Ă, Ă) = ÿ2(Ă), 0 f Ă f 1,  (3.2.6) 

 Ā(0, Ă0) = ÿ3(Ă0), 0 f Ă0 f 1,   (3.2.7) 

 

789 Ā2 = 1Ą ⋅ Ą� + Ā, ÿ2(Ă, ą) = ÿ(Ă, ą)Ą(Ă, ą), 
 ā2 = 1Ą (Ą�Ā + ÿĄ� + ĀĄĀ + ā), ÿ2(Ă) = ÿ0(Ă)Ą(Ă, Ă) , ÿ3(Ă0) = ÿ1(Ă0)Ą(0, Ă0). 

 

�6989@ AB6B9 B5B;A4K9A<9: 
 āĀāĂ = Ā. 

 

&B784 GD46A9A<9 (3.2.5) Q>6<64?9AFAB E?98GRM9= E<EF9@9 GD46A9A<=: 
 {Ā�Ā� = ÿ2(Ă, ą) 2 Ā2(Ă, ą) ⋅ Ā(Ă, ą) 2 ā2(Ă, ą) ⋅ Ā(Ă, ą),ĀÿĀĀ = Ā(Ă, ą).  (3.2.8) 

 

� B5?4EF< Ω 6B;P@9@ CDB<;6B?PAGR FBK>G ÿ(Ă, ą) < CDB6989@ 

I4D4>F9D<EF<>< ÿþ, ÿý 8B 7D4A<JO B5?4EF< Ω (D<EGAB> 4). �AF97D<DGS C9D6B9 
GD46A9A<9 E<EF9@O (3.2.8) CB ýÿ, 6FBDB9 CB þÿ < <ECB?P;GS GE?B6<S (3.2.6), 
(3.2.7) CB?GK<@: 
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{Ā(Ă, ą) = ÿ32(ą) + -�0 [ÿ2(Ă1, ą) 2 Ā2(Ă1, ą)Ā(Ă1, ą) 2 ā2(Ă1, ą)Ā(Ă1, ą)]ĂĂ1,Ā(Ă, ą) = ÿ2(Ă) + -Ā� Ā(Ă, ą1)Ăą1, (Ă, ą) * Ω,                                   (3.2.9) 

 

 
 

$<EGAB> 4 – "5?4EFP Ω 

 

#B8EF46?SS 6FBDB9 GD46A9A<9 E<EF9@O (3.2.9) 6 C9D6B9 GD46A9A<9 QFB= 
E<EF9@O CB?GK<@: 

 Ā(Ă, ą) = ÿ32(ą) + ∫�0 ÿ2(Ă1, ą)ĂĂ1 2∫�0 Ā2(Ă1, ą)Ā(Ă1, ą)ĂĂ1 2 

 2-�0 ā2(Ă1, ą)ÿ2(Ă1)ĂĂ1 2 -�0 ĂĂ1 -Ā�1 ā2(Ă1, ą)Ā(Ă1, ą1)Ăą1 (3.2.10) 

 

�97>B CB>4;4FP, KFB 9E?< Ā(Ă, ą), Ā(Ă, ą) S6?SRFES D9L9A<S@< E<EF9@O 
(3.2.9), FB Ā(Ă, ą) S6?S9FES D9L9A<9@ ;484K< (3.2.5)-(3.2.7). %?98B64F9?PAB, 
E<EF9@4 (3.2.9) Q>6<64?9AFA4 ;484K9 (3.2.5)-(3.2.7). 

�G89@ <E>4FP D9L9A<9 GD46A9A<S (3.2.10), <ECB?P;GS @9FB8 
CBE?98B64F9?PAOI CD<5?<:9A<=. �O59D9@ A4K4?PAB9 CD<5?<:9A<9 

 Ā0(Ă, ą) = 0. 
 

%FDB<@ E?98GRM99 CD<5?<:9A<9, <ECB?P;GS HBD@G?O (3.2.11): 

 ĀĀ(Ă, ą) = ÿ32(ą) + ∫�0 ÿ2(Ă1, ą)ĂĂ1 2∫�0 Ā2(Ă1, ą)ĀĀ21(Ă1, ą)ĂĂ1 2 

 2-�0 ā2(Ă1, ą)ÿ2(Ă1)ĂĂ1 2 -�0 ĂĂ1 -Ā�1 ā2(Ă1, ą)ĀĀ21(Ă1, ą1)Ăą1 (3.2.11) 
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#B>4:9@ KFB D4;ABEFP |ĀĀ 2 ĀĀ21| G8B6?9F6BDSRF A9D469AEF6G: 
 |ĀĀ 2 ĀĀ21| f ÿĀ21 ⋅ ý ⋅ ��−1(Ā21)!,  (3.2.12) 

 

789 
 ÿ = maxΩ [|Ā2| + |ā2|], 

 ý f∥ ÿ2 ∥ÿ(Ω) +∥ ÿ3 ∥ÿ2([0,1]) +∥ ÿ2 ∥ÿ2([0,1]). 
 

�B>4:9@ ECD4698?<6BEFP A9D469AEF64 (3.2.12) E CB@BMPR 
@4F9@4F<K9E>B= <A8G>J<<. �?S Ā = 1, >4> ?97>B 6<89FP <; (3.2.11), BJ9A>4 
(3.2.12) 69DAO. 

#B>4:9@, KFB QFB A9D469AEF6B BEF4AGFES 6 E<?9, >B784 Ā 5G89F ;4@9A9AB 
A4 Ā + 1. �; D469AEF64 (3.2.11), EB7?4EAB >?4EE<K9E>B@G @9FB8G <@99@: 

 |ĀĀ+1 2 ĀĀ| = |∫�0 Ā2(Ă1, ą)(ĀĀ 2 ĀĀ21)(Ă1, ą)ĂĂ1| + 

 +|∫�0 ĂĂ1 ∫Ā�1 ā2(Ă1, ą)(ĀĀ 2 ĀĀ21)(Ă1, ą1)Ăą1| f 

 f ÿĀ21 ⋅ ý ⋅ ∫�
0 |Ā2| Ă1Ā21(Ā 2 1)! ĂĂ1 + 

 +ÿĀ21 ⋅ ý ⋅ ∫�
0 |ā2| Ă1Ā21(Ā 2 1)! ĂĂ1 f ÿĀĀ! ⋅ ý ⋅ ĂĀ. 

 

"J9A>< (3.2.12) CB>4;O64RF 45EB?RFAGR < D46AB@9DAGR EIB8<@BEFP CB Ω E?98GRM97B DS84: 
 Ā0 +∑∞Ā=1 (ĀĀ 2 ĀĀ21), 

 

K?9AO >BFBDOI @9APL9 45EB?RFAB7B ;A4K9A<S K?9AB6 D46AB@9DAB EIB8SM97BES 
DS84: 
 



51 
 

ý + ý ⋅∑∞Ā=1 ÿĀ21 ĂĀ21(Ā 2 1)! = ý(1 + exp(ÿĂ)). 
 

%?98B64F9?PAB, CBE?98B64F9?PAB9 CD<5?<:9A<S ĀĀ A4 Ω D46AB@9DAB 
EFD9@SFES, EBBF69FEF69AAB, > BCD989?9AAB@G CD989?G Ā >BFBDO= A9CD9DO69A A4 Ω. #9D9IB8S > CD989?G 6 D469AEF69 (3.2.11) CB?GK<@, KFB CD989?PA4S HGA>J<S Ā(Ă, ą) G8B6?9F6BDS9F E<EF9@9 (3.2.9). � QFB@ E?GK49 HGA>J<S Ā A9CD9DO69A A4 Ω. &4><@ B5D4;B@ 8B>4;4AB EGM9EF6B64A<9 D9L9A<S 6 Ω. $9L9A<9 ;484K< 
(3.1.1)-(3.1.3) A4=89FES CGF9@ ;4@9AO Ā, Ą A4 (3.2.1). 

�B>4;4F9?PEF6B 98<AEF69AABEF< D9L9A<S ;484K< (3.2.5)-(3.2.7). 

#D98CB?B:<@, KFB E<EF9@4 (3.2.9) <@99F D4;?<KAO9 D9L9A<S Ā1, Ā2. 

"5B;A4K<@ ą = Ā1 2 Ā2. &B784 ą,Ć G8B6?9F6BDSRF E?98GRM9@G GD46A9A<R: 

 ą(Ă, ą) = 2∫�0 Ā2(Ă1, ą)ą(Ă1, ą)ĂĂ1 2∫�0 ĂĂ1 ∫Ā�1 ā2(Ă1, ą)ą(Ă1, ą1)Ăą1 

 

�B>4:9@, KFB ą ≡ 0. (GA>J<< ą A9CD9DO69A < B7D4A<K9A >4> D4;ABEFP 
A9CD9DO6AOI HGA>J<= 6 ;4@>AGFB= B5?4EF< Ω. %?98B64F9?PAB, EGM9EF6G9F 
CB?B:<F9?PA4S >BAEF4AF4 þ F4>4S, KFB  
 |ą(Ă, ą)| f þ. 

 

&B784 <@99@ 

 ą f ∫�0 |Ā2(Ă1, ą)|þĂĂ1 +∫�0 |ā2(Ă1, ą)|(ą 2 Ă1)þĂĂ1 f 

f ∫�0 |Ā2(Ă1, ą)|þĂĂ1 +∫�0 |ā2(Ă1, ą)|þĂĂ1 f ÿ ⋅ þ ⋅ Ă1! . 
 

% CB@BMPR @4F9@4F<K9E>B= <A8G>J<< 8?S ?R5B7B Ā CB?GK<@ 

E?98GRMGR BJ9A>G: 
 |ą| f þÿĀ ĂĀĀ!. 

 

#BE>B?P>G QFB A9D469AEF6B 6OCB?AS9FES 8?S ?R5B7B Ā, FB <; QFB7B 
E?98G9F, KFB ą ≡ 0, F.9. Ā1 = Ā2. 

�B>4;4F9?PEF6B GEFB=K<6BEF< D9L9A<S ;484K< (3.2.5)-(3.2.7). 
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+FB5O 8B>4;4FP GEFB=K<6BEFP D9L9A<S ;484K< (3.2.5)-(3.2.7), A4@ AG:A4 
BJ9A>4 GEFB=K<6BEF< 8?S Ā. �; 

 Ā(Ă, ą) = limþ→∞Āþ = limþ→∞ [Ā0 +∑þĀ=1 (ĀĀ 2 ĀĀ21)] = 

 = Ā0 + ∑∞Ā=1 (ĀĀ 2 ĀĀ21),  (3.2.13) 

 

;4F9@, <ECB?P;GS BJ9A>G (3.2.12) <; (3.2.13) CB?GK<@ 

 |Ā(Ă, ą)| f ý ⋅ ∑∞Ā=1 ��−1(Ā21)! ĂĀ21 = ý ⋅ exp(ÿ). (3.2.14) 

 

�ECB?P;GS D469AEF6B (3.2.12) <; (3.2.14) CB?GK<@ 

 ||Ā||ÿ(Ω) f exp(ÿ) (∥ ÿ2 ∥ÿ(Ω) +∥ ÿ3 ∥ÿ2([0,1]) +∥ ā1 ∥ÿ([0,1])⋅∥ ÿ2 ∥ÿ2([0,1])) f 

 f exp(2ÿ) (∥ ÿ2 ∥ÿ(Ω) +∥ ÿ3 ∥ÿ2([0,1]) +∥ ÿ2 ∥ÿ2([0,1])) 

 

3.3 " DC=:F88 �@8=0  
"CD989?9A<9 3.3.1 (GA>J<9= �D<A4 ;484K< (3.1.1)-(3.1.3) S6?S9FES 

HGA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S 8?S >4:8B7B H<>E<DB64AAB7B (Ă1, ą1) * � 

G8B6?9F6BDS9F B8ABDB8AB@G GD46A9A<R: 

 Ā(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, 
 ?@и Ă b Ă1, ą b ą1, ą b Ă1, Ă b ą1;  (3.3.1) 

 

< E?98GRM<@ 7D4A<KAO@ GE?B6<S@: 

 þ(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1, (Ă1, ą1) * Ω;  (3.3.2) 

 þ(0, Ă0; Ă1, ą1) = 0, 0 f Ă0 f 1, (Ă1, ą1) * Ω;    (3.3.3) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I: 
 āþ(Ă1 + 0, ą; Ă1, ą1)āą + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 

 = Ā�(�120,Ā;�1,Ā1)ĀĀ + ÿ(Ă1, ą)þ(Ă1 2 0, ą; Ă1, ą1), ?@и  b ą1, ą b Ă1;  (3.3.4) 
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āþ(Ă, ą1 + 0; Ă1, ą1)āĂ + Ā(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 

 = Ā�(�,Ā120;�1,Ā1)Ā� + Ā(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1), ?@и  Ă b Ă1; (3.3.5) 

 āþ(ą1 + 0, ą; Ă1, ą1)āą + ÿ(ą1, ą)þ(ą1 + 0, ą; Ă1, ą1) = 

 = Ā�(Ā120,Ā;�1,Ā1)ĀĀ + ÿ(ą1, ą)þ(Ă1 2 0, ą; Ă1, ą1), ?@и  ą b ą1, ą b Ă1;(3.3.6) 

 āþ(Ă, ą1 + 0; Ă1, ą1)āĂ + Ā(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 

 = Ā�(�,Ā120;�1,Ā1)Ā� + Ā(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1), ?@и  Ă b Ă1  Ă b ą1; (3.3.7) 

 āþ(Ă, Ă1 + 0; Ă1, ą1)āĂ + Ā(Ă, Ă1)þ(Ă, Ă1 + 0; Ă1, ą1) = 

 = Ā�(�,�120;�1,Ā1)Ā� + Ā(Ă, Ă1)þ(Ă, Ă1 2 0; Ă1, ą1) ?@и  Ă b Ă1  Ă b ą1;(3.3.8) 

 

< CD< (Ă, ą) = (Ă1, ą1) 8B?:AB 6OCBASFES E?98GRM99 GE?B6<9: 
 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) + 

 +þ(Ă1 + 0, ą1 + 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) = 1. (3.3.9) 

 

3.4 %CI5AB2>20=85 8 548=AB25==>ABL DC=:F88 �@8=0 7040G8 

&9BD9@4 3.4.1.  (GA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ 
(3.3.1)-(3.3.9), EGM9EF6G9F < 98<AEF69AAB. 

�B>4;4F9?PEF6B. +FB5O CB>4;4FP, KFB HGA>J<S þ(Ă, ą; Ă1, ą1), 
G8B6?9F6BDSRM4S GE?B6<S@ (3.3.1)-(3.3.9), EGM9EF6G9F < 98<AEF69AA4, @O 
D4;89?<@ B5?4EFP Ω A4 A9E>B?P>B CB8B5?4EF9= (D<EGAB> 5) < CBE?98B64F9?PAB 
D4EE@BFD<@ E?98GRM<9 ;484K<. #GEFP (Ă1, ą1) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω.  
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$<EGAB> 5 – $4;89?9A<9 B5?4EF< Ω 

 

� B5?4EF< Ω1 = {(Ă, ą): 0 < Ă < Ă1, Ă < ą < Ă1} D4EE@BFD<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω1; (3.4.1) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă g 0; (3.4.2) 

 þ(0, Ă0; Ă1, ą1) = 0, 0 f Ă0 f Ă1, (Ă1, ą1) * Ω1. (3.4.3) 

 

�484K4 (3.4.1)-(3.4.3) S6?S9FES ;484K9= �4D5G < <@99F 98<AEF69AAB9 
D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω1.  (3.4.4) 

 

� B5?4EF< Ω2 = {(Ă, ą): 0 f Ă f Ă1, Ă1 f ą f ą} D4EE@BFD<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω2;   (3.4.5) 

 þ(0, Ă0; Ă1, ą1) = 0, Ă f Ă0 f ą1, (Ă1, ą1) * Ω2. (3.4.6) 

 

�; (3.4.4) <@99@ E?98GM99 A9D469AEF6B: 
 Ā�(�,�1+0;�1,Ā1)Ā� + Ā(Ă, Ă1)þ(Ă, Ă1 + 0; Ă1, ą1) = 0, 0 f Ă f Ă1.  (3.4.7) 

 

�AF97D<DGS (3.4.7) CB Ă CB?GK<@ 

 þ(Ă, Ă1 + 0; Ă1, ą1) = exp (2-�0 Ā(þ, Ă1)Ăþ)ÿ1(Ă1, ą1), 0 f Ă f Ă1. (3.4.8) 

 

#B8EF46?SS Ă = 0 6 (3.4.9), <ECB?P;GS GE?B6<9 (4.3.2) <@99@, KFB ÿ1(Ă1, ą1) ≡ 0 < 

 þ(Ă, Ă1 + 0; Ă1, ą1) = 0, 0 f Ă f Ă1.  (3.4.9) 
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�484K4 (3.4.5), (3.4.6), (3.4.9) S6?S9FES ;484K9= �GDE4 < <@99F 
98<AEF69AAB9 D9L9A<9: 

 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω2.   (3.4.10) 

 

%?98B64F9?PAB <; (3.4.10) 6 B5?4EF< Ω3 = {(Ă, ą): 0 f Ă f Ă1, ą1 f ą f 1} 
CB?GK<@ ;484KG: 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω3;     (3.4.11) 

 þ(0, Ă0; Ă1, ą1) = 0, ą1 f Ă0 f 1, (Ă1, ą1) * Ω3;  (3.4.12) 

 Ā�(�,Ā1+0;�1,Ā1)Ā� + Ā(Ă, ą1) ⋅ þ(Ă, ą1 + 0; Ă1, ą1) = 0, 0 f Ă f Ă1. (3.4.13) 

 

�AF97D<DGS (3.4.13) CB Ă <@99@:  

 þ(Ă, ą1 + 0; Ă1, ą1) = exp (2-�0 Ā(þ, ą1)Ăþ)ÿ2(Ă1, ą1), 0 f Ă f Ă1. (3.4.14) 

 

#B8EF46?SS Ă = 0 6 (3.4.15), <ECB?P;GS GE?B6<9 (4.3.2) CB?GK<@, KFB ÿ2(Ă1, ą1) ≡ 0 < 

 þ(Ă, ą1 + 0; Ă1, ą1) = 0, 0 f Ă f Ă1.   (3.4.15) 

 

%?98B64F9?PAB, ;484K4 (3.4.11), (3.4.12), (3.4.15) S6?S9FES ;484K9= �GDE4 < 
<@99F 98<AEF69AAB9 D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω3.  (3.4.16) 

 

� B5?4EF< Ω4 = {(Ă, ą): 0 f Ă f Ă1, Ă f ą f ą1} D4EE@BFD<@ ;484KG: 
 Ā(�,Ā)þ = 0, (Ă, ą) * Ω4;     (3.4.17) 

 þ(Ă, Ă; Ă1, ą1) = 0, Ă1 f Ă f ą1.    (3.4.18) 

 Ā�(�1+0,Ā;�1,Ā1)ĀĀ + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 0, Ă1 f ą f ą1.  (3.4.19) 

 

�AF97D<DGS (3.4.19) CB ą CB?GK<@ 

 þ(Ă1 + 0, ą; Ă1, ą1) = exp (2-Ā�1 ÿ(Ă1, þ)Ăþ) ÿ3(Ă1, ą1), Ă1 f ą f ą1; (3.4.20) 
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#B8EF46?SS ą = Ă1 6 (3.4.20), <ECB?P;GS GE?B6<9 (4.3.2) CB?GK<@, KFB ÿ3(Ă1, ą1) ≡ 0 < 

 þ(Ă1 + 0, ą; Ă1, ą1) = 0, Ă1 f ą f ą1.  (3.4.21) 

 

�484K4 (3.4.17), (3.4.18), (3.4.21) S6?S9FES ;484K9= �4D5G < <@99F 
98<AEF69AAB9 D9L9A<9: 
 þ(Ă, ą; Ă1, ą1) ≡ 0, (Ă, ą) * Ω4.   (3.4.22) 

 

%?98B64F9?PAB, <; (3.4.16), (3.4.22) 6 B5?4EF< Ω5 = {(Ă, ą): Ă1 f Ă fą1, ą1 f ą f 1} A4L4 ;484K4 S6?S9FES ;484K9= �BL< 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω5;     (3.4.23) 

 Ā�(�1+0,Ā;�1,Ā1)ĀĀ + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 0, ą1 f ą f 1; (3.4.24) 

  Ā�(�,Ā1+0;�1,Ā1)Ā� + Ā(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 0, Ă1 f Ă f ą1; (3.4.25) 

 þ(Ă1 + 0, ą1 + 0; Ă1, ą1) = 1.  (3.4.26) 

 

�484K4 (3.4.23)-(3.4.26) S6?S9FES ;484K9= �GDE4 < <@99F 98<AEF69AAB9 
D9L9A<9, < ?97>B 6<89FP, KFB 99 D9L9A<9 EB6C4849F E HGA>J<9= $<@4A4-�D<A4, 
FB 9EFP, 
 þ(Ă, ą; Ă1, ą1) = ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω5.   (3.4.27) 

 

&9@ E4@O@ <; (3.4.28) 6 B5?4EF< Ω6 = {(Ă, ą): ą1 f Ă f 1, Ă f ą f 1} 
CB?GK<@ ;484KG 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω6;     (3.4.28) 

 þ(Ă, Ă; Ă1, ą1) = 0, ą1 f Ă f 1;    (3.4.29) 

 āþ(ą1 + 0, ą; Ă1, ą1)āą + Ā(ą1, ą)þ(ą1 + 0, ą; Ă1, ą1) = 

 = Āā(Ā1,Ā;�1,Ā1)ĀĀ + Ā(ą1, ą)ā(ą1, ą; Ă1, ą1).  (3.4.30) 

 

#9D9C<L9@ GE?B6<9 (3.4.30) 6 E?98GRM9@ 6<89: 
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[ āāą (þ(ą1 + 0, ą; Ă1, ą1)exp(∫Ā
� ÿ(ą1, þ)Ăþ))] exp (2∫Ā

� ÿ(ą1, þ)Ăþ) = 

 = [ ĀĀĀ (ā(ą1, ą; Ă1, ą1)exp (-Ā� ÿ(ą1, þ)Ăþ))] exp (2-Ā� ÿ(ą1, þ)Ăþ). (3.4.31) 

 

�AF97D<DGS (3.4.31) CB ą CB?GK<@ 

 þ(ą1 + 0, ą; Ă1, ą1) = ā(ą1, ą; Ă1, ą1) + 

 +ÿ4(Ă1, ą1)exp (2-Ā� ÿ(ą1, þ)Ăþ).  (3.4.32) 

 

�ECB?P;GS GE?B6<9 (3.3.2) <; (3.4.32) <@99@ 

 þ(ą1 + 0, ą; Ă1, ą1) = ā(ą1, ą; Ă1, ą1) 2 

 2ā(ą1, ą1; Ă1, ą1)exp (2-ĀĀ1 ÿ(ą1, þ)Ăþ) , Ă f ą f 1. (3.4.33) 

 

�484K4 (3.4.28), (3.4.29), (3.4.33) S6?S9FES ;484K9= �4D5G < <@99F 
98<AEF69AAB9 D9L9A<9. 

&4><@ B5D4;B@ CB>4;4AB, KFB 8?S ?R5OI (Ă1, ą1) * Ω < (Ă, ą) * Ω HGA>J<S 
�D<A4, G8B6?9F6BDSRM4S GE?B6<S@ (3.3.1)-(3.3.9), EGM9EF6G9F < 98<AEF69AA4. 
&9BD9@4 8B>4;4A4. 

%?98EF6<9 3.4.2. � IB89 8B>4;4F9?PEF64 EGM9EF6B64A<S HGA>J<< �D<A4 
CB?GK<?<, KFB þ(Ă, ą; Ă1, ą1) ≡ 0 6 B5?4EFSI �1, �2, �3, �4. 

 

3.5 #>AB@>5=85 DC=:F88 �@8=0 
�4> 6<8AB <; 8B>4;4F9?PEF64 F9BD9@O 3.4.1, HGA>J<S �D<A4 þ(Ă, ą; Ă1, ą1) = 0 6 B5?4EFSI Ω1, Ω2, Ω3, Ω4. � B5?4EF< Ω5 BA4 EB6C4849F E 

HGA>J<9= $<@4A4 (3.4.28). 

!4=89@ CD98EF46?9A<9 HGA>J<< �D<A4 6 B5?4EF< Ω6. +FB5O CBEFDB<FP 
HGA>J<< �D<A4, CDB8B?:<@ >BQHH<J<9AFO GD46A9A<S (3.4.28) 6 Ω6∗ ={(Ă, ą): ą1 f Ă f 1, ą1 f ą f Ă} F4><@ B5D4;B@, KFB5O 6OCB?AS?BEP E?98GRM<9 
GE?B6<S: 

 ý(Ă, ą) = {ÿ(Ă, ą), (Ă, ą) * Ω6,Ā(ą, Ă), (Ă, ą) * Ω6∗ , 
 þ(Ă, ą) = {Ā(Ă, ą), (Ă, ą) * Ω6,ÿ(ą, Ă), (Ă, ą) * Ω6∗ , 
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ÿ(Ă, ą) = {ā(Ă, ą), (Ă, ą) * Ω6,ā(ą, Ă). (Ă, ą) * Ω6∗  

 

#B>4:9@, KFB >BQHH<J<9AFO (3.4.28) <@9RF E?98GRMGR E<@@9FD<R: 
 ý(Ă, ą) = þ(ą, Ă), ÿ(Ă, ą) = ÿ(ą, Ă), (Ă, ą) * Ω6. (3.5.1) 

 

�; (3.5.1) <@99@ 

 ý(ą, Ă) = {ÿ(ą, Ă), (ą, Ă) * Ω6,Ā(Ă, ą), (ą, Ă) * Ω6∗ , = {Ā(Ă, ą), (Ă, ą) * Ω6,ÿ(ą, Ă), (Ă, ą) * Ω6∗ , = þ(Ă, ą). 
 

�E?< 6O5D4FP (Ă, ą) <; Ω6, FB (ą, Ă) 5G89F <; Ω6∗ . 
�; (4.1.4) CB?GK<@ 

 ý(Ă, Ă) = þ(Ă, Ă), ý�(Ă, Ă) = þĀ(Ă, Ă), 0 f Ă f 1. 
 

�E?< >BQHH<J<9AFO ÿ, Ā, ÿ� , ĀĀ , ā * ÿ(Ω) FB784 6 E<?G (3.1.8) 

>BQHH<J<9AFO ý(Ă, ą), þ(Ă, ą), ÿ(Ă, ą) 6 Ω6� = Ω6 , Ω6∗ = {(Ă, ą): ą1 f Ă f 1,ą1 f ą f 1} <@9RF E?98GRMGR 7?48>BEFP: 
 ý, þ, ý� , þĀ , ÿ * ÿ (Ω6�).  (3.5.2) 

 

#GEFP (Ă1, ą1) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω. +FB5O CBEFDB<FP HGA>J<R 
�D<A4 6 B5?4EF< Ω6, D4EE@BFD<@ ;484KG: 

 Ā2�1Ā�ĀĀ + ý(Ă, ą) Ā�1Ā� + þ(Ă, ą) Ā�1ĀĀ + ÿ(Ă, ą)þ1 = 0, (Ă, ą) * Ω�6; (3.5.3) 

 þ(ą1 + 0, ą; Ă1, ą1) = ā(ą1, ą; Ă1, ą1) 2 

 2exp (2-Ā�1 ý(ą1, þ)Ăþ) , ą1 f ą f 1;    (3.5.4) 

 þ(Ă, ą1 + 0; Ă1, ą1) = 2ā(ą1, Ă; Ă1, ą1) + 

 +exp (2-��1 þ(þ, ą1)Ăþ) , ą1 f Ă f 1.    (3.5.5) 

 

�484K4 (3.5.3)-(3.5.5) - ;484K4 �GDE4. �7B D9L9A<9 EGM9EF6G9F < 
98<AEF69AAB. !4E <AF9D9EG9F CD98EF46?9A<9 HGA>J<< þ1(Ă, ą; Ă1, ą1). $9L9A<9 
;484K< (3.5.3)-(3.5.5) @O <M9@ 6 E?98GRM9@ 6<89: 
 þ1(Ă, ą; Ă1, ą1) = ā(Ă, ą; Ă1, ą1) 2 Ā(Ă, ą; Ă1, ą1), (Ă, ą) * Ω�6. 
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&B784 CB?GK<@ E?98GRMGR ;484KG: 
 Ā2ĀĀ�ĀĀ + ý(Ă, ą) ĀĀĀ� + þ(Ă, ą) ĀĀĀĀ + ÿ(Ă, ą)Ā = 0, (Ă, ą) * Ω�6; (3.5.6) 

  Ā(ą1, ą; Ă1, ą1) 2 ā(ą, ą1; Ă1, ą1) = 0, ą1 f ą f 1;  (3.5.7) 

  Ā(Ă, ą1; Ă1, ą1) 2 ā(ą1, Ă; Ă1, ą1) = 0, ą1 f Ă f 1. (3.5.8) 

 

�97>B 6<89FP, KFB D9L9A<9 ;484K< (3.5.6)-(3.5.8) <@99F 6<8 
 Ā(Ă, ą; Ă1, ą1) = ā(ą, Ă; Ă1, ą1), (Ă, ą) * Ω�6. 
 

#GEFP (Ă, ą) - CDB<;6B?PA4S FBK>4 B5?4EF< Ω. #B 6AGFD9AA<@ C9D9@9AAO@ (Ă1, ą1) HGA>J<S �D<A4 ;484K< (3.1.1)-(3.1.3) B5?4849F E?98GRM<@< E6B=EF64@<: 
 Ā(�1,Ā1)∗ þ(Ă, ą; Ă1, ą1) = 0, (Ă1, ą1) * Ω, ?@и  Ă1 b Ă, Ă1 b ą, ą1 b Ă; (3.5.9) 

 þ(Ă1, Ă1; Ă1, ą1) = 0, 0 f Ă1 f 1;  (3.5.10) 

 Ā�(�,Ā;�20,Ā1)ĀĀ1 2 ÿ(Ă, ą1)þ(Ă, ą; Ă 2 0, ą1) = 0, ?@и  ą1 b ą, ą1 b Ă; (3.5.11) 

  Ā�(�,Ā;�1,Ā20)Ā�1 2 Ā(Ă1, ą)þ(Ă, ą; Ă1, ą 2 0) = 0, ?@и  Ă1 b Ă; (3.5.12) 

  āþ(Ă, ą; Ă1, Ă 2 0)āĂ1 2 Ā(Ă1, Ă) þ(Ă, ą; Ă1, Ă 2 0) = 

 = Ā�(�,Ā;�1,�+0)Ā�1 2 Ā(Ă1, Ă)þ(Ă, ą; Ă1, Ă + 0); (3.5.13) 

  þ(Ă, ą; Ă 2 0, ą 2 0) 2 þ(Ă, ą; Ă + 0, ą 2 0) + 
 +þ(Ă, ą; Ă + 0, ą + 0) 2 þ(Ă, ą; Ă 2 0, ą + 0) = 1. (3.5.14) 

 

%6B=EF64 (3.5.9)-(3.5.14) ?97>B 6O69EF< <; CBEFDB9A<S HGA>J<< �D<A4 
;484K< (3.1.1)-(3.1.3). % CB@BMPR (3.5.9)-(3.5.14) 6B;@B:AB B8AB;A4KAB 
6BEEF4AB6<FP HGA>J<R �D<A4 ;484K< (3.1.1)-(3.1.3). 

%6B=EF6G (3.5.9)-(3.5.14) @O @B:9@ <ECB?P;B64FP 8?S CD98EF46?9A<S 
D9L9A<S ;484K< (3.1.1)-(3.1.3) 6 <AF97D4?PAB@ 6<89. �?S QFB7B D4EE@BFD<@ 
E?98GRM<= <AF97D4?: 

 ∬Ω(��) þ(Ă, ą; Ă1, ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1 = 
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= .Ω(��) þ(Ă, ą; Ă1, ą1) ( Ā2ÿĀ�1ĀĀ1 + ÿ ĀÿĀ�1 + Ā ĀÿĀĀ1 + āÿ)ĂĂ1Ăą1. (3.5.15) 

 

#D<@9ASS F9BD9@G �D<A4 A4 C?BE>BEF< < <ECB?P;GS A4K4?PAO9 GE?B6<S 
(3.1.2), E6B=EF64 HGA>J<< �D<A4 (3.5.9)-(3.5.14), <; (3.5.15) CB?GK<@ E?98GRM99 
CD98EF46?9A<9 D9L9A<S ;484K< (3.1.1)-(3.1.3) 6 B5?4EF< Ω(�Ā) = Ω5 , Ω6: 

 ÿ(Ă, ą) = 12þ(Ă, ą; 0, ą 2 0)ÿ1(ą) 2 12∫�
0 āþāĂ1 (Ă, ą; Ă1, Ă1)ÿ0(Ă1)ĂĂ1 + 

 +12∫�
0 (2 āþāą1 (Ă, ą; 0, ą1)ÿ0(ą1) + þ(Ă, ą; 0, ą1)ÿ12(ą1)+ ÿ(0, ą1)þ(Ă, ą; 0, ą1)ÿ1(ą1)) Ăą1 + 

 +∬Ω(��) þ(Ă, ą; Ă1, ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1. 
 

$9;G?PF4FO 6 QFB@ A4CD46?9A<= 84AB 6 D45BF9 [34], [35]. 
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4 " ('!�*�� �$�!� �%�  �&$�+!"� 

)�$��&�$�%&�+�%�"� �$���"� ����+� ��/ 

��#�$�"��+�%�"�" '$��!�!�/ � )�$��&�$�%&�+�%�"  

&$�'�"�0!��� % '%�"���  ��$�)�� 

 

4.1 #>AB0=>2:0 7040G8 

� I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 Ω = {(Ă, ą): 0 < Ă < ą < 1} 
(D<EGAB> 1) D4EE@BFD<@ 7<C9D5B?<K9E>B9 GD46A9A<9 6FBDB7B DB84 B5M97B 6<84: 
 Āÿ = ÿ�Ā + ÿ(Ă, ą)ÿ� + Ā(Ă, ą)ÿĀ + ā(Ă, ą)ÿ = ÿ(Ă, ą), (Ă, ą) * Ω, (4.1.1) 

 

E A9?B>4?PAB= >D496B= ;484K9= EB E86<7B@: 

 ÿ(0, Ă0) = ÿÿ(Ă0, 1), 0 f Ă0 f 1,   (4.1.2) 

 

< A4 A9I4D4>F9DAB= CDS@B= ýþ = {0 f Ă = ą f 1} ;4849FES GE?B6<9 �<D<I?9: 
 ÿ(Ă, Ă) = 0, 0 f Ă f 1,   (4.1.3) 

 

789 ÿ, Ā, ÿ� , ĀĀ , ā, ÿ * ÿ(Ω);   ÿ - >BAEF4AF4. 
 

4.2 �>:070B5;LAB2> ACI5AB2>20=85 @5H5=8O 7040G8 

$4A99 4A4?B7<KAB= ;484K9= EB E86<7B@ ;4A<@4?ES &.,. �4?P@9AB6 [5, 

D. 63-66]. "A D4EE@BFD9? E?98GRMGR ;484KG:  
 Ąþþ 2 Ąýý = 2ÿĄ(ý, þ), (ý, þ) * Γ,  (4.2.1) 

 Ą(ý, 0) = Ą(1,1) = 0, 0 f ý f 2,  (4.2.2) 

 Ą(þ, þ) = Ą(1 + þ, 1 2 þ), 0 f þ f 1.  (4.2.3) 

 

#B>4;4AB, KFB ;484K4 (4.2.1)-(4.2.3) S6?S9FES E4@BEBCDS:9AAB=. 
%B5EF69AA4S HGA>J<S < EB5EF69AAO9 ;A4K9A<S ;484K< (4.2.1)-(4.2.3) 5O?< 
D4EEK<F4AO. !B QF4 D45BF4 EB89D:<F FB?P>B EC9>FD4?PAO9 D9;G?PF4FO. 

Kreith K. [12, D. 272-279] 6>?RK<? <89< &.,. �4?@9AB64 6 E6BR D45BFG 
8?S D4;D45BF>< @9FB84 CBEFDB9A<S HGA>J<< �D<A4 E?98GRM9= ;484K<: 

 Ąþþ 2 Ąýý = ÿ1(ý, þ), (ý, þ) * Γ, 
 Ą(ý, 0) = Ą(1,1) = 0, 0 f ý f 2, 
 Ąþ(ý, 0) = �Ā(ý), 0 f ý f 2, 
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789 ÿ1(ý, þ) = Ą(ý, þ), Ā(þ) = Ą(1 + ý, 1 2 ý), Ā(ý) S6?S9FES A9CD9DO6AO@ < 
CB?B:<F9?PAO@ CD< 0 f ý f 2, 4 � - >BAEF4AF4. 

�ECB?P;GS CD98EF46?9A<S D9L9A<S ;484K< �BL< (4.1.1), (4.1.3) E 
<ECB?P;B64A<9@ @9FB84 $<@4A4 5G89@ <E>4FP D9L9A<9 ;484K< (4.1.1)-(4.1.3) 6 
E?98GRM9@ 6<89: 

 ÿ(Ă, ą) = 2∫Ā
� ĂĂ1∫Ā

�1 ā(Ă, ą; Ă1, ą1)ÿ(Ă1, ą1)Ăą1 + 

 +-Ā� ā(Ă1)ā(Ă, ą; Ă1, Ă1)ĂĂ1, (Ă, ą) * Ω,    (4.2.4) 

 

789 ā(Ă, ą; Ă1, ą1) - HGA>J<S $<@4A4-�D<A4 GD46A9A<S (4.1.1). #D98CB?4749@, KFB 
 1 + ÿā(Ă, 1; Ă, Ă)ā(0, Ă; Ă, Ă) = 

 = 1 + exp(2∫�
0 Ā(ý, Ă)Ăý) exp(2∫1

� ÿ(Ă, ý)Ăý) = Ā(Ă) b 0, 0 f Ă f 1, 
 Ā(Ă) ⋅ exp (∫�

0 Ā(ý, Ă)Ăý) = ā(Ă), 0 f Ă f 1. 
 

&B784, CB8EF46?SS (4.2.4) 6 (4.1.2): 

 ā(Ă) + 1ā∫�
0 ā(Ă1)ā�(0, Ă; Ă1, Ă1)ĂĂ1 2 

 2 ÿā -1� ā(Ă1)ā�(Ă, 1; Ă1, Ă1)ĂĂ1 = ý(Ă; Ă1, ą1),0 f Ă f 1, (4.2.5) 

 

789 ý(Ă; Ă1, ą1) = 1ā∫�
0 ā(0, Ă; Ă1, Ă)ÿ(Ă1, Ă)ĂĂ1 + 

 +1ā∫�
0 ĂĂ1∫�

�1 ā�(0, Ă; Ă1, ą1)ÿ(Ă1, ą1)Ăą1 + 

 +ÿā ∫1
� ā(Ă, 1; Ă, Ă1)ÿ(Ă, Ă1)ĂĂ1 2 
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2ÿā ∫1
� ĂĂ1∫1

� ā�(Ă, 1; Ă1, ą1)ÿ(Ă1, ą1)Ăą1, 0 f Ă f 1. 
 

'D46A9A<9 (4.2.5) S6?S9FES GD46A9A<9@ (D987B?P@4 6FBDB7B DB84. 
%?98B64F9?PAB, 9E?< CD98CB?B:<@, KFB D9L9A<9 ā * ÿ([0,1]) GD46A9A<S (4.2.5) 

98<AEF69AAB, FB BAB EGM9EF6G9F. 
&9BD9@4 4.2.1. #GEFP ÿ, Ā, ÿ� , ĀĀ , ā * ÿ(�). �E?< D9L9A<9 ;484K< (4.1.1)-

(4.1.3) 98<AEF69AAB, FB784 8?S ?R5B7B ÿ * ÿ(�) D9L9A<9 ÿ * ÿ1(�), ÿ�Ā *ÿ(�) ;484K< (5.1.1)-(5.1.3) EGM9EF6G9F. 
 

4.3 "?@545;5=85 DC=:F88 �@8=0 
"CD989?9A<9 4.3.1 (GA>J<9= �D<A4 ;484K< (4.1.1)-(4.1.3) S6?S9FES 

HGA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S 8?S >4:8B7B H<>E<DB64AAB7B (Ă1, ą1) * � 

G8B6?9F6BDS9F B8ABDB8AB@G GD46A9A<R: 

 Ā(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, 
 ?@и  Ă b Ă1, Ă b ą1, ą b Ă1, ą b ą1,  (4.3.1) 

 

< E?98GRM<@ GE?B6<S@ A4 7D4A<J9: 
 þ(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1, (Ă1, ą1) * Ω; (4.3.2) 

 þ(0, Ă0; Ă1, ą1) = ÿþ(Ă0, 1; Ă1, ą1), 0 f Ă0 f 1, (Ă1, ą1) * Ω, (4.3.3) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I: 
 þĀ(Ă1 + 0, ą; Ă1, ą1) + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 

 = þĀ(Ă1 2 0, ą; Ă1, ą1) + ÿ(Ă1, ą)þ(Ă1 2 0, ą; Ă1, ą1), 
 ?@и  ą b Ă1, ą b ą1;    (4.3.4) 

 þĀ(ą1 + 0, ą; Ă1, ą1) + ÿ(ą1, ą)þ(ą1 + 0, ą; Ă1, ą1) = 

 = þĀ(ą1 2 0, ą; Ă1, ą1) + ÿ(ą1, ą)þ(ą1 2 0, ą; Ă1, ą1), 
 ?@и  ą b Ă1, ą b ą1;    (4.3.5) 

 þ�(Ă, Ă1 + 0; Ă1, ą1) + Ā(Ă, Ă1)þ(Ă, Ă1 + 0; Ă1, ą1) = 

 = þ�(Ă, Ă1 2 0; Ă1, ą1) + Ā(Ă, Ă1)þ(Ă, Ă1 2 0; Ă1, ą1), 
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?@и  Ă b Ă1, Ă b ą1;    (4.3.6) 

 þ�(Ă, ą1 + 0; Ă1, ą1) + Ā(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 

 = þ�(Ă, ą1 2 0; Ă1, ą1) + Ā(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1), 
 ?@и  Ă b Ă1, Ă b ą1,    (4.3.7) 

 

< CD< (Ă, ą) = (Ă1, ą1) 8B?:AB 6OCB?ASFES GE?B6<9: 
 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) + 
 +þ(Ă1 + 0, ą1 + 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) = 1. (4.3.8) 

 

4.4 %CI5AB2>20=85 8 548=AB25==>ABL DC=:F88 �@8=0 7040G8 

T9BD9@4 4.4.1 �E?< D9L9A<9 ;484K< (4.1.1)-(4.1.3) 98<AEF69AAB, FB 
HGA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (4.3.1)-(4.3.8), EGM9EF6G9F < 
98<AEF69AA4. 

&B784 D9L9A<9 ;484K< (4.1.1)-(4.1.3) @B:9@ A4C<E4FP <ECB?P;GS HGA>J<R 
�D<A4 QFB= ;484K<: 

 ÿ(Ă, ą) = ∬Ωþ(Ă, ą; Ă1, ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1, (Ă, ą) * Ω. 
 

+FB5O CBEFDB<FP HGA>J<R þ(Ă, ą; Ă1, ą1), >BFBD4S G8B6?9F6BDS9F 
GE?B6<S@ (4.3.1)-(4.3.8), D4;89?<@ B5?4EFP Ω A4 L9EFP CB8B5?4EF9= Ωā , � = 1,6. 

� >4:8B@ <; QF<I CB8B5?4EF9= HGA>J<S �D<A4 A9CD9DO6A4, AB CD< C9D9IB89 <; 
B8AB= B5?4EF< 6 8DG7B= HGA>J<S �D<A4 @B:9F <@9FP D4;DO6. 

�4C<L9@ BC9D4FBD Ā >4> EG@@G 86GI BC9D4FBDB6: 
 Ā = Ā1 + Ā, Ā1þ = ( āāą + ÿ) ( āāĂ + Ā)þ, 

 Āþ = (ā 2 ÿ� 2 ÿĀ)þ, 
 

789 CD98CB?4749@, KFB Ā121 EGM9EF6G9F < >B@C4>F9A, Ā S6?S9FES B7D4A<K9AAO@ 
BC9D4FBDB@. �4F9@ CB?GK<@ E?98GRMGR 6ECB@B74F9?PAGR ;484KG: 
 Ā1(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, 

 ?@и  Ă b Ă1, Ă b ą1, ą b Ă1, ą b ą1,  (4.4.1) 
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E GE?B6<S@< (4.3.2)-(4.3.8) < 6 >4:8B= CB8B5?4EF< Ω <M9@ D9L9A<9 ;484K< 
(4.3.2)-(4.3.8), (4.4.1) 6 E?98GRM9@ 6<89: 
 þ(Ă, ą; Ă1, ą1) = ∫Ā

� ÿ1(ą2; Ă1, ą1)ÿ2(Ă, ą; ą2)Ăą2 + 

 +ÿ1(Ă, ą, Ă)ÿ1∗(Ă; Ă1, ą1) , (Ă, ą) * Ω1,   (4.4.2) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
�1 ÿ2(ą2; Ă1, ą1)ÿ2(Ă, ą; ą2)Ăą2 + 

 +ÿ1(Ă, ą; Ă1)ÿ2∗(Ă; Ă1, ą1), (Ă, ą) * Ω2,  (4.4.3) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
Ā1 ÿ3(ą2; Ă1, ą1)ÿ2(Ă, ą; ą2)Ăą2 + 

 +ÿ1(Ă, ą; ą1)ÿ3∗(Ă; Ă1, ą1), (Ă, ą) * Ω3,   (4.4.4) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
� ÿ4(ą2; Ă1, ą1)ÿ3(Ă, ą; Ă1, ą2)Ăą2 + 

 +ÿ1(Ă, ą, Ă)ÿ4∗(Ă; Ă1, ą1), (Ă, ą) * Ω4,  (4.4.5) 

 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
Ā1 ÿ5(ą2; Ă1, ą1)ÿ3(Ă, ą; Ă1, ą2)Ăą2 + 

 +ÿ1(Ă, ą; ą1)ÿ5∗(Ă; Ă1, ą1), (Ă, ą) * Ω5,   (4.4.6) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
� ÿ6(ą2; Ă1, ą1)ÿ3(Ă, ą; ą1, ą2)Ăą2 + 

 +ÿ1(Ă, ą, Ă)ÿ6∗(Ă; Ă1, ą1), (Ă, ą) * Ω6,   (4.4.7) 

 

789 ÿ1(Ă, ą; Ă1) = exp(2∫Ā
�1 ÿ(Ă, ý)Ăý), 

 ÿ2(Ă, ą; Ă1) = exp(2∫�
0 Ā(ý, Ă1)Ăý) exp(2∫Ā

�1 ÿ(Ă, ý)Ăý), 
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ÿ3(Ă, ą; Ă1, ą1) = exp(2∫�
�1 Ā(ý, ą1)Ăý) exp(2∫Ā

Ā1 ÿ(Ă, ý)Ăý), 
 

< ÿ1, ÿ2 * ÿ1(Ω × [0,1]), ÿ3 * ÿ1(Ω × Ω);   ÿÿ∗ * ÿ1([0,1] × Ω), ÿÿ * ÿ([0,1]) ×Ω), � = 1,6. �ECB?P;GS GE?B6<S (5.3.2)-(5.3.8), 8?S A9<;69EAB= HGA>J<< ÿÿ , � =1,6, <; (4.4.2)-(4.4.7) CB?GK<@ GD46A9A<=: 
 2∫�

�1 ÿ4(ą2; Ă1, ą1)ÿ3�(Ă1, Ă; Ă1, ą2)Ăą2 +∫�
�1 ÿ2(ą2; Ă1, ą1)ÿ2�(Ă1, Ă; ą2)Ăą2 + 

 +ÿ2(Ă; Ă1, ą1)ÿ2(Ă1, Ă; Ă1) 2 ÿ4(Ă; Ă1, ą1) = 0, Ă1 f Ă f ą1, (4.4.8) 

 2∫�
Ā1 ÿ5(ą2; Ă1, ą1)ÿ3�(Ă1, Ă; Ă1, ą2)Ăą2 +∫�

Ā1 ÿ3(ą2; Ă1, ą1)ÿ2�(Ă1, Ă; ą2)Ăą2 + 

 +ÿ3(Ă; Ă1, ą1)ÿ2(Ă1, Ă; Ă1) 2 ÿ5(Ă; Ă1, ą1) = 0, ą1 f Ă f 1, (4.4.9) 

 2∫�
Ā1 ÿ6(ą2; Ă1, ą1)ÿ3�(Ă1, Ă; Ă1, ą2)Ăą2 +∫�

Ā1 ÿ5(ą2; Ă1, ą1)ÿ3�(Ă1, Ă; Ă1, ą2)Ăą2 + 

 +ÿ5(Ă; Ă1, ą1)ÿ3(ą1, Ă; Ă1, Ă) 2 ÿ6(Ă; Ă1, ą1)ÿ3(ą1, Ă; Ă1, Ă) = 0,  
 ą1 f Ă f 1, (4.4.10) 

 2ÿ∫�1� ÿ1(ą2; Ă1, ą1)ÿ2�(Ă, Ă; ą2)Ăą2 +∫�
0 ÿ1(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 2 

 2ÿ∫Ā1�1 ÿ2(ą2; Ă1, ą1)ÿ2�(Ă, 1; ą2)Ăą2 2 ÿ∫1
Ā1 ÿ3(ą2; Ă1, ą1)ÿ2�(Ă, 1; ą2)Ăą2 +, 

 +ÿ1(Ă; Ă1, ą1)(ÿ2(Ă, 1; Ă) + 1) = ý1(Ă; Ă1, ą1), 0 f Ă f Ă1,  (4.4.11) 

 2∫�1� ÿ2(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 +∫�10 ÿ1(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 2 

 2ÿ∫Ā1� ÿ4(ą2; Ă1, ą1)ÿ3�(Ă, 1; Ă1, ą2)Ăą2 2 ÿ∫1
Ā1 ÿ5(ą2; Ă1, ą1)ÿ3�(Ă, 1; Ă1, ą2)Ăą2 

 +ÿ2(Ă; Ă1, ą1) + ÿÿ4(Ă; Ă1, ą1)ÿ3(Ă, 1; Ă1, Ă) = 
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= ý2(Ă; Ă1, ą1), Ă1 f Ă f ą1,  (4.4.12) 

 2∫�1Ā1 ÿ2(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 +∫�10 ÿ1(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 + 

 +∫�
Ā1 ÿ3(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 2 ÿ∫1

� ÿ6(ą2; Ă1, ą1)ÿ3�(Ă, 1; Ă1, ą2)Ăą2 

 +ÿ3(Ă; Ă1, ą1) + ÿÿ6(ą2; Ă1, ą1)ÿ3(Ă, 1; Ă1, Ă) = 

 = ý3(Ă; Ă1, ą1), ą1 f Ă f 1,  (4.4.13) 

 

789 
 ý1(Ă; Ă1, ą1) = ÿ2ÿ3(Ă1, 1; Ă1, ą1)1 + ÿÿ2�(Ă1, 1; Ă1)ÿ2�(Ă, 1; Ă1), 0 f Ă f Ă1, 
 ý2(Ă; Ă1, ą1) = 2 ÿ2ÿ3(Ă1, 1; Ă1, ą1)1 + ÿÿ2�(Ă1, 1; Ă1)ÿ2�(0, Ă; Ă1) + 

 +ÿÿ3(Ă, 1; Ă1, ą1), Ă1 f Ă f ą1, 
 ý3(Ă; Ă1, ą1) = 2 ÿÿ3(Ă1, 1; Ă1, ą1)1 + ÿÿ2�(Ă1, 1; Ă1)ÿ2�(0, Ă; Ă1). 
 

#9D96B8<@ 6E9 <AF9D64?O GD46A9A<= (4.4.8)-(4.4.13) A4 <AF9D64? [0,1]. � 
<FB79 CB?GK<@ E?98GRMGR E<EF9@G GD46A9A<=: 
 ýÿ⃗(þ; Ă1, ą1) + ∫1

0 ÿ(þ, ÿ; Ă1, ą1)ÿ⃗(ÿ; Ă1, ą1)Ăÿ = ý⃗(þ; Ă1, ą1), 0 f þ f 1, 
 

789 

ÿ⃗ =
( 
   
ÿ1���ÿ2���ÿ3���ÿ4���ÿ5���ÿ6���) 
   , ý⃗ =

( 
  
000ý1�ý2���ý3���) 
  ,   
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ý =
( 
   

0 ÿ2���(Ă1, ą1; þ) 0 21 0 00 0 ÿ2���(Ă1, ą1; þ) 0 21 001 + ÿÿ1���(Ă1, 1; þ)00
0010

0 0 ÿ3���(ą1, þ, Ă1, þ) 2ÿ3���(ą1, þ, Ă1, þ)0 0 0 00 ÿÿ3���(Ă1, ą1; 1, þ) 0 00 0 1 ÿÿ3���(Ă1, ą1; 1, þ) ) 
    

 

&4><@ B5D4;B@, 9E?< det|ý| b 0, 8B>4;4AB ?9@@4: 
�9@@4 4.4.2 �E?< D9L9A<9 ;484K< (4.1.1)-(4.1.3) 98<AEF69AAB, FB HGA>J<S þ1(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (4.3.2)-(4.3.8), (4.4.1) EGM9EF6G9F < 

98<AEF69AAB. 
�M9@ D9L9A<9 ;484K< (4.3.1)-(4.3.8) 6 E?98GRM9@ 6<89: 
 þ = þ1 + Ā, (4.4.14) 

 

789 þ1(Ă, ą; Ă1, ą1) –- D9L9A<9 ;484K< (4.3.2)-(4.3.8), (4.4.1), Ā(Ă, ą; Ă1, ą1) 
S6?S9FES A9CD9DO6AB= HGA>J<9=. #B8EF46?SS (4.4.8) 6 (4.3.2)-(4.3.8) 8?S 
HGA>J<< Ā(Ă, ą; Ă1, ą1) CB?GK<@ E?98GRMGR ;484KG: 
 Ā(�,Ā)Ā(Ă, ą; Ă1, ą1) = 2Āþ1 = ÿ3, (Ă, ą) * Ω, 
 ?@и  Ă b Ă1, Ă b ą1, ą b Ă1, ą b ą1;    (4.4.15) 

 Ā(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1, (Ă1, ą1) * Ω; (4.4.16) 

 Ā(0, Ă0; Ă1, ą1) = ÿĀ(Ă0, 1; Ă1, ą1), 0 f Ă0 f 1, (Ă1, ą1) * Ω. (4.4.17) 

 

�?S ;484K< (4.4.15)-(4.4.17) CB?GK<?< F9BD9@G 4A4?B7<KAB ;484K9 (4.3.2)-

(4.3.8), (4.4.1). 

T9BD9@4 4.4.3. #GEFP ÿ, Ā, ÿ� , ĀĀ , ā * ÿ(�). �E?< D9L9A<9 ;484K< 
(4.4.15)-(4.4.17) 98<AEF69AAB, FB 8?S ?R5B7B ÿ3 * Ā2(� × �) EGM9EF6G9F 
D9L9A<9 Ā * Ć21(� × �), Ā�Ā * Ā2(� × �) ;484K< (4.4.15)-(4.4.17). 

&4><@ B5D4;B@, 8B>4;4AB E?98GRM4S F9BD9@4: 
T9BD9@4 4.4.4. �E?< D9L9A<9 ;484K< (4.1.1)-(4.1.3) 98<AEF69AAB, FB 

HGA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (4.3.1)-(4.3.8), EGM9EF6G9F < 
98<AEF69AA4. 

$9;G?PF4FO 6 QFB@ A4CD46?9A<= 84AB 6 D45BF9 [36]. 
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5 " ('!�*�� �$�!� �%�  �&$�+!"� 

)�$��&�$�%&�+�%�"� �$���"� ����+� ��/ 

��#�$�"��+�%�"�" '$��!�!�/ � )�$��&�$�%&�+�%�"  

&$�'�"�0!��� % '%�"���  !�� �!� 

 

5.1 #>AB0=>2:0 7040G8 

� I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 Ω = {(Ă, ą): 0 < Ă < ą < 1} 
D4EE@BFD<@ 7<C9D5B?<K9E>B9 GD46A9A<9 6FBDB7B DB84 B5M97B 6<84: 

 Āÿ = ÿ�Ā + ÿ(Ă, ą)ÿ� + Ā(Ă, ą)ÿĀ + ā(Ă, ą)ÿ = ÿ(Ă, ą), (Ă, ą) * Ω, (5.1.1) 

 

E A9?B>4?PAB= >D496B= ;484K9= EB E86<7B@: 

 ÿ(0, Ă0) = ÿÿ(Ă0, 1), 0 f Ă0 f 1,   (5.1.2) 

 

< A4 A9I4D4>F9DAB= CDS@B= ýþ = {0 f Ă = ą f 1} ;4849FES GE?B6<9 !9=@4A4: 
  (ÿ� 2 ÿĀ)(Ă, Ă) = 0, 0 f Ă f 1,   (5.1.3) 

 

789 ÿ, Ā, ÿ� , ĀĀ , ā, ÿ * ÿ(Ω);   ÿ - >BAEF4AF4. 
 

5.2 �>:070B5;LAB2> ACI5AB2>20=85 @5H5=8O 7040G8 

#D98EF46?9A<S D9L9A<S ;484K< �BL< (5.1.1), (5.1.3) 5G89@ <E>4FP 
@9FB8B@ $<@4A4: 

 ÿ(Ă, ą) = 12∫Ā
� ÿ(Ă1)(ā�1 2 āĀ1)(Ă, ą; Ă1, Ă1)ĂĂ1 + 

 +∫Ā
� ÿ(Ă1)(ÿ 2 Ā)(Ă1, Ă1)ā(Ă, ą; Ă1, Ă1)ĂĂ1 2 

 2∫Ā
� ĂĂ1∫Ā

�1 ā(Ă, ą; Ă1, ą1)ÿ(Ă1, ą1)Ăą1 + 

 

+
12 ÿ(Ă)ā(Ă, ą; Ă, Ă) + 12 ÿ(ą)ā(Ă, ą; ą, ą), (Ă, ą) * Ω,  (5.2.4) 

 

789 ā(Ă, ą; Ă1, ą1) - HGA>J<S $<@4A4-�D<A4 GD46A9A<S (5.1.1). #D98CB?4749@ KFB 
 1 2 ÿā(Ă, 1; Ă, Ă)ā(0, Ă; Ă, Ă) = 
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= 1 2 exp(2∫�
0 Ā(ý, Ă)Ăý) exp(2∫1

� ÿ(Ă, ý)Ăý) = Ā(Ă) b 0, 0 f Ă f 1, 
 Ā(Ă) ⋅ exp (∫�

0 Ā(ý, Ă)Ăý) = ā(Ă), 0 f Ă f 1. 
 

&B784, CB8EF46?SS (5.2.4) 6 (5.1.2): 

 ÿ(Ă) + 1ā∫�
0 ÿ(Ă1)(ā�1 2 āĀ1)(0, Ă; Ă1, Ă1)ĂĂ1 + 

 +2ā∫�
0 ÿ(Ă1)(ÿ 2 Ā)(Ă1, Ă1)(0, Ă; Ă1, Ă1)ĂĂ1 2 

 22ÿā ∫1
� ÿ(Ă1)(ÿ 2 Ā)(Ă1, Ă1)(Ă, 1; Ă1, Ă1)ĂĂ1 2 

 2ÿā ∫1
� ÿ(Ă1)(ā�1 2 āĀ1)(Ă, 1; Ă1, Ă1)ĂĂ1 + 

 +2ÿ(2ÿā(0, Ă; 0,0) + ÿā(Ă, 1; 1,1))āā ∫1
0 ÿ(Ă1)(ÿ 2 Ā)(Ă1, Ă1)(0,1; Ă1, Ă1)ĂĂ1 + 

 +ÿ(2ÿā(0, Ă; 0,0) + ÿā(Ă, 1; 1,1))āā ∫1
0 ÿ(Ă1)(ā�1 2 āĀ1)(Ă1, Ă1)(0,1; Ă1, Ă1)ĂĂ1 = 

 

 = ý(Ă; Ă1, ą1), 0 f Ă f 1,  (5.2.5) 

 

789 ý(Ă; Ă1, ą1) = 2ā∫�
0 ĂĂ1∫�

�1 ā(0, Ă; Ă1, ą1)ÿ(Ă1, ą1)Ăą1 2 

 22ā∫1
� ĂĂ1∫1

�1 ā(Ă, 1; Ă1, ą1)ÿ(Ă1, ą1)Ăą1 + 

 +2ÿ(2ÿā(0, Ă; 0,0) + ÿā(Ă, 1; 1,1))āā ∫1
0 ĂĂ1∫1

�1 ā(0,1; Ă1, ą1)ÿ(Ă1, ą1)Ăą1,   ā = 22ÿ + ā(0,1; 1,1) + ÿ2ā(0,1; 0,0). 
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'D46A9A<9 (5.2.5) S6?S9FES GD46A9A<9@ (D987B?P@4 6FBDB7B DB84. 
%?98B64F9?PAB, 9E?< CD98CB?B:<@, KFB D9L9A<9 ÿ * ÿ1([0,1]) GD46A9A<S (5.2.5) 

98<AEF69AAB, FB BAB EGM9EF6G9F. 
&9BD9@4 5.2.1. #GEFP ÿ, Ā, ÿ� , ĀĀ , ā * ÿ(�). �E?< D9L9A<9 ;484K< (5.1.1)-

(5.1.3) 98<AEF69AAB, FB784 8?S ?R5B7B ÿ * ÿ(�) D9L9A<9 ÿ * ÿ1(�), ÿ�Ā *ÿ(�) ;484K< (5.1.1)-(5.1.3) EGM9EF6G9F. 
 

5.3 "?@545;5=85 DC=:F88 �@8=0 
"CD989?9A<9 5.3.1 (GA>J<9= �D<A4 ;484K< (5.1.1)-(5.1.3) S6?S9FES 

HGA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S 8?S >4:8B7B H<>E<DB64AAB7B (Ă1, ą1) * � 

G8B6?9F6BDS9F B8ABDB8AB@G GD46A9A<R: 

 Ā(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, 
 ?@и  Ă b Ă1, Ă b ą1, ą b Ă1, ą b ą1,  (5.3.1) 

 

< E?98GRM<@ GE?B6<S@ A4 7D4A<J9: 
 (þ� 2 þĀ)(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1, (Ă1, ą1) * Ω; (5.3.2) 

 þ(0, Ă0; Ă1, ą1) = ÿþ(Ă0, 1; Ă1, ą1), 0 f Ă0 f 1, (Ă1, ą1) * Ω, (5.3.3) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I: 
 þĀ(Ă1 + 0, ą; Ă1, ą1) + ÿ(Ă1, ą)þ(Ă1 + 0, ą; Ă1, ą1) = 

 = þĀ(Ă1 2 0, ą; Ă1, ą1) + ÿ(Ă1, ą)þ(Ă1 2 0, ą; Ă1, ą1), 
 ?@и  ą b Ă1, ą b ą1;    (5.3.4) 

 þĀ(ą1 + 0, ą; Ă1, ą1) + ÿ(ą1, ą)þ(ą1 + 0, ą; Ă1, ą1) = 

 = þĀ(ą1 2 0, ą; Ă1, ą1) + ÿ(ą1, ą)þ(ą1 2 0, ą; Ă1, ą1), 
 ?@и  ą b Ă1, ą b ą1;    (5.3.5) 

 þ�(Ă, Ă1 + 0; Ă1, ą1) + Ā(Ă, Ă1)þ(Ă, Ă1 + 0; Ă1, ą1) = 

 = þ�(Ă, Ă1 2 0; Ă1, ą1) + Ā(Ă, Ă1)þ(Ă, Ă1 2 0; Ă1, ą1), 
 ?@и  Ă b Ă1, Ă b ą1;    (5.3.6) 
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þ�(Ă, ą1 + 0; Ă1, ą1) + Ā(Ă, ą1)þ(Ă, ą1 + 0; Ă1, ą1) = 

 = þ�(Ă, ą1 2 0; Ă1, ą1) + Ā(Ă, ą1)þ(Ă, ą1 2 0; Ă1, ą1), 
 ?@и  Ă b Ă1, Ă b ą1,    (5.3.7) 

 

< CD< (Ă, ą) = (Ă1, ą1) 8B?:AB 6OCB?ASFES GE?B6<9 
 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 2 0; Ă1, ą1) + 
 +þ(Ă1 + 0, ą1 + 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) = 1. (5.3.8) 

 

5.4 %CI5AB2>20=85 8 548=AB25==>ABL DC=:F88 �@8=0 7040G8 

T9BD9@4 5.4.1. �E?< D9L9A<9 ;484K< (5.1.1)-(5.1.3) 98<AEF69AAB, FB 
HGA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (5.3.1)-(5.3.8), EGM9EF6G9F < 
98<AEF69AAB. 

&B784 D9L9A<9 ;484K< (5.1.1)-(5.1.3) @B:9@ A4C<E4FP <ECB?P;GS HGA>J<R 
�D<A4 QFB= ;484K<: 

 ÿ(Ă, ą) = ∬Ωþ(Ă, ą; Ă1, ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1, (Ă, ą) * Ω. 
 

+FB5O CBEFDB<FP HGA>J<R þ(Ă, ą; Ă1, ą1), >BFBD4S G8B6?9F6BDS9F 
GE?B6<S@ (5.3.1)-(5.3.8), D4;89?<@ B5?4EFP Ω A4 L9EFP CB8B5?4EF9= Ωā , � = 1,6. 

� >4:8B@ <; QF<I CB8B5?4EF9= HGA>J<S �D<A4 A9CD9DO6A4, AB CD< C9D9IB89 <; 
B8AB= B5?4EF< 6 8DG7B= HGA>J<S �D<A4 @B:9F <@9FP D4;DO6. 

�4C<L9@ BC9D4FBD Ā >4> EG@@G 86GI BC9D4FBDB6: 
 Ā = Ā1 + Ā, Ā1þ = ( āāą + ÿ) ( āāĂ + Ā)þ, 

 Āþ = (ā 2 ÿ� 2 ÿĀ)þ, 
 

789 @O CD98CB?4749@, KFB Ā121 EGM9EF6G9F < >B@C4>F9A, Ā S6?S9FES 
B7D4A<K9AAO@ BC9D4FBDB@. �4F9@ CB?GK49@ E?98GRMGR 6ECB@B74F9?PAGR 
;484KG: 
 Ā1(�,Ā)þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω, 

 ?@и  Ă b Ă1, Ă b ą1, ą b Ă1, ą b ą1,  (5.4.1) 

 

E GE?B6<S@< (5.3.2)-(5.3.8) < 6 >4:8B= CB8B5?4EF< Ω <M9@ D9L9A<9 (5.3.2)-

(5.3.8), (5.4.1) 6 E?98GRM9@ 6<89: 
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þ(Ă, ą; Ă1, ą1) = ∫Ā
� ÿ1(ą2; Ă1, ą1)ÿ2(Ă, ą; ą2)Ăą2 + 

 +ÿ1(Ă, ą, Ă)ÿ1∗(Ă; Ă1, ą1) , (Ă, ą) * Ω1,   (5.4.2) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
�1 ÿ2(ą2; Ă1, ą1)ÿ2(Ă, ą; ą2)Ăą2 + 

 +ÿ1(Ă, ą; Ă1)ÿ2∗(Ă; Ă1, ą1), (Ă, ą) * Ω2,  (5.4.3) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
Ā1 ÿ3(ą2; Ă1, ą1)ÿ2(Ă, ą; ą2)Ăą2 + 

 +ÿ1(Ă, ą; ą1)ÿ3∗(Ă; Ă1, ą1), (Ă, ą) * Ω3,   (5.4.4) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
� ÿ4(ą2; Ă1, ą1)ÿ3(Ă, ą; Ă1, ą2)Ăą2 + 

 +ÿ1(Ă, ą, Ă)ÿ4∗(Ă; Ă1, ą1), (Ă, ą) * Ω4,  (5.4.5) 

 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
Ā1 ÿ5(ą2; Ă1, ą1)ÿ3(Ă, ą; Ă1, ą2)Ăą2 + 

 +ÿ1(Ă, ą; ą1)ÿ5∗(Ă; Ă1, ą1), (Ă, ą) * Ω5,   (5.4.6) 

 þ(Ă, ą; Ă1, ą1) = ∫Ā
� ÿ6(ą2; Ă1, ą1)ÿ3(Ă, ą; ą1, ą2)Ăą2 + 

 +ÿ1(Ă, ą, Ă)ÿ6∗(Ă; Ă1, ą1), (Ă, ą) * Ω6,   (5.4.7) 

 

789 ÿ1(Ă, ą; Ă1) = exp(2∫Ā
�1 ÿ(Ă, ý)Ăý), 

 ÿ2(Ă, ą; Ă1) = exp(2∫�
0 Ā(ý, Ă1)Ăý) exp(2∫Ā

�1 ÿ(Ă, ý)Ăý), 
 ÿ3(Ă, ą; Ă1, ą1) = exp(2∫�

�1 Ā(ý, ą1)Ăý) exp(2∫Ā
Ā1 ÿ(Ă, ý)Ăý), 
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ÿ4(Ă, ą) = 2exp(2∫Ā
0 Ā(ý, ą)Ăý) exp(22∫�

Ā ÿ(ý, ý)Ăý), 
 

< ÿ1, ÿ2 * ÿ1(Ω × [0,1]), ÿ3 * ÿ1(Ω × Ω), ÿ4 * ÿ1(Ω);   ÿÿ∗ * ÿ1([0,1] × Ω), ÿÿ *ÿ([0,1]) × Ω), � = 1,6. �ECB?P;GS GE?B6<S (5.3.2)-(5.3.8), 8?S A9<;69EAB= 
HGA>J<< ÿÿ , � = 1,6, <; (5.4.2)-(5.4.7) CB?GK<@ GD46A9A<=: 
 2∫�

�1 ÿ4(ą2; Ă1, ą1)ÿ3�(Ă1, Ă; Ă1, ą2)Ăą2 +∫�
�1 ÿ2(ą2; Ă1, ą1)ÿ2�(Ă1, Ă; ą2)Ăą2 + 

 +ÿ2(Ă; Ă1, ą1)ÿ2(Ă1, Ă; Ă) 2 ÿ4(Ă; Ă1, ą1) = 0, Ă1 f Ă f ą1, (5.4.8) 

 2∫�
Ā1 ÿ5(ą2; Ă1, ą1)ÿ3�(Ă1, Ă; Ă1, ą2)Ăą2 +∫�

Ā1 ÿ3(ą2; Ă1, ą1)ÿ2�(Ă1, Ă; ą2)Ăą2 + 

 +ÿ3(Ă; Ă1, ą1)ÿ2(Ă1, Ă; Ă) 2 ÿ5(Ă; Ă1, ą1) = 0, ą1 f Ă f 1, (5.4.9) 

 2∫�
Ā1 ÿ6(ą2; Ă1, ą1)ÿ3�(ą1, Ă; Ă1, ą2)Ăą2 +∫�

Ā1 ÿ5(ą2; Ă1, ą1)ÿ3�(ą1, Ă; Ă1, ą2)Ăą2 + 

 +ÿ5(Ă; Ă1, ą1)ÿ3(ą1, Ă; Ă1, Ă) 2 ÿ6(Ă; Ă1, ą1) = 0, ą1 f Ă f 1,  (5.4.10) 

 ∫�
0 ÿ1(ą2; Ă1, ą1) (ÿ2�(0, Ă; ą2) 2 ÿÿ1�(Ă; 1)ÿ4(0, Ă; ą2)2 ÿÿ1(Ă; 1)ÿ4�(0, Ă; ą2)) Ăą2 2 

 2ÿ∫�1� ÿ1(ą2; Ă1, ą1)ÿ2�(Ă, 1; ą2)Ăą2 + 

 +ÿ∫Ā1�1 ÿ2(ą2; Ă1, ą1) (ÿ2(0,1; ą2)ă1(Ă) 2 ÿ2�(Ă, 1; ą2)) Ăą2 2 

 2ÿ∫Ā11 ÿ2(ą2; Ă1, ą1) (ÿ2(0,1; ą2)ă1(Ă) 2 ÿ2�(Ă, 1; ą2)) Ăą2 + 

 +ÿ1(Ă; Ă1, ą1)(2ÿ2(Ă, 1; Ă) + 1) = ý1(Ă; Ă1, ą1), 0 f Ă f Ă1,  (5.4.11) 

 2∫�1� ÿ2(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 2 ÿ∫�1� ÿ4(ą2; Ă1, ą1)ă3(Ă, ą2)Ăą2 2 
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2ÿ2∫�1Ā1 ÿ4(ą2; Ă1, ą1)ă3(Ă, ą2)ÿ3(Ă1, Ă1; Ă1, ą2)Ăą2 2 

 2ÿ∫�1Ā1 ÿ2(ą2; Ă1, ą1)ă2(Ă, Ă1)ÿ3(Ă1, Ă1; Ă1, ą2)Ăą2 + 

 +ÿ∫1
Ā1 ÿ3(ą2; Ă1, ą1)ă2(Ă, Ă1)ÿ2(0,1; ą2)Ăą2 + 

 +∫�10 ÿ1(ą2; Ă1, ą1) (ÿ2�(0, Ă; ą2) + ÿÿ2(0,1; ą2)ă2(Ă, Ă1)2 ÿ2(0, Ă1; ą2)ă3(Ă, Ă1)2ÿ1(Ă, 1) )Ăą2 + 

 +∫1
Ā1 ÿ5(ą2; Ă1, ą1) (2ÿ3�(Ă, 1; Ă1, ą2) + ÿ�(Ă1, Ă1; Ă1, ą2)ă3(Ă, Ă1)2ÿ1(Ă, 1) )Ăą2 + 

 +ÿ2(Ă; Ă1, ą1) + ÿÿ4(Ă; Ă1, ą1)(ÿ3(Ă, 1; Ă1, Ă) 2 ÿ1(Ă; 1)ÿ4(Ă1, Ă, Ă )) = 

 = ý2(Ă; Ă1, ą1), Ă1 f Ă f ą1,  (5.4.12) 

 ∫�
Ā1 ÿ3(ą2; Ă1, ą1)ÿ2�(0, Ă; ą2)Ăą2 + ÿ∫Ā1� ÿ6(ą2; Ă1, ą1)ă4(Ă, ą2)Ăą2 2 

 2ÿ∫1
� ÿ6(ą2; Ă1, ą1)ÿ3�(Ă, 1; ą1, ą2)Ăą2 + 

 +ÿ∫1
Ā1 ÿ3(ą2; Ă1, ą1)ÿ2(0,1; ą2)ă5(Ă, ą1)Ăą2 + 

 +ÿ2∫1
Ā1 ÿ6(ą2; Ă1, ą1)ÿ3(ą1, ą1; ą1, ą2)ă4(Ă, ą1)Ăą2 + 

 +∫�10 ÿ1(ą2; Ă1, ą1) (ÿ2�(0, Ă; ą2) + ÿÿ2(0,1; ą2)ă5(Ă, ą1)2 ÿ2(0, ą1; ą2)ă4(Ă, ą1)2ÿ1(ą1, 1) )Ăą2 2 
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2∫�1Ā1 ÿ1(ą2; Ă1, ą1) (ÿ2�(0, Ă; ą2) + ÿÿ2(0,1; ą2)ă5(Ă, ą1)2 ÿ2(0, ą1; ą2)ă4(Ă, ą1)2ÿ1(ą1, 1) )Ăą2 + 

 +ÿ3(Ă; Ă1, ą1) + ÿÿ6(ą2; Ă1, ą1)(ÿ3(Ă, 1; ą1, Ă) 2 ÿ1(Ă; 1)ÿ4(ą1, Ă, Ă )) = 

 = ý3(Ă; Ă1, ą1), ą1 f Ă f 1,  (5.4.13) 

 

789 
 ý1(Ă; Ă1, ą1) = ÿ2ÿ3(ą1, 1; Ă1, ą1)1 2 ÿÿ2(Ă1, 1; Ă1) (ÿ2�(Ă, 1; Ă1) 2 ă1(Ă)ÿ2(0,1; Ă1)) + 

 +ÿ2ÿ3(ą1, 1; Ă1, ą1)1 2 ÿÿ2(Ă1, 1; ą1) (ÿ2�(Ă, 1; ą1) 2 ă1(Ă)ÿ2(0,1; ą1)), 
 ý2(Ă; Ă1, ą1) = 2ÿ2ÿ3(ą1, 1; Ă1, ą1)1 2 ÿÿ2(Ă1, 1; ą1) ÿ2(0,1; ą1)ă2(Ă, Ă1) + 

 + ÿÿ3(ą1, 1; Ă1, ą1)1 2 ÿÿ2(Ă1, 1; Ă1) (2ÿ2�(0, Ă; Ă1) 2 ÿÿ2(0,1; Ă1)ă2(Ă, Ă1) + 12ă3(Ă, Ă1)) 2 

 2 ÿ1 2 ÿÿ2(Ă1, 1; ą1) (2ÿ3�(Ă, 1; Ă1, ą1) + 12ÿ3(Ă1, 1; Ă1, ą1)ă3(Ă, Ă1)), 
 ý3(Ă; Ă1, ą1) = ÿÿ3(ą1, 1; Ă1, ą1)1 2 ÿÿ2(Ă1, 1; Ă1) (2ÿ2�(0, Ă; Ă1) 2 ÿÿ2(0,1; Ă1)ă5(Ă, ą1)+ 12ă4(Ă, ą1)ÿ2(0, ą1; Ă1)ÿ1(0,1) ) + 

 + ÿÿ3(ą1, 1; Ă1, ą1)1 2 ÿÿ2(Ă1, 1; ą1) (2ÿ2�(0, Ă; ą1) 2 ÿÿ2(0,1; ą1)ă5(Ă, ą1)+ 12ÿ1(ą1, 1) ă4(Ă, ą1)), 
 ă1(Ă) = 11 2 ÿÿ1(0,1) ĂĂĂ (ÿ1(0, Ă) 2 ÿ2 ÿ1(Ă, 1)ÿ4(0, Ă, 0)), 
 



77 
 

ă2(Ă, Ă1) = 11 2 ÿÿ1(0,1) ĂĂĂ (ÿ1(0, Ă) 2 12ÿ1(0, Ă1)ÿ1(Ă, 1)ÿ4(Ă1, Ă, Ă1)), 
 ă3(Ă, Ă1) = ĂĂĂ (ÿ1(Ă, 1)ÿ4(Ă1, Ă, Ă1)), 
 ă4(Ă, ą1) = ĂĂĂ (ÿ1(Ă, 1)ÿ4(ą1, Ă, ą1)), 
 ă5(Ă, ą1) = 11 2 ÿÿ1(0,1) ĂĂĂ (ÿ1(0, Ă) 2 12ÿ1(0, ą1)ÿ1(Ă, 1)ÿ4(ą1, Ă, ą1)). 
 

� <FB79 CB?GK<@ E?98GRMGR E<EF9@G GD46A9A<=: 
 þÿ⃗(þ; Ă1, ą1) + ∫1

0 ÿ(þ, ÿ; Ă1, ą1)ÿ⃗(ÿ; Ă1, ą1)Ăÿ = ý⃗(þ; Ă1, ą1), 0 f þ f 1, 
 

789 

ÿ⃗ =
( 
   
ÿ1���ÿ2���ÿ3���ÿ4���ÿ5���ÿ6���) 
   , ý⃗ =

( 
  
000ý1�ý2���ý3���) 
  ,   

 

þ =
( 
  
Ā11 0 0 0 0 00 1 Ā23 0 0 00000

Ā32000
0 21 0 01 0 0 Ā46Ā53 0 21 00 0 Ā65 21) 

  , 
 Ā11 = 2ÿ2(ý1, 1; ý1) + 1, Ā32 = ÿ2(Ă1, ý2, ý2), 
 Ā23 = ÿ(ÿ3(ý2, 1; Ă1, ý2) 2 ÿ1(ý2, 1)ÿ1(Ă, 1)ÿ4(Ă1, ý2, ý2)), 
 Ā46 = ÿ(ÿ3(ý3, 1; ą1, ý3) 2 ÿ1(ý3, 1)ÿ1(Ă, 1)ÿ4(ą1, ý3, ý3)), 
 Ā53 = ÿ2(Ă1, ý3, ý3), Ā65 = ÿ3(ą1, ý3; Ă1, ý3), 
  0 f ý1 f Ă1, Ă1 f ý2 f ą1, ą1 f ý3 f 1. 
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det|þ| = 1 + ÿexp(2∫þ
0 Ā(ý, þ)Ăý) exp(2∫1

þ ÿ(þ, ý)Ăý) b 0, 0 f þ f 1. 
 

&4><@ B5D4;B@, 9E?< det|þ| b 0, 8B>4;4AB ?9@@4: 
�9@@4 5.4.2 �E?< D9L9A<9 ;484K< (5.1.1)-(5.1.3) 98<AEF69AAB, FB HGA>J<S þ1(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (5.3.2)-(5.3.8), (5.4.1) EGM9EF6G9F < 

98<AEF69AAB. 
�M9@ D9L9A<9 ;484K< (5.3.1)-(5.3.8) 6 E?98GRM9@ 6<89: 
 þ = þ1 + Ā, (5.4.8) 

 

789 þ1(Ă, ą; Ă1, ą1) - D9L9A<9 ;484K< (5.3.2)-(5.3.8), (5.4.1), Ā(Ă, ą; Ă1, ą1) S6?S9FES 
A9CD9DO6AB= HGA>J<9=. #B8EF46?SS (5.4.8) 6 (5.3.2)-(5.3.8) 8?S HGA>J<< Ā(Ă, ą; Ă1, ą1), CB?GK<@ E?98GRMGR ;484KG: 
 Ā(�,Ā)Ā(Ă, ą; Ă1, ą1) = 2Āþ1 = ÿ3, (Ă, ą) * Ω, 
 ?@и  Ă b Ă1, Ă b ą1, ą b Ă1, ą b ą1;    (5.4.9) 

 (Ā� 2 ĀĀ)(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1, (Ă1, ą1) * Ω; (5.4.10) 

 Ā(0, Ă0; Ă1, ą1) = ÿĀ(Ă0, 1; Ă1, ą1), 0 f Ă0 f 1, (Ă1, ą1) * Ω. (5.4.11) 

 

�?S ;484K< (5.4.9)-(5.4.11) CB?GK<?< F9BD9@G 4A4?B7<KAB ;484K9 (5.1.1)-

(5.1.3). 

T9BD9@4 5.4.3 #GEFP ÿ, Ā, ÿ� , ĀĀ , ā * ÿ(�). �E?< D9L9A<9 ;484K< (5.4.9)-

(5.4.11) 98<AEF69AAB, FB 8?S ?R5B7B ÿ3 * Ā2(� × �) EGM9EF6G9F D9L9A<9 Ā *Ć21(� × �), Ā�Ā * Ā2(� × �) ;484K< (5.4.9)-(5.4.11). 

&4><@ B5D4;B@, 8B>4;4AB E?98GRM4S F9BD9@4: 
T9BD9@4 5.4.4. �E?< D9L9A<9 ;484K< (5.1.1)-(5.1.3) 98<AEF69AAB, FB 

HGA>J<S þ(Ă, ą; Ă1, ą1), G8B6?9F6BDSRM4S GE?B6<S@ (5.3.1)-(5.3.8), EGM9EF6G9F < 
98<AEF69AAB.  



79 
 

6 #"%&$"�!�� #$� �$� �"$$��&!"� 
)�$��&�$�%&�+�%�"� �$���"� ����+�, � �.-�� 
«!����%%�+�%���» ��� ('!�*�� �$�!� 

 

6.1 #@8<5@ 1 
� I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 Ω = {(Ă, ą): 0 < Ă < ą < 1} 

D4EE@BFD9AB 6B?AB6B9 GD46A9A<9: 
 Āÿ = ÿ�Ā = ÿ(Ă, ą), (Ă, ą) * Ω.     (6.1.1) 

 

�?S GD46A9A<S (6.1.1) D4EE@BFD9A4 >D4964S ;484K4: 
 ÿ(0, Ă0) = ÿÿ(1 2 Ă0, 1), 0 f Ă0 f 1,    (6.1.2) 

 

789 ÿ * ÿ(Ω), ÿ - ;484AA4S >BAEF4AF4. !4 A9I4D4>F9D<EF<K9E>B= ?<A<< ýþ ={0 f Ă = ą f 1} ;484ёFES >D496B9 GE?B6<9 C9D6B7B DB84 
 ÿ(Ă, Ă) = 0,    0 f Ă f 1.      (6.1.3) 

 

&4>4S ;484K4 8?S E?GK4S 6ODB:84RM97BES 7<C9D5B?<K9E>B7B GD46A9A<S 
6C9D6O9 5O?4 D4EE@BFD9A4 6 D45BF9 &.,. �4?P@9AB64, �.!. �<SDB64 [37]. 

#B>4:9@, KFB CD< ÿ2 b 1 ;484K4 (6.1.1)-(6.1.3) >BDD9>FA4. $9L9A<9 ;484K< 
(6.1.1), (6.1.3) <M9@ 6 E?98GRM9@ 6<89: 
 ÿ(Ă, ą) = Ā(Ă) + Ā(ą) 2 -Ā� ĂĂ1 -Ā�1 ÿ(Ă1, ą1)Ăą1, (Ă, ą) * Ω.  (6.1.4) 

 

#B8EF46?SS (6.1.4) 6 (6.1.2) CB?GK<@: 
 ÿ(Ă, ą) = 2 ÿ21 2 ÿ2∫Ā

� ĂĂ1∫1
Ā ÿ(Ă1, ą1)Ăą1 + 11 2 ÿ2∫�

0 ĂĂ1∫Ā
� ÿ(Ă1, ą1)Ăą1 + 

 + ÿ1 2 ÿ2∫12Ā
0 ĂĂ1∫12�

12Ā ÿ(Ă1, ą1)Ăą1 2 ÿ1 2 ÿ2∫12�
12Ā ĂĂ1∫1

12� ÿ(Ă1, ą1)Ăą1. 
 

�4?99 A4@< 6C9D6O9 84AB BCD989?9A<9 HGA>J<< �D<A4 ;484K< (6.1.1)-

(6.1.3). 

"CD989?9A<9 6.1.1 (GA>J<9= �D<A4 ;484K< (5.1)-(5.3) A4;B69@ HGA>J<R þ(Ă, ą; Ă1, ą1), >BFBD4S CD< ?R5B@ H<>E<DB64AAB@ (Ă1, ą1) * �, G8B6?9F6BDS9F 
B8ABDB8AB@G GD46A9A<R 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω, Ă b Ă1,  Ă b ą1, ą b ą1, ą b Ă1,    (6.1.5) 

 

< E?98GRM<@ 7D4A<KAO@ GE?B6<S@: 
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þ(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1;     (6.1.6) 

 þ(0, Ă0; Ă1, ą1) = αþ(1 2 Ă0, 1; Ă1, ą1), 0 f Ă0 f 1;   (6.1.7) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I: 
 þĀ(Ă1 + 0, ą; Ă1, ą1) = þĀ(Ă1 2 0, ą; Ă1, ą1),  

 ą b Ă1, ą b ą1,    ą b 1 2 Ă1, ą b 1 2 ą1;    (6.1.8) 

 þĀ(ą1 + 0, ą; Ă1, ą1) = þĀ(ą1 2 0, ą; Ă1, ą1), 
 ą b Ă1, ą b ą1,    ą b 1 2 Ă1, ą b 1 2 ą1;   (6.1.9) 

 þĀ(1 2 ą1 + 0, ą; Ă1, ą1) = þĀ(1 2 ą1 2 0, ą; Ă1, ą1), 
 ą b Ă1, ą b ą1,    ą b 1 2 Ă1, ą b 1 2 ą1;   (6.1.10) 

 þĀ(1 2 Ă1 + 0, ą; Ă1, ą1) = þĀ(1 2 Ă1 2 0, ą; Ă1, ą1), 
 ą b Ă1, ą b ą1,    ą b 1 2 Ă1, ą b 1 2 ą1;   (6.1.11) 

 þ�(Ă, ą1 + 0; Ă1, ą1) = þ�(Ă, ą1 2 0; Ă1, ą1), 
 Ă b Ă1, Ă b ą1,    Ă b 1 2 Ă1, Ă b 1 2 ą1;    (6.1.12) 

 þ�(Ă, Ă1 + 0; Ă1, ą1) = þ�(Ă, Ă1 2 0; Ă1, ą1), 
 Ă b Ă1, Ă b ą1,    Ă b 1 2 Ă1, Ă b 1 2 ą1;    (6.1.13) 

 þ�(Ă, 1 2 ą1 + 0; Ă1, ą1) = þ�(Ă, 1 2 ą1 2 0; Ă1, ą1), 
 Ă b Ă1, Ă b ą1,    Ă b 1 2 Ă1, Ă b 1 2 ą1;    (6.1.14) 

 þ�(Ă, 1 2 Ă1 + 0; Ă1, ą1) = þ�(Ă, 1 2 Ă1 2 0; Ă1, ą1), 
 Ă b Ă1, Ă b ą1,    Ă b 1 2 Ă1, Ă b 1 2 ą1;    (6.1.15) 

 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) 2 
 2þ(Ă1 + 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 + 0; Ă1, ą1) = 1. (6.1.16) 

 þ(1 2 ą1 2 0,1 2 Ă1 2 0; Ă1, ą1) 2 þ(1 2 ą1 + 0,1 2 Ă1 2 0; Ă1, ą1) 2 
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2þ(1 2 ą1 2 0,1 2 Ă1 + 0; Ă1, ą1) + 

 +þ(1 2 ą1 + 0,1 2 Ă1 + 0; Ă1, ą1) = 0;  (6.1.17) 

 

#D<  ą1 < 1/2 <?< Ă1 > 1/2: 

 2þ(ą1 2 0,1 2 Ă1 2 0; Ă1, ą1) + þ(ą1 2 0, 1 2 Ă1 + 0; Ă1, ą1) + 

 +þ(ą1 + 0,1 2 Ă1 2 0; Ă1, ą1) 2 þ(ą1 + 0, 1 2 Ă1 + 0; Ă1, ą1) = 0. (6.1.18) 

 

#D<  ą1 < 1/2 <?< Ă1 < 1/2,  ą1 > 1/2: 

 þ(Ă1 2 0, 1 2 ą1 + 0; Ă1, ą1) 2 þ(Ă1 2 0,1 2 ą1 2 0; Ă1, ą1) + 

 +þ(Ă1 + 0,1 2 ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, 1 2 ą1 + 0; Ă1, ą1) = 0. (6.1.19) 

 

#D< Ă1 > 1/2 <?< Ă1 < 1/2,  ą1 > 1/2: 

 þ(1 2 Ă1 2 0, ą1 + 0; Ă1, ą1) 2 þ(1 2 Ă1 2 0, ą1 2 0; Ă1, ą1) + 

 +þ(1 2 Ă1 + 0, ą1 2 0; Ă1, ą1) 2 þ(1 2 Ă1 + 0, ą1 + 0; Ă1, ą1) = 0. (6.1.20) 

 

"CD989?9A<9 HGA>J<< �D<A4 ;484K< (6.1.1)-(6.1.3), >4> 6<8AB, 
EGM9EF69AAB BF?<K49FES BF BCD989?9A<S HGA>J<= �D<A4 6E9I CD98O8GM<I 
;484K F9@, KFB HGA>J<S �D<A4 QFB= ;484K< <@99F E>4K>< A4 6BEP@< 
I4D4>F9D<EF<>4I. 

&9BD9@4 6.1.2 �E?< ÿ2 b 1, FB784 HGA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S 
G8B6?9F6BDS9F GE?B6<S@ (6.1.5)-( 6.1.20), EGM9EF6G9F < 98<AEF69AA4. 

#D< 8B>4;4F9?PEF69 F9BD9@O 6.1.2 6O89?9AO CSFA48J4FP CB8B5?4EF9= Ωā 

B5?4EF< �, � = 1,15������ < 6 >4:8B= CB8B5?4EF9 HGA>J<S �D<A4 <M9FES 6 
E?98GRM9@ 6<89: 

 þ(Ă, ą; Ă1, ą1) = āÿ 2 ÿÿ , � = 1,15������.   (6.1.21) 

 

�4?99 CB8EF46<@ (6.1.21) 6 (6.1.6)-(6.1.20). � <FB79 CB?GK<@ HGA>J<R 
�D<A4 ;484K< (6.1.1)-(6.1.3). 6 S6AB@ 6<89 < BA4 <@99F E?98GRM<= 6<8: 

CD< Ă1 > 1/2: 

 þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω1, Ω3, Ω5, Ω6, Ω10, Ω12, Ω13, Ω15; 
 þ(Ă, ą; Ă1, ą1) = ÿ1 2 ÿ2 , (Ă, ą) * Ω2; 
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þ(Ă, ą; Ă1, ą1) = 11 2 ÿ2 , (Ă, ą) * Ω4, Ω11; 
 þ(Ă, ą; Ă1, ą1) = 2 ÿ1 2 ÿ2 , (Ă, ą) *  Ω7, Ω9; 
 þ(Ă, ą; Ă1, ą1) = 11 + ÿ , (Ă, ą) * Ω8; 
 þ(Ă, ą; Ă1, ą1) = 2 ÿ21 2 ÿ2 , (Ă, ą) * Ω14. 
 

CD<  ą1 < 1/2: 

 þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω1, Ω3, Ω5, Ω6, Ω10, Ω12, Ω13, Ω15; 
 þ(Ă, ą; Ă1, ą1) = 11 2 ÿ2 , (Ă, ą) * Ω2; 
 þ(Ă, ą; Ă1, ą1) = ÿ1 2 ÿ2 , (Ă, ą) * Ω4, Ω11; 
 þ(Ă, ą; Ă1, ą1) = 2 ÿ21 2 ÿ2 , (Ă, ą) * Ω7, Ω9, Ω14; 
 þ(Ă, ą; Ă1, ą1) = 2ÿ1 2 ÿ , (Ă, ą) * Ω8. 
 

CD< Ă1 < 1/2,  ą1 > 1/2: 

 þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω1, Ω5, Ω6, Ω8, Ω10, Ω13, Ω15; 
 þ(Ă, ą; Ă1, ą1) = ÿ1 2 ÿ2 , (Ă, ą) * Ω2, Ω4; 
 þ(Ă, ą; Ă1, ą1) = 11 2 ÿ , (Ă, ą) * Ω3; 
 þ(Ă, ą; Ă1, ą1) = ÿ1 2 ÿ2 , (Ă, ą) * Ω7; 
 þ(Ă, ą; Ă1, ą1) = 2 ÿ1 2 ÿ2 , (Ă, ą) *  Ω11; 
 þ(Ă, ą; Ă1, ą1) = 2 ÿ1 2 ÿ , (Ă, ą) * Ω12; 
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þ(Ă, ą; Ă1, ą1) = 2 ÿ21 2 ÿ2 , (Ă, ą) * Ω14. 
 

�; BCD989?9A<S 6.1.1 ?97>B 6<89FP, KFB HGA>J<S �D<A4 ;484K< (6.1.1)-

(6.1.3) <@99F «A9>?4EE<K9E><=» 6<8, CBFB@G KFB <@99F D4;DO6O A4 6BEP@< 
I4D4>F9D<EF<>4I.  

 

6.2 #@8<5@ 2 
� I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 Ω = {(Ă, ą): 0 < Ă < ą < 1} 

D4EE@BFD9AB 6B?AB6B9 GD46A9A<9 
 Āÿ = ÿ�Ā = ÿ(Ă, ą), (Ă, ą) * Ω.     (6.2.1) 

 

�?S GD46A9A<S (6.2.1) D4EE@BFD9A4 >D4964S ;484K4 
 ÿ(0, ą) = 0, 0 f ą f ÿ,    (6.2.2) 

 ÿ(Ă, 1) = 0, ÿ f Ă f 1,    (6.2.3) 

 

789 ÿ * ÿ(Ω), ÿ - ;484AA4S >BAEF4AF4. !4 A9I4D4>F9D<EF<K9E>B= ?<A<< ýþ ={0 f Ă = ą f 1} ;484ёFES >D496B9 GE?B6<9 C9D6B7B DB84 
 ÿ(Ă, Ă) = 0,    0 f Ă f 1.      (6.2.4) 

 

#B>4:9@, KFB ;484K4 (6.2.1)-(6.2.4) >BDD9>FA4. $9L9A<9 ;484K< (6.2.1), 

(6.2.4) <M9@ 6 E?98GRM9@ 6<89: 
 ÿ(Ă, ą) = ā(Ă) 2 ā(ą) + -�0 ĂĂ1 -Ā� ÿ(Ă1, ą1)Ăą1, (Ă, ą) * Ω.  (6.2.5) 

 

#B8EF46?SS (6.2.5) 6 (6.2.2) CB?GK<@: 
 ā(þ) = ā(0), 0 f þ f ÿ. 
 

&4>:9 CB8EF46?SS (6.2.5) 6 (6.2.3) CB?GK<@: 
 ā(þ) = ā(1) 2 ∫þ

0 ĂĂ1∫1
þ ÿ(Ă1, ą1)Ăą1, ÿ f þ f 1.  

 

�4?99 CB?GK<@ D9L9A<9 ;484K< 6 FD9I E?GK4SI: 
 ÿ(Ă, ą) = ∫�

0 ĂĂ1∫Ā
� ÿ(Ă1, ą1)Ăą1, 0 f Ă f ÿ, 0 f ą f ÿ, 
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ÿ(Ă, ą) = ∫Ā
� ĂĂ1∫1

Ā ÿ(Ă1, ą1)Ăą1, ÿ f Ă f 1, ÿ f ą f 1, 
 ÿ(Ă, ą) = ∫Ā

0 ĂĂ1∫1
Ā ÿ(Ă1, ą1)Ăą1 + 

 +∫�
0 ĂĂ1∫Ā

� ÿ(Ă1, ą1)Ăą1 2∫ÿ
0 ĂĂ1∫1

ÿ ÿ(Ă1, ą1)Ăą1, 0 f Ă f ÿ, ÿ f ą f 1. 
 

"CD989?9A<9 6.2.1 (GA>J<9= �D<A4 ;484K< (6.2.1)-(6.2.4) A4;B69@ 
HGA>J<R þ(Ă, ą; Ă1, ą1), >BFBD4S CD< ?R5B@ H<>E<DB64AAB@ (Ă1, ą1) * �, 

G8B6?9F6BDS9F B8ABDB8AB@G GD46A9A<R 

 Ā(�,Ā)þ = 0, (Ă, ą) * Ω, Ă b Ă1,  Ă b ą1, ą b ą1, ą b Ă1,    (6.2.6) 

 

< E?98GRM<@ 7D4A<KAO@ GE?B6<S@: 
 þ(Ă, Ă; Ă1, ą1) = 0, 0 f Ă f 1;     (6.2.7) 

 þ(0, ą; Ă1, ą1) = 0, 0 f ą f ÿ;     (6.2.8) 

 þ(Ă, 1; Ă1, ą1) = 0, ÿ f Ă f 1;     (6.2.9) 

 

< GE?B6<S@ A4 I4D4>F9D<EF<>4I: 
 þĀ(Ă1 + 0, ą; Ă1, ą1) = þĀ(Ă1 2 0, ą; Ă1, ą1),  

 ą b Ă1, ą b ą1;     (6.2.10) 

 þĀ(ą1 + 0, ą; Ă1, ą1) = þĀ(ą1 2 0, ą; Ă1, ą1), 
 ą b Ă1, ą b ą1;     (6.2.11) 

 þ�(Ă, ą1 + 0; Ă1, ą1) = þ�(Ă, ą1 2 0; Ă1, ą1), 
 Ă b Ă1, Ă b ą1;      (6.2.12) 

 þ�(Ă, Ă1 + 0; Ă1, ą1) = þ�(Ă, Ă1 2 0; Ă1, ą1), 
 Ă b Ă1, Ă b ą1;      (6.2.13) 

 þ(Ă1 2 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 2 0, ą1 + 0; Ă1, ą1) 2 
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2þ(Ă1 + 0, ą1 2 0; Ă1, ą1) 2 þ(Ă1 + 0, ą1 + 0; Ă1, ą1) = 1. (6.2.14) 

 

&9BD9@4 6.2.2 (GA>J<S þ(Ă, ą; Ă1, ą1), >BFBD4S G8B6?9F6BDS9F GE?B6<S@ 
(6.2.6)-(6.2.14), EGM9EF6G9F < 98<AEF69AA4. 

#D< 8B>4;4F9?PEF69 F9BD9@O 6.1.2 6O89?9AO 89ESFP CB8B5?4EF9= Ωā 

B5?4EF< �, � = 1,10������ < 6 >4:8B= CB8B5?4EF9 HGA>J<S �D<A4 <M9FES 6 
E?98GRM9@ 6<89: 

 þ(Ă, ą; Ă1, ą1) = āÿ 2 ÿÿ , � = 1,10������.   (6.2.15) 

 

�4?99 CB8EF46<@ (6.2.15) 6 (6.2.7)-(6.2.14). � <FB79 CB?GK<@ HGA>J<R 
�D<A4 ;484K< (6.2.1)-(6.2.4), 6 S6AB@ 6<89 < BA4 <@99F E?98GRM<= 6<8: 
CD<  0 f ą f ÿ, 0 f Ă f ÿ: 

 þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω1, Ω3, Ω4, Ω5, Ω6, Ω7, Ω8, Ω9, Ω10; 
 þ(Ă, ą; Ă1, ą1) = 1, (Ă, ą) * Ω2. 
 

CD< ÿ f ą f 1, ÿ f Ă f 1: 

 þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω1, Ω2, Ω3, Ω4, Ω5, Ω6, Ω7, Ω8 , Ω10; 
 þ(Ă, ą; Ă1, ą1) = 1, (Ă, ą) * Ω9. 
 

CD< ÿ f ą f 1, 0 f Ă f ÿ: 

 þ(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω1, Ω3, Ω4, Ω5, Ω7, Ω8 , Ω10; 
 þ(Ă, ą; Ă1, ą1) = 1, (Ă, ą) * Ω2, Ω9, 
 þ(Ă, ą; Ă1, ą1) = 21, (Ă, ą) *  Ω6. 
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7 �$�!�+!/� '%�"��/ "�.� !"�" ��#�$�"��+�%�"�" 
#"&�!*���� � "���%&� % �$��"��!��!"� �$�!�*��  

 

� 84AAB@ D4;89?9 <EE?98B64A B8AB@9DAO= B5N9@AO= 7<C9D5B?<K9E><= 
CBF9AJ<4? 6 B5?4EF< E >D<6B?<A9=AB= 7D4A<J9=. � >4K9EF69 S8D4 
7<C9D5B?<K9E>B7B CBF9AJ<4?4 6O5D4AB HGA84@9AF4?PAB9 D9L9A<9 ;484K< 
�BL<. )BDBLB <;69EFAB, KFB 6 QFB@ E?GK49 B5N9@AO= 7<C9D5B?<K9E><= 
CBF9AJ<4? G8B6?9F6BDS9F B8ABDB8AB@G A4K4?PAB@G GE?B6<R. #BEFDB9AB 
7D4A<KAO9 GE?B6<S, >BFBDO@ G8B6?9F6BDS9F 7<C9D5B?<K9E><= B5N9@AO= 
CBF9AJ<4? A4 5B>B6OI 7D4A<J4I B5?4EF<. #B>4;4AB, KFB EHBD@G?<DB64AA4S 
A4K4?PAB->D4964S ;484K4 <@99F 98<AEF69AAB9 >?4EE<K9E>B9 D9L9A<9. 

� [38], @9FB8 $<@4A4-�D<A4 <ECB?P;G9FES 8?S CB?GK9A<S B5M<I D9L9A<= 
;484K �BL< 8?S 7<C9D5B?<K9E>B7B GD46A9A<S 6 CDB<;6B?PAB= B5?4EF<. $<@4A 
6C9D6O9 ;4AS?ES F4><@< ;484K4@< 6 8648J4FB@ 69>9 [39]. #BE?9 $<@4A4, �4D5G 
8B5<?ES 5B?PLB7B CDB7D9EE4 6 QFB= B5?4EF<. � QF<I D45BF4I 5O?< ;4?B:9AO 
BEAB6O 8?S CD98EF46?9A<S D9L9A<= 7<C9D5B?<K9E><I GD46A9A<= 6 
<AF97D4?PAB= HBD@9. 

"5N9@AO= Q??<CF<K9E><= CBF9AJ<4? L<DB>B <ECB?P;G9FES CD< D9L9A<< 
>?4EE<K9E><I ;484K �<D<I?9, !9=@4A4 < 8DG7<I >D496OI ;484K 8?S B5?4EF9= 
CDB<;6B?PAB= HBD@O. !B, 6 FB :9 6D9@S, 7D4A<KAO9 GE?B6<S < EC9>FD4?PAO9 
;484K< B5N9@AB7B CBF9AJ<4?4 8B A9846A97B 6D9@9A< A9 <EE?98B64?<EP. &B 9EFP, 
A9E@BFDS A4 7?G5B><9 <EE?98B64A<S B5M9= F9BD<< B5N9@AB7B CBF9AJ<4?4, 8B 
A9846A97B 6D9@9A< B5N9@AO= CBF9AJ<4? !PRFBA4: 
 ÿþÿ(ý) = ∫Ω ă(ý 2 þ)ÿ(þ)Ăþ 

 

A9 D4EE@4FD<64?ES >4> A9;46<E<@O= BC9D4FBD, S6?SRM<=ES D9L9A<9@ 
A9>BFBDB= >D496B= ;484K<. &4><9 GK9AO9, >4> Engquist B. < Majda A. [40], 

Givoli D. [41-43], Li J.R., Greengard L. [44], Hagstrom T. [45], Tsynkov S.V. [46], 

Wu X. < Zhang J. [47] <ECB?P;B64?< BEAB6O F9BD<< >D496OI ;484K 8?S 
D4;?<KAOI 6<8B6 B5N9@AOI CBF9AJ<4?B6 8?S D9L9A<S D4;?<KAOI ;484K 
@4F9@4F<K9E>B= H<;<>< < K<E?9AAOI D4EK9FB6. 

� D45BF9 &.,. �4?P@9AB64 < �. %GD474A4 [48] 6C9D6O9 5O?< CBEFDB9AO 
7D4A<KAO9 GE?B6<S B5N9@AB7B CBF9AJ<4?4 ÿþÿ 8?S E?GK4S @AB7B@9DAB7B 
BC9D4FBD4 �4C?4E4. !B6O9 A9?B>4?PAO9 7D4A<KAO9 GE?B6<S, >BFBDO9 
B8AB;A4KAB BCD989?SRF B5N9@AO= CBF9AJ<4? !PRFBA4, <@9RF 6<8 

 ÿ(ý)2 2 ∫ĀΩ(āă(ý 2 þ)āĀþ ÿ(þ) 2 ă(ý 2 þ) āÿ(þ)āĀþ )ĂĂþ = 0,    ý * āΩ. 
 

!9E@BFDS A4 E?B:ABEFP QF<I 7D4A<KAOI GE?B6<=, BA< 5O?< 8B6B?PAB 
G8B5AO 6 <ECB?P;B64A<<. �ECB?P;GS QF< 7D4A<KAO9 GE?B6<S, 6 [49] 5O?< 
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CBEFDB9AO 6E9 EB5EF69AAO9 ;A4K9A<S < EB5EF69AAO9 HGA>J<< 8?S B5N9@AB7B 
CBF9AJ<4?4 6 86G@9DAB@ >DG79 < FD9I@9DAB@ L4D9.  

%?98 CBF9AJ<4?4 !PRFBA4 A4 7D4A<KAB= CB69DIABEF< CBS6<?ES 6 D45BF9 
�4E, 789 BA A4;64? QFB CD<AJ<CB@ BFEGFEF6<S BMGM9A<S 7D4A<JO < CDB69? 
CBE?98GRM<= EC9>FD4?PAO= 4A4?<;. -FB 5O?B 8BCB?A<F9?PAB D4EL<D9AB 6 
>A<79 �4E [50] E A9E>B?P><@< 84?PA9=L<@< CD<?B:9A<S@< > EC9>FD4?PAB= 
F9BD<< < 4E<@CFBF<>9 HGA>J<= CB8EK9F4 EB5EF69AAOI ;A4K9A<= �9=?S. �?S 
CB?GK9A<S B5M<I ECD46BKAOI E6989A<= B CBF9AJ<4?PAB= F9BD<< 8DB5AB= 
8<HHG;<< @O EEO?49@ES A4 [51-54]. 

� [55] 5O?B CB>4;4AB, KFB E4@BEBCDS:9AAO9 8<HH9D9AJ<4?PAO9 
BC9D4FBDO CBDB:84RFES 7D4A<KAO@< GE?B6<S@<. �4?99 5O?< CBEFDB9AO 
7D4A<KAO9 GE?B6<S 8?S A9E4@BEBCDS:9AAOI BC9D4FBDB6. � [56] 

D4EE@4FD<649FES A4K4?PAB->D4964S B5N9@A4S ;484K4 8?S 6B?AB6B7B GD46A9A<S 6 
B5?4EF< E CDS@B?<A9=AO@< 7D4A<J4@<. � [57] D4EE@BFD9AB B5B5M9AAO= 
F9C?B6B= CBF9AJ<4? 8?S 6ODB:89AAB7B (F9C?B6B7B) GD46A9A<S 8<HHG;<<, 
>BFBDB9 G8B6?9F6BDS9F A4K4?PAB@G GE?B6<R BFABE<F9?PAB 6D9@9AAB= 
C9D9@9AAB=. � QFB= D45BF9 A4=89AB 7D4A<KAB9 GE?B6<9 8?S QFB7B CBF9AJ<4?4.  
!9?B>4?PA4S A4K4?PAB->D4964S ;484K4 8?S GD46A9A<S 8DB5AB= 8<HHG;<< CB 
6D9@9A< 8?S ?4C?4E<4A4 �BA4 < 97B EF9C9A9= 6 7DGCC9 �9=;9A59D74 5O?4 
A9846AB <EE?98B64A4 $G:4AE><= < %GD474AB@ 6 [58], 4 F4>:9 6 [59] 8?S B5M<I 
EFD4F<H<J<DB64AAOI 7DGCC �<. 

�;GK9A<9 >BDD9>FABEF< A9?B>4?PAOI ;484K 8?S 7<C9D5B?<K9E><I 
GD46A9A<= E <AF97D4?PAO@< GE?B6<S@< 6 CBE?98A99 6D9@S S6?S9FES 4>FG4?PAB= 
CDB5?9@B=. "8AB= <; C9D6OI D45BF 6 QFB@ A4CD46?9A<< 5O?4 EF4FPS 
�.%. #G?P><A4 [60], 6 >BFBDB= 8B>4;O649FES EGM9EF6B64A<9 < 98<AEF69AABEFP 
B5B5M9AAB7B D9L9A<S 7<C9D5B?<K9E>B7B GD46A9A<S 6FBDB7B CBDS8>4 E 
<AF97D4?PAO@< GE?B6<S@< 6 CDS@BG7B?PA<>9. � [61] D4EE@4FD<64?4EP >D4964S 
;484K4 8?S B8AB@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S E A9?B>4?PAO@< 
A4K4?PAO@< 84AAO@< 6 <AF97D4?PAB= HBD@9. � EF4FP9 [62], D4EE@4FD<64?4EP 
;484K4 8?S 7<C9D5B?<K9E>B7B GD46A9A<S EB EF4A84DFAO@< A4K4?PAO@< 84AAO@< 
< A9?B>4?PAO@ <AF97D4?B@ 6FBDB7B DB84, >BFBDB9 6ODB:849FES < CD96D4M49FES 
6 C9D6O= 6<8. 

"5 B5B5M9AAB= D4;D9L<@BEF< D4;AOI ;484K 8?S 7<C9D5B?<K9E>B7B 
GD46A9A<S < 8?S 6ODB:84RM97BES 7<C9D5B?<K9E>B7B GD46A9A<S ;4A<@4?PES 
!... �4CGEF<A [63-65]. 

� 84AAB= K4EF< <EE?98B64AB ;484K4 CBEFDB9A<S 7D4A<KAOI GE?B6<= 8?S 
B8AB@9DAB7B 7<C9D5B?<K9E>B7B B5N9@AB7B CBF9AJ<4?4 6 B5?4EF< E 
>D<6B?<A9=AB= 7D4A<J9=. #B>4;4AB, KFB D9L9A<9 >D496B= ;484K< B8AB;A4KAB 
BCD989?S9FES B5N9@AO@ CBF9AJ<4?B@. 

 

7.1 #>AB0=>2:0 7040G8 

#GEFP Ā ⊂ ℝ2 >BA9KA4S B5?4EFP (D<EGAB> 6), B7D4A<K9AA4S CB 5B>4@ ý =ÿ1(þ) < ý = Ā1(þ), < B7D4A<K9AA4S E69DIG < EA<;G E97@9AF4@< þ = 0, 0 < ý < 1 < 
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þ = ă, ý0 < ý < ý1. �89EP ă > 0, ÿ1(0) = 0, Ā1(0) = 1, ÿ1(ă) = ý0, Ā1(ă) = ý1, ÿ1(þ) < Ā1(þ). 
 

 

$<EGAB> 6 –  "5?4EFP Ā 

 

$4EE@BFD<@ B5M99 7<C9D5B?<K9E>B9 GD46A9A<9 6FBDB7B CBDS8>4 
 Āÿ ≡ ā2ÿ(ý, þ)āþ2 2 ā2ÿ(ý, þ)āý2 + ÿ1(ý, þ) āÿ(ý, þ)āý + 

 +Ā1(ý, þ) āÿ(ý, þ)āý + ā1(ý, þ)ÿ(ý, þ) = 

 = ÿ1(ý, þ), (ý, þ) * Ā, (7.1.1) 

 

E A4K4?PAO@< GE?B6<S@< 6<84: 
 ÿ(ý, 0) = ĀÿĀþ (ý, 0) = 0, 0 f ý f 1, (7.1.2) 

 

789 ÿ1, Ā1, ā1 * ÿ1(Ā). #D98CB?B:<@, KFB 
 |ÿ12(þ)| < 1,    |Ā12(þ)| < 1. (7.1.3) 

 

)BDBLB <;69EFAB, KFB CD< ă > 1/2 D9L9A<9 7<C9D5B?<K9E>B7B GD46A9A<S 
(7.1.1) 6 Ā 6BEEF4A46?<649FES CD< A4K4?PAOI GE?B6<SI (7.1.2) A9 B8AB;A4KAB. 
�?S 98<AEF69AABEF< A9B5IB8<@B <ECB?P;B64FP 7D4A<KAO9 GE?B6<S.  O EF46<@ 
;484KG CBEFDB<FP 7D4A<KAO9 GE?B6<S, CD< >BFBDOI (6@9EF9 E A4K4?PAO@< 
GE?B6<S@<) D9L9A<9 GD46A9A<S (7.1.1) 6 Ā 5G89F B8AB;A4KAB BCD989?9AB 6 6<89 
B5N9@AB7B 7<C9D5B?<K9E>B7B CBF9AJ<4?4 (E@. GD46A9A<9 (7.1.4)). � E?GK49, 
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>B784 ÿ(þ) ≡ 0, Ā(þ) ≡ 1 < ÿ1, Ā1, ā1 = 0 QF4 ;484K4 D4EE@4FD<64?4EP 6 [66]. 

�B784 B5?4EFP Ā BEF49FES CD9:A<@ < ÿ1,  Ā1,  ā1 = 0, QFBF E?GK4= D4EE@4FD<64?ES 
6 [67]. 

#GEFP Āý,þ 5G89F <; Ā: Āý,þ = {(ý1, þ1) * Ā: |ý 2 ý1| < þ 2 þ1}. � Ā <@99@ 
B5N9@AO= 7<C9D5B?<K9E><= CBF9AJ<4? 6<84:  

 ÿ(ý, þ) = 2.Ω�,� ā1(ý, þ; ý1, þ1)ÿ1(ý1, þ1)Ăý1Ăþ1 (7.1.4) 

 

789 ā1(ý, þ; ý1, þ1) HGA>J<S $<@4A4-�D<A4 [38, E. 2], >BFBDO= G8B6?9F6BDS9F 
B8ABDB8AB@G EBCDS:9AAB@G GD46A9A<R  
 Ā1∗ā1 ≡ ā2āý1āþ1 ā(ý, þ; ý1, þ1) 2 āāý1 (ÿ1(ý1, þ1)ā(ý, þ; ý1, þ1)) 2 

 2 āāþ1 (ā(ý, þ; ý1, þ1)Ā1(ý1, þ1)) + ā1(ý1, þ1)ā(ý, þ; ý1, þ1) = 0, (ý, þ) * Ω, 
 

< E?98GRM<@ GE?B6<S@ A4 I4D4>F9D<EF<>9:  
 āā1(ý, þ; ý1, þ1)āý1 2 Ā1(ý1, þ1)ā1(ý, þ; ý1, þ1) = 0, ?@и ý1 = ý; 
  āā1(ý, þ; ý1, þ1)āþ1 2 ÿ1(ý1, þ1)ā1(ý, þ; ý1, þ1) = 0, ?@и  þ1 = þ; 
  ā1(ý, þ; ý, þ) = 1. 
 

� I4D4>F9D<EF<K9E><I >BBD8<A4F4I Ă = ý + þ, ą = ý 2 þ GD46A9A<9 (7.1.1) 

<@99F 6<8: 
 Ā2ÿ(�,Ā)Ā�ĀĀ + ÿ Āÿ(�,Ā)Ā� + Ā Āÿ(�,Ā)ĀĀ + āÿ(Ă, ą) = ÿ(Ă, ą), (Ă, ą) * Ω, (7.1.5) 

 

< A4K4?PAO9 GE?B6<S (7.1.2) 5G89F 6 E?98GRM9@ 6<89: 
 ÿ = ĀÿĀ� 2 ĀÿĀĀ = 0, ?@и Ă = ą, 0 f ą f 1,   (7.1.6) 

 

789 ÿ(Ă, ą), Ā(Ă, ą), ā(Ă, ą) * ÿ1(Ω) <  
 ÿ(Ă, ą) = 14(ÿ1 (Ă + ą2 , Ă 2 ą2 ) + Ā1 (Ă + ą2 , Ă 2 ą2 )), 
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Ā(Ă, ą) = 14(ÿ1 (Ă + ą2 , Ă 2 ą2 ) 2 Ā1 (Ă + ą2 , Ă 2 ą2 )), 
 ā(Ă, ą) = 14 ā1 (Ă + ą2 , Ă 2 ą2 ) , ÿ(Ă, ą) = 14ÿ1 (Ă + ą2 , Ă 2 ą2 ). 

 

�89EP Ω ⊂ ℝ2 B5?4EFP B7DA<K9AA4S CB 5B>4@ >D<6O@< Ă = ÿ(ą) < Ă =Ā(ą), < B7D4A<K9A4 E69DIG < EA<;G E97@9AF4@< Ă 2 ą = 0 < Ă 2 ą = 2ă. �89EP ÿ(0) = 0, Ā(1) = 1, ÿ(ą) < Ā(ą). �; (7.1.3) <@99@  
 2∞ < ÿ′(ą) < 0, (7.1.7) 

  2∞ < Ā′(ą) < 0. (7.1.8) 

 

7.2 #>AB@>5=85 3@0=8G=KE CA;>289  

#GEFP Ω�,Ā K4EFP Ω: Ω�,Ā = {(Ă1, ą1) * Ω: Ă1 < Ă, ą1 > ą}. &B784 B5N9@AO= 
CBF9AJ<4? (7.1.4) @B:9F 5OFP ;4C<E4A 6 6<89: 

 ÿ(Ă, ą) = 2.Ω�,� ā(Ă, ą; Ă1ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1 (7.2.1) 

 

789 ā(Ă, ą; Ă1, ą1) - HGA>J<S $<@4A4-�D<A4 [38, E. 2], >BFBDO= G8B6?9F6BDS9F 
E?98GRM<@ GD46A9A<S@: 

 Ā∗ā ≡ ā2āĂ1āą1 ā(Ă, ą; Ă1, ą1) 2 āāĂ1 (ÿ(Ă1, ą1)ā(Ă, ą; Ă1, ą1)) 2 

 2 ĀĀĀ1 (Ā(Ă1, ą1)ā(Ă, ą; Ă1, ą1)) + ā(Ă1, ą1)ā(Ă, ą; Ă1, ą1) = 0, (Ă, ą) * Ω; (7.2.2) 

 Āā(�,Ā;�1,Ā1)Ā�1 2 Ā(Ă1, ą1)ā(Ă, ą; Ă1, ą1) = 0, ?@и  Ă1 = Ă; (7.2.3) 

  Āā(�,Ā;�1,Ā1)ĀĀ1 2 ÿ(Ă1, ą1)ā(Ă, ą; Ă1, ą1) = 0, ?@и ą1 = ą; (7.2.4) 

  ā(Ă, ą; Ă, ą) = 1.  (7.2.5) 

 

"K96<8AB, KFB 8?S ?R5B7B ÿ(Ă, ą) * ÿ1(Ω) B5N9@AO= CBF9AJ<4? (7.2.1) 

849F >?4EE<K9E>B9 D9L9A<9 A9B8ABDB8AB7B 7<C9D5B?<K9E>B7B GD46A9A<S (7.1.5) 

<; >?4EE4 ÿ(Ă, ą) * ÿ2(Ω). !4L4 ;484K4 EBEFB<F 6 FB@, KFB5O CBEFDB<FP 
B8ABDB8AO9 7D4A<KAO9 GE?B6<S A4 5B>B6OI 7D4A<J4I Ă = ÿ(ą) < Ă = Ā(ą), 
>BFBDO@ B5N9@AO= CBF9AJ<4? (7.2.1) G8B6?9F6BDS9F 8?S 6E9I ÿ(Ă, ą). 

 O BF89?PAB D4EE@BFD<@ D4;?<KAO9 E?GK4< D4;@9M9A<S Ω�,Ā 6AGFD< Ω. 
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%?GK4= I 

 

$<EGAB> 7 – "5?4EFP Ω�,Ā 6 E?GK49 I 
 

�B-C9D6OI, @O D4EE@BFD<@ E?GK4=, >B784 0 < ą < Ă < 1, (Ă, ą) * Ω. � 
QFB@ E?GK49 Ω�,Ā CD98EF46?S9F EB5B= FD9G7B?PA<> (D<EGAB> 7), >BFBDO= 
B7D4A<K9A E69DIG Ă1 = Ă, B7D4A<K9A EA<;G ą1 = ą < B7D4A<K9A ECD464 Ă1 = ą1. � 
QFB@ E?GK49 B5?4EFP Ω�,Ā A<789 A9 >4E49FES 5B>B6OI 7D4A<J Ω.  

#BQFB@G A9F A9B5IB8<@BEF< EFDB<FP 7D4A<KAO9 GE?B6<S 8?S B5N9@AB7B 
7<C9D5B?<K9E>B7B CBF9AJ<4?4. #DS@O@ D4EK9FB@ ?97>B G6<89FP, KFB B5N9@AO= 
CBF9AJ<4? (7.2.1) G8B6?9F6BDS9F B8ABDB8AO@ A4K4?PAO@ GE?B6<S@ (7.1.6). 

%?GK4= II 

 

$<EGAB> 8 – "5?4EFP Ω�,Ā 6 E?GK49 II 
 

%?GK4=, >B784 Ă < 1, ą < 0, (Ă, ą) * Ω. #GEFP Ă = ÿ(ą), FB784 Ωÿ(Ā),Ā ={(ÿ(ą), ą) * Ω: ą1 < Ă1 < ÿ(ą),  CD< ą1 > 0;  ÿ(ą1) < Ă1 < ÿ(ą),  CD< ą1 < 0} 
CD98EF46?S9F EB5B= >D<6B?<A9=AO= FD9G7B?PA<> (D<EGAB> 8), >BFBDO= 
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B7D4A<K9A ECD464 Ă1 = ÿ(ą), B7D4A<K9A EA<;G Ă1 = ÿ(ą1) < B7D4A<K9A E69DIG Ă1 = ą1. 

� 84?PA9=L9@ @O 5G89@ <ECB?P;B64FP F9BD9@G �D<A4 A4 C?BE>BEF< [27, 

D. 384-387]: #GEFP ÿ - CB?B:<F9?PAB BD<9AF<DB64AA4S, >GEBKAB-7?48>4S, 
CDBEF4S ;4@>AGF4S >D<64S A4 C?BE>BEF<, < CGEFP Ā - B5?4EFP, B7D4A<K9AA4S ÿ. 

�E?< Ā < ā S6?SRFES HGA>J<S@< (Ă1, ą1), BCD989?9AAO@< 6 BF>DOFB= B5?4EF<, 
EB89D:4M9= Ā, < <@9RF A9CD9DO6AO9 K4EFAO9 CDB<;6B8AO9, FB784 

 ∮ÿ (Ā ĂĂ1 +ā Ăą1) = ∬Ā (āāāĂ1 2 āĀāą1)  ĂĂ1 Ăą1, 
 

789 ?964S EFBDBA4 CD98EF46?S9F EB5B= ?<A9=AO= <AF97D4?, 4 CD464S EFBDBA4 
CD98EF46?S9F EB5B= CB69DIABEFAO= <AF97D4?, 4 CGFP <AF97D<DB64A<S 68B?P ÿ 

A4CD46?9A CDBF<6 K4EB6B= EFD9?><.  
#D<@9ASS F9BD9@G �D<A4 A4 C?BE>BEF<, <; (7.2.1) CB?GK49@ E?98GRMGR 

J9CBK>G D469AEF6: 
 ÿ(ÿ(ą), ą) = 2∬Ω�(�),�ā(ÿ(ą), ą; Ă1ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1 = 

 = 2∬Ω�(�),� (āĀÿ 2 ÿĀ∗ā)ĂĂ1Ăą1 = 

 = 2∮ĀΩ�(�),� (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1)ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1. 
 

�OK<E?SS CB?GK9AAO9 ?<A9=AO9 <AF97D4?O E GK9FB@ A4K4?PAOI GE?B6<= 
(7.1.6) < GE?B6<= (7.2.2)-(7.2.4) <@99@ 

 ýÿÿ ≡ ∫Ā
0 āÿ(ÿ(ą1), ą1)āą1 ā(ÿ(ą), ą; ÿ(ą1), ą1)Ăą1 + 

 +∫Ā
0 ÿ(ÿ(ą1), ą1)ā(ÿ(ą), ą; ÿ(ą1), ą1)(ÿ(ÿ(ą1), ą1) 2 Ā(ÿ(ą1), ą1)ÿ2(ą1))Ăą1 2 

 2-Ā0 ÿ(ÿ(ą1), ą1) Āā(ÿ(Ā),Ā;ÿ(Ā1),Ā1)Ā�1 Ăą1 = 0. (7.2.6) 

 

 

"5D4F<F9 6A<@4A<9, KFB (7.2.6) S6?S9FES GE?B6<9@ A4 7D4A<J9 Ă = ÿ(ą), 
EB98<ASRM<@ ;A4K9A<S HGA>J<< ÿ < 99 CDB<;6B8AB= A4 QFB= 7D4A<J9. 

%?GK4= III 
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$<EGAB> 9 –  "5?4EFP Ω�,Ā 6 E?GK49 III 
 

$4EE@BFD<@ E?GK4=, >B784 0 < ą, 1 < Ă, (Ă, ą) * Ω. #GEFP Ă = Ā(ą), FB784 ΩĀ(Ā),Ā = {(Ā(ą), ą) * Ω: ą1 < Ă1 < Ā(ą1) & ą1 > ą} CD98EF46?S9F EB5B= 
>D<6B?<A9=AO= FD9G7B?PA<> (D<EGAB> 9), >BFBDO= B7D4A<K9A ECD464 Ă1 =Ā(ą1), B7D4A<K9A EA<;G ą1 = ą < B7D4A<K9A E?964 Ă1 = ą1. 

�A4?B7<KAB, >4> < 6 E?GK49 II, CD<@9ASS F9BD9@G �D<A4, <; (7.2.1) <@99@ 
7D4A<KAB9 GE?B6<9 

 ýĀÿ ≡ ∫Ā
1 āÿ(Ā(ą1), ą1)āĂ1 ā(Ā(ą), ą; Ā(ą1), ą1)Ā2(ą1)Ăą1 2 

 2∫Ā
1 ÿ(Ā(ą1), ą1)ā(Ā(ą), ą; Ā(ą1), ą1)(ÿ(Ā(ą1), ą1) 2 Ā(Ā(ą1), ą1)Ā2(ą1))Ăą1 + 

 +-Ā1 ÿ(Ā(ą1), ą1) Āā(Ā(Ā),Ā;Ā(Ā1),Ā1)ĀĀ1 Ăą1 = 0. (7.2.7) 

 

"5D4F<F9 6A<@4A<9, KFB (7.2.7) S6?S9FES GE?B6<9@ A4 7D4A<J9 Ă = Ā(ą), 
EB98<ASRM<@ ;A4K9A<S HGA>J<< ÿ < 99 CDB<;6B8AB= A4 QFB= 7D4A<J9. 

%?GK4= IV 
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$<EGAB> 10 –  "5?4EFP Ω�,Ā 6 E?GK49 IV. 

 

$4EE@BFD<@ B5?4EFP, >B784 ą < 0 < 1 < Ă. � QFB@ E?GK49 B5?4EFP Ω�,Ā 

S6?S9FES >D<6B?<A9=AO@ C9AF47BAB@ (D<EGAB> 10), >BFBD4S B7D4A<K9A4 E69DIG Ă1 = Ā(ą1) < ą1 = Ă1, B7D4A<K9A4 EA<;G Ă1 = ÿ(ą1) < ą1 = ą, B7D4A<K9A ECD464 Ă1 = Ă.  

#D<@9A<@ F9BD9@G �D<A4 6 C?BE>BEF< 8?S B5N9@AB7B 7<C9D5B?<K9E>B7B 
CBF9AJ<4?4 

 ÿ(Ă, ą) = 2∬Ω�,� ā(Ă, ą; Ă1ą1)ÿ(Ă1, ą1)ĂĂ1Ăą1 = 

 = 2∬Ω�,� (āĀÿ 2 ÿĀ∗ā)ĂĂ1Ăą1 = 

 = 2∮ĀΩ�,� (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1) ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1 = 

 = ∫ýā (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1) ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1 + 

 +∫āĀ (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1) ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1 + 
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+∫Āÿ (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1)ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1 + 

 +∫ÿþ (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1) ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1 + 

 +∫þý (2Āāÿ + 12 āāāĂ1 ÿ 2 12ā āÿāĂ1)ĂĂ1 + (ÿāÿ 2 12 āāāą1 ÿ + 12ā āÿāą1) Ăą1. 
 

&B784 CB?GK<@ D469AEF6B: 
 ∫Ā21 (12āā(Ă, ą; Ā(ą1), ą1)āĂ1 ÿ(Ā(ą1), ą1)

2 12āÿ(Ā(ą1), ą1)āĂ1 ā(Ă, ą; Ā(ą1), ą1))Ā2(ą1)Ăą1 2 

 2∫Ā21 Ā(Ā(ą1), ą1)ā(Ă, ą; Ā(ą1), ą1)ÿ(Ā(ą1), ą1)Ā2(ą1)Ăą1 + 

 +∫Ā21 (12āÿ(Ā(ą1), ą1)āą1 ā(Ă, ą; Ā(ą1), ą1) 2 12āā(Ă, ą; Ā(ą1), ą1)āą1 ÿ(Ā(ą1), ą1)) Ăą1+ 

 +∫Ā21 ÿ(Ā(ą1), ą1)ā(Ă, ą; Ā(ą1), ą1)ÿ(Ā(ą1), ą1)Ăą1 2 

 2∫Ā
0 (12āā(Ă, ą; ÿ(ą1), ą1)āĂ1 ÿ(ÿ(ą1), ą1)

2 12āÿ(ÿ(ą1), ą1)āĂ1 ā(Ă, ą; ÿ(ą1), ą1)ÿ2(ą1))Ăą1 2 

 2∫Ā
0 Ā(ÿ(ą1), ą1)ā(Ă, ą; ÿ(ą1), ą1)ÿ(ÿ(ą1), ą1)ÿ2(ą1)Ăą1 2 

 2∫Ā
0 (12āÿ(ÿ(ą1), ą1)āą1 ā(Ă, ą; ÿ(ą1), ą1) + 12āā(Ă, ą; ÿ(ą1), ą1)āą1 ÿ(ÿ(ą1), ą1))Ăą1+ 
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+∫Ā
0 ÿ(ÿ(ą1), ą1)ā(Ă, ą, ÿ(ą1), ą1)ÿ(ÿ(ą1), ą1)Ăą1 2 

 2 12ā(Ă, ą; Ă, ą2)ÿ(Ă, ą2) 2 12ā(Ă, ą; Ă0, ą)ÿ(Ă0, ą) = 0, (7.2.8) 

 

789 (Ā(ą2), ą2) FBK>4 C9D9E9K9A<S Ă1 = Ā(ą1) < Ă1 = Ă; < (Ă0, ą) FBK>4 
C9D9E9K9A<S Ă1 = ÿ(ą1) < ą1 = ą. 

� (7.2.8), CD<D46A<64S EA4K4?4 Ă = ÿ(ą), 4 ;4F9@ Ă = Ā(ą), CB?GK<@ 864 
FB:89EF64 

 0 = þÿÿ ≡ ýÿÿ 2 (7.2.9) 

 2∫Ā21 (āā(ÿ(ą), ą; Ā(ą1), ą1)āą1 ÿ(Ā(ą1), ą1)2 āÿ(Ā(ą1), ą1)āĂ1 ā(ÿ(ą), ą; Ā(ą1), ą1)) Ăą1 

 +∫Ā21 (ÿ(Ā(ą1), ą1) 2 Ā(Ā(ą1), ą1)Ā2(ą1))ā(ÿ(ą), ą; Ā(ą1), ą1)ÿ(Ā(ą1), ą1)Ăą1, 
 0 = þĀÿ ≡ ýĀÿ + (7.2.10) 

 +∫Ā
0 (āā(Ā(ą), ą; ÿ(ą1), ą1)āą1 ÿ(ÿ(ą1), ą1)2 āÿ(ÿ(ą1), ą1)āą1 ā(Ā(ą), ą; ÿ(ą1), ą1)) Ăą1 + 

 +∫Ā
0 (ÿ(ÿ(ą1)), ą1) 2 Ā(ÿ(ą1), ą1)ÿ2(ą1))ā(Ā(ą), ą; ÿ(ą1), ą1)ÿ(ÿ(ą1), ą1)Ăą1. 

 

"5D4F<F9 6A<@4A<9, KFB (7.2.9) < (7.2.10) S6?SRFES GE?B6<S@<, 
E6S;O64RM<@< ;A4K9A<S HGA>J<< ÿ < 99 CDB<;6B8AB= A4 7D4A<J4I Ă = ÿ(ą) < Ă = Ā(ą).  

&4><@ B5D4;B@, 8B>4;4A4 E?98GRM4S ?9@@4: 
�9@@4 7.2.1 "5N9@AO= 7<C9D5B?<K9E><= CBF9AJ<4? (7.2.1) G8B6?9F6BDS9F 

7<C9D5B?<K9E>B@G GD46A9A<R (7.1.5), B8ABDB8AO@ A4K4?PAO@ GE?B6<S@ (7.1.6) 

< 7D4A<KAO@ GE?B6<S@: 
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{  
  ýÿÿ = 0 ?@и ÿ(ą) f 1,þÿÿ = 0 ?@и ÿ(ą) g 1,ýĀÿ = 0 ?@и ą g 0,þĀÿ = 0 ?@и ą f 0.  (7.2.11) 

  

%?98EF6<S 7.2.2 "5N9@AO= 7<C9D5B?<K9E><= CBF9AJ<4? (7.2.1) S6?S9FES 
D9L9A<9@ A4K4?PAB->D496B= ;484K< (7.1.5), (7.1.6), (7.2.11).  

 

7.3 �48=AB25==>ABL @5H5=8O 7040G8 

#BEFDB9AAO9 7D4A<KAO9 GE?B6<S (7.2.1) 5G8GF B8AB;A4KAB BCD989?SFP 
B5N9@AO= 7<C9D5B?<K9E><= CBF9AJ<4? (7.2.1), 9E?< A4K4?PAB-7D4A<KA4S ;484K4 
(7.1.5), (7.1.6), (7.1.11) A9 <@99F 8DG7<I D9L9A<=, >DB@9 (7.2.1). 

�9@@4 7.3.1 $9L9A<9 A4K4?PAB->D496B= ;484K< (7.1.5), (7.1.6), (7.2.11) 

S6?S9FES 98<AEF69AAO@. 

�B>4;4F9?PEF6B �4> B5OKAB, K9D9; ÿ1(Ă; ą) < ÿ2(Ă; ą) B5B;A4K<@ 864 
D9L9A<S A4K4?PAB->D496B= ;484K< (7.1.5), (7.1.6), (7.2.11). &B784 <I D4;ABEFP ÿ(Ă; ą) = ÿ1(Ă; ą) 2 ÿ2(Ă; ą) G8B6?9F6BDS9F B8ABDB8AB@G 7<C9D5B?<K9E>B@G 
GD46A9A<R:=  

 Ā2ÿ(�,Ā)Ā�ĀĀ + ÿ(Ă, ą) Āÿ(�,Ā)Ā� + Ā(Ă, ą) Āÿ(�,Ā)ĀĀ + ā(Ă, ą)ÿ(Ă, ą) = 0, (Ă, ą) * Ω, (7.3.1) 

 

B8ABDB8AB@G A4K4?PAB@G GE?B6<R (7.1.6) < 7D4A<KAO@ GE?B6<S@ (7.2.11). 

#D<@9A<@ F9BD9@G �D<A4 6 C?BE>BEF< > <AF97D4?G 
 0 = 2∬Ω�,�ā(Ă, ą; Ă1ą1) ⋅ 0 ⋅ ĂĂ1Ăą1 = 2∬Ω�,� (āĀÿ 2 ÿĀ∗ā)ĂĂ1Ăą1 = 

 = ∫Ā21 (12āā(Ă, ą; Ā(ą1), ą1)āĂ1 ÿ(Ā(ą1), ą1)
2 12āÿ(Ā(ą1), ą1)āĂ1 ā(Ă, ą; Ā(ą1), ą1))Ā2(ą1)Ăą1 2 

 2∫Ā21 Ā(Ā(ą1), ą1)ā(Ă, ą; Ā(ą1), ą1)ÿ(Ā(ą1), ą1)Ā2(ą1)Ăą1 + 

 +∫Ā21 (12āÿ(Ā(ą1), ą1)āą1 ā(Ă, ą; Ā(ą1), ą1) 2 12āā(Ă, ą; Ā(ą1), ą1)āą1 ÿ(Ā(ą1), ą1)) Ăą1+ 
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+∫Ā21 ÿ(Ā(ą1), ą1)ā(Ă, ą; Ā(ą1), ą1)ÿ(Ā(ą1), ą1)Ăą1 2 

 2∫Ā
0 (12āā(Ă, ą; ÿ(ą1), ą1)āĂ1 ÿ(ÿ(ą1), ą1)

2 12āÿ(ÿ(ą1), ą1)āĂ1 ā(Ă, ą; ÿ(ą1), ą1)ÿ2(ą1))Ăą1 2 

 2∫Ā
0 Ā(ÿ(ą1), ą1)ā(Ă, ą; ÿ(ą1), ą1)ÿ(ÿ(ą1), ą1)ÿ2(ą1)Ăą1 2 

 2∫Ā
0 (12āÿ(ÿ(ą1), ą1)āą1 ā(Ă, ą; ÿ(ą1), ą1) + 12āā(Ă, ą; ÿ(ą1), ą1)āą1 ÿ(ÿ(ą1), ą1))Ăą1+ 

 +∫Ā
0 ÿ(ÿ(ą1), ą1)ā(Ă, ą, ÿ(ą1), ą1)ÿ(ÿ(ą1), ą1)Ăą1 2 

 2 12ā(Ă, ą; Ă, ą2)ÿ(Ă, ą2) 2 12ā(Ă, ą; Ă0, ą)ÿ(Ă0, ą) + ÿ(Ă, ą) = 0. (7.3.2) 

 

� (7.3.2), CD<D46A<64S EA4K4?4 Ă = ÿ(ą), 4 ;4F9@ Ă = Ā(ą), CB?GK<@ 864 
FB:89EF64: 

 2þÿÿ + ÿ(ÿ(ą), ą) = 0, (7.3.3) 

 

< 
 2þĀÿ + ÿ(Ā(ą), ą) = 0.  (7.3.4) 

 

#D<A<@4S 6B 6A<@4A<9 B8ABDB8AO9 7D4A<KAO9 GE?B6<S (7.2.11), <; 
(7.3.3), (7.3.4) CB?GK<@, KFB 
 ÿ(ÿ(ą), ą) = 0, ą < ą0,  (7.3.5) 

  ÿ(Ā(ą), ą) = 0, ą < 0,  (7.3.6) 

 

789 ÿ(ą0) = 1. �A4?B7<KAB 8?S E?GK4S II < E?GK4S III <@99@ 

 ÿ(ÿ(ą), ą) = 0, ą0 < ą,  (7.3.7) 

 ÿ(Ā(ą), ą) = 0, ą > 0.  (7.3.8) 
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&4><@ B5D4;B@, HGA>J<S ÿ(Ă, ą) G8B6?9F6BDS9F B8ABDB8AB@G 
7<C9D5B?<K9E>B@G GD46A9A<R (7.1.5), B8ABDB8AO@ A4K4?PAO@ GE?B6<S@ (7.1.6) 

< 7D4A<KAO@ GE?B6<S@ (7.3.5)-(7.3.8). � E<?G 98<AEF69AABEF< 97B D9L9A<S @O 
<@99@ ÿ(Ă, ą) = 0 CD< (Ă, ą) * Ω. %?98B64F9?PAB, ÿ1(Ă, ą) = ÿ2(Ă, ą). �9@@4 
7.3.1 8B>4;4A4. 

 

7.4 "A=>2=K5 @57C;LB0BK 

"CD989?9A<9 7.4.1. �?4EE<K9E><@ D9L9A<9@ A4K4?PAB->D496B= ;484K< 
(7.1.5), (7.1.6), (7.2.11) @O A4;O649@ HGA>J<R ÿ(Ă, ą) <; >?4EE4 ÿ(Ă, ą) * ÿ2(�), 
G8B6?9F6BDSRMGR GD46A9A<R (7.1.5) < A4K4?PAO@ GE?B6<S@ (7.1.6) < 
7D4A<KAO@ GE?B6<S@ (7.2.11). 

"5N98<ASS D9;G?PF4FO ?9@@O 7.2.1 < ?9@@O 7.3.1, @O CB?GK49@ BEAB6AB= 

D9;G?PF4F D45BFO.  
&9BD9@4 7.4.2. #GEFP ÿ(Ă, ą) * ÿ1(�). "5N9@AO= 7<C9D5B?<K9E><= 

CBF9AJ<4? (7.2.1) G8B6?9F6BDS9F 7<C9D5B?<K9E>B@G GD46A9A<R (7.1.5), 

B8ABDB8AO@ A4K4?PAO@ GE?B6<S@ (7.1.6), 7D4A<KAO@ GE?B6<S@ (7.2.11). 

� A4B5BDBF, 8?S ?R5B7B ÿ(Ă, ą) * ÿ1(�) A4K4?PA4S >D4964S ;484K4 (7.1.5), 

(7.1.6), (7.2.11) <@99F 98<AEF69AAB9 >?4EE<K9E>B9 D9L9A<9 ÿ(Ă, ą) * ÿ2(�), < 
QFB D9L9A<9 CD98EF46?9AB 6 6<89 7<C9D5B?<K9E>B7B CBF9AJ<4?4 (7.2.1).  

%?98EF6<9 7.4.3. �D4A<KAO9 GE?B6<S (7.2.11) 6@9EF9 E A4K4?PAO@< 
GE?B6<S@< (7.1.6) B8AB;A4KAB BCD989?SRF B5N9@AO= 7<C9D5B?<K9E><= 

CBF9AJ<4? (7.2.1), F. 9. S6?SRFES 7D4A<KAO@< GE?B6<S@< 7<C9D5B?<K9E>B7B 
CBF9AJ<4?4 (7.2.1). 

$9;G?PF4FO 6 QFB@ A4CD46?9A<= 84AB 6 D45BF9 [68]. 

 

7.5 %;CG09 2>;=>2>3> ?>B5=F80;0 
� QFB= K4EF< @O D4EE@BFD<@ K4EFAO= E?GK4=, >B784 ÿ, Ā, ā = 0. � QFB@ 

E?GK49 ā(Ă, ą; Ă1, ą1) = 1. 
 

� E?GK49 II <; GD46A9A<S (7.2.6), CB8EF46?SS Ă = ÿ(ą) < 8<HH9D9AJ<DGS 
CB ą < CD<A<@4S 6B 6A<@4A<9 A4K4?PAO9 GE?B6<S (7.1.6), <@99@ E?98GRM99 
GE?B6<9: 
 Āÿ(ÿ(Ā),Ā1)ĀĀ = 0, ą0 < ą < 0. (7.5.1) 

 

� E?GK49 III <; GD46A9A<S (7.2.7), CB8EF46?SRM97B Ă = Ā(ą) < 
8<HH9D9AJ<DGRM97B CB ą, <@99@ E?98GRM99 GE?B6<9:  

 Āÿ(Ā(Ā),Ā)Ā� = 0, 0 < ą < 1.  (7.5.2) 
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�?S E?GK4S IV 6 K4EFAB@ E?GK49 <; (7.2.8) <@99@ E?98GRM99 FB:89EF6B: 
 0 = 2-Ā21 Āÿ(Ā(Ā1),Ā1)Ā�1 Ā2(ą1)Ăą1 + -Ā21 Āÿ(Ā(Ā1),Ā1)ĀĀ1 Ăą1 + (7.5.3) 

 +∫Ā
0 āÿ(ÿ(ą1), ą1)āĂ1 ÿ2(ą1)Ăą1 2∫Ā

0 āÿ(ÿ(ą1), ą1)āą1 Ăą1 2 ÿ(Ă, ą2) 2 ÿ(Ă0, ą) 
 

%A4K4?4, 6 (7.5.3), CD<D46A<64S Ă = ÿ(ą), 4 ;4F9@ Ă = Ā(ą) < 

8<HH9D9AJ<DGS CB ą < CD<A<@4S 6B 6A<@4A<9 A4K4?PAO9 GE?B6<S (7.1.6), <@99@ 

E?98GRM<9 GE?B6<S: 
 2ÿ′(ą) Āÿ(Ā(Ā2),Ā2)Ā� = Āÿ(ÿ(Ā),Ā)ĀĀ , ą0 < ą < 0, (7.5.4) 

 2 Āÿ(ÿ(Ā),Ā)ĀĀ = Āÿ(Ā(Ā),Ā)Ā� Ā′(ą),0 < ą < 1.  (7.5.5) 

 

-F< 7D4A<KAO9 GE?B6<S 5B?99 K9F>B CDBS6?SRFES 6 C9D9@9AAOI (ý, þ). � 
>BBD8<A4F4I (ý, þ) B5N9@AO= 7<C9D5B?<K9E><= CBF9AJ<4? ;4C<EO649FES 6 6<89 

 ÿ(ý, þ) = 2.Ω�,� ÿ1(ý1, þ1)Ăý1Ăþ1,  (7.5.6) 

 

7<C9D5B?<K9E>B9 GD46A9A<9 (7.1.1) <@99F 6<8  
 Ā2ÿ(ý,þ)Āþ2 2 Ā2ÿ(ý,þ)Āý2 = ÿ1(ý, þ), (ý, þ) * Ā,  (7.5.7) 

 

< A4K4?PAO9 GE?B6<S (7.1.2) <@9RF 6<8: 
 ÿ(ý, 0) = ĀÿĀþ (ý, 0) = 0, 0 f ý f 1,  (7.5.8) 

 

�?S E?GK4S II, >B784 ý = ÿ1(þ) <; (7.5.1) <@99@:  

 (ĀÿĀý 2 ĀÿĀþ) (ÿ1(þ), þ) = 0,0 < þ < þ1.  (7.5.9) 

 

�?S E?GK4S III, >B784 ý = Ā1(þ) <; (7.5.2) <@99@: 

 (ĀÿĀý + ĀÿĀþ) (Ā1(þ), þ) = 0,0 < þ < þ1.   (7.5.10) 

 

�?S E?GK4S IV <; (7.5.4), (7.5.5), >B784 ý = ÿ1(þ) < ý = Ā1(þ), @O <@99@ 

E?98GRM<9 7D4A<KAO9 GE?B6<S A4 ?96B= < CD46B= EFBDBA4I B5?4EF< Āý,þ: 
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(āÿāý 2 āÿāþ) (ÿ1(þ), þ) = 

 = 1+ÿ12(þ)12ÿ12(þ) (ĀÿĀý + ĀÿĀþ) (Ā1(þ2(þ)), þ2(þ)), þ1 < þ < ă, (7.5.11) 

 (āÿāý + āÿāþ) (Ā1(þ), þ) = 

 = 12Ā12(þ)1+Ā12(þ) (ĀÿĀý 2 ĀÿĀþ) (ÿ1(þ0(þ)), þ0(þ)), þ1 < þ < ă, (7.5.12) 

 

789 (ÿ1(þ0(þ)), þ0(þ)) - FBK>4 C9D9E9K9A<S 7D4A<KAB= >D<6B= ý1 = ÿ1(þ1) < 
I4D4>F9D<EF<> ý1 = þ1 2 þ + Ā1(þ); (Ā1(þ2(þ)), þ2(þ)) - FBK>4 C9D9E9K9A<S 
7D4A<KAB= >D<6B= ý1 = Ā1(þ1) < I4D4>F9D<EF<> ý1 = þ + ÿ1(þ) 2 þ1.  

&B:89EF6B (7.5.11) ECD4698?<6B 8?S þ + ÿ1(þ) > 1, 4 FB:89EF6B (7.5.12) 

ECD4698?<6B 8?S Ā1(þ) 2 þ  < 0. 

"54 CB?GK9AAOI FB:89EF64 (7.5.11), (7.5.12) E6S;O64RF 8DG7 E 8DG7B@ 
E?98O C9D9@9AAOI A4 ?96B= < CD46B= 7D4A<J4I B5?4EF< Āý,þ. #D< QFB@, 
CBE>B?P>G þ > þ2(þ) < þ > þ0(þ), FB FBK><, 6 >BFBDOI ;A4K9A<S 59DGFES 6 ?96OI 
K4EFSI QF<I FB:89EF6, A4IB8SFES "6OL9", K9@ FBK><, 6 >BFBDOI ;A4K9A<S 
59DGFES 6 CD46OI K4EFSI FB:89EF6. 

�9@@4 7.5.1 "5N9@AO= 6B?AB6B= CBF9AJ<4? (7.5.1) G8B6?9F6BDS9F 
6B?AB6B@G GD46A9A<R (7.5.7), B8ABDB8AO@ A4K4?PAO@ GE?B6<S@ (7.5.8), 

7D4A<KAB@G GE?B6<R A4 ?96B= 7D4A<J9 B5?4EF<: 

 (ĀÿĀý 2 ĀÿĀþ) (ÿ1(þ), þ) = 0,     ?@и     0 f þ f ă, (7.5.13) 

 

< 7D4A<KAB@G GE?B6<R A4 CD46B= 7D4A<J9 B5?4EF<: 

 (ĀÿĀý + ĀÿĀþ) (Ā1(þ), þ) = 0,     ?@и     0 f þ f ă. (7.5.14) 

  

%?98EF6<9 7.5.2 "5N9@AO= 6B?AB6B= CBF9AJ<4? (7.5.6) S6?S9FES 
D9L9A<9@ A4K4?PAB->D496B= ;484K< (7.5.7), (7.5.8), (7.5.13), (7.5.14). 

�D4A<KAO9 GE?B6<S (7.5.13), (7.5.14) <@9RF E?98GRMGR H<;<K9E>GR 
<AF9DCD9F4J<R. )BDBLB <;69EFAB, KFB B5M99 D9L9A<9 B8ABDB8AB7B GD46A9A<S 
(7.5.7), FB 9EFP GD46A9A<S: 

 Ā2ÿĀý2 2 Ā2ÿĀþ2 = 0, (7.5.15) 

 

S6?S9FES EGC9DCB;<J<9= 86GI 6B?A: 

 ÿ(ý, þ) = �(ý + þ) + ÿ(ý 2 þ), 
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B8<A <; >BFBDOI (�(ý + þ)) CDBEF<D49FES 6?96B, 4 6FBDB= (ÿ(ý 2 þ)) 
CDBEF<D49FES 6CD46B. 

�97>B 6<89FP, KFB 7D4A<KAB9 GE?B6<9 (7.5.13) "CDB;D4KAB" 8?S 6B?AO, 
<8GM9= 6?96B, FB 9EFP 8?S 6B?AO 6<84 �(ý + þ). �A4?B7<KAB, 7D4A<KAB9 
GE?B6<9 (7.5.14) "CDB;D4KAB" 8?S 6B?AO, <8GM9= 6CD46B, FB 9EFP 8?S 6B?AO 6<84 ÿ(ý 2 þ). -F< 6B?AO 6B;A<>4RF CD< A9>BFBDB@ A9AG?96B@ A4K4?PAB@ 
6B;@GM9A<<: 

 ÿ(ý, 0) = ÿ(ý), ÿþ(ý, 0) = Ā(ý),  (7.5.16) 

 

84AB CD< þ = 0 A4 BFD9;>9 0 f ý f 1. -F< 6B?AO 84RFES: 
 �(ý + þ) = 12 ÿ(ý + þ) + 12∫ý+þ

ÿ Ā(ý)Ăý, ÿ(ý 2 þ) = 

 = 12 ÿ(ý 2 þ) + 12∫ý2þ
ÿ Ā(ý)Ăý. 

 

&4><@ B5D4;B@, 9E?< @O D4EE@BFD<@ 6B?AB6B= CDBJ9EE >B?954A<S 
59E>BA9KAB= EFDGAO, BC<EO649@O= GD46A9A<9@ (7.5.7) CD< 2∞ < ý < +∞, þ >0, E ?B>4?PAB A9B8ABDB8AO@< A4K4?PAO@< GE?B6<S@< (7.5.16) (FB 9EFP 6 E?GK49, 
>B784 ýÿ��{ÿ(ý)} ⊂ [0,1], 4 ;4F9@ 8?S <;GK9A<S CB6989A<S EFDGAO A4 <AF9D64?9 0 f x f 1 8BEF4FBKAB D4EE@BFD9FP D9L9A<S GD46A9A<S (7.5.15) FB?P>B CD< 0 fx f 1, t > 0 E 7D4A<KAO@< GE?B6<S@< (7.5.13), (7.5.14). #D< ýÿ��{Ā(ý)} ⊂[0,1])), FB 8?S <;GK9A<S CB6989A<S EFDGAO A4 <AF9D64?9 0 f x f 1 8BEF4FBKAB 
D4EE@BFD9FP D9L9A<S GD46A9A<S (7.5.15) FB?P>B CD< 0 f ý f 1, þ > 0 E 
7D4A<KAO@< GE?B6<S@< (7.5.13), (7.5.14). 
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� QFB= PhD 8<EE9DF4J<< @O CD98EF46?S9@ D9;G?PF4FO <EE?98B64A<= CB 
B5M9@G 7<C9D5B?<K9E>B@G GD46A9A<R 6FBDB7B CBDS8>4 E C9D9@9AAO@< 

>BQHH<J<9AF4@<.  

�464=F9 D4EE@BFD<@ BEAB6AO9 CB?GK9AAO9 D9;G?PF4FO 6 QFB= 
8<EE9DF4J<<: 

1. �4AB BCD989?9A<9 < B5BEAB64A4 @9FB8<>4 CBEFDB9A<S HGA>J<< �D<A4 
8?S C9D6B= A4K4?PAB->D496B= ;484K< 6 K9F69DF< C?BE>BEF< 8?S B5M97B 
86G@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S 6FBDB7B CBDS8>4. 

2. �4AB BCD989?9A<9 < B5BEAB64A4 @9FB8<>4 CBEFDB9A<S HGA>J<< �D<A4 
8?S 6FBDB= A4K4?PAB->D496B= ;484K< 6 K9F69DF< C?BE>BEF< 8?S B5M97B 
86G@9DAB7B 7<C9D5B?<K9E>B7B GD46A9A<S 6FBDB7B CBDS8>4. 

3. �4AB BCD989?9A<9 HGA>J<< �D<A4 ;484K< �4D5G 8?S 7<C9D5B?<K9E>B7B 
GD46A9A<S B5M97B 6<84, D4EE@4FD<649@B7B 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 
E >D496O@ GE?B6<9@ C9D6B7B DB84 A4 A9I4D4>F9D<EF<K9E>B= 7D4A<J9 < 84AB 
B5BEAB64A<9 @9FB8<>< 9ё CBEFDB9A<S. 

4. �4AB BCD989?9A<9 HGA>J<< �D<A4 8?S A9E<@@9FD<KAOI 
I4D4>F9D<EF<K9E><I >D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 
6<84, D4EE@4FD<649@B7B 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ 
GE?B6<9@ C9D6B7B DB84 A4 A9I4D4>F9D<EF<K9E>B= 7D4A<J9 < 84AB B5BEAB64A<9 
@9FB8<>< 9ё CBEFDB9A<S. 

5. �4AB BCD989?9A<9 HGA>J<< �D<A4 8?S A9E<@@9FD<KAOI 
I4D4>F9D<EF<K9E><I >D496OI ;484K 8?S 7<C9D5B?<K9E>B7B GD46A9A<S B5M97B 
6<84, D4EE@4FD<649@B7B 6 I4D4>F9D<EF<K9E>B@ FD9G7B?PA<>9 E >D496O@ 
GE?B6<9@ 6FBDB7B DB84 A4 A9I4D4>F9D<EF<K9E>B= 7D4A<J9 < 84AB B5BEAB64A<9 
@9FB8<>< 9ё CBEFDB9A<S. 

6. #BEFDB9A CD<@9D >BDD9>FAB= I4D4>F9D<EF<K9E>B= >D496B= ;484K<, 
<@9RM9= «A9>?4EE<K9E><=» 6<8 HGA>J<< �D<A4. 

7. #BEFDB9A4 7D4A<KAO9 GE?B6<S B5N9@AB7B 7<C9D5B?<K9E>B7B 
CBF9AJ<4?4 6 B5?4EF< E >D<6B?<A9=AB= 7D4A<J9=. 

ОF9A>4 CB?ABFO F9?9= D45BFO. �E9 CB?GK9AAO9 D9;G?PF4FO S6?SRFES 
AB6O@< < BEAB64AO A4 A4L9@ EB5EF69AAB@ @9FB89. #B8F69D:89A<9@ CB?ABFO 

J9?9= 8<EE9DF4J<< S6?S9FES FB, KFB D9;G?PF4FO <EE?98B64A<S 5O?< 
BCG5?<>B64AO 6 ;4DG59:AOI D9J9A;<DG9@OI A4GKAOI :GDA4?4I, 
CDB<A89>E<DB64AAOI 6 698GM<I @9:8GA4DB8AOI E<EF9@4I J<F<DB64A<S 
(5<5?<B7D4H<K9E><I 54;4I 84AAOI), FB 9EFP Web of Science Clarivate Analytics < 

Scopus. #D98?B:9A<9 CB CD<@9A9A<R CB?GK9AAOI D9;G?PF4FB6.  
ЗA4G<@BEFP 8<EE9DF4F<BAAB7B <EE?98B64A<O ;4>?NG49FEO 6 FB@, KFB 

6C9D6O9 84AB BCD989?9A<9 < @9FB8 CBEFDB9A<9 HGA>J<= �D<A4 B5M97B 
7<C9D5B?<K9E>B7B GD46A9A<S E C9D9@9AAO@< >BQHH<J<9AF4@<. � D9;G?PF4FO 

@B7GF 5OFP <ECB?P;B64AO 8?S 84?PA9=L<I <EE?98B64A<=.  
ОF9A>4 A4GGAB7B GDB6AO D45BFO 6 ED46A9A<< E 8BEF<:9A<O@< 6 A4GGAB@ 

A4CD46?9A<<. �484K<, D4EE@4FD<649@O9 6 8<EE9DF4J<<, S6?SRFES EB69DL9AAB 
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AB6O@< < D4A99 A9 D9L4?<EP. )BFS 6 @<D9 A4G>< G:9 EGM9EF6G9F 5B?PLB9 
>B?<K9EF6B HGA84@9AF4?PAOI <89=, >BFBDO9 4>F<6AB D4;6<64RFES 
;4DG59:AO@< GK9AO@<, D9L9A<9 >BA>D9FAOI CDB5?9@ FD95G9F D4;D45BF>< 
AB6OI <89= < D4;?<KAOI CB8IB8B6. 
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