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ABSTRACT 

 

 

 

TGkhonov M.V. Methods of model building for assessing the reliability of 

telecommunication equipment of communication networks, taking into account 

software failures and failures and combined time reserve. – Qualification scientific 

work on the rights of the manuscript. 

Dissertation for the degree of Doctor of Philosophy in the specialty: 172 

Telecommunications and Radio Engineering. – Educational and Scientific Institute 

of Telecommunication Systems of the National Technical University of Ukraine 

<Igor Sikorsky Kyiv Polytechnic Institute=, Kyiv, 2025. 

The relevance of the topic of the dissertation is determined by the current 

contradictions between the high requirements for the reliability of electronic 

communication equipment and the actual operational reliability of this equipment 

(in practice) and between the limited capabilities of known scientific results and the 

need to jointly take into account the main factors in assessing reliability (in theory). 

The thesis solves the scientific problem, which is to improve the scientific and 

methodological apparatus for a comprehensive assessment of the reliability of EC� 

based on the decomposition of the general model of functioning into two interrelated 

models: regenerative and Markov random processes ‒ with the subsequent synthesis 

of partial results, which ensures the joint consideration of equipment failures and 

failures and their consequences, characteristics of temporal redundancy and limited 

initial information. 

The main scientific results of the dissertation are: 

1. The scientific novelty and difference from other known methods lies in the 

decomposition of the general model of the functioning of an ECO object with a 

combined time reserve into two interrelated partial models of functioning, which are 

implemented separately. The first of these, a mathematical model of a regenerating 

random process, ensures compliance with the time constraint set by the replenishable 
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component a
t . The second is a mathematical model of a special type of Markov 

process, which verifies compliance with the time constraint imposed by the non-

replenishable component r
t , taking into account the selected option for the 

interaction of the components a
t  and r

t  the combined time reserve. The 

implementation of the improved method simplifies the process of formalization and 

obtaining mathematical models for comprehensive assessment of the reliability of 

ECE objects, taking into account the cumulative impact of a set of factors that 

determine the functioning of the communication network. 

2. The methodology and models for assessing the reliability of ECE objects 

in the SPCN under a priori uncertainty (limited initial information) have been 

improved. 

The scientific novelty and difference from known approaches lies in the 

choice of a new basic functionality that reflects the impact of failures and 

malfunctions on the reliability of ECE objects. The construction of the upper and 

lower limits of this functionality makes it possible to obtain new mathematical 

models of reliability and bilateral assessments of the reliability indicators of ECE 

objects, which allow for a comprehensive assessment of the reliability of ECE 

objects under conditions of limited initial information, as well as the joint 

consideration of both replenishable and non-replenishable components of the 

combined time reserve and various types of failures and malfunctions. 

The practical significance of the results obtained is as follows: 

The scientific and methodological apparatus developed in the thesis for a 

comprehensive assessment of the reliability of EC� facilities in the face of failures 

and malfunctions of hardware and software in real operating conditions makes it 

possible to solve important practical problems that arise when improving existing 

and developing future EC� facilities of the SPCN: 

to assess the effectiveness of the combined time redundancy to reduce the 

impact of the consequences of failures and malfunctions of hardware and software 

on the functioning of the EC� communication networks; 
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to conduct qualitative and quantitative analysis of the reliability of the EC� 

functioning with a comprehensive consideration of the most significant factors 

affecting the reliability of equipment at the stages of modernization of existing and 

development of future communication networks; 

identify important general and specific properties of combined time 

redundancy, evaluate the effectiveness of the method of ensuring the reliability of 

the EC� functioning; 

to reduce the impact of negative consequences of failures and malfunctions of 

hardware and software of the EC� on the process of functioning of communication 

networks; 

to develop recommendations for ensuring the normal functioning of the 

system, taking into account failures and failures in the process of modernization of 

existing and creation of future SPCN. 

Keywords: electronic communication equipment, reliability, special-purpose 

communication networks, reliability indicators, failures, refusal, redundancy, 

impairing and nonimpaired failures 
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@>1>BV =02V30FV9=>3> >1;04=0==O B0 A8AB5< 72’O7:C C 2Aь><C A2VBV. �=F845=B 

AB02AO =0?@8:V=FV AVG=O 2016 @>:C, 2V4@07C ?VA;O B>3>, O: �V9Aь:>2>-?>2VB@O=V 

%8;8 %,� 2825;8 7V A:;04C 3@C?C20==O AC?CB=8: SVN 23 4;O 9>3> ?>40;ьH>W 

70<V=8 =0 GPS Block IIF. �1V9, O:89 ?@872V2 4> ?@>1;5< 7 CAB0B:C20==O<, 

?@>9H>2 3;>10;ь=> ?> 2Aь><C A2VBC 2 @V7=89 G0A 7V 7<VI5==O<, I> 2V4?>2V402 

B><C, O: AC?CB=8:8 GPS @CE0;8AO 274>26 A2>WE >@1VB. &@820;VABь Fь>3> 

V=F845=BC A:;0;0 1;87ь:> 12 3>48=. "1;04=0==O >?5@0B>@V2 72’O7:C AB0;> 

284020B8 ?>?5@5465==O >1A;C3>2CNG><C ?5@A>=0;C, ?@8G><C :V;ь:VABь F8E 

?>?5@5465=ь 71V;ьHC20;0AO 70 =0@>AB0NG>N. ' @O4V 28?04:V2 C=8:=CB8 

A5@9>7=8E =0A;V4:V2 4>?><>3;8 @575@2=V A8AB5<8 A8=E@>=V70FVW G0AC [53]. 

#@8G8=0: 2 E>4V ?@>F54C@8 2 ?@>3@0<=><C 70157?5G5==V, O:5 

70AB>A>2CєBьAO 2 =075<=V9 V=D@0AB@C:BC@V GPS, 28=8: 71V9, 2=0A;V4>: O:>3> =0 

13 <V:@>A5:C=4 AB0;>AO 2V4:;NG5==O ?5@540=>3> GPS-AC?CB=8:0<8 A83=0;C 

�A5A2VB=ь>3> :>>@48=>20=>3> G0AC. 

4. !0A;V4:8 71>N 2 GPS <>6=0 ?>@V2=OB8 7 =0A;V4:0<8, I> 28=8:;8 

2=0A;V4>: 2V4<>28 @>AV9Aь:>W =02V30FV9=>W A8AB5<8 ��"!�%%, O:89 AB02AO 2 

:2VB=V 2014 @>:C V B@8202 1;87ь:> 10 3>48= [53]. 

#@8G8=0: ?><8;:>25 7020=B065==O :>@83C20;ь=8E 40=8E AC?CB=8:0 

��"!�%%. 

5. ' 2020 @>FV 28=8IC20GV-1><10@4C20;ь=8:8 ?’OB>3> ?>:>;V==O Lockheed 

Martin F-35 Lightning II (є «;VB0NG8< :><?’NB5@><» 7 ?>=04 8 <V;ь9>=0<8 

@O4:V2 :><?’NB5@=>3> :>4C) >B@8<0;8 ?><8;:>25 >=>2;5==O ?@>3@0<=>3> 

70157?5G5==O 4> 25@AVW Block 4 20@BVABN 14 <V;ьO@4V2 4>;0@V2. #@>3@0<=5 

70157?5G5==O 4;O F-35 Lightning II @>7@>1;OєBьAO B0 >=>2;NєBьAO 1;>:0<8. 

Block 1A V Block 1B C<>6;828;8 @>7?>G0B8 ?5@28==C ;ь>B=C ?V43>B>2:C. Block 

2B 4>72>;82 ;VB0:0< �>@?CAC <>@Aь:>W ?VE>B8 >B@8<0B8 1>9>2V <>6;82>ABV, 0 

Block 3i 7@>182 F5 <>6;828< 4;O �#% %,�.  

#@8G8=0: ?><8;:8 C ?@>3@0<=><C 70157?5G5==O 25@AV9 Block 2B F4 Block 

3V. �3V4=> 7V  AB0B8AB8:>N,  Block 2B  40є  71V9  >48= @07 =0 8 3>48=, 0 Block 3V –  
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>48= @07 =0 15 3>48= [54]. 

' 2016 @>FV =0 02V0107V «)V;;» (Hill) C HB0BV .B0 ?> B@82>7V 7<V3 ?V4=OB8AO 

2 =51> ;8H5 >48= Lockheed Martin F-35 Lightning II V7 H5AB8. 

#@8G8=0: =0 ?’OB8 F-35, I> 70;8H8;8AO AB02AO 71V9 #� V G0AB8=0 

1>@B>2>3> >1;04=0==O ?@>AB> =5 70?@0FN20;0. 

6. �<5@8:0=Aь:89 28@>1=8: ;VB0:V2 Boeing 70?CAB82 >4=C 7V A2>WE =>2VB=VE 

<>45;59 737 Max V WW :><5@FV9=89 @59A 707=02 020@VW 1V;O 15@53V2 �=4>=57VW 2 

6>2B=V 2018 @>:C. �=0A;V4>: FVєW :0B0AB@>D8 7038=C;8 2AV 189 ;N459, O:V 

?5@51C20;8 =0 1>@BC. +5@57 :V;ь:0 <VAOFV2 ?VA;O Fь>3>, C 15@57=V 2019 @>:C, 

@>7182AO ;VB0: BVєW 6 <>45;V, O:89 =0;5602 Ethiopian Airlines. �5@B20<8 020@VW 

AB0;8 157 ;N459. 

#@8G8=0: ?><8;:0 2 ?@>3@0<=><C 70157?5G5==V MCAS, G5@57 O:C C ?52=V9 

A8BC0FVW, =>A <0H8=8 E8;8;> 4>=87C, =572060NG8 =0 4VW ?V;>B0, O:V =5 <>3;8 

CB@8<0B8 9>3> =02VBь ?@8 0:B820FVW AB01V;V70B>@V2 [55]. 

7. %C?CB=8:>20 <5@560 Eutelsat OneWeb 7VB:=C;0AO 7 <0AHB01=8< 71>є<. 

#@>1;5<8 @>7?>G0;8AO 31 3@C4=O 2024 @>:C 9 B@820;8 4> 2 AVG=O 2025 @>:C, 

A?@8G8=82H8 ?5@51>W 2 @>1>BV A8AB5<8 AC?CB=8:>2>3> V=B5@=5BC. 

#@8G8=0: ?><8;:0 2 ?@>3@0<=><C 70157?5G5==V, O:0 28=8:;0 G5@57 

28A>:>A=89 2024 @V:, I> ?@8725;0 4> =5?@028;ь=>W A8=E@>=V70FVW GPS 7 UTC 

[56]. 

*V B0 V=HV ?@8:;048 45<>=AB@CNBь, =0A:V;ь:8 =02VBь <0;V 2V4E8;5==O 2 

A:;04=V9 A8AB5<V, 28:;8:0=V 71>O<8, 740B=V ?@8725AB8 4> =5=02<8A=8E 

3;>10;ь=8E =0A;V4:V2, 0 B0:>6 >1ґ@C=B>2CNBь 3>AB@C =5>1EV4=VABь 2@0E>2C20B8 

2V4<>28 B0 71>W ?@>3@0<=>3> 70157?5G5==O ?@8 >FV=FV =04V9=>ABV ��" �� . 

1.1.2. �=0;V7 =04V9=>ABV ?@>3@0<=>3> 70157?5G5==O, O:5 

28:>@8AB>2CєBьAO 2 ��" �� . $57C;ьB0B8 ?@>2545=>3> 0=0;V7C ?@>F5AV2 

DC=:FV>=C20==O ��" VA=CNG8E V ?5@A?5:B82=8E ��  4>72>;Oє ?@54AB028B8 

��" O: A:;04=89 0?0@0B=>-?@>3@0<=89 :><?;5:A (�#�), I> A:;040єBьAO 7 

42>E 270є<>?>2’O70=8E ?V4A8AB5<: 
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1) 0?0@0B=>3> :><?;5:AC (��) – AC:C?=>ABV B5E=VG=8E 70A>1V2, 4> A:;04C 

O:>3> 2E>4OBь 0?0@0BC@0 :0=0;>CB2>@5==O, ?@8AB@>W :><CB0FVW V <0@H@CB870FVW, 

A5@25@8, 0?0@0BC@0 �$-H8D@C20==O, :V=F525 B0 V=H5 >1;04=0==O; 

2) ?@>3@0<=>3> :><?;5:AC (#�) – AC:C?=>ABV ?@>3@0<=8E 70A>1V2 (#�) 

(«<’O:>3>» >1;04=0==O �#� – software), 2 A:;04V O:>3> 70728G09 284V;ONBь B@8 

G0AB8=8: <0B5<0B8G=5 70157?5G5==O (AC:C?=VABь <0B5<0B8G=8E <>45;59, 

<5B>4V2 V 0;3>@8B<V2), V=D>@<0FV9=5 70157?5G5==O (1078 40=8E 7 A8AB5<0<8 

C?@02;V==O, D09;>2V AB@C:BC@8 7 :0B0;>30<8, :>=AB0=B8 B0 V=HV 5;5<5=B8) B0 

?@>3@0<=5 70157?5G5==O (A8AB5<=5 B0 DC=:FV>=0;ь=5) [57]. 

#V4 ?@>3@0<=8< 70A>1>< 1C45<> @>7C<VB8 >1’є:B, O:89 A:;040єBьAO 7 

?@>3@0<, ?@>F54C@, ?@028;, 0 B0:>6, O:I> ?5@5410G5=>, AC?CB=VE W< 

4>:C<5=B0FVW V 40=8E, I> 2V4=>AOBьAO 4> DC=:FV>=C20==O ��" [58]. 

�=0;V7 ?>:0702, I> #� є =091V;ьH @>728=CB>N 70 AB@C:BC@>N B0 

DC=:FV>=0;ь=8<8 72’O7:0<8 A:;04>2>N G0AB8=>N 0?0@0B=>-?@>3@0<=8E 

:><?;5:AV2 &�". �5D5:B8 B0 ?><8;:8 #� <>6CBь 28O2;OB8AO 28?04:>28< 

G8=>< B0 <0B8 =0A;V4:8, 0=0;>3VG=V =0A;V4:0<, 28:;8:0=8<8 2V4<>20<8 

B5E=VG=8E 70A>1V2, 0 A0<5: 2B@0B>N >:@5<8E DC=:FV9 G8 70B@8<:C WE 28:>=0==O, 

A?>B2>@5==O V=D>@<0FVW 01> :5@CNG8E 2?;82V2 B0 V=. ' Fь><C A5=AV 9 3>2>@OBь 

?@> >1<565=C =04V9=VABь #� (2V4<>20E V 71>OE ?@>3@0<=8E 70A>1V2). 

�V;ьH B>3>, ?@8 A:;04=V9 270є<>4VW B5E=VG=8E V ?@>3@0<=8E 70A>1V2 G0AB> 

206:> V45=B8DV:C20B8 ?5@H>465@5;> ?>@CH5==O =>@<0;ь=>3> 

DC=:FV>=C20==O ��". &><C 206;82> =5 BV;ь:8 70157?5G8B8 28A>:C =04V9=VABь 

#�, 0;5 9 2@0EC20B8 WW ?@8 >FV=FV =04V9=>ABV DC=:FV>=C20==O ��" 7030;><. 

&0:8< G8=><, ?@>3@0<=89 :><?;5:A є 206;82>N A:;04>2>N G0AB8=>N 

��", O:89 <0є >1<565=C =04V9=VABь B0 ACBBє2> 2?;820є =0 5D5:B82=VABь 

DC=:FV>=C20==O �� . *59 2?;82 <0є B5=45=FVN 7@>AB0B8 C <V@C CA:;04=5==O 

7040G, I> 28@VHCNBьAO �� . 

#@>2545=89 0=0;V7 =0C:>2>W ;VB5@0BC@8 4>72>;82 287=0G8B8 D0:B>@8, I> 

2?;820NBь =0 =04V9=VABь DC=:FV>=C20==O #� ��", B0 ?>4V;8B8 WE =0 2=CB@VH=V 
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V 7>2=VH=V. �> 2=CB@VH=VE D0:B>@V2 =04V9=>ABV DC=:FV>=C20==O #� <>6=0 

2V4=5AB8: 

1. %8AB5<=V ?><8;:8 ?@>є:BC20==O 2 ?@>F5AV 287=0G5==O FV;59 V 70240=ь 

AB2>@5==O #�, ?@8 D>@<C;N20==V 28<>3 4> DC=:FV9 V E0@0:B5@8AB8: #�. 

%8AB5<=V ?><8;:8 V =54>;V:8 287=0G5==O 28<>3 4> #� E0@0:B5@87CNBьAO, 

=0A0<?5@54, =5?>2=>N V=D>@<0FVєN ?@> @50;ь=V ?@>F5A8 DC=:FV>=C20==O 

��". �@V< B>3>, FV ?@>F5A8 G0AB> 70;560Bь 2V4 A0<8E 0;3>@8B<V2 V B><C =5 

<>6CBь 1CB8 4>AB0B=ь> 287=0G5=V B0 >?8A0=V 70740;53V4ь 157 4>A;V465==O 

DC=:FV>=C20==O #� C 270є<>4VW V7 7>2=VH=V< A5@54>28I5<. !0 ?>G0B:>28E 

5B0?0E @>7@>1:8 =5 702648 240єBьAO B>G=> V ?>2=> AD>@<C;N20B8 FV;ь>25 

70240==O 2AVєW A8AB5<8, 0 B0:>6 FV;ь>2V 70240==O >A=>2=8E DC=:FV>=0;ь=8E 

3@C? ?@>3@0<, V FV 70240==O CB>G=NNBьAO 2 ?@>F5AV ?@>є:BC20==O. �V4?>2V4=> 

4> Fь>3> CB>G=NNBьAO V :>=:@5B87CNBьAO A?5F8DV:0FVW =0 DC=:FV>=0;ь=V 

:><?>=5=B8 V 28O2;ONBьAO 2V4E8;5==O 2V4 CB>G=5=>3> 70240==O 28<>3, O:V 

<>6CBь :20;VDV:C20B8AO O: A8AB5<=V ?><8;:8. ' 1030Bь>E 28?04:0E 2V4ACB=O 

?>2=0 045:20B=VABь C<>2 >B@8<0==O ?5@5410GC20=8E V @50;ь=8E E0@0:B5@8AB8: 

7>2=VH=ь>3> A5@54>28I0, I> <>65 1CB8 ?@8G8=>N A:;04=8E ?><8;>:, O:V 

206:> 28O28B8. *5 ?>A8;NєBьAO B8<, I> G0AB> =5<>6;82> 70740;53V4ь 

?5@5410G8B8 2A5 @>7<0WBBO <>6;828E 7>2=VH=VE C<>2 V @50;ь=8E 20@V0=BV2 

AF5=0@VW2 DC=:FV>=C20==O B0 70AB>AC20==O 25@AV9 ?@>3@0<=8E ?@>4C:BV2. � 

?@>F5AV AC?@>2>4C A8AB5<=V ?><8;:8, 70728G09, ?5@52060NBь (1;87ь:> 60 – 

80% 2V4 CAVE ?><8;>:) [59]. 

2. #><8;:8 287=0G5==O E0@0:B5@8AB8: A8AB5<8 B0 C<>2 V ?0@0<5B@V2 

7>2=VH=ь>3> A5@54>28I0, ?@89=OB8E 2 ?@>F5AV @>7@>1:8 #� 70 28EV4=V, <>6CBь 

1CB8 @57C;ьB0B>< 0=0;VB8G=8E @>7@0EC=:V2, <>45;N20==O 01> 4>A;V465==O 

0=0;>3VG=8E A8AB5<. ' @O4V 28?04:V2 <>65 1CB8 2V4ACB=O ?>2=0 045:20B=VABь 

?5@5410GC20=8E V @50;ь=8E E0@0:B5@8AB8:, I> є ?@8G8=>N A:;04=8E 

A8AB5<=8E ?><8;>:, O:V 206:> 28O28B8. %8BC0FVO 7 B0:8<8 ?><8;:0<8 

4>40B:>2> CA:;04=NєBьAO B8<, I> 5:A?5@8<5=B8 7 ?5@52V@:8 270є<>4VW #� 7 

@50;ь=8< 7>2=VH=V< A5@54>28I5< C 2AV9 >1;0ABV 7<V= E0@0:B5@8AB8: G0AB> 
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A:;04=V V 4>@>3V, 0 2 >:@5<8E 28?04:0E, ?@8 AB2>@5==V =5157?5G=8E A8BC0FV9, 

=5?@8?CAB8<V. ' Fь><C @07V 4>2>48BьAO 28:>@8AB>2C20B8 <>45;N20==O 9 

V<VB0FVN 7>2=VH=ь>3> A5@54>28I0 7 O2=8< A?@>I5==O< WW >:@5<8E 5;5<5=BV2 V 

E0@0:B5@8AB8:, E>G0 ABC?V=ь A?@>I5==O =5 702648 <>6=0 >FV=8B8 7 

=5>1EV4=>N B>G=VABN. "4=0:, ?>2=>W 045:20B=>ABV <>45;59 7>2=VH=ь>3> 

A5@54>28I0 B0 @50;ь=>W A8AB5<8 4><>3B8AO 206:>, 0 2 1030Bь>E 28?04:0E V 

=5<>6;82>, I> <>65 1CB8 ?@8G8=>N 7=0G=>3> G8A;0 45D5:BV2 [60]. 

3. �;3>@8B<VG=V ?><8;:8 @>7@>1:8 ?@8 157?>A5@54=V9 A?5F8DV:0FVW 

DC=:FV9 #�, ?@8 287=0G5==V AB@C:BC@8 V 270є<>4VW :><?>=5=BV2 #�, 0 B0:>6 ?@8 

28:>@8AB0==V V=D>@<0FVW 7 107 40=8E. �> F8E ?><8;>: <>6=0 2V4=5AB8 ?5@H 70 

2A5 ?><8;:8, >1C<>2;5=V =5:>@5:B=>N ?>AB0=>2:>N DC=:FV>=0;ь=8E 70240=ь, 

:>;8 2 A?5F8DV:0FVOE =5 2 ?>2=><C >1AO7V >1C<>2;5=V 2AV C<>28, =5>1EV4=V 4;O 

>B@8<0==O ?@028;ь=>3> @57C;ьB0BC. #><8;:8 40=>3> B8?C, 28=8:0NBь G5@57 

=5?>2=5 C@0EC20==O 2AVE C<>2 28@VH5==O 70240=ь, V є =09?>H8@5=VH8<8 1V;ьH 

G0AB8<8 2 FV9 3@C?V V AB0=>2;OBь 4> 70% 2AVE 0;3>@8B<VG=8E ?><8;>: 01> 

1;87ь:> 30% 7030;ь=>W :V;ь:>ABV ?><8;>: =0 ?>G0B:>28E 5B0?0E ?@>є:BC20==O. 

#@>2545=89 0=0;V7 ?>:0702, I> 4> 0;3>@8B<VG=8E ?><8;>: B0:>6 A;V4 2V4=5AB8 

?><8;:8 72’O7:V2 <>4C;V2 V DC=:FV>=0;ь=8E 3@C? #�. *59 284 ?><8;>: 

AB0=>28Bь 6 ‒ 8% 2V4 7030;ь=>W :V;ь:>ABV. �;3>@8B<VG=V ?><8;:8 28O2;ONBьAO 

2 =5?>2=><C >1;V:C 4V0?07>=V2 7<V=8 7<V==8E, 2 =5?@028;ь=V9 >FV=FV B>G=>ABV 

28:>@8AB>2C20=8E V >45@6C20=8E 25;8G8=, 2 =5?@028;ь=><C >1;V:C 72’O7:V2 

<V6 @V7=8<8 7<V==8<8, 2 =5045:20B=><C ?>40==V D>@<0;V7>20=8E C<>2 

@VH5==O 7040GV 2 A?5F8DV:0FVOE 01> AE5<0E, O:V ?V4;O30NBь ?@>3@0<C20==N. 

4. #><8;:8 ?@>3@0<C20==O 2 B5:AB0E ?@>3@0< V >?8A0E 40=8E, 0 B0:>6 C 

28EV4=V9 B0 @57C;ьBCNGV9 4>:C<5=B0FVW =0 :><?>=5=B8 V #� 2 FV;><C. � ?@>F5AV 

=0;0HBC20==O >A=>2=0 G0AB8=0 ?><8;>: 2 ?@>3@0<0E 28O2;OєBьAO B0 

CAC20єBьAO, ?@>B5 702648 є @878: ?@>?CAB8B8 45:V;ь:0 ?><8;>:. �C4ь-O:5 

=0;0HBC20==O #� <>65 ?>:070B8 =0O2=VABь ?><8;>:, 0;5 =5 <>65 4>25AB8 WE 

2V4ACB=VABь. � ?@>F5AV B5ABC20==O V =0;0HBC20==O #� ?@0:B8G=> =5<>6;82> 

28:>=0==O 01A>;NB=> ?>2=8E ?5@52V@>:, O:V 30@0=BC20B8<CBь 2V4ACB=VABь 
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=5?5@52V@5=8E :><?>=5=BV2 ?@>3@0<8 V ?>2=5 28O2;5==O 2AVE <>6;828E 

?><8;>:. �=0A;V4>: Fь>3> 2 #� 702648 VA=Cє ?52=0 :V;ь:VABь =528O2;5=8E 

?><8;>: [61]. 

5. !54>AB0B=O 5D5:B82=VABь 28:>@8AB>2C20=8E <5B>4V2 V 70A>1V2 

>?5@0B82=>3> 70E8ABC ?@>3@0< V 40=8E 2V4 71>W2 V 2V4<>2 B0 70157?5G5==O 

=04V9=>ABV DC=:FV>=C20==O #� 2 C<>20E 28?04:>28E =530B82=8E 2?;82V2. 

�>2=VH=V<8 D0:B>@0<8, O:V 2?;820NBь =0 =04V9=VABь DC=:FV>=C20==O #� 

��", є: 

1. �20;VDV:0FVO >?5@0B82=>3> B0 >1A;C3>2CNG>3> ?5@A>=0;C, I> 287=0G0є 

WE 4VW 2 ?@>F5AV 5:A?;C0B0FVW B0 ?@>2545==O B5E=VG=>3> >1A;C3>2C20==O ��". 

%?>B2>@5==O 28EV4=>W V=D>@<0FVW, I> ?>ABC?0є 2V4 :>@8ABC20GV2. ' ?V43>B>2FV 

B0 22545==V 28EV4=8E 40=8E 2 ��" 704VO=0 ;N48=0. *5 ?@872>48Bь 4> B>3>, I> 

?52=0 G0AB8=0 40=8E E0@0:B5@87CєBьAO =528A>:>N 4>AB>2V@=VABN 7 

9<>2V@=VABN ?><8;:8 1;87ь:> 10-3 =0 1 109B. � 02B><0B8G=8E ?@8AB@>OE 

?V43>B>2:8 B0 ?5@54020==O V=D>@<0FVW 9<>2V@=VABь ?><8;:8 <>65 1CB8 7=0G=> 

=86G>N V 4>AO30B8 7=0G5==O 10-6–10-7. �;5 V ?@8 B0:V9 4>AB>2V@=>ABV 40=V =5 

702648 ?@840B=V 4;O >1@>1:8 157 ?@>2545==O :>=B@>;N V ?>?5@54=ь>W A5;5:FVW, 
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#V4AB02;ONG8 28@078 (2.14) – (2.16) 2 (2.12), >B@8<Cє<> @>7@0EC=:>2V 

A?V22V4=>H5==O 4;O 9<>2V@=>ABV 1572V4<>2=>3> DC=:FV>=C20==O ( )4,P t t . 

�>:@5<0, ?VA;O ?V4AB0=>2:8 (2.14) 2 (2.12) V @O4C ?5@5B2>@5=ь <0є<> 
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�8@07 (2.17) A?V2?040є 7 D>@<C;>N 2 @>1>BV [151] V=H8< H;OE><. 

#>@V2=O==O @57C;ьB0BV2 @>7@0EC=:C 70 B>G=>N [151] V =01;865=>N (2.17)  

D>@<C;0< ?>:07Cє, I> ?>E81:0 >B@8<0=>W =01;865=>W D>@<C;8 FV;:>< 

?@89=OB=0 4;O V=65=5@=>W ?@0:B8:8 265 ?@8 ?>@V2=O=> =525;8:8E 

7=0G5==OE 2V4=>H5==O 2 0t t  V H284:> A?040є 7 9>3> 7<5=H5==O<. &0:, ?@8 

2 0 0,1t t = , V 43t t=  2V4=>A=0 ?><8;:0 D>@<C;8 (2.17) A:;040є 2,9 %, O:I> 

4¼ 1,t =  V 6,5 %, O:I> 4¼ 3t = , 0 ?@8 2 0 0,05t t =  2>=0 4>@V2=Nє 0,55 % V 1,4 % 

2V4?>2V4=> 4;O 4¼ 1t =  V 4¼ 3t = . #@8 Fь><C D>@<C;0 (2.17) 2>;>4Vє E>@>H>N 

B>G=VABN =5 BV;ь:8 ?@8 25;8:8E 7=0G5==OE »t , 0;5 V ?@8 »t , AC<V@=8E 7 4»t . 

�V4<VB8<>, I> O:I> G0A t  <0;89 C ?>@V2=O==V 7 =0?@0FN20==O< A8AB5<8 

"+ 4> 2V4<>2C, B> @O48 2 B>G=V9 D>@<C;V @>1>B8 [151] V C D>@<C;V (2.12) 

4>AB0B=ь> H284:> 71V30NBьAO. #@8 25;8:8E 7=0G5==OE t  @>7@0EC=:8 70 

4>?><>3>N F8E D>@<C; AB0NBь 3@><V74:8<8 V B@C4><VAB:8<8. ' F8E C<>20E 
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4>FV;ь=> :>@8ABC20B8AO =01;865=8<8 (0A8<?B>B8G=8<8), 0;5 1V;ьH ?@>AB8<8 

28@070<8. !02545<> >48= 7 B0:8E 28@07V2 4;O ?>H8@5=>3> 2 V=65=5@=V9 

?@0:B8FV 28?04:C 2 0t tüü  V 4>2V;ь=8E @>7?>4V;V2 ( )F t  B0 ( )2F t  28?04:>28E 

25;8G8= 0t  V 2t . !5206:> ?>10G8B8, I> ?@>F5A DC=:FV>=C20==O >1’є:B0 7 

?>?>2=N20=8< @575@2>< G0AC 4t  4>1@5 >?8ACєBьAO <>45;;N @535=5@CNG>3> 

?@>F5AC [141, 142], O:I> 7=5EBC20B8 G0A>< 2V4=>2;5==O ?@0F5740B=>ABV 

>1’є:BC (>A:V;ь:8 2 0t tüü ) V @V4:VA=0 ?>4VO А  =0 :>6=><C ?5@V>4V @535=5@0FVW (C 
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− ù ù ù ù
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45 q  – 9<>2V@=VABь 74V9A=5==O ?>4VW А ?@8 :>6=V9 2V4<>2V V =0ABC?=><C @5<>=BV 

>1’є:B0 (D>@<C;0 (2.13)). &>4V ?@8 AD>@<C;ь>20=8E 28I5 C<>20E A?@0254;820 

=0ABC?=0 0A8<?B>B8G=0 D>@<C;0: 
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O:89 A?@0254;8289 ?@8 4>2V;ь=8E 70:>=0E @>7?>4V;C ( )F t  =0?@0FN20==O 

>1’є:B0 4> 2V4<>28 0t  V ( )2F t  G0AC 2V4=>2;5==O 2t . #@8 5:A?>=5=FV0;ь=><C 

@>7?>4V;V ( )F t  7 ?0@0<5B@>< 0» 1 t=  D>@<C;8 (2.18) V (2.17) A?V2?040NBь. 

"FV=8<> 7=0G5==O <0;>3> ?0@0<5B@0 (9<>2V@=VABь q ), ?@8 O:8E 2V4=>A=0 

?>E81:0 =01;865=8E (0A8<?B>B8G=8E) D>@<C; (2.18) =5 ?5@528ICє 7040=8E 



75 

25;8G8=. � O:>ABV B>G=8E 28:>@8AB>2Cє<> 28@07 (2.12) ?@8 =>@<0;ь=><C 

@>7?>4V;V ( )F t  V 2 0 0,01t t ó  (?@8 Fь><C B>G=VABь 40=>3> 28@07C 4>AB0B=ь> 

28A>:0). � @8A. 2.4 284=>, I> 2V4=>A=0 ?>E81:0 ·  =5 ?5@528ICє 5% ?@8 0,2q ó  

2 H8@>:><C 4V0?07>=V 7<V=8 V=B5@20;C >?5@0B82=>3> G0AC t . �V 71V;ьH5==O< 
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&0:8< G8=><, ?VA;O ?5@H>3> 5B0?C ?5@52V@:8 G0A>28E >1<565=ь V ?@8 

28:>=0==V 45O:8E C<>2 (?@8 2 0t tüü  V 9<>2V@=>ABV 2V4<>28 >1’є:B0 7 

?>?>2=N20=8< @575@2>< G0AC ( )2 41 0,2q F t= − ü ) @>7?>4V; =0?@0FN20==O 

>1’є:B0 4> 2V4<>28 25;ь<8 1;87ь:> 4> 5:A?>=5=FV0;ь=>3> @>7?>4V;C 7 

?0@0<5B@>< »q  (D>@<C;8 (2.17), (2.18)). �8:>@8AB>2CNG8 F59 @57C;ьB0B, 

<>6=0 40;V 725AB8 @>72’O70==O AD>@<C;ь>20=>W 2 ?. 2.2.1 7030;ь=>W 7040GV 4> 

?>1C4>28 <>45;V >FV=:8 =04V9=>ABV A8AB5<8 7 =5?>?>2=N20=8< @575@2>< G0AC 
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@t  ?@8 28=8:=5==V 2V4<>2 >1’є:B0 i -3> B8?C 7 V=B5=A82=VABN ( )» 1
i i
q i ó  7 

=0ABC?=>N ?5@52V@:>N ?>E81:8 >B@8<0=8E @>7@0EC=:>28E D>@<C;. 

&0:89 ?V4EV4, I> 4>72>;Oє C=8:=CB8 =5>1EV4=>ABV ?>1C4>28 

3@><V74:>W 7030;ь=>W <0B5<0B8G=>W <>45;V DC=:FV>=C20==O A8AB5<8 7 

:><1V=>20=8< @575@2>< G0AC, 40є <>6;82VABь A?@>AB8B8 @>72’O70==O 

AD>@<C;ь>20=>W 7040GV B0 >B@8<0B8 =01;865=V D>@<C;8 4;O ?>:07=8:V2 

=04V9=>ABV, ?@840B=V 4;O 28:>@8AB0==O 2 V=65=5@=V9 ?@0:B8FV. 

$>73;O=5<> <0B5<0B8G=C <>45;ь ?@>F5AC DC=:FV>=C20==O A8AB5<8 7 

=5?>?>2=N20=8< @575@2>< G0AC @t  V @V7=8<8 B8?0<8 2V4<>2 >1’є:B0, O:0 

4>72>;8Bь @50;V7C20B8 2:070=89 28I5 ?V4EV4 =0 4@C3><C 5B0?V ?5@52V@:8 

G0A>28E >1<565=ь.  
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i i i

F t q= − −  V ( )  2 2i i
F t P t t= ó  ( )1i ó  – HGA>JVO DB;CB8V?G 

6V8CB6V8AB A4CD4JN64AAO B5’є>F4 8B 6V8@B6< i 7B F<CG V K4EG 6V8AB6?9AAO 

CD4J9;84FABEFV ( )( )41
i i

q F t= − . �K96<8AB, MB A4CD4JN64AAO B5’є>F4 8B 5G8ь

O>BW 6V8@B6< – 6<C48>B64 69?<K<A4 ; HGA>JVєN DB;CB8V?G 

( )   ( )0 0
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1 1 1 exp »
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óó

ö ö= ó = − − = − −ù ù ÷ ÷û û ø ø
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�B;A4K<@B K9D9; 2 1j
t − V 2 j

t  ( )1j ó  @B@9AF< 6V8CB6V8AB j-3> 70 D4IGA>B@ 

6V8@B6< B5’є>F4 V ;4>VAK9AAO =B7B 6V8AB6?9AAO. �D<CGEF<@B, MB 0 0t = , 

1Ä
n n n

t t −= − , 1 2n , ,...= , V A9I4= Ä
n  6;4є@AB A9;4?9:AV. �K96<8AB 2 1j

t −  4;O 2AVE 

1j ó  <0NBь DC=:FVN @>7?>4V;C ( )0F t . �BEF46<@B G 6V8CB6V8AVEFь CDBJ9EG 

HGA>JVBAG64AAO B5’є>F4 6<C48>B6<= CDBJ9E ( )· t , O><= CB5G8Gє@B A4EFGCA<@

K<AB@. �DBJ9E ( )· 0t = , O:I> 2 <><5=B t  B5’є>F 6V?ьA<= (;4684AAO 6V8EGFAV), 

?VAV=AB ;DBEF4є A4 6V8DV;>4I K4EG 2 2 2 1,
j j

t t− −ù ùû û , CBEFV=A<= 6 VAF9D64?4I 

2 1 2j j
t , t−ù ùû û , 0 2 <><5=B8 2 j

t ( )1j ó  ; =@B6VDAVEFN ( )1
i

p−  ;8V=EANє EFD<5B> 6 0 

45B ; =@B6VDAVEFN i
p  CDB8B6:Gє ?VAV=AB ;DBEF4F<. 
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Д?O BC<E4AAO CDBJ9EG HGA>JVBAG64AAO B5’є>F4, O><= DB;7?O84єFьEO,

BK96<8AB, 8BEF4FAьB ;484F< DB;CB8V?< CDB@V:>V6 K4EG, CDBFO7B@ O><I 6VA 

6V?ьA<=, V 8<EJ<C?VAG CBO6< ;4684Aь DV;A<I F<CV6 F4 DB;7?OAGF< CV8CDBJ9E 

(CB;A4K<@B =B7B ( )*· t ), MB B5D<64єFьEO 6 @B@9AF 27t   C9DLB7B 8BEO7A9AAO 

DV6AO 7t . #V4CDBJ9E ( )*· t  CB6AVEFN BC<EGє 6<>BA4AAO B8AB7B ;4684AAO, O>9 6 

V894?ьA<I G@B64I @4є FD<64?VEFь 7t . ТB@G 6 CB84?ьLB@G B5@9:<@BEO 

DB;7?O8B@ 6<C48>B6B7B CDBJ9EG ( )  )· 0,t þ  , O><= ECV6C484є A4 6V8DV;>G 

 270, t  ; CV8CDBJ9EB@ ( )*· t , 4?9 6 @B@9AF 27t  A9 B5D<64єFьEO, 4 CDB8B6:Gє 

96B?NJVBAG64F< ;4 F<@ :9 ;4>BAB@, MB V 8B @B@9AFG 27t  (@8A. 2.5, 0). 
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( ) ( ) ( ) ( ) · , ¸ , ξX t t t t=  

1- pV

1-pV 

pV 
pV 

a 

1 

( )ξ t

2 

( )¸ t

3 

2 

1 

0 

( )· t



78 

�V4<VB8<>, I> ( )· t  =5 є <0@:V2Aь:8< ?@>F5A><, ?@>B5 9>3> <>6=0 

?5@5B2>@8B8 2 <0@:V2Aь:89 70 4>?><>3>N 22545==O 4>40B:>28E :>>@48=0B, 

B>1B> H;OE>< 2:;NG5==O 28EV4=>3> ?@>F5AC ( )· t  C 1V;ьH A:;04=89 

<0@:V2Aь:89 ?@>F5A. 

�2545<> 28?04:>2V ?@>F5A8 
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45 ( )¸ t x= , O:I> >AB0==O 7<V=0 B@0є:B>@VW ?@>F5AC ( )· t  (>1C<>2;5=0 
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t −  (@8A. 2.5, 1, 2). 
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G0AC V 40є <>6;82VABь AC<VA=> 2@0E>2C20B8 @V7=V B8?8 2V4<>2 B0 71>W2 B5E=VG=8E 

V ?@>3@0<=8E 70A>1V2 5;5:B@>==>3> :><C=V:0FV9=>3> >1;04=0==O B0 ?0@0<5B@8 

28:>@8AB>2C20=>W =04;8H:>2>ABV. 

�;3>@8B< ?@0:B8G=>W @50;V70FVW 40=>3> <5B>4C 2:;NG0є 2 A515 

AC:C?=VABь =0ABC?=8E >A=>2=8E 270є<>?>2’O70=8E >?5@0FV9: 

1. �81V@ B0 >13@C=BC20==O 20@V0=BC 270є<>4VW ?>?>2=N20=>W 4t  V 

=5?>?>2=N20=>W @t  A:;04>28E :><1V=>20=>3> @575@2C G0AC 2 ?@>F5AV 

DC=:FV>=C20==O A8AB5<8 "+; 

2. !0 ?5@H><C 5B0?V – 4>A;V465==O <>45;V =04V9=>ABV >1’є:B0 7 

?>?>2=N20=8< @575@2>< G0AC 4t  ?@8 28:>=0==V G0A>2>3> >1<565==O 2 4t tþ  7 

<5B>N >13@C=BC20==O C<>2, ?@8 O:8E =0?@0FN20==O 4> 2V4<>28 1C45 1;87ь:0 

4> 5:A?>=5=FV0;ь=>3> 70:>=C 7 ?0@0<5B@>< » »
i i i

q
ú = , 1i ó , 45 ( )2 41

i i
q F t= − ; 

7<5=H5==O 7=0G5==O 7t  =0 25;8G8=C 4t : 7 4 7t t t
ú− = ; 

3. !0 4@C3><C 5B0?V – ?>1C4>20 <>45;V DC=:FV>=C20==O >1’є:B0 7 

=5?>?>2=N20=8< @575@2>< G0AC @t  7 <5B>N ?5@52V@:8 G0A>2>3> >1<565==O 

( )=? 7 @T t tþ  V >B@8<0==O =01;865=8E @>7@0EC=:>28E D>@<C; 4;O ?>:07=8:V2 

=04V9=>ABV A8AB5<8 "+ 7 :><1V=>20=8< @575@2>< G0AC ?@8 ( )( )2 4» » 1
i i i

F t
ú = − , 

1i ó , V 7 7 4t t t
ú = − ; 

4. "FV=:0 2V4=>A=>W ?>E81:8 =01;865=8E D>@<C;. 

�8:>@8AB0==O C4>A:>=0;5=>3> <5B>4C 4>72>;Oє ?><VB=> A?@>AB8B8 

?@>F5A ?>1C4>28 <>45;59 >FV=:8 ?>:07=8:V2 =04V9=>ABV >1’є:BV2 ��" 7 

:><1V=>20=8< @575@2>< G0AC V >B@8<0B8 ?@840B=V 4;O ?@0:B8G=>W @50;V70FVW 

@57C;ьB0B8. 
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2.3.  >45;V >FV=N20==O =04V9=>ABV >1’є:BV2 7 @V7=8<8 B8?0<8 2V4<>2 V 

:><1V=>20=8< @575@2>< G0AC 

 

 

 

2.3.1. $>7@0EC=:>2V D>@<C;8 4;O ?>:07=8:V2 =04V9=>ABV A8AB5< 7 G0A>28< 

@575@2C20==O<. %:>@8AB0є<>AO @>73;O=CB>N 2 ?.?. 2.2.2 <>45;;N 

B@828<V@=>3> <0@:V2Aь:>3> ?@>F5AC, I> >?8ACє DC=:FV>=C20==O >1’є:B0 7 

=5?>?>2=N20=8< @575@2>< G0AC, 4;O >B@8<0==O @>7@0EC=:>28E A?V22V4=>H5=ь 

4;O ?>:07=8:V2 =04V9=>ABV DC=:FV>=C20==O A8AB5<8 7 C@0EC20==O< 

?>?>2=N20=>W 4t  V =5?>?>2=N20=>W @t  A:;04>28E :><1V=>20=>3> @575@2C G0AC 

B0 @V7=8E B8?V2 2V4<>2 >1’є:B0 (@50;V70FVO 4@C3>3> 5B0?C @>72’O70==O    

7040GV). ' B><C 6 @>74V;V 1C;> ?>:070=>, I> ?VA;O 28:>=0==O ?5@H>3>     

5B0?C @>72’O70==O (2 @57C;ьB0BV 4>A;V465==O <>45;V =04V9=>ABV 7 

?>?>2=N20=8< @575@2><  G0AC 4t ) 4;O =0?@0FN20==O >1’є:B0 4> i -W 2V4<>28 

=0 4@C3><C  5B0?V @>72’O70==O <>6=0 ?@89=OB8 5:A?>=5=FV0;ь=89 70:>= 

@>7?>4V;C 7 ?0@0<5B@>< i

úü , 1i ó , V =5>1EV4=> 7<5=H8B8 <V=V<0;ь=89 G0A 

28:>=0==O 70240==O 7t  =0 25;8G8=C 4t , >A:V;ь:8 V=B5@20; G0AC 2V4=>2;5==O 

>1’є:B0, =5 ?5@528ICNG89 4>?CAB8<5 7=0G5==O 4t , 2V4=>A8BьAO 4> :>@8A=>3> 

G0AC V =5 7<5=HCє =5?>?>2=N20=C A:;04>2C @575@2=>3> G0AC (@8A.  2.2), 

B>1B>: 

( )2 4

7 7 4

» » » 1  ,    1 ,

 .

i i i i i
q F t i

t t t

ú

ú

ù ù= = − óû û
= −

 (2.21) 

�2545<> 45:V;ь:0 ?>7=0G5=ь, =5>1EV4=8E 2 ?>40;ьH><C. !5E09 є @O4 

=52V4’є<=8E G8A5; 0
i

C ó , B0:8E I> ( )1 1
i

i

C i= óõ  V ?>A;V4>2=VABь 28?04:>28E 

25;8G8= Θi   7 DC=:FVO<8 @>7?>4V;C ( ) ( )1
i

A t  i ó . &>4V ?V4 
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1 1

2 2

7 9<>2V@=VABN C
7 9<>2V@=VABN C

....................................

7 9<>2V@=VABN C
i i

ü
ÿÿ
ý
ÿ
ÿþ

  (2.22) 

1C45<> @>7C<VB8 28?04:>2C 25;8G8=C 0  7 DC=:FVєN @>7?>4V;C 

 ( )   ( )0 0
1

Θ
i i

i

A t P t C A t
ó

= ü =õ .  (2.23) 

�8:>@8AB>2CNG8 ?5@5EV4=V 9<>2V@=>ABV ?@>F5AC ( )X t  ?@8 

( ) ( )1 exp »
i i

F y y
ú= − − , 28@078 (2.22), (2.23) V D>@<C;C ?>2=>W 9<>2V@=>ABV, 

70?8H5<> =0ABC?=5 AB>E0AB8G=5 A?V22V4=>H5==O: 

 ( )
( ) ( ) ( )
( ) ( )
( ) ( ) ( )

27

27 27 2

27 2

Δ 7 9<>2V@=VABN 1 » Δ 0 Δ

7 9<>2V@=VABN » Δ 0 Δ
0 7 9<>2V@=VABN 1 » Δ 0 Δ

i

i i i

i i i

T x t t t ,

T x Δt T x t p t t ,
T t p t t ,

ú

ú

ú

ü + − +
ÿÿ= + + +ý
ÿ + − +ÿþ

  (2.24) 

45  ( )27T x  – G0A 28:>=0==O 70240==O 70 C<>28, I> 2 <><5=B 0t  ?>G0B:C @>73;O4C 

?@>F5AC DC=:FV>=C20==O A8AB5<8 70240==O 265 28:>=C20;>AO ?@>BO3>< G0AC  

( )0x x ó ; 

( )27 270T T=  – G0A 28:>=0==O 70240==O 70 C<>28, I> x 0= ; 

( )0 t  – 25;8G8=0 4@C3>3> ?>@O4:C <0;>ABV C ?>@V2=O==V 7 t . 

#>7=0G0NG8 ( ) ( )( )27, M exps x sT xö = − , ( ) ( )27M exps sTö = − , V ?5@5E>4OG8 

2 (2.24) 4> ?5@5B2>@5==O �0?;0A0-%BV;BьєA0, >B@8<Cє<> 

( ) ( ) ( )( ) ( ) ( )
( ) ( ) ( ) ( )

2
1

2
1

, 1 Δ , Δ 1 » Δ , Δ »

Δ 1 » 0 Δ ,

i i i i
i

i i i
i

s x s t s x t t s x t p F s

           s t p F s t

ú ú

ó

ú

ó

ö = − ö + − + ö +

+ ö − +

õ

õ
 

72V4:8 ?VA;O =5A:;04=8E ?5@5B2>@5=ь ?@8E>48<> 4> 48D5@5=FV0;ь=>3> 

@V2=O==O 

 
( ) ( ) ( ) ( ) ( ),

, ,
s x

s x R s s W s
x

ö
= ö − ö


  (2.25) 
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45   ( ) ( )2 2
0

,st

i i
F s e dF t


−=    (2.26) 

  ( ) ( )2
1

» »
i i i

i

R s s p F s ,
ú

ó
= + −õ   (2.27) 

  ( ) ( ) ( )2
1

1 »
i i i

i

W s p F s .
ú

ó
= −õ   (2.28) 

�0AB>A>2CNG8 <5B>4 20@V0FVW AB0;8E V 2@0E>2CNG8, I> ( )7, 1s tö ú , 7 (2.25) 

>45@6Cє<> A?V22V4=>H5==O 

( ) ( )( ) ( ) ( )( )( ) ( )
( )7 7, exp 1 exp ,

W s
s x R s x t s R s x t

R s

ú úù ùù ùö = − + ö − −û û û û  

7 O:>3>, 22060NG8 0x =   V ( ) ( )0s, sö = ö , 7=0E>48<> 

 ( ) ( ) ( )
( ) ( )( )

1

7 7exp 1 1 exp
W s

s t R s t R s .
R s

−

ú úü üÿ ÿù ùù ùö = − − − −ý ýû û û ûÿ ÿþ þ
  (2.29) 

�8:>@8AB>2CNG8 A?V22V4=>H5==O   

  ( ) ( )27 7 4 0
,

s
T t t s

=
ò= ö , ( ) ( ) ( )2

27 7 27 7 40
,

s
DT t s T t t

=
òò= ö − ,  (2.30) 

V 28@07 (2.29), <>6=0 >B@8<0B8 D>@<C;8 4;O <0B5<0B8G=>3> >GV:C20==O 

( )27 7 4,T t t  V 48A?5@AVW ( )27 7DT t  ?VA;O ?V4AB0=>2:8 2 =8E 70<VABь 7t
ú
 7=0G5==O 

7 4 .t t−  

 ( ) ( )( )7 4

27 7 4 2
1

1
, 1 » 1ia t t

i i i
ii

T t t q t e  ,
a

−

ó

ö ö= + −÷ ÷
ø ø

õ   (2.31) 

45  
1 1

» »
i i i i i i

i i

a q q p
ó ó

= −õ õ , 0 1
i

pó ó .   (2.32) 

� >:@5<><C 28?04:C ?@8 1i =  V 1p p= , 1» »= , 1q q=  >45@6Cє<> 28@07 

 ( ) ( ) ( ) ( )( )( )7 4» 1
27 7 4 2

1
, 1 e 1 ,

1

q t t p
T t t qt

q p

− −= + ü −
ü −

 0 1pó ó .  (2.33) 

/:I> 2 >1’є:BV 28=8:0NBь BV;ь:8 =57=5FV=NNGV 2V4<>28, B> ?@8 1p =  D>@<C;0 

(2.33) ?5@5B2>@NєBьAO 4> 284C: 

 ( ) ( )( )27 7 4 7 4 2, 1 » ,T t t t t qt= − +   (2.34) 

0, C 28?04:C 7=5FV=NNG8E 2V4<>20E ?@8 0p =  2>=0 ?@89<0є 284: 
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 ( ) ( )( )7 4»
27 7 4 2

1
, e 1 ,

»
q t t

T t t t
q

−ö ö
= + −÷ ÷
ø ø

  (2.35) 

�V4<VB8<>, I> >:@5<V D>@<C;8 (2.34) V (2.35) ?@8 4 0t =  A?V2?040NBь 7 

2V4?>2V4=8<8 28@070<8 4;O A5@54=ь>3> G0AC 28:>=0==O 70240==O, >B@8<0=8<8 

2 @>1>BV [151] V=H8< <5B>4><. 

"B@8<0==O B>G=>W @>7@0EC=:>2>W D>@<C;8 4;O 9<>2V@=>ABV 

1572V4<>2=>3> DC=:FV>=C20==O A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC 70 

4>?><>3>N 72>@>B=>3> ?5@5B2>@5==O D>@<C;8 (2.29) 7CAB@VG0є A5@9>7=V 

B@C4=>IV [152 – 153]. "4=0: <>6=0 >B@8<0B8 4>AB0B=ь> 7@CG=C =01;865=C 

D>@<C;C, O:I> 4>?CAB8B8, I> A5@54=V9 G0A 2V4=>2;5==O >1’є:B0 2t  =0ABV;ь:8 

<0;89 C ?>@V2=O==V 7 <V=V<0;ь=8< G0A>< 28:>=0==O 70240==O 7t , I> =8< <>6=0 

?@0:B8G=> 7=5EBC20B8 ( 2 7t tüü  − 28?04>: «H284:>3>» 2V4=>2;5==O). &0:0 

A8BC0FVO <0є <VAF5 2 1030Bь>E ?@0:B8G=8E 28?04:0E (=0?@8:;04, 2 A8AB5<0E, 

O:V <VABOBь 25;8:5 G8A;> @575@2=8E 5;5<5=BV2, I> H284:> ?V4:;NG0NBьAO 

70<VABь >A=>2=8E, O:V 2V4<>28;8). � Fь><C 28?04:C, ?>:;040NG8 C (2.29) 

( ) ( )2 1 1
i

F s  iú ó , >45@6Cє<> 

 ( )
( ) ( )

( )
7

7

exp

exp

s a t s a
s .

s a t s a

ú

ú

ù ù+ − +û ûö =
ù ù+ − +û û

  (2.36) 

$>7:;040NG8 (2.36) 2 @O4 70 AB5?5=O<8 5:A?>=5=B8 V 287=0G0NG8 

28@0EC20==O C ?>;NAV s 0= , ?VA;O 45O:8E ?5@5B2>@5=ь >B@8<0є<> =01;865=C 

D>@<C;C 4;O 9<>2V@=>ABV 1572V4<>2=>3> DC=:FV>=C20==O A8AB5<8 7 

:><1V=>20=8< @575@2>< G0AC ( )4 @,t t  V @V7=8<8 B8?0<8 2V4<>2 >1’є:B0: 

( ) ( ) ( ) ( ) ( )

( )

@ 7

7 @ 7 @ 71

7 4 @
0

7 4 @

, , 1 1 ,  0 1,
1

, , 1,    1,   i 1,

i

j
t / t

j i ij a t

i
j

i

a t jt a t jt
P t t t e p

j! j

P t t t t

ú
ú úù ùû û

− +

=

ü ö ö− −
ÿ = − + ó ü÷ ÷ÿ ÷ ÷+ý ø ø
ÿ

= = óÿþ

õ
  (2.37) 

45  7 7 4t t t
ú = − ; i

a  − D>@<C;0 (2.31);  70?8A @ 7t tù ùû û  >7=0G0є >?5@0FVN >:@C3;5==O 

>:@5<>3> @ 7t t  4> FV;>3> (<5=H>3>) G8A;0. 
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$>73;O=5<> 40;V 28?04>:, :>;8 2 >1’є:BV 28=8:0NBь 2V4<>28 ;8H5 >4=>3> 

B8?C, B>1B>: 

( ) ( ) ( ) ( )0 1 1 exp »F t F t F t qt= = = − − , ( ) ( )  21 2 2F t F t P t t= = ó , 

1p p=  V ( )2 41q F t= − . 

' Fь><C 28?04:C ( )» 1a q p= −  V 7 D>@<C;8 (2.37) 287=0G0є<> 

 

( ) ( ) ( )( ) ( )( )

( ) ( )

( )

@ 7

7
@ 71 1

7 4 @
0

@ 7
7 7 4

7 4 @

1
, , 1

1
                 1 ,  0 1,   ,

1

, , 1,   1.

j
t / t

j j p qt

j

i

q p t jt
P t t t e

j!

p q t jt
p t t t

j

P t t t p

ú

úù ùû û
− + − ü

=

ú
ú

ü ù ùü − −û ûÿ = − ô
ÿ
ÿ

ö ö− ü −ÿ
ô + ó ü = −÷ ÷ý ÷ ÷+ÿ ø ø

ÿ
= =ÿ

ÿ
þ

õ

   (2.38) 

#V4AB028<> C D>@<C;C (2.38) 7 7 4t t t
ú = −  V 22545<> ?>7=0G5==O 

( ) ( )7 41 p q t t = − ü −  V ( ) @1 p qt÷ = − ü . #VA;O =5A:;04=8E ?5@5B2>@5=ь F59 28@07 

72>48BьAO 4> 1V;ьH ?@>AB>3> 283;O4C: 

 
( ) ( )

( )
( ) ( )

( )

@ 7 4
1

7 4 @
0

7 4 @

, , 1 1 ,  0 1,
1

, , 1,   1.

jt / t t
j j

i
j

j j
P t t t e p

j! j

P t t t p

ù ù−û û
− + 

=

ü ÷ −  ö ö÷ − 
= − + ó üÿ ÷ ÷+ø øý

ÿ = =þ

õ
  (2.39) 

� >:@5<><C 28?04:C D>@<C;0 (2.39) ?@8 0p = , 1q =  V 4 0t =  71V30єBьAO 7 

D>@<C;>N (3.2.21) @>1>B8 [151], >B@8<0=V9 V=H8< <5B>4>< 4;O A8AB5<8 7 

=5?>?>2=N20=8< @575@2>< G0AC 7 7=5FV=NNG8<8 2V4<>20<8 >1’є:B0. 

�8:>@8AB>2CNG8 =02545=V 28I5 D>@<C;8 4;O 9<>2V@=>ABV 

1572V4<>2=>3> DC=:FV>=C20==O A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC V 28@07 

(2.6), <>6=0 >B@8<0B8 @>7@0EC=:>2V A?V22V4=>H5==O 4;O V=B5=A82=>ABV 2V4<>2 

A8AB5<8 ( )7 4 @, ,t t t . 

�>:@5<0, ?@8 2V4<>20E >1’є:B0 >4=>3> B8?C (D>@<C;0 (2.39)) ?@8 

0 1pó ü  287=0G0є<> 
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( )
( )

( ) ( )

( ) ( )
( ) ( )

( )
( )

( ) ( )

( )

@ 7 4
1

1

0

2

7 4 @

7
7 4 @

7 4 @ 7 4 @

1 1
1 !

1, ,
2

, , 1
, , , ,

jt / t t
j j

j

j
e e

j

jP t t t
j j

j jt
t t t q p

P t t t P t t t

−ù ù−û û
− + −

=

ù ù÷ − 
+ ÷ + − ôú ú

−ú ú
ú úö ö÷ − ö ö ú úô + ÷ −  + +÷ ÷÷ ÷÷ ÷ú úø ø ø øû û = = ü −

õ

, (2.40) 

45 ( )( )7 4ρ=» 1q p t t− − ; ( ) @´=» 1q p t− ; ( )2 41q F t= − ; 0 1pó ü . 

� D>@<C;8 (2.39) 28E>48Bь, I> ?@8 1p =  >B@8<Cє<>  

( )7 4 @, , 0t t t = .   (2.41) 

2.3.2. "FV=N20==O 2V4=>A=>W ?>E81:8 =01;865=8E D>@<C;. #@8 

>B@8<0==V @>7@0EC=:>2>W D>@<C;8 4;O 9<>2V@=>ABV ( )7 4 @, ,P t t t  (?.?. 2.3.1) 1C;> 

?@89=OB> 4>?CI5==O ?@> B5, I> 2 0t = , >A:V;ь:8 2 1030Bь>E @50;ь=8E A8AB5<0E, 

O: ?@028;>, 28:>=CєBьAO C<>20 2 7t tüü . &><C ?>E81:0 FVєW D>@<C;8 70;568Bь 

2V4 A?V22V4=>H5==O <V6 A5@54=V< G0A>< 2V4=>2;5==O >1’є:B0 2t  V <V=V<0;ь=8< 

G0A>< 28:>=0==O 70240==O 7t  V =87:8 V=H8E D0:B>@V2: 9<>2V@=>ABV 715@565==O 

?>?5@54=VE @57C;ьB0BV2 p , 25;8G8=8 =5?>?>2=N20=>3> @575@2C G0AC @t  B0 

V=B5=A82=>ABV 2V4<>2 >1’є:B0 ü . 

�;O ?@>2545==O :V;ь:VA=>3> >FV=N20==O 2V4=>A=>W ?>E81:8 ?5@5B2>@8<> 

=01;865=C D>@<C;C (2.39) ?@8 0p = , 1q = , 4 0t =  V ?@82545<> WW 4> 284C: 

 
( ) ( ) ( ) ( )

( )

@ 7
1

0

, 1 1 ,  0,
! 1

, 1,   1.

jt / t
j j

j

j j
P e p

j j

P p

ù ùû û
− + 

=

ü ÷ +  ö ö÷ + 
 ÷ = − + =ÿ ÷ ÷+ý ø ø

ÿ  ÷ = =þ

õ
   (2.42) 

45 7t = ü ,  @t÷ = ü .  

�V4=>A=C ?>E81:C 1C45<> >FV=N20B8 70 D>@<C;>N: 

 
( ) ( )

( )
B 7 =1 7

B 7

, , 100 %
· ,

,

P t t P t t

P t t

−
=   (2.43) 
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45 ( )B 7 ,P t t   V ( )=1 7 ,P t t  − 2V4?>2V4=> B>G=0 V =01;865=0 @>7@0EC=:>2V D>@<C;8.  

� O:>ABV B>G=8E A:>@8ABCє<>AO 2V4><8<8 D>@<C;0<8 >B@8<0=8<8 2 

[154] 4;O A8AB5<8 7 =5?>?>2=N20=8< @575@2>< G0AC: 

0) ?@8 7=5FV=NNG8E 2V4<>20E ( )0p =  

  ( ) ( ) ( ) ( )
@ 7 1

1

7 @ @ 7 1 @ 7
0

,
t / t

j

j j
j

P t t B t jt B t jt e ,

ù ù−û û
− + 

+
=

ù ù= − − −û ûõ   (2.44) 

45  

 

( ) ( ) ( ) ( )
( )

( ) ( ) ( )

1
1

0
0

» ¼

2 1 1 »
1;

! ! 1 !

1 »
                     , 1;                          (2.45)

j kj kj
j

j
k

j k

x

j j k !u v x
B B x uv

j j k j k

j x
j k ve j

j k

− −−

=

−
− +

− + −ö ö
= = + ô÷ ÷ − −ø ø

ö ö−
ô − + ó÷ ÷÷ ÷−ø ø

õ
 

¼
1

»+¼
u = − þ = ; 

1) ?@8 =57=5FV=NNG8E 2V4<>20E ( )1p =  

 ( ) ( ) 7
1

, 1 , ,    » ,
!

j

j

P e I k t
j


−

=

ù ù
 ÷ = + ÷  =ú ú

û û
õ   (2.46) 

45  
( )

1

0

@

, 1 ;
!

´=¼ .

kj

k

I k e
k

t

−
−÷

=

÷
÷ = −õ

  (2.47) 

!0 @8A. 2.6 ?>:070=V >1;0ABV <>6;828E 7=0G5=ь 2V4=>A=>W ?>E81:8   

>B@8<0=V ?@8 7» 0,1t =  V @V7=8E 7=0G5==OE 2 7t t  V @ 7t t . � @8AC=:0 2.6 284=>, I> 

4;O ?@89=OB8E 28EV4=8E 40=8E ?>E81:0 ·  D>@<C; (2.41) V (2.42) <5=H5 10% 

=02VBь ?@8 2V4=>A=> 25;8:><C G0AV 2V4=>2;5==O 2 7 2t t ó .  

�=0;>3VG=V @>7@0EC=:8 4;O 28?04:C 7 0,05tü =  40NBь ?@8 B8E 65 

28EV4=8E C<>20E 7=0G5==O ?>E81:8 · 5%ó . �;O 28?04:C 7 0,05tü =  ?>E81:0 

· 10%ü  70157?5GCєBьAO ?@8 2 7 0,2t t ó , 0 ?@8 7» 1t =  − ?@8 2 7 0,1t t ü . 

"B65, =01;865=V D>@<C;8 (2.37) – (2.39), >B@8<0=V 4;O >FV=N20==O 

9<>2V@=>ABV 1572V4<>2=>3> DC=:FV>=C20==O A8AB5<8 7 :><1V=>20=8< @575@2>< 
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G0AC <0NBь FV;:>< ?@89=OB=C 4;O V=65=5@=8E @>7@0EC=:V2 ?>E81:C (· 10%ü , 

0 2 @O4V 28?04:V2 – <5=H5 45:V;ь:>E 2V4A>B:V2) 2 H8@>:><C 4V0?07>=V 7<V=8 

28EV4=8E C<>2. 

 

$8AC=>: 2.6 ‒ �0;56=>ABV 2V4=>A=>W ?>E81:8 D>@<C;8 (2.42) 2V4 25;8G8=8 

@575@2C G0AC V 9<>2V@=>ABV p  715@565==O ?>?5@54=VE @57C;ьB0BV2: 

2 7a 2t t− = ; 2 7  1  1t t− = ; 2 7 2  0,2t t− =



89 

�;O >FV=N20==O 2V4=>A=>W ?>E81:8 ·  =01;865=>W D>@<C;8 4;O 

V=B5=A82=>ABV 2V4<>2 ( )=1 7 @,t t  A8AB5<8 "+ 7 =5?>?>2=N20=8< @575@2>< G0AC 

(D>@<C;0 (2.40) ?@8 0p = , 1q = , 4 0t = ) A:>@8ABCє<>AO B>G=>N D>@<C;>N ?@8 

7=5FV=NNG8E 2V4<>20E ( )0p =  [155]: 

( ) ( )
( )
7 @

B 7 @
7 @

,
,

,

a t t
t t

P t t
 = ,  (2.48) 

45 ( )7 @,P t t  28@060єBьAO D>@<C;0<8 (2.44), (2.45); 

( )
( ) ( )

( )
( ) ( )
( ) ( )

7

7

1 @ 7 @ @ 7

7 @ 1 @ 7 2 @ 72

7 @ 7 @ 7
1 @ 7 2 @ 7

1 , ,                              ,

,
, ,     2 .

t

t

B t e P t t t t

a t t B t t B t t
P t t e t t t

B t t B t t

−ü

− ü

ü ù ùü − = ü üû ûÿ
ÿ ù ù= ü − − ü − +ý

ú úü + ó óÿ
ú úò ò+ − − −ÿ û ûþ

 (2.49) 

&CB   ( ) ( )1 » 1 x
B t u e

−ò = − − , ( ) ( )( )2 2

2 » 2 2 x
B t u v x x e

−ò = − + + , ( )»x t= + ý .    (2.50) 

$>7@0EC=:8 ?>:070;8, I> 2V4=>A=0 ?>E81:0 =01;865=>W D>@<C;8 4;O 

V=B5=A82=>ABV 2V4<>2 ( )=1 7 @,t t  (D>@<C;0 (2.40) ?@8 7ρ=»t ; @´=»t ; 0p = , 1q = ) 

O: V C 28?04:C 9<>2V@=>ABV ( )ρ, ´P  (D>@<C;0 (2.41)), =5 ?5@528ICє 10% =02VBь 

?@8 2V4=>A=> 25;8:><C A5@54=ь><C G0AV 2V4=>2;5==O 2 7 0,2t t ó . "B65, 

=01;865=0 @>7@0EC=:>20 D>@<C;0 4;O V=B5=A82=>ABV 2V4<>2 ( )7 4 @, ,t t t  

A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC FV;:>< ?@840B=0 4;O 28:>@8AB0==O 2 

V=65=5@=V9 ?@0:B8FV ?@8 ?@>2545==V >@Vє=B>2=8E @>7@0EC=:V2. 

' 28?04:C =57=5FV=NNG8E 2V4<>2 ( )1p =  2 [156] >B@8<0=V B>G=V 

D>@<C;8 4;O ( )7 4 @, ,P t t t  V ( )7 4 @, ,t t t  A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC 

?@8 ( ) ( )2 1 exp ¼F t t= − − : 

 ( )
7 4

1
7 4 @

1 0 7 4

1,                         ,

, ,
1 1

,! !

j kj

j k

t t

P t t t
e e

t tj k

−
− −÷

= =

ü ó
ÿ= ù ùö ö ÷ý + −ú ú÷ ÷ÿ þø øû ûþ

õ õ
   (2.51) 

45 ( ) 4¼
7 4ρ=» t

t t e
−− ; @´=¼t . 



90 

( )
( )

( ) ( ) ( )
( )

7 4 @

07
7 4 @ 4 @

7 4 @ 7 4 @

, ,

2
, , exp ,

, , , ,

P t t t

It
t t t t t

P t t t P t t t


÷ ù ù = = ü −ý + −û û   (2.52) 

45 ( )0
2 ρ´I  − <>48DV:>20=0 DC=:FVO �5AA5;O =C;ь>2>3> ?>@O4:C [151].   

&0:8< G8=><, >B@8<0є<> @>7@0EC=:>2V D>@<C;8 4;O ?>:07=8:V2 

=04V9=>ABV A8AB5< "+ 7 :><1V=>20=8< @575@2>< G0AC 7 C@0EC20==O< i  B8?V2 

( )1i ó  2V4<>2 >1’є:B0, ?@8G><C :>6=0 2V4<>20 <>65 7 9<>2V@=VABN i  

=57=5FV=N20B8 V 7 9<>2V@=VABN p  7=5FV=N20B8 ?>?5@54=є =0?@0FN20==O: B>G=V 

D>@<C;8 (2.31) – (2.35) – 4;O A5@54=ь>3> G0AC 28:>=0==O 70240==O ( )27 7 4,T t t  V 

=01;865=V D>@<C;8 (2.37) – (2.40) – 4;O 9<>2V@=>ABV 1572V4<>2=>3> 

DC=:FV>=C20==O ( )7 4 @, ,P t t t  B0 V=B5=A82=>ABV 2V4<>2 ( )7 4 @, ,t t t  A8AB5<8 "+. 

�=0;V7 2V4=>A=>W ?>E81:8 =01;865=8E D>@<C; 4>72>;82 7@>18B8 28A=>2>:, I> 

2>=8 <0NBь 4>?CAB8<C B>G=VABь 4;O V=65=5@=8E @>7@0EC=:V2 (2V4=>A=0 

?>E81:0 <5=H5 10%, 0 2 1030Bь>E 28?04:0E =5 ?5@528ICє 45:V;ь:>E ?@>F5=BV2) 

V <>6CBь 1CB8 28:>@8AB0=V 2 V=65=5@=V9 ?@0:B8FV. 

 

 

 

2.4.  >45;V >FV=N20==O =04V9=>ABV >1’є:BV2 7 :><1V=>20=8< @575@2>< 

G0AC ?@8 @>718BBV 28:>=C20=>3> 70240==O =0 5B0?8 

 

 

 

�V4<V==>N >A>1;82VABN @>73;O=CB8E 2 Fь><C @>74V;V A8AB5< є B5, I> 

28:>=0==O 70240==O 7030;ь=>N B@820;VABN 7t  (2 V450;ь=8E C<>20E) 

@>71820єBьAO =0 45:V;ь:0 ?>A;V4>2=> @50;V7CNG8E 5B0?V2. /: 1C;> 707=0G5=> 

28I5, B0:5 @>718BBO ?@54AB02;Oє A>1>N >48= 7 <>6;828E <5B>4V2 7<5=H5==O 

=0A;V4:V2 2V4<>2 >1’є:B0.  V=V<0;ь=89 G0A 28:>=0==O 70240==O =0 :>6=><C 
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5B0?V <>65 1CB8 @V7=8<. $>73;O=5<> 28?04>:, :>;8 70240==O @>71820єBьAO =0 

( )  1n n ó  5B0?V2 7 >4=0:>28< <V=V<0;ь=8< G0A>< 28:>=0==O 7t n = , V 1C45<> 

22060B8, I> B0:5 @>718BBO =5 ?>B@51Cє 28B@0B 4>40B:>2>3> G0AC 01> 28B@0B8 

=0ABV;ь:8 <0;V, I> =8<8 <>6=0 ?@0:B8G=> 7=5EBC20B8. �87=0G8<> ?>:07=8:8 

=04V9=>ABV B0:8E A8AB5< ?@8 @V7=8E ?@8?CI5==OE 2V4=>A=> 715@V30==O 

?>?5@54=ь>3> =0?@0FN20==O ?VA;O 2V4<>28 >1’є:B0 B0 ?@>0=0;V7Cє<> 2?;82 

Fь>3> <5B>4C >@30=V70FVW 28:>=0==O 70240==O =0 5D5:B82=VABь G0A>2>3> 

@575@2C20==O. 

2.4.1. #>2=5 01> G0AB:>25 715@565==O ?>?5@54=ь>3> =0?@0FN20==O. 

!5E09 2 >1’є:BV 28=8:0NBь 2V4<>28 i  B8?V2 ( )1i ó , ?@8G><C =0?@0FN20==O <V6 

2V4<>20<8 i -3> B8?C @>7?>4V;5=> 70 5:A?>=5=FV0;ь=8< 70:>=>< 7 ?0@0<5B@>< 

»
i

ú  (D>@<C;0 (2.21)), B0: I> AC<0@=89 ?>BV: 2V4<>2 4>@V2=Nє 
1

i
i

ú ú

ó
ü = üõ . #@8 

28=8:=5==V 2V4<>2 =0 j -< 5B0?V ( )1,j n=  28:>=0==O 70240==O 70B@8<CєBьAO =0 

G0A 2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0, 0 ?>BV< 7 9<>2V@=VABN ( )0 1
i i

p pó ó  

?@>4>26CєBьAO 7 C@0EC20==O< @>1>B8, I> 1C;0 28:>=0=0 4> <><5=BC >AB0==ь>W 

2V4<>28, 01> 7 9<>2V@=VABN ( )1
i

p−  ?>G8=0єBьAO 7 ?>G0B:C j -3> 5B0?C (?@8 

Fь><C G0A, 28B@0G5=89 =0 28:>=0==O 70240==O =0 j -< 5B0?V 4> <><5=BC 

28=8:=5==O 2V4<>28, 7 9<>2V@=VABN ( )1
i

p−  2B@0G0єBьAO).  

!5E09 :>=B@>;ь ?@0F5740B=>ABV >1’є:B0 V450;ь=89, 0 G0A 2V4=>2;5==O 

?@0F5740B=>ABV >1’є:B0 – 28?04:>20 25;8G8=0 2it  7 DC=:FVєN @>7?>4V;C ( )2iF t  V 

:V=F528< <0B5<0B8G=8< >GV:C20==O< 2it , 1i ó . /: V @0=VH5 1C45<> 22060B8, I> 

@5<>=B ?>2=VABN 2V4=>2;Nє 28EV4=V 2;0AB82>ABV >1’є:B0, 0 ?VA;O 9>3> 

70:V=G5==O 7@07C 6 2V4=>2;NєBьAO 28:>=0==O 70240==O. 

�;O AD>@<C;ь>20=8E 28I5 C<>2 7030;ь=89 G0A 28:>=0==O 2Aь>3> 

70240==O 27t  ?@54AB02;Oє A>1>N AC<C 2V4@V7:V2 G0AC ( )27 1,
j

t j n= , I> 

28B@0G0єBьAO =0 28:>=0==O :>6=>3> 7 n  5B0?V2. �0240==O 1C45 28:>=0=>, O:I> 
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2AV 5B0?8 1C4CBь 7025@H5=V 4> 70:V=G5==O V=B5@20;C >?5@0B82=>3> G0AC. #@8 

5:A?>=5=FV0;ь=><C @>7?>4V;V =0?@0FN20==O >1’є:B0 <V6 2V4<>20<8 G5@57 

2V4ACB=VABь ?VA;O4VW 28?04:>2>W 25;8G8=8 ( )27 1,
j

t j n=  28O2;ONBьAO 270є<> 

=570;56=8<8 B0 >4=0:>2> @>7?>4V;5=8<8. *5 4>72>;Oє A:>@8AB0B8AO 

@57C;ьB0B0<8 ?>?5@54=ь>3> @>74V;C (?. 2.3). 

!5E09 28?04:>20 25;8G8=0 27jt  <0є DC=:FVN @>7?>4V;C 

( )  1 7 27,
j

P t n t P t t
ú = ü , ( )1,j n= . &>4V ?5@5B2>@5==O �0?;0A0-%BV;ьBьєA0 ( )1 sö  

FVєW DC=:FVW @>7?>4V;C 28@060єBьAO D>@<C;0<8 (2.29), (2.36), O:I> 70<V=8B8 2 

=8E 7t
ú
 =0 7t n

ú
. $>7?>4V; AC<8 n  =570;56=8E B0 >4=0:>2> @>7?>4V;5=8E 

28?04:>28E 25;8G8= 28E>48Bь O: n  − AB8A;0 73>@B:0 @>7?>4V;C ( )1 7 ,P t n t
ú

. 

�@0E>2CNG8 F5 V 28:>@8AB>2CNG8 28@078 (2.29) V (2.36), 70?8H5<> D>@<C;8 

4;O ?5@5B2>@5==O �0?;0A0-%BV;ьBьєA0 ( ),s nö  DC=:FVW ( )7 , ,P t t n
ú

 2 =0ABC?=><C 

284V: 

( ) ( ) ( ) ( )
( ) ( )( )1 7 7, , exp 1 1 exp

n

n W s
s n s n t R s t R s n

R s

−

ú úü üÿ ÿù ùù ùö = ö = − − − −ù ù ý ýû û û û û ûÿ ÿþ þ
,  (2.53) 

  ( ) ( )
( ) ( )

( ) 
7

1

7

exp
,  .

exp

n

n

n

s a t s a
s n s

s a t s a n

ú

ú

ù ù+ − +û ûö = ö =ù ùû û
ù ù+ − +û û

  (2.54) 

!5206:> ?>10G8B8, I> 4;O <0B5<0B8G=>3> >GV:C20==O G0AC 28:>=0==O 

70240==O 70;8H0єBьAO A?@0254;820 D>@<C;0 (2.33), O:I> 70<V=8B8 2 =V9 7 4t t−  

=0 ( )7 4t t n−  V ?><=>68B8 2AV 28@078 =0 G8A;> 5B0?V2 n , B>1B> 

( ) ( ) ( ) ( )( )27 7 4 2 7, , 1 exp 1 1
1

n
T t t n qt qt p n

q p

úù ù= + ü ü − −û ûü −
, 0 1pó ó .  (2.55) 

$>7:;040NG8 (2.54) 2 @O4 70 AB5?5=O<8 5:A?>=5=B8 V 28:>=CNG8 72>@>B=5 

?5@5B2>@5==O, 7=0E>48<> D>@<C;C 4;O 9<>2V@=>ABV 1572V4<>2=>3> 

DC=:FV>=C20==O A8AB5<8 ?@8 1030B>5B0?=><C 28:>=0==V 70240==O: 
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( ) ( ) ( )

( )
( )

( )

@ 7

7 4 @ 7
0

@ 7

0

7 4 @ 7 7 4

1
, , , 1 exp 1

                     ,                            0 1,
!

, , , 1,   1,    ,                  

t / t n
j

i
j

k j

n
i

i
k

i

n j
P t t t n a t j n

j

a t j t nn
p

k k j

P t t t n p t t t

ù ùû û
ú

=

+ú

=

ú

+ −ö ö ù ù= − + ô÷ ÷ û ûø ø

ù ù−ö ö û ûô ó ü÷ ÷ +ø ø

= = = −

õ

õ

                 1,i

ü
ÿ
ÿ
ÿ
ÿ
ý
ÿ
ÿ óÿ
ÿ
þ

  (2.56) 

45, O: V @0=VH, i
a  − 482. D>@<C;C (2.32). /:I> ?>:;0AB8 C (2.56) 0p = , B> <>6=0 

?@89B8 4> D>@<C;8 (3.3.5) @>1>B8 [151] ?@8 2 0t = . 

"A:V;ь:8 ?@8 1n =  D>@<C;8 (2.56) V (2.37) A?V2?040NBь, B> V ?>E81:8 WE 

?@8 Fь><C 1C4CBь >4=0:>2V. �V 71V;ьH5==O< :V;ь:>ABV 5B0?V2 n  ?>E81:0 

D>@<C;8 (2.56) ?><VB=> 7<5=H8BьAO. &0:, 4;O ?@89=OB8E =0 @8A. 2.7 28EV4=8E 

C<>20E ( 1i = ; 0p = ; 7» 0,1t = ; 2 7 1t t = ) 2V4=>A=0 ?>E81:0 ·  7<5=H8BьAO 2 2−2,5 

@078 ?@8 71V;ьH5==V n  7 1 4> 6. "B65, D>@<C;0 (2.56) FV;:>< ?@840B=0 4;O 

V=65=5@=8E @>7@0EC=:V2 V ?@8 1n þ  2>;>4Vє <5=H>W ?>E81:>N, =V6 28@07 (2.37) 

(@8A. 2.7). 

 

$8AC=>: 2.7 ‒ �0;56=>ABV 2V4=>A=>W ?>E81:8 D>@<C;8 (2.56) 2V4 25;8G8=8 

@575@2C G0AC V G8A;0 5B0?V2 28:>=0==O 70240==O ( 7» 0,1qt = ; 2 7 1t t = ; 0p = ) 

 

(>@<C;8 (2.55) V (2.56) =5 2@0E>2CNBь B>3>, I> ?@8 >@30=V70FVW 

1030B>5B0?=>3> 28:>=0==O 70240==O G5@57 CA:;04=5==O 0;3>@8B<V2 

DC=:FV>=C20==O <>65 28B@0G0B8Aь 4>40B:>289 G0A, O:89 71V;ьHCє 

0 

1 2 3 

2 

4 

 6 

6 

  4 

n=1 

2 
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<V=V<0;ь=89 G0A 28:>=0==O 70240==O B0 A:>@>GCє @50;ь=89 @575@2 G0AC. "4=0: 

2 1V;ьH>ABV 28?04:V2 F59 4>40B:>289 G0A ;53:> 2@0EC20B8, 7<V=82H8 

@>7@0EC=:>2C D>@<C;C. 

/:I> 4>40B:>289 G0A :t  − 25;8G8=0 ?>ABV9=0 4;O :>6=>3> 5B0?C V =5 

70;568Bь 2V4 7t  V n , B> ?@8 71V;ьH5==V G8A;0 5B0?V2 n  =0@V2=V 7V A:>@>G5==O< 

7=5FV=NNG>3> =0?@0FN20==O 71V;ьHCєBьAO B@820;VABь 70240==O =0 25;8G8=C 

:nt . &><C <>6=0 287=0G8B8 >?B8<0;ь=5 @>718BBO 70240==O =0 5B0?8 B0 7=09B8 

>?B8<0;ь=C B@820;VABь >4=>3> 5B0?C. 

$>73;O=5<> @>72’O70==O FVєW 7040GV ?@8 0p = . ->1 7=09B8 >?B8<0;ь=5 

G8A;> 5B0?V2 0n , 70<V=8<> C D>@<C;V (2.55) 7t
ú  =0 7 :t nt

ú + , ?@>48D5@5=FVNє<> 

( )27 7 4, ,T t t n  70 ?0@0<5B@>< n  V ?@8@V2=Oє<> ?>EV4=C =C;N: 

( )
( ) ( ) ( ) ( )27 7 4 7 4 7 4

2 :

, , 1
1 exp 1 1 0

1

T t t n t t q t t
qt q t

n q p n n

ù ùö öö ö − ü −
= + ü ü + − − =ú ú÷ ÷÷ ÷÷ ÷÷ ÷ ü − ú úø øø øû û

. (2.57) 

*5 B@0=AF5=45=B=5 @V2=O==O =5 240єBьAO 28@VH8B8 B>G=> 0=0;VB8G=>. "4=0: 

?@8 ( )7 4» 1q t t n− ü  <>6=0 >B@8<0B8 =01;865=89 @>72’O7>:. �;O Fь>3> 

@>7:;045<> (2.57) 70 AB5?5=O<8 ?>:07=8:0 5:A?>=5=B8 ( )7 4»q t t

n

−
 B0 2V4:8=5<> 

G;5=8 ?>@O4:C <0;>ABV ( ) 3

7 4»q t t

n

ö ö−
÷ ÷÷ ÷
ø ø

 V 28I5. "B@8<0=5 ?@8 Fь><C :204@0B=5 

@V2=O==O <0є @>72’O7>: 

( )
( )

( )7 4 7 4
0

::

.
22 exp 1

q t t q t t
n

qtqt

ü − ü −
= û

üü −ù ùû û
 (2.58) 

"?B8<0;ь=0 B@820;VABь 5B0?C 

 ( ) ( ):
0 7 4 0 :2 2 1qt

t t n t q e q
ü = − = ü = − ü .  (2.59) 

%5@54=V9 G0A 28:>=0==O 70240==O ?@8 >?B8<0;ь=><C @>718BBV  

 ( ) ( )( ) ( )( ) ( )00
27 7 4 0 2 7 4 2 :, , 1 1 1

qn
T t t n qt e q t t qt f t

q

ü = + ü − = ü − + ü
ü

,  (2.60) 
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45  ( )
( )( )

( )( )
:2 exp

:

:

1

2 exp 1

qt
e

f t
qt

ü −
=

ü −
  (2.61) 

/:I> 4;O :>6=>3> 7t  >18@0B8 >?B8<0;ь=C B@820;VABь 5B0?C, B> A5@54=V9 G0A 

7@>AB0є =5 5:A?>=5=FV0;ь=> 7 @>AB>< 7t , 2V4?>2V4=> (2.55), 0 ;V=V9=>. #@8 

( ) ( ): 7exp »f t qtþ  28:>=CєBьAO =5@V2=VABь ( ) ( )27 7 4 27 7 4, , , ,1T t t n T t tü , B>1B> 

@>718BBO =0 5B0?8 1060=>. #@8 ( ) ( ): 7exp »f t qtü  @>718BBO =0 5B0?8 7<5=HCє 

A5@54=V9 G0A 28:>=0==O 70240==O ;8H5 ?@8 7 7t tþ , 45 7t  – :>@V=ь @V2=O==O 

( ) ( )7 7 :exp » 1 »qt qt f t− = . 

2.4.2. #>2=5 01> G0AB:>25 7=5FV=N20==O ?>?5@54=ь>3> =0?@0FN20==O. � 

1030Bь>E B5E=VG=8E A8AB5<0E 28:>=0==O 70240==O >@30=V7CєBьAO B0:8< G8=><, 

I> ?VA;O 2V4<>28 >1’є:B0 2V41C20єBьAO ?>2=5 01> G0AB:>25 7=5FV=N20==O 

?>?5@54=VE @57C;ьB0BV2. �87=0G8<> ?>:07=8:8 =04V9=>ABV B0:8E A8AB5< ?@8 

B8E 65 28EV4=8E ?5@54C<>20E, I> V 2 ?>?5@54=V9 7040GV, 0;5 1C45<> 22060B8, 

I> ?VA;O 70:V=G5==O 2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 (2V4<>20 i -3> B8?C 

( )1i ó  28=8:0є =0 j -<C 5B0?V) 28:>=0==O 70240==O ?@>4>26CєBьAO 7 

9<>2V@=VABN i
p  7 ?>G0B:C j -3> 5B0?C ( )1,j n=  01> 7 9<>2V@=VABN ( )1

i
p−  − 7 

A0<>3> ?>G0B:C ( )0 1
i

pó ó . 

#>7=0G8<> G5@57 2: 1-t  V ( )2: 1t k ó  <><5=B8 2V4?>2V4=> 2V4<>28 B0 

70:V=G5==O 2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0, V =5E09 0 0t =  є ?>G0B:>28< 

<><5=B>< @>73;O4C ?@>F5AC. #>AB028<> C 2V4?>2V4=>ABV ?@>F5AC 

DC=:FV>=C20==O A8AB5<8 28?04:>289 ?@>F5A ( )· t , O:89 287=0G8<> =0ABC?=8< 

G8=>< (@8A. 2.8). #@>F5A ( )· t  ;V=V9=> 7@>AB0є =0 2V4@V7:0E G0AC  )2: 2 2: 1,  
- -

t t , 

?>ABV9=89 2 V=B5@20;0E  2: 1 2:,  
-

t t , 0 2 <><5=B8 ( )2: 1t k ó  <>65 7 9<>2V@=VABN i
p  

@>18B8 AB@81:8 4> =091;86G>3> @V2=O ( )7 0, 1jt n j n= −  01> 7 9<>2V@=VABN 

( )1
i

p−  − 4> =C;ь>2>3> @V2=O ( )1i ó . #@>F5A ( )· t  1C45<> 22060B8 157 
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>1<565==O A?V;ь=>ABV =5?5@5@2=8< ?@02>@CG B0 22060B8, I> ( )· 0 0=  7 

9<>2V@=VABN >48=8FO. 

 

$8AC=>: 2.8 ‒ �@0DVG=5 7>1@065==O 28?04:>2>3> ?@>F5AC ( )· t

�07=0G8<>, I> ( )· t  =5 є <0@:V2Aь:8< ?@>F5A><, >4=0: 9>3> <>6;82> 

725AB8 4> <0@:V2Aь:>3> H;OE>< @>7H8@5==O D07>2>3> ?@>AB>@C. �2545<> 

«<0@:V2Aь:C 4>102:C» ( )¸ t  =0ABC?=8< G8=><: ( )¸ t x= , O:I> >AB0==є 

2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 ?>G0;>Aь 2 <><5=B t x− , B>1B> 

( )  2 1 2 1¸ sup : 1,
k- k-

t t t k t t= − ó ó . 

&>4V 42><V@=89 ?@>F5A ( ) ( ) ( ) · ,¸X t t t=  1C45 ?@54AB02;OB8 A>1>N 

=5?5@5@2=89 ?@02>@CG >4=>@V4=89 <0@:V2Aь:89 ?@>F5A. �0DV:ACє<> @V25=ь 7t  

B0 7=0945<> <0B5<0B8G=5 >GV:C20==O B0 48A?5@AVN 28?04:>2>W 25;8G8=8 ( )27T n  

− G0AC ?5@H>3> 4>AO3=5==O ?@>F5A>< ( )X t  7040=>3> @V2=O 7t  70 C<>28, I> 

( )  0 0,0X = . 

�8:>@8AB>2CNG8 (2.22), (2.23) V D>@<C;C ?>2=>W 9<>2V@=>ABV, 70?8H5<> 

4;O 28?04:>2>W 25;8G8=8 ( )27T n  =0ABC?=5 AB>E0AB8G=5 A?V22V4=>H5==O: 
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( ) ( )
( ) ( )

7»
7

»
27 27

»
27

                7 9<>2V@=VABN  ,  
   7 9<>2V@=VABN  ,  

         7 9<>2V@=VABN  1 ,   

- t

- z

i i

- z

i i

t e

T n T n j p e dz

T n p e dz

ú

ú

ü
ÿ

= − üý
ÿ − üþ

  (2.62) 

45  

( ) ( ) ( )( )27 2 27 2 27,    ,
i i

T n j z t T n j z dz t T n j
ú − þ + + − + + + −  

( ) ( ) ( )( )27 2 27 2 27,    ,
i i

T n z t T n z dz t T n
ú þ + + + + +  

( )7 71 ,  0, 1 ,jt n z j t n j nü ó + = −  

0 ( )27T n j−  − G0A 4> <><5=BC 4>AO3=5==O ?@>F5A>< ( )X t  7040=>3> @V2=O 7t  7 

@V2=O 7 ,  0, 1jt n j n= − . 

!5E09 ( ) ( )27Mexp
n

s sT nö = −ù ùû û  V ( ) ( )27Mexp
n j

s sT n j−ö = − −ù ùû û  − 

?5@5B2>@5==O �0?;0A0-%BV;ьBьєA0 DC=:FVW @>7?>4V;C 2V4?>2V4=8E 28?04:>28E 

25;8G8= ( )27T n  V ( )27T n j− . 

#5@5E>4OG8 2 (2.62) 4> ?5@5B2>@5==O �0?;0A0-%BV;ьBьєA0, ?VA;O =87:8 

?5@5B2>@5=ь 7=0E>48<> ( )n
sö  =0ABC?=5 @5:C@5=B=5 A?V22V4=>H5==O: 

( )
( ) ( ) ( )( ) ( ) ( )

( ) ( )( ) ( ) ( )( )

7 7
7

7
7

1

1

1

1 1 1

t s n jt s n

t s

n
t s

n j
j

n t s n

e B s e s e

s
c s e b s e

− ü+ − ü+

− ü+

−
− ü+

−
=

− ü+

− ö
ö =

− − − −

õ
,  (2.63) 

45  ( ) ( ) ( )2
1

i i i
i

b s F s p s
ó

= ü ü +õ , ( ) ( ) ( ) ( )2
1

1
i i i

i

c s p F s s
ó

= − ü ü +õ . 

#>A;V4>2=> >1G8A;NNG8 70 4>?><>3>N (2.63) 7=0G5==O ( )1 , sö

( ) ( )2 , ,
j

s sö ö  2?52=Nє<>AO C A?@0254;82>ABV 28@07C 

 
( )
( )

( ) ( ) ( ) ( )( )
( ) ( )( ) ( ) ( )( )
7 7

7
7

1

1

1 1

1 1 1
jt s n

t s n j t s n

j

j t s n
j

e c s es
a

s c s e b s e
− ü+

− ü+ − − ü+

− ü+
−

ù ù− −ö û û= =
ö − − − −

,  (2.64) 

�@0E>2CNG8, I> ( ) ( ) ( ) ( ) ( ) ( )1 1 1 2 1 1 0 ;   ; ;  
n n n n n n

s a s s a s s a s− − − −ö = ö ö = ö ö = ö , 45 

( )0 1sö ú , 287=0G0є<> 
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( ) ( ) ( )1 1 2
1

 
n

n n n n n n j
j

s a s a a s a− − −
=

ö = ö = ö = = . (2.65) 

#V4AB02;ONG8 2 (2.65) 28@078 (2.64), ?VA;O ?5@5B2>@5=ь >AB0B>G=> >B@8<Cє<> 

D>@<C;C 4;O ?5@5B2>@5==O �0?;0A0-%BV;ьBьєA0 DC=:FVW @>7?>4V;C G0AC 

28:>=0==O 70240==O: 

 ( )
( ) ( ) ( )( )

( ) ( )( ) ( )
( )

( )( )

7

7 7

1

7
0

1

ln 1 1

exp .

    ln 1 1 1

jt s n

jt s n t s n

n

j

n n

j

t s c s e

s
b s

c s e e
c s

− ü+

− ü+ − ü+

−

=

=

ü üù ù− ü + + − − −ÿ ÿû ûÿ ÿö = ý ýù ùÿ ÿ− − − −ú úÿ ÿû ûþ þ

õ

õ
  (2.66) 

�8:>@8AB>2CNG8 D>@<C;8 (2.30) V (2.66) <>6=0 >B@8<0B8 28@078 4;O 

<0B5<0B8G=>3> >GV:C20==O ( )27T n  V 48A?5@AVW ( )27DT n  G0AC 28:>=0==O 

70240==O. �>:@5<0, 4;O ( )27T n <0є <VAF5 D>@<C;0: 

( ) ( )
( )( )

( ) ( ) ( ) ( )
( )

( )( ) ( )
( ) ( )

7

7

7 7 7

7 7

1
7

27 7
0

7 7

0

1 0 1

0
1 0 0

0
           ,      (2.67)

0
1 0 1 1

0

j t nn

j t n
j

j t n t n t n

n

j j t n t n

jt n e c
T n t

c e

bjt t
c e e b c c b e

n c n

b
c e e

c

− ü ú−

− ü
=

− ü −ü −üú ú ú

= − ü −ü

−
= + +

−

ù ù− − − + −û û
+

− − −

õ

õ

45  ( ) ( ) ( )
2

2
1 1 1

1 1 1  ,
i i i i i i i

i i i

c p p p t

−
ú

ó ó ó

ù ù ù ù= − ü − ü + ü − üú ú ú úû û û û
õ õ õ

( )22
1

1
1  ,

i i i
i

b p t
ú

ó
= − ü + ü

ü
õ ( ) ( )

1

1
0 1  ,

i i
i

c p
ó

= − ü
ü
õ ( )

1

1
0  .

i i
i

b p
ó

= − ü
ü
õ  

/:I> 2 >1’є:BV 28=8:0NBь 2V4<>28 >4=>3> B8?C ( )1i = , B> D>@<C;0 (2.67) 

?><VB=> A?@>ICєBьAO: 

   

( )
( )

( )

( )

( )

7

7

7 7

7 7

7
1 2

27 7
0

7 7
2

0

1
1

1

1
1

1

t
j

n
n

j t n
j

t t
j

n n
n

t t
jj n n

jt
p e t

nT n t
p p e

jt t
t p e p e

n n

pe p e

− ü

−

− ü
=

− ü −ü

−ü − ü=

− − −
ü= + +

+ −

+ − − −
ü+

+ −

õ

õ

. (2.68)
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0,5 

1 
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0,2 

0,4 

0,6 

0,8 

p=0 

� >:@5<><C 28?04:C ?@8 1p =  D>@<C;0 (2.68) 72>48BьAO 4> 28@07C 

(3.3.7) @>1>B8 [151]. 

�0 4>?><>3>N >B@8<0=8E @>7@0EC=:>28E A?V22V4=>H5=ь <>6=0 >FV=8B8 

2?;82 :V;ь:>ABV 5B0?V2 n  V 9<>2V@=>ABV i
p  715@565==O ?>?5@54=VE @57C;ьB0BV2 

=0 A5@54=є 2V4=>A=5 28B@0G5==O @575@2C G0AC 

( )27 7
7

7

T n t

t

−
 = . 

/: 284=> 7 3@0DV:V2 @8A. 2.9, ?>1C4>20=8E 4;O 28?04:C 1i = ; 7» 1qt = ; 

2» 0,1qt = , ACBBє2>3> 7=865==O 25;8G8=8 7·  <>6=0 4>AO3B8 ?@8 =525;8:8E n  

;8H5 2 A8AB5<0E, 2 O:8E ?5@52060NBь =57=5FV=NNGV 2V4<>28 ( )0,5p þ .  

  
 

 

 

 

 

 

 

 

 

 

 

 
 

  

$8AC=>: 2.9 ‒ �0;56=>ABV A5@54=VE 2V4=>A=8E 2B@0B @575@2C G0AC 

2V4 :V;ь:>ABV 5B0?V2 ?@8 @V7=8E 7=0G5==OE 9<>2V@=>ABV 

715@565==O ?>?5@54=VE @57C;ьB0BV2 ( 2» 0,1qt = ; 7» 1qt = ) 

 

� A8AB5<0E 7 7=5FV=NNG8<8 2V4<>20<8 ( )0p =  @>718BBO 70240==O =0 

5B0?8 =5 ?@872>48Bь 4> 7<5=H5==O 25;8G8=8 7· , >A:V;ь:8 ?@8 :>6=V9 2V4<>2V 

V 2V4=>2;5==V ?@0F5740B=>ABV >1’є:B0 28:>=0==O 70240==O ?>G8=0єBьAO 7 A0<>3> 

?>G0B:C. � B0:8E A8AB5<0E =5>1EV4=> ?5@5410G8B8 A?5FV0;ь=V <V@8, =0?@02;5=V 

=0 7<5=H5==O G0AB:8 7=5FVNNG8E 2V4<>2 >1’є:B0 2 7030;ь=><C WE ?>B>FV. 
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�8A=>2:8 4> @>74V;C 2 

 

 

 

1. #@>2545=89 0=0;V7 ?>:0702, I> ��" 2 ?@>F5AV DC=:FV>=C20==O 

7=0E>48BьAO ?V4 AC<VA=8< 2?;82>< =87:C D0:B>@V2. "4=V 7 F8E D0:B>@V2 є 

«03@5A82=8<8» V ?@872>4OBь 4> 7=865==O =04V9=>ABV, 7>:@5<0, 71>W, I> 

28:;8:0NBь :>@>B:>G0A=V ?5@5@28 C DC=:FV>=C20==V, V ABV9:V 2V4<>28 

B5E=VG=8E B0 ?@>3@0<=8E 70A>1V2, O:V @>7@V7=ONBьAO 70 A2>W<8 =0A;V4:0<8 

(?52=V ?>B@51CNBь BV;ь:8 2V4=>2;5==O >1’є:BV2, I> 2V4<>28;8, 0 V=HV – I5 V 

?>2B>@5==O 2Aь>3> 01> G0AB8=8 ?>?5@54=ь>3> =0?@0FN20==O). �?;82 V=H8E 

D0:B>@V2 A?@O<>20=> =0 ?V4B@8<:C =>@<0;ь=>3> DC=:FV>=C20==O A8AB5<8 =0 

=5>1EV4=><C @V2=V, =0?@8:;04, 28:>@8AB0==O :><1V=>20=>3> @575@2C G0AC, I> 

<VAB8Bь ?>?>2=N20=C V =5?>?>2=N20=C A:;04>2V, =0O2=VABь O:8E 2 

4>A;V46C20=V9 A8AB5<V 70157?5GCєBьAO 42><0 @V7=8<8 465@5;0<8 G0A>2>W 

=04;8H:>2>ABV: DC=:FV>=0;ь=>N V=5@FV>=0;ь=VABN B0 70?0A>< 70 H284:>4VєN. 

'@0EC20==O F8E D0:B>@V2 ?@8 :><?;5:A=><C >FV=N20==V =04V9=>ABV ��" =5 

4>72>;Oє A:>@8AB0B8AO 2V4><8< =0C:>2>-<5B>48G=8< 0?0@0B><, 70A=>20=8< =0 

<0@:V2Aь:8E B0 =0?V2<0@:V2Aь:8E ?@>F5A0E 7 :V=F528< G8A;>< AB0=V2, V 

?>B@51Cє =5>1EV4=>ABV 9>3> C4>A:>=0;5==O. 

2. �;O @>72’O70==O AD>@<C;ь>20=>3> =0C:>2>3> 70240==O @>7@>1;5=> 

C4>A:>=0;5=89 <5B>4 ?>1C4>28 <>45;59 >FV=N20==O =04V9=>ABV >1’є:BV2 ��" 

7 @V7=8<8 B8?0<8 2V4<>2 V :><1V=>20=8< @575@2>< G0AC ?@8 ?>2=V9 28EV4=V9 

V=D>@<0FVW. 

%CB=VABь C4>A:>=0;5==O, O:0 287=0G0є =0C:>2C =>287=C <5B>4C V 9>3> 

2V4<V==VABь 2V4 2V4><8E <5B>4V2, ?>;O30є 2 45:><?>78FVW 7030;ь=>W 

<0B5<0B8G=>W <>45;V DC=:FV>=C20==O A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC 

=0 42V 270є<>?>2’O70=V >:@5<V <>45;V. #5@H0 – <>45;ь @535=5@CNG>3> 

28?04:>2>3> ?@>F5AC 4;O 0=0;V7C =04V9=>ABV DC=:FV>=C20==O >1’є:B0 7 
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?>?>2=N20=>N A:;04>2>N 4t  @575@2C G0AC, @57C;ьB0B 4>A;V465==O O:>W 

28:>@8AB>2CєBьAO C 4@C3V9 <>45;V – <0@:V2Aь:><C ?@>F5AV A?5FV0;ь=>3> 284C, 

I> >?8ACє DC=:FV>=C20==O A8AB5<8 7 =5?>?>2=N20=>N A:;04>2>N @t  7 

C@0EC20==O< >1@0=>3> 20@V0=BC 270є<>4VW <V6 A:;04>28<8 4t  V @t  @575@2=>3> 

G0AC, I> 70157?5GCє A8=B57 >:@5<8E @57C;ьB0BV2 4>A;V465==O F8E <>45;59 B0 

>B@8<0==O 7030;ь=>3> @>72’O70==O =0C:>2>W 7040GV. *5 4>72>;Oє A?@>AB8B8 

?@>F5A @>72’O70==O 7040GV B0 40є <>6;82VABь ?>1C4C20B8 AC:C?=VABь <>45;59 

>FV=N20==O =04V9=>ABV ?@8 AC<VA=><C C@0EC20==V >A=>2=8E D0:B>@V2, I> 

2?;820NBь =0 DC=:FV>=C20==O 4>A;V46C20=>W <>45;V. 

3. !0 ?V4AB02V 70?@>?>=>20=>3> <5B>4C >B@8<0=0 AC:C?=VABь =>28E 

@>7@0EC=:>28E D>@<C; 4;O >A=>2=8E ?>:07=8:V2 =04V9=>ABV A8AB5<8 7 

:><1V=>20=8< @575@2>< G0AC, =0C:>20 =>287=0 O:8E 287=0G0єBьAO AC<VA=8< 

28:>@8AB0==O< ?>?>2=N20=>3> B0 =5?>?>2=N20=>3> @575@2V2 G0AC, 

:><?;5:A=8< C@0EC20==O< @V7=8E B8?V2 71>W2 B0 ABV9:8E 2V4<>2 B5E=VG=8E B0 

?@>3@0<=8E 70A>1V2 ��" (=57=5FV=NNG8E, G0AB:>2> 01> ?>2=VABN 

7=5FV=NNG8E ?>?5@54=є =0?@0FN20==O) B0 <>6;82VABN @>718BBO 

28:>=C20=>3> 70240==O =0 5B0?8. 

*V =0C:>2V @57C;ьB0B8 28:>@8AB0=V C @>74V;V 4 4;O :V;ь:VA=>3> 

>FV=N20==O 2?;82C =0 =04V9=VABь DC=:FV>=C20==O 2:070=8E 28I5 D0:B>@V2 7 

<5B>N >13@C=BC20==O @5:><5=40FVW I>4> 70157?5G5==O =>@<0;ь=>3> 

DC=:FV>=C20==O A8AB5<8. 
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;8H5 45:V;ь:0 ?>G0B:>28E <><5=BV2 DC=:FVW @>7?>4V;C ( )F x  V 1C4ь-O:0 V=H0 

:>@8A=0 V=D>@<0FVO ?@> =5W 2V4ACB=O. �=0;V7 ?>:0702, I> A0<5 F59 ?V4EV4 

4>FV;ь=> 28:>@8AB>2C20B8 4;O >FV=N20==O =04V9=>ABV >1’є:BV2 ��" 7 

:><1V=>20=8< @575@2>< G0AC ?@8 >1<565=V9 28EV4=V9 V=D>@<0FVW. 

 

 

 

3.2. #>AB0=>2:0 7040GV V 281V@ 0=0;VB8G=>3> <5B>4C WW 28@VH5==O 2 C<>20E 

0?@V>@=>W =5287=0G5=>ABV 

 

 

 

3.2.1. #>AB0=>2:0 7040GV. �15@565<> ?>AB0=>2:C 7040GV, O:0 1C;0 

@>73;O=CB0 2 ?. 2.2.1, 0;5 2=5A5<> 2 =5W 45O:V 7<V=8, ?>2’O70=V 7 0?@V>@=>W 

=5287=0G5=VABN. 

/: V @0=VH5, @>73;O=5<> >1’є:B ��" 7 :><1V=>20=8< @575@2>< G0AC, 

28:>=CNG89 ?52=V 70240==O B@820;VABN 7t  2 V450;ь=8E C<>20E V O:89 ?@54AB02;Oє 

AC:C?=VABь 270є<>?>2’O70=8E <V6 A>1>N @V7=8E ?V4A8AB5<, I> <0NBь >1<565=C 
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=04V9=VABь. � ?@>F5AV DC=:FV>=C20==O 2 >1’є:BV 28=8:0NBь 2V4<>28 V 71>W 

B5E=VG=8E B0 ?@>3@0<=8E 70A>1V2 i  B8?V2 ( )1i ó , ?@8 Fь><C =0?@0FN20==O =0 

2V4<>2C 01> 71V9 i -3> B8?C @>7?>4V;5=> 70 70:>=>< ( )  >V VF t P t t= ó . � <><5=B 

70:V=G5==O 2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 7 9<>2V@=VABN 0 1Vpó ó  

?@>4>26CєBьAO 28:>=C20B8 70240==O 7 C@0EC20==O< ?>?5@54=ь>3> =0?@0FN20==O 

(?@8 =57=5FV=NNG8E 2V4<>20E V 71>W2) 01> 7 9<>2V@=VABN ( )1 1Vp V− ó  ?@8ABC?0є 

4> 28:>=0==O 70240==O 7 A0<>3> ?>G0B:C (?@8 ?>2=VABN 7=5FV=NNG8E 2V4<>20E) 

01> 7 45O:>3> 5B0?C 28:>=0==O (?@8 G0AB:>2> 7=5FV=NNG8E 2V4<>20E). 

�;O :><?5=A0FVW =0A;V4:V2 2V4<>2 B0 71>W2 2 >1’є:BV ?5@5410G5=> 

28:>@8AB0==O :><1V=>20=>3> @575@2C G0AC, I> <VAB8Bь ?>?>2=N20=C 4t  B0 

=5?>?>2=N20=C @t  A:;04>2V, O:V ?52=8< G8=>< <V6 A>1>N 270є<>4VNBь. 

#@>2545=89 0=0;V7 ?>:0702 (?.?. 2.2.1), I> B@820;VABь 2V4=>2;5==O 

?@0F5740B=>ABV >1’є:B0 2t  ?VA;O 2V4<>2 B0 71>W2 ?@>E>48Bь ?5@52V@:C =0 

28:>=0==O G0A>28E >1<565=ь, >1C<>2;5=8E 28:>@8AB0==O< :><1V=>20=>3> 

@575@2C G0AC ( 4t , @t ), 2 420 5B0?8. 

!0 ?5@H><C 5B0?V ?5@52V@:8 28:>@8AB>2CєBьAO ?>?>2=N20=89 @575@2 

G0AC 4t , O:89 2AB0=>2;Nє >1<565==O (4>?CAB8<C ?5@5@2C 2 DC=:FV>=C20==V 

>1’є:B0 157 2B@0B8 O:>ABV @>1>B8) =0 G0A :>6=>3> 2V4=>2;5==O ?@0F5740B=>ABV 

2t . *5 4>72>;Oє 2V4AVOB8 G0AB8=C 71>W2, O:V 28:;8:0NBь :>@>B:>B@820;C 2B@0BC 

>1’є:B>< ?@0F5740B=>ABV (?@8 2 4t tó ), V ?V428I8B8 ?>:07=8:8 1572V4<>2=>ABV 

>1’є:B0. !0 4@C3><C 5B0?V 28:>@8AB>2CєBьAO =5?>?>2=N20=0 A:;04>20 @t  

:><1V=>20=>3> @575@2C G0AC, O:0 >1<56Cє AC<0@=89 G0A ?@>AB>N 2 @5<>=BV 

(V=>4V V ?>2B>@5==O 2Aь>3> 01> G0AB8=8 ?>?5@54=ь>3> =0?@0FN20==O). 

!0 2V4<V=C 2V4 7040GV, O:0 @>73;O40;0Aь 2 ?.?. 2.2.1, 1C45<> 22060B8, I> 

284 DC=:FV9 @>7?>4V;C ( )2VF t ( )1V ó  G0AC 2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 

=0< =52V4><89, 0 287=0G5=V ;8H5 WE 45O:V G8A;>2V E0@0:B5@8AB8:8, 7>:@5<0, 

?5@H89 1Vs B0 4@C389 2Vs ( )1V ó ?>G0B:>2V <><5=B8 (?.?. 3.1.1). 
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!5>1EV4=> ?>1C4C20B8 <0B5<0B8G=V <>45;V =04V9=>ABV – >B@8<0B8 

0=0;VB8G=V @>7@0EC=:>2V D>@<C;8 4;O >A=>2=8E ?>:07=8:V2 =04V9=>ABV A8AB5<8 

"+, O:C @>73;O40є<>. 

%;V4 2V4<VB8B8, I> ?@8 2:070=8E 28I5 C<>20E >B@8<0B8 C 7030;ь=><C 

284V B>G=V 7=0G5==O ?>:07=8:V2 =04V9=>ABV 4>A;V46C20=8E >1’є:BV2 =5 

?@54AB02;OєBьAO <>6;828<, V 7040G0 ?>;O30є 2 7=0E>465==V 42>AB>@>==VE 

>FV=>: (B>G=8E 25@E=VE B0 =86=VE 3@0=8Fь) F8E ?>:07=8:V2, :>;8 =52V4><V 

DC=:FVW @>7?>4V;C 28EV4=8E 28?04:>28E 25;8G8= =0;560Bь 45O:><C 

DV:A>20=><C :;0AC @>7?>4V;V2 [163]. 

3.2.2. �=0;VB8G=89 <5B>4 287=0G5==O 42>AB>@>==VE >FV=>: ?>:07=8:V2 

=04V9=>ABV >1’є:BV2 7 G0A>28< @575@2C20==O<. �;O @>72’O70==O AD>@<C;ь>20=>W 

28I5 7040GV 4>FV;ь=> 28:>@8AB>2C20B8 B>9 D0:B, I> 2 1030Bь>E 2V4><8E 

@>7@0EC=:>28E D>@<C;0E 4;O ?>:07=8:V2 =04V9=>ABV, >B@8<0=8E ?@8 ?>2=V9 

28EV4=V9 V=D>@<0FVW, 2E>4OBь DC=:FV>=0;8 A?5FV0;ь=>3> 284C (7>:@5<0, 

;V=V9=V, 4@>1>2>-;V=V9=V B0 V=HV), 7=0G5==O O:8E 70;560Bь 2V4 284C DC=:FVW 

@>7?>4V;C 28EV4=8E 28?04:>28E 25;8G8=, 0?@V>@=0 V=D>@<0FVO ?@> O:V 

>1<565=0 7=0==O< BV;ь:8 42>E ?>G0B:>28E <><5=BV2. /:I> >B@8<0B8 

0=0;VB8G=V 70;56=>ABV 4;O B>G=8E =86=VE B0 25@E=VE 3@0=8Fь F8E 

DC=:FV>=0;V2, B> 7’O28BьAO <>6;82VABь ?>1C4C20B8 42>AB>@>==V >FV=:8 

?>:07=8:V2 =04V9=>ABV, 2 O:V 2E>4OBь FV DC=:FV>=0;8 [164]. 

�:070=V 28I5 DC=:FV>=0;8 <0NBь 284: 
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45 ( )g x  – 7040=0 DC=:FVO, <0є A:V=G5==5 7=0G5==O 2 :>6=V9 B>GFV x , >1<565=0, 

<>65 1CB8 48D5@5=FV9>20=>N, =5?5@5@2=>N, 01> :CA:>2>-=5?5@5@2=>N 7 

:V=F528< G8A;>< B>G>: @>7@82C, 0 A0<5 3>;>2=5 – 70;568Bь 2V4 ?0@0<5B@V2. 

#5@5410G0єBьAO B0:>6, I> DC=:FVO ( )g x  ?V440єBьAO 0=0;VB8G=><C 

4>A;V465==N. 

#>7=0G8<> 1K  V 2K  420 :;0A8 DC=:FV9 @>7?>4V;C =52V4’є<=8E 

28?04:>28E 25;8G8=, 2V4?>2V4=> 7 >4=8< 01> 42><0 DV:A>20=8<8 <><5=B0<8 

  
0

( )i

Vs x dF x


=  , 1, 2i = ,  (3.2) 

O:V 704>2>;ь=ONBь A?V22V4=>H5==O< 2

1 20 s sü ü ü  . #V4<=>68=8 DC=:FV9 

@>7?>4V;C 7 :;0AV2 1K  V 2K , O:V 704>2>;ь=ONBь 4>40B:>2V9 C<>2V ( 0) 1F Q + =  

(45 Q  – DV:A>20=5 =09<5=H5 G8A;>, I> 704>2>;ь=Oє FV9 C<>2V), ?>7=0G8<>  

G5@57 Q

i
K , 1, 2i = . ' :;0A0E Q

i
K  28:>=CNBьAO =5@V2=>ABV 2

1 2 10 s s s Qü ü ü . 

#@8 2:070=8E 28I5 >1<565==OE =0 DC=:FVN ( )g x  V <><5=B8 1s  B0 2s  

DC=:FV>=0;8 (3.1) B0 WE B>G=V 25@E=V V =86=V 3@0=8FV VA=CNBь. /:I> DC=:FVO 

( )g x  =5?5@5@2=0, B> V=B53@0;8 (3.1) VA=CNBь O: V=B53@0;8 %BV;BьєA0. /:I> 6 

>1842V DC=:FVW ( )g x  B0 ( )F x  @>7@82=V 2 >4=V9 V BV9 65 B>GFV, B> V=B53@0; 

%BV;BьєA0, O: 2V4><>, =5 VA=Cє. � Fь><C 28?04:C V=B53@0;8 (3.1) VA=CNBь O: 

V=B53@0;8 �51530-%BV;BьєA0. 

!5>1EV4=> 28@VH8B8 =0ABC?=C 7040GC: 7=09B8 

  

( ) sup ( ),

( ) inf ( ).

F K

F K

I F I F

I F I F

þ

þ

= üÿ
ý

= ÿþ
    (3.3) 

B>1B> 287=0G8B8 AC?@5<C< B0 V=DV<C< DC=:FV>=0;C (3.1), :>;8 DC=:FVO 

@>7?>4V;C F  =0;568Bь 2V4?>2V4=><C :;0AC K . 

*O 7040G0 2V4=>A8BьAO 4> ?@>1;5<8 <><5=BV2 V 4> 5:AB@5<0;ь=8E 7040G, 

O:V 2?5@H5 1C;8 ?>AB02;5=V #.�. +518H528< V �.�.  0@:>28< B0 28@VH5=V 

=8<8 0=0;VB8G=> (?@8 A8;ь=8E >1<565==OE =0 DC=:FVN ( )g x  70 4>?><>3>N 
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B5>@VW =5?5@5@2=8E 4@>1V2). "3;O4 @>1VB Fь>3> =0?@O<:C B0 ?>40;ьH89 

@>728B>: <0єBьAO 2 :=830E  .�. �@59=0 B0 �.�. !C45;ь<0=0, %. �0@;V=0 V 

�. %B0445=0 B0 V=H8E 02B>@V2. � <0B5<0B8G=V9 B5>@VW =04V9=>ABV =0 

0:BC0;ь=VABь B0 206;82VABь F8E 7040G 2?5@H5 725@=C;8 C203C 0:045<V: �.�. 

�=545=:> V �.�. %:>@>E>4 [165– 167]. 

!0 40=89 G0A 287=0G5=> 420 >A=>2=8E ?V4E>48 I>4> 28@VH5==O 2:070=8E 

28I5 7040G. � >A=>2V ?5@H>3> ?V4E>4C ;568Bь G8A5;ь=89 <5B>4, O:89 

3@C=BCєBьAO =0 V45OE ;V=V9=>3> AB>E0AB8G=>3> ?@>3@0<C20==O [168 – 170].  

"4=0: >1<565==O =0 <>45;V =04V9=>ABV, ?@89=OBV C Fь><C <5B>4V, =5 

702648 2V4?>2V40NBь DV78G=V9 ACB=>ABV 7040G, O:V @>73;O40NBьAO. "A=>2=5 

>1<565==O – F5 :V=F52VABь V=B5@20;C V=B53@C20==O C D>@<C;0E (3.1), ?@8G><C 

?@8 71V;ьH5==V Fь>3> V=B5@20;C G0A @>7@0EC=:C >1G8A;5=ь 4C65 H284:> 

7@>AB0є. �@V< B>3>, 4;O 45O:8E @>7@82=8E DC=:FV9 ( )g x  @VH5==O <0є 7=0G=C 

?><8;:C =02VBь =0 :V=F52><C V=B5@20;V V=B53@C20==O. +8A5;ь=0 >?B8<V70FVO 

=02VBь ?@8 42>E-B@ь>E ?0@0<5B@0E 28<030є 25;8:8E 70B@0B G0AC, 0 ?@8 G>B8@ь>E 

?0@0<5B@0E, O:V 7<V=NNBьAO =0 2AV9 ?>78B82=V9 ?V22VAV, 2>=0 AB0є ?@0:B8G=> 

=5<>6;82>N. 

�@C389 ?V4EV4 4>?CA:0є 0=0;VB8G=5 @>72’O70==O 7040GV 7=0E>465==O 

5:AB@5<0;ь=8E DC=:FV9 @>7?>4V;C 4;O @>7@0EC=:C =86=VE B0 25@E=VE 3@0=8Fь 

DC=:FV>=0;V2 (3.1), 2 O:8E ?V4V=B53@0;ь=V DC=:FVW 70;560Bь 2V4 ?0@0<5B@V2. 

 0B5<0B8G=V >A=>28 Fь>3> ?V4E>4C, I> 287=0G0NBь =5>1EV4=V B0 4>AB0B=V 

C<>28 5:AB@5<C<C ;V=V9=8E B0 4@>1>2>-;V=V9=8E DC=:FV>=0;V2 (D>@<C;8 (3.1)) 

@>73;O40NBьAO =0 G>B8@ь>E :;0A0E DC=:FV9 @>7?>4V;C.  

!5 482;OG8Aь =0 B5, I> =0 B5?5@VH=V9 G0A 7030;ь=0 B5>@VO V <5B>48 

@>72’O70==O ?>4V1=8E 7040G @>7@>1;5=V 4>AB0B=ь> ?>2=>, 7=0E>465==O 

5:AB@5<C<V2 B0 3@0=8G=8E @>7?>4V;V2 4;O :>=:@5B=8E DC=:FV>=0;V2 

0=0;VB8G=8<8 <5B>40<8, 70 >1@07=8< 28@07><, 70;8H0єBьAO A:>@VH5 

<8AB5FB2><. &><C, 28=8:0є =5>1EV4=VABь ?>40;ьH>3> @>728B:C 2 ?@8:;04=><C 

?;0=V 2:070=>3> 28I5 7030;ь=>3> 0=0;VB8G=>3> ?V4E>4C 4;O 287=0G5==O 
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42>AB>@>==VE >FV=>: (B>G=8E 3@0=8G=8E 7=0G5=ь) DC=:FV>=0;V2, O:V 

E0@0:B5@87CNBь =04V9=VABь DC=:FV>=C20==O >1’є:BV2 ��" 7 :><1V=>20=8< 

@575@2>< G0AC. 

 

 

 

3.3. '4>A:>=0;5=0 <5B>48:0 ?>1C4>28 42>AB>@>==VE >FV=>: ?>:07=8:V2 

=04V9=>ABV A8AB5< 7 :><1V=>20=8< @575@2>< G0AC 

 

 

 

 5B>N 40=>3> ?V4@>74V;C є 28:;045==O ACB=>ABV 2:070=>W 28I5 

<5B>48:8, 28O2;5==O 107>2>3> DC=:FV>=0;C, O:89 287=0G0є =04V9=VABь 

4>A;V46C20=8E A8AB5<, B0 ?>1C4>20 42>AB>@>==VE >FV=>: (B>G=8E 25@E=VE B0 

=86=VE 3@0=8Fь) Fь>3> DC=:FV>=0;C. 

3.3.1. %CB=VABь <5B>48:8. � >A=>2V 40=>W <5B>48:8 ?>:;045=> 

@>73;O=CB89 2 ?.?. 3.2.2 0=0;VB8G=89 <5B>4 287=0G5==O 42>AB>@>==VE >FV=>: 

?>:07=8:V2 =04V9=>ABV >1’є:BV2 ?@8 >1<565=V9 28EV4=V9 V=D>@<0FVW, O:89 

28:>@8AB>2CєBьAO 4;O 4>A;V465==O =04V9=>ABV A8AB5< 7 :><1V=>20=8< 

@575@2>< G0AC ( 4t , @t ), I> <VAB8Bь ?>?>2=N20=C 4t  B0 =5?>?>2=N20=C @t  

A:;04>2V 7030;ь=>3> G0A>2>3> @575@2C. �=0;V7 >A>1;82>AB59 DC=:FV>=C20==O 

B0:8E A8AB5<, ?@>2545=89 C 4@C3><C @>74V;V (?.?. 2.2.1), ?>:07Cє, I> 

?>?>2=N20=0 A:;04>20 4t  28:>@8AB>2CєBьAO =0 ?5@H><C 5B0?V ?5@52V@:8 

G0A>28E >1<565=ь ( )2 4t tó  ?VA;O 28=8:=5==O 2V4<>28 B0 28B@0G0єBьAO ?@8 

2V4=>2;5==V ?@0F5740B=>3> >1’є:BC. 

&><C C DC=:FV>=0;, E0@0:B5@87CNG89 1572V4<>2=VABь >1’є:BC (1C45<> 

9>3> =07820B8 107>28< DC=:FV>=0;><), 2E>48Bь 2 O:>ABV 28EV4=8E 40=8E 

DC=:FVO @>7?>4V;C G0AC 2t  2V4=>2;5==O ( )2F t , B>G=89 284 O:>W =52V4><89, 0 
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287=0G5=V BV;ь:8 420 ?>G0B:>28E <><5=B8 FVєW 28?04:>2>W 25;8G8=8. 

&0:8< G8=><, ACB=VABь 70?@>?>=>20=>3> <5B>4C ?>;O30є C 281>@V =>2>3> 

107>2>3> DC=:FV>=0;C, O:89 E0@0:B5@87Cє 2?;82 =0 =04V9=VABь ��" 71>W2 B0 

2V4<>2 V 2E>48Bь 2 ?>:07=8:8 =04V9=>ABV >1’є:BV2 7 :><1V=>20=8< @575@2>< 

G0AC, >B@8<0=V ?@8 ?>2=V9 28EV4=V9 V=D>@<0FVW, V ?>1C4>2V B>G=8E =86=VE B0 

25@E=VE 3@0=8Fь Fь>3> DC=:FV>=0;C ?@8 2V4><8E ?>G0B:>28E <><5=B0E G0AC 

2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 7 ?>40;ьH8< >B@8<0==O< 42>AB>@>==VE 

>FV=>: (=86=VE B0 25@E=VE 3@0=8Fь) ?>:07=8:V2 =04V9=>ABV DC=:FV>=C20==O 

A8AB5<8 "+ H;OE>< ?V4AB0=>2:8 2 =8E 3@0=8G=8E 7=0G5=ь 107>2>3> 

DC=:FV>=0;C. 

� 7030;ь=><C 28?04:C @50;V70FVO 40=>3> <5B>4C 2:;NG0є 2 A515 

28:>=0==O =0ABC?=8E 5B0?V2 [44]: 

1. �81V@ B8?>28E DC=:FV>=0;V2, E0@0:B5@87CNG8E =04V9=VABь 

@575@2>20=8E A8AB5<; 

2. #>1C4>20 4;O 40=8E DC=:FV>=0;V2 B>G=8E =86=VE B0 25@E=VE 3@0=8Fь; 

3. "B@8<0==O 42>AB>@>==VE >FV=>: (=86=ь>W B0 25@E=ь>W 3@0=8Fь) 

?>:07=8:V2 =04V9=>ABV @575@2>20=8E A8AB5< H;OE>< ?V4AB0=>2:8 3@0=8G=8E 

7=0G5=ь DC=:FV>=0;V2 C D>@<C;8, >B@8<0=V ?@8 ?>2=V9 28EV4=V9 V=D>@<0FVW. 

�=0;V7 ?>:0702, I> =091V;ьH A:;04=>N є @50;V70FVO 4@C3>W 7040GV. 

$>73;O=5<> WW @>72’O70==O 1V;ьH 45B0;ь=>. 

3.3.2. #>1C4>20 42>AB>@>==VE >FV=>: (=86=VE V 25@E=VE 3@0=8Fь) 4;O 

107>2>3> DC=:FV>=0;C. �=0;V7 ?>:0702, I> >B@8<0=0 C 4@C3><C @>74V;V ?@8 

?>2=V9 28EV4=V9 V=D>@<0FVW AC:C?=VABь =>28E @>7@0EC=:>28E D>@<C; 4;O 

>A=>2=8E ?>:07=8:V2 =04V9=>ABV >1’є:BV2 7 :><1V=>20=8< @575@2>< G0AC 

<VAB8Bь 107>289 ;V=V9=89 DC=:FV>=0;, I> E0@0:B5@87Cє 1572V4<>2=VABь >1’є:B0 

?@8 28:>@8AB0==V ?>?>2=N20=>W A:;04>2>W 4t  7030;ь=>3> @575@2C G0AC ( 4t , @t ). 

*59 DC=:FV>=0; <0є 284: 

  ( ) ( ) ( ) ( ) ( )
4

2 2 4 2 4 2
0 0

, ,

t

I F F t dF x g x t dF x


= = =     (3.3) 
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45                                        ( ) 4
4

4

1,O:I> 0 ,
,

1,O:I> .  
x t

g x t
x t

ó üü
= ý óþ

 

!5E09 70:>= @>7?>4V;C ( )2F x  4>2V;ь=89 V 284 9>3> =52V4><89, 0 

287=0G5=V ;8H5 420 9>3> ?>G0B:>28E <><5=B8 1s  B0 2s (D>@<C;0 (3.2)). 

#>7=0G8<> G5@57 2K <=>68=C DC=:FV9 @>7?>4V;C ( )2F x  B0:8E, I> 

( ) ( ) ( ) 2

2 2 2 1 2
0 0

0 0;  1;  ,   1,2;   0 .i

i
F dF x x dF x s i s s

 

= = = = ü ü ü    

!5>1EV4=> 7=09B8 B>G=V =86=V ( )
2 2

2inf
F K

I F
þ

 B0 25@E=V ( )
2 2

2sup
F K

I F
þ

 3@0=8FV 

DC=:FV>=0;C ( )2I F  7 28:>@8AB0==O< =5>1EV4=8E B0 4>AB0B=VE C<>2 VA=C20==O 

5:AB@5<C<C ;V=V9=8E DC=:FV>=0;V2 [171]. �0?8A 2 2F Kþ  >7=0G0є, I> =52V4><0 

DC=:FVO @>7?>4V;C ( )2F x  =0;568Bь <=>68=V DC=:FV9 @>7?>4V;C ( )2 1 2,K s s  

?>78B82=8E 28?04:>28E 25;8G8= 7 DV:A>20=8<8 ?>G0B:>28<8 <><5=B0<8 1s  

B0 2s . !86G5 =02>48BьAO @>72’O70==O FVєW 7040GV. !86=V B0 25@E=V >FV=:8 

DC=:FV>=0;C ( )2I F  4;O @V7=8E >1;0AB59 7<V= 25;8G8=8 @575@2C G0AC 4t

=02545=> 2 B01;8FV 3.1. 

#@8 >B@8<0==V F8E >FV=>: 28:>@8AB0=V @57C;ьB0B8, =02545=V 2 [88], 70 

4>?><>3>N O:8E <>6=0 ?>:070B8, I> ABC?5=520 DC=:FVO @>7?>4V;C ( )0I x  7 

B>G:0< @>ABC 1 2 3,  ,  x x x  є 3@0=8G=>N, O:I> 1030B>G;5= ( ) 2

0 1 2 3U x u u x u x= + +  

704>2>;ь=Oє C<>2V ( ) ( )0 4,U x g x tó  4;O 2AVE 0x ó  ?@8 ?>HC:C <V=V<0;ь=>3> 

7=0G5==O V=B53@0;C (3.3) (01> C<>2V ( ) ( )0 4,U x g x tó  ?@8 ?>HC:C 

<0:A8<0;ь=>3> 7=0G5==O Fь>3> V=B53@0;C). �>5DVFVє=B8 Fь>3> 1030B>G;5=C 

,   1,3
i

u i = , 287=0G0NBьAO 7 @V2=>ABV ( ) ( )4 0,g x t U x= . �;O =0>G=>ABV =0 @8A. 3.1 

B0 3.2 =02545=> 3@0DV:8 7<V=8 2V4 x  DC=:FVW ( )4,g x t  (ACFV;ь=V ;V=VW) B0 

3@0=8G=>3> 1030B>G;5=0 ( )U x  (?C=:B8@=V ;V=VW) 4;O @V7=8E >1;0AB59 7<V=8 4t  

(=0 >AV 284V;5=> B>G:8 7@>AB0==O 3@0=8G=>W DC=:FVW @>7?>4V;C ( )0F x ). 
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&01;8FO 3.1 ‒ !86=V B0 25@E=V >FV=:8 DC=:FV>=0;C ( )1 2I F  

�<V=0 
?0@0<5B@C 

4t  

( )
2 2

1 2inf
F K

I F
þ

&>G:8 
7@>AB0==O 
3@0=8G=>W 
DC=:FVW 
@>7?>4V;C 

( )0F x  

�@0=8G=V 
1030B>G;5=8 

( )0U x  

( )
2 2

1 2sup
F K

I F
þ

&>G:8 
7@>AB0==O 
3@0=8G=>W 
DC=:FVW 
@>7?>4V;C 

( )0F x  

�@0=8G=V 
1030B>G;5=8 

( )0U x  

4 10 t sü ü  0 

1 4

2

,

,

x t

x n

n

=

=
→

 ( )0 0U x =  

2

2 1

2

2 1 4 42

s s

s s t t

−
− +

1 4

2 1 4
2

1 4

,x t

s s t
x

s t

=

−
=

−
 

( )
( )
( )

0

2

2

2

4 2

U x

x x

t x

=

−
=

−

 

2
1 4

1

s
s t

s
ó ü 4 1

4

t s

t

−
 

1

2 4

0,x

x t

=
=

 ( )0

4

1
x

U x
t

= −  1 
1

2 4

0,x

x t

=
=

 ( )0 1U x =  

2
4

1

s
t

s
ó  

( )2

4 1
2

2 1 4 42

t s

s s t t

−
− +

 

1 4 2
1

4 1

2 4

,
s t s

x
t s

x t

−
=

−

=
 

( )
( )
( )

0

2

1

2

4 1

1

U x

x x

t x

=

−
= −

−

 1 

1 4 2
1

4 1

2 4

,
s t s

x
t s

x t

−
=

−

=
( )0 1U x =  

 

*V 3@0DV:8 <>6CBь 1CB8 4>:07>< 28:>=0==O C<>28 ( ) ( )0 4,U x g x tó  (?@8 

?>HC:C <V=V<0;ь=>3> 7=0G5==O V=B53@0;C (3.3)) 01> C<>28 ( ) ( )0 4,U x g x tó  (?@8 

?>HC:C <0:A8<0;ь=>3> 7=0G5==O Fь>3> V=B53@0;C). 

 

 
$8AC=>: 3.1 ‒ �@0DV:8 7<V=8 2V4 DC=:FVW ( )4,g x t  (ACFV;ь=V ;V=VW) B0 

3@0=8G=>3> 1030B>G;5=0 ( )U x  (?C=:B8@=V ;V=VW) ?V4 G0A ?>HC:C  

<V=V<0;ь=>3> 7=0G5==O V=B53@0;C (3.3) 
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$8AC=>: 3.2 ‒ �@0DV:8 7<V=8 2V4 x  DC=:FVW ( )4,g x t  (ACFV;ь=V ;V=VW) B0 

3@0=8G=>3> 1030B>G;5=0 ( )U x  (?C=:B8@=V ;V=VW) ?V4 G0A ?>HC:C 

<0:A8<0;ь=>3> 7=0G5==O V=B53@0;C (3.3) 

 

&0:, =0?@8:;04, 2 >1;0ABV 4 10 t sü ü  3@0=8G=0 DC=:FVO @>7?>4V;C ( )0F x  <0є 

B>G:8 @>ABC 1 4 2,   ,   x t x n n= = → , 3@0=8G=89 1030B>G;5= ( )0 0U x = , 0 

<V=V<0;ь=5 7=0G5==O V=B53@0;C (3.3) ( )
2 2

2inf 0
F K

I F
þ

= . #@8 2
1 4

1

s
s t

s
ó ü  3@0=8G=0 

DC=:FVO @>7?>4V;C <0є B>G:8 @>ABC 1 2 40,   x x t= = . "B65, @V2=O==O 3@0=8G=>3> 

1030B>G;5=C ( )0U x  <0B8<5 284 ( )0

4

1
x

U x
t

= −  (@8A. 3.1).  V=V<0;ь=5 7=0G5==O 

V=B53@0;C (3.3) 1C45 <0B8 284  

( )
2 2

4 1
2

4

inf
F K

t s
I F

tþ

−
= . 

�=0;>3VG=> 4>2>48BьAO @5HB0 @57C;ьB0BV2, ?@54AB02;5=V 2 B01. 3.1. 

$>73;O=5<> A8BC0FVN, :>;8 28?04:>20 25;8G8=0 2t 7 DC=:FVєN @>7?>4V;C 

( )2F x  =5 <>65 ?@89<0B8 7=0G5=ь, 1V;ьH8E 2t
ú , B>1B> 2 20 t t

úü ó , 45 2t
ú − 

<0:A8<0;ь=89 G0A 2V4=>2;5==O, 287=0G0єBьAO C<>20<8 5:A?;C0B0FVW >1’є:BV2, 

:20;VDV:0FVєN >1A;C3>2CNG>3> ?5@A>=0;C B0 V=H8<8 D0:B>@0<8 ( )20 t
úü ó  . 

!5E09 DC=:FVO @>7?>4V;C ( )  2 2F x P t x= ü , O: V @0=VH5, =52V4><0, 0 2V4><> 
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;8H5, I> 2>=0 =0;568Bь :;0AC 2K
ú : 

( ) ( ) ( )
2

2

2 2 2 2 2 2 1 2 1 2
0

: 0 0;  1;  ,   1,2;   0 .
t

i

i
K F F F t x dF x s i s s s t

ú

ú ú úü üÿ ÿ= − = + = = = ü ü üý ý
ÿ ÿþ þ

  

� Fь><C 28?04:C D>@<C;8 4;O 42>AB>@>==VE >FV=>: DC=:FV>=0;C ( )2I F

?@89<0NBь 284: 

  ( ) ( )

( )
2 2

4 1

2 1 4 2 2
2 1 4

4 2 1

2

4 1 2
42

2 4 1 4 1

0                            ?@8  0 ,

s s s
inf 1    ?@8  ,

s

s s
        ?@8  ,

s 2 s s

F K

t s

t t
I F s t

t t

t
t

t t

ú

úþ

ü
ÿ

ü óÿ
ÿ − +ÿ= + ü üý
ÿ
ÿ +ÿ þÿ − +þ

   (3.4) 

( ) ( )2 2

2

2 1
4 12

2 4 1 4

2 1 4 2
1 2 1 4

12 2 4

2
4

1

s s
    ?@8  0 ,

s 2 s

s s s
sup 1       ?@8  ,

s

s
1                        ?@8  .

s

F K

t s
t t

t
I F s t

t t t

t

ú ú
þ

ü −
ü üÿ − +ÿ

ÿ −ÿ= − ó üý
−ÿ

ÿ
ÿ ó
ÿþ

  (3.5) 

(>@<C;8 (3.4) B0 (3.5) A?@0254;82V 4 2t t
úü . /:I> V=D>@<0FVO ?@> DC=:FVW 

@>7?>4V;C ( )2F x  >1<565=0 7=0G5==O< BV;ь:8 ;8H5 A5@54=ь>3> 7=0G5==O 

( )1 2
0

1s F x dx


= −ù ùû û , B>4V 42>AB>@>==V >FV=:8 DC=:FV>=0;C ( )2I F  <0NBь 284: 

( )
2 2

4 1

2 4 1
4 1

4

0              ?@8  0 ,
inf s

      ?@8  ,F K

t s

I F t
t s

t
þ

ü óü
ÿ= −ý þÿ
þ

 

( )
2 2

2sup 1
F K

I F
þ

=  ?@8 2AVE <>6;828E A?V22V4=>H5==OE 1s  V 4t . 

&0:8< G8=><, >B@8<0=V @57C;ьB0B8 @50;V70FVW ?5@H8E 42>E 5B0?V2 

70?@>?>=>20=>3> C4>A:>=0;5=>3> <5B>4C – =86=O B0 25@E=O 3@0=8FV 107>28E 

DC=:FV>=0;V2 ( )2I F  (D>@<C;0 (3.3)), O:V 40NBь <>6;82VABь >B@8<0B8 



119 

42>AB>@>==V ?>:07=8:8 =04V9=>ABV DC=:FV>=C20==O >1’є:BV2 7 :><1V=>20=8< 

@575@2>< G0AC 2 C<>20E 0?@V>@=>W =5287=0G5=>ABV [44]. 

 

 

 

3.4. �2>AB>@>==V >FV=:8 (=86=V B0 25@E=V 3@0=8FV) ?>:07=8:V2 =04V9=>ABV 

A8AB5< 7 :><1V=>20=8< @575@2>< G0AC ?@8 @V7=8E B8?0E 2V4<>2 >1’є:B0 

 

 

 

' 4@C3><C @>74V;V >B@8<0=> >A=>2=V @>7@0EC=:>2V A?V22V4=>H5==O – 

<>45;V =04V9=>ABV DC=:FV>=C20==O >1’є:BV2 ��" 7 :><1V=>20=8< @575@2>< 

G0AC ?@8 ?>2=V9 28EV4=V9 V=D>@<0FVW (?. 2.3 B0 2.4). � D>@<C;8 4;O ?>:07=8:V2 

=04V9=>ABV 2E>48Bь 9<>2V@=VABь q  2V4<>28 >1’є:B0 2 <><5=B 28B@0B8 

?>?>2=N20=>W A:;04>2>W 4t  :><1V=>20=>3> @575@2C G0AC (B>1B> 2 <><5=B 

28:>=0==O C<>28 2 4t tþ ), O:0 ?>2’O70=0 7 107>28< DC=:FV>=0;>< ( )2I F  

(D>@<C;0 3.3) A?V22V4=>H5==O<: 

    ( ) ( )2 4 2 4 21 1q P t t F t I F= þ = − = − .   (3.6) 

�8:>@8AB>2CNG8 D>@<C;8 B01;. 3.1, 0 B0:>6 (3.4) V (3.5) 7 C@0EC20==O< 

28@07C (3.6), >B@8<Cє<> =86=N *q  B0 25@E=N *
q  3@0=8FV 9<>2V@=>ABV q  

2V4<>28 >1’є:B0:  

  ( )
2 2

* 21 sup ,
F K

q I F
þ

= −     (3.7) 

  ( )
2 2

*

21 inf .
F K

q I F
þ

= −    (3.8) 

#VA;O ?V4AB0=>2:8 C D>@<C;8 (3.7) B0 (3.8) 28@07V2 7 B01;. 3.1 7=0E>48<> 

 

( )2

1 4
4 12

2 1 4 4

1 4 2 1

4 2 1

, ?@8  0 ,
2

0,                      ?@8   ,
0,                      ?@8   ,

s t
t s

s s t t

q s t s s

t s s

ú

ü −
ÿ ü ü

− +ÿ
ÿ= ó üý
ÿ óÿ
ÿ
þ

  (3.9) 
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4 1

1
1 4 2 1

4

2

2 1
4 2 12

2 1 4 4

1,           ?@8    0 ,

,                ?@8   ,

,  ?@8  .
2

t s

s
q s t s s

t

s s
t s s

s s t t

ú

ü
ÿ

ü üÿ
ÿÿ= ó üý
ÿ
ÿ −ÿ ó

− +ÿþ

    (3.10) 

*V D>@<C;8 A?@0254;82V 4;O 28?04:C 2t
ú =   (>1<565==O =0 

<0:A8<0;ь=89 G0A 2V4=>2;5==O >1’є:B0 2V4ACB=є). 

�;O 28?04:C 2t
ú ü   (=0 <0:A8<0;ь=89 G0A 2V4=>2;5==O >1’є:B0 2t  

=0:;045=> >1<565==O 2t
ú , B>1B> 2 20 t t

úü ü ) 3@0=8G=V 7=0G5==O *q  B0 *
q  

9<>2V@=>ABV 2V4<>28 q  >1’є:B0 ?@8 B@820;><C 2V4=>2;5==V >1’є:B0 (?@8 2 4t tþ

) <0NBь 284: 

  ( )

( )

( )2 2

2

1 4
4 12

2 1 4 4

2 1 4 2
2 1 4

12 2 4

2
4

1

, ?@8  0 ,
2

1 sup ,        ?@8   ,

0,                      ?@8   ,

F K

s t
t s

s s t t

s s t s
q I F s t

st t t

s
t

s

ú
ú ú ú

þ

ü −
ÿ ü ü

− +ÿ
ÿ −ÿ= − = ó üý

−ÿ
ÿ
ÿ ó
ÿþ

  (3.11) 

  ( ) ( )
2 2

4 1

1 4 2 2 2
2 1 4

4 2 1

2

2 1 2
42

2 1 4 4 1

1,           ?@8    0 ,

1 inf ,     ?@8   ,

,  ?@8  .
2

F K

t s

s t t s s
q I F s t

t t s

s s s
t

s s t t s

ú

ú
ú

úþ

ü
ÿ ü ü
ÿ
ÿ + −ÿ= − = ó üý
ÿ
ÿ −ÿ ó

− +ÿþ

    (3.12) 

(>@<C;8 (3.11) V (3.12) A?@0254;82V ?@8 4 2t t
úü . 

&0:8< G8=><, >B@8<0=> 42>AB>@>==V >FV=:8 =86=O *q  B0 25@E=O *
q  

3@0=8FV 9<>2V@=>ABV 2V4<>28 q  >1’є:B0 ?@8 28:>@8AB0==V ?>?>2=N20=>W 

A:;04>2>W 4t  7030;ь=>3> @575@2C G0AC ( )4 @,t t  (D>@<C;8 (3.7) – (3.12)) B0 
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287=0G5=V >A=>2=V ?>:07=8:8 =04V9=>ABV A8AB5<8 7 :><1V=>20=8< @575@2>< 

G0AC ?@8 ?>2=V9 28EV4=V9 V=D>@<0FVW (@>74V; 2, ?. 2.3 B0 ?. 2.4). 

#5@5E>48<> 4> ?>1C4>28 42>AB>@>==VE >FV=>: F8E ?>:07=8:V2 ?@8 

>1<565=V9 V=D>@<0FVW – ?@8 2V4><8E 42>E ?>G0B:>28E <><5=B0E G0AC 

2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 H;OE>< ?V4AB0=>2:8 C D>@<C;8 4;O 

?>:07=8:V2 =04V9=>ABV 70<VABь 9<>2V@=>ABV 2V4<>28 q  WW 3@0=8G=8E 7=0G5=ь *q  

B0 *
q  (@50;V70FVO B@5Bь>3> 5B0?C 70?@>?>=>20=>3> <5B>4C). 

3.4.1. �@0=8G=V 7=0G5==O ?>:07=8:V2 =04V9=>ABV ?@8 =57=5FV=NNG8E 01> 

?>2=VABN 7=5FV=NNG8E 2V4<>20E >1’є:B0. $>73;O=5<> A?>G0B:C >A=>2=89 

?>:07=8: =04V9=>ABV – 9<>2V@=VABь 1572V4<>2=>3> DC=:FV>=C20==O A8AB5<8 7 

:><1V=>20=8< @575@2>< G0AC 2 C<>20E 28=8:=5==O i  B8?V2 2V4<>2 ( )1i ó  

B5E=VG=8E B0 ?@>3@0<=8E 70A>1V2 >1’є:B0. �C45<> 22060B8, I> 2 <><5=B 

2V4=>2;5==O ?@0F5740B=>ABV >1’є:B0 ?VA;O 28=8:=5==O 2V4<>28 i -3> B8?C ( )1i ó  

>1’є:B 7 9<>2V@=VABN i
p  ?@>4>26Cє 28:>=C20B8 70240==O 7 C@0EC20==O< 

?>?5@54=ь>3> =0?@0FN20==O (=57=5FV=NNGV 2V4<>28) 01> 7 9<>2V@=VABN 

( )1
i

p−  ?@8ABC?0є 4> 28:>=0==O 70240==O 7 A0<>3> ?>G0B:C (?>2=VABN 

7=5FV=NNGV 2V4<>28). 

�;O >FV=N20==O =04V9=>ABV B0:>W A8AB5<8 <>65 1CB8 28:>@8AB0=0 

D>@<C;0 (2.37), 2 O:C 2E>48Bь 28@07 

  
1 1

i i i i i i
i i

a q q p
ó ó

= ü − üõ õ ,   (3.13) 

I> <VAB8Bь 9<>2V@=VABь 2V4<>28 >1’є:B0 ( )2 41
i i

q F t= −  7 C@0EC20==O< 

?>?>2=N20=>W A:;04>2>W 4t  :><1V=>20=>3> @575@2C G0AC. #V4AB02;ONG8 2 (3.13) 

42>AB>@>==V >FV=:8 *q  V *
q  9<>2V@=VABь 2V4<>28 q , >B@8<Cє<> =86=N ia  B0 

25@E=N ia  3@0=8FV 28@07C i
a : 

  
1 1

i i i i i i
i i

a q q pú ú
ó ó

= ü − üõ õ ,   (3.14) 

  
1 1

i i i i i i
i i

a q q p
ú ú

ó ó
= ü − üõ õ ,   (3.15) 
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0 B0:>6 42>AB>@>==V >FV=:8 9<>2V@=>ABV 1572V4<>2=>3> DC=:FV>=C20==O 

( ) ( )
( )

( ) ( ) ( )( )p 7 4
7 4

2 2

,
7 41

7 4 p
0

min , , 1
!

i

jj
t t t

i pj a t t

F K
j

a t j t t
P t t t e

j

ù ùû û − + −

þ =

− −
= − ôõ  

( )( )p 7 4
1 ,    0 1,

1

i

i

a t j t t
p

j

ù ù− −
ô + ó üú ú

+ú úû û
                      (3.16) 

( ) ( )
( )

( ) ( ) ( )( )p 7 4
7 4

2 2

,
p 7 41

7 4 p
0

max , , 1
!

i

jj
t t t

ij a t t

F K
j

a t t t
P t t t e

j

ù ùû û − + −

þ =

−
= − ôõ  

( )( )p 7 4
1 ,    0 1,

1

i

i

a t j t t
p

j

ù ù− −
ô + ó üú ú

+ú úû û
                      (3.17) 

45 ia  V ia  − 4828Aь D>@<C;8 (3.14) B0 (3.15). 

/:I> 2 >1’є:BV 28=8:0NBь 2V4<>28 >4=>3> B8?C (28?04>: 1i = ), B> 4;O 

>FV=:8 9<>2V@=>ABV ( )7 4 p, ,P t t t  <>6=0 A:>@8AB0B8Aь D>@<C;>N (2.39), ?@8 

Fь><C >B@8<0є<> 42>AB>@>==V >FV=:8 FVєW 9<>2V@=>ABV =0ABC?=>3> 284C: 

  ( ) ( )
( )

( ) ( ) ( )p 7 4

2 2

1

7 4 p
0

min , , 1 1 ,
! 1

j jt t t
j

F K
j

j j
P t t t e

j j
ú

ù ù−û û − +  ú ú ú ú

þ =

÷ −  ÷ − ö ö
= − +÷ ÷+ø ø

õ    (3.18) 

45   ( )( ) ( )7 41 ,    1 ,   0 1 ;
p

q p t t q p t pú ú ú ú = ü − − ÷ = ü − ó ü     (3.19) 

  ( ) ( )
( )

( ) ( ) ( )p 7 4

2 2

,
1

7 4 p
0

max , , 1 1 ,
! 1

jj
t t t

j

F K
j

j j
P t t t e

j j

ú
ú ú ú úù ùû û

− + 

þ =

ö ö÷ −  ÷ − 
= − +÷ ÷

÷ ÷+ø ø
õ    (3.20) 

45    ( )( ) ( )7 4 p1 ,    1  ,   0 1 ;q p t t q p t p
ú ú ú ú = ü − − ÷ = ü − ó ü     (3.21) 

�2>AB>@>==V >FV=:8 9<>2V@=>ABV 1572V4<>2=>3> DC=:FV>=C20==O 

A8AB5<8 "+, 2 O:V9 28=8:0NBь ?>2=VABN 7=5FV=NNGV 2V4<>28 (28?04>: 

1,   0i p= = ), <0NBь B0:89 A0<89 284, O: V D>@<C;8 (3.18) V (3.20), BV;ь:8 2 =8E 

A;V4 ?V4AB02;OB8 V=HV 7=0G5==O ρú , ´ú , ρ
ú
, ´ú : 

  
( )7 4

p

,

,

q t t

q t

ú ú

ú ú

ü = ü −ÿ
ý
÷ = üÿþ

    (3.22) 
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( )7 4

p

,

.

q t t

q t

ú ú

ú ú

ü = ü −ÿ
ý
÷ = üÿþ

   (3.23) 

!02545<> 40;V D>@<C;8 4;O @>7@0EC=:C 42>AB>@>==VE >FV=>: 

V=B5=A82=>ABV 2V4<>2 A8AB5<8 "+ ( )7 4, ,
p

t t t  ?@8 28=8:=5==V 2V4<>2 >4=>3> 

B8?C ( )1  V  0 1i p= ó ü : 

( ) ( )

( ) ( )
( ) ( )

( )

( ) ( ) ( )

( )

p 7 4

2 2

2 2

0

2

1

7 4 p
7 4 p

1 1
1 !

1
2

!
min , , 1 ,

min , ,

j jt t t

j

j

F K

F K

j
e

j

j
e j j

j j
t t t q p

P t t t

ú

ú

ù ù−û û ú ú
ú

=

− +  ú ú
ú ú

úþ
þ

ù ù÷ − 
ú ú+ ÷ + − ô

−ú ú
ú ú

ö ö÷ − ö öú úô + ÷ −  + +÷ ÷÷ ÷ú ú÷ ÷ø øø øû û = ü −

õ

 

(3.24) 

45 ( )
2 2

7 4 pmin , ,
F K

P t t t
þ

 287=0G0єBьAO D>@<C;>N (3.18), 0 ρú , ´ú  − 4828Aь            

D>@<C;8 (3.19); 

( ) ( )

( ) ( )
( ) ( )

( )

( ) ( ) ( )

( )

p 7 4

2 2

2 2

0

2

1

7 4 p
7 4 p

1 1
1 !

1
2

!

max , , 1 ,
min , ,

jj
t t t

j

j

F K

F K

j
e

j

j
e j j

j j

t t t q p
P t t t

ú

ú

ú úù ù−û û
ú 

=

ú ú
− +  ú ú

ú

þ
þ

ù ù÷ − 
ú ú+ ÷ + − ô

−ú ú
ú ú

ö öú ú÷ − ö ö÷ ÷ô + ÷ −  + +ú ú÷ ÷÷ ÷ø øú úø øû û = ü −

õ

  (3.25) 

45 ( )
2 2

7 4 pmax , ,
F K

P t t t
þ

 287=0G0єBьAO D>@<C;>N (3.20), 0 ρú
, ´ú  − 4828Aь           

D>@<C;8 (3.21). 

�;O 28?04:C 0,   1 p i= = (2 >1’є:BV 28=8:0NBь ?>2=VABN 7=5FV=NNGV 

2V4<>28 >4=>3> B8?C) 42>AB>@>==V >FV=:8 ( )
2 2

7 4 pmin , ,
F K

t t t
þ

  V ( )
2 2

7 4 pmax , ,
F K

t t t
þ

  

V=B5=A82=>ABV 2V4<>2 A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC ( )7 4 p, ,t t t  

287=0G0єBьAO 70 4>?><>3>N D>@<C; (3.24) V (3.25), BV;ь:8 2 =8E A;V4 

?V4AB02;OB8 28@078 (3.22) B0 (3.23). 
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�8:>@8AB>2CNG8 28@078 (3.21) − (3.25) 4;O A5@54=ь>3> G0AC 28:>=0==O 

70240==O ( )27 7 4,T t t  (482. ?.?. 2.3.1), =5206:> >B@8<0B8 @>7@0EC=:>2V 

A?V22V4=>H5==O 4;O >FV=:8 =86=VE V 25@E=VE 3@0=8Fь Fь>3> ?>:07=8:0 ?@8 

28=8:=5==V @V7=8E B8?V2 2V4<>2 >1’є:BV2. 

� 7030;ь=><C 28?04:C ( )1  V  0 1
i

i pó ó ü  >B@8<Cє<> 

   ( ) ( )( )7 4

2 2

,

27 7 4 2
1

1
min , 1 1 ,ia t t

i i i
F K

ii

T t t q t e
a

úþ ó

ö ö= + ü −÷ ÷
ø ø

õ    (3.26) 

   ( ) ( )( )7 4

2 2

,

27 7 4 2
1

1
max , 1 1 ,

ia t t

i i i
F K

i i

T t t q t e
a

ú

þ ó

ö ö= + ü −÷ ÷
ø ø

õ    (3.27) 

45 ia  V ia  − 4828Aь D>@<C;8 (3.14) B0 (3.15), 1  V  0 1
i

i pó ó ü . 

� >:@5<><C 28?04:C 1 i =  (2 >1’є:BV 28=8:0NBь 2V4<>28 >4=>3> B8?C) 

   ( ) ( ) ( ) ( )( )( )7 4

2 2

1 ,

27 7 4 2
1

min , 1 1 ,
1

q p t t

F K
T t t q t e

q p

úü −
úþ

ú

= + ü −
ü −

   (3.28) 

   ( ) ( ) ( ) ( )( )( )7 4

2 2

1 ,

27 7 4 2
1

max , 1 1 ,
1

q p t t

F K
T t t q t e

q p

úü −ú
úþ

= + ü −
ü −

  (3.29) 

45 qú , q
ú
 − 4828Aь D>@<C;8 (3.7) − (3.10);  0 1.

i
pó ü   

/:I> 2 >1’є:BV 28=8:0NBь BV;ь:8 =57=5FV=NNGV 2V4<>28, B> ?@8 1p =  D>@<C;8 

(3.28) V (3.29) A?@>ICNBьAO: 

  ( ) ( )( )
2 2

27 7 4 7 4 2min , 1 » ,
F K

T t t t t q túþ
= − +    (3.30) 

   ( ) ( )( )
2 2

27 7 4 7 4 2max , 1 » ,
F K

T t t t t q t
ú

þ
= − +  (3.31) 

0 ?@8 0p =  (C 28?04:C ?>2=VABN 7=5FV=NNG8E 2V4<>2) ?@89<0NBь 284: 

    ( ) ( )( )7 4

2 2

,

27 7 4 2
1

min , 1 ,
q t t

F K
T t t t e

q

úü

þ
ú

ö ö
= + −÷ ÷üø ø

   (3.32) 

   ( ) ( )( )7 4

2 2

,

27 7 4 2
1

max , 1 .
q t t

F K
T t t t e

q

úü
úþ

ö ö
= + −÷ ÷üø ø

  (3.33) 
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%;V4 2V4<VB8B8, I> 2AV >B@8<0=V 2 ?.?. 3.4.1 42>AB>@>==V >FV=:8 – 

D>@<C;8 4;O @>7@0EC=:C =86=VE B0 25@E=VE 3@0=8Fь ?>:07=8:V2 =04V9=>ABV 

A8AB5< 7 :><1V=>20=8< @575@2>< G0AC (3.14) – (3.33) A?@0254;82V 4;O 28?04:C 

2t
ú =  , :>;8 >1<565==O =0 <0:A8<0;ь=89 G0A 2V4=>2;5==O ?@0F5740B=>ABV 

>1’є:B0 2V4ACB=є. �;O 28?04:C 2t
ú ü   (=0 <0:A8<0;ь=89 G0A 2V4=>2;5==O 

>1’є:B0 2t  =0:;045=> >1<565==O 2t
ú , B>1B> 2 20 t t

úü ü ) 2AV =02545=V D>@<C;8 

(3.14) – (3.33) 715@V30NBь A2V9 284, O:I> ?V4AB02;OB8 2 =8E 7=0G5==O 

( )
2 2

* 21 sup
F K

q I F
úþ

= −  V ( )
2 2

*

21 inf
F K

q I F
úþ

= − , I> 287=0G0NBьAO 28@070<8 (3.11) B0 

(3.12), O:V A?@0254;82V ?@8 4 2t t
úü . 

3.4.2. �@0=8G=V 7=0G5==O ?>:07=8:V2 =04V9=>ABV ?@8 =57=5FV=NNG8E 01> 

G0AB:>2> 7=5FV=NNG8E 2V4<>20E >1’є:B0. "B@8<0є<> 42>AB>@>==V >FV=:8 

9<>2V@=>ABV 1572V4<>2=>3> DC=:FV>=C20==O ( )7 4 p, ,P t t t  A8AB5<8 7 :><1V=>20=8< 

@575@2>< G0AC ?@8 @>718BBV 28:>=C20=>3> 70240==O =0 ( )1n n þ  5B0?V2 4;O 

7030;ь=>3> 28?04:C 1i ó  V 0 1
i

pó ü  (482. ?.?. 2.4.1). �;O Fь>3> A:>@8AB0є<>AO 

28@07>< (2.56) B0 ?V4AB028<> 2 =ь>3> 70<VABь D>@<C;8 i
4  (28@07 2.32) WW =86=N i4  

B0 25@E=N i
4  3@0=8FV (28@07 (3.14) V (3.15)). � @57C;ьB0BV >B@8<0є<> 

( ) ( )
( )

( )
p 7

7

2 2

1

7 4 p
0

1
min , , 1 i

t t n
j j n a t

F K
j

n j
P t t t e

j

ú

ú
ù ù
û û

− +

þ =

+ −ö ö
= − ô÷ ÷

ø ø
õ  

( )
( )

7

0

,   0 1,            (3.34)
!

k j

n
i p

i
k

a t jt nn
p

k k j

+ú

=

ù ù−ö ö û ûô ó ü÷ ÷ +ø ø
õ  

( ) ( )
( )

( )
p 7

7

2 2

1

7 4 p
0

1
max , , 1 i

t t n
j j n a t

F K
j

n j
P t t t e

j

ú

ú
ù ù
û û

− +

þ =

+ −ö ö
= − ô÷ ÷

ø ø
õ  

( )
( )

7

0

,   0 1,            (3.35)
!

k j

n
i p

i
k

a t jt nn
p

k k j

+ú

=

ù ù−ö ö û ûô ó ü÷ ÷ +ø ø
õ  

45 i4  B0 i
4 −4828Aь D>@<C;8 (3.14) V (3.15); 7 7 4t t t

ú = − . 

�>:@5<0, :>;8 2 >1’є:BV 28=8:0NBь 2V4<>28 >4=>3> B8?C 1i = , 
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( )1a q p= ü −  V D>@<C;0 (2.56) ?5@5B2>@NєBьAO: 

( ) ( ) ( )( )( )
p 7

2 2
7 4 p 7 4

0

1
min , , 1 exp 1 1

t t n
j

F K
j

n j
P t t t q p t t j n

j

ù ùû û

þ =

+ −ö ö ù ù= − ü − − + ô÷ ÷ û ûø ø
õ  

( ) ( )( )
( )
p 7 4

0

1
,   0 1.           (3.36)

!

k j

n

i
k

q p t j t t nn
p

k k j

+

=

ù ùü − − −ö ö û ûô ó ü÷ ÷ +ø ø
õ

�8:>@8AB>2CNG8 (3.36), >B@8<Cє<> =86=N V 25@E=N 3@0=8FV 9<>2V@=>ABV  

( )7 4 p, ,P t t t :

( ) ( ) ( )( )( )

( ) ( )( )
( )

7

2 2
7 4 p 7 4

0

7 4

0

1
min , , 1 exp 1 1

1
                          ,   0 1.       (3.37)

!

pt t n
j

F K
j

k j

n
p

i
k

n j
P t t t q p t t j n

j

q p t j t t nn
p

k k j

ù ùû û

úþ =

+

ú

=

+ −ö ö ù ù= − ü − − + ô÷ ÷ û ûø ø

ù ùü − − −ö ö û ûô ó ü÷ ÷ +ø ø

õ

õ

 

( ) ( ) ( )( )( )
p 7

2 2
7 4 p 7 4

0

1
max , , 1 exp 1 1

t t n
j

F K
j

n j
P t t t q p t t j n

j

ù ùû û
ú

þ =

+ −ö ö ù ù= − ü − − + ô÷ ÷ û ûø ø
õ  

( ) ( )( )
( )

p 7 4

0

1
,   0 1.           (3.38)

!

k j

n

i
k

q p t j t t nn
p

k k j

+
ú

=

ù ùü − − −ö ö û ûô ó ü÷ ÷ +ø ø
õ  

45 qú  V q
ú  − 3@0=8G=V 7=0G5==O 9<>2V@=>ABV 2V4<>28 >1’є:B0 (D>@<C;8 (3.7) – 

(3.10)). 

/:I> 2 >1’є:BV 28=8:0NBь ?>2=VABN 7=5FV=NNGV 2V4<>28 (28?04>: 1i = , 

0p = ), B> 4;O @>7@0EC=:C 42>AB>@>==VE >FV=>: 9<>2V@=VABь ( )7 4 p, ,P t t t  <>6=0 

28:>@8AB>2C20B8 D>@<C;8 (3.37) V (3.38), O:I> ?>:;0AB8 2 =8E 0p = . 

�;O >B@8<0==O 42>AB>@>==VE >FV=>: A5@54=ь>3> G0AC 28:>=0==O 

70240==O ( )27 7 4, ,T t t n  A:>@8AB0є<>AO D>@<C;>N (2.55). #V4AB02;ONG8 2 =5W 

=86=N qú  B0 25@E=N q
ú
 3@0=8FV 9<>2V@=>ABV 2V4<>28 q , >B@8<Cє<> (4;O 

28?04:C 1i = , 0 1
i

pó ü ): 
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  ( ) ( ) ( ) ( )( )( )
2 2

27 7 4 2 7 4min , , 1 exp 1 1
1F K

n
T t t n q t q t t p n

q p
ú úþ

ú

ù ù= + ü ü − − −û ûü −
,  (3.39) 

  ( ) ( ) ( ) ( )( )( )
2 2

27 7 4 2 7 4max , , 1 exp 1 1
1F K

n
T t t n q t q t t p n

q p

ú ú
úþ

ù ù= + ü ü − − −û ûü −
,  (3.40) 

� >:@5<><C 28?04:C ?@8 0p =  (A8AB5<0 7 G0AB:>28< 7=5FV=N20==O< 

?>?5@54=VE @57C;ьB0BV2) ?@8 @>7@0EC=:0E <>6=0 A:>@8AB0B8AO D>@<C;0<8 

(3.39) B0 (3.40), O:I> ?>:;0AB8 2 =8E 0p = . 

/: V @0=VH5, 2AV >B@8<0=V 2 ?. 3.2.4 @>7@0EC=:>2V A?V22V4=>H5==O (3.34) – 

(3.40) A?@0254;82V 4;O 28?04:C 2t
ú =  . /:I> =0 <0:A8<0;ь=89 G0A 2V4=>2;5==O 

2t  =0:;045=> >1<565==O 2t
ú ü  , B> FV D>@<C;8 715@V30NBь A2V9 284, 0;5 

?V4AB02;OB8 2 =8E =5>1EV4=> 7=0G5==O ( )
2 2

* 21 sup
F K

q I F
þ

= −  V ( )
2 2

*

21 inf
F K

q I F
þ

= − , I> 

287=0G0NBьAO 28@070<8 (3.11) B0 (3.12). 
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1. #@>2545=89 0=0;V7 >A>1;82>AB59 @>72’O70==O 7040G >FV=N20==O 

=04V9=>ABV 2 C<>20E 0?@V>@=>W =5287=0G5=>ABV V 70 >1<565=8E <>6;82>ABOE 

28:>@8AB0==O 2V4><8E <5B>4V2 4>72>;82 >13@C=BC20B8 =5>1EV4=VABь 

C4>A:>=0;5==O =0O2=>3> =0C:>2>-<5B>48G=>3> 0?0@0BC 2 FV9 ?@54<5B=V9 

30;C7V. %D>@<C;ь>20=> ?>AB0=>2:C 7040GV :><?;5:A=>3> >FV=N20==O 

=04V9=>ABV >1’є:BV2 ��" ?@8 >1<565=V9 28EV4=V9 V=D>@<0FVW B0 >13@C=B>20=> 

281V@ 0=0;VB8G=>3> <5B>4C WW @>72’O70==O 70 2V4><8E ?>G0B:>28E <><5=B0E 

28EV4=8E 28?04:>28E 25;8G8=, 70:>=8 @>7?>4V;C O:8E =52V4><V. 

2. �0?@>?>=>20=> C4>A:>=0;5=89 <5B>4 ?>1C4>28 42>AB>@>==VE >FV=>: 
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(=86=VE V 25@E=VE 3@0=8Fь) ?>:07=8:V2 =04V9=>ABV A8AB5< 7 :><1V=>20=8< 

@575@2>< G0AC, 2 >A=>2V O:>W ?>:;045=> 28:>@8AB0==O <0B5<0B8G=8E <>45;59 

>FV=V20==O =04V9=>ABV, >B@8<0=8E ?@8 ?>2=V9 28EV4=V9 V=D>@<0FVW. %CB=VABь 

C4>A:>=0;5=>3> <5B>4C, I> 287=0G0є 9>3> =>287=C B0 2V4<V==VABь 2V4 2V4><8E, 

?>;O30є C 281>@V =>2>3> 107>2>3> DC=:FV>=0;C, O:89 E0@0:B5@87Cє 2?;82 

2V4<>2 B0 71>W2 =0 =04V9=VABь DC=:FV>=C20==O B0 2E>48Bь C D>@<C;8 4;O 

?>:07=8:V2 =04V9=>ABV >1’є:BV2 7 :><1V=>20=8< @575@2>< G0AC, V ?>1C4>2V 

=86=ь>W B0 25@E=ь>W 3@0=8Fь Fь>3> DC=:FV>=0;C 7 =0ABC?=8< >B@8<0==O< 

42>AB>@>==VE >FV=>: ?>:07=8:V2 =04V9=>ABV A8AB5<8 "+ H;OE>< ?V4AB0=>2:8 2 

=8E 3@0=8G=8E 7=0G5=ь 107>2>3> DC=:FV>=0;C. 

3. �>2545=>, I> ?@8 28:>@8AB0==V :><1V=>20=>3> @575@2C G0AC =091V;ьH 

ACBBє28<8 ?0@0<5B@0<8, O:V 2?;820NBь =0 =04V9=VABь DC=:FV>=C20==O >1’є:BV2 

��" 2 C<>20E 28=8:=5==O 2V4<>2 B0 71>W2 B5E=VG=8E B0 ?@>3@0<=8E 70A>1V2, є 

A?V22V4=>H5==O <V6 25;8G8=>N ?>?>2=N20=>W A:;04>2>W 4t  @575@2=>3> G0AC 

(4>?CAB8<>3> G0AC ?5@5@28 C DC=:FV>=C20==V >1;04=0==O) V B@820;VABN 

VA=C20==O 71>W2 B0 WE =0A;V4:V2. �2060NG8 =0 F5, 70 107>289 >1@0=> DC=:FV>=0; 

( )2I F  (D>@<C;0 (3.3)), O:89 2@0E>2Cє 707=0G5=5 28I5 A?V22V4=>H5==O, V 4;O 

=ь>3> >B@8<0=> 0=0;VB8G=V D>@<C;8 4;O @>7@0EC=:C =86=ь>W B0 25@E=ь>W 

3@0=8Fь. �8:>@8AB0==O 3@0=8G=8E 7=0G5=ь Fь>3> DC=:FV>=0;C 40є <>6;82VABь 

>B@8<0B8 42>AB>@>==V >FV=:8 ?>:07=8:V2 =04V9=>ABV DC=:FV>=C20==O >1’є:BV2 

��" 7 :><1V=>20=8< @575@2>< G0AC. 

4. !0 >A=>2V >B@8<0=8E C @>74. 2 @57C;ьB0BV2 V 70?@>?>=>20=>3> 

C4>A:>=0;5=>3> <5B>4C ?>1C4>20=V =>2V <0B5<0B8G=V <>45;V =04V9=>ABV – 
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)1p = – 2V4=>2;5==O ?@0F5740B=>ABV (@5<>=B 2V4<>282H8E >1’є:BV2) V 
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>1<565=ь: =0 ?5@H><C 5B0?V – 2 @57C;ьB0BV 28:>=0==O C<>28 2 4t tó , =0 4@C3><C 

5B0?V – ?@8 28:>=0==V C<>28 ( )=? 7 @T t tþ . �D5:B @>7@V465==O 2V4<>2 ?@872>48Bь 

4> ?>;V?H5==O 2AVE ?>:07=8:V2 =04V9=>ABV DC=:FV>=C20==O A8AB5<8 "+ V 

?@>O2;OєBьAO B8< A8;ь=VH5, G8< 1V;ьH5 284V;OєBьAO B0 28:>@8AB>2CєBьAO 

@575@2=>3> G0AC ( )4 p,t t . 

!0 4@C3><C 5B0?V 7030;ь=>W <5B>48:8 (@8A. 4.1) ?@>2>48BьAO 

>13@C=BC20==O =5>1EV4=>ABV B0 <>6;82>ABV 45:><?>78FVW 7030;ь=>W <>45;V 

DC=:FV>=C20==O A8AB5<8 7 :><1V=>20=8< @575@2>< G0AC =0 42V 270є<>?>2’O70=V 

G0AB:>2V <>45;V: ?5@H0 – <>45;ь =04V9=>ABV >1’є:B0 7 ?>?>2=N20=>N 

A:;04>2>N 4t  7030;ь=>3> @575@2C G0AC, @57C;ьB0B 4>A;V465==O O:>W 

28:>@8AB>2CєBьAO C 4@C3V9 <0B5<0B8G=V9 <>45;V, I> >?8ACє DC=:FV>=C20==O 

A8AB5<8 7 =5?>?>2=N20=>N A:;04>2>N pt  7 C@0EC20==O< 281@0=>3> 20@V0=BC 

270є<>4VW <V6 A:;04>28<8 4t  V pt  @575@2=>3> G0AC, I> 70157?5GCє A8=B57 
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