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 9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E>B= D45BFO (84?99 3 @9FB8<K9E><9 
G>4;4A<S) EBEF46?9AO 6 EBBF69FEF6<< E D45BK9= CDB7D4@@B= GK95AB= 8<EJ<C?<AO 
# .01 %BBDG:9A<9 < D9@BAF B5N9>FB6 FD4AECBDF4, ID4A9A<S, D4ECD989?9A<S 74;4, 
A9HF<, A9HF9CDB8G>FB6. %B89D:4A<9 @9FB8<K9E><I G>4;4A<= EBBF69FEF6G9F 
FD95B64A<S@ (989D4?PAB7B 7BEG84DEF69AAB7B B5D4;B64F9?PAB7B EF4A84DF4 ED98A97B 
CDBH9EE<BA4?PAB7B B5D4;B64A<S CB EC9J<4?PABEF< 21.02.03     %BBDG:9A<9 < 
Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 < 74;BA9HF9ID4A<?<M. 
            *9?PR @9FB8<K9E><I G>4;4A<= S6?S9FES B>4;4A<9 CB@BM< B5GK4RM<@ES 6 
6OCB?A9A<< CD4>F<K9E>B= D45BFO CB GK95AB= 8<EJ<C?<A9 # .01 %BBDG:9A<9 < 
D9@BAF B5N9>FB6 FD4AECBDF4, ID4A9A<S, D4ECD989?9A<S 74;4, A9HF<, A9HF9CDB8G>FB6. 
            �484K4@< @9FB8<K9E><I G>4;4A<= CB BD74A<;4J<< CD4>F<K9E>B= D45BFO 
S6?SRFES: 

- 4>F<6<;4J<S CD4>F<K9E>B= D45BFO B5GK4RM<IES; 
- BCD989?9A<9 EB89D:4A<S CD4>F<K9E>B= D45BFO B5GK4RM<IES; 
- GEF4AB6?9A<9 FD95B64A<= > D4;?<KAO@ HBD@4@ CD4>F<K9E>B= D45BFO; 
- BCD989?9A<9 CBDS8>4 6OCB?A9A<S CD4>F<K9E>B= D45BFO; 
- HBD@G?<DB64A<9 @9FB8<K9E><I D9>B@9A84J<= CB 6OCB?A9A<R  

CD4>F<K9E>B= D45BFO. 
 

 

 

 

#D4>F<K9E>4S D45BF4 №1 
 

$4EK9F CB>4;4F9?9= A489:ABEF< Q?9@9AFB6 @4L<A 
 

*9?P D45BFO: ;A4>B@EF6B E A489:ABEFPR E<EF9@ D4;?<KAOI EFDG>FGD, 
CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 BCD989?9A<S CB- >4;4F9?9= 
A489:ABEF< @4L<A, CDB6989A<S EFDG>FGDAB7B 4A4?<;4 A489:ABEF< 
@4L<AO. 

 

�D4F><9 F9BD9F<K9E><9 E6989A<S 
 

!489:ABEFP 3 E6B=EF6B B5N9>F4 EBID4ASFP 6B 6D9@9A< 6 
GEF4AB6?9AAOI CD989?4I ;A4K9A<S 6E9I C4D4@9FDB6, I4D4>F9D<- ;GRM<I 
ECBEB5ABEFP 6OCB?ASFP FD95G9@O9 HGA>J<< 6 ;484AAOI D9:<@4I < 
GE?B6<SI CD<@9A9A<S, F9IA<K9E>B7B B5E?G:<64A<S, D9@BAFB6, ID4A9A<S < 
FD4AECBDF<DB64A<S. 1FB E6B=EF6B BCD989- ?S9F QHH9>F<6ABEFP 
HGA>J<BA<DB64A<S <;89?<S 6B 6D9@9A< K9D9; E6B< CB>4;4F9?<. #B>4;4F9?P 
A489:ABEF< 3 >B?<K9EF69AA4S I4- D4>F9D<EF<>4 B8AB7B <?< A9E>B?P><I 
E6B=EF6, EBEF46?SRM<I A489:ABEFP B5N9>F4. 36?SSEP >B@C?9>EAO@ 

E6B=EF6B@ A489:- ABEFP BJ9A<649FES K9D9; CB>4;4F9?< K4EFAOI E6B=EF6 3 
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8B?7B69K- ABEFP, 59;BF>4;ABEFP, D9@BAFBCD<7B8ABEFP < EBID4AS9@BEFP >4:- 

8O@ 6 BF89?PABEF< <?< 6 D4;?<KAOI <I EBK9F4A<SI. 
�9;BF>4;ABEFP 3 E6B=EF6B B5N9>F4 EBID4ASFP D45BFBECB- EB5ABEFP 

A9CD9DO6AB 6 F9K9A<9 A9>BFBDB7B 6D9@9A< <?< A4D45BF- ><. #DBS6?S9FES 
BAB >4> 6 D9:<@9 D45BFO, F4> < 6 D9:<@9 B:<84- A<S. 

�B?7B69KABEFP 3 E6B=EF6B B5N9>F4 EBID4ASFP D45BFBECB- EB5ABEFP 8B 
CD989?PAB7B EBEFBSA<S E 6B;@B:AO@< C9D9DO64@< 8?S F9IA<K9E>B7B 
B5E?G:<64A<S < D9@BAFB6. �B?7B69KABEFP D4;- 89?SRF A4 H<;<K9E>GR < 

@BD4?PAGR. (<;<K9E>4S 8B?7B69KABEFP 
3 QFB CDB8B?:<F9?PABEFP D45BFO @4L<AO 6 ED98A<I GE?B6<SI 
Q>EC?G4F4J<< 8B >4C<F4?PAB7B D9@BAF4 <?< EC<E4A<S. %C<E4A<9 
CDB<;6B8<FES FB784, >B784 Q>EC?G4F4J<S EF4AB6<FES BC4EAB=, F9I- A<K9E>< 
A96B;@B:AB=, 4 6BEEF4AB6?9A<9 3 Q>BAB@<K9E>< A9J9?9- EBB5D4;AO@. 
 BD4?PA4S 8B?7B69KABEFP 3 QFB CDB8B?:<F9?PABEFP D45BFO @4L<AO, 
CBE?9 >BFBDB= 99 >BAEFDG>J<S EF4AB6<FES F9I-
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A<K9E>< < Q>BAB@<K9E>< A9 QHH9>F<6AB= CB ED46A9A<R E AB6O@< F<C4@< 

@4L<A. 
$9@BAFBCD<7B8ABEFP 3 E6B=EF6B B5N9>F4, ;4>?RK4RM99ES 6 

CD<ECBEB5?9AABEF< > CB889D:4A<R < 6BEEF4AB6?9A<R D45BFB- ECBEB5AB7B 
EBEFBSA<S CGF9@ F9IA<K9E>B7B B5E?G:<64A<S < D9- @BAFB6. 

%BID4AS9@BEFP 3 E6B=EF6B B5N9>F4 A9CD9DO6AB EBID4ASFP 
D45BFBECBEB5AB9 EBEFBSA<9 6 F9K9A<9 < CBE?9 D9:<@4 B:<84A<S, ID4A9A<S 
< FD4AECBDF<DB64A<S. �;89?<9 6 C9D<B8 97B CD<@9A9- A<S (Q>EC?G4F4J<<) 
@B:9F A4IB8<FPES 6 <ECD46AB@, A9<ECD46AB@, D45BFBECBEB5AB@, 
A9D45BFBECBEB5AB@ EBEFBSA<SI. "EB5B9 EBEFB- SA<9 <;89?<S 3 97B 
CD989?PAB9 EBEFBSA<9. #9D9IB8 <; B8AB7B EB- EFBSA<S 6 8DG7B9 
I4D4>F9D<;G9FES EB5OF<S@< 3 CB6D9:89A<9@ <?< BF>4;B@. �ECD46AB9 
EBEFBSA<9 (<ECD46ABEFP) 3 EBEFBSA<9 B5N9>F4, CD< >BFBDB@ BA 
G8B6?9F6BDS9F 6E9@ FD95B64A<S@ ABD@4- F<6AB-F9IA<K9E>B= 8B>G@9AF4J<< 
(!&�). !9<ECD46AB9 EBEFBSA<9 (A9<ECD46ABEFP) 3 EBEFBSA<9 B5N9>F4, CD< 
>BFBDB@ BA A9 G8B6?9- F6BDS9F IBFS 5O B8AB@G <; FD95B64A<= !&�. 

$45BFBECBEB5AB9 EBEFBSA<9 (D45BFBECBEB5ABEFP) 3 EBEFBS- A<9 
B5N9>F4, CD< >BFBDB@ <;89?<9 ECBEB5AB 6OCB?ASFP ;484AAO9 HGA>J<<, 
EBBF69FEF6GRM<9 FD95B64A<S@ !&�. !9D45BFBECBEB5- AB9 EBEFBSA<9 
(A9D45BFBECBEB5ABEFP) 3 EBEFBSA<9 B5N9>F4, CD< >BFBDB@ A9 6OCB?AS9FES 
IBFS 5O B8<A C4D4@9FD ;484AAOI HGA>- J<= <;89?<S, G>4;4AAOI 6 
FD95B64A<SI !&�. 

#D989?PAB9 EBEFBSA<9 3 EBEFBSA<9 B5N9>F4, CD< 8BEF<:9A<< >BFBDB7B 
97B 84?PA9=L99 CD<@9A9A<9 (Q>EC?G4F4J<S) CB A4;A4K9- A<R A98BCGEF<@B, 
A96B;@B:AB <?< A9J9?9EBB5D4;AB. 

#B6D9:89A<9 3 EB5OF<9, ;4>?RK4RM99ES 6 A4DGL9A<< <E- CD46AB7B 
EBEFBSA<S B5N9>F4 CD< EBID4A9A<< 97B D45BFBECBEB5AB- 7B EBEFBSA<S. 

"F>4; 3 EB5OF<9, ;4>?RK4RM99ES 6 A4DGL9A<< D45BFBECB- EB5AB7B 
EBEFBSA<S B5N9>F4. #D<K<A4 BF>4;4 3 S6?9A<S, CDBJ9EEO, EB5OF<S < 
EBEFBSA<S, 6O;646L<9 6B;A<>AB69A<9 BF>4;4. 

"5N9>FO <?< <;89?<S 89?SFES A4 D9@BAF<DG9@O9 < A9D9@BA- 

F<DG9@O9. $9@BAF<DG9@O= 3 QFB F4>B= B5N9>F, 8?S >BFBDB7B 6B;- @B:ABEFP 
CDB6989A<S D9@BAFB6 < F9IA<K9E>B7B B5E?G:<64A<S CD98GE@BFD9A4 !&�. 
!9D9@BAF<DG9@O= 3 QFB F4>B= B5N9>F, 8?S >BFBDB7B D9@BAFO < 
F9IB5E?G:<64A<9 A9 CD98GE@BFD9AO !&�. �5EB?RFAB9 5B?PL<AEF6B 
@4L<A < <I E5BDBKAOI 98<A<J BFAB- 
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ESFES > D9@BAF<DG9@O@. � A9D9@BAF<DG9@O@ @B7GF 5OFP BFA9E9- AO 
CB8L<CA<>< >4K9A<S, D9@9AAO9 < ;G5K4FO9 C9D984K<, DG>464 6OEB>B7B 
846?9A<S, @4A:9FO < GC?BFA9A<S, HD<>J<BAAO9 A4>?48><, CDG:<AO < 8D. 

!4D45BF>4 3 CDB8B?:<F9?PABEFP <?< B5N9@ D45BFO B5N9>- 
F4. 

$9EGDE 3 A4D45BF>4 B5N9>F4 BF A4K4?4 97B CD<@9A9A<S 8B 
CD989?PAB7B EBEFBSA<S. 

�4:A9=L<@< CBASF<S@< 6 F9BD<< A489:ABEF< S6?SRFES D4- 
5BFBECBEB5AB9 EBEFBSA<9 (D45BFBECBEB5ABEFP) < BF>4;. "F>4;O G;?B6 < 
89F4?9= &<&& " @B7GF 5OFP 464D<=AO@< (E?GK4=AO@<) <?< 
9EF9EF69AAO@< (CD98E>4;G9@O@<). �64D<=AO9 3 QFB, > CD<- @9DG, 
89HBD@4J<< <?< CB?B@>< D45BK97B <AEFDG@9AF4 F9IAB?B- 7<K9E><I @4L<A, 
CD98BID4A<F9?PAOI >?4C4AB6 <;-;4 ;47DS;A9A<S D45BK<I :<8>BEF9= 
7<8DBE<EF9@, CB?B@>< ;G5P96 L9EF9DTA < 8D. �EF9EF69AAO9 CB6D9:89A<S < 
BF>4;O 6B;A<>4RF CD< ABD@4?PAOI GE?B6<SI Q>EC?G4F4J<< @4L<A. � A<@ 
BFABESFES 45D4;<6AO= <;- ABE, GEF4?BEFP CB69DIABEFAOI E?BT6, E@SF<9 
CB69DIABEF9= >BA- F4>F4. �4K9A<9 59; E>B?P:9A<S 6O;O649F GEF4?BEFP 
CB69DIABEF- AOI E?BT6. #D< >4K9A<< E BFABE<F9?PAO@ E>B?P:9A<9@ 
A45?R- 84RFES GEF4?BEFP < <;ABE (;G5K4F4S C4D4). �4:8B@G 6<8G 6;4<@B- 
89=EF6<S 89F4?9= 8DG7 E 8DG7B@ EBBF69FEF6G9F E6B= 6<8 BF>4;4. 

� EBBF69FEF6<< E �"%& 27.002 CB>4;4F9?< A489:ABEF< CB8- 

D4;89?SRF A4 98<A<KAO9 < >B@C?9>EAO9, D4EK9FAO9, Q>EC9D<@9A- F4?PAO9, 
Q>EFD4CB?<DB64AAO9, 4 F4>:9 7DGCCB6O9 < <A8<6<8G- 4?PAO9. �8<A<KAO= 
CB>4;4F9?P A489:ABEF< 3 CB>4;4F9?P, I4D4>- F9D<;GRM<= B8AB <; E6B=EF6 
(A4CD<@9D, 8B?7B69KABEFP <?< 59;- BF>4;ABEFP), EBEF46?SRM<I A489:ABEFP 
B5N9>F4. �B@C?9>EAO= CB>4;4F9?P A489:ABEF< 3 CB>4;4F9?P, 
I4D4>F9D<;GRM<= B8AB6D9- @9AAB A9E>B?P>B E6B=EF6 (864 < 5B?99), 
EBEF46?SRM<I A489:- ABEFP B5N9>F4. �DGCCB6B= CB>4;4F9?P A489:ABEF< 
E?G:<F 8?S BJ9A>< A489:ABEF< EB6B>GCABEF< <;89?<= 84AAB7B F<C4 (6<84, 
@4D><, @B89?<). �A8<6<8G4?PAO= CB>4;4F9?P CD98A4;A4K9A 8?S BJ9A>< 
A489:ABEF< >4:8B7B <;89?<S 84AAB7B F<C4. $4;?<K4RF CB>4;4F9?< 
59;BF>4;ABEF< A96BEEF4A46?<649@OI < 6BEEF4A46?<64- 9@OI B5N9>FB6. 

#B>4;4F9?< 59;BF>4;ABEF<. � CB>4;4F9?S@ 59;BF>4;ABEF< 
A96BEEF4A46?<649@OI B5N9>FB6 BFABESF: 69DBSFABEFP 59;BF>4;AB= D45BFO; 
ED98ASS A4D45BF>4 8B BF>4;4; <AF9AE<6ABEFP BF>4;B6. 
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#B>4;4F9?< 6BEEF4A46?<649@OI B5N9>FB6 6>?RK4RF: 69DBSFABEFP 
59;BF>4;AB= D45BFO; A4D45BF>4 A4 BF>4;; C4D4@9FD CBFB>4 BF>4- ;B6. 
�9DBSFABEFP 59;BF>4;AB= D45BFO 3 QFB 69DBSFABEFP FB7B, KFB 6 CD989?4I 
;484AAB= A4D45BF>< BF>4; A9 6B;A<>A9F: 

- 8?S A96BEEF4A46?<649@OI B5N9>FB6 3 $(t) = Nt/No; 

- 8?S 6BEEF4A46?<649@OI B5N9>FB6 3 $(t) = N5B/r, 

789 Nt 3 K<E?B B5N9>FB6, 59;BF>4;AB CDBD45BF46L<I 8B @B@9AF4 6D9@9A< t; 

NB 3 K<E?B B5N9>FB6, D45BFBECBEB5AOI 6 A4K4?PAO= @B@9AF 6D9@9A< 
to; 

N5B 3 K<E?B A4D45BFB>, 6 F9K9A<9 >BFBDOI B5N9>F D45BF4? 59;BF>4;AB 
CBE?9 6BEEF4AB6?9A<S 8B @B@9AF4 6D9@9A< t < 5B?99; 
r 3 B5M99 K<E?B A4D45BFB>. 
%D98ASS A4D45BF>4 8B BF>4;4 To 3 @4F9@4F<K9E>B9 B:<84A<9 

A4D45BF>< B5N9>F4 8B C9D6B7B BF>4;4. "CD989?S9FES >4> ED98A99 
4D<H@9F<K9E>B9 A4D45BFB> 6E9I B5N9>FB6 N, CBEF46?9AAOI A4 <E- COF4A<S: �i = 

þ 
i=
1 þ 

ā
i 

, (1.1) 

789  ti 3 A4D45BF>4 i-7B B5N9>F4 8B BF>4;4. 
!4D45BF>4 A4 BF>4; T 3 BFABL9A<9 A4D45BF>< 6BEEF4A46?<- 649@B7B 

B5N9>F4 > @4F9@4F<K9E>B@G B:<84A<R K<E?4 97B BF>4;B6 6 F9K9A<9 QFB= 
A4D45BF><: � = ∑ÿ āi 

,
 

  

(1.2) 

i=1 ÿ 

789 ti 3 i-S A4D45BF>4 @9:8G BF>4;4@<; 
r 3 K<E?B BF>4;B6 6 F9K9A<9 A45?R849@B= A4D45BF><. 
�E?< CBE?9 >4:8B7B BF>4;4 B5N9>F 6BEEF4A46?<649FES 8B 

C9D6BA4K4?PAB7B EBEFBSA<S, FB QFBF CB>4;4F9?P D469A ED98A9= A4D45BF>9 8B 
BF>4;4. �?S BJ9A>< <;@9A9A<S E6B=EF6 59;BF>4;AB- EF< 6B 6D9@9A< 
CD<@9ASRF CB>4;4F9?<: <AF9AE<6ABEFP BF>4;B6 < C4D4@9FD CBFB>4 BF>4;B6. 
�AF9AE<6ABEFP BF>4;B6 λ(t) 3 GE?B6A4S C?BFABEFP 69DBSFABEF< 
6B;A<>AB69A<S BF>4;4 A96BEEF4A46?<649- @B7B B5N9>F4, BCD989?S9@4S 8?S 
D4EE@4FD<649@B7B @B@9AF4 CD< GE?B6<<, KFB 8B QFB7B @B@9AF4 BF>4; A9 
6B;A<>: 

λ (t) = N(t) 3 N(t + &t) / N(t) &t, (1.3) 

∑ 
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i=1 

þ ∑þ 

789 N(t) < N(t + &t) 3 K<E?B B5N9>FB6, D45BFBECBEB5AOI, EBBF69F- EF69AAB, > 
@B@9AF4@ t < t + &t. 

#B EGM9EF6G <AF9AE<6ABEFP BF>4;B6 6OD4:49FES K<E?B@ BF- >4;B6 6 
98<A<JG 6D9@9A<. #4D4@9FD CBFB>4 BF>4;B6 ω(t) 3 C?BF- ABEFP 69DBSFABEF< 
6B;A<>AB69A<S BF>4;4 6BEEF4A46?<649@B7B B5N9>F4, BCD989?S9@4S 8?S 
D4EE@4FD<649@B7B @B@9AF4: �(ā) = 

þ 
i=
1 

ÿi(ā+Δā)−∑þ þ(Δā) ÿi(ā
) 

. (1.4) 

(<;<K9E><= E@OE? C4D4@9FD4 CBFB>4 BF>4;B6 3 QFB ED98A99 
K<E?B BF>4;B6 6BEEF4A46?<649@B7B B5N9>F4 6 98<A<JG 6D9@9A< 8?S 
D4EE@4FD<649@B7B @B@9AF4 t, F. 9. 69?<K<A4, >BFBDGR B5OKAB A4;O64RF 
<AF9AE<6ABEFPR <?< C?BFABEFPR CBFB>4 BF>4;B6. #B E6B9@G EB89D:4A<R 
CBASF<S <AF9AE<6ABEF< BF>4;B6 (8?S A96BE- EF4A46?<649@OI B5N9>FB6) < 
C4D4@9FD λ CBFB>4 BF>4;B6 (8?S 6BE- EF4A46?<649@OI B5N9>FB6) D4;?<KAO. 
"8A4>B 6 K4EFAB@ E?GK49 CD< λ = const BA< K<E?9AAB EB6C484RF. 

#D<@9D 1. �EE?98B64?< D45BFG 89ESF< A96BEEF4A46?<649- @OI 
Q?9@9AFB6 @4L<AO. !4D45BF>4 <I 8B BF>4;4 EBEF46<?4, EG- FB>: 21, 42, 68, 
36, 18, 49, 16, 22, 74, 19. !9B5IB8<@B 6OK<E?<FP 69DBSFABEFP 59;BF>4;AB= 
D45BFO 6 F9K9A<9 40 EGFB>, <AF9AE<6- ABEFP BF>4;B6 6 C9D<B8 @9:8G 20 < 
50 EGF>4@< D45BFO < ED98ARR A4D45BF>G 8B BF>4;B6 Q?9@9AFB6. 

$9L9A<9. �9;BF>4;AB CDBD45BF4?< 6 F9K9A<9 40 EGFB> 4 Q?9- @9AF4 
(42, 68, 49, 74). "FER84 69DBSFABEFP 59;BF>4;AB= D45BFO 

P(t) = N(t) / No = 4 /10 = 0,4. 

�AF9AE<6ABEFP BF>4;B6 6 C9D<B8 @9:8G 20 < 50 EGF>4@< D4- 5BFO, EGFB>-

1
: 

λ (t) = N(t) 3 N(t + &t) / N(t) &t = (7 3 2) / 7· 30 = 0,0238. 

%D98ASS A4D45BF>4 8B BF>4;4 

 0 = 
1
 

i=1 

 ā
i 

=
 1+ +   +   +1 + +1 + +   +1 

=      , EGFB>. 
10 

#D<@9D 2. � D45BF9 D98G>FBD4 ;4D97<EFD<DB64AB 8 BF>4;B6 r = 8. 

!4D45BF>< ti @9:8G BF>4;4@< EBEF46<?< 6 EGF><: 18, 9, 14, 

27, 16, 8, 14, 22. !9B5IB8<@B BCD989?<FP A4D45BF>G A4 BF>4; D9- 8G>FBD4 < 
69DBSFABEFP 97B 59;BF>4;AB= D45BFO 6 CD989?4I A4D4- 5BF><, D46AB= 20 

EGFB>. 
$9L9A<9. !4D45BF>4 A4 BF>4; D98G>FBD4 

∑ 
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i=1 i 

i=1 

� = ∑ 
 ā      = 

18+ +1 +   +1 +8+1 +   
=     EGFB>. 

8 
�9DBSFABEFP 59;BF>4;AB= D45BFO 

$(t) = N5B/r, 

789 N5B 3 K<E?B A4D45BFB>, 6 F9K9A<9 >BFBDOI D98G>FBD D45BF4? 59;BF>4;AB 
20 EGFB> < 5B?99 (22 < 27 EGFB>). 

$(t) = 2/8 = 0,25. 

#D<@9D 3. !9B5IB8<@B BCD989?<FP C4D4@9FD CBFB>4 BF>4;B6 FD9I 
B8ABF<CAOI @4L<A 6 @9:D9@BAFAO= C9D<B8 < @9:8G 5 < 15 EGF>4@< 

A45?R89A<S.  9:D9@BAFAO= C9D<B8 D469A 30 EGFB>. 
!4D45BF>< @9:8G BF>4;4@<, EGFB>: 
- C9D64S @4L<A4 3 3, 6, 8, 4, 2, 5; 

- 6FBD4S @4L<A4 3 1,2, 5, 3, 4, 2, 4. 3, 3, 2; 2 

- FD9FPS @4L<A4 3 4, 6, 7, 4, 8. 

$9L9A<9. #4D4@9FD CBFB>4 BF>4;B6 6 C9D<B8 @9:8G 5 < 15 EGF>4@< 

A45?R89A<S. 
!4K4?PAO= @B@9AF t = 0. �AF9D64? Δt = 30 EGF. #4D4@9FD 
CBFB>4 BF>4;B6 BCD989?S9FES CB HBD@G?9 

 �(ā) = 
þ 
i=
1 

ÿi(ā+Δā)−∑þ þΔā ÿi(ā)
.
 

� QFB@ 6OD4:9A<< K<E?B BF>4;B6 6 @B@9AF t = 0 8?S 6E9I 
FD9I @4L<A D46AB 0, F. 9. þ 

∑ ÿi(ā) = 0. 

i=1 

+<E?B BF>4;B6 8B A4D45BF>< t + Δt = 30 EGFB> EBEF46?S9F: 
- 8?S C9D6B= @4L<AO m1(30) = 6; 

- 8?S 6FBDB= @4L<AO m2(30) = 10; 

- 8?S FD9FP9= @4L<AO m3(30) = 5. �(ā) = 
( +10+ )−0

 = 0,       , 1/EGF. 
3·30 

#4D4@9FD CBFB>4 BF>4;B6 6 C9D<B8 @9:8G 5 < 15 EGF>4@< 
A45?R89A<S. 

!4K4?PAO= @B@9AF 6D9@9A< t = 5 EGFB>, <AF9D64? Δt = 10 EGFB>. +<E?B 
BF>4;B6 8B A4D45BF>< t = 5 EGFB> D46AB: 

- 8?S C9D6B= @4L<AO m1(5) = 1; 

- 8?S 6FBDB= @4L<AO m2(5) = 2; 

- 8?S FD9FP9= @4L<AO m3(5) = 1. 

∑ 
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+<E?B BF>4;B6 8B A4D45BF>< t =15 EGFB>, EBBF69FEF69AAB, D46AB: 
- m1(15) = 2; 

- m2(15) =5; 

- m3(15) = 2. 

#4D4@9FD CBFB>4 BF>4;B6 6 <AF9D64?9 6D9@9A< @9:8G 5 < 15 EGF>4@< (Δt 
= 10 EGFB>) �(ā) = 

( + + )−(1+ +1)
 = 0,     EGFB>-1

. 
3·10 

%?98B64F9?PAB, @4L<AO 5B?99 A489:AB D45BF4?< 6 <AF9D- 
64?9 5 ÷15 EGFB>. 

 

"5M<9 E6989A<S CB EFDG>FGDAB@G 4A4?<;G A489:ABEF< 

E<EF9@ 

 

!489:ABEFP 5B?PL<AEF64 <;89?<= 6 F9IA<>9 BCD989?SRF, 
D4EE@4FD<64S <I >4> E<EF9@O. %?B:AO9 E<EF9@O 89?SFES A4 CB8- E<EF9@O. 
%<EF9@O E CB;<J<= A489:ABEF< @B7GF 5OFP CBE?98B64- F9?PAO@< < 
C4D4??9?PAO@<. #BASF<9 «CBE?98B64F9?PA4S E<EF9- @4» 6 ;484K4I 
A489:ABEF< <@99F L<DB>B9 ;A4K9A<9. � F4><@ E<- EF9@4@ BFABESF 6E9 
E<EF9@O, 6 >BFBDOI BF>4; Q?9@9AF4 CD<6B8<F > BF>4;G 6E9= E<EF9@O. 
!4CD<@9D, E<EF9@G CB8L<CA<>B6 @9I4A<- K9E><I C9D984K E CB;<J<< 
F9BD<< A489:ABEF< E?98G9F D4EE@4FD<- 64FP >4> CBE?98B64F9?PAGR, IBFS 
H4>F<K9E>< CB8L<CA<>< >4:8B- 7B 64?4 D45BF4RF C4D4??9?PAB. #D<@9D4@< 
C4D4??9?PAOI E<EF9@ S6?SRFES QA9D79F<K9E><9 E<EF9@O <; Q?9>FD<K9E><I 
@4L<A, D4- 5BF4RM<I A4 B5MGR E9FP, @AB7B@BFBDAO9 E4@B?9FO, EG84 E 
86G- @S @4L<A4@< < D9;9D6<DB64AAO9 E<EF9@O. 

%FDG>FGDAO= 4A4?<; A489:ABEF< E<EF9@. #D< 6BEEF4AB6?9- A<< 
D45BFBECBEB5ABEF< @4L<A ;4 >D<F9D<= CD<A<@4RFES ;4FD4FO A4 F9>GM<= < 
>4C<F4?PAO= D9@BAFO. � B5M9@ E?GK49 D4EK9F EFDG>FGDAB= EI9@O 
6OCB?AS9FES 6 E?98GRM9= CBE?98B64F9?PAB- EF<. 

1). "CD989?S9FES >BQHH<J<9AF ABD@<DG9@OI ;4FD4F �: 

³ = ZTP, ZKP, 

789 ZTP 3 @<A<@4?PAO9 ;4FD4FO A4 F9>GM<= D9@BAF @4L<AO; 
ZKP 3 @<A<@4?PAO9 ;4FD4FO A4 >4C<F4?PAO= D9@BAF @4L<AO. 2). 

"CD989?S9FES D4A7 D9@BAFAOI ;4FD4F Ri 8?S G;?B6, 6IB- 
8SM<I 6 @4L<AG: 
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1 2 3 

6 

4 

5 

Ri = Zi⋅ZKP, 

789 Zi 3 ;4FD4FO A4 D9@BAF G;?B6, 6IB8SM<I 6 @4L<AG; i 3 
CBDS8>B6O= AB@9D G;?4, i = 1, 2, ... n. 

3). �OEFD4<649FES CBE?98B64F9?PABEFP D4A7B6 
R1 ≥ R2 ≥ 1 >& Ri ≥ Ri+1 ≥ � & > RK ≥ RK+1 ≥ Rn. 

#B QFB= CBE?98B64F9?PABEF< HBD@<DGRFES EFDG>FGDAO9 EI9@O 

EB98<A9A<=. 
4). ';?O E D4A74@< Ri ≥ 1 CD98EF46?SRF EB5B= E4@BEFBSF9?P- AO9 

D9@BAFAO9 >B@C?9>FO < 6 EFDG>FGDAB= EI9@9 EB98<ASRFES 
CBE?98B64F9?PAB. 

5). ';?O E D4A74@< 1 > Ri ≥ � F4>:9 EBEF46?SRF E4@BEFBS- F9?PAO9 
D9@BAFAO9 >B@C?9>FO < 6 EFDG>FGDAB= EI9@9 EB98<AS- RFES 
CBE?98B64F9?PAB. 

6). ';?O E D4A74@< Ri < � 7DGCC<DGRFES 6 C4D4??9?PAO9 J9- C< E 
@<A<@4?PAO@ <I K<E?B@ < EG@@4DAO@ D4A7B@ ∑ Ri ≥ 1. � QFB@ E?GK49 
E7DGCC<DB64AAO9 G;?O 6 EB6B>GCABEF< F4>:9 EBEF46- ?SRF 
E4@BEFBSF9?PAO9 D9@BAFAO9 >B@C?9>FO. 

7). "EF46L<9ES G;?O F4>:9 7DGCC<DGRFES 6 C4D4??9?PAO9 J9C< E 
@<A<@4?PAO@ <I K<E?B@ < EG@@4DAO@ D4A7B@ 1 > ∑ Ri ≥ ³. � QFB@ E?GK49 
E7DGCC<DB64AAO9 G;?O 6 EB6B>GCABEF< F4>:9 EBEF46?SRF E4@BEFBSF9?PAO9 
D9@BAFAO9 >B@C?9>FO. 

8). �E?< EG@@4DAO= D4A7 BEF46L<IES G;?B6 ∑ Ri < ³, FB BA< A9 
EBEF46?SRF D9@BAFAB7B >B@C?9>F4 < <; 84?PA9=L97B D4EE@BF- D9A<S 
<E>?RK4RFES. 

9). �E9 D9@BAFAO9 >B@C?9>FO EB98<ASRFES 6 CBE?98B64- F9?PAGR 

J9CP, < CDB6B8<FES D4EK9F A489:ABEF< @4L<AO 6 J9?B@. 
!4CD<@9D, @4L<A4 EBEFB<F <; L9EF< G;?B6 E D4A74@< ;4FD4F: R1 = 1,2; 

R2 = 1,1; R3 = 0,8; R4 = 0,75; R5 = 0,6; R6 = 0,45. �BQHH<- 
J<9AF ABD@<DG9@OI ;4FD4F � = 0,7. �9DBSFABEFP 59;BF>4;AB= D4- 5BFO 
>4:8B7B G;?4 EBEF46?S9F P = 0,95. &D95G9FES BCD989?<FP 69- DBSFABEFP 
59;BF>4;AB= D45BFO @4L<AO 6 J9?B@. �OEFD4<649@ CBE?98B64F9?PABEFP 
D4A7B6: 1,2 > 1,1 > 1 > 0,8 > 0,75 > � > 0,6 > 0,45. %BEF46?S9@ EFDG>FGDAGR 

EI9@G. 
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?B@ 
"CD989?S9@ 69DBSFABEFP 59;BF>4;AB= D45BFO @4L<AO 6 J9- 

 

$5-6 = 1 3 (1 3 $5)(13 $6) = 1 3 (1 30,95)(1-0,95) = 0,9975 $ = 

= $1∙ $2 ∙ $3 ∙ $4 ∙ $5−6 = 0,95 ∙ 0,95 ∙ 0,95 ∙ 0,95 ∙ 0.9975 = 0,81. 

 

�BAFDB?PAO9 6BCDBEO 

 

1. +FB F4>B9 A489:ABEFP E<EF9@? 
2. +9D9; >4><9 CB>4;4F9?< BJ9A<649FES A489:ABEFP? 
3. +FB ;A4K<F D45BFBECBEB5AB9 EBEFBSA<9 B5N9>F4? 4.+FB 
F4>B9 CD989?PAB9 EBEFBSA<9? 
5. "5NSEA<F9 CBASF<S «BF>4;», «A4D45BF>4», «D9EGDE», «<A- 

F9AE<6ABEFP BF>4;B6». 
6. � K9@ ;4>?RK49FES H<;<K9E><= E@OE? C4D4@9FD4 CBFB>4 BF>4;4? 
7. +FB CD<A<@4RF ;4 >D<F9D<= CD< 6BEEF4AB6?9A<< D45BFB- 

ECBEB5ABEF< @4L<A? 
8. �4> BCD989?S9FES D4A7 D9@BAFAOI D45BF? 
9. % >4><@ D4A7B@ D9@BAFAO9 >B@C?9>FO EB98<ASRFES CB- 

E?98B64F9?PAB, C4D4??9?PAB? 
10. �4><9 G;?O A9 EBEF46?SRF D9@BAFAB7B >B@C?9>F4? 

 

#BDS8B> 6OCB?A9A<S D45BFO 

 

1. #DBD45BF4FP F9BD9F<K9E><= @4F9D<4?. 
2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
3. $4EE@BFD9FP CD<@9DO D9L9A<S ;484K. 
4. $9L<FP ;484K< 1-4 (#D<?B:9A<9 �). 
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#D4>F<K9E>4S D45BF4 №2 
 

%�%&� � #��!"�"-#$��'#$���&��0!"�" $� "!&� (##$) 
"�"$'�"��!�3 

 

*9?P D45BFO: ;A4>B@EF6B E E<EF9@B= ##$ < CB?GK9A<9@ 

CD4>F<K9E><I A46O>B6 CB EBEF46?9A<R 99 7D4H<>B6. 
 

�D4F><9 F9BD9F<K9E><9 E6989A<S 
 

#DB<;6B8EF69AAB9 B5BDG8B64A<9 S6?S9FES 64:AB= < A9BFN- 9@?9@B= 
K4EFPR BEAB6AOI HBA8B6 CDB@OL?9AABEF<, CBQFB@G D4- J<BA4?PAB9 
<ECB?P;B64A<9, EBID4A9A<9 D45BFBECBEB5ABEF< < 8B?7B69KABEF< 
B5BDG8B64A<S S6?S9FES B8AB= <; 64:A9=L<I ;484K 8?S 59EC9D95B=AB= 
D45BFO ?R5B7B ;46B84 <?< J9I4. �?S QFB7B A9B5IB8<@B CD46<?PAB 
BD74A<;B64FP Q>EC?G4F4J<R 84AAB7B B5B- DG8B64A<S, E6B96D9@9AAB 
CDB6B8<FP D9@BAFO < A9 8BCGE>4FP CDB- EFB96 CB F9IA<K9E><@ CD<K<A4@. 

"59EC9K9A<9 Q>EC?G4F4J<BAAOI CB>4;4F9?9= B5BDG8B64A<S 
6B;@B:AB CD< FM4F9?PAB@ GIB89 ;4 A<@, E<EF9@4F<K9E>B@ BE@BF- D9 < 
CDB6989A<< 6E9I 6<8B6 D9@BAFAOI D45BF. &4>B= CBDS8B> D4- 5BFO CD<ASF 
E<EF9@B= C?4AB6B-CD98GCD98<F9?PAOI D9@BAFB6 (##$). 

%<EF9@4 ##$ - EB6B>GCABEFP BD74A<;4J<BAAOI < F9IA<K9- E><I 
@9DBCD<SF<= CB GIB8G, A48;BDG < 6E9@< 6<84@< D9@BAFB6, CDB<;6B8<@OI 6 
CBDS8>9 CDBH<?4>F<>< CB ;4D4A99 D4;D45BF4A- AB@G C?4AG, E J9?PR 
59EC9D95B=AB= D45BFO 84AAB7B B5BDG8B64- A<S. 

%<EF9@4 ##$ 6>?RK49F 6 E95S: 
1) @9:D9@BAFAB9 CDBH<?4>F<K9E>B9 B5E?G:<64A<9 B5BDG- 8B64A<S; 
2) CD<@9A9A<9 CD< D9@BAF9 EB6D9@9AAOI C9D98B6OI F9IAB- ?B7<=, 

B59EC9K<64RM<I 6OEB>B9 >4K9EF6B < 8B?7B69KABEFP; 
3) CDB6989A<9 CD< D9@BAF9 B5BDG8B64A<S @B89DA<;4J<< BF- 

D9@BAF<DB64AAOI G;?B6 < @9I4A<;@B6; 
4) BD74A<;4J<S EA45:9A<S CD98CD<SF<S ;4C4EAO@< K4EFS@<, 

89F4?S@< < F9IA<K9E><@< @4F9D<4?4@<; 
5) BD74A<;4J<S >BAFDB?S >4K9EF64 D9@BAF4 B5BDG8B64A<S < CBDS8>4 

B5E?G:<64A<S 6 CDBJ9EE9 Q>EC?G4F4J<<. 
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� E<EF9@G ##$ 6IB8SF E?98GRM<9 6<8O D45BF < D9@BAF4: 
- @9:D9@BAFAB9 CDBH<?4>F<K9E>B9 B5E?G:<64A<9; 
- F9>GM<= D9@BAF (&$); 
- ED98A<= D9@BAF; 
- >4CD9@BAF. 
 9:D9@BAFAB9 CDBH<?4>F<K9E>B9 B5E?G:<64A<9 3 BEG- M9EF6?S9FES 

E<?4@< Q>EC?G4F4J<BAAB7B C9DEBA4?4. 
#9D9K9AP D45BF CB CDBH<?4>F<K9E>B@G B5E?G:<64A<R: 
- B5F<D>4; 
- CDB@O6>4; 
- K<EF>4 B5BDG8B64A<S < EB89D:4A<9 D45BK97B @9EF4 6 K<- EFBF9; 
- E@4;>4; 
- A45?R89A<9 ;4 EBEFBSA<9@ CB8L<CA<>B6, A4FS:AOI CD<- 6B8AOI 

D9@A9=, CD9EEB6, J9C9=; 
- CDB69D>4 EBEFBSA<S 5B?FB6OI, LCBABKAOI < >?<AB6OI EB- 

98<A9A<=; 
- >BAFDB?P EFO>B6OI < E4?PA<>B6OI GC?BFA9A<=, 89=EF6<9 

FBD@B;B6 < CD<ECBEB5?9A<= 8?S 464D<=AB= BEF4AB6>< @4L<A; 
- GEFD4A9A<9 @9?><I 89H9>FB6, 6OS6?S9@OI 6 CDBJ9EE9 D4- 5BFO ;4 

E@9AG. 
&9>GM<= D9@BAF 3 CDB6B8<FES CB 7D4H<>G, EBEF46?9AAB@G ;4D4A99 

8?S >4:8B= @4L<AO. 
�OS6?9AAO9 CD< &$ 89H9>FO GK<FO64RFES CD< CB87BFB6>9 99 > 

ED98A9@G < >4C<F4?PAB@G D9@BAFG. 
"EAB6AO9 D45BFO CB &$: 
- GEFD4A9A<9 @9?><I 89H9>FB6; 
- ;4@9A4 5OEFDB <;A4L<649@OI 89F4?9=; 
- ;4K<EF>4 CB69DIABEF9= CDGM<IES 89F4?9= 8?S GEFD4A9A<S ;48<DB6 

< ;45B<A; 
- D97G?<DB64A<9 ;4;BDB6, CDB69D>4 CB8L<CA<>B6 < K<EF>4 

E@4;BKAOI GEFDB=EF6; 
- CDB69D>4 < ;4@9A4 <;ABL9AAOI ?9AF, FDBEB6, J9C9= < D9@- 

A9=. 
&$ BEGM9EF6?S9FES A4 @9EF9 GEF4AB6>< B5BDG8B64A<S E<?4- 

@< 89:GDAB7B C9DEBA4?4 J9I4. 
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#?4A<DB64A<9 D9@BAF4 
 

$9@BAF B5BDG8B64A<S CDB<;6B8<FES 6 EBBF69FEF6<< E C?4AB@ D9@BAF4, 
>BFBDO= EBEF46?S9FES BF89?B@ 7?46AB7B @9I4A<>4 A4 >4:8O= C?4A<DG9@O= 
7B8. #D< C?4A<DB64A<< D9@BAFAOI D45BF BCD989?SRF: 

- EDB>< D9@BAF4 >4:8B= Q>EC?G4F4J<BAAB= 98<A<JO; 
- ;4FD4FO FDG84 A4 6OCB?A9A<9 D9@BAFAOI D45BF BF89?PAB 6 

K9?B69>B-K4E4I, 4 F4>:9 C?4A<DGRF CBFD95ABEFP 6ECB@B74F9?P- AOI 
@4F9D<4?B6. 

�?S BCD989?9A<S FBKAB7B EDB>4 CDB6989A<S D9@BAFAOI D4- 5BF 
A9B5IB8<@B ;A4FP D9@BAFAO= J<>? < C9D<B8 8?S >4:8B7B BF- 89?PAB7B 
B5BDG8B64A<S. 

$9@BAFAO= J<>? - A4<@9APL<= CB6FBDSRM<=ES C9D<B8 
Q>EC?G4F4J<< <;89?<S, 6 F9K9A<9 >BFBDB7B BEGM9EF6?SRFES 6 BCD989?9AAB= 
CBE?98B64F9?PABEF< GEF4AB6?9AAO9 6<8O F9IAB?B- 7<K9E>B7B 
B5E?G:<64A<S < D9@BAF4, CD98GE@BFD9AAO9 ABD@4F<6- AB= 8B>G@9AF4J<9=. 

 9:D9@BAFAO= C9D<B8 3 CDB@9:GFB> 6D9@9A< @9:8G 86G@S 
BK9D98AO@< C?4AB6O@< D9@BAF4@<. 

#D< EBEF46?9A<< 7D4H<>4 ##$ D45BFO B5BDG8B64A<S A4 7B8 
CD<@9ASRF E?98GRM<9 ;46<E<@BEF<. 

#BFD95AB9 K<E?B D9@BAFB6 6 7B8 CB >4:8B@G F<CG < 6<8G 
B5BDG8B64A<S BCD989?S9FES CB HBD@G?9: 

nD9@="B8.B5⋅&H4>F⋅n6.D9@./&J, 

789 "B8.B5. 3 K<E?B 98<A<J B8ABF<CAB7B B5BDG8B64A<S, A4IB8SM9- 7BES 6 
D45BF9; 
&H4>F 3 H4>F<K9E>B9 6D9@S D45BFO B5BDG8B64A<S, K4E; 
n6.D9@ 3 K<E?B 6E9I D9@BAFB6 (>4C<F4?PAOI, ED98A<I, F9>G- M<I) 
@9:D9@BAFAB7B J<>?4; 
&J 3 8?<F9?PABEFP @9:D9@BAFAB7B J<>?4, K4E. 
+<E?B D9@BAFB6 >4:8B7B 6<84 BCD989?SRF CB HBD@G?4@: 
- >4C<F4?PAOI 

 

- ED98A<I 
 

- F9>GM<I 

n>4C= &>/&J; nED 

= &>/&J.E.- 1; 

nF9> = &>/&J.E. 3 Σ(n>4C. + nED.), 
789 &> 3 >4?9A84DAB9 6D9@S D45BFO B5BDG8B64A<S, K; 
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&J.E. 3 8?<F9?PABEFP @9:D9@BAFAB7B C9D<B84 BF >4C<F9?PAB- 7B 8B 
ED98A97B D9@BAF4, K; 
∑(n>4C. + nED.) 3 EG@@4 >4C<F4?PAOI < ED98A<I D9@BAFB6. 

 
#D<@9D. %BEF46<FP 7D4H<> ##$ A4EBE4 A4 7B8. 
�EIB8AO9 84AAO9 8?S D4EK9F4. �D9@S D45BFO A4EBE4 @9:8G 

>4C<F4?PAO@< D9@BAF4@< 3 8640 K, ED98A<@< 3 2160 K, F9>GM<@< 

3 720 K. (4>F<K9E>B9 K<E?B EGFB> D45BFO 6 7B8 3 360. +<E?B E@9A D45BFO 3 
3, CDB8B?:<F9?PABEFP E@9AO 3 8 K. � A4K4?G 7B84 B5B- DG8B64A<9 <@9?B 
CDB597 CBE?9 >4C<F4?PAB7B D9@BAF4 7320 K, F9- >GM97B 3 840 K, 
F9IA<K9E>B7B B5E?G:<64A<S 3 120 K. 

$9L9A<9. 
�?S EBEF46?9A<S 7D4H<>4 ##$ A4EBE4 A4 7B8: +<E?B 
D45BK<I EGFB> 6 @9ESJ9: 360 / 12 = 30 EGFB>. 
1.  9ESJ BEF4AB64 A4 D9@BAF: 
- >4C<F4?PAO= (8640 3 7320)/ 3⋅ 8⋅30 = 1,8 @9ESJ4, CD<A<@4- 9@ 

H96D4?P; 
- ED98A<= (2160 3 840) / 3⋅8⋅30 = 1,8 @9ESJ4, CD<A<@49@ 

H96D4?P; 
- F9>GM<= (720 3 120) / 3⋅8⋅30 = 0,8 @9ESJ4, CD<A<@49@ SA- 

64DP; 
2. "CD989?S9@ K9D9; E>B?P>B @9ESJ96 A9B5IB8<@B CDB<;6B- 

8<FP CBE?98GRM<9 D9@BAFO: 
- >4C<F4?PAO= 8640/ 3⋅ 8⋅30 = 12 @9ESJ96, CD<A<@49@ 12 @9- ESJ96, F. 

9. 6 E?98GRM9@ 7B8G; 
- ED98A<= 2160 / 720 = 3 @9ESJ4, CD<A<@49@ K9D9; 3 @9ESJ4, F. 9. 6 

H96D4?9, @49, 467GEF9, ABS5D9; 
- F9>GM<= 720 / 720 = 1 @9ESJ, CD<A<@49@ K9D9; 1 @9ESJ, F. 9. >4:8O= 

@9ESJ >DB@9 H96D4?S, @4S, 467GEF4 < ABS5DS. 
3. %BEF46?S9@ 7D4H<> ##$ A4EBE4: 

 

 
 9- 
ESJ 

SA- 
64DP 

H96- 
D4?P @4DF 

4C- 
D9?P @4

= 
<RA
P 

<R?
P 

46- 
7GEF 

E9A- 
FS5D
P 

B>- 
FS5D
P 

AB- 
S5DP 

89- 
>45D
P 

�<8 
D9- 
@BA
- 
F4 

 

&" 

 

� 

 

&" 

 

&" 

 

% 

 

&" 

 

&" 

 

% 

 

&" 

 

&" 

 

% 

 

&" 
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�BAFDB?PAO9 6BCDBEO 

 

1. +FB 6>?RK49F 6 E95S E<EF9@4 ##$? 
2. +FB A4;O64RF D9@BAFAO@ J<>?B@? 
3. +FB F4>B9 @9:D9@BAFAO= C9D<B8? 
4. �4> BCD989?<FP K<E?B D9@BAFB6 6 7B8 CB >4:8B@G 6<8G 

B5BDG8B64A<S? 
5. �4> BCD989?S9FES K<E?B 6<8B6 F9>GM97B, ED98A97B < >4C<- 

F4?PAB7B D9@BAFB6? 
6. �484K< >4C<F4?PAB7B D9@BAF4. 

 

#BDS8B> 6OCB?A9A<S D45BFO 

 

1. #DBD45BF4FP F9BD9F<K9E><= @4F9D<4?. 
2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
3. $4EE@BFD9FP CD<@9DO D9L9A<S ;484K. 
4. $9L<FP ;484K< 5-6 (#D<?B:9A<9 �). 
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#D4>F<K9E>B9 ;4ASF<9 №3 
 

"#$�����!�� �"#'%&� /) #$����0!/) ��!"%"� � 

$�� �$"� %"���!3� /) ��&���� 

 

*9?P D45BFO: CD<B5D9EF< A46O>< <ECB?P;B64A<S D4EEK<FO- 649@OI 
CB>4;4F9?9= 8?S CB6OL9A<S QHH9>F<6ABEF< <ECB?P;B64- A<S @4L<AAB7B 
C4D>4. 

 

�D4F><9 F9BD9F<K9E><9 E6989A<S 
 

#D989?PAO@ <;ABEB@ �CD <?< ;4;BDB@ SCD A4;O649FES F4>B=, CD< 
>BFBDB@ A4EFGC49F CD989?PAB9 EBEFBSA<9 89F4?< <?< EBCDS- :9A<S, < <I 
84?PA9=L4S Q>EC?G4F4J<S 8B?:A4 5OFP CD9>D4M9A4 6B <;59:4A<9 
464D<=AB= CB?B@>< <?< D9;>B7B GIG8L9A<S F9IA<- K9E><I <?< 
Q>BAB@<K9E><I I4D4>F9D<EF<> @4L<AO. &4><@ B5D4- ;B@, CD989?PAB9 
EBEFBSA<9 89F4?9= <?< EBCDS:9A<= 6 CDBJ9EE9 <I Q>EC?G4F4J<< 
B5GE?B6?<649FES CBS6?9A<9@ CD989?PAB7B <;AB- E4 <?< ;4;BD4. !4D45BF>4 
89F4?< <?< EBCDS:9A<S BF A4K4?4 Q>E- C?G4F4J<< < 8B CD989?PAB7B 
EBEFBSA<S A4;O649FES CB?AO@ D9EGD- EB@ 89F4?< &8C <?< EBCDS:9A<S &EC. 
#D< D9@BAF9 6BEEF4A46?<64- 9FES A9 FB?P>B D45BFBECBEB5ABEFP @4L<AO, AB 
< 99 @9:D9@BAF- AO= D9EGDE. &4><@ B5D4;B@, 6 CDBJ9EE9 D9@BAF4 8?S 
84?PA9=L9= D45BFO A4 @4L<A9 BEF46?SRFES FB?P>B F9 89F4?< <?< 
EBCDS:9A<S, BEF4FBKAO= D9EGDE >BFBDOI D469A <?< CD96OL49F 
@9:D9@BAFAO= D9EGDE @4L<AO <?< 47D974F4. %?98B64F9?PAB, CD989?PAB9 
EBEFBS- A<9 89F4?9= < EBCDS:9A<= CD< D9@BAF9 B5GE?B6?<649FES G:9 A9 
CD989?PAB=, 4 F4> A4;O649@B= «8BCGEF<@B= CD< D9@BAF9» <?< CDBEFB 
«8BCGEF<@B=» 69?<K<AB= <;ABE4 �8D <?< ;4;BD4 S8D. �BCG- EF<@O@ <;ABEB@ 
�8D <?< ;4;BDB@ S8D A4;O649FES F4>B=, CD< >BFB- DB@ BEF4FBKAO= D9EGDE 
89F4?< <?< EBCDS:9A<S D469A @9:D9- @BAFAB@G D9EGDEG @4L<AO 6 J9?B@ 
<?< 99 BF89?PAB7B 47D974F4. �9?<K<AO CD989?PAOI < 8BCGEF<@OI <;ABEB6 
< ;4;BDB6 GEF4A46- ?<64RFES 6 D9;G?PF4F9 CDB6989A<S EC9J<4?PAOI 
<EE?98B64A<= < CBE?98GRM<I EF9A8B6OI < Q>EC?G4F4J<BAAOI <ECOF4A<=. 
�A4K9- A<S CD989?PAOI < 8BCGEF<@OI <;ABEB6 < ;4;BDB6 8?S 89F4?9= < 

EBCDS:9A<= 5B?PL<AEF64 @4DB> @4L<A CD<6989AO 6 <;84AAOI �"%!�&� 

4?P5B@4I F<CB6B= F9IAB?B7<< D9@BAF4 (89H9>FB6>4 < 
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BJ9A>4 F9IA<K9E>B7B EBEFBSA<S). �?S AB6OI @4DB> @4L<A QF< ;A4K9A<S @B7GF 
5OFP CD<ASFO CB 4A4?B7<< E <;69EFAO@<. 

 

#D<@9D D4EK9F4. 
�EIB8AO9 84AAO9: 
- ED98ASS E>BDBEFP <;A4L<64A<S 6FG?>< CB A4DG:AB@G 8<4- @9FDG 

W6F=2,2·10-5
 @@/@BFB-K; 

- ED98ASS E>BDBEFP <;A4L<64A<S C4?PJ4 
W<n=l,2· 10

-5
 @@/ @BFB-K. 

"EF4?PAO9 <EIB8AO9 84AAO9 CD<6989AO 6 F45?<J9 3.1. 

&45?<J4 3.1 

�EIB8AO9 84AAO9 
!4<@9AB64A<9 
89F4?9= 

EB98<A9A<= 

$4;@9DO 

89F4?9= CB 
K9DF9:G, @@ 

!4K4?PAO= 

;4;BD, SA, @@ 

�BCGEF<@O= 

;4;BD S8D, @@ 

#D989?PAO= 

;4;BD, SCD, @@ 

�FG?>4 
698B@B= 

L9EF9DA< 
 

#4?9J 

698B@B= 

L9EF9DA< 

 

  +0,0 0 
−0,030 

 

 

 
  −0,01  

 

 

 

0,030& 

0,072 

 

 

 

0,14

0 

 

 

 

0,25

0 

"CD989?S9@ ;A4K9A<S 8BCGEF<@B7B 59; D9@BAF4 �8D < CD9- 89?PAB7B 
�CD <;ABEB6, ED98A9= E>BDBEF< <;A4L<64A<9 Wc < CB?- AB7B D9EGDE4 &EC 
EB98<A9A<S. �?S 84AAB7B ;484A<S @B:AB <ECB?P- ;B64FP E?98GRM<9 
GD46A9A<S: 

�8D = S8D.- SA max = 0,140 3 0,072 = 0,068, @@; �CD = 

SCD - SA max = 0,250 3 0,072 = 0,178, @@; 
Wc = W81 3 W82 =2,2·10-5+ l,2· 10-5 =3,4· 10

-5
 ,@@/ @BFB-K, 

=
   

= 
0,1 

8 
= 0,0   · 0

− 
, @BFB-K, 

 
3, ·10   

789 SA max 3 @4>E<@4?PAO= A4K4?PAO= ;4;BD 6 EB98<A9A<<, @@; W81 < W82 

3 EBBF69FEF69AAB ED98ASS E>BDBEFP <;A4L<64A<S 
C9D6B= < 6FBDB= 89F4?< EB98<A9A<S, @@/@BFB-K. 
#B?GK9AAO9 D4EK9FAO9 ;A4K9A<S Wc < &EC AG:AB D4EE@4FD<- 64FP >4> 

ED98A99 <;-;4 6B;@B:AOI BF>?BA9A<=, CD9:89 6E97B, 6E?98EF6<9 
A9EF45<?PABEF< GE?B6<= Q>EC?G4F4J<< F9IA<><. #D9- 89?PAO9 <;ABEO 
EB98<AS9@OI 89F4?9= @B:AB BCD989?<FP E?98G- RM<@ B5D4;B@: 
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= 
  p·� 1 

= 
0,1  8· , ·10−5  

= 0,  , @@,  p �ā 3,4·10−5 

= 
  p·�    

= 
0,1  8·1, ·10−5  

= 0,0   , @@.  p    �ā 3,4·10−5 
 

 9:D9@BAFA4S A4D45BF>4: 

= 
(    p−    p) 

= 
0,1  8−0,0  8 

=   00,  @BFB-K. mp �ā 3,4·10−5 

�BCGEF<@O9 <;ABEO 89F4?9= EBEF46?SRF 
�8D 6F = �CD 6F 3 & @D · W6F = 0,115 - 3200· 2,2·10-5 =0,045 @@, �8D C? = 

�CD C? 3 & @D · Wnn = 0,063 - 3200· 1,2·10-5 =0,025 @@. 
&B784 8BCGEF<@O9 59; D9@BAF4 D4;@9DO 89F4?9= EB98<A9A<S 6 @9EF9 

<I A4<5B?PL97B <;ABE4 E GK9FB@ ;A4K9A<= @4>E<@4?PAB7B 8<4@9FD4 
BF69DEF<S Dmax < @<A<@4?PAB7B 8<4@9FD4 64?4 dmin CD<- A<@49@OI CB 
F45?<J9 3.1. BCD989?SRFES E?98GRM<@ B5D4;B@ 8?S 6FG?><: 

D8D = Dmax + �8D 6F =18,06 +0,045 =18,105 @@, d 8D = 

dmin - �8D C? = 17,998 =0,025 = 17,963 @@. 
� ;4>?RK9A<< 6OK9DK<649FES D4EK9FA4S EI9@4 <;A4L<64A<S 89F4?9= 

EB98<A9A<S 6 ;46<E<@BEF< BF A4D45BF>< & E G>4;4A<9@ ;A4K9A<= CB?AB7B 
D9EGDE4 EB98<A9A<= &EC, 8BCGEF<@OI 59; D9- @BAF4 < CD989?PAOI <;ABEB6 
89F4?9= < ;4;BDB6 6 EB98<A9A<<. 

 

�BAFDB?PAO9 6BCDBEO 

 

1. #BSEA<F9 F9D@<AO: CD989?PAB9 EBEFBSA<9 (<;ABE) @4L<A, 
EB98<A9A<= < 89F4?9=. 

2. �BCGEF<@O9 ;A4K9A<S <;ABE4 89F4?9= CD< D9@BAF9 @4L<A. 
3. #D989?PAO9 ;A4K9A<S <;ABE4 89F4?9= CD< D9@BAF9 @4L<A. 
4. �46<E<@BEFP @9:8G 8BCGEF<@O@< < CD989?PAO@< ;A4K9- A<S@< 

<;ABE4 89F4?9= CD< D9@BAF9 @4L<A. 
5. "5NSEA<F9 CBDS8B> D4EK9F4 BEF4FBKAB7B F9IA<K9E>B7B D9- EGDE4 

89F4?<. 
6. #BDS8B> D4EK9F4 CB?AB7B F9IA<K9E>B7B D9EGDE4 89F4?<. 
7. #BDS8B> D4EK9F4 CB?AB7B D9EGDE4 EB98<A9A<S. 
8. #BDS8B> D4EK9F4 BEF4FBKAB7B D9EGDE4 EB98<A9A<S. 
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#BDS8B> 6OCB?A9A<S D45BFO 

1. �;GK<FP @9FB8<>G D4EK9F4 < BCD989?9A<S 8BCGEF<@OI 
CD989?PAOI <;ABEB6 < D4;@9DB6 EB98<AS9@OI 89F4?9= < <I CB?- AB7B 
D9EGDE4. 

2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
3. $4EE@BFD9FP CD<@9D D9L9A<S ;484K<. 
4. $9L<FP ;484KG 7 (#D<?B:9A<9 �). 
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#D4>F<K9E>4S D45BF4 №4 
 

"#$�����!�� ��(��&"� %��$!/) %"���!�!�� 

 

*9?P D45BFO: <;GK9A<9 A4<5B?99 K4EFB 6EFD9K49@OI 89H9>- FB6 
E64DAOI EB98<A9A<= < CD<K<A <I B5D4;B64A<S. 

 

�D4F><9 F9BD9F<K9E><9 E6989A<S 
 

&9D@<A «89H9>F» BCD989?S9FES >4> >4:8B9 BF89?PAB9 A9EB- 
BF69FEF6<9 FD95B64A<S@, GEF4AB6?9AAO@ ABD@4F<6AB= 8B>G@9A- F4J<9=. 

�?S BJ9A>< 6?<SA<S 89H9>FB6 L64 A4 E?G:95AO9 I4D4>F9D<- EF<>< 
E64DAOI EB98<A9A<= A9B5IB8<@B D4ECB?474FP 84AAO@< B KG6EF6<F9?PABEF< 
@9F4??4 E64DAB7B L64 > 89H9>F4@. #B8 KG6- EF6<F9?PABEFPR > 89H9>F4@ 
CBA<@4RF EF9C9AP EA<:9A<S @9I4A<- K9E><I I4D4>F9D<EF<> E64DAB7B L64 6 
;BA9 89H9>F4 CB ED46A9- A<R E 59;89H9>FAO@ L6B@. %?98G9F D4;?<K4FP 
KG6EF6<F9?PABEFP > 89H9>F4@ CD< EF4F<K9E><I < C9D9@9AAOI A47DG;>4I. 
#D< EF4- F<K9E><I A47DG;>4I ;4 >D<F9D<= KG6EF6<F9?PABEF< > 89H9>FG 
B5OKAB CD<A<@4RF CDBKABEFP EB98<A9A<S E 89H9>FB@ (CD989? CDBKABEF<) 
CB BFABL9A<R > 59;89H9>FAO@ EB98<A9A<S@. #D< C9- D9@9AAOI A47DG;>4I 
>D<F9D<9@ KG6EF6<F9?PABEF< EB98<A9A<= > 89H9>F4@ S6?SRFES 
QHH9>F<6AO9 >BQHH<J<9AFO >BAJ9AFD4J<<, F. 9. BFABL9A<9 CD989?B6 
6OABE?<6BEF< E64DAOI EB98<A9A<= 59; 89H9>FB6 < E ;484AAO@< 
89H9>F4@<. 

+G6EF6<F9?PAO@< > 89H9>F4@ CD< EF4F<K9E><I A47DG;>4I E?98G9F 
EK<F4FP E64DAO9 EB98<A9A<S, G >BFBDOI CDBKABEFP @9- F4??4 L64 E 
A9CDB64DB@ A9 CDBCBDJ<BA4?PA4 <;@9A9A<R 7?G5<AO A9CDB64D4. � QFB@ 
E?GK49 A9CDB64D A9B5IB8<@B D4EE@4FD<64FP A9 FB?P>B >4> H4>FBD, 
G@9APL4RM<= E9K9A<9 L64, AB < >4> >BAJ9A- FD4FBD A4CDS:9A<=, 6?<SA<9 
>BFBDB7B A4 CDBKABEFP EB98<A9A<S A9 @B:9F 5OFP E>B@C9AE<DB64AB 
G69?<K9A<9@ GE<?9A<S L64 < CDBC?464. +G6EF6<F9?PABEFP <?< BFEGFEF6<9 
KG6EF6<F9?PABEF< E64DAOI EB98<A9A<= > 89H9>F4@ 5G89F ;46<E9FP F4>:9 BF 
EBBFAB- L9A<S @9:8G CDBKABEFPR @9F4??4 L64 < BEAB6AB7B @9F4??4. 

6 < F @9F4??4 L64 D46AO <?< 5B?PL9, K9@ G BEAB6- AB7B 
@9F4??4 (LB6 3 F69D84S CDBE?B=>4), FB E64DAO9 EB98<A9A<S CD< F4>B@ 

<ECOF4A<< A9KG6EF6<F9?PAO > 89H9>F4@ CD< EF4F<K9- 
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E><I A47DG;>4I (D4;DGL9A<9 5G89F CDB<EIB8<FP CB BEAB6AB@G @9- F4??G). 
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<;ABE9 GIG8L49F D45BFG @9I4A<;@4 <?< @4L<AO (<;ABE @B- ?BF>B6, M9> 
8DB5<?B>); 

4) Q>BAB@<K9E><@ - 8BCGEF<@B9 G@9APL9A<9 D4;@9DB6 89- F4?< 
EA<:49F CDB<;6B8<F9?PABEFP @4L<A, G69?<K<649F CBF9D< @BMABEF<, 
D4EIB8 E@4;><, KFB B>4;O649F 6?<SA<9 A4 E959EFB<- @BEFP 6OCB?A9A<S 
D45BFO. 

�9H9>FB6>4 89F4?9= BEGM9EF6?S9FES 6 EBBF69FEF6<< E F9I- A<K9E><@< 
GE?B6<S@<, >BFBDO9 6>?RK4RF: B5MGR I4D4>F9D<EF<- >G 89F4?< (@4F9D<4?, 
D4;@9DO, F69D8BEFP < F.C.); 6B;@B:AO9 89- H9>FO; 8BCGEF<@O= 59; D9@BAF4 
D4;@9D 89F4?< 8?S D9@BAF4; CD<- ;A4>< B>BAK4F9?PAB7B 5D4>4; 8BCGEF<@O9 
;A4K9A<S B64?PABEF<, >BAGEABEF<. 
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"5D4;9J 89H9>FAB= 698B@BEF< 46FBCB7DG;K<>4 

�9H9>FA4S 698B@BEFP 
!4<@9AB64A<9 B5BDG8B64A<S: 46FBCB7DG;K<>       

�A69AF4DAO= AB@9D: 3312  

�46B8-<;7BFB6<F9?P: �!�� «%FDB=8BD@4L»   

 B89?P: �� -312                                            

#B869D74?ES D9@BAFG: 4CD9?P 2021 7.   

!4K4?B D9@BAF4 CB C?4AG: 
SA64DP 2023 7.                                                   

�FB 6OCB?AS9F: $ *  

 

!4<@9- 
AB64A<9 
G;?B6 < 

89F4?9=, 
CB8?9- 
:4M<I 

D9@BAFG <?< 
;4@9A9 

 

 

�B?<- 

K9EF6B 
89F4- 
?9= 

%BEFBS- 
A<9 
G;?B6 < 

89F4?9=, 
CB8?9:4- 
M<I ;4@9- 
A9 <?< D9- 
@BAFG 

 

 

#9D9K9AP 
D45BF 8?S, 
GEFD4A9A<S 
89H9>FB6 

!4< 

@9AB 
AB64 
64- 
A<9 
@4- 
F9- 
D<4- 
?4 

 

 

$45BK4S 
E<?4 

 

 

&DG- 
8B9@- 

>BEFP, 
K9? - K4E 

$4;- 
DS8 

�64?<- 

H<>4J<S 
1 2 3 4 5 6 7 8 

#BDF4?  !4?<K<9 1.$4;89?4FP  4 %?9E4DP 0,5 

 1 FD9M<A 2. �464D<FP 
3. �4K<EF<FP 

4 
3 

%64DM<> 
%?9E4DP 

0,3 
0,4 

$4@4  �9HBD@4- 1.�OD9;4FP  4 %64DM<> 0,6 

 1 J<S G7?4 2.�464D<FP 4 %64DM<> 0,7 

  D4@O 3.�4K<EF<FP 3 %?9E4DP 0,4 

�4?  �;ABE 1.�464D<FP 40)  

 

4 

 

 

4 

 

5 

 

4 

%64DM<>  
FD4AE@<E-  LCBABK- LCBABKAGR  &B>4DP  
E<<  AB7B C4;4 >4A46>G  ,?<HB-  

   2.&B>4DA4S  64?PM<>  

  

 

1 

 B5D45BF>4 
3.,?<HB- 
64A<9 
4.(D9;9DB- 

 (D9;9DB6- 
M<> 

0,4 

0,1 
0,15 

   64A<9 LCB- 
ABKAB= >4- 

  0,13 

   A46>< CB8    

   G7?B@ 120°    

   > EF4DB=    
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1 2 3 4 5 6 7 8 

�4?  �;ABE 
64?4 
CB8L<C- 

A<>4 

1. 9F4?<- %745  MeF4??<;4-  

  ;4J<S 
2.&B>4DA4S 

 4 J<S 
&B>4DP 0,4 

 1 
B5D45BF>4 
3.,?<HB64- 

  
4 

 
,?<HB- 

0,1 

  A<9 CB8 
D9@BAFAO= 

  64?PM<> 
0,15 

  D4;@9D  4   

$4@4 
>4D9F>< 

 

1 

!4?<K<9 
FD9M<A 

1. $4;89?4FP 
2. �464D<FP 

 4 
4 
%?9E4DP 
%64DM<> 

0,5 
0,4 

   3.�4K<EF<FP 3 %?9E4DP 0,3 

�4?  ,?<JO 1."F:<7     

L?<J96B= 
1 

 2. $4;84K4 
3. �464D<FP 
4.�4K<EF<FP 

4 

4 
3 

&B>4DP 
%64DM<> 
%?9E4DP 

0,4 

0,3 
0,4 

�69;8BK>4  

 

1 

�;ABE 
;G5P96 

1.!4C?46<FP 
Q?9>FDB8G- 
7B6O@ ECB- 
EB5B@ 

2.�4K<EF<FP 

 4 

 

 

 

3 

%64DM<> 
 

 

 

%?9E4DP 

0,4 

 

 

 

0,4 

#B8L<CA<>  �;ABE 1. �4@9A<FP     

IB8B6B7B 
>B?9E4 2 

D45BK9= 
CB69DI- 

AB6O@ 
4 %?9E4DP 0,8 

  ABEF<     

 

*9?9EBB5D4;ABEFP < 6B;@B:ABEFP 6FBD<KAB7B <ECB?P;B64A<S 89F4?9= 
@4L<A, A9B5IB8<@BEFP <I D9@BAF4 <?< CB?AGR A9CD<- 7B8ABEFP 
GEF4A46?<64RF 6A9LA<@ BE@BFDB@, ;4@9D4@< < B5- E?98B64A<9@ A4 
A4?<K<9 FD9M<A. �A4K4?9 A4DG:AO@ BE@BFDB@ 6OS6?SRF 6A9LA<9 
89H9>FO: ;48<DO, 6@SF<AO, FD9M<AO < F.8. �4?PA9=LGR 89H9>FB6>G 
89F4?9= CDB<;6B8SF <;@9D<F9?PAO@ <A- EFDG@9AFB@ < EC9J<4?PAO@< 
CD<5BD4@<. � ;46<E<@BEF< BF 89- H9>FB6 89F4?< <I EBDF<DGRF A4 FD< 
7DGCCO: 7B8AO9- @4D><DGRF 59?B= >D4E>B=, A97B8AO9- >D4EAB=, 
FD95GRM<9 D9@BAF4 - ;9?9AB=. #D< QFB@ E?98G9F DG>B6B8EF6B64FPES 
E?98GRM<@ C9D9KA9@: 
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&45?<J4 5.1 

�9H9>FB6>4 89F4?9= 
�9F4?< �9H9>FO, BCD989?SRM<9 5D4- 

>B6>G 89F4?9= 
�9H9>FO, CB8?9:4M<9 
GEFD4A9A<R 

1 2 3 

�4?O < BE< &D9M<AO 6 64?4I BF69FEF- 
69AAB7B A4;A4K9A<S, <;ABE 
L99> E6OL9 5 % AB@<- 

A4?PAB7B 8<4@9FD4, B>DG7?9- 
A<9, <;ABE L?<J96 

�;7<5, ;45B<AO, ;48<DO, 
FD9M<AO 7?G5<AB= 8B 10% 

8<4@9FD4, B64?PABEFP < >B- 
AGEABEFP L99>, CB6D9- 
:89A<9 

�FG?>< %>6B;AO9 FD9M<AO < E>B?O, 
G69?<K9A<9 ;4;BDB6 @9:8G 
64?B@ < 6FG?>B= 

2 @@ CD< d 50 @@ 

3 @@ CD< d 100 @@ 

4 @@ CD< d 200 @@ 
5 @@ CD< d 300 @@ 

&D9M<AO D9;P5, LCBABK- 
AOI >4A46B>, J9AFDB6OI 
BF69DEF<=. #B6D9:89A<S 
E@4;BKAOI >4A46B>, A9- 
5B?PL<9 ;48<DO 

#B8L<CA<>< 

E>B?P:9A<S 
&D9M<AO 6 5DBA;B6OI < KG- 
7GAAOI 6>?48OL4I, <;ABE CB- 
E?98A<I E69DI 8BCGE>B6 CB ;4- 
;BD4@ 

$<E>< FD9M<AO 5455<FB- 
6B= ;4?<6>< <?< <;ABE 99 
E69DI 8BCGEF<@OI ;A4K9- 
A<= 

#B8L<CA<>< 

>4K9A<S 
,9?GL9A<9 F9? >4K9A<S < 59- 
7B6OI 8BDB:9>, D4>B6<AO, 
6@SF<AO, FD9M<AO, E>B?O, 
>BDDB;<S, G69?<K9A<9 ;4;BDB6 
E69DI 8BCGE>B6 

 

�G5K4FO9 
>B?9E4 

�;ABE ;G5P96 CB FB?M<A9 
E6OL9 30% - 6 BF>DOFOI C9D9- 
84K4I; 20 % - 6 D98G>FBD4I < 

BF69FEF69AAOI C9D984K4I CD< 

B>DG:AB= E>BDBEF< 8B 5 @/E9>; 
15 % - 6 >B?9E4I CD< B>DG:AB= 
E>BDBEF< i=15 @/E9>, FD9M<AO 

B5B84 EC<J < EFGC<JO 6 
BF69FEF69AAOI C9D984K4I; CB- 
?B@>4 5B?99 50% 86GI < 5B?99 
;G5P96 CB8DS8 6 BF69F- 
EF69AAOI C9D984K4I 

&D9M<AO 6 B5B89 < EFG- 
C<J9; CB?B@>4 A9 5B?99 
86GI ;G5P96 CB8DS8 A9BF- 
69FEF69AAOI C9D984K; <;- 
ABE ;G5P96 
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#DB8B?:9A<9 F45?. 5.1 

1 2 3 

�69;8BK>< 

J9CAOI 
C9D984K 

%?B@4AAO9 ;G5PS, <;ABE L?<- 
J96, FD9M<AO 6 B5B89 <A> EFG- 
C<J9 

�;ABE ;G5P96 CB FB?M<A9 A9 
5B?99 15 %; <;ABE E?BS J9- 
@9AF4J<< A9 5B?99 80 %; 

FD9M<AO A4 EC<J4I A9 5B?99 
K9@ A4 25 % <I >B?<K9EF64 

%F4?PAO9 
>4A4FO 

"5DO6 CDS8<, <;ABE <?< >BDDB- 
;<S CDB6B?B> 5B?99 40 % 

 

�BDCGE4 
D98G>FBDB6 
(KG7GAAO9) 

&D9M<AO 6 @9EF4I CBE48>< 
CB8L<CA<>B6 

#B6D9:89A<S D9;P5B6OI BF- 
69DEF<=, 89HBD@4J<S CB- 
69DIABEF9= D4;N9@4, FD9M<- 

�9F4?< 

F9IAB?B7<K9- 
E>B7B < 

8DG7B7B B5B- 
DG8B64A<S 

%B7?4EAB ABD@4F<64@ #B?B:9- 
A<S #�$ 

 

�BAFDB?PAO9 6BCDBEO 

1. !4;A4K9A<9 89H9>FAB= 698B@BEF<. 
2. �9@ EBEF46?S9FES 89H9>FA4S 698B@BEFP A4 CD98CD<SF<<? 
3. �B784 EBEF46?S9FES 89H9>FA4S 698B@BEFP? 
4. �4><9 89F4?< EK<F4RF A97B8AO@<? 
5. � >4><@ <;@9A9A<S@ 6 89F4?SI CD<6B8SF D4;ABB5D4;AO9 

<;ABEO? 
6. �; >4><I CB;<J<= EBEFB<F 89H9>FA4S 698B@BEFP? 

#BDS8B> 6OCB?A9A<S D45BFO: 

1. #DBD45BF4FP F9BD9F<K9E><= @4F9D<4? 
2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
3. %BEF46<FP 89H9>FAGR 698B@BEFP ;484K4 8 

(#D<?B:9A<9 �). 
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#D4>F<K9E>4S D45BF4 №6 ����!%�$"��� 

�$�-�2-�)%3 ��&���� 

�4?4AE<DB6>4 S6?S9FES EC9J<H<K9E><@ ECBEB5B@ 6BEEF4- 
AB6?9A<S 89F4?9=, CD< >BFBDB@ 6BEEF4A46?<649FES <I 8<A4@<K9- E>4S <?< 
EF4F<K9E>4S GD46AB69L9AABEFP, GFD4K9AA4S 6 D9;G?PF4F9 <;ABE4 <?< CBE?9 
D9@BAFAOI BC9D4J<=, >BFBDO9 CD98L9EF6B64?< 54?4AE<DB6>9. 

!4DGL9A<9 54?4AE<DB6>< @B:9F 6B;A<>AGFP F4>:9 CD< E5BD>9 
6D4M4RM97BES G;?4. !9GD46AB69L9AAO9 @4EEO CD< 6D4- M9A<< CD<6B8SF > 
CBS6?9A<R J9AFDB59:AOI E<?, >BFBDO9 6O;O- 64RF 6<5D4J<R @4L<AO < 
99 CB6D9:89A<9. � K4EFABEF<, 6B;A<- >4RF 8B546BKAO9 8<A4@<K9E><9 
846?9A<S A4 BCBDO 6D4M9A<S DB- FBD4, KFB, 6 E6BR BK9D98P, @B:9F 
CD<69EF< > 6O846?<64A<R E@4;- >< 6 CB8L<CA<>4I < S6<FPES CD<K<AB= 
GE>BD9AAB7B <;ABE4 64?B6 < 6>?48OL9= CB8L<CA<>B6. 

�?S CD98BF6D4M9A<S QF<I S6?9A<= A9B5IB8<@B CDB<;6B- 8<FP 
CDB69DBKAGR 54?4AE<DB6>G >4> BF89?PAOI 89F4?9= CBE?9 <I B5D45BF><, F4> 
< B>BAK4F9?PAB EB5D4AAOI 6D4M4RM<IES G;?B6 < DBFBD4. 

"EB59AAB FM4F9?PAB E?98G9F 54?4AE<DB64FP 5OEFDB6D4M4- RM<9ES 
DBFBDO >DGCAOI D4;@9DB6, A4CD<@9D, DBFBDO J9AFD<HG7. 

!9GD46AB69L9AABEFP 6D4M4RM<IES DBFBDB6 6O;O649FES 
E?98GRM<@< CD<K<A4@<: 

1) A98BEF4FBKAB= FBKABEFPR <;7BFB6?9A<S BF89?PAOI 89F4- ?9=, <; 
>BFBDOI EB5D4A DBFBD; 

2) A9D46AB@9DAO@ D4ECD989?9A<9@ @4F9D<4?4 6 B5N9@9 89- F4?< 
(74;B6O9 D4>B6<AO, L?4>B6O9 6>?RK9A<S < F. C.); 

3) A9FBKAB= CBE48>B= 6D4M4RM<IES K4EF9= DBFBD4 A4 64? <?< <I 
E@9M9A<9@ <;-;4 89HBD@4J<<, CB7AGFBEF< 64?4, A969DAB= E5BD>< < F. 8. 

�B;@B:A4 A9GD46AB69L9AABEFP 86GI F<CB6 (D<E. 6.1): 

- 8?S 89F4?9=, 5?<;><I CB HBD@9 > FBA><@ 8<E>4@, I4D4>- F9DA4 F4> 
A4;O649@4S EF4F<K9E>4S A9GD46AB69L9AABEFP, CDBS6- ?SRM4SES 6 E@9M9A<< 
J9AFD4 FS:9EF< BF BE< 6D4M9A<S < CBS6?9- A<< J9AFDB59:AB= E<?O (D<E. 
6.1, 4) (8<E54?4AE D <;@9DS9FES EF4F<K9E><@ @B@9AFB@). 

D = G ⋅ r = m ⋅ R, 
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789 G 3 69E 89F4?<, !; 
r 3 E@9M9A<9 J9AFD4 FS:9EF< 89F4?< BF BE< 6D4M9A<S, E@; 
m 3 69E GD46AB69L<64RM97B 7DG;4, !; 
R 3 D4EEFBSA<9 BF BE< 6D4M9A<S 8B J9AFD4 FS:9EF< GD46AB- 
69L<64RM97B 7DG;4, E@. 
- 8?S 89F4?9=, <@9RM<I ;A4K<F9?PAGR 8?<AG 6 BE96B@ A4CD46?9A<< 

A9GD46AB69L9AAO9 E<?O 6B;A<>4RF 6 D4;?<KAOI E9K9A<SI (D<E. 6.1, 5). 1F< 
E<?O @B7GF 5OFP CD<6989AO > C4D9 E<? $-$ < D9;G?PF<DGRM9= E<?9 � (D<E. 
6.1, 6). &4>4S A9GD46AB69L9A- ABEFP (BF C4DO E<?) A4;O649FES 
8<A4@<K9E>B=, F4> >4> B5A4DG- :<FP 9T EF4F<K9E>B= 54?4AE<DB6>B= 
A96B;@B:AB. �<A4@<K9E>GR A9GD46AB69L9AABEFP BCD989?SRF CD< 
6D4M9A<< 89F4?<, >B784 6B;A<>49F @B@9AF C4DO E<?  : 

M = P ⋅ a = m ⋅ r ⋅ ω2 ⋅ a/g, 

789 4 3 C?9KB C4DO E<?; 
m 3 69E B8AB7B <; 7DG;B6, 6O;O64RM<I 8<E54?4AE; 
ω 3 G7?B64S E>BDBEFP; 
g 3 GE>BD9A<9 E6B5B8AB7B C489A<S; 
$ 3 E@9M9A<9 J9AFD4 FS:9EF< 89F4?< BF BE< 6D4M9A<S. 

 

 

 

 

$<E. 6.1. !9GD46AB69L9AABEFP 6D4M4RM<IES DBFBDB6: 
4 - A9GD46AB69L9AABEFP FBA>B7B 8<E>4; 5 - A9GD46AB69L9AABEFP 8?<AAB7B 

DBFBD4; 6 - CD<6989A<9 C4DO E<? > D9;G?PF<DGRM9= E<?9 
 

!4 CD4>F<>9 K4M9 6E97B 6EFD9K49FES E@9L4AA4S A9GD46AB- 
69L9AABEFP. #D< QFB@ EA4K4?4 8B?:A4 CDB6B8<FPES EF4F<K9E>4S 
54?4AE<DB6>4 8?S G@9APL9A<S D9;G?PF<DGRM9= E<?O �, 4 ;4F9@ 

8<A4@<K9E>4S 54?4AE<DB6>4. 
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#9D6O@ H4>FBDB@, BCD989?SRM<@ 7D4A<JO <ECB?P;B64A<S 
EF4F<K9E>B= <?< 8<A4@<K9E>B= 54?4AE<DB6><, S6?S9FES BFABE<- F9?PA4S 
8?<A4 89F4?< L/D, 6FBDO@ 3 K4EFBF4 6D4M9A<S 89F4?< n. 

!4 D<E. 6.2 CD98EF46?9A 7D4H<> 8?S BCD989?9A<S 7D4A<J 8<- 

A4@<K9E>B=    <    EF4F<K9E>B=    54?4AE<DB6B>    6    ;46<E<@BEF< BF L/D < n. 

 

 
$<E. 6. 2. �D4A<JO EF4F<K9E>B= < 8<A4@<K9E>B= 54?4AE<DB6B>: I - 
B5?4EFP EF4F<K9E>B= 54?4AE<DB6><; II - CDB@9:GFBKA4S B5?4EFP; III 

- B5?4EFP 8<A4@<K9E>B= 54?4AE<DB6>< 

 

 

$<E. 6.3. %I9@4 54?4AE<DB6>< $<E. 6.4. %I9@4 54?4AE<DB6>< A4 
CD<;@4I  A4 8<E>4I 

%F4F<K9E>4S 54?4AE<DB6>4 BEAB64A4 A4 EFD9@?9A<< J9AFD4 FS:9EF< 
89F4?< ;4ASFP CB?B:9A<9, A4<5B?99 A<;>B9 <; 6E9I 6B;- @B:AOI. &4><@ 
B5D4;B@, J9AFD FS:9EF< A9GD46AB69L9AAB= 89F4- ?< 5G89F D4;@9M4FPES A4 
69DF<>4?PAB@ A4CD46?9A<< A<:9 BE< 6D4M9A<S. %F4F<K9E>4S 
54?4AE<DB6>4 BEGM9EF6?S9FES A4 EC9J<- 
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4?PAOI CD<ECBEB5?9A<SI 3 CD<;@4I (D<E. 6.3) <?< 6D4M4RM<IES 8<E>4I 
(D<E. 6.4). 

�4?4AE<DB6>4 A4 7BD<;BAF4?PAOI C4D4??9?SI (CD<;@4I) 

#D< 54?4AE<DB6>9 A4 CD<;@4I 6A4K4?9 GEF4A46?<649FES D4@4 < CDBKAB 
;4>D9C?S9FES A4 HGA84@9AF9 <?< CB?G 8?S <E>?RK9A<S EBFDSE9A<=. �4F9@ 

GEF4A46?<64RFES EF4?PAO9 AB:< (CD<;@O). !B:< GEF4A46?<64RFES EFDB7B 
C4D4??9?PAB < 7BD<;BAF4?PAB 6 CDB8B?PAB@ < CBC9D9KAB@ A4CD46?9A<SI E 
CB@BMPR GDB6AS < @<>DB@9FD<K9E><I 6<AFB6. �?<A4 A4CD46?SRM<I 
(CD<;@) 8B?:A4 5OFP 8BEF4FBKAB= 8?S C9D9>4FO64A<S CB A9= 
54?4AE<DG9@B= 89- F4?< A4 2-3 CB?AOI B5BDBF4. #B7D9LABEFP GEF4AB6>< 
CD<;@ A9 8B?:A4 CD96OL4FP 0,02 @@ A4 1 @9FD. ,<D<A4 D45BK<I CB69DI- 

ABEF9= CD<;@ (AB:9=) 6O5<D49FES E?98GRM<@ B5D4;B@: 
- 0,3 @@ 8?S 89F4?9= @4EEB= 8B 3 >7; 
- 3 @@ 8?S 89F4?9= @4EEB= 8B 30 >7; 
- 10 @@ 8?S 89F4?9= @4EEB= 8B 300 >7. 
�4?4AE<DG9@O= DBFBD C?BFAB A4E4:<649FES A4 64?-BCD46>G, >BAJO 

>BFBDB7B E6B5B8AB GEF4A46?<64RFES A4 CD<;@O. $BFBD 8B?:9A <@9FP 
EB5EF69AAGR BEP. #D< QFB@ A4 FBA>GR J4CHG A9B5- IB8<@B GEF4AB6<FP 

6OD46A<64RMGR 6FG?>G (9E?< J4CHO D4;AO9). 'EF4AB6?9AAB@G A4 CD<;@4I 
DBFBDG CD<849FES A95B?PLB9 6D4M9A<9. #B8 89=EF6<9@ E<? FS:9EF<, DBFBD 
GEF4AB6<FES 6 F4>B9 CB?B:9A<9, >B784 97B J9AFD @4EE B>4:9FES EA<;G. % 

8DG7B= (CDB- F<6BCB?B:AB=) EFBDBAO 68B?P 69DF<>4?PAB= BE< A48B 
8B546<FP 7DG; < 8B5<FPES KFB5O, 6 >BAJ9 >BAJB6, DBFBD BEF4A46?<64?ES 6 

59;D4;?<KAB@ CB?B:9A<< ;4 EK9F 64DP<DB64A<S 69E4 7DG;4 <?< 
D4EEFBSA<S 97B BF BE<. 

�A4S 69E 7DG;<>4 < D4EEFBSA<9 GEF4AB6>< 97B BF BE< 6D4M9- A<S 
CB8EK<FO64RF F4> A4;O649@O= EF4F<K9E><= 8<E54?4AE: 

GDBF ⋅ rs = G7D ⋅ r7D, 
789 GDBF 3 @4EE4 54?4AE<DG9@B= 89F4?< < 64?4 BCD46><; 

rs 3 D4EEFBSA<9 BF BE< 6D4M9A<S A9GD46AB69L9AAB7B DBFBD4 8B 
J9AFD4 @4EE; 
G7D 3 @4EE4 7DG;<>4; 
r7D 3 D4EEFBSA<9 BF BE< 6D4M9A<S DBFBD4 8B J9AFD4 @4EE, CD<>D9C?9AAB7B > 
8<E>G DBFBD4 7DG;>4. 
�4>4AK<64RF 54?4AE<DB6>G C4=>B= 7DG;>4.  4EEG CDBF<6B- 69E4 

D4EEK<FO64RF CB GD46A9A<R: 
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GCD= G7D⋅ r7D/rCD, 
789 rCD - D48<GE CDBF<6B69E4, 69?<K<A4 >BFBDB7B BCD989?S9FES 
>BAEFDG>F<6AO@ G8B5EF6B@ GEF4AB6>< CDBF<6B69E4 E B5?97K9A- AB= 
EFBDBAO DBFBD4. 

+4EFB 6@9EFB 7DG;4 6OE69D?<64RF K4EFP @9F4??4 A4 BE< EB EFBDBAO 
GFS:9?9AAB= K4EF< DBFBD4. �B?<K9EF6B 6OE69D?<649@B- 7B @4F9D<4?4 CD< 
E>6B;AB@ E69D?9A<< 8<E>4 DBFBD4 BCD989?S9FES D4EK9FB@ 8<4@9FD4 E69D?4 
CB HBD@G?9: 

  =    ⋅ √  þ p · ÿ p 
, ÿ · � · þ · Ā 

789 � 3 FB?M<A4 DBFBD4 6 @9EF9 E69D?9A<S; 
l 3 D4EEFBSA<9 BF J9AFD4 6D4M9A<S 8B 79B@9FD<K9E>B= BE< DBFBD4; 
ρ 3 C?BFABEFP @4F9D<4?4 8<E>4 DBFBD4. 
%?98G9F CB@A<FP, KFB CD< F4>B@ ECBEB59 DBFBD 54?4AE<DG- 9FES ?<LP 

CD<5?<:9AAB F4> >4> C9D9>4FO64A<9 DBFBD4 CB CD<;- @4@ 5G89F 
CDB<EIB8<FP 8B F9I CBD CB>4 @B@9AF BF E<?O 69E4 ýi = þpoT · ÿĀ · āāĀ� 

5G89F 5B?PL9 @B@9AF4 EBCDBF<6?9A<S >DGK9A<R 

 F = · ⋅ GDBF, 
789 · 3 >BQHH<J<9AF EBCDBF<6?9A<S CD< >4K9A<<. 

#D<D46A<64S QF< @B@9AFO 5G89@ <@9FP: þpoT · ÿĀ · āāĀ� = � · þpoT 

#D< ³ = 0 @B@9AF BF E<?O FS:9EF< DBFBD4 <@99F A4<5B?P- L99 
;A4K9A<9 < CD< QFB@ rs = ·. "FER84 E?98G9F KFB 9E?< E@9M9- A<9 J9AFD4 
FS:9EF< A9 CD96OL49F 69?<K<AO >BQHH<J<9AF4 EB- CDBF<6?9A<S CD< 
>4K9A<<, FB 89F4?P F9DS9F ECBEB5ABEFP C9D9@9- M4FPES A4 CD<;@4I. &4><@ 
B5D4;B@, 69?<K<A4 · BCD989?S9F FBK- ABEFP EF4F<K9E>B= 54?4AE<DB6>< < 
I4D4>F9D<;G9F KG6EF6<F9?P- ABEFP 84AAB= GEF4AB6><. &4> >4> >BQHH<J<9AF 
· 8?S EF4?9= D469A 0,01 3 0,05 @@, FB GEF4AB6<FP <EIB8AB9 E@9M9A<9 
J9AFD4 FS:9EF< A9GD46AB69L9AAB7B DBFBD4 E CB@BMPR CB8B5AOI 
GEF4AB6B> @B:AB, 9E?< BAB 5B?PL9 0,01 3 0,05 @@. 

�B?99 FBKAB (E GKTFB@ FD9A<S >4K9A<S) 54?4AE<DB6>4 A4 CD<;@4I 
BEGM9EF6?S9FES E?98GRM<@ B5D4;B@. �A4K4?9 8B5<64- RFES 59;D4;?<KAB7B 
CB?B:9A<S BCD46>< E DBFBDB@. �4?99 BCD9- 89?SRF BEF4FBKAO= 8<E54?4AE 
<;-;4 E<? FD9A<S. 
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2 

2 

">DG:ABEFP 8<E>4 89?SF A4 6 3 8 D46AOI K4EF9=. ' BF@9K9A- AOI 
89?9A<= A4 DBFBD9, GEF4A46?<649@OI CBBK9DT8AB 6 7BD<;BA- F4?PAB= 
C?BE>BEF<, CB869L<64RF D4;?<KAO9 7DG;<><, B8<A4>B6B G84?TAAO9 BF 
J9AFD4, 8B F9I CBD, CB>4 DBFBD A9 A4KATF 6D4M4FPES A4 CD<;@4I. �9E QF<I 
7DG;<>B6 A4ABE<FES A4 8<47D4@@G (D<E. 6.5). 

 

 

 

$<E.6.5. �<47D4@@4 8?S BCD989?9A<S @9EF4 < 69?<K<AO 8<E54?4AE4 
 

#B >D<6B= (8?S $min) A4IB8SF A4CD46?9A<9 J9AFD4 FS:9EF< 8<E>4. 
+FB5O 8<E> GD46AB69E<FP, A48B 6 CDBF<6BCB?B:AB@ @9EF9 ($max) CBEF46<FP 
>BDD9>F<DGRM<= 7DG;: Ā = 

ÿÿÿ�−ÿÿiĀ
,
 

2 
789 Q 3 69?<K<A4 >BDD9>F<DGRM97B 7DG;4. 

�9?<K<A4 H4>F<K9E>B7B 8<E54?4AE4 D45BK97B >B?9E4 A4IB- 8<FES CB 
HBD@G?9: Āÿ = 

ÿÿÿ�−ÿÿÿ� · ÿ,
 

789 r 3 D48<GE >D9C?9A<S GD46AB69L<64RM97B 7DG;4. 
�; 8<47D4@@O 69?<K<A4 �, GK<FO64RM4S 6?<SA<9 FD9A<S 

>4K9A<S, 5G89F D46A4: � = ÿÿiĀ + 
ÿÿÿ�−ÿÿiĀ

.
 

�BAFDB?P >4K9EF64 EF4F<K9E>B= 54?4AE<DB6>< 6>?RK49F 6 E95S 
CDB69D>G CD46<?PABEF< GE?B6<= CDB6989A<S 54?4AE<DB6>< < >BAFDB?P 
BEF4FBKAB= A9GD46AB69L9AABEF<. 

�4?4AE<DB6>4 A4 8<E>4I 

#DBJ9EE 54?4AE<DB6>< A4 8<E>B6OI GEF4AB6>4I CDB<;6B8<F- ES F4> 
:9 >4> < A4 CD<;@4I, AB E 5B?PL9= FBKABEFPR (;4 EK9F FB7B, 
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ƒ 

KFB 8<E>< EA45:9AO L4D<>B6O@< CB8L<CA<>4@<, 6 D9;G?PF4F9 K97B 
EBCDBF<6?9A<9 6D4M9A<R 8B6989AB 6 A<I 8B @<A<@G@4). &BKABEFP 
54?4AE<DB6>< ;46<E<F BF BFABL9A<S d / D, 789 d 3 8<4- @9FD L9=>< DBFBD4. 
D 3 8<4@9FD 8<E>B6. +9@ @9APL9 QFB EBBF- ABL9A<9, F9@ 6OL9 FBKABEFP 
54?4AE<DB6><. "8A4>B CD< 5B?PL<I 8<4@9FD4I 8<E>B6 CBS6?S9FES 
BC4EABEFP ;4>?<A<64A<S J4CH 64?4 BCD46>< 6 8<E>4I. 

 

 

 

$<E. 6.6. %I9@4 54?4AE<DB6>< A4 8<E>4I 
 ��Ă = ÿÿāā� 

1
, 

789 ³xp 3 >D<F<K9E><= G7B?, CD< >BFBDB@ 64? @B:9F ;4>?<A<FP; 
f 3 >BQHH<J<9AF FD9A<S E>B?P:9A<S J4CH 64?4 CB 8<E>G. 
�?S EF4?< f = 0,15, FB784 ³xp = 81

B
. �B <;59:4A<9 ;4>?<A<64- A<S 8<E>< 

<AB784 89?4RF D4;AB7B 8<4@9FD4. 
 

�<A4@<K9E>4S 54?4AE<DB6>4 
 

#DB6B8<FES      A4       54?4AE<DB6BKAOI       EF4A>4I       CD< SI n < 

D45BK9= K4EFBFO 6D4M9A<S <?< 6 EB5EF69AAOI BCBD4I DBFBD4 CD< D45BK<I 
;A4K9A<SI n. �4?4AE<DB6BKAO= EF4AB> <@99F EF4A<AG, CD<6B8 < BCBDO E 
?R?P>4@<, >BFBDO9 @B7GF >B?954FPES 6 A4CD46?9A<<, C9DC9A8<>G?SDAB@ 
BE< 54?4AE<DG9@B= 89F4?<. � ?R?P>9 CD<EB98<AS9FES 84FK<> >B?954A<=. 
�4FK<> <@99F 6<5D<DGRM<= 6<5DBMGC, GC<D4RM<=ES 6 ?R?P>G. 
#D<@9A9A<9 A4IB8SF <A8G>J<BAAO9 CP9;BQ?9>FD<K9E><9, 
F9A;B@9FD<K9E><9, 4 F4>:9 BCF<K9E><9 @9FB8O. 
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$<E.6.7. �4?4AE<DB6BKAO= EF4AB> C 03-1: 
1 - EF4A<A4; 2 - EFB=>4; 3 - 84FK<>; 4 - L4DA<DA4S @GHF4; 

5 - LC<A89?PA4S 545>4 (;89EP :9 CD<6B8, CG?PF GCD46?9A<S 
< <;@9D<F9?PAO9 CD<5BDO) 

 

�4?4AE<DB6>4 BEGM9EF6?S9FES CD< K4EFBF9 6D4M9A<S 700 @<A-1
. 

%F4A<AO <@9RF A4CD46?SRM<9 8?S C9D9@9M9A<S EFB9> A4 AG:AGR 
L<D<AG. �4FK<> CD98EF46?S9F EB5B= A9CB86<:AGR >4FGL>G < CB86<:AO= 
CBEFBSAAO= @47A<F A4 C?BE><I CDG:<A4I. 

�4?4AE<DB6>4 ECBEB5B@ @4>E<@4?PAOI BF@9FB> 

�4?4AE<DB6>4 6 EB5EF69AAOI BCBD4I CDB6B8<FES, >4> 6OL9 G:9 5O?B 
E>4;4AB, CD< D45BK9= K4EFBF9 6D4M9A<S. �?S QFB7B G CB8L<CA<>B6OI BCBD 
6O5<D4RF BF>DOFO9 GK4EF>< 64?4 (8?<AB= 50 3 60 @@), >BFBDO9 CB>DO64RF 
@9?B6B= >D4E>B=. �4F9@ CB BK9D98< 54?4AE<DGRF ?96O9 < CD46O9 K4EF< 
64?4. 

�?S BCD989?9A<S CDB7<54 > 64?G 6 7BD<;BAF4?PAB= C?BE>BEF< 
CB8ABESF @9F4??<K9E>GR K9DF<?>G, >BFBD4S A4A9ETF A4 @9?B6GR 
CB69DIABEFP D<E>G, G>4;O64RMGR A4CD46?9A<9 CDB7<54 64?4. !9E>B?P>B 
DS8B@ D4ECB?B:9AAOI D<EB> CB;6B?SRF A4=F< ED98A99 A4CD46?9A<9 
CDB7<54 64?4. "8A4>B BAB A9 EB6C4849F E A4CD46?9A<9@ J9AFDB59:AB= 
E<?O, 4 BFEF4TF A4 14 3 45

B
 6 ;46<E<@BEF< BF K4EFBFO 6D4M9A<S. #BQFB@G 

CD< ;4>D9C?9A<< GD46AB69L<64RM<I 7DG;B6 QFB BFEF464A<9 GK<FO649FES. 
�4?4AE<DB6>4 EK<F49FES G8B6?9F6BD<F9?PAB=, 9E?< 8?<A4 8<E>4 
CD<5?<:49FES > 8?<A9 B>DG:ABEF< L9=>< 64?4, FB 9EFP D<E>4 
CD<5?<:49FES > >DG7B6B=. &B :9 E4@B9 89?49FES EB 6FBDB= L9=>B= 64?4, AB 
CD< QFB@ K4EF<KAB A4DGL49FES 54?4AE<DB6>4 A4 C9D6B= CB?B6<A9 < 9T A48B 
6AB6P 54?4AE<DB64FP. #BE?98B64F9?PAB 54?4AE<DGS A9E>B?P>B D4; 
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B59 CB?B6<AO 64?4 8B5<64RFES CB?GK9A<S D<EB> 5?<;><I > >DG7B6O@. #BE?9 
K97B >D9CSF 7DG;. 

�4K9EF6B 8<A4@<K9E>B= 54?4AE<DB6>< BJ9A<649FES E CB@B MPR 

>BQHH<J<9AF4 GD46AB69L9AABEF< ý = ÿ , 
QĂ 

789 P 3 8<A4@<K9E>4S A47DG;>4 A4 CB8L<CA<> <;-;4 A9GD46AB69L9AAOI 
J9AFDB59:AOI E<?; 
Qp 3 EF4F<K9E>4S A47DG;>4 BF 69E4 DBFBD4. 
�E?< P ≥ Qp, FB 9EFP k > 1, FB 6B;A<>4RF C9D<B8<K9E><9 G84DO J4CHO 

B CB8L<CA<> E 4@C?<FG8B= · (;4;BD 6 CB8L<CA<>9). &4>B= D9:<@ 

A98BCGEF<@. #D< D9@BAF9 k 8B?:AB 5OFP 0,01-0,1. 

#D<AJ<C<4?PA4S EI9@4 8<A4@<K9E>B= 54?4AE<DB6>< A4 54- 
?4AE<DB6BKAB@ EF4A>9 (EI9@4 A4 D<E. 6.7.) ;4>?RK49FES 6 CBE?9- 
8B64F9?PAB@ GD46AB69L<64A<< 86GI (8?S 8?<AAOI 64?B6 FD9I) C?BE>BEF9= 
54?4AE<DB6>< (6 >4K9EF69 C?BE>BEF< 54?4AE<DB6>< G8B5A99 6E97B 6O5<D4FP 
FBDJ96O9 CB69DIABEF< DBFBD4). % QFB= J9?PR B8A4 BCBD4 ;4>D9C?S9FES 
A9CB86<:AB, 4 8DG74S EB69DL49F >B?954A<S 6@9EF9 E >B?954A<S@< 
54?4AE<DG9@B= 89F4?<. 

$<E. 6.8. %I9@4 A9GD46AB69L9AABEF< BF C4DO E<? 

!4CD<@9D, CD< ;4>D9C?9A<< ?96B= BCBDO >B?954A<S CD46B= 5G8GF 
6O;O64FPES E<?4@<: ÿ1 = þ1

 · ā1 · �2
; ÿ2 = þ2

 · ā2 · �2
 

g g 

#D< QFB@ 6B;89=EF6<9 E<?O P1 A4 CD46GR BCBDG 5G89F ;A4- 
K<F9?PAO@, 4 6B;89=EF6<9 E<?O P2 (>4> 5B?99 G84?9AAB= BF QFB= BCBDO) 
E?45O@, B8A4>B CD< 54?4AE<DB6>9 CD46B= BCBDO E<- ?4 P2 FB:9 
K4EF<KAB GK<FO649FES. 
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#D< ;4>D9C?9A<< BCBDO >B?954A<S ?96B= 5G8GF 6O;O64FPES 7?46AO@ 
B5D4;B@, E<?B= P2 < 6 @9APL9= EF9C9A< E<?B= P1. #D< 54?4AE<DB6>9 ?96B= 
C?BE>BEF< 6 BEAB6AB@ GEFD4AS9FES 6?<SA<9 A4 6<5D4J<R E<?O P2, KFB 
CD<6B8<F > A9;A4K<F9?PAB@G 8<E54?4AEG CD46B= BCBDO. #BQFB@G CDBJ9EE 
8<A4@<K9E>B= 54?4AE<DB6>< ;4>?RK49FES 6 CBE?98B64F9?PAB= 
54?4AE<DB6>9 B59<I BCBD 8B A9B5IB8<@B7B BEF4FBKAB7B 8<E54?4AE4. 

 

#D<@9D 1. $BFBD J9AFDB59:AB7B A4EBE4 69EB@ P=150 ! 6D4M49FES E 
K4EFBFB= n=3000 @<A-1

 < <@99F E@9M9A<9 J9AFD4 FS:9EF< BF BE< 6D4M9A<S 
r=0,5 @@. "CD989?<FP @4>E<@4?PAGR E<?G, 89=EF6GRMGR A4 >4:8GR BCBDG 
DBFBD4. 

$9L9A<9. 
*9AFDBEFD9@<F9?PA4S E<?4 ý = ÿ ⋅ �2

 
   

ÿ ÿ·Ā   2 
   

150 
  

3,14⋅3000  2 −3 

 

g ÿ = 
g 
⋅ ( 

30 
)
 
⋅ ÿ = 

9,81 
⋅ ( 

30 
)
 
· 0,5 · 10 =  50 !. 

 4>E<@4?PA4S E<?4, 89=EF6GRM4S A4 B8AG BCBDG: ý1 = 
ÿ+  

= 
150+  50 

=  50 !, 
2 2 

FB 9EFP J9AFDB59:A4S E<?4 6 84AAB@ CD<@9D9 6 A9E>B?P>B D4; 
5B?PL9 E<?O FS:9EF<. 

#D<@9D 2. $4EEK<F4FP 8BCGEF<@GR BEF4FBKAGR A9GD46AB- 
69L9AABEFP 89F4?< 69EB@ 500 !, CD<AS6 J9AFDBEFD9@<F9?PAGR E<?G 
D46AB= 10 % 69E4 89F4?<. +4EFBF4 6D4M9A<S 89F4?< 3000 @<A-1

. 

$9L9A<9. 
*9AFDB59:A4S E<?4 ý = 500 · 0,1 = 

500 ⋅ (3,14·3000  2 
, 

 

9,81 30 
) · ÿ

 
BFER84 E@9M9A<9 J9AFD4 FS:9EF< <?< 8BCGEF<@4S BEF4FBKA4S A9- 
GD46AB69L9AABEFP r = 10

-5
 @ = 0,01 @@. 

#D<@9D 3. %F4F<K9E>GR 54?4AE<DB6>G 89F4?< 69EB@ 200 ! E 
8<4@9FDB@ L99> 40 @@ CD98CB?4749FES CDB6B8<FP A4 CD<;@4I E L<D<AB= 

D45BK9= CB69DIABEF< 3 @@. "CD989?<FP CD<7B8ABEFP CD<;@ 8?S 
54?4AE<DB6><. 

$9L9A<9: !4CDS:9A<9 E@SF<S, #4: ā = √0,35·ÿ·�, Ā·Ă 
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−3 

789 b 3 L<D<A4 D45BK9= CB69DIABEF<, @; 
P 3 A47DG;>4 A4 98<A<JG L<D<AO CD<;@, !/@; 
d 3 8<4@9FD L99> 89F4?<, @; 
¸ 3 @B8G?P GCDG7BEF< 89F4?<, D46AO= 2⋅10

5
  #4 8?S G7?9- 

DB8<EFB= EF4?<. ā = √
0,35⋅100⋅2⋅1011  

=  , 5 · 10−8 #4. 
0,003·40·10 

&4> >4> A4CDS:9A<9 E@SF<S A4 D45BK9= CB69DIABEF< @9APL9 
8BCGE>49@B7B A4CDS:9A<S, FB CD<;@O CD<7B8AO. 

 

�BAFDB?PAO9 6BCDBEO 

 

 

?9=? 
 

 

 

 

1. �?S K97B A9B5IB8<@4 54?4AE<DB6>4 6D4M4RM<IES 89F4- 
 

2. �4><9 6<8O A9GD46AB69L9AABEF< 6O ;A49F9? 
3. �;B5D4;<F9 EI9@G EF4F<K9E>B7B GD46AB69L<64A<S 89F4?<. 
4. �;B5D4;<F9 EI9@G 8<A4@<K9E>B7B GD46AB69L<64A<S 89F4?<. 
 

5. �;B5D4;<F9 EI9@G 89=EF6<S 54?4AE<DB6BKAB7B EF4A>4. 
 

6. #9D9K<E?<F9 CBDS8B> 6OCB?A9A<S 54?4AE<DB6BKAOI D45BF. 
 

7. !4;B6<F9 ECBEB5O GEFD4A9A<S A9GD46AB69L9AABEF<. 
8. +FB CDB<;B=89F CD< A9CD46<?PAB@ CB85BD9 54?4AE<DB- 

6BKAOI 7DG;B6? 
9. �4>B64 BCF<@4?PA4S 69?<K<A4 G7?4 CB6BDBF4 < >4> 

G@9APL<FP G7B? CB6BDBF4? 
10. �4> CDB<;6B8<FES 54?4AE<DB6>4 89F4?9= A4 CD4>F<>9? 

 

#BDS8B> 6OCB?A9A<S D45BFO 

 

1. #DBD45BF4FP F9BD9F<K9E><= @4F9D<4?. 
2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
3. $4EE@BFD9FP CD<@9DO D9L9A<S ;484K. 
4. $9L<FP ;484K< 9-11 (#D<?B:9A<9 �). 
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#D4>F<K9E>4S D45BF4 №7 
 

�/�"$ $�*�"!��0!"�"  �&"�� �"%%&�!"���!�3 

��&��� 

 

*9?P D45BFO: <;GK9A<9 @9FB8B6 6BEEF4AB6?9A<S 89F4?9= < 

CB?GK9A<9 A46O>B6 CB 6O5BDG BCF<@4?PAB7B @9FB84. 
 

�D4F><9 F9BD9F<K9E><9 E6989A<S 
 

�;69EFAB, KFB <;ABL9AAO9 CB69DIABEF< 89F4?9= @B7GF 5OFP 
6BEEF4AB6?9AO, >4> CD46<?B, A9E>B?P><@< ECBEB54@<. �?S B59EC9K9A<S 
A4<?GKL<I Q>BAB@<K9E><I CB>4;4F9?9= 6 >4:8B@ >BA>D9FAB@ E?GK49 
A9B5IB8<@B 6O5D4FP A4<5B?99 D4J<BA4?PAO= ECBEB5 6BEEF4AB6?9A<S. 

�O5BD D4J<BA4?PAB7B ECBEB54 GEFD4A9A<S 89H9>F4 89F4?< 

CDB<;6B8<FES 6 E?98GRM9= CBE?98B64F9?PABEF<. %A4K4?4 <; 6E9- 7B 
C9D9KAS 6E9I ECBEB5B6, G:9 <ECB?P;G9@OI 6 D9@BAFAB= CD4>F<>9 < 
D9>B@9A8G9@OI > 6A98D9A<R, CDB<;6B8<FES CD9864D<- F9?PAO= BF5BD 
A9E>B?P><I CB F9IAB?B7<K9E>B@G < F9IA<K9E>B@G >D<F9D<S@. 

#B F9IAB?B7<K9E>B@G >D<F9D<R (>D<F9D<= CD<@9A<@BEF<) 
CDB<;6B8SF BF5BD ECBEB5B6 A4 BEAB64A<< 6B;@B:ABEF9= <I CD<@9A9A<S 
8?S GEFD4A9A<S >BA>D9FAB7B 89H9>F4 ;484AAB= 89F4?< E GK9FB@ 69?<K<AO 
< I4D4>F9D4 <;ABE4, @4F9D<4?4 89F4?< < 99 >BA EFDG>F<6AOI BEB59AABEF9=. 
#B QFB@G >D<F9D<R A4;A4K4RF 6E9 ECBEB5O, E CB@BMPR >BFBDOI 
F9IAB?B7<K9E>< 6B;@B:AB GEFD4A<FP ;484AAO= 89H9>F. &9IAB?B7<K9E><9 
6B;@B:ABEF< ECBEB5B6 6BEEF4AB6?9A<S 89F4?9= GEF4A46?<64RF CB <I 
I4D4>F9D<EF<>4@, >BFBDO9 84AO 6 EC9J<4?PAB= ECD46BKAB= < F9IA<K9E>B= 
?<F9D4- FGD9 (F45?. 7.1). � F45?<J9 7.1 <ECB?P;B64AO E?98GRM<9 GE?B6- 
AO9 B5B;A4K9A<S ECBEB5B6 6BEEF4AB6?9A<S 89F4?9=: !'� 3 A4C?46>4 6 
ED989 G7?9><E?B7B 74;4; ��! 3 6<5DB8G7B64S A4C?46- >4; !%( 3 A4C?46>4 
CB8 E?B9@ H?RE4; �  3 8G7B64S @9F4??<;4J<S; �! 3 74;BC?4@9AAB9 
A4CO?9A<9; ) 3 IDB@<DB64A<9; � 3 :9?9;A9A<9; �# 3 >BAF4>FA4S A464D>4; 
$! 3 DGKA4S A4C?46>4. 

#B F9IA<K9E>B@G >D<F9D<R 3 >D<F9D<= <?< >BQHH<J<9AF 
8B?7B69KABEF< 3 BJ9A<64RF Q>EC?G4F4J<BAAO9 E6B=EF64 89F4?<, 
6BEEF4AB6?9AAB= >4:8O@ ECBEB5B@, 6O5D4AAO@ CB F9IAB?B7<- 
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K9E>B@G >D<F9D<R. � F4><@ E6B=EF64@ BFABESF <;ABEBEFB=>BEFP 
6BEEF4AB6?9AAB= CB69DIABEF<, GEF4?BEFAGR CDBKABEFP (6OABE?<6BEFP), 
EJ9C?S9@BEFP A4A9E9AAOI CB>DOF<= < 8DG7<9. 

">BAK4F9?PAB9 D9L9A<9 B 6O5BD9 D4J<BA4?PAB7B ECBEB54 
GEFD4A9A<S 89H9>F4 89F4?< CD<A<@4RF CB F9IA<>B-Q>BAB@<K9E>B@G 
>D<F9D<R (B5B5M9AAO= >D<F9D<=). "A BFD4:49F F9IA<K9E><= GDB69AP 
CD<@9AS9@B= F9IAB?B7<<, ;4FD4FO A4 6BEEF4AB6?9A<9 < Q>EC?G4F4J<R 

89F4?<. 
#BE>B?P>G D4EK9FO F9IA<>B-Q>BAB@<K9E><I CB>4;4F9?9=, 

A9B5IB8<@OI 8?S BJ9A>< D4;?<KAOI ECBEB5B6 CB 84AAB@G >D<F9D<R 

S6?SRFES E?B:AO@<, FB @B:AB D4EE@4FD<64FP BFABL9A<9: 
%�/�� → min,  

789 %� 3 G89?PA4S E959EFB<@BEFP ECBEB54 GEFD4A9A<S 89H9>F4, DG5./@2
; 

�� 3 >BQHH<J<9AF 8B?7B69KABEF< 6BEEF4AB6?9AAB= 89F4?<. 
�A4K9A<9 %� BCD989?S9FES D4EK9FB@ <?< CD<A<@49FES CB 

?<F9D4FGDAO@ <EFBKA<>4@. "8A4>B 6 GE?B6<SI H<A4AEB6B= A9- 
EF45<?PABEF< Q>BAB@<>< @B:AB <ECB?P;B64FP 8?S D4EK9FB6 BF- 
ABE<F9?PAO9 CB>4;4F9?< 3 <A89>EO, I4D4>F9D<;GRM<9 ED46A<F9?PAO= 
GDB69AP E959EFB<@BEF< 6BEEF4AB6?9A<S 89F4?9=. �?S BEAB6AOI ECBEB5B6 
6BEEF4AB6?9A<S 89F4?9= BA< 84AO 6 F45?. 7.2. #D< D4EK9F4I F9IA<>B-
Q>BAB@<K9E>B7B >D<F9D<S @B:AB <ECB?P;B64FP G89?PAGR E959EFB<@BEFP 
6BEEF4AB6?9A<S <;ABL9AAOI CB69DIABEF9= 89F4?9=, DG5./E@2

 (F45?. 7.3). 

!4<5B?99 D4J<BA4?PAO@ ECBEB5B@ GEFD4A9A<S 89H9>F4 89F4?< 
EK<F49FES FBF, 8?S >BFBDB7B BFABL9A<9 G89?PAB= E959EFB<@BEF< > 
8B?7B69KABEF< %�/�� S6?S9FES @<A<@4?PAO@. 

�O5D4AAO= ECBEB5 6BEEF4AB6?9A<S 89F4?< 8B?:9A 5OFP B59EC9K9A 
ED98EF64@< F9IAB?B7<K9E>B7B BEA4M9A<S < G8B6?9F6BDSFP Q>B?B7<K9E><@ 
FD95B64A<S@ < FD95B64A<S@ F9IA<>< 59;BC4EABEF<. 

#BE?9 6O5BD4 D4J<BA4?PAOI ECBEB5B6 GEFD4A9A<S 89H9>FB6 89F4?< 
6OCB?ASRF 99 D9@BAFAO= K9DF9:. 
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&45?<J4 7.1 

&9IAB?B7<K9E><9 I4D4>F9D<EF<>< ECBEB5B6 6BEEF4AB6?9A<S 89F4?9= 
!4<@9AB64A<9 
I4D4>F9D<EF<> 

'E?B6AO9 B5B;A4K9A<S ECBEB5B6 6BEEF4AB6?9A<S 
!'� ��! !%( �  �! ) � �# $! 

�<8O @9F4??B6 < EC?4- 
6B6, CB BFABL9A<R > >B- 
FBDO@ CD<@9A<@ ECBEB5 

 

EF4?P 
EF4?P, 
>B6><= < 

E9DO= KG7GA 

 

EF4?P 6E9 @4F9- 
D<4?O 

 

EF4?P 
EF4?P, 
E9DO= 

KG7GA 

6E9 @4- 
F9D<4?O 

  

�<8O CB69DIABEF9=, CB 
BFABL9A<R > >BFBDO@ 

CD<@9A<@ 84AAO= ECBEB5 

A4DG:AO9 
J<?<A8D<K9- 
E><9, C?BE><9 

A4DG:AO9 < 

6AGFD9AA<9 
J<?<A8D<K9- 
E><9 

A4DG:AO9 < 

6AGFD9AA<9 
J<?<A8D<K9- 
E><9, C?BE><9 

      

 <A<@4?PAO= A4DG:AO= 
8<4@9FD CB69DIABEF<, @@ 

         

 <A<@4?PAO= 6AGFD9A- 
A<= 8<4@9FD CB69DIAB- 
EF<, @@ 

 

3 
  

3 
 

3 
 

3 
    

 <A<@4?PA4S FB?M<A4 
A4ABE<@B7B CB>DOF<S, @@ 

0,5 0,5 1,5 0,3 0,3 0,05 0,1 0,1 1,0 

 4>E<@4?PA4S FB?M<A4 
A4ABE<@B7B CB>DOF<S, @@ 

3,5 3,0 5,0 8,0 1,5 0,3 3,0 1,5 6,0 
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&45?<J4 7.2 

&9IA<K9E><9 >D<F9D<< ECBEB5B6 6BEEF4AB6?9A<S 
 

%CBEB5 
6BEEF4AB6?9A<S 

�A4K9A<S >BQHH<J<9AFB6 
<;ABEBEFB=>BEF<, 

�< 
6OABE?<6BEF<, 

�6 
EJ9C?S9@BEF<, 

�EJ 
!4C?46>4 6 ED989 
G7?9><E?B7B 74;4 0,85 0,9&1,0 1,0 

�<5DB8G7B64S 
A4C?46>4 0,85 0,62 1,0 

!4C?46>< CB8 E?B9@ 
H?RE4 0,90 0,82 1,0 

�G7B64S @9F4??<;4- 
J<S 1,0&1,3 0,6&1,1 0,2&0,3 

�4;BC?4@9AAB9 
A4CO?9A<9 1,0&1,3 0,6&1,1 0,3&0,4 

#?4;@9AAB9 A4CO- 
?9A<9 1,0&1,5 0,7&1,3 0,4&0,5 

�9?9;A9A<9 0,9&1,2 0,8 0,65...0,8 

)DB@<DB64A<9 1,0&1,3 0,7&1,3 0,4&0,5 
�BAF4>FA4S A464D>4 0,9&1,1 0,8 0,8&0,9 
$GKA4S A4C?46>4 0,9 0,8 0,8&0,9 

 

#D<@9K4A<S 
1. �BQHH<J<9AF 8B?7B69KABEF< �8 K<E?9AAB CD<A<@49FES D46AO@ 

;A4K9A<R >BQHH<J<9AF4, >BFBDO= <@99F A4<@9APLGR 69?<K<AG. 
2. #D< 6O5BD9 ECBEB5B6 6BEEF4AB6?9A<S CD<@9A<F9?PAB > 89F4?S@, A9 

<ECOFO64RM<@ 6 CDBJ9EE9 D45BFO ;A4K<F9?PAOI 8<A4@<K9E><I < ;A4>B- 
C9D9@9AAOI A47DG;B>, K<E?9AAB9 ;A4K9A<9 >BQHH<J<9AF4 8B?7B69KABEF< 

BCD989?S9FES FB?P>B K<E?9AAO@ ;A4K9A<9@ >BQHH<J<9AF4 <;ABEBEFB=>B- 

EF<. 
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&45?<J4 7.3 

�A89>EO E959EFB<@BEF< BEAB6AOI ECBEB5B6 6BEEF4AB6?9A<S 89F4?9= (CB 
EBEFBSA<R A4 01.01.2010 7.) 

 

%CBEB5 
6BEEF4AB6?9A<S 

�A4K9A<9 
<A89>E4 

E959EFB<@BEF< 

'89?PA4S 
E959EFB<@BEFP 
6BEEF4AB6?9A<S 

!4C?46>4: 
- CB8 H?REB@ 

1,5 1,2&1,4 

- 6 ED989 74;B6 1,2 0,6,&0,8 
- 6<5DB8G7B64S 2,4 0,8&1,0 

�BAF4>FA4S CD<64D>4 1,5 0,75&0,85 
�4?P64A<K9E><9 CB>DOF<S 1,2 0,04&0,9 
�4;BF9D@<K9E>B9 A4CO?9A<9 2,6 1,0&1,4 
�G7B64S @9F4??<;4J<S 0,5 0,8&1,2 
#B?<@9DAO9 CB>DOF<S 0,4 3 
#?4EF<K9E>B9 89HBD@<DB64A<9 0,8 3 

�O5BD D4J<BA4?PAB7B ECBEB54 6BEEF4AB6?9A<S ;46<E<F BF 
>BAEFDG>F<6AB-F9IAB?B7<K9E><I BEB59AABEF9= 89F4?< (HBD@O < D4;@9D4, 
@4F9D<4?4 < F9D@BB5D45BF><), BF GE?B6<= 99 D45BFO (I4D4>F9D4 A47DG;><, 
DB84 < 6<84 FD9A<S) < 69?<K<AO <;ABE4, 4 F4>:9 EFB<@BEF< 6BEEF4AB6?9A<S. 

�?S GK9F4 6E9I QF<I H4>FBDB6 D9>B@9A8G9FES CBE?98B64F9?PAB 
CB?P;B64FPES FD9@S >D<F9D<S@<: 

- F9IAB?B7<K9E><@ >D<F9D<9@ <?< >D<F9D<9@ CD<@9A<@BEF<; 
- >D<F9D<9@ 8B?7B69KABEF<; 
- F9IA<>B-Q>BAB@<K9E><@ >D<F9D<9@ (BFABL9A<9 E959EFB<@BEF< 

6BEEF4AB6?9A<S > >BQHH<J<9AFG 8B?7B69KABEF<). 
&9IAB?B7<K9E><= >D<F9D<= (>D<F9D<= CD<@9A<@BEF<) GK<FO649F, E 

B8AB= EFBDBAO, BEB59AABEF< CB8?9:4M<I 6BEEF4AB6?9A<R CB69DIABEF9= 
89F4?9=, 4 E 8DG7B= F9IAB?B7<K9E><9 6B;@B:ABEF< EBBF69FEF6GRM<I 
ECBEB5B6 6BEEF4AB6?9A<S. 

!4 BEAB64A<< F9IAB?B7<K9E><I I4D4>F9D<EF<> ECBEB5B6 
6BEEF4AB6?9A<S, GEF4A46?<64RFES 6B;@B:AO9 ECBEB5O 6BEEF4AB6?9A<S 
D4;?<KAOI CB69DIABEF9= 89F4?< CB F9IAB?B7<K9E>B@G >D<F9D<R. 

#BE?9 BF5BD4 ECBEB5B6, >BFBDO9 @B7GF 5OFP CD<@9A9AO 8?S 
6BEEF4AB6?9A<S FB= <?< <AB= <;ABL9AAB= CB69DIABEF< 89F4?<, <EIB8S <; 
F9IAB?B7<K9E><I EBB5D4:9A<=, BF5<D4RF F9 <; 
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A<I, >BFBDO9 B59EC9K<64RF A4<5B?PL<= @9:D9@BAFAO= D9EGDE QF<I 
CB69DIABEF9=, F. 9. G8B6?9F6BDSRF FD95G9@B@G ;A4K9A<R >BQHH<J<9AF4 
8B?7B69KABEF<. 

�BQHH<J<9AF 8B?7B69KABEF< 6 B5M9@ E?GK49 S6?S9FES HGA>J<9= 
FD9I 8DG7<I >B@CBA9AFB6: >BQHH<J<9AF4 <;ABEBEFB=>BEF<, >BQHH<J<9AF4 
6OABE?<6BEF< < >BQHH<J<9AF4 EJ9C?S9@BEF<: 

��= f ⋅ (�� ⋅ �� ⋅ �%*), (7.2) 

789 �� 3 >BQHH<J<9AF <;ABEBEFB=>BEF<; �� 3 
>BQHH<J<9AF 6OABE?<6BEF<; �%* 3 
>BQHH<J<9AF EJ9C?S9@BEF<. 
+<E?9AAO9 ;A4K9A<S >BQHH<J<9AFB6-4D7G@9AFB6 BCD989?SRFES A4 

BEAB64A<< EF9A8B6OI < Q>EC?G4F4J<BAAOI <ECOF4A<= AB6OI < 
6BEEF4AB6?9AAOI 89F4?9=. �BQHH<J<9AF 8B?7B69KABEF< K<E?9AAB 
CD<A<@49FES D46AO@ ;A4K9A<R FB7B >BQHH<J<9AF4, >BFBDO= <@99F 
A4<@9APLGR 69?<K<AG. �; K<E?4 ECBEB5B6, BFD45BF4AAOI CB 
F9IAB?B7<K9E>B@G >D<F9D<R, > 84?PA9=L9@G 4A4?<;G CD<A<@4RFES F9, 
>BFBDO9 B59EC9K<64RF >BQHH<J<9AF 8B?7B69KABEF< 6BEEF4AB6?9AAOI 
CB69DIABEF9= A9 @9A99 0,8. 

#D< 6O5BD9 ECBEB5B6 6BEEF4AB6?9A<S CD<@9A<F9?PAB > 89F4?S@, A9 
<ECOFO64RM<@ 6 CDBJ9EE9 D45BFO ;A4K<F9?PAOI 8<A4@<K9E><I < 
;A4>BC9D9@9AAOI A47DG;B>, K<E?9AAB9 ;A4K9A<9 >BQHH<J<9AF4 
8B?7B69KABEF< BCD989?S9FES FB?P>B K<E?9AAO@ ;A4K9A<9@ >BQHH<J<9AF4 
<;ABEBEFB=>BEF<. 

�E?< GEF4AB6?9AB, KFB FD95G9@B@G ;A4K9A<R 8B?7B69KABEF< 8?S 
84AAB= CB69DIABEF< 89F4?< G8B6?9F6BDSRF 864 <?< A9E>B?P>B ECBEB5B6 
6BEEF4AB6?9A<S, FB 6O5BD <; A<I BCF<@4?PAB7B CDB6B8<FES CB F9IA<>B-
Q>BAB@<K9E>B@G CB>4;4F9?R, K<E?9AAB D46AB@G BFABL9A<R 
E959EFB<@BEF< 6BEEF4AB6?9A<S > >BQHH<J<9AFG 8B?7B69KABEF< 8?S QF<I 
ECBEB5B6. 

">BAK4F9?PAB@G 6O5BDG CB8?9:<F FBF ECBEB5, >BFBDO= 
B59EC9K<649F @<A<@4?PAB9 ;A4K9A<9 QFB7B BFABL9A<S: 

�� = %� / ��min, (7.3) 

789 �� - >BQHH<J<9AF 8B?7B69KABEF< 6BEEF4AB6?9AAB= CB69DIABEF<; 
%� - E959EFB<@BEFP 6BEEF4AB6?9A<S EBBF69FEF6GRM9= CB 69DIABEF<, 
DG5. 
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#D< B5BEAB64A<< ECBEB5B6 6BEEF4AB6?9A<S CB69DIABEF9= ;A4K9A<9 
E959EFB<@BEF< 6BEEF4AB6?9A<S %� BCD989?S9FES <; 6OD4:9A<S 

%�=%'⋅S, (7.4) 

789 %' - G89?PA4S E959EFB<@BEFP 6BEEF4AB6?9A<S, DG5./E@2
; S - 

C?BM48P 6BEEF4A46?<649@B= CB69DIABEF<, E@2
. 

#D<@9D. �O5D4FP D4J<BA4?PAO= ECBEB5 6BEEF4AB6?9A<S L99> 
>B?9AK4FB7B 64?4. �EIB8AO9 84AAO9: 8<4@9FDO L99> 64?4: D1= 78,25E@, 
D2=88,25E@; L<D<A4 L99> 64?4 b1=40 E@, b2=44,1 E@. 

#B 7DGCCB6B= AB@9A>?4FGD9 89F4?9= >B?9AK4FO= 64? BFABE<FES > 
>?4EEG 89F4?9= >DG7?O9 EF9D:A<. �9F4?< 84AAB7B >?4EE4 I4D4>F9D<;GRFES

 J<?<A8D<K9E>B= HBD@B= CD< 8?<A9,
 ;A4K<F9?PAB CD96OL4RM9= <I 8<4@9FD.  4F9D<4?B@ 8?S A<I 
K4M9 6E97B E?G:<F G7?9DB8<EF4S <?< 6OEB>B>4K9EF69AA4S ?97<DB64AA4S 

EF4?P. $45BK<9 CB69DIABEF< CB869D74RF F9D@<K9E>B= <?< I<@<>B-
F9D@<K9E>B= A4C?46>B=, A4C?46>B= CB8 E?B9@ H?RE4, 6 ED989 

G7?9><E?B7B 74;4 <?< Q?9>FDB>BAF4>FAB= CD<64D>B= ?9AFO. $4EEK<F49@ 

EFB<@BEFP 6BEEF4AB6?9A<S >4:8B7B ECBEB54 CB HBD@G?9 (7.3), GK<FO64S, 
KFB G89?PA4S E959EFB<@BEFP 6BEEF4AB6?9A<S EBEF46?S9F 

 (DG5./E@2
): 6<5DB8G7B64S A4C?46>4 - 0,8; A4C?46>4 CB8 
E?B9@ H?RE4 - 1,2; A4C?46>4 6 ED989 G7?9><E?B7B 

74;4 - 0,6; Q?9>FDB>BAF4>FA4S CD<64D>4 ?9AFO - 0,85. 

#DB<;6989@ D4EK9F C?BM489= L99> 64?4, S,, CB HBD@G?9 (6E97B 
6BEEF4AB6?9A<R CB869D74RF 869 L9=><): 

SL = D ⋅ Di ⋅ bi, (7.5) 

789 Di 3 8<4@9FD i-B= L9=><; 
bi 3 L<D<A4 i-B= L9=><. 

S, = 3,14⋅ (78,25 ⋅ 40+88,25 ⋅ 44,1)=22048,5 @@2
 =220,485 E@2

. 

$4EEK<FO649@ EFB<@BEFP 8?S 6<5DB8G7B6B= A4C?46>< %�1 = 

220,485 ⋅ 0,8 = 176,388 DG5. 
�?S A4C?46>< CB8 E?B9@ H?RE4 

%�2 = 220,485 ⋅ 1,2 = 264,582 DG5. 
�?S A4C?46>< 6 ED989 G7?9><E?B7B 74;4 

%�3 = 220,485 ⋅ 0,6 = 132,291 DG5. 
�?S Q?9>FDB>BAF4>FAB= CD<64D>< ?9AFO 

%�4 = 220,485 ⋅ 0,85 = 187,412 DG5. 
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*9?9EBB5D4;ABEFP FB7B <?< <AB7B @9FB84 BCD989?<@ <; 6O- D4:9A<S 
7.2. 

�?S 6<5DB8G7B6B= A4C?46>< 
176,388/0,85 = 208,515 DG5. 

�?S A4C?46>< CB8 E?B9@ H?RE4 
264,582/0,9 = 293,98 DG5. 

�?S A4C?46>< 6 ED989 G7?9><E?B7B 74;4 
132,291/0,85 = 155,636 DG5. 

�?S Q?9>FDB>BAF4>FAB= CD<64D>< ?9AFO 

187,412/0,9 = 208,235 DG5. 
�; E89?4AAOI D4EK9FB6 6<8AB, KFB E4@O@< J9?9EBB5D4;AO@< 

@9FB84@< 6BEEF4AB6?9A<S >BD9AAOI < L4FGAAOI L99> >B?9AK4FB7B 64?4 
5G8GF A4C?46>4 6 ED989 G7?9><E?B7B 74;4 < Q?9>FDB>BAF4>FA4S CD<64D>4 
?9AFB=. #D< A4?<K<< A4 CD98CD<SF<< B5BDG8B64A<S 8?S Q?9>FDB>BAF4>FAB= 
CD<64D>< ?9AFO 6B;@B:AB <;59:4FP ;4FD4F A4 CD<B5D9F9A<9 AB6B7B 
B5BDG8B64A<S. #BQFB@G CD<A<@49@ 8?S 6BEEF4AB6?9A<S L99> 64?4 
Q?9>FDB>BAF4>FAGR CD<64D>G ?9AFO. 

% FBK>< ;D9A<S BD74A<;4J<< CDB<;6B8EF64, K9@ @9APL9 >B?<K9EF6B 
ECBEB5B6, <ECB?P;G9@OI 8?S 6BEEF4AB6?9A<S D4;?<KAOI <;A4L<649@OI 
CB69DIABEF9= 89F4?<, F9@ @9APL9 FD95G9FES 6<8B6 B5BDG8B64A<S, 6OL9 97B 
;47DG;>4, 4, E?98B64F9?PAB, < 6OL9 QHH9>F<6ABEFP. 

 

�BAFDB?PAO9 6BCDBEO 

 

1. � >4>B= CBE?98B64F9?PABEF< CDB<;6B8<FES 6O5BD 
D4J<BA4?PAB7B ECBEB54 GEFD4A9A<S 89H9>F4 89F4?<. 

2. +FB BJ9A<64RF CB >D<F9D<R CD<@9A<@BEF<? 
3. +FB BJ9A<64RF CB >BQHH<J<9AFG 8B?7B69KABEF<? 
4. #B >4>B@G >D<F9D<R CD<A<@4RF B>BAK4F9?PAB9 D9L9A<9 B 

6O5BD9 D4J<BA4?PAB7B ECBEB54 GEFD4A9A<S 89H9>F4 89F4?<? 
5. "F K97B ;46<E<F 6O5BD D4J<BA4?PAB7B ECBEB54 6BEEF4- 

AB6?9A<S? 
6. �4>B= ECBEB5 6BEEF4AB6?9A<S EK<F49FES A4<5B?99 D4J<- 

BA4?PAO@? 
7. (GA>J<9= >4><I C4D4@9FDB6 BJ9A<649FES >BQHH<J<9AF 

8B?7B69KABEF<? 
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#BDS8B> 6OCB?A9A<S D45BFO 

 

1. #DBD45BF4FP F9BD9F<K9E><= @4F9D<4?. 
2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
3. #B?GK<FP ;484A<9 G CD9CB8464F9?S. 
4. �O5D4FP D4J<BA4?PAO= ECBEB5 6BEEF4AB6?9A<S 89F4?<. 
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�AHBD@4J<BAAB9 B59EC9K9A<9 B5GK9A<S 

1. "EAB6A4S ?<F9D4FGD4: 

1) �<DL59D7,  . �. �9B89;<S : GK95A<> /  . �. �<DL59D7. 4  BE>64 : �!($�- , 
2023. 4 384 E. 4 (�OEL99 B5D4;B64A<9). - ISBN 978-5-16-018677-1. 

2) �?P>96<K, !. �. %BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 < 
74;BA9HF9ID4A<?<M : GK95AB9 CBEB5<9 / !. �. �?P>96<K. -  BE>64; �B?B784 : 
�AHD4-�A:9A9D<S, 2021. - 124 E. - ISBN 978-5-9729-0539-3. - &9>EF : Q?9>FDBAAO=. - 
URL: https://znanium.com/catalog/product/1835992 

 2.�BCB?A<F9?PA4S ?<F9D4FGD4:  

1) �64>SA, �.�. #D<>?48A4S 79B89;<S: F9IAB?B7<< <A:9A9DAB-79B89;<K9E><I D45BF : 
GK95-A<> / �.�. �64>SA. - 3-9 <;8., <ECD. < 8BC. -  BE>64 ; �B?B784 : �AHD4-
�A:9A9D<S, 2019. - 616 E. 

2) �BDL4>, �. �. #DB9>F<DB64A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 : GK95A<> / �. 
�. �BDL4>, �.  . !9K64?P. - $BEFB6-A4-�BAG: (9A<>E, 2017. - 40 

E.https://znanium.com/catalog/product/10151973. 
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#D<?B:9A<9 � 

�484K4 1. �EE?98B64?< D45BFG 6BEP@< A96BEEF4A46?<649@OI 
Q?9@9AFB6 @4L<AO. !4D45BF>4 <I 8B BF>4;4 EBEF46<?4, EGF.: 22, 46, 88, 

14, 18, 52, 16, 64. !9B5IB8<@B 6OK<E?<FP 69DBSFABEFP 59;BF>4;AB= D45BFO 6 
F9K9A<9 35 EGFB>, <AF9AE<6ABEFP BF>4;B6 6 C9D<B8 @9:8G 20 < 40 EGF>4@< 
D45BFO < ED98ARR A4D45BF>G 8B BF>4;B6 Q?9@9AFB6. 

�484K4 2. � D45BF9 D98G>FBD4 ;4D97<EFD<DB64AB 10 BF>4;B6 r = 10. 

!4D45BF>< ti @9:8G BF>4;4@< EBEF46<?< 6 EGF>4I: 16, 11, 20, 26, 14, 10, 18, 

22, 8, 24. !9B5IB8<@B BCD989?<FP A4D45BF>G A4 BF>4; D98G>FBD4 < 
69DBSFABEFP 97B 59;BF>4;AB= D45BFO 6 CD989?4I A4D45BF><, D46AB= 18 EGFB>. 

�484K4 3. !9B5IB8<@B BCD989?<FP C4D4@9FD CBFB>4 BF>4;B6 FD9I 
B8ABF<CAOI @4L<A 6 @9:D9@BAFAO= C9D<B8 < @9:8G 10 < 15 EGF>4@< 
A45?R89A<S.  9:D9@BAFAO= C9D<B8 EBEF46?S9F 35 EGFB>. 

�484K4 4. � EBBF69FEF6<< E ;4FD4F4@< A4 D9@BAF G;?B6, 
CD98EF46?9AAO@< 6 F45?<J9 �.1, CDB69EF< EFDG>FGDAO= 4A4?<; < 

BCD989?<FP A489:ABEFP @4L<AO 6 J9?B@, CD<A<@4S, KFB 69DBSFABEFP 
59;BF>4;AB= D45BFO >4:8B7B <; 89ESF< G;?B6 EBEF46?S9F $ = 0,95. 

&45?<J4 �.1 
�EIB8AO9 84AAO9 CB 64D<4AF4@ 

�4
D<
4A
F 

�4
FD
4F
O 
A4

 

>4
C<
F4
?P
AO
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D9
@B
AF

 

�B
QH
H<
J<
9A
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D@
<D
G-

 

9@
OI
 ;4
FD
4F

  

�4FD4FO A4 D9@BAF G;?B6 Zi 

1 2 3 4 5 6 7 8 9 10 

0 

1 
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0,35 

14 56 60 25 18 15 17 16 13 24 

12 62 63 27 16 14 17 15 13 26 

13 57 59 24 17 14 16 15 12 23 

3 

4 

5 

 

45 

 

0,32 

10 53 55 15 14 11 13 12 9 16 

8 48 50 29 12 11 14 10 9 21 

9 52 54 16 13 10 12 11 8 27 

6 

7 
65 0,45 

16 73 75 30 20 18 17 19 15 31 

17 69 71 34 19 20 22 21 18 32 

8 

9 
52 0,33 

12 54 55 18 16 13 14 15 11 19 

9 58 59 22 12 16 11 15 10 23 
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�484K4 5. $4EEK<F4FP K<E?B D9@BAFB6 >B@CD9EEBDB6 A4 BEAB64A<< 
E?98GRM<I 84AAOI: >B?<K9EF6B >B@CD9EEBDB6 3 8, 8?<F9?PABEFP 
@9:D9@BAFAB7B J<>?4 3 8640 K, @9:D9@BAFAO= C9D<B8 @9:8G 
>4C<F4?PAO@< D9@BAF4@< 3 7130 K, @9:8G F9>GM<@< 3 2169 K, @9:8G $"& 

3 720 K. (4>F<K9E>B9 K<E?B EGFB> D45BFO 6 7B8 3 358, K<E?B E@9A 3 3, 

CDB8B?:<F9?PABEFP E@9AO 3 8 K. 
�484K4 6. %BEF46<FP 7D4H<> ##$ B5BDG8B64A<S CB 84AAO@, 

CD<6989AAO@ 6 F45?<J9 �.2. 
&45?<J4 �.2 

#B>4;4F9?< �4D<4AF 1 �4D<4AF 2 �4D<4AF 3 

"5BDG8B64A<9 �B@CD9EEBD %GL<?>4 �6FB>?46 
�D9@S D45BFO @9:8G D9@BAF4@<, K: 

- >4C<F4?PAO@< 7130 14700 8238 

- F9>GM<@< 2160 2880 2880 

- $&" 720 720 720 

(4>F<K9E>B9 K<E?B 
EGFB> D45BFO 6 7B8 

358 340 335 

+<E?B E@9A 3 3 3 

#DB8B?:<F9?PABEFP 
D45BK97B 8AS, K 

8 8 8 

�D9@S D45BFO B5BDG8B64A<S CBE?9 D9@BAF4 > A4K4?G 7B84, K: 
- >4C<F4?PAB7B 5310 12200 7310 

- F9>GM97B 160 380 1950 

- $&" 175 450 360 

 

�484K4 7. "CD989?<FP 8BCGEF<@O9 <;ABEO 89F4?9=. 
�EIB8AO9 84AAO9: 
- ED98ASS E>BDBEFP <;A4L<64A<S 6FG?>< CB A4DG:AB@G 8<4@9FDG 

W6F=2,6·10-5
 @@/@BFB-K, 

- ED98ASS E>BDBEFP <;A4L<64A<S C4?PJ4 W<n=l,4·10-5
 

@@/@BFB-K. 
"EF4?PAO9 <EIB8AO9 84AAO9 CD<6989AO 6 F45?<J9 �.3. 
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&45?<J4 �.3 
�EIB8AO9 84AAO9 

!4<@9AB64A<9 
89F4?9= 

EB98<A9A<= 

$4;@9DO 

89F4?9= 
CB K9D- 
F9:G, @@ 

!4K4?PAO= 

;4;BD, SA, @@ 

�BCGEF<- 

@O= ;4;BD 
S8D, @@ 

#D989?P- 
AO= ;4;BD, 

SCD, @@ 

�FG?>4 
698GM9= 

L9EF9DA< 
 

#4?9J 698GM9= 
L9EF9DA< 

  
+0,0  0 
−0,030 

 

 

 
  −0,012 

 

 

0,040&0,082 

 

 

0,180 

 

 

0,280 

 

�484K4 8. %BEF46<FP 89H9>FAGR 698B@BEFP 8?S B8AB= <; @4L<A CB 
;484A<R CD9CB8464F9?S: 

1) A4CD46?9AABEFP «%<EF9@O A9HF974;BEA45:9A<S»: 
- 4D@4FGD4 FDG5BCDB6B8B6: ;486<:>4, >?4C4A CD98BID4A<F9?PAO=, 

D97G?SFBD D4EIB84; 
- D9;9D6G4DO: 69DF<>4?PAO= J<?<A8D<K9E><=, 7BD<;BAF4?PAO= 

J<?<A8D<K9E><=; 
- B5BDG8B64A<9 8?S D9;9D6G4DB6: 8OI4F9?PAO= >?4C4A, >?4C4A 

7<8D46?<K9E><= CD98BID4A<F9?PAO=, I?BCGL>4, CDB5BBF5BDA<>, 
GDB6A9@9D. 

2) A4CD46?9AABEFP «&D4AECBDF < F9IAB?B7<K9E><9 @4L<AO 

7BDB8E>B7B IB;S=EF64»: 
- ?97>B6B= 46FB@B5<?P >4F97BD<<  1; 
- 46FB5GE >4F97BD<<  2; 
- 46FB5GE >4F97BD<<  3; 
- 7DG;B6B= 46FB@B5<?P >4F97BD<< N1; 

- 7DG;B6B= 46FB@B5<?P >4F97BD<< N2; 

- 7DG;B6B= 46FB@B5<?P >4F97BD<< N3; 

3) A4CD46?9AABEFP « 4L<AO < B5BDG8B64A<9 :<?<MAB- 
>B@@GA4?PAB7B IB;S=EF64»: 

- 46FB>D4A; 
- @4L<A4 8BDB:A4S >B@5<A<DB64AA4S E CB?<6B@B9KAO@ 

B5BDG8B64A<9@; 
- @4L<A4 8BDB:A4S >B@5<A<DB64AA4S E CB8@9F4?PAB- 

G5BDBKAO@ B5BDG8B64A<9@; 
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- @4L<A4 8BDB:A4S >B@5<A<DB64AA4S E C9E>BD4;5D4EO64RM<@ 
B5BDG8B64A<9@; 

- @GEBDB6B; E 5B>B6B= ;47DG;>B= >G;B64; 
- @GEBDB6B; E ;48A9= ;47DG;>B= >G;B64; 
- A4EBE J9AFDB59:AO=; 
4) A4CD46?9AABEFP «"5BDG8B64A<9 A9HF974;BC9D9D45BF><»: 
- 64>GG@A4S >B?BAA4; 
- D9>F<H<>4J<BAA4S >B?BAA4; 
- J9AFDB59:AO9 A4EBEO; 
- F9C?BB5@9AA<><; 
- FDG5K4F4S C9KP; 
- DBFBDAB-8<E>B6O= Q>EFD4>FBD. 
5) A4CD46?9AABEFP «%9D6<E < Q>EC?G4F4J<S FD4AECBDFAOI < 

F9IAB?B7<K9E><I @4L<A 7BDB8E>B7B IB;S=EF64»: 
- CB7DG;K<> HDBAF4?PAO=; 
- Q>E>464FBD B8AB>B6LB6O=; 
- FD4AL99>BC4F9?P; 
- 5G?P8B;9D; 
- E>D9C9D; 
- 46FB7D9=89D; 
- 4EH4?PFBG>?48K<>; 
- >4FB> 6<5D4J<BAAO= 

�484K4 9. $BFBD J9AFDB59:AB7B A4EBE4 69EB@ P=250 ! 6D4M49FES E 
K4EFBFB= n=4000 B5/@<A < <@99F E@9M9A<9 J9AFD4 FS:9EF< BF BE< 
6D4M9A<S r=0,7 @@. "CD989?<FP @4>E<@4?PAGR E<?G, 89=EF6GRMGR A4 
>4:8GR BCBDG DBFBD4. 

�484K4 10. $4EEK<F4FP 8BCGEF<@GR BEF4FBKAGR A9GD46AB69L9AABEFP 
89F4?< 69EB@ 700 !, CD<AS6 J9AFDBEFD9@<F9?PAGR E<?G D46AB= 8% 69E4 
89F4?<. +4EFBF4 6D4M9A<S 89F4?< 2700 B5/@<A. 

�484K4 11. %F4F<K9E>GR 54?4AE<DB6>G 89F4?< 69EB@ 180 ! E 
8<4@9FDB@ L99> 50 @@ CD98CB?4749FES CDB6B8<FP A4 CD<;@4I E L<D<AB= 
D45BK9= CB69DIABEF< 4 @@. "CD989?<FP CD<7B8ABEFP CD<;@ 8?S 
54?4AE<DB6><. 

�O5D4FP D4J<BA4?PAO= ECBEB5 6BEEF4AB6?9A<S L99> >B?9AK4FB7B 
64?4. �EIB8AO9 84AAO9: 8<4@9FDO L99> 64?4: D1= 84, 25E@, D2=92,45E@; 
L<D<A4 L99> 64?4 b1=48,2 E@, b2=52, 

 

 

 

 

 

 

 


