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&�$ �!/ � "#$�����!�3 

� A4EFBSM9@ 8B>G@9AF9 CD<@9A9AO E?98GRM<9 F9D@<AO E EBBF69FEF6GRM<@< 

BCD989?9A<S@<. 

�>F<6ABEFP: @9D4 D48<B4>F<6ABEF< >4>B7B-?<5B >B?<K9EF64 D48<BAG>?<84, 

A4IB8SM97BES 6 84AAB@ QA9D79F<K9E>B@ EBEFBSA<< 6 84AAO= @B@9AF 6D9@9A<. �8<A<J9= 

4>F<6ABEF< S6?S9FES 59>>9D9?P (�>) (!$�-99/2009).  

�F@BEH9DAO= 6B;8GI: :<;A9AAB 64:AO= >B@CBA9AF B>DG:4RM9= ED98O, 

CD98EF46?SRM<= EB5B= 9EF9EF69AAGR E@9EP 74;B6 4F@BEH9DO, A4IB8SMGRES ;4 CD989?4@< 

:<?OI, CDB<;6B8EF69AAOI < <AOI CB@9M9A<= ((� «"5 BID4A9 4F@BEH9DAB7B 6B;8GI4» BF 

04.05.1999 7 96-(�). 

�FB@A4S EF4AJ<S: S89DA4S GEF4AB6>4 8?S CDB<;6B8EF64 QA9D7<< 6 ;484AAOI 

D9:<@4I < GE?B6<SI CD<@9A9A<S, D4ECB?474RM4SES 6 CD989?4I BCD989?9AAB= CDB9>FB@ 

F9DD<FBD<<, A4 >BFBDB= 8?S BEGM9EF6?9A<S QFB= J9?< <ECB?P;G9FES S89DAO= D94>FBD 

(D94>FBDO) < >B@C?9>E A9B5IB8<@OI E<EF9@, GEFDB=EF6, B5BDG8B64A<S < EBBDG:9A<= E 

A9B5IB8<@O@< D45BFA<>4@< (C9DEBA4?B@). 

�FB@A4S Q?9>FD<K9E>4S EF4AJ<S: 4FB@A4S EF4AJ<S, CD98A4;A4K9AA4S 8?S 

CDB<;6B8EF64 Q?9>FD<K9E>B= QA9D7<<. 

�9M9EF6B D48<B4>F<6AB9: 69M9EF6B 6 ?R5B@ 47D974FAB@ EBEFBSA<<, EB89D:4M99 

D48<BAG>?<8O E 4>F<6ABEFPR, A4 >BFBDO9 D4ECDBEFD4ASRFES FD95B64A<S ABD@ 

D48<4J<BAAB= 59;BC4EABEF< (!$�-99/2009). 

�O5DBE 8BCGEF<@O=: ABD@4F<6 D4;D9L9AAB7B 8?S �% E GK9FB@ CD<AJ<C4 

BCF<@<;4J<< 6O5DBE4 D48<BAG>?<8B6 6 4F@BEH9DG ;4 7B8 (%# �%-03). 

�O5DBE A9CD9DO6AO=: 8?<F9?PAO= 6O5DBE 6 4F@BEH9DAO= 6B;8GI D48<B4>F<6AOI 

69M9EF6, BEGM9EF6?S9@O= 6 F9K9A<9 6E97B C9D<B84 Q>EC?G4F4J<< GEF4AB6>< <?< GEFDB=EF64 

CD< D45BF9 99 A4 @BMABEF< <?< 6 <AB@ D9:<@9, CD98GE@BFD9AAB@ D97?4@9AFB@ D45BFO 

(#��-2012).  

�O5DBE CD989?PAB 8BCGEF<@O=: ABD@4F<6 D4;D9L9AAB7B 8?S �% 6O5DBE4   

D48<BAG>?<8B6 6 4F@BEH9DG ;4 7B8, D4EEK<FO649@O= A4 BEAB69 GEF4AB6?9AAB= 8?S 6O5DBEB6 

�% >6BFO (%# �%-03). 

�OEBF4 6O5DBE4 QHH9>F<6A4S: 69?<K<A4, D46A4S EG@@9 79B@9FD<K9E>B= 6OEBFO 

<EFBKA<>4 < 8BCB?A<F9?PAB7B CB8N9@4 6O5DBE4 ;4 EK9F 8<A4@<K9E><I < F9D@<K9E><I 

H4>FBDB6. 

�DGCC4 >D<F<K9E>4S: 7DGCC4 ?<J <; A4E9?9A<S (A9 @9A99 89ESF< K9?B69>), 

B8ABDB8A4S CB B8AB@G <?< A9E>B?P><@ CD<;A4>4@ 3 CB?G, 6B;D4EFG, EBJ<4?PAO@ <?< 
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CDBH9EE<BA4?PAO@ GE?B6<S@, @9EFG CDB:<64A<S, D4J<BAG C<F4A<S, >BFBD4S CB869D749FES 

A4<5B?PL9@G D48<4J<BAAB@G 6B;89=EF6<R CB 84AAB@G CGF< B5?GK9A<S (!$�-99/2009).  

�B;4 @<A<@4?PAB ;A4K<@4S (6 D4@>4I 84AAB7B 8B>G@9AF4): A<:ASS 7D4A<J4 7B8B6B= 

QHH9>F<6AB= 8B;O B5?GK9A<S, GEF4A46?<649@4S CD< BCF<@<;4J<< D48<4J<BAAB= ;4M<FO 

A4E9?9A<S BF CBEFGC?9A<S D48<BAG>?<8B6 E 74;B4QDB;B?PAO@< 6O5DBE4@< �% 6 4F@BEH9DG. 

#D<@ 9 K 4 A < 9  - � EBBF69FEF6<< E !$�-99/2009 < "%#"$�-99/2010 @<A<@4?PAB 

;A4K<@4S 8B;4 CD<A<@49FES D46AB= 10 @>�6 6 7B8. 

�B;4 Q>6<64?9AFA4S: CB7?BM9AA4S 8B;4 6 BD74A9 <?< F>4A<, G@AB:9AA4S A4 

EBBF69FEF6GRM<= 6;69L<64RM<= >BQHH<J<9AF 8?S 84AAB7B 6<84 <;?GK9A<S ("%#"$�-

99/2010).  

�B;4 QHH9>F<6A4S: 69?<K<A4, <ECB?P;G9@4S >4> @9D4 D<E>4 6B;A<>AB69A<S 

BF84?9AAOI CBE?98EF6<= B5?GK9A<S 6E97B F9?4 K9?B69>4 < BF89?PAOI 97B BD74AB6 < F>4A9= 

E GK9FB@ <I D48<BKG6EF6<F9?PABEF<; D46A4 EG@@9 CDB<;6989A<= Q>6<64?9AFAB= 8B;O 6 

BD74A4I < F>4ASI A4 EBBF69FEF6GRM<9 6;69L<64RM<9 >BQHH<J<9AFO ("%#"$�-99/2010). 

�B;4 QHH9>F<6A4S 7B8B64S: EG@@4 QHH9>F<6AB= 8B;O 6A9LA97B B5?GK9A<S, 

CB?GK9AAB= ;4 >4?9A84DAO= 7B8, < B:<849@B= QHH9>F<6AB= 8B;O 6AGFD9AA97B B5?GK9A<S, 

B5GE?B6?9AAB= CBEFGC?9A<9@ 6 BD74A<;@ D48<BAG>?<8B6 ;4 QFBF :9 7B8 ("%#"$�-99/2010).  

�BA4 E4A<F4DAB-;4M<FA4S: F9DD<FBD<S 6B>DG7 �%, ;4 CD989?4@< >BFBDB= GDB69AP 

B5?GK9A<S A4E9?9A<S ;4 EK9F ABD@4?PAB= Q>EC?G4F4J<< 4FB@AB= EF4AJ<< A9 CD96OL49F 

GEF4AB6?9AAGR 8?S A97B >6BFG (!$�-99/2009).  

�BA4 A45?R89A<S: F9DD<FBD<S ;4 CD989?4@< E4A<F4DAB-;4M<FAB= ;BAO, A4 >BFBDB= 

CDB6B8<FES D48<4J<BAAO= >BAFDB?P (!$�-99/2009).  

�6BF4: K4EFP CD989?4 8B;O, GEF4AB6?9AA4S 8?S B7D4A<K9A<S B5?GK9A<S A4E9?9A<S BF 

74;B4QDB;B?PAOI 6O5DBEB6 �% (%# �%-03). 

�BMABEFP 6O5DBE4: >B?<K9EF6B D48<B4>F<6AOI 69M9EF6 (4>F<6ABEFP), CBEFGC<6L<I 

6 4F@BEH9DG ;4 98<A<JG 6D9@9A<.  

�4E9?9A<9: 6E9 ?<J4, 6>?RK4S C9DEBA4? 6A9 D45BFO E <EFBKA<>4@< <BA<;<DGRM97B 

<;?GK9A<S (!$�-99/2009). 

�9BCD989?9AABEFP <;@9D9A<S: I4D4>F9D<EF<>4 FBKABEF< <;@9D9A<= <E>B@B= 

69?<K<AO E CB@BMPR 84AAB7B ED98EF64 <;@9D9A<= < @9FB8<>< 6OCB?A9A<S <;@9D9A<=, 

BCD989?SRM4S D4;5DBE 6B;@B:AOI CD< 84AAB@ <;@9D9A<< ;A4K9A<=, >BFBDO9 @B7?< 5O 

5OFP B5BEAB64AAB CD<C<E4AO <;@9DS9@B= 69?<K<A9. 

�5?GK9A<9: 6B;89=EF6<9 A4 K9?B69>4 <BA<;<DGRM97B <;?GK9A<S (!$�-99/2009). 

�5?GK9A<9 6A9LA99: B5?GK9A<9 BD74AB6 < F>4A9= K9?B69>4 6 D9;G?PF4F9 6B;89=EF6<S 
<;?GK9A<S, C484RM97B A4 F9?B.  



5 

�5?GK9A<9 6AGFD9AA99: B5?GK9A<9 BF <EFBKA<>4, A4IB8SM97BES 6AGFD< F9?4 K9?B69>4 (6 
D9;G?PF4F9 BF?B:9A<S D48<BAG>?<8B6 6 BD74A4I </<?< F>4ASI F9?4) (C9D9E@BFD9AAB9 
<;84A<9 @9:8GA4DB8AOI BEAB6AOI ABD@ 59;BC4EABEF<).  

�5?GK9A<9 F9IAB79AAB9: B5?GK9A<9 BF F9IAB79AAOI <EFBKA<>B6, >4> 6 ABD@4?PAOI, 
F4> < 6 464D<=AOI GE?B6<SI, ;4 <E>?RK9A<9@ @98<J<AE>B7B B5?GK9A<S C4J<9AFB6 (!$�-

99/2009). 

�?BM48>4 CDB@OL?9AA4S: F9DD<FBD<S, 6 CD989?4I BID4AS9@B7B C9D<@9FD4, 789 
D4ECB?474RFES BEAB6AO9 < 6ECB@B74F9?PAO9 ;84A<S < EBBDG:9A<S 4FB@AB= EF4AJ<< ( ' 
1.3.2.06.027.0017-2010).  

�D989? 8B;O: ;A4K9A<9 QHH9>F<6AB= <?< Q>6<64?9AFAB= 8B;O F9IAB79AAB7B 
B5?GK9A<S A4E9?9A<S ;4 EK9F ABD@4?PAB= Q>EC?G4F4J<< �%, >BFBDB9 A9 8B?:AB 
CD96OL4FPES. %B5?R89A<9 CD989?4 7B8B6B= 8B;O CD98BF6D4M49F 6B;A<>AB69A<9 
89F9D@<A<DB64AAOI QHH9>FB6, 4 69DBSFABEFP EFBI4EF<K9E><I QHH9>FB6 EBID4AS9FES CD< 
QFB@ A4 CD<9@?9@B@ GDB6A9 (!$�-99/2009).  

�GFP B5?GK9A<S: CGFP, CB >BFBDB@G D48<B4>F<6AO9 69M9EF64 @B7GF CBC4EFP > 
K9?B69>G < CD<69EF< > 97B B5?GK9A<R (C9D9E@BFD9AAB9 <;84A<9 @9:8GA4DB8AOI BEAB6AOI 
ABD@ 59;BC4EABEF<).  

 <E> D48<4J<BAAO=: 69DBSFABEFP 6B;A<>AB69A<S G K9?B69>4 <?< 97B CBFB@EF64 
>4>B7B-?<5B 6D98AB7B QHH9>F4 6 D9;G?PF4F9 B5?GK9A<S (!$�-99/2009).  

&BK>4 @9EFABEF< >D<F<K9E>4S: FBK>4, 6 >BFBDB= D94?<;GRFES @4>E<@4?PAO9 GDB6A< 
B5?GK9A<S ?R89= BF 6O5DBEB6 D48<B4>F<6AOI 69M9EF6 BD74A<;4J<< E GK9FB@ 6E9I CGF9= 
B5?GK9A<S (#��-2012).   

$4>FBD D4;546?9A<S @9F9BDB?B7<K9E><= CD<;9@AO= ED98A97B8B6B=: BFABL9A<9 
ED98A97B8B6B= B5N9@AB= 4>F<6ABEF< D48<BAG>?<84 6 CD<;9@AB@ E?B9 6B;8GI4 > ED98A97B8B6B= 
@BMABEF< 97B 6O5DBE4 6 4F@BEH9DG ( & 1.2.1.15.1176-2016). 

$4>FBD EGIB7B BE4:89A<S A4 CB8EF<?4RMGR CB69DIABEFP @9F9BDB?B7<K9E><= 
ED98A97B8B6B=: BFABL9A<9 ED98A97B8B6B= C?BFABEF< EGIB7B 6OC489A<S D48<BAG>?<84 A4 
CB8EF<?4RMGR CB69DIABEFP > 4>F<6ABEF< 97B ED98A97B8B6B7B 6O5DBE4 ( & 1.2.1.15.1176-

2016). 

$4>FBD 6?4:AB7B 6O6989A<S A4 CB8EF<?4RMGR CB69DIABEFP @9F9BDB?B7<K9E><= 
ED98A97B8B6B=: BFABL9A<9 ED98A97B8B6B= C?BFABEF< 6?4:AB7B 6O6989A<S D48<BAG>?<84 
4F@BEH9DAO@< BE48>4@< A4 CB8EF<?4RMGR CB69DIABEFP > 4>F<6ABEF< 97B ED98A97B8B6B7B 
6O5DBE4 ( & 1.2.1.15.1176-2016). 

->EC?G4F4J<S ABD@4?PA4S: Q>EC?G4F4J<S �% 6 BCD989?9AAOI CDB9>FB@ 
Q>EC?G4F4J<BAAOI CD989?4I < GE?B6<SI.  
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"�"�!�'�!�3 � %"�$�-�!�3 

�% - 4FB@A4S EF4AJ<S 

�%�$" - 46FB@4F<;<DB64AA4S E<EF9@4 >BAFDB?S D48<4J<BAAB= B5EF4AB6>< 

�1% - 4FB@A4S Q?9>FD<K9E>4S EF4AJ<S 

�� - 54EE9=A 6O89D:>< 

�� - 5?B> 89F9>F<DB64A<S 

��1$ - 6B8B-6B8SAB= QA9D79F<K9E><= D94>FBD 

�(' - 6B;8GIBH<?PFDGRM4S GEF4AB6>4 

��$� - 7DGCC4 6A9LA97B D48<4J<BAAB7B >BAFDB?S 

�� - 8BCGEF<@O= 6O5DBE 

��! - 8B?7B:<6GM<9 AG>?<8O 

�! - ;BA4 A45?R89A<S 

�#'#� - ;4M<M9AAO= CGA>F GCD46?9A<S CDBF<6B464D<=AO@< 89=EF6<S@< 

�$� - <A9DFAO9 D48<B4>F<6AO9 74;O 

�B?�1% - �B?PE>4S 4FB@A4S EF4AJ<S 

�# �$" - >B@C?9>E C9D9D45BF>< :<8><I D48<B4>F<6AOI BFIB8B6 

 �1� - @BMABEFP 4@5<9FAB7B Q>6<64?9AF4 8B;O 

 �� - @<A<@4?PAB 89F9>F<DG9@4S 4>F<6ABEFP 

 # - @9FB8<>4 CDB5BBF5BD4 

 % - @9F9BEF4AJ<S 

!#� - A<:A<= CD989? <;@9D9A<S 

"$� - BF89? D48<4J<BAAB= 59;BC4EABEF< 

"%� - B5N98<A9AAO= EC9J<4?PAO= >BDCGE 

"+� - BEB5B K<EFO= 79D@4A<= 

"3�<! - BF89? S89DAB= 59;BC4EABEF< < A489:ABEF< 

"3& - BFD45BF46L99 S89DAB9 FBC?<6B 

#�� - CD989?PAB 8BCGEF<@O= 6O5DBE 

##� - CB?GCDB6B8A<>B6O= 89F9>FBD 

##! - CGA>F CBEFBSAAB7B A45?R89A<S 

$�" - D48<B4>F<6AO9 BFIB8O 

$� - D48<B4>F<6AO9 69M9EF64 

$� - D48<4J<BAAO= >BAFDB?P 

%�" - EC9J<4?PA4S 74;BBK<EF>4 

%�� - E4A<F4DAB-;4M<FA4S ;BA4 
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&�� - F9D@B?R@<A9EJ9AFAO= 89F9>FBD 

'� % 
- 'CD46?9A<9 CB 7<8DB@9F9BDB?B7<< < @BA<FBD<A7G B>DG:4RM9= 

ED98O 

( �� - H989D4?PAB9 @98<>B-5<B?B7<K9E>B9 479AFEF6B 

(1' - HBFBQ?9>FDBAAO= G@AB:<F9?P 

)�" - ID4A<?<M9 :<8><I D48<B4>F<6AOI BFIB8B6 

)"$" - ID4A<?<M9 BF69D:89AAOI D48<B4>F<6AOI BFIB8B6 

)%" - ID4A<?<M9 EGI<I D48<B4>F<6AOI BFIB8B6 
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�����!�� 

$48<4J<BAAB9 6B;89=EF6<9 A4 A4E9?9A<9, CDB:<64RM99 6 D4=BA9 D4ECB?B:9A<S 

�1%, B7D4A<K<649FES 8BCGEF<@O@ GDB6A9@ – >6BFB= CD989?4 8B;O, KFB B59EC9K<649F A9 

CD96OL9A<9 ED98A97B8B6B7B ;A4K9A<S CD989?4 8B;O 8?S A4E9?9A<S [1, 2]. �?S 6B;89=EF6<S 

6O5DBEB6 D48<B4>F<6AOI 69M9EF6 �B?PE>B= �1% 6 4F@BEH9DAO= 6B;8GI QF4 >6BF4 

EBEF46?S9F 200 @>�6/7B8 [3].  

� J9?SI ;4M<FO A4E9?9A<S 6 D4=BA9 D4;@9M9A<S 4FB@AB= EF4AJ<< GEF4A46?<649FES 

BEB54S F9DD<FBD<S – ;BA4 A45?R89A<S (84?99 – �!). 

$4;@9DO ;BAO A45?R89A<S GEF4A46?<64RFES A4 BEAB69 4A4?<;4 CB>4;4F9?9= 

D48<4J<BAAB7B >BAFDB?S ;4 EK9F H4>F<K9E><I D48<B4>F<6AOI 6O5DBEB6 6 4F@BEH9DG. 

�AGFD9AASS 7D4A<J4 �! 6E9784 EB6C4849F E 7D4A<J9= %�� [1]. �A9LA<9 7D4A<JO ;BAO 

A45?R89A<S BCD989?SRFES, <EIB8S <; A9B5IB8<@BEF< < 8BEF4FBKABEF< D48<4J<BAAB7B 

>BAFDB?S CD< ABD@4?PAB= Q>EC?G4F4J<< �1%, >BFBD4S B59EC9K<649FES CB?ABFB=, 

FBKABEFPR < 8BEFB69DABEFPR BCD989?S9@OI C4D4@9FDB6.  

$4;D45BFK<>B@ CDB9>F4 ;BAO A45?R89A<S �B?PE>B= �1% S6?S9FES """ 

«!�"$��&�)», 48D9E: 249032, �4?G:E>4S B5?., 7. "5A<AE>, G?. �GDK4FB64, 8. 194, BH<E 

405; F9?9HBA: +7 (484) 3979028; e-mail: neoradtech@yandex.ru. 
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1 "5M<9 E6989A<S B �B?PE>B= �1% 

1.1 "5M<9 E6989A<S B CD98CD<SF<< 

�B?PE>4S 4FB@A4S EF4AJ<S (D<EGAB> 1.1) S6?S9FES H<?<4?B@ �" «�BAJ9DA 

$BEQA9D7B4FB@». #B?AB9 A4<@9AB64A<9 < 48D9E BD74A<;4J<<: (<?<4? �" «�BAJ9DA 

$BEQA9D7B4FB@» «�B?PE>4S 4FB@A4S EF4AJ<S». #BKFB6O= 48D9E: 184230,  GD@4AE>4S 

B5?4EFP, 7. #B?SDAO9 �BD<. &9?9HBA: (81532) 42359; 42459. (4>E: (81532) 42140; 42050. E-

mail: kolanpp@kolatom.murmansk.ru. �AF9DA9F E4=F: http://www.kolanpp.rosenergoatom.ru/. 

�B?PE>4S �1% BFABE<FES > I >4F97BD<< CB CBF9AJ<4?PAB= D48<4J<BAAB= BC4EABEF< 

6 EBBF69FEF6<< E >?4EE<H<>4J<9=, CD<ASFB= 6 %# 2.6.1.2612-10 <"EAB6AO9 E4A<F4DAO9 

CD46<?4 B59EC9K9A<S D48<4J<BAAB= 59;BC4EABEF< ("%#"$�-99/2010)= [4]. 

%F4AJ<S EBBDG:9A4 6 1973-1984 77. 6 869 BK9D98<: C9D64S BK9D98P 3 QA9D7B5?B>< 1 < 

2, 6FBD4S BK9D98P 3 QA9D7B5?B>< 3 < 4. #9D9K9AP 89=EF6GRM<I QA9D7B5?B>B6 �B?PE>B= �1% 

CD98EF46?9A 6 F45?<J9 1.1. &9IAB?B7<K9E>4S EI9@4 �B?PE>B= �1% 3 86GI>BAFGDA4S E 6B8B-

6B8SAO@< D94>FBD4@< ��1$-440. 

!4 >4:8B= BK9D98< <@99FES B5N98<A9AAO= EC9J<4?PAO= >BDCGE 8?S C9D9D45BF>< 

F9IAB?B7<K9E><I ED98 < D48<B4>F<6AOI BFIB8B6 3 "%�-1 < "%�-2. )D4A<?<M4 EGI<I 

D48<B4>F<6AOI BFIB8B6 (84?99 3 )%") < 6D9@9AAO9 ID4A<?<M4 :<8><I D48<B4>F<6AOI 

BFIB8B6 (84?99 3 )�") B5BDG8B64AO 6 ;84A<< EC9J>BDCGE4 8?S >4:8B= BK9D98<: )%"-1, 

)�"-1 < )%"-2, )�"-2, EBBF69FEF69AAB. 

#GA>F4@< 6D9@9AAB7B ID4A9A<S BFD45BF46L97B S89DAB7B FBC?<64 (84?99 3 "3&) 

S6?SRFES CD<D94>FBDAO9 54EE9=AO 6O89D:>< (84?99 3 ��) QA9D7B5?B>B6 1-4. 

!4 �B?PE>B= �1% Q>EC?G4F<DG9FES >B@C?9>E CB C9D9D45BF>9 :<8><I D48<B4>F<6AOI 

BFIB8B6 (84?99 3 �# �$"), CD98A4;A4K9AAO= 8?S >BA8<J<BA<DB64A<S A4>BC?9AAOI < 

B5D4;GRM<IES BFIB8B6. �6989AB 6 Q>EC?G4F4J<R ID4A<?<M9 BF69D:89AAOI D48<B4>F<6AOI 

BFIB8B6 (84?99 3 )"$"). 

&45?<J4 1.1 3 �9=EF6GRM<9 QA9D7B5?B>< �B?PE>B= �1% 

!B@9D 
QA9D7B5?B>4 

&<C D94>FBD4 'EF4AB6?9AA4S 
@BMABEFP,  �F 

�4F4 CGE>4 

1 ��1$-440 (CDB9>F �-230) 440 29.06.1973 

2 ��1$-440 (CDB9>F �-230) 440 08.12.1974 

3 ��1$-440 (CDB9>F �-213) 440 24.03.1981 

4 ��1$-440 (CDB9>F �-213) 440 11.10.1984 
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$<EGAB> 1.1 3 "5M<= 6<8 �B?PE>B= �1% 

 

1.2 �D4F>4S I4D4>F9D<EF<>4 EGM9EF6GRM9= E4A<F4DAB-;4M<FAB= ;BAO < 
;BAO A45?R89A<S �B?PE>B= �1% 

�B>DG7 �B?PE>B= �1% GEF4AB6?9AO E4A<F4DAB-;4M<FA4S ;BA4 (84?99 3 %��) < ;BA4 
A45?R89A<S (84?99 3 �!), CDB9>FO >BFBDOI EB7?4EB64AO E BD74A4@< 7BEG84DEF69AAB7B 
E4A<F4DAB-QC<89@<B?B7<K9E>B7B A48;BD4 < GF69D:89AO CBEF4AB6?9A<9@ 48@<A<EFD4J<< 
7. #B?SDAO9 �BD<  GD@4AE>B= B5?4EF< BF 23.11.2009 7979. �4DF4-EI9@4 D4ECB?B:9A<S 
�B?PE>B= �1% E G>4;4A<9@ 7D4A<J %�� < �! CD98EF46?9A4 A4 D<EGA>9 1.2. 

%4A<F4DAB-;4M<FA4S ;BA4 �B?PE>B= �1% 6>?RK49F 6 E95S F9DD<FBD<R J9AFD4?PAB= 
K4EF< CB?GBEFDB64, D4;89?SRM97B �45<AE>GR �@4A8DG BF 1>BEFDB6E>B= �@4A8DO, 8B 
46FB@B5<?PAB= 8BDB7< %4A>F-#9F9D5GD73 GD@4AE>.  

�D4A<JO %�� F4>:9 GEF4AB6?9AO 6B>DG7 )%%". #DB9>F %�� )%%" (<A6. 7 32714) 
EB7?4EB64A E  9:D97<BA4?PAO@ GCD46?9A<9@ 7118 ( �� $BEE<< < GF69D:89A 
48@<A<EFD4J<9= 7. #B?SDAO9 �BD<. %�� )%%" S6?S9FES F9DD<FBD<S ID4A<?<M4, 
B7D4A<K9AA4S BID4AAO@ C9D<@9FDB@. 

� %�� �B?PE>B= �1% D4ECB?474RFES ;84A<S < EBBDG:9A<S CB8EB5AB7B < 
B5E?G:<64RM97B A4;A4K9A<S: CB:4DAO9 K4EF<, CD4K9KAO9, CB@9M9A<S BID4AO, 74D4:<, 
E>?48O (;4 <E>?RK9A<9@ CDB8B6B?PEF69AAOI), CGA>FO B5M9EF69AAB7B C<F4A<S C9DEBA4?4, 
48@<A<EFD4F<6AB-E?G:95AO9 ;84A<S, D9@BAFAO9 @4EF9DE><9, FD4AECBDFAO9 EBBDG:9A<S, 
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EBBDG:9A<S F9IA<K9E>B7B 6B8BEA45:9A<S < >4A4?<;4J<<, 6D9@9AAO9 < CB8EB5AO9 
CD98CD<SF<S EFDB<F9?PEF64. 

%B7?4EAB 89=EF6GRM9@G CDB9>FG, ;BAB= A45?R89A<S S6?S9FES F9DD<FBD<S, 
B7D4A<K9AA4S D48<GEB@ 15 >@, BFEK<FO649@O@ BF 79B@9FD<K9E>B7B J9AFD4 69AF<?SJ<BAAOI 
FDG5 1-= < 2-= BK9D989= �B?PE>B= �1%. �AGFD9AA9= 7D4A<J9= �! S6?S9FES 7D4A<J4 %��. � 
CD989?4I ;BAO A45?R89A<S �B?PE>B= �1% A4IB8SFES E?98GRM<9 A4E9?9AAO9 CGA>FO: 
7. #B?SDAO9 �BD<, A.C. �HD<>4A84, A.C. �4L99>. !4<5B?99 >DGCAO@ S6?S9FES 7. #B?SDAO9 
�BD<.  

� 11 >@ R:A99 C?BM48>< �B?PE>B= �1% D4ECB?B:9A CDB@OL?9AAO= B5N9>F 3 
7<8DBQ?9>FDBEF4AJ<S �1% !<64-1. 

 

$<EGAB> 1.2 3 $4ECB?B:9A<9 %�� < �! �B?PE>B= �1% 

 

%I9@4 E<FG4J<BAAB7B C?4A4 �B?PE>B= �1% CD98EF46?9A4 A4 D<EGA>9 1.3 
(6O>BC<DB6>4 <; 79A9D4?PAB7B C?4A4 6 7DG5B@ D4;D9L9A<<). �;4<@AB9 D4ECB?B:9A<9 
;84A<= < EBBDG:9A<= A4 79A9D4?PAB@ C?4A9 BCD989?S9FES 5?B><DB64A<9@ 6 B8AB@ 
CDBEFD4AEF69 7?46AB7B >BDCGE4 4CC4D4FAOI BF89?9A<= < B5M97B @4L<AAB7B ;4?4 86GI 
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BK9D989=, E<EF9@B= CDS@BFBKAB7B F9IA<K9E>B7B 6B8BEA45:9A<S, EI9@B= 8BEF46>< 
B5BDG8B64A<S < EFDB<F9?PAOI @4F9D<4?B6 :9?9;AB8BDB:AO@ FD4AECBDFB@, 4 F4>:9 
>BA>D9FAO@< GE?B6<S@< C?BM48><. �9AC?4A D4;D45BF4A A4 K9FOD9 5?B>4, >BFBDO9 
BD<9AF<DB64AO E ;4C484 A4 6BEFB>.  4L<AAO= ;4? B5D4M9A A4 E969D, BF>DOFB9 
D4ECD989?<F9?PAB9 GEFDB=EF6B D4ECB?B:9AB ;4C48A99 CBEFBSAAB7B FBDJ4 4FB@AB= EF4AJ<<. 

"EAB6AB= 46FB@B5<?PAO= CB8N9;8 > C?BM48>9 �B?PE>B= �1% BEGM9EF6?S9FES CB 
46FB8BDB79 71, 6FBDB= 3 CB 46FB8BDB79 72. "54 46FB@B5<?PAOI CB8N9;84 CD<@O>4RF > 
46FB@47<EFD4?< %4A>F-#9F9D5GD73 GD@4AE>. 

�?S F9IAB?B7<K9E><I < CDBF<6BCB:4DAOI AG:8 CBEFDB9A4 E9FP 6AGFD<C?BM48BKAOI 
46FB8BDB7 E 4EH4?PFB59FBAAO@ CB>DOF<9@. !4 C?BM48>9 �1% <@99FES E9FP 
6AGFD<C?BM48BKAOI :9?9;AB8BDB:AOI CGF9=. �DB@9 FD4AECBDFAOI >B@@GA<>4J<=, 6 
89ESF<><?B@9FDB6B= ;BA9 A9F 6;DO6B- <?< CB:4DBBC4EAOI B5N9>FB6. 

�9B7D4H<K9E><9 >BBD8<A4FO C?BM48>< �B?PE>B= �1%: 67027'59" E.L., 32028'50" 6.8.. 
�5EB?RFAO9 BF@9F>< CB69DIABEF< C?BM48>< �1% A4IB8SFES 6 CD989?4I 128-140 @. �?<@4F 
D4=BA4 BF?<K49FES BFABE<F9?PAB= @S7>BEFPR, KFB B5NSEAS9FES 6B;89=EF6<9@ F9C?OI 
4F?4AF<K9E><I @4EE 6B;8GI4. %D98A97B8B64S F9@C9D4FGD4 6B;8GI4 CB 84AAO@ @AB7B?9FA<I 
A45?R89A<= >B?95?9FES 6 8<4C4;BA9 0-1°%. 

 9EFABEFP D4ECB?B:9A<S ;BAO A45?R89A<S �B?PE>B= �1% CB I4D4>F9DG D9?P9H4 
7DS8B6B-IB?@<EFB7B F<C4, @BD9AAO9 7DS8O K9D98GRFES E ;45B?BK9AAO@< A<;<A4@<, 
7?O5B6O@< E64?4@< E>4?PAOI CBDB8, E>BC?9A<S@< 64?GAB6. &9DD<FBD<S C?BM48>< E?B:9A4 
K9F69DF<KAO@< BF?B:9A<S@<, CD98EF46?9AAO@< @BD9AAO@< 64?GAAB-74?9KA<>B6O@< 
7DGAF4@< E C9EK4AO@ < EGC9EK4AO@ ;4CB?A<F9?9@, < A4EOCAO@< 7DGAF4@<. � BEAB64A<< 
K9F69DF<KAOI BF?B:9A<=, @9EF4@< A4 CB69DIABEF<, ;4?974RF >BD9AAO9 CBDB8O.  BMABEFP 
@BD9AAOI BF?B:9A<= <;@9AS9FES BF 1 8B 10 @, 6 ED98A9@ 4-5 @.  BMABEFP A4EOCAOI 
7DGAFB6 BF 0,5 8B 3 @.  
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$<EGAB> 1.3 3 %I9@4 E<FG4J<BAAB7B C?4A4 �B?PE>B= �1% 

 

 



2 �B?PE>4S �1% >4> <EFBKA<> CBEFGC?9A<S D48<BAG>?<8B6 6 4F@BEH9DG 

2.1 �EFBKA<>< 74;B4QDB;B?PAOI 6O5DBEB6 < <I I4D4>F9D<EF<>< 

�B?PE>4S �1% EBEFB<F <; K9FOD9I QA9D7B5?B>B6 @BMABEFPR 440  �F (Q?.) >4:8O= 

(2 5?B>4 ��1$-440, F<C D94>FBD4 �-230 < 2 5?B>4 ��1$-440 F<C D94>FBD4 �-213). "5M4S 

@BMABEFP EF4AJ<< 1760  �F (Q?.). 

1A9D7B5?B>< D4;89?9AO A4 869 BK9D98<, CB 864 QA9D7B5?B>4 A4 BK9D98P. �4:84S 

BK9D98P 6>?RK49F 4CC4D4FAB9 BF89?9A<9 < B5N98<A9AAO= EC9J<4?PAO= >BDCGE 8?S 

C9D9D45BF>< F9IAB?B7<K9E><I ED98 < D48<B4>F<6AOI BFIB8B6, 4 F4>:9 FGD5<AAB9 

BF89?9A<9, >BFBDB9 S6?S9FES B5M<@ 8?S B59<I BK9D989=. � >4:8B@ EC9J<4?PAB@ >BDCGE9 

B5BDG8B64AB ID4A<?<M9 EGI<I D48<B4>F<6AOI BFIB8B6 < 6D9@9AAB9 ID4A<?<M9 :<8><I 

D48<B4>F<6AOI BFIB8B6. 

&9IAB?B7<K9E>4S EI9@4 �B?PE>B= �1% 3 86GI>BAFGDA4S E 6B8B-6B8SAO@< 

D94>FBD4@< ��1$-440 (F<C4 230 < 213), EI9@4 CD98EF46?9A4 A4 D<EGA>9 2.1. 

#9D6O= >BAFGD 3 D48<B4>F<6AO=, EBEFB<F <; 6B8B-6B8SAB7B QA9D79F<K9E>B7B 

D94>FBD4 ��1$-440, D45BF4RM97B A4 F9C?B6OI A9=FDBA4I < L9EF< J<D>G?SJ<BAAOI C9F9?P. 

&BC?<6B@ E?G:<F E?45BB5B74M9AAO= GD4A. &9C?BABE<F9?9@, BF6B8SM<@ F9C?B BF 4>F<6AB= 

;BAO D94>FBD4, < ;4@98?<F9?9@ A9=FDBAB6 E?G:<F B59EEB?9AA4S 6B84. �B84 C9D6B7B >BAFGD4 

A47D9649FES 6 4>F<6AB= ;BA9 D94>FBD4, K9D9; >BFBDGR 99 CDB>4K<64RF 7?46AO9 

J<D>G?SJ<BAAO9 A4EBEO. !47D9F4S 6 4>F<6AB= ;BA9 D94>FBD4 6B84 CB849FES 6 

C4DB79A9D4FBDO, K9D9; >BFBDO9 C9D9849F F9C?B 6B89 6FBDB7B >BAFGD4, A9 6EFGC4S E A9= 6 

A9CBED98EF69AAO= >BAF4>F. � C9D6B@ >BAFGD9 J<D>G?<DG9F 6B84 CB8 846?9A<9@ 12,5  #4 < 

F9@C9D4FGD9 264-300 0%. � C4DB79A9D4FBD4I F9C?B C9D6B7B >BAFGD4 <ECB?P;G9FES A4 

CB?GK9A<9 EGIB7B A4EOM9AAB7B C4D4 846?9A<9@ 4,7  #4 E F9@C9D4FGDB= 260 0%, >BFBDO= 

<ECB?P;G9FES 6B 6FBDB@ >BAFGD9 6 FGD5B47D974F4I 8?S CB?GK9A<S Q?9>FDBQA9D7<<.  

�FBDB= >BAFGD 3 A9D48<B4>F<6AO=, >BFBDO= 6>?RK49F 6 E95S C4DBCDB<;6B8SMGR 

K4EFP C4DB79A9D4FBDB6, FGD5<AO, FDG5BCDB6B8O < 6ECB@B74F9?PAB9 B5BDG8B64A<9. 

"5D4;B646L<=ES 6 C4DB79A9D4FBD4I C4D A4CD46?S9FES 6 FGD5<AG, CD<6B8S 6 86<:9A<9 

79A9D4FBD, 6OD454FO64RM<= Q?9>FDBQA9D7<R. �4?99 Q?9>FDBQA9D7<S K9D9; 

FD4AEHBD@4FBDO C9D9849FES 6 E9FP. "FD45BF4AAO= C4D CD96D4M49FES 6 6B8G 6 

>BA89AE4FBD4I FGD5<A, >BFBDO9 BI?4:84RFES 6B8B=, ;45<D49@B= <; �@4A8DB6E>B7B 

6B8BID4A<?<M4. 
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$<EGAB> 2.1 3 %I9@4 D45BFO �1% A4 86GI>BAFGDAB@ 6B8B-6B8SAB@ QA9D79F<K9E>B@ 
D94>FBD9 ��1$ 

 

"EAB6AO@< <EFBKA<>4@< D48<4J<BAAB= BC4EABEF< S6?SRFES: 

2 B5?GK9AAB9 S89DAB9 FBC?<6B; 

2 S89DAO= D94>FBD; 

2 <;6?9K9AAO9 6AGFD<>BDCGEAO9 GEFDB=EF64 D94>FBD4; 

2 FDG5BCDB6B8O < B5BDG8B64A<9 C9D6B7B >BAFGD4; 

2 F9C?BABE<F9?P, 6O6B8<@O= <; C9D6B7B >BAFGD4 CD< 6B8BB5@9A9; 

2 FDG5BCDB6B8O < B5BDG8B64A<9 EC9J6B8BBK<EF>< < EC9J>4A4?<;4J<<; 

2 F69D8O9 < :<8><9 D48<B4>F<6AO9 BFIB8O; 

2 6B;8GIB6B8O < B5BDG8B64A<9 69AF<?SJ<BAAOI E<EF9@ < EC9J74;BBK<EF><; 

2 89F4?<, @9I4A<;@O, 84FK<><, ;47DS;A9AAO9 D48<B4>F<6AO@< 69M9EF64@<; 

2 ;4>DOFO9 <EFBKA<>< <BA<;<DGRM<I <;?GK9A<=, <ECB?P;G9@O9 8?S J9?9= 

89H9>FBE>BC<<, 7D48G<DB6>< < CB69D>< 4CC4D4FGDO. 

� CDBJ9EE9 Q>EC?G4F4J<< �B?PE>B= �1% B5D4;GRFES D48<B4>F<6AO9 69M9EF64, 

>BFBDO9 @B7GF CBEFGC4FP 6 4F@BEH9DAO= 6B;8GI. 

�EFBKA<>4@< B5D4;B64A<S 74;BB5D4;AOI D48<B4>F<6AOI 69M9EF6 S6?SRFES E8G6>< E 

F9IAB?B7<K9E>B7B B5BDG8B64A<S: 

2 54>B6 «7DS;AB7B» >BA89AE4F4; 

2 54D5BF4:AOI 54>B6; 

2 CD<S@>B6 (54>B6) BD74A<;B64AAOI CDBF9K9>; 
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2 F9C?BB5@9AA<>B6 BD74A<;B64AAOI CDBF9K9>; 

2 894QD4FBDB6 CB8C<F>< < 5BDAB7B D97G?<DB64A<S 1 >BAFGD4; 

2 54>B6 < B5BDG8B64A<S GEF4AB6>< �5 �# �$"; 

2 E<EF9@O EC9J>4A4?<;4J<< �# �$". 

%8G6>< E F9IAB?B7<K9E>B7B B5BDG8B64A<S A4CD46?SRFES A4 BK<EF>G 6 E<EF9@O 

EC9J74;BBK<EF>< (84?99 3 %�") < 6OFS:AO9 E<EF9@O EC9J69AF<?SJ<<. %8G6>< CDBIB8SF 

BK<EF>G 6 E<EF9@4I %�" 8B D4;G@AB 8BEF<:<@B7B A<;>B7B GDB6AS < 6O5D4EO64RFES K9D9; 

69AFFDG5O 6 B>DG:4RMGR ED98G. 

� E<EF9@4@ BK<EF>< E8G6B> A4 �B?PE>B= �1% BFABESFES E<EF9@O EC9J74;BBK<EF>< 1 

BK9D98< (2 A<F>< %�") < 2-= BK9D98< (3 A<F>< 0TS20, 0TS40, 0TS60). 

%<EF9@O EC9J74;BBK<EF>< CD98A4;A4K9AO 8?S BK<EF>< E8G6B> <; B5BDG8B64A<S BF 

D48<B4>F<6AOI <A9DFAOI 74;B6 (<;BFBCB6 Xe, Ar, Kr < 8D.), 4QDB;B?9= < <;BFBCB6 

D48<B4>F<6AB7B =B84 C9D98 <I CBEFGC?9A<9@ 6 69AF<?SJ<BAAGR FDG5G. 

� EF4J<BA4DAB@ D9:<@9 D45BFO BEGM9EF6?S9FES BK<EF>4 74;B6OI E8G6B> A4 B8AB= <; 

A<FB> %�" E D4EIB8B@ 5-15 @3/K4E. �4;B6O9 E8G6>< 6A4K4?9 CDBIB8SF K9D9; BI?48<F9?P 74;4, 

?B6GL>G 6?47< (8?S 2 BK9D98<), 789 CDB<EIB8<F G84?9A<9 6?47< < BI?4:89A<9 8B 

F9@C9D4FGDO & = 20ø40 ð%, 84?99 CBEFGC4RF A4 E4@BBK<M4RM<=ES H<?PFD. 

�4F9@ 74; CDBIB8<F E4@BBK<M4RM<=ES H<?PFD, 789 CDB<EIB8<F 84?PA9=L4S BK<EF>4 

74;4 BF >4C9?PAB= 6?47<. '?B6?9AA4S 6 BI?48<F9?9 74;4, ?B6GL>9 6?47< < E4@BBK<M4RM9@ES 

H<?PFD9 6?474 EF9>49F 6 54>-7<8DB;4F6BD, 4 ;4F9@ 6 E<EF9@G EC9J>4A4?<;4J<<. 

#BE?9 E4@BBK<M4RM97BES H<?PFD4 74; CB869D749FES 7?G5B>B= BEGL>9 6 B8AB@ <; 

J9B?<FB6OI H<?PFDB6. �4?99 EGIB= 74; CBE?98B64F9?PAB CDBIB8<F K9D9; 48EBD59DO, 6 

>BFBDOI A4 4>F<6<DB64AAB@ G7?9 48EBD5<DGRFES D48<B4>F<6AO9 CD<@9E< (<;BFBCO =B84, 

>D<CFBA4, >E9ABA4 < F.8.). �E?98EF6<9 FB7B, KFB 8<A4@<K9E>4S 48EBD5J<S 4>F<6AB7B 

69M9EF64 EBCDB6B:849FES 97B D48<B4>F<6AO@ D4EC48B@, 6 48EBD59D9 GEF4A46?<649FES 

EF4J<BA4DAB9 D46AB69E<9, 6 >BFBDB@ >BAJ9AFD4J<S D48<B4>F<6AB7B 69M9EF64 G5O649F CB 

8?<A9 48EBD59D4. �4?99 BK<M9AAO= 74; G84?S9FES Q:9>FBDB@ <?< 74;B8G6>B= 6 69AFFDG5G. 

"K<EF>4 6B;8GLAB= ED98O 6 6OFS:AOI E<EF9@4I EC9J69AF<?SJ<< BEGM9EF6?S9FES A4 

4QDB;B?PAOI < =B8AOI H<?PFD4I BF 4QDB;B?9= < <;BFBCB6 =B84, < ;4 EK9F D48<B4>F<6AB7B 

D4EC484. 

%<EF9@O %�" BEA4M9AO: 

2 ED98EF64@< >BAFDB?S 6?4:ABEF<, F9@C9D4FGDO, D4;D9:9A<S, D4EIB84 6B;8GI4 

(74;4), B5N9@AB= 4>F<6ABEF< A4 6IB89 < 6OIB89; 

2 A4 1-= BK9D98< E<EF9@B= CB84K< 4;BF4 6 F9IAB?B7<K9E>B9 B5BDG8B64A<9 8?S 

CD98BF6D4M9A<S B5D4;B64A<S 6;DO6BBC4EAOI >BAJ9AFD4J<= 6B8BDB84; 
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2 A4 2-= BK9D98< E<EF9@B= CB84K< 4;BF4 6 F9IAB?B7<K9E>B9 B5BDG8B64A<9 < 

E<EF9@B= 8B:<74A<S 6B8BDB84 8?S CD98BF6D4M9A<S B5D4;B64A<S 6;DO6BBC4EAOI 

>BAJ9AFD4J<= 6B8BDB84. 

&9IA<K9E><9 < BD74A<;4J<BAAO9 @9DO CB B7D4A<K9A<R CBEFGC?9A<S $� 6 

B>DG:4RMGR ED98G (E<EF9@4 ;4M<FAOI 54DP9DB6, E<EF9@O EC9J6B8BBK<EF>< < 

EC9J74;BBK<EF><, D48<4J<BAAO= >BAFDB?P, E<EF9@4 GK9F4), <E>?RK4RF CD< ABD@4?PAB= 

Q>EC?G4F4J<< �1% 6OIB8 D48<BAG>?<8B6 6 >B?<K9EF64I, CD96OL4RM<I GEF4AB6?9AAO9 

ABD@4F<6O. 

�EFBKA<>4@< 6O5DBEB6 A4 �B?PE>B= �1% S6?SRFES 69AF<?SJ<BAAO9 FDG5O 

QA9D7B5?B>B6 (69AFFDG54 1 BK9D98< < 69AFFDG54 2 BK9D98<). �69 69AF<?SJ<BAAO9 FDG5O 

�B?PE>B= �1% 6OEBFB= �&-1 3 120 @ < �&-2 3 125 @, D4;@9M4RFES A4 HGA84@9AF4I, 

D4ECB?B:9AAOI A4 GDB6A9 CDB@C?BM48><. "A< CD98A4;A4K9AO 8?S 6O5DBE4 6 4F@BEH9DG 

6B;8GI4 <; CB@9M9A<= ;BAO >BAFDB?<DG9@B7B 8BEFGC4. 

�O5DBE D48<B4>F<6AOI 74;B6 < 4QDB;B?9=, G84?S9@OI E<EF9@4@< 69AF<?SJ<< 6 

69AFFDG5O, ;46<E<F BF EB5?R89A<S D9:<@B6 69AF<?SJ<<, D45BFBECBEB5ABEF< H<?PFDB6 

BK<EF><, 79D@9F<KABEF< B5BDG8B64A<S < EB5?R89A<S D9:<@B6 Q>EC?G4F4J<<. 

$48<4J<BAA4S B5EF4AB6>4 A4 CD<?974RM9= > �B?PE>B= �1% F9DD<FBD<< 

HBD@<DG9FES 6 D9;G?PF4F9 6O5DBEB6 D48<B4>F<6AOI 74;B6 < 4QDB;B?9= 6 CD<;9@AO= E?B= 

4F@BEH9DO. �BAJ9AFD4J<< D48<B4>F<6AOI 69M9EF6 6 B5N9>F4I B>DG:4RM9= ED98O 

(4F@BEH9DAO= 6B;8GI, D4EF<F9?PABEFP, CBK64 < @BMABEFP 8B;O A4 @9EFABEF<) 

I4D4>F9D<;GRF EBEFBSA<9 D48<4J<BAAB= B5EF4AB6>< F9DD<FBD<<. 

�4DF4-EI9@4 CDB@C?BM48>< �B?PE>B= �1% E G>4;4A<9@ EF4J<BA4DAOI 

BD74A<;B64AAOI <EFBKA<>B6 CBEFGC?9A<S D48<B4>F<6AOI 69M9EF6 6 4F@BEH9DAO= 6B;8GI 

CD< ABD@4?PAB= Q>EC?G4F4J<< CD98EF46?9A4 A4 D<EGA>9 2.2.  
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$<EGAB> 2.2 3 �4DF4-EI9@4 CDB@C?BM48>< �B?PE>B= �1% E G>4;4A<9@ <EFBKA<>B6 
CBEFGC?9A<S D48<B4>F<6AOI 69M9EF6 6 4F@BEH9DAO= 6B;8GI CD< ABD@4?PAB= 

Q>EC?G4F4J<< 
 

!4<@9AB64A<S < BEAB6AO9 I4D4>F9D<EF<>< BD74A<;B64AAOI <EFBKA<>B6 

74;B4QDB;B?PAOI 6O5DBEB6 D48<B4>F<6AOI 69M9EF6 �B?PE>B= �1% CD98EF46?9AO 6 F45?<J9 

2.1. 
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&45?<J4 2.1 3 )4D4>F9D<EF<>< <EFBKA<>B6 6O5DBEB6 �B?PE>B= �1% 

�A69AF4-
D<;4J<BA-
AO= AB@9D 
<EFBKA<>4 
< 69AFE<E-
F9@4 

&<C 
<EFBK-
A<>4 

�<8 
BD74A<;B-
64AAB7B 
<EFBKA<>4 

+<E?B 
<EFBKA<>B6, 
B5N98<A9A-

AOI CB8 
B8A<@ 
AB@9DB@ 

�?<A4, 
L<D<A4 < 
6OEBF4 
;84A<S, @ 

�OEBF4 
<EFBK-
A<>4, @ 

$4;@9DO GEFPS 
<EFBKA<>4 �BBD8<A4FO 

<EFBKA<>4 
A4 >4DF9-EI9@9 #?BM48P 

C?BM48AB7B 
<EFBKA<>4, @2 

(B5N9@, 
;4A<@49@O= 
D48<B4>F<6AO@ 
69M9EF6B@, @3; 
C?BFABEFP 
@4F9D<4?4 

<EFBKA<>4, >7/@3) 

�D9@S 
D45BFO 
<EFBK-
A<>4 

"5N9@ (D4EIB8) 
74;B6B;8GLAB= 
E@9E<, @3/E 

(CB?AO= D4EIB8, 
@3/7B8) 

&9@C9D4FGD4 
74;B6B;8GLAB= 
E@9E<, °% 

!4;64A<9 
6O5D4EO649-
@B7B D48<B-
4>F<6AB7B 
69M9EF64 

%D98A<= 
8<4@9FD 
K4EF<J (<?< 
4>F<6ABEF-
AO= 

@98<4AAO= 
4QDB8<A4@<-
K9E><= 
8<4@9FD) < 
8<EC9DE<S 
HGA>J<< 
C?BFABEF< 
D4ECD989?9-
A<S K4EF<J CB 
D4;@9D4@, 

#D<@9K4
A<9 

�DG7?B9 
GEFP9 

#DS@BG7B?PAB9 
GEFP9 

8<4@9FD, @ 8?<A4, @ 
L<D<A4, 
@ 

)1 Y1 X2 Y2 

&9C?. )B?B8. &9C?. )B?B8.  @>@  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

(<?<4? �" «�BAJ9DA $BEQA9D7B4FB@» «�B?PE>4S 4FB@A4S EF4AJ<S» (�B?PE>4S �1%) 
(A4<@9AB64A<9 F9DD<FBD<4?PAB B5BEB5?9AAB7B CB8D4;89?9A<S IB;S=EF6GRM97B EG5N9>F4) 

20016 BD74A
<;B64
AAO= 

69AF-
FDG54 1 
BK9D98< 

6/E �" 1 
< 2 5?., 
"%�-1, 

�#�$" 

- 120,0 4,2 - - 1253,

010 

116

79,5
44 

- - - 00:00ø
24:00 

1,29÷102 @3/E 
 

(4,06÷109 @3/7B8) 
 

GED98A9AAO9 ;4 
CBE?98A<9 5 ?9F 

40 ð% 
(CBEFBSAAB) 

�A9DFAO9 
D48<B4>F<6-
AO9 74;O 
(�$�), =B8, 
8B?7B:<6G-
M<9 AG>?<8O 
(��!), 
FD<F<=, 
G7?9DB8-14 

  

20042 BD74A
<;B64
AAO= 

69AF-
FDG54 2 
BK9D98< 

6/E �" 3 
< 4 5?., 
"%�-2 

- 125,0 3,5 - - 1485,

959 

116

78,4
40 

- - - 00:00ø
24:00 

1,62÷102 @3/E 
 

(5,12÷109 @3/7B8) 
 

GED98A9AAO9 ;4 
CBE?98A<9 5 ?9F 

20ø45 ð% 
(CBEFBSAAB) 

�A9DFAO9 
D48<B4>F<6-
AO9 74;O 
(�$�), =B8, 
8B?7B:<6G-
M<9 AG>?<8O 
(��!), 
FD<F<=, 
G7?9DB8-14 
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2.2 $48<4J<BAAO= >BAFDB?P 74;B4QDB;B?PAOI 6O5DBEB6 �B?PE>B= �1% 

$48<4J<BAAO= >BAFDB?P 74;B4QDB;B?PAOI 6O5DBEB6 6 4F@BEH9DG BEGM9EF6?S9FES 6 

EBBF69FEF6<< E «$97?4@9AFB@ D48<4J<BAAB7B >BAFDB?S �B?PE>B= �1%» 0-06-28�#, 

EB7?4EB64AAO@  9:D97<BA4?PAO@ GCD46?9A<9@ 7118 ( �� $BEE<<, CB GF69D:89AAO@ 

@9FB8<>4@: 

2 @9FB8<>4 <;@9D9A<= 4>F<6ABEF< EK9FAOI B5D4;JB6 E <ECB?P;B64A<9@ 74@@4-

EC9>FDB@9FDB6 «Canberra» �B?PE>B= �1%.  �� 15.1.13(4)-18; 

2 <;@9D9A<9 B5N9@AB= 4>F<6ABEF< <A9DFAOI 74;B6 6 6O5DBE4I 4FB@AOI EF4AJ<=. 

 9FB8<>4.  & 1.1.4.02.002.1362-2017; 

2 <;@9D9A<9 B5N9@AB= 4>F<6ABEF< =B84-131 6 6O5DBE4I 4FB@AOI EF4AJ<=. 

 9FB8<>4.  & 1.1.4.02.001.1387-2017; 

2 <;@9D9A<9 B5N9@AB= 4>F<6ABEF< 4QDB;B?9= 6 6O5DBE4I 4FB@AOI EF4AJ<=. 

 9FB8<>4.  & 1.1.4.02.002.1388-2017; 

2 @9FB8<>4 6OCB?A9A<S <;@9D9A<= 4>F<6ABEF< 4?PH4-, 59F4-<;?GK4RM<I 

D48<BAG>?<8B6 E <ECB?P;B64A<9@ D48<B@9FD4 4?PH4-, 59F4-<;?GK9A<S 

EC9>FDB@9FD<K9E>B7B «Quantulus 1220». %#$10-18; 

2 @9FB8<>4 <;@9D9A<= B5N9@AB= 4>F<6ABEF< G7?9DB84-14 6 CD<;9@AB= 4F@BEH9D9 

< 74;BB5D4;AOI 6O5DBE4I E <ECB?P;B64A<9@ GEF4AB6>< 46FB@4F<;<DB64AAB= 

CDB5BBF5BD4 FD<F<S < G7?9DB84-14 '"&-02. �.*��. �.352-2020; 

2 @9FB8<>4 <;@9D9A<= B5N9@AB= 4>F<6ABEF< FD<F<S 6 CD<;9@AB= 4F@BEH9D9 < 

74;BB5D4;AOI 6O5DBE4I E <ECB?P;B64A<9@ GEF4AB6>< 46FB@4F<;<DB64AAB= 

CDB5BBF5BD4 FD<F<S < G7?9DB84-14 '"&-02. �.*��. �.351-2020. 

 

� F45?<J4I 2.2 < 2.3 CD<6989A EC<EB> B5BDG8B64A<S 8?S 6OCB?A9A<S BF5BD4 < 

<;@9D9A<S 4>F<6ABEF< 6 74;B4QDB;B?PAOI 6O5DBE4I �B?PE>B= �1%. 

&45?<J4 2.2 3 %BEF46 < BEAB6AO9 F9IA<K9E><9 I4D4>F9D<EF<>< ED98EF6 <;@9D9A<= 
4>F<6ABEF< 6O5DBEB6 �B?PE>B= �1% 

%D98EF6B 
<;@9D9A<S �;@9DS9@4S 69?<K<A4 'EFDB=EF6B <?< 5?B> 

89F9>F<DB64A<S 

"EAB6A4S 
BFABE<F9?P-

A4S 
CB7D9LABEFP 

$�%-07# "5N9@A4S 4>F<6ABEFP �$�, �>/@3 

����-02# 

+G6EF6<F9?PAO= 40% 

����2-01-02 

�DG5O= 40% 
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 ��-010 "5N9@A4S 4>F<6ABEFP �$�, �>/@3 

89F9>FBDO 74@@4-
<;?GK9A<S A4 BEAB69 
>D<EF4??4 LaBr3(Ce): 

2 38I38 @@; 
2 25I25 @@. 

50% 

%C9>FDB@9FD 
CANBERRA 

(��$�) 

"5EK9F 4>F<6ABEF< ?9AF 
4QDB;B?PAB7B >BAFDB?S, �>/CDB5G 

##� <; "+� 

GC2018, GC3018 
20% 

%C9>FDB@9FD 
CANBERRA 

("3�<!) 

"5EK9F 4>F<6ABEF< H<?PFDB6, 
�>/CDB5G 

##� <; "+� 

GC3018 
20% 

%C9>FDB@9FD 
Quantulus 

1220-003 

"5N9@A4S 4>F<6ABEFP FD<F<S < 
G7?9DB84-14, �>/CDB5G 

�<8>B 
EJ<AF<??SJ<BAAO= 

�� E (1' 

10% 

'##�  

'EF4AB6>4 8?S <;@9D9A<S 
C4D4@9FDB6 6B;8GLAB7B CBFB>4, 

@/E 

�;@9D<F9?PAO= >4A4? 
?<A9=AB= E>BDBEF< 
6B;8GLAB7B CBFB>4 

10% 

 

&45?<J4 2.3 3 %BEF46 < BEAB6AO9 F9IA<K9E><9 I4D4>F9D<EF<>< ED98EF6 CDB5BBF5BD4 
6O5DBEB6 �B?PE>B= �1% 

%D98EF6B 
CDB5BBF5BD4 

'EFDB=EF6B 
<?< �� 

#4D4@9FD 
$4EIB8 

6B;8GLAB= 
ED98O 

'"&-02 - 

2 FD<F<= 6 6B8AB= (HTO) HBD@9; 
2 FD<F<= 6 74;BB5D4;AB= (HT) HBD@9; 
2 G7?9DB8-14 6 A9BD74A<K9E>B= (CO < %"2) 

HBD@9; 
2 G7?9DB8-14 6 BD74A<K9E>B= (%nHm) HBD@9. 

0,2 8@3/@<A 

(<?PFDB89D:4F
9?< 
4A4?<F<K9E><I 
H<?PFDB6 

- 131I 2,9 @3/K 

$�%-07# '���-03# �QDB;B?<  (60Co, 110mAg, 134Cs, 137Cs) 1,51 @3/K 
 

�BAEFDG>J<< CDB5BBF5BDAOI ;BA8B6, GEF4AB6?9AAOI 6 69AFFDG54I, EBBF69FEF6GRF 

« 9FB8<K9E><@ G>4;4A<S@ CB BF5BDG CDB5 D48<B4>F<6AOI 4QDB;B?9= A4 4FB@AOI EF4AJ<SI» 

 ' 34-70-119-85. 

�4AAO9 �B?PE>B= �1% ;4 201732021 77. CB 6O5DBE4@ >BAFDB?<DG9@OI 

D48<BAG>?<8B6 <; 69AFFDG5 �1% CB 84AAO@ LF4FAB7B D48<4J<BAAB7B >BAFDB?S CD<6989AO 

6 F45?<J9 2.4. 

&45?<J4 2.4 3 �O5DBEO �B?PE>B= �1% (2017-2021 77.) CB 84AAO@ LF4FAB7B D48<4J<BAAB7B 
>BAFDB?S, �>/7B8 

$48<BAG>?<8 �&-1 

2017 2018 2019 2020 2021 
3H - - 9,25E+11 8,32E+11 1,20E+12 
14C - - 7,51E+07 8,22E+07 1,87E+10 

41Ar - - 9,82E+11 6,75E+11 7,66E+11 
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60Co 4,21E+06 7,21E+06 1,37E+07 1,67E+07 2,23E+07 
85mKr - - 6,17E+11 5,36E+11 5,64E+11 
87Kr - - 2,11E+12 1,53E+12 1,48E+12 
88Kr - - 2,02E+12  1,80E+12 1,61E+12 

110mAg - - 2,45E+07 2,81E+07 3,89E+07 
131I 4,69E+07 4,86E+07 1,11E+08 5,03E+07 3,70E+07 

134Cs 0,64E+06 0,75E+06 9,90E+05 1,22E+06 1,40E+06 
137Cs 1,57E+06 2,51E+06 7,88E+06 3,03E+06 3,47E+06 
135Xe - - 5,97E+11 5,31E+11 4,58E+11 

�$� 5,13E+12 5,28E+12 - - - 

$48<BAG>?<8 �&-2 

2017 2018 2019 2020 2021 
3H - - 1,40E+12 1,18E+12 9,41E+11 
14C - - 7,61E+07 8,10E+07 4,08E+10 

41Ar - - 2,53E+12 1,53E+12 1,17E+12 
60Co 1,67E+06 2,87E+06 6,24E+06 1,22E+07 1,03E+07 

85mKr - - 2,41E+11 4,30E+11 3,86E+11 
87Kr - - 1,01E+12 1,26E+12 1,02E+12 
88Kr - - 8,19E+11 1,45E+12 1,24E+12 

110mAg - - 3,49E+07 3,25E+07 1,71E+07 
131I 1,58E+07 2,45E+07 5,94E+06 5,36E+06 7,96E+06 

134Cs 0,57E+06 0,57E+06 8,80E+05 9,00E+05 8,40E+05 
137Cs 3,07E+06 1,01E+07 3,56E+07 2,97E+07 1,14E+07 
135Xe - - 2,48E+11 3,90E+11 3,10E+11 

�$� 9,57E+12 6,44E+12 - - - 

 

'DB6A< D97<EFD4J<< 4CC4D4FGDO / @9FB84: 

2 H-3 3 0,01 �>/CDB54; 

2 %-14 3 0,007 �>/CDB54; 

2 D48<BAG>?<8O �$� (41Ar, 85mKr, 87Kr, 88Kr, 135Xe) 3 1,0÷103 �>/@3; 

2 Co-60 3 0,2 �>/CDB54;  

2 Ag-110m 3 0,2 �>/CDB54; 

2 I-131 3 0,5 �>/CDB54; 

2 Cs-134 3 0,2 �>/CDB54; 

2 Cs-137 3 0,2 �>/CDB54. 

%BEFBSA<9 B5BDG8B64A<S D48<4J<BAAB7B >BAFDB?S 74;B4QDB;B?PAOI 6O5DBEB6 < 

@9FB8<K9E>B9 B59EC9K9A<9 EBBF69FEF6G9F GEF4AB6?9AAO@ FD95B64A<S@. #D96OL9A<S 

69?<K<A >BAFDB?PAOI GDB6A9= 6O5DBEB6 ;4 @9ESJ, 8BCGEF<@OI 6O5DBEB6 ;4 7B8 6 

D4EE@BFD9AAO= C9D<B8 201732021 77. A9 ;4D97<EFD<DB64AB. 

(4>F<K9E><9 7B8B6O9 6O5DBEO D48<B4>F<6AOI 69M9EF6 �B?PE>B= �1% <@9RF 

@AB7B>D4FAO= ;4C4E CB BFABL9A<R > GEF4AB6?9AAO@ CD989?PAB 8BCGEF<@O@ 6O5DBE4@. 
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3 $4EK9FAB9 B5BEAB64A<9 D4;@9D4 ;BAO A45?R89A<S �B?PE>B= �1% 

3.1 "5M<9 FD95B64A<S CB B5BEAB64A<R D4;@9D4 < 7D4A<J ;BAO A45?R89A<S 

�BA4 A45?R89A<S CD98EF46?S9F EB5B= F9DD<FBD<R 6B>DG7 �1%, 6AGFD9AASS 7D4A<J4 

>BFBDB= EB6C4849F E 7D4A<J9= %��, 4 6A9LASS 3 E B>DG:ABEFPR D48<GE4 R��. $4;@9D ;BAO 

A45?R89A<S D4EEK<FO649FES, <EIB8S <; A9B5IB8<@BEF< < 8BEF4FBKABEF< D48<4J<BAAB7B 

>BAFDB?S A4 QFB= F9DD<FBD<< CD< ABD@4?PAB= Q>EC?G4F4J<< �1%, KFB B59EC9K<649FES 

A9B5IB8<@B= CB?ABFB=, FBKABEFPR < 8BEFB69DABEFPR BCD989?S9@OI C4D4@9FDB6. 'K<FO64S 

KD9;6OK4=AB A<;><= GDB69AP D48<4J<BAAB7B 6B;89=EF6<S �B?PE>B= �1% CD< ABD@4?PAB= 

Q>EC?G4F4J<< A4 B>DG:4RMGR ED98G, ;BA4 A45?R89A<S @B:9F 5OFP B7D4A<K9A4 

F9DD<FBD<9=, A4 >BFBDB= >BAFDB?<DG9@O9 D48<4J<BAAO9 C4D4@9FDO 8BEF<74RF 

@4>E<@4?PAOI ;A4K9A<=, 4 ;4 CD989?4@< �! D48<4J<BAAO= >BAFDB?P @4?B <AHBD@4F<69A <, 

E GK9FB@ ;4FD4F A4 BEA4M9A<9 CBEFB6 A45?R89A<S, A9 BCD4684A. 

#D< ABD@4?PAB= Q>EC?G4F4J<< D48<4J<BAAB7B B5N9>F4 69?<K<AO, I4D4>F9D<;GRM<9 

EB89D:4A<9 D48<BAG>?<8B6 6 B>DG:4RM9= ED989 (ED98A97B8B64S B5N9@A4S 4>F<6ABEFP 6 

CD<;9@AB@ E?B9 4F@BEH9DO, C?BFABEFP D48<B4>F<6AOI 6OC489A<=, @BMABEFP 8B;O 74@@4-

<;?GK9A<S A4 @9EFABEF<, 7B8B64S QHH9>F<6A4S 8B;4 B5?GK9A<S A4E9?9A<S < 8D.), 65?<;< < ;4 

FBK>B= <I @4>E<@G@4, E FBKABEFPR 8B EBBF69FEF6GRM<I >BAEF4AF EB6C484RF EB 

ED98A97B8B6O@ H4>FBDB@ @9F9BDB?B7<K9E>B7B D4;546?9A<S 6 CD<;9@AB@ E?B9 4F@BEH9DO G. 

1FB B5EFBSF9?PEF6B E6S;4AB E F9@, KFB 6 QFB@ 8<4C4;BA9 D4EEFBSA<= BF <EFBKA<>4 BEAB6AB= 

(E6OL9 95%) 6>?48 6 ED98A97B8B6B= H4>FBD EGIB7B BE4:89A<S < 6?4:AB7B 6O6989A<S 

D48<BAG>?<8B6 A4 CB8EF<?4RMGR CB69DIABEFP B5GE?B6?9A <I EGI<@ BE4:89A<9@ [1]. 

'>4;4AAB9 B5EFBSF9?PEF6B, A4DS8G E <ECB?P;B64A<9@ CD<ASFB= 6 G>4;4A<SI [1] 

@9FB8<>< D4EK9F4 ED98A97B8B6B7B H4>FBD4 @9F9BDB?B7<K9E>B7B D4;546?9A<S 6 CD<;9@AB@ 

E?B9 4F@BEH9DO, ?9:<F 6 BEAB69 >BAE9D64F<6AB= BJ9A>< D48<GE4 ;BAO A45?R89A<S 

�B?PE>B= �1%. 

 

3.2   9FB8 D4EK9F4 D4;@9D4 ;BAO A45?R89A<S 

� EBBF69FEF6<< E @9FB8<K9E><@< G>4;4A<S@< [1] D9;G?PF4FB@ D4EK9F4 D48<GE4 �! 

6B>DG7 �1% E GK9FB@ A9BCD989?9AABEF9= <;@9D9A<S D48<4J<BAAOI C4D4@9FDB6 6 

B>DG:4RM9= ED989 S6?S9FES <AF9D64? ;A4K9A<= <E>B@B= 69?<K<AO BF Rmin 8B Rmax: 

;,1  );((max)(   ;  ; 00*0*maxmin
0

NnnxnxRRRRR
n

cRR ===ô+=ô2= +2
      (3.1) 

789 �R
- < �R

+ 3 45EB?RFAO9 A9BCD989?9AABEF< BJ9A>< D48<GE4 ;BAO A45?R89A<S R�� 

6 EFBDBAG 5B?PL<I < @9APL<I ;A4K9A<= (CD< P = 0,95), EBBF69FEF69AAB; n0c 3 AB@9D DG@54, 
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6 >BFBDB@ FBK>4 @4>E<@G@4 69?<K<AO H4>FBD4 D4;546?9A<S Gn(x) G84?9A4 A4 A4<5B?PL99 

D4EEFBSA<9 BF <EFBKA<>4 6O5DBE4.  

�?S BJ9A>< �R
- < �R

+ CD<A<@49FES, KFB 6 K4EF< DG@54 n0c, B7D4A<K9AAB= 

B>DG:ABEFS@< E D48<GE4@< BF Rmin 8B Rmax 6B>DG7 <EFBKA<>4, D4EIB:89A<S 6 D9;G?PF4F4I 

<;@9D9A<S D48<4J<BAAB7B C4D4@9FD4 E 8B69D<F9?PAB= 69DBSFABEFPR P = 0,95 @B:AB 

EK<F4FP EF4F<EF<K9E>< A98BEFB69DAO@<. 

$4EIB:89A<S 6 D9;G?PF4F4I >BAFDB?S D48<4J<BAAB7B C4D4@9FD4, ?<A9=AB E6S;4AAB7B 

E 69?<K<AB= H4>FBD4 D4;546?9A<S Gn(x), A4 D4;?<KAOI D4EEFBSA<SI x1 < x2 BF <EFBKA<>4 E 

69DBSFABEFPR P = 0,95 @B:AB EK<F4FP EF4F<EF<K9E>< A98BEFB69DAO@, 9E?< 6OCB?AS9FES 

GE?B6<9 

1
2

)()(

2

2

2

1

21
ó

ô+ô÷

2

óó

xGxG
cc nn

,                                                    (3.2) 

789 �Ã1 < �Ã2 3 45EB?RFA4S EF4A84DFA4S EF4F<EF<K9E>4S A9BCD989?9AABEFP 

D48<4J<BAAB7B >BAFDB?S A4 D4EEFBSA<SI x1 < x2, EBBF69FEF69AAB. 

#BE>B?P>G 69?<K<A4 GnE(x) CD< x f R S6?S9FES @BABFBAAB 6B;D4EF4RM9=, 4 CD< x > R 

3 @BABFBAAB G5O64RM9= HGA>J<9= 4D7G@9AF4 x, FB D4EK9F 69?<K<A Rmin < Rmax CDB6B8<FES 

CGF9@ D9L9A<S E?98GRM97B FD4AEJ9A89AFAB7B GD46A9A<S: 

)(
1

)1()1(11
)(

2

22

RG
U

UU
xG

cc n

x

Rx

n ÷
2

2÷222
= ,                            (3.3) 

789 UR 3 BFABE<F9?PA4S A9BCD989?9AABEFP D48<4J<BAAB7B >BAFDB?S 6 ;BA9 

A45?R89A<S; Ux 3 EBBF69FEF6GRM4S !#� BFABE<F9?PA4S A9BCD989?9AABEFP >BAFDB?S A4 

7D4A<J9 ;BAO A45?R89A<S, CD<A<@49FES D46AB= 0,6 [1].  

�A4K9A<S UR 8?S �B?PE>B= �1% CD<6989AO 6 F45?<J9 3.1. 

&45?<J4 3.1 3 "J9A>4 ;A4K9A<= EG@@4DAB= BFABE<F9?PAB= A9BCD989?9AABEF< (8?S  =0,95) 

>BAFDB?S D48<4J<BAAOI C4D4@9FDB6 6 ;BA9 A45?R89A<S �B?PE>B= �1% 

"5N9>F >BAFDB?S #D<;9@AO= 
E?B= 6B;8GI4 

�F@BEH9DAO9 
6OC489A<S 

#BK64 �B8B64S 8B;4 

!9BCD989?9AABEFP 0,37 0,43 0,37 0,44 

 

�; 4A4?<;4 F45?<JO 3.1 E?98G9F, KFB ED98A99 ;A4K9A<9 EG@@4DAB= A9BCD989?9AABEF< 

>BAFDB?S D48<4J<BAAOI C4D4@9FDB6 6 B5N9>F4I B>DG:4RM9= ED98O D4=BA4 D4ECB?B:9A<S 

�B?PE>B= �1% EBEF46?S9F 0,4 ± 0,04. #B?GK9AA4S F4><@ B5D4;B@ BJ9A>4 BFABE<F9?PAB= 

A9BCD989?9AABEF< >BAFDB?S @B:9F 5OFP >BAE9D64F<6AB CD<C<E4A4 FBK>4@ A4<5B?99 

<AHBD@4F<6AB7B D48<4J<BAAB7B >BAFDB?S, CD<A48?9:4M<I B>D9EFABEF< B>DG:ABEF< 

D48<GE4 R , FB 9EFP @B:AB B5BEAB64AB CD<ASFP UR = 0,4. &B784 GD46A9A<9 (3.3) @B:AB 

;4C<E4FP 6 6<89: 
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)(5,0)( RGxG
cc nn ÷= .                                                         (3.4) 

'D46A9A<9 (3.4) <@99F 864 >BDAS R1 = Rmin < R; R2 = Rmax > R. � DG@59 n0c A4 

D4EEFBSA<< Rmin BF <EFBKA<>4 69?<K<A4 H4>FBD4 D4;546?9A<S 6 2 D4;4 A<:9 97B 

@4>E<@4?PAB7B ;A4K9A<S, F4> :9 < A4 D4EEFBSA<<  Rmax BF <EFBKA<>4 69?<K<A4 H4>FBD4 

D4;546?9A<S 6 2 D4;4 A<:9 97B @4>E<@4?PAB7B ;A4K9A<S. 

� >4K9EF69 D48<GE4 ;BAO A45?R89A<S CD<A<@49FES F4>B9 D4EEFBSA<9 BF <EFBKA<>4 

6O5DBE4, ;4 CD989?4@< >BFBDB7B <;@9D9AAO9 ;A4K9A<S C4D4@9FD4 D48<4J<BAAB7B >BAFDB?S, 

I4D4>F9D<;GRM97B D48<4J<BAAGR B5EF4AB6>G 6 B>DG:4RM9= ED989, EF4F<EF<K9E>< ;A4K<@B 

5G8GF @9APL9 @4>E<@4?PAB7B ;A4K9A<S QFB7B C4D4@9FD4 6 ;BA9 A45?R89A<S. 1F< GE?B6<S 

5G8GF EB5?R89AO, 9E?< CD<ASFP 

maxRkR a�� ÷= ,                                                 (3.5) 

789 ka 3 >BQHH<J<9AF ;4C4E4, GK<FO64RM<= A9BCD989?9AABEFP @9FB84 D4EK9F4 

>D<F<K9E>B= FBK>< (FBK>< 8BEF<:9A<S @4>E<@4?PAB7B ;A4K9A<S) 69?<K<AO ED98A97B8B6B7B 

H4>FBD4 @9F9BDB?B7<K9E>B7B D4;546?9A<S G. � @9FB8<K9E><I G>4;4A<SI [1] D9>B@9A8G9FES 

CD<ASFP ka = 1,1. 

 4>E<@4?PAO9 D4EK9FAO9 ;A4K9A<S H4>FBD4 D4;546?9A<S < >BAFDB?<DG9@OI 

C4D4@9FDB6 CD< 6O5DBE9 �B?PE>B= �1% 8BEF<74RFES 6A9 E4A<F4DAB-;4M<FAB= ;BAO. $48<GE 

;BAO A45?R89A<S �B?PE>B= �1% BFEK<FO649FES BF 79B@9FD<K9E>B7B J9AFD4 <EFBKA<>B6 

6O5DBEB6 EF4AJ<<. 

 

3.3 $4EK9F ED98A97B8B6B7B H4>FBD4 @9F9BDB?B7<K9E>B7B D4;546?9A<S 

� >4K9EF69 BCBDAB= @9F9BEF4AJ<< 8?S J9?9= D4EK9F4 @9F9BDB?B7<K9E>B7B 

D4;546?9A<S 6O5DBEB6 $� �1% BCD989?S9FES 5?<:4=L4S > �1% @9F9BEF4AJ<S 

$BE7<8DB@9F4, <@9RM4S @AB7B?9FA<9 DS8O 6E9I E?98GRM<I I4D4>F9D<EF<> 

@9F9BDB?B7<K9E><I GE?B6<= D4=BA4 D4ECB?B:9A<S �1%:  ED98A97B8B6B9 < ED98A9@9ESKAO9 

;A4K9A<S E>BDBEF< 69FD4 ;4 @AB7B?9FA<= C9D<B8 A45?R89A<=; ED98ASS ;4 @AB7B?9FA<= 

C9D<B8 7B8B64S < @9ESKA4S CB6FBDS9@BEFP A4CD46?9A<= 69FD4 < LF<?S A4 6OEBF9 10 @ CB 16 

DG@54@ (DB;4 69FDB6) < EBBF69FEF6GRM<9 ED98A<9 E>BDBEF< 69FD4; ED98A97B8B6B9 < 

ED98A9@9ESKAO9 ;A4K9A<S B5M9= < A<:A9= B5?4KABEF< CB 89ESF<54??PAB= E<EF9@9 ;4 

@AB7B?9FA<= C9D<B8 A45?R89A<=; ED98A97B8B6B9 < ED98A9@9ESKAO9 ;A4K9A<S 

@9F9BDB?B7<K9E>B= 84?PABEF< 6<8<@BEF< ;4 @AB7B?9FA<= C9D<B8 A45?R89A<=; 

ED98A97B8B6B9 < ED98A9@9ESKAO9 ;A4K9A<S 4F@BEH9DAOI BE48>B6 ;4 @AB7B?9FA<= C9D<B8 

A45?R89A<=, F<C 4F@BEH9DAOI BE48>B6; ED98A97B8B6B9 < ED98A9@9ESKAO9 ;A4K9A<S 
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F9@C9D4FGDO 6B;8GI4 ;4 @AB7B?9FA<= C9D<B8 A45?R89A<=; ED98A97B8B6B9 < 

ED98A9@9ESKAO9 ;A4K9A<S 6?4:ABEF< 6B;8GI4 ;4 @AB7B?9FA<= C9D<B8 A45?R89A<=. 

�?S �B?PE>B= �1% 6E9@ 6OL9C9D9K<E?9AAO@ FD95B64A<S@ > BCBDAB= @9F9BEF4AJ<< 

$BE7<8DB@9F4 EBBF69FEF6GRF 2 @9F9BEF4AJ<<:  % �4A84?4>L4 (WMO ID 22217),  % 

�4L99> (WMO ID 22214). %D46A<F9?PAO= 4A4?<; 84AAOI ?B>4?PAB= @9F9BEF4AJ<< «� %-1 

�B?PE>4S �1%», D4ECB?B:9AAB= A4 C?BM48>9 �B?PE>B= �1%, AB A9 <@9RM9= 6E9= CB?ABFO 

84AAOI A9B5IB8<@OI 8?S BCD989?9A<S >4F97BD<= GEFB=K<6BEF< 4F@BEH9DO (B >B?<K9EF69 

B5?4KABEF<, B5?4KABEF< A<:A97B SDGE4 < 7BD<;BAF4?PAB= 84?PABEF< 6<8<@BEF<), < 84AAOI 

@9F9BEF4AJ<= $BE7<8DB@9F4 CB>4;4? D9CD9;9AF4F<6ABEFP 84AAOI  % �4L99> CB 6E9@ 

I4D4>F9D<EF<>4@. #D< QFB@ 84AAO9  % �4A84?4>L4 A9 >BDD9?<DGRF E 84AAO@< ?B>4?PAB= 

@9F9BEF4AJ<< CB I4D4>F9D<EF<>9 «A4CD46?9A<9 69FD4» (8?S 7. �4A84?4>L4 I4D4>F9DAB 

CB?AB9 8B@<A<DB64A<9 69FD4 E969DAB7B DG@54, 25-30%, K97B A9 A45?R849FES A4 ?B>4?PAB= 

@9F9BEF4AJ<<). 

&4><@ B5D4;B@, 8?S BCD989?9A<S @9F9BDB?B7<K9E><I I4D4>F9D<EF<>, A9B5IB8<@OI 

8?S D4EK9F4 �! �B?PE>B= �1% 6 >4K9EF69 BCBDAB= @9F9BEF4AJ<< CD98?B:9AB 6O5D4FP  % 

�4L99> (WMO ID 22214), >BBD8<A4FO 67°242143 E.L., 32°322523 6.8., D4EEFBSA<9 8B 

<EFBKA<>4 6O5DBEB6 7 >@ > R7B-6BEFB>G BF �B?PE>B= �1%. $9CD9;9AF4F<6ABEFP 

>?<@4FB?B7<K9E><I I4D4>F9D<EF<>, CB?GK9AAOI CB 84AAO@ QFB= @9F9BEF4AJ<< 

BCD989?S9FES @9EFBCB?B:9A<9@ EF4AJ<< 6 FB@ :9 >?<@4F<K9E>B@ D4=BA9, BFEGFEF6<9@ 

EGM9EF69AAOI BEB59AABEF9= D9?P9H4, A95B?PL<@ G84?9A<9@ BF �1%, A4?<K<9@ 

@AB7B?9FA<I A9CD9DO6AOI DS8B6 84AAOI B 6E9I A9B5IB8<@OI I4D4>F9D<EF<>4I 8?S D4EK9F4 

#�� $� �%.  9F9BDB?B7<K9E><9 A45?R89A<S A4  % �4L99> CDB6B8SFES E 1925 7. 

!45?R89A<S A4  % �4L99> CDB<;6B8SFES 6BE9@P D4; 6 EGF>< 6 EDB>< 00, 03, 06, 09, 

12, 15, 18, 21 K %��. "EAB6AO9 >?<@4F<K9E><9 I4D4>F9D<EF<>< CB?GK9AO CBED98EF6B@ 

B5D45BF>< 8-EDBKAOI 84AAOI A45?R89A<=. 

$4EK9F I4D4>F9D<EF<> D4EE9SA<S CD<@9E< D9>B@9A8G9FES CDB6B8<FP E 

<ECB?P;B64A<9@ D4ECD989?9A<= 69FD4 CB 16 DG@54@, A4 D<EGA>4I 3.1 3 3.2 CD98EF46?9AO 

F4><9 D4ECD989?9A<S A4CD46?9A<S 69FD4 (DB;O 69FDB6 A4 GDB6A9 H?R79D4 CB @9ESJ4@ < ;4 

7B8) [5]. � F45?<J9 3.2 < D<EGA>4I 3.1 3 3.2 CD<6989AO CB6FBDS9@BEF< A4CD46?9A<S 69FD4 CB 

16-F< DG@54@ 8?S >4:8B7B @9ESJ4 7B84 < ;4 7B8 CB 84AAO@ BCBDAB=  % �4L99> ;4 

@AB7B?9FA<= C9D<B8. � ED98A9@ ;4 7B8 BFEGFEF6G9F >4>B9-?<5B SD>B 6OD4:9AAB9 

8B@<A<DGRM99 A4CD46?9A<9 69FD4, B8A4>B CD9B5?484RF 69FD4 ;4C48AB7B < ;4C48AB-E969DB-

;4C48AB7B DG@54. �9FD4 ;4C48AOI DG@5B6 CD9B5?484RF BE9APR < ;<@B=, 69FD4 E969DAOI 

DG@5B6 3 ?9FB@. �B?<K9EF6B 8A9= EB LF<?S@< EBEF46?S9F 8,5%, ;A4K<F9?PAB 64DP<DGS CB 

E9;BA4@ BF 2,9% 6 <RA9 8B 17,1% 6 H96D4?9. 
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&45?<J4 3.2 3 #B6FBDS9@BEF< A4CD46?9A<S 69FD4 A4 6OEBF9 H?R79D4 CB @9ESJ4@, % [5] 
!4CD46
?9A<9, 
DG@5 

 9ESJ 
�B8 

I II III IV V VI VII VIII IX X XI XII 

C 4,62 3,97 6,24 7,35 7,99 13,41 11,51 12,06 6,31 6,61 4,18 4,59 7,4 

%%� 1,68 1,64 1,42 1,98 3,78 3,83 5,49 3,75 2,19 2,19 1,58 1,36 2,57 

%� 2,83 2,68 3,2 4,1 6,53 5,81 5,74 6,31 3,09 2,47 1,69 2,41 3,9 

�%� 3,32 2,63 3,17 5,21 6,88 4,65 6,02 4,16 3,54 2,31 3,14 3,74 4,06 

� 4,95 5,34 5,03 8,2 9,44 7,31 9,3 7,36 4,16 4,92 4,98 6,35 6,44 

�2� 6,9 5,11 4,68 6,8 9,15 5,7 8,64 7,37 4,89 4,57 5,21 5,62 6,22 

2� 8,06 5,89 4,75 6,17 6,95 5,57 7,45 7,67 5,71 5,29 7,17 5,94 6,39 

22� 9,09 10,37 7,26 7,24 6 8,66 7,96 8,12 10,13 8,05 9,81 9,86 8,55 

2 5,33 7,6 6 6,44 7,03 9,19 5,5 6,23 12,21 8,09 7,32 8,65 7,47 

22� 3,65 6,33 5,35 4,48 7,68 7,1 3,54 4,82 5,66 5,58 5,3 5,66 5,43 

2� 2,7 3,15 2,94 3,99 4,16 3,86 3,25 2,98 4,97 4,3 3,88 3,18 3,61 

�2� 3,94 4,4 4,37 4,64 2,89 2,54 2,7 2,67 4,54 4,14 4,5 4,79 3,84 

� 10,72 10,29 12,61 8,57 4,79 3,61 3,77 4,44 7,79 10,85 12,42 12,89 8,56 

�%� 11,39 8,54 12,65 9,27 5,22 6,04 6,09 7,01 11,49 13,56 11,64 9,46 9,36 

%� 3,17 3,51 6,25 6,27 4,41 6,15 5,77 5,97 5,42 6,1 4,25 4,03 5,11 

%%� 1,23 1,48 2,61 3,32 3,15 3,71 3,53 3,45 2,35 2,68 1,69 1,23 2,54 

LF<?P 16,43 17,08 11,45 5,96 3,94 2,85 3,72 5,62 5,55 8,29 11,24 10,25 8,53 
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%9AFS5DP 

 

">FS5DP

 

!BS5DP 

 

�9>45DP 

 
$<EGAB> 3.1 3 #B6FBDS9@BEFP A4CD46?9A<S 69FD4 CB 16-F< DG@54@ 8?S >4:8B7B @9ESJ4 7B84 

CB 84AAO@ BCBDAB=  % �4L99> [5] 

 

$<EGAB> 3.2 3 #B6FBDS9@BEFP A4CD46?9A<S 69FD4 CB 16-F< DG@54@ ;4 7B8 CB 84AAO@ 
BCBDAB=  % �4L99> ;4 @AB7B?9FA<= C9D<B8 [3] 
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%D98A97B8B64S E>BDBEFP 69FD4 CB 84AAO@  % �4L99> EBEF46?S?4 3,4 @/E E 

@<A<@G@B@ 6 SA64D9 2,5 @/E < @4>E<@G@B@ 6 B>FS5D9 4,2 @/E. � F45?<J9 3.3 CD98EF46?9AO 

84AAO9 B ED98A<I E>BDBEFSI 69FD4 ;4 @AB7B?9FA<= C9D<B8 (CB @9ESJ4@ < ;4 7B8). 

&45?<J4 3.3 3 %D98A<9 E>BDBEF< 69FD4 CB @9ESJ4@ < ;4 7B8 [5] 
 9ESJ 1 2 3 4 5 6 7 8 9 10 11 12 �B8 
%>BDBEFP 
69FD4, @/E 

2,5 2,4 3,3 3,1 3,4 4,0 3,6 3,4 3,9 4,2 3,7 2,8 3,4 

 

�?<@4F D4=BA4 D4;@9M9A<S �B?PE>B= �1% BF?<K49FES BFABE<F9?PAB= @S7>BEFPR, 

KFB B5NSEAS9FES 6B;89=EF6<9@ F9C?OI 4F?4AF<K9E><I @4EE 6B;8GI4. %D98A97B8B64S 

F9@C9D4FGD4 6B;8GI4 CB 84AAO@ @AB7B?9FA<I A45?R89A<= >B?95?9FES 6 8<4C4;BA9 0-1°%, 
45EB?RFA4S @4>E<@4?PA4S < 45EB?RFA4S @<A<@4?PA4S F9@C9D4FGDO: +25,0°% (<R?P), -
37,6°% (H96D4?P), EBBF69FEF69AAB. 'EFB=K<6O= EA9:AO= CB>DB6 89D:<FES E >BAJ4 B>FS5DS 
CB @4=. %D98A<9 F9@C9D4FGDO CB @9ESJ4@ < ;4 7B8 84AO 6 F45?<J9 3.4. 

&45?<J4 3.4 3 &9@C9D4FGD4 6B;8GI4 CB @9ESJ4@ < ;4 7B8 [5] 
 9ESJ 1 2 3 4 5 6 7 8 9 10 11 12 �B8 
&9@C9D4FGD4 
6B;8GI4, °% 

-11,1 -11,9 -6,6 -0,8 4,7 11,4 14,9 12,4 7,1 1,6 -5,0 -8,9 0,7 

 

�B8B6B9 >B?<K9EF6B 556 @@, CD<K9@ @4>E<@G@ CD<IB8<FES A4 <RAP, 4 @<A<@G@ 3 A4 

H96D4?P-@4DF. �B?PL4S K4EFP 4F@BEH9DAOI BE48>B6 6OC4849F ?9FB@ 6 6<89 8B:8S. 

�?4:ABEFP 6B;8GI4 6 ED98A9@ ;4 7B8 EBEF46?S9F 80%, BF 68% 6 <RA9 8B 89% 6 ABS5D9. 

$4ECD989?9A<9 >B?<K9EF64 BE48>B6 CB @9ESJ4@ < ED98A97B8B6B9 ;A4K9A<9 

CD98EF46?9AB 6 F45?<J9 3.5. $4ECD989?9A<9 BFABE<F9?PAB= 6?4:ABEF< 6B;8GI4 CB @9ESJ4@ 

< ED98A97B8B6B9 ;A4K9A<9 CB 84AAO@  % �4L99> CD98EF46?9AB 6 F45?<J9 3.6 [5]. 

&45?<J4 3.5 3 �B?<K9EF6B BE48>B6 CB @9ESJ4@ < ;4 7B8  
 9ESJ 1 2 3 4 5 6 7 8 9 10 11 12 �B8 
�B?<K9EF6B 
BE48>B6, @@ 

41 32 29 30 49 51 76 57 54 56 42 38 556 

&45?<J4 3.6 3 "FABE<F9?PA4S 6?4:ABEFP CB @9ESJ4@ < ;4 7B8  
 9ESJ 1 2 3 4 5 6 7 8 9 10 11 12 �B8 
"FABE<F9?PA4S 
6?4:ABEFP, % 

86 84 80 75 72 68 75 79 83 87 89 87 80 

 

"CD989?9A<9 >4F97BD<= GEFB=K<6BEF< 4F@BEH9DO CD< A4?<K<< <;@9D9A<= A4 

BCBDAB= @9F9BDB?B7<K9E>B= EF4AJ<< CDB6989AO D4EK9FAO@ CGF9@ CB @9FB8G #4E>6<??4 3 

&9DA9D4 E CBCD46>B= �1  (&-�1 ), @9FB8B@, <;?B:9AAO@ 6 @9FB8<>9 [5]. %D98A97B8B6B9 

D4ECD989?9A<9 >4F97BD<= GEFB=K<6BEF< CB>4;4AB 6 F45?<J9 3.7. 
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&45?<J4 3.7 3 �B8B6B9 D4ECD989?9A<9 >4F97BD<= GEFB=K<6BEF<  
�4F97BD<S 
GEFB=K<6BEF< 

A B C D E F G 

% 0,4 4,8 12,6 44,9 10,3 13,7 13,4 

 

�?S D4EK9FB6 D4EE9SA<S 6O5DBEB6 6 4F@BEH9DG BCD989?S9FES EB6@9EFA4S 

CB6FBDS9@BEFP ;A4K9A<= @9F9BC4D4@9FDB6, BCD989?SRM<I C9D9ABE < D4EE9SA<9 CD<@9E<: 

@B8G?S E>BDBEF< 69FD4 < 97B A4CD46?9A<S, 4 F4>:9 >4F97BD<< GEFB=K<6BEF< 4F@BEH9DO [5]. 

+<E?9AAB BA4 I4D4>F9D<;G9FES C4D4@9FDB@ k,j,n÷ , >BFBDO= CD98EF46?S9F EB5B= 

CB6FBDS9@BEFP EB5OF<=, ;4>?RK4RM<IES 6 EB6@9EFAB= D94?<;4J<< A4CD46?9A<S 69FD4 6 n-

@ DG@59, j-B= >4F97BD<< GEFB=K<6BEF< 4F@BEH9DO < k-B= 7D484J<< E>BDBEF< 69FD4 Uk. #D< 

QFB@ 8B?:AB 6OCB?ASFPES GE?B6<9 ABD@<DB6>< 1
N

1n

J

1j

K

1k

k,j,n =õõõ
= = =

÷ , 6 >BFBDB@ 

EG@@<DB64A<9 CDB6B8<FES CB 6E9@ A4CD46?9A<S@ 69FD4 n, 6E9@ >4F97BD<S@ GEFB=K<6BEF< 

4F@BEH9DO j < 6E9@ 8<4C4;BA4@ D4;5<9A<S E>BDBEF9= 69FD4 k, 6>?RK4S LF<?96O9 GE?B6<S.  

$4EK9FAO9 ;A4K9A<S k,j,n÷  8?S D4=BA4 D4ECB?B:9A<S �B?PE>B= �1% CB 84AAO@ 

@AB7B?9FA<I A45?R89A<= A4 BCBDAB= @9F9BEF4AJ<< CD<6989AO 6 CD<?B:9A<< �. 

�4:AGR DB?P CD< CDB6989A<< D4EE9SA<S 6O5DBEB6 <7D49F 6O5BD @B89?< 

4F@BEH9DAB= 8<HHG;<<. !4 CD4>F<>9 L<DB>B9 CD<@9A9A<9 CB?GK<?< �4GEEB6O @B89?<. 

$4;AO9 @B8<H<>4J<< �4GEEB6B= @B89?< BF?<K4RFES ECBEB54@< BCD989?9A<S ;A4K9A<= 

7BD<;BAF4?PAB= < 69DF<>4?PAB= 8<EC9DE<<. � A4EFBSM99 6D9@S K4M9 6E97B <ECB?P;GRFES 

HBD@G?O �D<77E4 8?S 7BD<;BAF4?PAB= 8<EC9DE<< CD<@9E< óG2 < %@<F4-)BE>9D4 8?S 

69DF<>4?PAB= 8<EC9DE<< óz
2 >4> HGA>J<< D4EEFBSA<S BF <EFBKA<>4 6O5DBE4 < >4F97BD<= 

GEFB=K<6BEF< 4F@BEH9DO CB >?4EE<H<>4J<< &9DA9D4 (E9@P >4F97BD<=) [1, 5]. 

$4EK9FO ED98A97B8B6B7B @9F9BDB?B7<K9E>B7B H4>FBD4 D4;546?9A<S ( )r

nG x  < 

CDB<AF97D<DB64AAB7B CB 6OEBF9 H4>FBD4 D4;546?9A<S ( ),z r

nG x  CDB6B8SFES BF GE?B6AB7B 

<EFBKA<>4, D4ECB?B:9AAB7B 6 79B@9FD<K9E>B@ J9AFD9 <@9RM<IES <EFBKA<>B6. 

&9IAB?B7<K9E><9 I4D4>F9D<EF<>< 6O5DBE4 �B?PE>B= �1% CD<6989AO 6 F45?<J9 2.1. 

%D98A97B8B6B= @9F9BDB?B7<K9E><= H4>FBD D4;546?9A<S D48<BAG>?<84 r 6 CD<;9@AB@ 

E?B9 6B;8GI4 A4 D4EEFBSA<< x BF <EFBKA<>4 6O5DBEB6 6 A4CD46?9A<< 69FD4 n-7B DG@54 6 

D4@>4I �4GEEB6B= @B89?< D4EE9SA<S CD<@9E< 6 4F@BEH9D9 D4EEK<FO649FES CB HBD@G?9: 

, 
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789 J, j 3 B5M99 K<E?B < AB@9D 7D484J<< >4F97BD<< GEFB=K<6BEF< 4F@BEH9DO, 

EBBF69FEF69AAB;  

K, k 3 B5M99 K<E?B < AB@9D 7D484J<< @B8G?S E>BDBEF< 69FD4 A4 6OEBF9 H?R79D4, 

EBBF69FEF69AAB;  

N, n 3 B5M99 K<E?B < AB@9D DG@54; <A89>E n G>4;O649F AB@9D DG@54 BF>G84 8G9F 

69F9D, CD< QFB@ CD<@9EP C9D9ABE<FES BF <EFBKA<>4 6 CDBF<6BCB?B:AO= DG@5 

; 

l 3 AB@9D HD4>J<< 6 D4ECD989?9A<< 74;B-4QDB;B?PAOI 6O5DBEB6 CB E>BDBEF< 

BE984A<S ;  

Uj,k 3 @B8G?P E>BDBEF< 69FD4 A4 6OEBF9 6O5DBE4 hs CD< E>BDBEF< 69FD4 A4 6OEBF9 

H?R79D4 <; 7D484J<< k 8?S j-= >4F97BD<< GEFB=K<6BEF< 4F@BEH9DO, @/E ; 

 3 8<EC9DE<S EFDG< CB 69DF<>4?< A4 D4EEFBSA<< x BF <EFBKA<>4 6O5DBEB6 8?S 

j-= >4F97BD<< GEFB=K<6BEF< 4F@BEH9DO; 

÷n,j,k 3 CB6FBDS9@BEFP @9F9BDB?B7<K9E><I GE?B6<=, ;4>?RK4RM4SES 6 EB6@9EFAB= 

D94?<;4J<< A4CD46?9A<S 69FD4 6 DG@59 n CD< >4F97BD<< GEFB=K<6BEF< j < 7D484J<< E>BDBEF< 

69FD4 k ; @4EE<6 ;A4K9A<= 8B?:9A 5OFP 66989A CB?P;B64F9?9@ 6 >4K9EF69 6IB8AOI 84AAOI; 

hs 3 79B@9FD<K9E>4S 6OEBF4 FDG5O, <; >BFBDB= BEGM9EF6?S9FES 6O5DBE, @; 

ôhj,k 3 6OEBF4 CB8N9@4 EFDG< A48 GEFP9@ FDG5O CD< E>BDBEF< 69FD4 A4 6OEBF9 

H?R79D4 <; 7D484J<< k 8?S j-= >4F97BD<< GEFB=K<6BEF< 4F@BEH9DO EK9F 8<A4@<K9E><I < 

F9D@<K9E><I H4>FBDB6, @; 

 3 H4>FBD <EFBM9A<S EFDG< ;4 EK9F D48<B4>F<6AB7B D4EC484 D48<BAG>?<84 r, 

EGIB7B BE4:89A<S < 6?4:AB7B 6O6989A<S <; 4F@BEH9DO A4 CB8EF<?4RMGR CB69DIABEFP. 

�EIB8S <; EBB5D4:9A<= >BAE9D64F<;@4, A9 GK<FO64?ES H4>FBD <EFBM9A<S EFDG< CD<@9E< ;4 

EK9F D48<B4>F<6AB7B D4EC484, EGIB7B BE4:89A<S D48<BAG>?<8B6 A4 CB8EF<?4RMGR 

CB69DIABEFP < 6O@O64A<S BE48>4@<, FB784 =1; 

Rn 3 CBCD46>4 A4 D9?P9H @9EFABEF< . 

#B8N9@ EFDG< 6O5DBE4 A48 ;9@?9= D4EEK<FO649FES CB HBD@G?9 [1]: 

,                                                          (3.7) 

789 hs 3 79B@9FD<K9E>4S 6OEBF4 FDG5O BF 99 BEAB64A<S, @; 

,                                                    (3.8) 

�h 2 EG@@4DAO= CB8N9@ CD<@9E< A48 99 79B@9FD<K9E>B= 6OEBFB=, @;  

�h0 3 8<A4@<K9E><= (E>BDBEFAB=) < F9C?B6B= CB8N9@ EFDG< A48 GEFP9@ <EFBKA<>4;  
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 3 CBCD46>4 A4 E>BE EFDG< CD< E?45B@ 69FD9 BF 6?<SA<S 4QDB8<A4@<K9E>B= F9A< 

E4@B= FDG5O, @;  

 I4D4>F9D<;G9F "CDBE984A<9" J9AFD4 @4EE EFDG< 6O5DBEB6 ;4 EK9F 

QHH9>F4 7D46<F4J<BAAB7B BE984A<S, @;  

U 3 E>BDBEFP 69FD4 A4 6OEBF9 6O5DBE4, @/E. 

1HH9>F "CDBE984A<S" EFDG< ;A4K<@ ?<LP 8?S FS:9?B=, 5OEFDB BE984RM9= CD<@9E<. 

�4@9F<@, KFB 6 E?GK49 IB?B8AOI 6O5DBEB6 <?< FS:9?B= 5OEFDB BE984RM9= CD<@9E< 

69?<K<A4 Heff A9 @B:9F 5OFP BFD<J4F9?PAB=. !4 5B?PL<I D4EEFBSA<SI EBID4AS9FES 

8BEF<7AGFB9 ;A4K9A<9 Heff = 0. 

#BCD46>G  A4 E>BE EFDG< BF 6?<SA<S 4QDB8<A4@<K9E>B= F9A< FDG5O 6OK<E?SRF CB 

HBD@G?9: 

 ,                                      (3.9) 

789 U 3 E>BDBEFP 69FD4 A4 6OEBF9 6O5DBE4, @/E; w0 3 E>BDBEFP <EF9K9A<S 6O5DBE4, @/E; 

d 3 8<4@9FD GEFPS FDG5O, @; CD< BF?<K<< HBD@O GEFPS FDG5O BF >DG74 CD<A<@49FES 

, 789 S0 3 C?BM48P E9K9A<S GEFPS FDG5O, @2.   

#D< D4EK9F9 CB8N9@4 EFDG< 6O5DBE4 �h0 A48 GEFP9@ BF E>BDBEFAB7B A4CBD4 < 

C?46GK9EF< 6O5DBEB6 A9B5IB8<@B GK<FO64FP, KFB BA CDB<EIB8<F CBEF9C9AAB, B5D4;GS 

FD49>FBD<R CB8N9@4 EFDG< 8B A9>BFBDB= CD989?PAB= 6OEBFO, >BFBD4S BCD989?S9FES 

6OEBFB= 8B 5?<:4=L97B, 8BEF4FBKAB @BMAB7B E?BS <A69DE<<, B5OKAB A4 69DIA9= 7D4A<J9 

E?BS C9D9@9L<64A<S 4F@BEH9DO , I4D4>F9DAB= 8?S F9>GM9= >4F97BD<< GEFB=K<6BEF<. 

�OEBF4 5?<:4=L97B 8BEF4FBKAB @BMAB7B E?BS <A69DE<< @B:9F 5OFP D4EEK<F4A4 CB 

HBD@G?9: 

.                                           (3.10) 

�A4K9A<S �h0 (x) 8?S D4;?<KAOI >4F97BD<= GEFB=K<6BEF< 6OK<E?SRFES CB 

@B8<H<J<DB64AAO@ HBD@G?4@ !9FF9D6<??4: 

" 8?S >4F97BD<< D: 

, (3.11) 
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" 8?S >4F97BD<= A, B < C: 

,                                (3.12) 

" 8?S >4F97BD<= E, F < G: 

,          (3.13) 

789 x 3 D4EEFBSA<9 BF BEAB64A<S FDG5O, @; U 3 E>BDBEFP 69FD4 A4 6OEBF9 6O5DBE4, @/E; 

òH 3 59;D4;@9DA4S >BAEF4AF4 C9D9ABE4; f = 0,007 c-1 I4D4>F9DA4S K4EFBF4 EC9>FD4 

FGD5G?9AFABEF< CD< A9=FD4?PAB= 4F@BEH9D9; S 2 C4D4@9FD, ;46<ESM<= BF GEFB=K<6BEF< 

4F@BEH9DO, c21; D4EEK<FO649FES CB HBD@G?9:  

 ,                                                              (3.14) 

g 3 GE>BD9A<9 E6B5B8AB7B C489A<S, 9,8 @/E2; T0 3 45EB?RFA4S F9@C9D4FGD4 

4F@BEH9DAB7B 6B;8GI4, �;  3 7D48<9AF CBF9AJ<4?PAB= F9@C9D4FGDO (D4;A<J4 

<;@9D9AAB7B < 48<454F<K9E>B7B 7D48<9AF4 F9@C9D4FGDO), K/@; 

R0 2 A4K4?PAO= D48<GE EFDG< E CBCD46>B= )4AAO, @, D4EEK<FO649FES CB HBD@G?9:  

;                                                             (3.15) 

M0 2 69?<K<A4, CDBCBDJ<BA4?PA4S CBFB>G ><A9F<K9E>B= QA9D7<< <EF9>4RM9= EFDG< 

6O5DBE4, @4/E2, D4EEK<FO649FES CB HBD@G?9: 

 ;                                                          (3.16) 

F0 2 69?<K<A4, CDBCBDJ<BA4?PA4S CBFB>G E<? C?46GK9EF<, @4/E3, D4EEK<FO649FES CB 

HBD@G?9: 

,                                               (3.17) 
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789  D4;ABEFP F9@C9D4FGD 6O5D4EO649@B7B (&) < 4F@BEH9DAB7B (&0) 

6B;8GI4, �. 

#4D4@9FD M0 GK<FO649F 8<A4@<K9E><= CB8N9@ EFDG< 6O5DBE4 6 D9;G?PF4F9 

E>BDBEFAB7B A4CBD4 6O5DBE4, C4D4@9FD F0 3 F9C?B6B= CB8N9@ 6E?98EF6<9 C9D97D964 

6O5D4EO649@B7B 6B;8GI4. 

!4 D<EGA>9 3.3 CB>4;4AB D4ECD989?9A<9 D4EK9FAB7B ED98A97B8B6B7B H4>FBD4 

@9F9BDB?B7<K9E>B7B D4;546?9A<S (E GK9FB@ F9C?B6B7B < 8<A4@<K9E>B7B CB8N9@4 EFDG<) 6 

D4=BA9 D4ECB?B:9A<S �B?PE>B= �1%. � F45?<J9 3.8 CD<6989AO @4>E<@4?PAO9 ;A4K9A<S 

H4>FBD4 D4;546?9A<S 6 >4:8B@ <; 16-F< DG@5B6 < D4EEFBSA<S BF <EFBKA<>4, A4 >BFBDOI 

8BEF<74RFES QF< @4>E<@4?PAO9 ;A4K9A<S. 

 

$<EGAB> 3.3 3 $4ECD989?9A<9 D4EK9FAB7B ED98A97B8B6B7B H4>FBD4 @9F9BDB?B7<K9E>B7B 
D4;546?9A<S (E GK9FB@ F9C?B6B7B < 8<A4@<K9E>B7B CB8N9@4 EFDG<) 6 D4=BA9 D4ECB?B:9A<S 

�B?PE>B= �1% 
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&45?<J4 3.8 3  4>E<@4?PAO9 ;A4K9A<S ED98A97B8B6B7B H4>FBD4 @9F9BDB?B7<K9E>B7B 
D4;546?9A<S 6 >4:8B@ <; 16-F< DG@5B6 < D4EEFBSA<S BF <EFBKA<>4, A4 >BFBDOI 8BEF<74RFES 
QF< ;A4K9A<S 8?S 6O5DBE4 D48<BAG>?<8B6 �B?PE>B= �1% 

$G@5, BF>G84 
8G9F 69F9D 

$4EEFBSA<9 BF 
<EFBKA<>4, @ 

�BBD8<A4F4 X 

BFABE<F9?PAB 
<EFBKA<>4, @ 

�BBD8<A4F4 Y 

BFABE<F9?PAB 
<EFBKA<>4, @ 

(4>FBD 
D4;546?9A<S, 

E/@3 

1, % 3200 0 -3200 1,17E-08 

2, %%� 2720 -800 -2600 4,73E-09 

3, %� 2560 -1800 -1800 7,97E-09 

4, %�� 2420 -2200 -1000 8,07E-09 

5, � 3000 -3000 0 9,86E-09 

6, 2�� 3400 -3000 1600 8,30E-09 

7, 2� 3400 -2600 2200 8,65E-09 

8, 22� 3600 -2000 3000 1,04E-08 

9, 2 3400 0 3400 9,78E-09 

10, 22� 3600 2000 3000 6,84E-09 

11, 2� 3400 2400 2400 5,02E-09 

12, 2�� 3600 3000 2000 4,78E-09 

13, � 3800 3800 0 8,39E-09 

14, %�� 3740 3600 -1000 1,11E-08 

15, %� 3110 2200 -2200 7,62E-09 

16, %%� 3050 1600 -2600 4,38E-09 

 

3.4 $9;G?PF4F D4EK9F4 D48<GE4 ;BAO A45?R89A<S 

"CD989?9A<9 D4;@9D4 ;BAO A45?R89A<S 6B>DG7 �B?PE>B= �1% CDB<;6B8<FES 

E?98GRM<@ B5D4;B@. 

%A4K4?4 <; F45?<JO 3.8 BCD989?S9FES C4D4@9FD R , FB 9EFP D4EEFBSA<9 BF <EFBKA<>4 

8B E4@B= G84?9AAB= >D<F<K9E>B= FBK>< ED98< 6E9I DG@5B6: ý = ý7(ÿ0ý) =max ý7(ÿ0) =3800 <. �A4K9A<9 3800 @ 8BEF<749FES 6 DG@59 713, ;4C48AO= 69F9D (69F9D, 8GRM<= E ;4C484 
<, EBBF69FEF69AAB, C9D9ABESM<= CD<@9EP 6 6BEFBKAB@ A4CD46?9A<<). �9?<K<A4 H4>FBD4 

D4;546?9A<S 6 QFB= FBK>9 (CB F45?<J9 3.8) Gnc(R) = 8,39;10-9 E/@3. #B HBD@G?9 (3.4) Gnc(x) = 

0,5;Gnc(R) = 4,195;10-9 E/@3. 

�?S BCD989?9A<S Rmax, FB 9EFP D4EEFBSA<S 5B?PL97B, K9@ R, BF <EFBKA<>4 6 DG@59 

713, A4 >BFBDB@ H4>FBD D4;546?9A<S 5G89F EBEF46?SFP 4,195;10-9 E/@3, CBEFDB<@ 7D4H<> 

;46<E<@BEF< H4>FBD4 D4;546?9A<S BF D4EEFBSA<S BF <EFBKA<>4 6 QFB@ DG@59. 1F4 

;46<E<@BEFP CD<6989A4 A4 D<EGA>9 3.4. 

�; 7D4H<>4 E?98G9F, KFB 69?<K<A4 H4>FBD4 D4;546?9A<S 4,195;10-9 E/@3 (CD< GE?B6<< 

Rmax > R) 8BEF<749FES A4 D4EEFBSA<< Rmax = 13400 @. � EBBF69FEF6<< E @9FB8<K9E><@< 

G>4;4A<S@< [1] 6 >4K9EF69 D48<GE4 ;BAO A45?R89A<S CD<A<@49FES F4>B9 D4EEFBSA<9 BF 

<EFBKA<>4 6O5DBE4 �B?PE>B= �1%, ;4 CD989?4@< >BFBDB7B <;@9D9AAO9 ;A4K9A<S C4D4@9FD4 

D48<4J<BAAB7B >BAFDB?S, I4D4>F9D<;GRM97B D48<4J<BAAGR B5EF4AB6>G 6 B>DG:4RM9= 
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ED989, EF4F<EF<K9E>< ;A4K<@B 5G8GF @9APL9 @4>E<@4?PAB7B ;A4K9A<S QFB7B C4D4@9FD4 6 

;BA9 A45?R89A<S. �4> 5O?B CB>4;4AB 6 D4;89?9 4.2 BFK9F4 QF< GE?B6<S 5G8GF EB5?R89AO, 

9E?< CD<ASFP maxRkR a�� ÷= , 789 ka 3 >BQHH<J<9AF ;4C4E4, GK<FO64RM<= A9BCD989?9AABEFP 

@9FB84 D4EK9F4 >D<F<K9E>B= FBK>< (FBK>< 8BEF<:9A<S @4>E<@4?PAB7B ;A4K9A<S) 69?<K<AO 

ED98A97B8B6B7B H4>FBD4 @9F9BDB?B7<K9E>B7B D4;546?9A<S G. � @9FB8<K9E><I G>4;4A<SI [1] 

D9>B@9A8G9FES CD<A<@4FP D46AO@ ka = 1,1. 

 

$<EGAB> 3.4 3 �46<E<@BEFP ED98A97B8B6B7B H4>FBD4 @9F9BDB?B7<K9E>B7B D4;546?9A<S BF 
D4EEFBSA<S BF <EFBKA<>4 6O5DBE4 D48<B4>F<6AOI 69M9EF6 �B?PE>B= �1% CD< ;4C48AB@ 

69FD9 (DG@5 713) 

 

$4EK9FAO= D48<GE ;BAO A45?R89A<S �B?PE>B= �1% EBEF46?S9F 14740 @. �BAE9D64F<6AB 

@B:AB CD<ASFP D48<GE ;BAO A45?R89A<S �B?PE>B= �1% D46AO@ 15 >@, KFB EBBF69FEF6G9F 

EGM9EF6GRM9@G D4;@9DG ;BAO A45?R89A<S �B?PE>B= �1%. 

  

0,00E+00

1,00E-09

2,00E-09

3,00E-09

4,00E-09

5,00E-09

6,00E-09

7,00E-09

8,00E-09

9,00E-09
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$4EEFBSA<9, @

R=3800

8,39E-9

4,195E-9

Rmax=13400

1,1*13400=14740
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4 $48<4J<BAAO= @BA<FBD<A7 B>DG:4RM9= ED98O 6 D4=BA9 D4ECB?B:9A<S 

�B?PE>B= �1% 

4.1 "D74A<;4J<S D48<4J<BAAB7B @BA<FBD<A74 B>DG:4RM9= ED98O 

 BA<FBD<A7 D48<4J<BAAB= B5EF4AB6>< A4 CDB@C?BM48>9, 6 %�� < �! �B?PE>B= �1% 

BEGM9EF6?S9F BF89? D48<4J<BAAB= 59;BC4EABEF< ("$�) �B?PE>B= �1%. %I9@4 

D4ECB?B:9A<S CBEFB6 CBEFBSAAB7B A45?R89A<S CD98EF46?9A4 A4 D<EGA>9 4.1. 

 

$<EGAB> 4.1 3 %I9@4 D4ECB?B:9A<S CBEFB6 CBEFBSAAB7B A45?R89A<S 6 %�� < �! �B?PE>B= 
�1% 

 

"5N9@ < C9D<B8<KABEFP D48<4J<BAAB7B @BA<FBD<A74 6 D4=BA9 D4;@9M9A<S �B?PE>B= 

�1%, 4 F4>:9 C9D9K9AP A9B5IB8<@OI 8B;<@9FD<K9E><I, D48<B@9FD<K9E><I, 

EC9>FDB@9FD<K9E><I < 8D. CD<5BDB6, B5BDG8B64A<S < @9FB8B6, CD<@9AS9@OI CD< 

BEGM9EF6?9A<< D48<4J<BAAB7B >BAFDB?S, BCD989?9AO «$97?4@9AFB@ D48<4J<BAAB7B 

>BAFDB?S �B?PE>B= �1%», EB7?4EB64AAO@ E  9:D97<BA4?PAO@ GCD46?9A<9@ 7 118 ( �� 

$BEE<<. "$� �B?PE>B= �1% >BAFDB?<DGRFES E?98GRM<9 I4D4>F9D<EF<>< ;47DS;A9A<S 

B>DG:4RM9= ED98O: B5N9@A4S 4>F<6ABEFP D48<BAG>?<8B6 6 CD<;9@AB@ E?B9 4F@BEH9DO,  

D48<B4>F<6ABEFP 4F@BEH9DAOI 6OC489A<= < EA9:AB7B CB>DB64, D48<B4>F<6AB9 ;47DS;A9A<9 

EFBKAOI < F9IAB?B7<K9E><I 6B8, CB69DIABEFAOI 6B8AOI B5N9>FB6, EB89D:4A<9 
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D48<BAG>?<8B6 6 7DGAFB6OI 6B84I, C<FP96B= 6B89, EB89D:4A<9 D48<BAG>?<8B6 6 CDB54I 

8BAAOI BF?B:9A<= < CBK69,  EB89D:4A<9 D48<BAG>?<8B6 6 CDB8G>F4I C<F4A<S (7D<5O, 

S7B8O, DO54) < D4EF<F9?PABEF< (6B8BDBE?<, FD464, S79?P), D48<4J<BAAO= HBA 6 A9CD9DO6AB@ 

(�%�$"), CBEFBSAAB@ (E <ECB?P;B64A<9@ &��, Q>ECBA<DG9@OI A4 @9EFABEF< 6 F9K9A<9 

7B84) < C9D<B8<K9E>B@ D9:<@4I. 

�%�$" 6>?RK49F 5 46FB@4F<;<DB64AAOI @9F9BEF4AJ<= < 15 CBEFB6 >BAFDB?S 

@BMABEF< 8B;O ÷-<;?GK9A<S, CB;6B?SRM<I CB?GK4FP <AHBD@4J<R B D48<4J<BAAB= 

B5EF4AB6>9, 8<A4@<>9 99 <;@9A9A<S A4 CDB@C?BM48>9, 6 %��, �! < A4E9?9AAOI CGA>F4I 30-

>@ ;BAO �1% < BEGM9EF6?SFP 99 CDB7AB;<DB64A<9. !4 �B?PE>B= �1% F4>:9 <ECB?P;G9FES 

C9D986<:A4S D48<BQ>B?B7<K9E>4S ?45BD4FBD<S, CB;6B?SRM4S CDB6B8<FP ÷-EN9@>G 

@9EFABEF< CB @4DLDGFG E?98B64A<S, 6OCB?ASFP BF5BDO CDB5 6B;8GI4 < 6B8O E CB@BMPR 

46FB@4F<K9E><I CDB5BBF5BDA<>B6, BCD989?SFP EB89D:4A<9 D48<BAG>?<8B6 6 CDB54I. 

� 2021 7. "$� >BAFDB?<DB64?<EP E?98GRM<9 I4D4>F9D<EF<>< ;47DS;A9A<S 

B>DG:4RM9= ED98O: 

2 B5NU@A4S 4>F<6ABEFP D48<BAG>?<8B6 6 CD<;9@AB@ E?B9 4F@BEH9DO A4 

F9DD<FBD<< %��, �! < 6 >BAFDB?PAB@ CGA>F9 (7. �4A84?4>L4) E 

C9D<B8<KABEFPR ;4@9AO H<?PFDB6 4EC<D4J<BAAOI GEF4AB6B> 3 BF 1 D4;4 6 

A989?R; 

2 D48<B4>F<6ABEFP 4F@BEH9DAOI 6OC489A<= 6 11 CGA>F4I CBEFBSAAB7B 

A45?R89A<S, D4ECB?B:9AAOI 6 %��, �! < >BAFDB?PAB@ CGA>F9 

(7. �4A84?4>L4). % 2018 7. CDB5O BF5<D4RFES E CB@BMPR GA<69DE4?PAOI 

54>B6-E5BDA<>B6 4F@BEH9DAOI 6OC489A<= G69?<K9AAB7B B5NU@4 (0,5 × 0,5 × 

0,5) @3, D4;D45BF4AAOI 6 !#" «&4=HGA». �D9@S Q>ECB;<J<< 3 B8<A @9ESJ; 

2 EB89D:4A<9 D48<BAG>?<8B6 6 6B89 <; B;. �@4A8D4 6 L9EF< FBK>4I, FD< <; 

>BFBDOI D4ECB?B:9AO 6 @9EF9 ;45BD4 C<FP96B= 6B8O, < 6 6B89 <; D. #<D9A74 6 

B8AB= FBK>9 3 C9D<B8<K9E>< (BF 1 D4;4 6 @9ESJ 8B 1 D4;4 6 7B8); 

2 D48<BAG>?<8AO= EBEF46 CB8C<FBKAB= 6B8O, 6B8O F9C?B6B= E9F< < C<FP96B= 

6B8O <; E>64:<A, D4ECB?B:9AAOI 6 �! 3 C9D<B8<K9E>< (BF 1 D4;4 6 @9ESJ 8B 

1 D4;4 6 7B8); 

2 EB89D:4A<9 D48<BAG>?<8B6 6 CBK69 < D4EF<F9?PABEF< 6 16 CBEFBSAAOI 

CGA>F4I A45?R89A<S (CDB5O B5N98<AS?<EP CB CBEF4@ %��, �! < >BAFDB?PAB7B 

CGA>F4) 3 9:97B8AB; 

2 EB89D:4A<9 D48<BAG>?<8B6 6 CDB54I 8BAAOI BF?B:9A<= 6 6 CBEFBSAAOI 

FBK>4I >BAFDB?S 4>64FBD<< B;. �@4A8D4 6 CD989?4I �! 3 9:97B8AB; 
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2 EB89D:4A<9 D48<BAG>?<8B6 6 E48>B6B= DO59, 6OD4M<649@B= 6 @9EF9 

CBEFGC?9A<S FUC?OI 6B8 BF6B8SM97B >4A4?4 �1% 6 B;. �@4A8D4 3 9:97B8AB; 

2 EB89D:4A<9 D48<BAG>?<8B6 6 7D<54I < S7B84I (CDB5O B5N98<AS?<EP CB %��, 

�! < >BAFDB?PAB@G CGA>FG) 3 9:97B8AB; 

2  �1� 6 A9CD9DO6AB@ (�%�$") < C9D<B8<K9E>B@ (9:9>64DF4?PAB 

C9D9ABEAO@< 8B;<@9FD<K9E><@< CD<5BD4@< CB GEF4AB6?9AAO@ @4DLDGF4@, 4 

F4>:9 E <ECB?P;B64A<9@ C9D986<:AB= D48<BQ>B?B7<K9E>B= ?45BD4FBD<<) 

D9:<@4I. �%�$" 6>?RK49F 15 CBEFB6 >BAFDB?S  �1� 6 30->@ ;BA9 6B>DG7 

�1%. 

�;@9D9A<S G89?PAB= £³- < óò-4>F<6ABEF< 6 CDB54I, E?G:4M9= >D<F9D<9@ 8?S 

CDB6989A<S 5B?99 89F4?PAB7B 4A4?<;4, G89?PAB= 4>F<6ABEF< 90Sr, 6OCB?ASRFES A4 

EC9>FDB@9FD<K9E><I GEF4AB6>4I  �%-01� « G?PF<D48». �4@@4-EC9>FDB@9FD<K9E><9 

<;@9D9A<S CDB5 CDB6B8SFES A4 EC9>FDB@9FD<K9E><I >B@C?9>E4I «Canberra» E 

46FB@4F<;<DB64AAB= B5D45BF>B= ÷-EC9>FDB6. �?S <;@9D9A<S CDB5 CD<@9ASRFES 

CB?GCDB6B8A<>B6O9 89F9>FBDO <; BEB5B K<EFB7B 79D@4A<S: GC3018, GC2018.  BA<FBD<A7 

EB89D:4A<S 3!, 14%, 40�, 89Sr, 90Sr, 210$B, 210Pb, 222Rn, 226Ra, 228Ra, 232Th, 234U, 238U 6 6B8AOI 

CDB54I CDB6B8<FES E CB@BMPR G?PFD4A<;>BHBAB6B7B :<8>BEJ<AF<??SJ<BAAB7B 

D48<B@9FD4 Quantulus 1220. 

!45?R89A<S ;4 D48<4J<BAAB= B5EF4AB6>B= 6 100->@ ;BA9 6B>DG7 �B?PE>B= �1% 

A9;46<E<@B BF �1% BEGM9EF6?S9F  GD@4AE>B9 '� %. $48<4J<BAAO= @BA<FBD<A7, 

CDB6B8<@O=  GD@4AE><@ '� %, 6>?RK49F A45?R89A<S ;4 EB89D:4A<9@ D48<BAG>?<8B6 6 

4QDB;B?SI CD<;9@AB7B 6B;8GI4, 4F@BEH9DAOI 6OC489A<SI, EA979, D4EF<F9?PABEF< < CBK69, 

CB69DIABEFAOI 6B84I < 8BAAOI BF?B:9A<SI, @BMABEFPR Q>ECB;<J<BAAB= 8B;O 74@@4-

<;?GK9A<S A4 E9F<  GD@4AE>B7B '� %. 

� 2021 7. D48<4J<BAAO= @BA<FBD<A7, CDB6B8<@O=  GD@4AE><@ '� %, 6>?RK4?: 

2 @BA<FBD<A7 D48<B4>F<6AB7B ;47DS;A9A<S CD<;9@AB7B E?BS 4F@BEH9DAB7B 

6B;8GI4: 6 FDUI CGA>F4I BF5BD4 CDB5 4F@BEH9DAOI 6OC489A<= < 6 86GI 

CGA>F4I BF5BD4 CDB5 D48<B4>F<6AOI 4QDB;B?9= E Q>ECB;<J<9= 5 EGFB> A4 

H<?PFD (##-15-1.5. � BFB5D4AAOI CDB54I 4F@BEH9DAOI 6OC489A<= < 

4QDB;B?9= BCD989?S?BEP EB89D:4A<9 EG@@O ³-4>F<6AOI < BF89?PAOI 

D48<BAG>?<8B6 F9IAB79AAB7B < 9EF9EF69AAB7B CDB<EIB:89A<=; 

2 A45?R89A<S ;4  �1� A4 E9@< EF4J<BA4DAOI CGA>F4I; 

2 @4DLDGFAO9 B5E?98B64A<S 6 5?<:A9= ;BA9 �B?�1% E BF5BDB@ EA974, 

D4EF<F9?PABEF<, CBK6O. 



41 

� BFB5D4AAOI CDB54I 4F@BEH9DAOI 4QDB;B?9= < 6OC489A<= BCD989?S?<EP £³-

4>F<6ABEFP, 4 F4>:9 EB89D:4A<9 BF89?PAOI D48<BAG>?<8B6 F9IAB79AAB7B < 9EF9EF69AAB7B 

CDB<EIB:89A<=. %B89D:4A<9 90Sr 6 CDB54I BCD989?S?BEP D48<BI<@<K9E><@ @9FB8B@ 6 

(��' «!#" «&4=HGA». 

 

4.2 �BAFDB?P EB89D:4A<S D48<BAG>?<8B6 6 CD<;9@AB@ 6B;8GI9 < 
4F@BEH9DAOI 6OC489A<SI 

"5N9@A4S 4>F<6ABEFP D48<BAG>?<8B6 6 4QDB;B?SI CD<;9@AB7B E?BS 6B;8GI4 

<;@9DS9FES "$� �B?PE>B= �1% E <ECB?P;B64A<9@ A9CD9DO6AB 89=EF6GRM<I 

6B;8GIBH<?PFDGRM<I GEF4AB6B>, D4;@9M9AAOI A4 F9DD<FBD<< %�� < �! �B?PE>B= �1%, 4 

F4>:9 6 >BAFDB?PAB@ CGA>F9 (7. �4A84?4>L4) (D<EGAB> 4.2, F45?<J4 4.1). $48<B4>F<6ABEFP 

4F@BEH9DAOI 6OC489A<= <;@9DS9FES 6 11 CGA>F4I CBEFBSAAB7B A45?R89A<S, 

D4ECB?B:9AAOI 6 %��, �! < >BAFDB?PAB@ CGA>F9 (7. �4A84?4>L4).  

$48<4J<BAAO= >BAFDB?P EB89D:4A<S D48<BAG>?<8B6 6 4F@BEH9DAOI 4QDB;B?SI < 

6OC489A<SI BEGM9EF6?S9FES "$� �B?PE>B= �1% 6 EBBF69FEF6<< E « 9FB8<>B= >BAFDB?S 

B5N9@AB= 4>F<6ABEF< 4QDB;B?9= 4F@BEH9DAB7B 6B;8GI4 < =B84-131 6 D4=BA9 D4ECB?B:9A<S 

�B?PE>B= �1%»  �� 6.1.9(8)-18 < « 9FB8<>B= >BAFDB?S D48<B4>F<6AOI 6OC489A<< A4 

CB69DIABEFP ;9@?< 6 D4=BA9 D4ECB?B:9A<S �B?PE>B= �1%»  �� 6.1.4(7)-18.  

 

$<EGAB> 4.2 3 %I9@4 D4ECB?B:9A<S CGA>FB6 CBEFBSAAB7B A45?R89A<S 6 %�� �B?PE>B= 
�1% 
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&45?<J4 4.1 3 #9D9K9AP CBEFB6 CBEFBSAAB7B A45?R89A<S "$� �B?PE>B= �1% ;4 B5N9@AB= 
4>F<6ABEFPR D48<B4>F<6AOI 4QDB;B?9= 6 CD<;9@AB@ E?B9 6B;8GI4 < C?BFABEFPR 
4F@BEH9DAOI D48<B4>F<6AOI 6OC489A<= 

#BEF 7  9EFBA4IB:89A<9 "EA4M9A<9 
%�� 

2 &9DD<FBD<S )%%" %5BDA<> 6OC489A<= 
5 �?B>-CBEF �B?PE>B= �1% %5BDA<> 6OC489A<=, �('  
11 &9DD<FBD<S �B?PE>B= �1% (�!%-1) %5BDA<> 6OC489A<=, �('  
13 "K<EFAO9 EBBDG:9A<S )(� %5BDA<> 6OC489A<= 

�! 

1 $4=BA D. #<D9A74  %5BDA<> 6OC489A<= 
4 &9DD<FBD<S '&#-2 %5BDA<> 6OC489A<= 
6 &9DD<FBD<S '&#-3 %5BDA<> 6OC489A<=, �('  
9 CBE. �HD<>4A84 %5BDA<> 6OC489A<= 
14 �B8B;45BD CBE. �4L99> %5BDA<> 6OC489A<=, �('  
15 7. #B?SDAO9 �BD< (�#'#�7) %5BDA<> 6OC489A<=, �('  

�# 

16 7. �4A84?4>L4 (�#'#� $1) %5BDA<> 6OC489A<=, �('  

 

$97?4@9AF >BAFDB?S D48<B4>F<6AB7B ;47DS;A9A<S 4QDB;B?9= CD<;9@AB7B 6B;8GI4 < 

4F@BEH9DAOI 6OC489A<= CD98EF46?9A 6 F45?<J9 4.2. 

&45?<J4 4.2 3 $97?4@9AF >BAFDB?S "$� �B?PE>B= �1% D48<B4>F<6AB7B ;47DS;A9A<S 
4QDB;B?9= CD<;9@AB7B 6B;8GI4 < 4F@BEH9DAOI 6OC489A<= 

"5N9>F >BAFDB?S, >BAFDB?<DG9@O= C4D4@9FD, 
6OCB?AS9@4S D45BF4 

#9D<B8<KABEFP 
>BAFDB?S* 

#D<@9K4A<9 

�F@BEH9DAO= 6B;8GI 
(##! 77 5, 6, 11, 14, 15, 16) 

- BF5BD CDB5 
- B5N9@A4S 4>F<6ABEFP D48<BAG>?<8B6 
7Be, 60Co, 110mAg, 131I, 134Cs, 137Cs (4QDB;B?<) 

1 D4; 6 A989?R 

!9CD9DO6AO= BF5BD 
CDB5 E CB@BMPR 
�(' 

�F@BEH9DAO9 6OC489A<S  
(##! 77 1, 2, 4-6, 9, 11, 13-16) 

- BF5BD CDB5 
- C?BFABEFP 6OC489A<= D48<BAG>?<8B6  
7Be, 60Co, 110mAg, 131I, 134Cs, 137Cs (4QDB;B?< < BE48><) 
- G89?PA4S (B5N9@A4S) 4>F<6ABEFP D48<BAG>?<8B6 
 3H, 14C (BE48><) 

1 D4; 6 >64DF4? 
(2 < 3 >64DF4?O) 

"5N98<A9AAO9 
CDB5O CB %��, �! < 
�# 

%A9:AO= CB>DB6  
(##! 77 1, 2, 4-6, 9, 11, 13-16) 

- BF5BD CDB5 
- C?BFABEFP ;47DS;A9A<S D48<BAG>?<84@< 

3H, 7Be, 14C, 60Co, 110mAg, 131I, 134Cs, 137Cs 

1 D4; 6 7B8 
(C9D98 EA97BF4SA<9@) 

"5N98<A9AAO9 
CDB5O CB %��, �! < 
�# 

#D<@9K4A<9: * - G>4;4A4 @<A<@4?PA4S C9D<B8<KABEFP >BAFDB?S. 

%B7?4EAB $97?4@9AFG $� BF5BD CDB5 CD<;9@AB7B 6B;8GI4 E CB@BMPR 

6B;8GIBH<?PFDGRM<I GEF4AB6B> BEGM9EF6?S9FES 6 ##! 7 5, 6, 11, 14, 15, 16 (F9DD<FBD<S 

�B?PE>B= �1%, 7/> «%4?@4», A.C. �4L99>, 7. #B?SDAO9 �BD<, 7. �4A84?4>L4) A9CD9DO6AB. 

�4@9A4 H<?PFDB6 < <I <;@9D9A<9 A4 ##! 7 11 < 14 3 9:9A989?PAB, A4 ##! 7 5, 6, 15, 16 

3 9:9@9ESKAB. 
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"F5BD CDB5 4F@BEH9DAOI 6OC489A<= 6 GA<69DE4?PAO9 54><-E5BDA<>< 6 ##! 77 1, 

2, 4, 5, 6, 9, 11, 13, 14, 15, 16 CDB6B8<FES 1 D4; 6 @9ESJ 6 FUC?O= C9D<B8 7B84. "CD989?9A<9 

C?BFABEF< 6OC489A<= 74@@4-<;?GK4RM<I D48<BAG>?<8B6, 3! < 14% CDB<;6B8SFES 

9:9>64DF4?PAB 6 B5N98<A9AAOI CDB54I CB %��, �! < �#. "F5BD CDB5 EA9:AB7B CB>DB64 6 

##! 77 1, 2, 4, 5, 6, 9, 11, 13, 14, 15, 16 < <;@9D9A<9 C?BFABEF< ;47DS;A9A<S 

D48<BAG>?<84@< 6 B5N98<A9AAOI CDB54I EA974 CB %��, �! < �# CDB6B8<FES 1 D4; 6 7B8.  

 

4.3 �4AAO9 @BA<FBD<A74 EB89D:4A<S D48<BAG>?<8B6 6 CD<;9@AB@ 6B;8GI9 < 
4F@BEH9DAOI 6OC489A<SI 

�F@BEH9DAO9 6OC489A<S < B5NU@A4S £³ 6 6B;8GI9 6 100->@ ;BA9 6B>DG7 �B?�1% 6 

2021 7., CB 84AAO@  GD@4AE>B7B '� %, CD<6989AO 6 F45?<J9 4.3. &4@ :9 8?S ED46A9A<S 

CD<6989AO 84AAO9 B 6OC489A<SI < B5NU@AB= £³ CB �4CB?SDAB@G D97<BAG. %D98A97B8B6O9 

EGFBKAO9 £³ 6OC489A<= 6 100->@ ;BA9 �B?�1% 6 2021 7. 6 A.C. �4L99> BEF4?<EP A4 GDB6A9 

CD98O8GM97B 7B84, 6 7.  BAK97BDE>9 < 6 7. �4A84?4>L4 G@9APL<?<EP 6 1,2 < 1,3 D4;4 

EBBF69FEF69AAB. %D98A97B8B6O9 EGFBKAO9 £³ 6OC489A<= 6 100->@ ;BA9 �B?�1% 6 2021 7. 

CD96OL4?< GDB69AP D97<BA4?PAOI 6OC489A<= 6 1,932,0 D4;4. %D98A9@9ESKA4S 69?<K<A4 £³ 

EGFBKAOI 6OC489A<= 6 100->@ ;BA9 �B?�1% 6 2021 7. >B?954?4EP 6 CD989?4I BF 0,9 8B 2,2 

�>/@2·EGF.  4>E<@4?PAO9 EGFBKAO9 ;A4K9A<S £³-6OC489A<= A45?R84?<EP 6 7. �4A84?4>L4 

6 @4DF9 < EBEF46?S?< 8,4 �>/@2·EGF. 

&45?<J4 4.3 3 %D98A97B8B6O9 < EG@@4DAO9 ;A4K9A<S 6OC489A<= (�>/@2·EGF) < B5N9@AB= £³ 
6 6B;8GI9 (10-5 �>/@3) 6 100->@ ;BA9 �B?�1% 6 2021 7. (84AAO9  GD@4AE>B7B '� % [6]) 

�B8B6B9 ;A4K9A<9 
�4L99>  BAK97BDE> �4A84?4>L4 �4CB?SDAO= 

D97<BA 
�OC4- 
89A<S "� £³ �OC4- 

89A<S 
�OC4- 
89A<S "� £³ �OC4- 

89A<S "� £³ 

%D98A99 2021 1,4 6,9 1,3 1,4 6,9 0,7 4,3 

2020 1,4 4,9 1,6 1,6 5,4 0,7 4,0 

%G@@4, 
�>/@2·7B8 

2021 493  485 518  256  

2020 511  584 584  256  

 

%D98A9@9ESKA4S B5NU@A4S £³ 6 6B;8GI9 A.C. �4L99>, D4ECB?B:9AAB@ 6 20->@ ;BA9 

�B?�1%, CB 84AAO@  GD@4AE>B7B '� %, >B?954?4EP 6 2021 7. 6 CD989?4I BF 4,4·10-5 8B 

13,0·10-5 �>/@3, 6 7. �4A84?4>L4 3 BF 3,6·10-5 8B 13,4·10-5 �>/@3.  4>E<@4?PA4S 

ED98A9EGFBKA4S B5NU@A4S £³ A45?R84?4EP 6 SA64D9 6 7. �4A84?4>L4 < EBEF46?S?4 36,9·10-5 

�>/@3 [6]. 

�4AAO9 D48<B<;BFBCAB7B 4A4?<;4 CDB5 4QDB;B?9= <; A.C. �4L99> (6IB8<F 6 20->@ ;BAG 

�B?�1%) ;4 201532021 77. < <; 7. �4A84?4>L4 ;4 201032014 77. < 2021 7. (E 2015 7. BF5BD 
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CDB5 6 7. �4A84?4>L4 CD9>D4MUA, 6 E9AFS5D9 2020 7. 3 6B;B5AB6?9A), CDB6B8<@B7B 

 GD@4AE><@ '� % < «!#" «&4=HGA», CD<6989AO 6 F45?<J9 4.4, <; >BFBDB= 6<8AB, KFB 

ED98A97B8B64S B5NU@A4S 4>F<6ABEFP 137%s 6 CD<;9@AB= 4F@BEH9D9 6 A.C. �4L99> < 7. 

�4A84?4>L4 6 2021 7. CD96OL4?< ED98A96;69L9AAB9 ;A4K9A<9 CB F9DD<FBD<< �4CB?SDPS 6 

1,1 D4;4. %D98A97B8B64S B5NU@A4S 4>F<6ABEFP 90Sr 6 CD<;9@AB= 4F@BEH9D9 6 A.C. �4L99> 6 

2021 7. 5O?4 6 2,6, 6 7. �4A84?4>L4 6 1,3 D4;4 A<:9 D97<BA4?PAB7B GDB6AS. �A4K9A<9 

C?BFABEF< 6OC489A<S 137Cs 6 100->@ ;BA9 �B?�1%, CB 84AAO@  GD@4AE>B7B '� %, 6 2021 

7. 5O?B A<:9 CD989?4 B5A4DG:9A<S. 

&45?<J4 4.4 3 "5N9@AO9 4>F<6ABEF< 137Cs < 90Sr 6 CD<;9@AB@ E?B9 4F@BEH9DO 6 100->@ ;BA9 
6B>DG7 �B?�1%, 10-7 �>/@3 (84AAO9  GD@4AE>B7B '� % < !#" «&4=HGA» [6]) 

#GA>F A45?R89A<S �B8 %D98A99 ;4 7B8 %D98A96;69L9AAB9 CB 
F9DD<FBD<< �4CB?SDPS 

137Cs 

�4A84?4>L4 

2010 1,0 0,9 

2011 26,4 21,2 

2012 3,0 1,6 

2013 1,8 1,8 

2014 2,1 1,3 

2020 4,3 0,9 

2021 1,1 1,0 

�4L99> 

2015 1,1 1,4 

2016 1,4 1,2 

2017 2,8 1,2 

2018 1,7 0,7 

2019 1,5 0,7 

2020 1,2 0,9 

2021 1,1 1,0 
90Sr 

�4A84?4>L4 

2010 0,06 0,25 

2011 0,09 0,29 

2012 0,16 0,33 

2013 0,14 0,36 

2014 0,13 0,26 

2020 0,38 0,24 

2021 0,20 0,26 

�4L99> 

2015 0,19 0,31 

2016 0,31 0,55 

2017 0,11 0,53 

2018 0,15 0,35 

2019 0,16 0,24 

2020 0,09 0,24 

2021 0,10 0,26 

 

%D98A97B8B6O9 ;A4K9A<S C?BFABEF< 6OC489A<S D48<BAG>?<8B6 6 %��, �! < 

>BAFDB?PAB@ CGA>F9 �B?�1% CB 84AAO@ "$� CD98EF46?9AO 6 F45?<J9 4.5. 
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&45?<J4 4.5 3 %D98A97B8B6O9 ;A4K9A<S C?BFABEF< 6OC489A<S D48<BAG>?<8B6 6 %�� < �! 
�B?�1%, �>/@2·EGF (84AAO9 "$� �B?�1%) 

$48<BAG>?<8 %�� �! 
7. �4A84?4>L4 3 
>BAFDB?PAO= CGA>F 

2021 2020 2021 2020 2021 2020 

%D98A97B8B6O9 ;A4K9A<S C?BFABEF< 6OC489A<S D48<BAG>?<8B6, �>/@2÷EGF 
137%s < 0,01 0,01 < 0,01 < 0,01 < 0,01 < 0,02 
134%s < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,02 
60Co < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,02 

"5N9@A4S 4>F<6ABEFP D48<BAG>?<8B6 6 4F@BEH9DAOI BE48>4I, �>/? 
3H <1,84 2,56 <1,39 1,20 <1,42 1,44 

 

�?47B84DS <ECB?P;B64A<R 6 2020 7. E5BDA<>B6 4F@BEH9DAOI 6OC489A<= 

G69?<K9AAB7B B5NU@4 6 %��, �! < >BAFDB?PAB@ CGA>F9 D97<EFD<DB64?ES 3H, 6 B8AB= <; CDB5 

CB %�� 3 137Cs A4 GDB6A9 A<:A97B CD989?4 <;@9D9A<=. � F45?<J9 4.6 CD<6989A4 B5NU@A4S 

4>F<6ABEFP D48<BAG>?<8B6 6 6B;8GI9 %��, �! < >BAFDB?PAB@ CGA>F9 �B?�1% CB 84AAO@ 

"$�. 

&45?<J4 4.6 3 %D98A97B8B64S B5N9@A4S 4>F<6ABEFP D48<BAG>?<8B6 6 CD<;9@AB@ E?B9 
4F@BEH9DO 6 %�� < �! �B?�1%, 10-7 �>/@3 (84AAO9 "$� �B?�1%) 

$48<BAG>?<8 %�� �! 
7. �4A84?4>L4 3 
>BAFDB?PAO= CGA>F 

2021 2020 2021 2020 2021 2020 
137%s <14 12 <11 <11 <14 <16 
134Cs <12 <11 <11 <11 <12 <12 

110mAg 30 13 - - - - 
106Ru <101 <95 <86 <91 - - 
95Nb 19 13 - - - - 
60Co 23 13 <11 <12 <13 <14 
58Co 14 11 - - - - 
54Mn 13 <14 - - - - 
51Cr 191 <169 - - - - 

 

#B?GK9AAO9 84AAO9 E6<89F9?PEF6GRF B FB@, KFB A4 F9DD<FBD<< %�� �1% 6 

4F@BEH9DAB@ 6B;8GI9 CD<EGFEF6GRF 110mAg, 95Nb, 60%B, 58%B, 54Mn < 51Cr. %D98A97B8B6O9 

B5NU@AO9 4>F<6ABEF< 6E9I B5A4DG:9AAOI D48<BAG>?<8B6 6 2021 7. 6ODBE?< CB ED46A9A<R 

E CD98O8GM<@ 7B8B@, BEF464SEP A4 E9@P CBDS8>B6 A<:9 �"�A4E CB !$�-99/2009 [2].  

$9;G?PF4FO <;@9D9A<=  �1� 6 100->@ ;BA9 6B>DG7 �B?�1% 6 2021 7. (CB 84AAO@ 

 GD@4AE>B7B '� %) CB>4;O64RF, KFB CB ED46A9A<R E 2020 7. 6 CGA>F4I A45?R89A<S 

ED98A97B8B64S 69?<K<A4  �1� CD4>F<K9E>< A9 <;@9A<?4EP < A4IB8<?4EP 6 CD989?4I BF 0,08 

8B 0,12 @>�6/K CD< ED98A9@9ESKAOI >B?954A<SI BF 0,05 8B 0,16 @>�6/K, KFB EBBF69FEF6G9F 

HBAB6O@ ;A4K9A<S@. #B 84AAO@ "$� �B?�1%, 6 2021 7.  �1� 6 %��, �! < >BAFDB?PAB@ 

CGA>F9 5O?4 D46A4 0,08 @>�6/K, @4>E<@4?PAB9 ;A4K9A<9 A9 CD96OL4?B 0,12 @>�6/K [6]. 
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&4><@ B5D4;B@, A4 BEAB64A<< CD98EF46?9AAOI @4F9D<4?B6 @B:AB E89?4FP 6O6B8, KFB 

�B?�1% B>4;O649F A9;A4K<F9?PAB9 6?<SA<9 A4 D48<B4>F<6AB9 ;47DS;A9A<9 B>DG:4RM9= 

ED98O, >BFBDB9 6OD4:49FES 6 CD<EGFEF6<< (A4 E9@P CBDS8>B6 A<:9 �"�A4E CB !$�-99/2009) 

6 CD<;9@AB@ 6B;8GI9 CDB@C?BM48>< �1% F9IAB79AAOI D48<BAG>?<8B6 (110mAg, 95Nb, 60%B, 
58%B, 54Mn < 51Cr), BFEGFEF6GRM<I 6 4F@BEH9D9 �4CB?SDPS. % GKUFB@ CBF9AJ<4?PAB= 

D48<4J<BAAB= BC4EABEF< �1% @BA<FBD<A7 D48<4J<BAAB= B5EF4AB6>< 6 D4=BA9 9U 

D4ECB?B:9A<S A9B5IB8<@B CDB8B?:<FP. 
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����2'�!�� 

% <ECB?P;B64A<9@ @9FB8<K9E><I G>4;4A<= ( ��  ' 2.6.5.010-2016 6OCB?A9AB 

B5BEAB64A<9 7D4A<JO ;BAO A45?R89A<S �B?PE>B= �1%, <EIB8S <; H4>F<K9E><I GE?B6<= 99 

Q>EC?G4F4J<< < 4A4?<;4 <AHBD@4F<6ABEF< D48<4J<BAAB7B >BAFDB?S B>DG:4RM9= ED98O. 

$4EK9FAO= D48<GE ;BAO A45?R89A<S �B?PE>B= �1% BFABE<F9?PAB 79B@9FD<K9E>B7B 

J9AFD4 <EFBKA<>B6 6O5DBE4 D48<B4>F<6AOI 69M9EF6 EF4AJ<< EBEF46?S9F 14740 @. 

�BAE9D64F<6AB @B:AB CD<ASFP D48<GE 6A9LA9= 7D4A<JO ;BAO A45?R89A<S �B?PE>B= �1% 

D46AO@ 15 >@, KFB EBBF69FEF6G9F EGM9EF6GRM9@G D4;@9DG ;BAO A45?R89A<S �B?PE>B= 

�1%. �AGFD9AASS 7D4A<J4 ;BAO A45?R89A<S EB6C4849F E 7D4A<J9= E4A<F4DAB-;4M<FAB= 

;BAO �B?PE>B= �1%. 
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%#�%"� �%#"�0�"��!!/% �%&"'!��"� 

1.  ' 2.6.5.010-2016. "5BEAB64A<9 7D4A<J < GE?B6<S Q>EC?G4F4J<< E4A<F4DAB-

;4M<FAOI ;BA < ;BA A45?R89A<S D48<4J<BAAOI B5N9>FB6. 'F6. 7?46AO@ 7BEG84DEF69AAO@ 

E4A<F4DAO@ 6D4KB@ ( �� $BEE<< 22.04.2016 7. 

2. %4A#<! 2.6.1.2523-09. !BD@O D48<4J<BAAB= 59;BC4EABEF< (!$�-99/2009). 

3. %4A#<! 2.6.1.24-03. %4A<F4DAO9 CD46<?4 CDB9>F<DB64A<S < Q>EC?G4F4J<< 

4FB@AOI EF4AJ<= (%# �%-03). 

4. %# 2.6.1.2612-10. "EAB6AO9 E4A<F4DAO9 CD46<?4 B59EC9K9A<S D48<4J<BAAB= 

59;BC4EABEF< ("%#"$�-99/2010). 

5. $4;D45BF>4 < GEF4AB6?9A<9 ABD@4F<6B6 CD989?PAB 8BCGEF<@OI 6O5DBEB6 

D48<B4>F<6AOI 69M9EF6 4FB@AOI EF4AJ<= 6 4F@BEH9DAO= 6B;8GI.  9FB8<>4.  & 

1.2.1.15.1176-2016. �" «�BAJ9DA $BEQA9D7B4FB@».   

6. $48<4J<BAA4S B5EF4AB6>4 A4 F9DD<FBD<< $BEE<< < EBCD989?PAOI 7BEG84DEF6 6 

2021 7B8G. �:97B8A<> $BE7<8DB@9F4. "5A<AE>, !#" «&4=HGA», 2022. 
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#$��"��!�� � 

 4FD<J4 EB6@9EFAB= CB6FBDS9@BEF< @9F9BC4D4@9FDB6, BCD989?SRM<I C9D9ABE < 
D4EE9SA<9 CD<@9E< 6 4F@BEH9D9 6 D4=BA9 D4ECB?B:9A<S �B?PE>B= �1% 
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&45?<J4 �.1 3  4FD<J4 EB6@9EFAB= CB6FBDS9@BEF< A4CD46?9A<S 69FD4 6 n-@ DG@59 ún, j-= 
>4F97BD<< GEFB=K<6BEF< 4F@BEH9DO pj < k-= 7D484J<< E>BDBEF< 69FD4 Uk CB D9;G?PF4F4@ 8-
EDBKAOI A45?R89A<= A4 BCBDAB= @9F9BEF4AJ<< (C4D4@9FD k,j,n÷ ) 6 D4=BA9 D4;@9M9A<S 
�B?PE>B= �1% 

n=1, ú1=0ð, C 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,03 1,08 0,00 0,39 0,53 

2 1 0,04 0,02 0,23 0,16 0,00 0,15 0,41 

3 2 0,01 0,04 0,13 0,13 0,12 0,13 0,22 

4 3 0,00 0,03 0,07 0,29 0,09 0,12 0,00 

5 4,4 0,00 0,01 0,02 0,51 0,06 0,02 0,00 

6 6,3 0,00 0,00 0,02 0,38 0,01 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,17 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

n=2, ú2=22,5ð, CC� 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,01 0,01 0,12 4,88 0,00 1,77 2,39 

2 1 0,09 0,10 0,55 0,49 0,00 0,86 1,01 

3 2 0,04 0,17 0,58 0,54 0,82 0,77 0,76 

4 3 0,00 0,10 0,42 1,52 0,50 0,30 0,00 

5 4,4 0,00 0,15 0,24 2,87 0,15 0,11 0,00 

6 6,3 0,00 0,00 0,14 2,10 0,14 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,77 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,14 0,00 0,00 0,00 

n=3, ú3=45ð, C� 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,01 0,01 0,12 4,66 0,00 1,69 2,28 

2 1 0,11 0,10 0,46 0,47 0,00 0,94 1,00 

3 2 0,01 0,26 0,62 0,84 0,86 0,77 0,80 

4 3 0,00 0,22 0,39 1,72 0,52 0,32 0,00 

5 4,4 0,00 0,12 0,21 2,51 0,22 0,10 0,00 

6 6,3 0,00 0,00 0,15 1,13 0,10 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,30 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,09 0,00 0,00 0,00 

n=4, ú4=67,5ð, �C� 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,85 0,00 0,31 0,42 

2 1 0,08 0,04 0,13 0,15 0,00 0,21 0,27 

3 2 0,01 0,06 0,14 0,20 0,13 0,09 0,13 

4 3 0,00 0,03 0,04 0,31 0,07 0,04 0,00 

5 4,4 0,00 0,04 0,05 0,25 0,03 0,04 0,00 

6 6,3 0,00 0,00 0,01 0,05 0,02 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,02 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,02 0,00 0,00 0,00 
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n=5, ú5=90ð, � 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,61 0,00 0,22 0,30 

2 1 0,08 0,04 0,09 0,06 0,00 0,11 0,16 

3 2 0,03 0,05 0,06 0,06 0,08 0,11 0,13 

4 3 0,00 0,02 0,04 0,25 0,03 0,04 0,00 

5 4,4 0,00 0,02 0,04 0,25 0,03 0,02 0,00 

6 6,3 0,00 0,00 0,01 0,06 0,02 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,03 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,02 0,00 0,00 0,00 

n=6, ú6=112,5ð, �2� 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,01 0,31 0,00 0,11 0,15 

2 1 0,01 0,02 0,04 0,17 0,00 0,07 0,08 

3 2 0,00 0,00 0,02 0,21 0,02 0,04 0,04 

4 3 0,00 0,01 0,02 0,09 0,01 0,03 0,00 

5 4,4 0,00 0,01 0,01 0,03 0,01 0,02 0,00 

6 6,3 0,00 0,00 0,00 0,03 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,03 0,00 0,00 0,00 

n=7, ú7=135ð, 2� 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,01 0,48 0,00 0,18 0,24 

2 1 0,00 0,05 0,05 0,09 0,00 0,14 0,14 

3 2 0,00 0,02 0,09 0,28 0,06 0,06 0,06 

4 3 0,00 0,02 0,03 0,23 0,05 0,03 0,00 

5 4,4 0,00 0,00 0,01 0,08 0,00 0,00 0,00 

6 6,3 0,00 0,00 0,01 0,04 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,02 0,00 0,00 0,00 

n=8, ú8=157,5ð, 22� 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,01 0,51 0,00 0,18 0,25 

2 1 0,00 0,04 0,04 0,17 0,00 0,15 0,20 

3 2 0,00 0,04 0,08 0,25 0,02 0,06 0,10 

4 3 0,00 0,02 0,02 0,32 0,01 0,02 0,00 

5 4,4 0,00 0,01 0,01 0,06 0,00 0,00 0,00 

6 6,3 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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n=9, ú9=180ð, 2 

 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,97 0,00 0,35 0,47 

2 1 0,03 0,05 0,13 0,57 0,00 0,20 0,25 

3 2 0,00 0,05 0,08 0,88 0,24 0,12 0,14 

4 3 0,00 0,04 0,04 0,18 0,04 0,06 0,00 

5 4,4 0,00 0,02 0,03 0,08 0,00 0,01 0,00 

6 6,3 0,00 0,00 0,01 0,01 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

n=10, ú10=202,5ð, 22� 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,81 0,00 0,29 0,40 

2 1 0,04 0,04 0,08 0,24 0,00 0,23 0,26 

3 2 0,03 0,03 0,06 0,41 0,15 0,08 0,09 

4 3 0,00 0,03 0,07 0,52 0,01 0,02 0,00 

5 4,4 0,00 0,02 0,05 0,19 0,01 0,02 0,00 

6 6,3 0,00 0,00 0,01 0,02 0,01 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

n=11, ú11=225ð, 2� 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,87 0,00 0,32 0,43 

2 1 0,02 0,04 0,04 0,28 0,00 0,22 0,21 

3 2 0,02 0,02 0,03 0,40 0,17 0,16 0,12 

4 3 0,00 0,02 0,04 0,64 0,07 0,03 0,00 

5 4,4 0,00 0,03 0,05 0,23 0,00 0,02 0,00 

6 6,3 0,00 0,00 0,02 0,04 0,01 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

n=12, ú12=247,5ð, �2� 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,65 0,00 0,24 0,32 

2 1 0,01 0,03 0,07 0,18 0,00 0,06 0,10 

3 2 0,01 0,02 0,04 0,33 0,11 0,05 0,09 

4 3 0,00 0,02 0,03 0,58 0,05 0,02 0,00 

5 4,4 0,00 0,01 0,03 0,28 0,01 0,02 0,00 

6 6,3 0,00 0,00 0,01 0,09 0,02 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,01 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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n=13, ú13=270ð, � 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,03 1,02 0,00 0,37 0,50 

2 1 0,02 0,03 0,08 0,09 0,00 0,21 0,25 

3 2 0,02 0,05 0,07 0,25 0,17 0,18 0,18 

4 3 0,00 0,02 0,05 0,80 0,06 0,07 0,00 

5 4,4 0,00 0,01 0,04 0,68 0,06 0,02 0,00 

6 6,3 0,00 0,00 0,01 0,13 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,02 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

n=14, ú14=292,5ð, �C� 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,02 0,75 0,00 0,27 0,37 

2 1 0,02 0,03 0,09 0,10 0,00 0,12 0,18 

3 2 0,01 0,01 0,06 0,12 0,12 0,11 0,12 

4 3 0,00 0,01 0,06 0,60 0,05 0,05 0,00 

5 4,4 0,00 0,01 0,03 0,45 0,02 0,02 0,00 

6 6,3 0,00 0,00 0,02 0,17 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

n=15, ú15=315ð, C� 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,01 0,34 0,00 0,13 0,17 

2 1 0,01 0,01 0,07 0,13 0,00 0,03 0,07 

3 2 0,01 0,01 0,03 0,19 0,05 0,01 0,03 

4 3 0,00 0,01 0,02 0,28 0,01 0,00 0,00 

5 4,4 0,00 0,01 0,02 0,13 0,00 0,00 0,00 

6 6,3 0,00 0,00 0,01 0,04 0,00 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

n=16, ú16=337,5ð, C%� 
 

k 

 

Uk, @/E 
j 

1 2 3 4 5 6 7 

A B C D E F G 

1 0 0,00 0,00 0,01 0,36 0,00 0,13 0,17 

2 1 0,02 0,01 0,05 0,08 0,00 0,11 0,12 

3 2 0,01 0,02 0,05 0,14 0,06 0,03 0,05 

4 3 0,00 0,01 0,01 0,19 0,01 0,02 0,00 

5 4,4 0,00 0,00 0,02 0,12 0,01 0,02 0,00 

6 6,3 0,00 0,00 0,00 0,02 0,01 0,00 0,00 

7 8,5 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

8 12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

 

 


