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�2545=85 
 9FB8<K9E>B9 CBEB5<9 EBEF46?9AB 6 EBBF69FEF6<< E FD95B64A<S@< 

(989D4?PAB7B 7BEG84DEF69AAB7B B5D4;B64F9?PAB7B EF4A84DF4 CB BFD45BF>9 

G@9A<= < ;A4A<=, A9B5IB8<@OI 8?S B59EC9K9A<S >BA>GD9AFBECBEB5ABEF< 

6OCGE>A<>4 6 EBBF69FEF6<< E ;4CDBE4@< D97<BA4?PAB7B DOA>4 FDG84 < 

6B;@B:ABEFS@< CDB8B?:9A<S B5D4;B64A<S. #D< QFB@ EB5?R849FES CD4>F<>B-

BD<9AF<DB64AAO= CB8IB8, A4CD46?9AAO= A4 GE<?9A<9 CDBH9EE<BA4?PAB= 

CB87BFB6>< EFG89AFB6, F.>. HBD@<DGRFES CD4>F<K9E><9 G@9A<S CD<@9ASFP 

F9BD9F<K9E><9 ;A4A<S CD< D9L9A<< ;484K. 

�ECB?P;B64A<9 @9FB8<K9E>B7B CBEB5<S CB;6B?S9F 8B5<FPES 98<AEF64 

FD95B64A<= > EBEF46G, BHBD@?9A<R < BJ9A>9 CD4>F<K9E><I D45BF < 

CD98CB?4749F D45BFG EFG89AFB6 E ABD@4F<6AB=, ECD46BKAB= < GK95AB= 

?<F9D4FGDB=.  9FB8<>4 <;?B:9A<S @4F9D<4?4 8BEFGCA4 8?S BE6B9A<S 

EFG89AF4@< < EBBF69FEF6G9F CDBH9EE<BA4?PAO@ >B@C9F9AJ<S@, 

EBBF69FEF6GRM<@ 6<8G CDBH9EE<BA4?PAB= 89SF9?PABEF< «'K4EF<9 6 

CDB9>F<DB64A<< ;84A<= < EBBDG:9A<=». 

�484A<S EBEF46?9AO 6 A4D4EF4RM9= CBE?98B64F9?PABEF< CB FDG8ABEF< 

<I 6OCB?A9A<S: BF C9D6B7B 5B?99 ?97>B7B 8B CBE?98A97B A4<5B?99 E?B:AB7B E 

<ECB?P;B64A<9@ F45?<J < ABD@4F<6AB- ECD46BKAB7B @4F9D<4?4. 

 9FB8<K9E>B9 CBEB5<9 D4;D45BF4AB A4 BEAB69 89=EF6GRM9= ABD@4F<6AB= 

?<F9D4FGDO. 

� J9?B@, @9FB8<K9E>B9 CBEB5<9 CD<;64AB CB@BKP EFG89AF4@ 7D4@BFAB < 

BE@OE?9AAB 6OCB?A<FP CD4>F<K9E>GR D45BFG.  9FB8<K9E>B9 CBEB5<9 

CD98EF46?S9F EB5B= K9F>GR <AEFDG>J<R 8?S D45BFO EFG89AFB6. � E?GK49 

A9B5IB8<@BEF<, 9E?< EFG89AF CDBCGEF<? >4>B93FB CD4>F<K9E>B9 ;4ASF<9, BA 

@B:9F 6OCB?A<FP D45BFG E4@BEFBSF9?PAB 6B 6A9GK95AB9 6D9@S.  
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1. " �������/ $��! !��  
> D9;G?PF4F4@ BE6B9A<S CDB7D4@@O CB87BFB6>< EC9J<4?<EFB6 ED98A97B ;69A4 

54;B6B= CB87BFB6>< CB EC9J<4?PABEF< 08.02.01 %FDB<F9?PEF6B < 

Q>EC?G4F4J<S ;84A<=  < EBBDG:9A<=. 

�64?<H<>4J<S 3 F9IA<>. 

&9хA<> 8B?:9A B5?484FP >1I8<8 :><?5B5=F8O<8, 6>?RK4RM<@< 6 
E95S ECBEB5ABEFP: 

�К 1. �O5<D4FP ECBEB5O D9L9A<S ;484K CDBH9EE<BA4?PAB= 89SF9?PABEF< CD<@9A<F9?PAB > 
D4;?<KAO@ >BAF9>EF4@>BAF9>EF4@ 

�К2. �ECB?P;B64FP EB6D9@9AAO9 ED98EF64 CB<E>4, 4A4?<;4 < <AF9DCD9F4J<< <AHBD@4J<< < 
<AHBD@4J<BAAO9 F9IAB?B7<< 8?S 6OCB?A9A<S ;484K CDBH9EE<BA4?PAB= 89SF9?PABEF<; 

�К3. #?4A<DB64FP < D94?<;B6O64FP EB5EF69AAB9 CDBH9EE<BA4?PAB9 < ?<KABEFAB9 D4;6<F<9, 
CD98CD<A<@4F9?PE>GR 89SF9?PABEFP 6 CDBH9EE<BA4?PAB= EH9D9, <ECB?P;B64FP ;A4A<S CB 
H<A4AEB6B= 7D4@BFABEF< 6 D4;?<KAOI :<;A9AAOI E<FG4J<SI �К4. 1HH9>F<6AB 6;4<@B89=EF6B64FP < D45BF4FP 6 >B??9>F<69 < >B@4A89; 

�К5. "EGM9EF6?SFP GEFAGR < C<EP@9AAGR >B@@GA<>4J<R A4 7BEG84DEF69AAB@ S;O>9 $BEE<=E>B= 
(989D4J<< E GK9FB@ BEB59AABEF9= EBJ<4?PAB7B < >G?PFGDAB7B >BAF9>EF4; 

�К6. #DBS6?SFP 7D4:84AE>B-C4FD<BF<K9E>GR CB;<J<R, 89@BAEFD<DB64FP BEB;A4AAB9 CB6989A<9 A4 
BEAB69 FD48<J<BAAOI B5M9K9?B69K9E><I J9AABEF9=, 6 FB@ K<E?9 E GK9FB@ 74D@BA<;4J<< 
@9:A4J<BA4?PAOI < @9:D9?<7<B;AOI BFABL9A<=, CD<@9ASFP EF4A84DFO 
4AF<>BDDGCJ<BAAB7B CB6989A<S; 

�К7. %B89=EF6B64FP EBID4A9A<R B>DG:4RM9= ED98O, D9EGDEBE59D9:9A<R, CD<@9ASFP ;A4A<S B5 
<;@9A9A<< >?<@4F4, CD<AJ<CO 59D9:?<6B7B CDB<;6B8EF64, QHH9>F<6AB 89=EF6B64FP 6 
KD9;6OK4=AOI E<FG4J<SI; 

�К8 �ECB?P;B64FP ED98EF64 H<;<K9E>B= >G?PFGDO 8?S EBID4A9A<S < G>D9C?9A<S ;8BDB6PS 6 
CDBJ9EE9 CDBH9EE<BA4?PAB= 89SF9?PABEF< < CB889D:4A<S A9B5IB8<@B7B GDB6AS H<;<K9E>B= 
CB87BFB6?9AABEF<; 

�К9. #B?P;B64FPES CDBH9EE<BA4?PAB= 8B>G@9AF4J<9= A4 7BEG84DEF69AAB@ < <ABEFD4AAB@ S;O>4I. 

&9хA<> 8B?:9A B5?484FP ?@>D5AA8>=0;P=O<8 :><?5B5=F8O<8, 
EBBF69FEF6GRM<@< BEAB6AB@G 6<8G CDBH9EE<BA4?PAB= 89SF9?PABEF< 

#G0AB85 2 ?@>5:B8@>20=88 740=89 8 A>>@C65=89: 

�B8 !4<@9AB64A<9 D9;G?PF4F4 B5GK9A<S 

#�. 1.2 

�OCB?ASFP D4EK9FO < 

>BAEFDG<DB64A<9 EFDB<F9?PAOI 

>BAEFDG>J<=; 
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� D9;G?PF4F9 <;GK9A<S CDBH9EE<BA4?PAB7B @B8G?S B5GK4RM<=ES 8B?:9A:  

8<5BP ?@0:B8G5A:89 >?OB:  

 CB85BD4 EFDB<F9?PAOI >BAEFDG>J<= < D4;D45BF>9 A9E?B:AOI G;?B6 < 

89F4?9= >BAEFDG>F<6AOI Q?9@9AFB6 ;84A<=;  

 D4;D45BF>< 4DI<F9>FGDAB-EFDB<F9?PAOI K9DF9:9=;  

 6OCB?A9A<S D4EK9FB6 < CDB9>F<DB64A<R EFDB<F9?PAOI >BAEFDG>J<= < 

BEAB64A<=; 

C<5BP: 

 6OCB?ASFP D4EK9FO A47DG;B>, 89=EF6GRM<I A4 >BAEFDG>J<<; 

 CB >BAEFDG>F<6AB= EI9@9 CBEFDB<FP D4EK9FAGR EI9@G >BAEFDG>J<<;  

 6OCB?ASFP EF4F<K9E><= D4EK9F;  

 CDB69DSFP A9EGMGR ECBEB5ABEFP >BAEFDG>J<=;  

 CB85<D4FP E9K9A<9 Q?9@9AF4 BF CD<?B:9AAOI A47DG;B>;  

 BCD989?SFP D4;@9DO CB8BL6O HGA84@9AF4;  

 6OCB?ASFP D4EK9FO EB98<A9A<= Q?9@9AFB6 >BAEFDG>J<<;  

 D4EEK<FO64FP A9EGMGR ECBEB5ABEFP E64= CB 7DGAFG, L47 E64= < 

>B?<K9EF6B E64= 6 DBEF69D>9;  

 <ECB?P;B64FP <AHBD@4J<BAAO9 F9IAB?B7<< CD< CDB9>F<DB64A<< 

EFDB<F9?PAOI >BAEFDG>J<=; 

7=0BP: 

 ABD@4F<6AB-F9IA<K9E>GR 8B>G@9AF4J<R A4 CDB9>F<DB64A<9 

EFDB<F9?PAOI >BAEFDG>J<= <; D4;?<KAOI @4F9D<4?B6 < BEAB64A<=;  

 @9FB8<>G CB8EK9F4 A47DG;B>;  

 CD46<?4 CBEFDB9A<S D4EK9FAOI EI9@;  

 @9FB8<>G BCD989?9A<S 6AGFD9AA<I GE<?<= BF D4EK9FAOI A47DG;B>;  

 D45BFG >BAEFDG>J<= CB8 A47DG;>B=;  

 CDBKABEFAO9 < 89HBD@4J<BAAO9 I4D4>F9D<EF<>< EFDB<F9?PAOI 

@4F9D<4?B6;  

 BEAB6O D4EK9F4 EFDB<F9?PAOI >BAEFDG>J<=;  
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 6<8O EB98<A9A<= 8?S >BAEFDG>J<= <; D4;?<KAOI @4F9D<4?B6;  

 EFDB<F9?PAGR >?4EE<H<>4J<R 7DGAFB6;  

 H<;<K9E><9 < @9I4A<K9E><9 E6B=EF64 7DGAFB6;  

 >?4EE<H<>4J<R E64=, D45BFG E64= 6 7DGAF9;  

 CD46<?4 >BAEFDG<DB64A<S EFDB<F9?PAOI >BAEFDG>J<=. 
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2.   � �К"�'�!К�/  ���"� № 1 

"5<0:   0AG5B=O5 E0@0:B5@8AB8:8 <0B5@80;>2 

*9?P. !4GK<FPES BCD989?SFP D4EK9FAO9 I4D4>F9D<EF<>< D4;?<KAOI 

EFDB<F9?PAOI @4F9D<4?B6. 

�EIB8AO9 84AAO9. �A8<6<8G4?PAO9 ;484A<S, F45?. �-1 & �-4. 

#D<B5D9F49@O9 G@9A<S. $45BF4 E ABD@4F<6AB 3 ECD46BKAB= ?<F9D4FGDB=, 

G@9A<9 89?4FP ED46A9A<S < 6O6B8O. 

�<F9D4FGD4: 1. %# 16.13330.2011. %F4?PAO9 >BAEFDG>J<<. 

�>FG4?<;<DB64AA4S D984>J<S %!<# II-23-81
*
. 

2. %# 64.13330.2011. �9D96SAAO9 >BAEFDG>J<<. �>FG4?<;<DB64AA4S 

D984>J<S %!<# II -25-80. 

3. %#.15.13330.2012 �4@9AAO9 < 4D@B>4@9AAO9 >BAEFDG>J<<. 

�>FG4?<;<DB64AA4S D984>J<S %!<# II -22-81. 

4. %# 52-101-2003. %6B8 CD46<?. �9FBAAO9 < :9?9;B59FBAAO9 >BAEFDG>J<< 

59; CD9864D<F9?PAB7B A4CDS:9A<S 4D@4FGDO. 

"FK9FAO= @4F9D<4?. #SFP 6OCB?A9AAOI ;484A<=. 

 

�BAFDB?PAO9 6BCDBEO 

1. �4=F9 BCD989?9A<9 ABD@4F<6AB7B < D4EK9FAB7B EBCDBF<6?9A<S D4;?<KAOI 

6<8B6 EFDB<F9?PAOI @4F9D<4?B6: EF4?<, 8D969E<AO, >4@9AAB= >?48><, 

59FBA4 < 4D@4FGDO. 

2. !4C<L<F9 HBD@G?G 8?S BCD989?9A<S D4EK9FAB7B EBCDBF<6?9A<S 

@4F9D<4?4. 

3. '>4:<F9 98<A<JO <;@9D9A<S D4EK9FAB7B EBCDBF<6?9A<S @4F9D<4?4. 

4. �89 849FES < BF K97B ;46<E<F D4EK9FAB9 EBCDBF<6?9A<9 D4;?<KAOI 6<8B6 

EFDB<F9?PAOI @4F9D<4?B6: EF4?<, 8D969E<AO, >4@9AAB= >?48><, 59FBA4 < 

4D@4FGDO? 
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5. +FB B;A4K4RF 5G>69AAO9 E<@6B?O: Rn, γm, R, Ryn , Ry, Rc, RD, RE@, mn, m6, Rt, 

γE, Rbn, γbc, Rb, Rb,ser, Rbtn, γbt, Rbt, Rbt,ser, γbi, Rsn, Rs, Rs,ser, Rsw, Rsc? 

�040=85 1.  "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9  EF4?< CB CD989?G 
F9>GK9EF< 8?S E:4FB7B EF9D:AS E64DAB= EFDBC<?PAB= H9D@O <; C4DAOI 

G7B?>B6 CD< D4EK9F9 A4 GEFB=K<6BEFP. 

 9FB8<K9E><9 G>4;4A<S 

1. 'EF4AB6<FP <EIB8AO9 84AAO9 CB F45?. �-1 <A8<6<8G4?PAOI ;484A<=. 

!B@9D 64D<4AF4 EBBF69FEF6G9F AB@9DG EFG89AF4 CB EC<E>G 6 :GDA4?9. 

2. #B F45?. �-1 BCD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 CDB>4FAB= EF4?< CB 

CD989?G F9>GK9EF< 
F5
yR ,  #4 8?S ;484AAB= @4D>< EF4?< < CD< FB?M<A9 

H4EBA4, G>4;4AAB= 6 AB@9D9 G7B?>4. !4CD<@9D, 84A G7B?B> ∟125x10, 97B 

FB?M<A4 t=10@@. �?S @4D>< EF4?< % 245: 
F5
yR =240  #4. 

3. #B F45?. �-2 BCD989?<FP >BQHH<J<9AF GE?B6<S D45BFO E:4FB7B EF9D:AS 

H9D@O γE . 

4. $4EK9FAB9 EBCDBF<6?9A<9  EF4?< CB CD989?G F9>GK9EF< 8?S E:4FB7B 

EF9D:AS E64DAB= EFDBC<?PAB= H9D@O BCD989?<FP CB HBD@G?9: 

��4R E
F5
y ,R y ý  

�040=85 2.  "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 A4 E:4F<9 8D969E<AO <; 
5DGE4. 

 9FB8<K9E><9 G>4;4A<S 

1. 'EF4AB6<FP <EIB8AO9 84AAO9 CB F45?. �-2 <A8<6<8G4?PAOI ;484A<=. 

2. #B F45?. �-4  BCD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 8D969E<AO A4 E:4F<9 6 

;46<E<@BEF< BF L<D<AO E9K9A<S 5DGE4 < EBDF4 8D969E<AO: 
F5
cR ,  #4. 

3.  #B F45?. �-3  BCD989?<FP >BQHH<J<9AF C9D9IB84, GK<FO64RM<= CBDB8G 

8D969E<AO mn . 
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4. #B <?< F45?. �-5 BCD989?<FP >BQHH<J<9AF GE?B6<S D45BFO 6 ;46<E<@BEF< 

BF GE?B6<= Q>EC?G4F4J<< m2 . 

5. $4EK9FAB9 EBCDBF<6?9A<9 A4 E:4F<9 8D969E<AO <; 5DGE4 BCD989?<FP CB 

HBD@G?9: ��4R
F5
c ,mmR 6nc ý . 

�040=85 3.  "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 E:4F<R  EFB?54 <; 
>4@9AAB= >?48><.  

 9FB8<K9E><9 G>4;4A<S 

1. 'EF4AB6<FP <EIB8AO9 84AAO9 CB F45?. �-3  <A8<6<8G4?PAOI ;484A<=. 

2. �;B5D4;<FP CBC9D9KAB9 E9K9A<9 EFB?54. �E?< 

D4;@9DO E9K9A<S EFB?54 84AO 6 ><DC<K4I, C9D969EF< <I 

6 @@. $4;@9DO ><DC<K4 6 C?4A9 250*120@@. *9?O= 

><DC<K 3 QFB 97B 8?<A4, CB?><DC<K4 3 L<D<A4, LB6 

@9:8G ><DC<K4@< 3 10@@. "CD989?<FP C?BM48P 

E9K9A<S EFB?54: � = b• h, @2.�E?<  � > 0,3@2, FB >BQHH<J<9AF GE?B6<S 

D45BFO γA=1. �E?< � ≤ 0,3@2, FB γA=0,8- C.3.11 4 [ 3 ]. 

3. #B F45?. F45?. �-8, �-9, �-10 BCD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 >?48>< 

E:4F<R 6 ;46<E<@BEF< BF 6<84 @4F9D<4?4 >?48><, @4D>< >4@AS < @4D>< 

D4EF6BD4: RB1
,  #4.  

4. "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 E:4F<R  EFB?54 <; >4@9AAB= >?48><: 

��4R E
F5 ,R ý . 

�040=85 4.  "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 59FBA4 A4 E:4F<9 CD< 
CDB8B?:<F9?PAB@ (8?<F9?PAB@) 89=EF6<< A47DG;><. "CD989?<FP D4EK9FAB9 

EBCDBF<6?9A<9 EF4?PAB= CDB8B?PAB= 4D@4FGDO A4 D4EFS:9A<9 < E:4F<9 < 

D4EK9FAB9 EBCDBF<6?9A<9 CBC9D9KAB= 4D@4FGDO A4 D4EFS:9A<9. 

 9FB8<K9E><9 G>4;4A<S 

1. 'EF4AB6<FP <EIB8AO9 84AAO9 CB F45?<J9 �-4 <A8<6<8G4?PAOI ;484A<=. 
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2. #B F45?. �-6 A4EFBSM97B CBEB5<S BCD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 

59FBA4 A4 E:4F<9 6 ;46<E<@BEF< BF >?4EE4 59FBA4: 
F5
bR ,  #4. 

3. "CD989?<FP >BQHH<J<9AF GE?B6<= D45BFO γb1 6 ;46<E<@BEF< BF 

CDB8B?:<F9?PABEF< 89=EF6<S A47DG;><, C.2.1.2.3 [4]: γb1=0,9-CD< 

8?<F9?PAB@ 89=EF6<<, γb1=1 - CD< >D4F>B6D9@9AAB@ 89=EF6<< A47DG;><. 

4. "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 59FBA4 A4 E:4F<9 CD< 

CDB8B?:<F9?PAB@ (8?<F9?PAB@) 89=EF6<< A47DG;>< CB HBD@G?9:  

��4R b

F5
b ,R 1b ý . 

5. #B F45?. �-7 A4EFBSM97B CBEB5<S BCD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 

EF4?PAB= CDB8B?PAB= 4D@4FGDO A4 D4EFS:9A<9 Rs ,  #4, D4EK9FAB9 

EBCDBF<6?9A<9 CBC9D9KAB= 4D@4FGDO A4 D4EFS:9A<9 Rsw ,  #4 < 

D4EK9FAB9 EBCDBF<6?9A<9 CDB8B?PAB= 4D@4FGDO A4 E:4F<9 Rsc ,  #4.  

�040=85 5. �OCB?A<FP ED46A9A<9 CDBKABEFAOI I4D4>F9D<EF<> D4;?<KAOI 
@4F9D<4?B6 A4 E:4F<9. 

 9FB8<K9E><9 G>4;4A<S 

1. %D46A9A<9 CDBKABEFAOI I4D4>F9D<EF<>  D4;?<KAOI @4F9D<4?B6 A4 E:4F<9  

6OCB?A<FP 6 F45?<KAB= HBD@9 (F45?.1). 

2. $4EK9FAO9 EBCDBF<6?9A<S @4F9D<4?B6 CD<ASFP CB D9;G?PF4F4@ D9L9A<S 1 - 

4 ;484A<=. 

3. "CD989?<FP BFABL9A<9 D4EK9FAB7B EBCDBF<6?9A<S D4;?<KAOI @4F9D<4?B6 

> D4EK9FAB@G EBCDBF<6?9A<R >?48>< CB HBD@G?9: 
R

R
n iý  , 789 Ri 3 

D4EK9FAB9 EBCDBF<6?9A<9 EF4?<, 8D969E<AO, 59FBA4 <?< 4D@4FGDO.  

4. �A4?<;<DGS F45?<JG, E89?4FP 6O6B8, >4>B= @4F9D<4? <@99F A4<5B?PLGR 

CDBKABEFP CB ED46A9A<R E >4@9AAB= >?48>B=.  
 

&45?<J4 1 %D46A9A<9 CDBKABEFAOI I4D4>F9D<EF<> D4;?<KAOI @4F9D<4?B6,  #4 
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$4EK9FAB9 EBCDBF<6?9A<9, 

 #4 

�<8O EFDB<F9?PAOI @4F9D<4?B6 

%F4?P �D969 
E<A4 

�?48>4 �9FBA  �D@4 
FGD4 

"5B;A4K9A<9 Ry Rc R Rb Rsc 

+<E?9AAB9 ;A4K9A<9      

R

R
n iý       
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3. � �К"�'�!К�/  ���"� № 2 

"5<0: �03@C7:8 8 2>7459AB28O 

*9?P. !4GK<FPES 6OCB?ASFP E5BD A47DG;B> A4 1 @2
 CB>DOF<S < C9D9>DOF<S, A4 

54?>G < >B?BAAG. 

�EIB8AO9 84AAO9. �A8<6<8G4?PAO9 ;484A<S, 4DI<F9>FGDAB 3 EFDB<F9?PA4S 

K4EFP 8<C?B@AB7B CDB9>F4. 

#D<B5D9F49@O9 G@9A<S. $45BF4 E ABD@4F<6AB 3 ECD46BKAB= ?<F9D4FGDB= <  

F<CB6O@< 4DI<F9>FGDAO@< 89F4?S@<. 

�<F9D4FGD4.  

1. %# 20.13330.2011. !47DG;>< < 6B;89=EF6<S. �>FG4?<;<DB64AA4S D984>J<S 

%!<# 2.02.01-83* 

2. (989D4?PAO= ;4>BA. &9IA<K9E><= D97?4@9AF B 59;BC4EABEF< ;84A<= < 

EBBDG:9A<= 

"FK9FAO= @4F9D<4?. �69 D9L9AAO9 ;484K<. 
 

�BAFDB?PAO9 6BCDBEO 

 

1. �4=F9 BCD989?9A<9 ABD@4F<6AB= < D4EK9FAB= A47DG;><. 

2. �4> BCD989?<FP D4EK9FAGR A47DG;>G, ;A4S ABD@4F<6AGR? 

3. !4;B6<F9 6<8O A47DG;B> CB CDB8B?:<F9?PABEF< 89=EF6<S. 

4. #D<698<F9 CD<@9D >D4F>B6D9@9AAOI A47DG;B>. 

5. +FB F4>B9 CB?9;A4S A47DG;>4 < BF K97B BA4 ;46<E<F? 

6. "F K97B ;46<E<F 69?<K<A4 EA97B6B= A47DG;>< A4 CB>DOF<9? 

7. +FB GK<FO649F >BQHH<J<9AF γf? 

8. !4C<L<F9 HBD@G?G 8?S BCD989?9A<S CBEFBSAAB= ABD@4F<6AB= A47DG;><. 

9. +9@G D46A4 7DG;B64S C?BM48P A4 1@ 54?>< < >B?BAAG ED98A97B DS84? 

10. '>4:<F9 98<A<JO <;@9D9A<S A47DG;>< A4 54?>G < >B?BAAG. 

11. $4EL<HDG=F9 @4D>< :9?9;B59FBAAOI Q?9@9AFB6: #� 60.15-4�500F; #$� 

60.2.5-4F. 

�040G0 1. "CD989?<FP A47DG;>G A4 1 @2
 @9:8GQF4:AB7B C9D9>DOF<S. 
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 9FB8<K9E><9 G>4;4A<S 

1.  'EF4AB6<FP <EIB8AO9 84AAO9 CB F45?<J9 �-5 <A8<6<8G4?PAOI 

;484A<=. !B@9D 64D<4AF4 EBBF69FEF6G9F AB@9DG EFG89AF4 CB EC<E>G 6 

:GDA4?9. 

2.  �OK9DF<FP G;9? >BAEFDG>J<< CB?4, E@. CD<?B:9A<9 �. 

3.  'EF4AB6<FP C?BFABEFP EFDB<F9?PAOI @4F9D<4?B6 CB F45?<J9 

CD<?B:9A<S � < ;A4K9A<S >BQHH<J<9AF4 A489:ABEF< CB A47DG;>9 γf CB F45?. 

�-1. 

4.  "CD989?<FP @4EEG C?<FO C9D9>DOF<S CB CD<?B:9A<R �. 

5.  �OCB?A<FP E5BD A47DG;B> A4 1 @2
 C9D9>DOF<S 6 F45?<KAB= HBD@9 

(F45?. 2). �?S EC?BLAOI E?B96 >BAEFDG>J<< CB?4 (C4D>9F, C?<F>4, *#%) 

CB8EK9F ABD@4F<6AB= A47DG;>< 69EF< CB HBD@G?9: gn=ρ·t·10 , 789 t-FB?M<A4 

E?BS, @. !47DG;>G BF 69E4 ?47< < ��# CB8 ?474@< BCD989?<FP CB HBD@G?9: 

10


ý
s

hb
gn

ò
, 789 b*h- E9K9A<9 ?47<, @; s- L47 ?47, @. 

6.  $4EK9FAGR A47DG;>G BCD989?<FP CB HBD@G?9: g=gn·γf , >#4. 

7.  !47DG;>G BF EB5EF69AAB7B 69E4 C?<FO D4EEK<F4FP CB HBD@G?9: 

10


ý
b

m
g

n

C? , 789 b < ℓ, @ - AB@<A4?PAO9 D4;@9DO C?<FO 6 C?4A9, 

BCD989?SRFES CB @4D>9 C?<FO. 

8.  � ;46<E<@BEF< BF A4;A4K9A<S CB@9M9A<S BCD989?<FP 6D9@9AAGR 

(CB?9;AGR) A47DG;>G A4 C9D9>DOF<9  CB F45?. �-2. #BA<:9AAB9 ;A4K9A<9 

6D9@9AAB= A47DG;>< BCD989?<FP G@AB:9A<9@ ABD@4F<6AB7B ;A4K9A<S A4 

>BQHH<J<9AF 0,35. � EFDB>9 9 F45?<JO E5BD4 A47DG;B> 6D9@9AAB= 

8?<F9?PAB 89=EF6GRM9= ABD@4F<6AB= A47DG;>B= S6?S9FES CBA<:9AAB9 

;A4K9A<9 CB?9;AB= A47DG;><.  

9.  �?S BCD989?9A<S D4EK9FAB7B ;A4K9A<S 6D9@9AAB= (CB?9;AB=) A47DG;>< 

>BQHH<J<9AF A489:ABEF< CD<ASFP γf = 1,2 , 9E?< Dn 2>#4  <  γf =1,3 , 9E?< 
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Dn<2>#4. �?S 8?<F9?PAB 89=EF6GRM9= < >D4F>B6D9@9AAB= CB?9;AB= 

A47DG;>< >BQHH<J<9AF γf A9 <;@9A<FES. 

10. "CD989?<FP 7DGCCG C?<FO CB A9EGM9= ECBEB5ABEF<. 

11. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 

 

#D<@9D D9L9A<S ;484K< 

�4AB: F<C CB?4 1 3 C4D>9FAO=; FB?M<A4 EFS:>< t=30@@; 

;6G>B<;B?SJ<BAAO= E?B= 3 C?<FO 8D969EAB-6B?B>A<EFO9, FB?M<A4 t=24@@; 

@4D>4 C?<F C9D9>DOF<S #�63.15; A4;A4K9A<9 ;84A<S 3 EFB?B64S. 

 

 

 

 

 

 

 

 

$<E.1 �BAEFDG>J<S @9:8GQF4:AB7B C9D9>DOF<S 
 

 

№ �<8 A47DG;>< #B8EK9F 
!BD@.A47

D. 
γf 

$4EK. 

A47D. 

1 #4D>9F-22@@ ρ·t·10=500·0,022·10 110 1,1 121 

2  4EF<>4-3@@ ρ·t·10=1050·0,003·10 32 1,2 38 

3 *#%-30 @@ ρ·t·10=2000·0,03·10 600 1,3 780 

4 �6-<; E?B= -24@@ ρ·t·10=250·0,024·10 60 1,2 72 

5 �FB7B 69E CB?4 1 + 2 + 3 + 4 802 - 1011 

6 �9E :/5 C?<FO 10
5,13,6

2950
10 


ý

bl

m
 3122 1,1 3434 

&45?<J4 2 %5BD A47DG;B> A4  @9:8GQF4:AB9 C9D9>DOF<9, #4 

#4D>9F- 22 @@ 
 

 4EF<>4- 3@@ 
 

*9@.-C9EK. EFS:>4-30@@ 
 

�6.-<;. E?B= (��#)-24@@ 
 

�/5 C?<F4 #� 63.15 

ρ=500 >7/@3 

 

ρ=1050 >7/@3 

 

ρ=2000 >7/@3 

 

ρ=250 >7/@3 

 

m = 2950 >7 

γf=1,1 

γf=1,2 

γf=1,3 

γf=1,2 

γf=1,1 
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7 �FB7B CBEFBSAA4S 5 + 6 3924 - 4445 

8 
�D9@9AAO9 

C9D97BDB8>< 
*) 500 1,1 550 

9 �D9@9AA4S (CB?9;A4S) &5.8.3 (1), C. 45 3000 1,2 3600 

10 � F.K. 8?<F-89=EF6. P = P·0,35 1050 1,2 1260 

11 � F.K. >D4F>B6D9@. 9 - 10 1950 1,2 2340 

12 �FB7B 8?<F-89=EF6. 7 + 8 + 10 5474 - 6255 

 �FB7B CB?A4S 7 + 8+9 7424 - 8595 
 

#B?A4S D4EK9FA4S A47DG;>4 A4 C?<FG C9D9>DOF<S 59; GK9F4 EB5EF69AAB7B 

69E4 EBEF46?S9F: q = q>6.@ - qE.6. = 8595 - 3434 = 5161#4 = 5,2 >#4 < 6 >#4, 

E?98B64F9?PAB, C?<F4 BFABE<FES > 6 7DGCC9 CB A9EGM9= ECBEB5ABEF<. 

!9EGM4S ECBEB5ABEFP C?<FO @B:9F EBEF46<FP 3, 4, 6 < 8 >#4.  

*) � 8<C?B@AB@ CDB9>F9 69E 6D9@9AAOI C9D97BDB8B> 6OK<E?S9@ CB 

HBD@G?9: @
�

A

Ht
,10g 


ý

ò , 789 
3/, @>7ò  - C?BFABEFP @4F9D<4?4 

C9D97BDB8B>; t, @ 3 FB?M<A4 C9D97BDB8><, �, @ 3 6OEBF4 QF4:4,  , @ - 

EG@@4DA4S 8?<A4 6E9I C9D97BDB8B> 6 CD989?4I B8AB= >64DF<DO C?BM48PR � 

(@2), BCD989?S9FES CB C?4AG QF4:4. 

�040G0 2. "CD989?<FP A47DG;>G A4 1@2
 7BD<;BAF4?PAB= CDB9>J<< 

CB>DOF<S B8ABQF4:AB7B CDB<;6B8EF69AAB7B ;84A<S, A4 54?>G < >B?BAAG. 

'>?BA >DOL< - 3%. 

 9FB8<K9E><9 G>4;4A<S 

1. 'EF4AB6<FP <EIB8AO9 84AAO9 CB F45?. �-6 <A8<6<8G4?PAOI ;484A<=. 

2. �OK9DF<FP G;9? >BAEFDG>J<< CB>DOF<S. 

3. &B?M<AG EFS:>< CD<ASFP 25 &50@@. 

4. #4DB<;B?SJ<R CD<ASFP: K9FAO9 64D<4AFO - B5@4;BKAGR (5<FG@A4S 

@4EF<>4 2 D4;4), A9K9FAO9 64D<4AFO - B>?99KAGR (DG59DB<8 A4 @4EF<>9). 
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5. 'EF4AB6<FP C?BFABEFP EFDB<F9?PAOI @4F9D<4?B6 CB CD<?B:9A<R � < 

;A4K9A<S >BQHH<J<9AF4 A489:ABEF< CB A47DG;>9 γf CB F45?<J9 1 [1]  <?< 

CB F45?. �-1. 

6. �OCB?A<FP E5BD A47DG;B> A4 1@2
 6 F45?<KAB= HBD@9 (F45?. 3). 

7. #B >4DF9 [1] BCD989?<FP D4=BA EFDB<F9?PEF64, CB F45?. �-3 BCD989?<FP 69E 

EA97B6B7B CB>DB64 Sg. �?S 7BDB8B6 < CBET?>B6 �B?B7B8E>B= B5?4EF< 

D4=BAO CB EA97B6B= A47DG;>9 84AO 6 F45?. �-4. 

8. #B G>?BAG >DB6?< BCD989?<FP >BQHH<J<9AF C9D9IB84 ¼: 9E?<   

30° <α <60°, 
30

60 ý 
ý ; 9E?< α ≤ 30°, ¼ = 1. 

9. �BQHH<J<9AF, GK<FO64RM<= EABE EA974 E CB?B7<I CB>DOF<= ;84A<= CB8 

89=EF6<9@ 69FD4 CD<A<@49FES 6 EBBF69FEF6<< E C. 10.5 [1]. #D< G>?BA9 

%12 : ø ù ø ùbE9 002,08,0kV1,02,1 ý .  

&9D@<K9E><= >BQHH<J<9AF Et  CD<@9AS9FES 8?S GKTF4 CBA<:9A<S EA97B6OI 

A47DG;B> A4 CB>DOF<S E 6OEB><@ >BQHH<J<9AFB@ F9C?BC9D984K< 

÷
ø
ö

÷
ø
ö


þ

С2@
�F

1  6E?98EF6<9 F4SA<S, 6O;64AAB7B CBF9D9= F9C?4. � CD4>F<K9E>B= 

D45BF9 №2 CD<ASFP >BQHH<J<9AF E9=1; Et=1. 

10.  !BD@4F<6AGR < D4EKTFAGR EA97B6GR A47DG;>G BCD989?<FP CB 

HBD@G?9: gte Scc ý ý7,0S0 ;   fSS ý 0 ,  789 4,1ýf - C.10.12 [1]. 

11. �89AF<H<J<DB64FP ;84A<9 CB GDB6AR BF69FEF69AABEF<, EF.4, C.7-

10 (� [2] < BCD989?<FP γn- >BQHH<J<9AF A489:ABEF<, EF.16, C.7 (� [2]. 

'>4;4AAO9 6 ;484K9 ;84A<S BFABESFES > ABD@4?PAB@G GDB6AR 

BF69FEF69AABEF<, 8?S A<I γn=1. 

12. �OK9DF<FP E9F>G >B?BAA < GEF4AB6<FP 7DG;B6GR C?BM48P- QFB 

C?BM48P, E >BFBDB= C9D9849FES A47DG;>4 A4 84AAO= Q?9@9AF. 

13. "CD989?<FP A47DG;>G A4 54?>G < >B?BAAG. 

14. 'EF4AB6<FP @4D>G 54?>< CB A9EGM9= ECBEB5ABEF<. 
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�4AB: 6<8 >DB69?PAB7B @4F9D<4?4 - ?<AB>DB@; K<E?B E?B96 - 2; EFS:>4 

J9@9AFAB-C9EK4A4S t=30@@; GF9C?<F9?P - C9ABCB?<EF<DB? #%�, C?BFABEFP 

ρ=35>7/@3, FB?M<A4  t=150@@; C4DB<;B?SJ<S 3 B5@4;>4 5<FG@AB= @4EF<>B= ;4 

2 D4;4; :9?9;B59FBAA4S C?<F4 EC?BLA4S, FB?M<A4 t=120@@; D4=BA 

EFDB<F9?PEF64- 7. �<D<??B6; CDB?9F ℓ=7,2@; L47 >B?BAA 4=6@. 

 

#D<@9D D9L9A<S ;484K< 

 

 

$<E.2. �BAEFDG>J<S CB>DOF<S 
 

�?S @4?BG>?BAAB= >DOL< CD<  α = 3% = 3° ≤ 30° >BQHH<J<9AF C9D9IB84 ¼ = 

1.  �?S B8ABQF4:AB7B CDB<;6B8EF69AAB7B ;84A<S CD<ASFP ABD@4?PAO= 

GDB69AP BF69FEF69AABEF<, >BQHH<J<9AF A489:ABEF< CB BF69FEF69AABEF< γn=1. 

 

&45?<J4 3 %5BD A47DG;B> A4  7BD<;BAF4?PAGR CDB9>J<R CB>DOF<S, #4 
 

 № �<8 A47DG;>< #B8EK9F !BD@. A47D. γf $4EK. 
A47D. 

1 �<AB>DB@ - 6@@ ρ·t·10=1200·0,006·10 72 1,2 86 

2 *#%-30 @@ ρ·t·10=2000·0,03·10 600 1,3 780 

3 'F9C?<F9?P #%� ρ·t·10=35·0,15·10 53 1,2 64 

4 "5@. �<F.-4@@ ρ·t·10=1050·0,004·10 42 1,2 50 

5 �FB7B 69E >DB6?< 1 + 2 + 3 + 4 767 - 980 

6 �9E :/5 C?<FO   ρ·t·10=2500·0,12·10 3000 1,1 3300 

7 �FB7B CBEFBSAA4S 5 + 6 3767 - 4280 

ρ=1200 >7/@3
 

ρ=2000 >7/@3
 

ρ=35 >7/@3
 

ρ=1050 >7/@3
 

ρ=2500 >7/@3
 

γf=1,2 

γf=1,3 

γf=1,2 

γf=1,2 

γf=1,1 

 

�<AB>DB@ 2 E?BS 3   6@@ 

*9@.-C9EK. EFS:>4-  30@@ 

'F9C?<F9?P #%� -150@@ 

"5@4;>4 5<FG@A, 2D.-4@@ 

�/5 C?<F4 -        120@@ 

 



20 

 

8 %A97B64S, V 

D4=BA 
ýý gte Scc ý7,0S0

=0,7·1·1·1·3200 = 2240 
2240 1,4 3136 

9 �FB7B CB?A4S 7 + 8 6007 - 7416 
 

 

$<E.3. �DG;B64S C?BM48P < D4EK9FA4S EI9@4 54?>< < >B?BAAO 

!47DG;>4 A4 54?>G EB5<D49FES E 7DG;B6B= C?BM48<, D46AB= L47G 54?B>. 

�DG;B64S C?BM48P A4 >B?BAAG D46A4 CB?B6<A9 C9D9>DO649@OI CDB?9FB6 

(D<E.3). #B?A4S D4EK9FA4S A47DG;>4 A4 54?>G < >B?BAAG EBEF46?S9F: q = q:2.<·0 
= 7,42 >#4· 6= 44,5 ≈ 45 >!/@;    

N = q:2.<·0· ℓ=7,42>#4·6·7,2= 324>!. 
#D< @4D><DB6>9 54?>< (CDB7BA4) G>4;O64RF 7454D<FAO9 D4;@9DO 6 8@, 

D4EK9FAGR A47DG;>G 6 F/@ < 6<8 59FBA4.  4D>4 54?>< 6 CD<6989AAB@ CD<@9D9 

5G89F � � 72.2.5-4,5B, 789 b=28@, h=58@- CD98CB?4749@O9 D4;@9DO E9K9A<S, 

ℓ=728@=7,2@, q=4,5F/@. �DG7<9 ?<A9=AO9 :9?9;B59FBAAO9 Q?9@9AFO <@9RF 

E6B< BEB59AABEF< @4D><DB6><. !4CD<@9D, 6 @4D>9 C9D9@OK>< 5DGE>B6B= 

3#�-13-37 J<HD4 37 B5B;A4K49F D4EK9FAGR A47DG;>G q=37>!/@; 13-8?<A4, 8@; 

3- AB@9D CBC9D9KAB7B E9K9A<S. 
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4. � �К"�'�!К�/  ���"� № 3 

"5<0: К>=AB@C:B82=O5 8 @0AGUB=O5 AE5<O 

  

*9?P. !4GK<FPES <;B5D4:4FP >BAEFDG>F<6AO9 < D4EKTFAO9 EI9@O 54?B> < 

>B?BAA <; D4;AOI @4F9D<4?B6.  

�EIB8AO9 84AAO9. �A8<6<8G4?PAO9 ;484A<S, 4DI<F9>FGDAB3EFDB<F9?PA4S 

K4EFP 8<C?B@AB7B CDB9>F4. 

#D<B5D9F49@O9 G@9A<S. '@9A<9 B5BEAB64FP < <;B5D4;<FP D4EK9FAGR EI9@G 

Q?9@9AF4 CB ;484AAB= >BAEFDG>F<6AB= < A4B5BDBF. 

�<F9D4FGD4. �.�. %9F>B6. %FDB<F9?PAO9 >BAEFDG>J<<. -  .: �!($�- , 20217 

"FK9FAO= @4F9D<4?. &D< 6OCB?A9AAOI ;484A<S. 

 

�BAFDB?PAO9 6BCDBEO 

1. �4=F9 BCD989?9A<S >BAEFDG>F<6AB= < D4EK9FAB= EI9@ Q?9@9AF4. 

2. !4;B6<F9 GCDBM9A<S, CD<ASFO9 CD< CBEFDB9A<< D4EK9FAB= EI9@O 54?B> < 

>B?BAA. 

3. '>4:<F9, 6 >4>B@ E?GK49 D4EK9FA4S EI9@4 BCBDO EBBF69FEF6G9F 

>BAEFDG>F<6AB=. 

4. �4=F9 BCD989?9A<9 L4DA<DAB-CB86<:AB=, L4DA<DAB-A9CB86<:AB= < 

:9EF>B ;4M9@?9AAB= BCBD 54?><. 

5. !4;B6<F9 BEAB6AB9 FD95B64A<9 CD< EBEF46?9A<< D4EK9FAOI EI9@ 

EBBDG:9A<=. 

6. '>4:<F9, >4><@ B5D4;B@ B59EC9K<649FES :9EF>BEFP ;4M9@?9A<S EF4?PAB= 

< :9?9;B59FBAAB= >B?BAAO 6 HGA84@9AF9. 

7. "5NSEA<F9, >4><@ B5D4;B@ >BAEFDG>F<6AB B59EC9K<FP :9EF>BEFP 

EBCDS:9A<S :9?9;B59FBAAB7B D<79?S E >B?BAAB=. 

 

�040=85: �OK9DF<FP >BAEFDG>F<6AGR EI9@G E?98GRM<I Q?9@9AFB6: 
1. "8ABCDB?9FA4S E6B5B8AB BC9DF4S 54?>4. 
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2. %FB=>4, L4DA<DAB ;4>D9C?9AA4S 6 B5B<I >BAJ4I. 

3. %FB=>4, :9EF>B ;4M9@?9AA4S 6 B5B<I >BAJ4I. 

�4:8GR EI9@G 6OCB?A<FP 8?S FD9I 6<8B6 @4F9D<4?B6: EF4?P, :9?9;B59FBA, 

8D969E<A4 < CD98EF46<FP 6 F45?<KAB= HBD@9 (F45?.4). 

 

&45?<J4 4 

�BAEFDG>F<6A4S EI9@4 $4EK9FA4S EI9@4 

1- Б4?>< 

 

1
4 3 EF4?PA4S (D<E.) 

1
5 3 :9?9;B59FBAA4S (D<E.) 

1
6 3 89D96SAA4S (D<E.) 

2- %FB=>< E H4DA<DAы@ ;4>D9C?9A<9@ 

 

2
4 3 EF4?PA4S (D<E.) 

2
5 
- :9?9;B59FBAA4S (D<E.) 

2
6 3 89D96SAA4S (D<E.) 

3- %FB=>< E :9EF>B= ;489?>B= 

 

3
4 3 EF4?PA4S (D<E) 

3
5 3 :9?9;B59FBAA4S (D<E.) 
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5. � �К"�'�!К�/  ���"� № 4 

"5<0:  !B0;P=O5 :>;>==O 

 

*9?P. !4GK<FPES CB85<D4FP E9K9A<9 EF4?PAB= >B?BAAO, CDB69DSFP 

GEFB=K<6BEFP CD<ASFB7B E9K9A<S, >BAEFDG<DB64FP G;?O.  

#D<B5D9F49@O9 G@9A<S. '@9A<9 CB8B5D4FP E9K9A<9 < CDB69D<FP 

GEFB=K<6BEFP EF4?PAB= >B?BAAO, A46O>< >BAEFDG<DB64A<S G;?B6, D45BFO E 

ABD@4F<6AB- ECD46BKAB= < GK95AB= ?<F9D4FGDB=.  

�<F9D4FGD4.  

1. %# 16.13330.2011. %F4?PAO9 >BAEFDG>J<<. �>FG4?<;<DB64AA4S 

D984>J<S %!<# II-23-81*. 

2. �"%& 26020-83. %BDF4@9AF EF4?PAOI 86GF46DB6 E C4D4??9?PAO@< 

7D4AS@< CB?B>.  

3. �.�. %9F>B6. %FDB<F9?PAO9 >BAEFDG>J<<. -  .: �!($�- , 20217.-446 

E.  

"FK9FAO= @4F9D<4?. "8A4 D9L9AA4S ;484K4 

 

�BAFDB?PAO9 6BCDBEO 

 

4. !4;B6<F9 BEAB6AO9 K4EF< EF4?PAB= >B?BAAO. 

5. #BSEA<F9 CBDS8B> CB85BD4 E9K9A<S EF4?PAB= >B?BAAO <; CDB>4FAB7B 

86GF46D4. 

6.  #BSEA<F9, KFB B5B;A4K4RF 5G>69AAO9 E<@6B?O: Ry , γc , ℓef , », »u , φ, A . 

�4> <I BCD989?<FP < BF K97B BA< ;46<ESF?  

7. '>4:<F9 A4<5B?99 QHH9>F<6AO= CDB>4FAO= CDBH<?P 8?S E:4FOI 

Q?9@9AFB6. 

8. "5NSEA<F9, 6 K9@ ;4>?RK49FES CBF9DS B5M9= < @9EFAB= GEFB=K<6BEF< 

EF4?PAB= >B?BAAO. 
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9.  !4;B6<F9 H4>FBDO, 6?<SRM<9 A4 A9EGMGR ECBEB5ABEFP EF4?PAB= 

>B?BAAO. 

10. #BSEA<F9 >BAEFDG>J<R :9EF>B7B <?< L4DA<DAB7B EBCDS:9A<S >B?BAAO 

E HGA84@9AFB@. 

11.  #BSEA<F9 >BAEFDG>J<R :9EF>B7B <?< L4DA<DAB7B EBCDS:9A<S 54?>< E 

>B?BAAB=. 

 

�040G0. #B8B5D4FP E9K9A<9 EF4?PAB= >B?BAAO <; 86GF46D4 E 
C4D4??9?PAO@< 7D4AS@< CB?B>; D4;D45BF4FP QE><; E9K9A<S, B7B?B6>4 < 54;O 

>B?BAAO EB7?4EAB ;484AAB= D4EK9FAB= EI9@9: EFD.103,105 [3]. 

 

�4AB: @4D>4 EF4?<; F<C 86GF46D4: К- >B?BAAO= <?< (- 

L<DB>BCB?BKAO=; D4EK9FA4S EI9@4 >B?BAAO; E9F>4 >B?BAA - ℓ*0, @; 6OEBF4 
QF4:4 �QB ,@; CBEFBSAA4S < 6D9@9AA4S A47DG;>4 3 gn < pn , >#4; >BQHH<J<9AFO 

A489:ABEF< CB A47DG;>9 3 γf1  <  γf2 (F45?. �-7). 

 

 9FB8<K9E><9 G>4;4A<S 

 

1. "CD989?<FP CB?AGR D4EK9FAGR A47DG;>G A4 >B?BAAG E 7DG;B6B= C?BM48<, 

D46AB= CDB<;6989A<R CDB?9F4 A4 L47: 

  N=(gn·γf1+ pn·γf2)·ℓ·0 , >! → !. 

2. #B F45?<J9 F45?. �-1 BCD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 EF4?< CB 

CD989?G F9>GK9EF< Ry ,  #4. #D< QFB@ FB?M<AG H4EBA4 CD<ASFP 

CD9864D<F9?PAB  t = 2&20@@. #B F45?. �-2 CD<ASFP >BQHH<J<9AF GE?B6<S 

D45BFO γA . "CD989?<FP @B8G?P GCDG7BEF< CDB>4FAB= EF4?< CB F45?<J9 �.10 
[1]: �= 2,06·105 #4. 

3. #D<ASFP CD9864D<F9?PAB >BQHH<J<9AF CDB8B?PAB7B <;7<54   

φ= 0,5&0,7. 
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4. �; GE?B6<S GEFB=K<6BEF< BCD989?<FP FD95G9@GR C?BM48P E9K9A<S: 

cy

FD
R

NА
 

ý , @2 → E@2
. 

5. #B FD95G9@B= C?BM48< E9K9A<S �B@ CB EBDF4@9AFG L<DB>BCB?BKAOI <?< 

>B?BAAOI 86GF46DB6 (F45?. �-2) CD<ASFP E ;4C4EB@ AB@9D CDBH<?S < 

6OC<E4FP D4;@9DO < C?BM48P CD<ASFB7B E9K9A<S < @<A<@4?PAO= D48<GE 

<A9DJ<<: �, E@2→ @2
; imin , E@. 

 

$<EGAB> 4  

�BQHH<J<9AFO D4EKTFAB= 

8?<AO EF4?PAOI >B?BAA 

 

6. $4EK9FA4S 8?<A4 >B?BAAO BCD989?S9FES CB HBD@G?9: ℓef=¼·ℓ, 789 
ℓ=!QF+0,15@. �BQHH<J<9AF D4EKTFAB= 8?<AO >B?BAA ¼ ;46<E<F BF GE?B6<= 
;4>D9C?9A<S <I >BAJB6 < BCD989?S9FES CB F45?<J9 30 [1]: 

7. "CD989?<FP 7<5>BEFP CD<ASFB7B E9K9A<S >B?BAAO: 
mini

ef
ýü

 < GE?B6AGR 

7<5>BEFP: 
E

R yý üü . �E?< 4,0üü , FB >BQHH<J<9AF CDB8B?PAB7B 

<;7<54 φ = 1. 

8. �E?< GE?B6A4S 7<5>BEFP 4,0ü , >BQHH<J<9AF CDB8B?PAB7B <;7<54 φ 

BCD989?<FP CB F45?<J9 �-1 A4EFBSM97B CBEB5<S 8?S F<C4 E9K9A<S b. 
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9. "CD989?<FP CD989?PAGR 7<5>BEFP >B?BAAO CB F45?<J9 32, C.4 [1], 8?S 

QFB7B 6OK<E?<FP >BQHH<J<9AF 
c




ý
yRA

N
; ü ý 60180u . 

%D46A<FP: uüü  , E89?4FP 6O6B8. �E?< GE?B6<9 A9 6OCB?AS9FES, E?98G9F 

G69?<K<FP D4;@9DO E9K9A<S < E89?4FP C9D9D4EK9F E C. 5. 

10. #DB69D<FP GEFB=K<6BEFP CD<ASFB7B E9K9A<S >B?BAAO CB HBD@G?9 7 [1]: 

cyR
A

N 


ó 


ý , E89?4FP 6O6B8. �E?< GEFB=K<6BEFP A9 B59EC9K9A4, 

E?98G9F G69?<K<FP E9K9A<9 < E89?4FP C9D9D4EK9F E C. 5. 

11.  �E?< GEFB=K<6BEFP B59EC9K9A4, CDB69D<FP Q>BAB@<KABEFP CD<ASFB7B 

E9K9A<S. "CD989?<FP >BQHH<J<9AF A98B7DG;4:  %100



ý

cy

cy

R

R
k


ó

. 

�E?< k < 10%, E9K9A<9 CD<ASFB Q>BAB@<KAB; 9E?< k = 10&15% - 

G8B6?9F6BD<F9?PAB;  

9E?< k >15%, E9K9A<9 CD<ASFB A9Q>BAB@<KAB < E?98G9F 6OCB?A<FP 

C9D9D4EK9F E C. 7, G@9APL<6 AB@9D CDBH<?S. 

12. $4;D45BF4FP QE><; B7B?B6>4 < 54;O >B?BAAO EB7?4EAB ;484AAB= 

D4EK9FAB= EI9@9, E@. EFD. 77, 78, 103, 105 [3]  . 

13. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
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6. � �К"�'�!К�/  ���"� № 5 

"5<0: �>41>@ A5G5=8O 45@52O==>9 AB>9:8 

 

*9?P. !4GK<FPES CB85<D4FP E9K9A<9 89D96SAAB= EFB=><, CDB69DSFP 

CDBKABEFP < GEFB=K<6BEFP CD<ASFB7B E9K9A<S. 

#D<B5D9F49@O9 G@9A<S. #B85BD E9K9A<S E:4FB7B 89D96SAAB7B 

Q?9@9AF4, CDB69D>4 CDBKABEF< < GEFB=K<6BEF< EFB=><, D45BF4 E ABD@4F<6AB-

ECD46BKAB= ?<F9D4FGDB= < 5?B>-EI9@4@<. 

�<F9D4FGD4.  

1. %# 64.13330.2011. �9D96SAAO9 >BAEFDG>J<<. �>FG4?<;<DB64AA4S 

D984>J<S %!<# II -25-80. 

2. �"%& 24454-80
*�. $9>B@9A8G9@O= EBDF4@9AF C<?B@4F9D<4?B6. 

3. �.�. %9F>B6. %FDB<F9?PAO9 >BAEFDG>J<<. -  .: �!($�- , 20177.- 446 E.  

"FK9FAO= @4F9D<4?. "8A4 D9L9AA4S ;484K4. 

 

�BAFDB?PAO9 6BCDBEO 

1. �4><9 CDB69D>< 6OCB?ASRF 8?S E:4FOI 89D96SAAOI EFB9>? 

2. #BSEA<F9, KFB B5B;A4K4RF 5G>69AAO9 E<@6B?O: RE, mn, m6, », φ, FAF. �4> 
<I BCD989?<FP < BF K97B BA< ;46<ESF? 

3. �4> GK<FO64RFES CBDB>< 8D969E<AO 6 D4EK9F9? 

4. �4> GK<FO649FES 6?4:ABEFP ED98O < GE?B6<S Q>EC?G4F4J<< 6 D4EK9F9? 

5. �4>B9 E9K9A<9 ?9EB@4F9D<4?B6 S6?S9FES BCF<@4?PAO@ 8?S EFB9>? 

6. '>4:<F9 ECBEB5O ;4M<FO 89D96SAAB= EFB=>< BF 7A<9A<S CD< F9I 

GE?B6<SI Q>EC?G4F4J<<, >BFBDO9 G>4;4AO 6 64L9@ 64D<4AF9. 

7. !4;B6<F9 ECBEB5O ;4M<FO 8D969E<AO BF 6B;7BD4A<S. 

8. !4;B6<F9 8<4@9FDO, 8?<AO < <I 7D484J<R 8?S 5D969A EFDB<F9?PAOI, 

CB8FB64DA<>B6 < :9D89=. 

9. �4><9 C<?B@4F9D<4?O A4;O64RF B5D9;AO@<? +FB F4>B9 B5;B?? 

10. �4><9 7D4A< 8BE>< A4;O64RF C?4EFPR, >DB@>B=, D95DB@? 
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11. �4> GK9EFP S6?9A<9 E5974 6 D4EK9F9 5D969AK4FOI EFB9>? 

12. �4>B6 CBDS8B> CDB69D>< GEFB=K<6BEF< 89D96SAAOI EFB9>? 

13. �4> CB8B5D4FP E9K9A<9 89D96SAAOI Q?9@9AFB6 (CBDS8B> D4EK9F4)? 

 

�040G0. #B8B5D4FP E9K9A<9 E:4FB= EFB=>< <; 5D96A4 <?< 5DGE4. 

�4AB: D4EK9FA4S EI9@4 EFB=><; D4EK9FAB9 GE<?<9 N, >!; 8?<A4 EFB=>< 

ℓ,@; F<C E9K9A<S - 5D96AB <?< 5DGE; CBDB84 8D969E<AO; GE?B6<S Q>EC?G4F4J<< 

(F45?. �-8). 

 9FB8<K9E><9 G>4;4A<S 

1.  "CD989?<FP D4EK9FAB9 EBCDBF<6?9A<9 8D969E<AO E:4F<R RA
B1

,  #4 CB 

F45?. F45?. �-4 8?S EBEAO < 9?< 2 EBDF4. �?S 5DGE4 ;484RFES D4;@9D4@< 

E9K9A<S, A4CD<@9D, b=11&13E@. �?S 8DG7<I CBDB8 8D969E<AO, >DB@9 EBEAO 

< 9?<, E?98G9F BCD989?<FP >BQHH<J<9AF C9D9IB84 m? CB F45?. �-3. � 

;46<E<@BEF< BF GE?B6<= Q>EC?G4F4J<< BCD989?<FP >BQHH<J<9AF GE?B6<S 

D45BFO m2  CB F45?. �-5. % GK9FB@ 6E9I >BQHH<J<9AFB6 D4EK9FAB9 

EBCDBF<6?9A<9 8D969E<AO 5G89F D46AB:  RA= RA
B1· m?· m2 ,  #4 →>#4 

2.  ПB85BD E9G9A<я. #D9864D<F9?PAB ;484RFES >BQHH<J<9AFB@ CDB8B?PAB7B 

<;7<54 φ=0,5&0,7 < BCD989?SRF FD95G9@GR C?BM48P < D4;@9DO E9K9A<S <; 

GE?B6<S GEFB=K<6BEF<: 
c

FD
R

N
F


ý
 ,@2 →E@2; !4CD<@9D, 

223

3
128108,12

10136,0

100 E@@FFD ýý


ý 
; 

 

 8?S 5DGE4: 

FDFhb ýý , E@, 

 

8?S 5D96A4 


FDF
d


ý

4
, E@. 

E@hb 3.11128 ýýý ;  

$4;@9DO E9K9A<S 5DGE4 E?98G9F 

B>DG7?<FP 8B 5?<:4=L97B 

E@E@d 128,12
1284

ý


ý


  

�<4@9FD 5D96A4 E?98G9F B>DG7?<FP 6 
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;A4K9A<S CB EBDF4@9AFG (F45?. 

�-3). #D<@9@ b = h=12,5E@;  

EFBDBAG G69?<K9A<S >D4FAB 2E@ CD< 

d=14&26E@ < >D4FAB 1E@ CD< d≤13E@ 

 

 

 B:AB B>DG7?<FP 8<4@9FD 6 @9APLGR EFBDBAG < GK9EFP 

S6?9A<9 E5974 3 0,8E@ A4 1@ 8?<AO. !4CD<@9D, CD< 

ℓ=4@ 8<4@9FD 5D96A4 6 D4EK9FAB@ E9K9A<< D469A: 

 .6,13
2

4
8,012

2
8,0 E@dd D4Eч ýýý


 

 

3.  ПDB69D>4 CD<AяFB7B E9G9A<я. �E?< D4;@9DO E9K9A<S 5DGE4 BF?<K4RFES 

BF D4A99 CD<ASFOI b=11&13E@, E?98G9F GFBKA<FP D4EK9FAB9 EBCDBF<6?9A<9 

8D969E<AO Rc  CB F45?<J9 �-4. �4?99 BCD989?S9FES C?BM48P CD<ASFB7B 

E9K9A<S: F=b·h,E@2 →@2  3 8?S 5DGE4; 
4

2
d

F


ý


- 8?S 5D96A4. 

4.  $4EK9FA4S 8?<A4 EFB=><: ℓ0= ¼0·ℓ , @ →E@. �BQHH<J<9AF CD<6989A<S ¼0 

BCD989?S9FES EB7?4EAB C. 6.23 [1] (D<E.5). 

 

$<E.5. $4EK9FAO9 EI9@O EFB9> 
 

5. $48<GE <A9DJ<< E9K9A<S: i=0,29b, E@- 8?S 5DGE4, 789 b- @9APL<= D4;@9D 

E9K9A<S,  i=0,25d 3 8?S 5D96A4. 

6. "CD989?<FP 7<5>BEFP EFB=>< < ED46A<FP E CD989?PAB 8BCGEF<@B= 

69?<K<AB= (E@. F45?.17 [1]) : @ 4>E
i

üü ý 0 , 789 »@4>E=120- 8?S BEAB6AOI 

Q?9@9AFB6, »@4>E =150- 8?S 6FBDBEF9C9AAOI. �E?< GE?B6<9 A9 6OCB?AS9FES < 

E9K9A<9 A9 G8B6?9F6BDS9F GE?B6<R 7<5>BEF<, E?98G9F G69?<K<FP D4;@9DO 

E9K9A<S < C9D9EK<F4FP C.3, 5 < 6. 
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7. "CD989?<FP >BQHH<J<9AF CDB8B?PAB7B <;7<54 CB HBD@G?9 7 <?< 8 [1]. 

�E?< »≤70,  FB 
2

100
1 ÷

ø
ö

÷
ø
öý
ü 4 , 789 4=0,8. �E?< »>70, FB 2ü

 А
ý , 789 

�=3000. 

8. 'EFB=K<6BEFP EFB=>< CDB69DS9@ CB HBD@G?9 6 [1]: c

D4E

R
N




ý
F

ó  , >#4 

→ #4, 789 FD4E=F; ;89EP Rc3 E GK9FB@ >BQHH<J<9AFB6 mn < m2 . %89?4FP 

6O6B8. �E?< GE?B6<9 A9 6OCB?AS9FES, E?98G9F G69?<K<FP D4;@9DO E9K9A<S < 

C9D9EK<F4FP E C. 3. 

9.  �E?< GE?B6<9 6OCB?AS9FES, GEFB=K<6BEFP B59EC9K9A4. � QFB@ E?GK49 

E?98G9F CDB69D<FP Q>BAB@<KABEFP. �BQHH<J<9AF A98B;47DG:9A<S: 

%100


ý
c

c

R

R
Ê

ó
. �E?< � ≤ 25%, E9K9A<9 CD<ASFB Q>BAB@<KAB; 9E?< � > 

25%, Q>BAB@<KABEFP CD<ASFB7B E9K9A<S A9 B59EC9K9A4, FD95G9FES G@9APL<FP 

D4;@9DO E9K9A<S EFB=>< < E89?4FP C9D9D4EK9F E C.3. �AB784, 66<8G 

B7D4A<K9AABEF< EBDF4@9AF4, A9 G849FES CB8B5D4FP Q>BAB@<KAB9 E9K9A<9, 

FB784 E?98G9F G>4;4FP QFB 6 6O6B89. 
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7.  � �К"�'�!К�/  ���"� № 6 

"5<0:   �5;57>15B>==O5 :>;>==O 

 

*9?P. !4GK<FPES BCD989?SFP C?BM48P E9K9A<S D45BK9= 4D@4FGDO 

>B?BAAO < >BAEFDG<DB64FP >4D>4E >B?BAAO. 

#D<B5D9F49@O9 G@9A<S. $4EK9F < >BAEFDG<DB64A<9 6A9J9AFD9AAB 

E:4FOI Q?9@9AFB6 CDS@BG7B?PAB7B E9K9A<S CD< @4?B@ Q>EJ9AFD<E<F9F9, 

D45BF4 E ABD@4F<6AB-ECD46BKAB= ?<F9D4FGDB=. 

�<F9D4FGD4. 1. %# 52-101-03 �9FBAAO9 < :9?9;B59FBAAO9 >BAEFDG>J<< 

59; CD9864D<F9?PAB7B A4CDS:9A<S 4D@4FGDO. �BEEFDB= $BEE<<. -  ., 20037. 

2. �.�. %9F>B6. %FDB<F9?PAO9 >BAEFDG>J<<. -  .: �!($�- , 20217.  

"FK9FAO= @4F9D<4?. "8A4 D9L9AA4S ;484K4 

 

�BAFDB?PAO9 6BCDBEO 

 

1. #BSEA<F9, >4><9 Q?9@9AFO A4;O64RF J9AFD4?PAB- < 6A9J9AFD9AAB  

E:4FO@<. 

2. #D<698<F9 CD<@9DO J9AFD4?PAB- < 6A9J9AFD9AAB  E:4FOI Q?9@9AFB6. 

3. "5NSEA<F9, >4>B64 DB?P CDB8B?PAOI < CBC9D9KAOI EF9D:A9= 6 >B?BAA9. 

4. !4;B6<F9 D4;?<KAO9 F<CO 4D@<DB64A<S >B?BAA. 

5. "5BEAG=F9 Q>BAB@<K9E>GR QHH9>F<6ABEFP G69?<K9A<S >?4EE4 59FBA4 

E:4FOI Q?9@9AFB6. 

6. '>4:<F9, >4><9 >?4EEO 4D@4FGDO CD<@9ASRF 8?S CDB8B?PAOI < 

CBC9D9KAOI EF9D:A9= >B?BAA. 

7. #BSEA<F9, J9?9EBB5D4;AB ?< CD<@9ASFP 6OEB>BCDBKAGR 4D@4FGDG 6 

>B?BAA9. 

8. "5NSEA<F9, KFB B5B;A4K4RF 5G>69AAO9 E<@6B?O: Rb ,  Rs , Rsc , φ,  μs , » ,  ℓ0 

. 

9. #BSEA<F9, BF K97B ;46<E<F 6O5BD D4EK9FAB= EI9@O >B?BAAO. 
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10. #BSEA<F9, >4> B59EC9K<FP :9EF>BEFP EFO>4 >B?BAAO E HGA84@9AFB@. 

11. "F K97B ;46<E<F C?BM48P D45BK9= 4D@4FGDO >B?BAAO? 

12. +FB E?98G9F CD98CD<ASFP, 9E?< 6 D4EK9F9 CB?GK<?BEP: As ≤ 0? 

13. "F K97B ;46<E<F L47 IB@GFB6 6 >B?BAA9? 

14. !4C<L<F9 HBD@G?G 8?S BCD989?9A<S CDBJ9AF4 4D@<DB64A<S >B?BAAO μs. 

15. !4;B6<F9 F<C 4D@<DB64A<S 6 B7B?B6>9 < EF9D:A9 >B?BAAO. 

 

�040G0. "CD989?<FP C?BM48P E9K9A<S D45BK9= 4D@4FGDO >B?BAAO, 
8<4@9FD < L47 CBC9D9KAB= 4D@4FGDO. �OK9DF<FP QE><; >4D>4E4 < B7B?B6>4 

>B?BAAO. 

�4AB: D4EK9FA4S EI9@4 >B?BAAO; D4EK9FAB9 GE<?<9 N, >!; 6OEBF4 QF4:4 �QB , 

@; >?4EE 59FBA4 < 4D@4FGDO; D4;@9DO  E9K9A<S  >B?BAAO b:*h: , E@. (F45?. �-

9). 

 9FB8<K9E><9 G>4;4A<S 

 

1. "CD989?<FP D4EK9FAO9 I4D4>F9D<EF<>< @4F9D<4?B6 CB F45?.  �.6, �-7: 

D4EK9FAB9 EBCDBF<6?9A<9 59FBA4 A4 E:4F<9 E GK9FB@ >BQHH<J<9AF4 

GE?B6<S D45BFO CD< 8?<F9?PAB@ 89=EF6<< A47DG;><:  #4,R
1b b

F5
bR ý ; 

D4EK9FAB9 EBCDBF<6?9A<9 CDB8B?PAB= 4D@4FGDO A4 E:4F<9 Rsc,  #4→ 

>#4. 

2. "CD989?<FP D4EK9FAGR 8?<AG >B?BAAO: ℓ0=¼·ℓ. �?<A4 >B?BAAO E :9EF><@ 
BC<D4A<9@ 6 A<:A9@ >BAJ9: ℓ=�QB+(0,15…0,5) @, 789 0,15&0,5 @- 

D4EEFBSA<9 BF GDB6AS K<EFB7B CB?4 8B B5D9;4 HGA84@9AF4. �?S >B?BAA E 

L4DA<DAO@ BC<D4A<9@ 6 A<:A9@ >BAJ9: ℓ=�QB. �BQHH<J<9AF CDB6989A<S  

¼ ;46<E<F BF D4EK9FAB= EI9@O >B?BAAO.  
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$<E.6. $4EK9FAO9 EI9@O :9?9;B59FBAAOI >B?BAA 

3. �OK<E?<FP 7<5>BEFP >B?BAAO E B>DG7?9A<9@ 8B J9?B7B K<E?4: 
>h

0ýü , 789 

h:- @9APL<= D4;@9D E9K9A<S >B?BAAO. �E?< CB?GK<FES » = 6&20, E?98G9F 
GK9EFP S6?9A<9 CDB8B?PAB7B <;7<54 >B?BAAO 66989A<9@ >BQHH<J<9AF4 φ. 

#D< 8?<F9?PAB@ 89=EF6<< A47DG;>< >BQHH<J<9AF φ BCD989?S9FES CB F45?. 
3.2-1 [1] <?< CB F45?. �-2 A4EFBSM97B CBEB5<S. 

4. &D95G9@GR C?BM48P E9K9A<S D45BK9= 4D@4FGDO >B?BAAO BCD989?<FP CB 

HBD@G?9: 
sc

b

sc

FD
s

R

RA

R

N
A





ý
  , 789 .,hb 2

>> @А ý  !4CD<@9D,  

224

4

3

4
211021

105,35

1035,1012,0

105,35768,0

1550 E@@A
FD
s ýý







ý 
 

 

5. #B FD95G9@B= C?BM48< E?98G9F CD<ASFP CB EBDF4@9AFG 4D@4FGDO (F45?. �-

1) 4 <?< 6 D45BK<I EF9D:A9= E ;4C4EB@, D4ECB?B:<6 <I CB >BDBF><@ 

EFBDBA4@ E9K9A<S (D<E.7). !4CD<@9D, CD<@9@ 4Ø28�400 E �s=24,63E@2
 <?< 

6Ø22�400 E �s=22,81E@2 

 

$<E. 7. $4;@9M9A<9 4D@4FGDO 6 E9K9A<< >B?BAAO 

 

6. "CD989?<FP CDBJ9AF 4D@<DB64A<S >B?BAAO %100


ý
>>

s

s
hb

А
ý  < ED46A<FP 

97B @4>E<@4?PAO@ < @<A<@4?PAO@ ;A4K9A<9@: maxmin ýýý  s , 789 μmax=3%. 

 <A<@4?PAO= CDBJ9AF 4D@<DB64A<S BCD989?S9FES CB F45?<J9: 
  

>h

0  5 7 9 11 13 15 17 19 21 25 
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μmin,% 0,1 0,115 0,13 0,145 0,16 0,175 0,19 0,205 0,22 0,25 

�E?< CB?GK<FES μs<μmin , E?98G9F G69?<K<FP 8<4@9FD D45BK9= 4D@4FGDO 

>B?BAAO.  

�E?< CB?GK<FES μs>μmax , E?98G9F CDB69D<FP A9EGMGR ECBEB5ABEFP >B?BAAO 

CB HBD@G?9:  

ø ùø ùsscsb ARAARN  . 

7. "CD989?<FP 8<4@9FD < L47 CBC9D9KAB= 4D@4FGDO >B?BAAO. � E64DAOI 

>4D>4E4I 8<4@9FD CBC9D9KAB= 4D@4FGDO CD<A<@49FES <; GE?B6<S E64D>< 

CB 8<4@9FDG CDB8B?PAB= 4D@4FGDO (CD<?. �). #BC9D9KAGR 4D@4FGDG 6 

>B?BAA9 GEF4A46?<64RF E J9?PR CD98BF6D4M9A<S 6OCGK<64A<S 

CDB8B?PAB= 4D@4FGDO E L47B@:  ds 15  <  500s @@. ,47 CD<ASFP E 

B>DG7?9A<9@ 6 EFBDBAG G@9APL9A<S >D4FAB 50@@. �E?< µ>3%, 

CBC9D9KAGR 4D@4FGDG E?98G9F GEF4A46?<64FP E L47B@ ds 10 < 300s

@@. !4CD<@9D, s=15d=15·22=440@@<500, CD<@9@ s=400@@. 

8. �OK9DF<FP QE><; >4D>4E4 < B7B?B6>4 >B?BAAO 3 EFD. 125 [2].   

 

$<E. 8. 1E><; >4D>4E4 >B?BAAO 

12. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
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#$��"��!�3 

#D<?B:9A<9 � 

 

�=48284C0;P=O5 7040=8O 4;O ABC45=B>2 

&45?<J4 �-1 $4EK9FAO9 I4D4>F9D<EF<>< CDB>4FAB= EF4?< 

 

№ 64D.  4D>4 EF4?< !B@9D G7B?>4 № 64D.  4D>4 EF4?< !B@9D G7B?>4 

1 2 3 4 5 6 

1 % 235 ∟50x5 16 % 245 ∟160x12 

2 % 245 ∟56x5 17 % 255 ∟200x10 

3 % 255 ∟63x6 18 % 245 ∟200x13 

4 % 255 ∟63x4 19 % 285 ∟200x14 

5 % 285 ∟70x5 20 % 345 ∟200x16 

6 % 345 ∟70x6 21 % 385 ∟200x20 

7 % 385 ∟75x5 22 % 235 ∟200x12 

8 % 235 ∟75x6 23 % 245 ∟200x13 

9 % 245 ∟80x6 24 % 255 ∟100x7 

10 % 255 ∟80x7 25 % 235 ∟100x8 

11 % 255 ∟90x6 26 % 285 ∟100x10 

12 % 285 ∟90x7 27 % 345 ∟110x10 

13 % 345 ∟160x10 28 % 355 ∟125x9 

14 % 385 ∟160x12 29 % 235 ∟140x9 

15 % 345 ∟180x11 30 % 345 ∟140x10 
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&45?<J4 �-2 $4EK9FAO9 I4D4>F9D<EF<>< 8D969E<AO 

 

 

№ 64D %BDF #BDB84 %9K9A<9 GE?. 
Q>EC?. 

1 2 3 4 5 

1 1 �?P 100x100 2 

2 2 %BEA4 100x125 3 

3 3 #<IF4 125x150 1 

4 1 �9D9;4 150x150 4 

5 2 �G5 150x175 2 

6 3 �<EF69AA<J4 175x175 2 

7 1 �G> 175x200 3 

8 2 "E<A4 200x200 2 

9 3 3E9AP 100x100 3 

10 1 �?9A 100x125 4 

11 2 �98D E<5<DE><= 125x150 3 

12 3 %BEA4 150x150 4 

13 1 #<IF4 175x175 3 

14 2 &BCB?P 200x200 2 

15 3 �D45 100x125 3 

16 1 �<C4 100x150 2 

17 2 �G> 150x200 4 

18 3 "E<A4 200x250 2 

19 1 3E9AP 150x150 3 

20 2 �?9A 100x100 4 

21 3 �98D E<5<DE><= 100x125 3 

22 1 %BEA4 125x125 4 

23 2 #<IF4 150x150 2 

24 3 �9D9;4 150x175 4 

25 1 �G5 100x175 2 

26 2 �<EF69AA<J4 100x200 1 

27 3 3E9AP 150x200 1 

28 1 �?9A 100x150 2 

29 2 #<IF4 150x150 3 

30 3 �9D9;4 100x175 4 
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&45?<J4 �-3 $4EK9FAO9 I4D4>F9D<EF<>< >4@9AAB= >?48>< 

 

№ 
64D 

 4F9D 
>?48>< 

 4D>4 
>4@AS 

 4D>4 
D4EF6. 

%9K. 6 
><DC. 
(E@) 

№ 
64D 

 4F9D 
>?48>< 

 4D>4 
>4@AS 

 4D>4 
D4EF6. 

%9K. 6 
><DC. 
(E@) 

1 2 3 4 5 6 7 8 9 10 

1 � 75 50 1,5x2,0 16 � 100 75 40x60E@ 

2 � 100 50 1,5x2,5 17 � 150 100 60x80E@ 

3 � 125 50 1,5x3,0 18 � 100 50 60x40E@ 

4 � 150 50 2,0x2,0 19 � 75 75 40x80E@ 

5 � 200 50 2,0x2,5 20 � 50 75 60x80E@ 

6 � 100 150 2,0x3,0 21 � 200 �12,5 50x70E@ 

7 � 125 150 2,0x3,5 22 � 250 �7,5 70x90E@ 

8 � 150 150 1,5x1,5 23 � 50 �3,5 80x80E@ 

9 � 200 150 1,5x2,0 24 � 100 �2,5 50x50E@ 

10 � 300 150 1,5x2,5 25 � 100 �7,5 60x100E@ 

11 � 75 100 1,5x3,0 26 � 35 10 1,5x2,0 

12 � 100 100 2,0x2,0 27 � 50 10 1,5x2,5 

13 � 125 100 2,0x2,5 28 � 75 10 2,0x3,0 

14 � 150 100 2,0x3,0 29 � 100 25 2,5x3,0 

15 � 200 100 2,0x3,5 30 � 125 25 3,0x3,5 

 

 4F9D<4? >?48><: �- ><DC<K >9D4@<K9E><=;  

�- ><DC<K E<?<>4FAO=; �- >9D4@<K9E><9 >4@A<; 

 �- CGEFBF9?O9 59FBAAO9 >4@A<; �- 5GFB59FBA. 
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&45?<J4 �-4 $4EK9FAO9 I4D4>F9D<EF<>< 59FBA4 < 4D@4FGDO 

 

№ 64D �?4EE 59FBA4 �?4EE 
4D@4FGDO 

№ 
64D 

�?4EE 
59FBA4 

�?4EE 4D@4FGDO 

1 2 3 4 5 6 

1 �10 � 240 16 �30 � 240 

2 �15 � 300 17 �35 � 300 

3 �20 � 400 18 �40 � 400 

4 �25 � 500 19 �45 � 500 

5 �30 � 500 20 �50 � 500 

6 �35 � 240 21 �55 � 240 

7 �40 � 300 22 �25 � 300 

8 �45 � 400 23 �10 � 400 

9 �35 � 500 24 �15 � 500 

10 �55 � 500 25 �20 � 500 

11 �45 � 240 26 �25 � 240 

12 �10 � 300 27 �30 � 300 

13 �15 � 400 28 �35 � 400 

14 �20 � 500 29 �40 � 500 

15 �25 � 500 30 �45 � 500 
  



3
9
 

 !1>@ =03@C7>: =0 1 <2<564CQB06=>3> ?5@5:@OB8O 

!4;A4K9A<9 ;84A<S 

6 

�DI<6 

�8@<A<EFD. 

,>B?4 

%CBDF;4? 

�9FE48 

�OFB6B= >BDCGE 

$9EFBD4A 

�BEF<A<J4 

#B?<>?<A<>4 

�4? B:<84A<S 

!4?B7B64S <AEC9>J<S 

%FB?B64S 

�<J9= 

�BDEG8 

�B@54D8 

 4D>4 C?<FO 
C9D9>D. 

5 

#� 63.10 

#� 60.10 

#� 63.15 

#� 60.15 

#� 48.12 

#� 51.12 

#� 48.18 

#� 51.18 

#� 57.10 

#� 54.10 

#� 57.15 

#� 54.15 

#� 57.12 

#� 54.12 

#� 57.18 

&B?M<A4 F9C?B-;6.-<;. E?BS, 
@@ 

4 

Paroc, 50 

���, 2 E?BS 

#9D?<F, 100 

RockwBBl, 75 

Roofmate, 75 

#9ABCB?<EF<DB?, 75 

Paroc, 125 

#9D?<F, 60 

Paroc, 50 

URSAFOAM, 75 

#9ABCB?<EF<DB?, 50 

���, 2 E?BS 

��#, 24 

#9ABCB?<EF<DB?, 50 

Paroc, 75 

&B?M. EFS:>< 
@@ 

3 

40 

25 

30 

- 

45 

50 

30 

40 

15 

25 

35 

30 

20 

40 

25 

&<C CB?4 

2 

�4@<A4F 

�<AB?9G@ 

#4D>9F 

�BM4FO= 

�<AB?9G@ 

�9D4@<K. C?<F>4 

#4D>9F 

�4@<A4F 

�<AB?9G@ 

�9FBAAO= 

�9D4@<K. C?<F>4 

�<AB?9G@ 

#4D>9F 

�9D4@<K. C?<F>4 

��# 

&45?<J4 �-5 

№ 64D 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

 

 
 



4
0
 

 

!1>@ =03@C7>: =0 1 <2<564CQB06=>3> ?5@5:@OB8O 

!4;A4K9A<9 ;84A<S 

6 

�OEF46BKAO= ;4? 

�<EC4AE9D 

#4AE<BA4F 

 474;<A 

&GDH<D@4 

&D9A4:9DAO= ;4? 

�<D:4 

�45BD4FBD<S 

"H<E 

�4H9 

�BAJ9DFAO= ;4? 

�4;4D@4 

�B@ J69FB6 

$O5BBID4A4 

�B9A>B@4F 

 4D>4 C?<FO 
C9D9>D. 

5 

#� 54.18 

#� 51.10 

#� 48.10 

#� 51.15 

#� 48.15 

#� 63.12 

#� 60.12 

#� 63.18 

#� 60.18 

#� 63.10 

#� 60.10 

#� 57.12 

#� 51.18 

#� 54.15 

#� 48.12 

&B?M<A4 F9C?B-;6.-<;. 
E?BS, @@ 

4 

 �#, 80 

Roofmate, 65 

��#, 24 

 �#, 125 

Paroc, 40 

URSA,80 

#9ABC?4EF, 50 

��#, 24 

 �#, 50 

Paroc, 70 
#9ABCB?<EF<DB?, 

100 
1>B64F4, 75 

 �#, 40 

���, 2 E?BS 

Isover, 60 

&B?M. 
EFS:>< @@ 

3 

30 

25 

45 

15 

40 

- 

15 

35 

45 

30 

15 

- 

20 

30 

- 

#DB8B?:9A<9 F5. �-5 

&<CCB?4 

2 

�4@<A4F 

��# 

�<AB?9G@ 

�9D4@<K. C?<F>4 

#4D>9F 

�BM4FO= 

�4@<A4F 

�<AB?9G@ 

#4D>9F 

�9FBAAO= 

#4D>9F 

�BM4FO= 

��# 

�<AB?9G@ 

�BM4FO= 

№ 64D 

1 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
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&45?<J4 �-6 %5BD A47DG;B> A4 1 @2  CB>DOF<S, 54?>G < >B?BAAG 
 

№ 

64D 
�<8 >DB6. 
@4F9D. 

&B?M. 
EFS:><
, @@ 

&B?M. GF9C?., @@ 

&B?M. 
:/5 
C?<FO 
@@ 

$4=BA EFD-64 
ℓ, 
@ 

4, 
@ 

1 2 3 4 5 6 7 8 

1 �<>DBEF 30 
#9ABCB?<EF<DB?, 
100 

120 
!<:A<= 
!B67BDB8 5,7 5,1 

2 �<AB>DB@ 40 Paroc, 150 140 #E>B6 5,4 4,8 

3 &9IABQ?4EF 50  �#, 140 100 �45496B 7,0 5,4 

4 1>BH?9>E 45 #9D?<F, 90 160 &4@5B6 6,0 5,4 

5 �4F9C4?-FGC?4 35 Ursafoam, 125 110 �.'EFR7 6,3 5,7 

6 �<>DBEF 25 
#9ABCB?<EF<DB?, 
180 

130 
&DBJ>B-
#9KBDE> 5,7 6,0 

7 �<AB>DB@ 30 Roofmate, 150 150 %B>B? 5,7 5,1 

8 &9IABQ?4EF 40 Paroc, 75 100 "D9? 5,4 6,0 

9 1>BH?9>E 50 Ursafoam, 80 110 �48G= 6,3 4,8 

10 �<>DBEF 45 Roofmate, 125 120 �4;4AP 6,6 4,8 

11 �<AB>DB@ 35  �#, 120 130 'EFR:A4 6,0 5,7 

12 &9IABQ?4EF 25 Paroc, 250 140 &R@9AP 5,7 4,2 

13 1>BH?9>E 30 #9D?<F, 140 150 %S@:4 7,2 5,1 

14 �4F9C4?-FGC?4 40 #9ABC?4EF, 250 160 3>GFE> 5,1 5,4 

15 �<>DBEF 50 
#9ABCB?<EF<DB?, 
170 

100 �OF97D4 4,5 5,1 

16 �<AB>DB@ 25 Ursafoam, 130 110 $S;4AP 4,8 5,7 

17 &9IABQ?4EF 35  �#, 150 120 �DS;B69J 7,8 6,3 

18 1>BH?9>E 45 Paroc, 300 130 &<>E< 6,0 6,6 

19 �<>DBEF 30 Roofmate, 90 140 &BFP@4 7,6 6,3 

20 �4F9C4?-FGC?4 40 Ursafoam, 280 150  47484A 8,0 4,8 

21 �<AB>DB@ 50 #9D?<F, 240 160 ,9>EA4 7,4 5,6 

22 &9IABQ?4EF 25 #9ABC?4EF, 100 100 �?48<@<D 6,0 5,7 

23 1>BH?9>E 35  �#, 160 110 �B?B784 5,0 5,7 

24 �<>DBEF 45 Paroc, 140 120 %@B?9AE> 7,5 5,4 

25 �<AB>DB@ 30 Ursafoam, 110 130 �48A<>B6 8,4 6,3 

26 �4F9C4?-FGC?4 40 
#9ABCB?<GD9F4A, 

110 
140 !4DPSA-  4D 7,7 4,2 

27 &9IABQ?4EF 50 Ursafoam, 150 150 +9D9CB69J 7,2 6,3 

28 �<>DBEF 25 Roofmate, 100 160 �D>GFE> 5,4 6,0 

29 �<AB>DB@ 35 Paroc, 120 130 +47B84 6,3 5,7 

30 &9IABQ?4EF 45  �#, 130 150 �<DB6 8,1 5,4 
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&45?<J4 �-7 #B85BD E9K9A<S EF4?PAB= >B?BAAO 

 

№ 
64D 

 4D>4 
EF4?< 

&<C 
86GF 

$4EK 
EI9@4 

%9F>4 
>B?BAA 
ℓ*0, @  

�QB, 

@ 

gn, 

>#4 
pn , 

>#4  γf1 γf2 

1 2 3 4 5 6 7 8 9 10 

1 C245 � 

 

9 x 21 5,4 2,0 3,5 1,1 1,2 

2 C235 , 15 x 9 7,2 3,4 3,8 1,2 1,3 

3 C245 � 12 x 15 6,0 4,2 3,3 1,1 1,4 

4 C235 , 12 x 12 8,4 2,2 4,0 1,1 1,3 

5 C245 � 18 x 12 9,0 3,1 3,5 1,2 1,4 

6 C235 , 

 

12 x24 8,2 2,2 4,3 1,1 1,2 

7 C245 � 18 x 9 9,6 3,0 2,7 1,2 1,3 

8 C235 , 21 x 12 6,5 3,6 2,9 1,1 1,4 

9 C245 � 21 x 12 7,4 2,5 4,3 1,1 1,3 

10 C235 , 12 x 15 5,7 3,1 3,8 1,2 1,4 

11 C245 � 

 

24 x 6 9,1 2,8 4,6 1,1 1,2 

12 C235 , 12 x 12 8,5 3,3 4,2 1,2 1,3 

13 C245 � 9 x 21 7,6 3,9 4,0 1,1 1,4 

14 C235 , 18 x 9 6,6 3,4 5,1 1,1 1,3 

15 C245 � 15 x 9 8,5 2,4 4,7 1,2 1,4 

16 C235 , 

 

6 x 24 3,6 3,3 4,6 1,1 1,2 

17 C245 � 9 x 18 4,2 3,0 5,1 1,2 1,3 

18 C235 , 12 x 18 3,5 2,7 4,5 1,1 1,4 

19 C245 � 15 x 18 3,0 3,2 4,6 1,1 1,3 

20 C235 , 9 x 21 4,5 4,0 3,7 1,2 1,4 

21 C245 � 

 

6 x 24 7,3 3,9 5,1 1,1 1,2 

22 C235 , 12 x12 8,2 2,4 5,2 1,2 1,3 

23 C245 � 18 x 9 9,1 2,7 4,8 1,1 1,4 

24 C235 , 21 x 12 8,0 3,3 5,2 1,2 1,3 

25 C245 � 9 x 24 8,4 4,1 2,6 1,2 1,4 

26 C235 , 

 

18 x 9 5,1 2,6 5,3 1,1 1,2 

27 C245 � 15 x 12 6,2 3,8 4,6 1,2 1,3 

28 C235 , 9 x 12 5,7 2,7 5,1 1,2 1,4 



43 

 

29 C245 � 21 x 9 7,2 3,2 4,0 1,1 1,3 

30 C235 , 6 x 24 6,0 3,4 5,2 1,2 1,4 

 

&45?<J4 �-8 #B85BD E9K9A<S 89D96SAAB= EFB=>< 

  

№ 

64D 
$4EK9FA4S 
EI9@4 

N, 

>! 
ℓ, @ 

&<C 
E9K9A<S #BDB84 �?4EE GE?B6<= 

Q>EC?G4F4J. 
1 2 3 4 5 6 7 

1 

 

80 2,5  �98D E<5. 3 

2 180 4,0 %BEA4 4 

3 100 4,2 #<IF4 2 

4 230 3,8 �9D9;4 3 

5 150 3,2 �?P 1 

6 

 

240 6,0 
 

%BEA4 2 

7 150 5,4 �<C4 3 

8 170 5,8 &BCB?P 1 

9 120 4,8 �9D9;4 2 

10 190 5,0 �98D E<5 4 

11 

 

110 5,0 
 

�<C4 1 

12 120 4,8 "?PI4 2 

13 140 5,2 �9D9;4 2 

14 180 2,8 �?P 3 

15 130 4,0 &BCB?P 1 

16 

 

190 4,0  #<IF4 1 

17 200 4,4 �<EF69AA<J4 2 

18 80 4,6 �G> 3 

19 110 3,3 �D45 2 

20 75 4,8 �9D9;4 4 

21 

 

60 2,3  �G5 2 

22 70 2,5 %BEA4 4 

23 80 2,4 �9D9;4 3 

24 90 2,5 �98D E<5 1 

25 100 2,6 �?P 3 

26 150 3,5 

 

�<EF69AA<J4 1 
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27 220 3,6 #<IF4 3 

28 240 4,4 �9D9;4 2 

29 170 4,6 �D45 4 

30 160 4,8 �G> 3 
 

&45?<J4 �-9 #B85BD D45BK9= 4D@4FGDO 6 :9?9;B59FBAAB= >B?BAA9 
 

№ 
64D 

$4EK9FA4S 
EI9@4 >B?BAAO 

�QB, @ 
$4EK9FAB9 
GE<?<9 N, >! 

�?4EE %9K9A<9 
>B?BAAO b*h, 

E@ 59FBA4 
4D@4 
FGDO 

1 2 3 4 6 7 8 

1 

 

4,2 1600 �25 �300 30 x 40 

2 5,4 1700 �15 �400 40 x 40 

3 5,4 1600 �20 �300 40 x 40 

4 6,0 1000 �20 �400 30 x 30 

5 7,2 1300 �25 �300 40 x 40 

6 

 

5,4 1150 �20 �400 40 x 40 

7 4,8 1200 �25 �300 30 x 30 

8 6,0 800 �15 �400 30 x 30 

9 5,7 1400 �25 �300 30 x 30 

10 6,0 1100 �20 �400 40 x 40 

11 

 

4,8 950 �15 �300 30 x 30 

12 8,4 1180 �20 �400 40 x 40 

13 6,6 1650 �25 �300 30 x 30 

14 7,6 1560 �20 �400 30 x 40 

15 6,0 1750 �15 �300 40 x 40 

16 

 

4,0 650 �15 �400 30 x 30 

17 4,2 1150 �20 �300 40 x 40 

18 3,8 1450 �25 �400 30 x 40 

19 3,5 1350 �20 �300 30 x 30 

20 4,0 1400 �20 �400 40 x 40 

21 

 

9,6 1540 �20 �300 30 x 40 

22 12,2 1620 �15 �400 40 x 40 

23 11,4 1570 �25 �300 30 x 30 

24 14,4 1350 �20 �400 40 x 40 
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25 12,0 1080 �15 �300 30 x 40 

26 

 

3,3 1050 �20 �400 40 x 40 

27 2,8 1300 �25 �300 30 x 30 

28 2,5 1210 �20 �400 30 x 30 

29 2,7 1160 �20 �300 30 x 40 

30 3,0 1230 �15 �400 40 x 40 
 

 

#D<?B:9A<9 � �;>B=>ABP =5:>B>@OE AB@>8B5;P=OE <0B5@80;>2 

 

 !4<@9AB64A<9 EFDB<F9?PAOI @4F9D<4?B6 #?BFABEFP ρ, >7/@3 

1 �9FBA FS:9?O= 2200&2400 
2 �9?9;B59FBA 2500 

3 �4@9AA4S >?48>4 1700 

4 �EH4?PFB59FBA ?<FB= (6 EFS:>4I) 1800 

5 �9D4@;<FB59FBA 900&1600 

6 �D969E<A4 (EBEA4, 9?P)  500 

7 �G5, 59D9;4 700 

8 %F4?P 7800 

9 (4A9D4 700 

10 *9@9AFAB- C9EK4AO= D4EF6BD 2000 

11 �9D4@<K9E>4S C?<F>4 2700 

12 �4@<A4F t=7&8@@ 700 

13 #4D>9F t=2&25@@ 500 

14 �<AB?9G@ t=3@@ 1100&1600 
15 #?<FO ��# t=3,2@@ 700 

16 �<EFO ��� t=16@@,   ��� t=13@@ 1100 

17 'F9C?<F9?P URSA, PARO% 60&75 
18  <A-64FAO9 C?<FO CB?G:9EF><9 125 

19  <A-64FAO9 C?<FO :9EF><9 250 

20 1>B64F4 300 

21 #?<FO ��# <;B?SJ<BAAO9, t=24@@ 250 

22 #9ABC?4EF 15&25 
23 #9ABCB?<EF<DB? #%�-% (�"%& 15588-86) 35 

24 �9D4@;<F 300&500 
25 #9D?<F 250 

26 �9D@<>G?<F 250&400 
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27 RockwBBl 110&160 
28 Roofmate 30 

29 URSAFOAM 60&75 
30 Isover 50&80 
31 �4F9C4?-FGC?4  1200 

32 �<>DBEF, �<AB>DB@ 1200 

33 &9IABQ?4EF, 1>BH?9>E 1150 

34 $G59DB<8 t=3@@ 600 

35 �<FG@ 1050 

 

#D<?B:9A<9 � �0AA0 ?;8B ?5@5:@OB8O 

 

№  4D>4 C?<FO  4EE4, >7 №  4D>4 C?<FO  4EE4, >7 

1 #� 63.10 1825 13 #� 63.15 2950 

2 #� 60.10 1725 14 #� 60.15 2800 

3 #� 57.10 1650 15 #� 57.15 2675 

4 #� 54.10 1575 16 #� 54.15 2525 

5 #� 51.10 1475 17 #� 51.15 2400 

6 #� 48.10 1400 18 #� 48.15 2250 

7 #� 63.12 2200 19 #� 63.18 3350 

8 #� 60.12 2100 20 #� 60.18 3175 

9 #� 57.12 2000 21 #� 57.18 3025 

10 #� 54.12 1900 22 #� 54.18 2875 

11 #� 51.12 1800 23 #� 51.18 2700 

12 #� 48.12 1700 24 #� 48.18 2550 
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#D<?B:9A<9 � #7;O ?>;>2 
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�;>:- AE5<0 

#D<?B:9A<9 �          #B85BD E9K9A<S E:4FOI 89D96SAAOI Q?9@9AFB6 

 

 

  

 

%100


ý
c

c

R

R
k

ó

 

c

FD
R

N
A


ý


 


FDA

FDd
4ý  

4

2
dA ý  

A=в*h ℓ
0 
= m· ℓ 

i=0,25·d i=0,289·в i
0ýü  

l ≤ l u
 

2

100
8,01 ÷

ø
ö

÷
ø
öý
ü

 

u
FDi ü

0ý  

CD8AяFь d 8?8 в*h  

CB EBDFа@5AFG FDFDFD Ahb ýý

l ≤70 

4а 
A5F 

2

3000

ü
 ý

 

4а A5F 

25,0

FD
FD

i
d ý 8?8 

289,0

FD
FD

i
b ý  

A

N


ý


ó

s ≤ R
c 

 

k≤10% 

4а 

END 

   в*h 8?8 d 
A5F 

  в*h 8?8 d 

 

4а A5F 

Да=>: N, R
c
, ℓ, f =0,5…0,7, GE?Bв8я 7а>D5C?5A8я. 

О?@545лить:  d-?  8?8  в*h- ? 
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#D<?B:9A<9 �  0AG5B=O5 E0@0:B5@8AB8:8 <0B5@80;>2 

 

&45?<J4 �-1 

!BD@4F<6AO9 < D4EK9FAO9 EBCDBF<6?9A<S CD< D4EFS:9A<<, 
E:4F<<  < <;7<59 ?<EFB6B7B < H4EBAAB7B CDB>4F4, F45?<J4 �.5 

%# 16.13330.2011 
 

%F4?P 
&B?M<A4 

CDB>4F4, @@ 

$4EK9FAB9 EBCDBF<6?9A<9,  #4, !/@@2
 CDB>4F4 

Ryn Run Ry Ru 

%235 "F 2 8B 8 235 360  230  350  

%245 "F 2 8B 20 

%6. 20 8B 30 

245 

235 

370 

370 

240 

230 

360 

360 

%255 "F 2 8B 20 

%6. 20 8B 40 

245  

235 

370 

370 

240 

230 

360 

360 

%285 "F 2 8B 10 

%6. 10 8B 20 

275  

265  

390  

380  

270  

260  

380  

370  

%345 "F 2 8B 20 325  470  320  460  

 

�4 FB?M<AG H4EBAAB7B CDB>4F4 E?98G9F CD<A<@4FP FB?M<AG CB?><. 

 

&45?<J4 �-2 
�BQHH<J<9AFO GE?B6<= D45BFO Q?9@9AFB6 EF4?PAOI 

>BAEFDG>J<=, F45?.1 %# 16.13330.2011 
 

1?9@9AFO >BAEFDG>J<= 

�BQHH<J. 
GE?B6<= D45BFO 

E 
1. �4?>< EC?BLAB7B E9K9A<S < E:4FO9 Q?9@9AFO H9D@ 
C9D9>DOF<= CB8 ;4?4@< F94FDB6, >?G5B6, ><ABF94FDB6, CB8 
FD<5GA4@<, CB8 CB@9M9A<S@< @474;<AB6, >A<7BID4A<?<M, 
4DI<6B6 < F.C. CD< 6D9@9AAB= A47DG;>9, A9 CD96OL4RM9= 69E 
C9D9>DOF<= 

0,9 

2. �B?BAAO B5M9EF69AAOI ;84A<= CD< CBEFBSAAB= A47DG;>9, 
D46AB= <?< @9A99 0,8 D4EKTFAB=, < BCBD 6B8BA4CBDAOI 54L9A 

0,95 

4. %:4FO9 BEAB6AO9 Q?9@9AFO (>DB@9 BCBDAOI) D9L9F>< 0,8 
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EBEF46AB7B F46DB6B7B E9K9A<S <; G7B?>B6 6 E64DAOI H9D@4I 
CB>DOF<= < C9D9>DOF<= CD< D4EKTF9 A4 GEFB=K<6BEFP CD< 
7<5>BEF< ü  60 

5. $4EFSAGFO9 Q?9@9AFO (;4FS:><, FS7<, BFFS:><, CB869E><) 
CD< D4EKTF9 A4 CDBKABEFP CB BE?45?9AAB@G E9K9A<R 

0,9 

6. 1?9@9AFO >BAEFDG>J<= <; EF4?< E CD989?B@ F9>GK9EF< 8B 
440  #4, A9EGM<9 EF4F<K9E>GR A47DG;>G, CD< D4EK9F4I A4 
CDBKABEFP CB E9K9A<R, BE?45?9AAB@G BF69DEF<S@< 8?S 5B?FB6 

1,1 

 

 

&45?<J4 �-3 �BQHH<J<9AFO C9D9IB84 m? CB F45?. 5 %# 64.13330.2011 

�D969EAO9 CBDB8O 

�BQHH<J<9AF m? 8?S D4EK9FAOI 
EBCDBF<6?9A<= 

D4EFS:9A<R, 
<;7<5G, E:4F<R < 
E@SF<R 68B?P 
6B?B>BA  

RD, R<, RE, RE@ 

E:4F<R < 
E@SF<R CBC9D9> 
6B?B>BA 

 RE90, RE@90 

%>4?O64 
A<R RE> 

)6B=AO9    

1. �<EF69AA<J4 1,2 1,2 1 

2. �98D E<5<DE><= 0,9 0,9 0,9 

3. �98D �D4EABSDE>B7B >D4S, 

EBEA4 69=@GFB64 
0,65 0,65 0,65 

4. #<IF4 0,8 0,8 0,8 

&69D8O9 ?<EF69AAO9    

5. �G5 1,3 2 1,3 

6. 3E9AP, >?9A, 7D45 1,3 2 1,6 

7. �>4J<S 1,5 2,2 1,8 

8. �9D9;4, 5G> 1,1 1,6 1,3 

9. �S;, <?P@ 1 1,6 1 

 S7><9 ?<EF69AAO9    

10. "?PI4, ?<C4, BE<A4, FBCB?P 0,8 1 0,8 
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&45?<J4 �-4 $4EK9FAO9 EBCDBF<6?9A<S 4@525A8=O EBEAO < 9?<, F45?. 3 
%# 64.13330.2011 

!4CDS:9AAB9 EBEFBSA<9 < 

I4D4>F9D<EF<>4 Q?9@9AFB6 

"5B;A4 

K9A<9 

$4EK9FAO9 EBCDBF<6?.,  #4, 8?S 

EBDFB6 (>?4EEB6) 8D969E<AO 

1/�26 2/�24 3/�16 

1. �;7<5, E:4F<9 < E@SF<9 68B?P 

6B?B>BA: 

    

4) Q?9@9AFO CDS@BG7B?PAB7B 

E9K9A<S (;4 <E>?RK9A<9@ 

G>4;4AAOI 6 CB8CGA>F4I 556, 

566) 6OEBFB= 8B 50 E@ 

R<, RE, 

RE@ 

14 

 

13 

 

8,5 

 

5) Q?9@9AFO CDS@BG7B?PAB7B 

E9K9A<S L<D<AB= E6OL9 11 8B 

13 E@ CD< 6OEBF9 E9K9A<S 

E6OL9 11 8B 50 E@ 

R<, RE, 

RE@ 

15 

 

14 

 

10 

 

6) Q?9@9AFO CDS@BG7B?PAB7B 

E9K9A<S L<D<AB= E6OL9 13 E@ 

CD< 6OEBF9 E9K9A<S E6OL9 13 

8B 50 E@ 

R<, RE, 

RE@ 

16 

 

15 

 

11 

 

7) Q?9@9AFO <; >DG7?OI 

?9EB@4F9D<4?B6 59; 6D9;B> 6 

D4EK9FAB@ E9K9A<< 

R<, RE, 

RE@ 

_ 16 

 

10 

 

 

&45?<J4 �-5 
�BQHH<J<9AFO GE?B6<S D45BFO m2  

CB F45?. 7 %# 64.13330.2011 
 

'E?B6<S Q>EC?G4F4J<<  

(CB F45?<J9 1 %#) 
1� < 1 2 3 4 

�BQHH<J<9AF m6 1 0,9 0,85 0,75 
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&45?<J4 �-6 

!BD@4F<6AO9 < D4EK9FAO9  EBCDBF<6?9A<S 15B>=0, 

A4K4?PAO= @B8G?P GCDG7BEF<,  #4 &45?<J4 2.1-1; 2.1-

2;2.1-4 %# 52-101-03 

 

�<8 
EBCDBF<6
?9A<S 

�?4EE 59FBA4 CB CDBKABEF< A4 E:4F<9 

�10 �15 �20 �25 �30 �35 �40 �45 �50 

%:4F<9 
R b 

6,0 8,5 11,5 14,5 17,0 19,5 22,0 25,0 27,5 

$4EFS 
:9A<9 Rbt  

0,56 0,75 0,9 1,05 1,15 1,3 1,4 1,5 1,6 

Rb,n 7,5 11,0 15,0 18,5 22,0 25,5 29,0 32,0 36,0 

Rb,tn 0,85 1,1 1,35 1,55 1,75 1,95 2,1 2,25 2,45 

�b*10
3
 19,0 24,0 27,0 30,0 32,0 34,5 36,0 37,0 38,0 

 

 

 

&45?<J4 �-7 
!BD@4F<6AO9 < D4EK9FAO9  EBCDBF<6?9A<S 0@<0BC@O, 

 #4 &45?<J4 2.2-1; 2.2-2;2.1-4 %# 52-101-03 

 

�D@4FGD4 
>?4EEB6 

$4EFS:9A<R C:4F<R !BD@4F<6A. 
EBCDBF<6?. 
R sn ,R s,ser 

#DB8B?PAB=, Rs 
#BC9D9K 
AB=, Rsw 

R sc 

� 240 215 170 215 240 

� 300 270 215 270 300 

� 400 355 285 355 400 

� 500 435 300 435(400) 500 

� 500 410 300 410(360) 500 
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&45?<J4 �-8 
$4EK9FAO9 EBCDBF<6?9A<S R E:4F<R 

 >4@9AAB= >?48>< CB F45?. 2 %# 15.13330.2012 
 

 
4D
>4
 >
<D
C<
K4
 

<?
< 
>4
@A
S 

$4EK9FAO9 EBCDBF<6?9A<S R,  #4, E:4F<R >?48>< <; :8@?8G0 6E9I 
6<8B6 < >9D4@<K9E><I >4@A9= EB M9?96<8AO@< 69DF<>4?PAO@< 

CGEFBF4@< 

#D< @4D>9 D4EF6BD4 #D< CDBKABEF< 
D4EF6BD4 

200 150 100 75 50 25 10 4 0,2 (2) AG?96B= 

300 

250 

200 

150 

125 

100 

75 

50 

35 

3,9 

3,6 

3,2 

2,6 

- 

- 

- 

- 

- 

3,6 

3,3 

3,0 

2,4 

2,2 

2,0 

- 

- 

- 

3,3 

3,0 

2,7 

2,2 

2,0 

1,8 

1,5 

- 

- 

3,0 

2,8 

2,5 

2,0 

1,9 

1,7 

1,4 

1,1 

0,9 

2,8 

2,5 

2,2 

1,8 

1,7 

1,5 

1,3 

1,0 

0,8 

2,5 

2,2 

1,8 

1,5 

1,4 

1,3 

1,1 

0,9 

0,7 

2,2 

1,9 

1,6 

1,3 

1,2 

1,0 

0,9 

0,7 

0,6 

1,8 

1,6 

1,4 

1,2 

1,1 

0,9 

0,7 

0,6 

0,45 

1,7 

1,5 

1,3 

1,0 

0,9 

0,8 

0,6 

0,5 

0,4 

1,5 

1,3 

1,0 

0,8 

0,7 

0,6 

0,5 

0,35 

0,25 

&45?<J4 �-9 
$4EK9FAO9 EBCDBF<6?9A<S R E:4F<R 

>4@9AAB= >?48>< CB F45?. 7 %# 15.13330.2012 
 

 4D>4 
>4@AS 

$4EK9FAO9 EBCDBF<6?9A<S R,  #4 , E:4F<R >?48>< <; 15B>==OE 
:0<=59 CGEFBFABEFPR 8B 25% CD< 6OEBF9 DS84 >?48>< 200-300 @@ 

CD< @4D>9 D4EF6BD4 
100 75 50 25 10 4 

150 

125 

100 

75 

50 

35 

25 

15 

2,7 

2,4 

2,0 

1,6 

1,2 

- 

- 

- 

2,6 

2,3 

1,8 

1,5 

1,1 

1,0 

- 

- 

2,4 

2,1 

1,7 

1,4 

1,1 

0,9 

0,7 

- 

2,2 

1,9 

1,6 

1,3 

1,0 

0,8 

0,65 

0,45 

2,0 

1,7 

1,4 

1,1 

0,9 

0,7 

0,55 

0,4 

1,8 

1,6 

1,3 

1,0 

0,8 

0,6 

0,5 

0,35 
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&45?<J4 �-10 
$4EK9FAO9 EBCDBF<6?9A<S R E:4F<R 

1CB>15B>==>9 >?48>< CB F45?. 10 %# 15.13330.2012 
 

�<8 5GFB59FBA4 

$4EK9FAO9 EBCDBF<6?9A<S R,  #4 
E:4F<R 1CB>15B>=0 

(A96<5D<DB64AAB7B) CD< >?4EE9 
59FBA4 

�15 �12,5 �10 �7,5 �3,5 �2,5 

% D64AO@ 5GFB6O@ >4@A9@ @4D><:        

200 < 6OL9 4 3,5 3 2,5 2,0 1,7 

100 - - - 2,2 1,8 1,5 

50 <?< E ><DC<KAO@ 5B9@ - - - 2,0 1,7 1,3 
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#D<?B:9A<9 � �03@C7:8 8 2>7459AB28O 

 

&45?<J4 �-1 
�BQHH<J<9AF A489:ABEF< CB A47DG;>9 f  

8?S 69E4 EFDB<F9?PAOI >BAEFDG>J<= 

CB F45?<J9 7.1 %# 20.13330.2011 
 

�BAEFDG>J<< EBBDG:9A<=: 
�BQHH<J<9AF 
A489:ABEF< CB 
A47DG;>9 f 

@9F4??<K9E><9 1,05 

59FBAAO9 (EB ED98A9= C?BFABEFPR E6OL9 1600 >7/@3
), 

:9?9;B59FBAAO9, >4@9AAO9, 4D@B>4@9AAO9, 89D96SAAO9 
1,1 

59FBAAO9 (EB ED98A9= C?BFABEFPR 1600 >7/@3
 < @9A99), 

<;B?SJ<BAAO9, 6OD46A<64RM<9 < BF89?BKAO9 E?B< 

(C?<FO, @4F9D<4?O 6 DG?BA4I, ;4EO?><, EFS:>< < F.C.), 

6OCB?AS9@O9: 

 

6 ;46B8E><I GE?B6<SI 1,2 

A4 EFDB<F9?PAB= C?BM48>9 1,3 
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&45?<J4 �-2 
!47DG;>< A4 C9D9>DOF<S ;84A<=  
CB F45?. 8.3 %# 20.13330-2011 

#B@9M9A<S ;84A<= < EBBDG:9A<= 
!BD@4F<6AO9 

;A4K9A<S A47DG;B>  
Dn, >#4 

1. �64DF<DO :<?OI ;84A<=; EC4?PAO9 CB@9M9A<S 89FE><I 
8BL>B?PAOI GKD9:89A<= < L>B?-<AF9DA4FB6; :<?O9 
CB@9M9A<S 8B@B6 BF8OI4 < C4AE<BA4FB6, B5M9:<F<= < 
7BEF<A<J; C4?4FO 5B?PA<J < E4A4FBD<96 

1,5 

2. %?G:95AO9 CB@9M9A<S 48@<A<EFD4F<6AB7B, <A:9A9DAB-
F9IA<K9E>B7B, A4GKAB7B C9DEBA4?4 BD74A<;4J<= < 
GKD9:89A<=; BH<EO, >?4EEAO9 CB@9M9A<S GKD9:89A<= 
CDBE69M9A<S; 5OFB6O9 CB@9M9A<S (74D89DB5AO9, 8GL96O9, 
G@O64?PAO9, G5BDAO9) CDB@OL?9AAOI CD98CD<SF<= < 
B5M9EF69AAOI ;84A<= < EBBDG:9A<= 

2,0 

3. �45<A9FO < ?45BD4FBD<< GKD9:89A<= ;8D46BBID4A9A<S, 
?45BD4FBD<< GKD9:89A<= CDBE69M9A<S, A4G><; CB@9M9A<S 
1� , >GIA< B5M9EF69AAOI ;84A<=; CB@9M9A<S GKD9:89A<= 
5OFB6B7B B5E?G:<64A<S A4E9?9A<S (C4D<>@4I9DE><9, 4F9?P9 < 
F.C.),  F9IA<K9E><9 QF4:<; CB864?PAO9 CB@9M9A<S 

!9 @9A99 2,0 

4. �4?O:  

4) K<F4?PAO9 2,0 

5) B5989AAO9 (6 >4H9, D9EFBD4A4I, EFB?B6OI) 3,0 

6) EB5D4A<= < EB69M4A<=, B:<84A<S, ;D<F9?PAO9 < 
>BAJ9DFAO9, ECBDF<6AO9, H<FA9E-J9AFDO, 5<?PSD8AO9 4,0 

7) FBD7B6O9, 6OEF46BKAO9 < Q>ECB;<J<BAAO9 !9 @9A99 4,0 

5. �A<7BID4A<?<M4; 4DI<6O !9 @9A99 5,0 

8. +9D84KAO9 CB@9M9A<S 0,7 

12. �9EF<5R?<, HB=9, >BD<8BDO, ?9EFA<JO (E BFABESM<@<ES > 
A<@ CDBIB84@<), CD<@O>4RM<9 > CB@9M9A<S@, G>4;4AAO@ 6 
CB;<J<SI: 

 

4) 1, 2 < 3 3,0 

5) 4, 5, 6  4,0 
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&45?<J4 �-3 
$4EK9FAB9 ;A4K9A<9 69E4 EA97B6B7B CB>DB64 Sg A4 12

 

7BD<;BAF4?PAB= CB69DIABEF< ;9@?< 

 

%A97B6O9 D4=BAO $BEE<=E>B= 

(989D4J<< (CD<A<@4RFES CB >4DF9 1 

CD<?B:9A<S � %# 20.13330.2011) 

I II III IV V VI VII VIII 

Sg , >#4 0,8 1,2 1,8 2,4 3,2 4,0 4,8 5,6 
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#D<?B:9A<9 � !>@B0<5=BO 

 

&45?<J4 �-1 %BDF4@9AF 4D@4FGDO 

 

�
<4
@9
FD
 E
F9
D:
AS
, @
@ $4EK9FA4S C?BM48P CBC9D9KAB7B E9K9A<S, E@2

,  

CD< K<E?9 EF9D:A9= 

 
4E
E4
  1
 @
 8
?<
AO
 4
D@
4F
GD
O,
 

>7
 

�
<4
@9
FD
 

4D
@4
FG
DO
 

>?
4E
EB
6 

1 2 3 4 5 6 7 8 9 

�
24
0,
 

�
40
0 

 
�5
00

 

3 0,071 0,141 0,212 0,283 0,353 0,424 0,495 0,565 0,636 0,052 - + 

4 0,126 0,251 0,377 0,502 0,628 0,754 0,879 1,005 1,13 0,092 - + 

5 0,196 0,393 0,589 0,785 0,982 1,178 1,375 1,571 1,767 0,144 - + 

6 0,283 0,57 0,85 1,13 1,41 1,70 1,98 2,26 2,54 0,222 + - 

8 0,503 1,01 1,51 2,01 2,51 3,02 3,52 4,02 4,53 0,395 + - 

10 0,785 1,57 2,36 3,14 3,93 4,71 5,50 6,28 7,07 0,617 + - 

12 1,131 2,26 3,39 4,52 5,65 6,79 7,92 9,05 10,18 0,888 + - 

14 1,539 3,08 4,62 6,16 7,69 9,23 10,77 12,31 13,85 1,208 + - 

16 2,011 4,02 6,03 8,04 10,05 12,06 14,07 16,08 18,10 1,578 + - 

18 2,545 5,09 7,63 10,18 12,72 15,27 17,81 20,36 22,90 1,998 + - 

20 3,142 6,28 9,42 12,56 15,71 18,85 21,99 25,13 28,28 2,466 + - 

22 3,801 7,60 11,40 15,20 19,00 22,81 26,61 30,41 34,21 2,984 + - 

25 4,909 9,82 14,73 19,63 24,54 29,45 34,36 39,27 44,18 3,84 + - 

28 6,158 12,32 18,47 24,63 30,79 36,85 43,10 49,26 55,42 4,83 + - 

32 8,043 16,09 24,13 32,17 40,21 48,26 56,30 64,34 72,38 6,31 + - 

36 10,18 20,36 30,54 40,72 50,89 61,07 71,25 81,43 91,61 7,99 + - 

40 12,56 25,13 37,70 50,27 62,83 75,40 87,96 100,5 113,1 9,865 + - 
   



5
9
 

 

%BDF4@9AF 86GF46DB6 EF4?PAOI 7BDSK9>4F4AAOI 
E C4D4??9?PAO@< 7D4AS@< CB?B> CB �"%& 26020-83 

"5B;A4K9A<S > K9DF9:G < F45?. �-2: 

h 4 6OEBF4 86GF64D4; b 4 L<D<A4 CB?><; s 4 FB?M<A4 EF9A><;  
  t 4FB?M<A4 CB?><; r 4 D48<GE EBCDS:9A<S; I 4 @B@9AF <A9DJ<<; W 4 @B@9AF 
EBCDBF<6?9A<S; S 4 EF4F<K9E><= @B@9AF CB?GE9K9A<S; i 4 D48<GE <A9DJ<< 

%CD46BKAO9 69?<K<AO 8?S BE9= 

Y-Y 

i y, E@ 

,<DB>BCB?BKAO9 86GF46DO 

14 

3,61 

3,67 

4,23 

4,31 

4,64 

4,73 

Wy,E@3
 

13 

67,6 

80,2 

108,2 

129,8 

147 

173,7 

Iy, E@4
 

12 

507 

622 

974 

1168 

1470 

1737 

)-) 

ix, E@ 

11 

8,26 

9,62 

10,70 

10,88 

12,34 

12,53 

Sx, E@3
 

10 

153 

210 

276 

325 

398 

462 

Wx,E
@3

 

9 

275 

377 

496 

583 

715 

827 

Ix, E@4
 

8 

2660 

4260 

6225 

7429 

10400 

12200 

�
<A9=A4S 

C?BFABEFP, >7/@
 

7 

30,6 

36,2 

42,7 

49,2 

56,3 

61,0 

#
?BM
48P E9K9A<S, 
E@

2 

6 

38,95 

46,08 

54,37 

62,73 

68,31 

77,65 

&45?<J4 �-2 

 

$4;@9DO,@@ 

t 

 

5 

9,0 

10,0 

10,0 

12,0 

11,0 

13,0 

s 

4 

6,0 

6,5 

7,0 

7,5 

8,0 

8,5 

 

b 

3 

150 

155 

180 

180 

200 

200 

h

2
1

9

3
2

2

6
2

5

1
2

5

5
2

9

1
2

9

5

!
B@9D 

CDBH<?
S 

 

1 

20,1 

23,1 

26,1 

26,2 
30,1 
30,2 

  
 



6
0
 

 i y, 

E@ 

,<DB>BCB?BKAO9 86GF46DO 

14 

4,80 

5,84 

5,90 

5,99 

7,18 

7,14 

7,18 

6,81 

6,69 

6,81 

6,92 

7,17 

7,06 

7,16 

6,93 

7,07 

7,09 

7,11 

7,17 

Wy,E@3
 

13 

200,4 

261 

292 

334 

420 

481 

541 

451 

526 

617 

707 

581 

702 

839 

650 

787 

942 

1079 

1251 

Iy, E@4
 

12 

2004 

3260 

3650 

4170 

6306 

7209 

8111 

6762 

7900 

9250 

10600 

9302 

11230 

13420 

10400 

12590 

15070 

17270 

20020 

ix, E@ 

11 

12,70 

14,38 

14,52 

14,70 

16,76 

16,75 

16,87 

20,45 

20,26 

20,56 

20,82 

24,35 

24,19 

24,48 

28,19 

28,58 

28,72 

28,85 

29,13 

Sx, 

E@3
 

10 

526 

651 

721 

813 

976 

1125 

1259 

1403 

1676 

1923 

2173 

2068 

2544 

2997 

2843 

3360 

4017 

4598 

5298 

Wx,E@3
 

9 

939 

1171 

1295 

1458 

1771 

2025 

2260 

2518 

2967 

3402 

3838 

3701 

4490 

5273 

5036 

5949 

7059 

8033 

9210 

Ix, E@4
 

8 

14040 

19790 

22070 

25140 

34360 

39700 

44740 

60930 

72530 

84200 

96150 

107300 

131800 

156900 

172000 

205500 

247100 

284400 

330600 

ρ
 >7/@

 

7 

68,3 

75,1 

82,2 

91,3 

96,1 

111,1 

123,4 

114,4 

138,7 

156,4 

174,1 

142,1 

176,9 

205,5 

169,9 

197,6 

235,4 

261,1 

305,9 

�, E@2 

6 

87,00 

95,67 

104,74 

116,3 

122,4 

141,6 

157,2 

145,7 

176,6 

199,2 

221,7 

181,1 

225,3 

261,8 

216,4 

251,7 

299,8 

341,6 

389,7 

t 

5 

15,0 

12,5 

14,0 

16,0 

14,0 

16,0 

18,0 

15,0 

17,5 

20,5 

23,5 

17,0 

20,5 

24,5 

19,0 

23,0 

27,5 

31,5 

36,5 

s 

4 

9,0 

9,5 

10,0 

10,5 

9,5 

11,5 

12,5 

11,0 

14,5 

15,5 

16,5 

12,0 

16,0 

18,0 

13,5 

15,0 

18,0 

20,5 

23,0 

b 

3 

200 

250 

250 

250 

300 

300 

300 

300 

300 

300 

300 

320 

320 

320 

320 

320 

320 

320 

320 

h 

2 

299 

338 

341 

345 

388 

392 

396 

484 

489 

485 

501 

580 

587 

595 

683 

691 

700 

708 

718 

!
B@9D 

CDBH<?S 

1 

30,3 

35,1 

35,2 

35,3 

40,1 

40,2 

40,3 

50,1 

50,2 

50,3 

50,4 

60,1 

60,2 

60,3 

70,1 

70,2 

70,3 

70,4 

70,5 

  
 



6
1
 

 i y, 

E@ 

�B?BAAO9 86GF46DO 

14 

5,03 

5,07 

6,03 

6,04 

6,51 

6,52 

6,55 

7,50 

7,54 

7,54 

8,76 

8,83 

8,81 

10,00 

10,06 

10,07 

10,10 

10,11 

Wy,E@3
 

13 

133 

153 

202 

231 

271 

304 

349 

405 

565 

525 

613 

715 

817 

880 

1067 

1307 

1575 

1896 

Iy, E@4
 

12 

1334 

1534 

2421 

2766 

3517 

3957 

4544 

6079 

6980 

7881 

10720 

12510 

14330 

17610 

21350 

26150 

31500 

37910 

ix, E@ 

11 

8,50 

8,61 

9,95 

10,02 

11,14 

11,21 

11,32 

12,95 

13,06 

13,12 

15,04 

15,21 

15,28 

17,26 

17,44 

17,62 

17,85 

18,10 

Sx, 

E@3
 

10 

216 

247 

318 

365 

445 

501 

576 

672 

771 

874 

1010 

1173 

1351 

1457 

1767 

2180 

2642 

3217 

Wx,E@3
 

9 

392 

447 

580 

661 

809 

907 

1035 

1223 

1395 

1573 

1843 

2132 

2435 

2664 

3207 

3914 

4694 

5642 

Ix, E@4
 

8 

3820 

4422 

6589 

7601 

10300 

11700 

13560 

18110 

20930 

23910 

31600 

37090 

42970 

52400 

64140 

80040 

98340 

121570 

ρ
 >7/@

 

7 

41,5 

46,9 

52,2 

59,5 

65,2 

73,2 

83,1 

84,8 

96,3 

108,9 

109,7 

125,9 

144,5 

138,0 

165,6 

202,3 

242,2 

291,2 

�, E@2 

6 

52,82 

59,70 

66,51 

75,77 

83,08 

93,19 

105,90 

108,00 

122,70 

138,72 

139,70 

160,40 

184,10 

175,80 

210,96 

257,80 

308,60 

371,00 

t 

5 

10,0 

11,5 

10,5 

12,0 

12,0 

13,5 

15,5 

13,5 

15,5 

17,5 

15,0 

17,5 

20,0 

16,0 

20,0 

24,5 

29,5 

35,5 

s 

4 

6,5 

7,0 

7,0 

8,0 

8,0 

9,0 

10,0 

9,0 

10,0 

11,5 

10,0 

11,0 

13,0 

11,0 

13,0 

16,0 

19,0 

23,0 

b 

3 

200 

200 

240 

240 

260 

260 

260 

300 

300 

300 

350 

350 

350 

400 

400 

400 

400 

400 

h 

2 

195 

198 

227 

230 

255 

258 

262 

296 

300 

304 

343 

348 

353 

393 

400 

409 

419 

431 

!
B@9D 

CDBH<?S 

1 

20�1 

20�2 

23�1 

23�2 

26�1 

26�2 

26�3 

30�1 

30�2 

30�3 

35�1 

35�2 

35�3 

40�1 

40�2 

40�3 

40�4 

40�5 
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&45?<J4 �-3 
%BDF4@9AF C<?B@4F9D<4?B6 I6B=AOI CBDB8 CB �"%& 

24454-80 

 

&B?M<

A4 
,<D<A4, @@ 

16 75 100 125 150 - - - - - 

19 75 100 125 150 175 - - - - 

22 75 100 125 150 175 200 225 - - 

25 75 100 125 150 175 200 225 250 275 

32 75 100 125 150 175 200 225 250 275 

40 75 100 125 150 175 200 225 250 275 

44 75 100 125 150 175 200 225 250 275 

50 75 100 125 150 175 200 225 250 275 

60 75 100 125 150 175 200 225 250 275 

75 75 100 125 150 175 200 225 250 275 

100 - 100 125 150 175 200 225 250 275 

125 - - 125 150 175 200 225 250 - 

150 - - - 150 175 200 225 250 - 

175 - - - - 175 200 225 250 - 

200 - - - - - 200 225 250 - 

250 - - - - - -  250 - 
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#D<?B:9A<9 � К>QDD8F85=BO φ ?@>4>;P=>3> 873810 

 

 

'
E?
B6
A4
S 

7<
5>
BE
FP
 ü

 �BQHH<J<9AFO φ 8?S 
F<C4 E9K9A<S 

'
E?
B6
A4
S 

7<
5>
BE
FP
 ü

 �BQHH<J<9AFO φ 
8?S F<C4 E9K9A<S 

'
E?
B6
A4
S 

7<
5>
BE
FP
 ü

 

�B
QH
H<
J<
9A
FO
 

φ 
8?
S 
6E
9I
 

F<
CB
6 
E9
K9
A<
S 

 

a b c a b c 

0,4 999 998 992 3,4 615 562 492 6,4 186 

0,6 994 986 950 3,6 572 524 460 6,6 174 

0,8 981 967 929 3,8 530 487 430 6,8 164 

1,0 968 948 901 4,0 475 453 401 7,0 155 

1,2 954 927 878 4,2 431 421 375 7,2 147 

1,4 934 905 842 4,4 393 392 351 7,4 139 

1,6 920 881 811 4,6 359 328 7,6 132 

1,8 900 855 778 4,8 330 308 7,8 125 

2,0 977 826 844 5,0 304 289 8,0 119 

2,2 951 794 709 5,2 281 271 8,5 105 

2,4 820 760 672 5,4 261 255 9,0 094 

2,6 785 722 635 5,6 242 240 9,5 084 

2,8 747 683 598 5,8 226 10,0 076 

3,0 704 643 562 6,0 211 10,5 069 

3,2 660 602 526 6,2 198   

 

#D<@9K4A<9.  �A4K9A<S >BQHH<J<9AFB6 φ 6 F45?<J9 G69?<K9AO 6 1000 D4; 
  

&45?<J4 �-1 �BQHH<J<9AFO φ CDB8B?PAB7B <;7<54 
J9AFD4?PAB- E:4FOI EF4?PAOI Q?9@9AFB6. #D<?B:9A<9 �.1 %# 

16.13330.2011
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&45?<J4�-2 
�BQHH<J<9AFO φ 8?S D4EK9F4 E:4FOI :9?9;B59FBAAOI 

>B?BAA 
 

 

 

#D<?B:9A<9 � 
!>>B=>H5=8O <564C 480<5B@0<8 A20@8205<OE 

AB5@6=59 
 

�<4@9FDO EF9D:A9= B8AB7B 
A4CD46?9A<S 

10 12 14 16 18 20 22 25 28 32 36 

!4<@. 8BCGEF<@O9 8<4@9FDO 
EF9D:A9= 8DG7B7B A4CD46?9A<S 

3 4 5 5 6 6 8 8 10 10 12 

 

 

>h

0  φ 
>h

0  φ 
>h

0  φ 

6 0,92 11 0,886    16 0,804 

7 0,915 12 0,872    17 0,778 

8 0,91 13 0,858 18 0,752 

9 0,905 14 0,844    19 0,726 

10 0,9 15 0,83    20 0,7 


