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ANNOTATION 

 

 

Matieiko O.V. Optimization of the cargo tanks inerting process on gas carrier 

vessels.  

Dissertation for the scientific level of Doctor of Philosophy for specialties 271 

– Maritime and inland water transport (Part of knowledge 27 – Transport). – 

National University "Odessa Maritime Academy" of the Ministry of Education and 

Science of Ukraine, Odesa, 2024. 

 

The dissertation research is aiming at solving a scientific and applied problem – 

ensuring the inerting process of cargo tanks on gas carrier vessels with minimal 

energy costs and in the shortest possible time. 

The main motivation for the conducted research is the current demands of 

practice: 

• ensuring the cargo tanks inerting process on gas carrier vessels; 

• diagnosing the atmospheric condition of cargo tanks during their inerting; 

• reducing energy consumption and increasing environmental safety during the 

inerting of cargo tanks on gas carrier vessels. 

The main task of the scientific research is to manage the integrity and 

movement of the separating layer, which prevents the formation of mixtures 

between residual cargo vapors in the cargo tank and the inert gas supplied to it 

during the inerting process. To solve the main research task, the following auxiliary 

tasks were accomplished: 

1) determining the qualitative and quantitative indicators of the inerting process 

of cargo tanks on gas carrier vessels; 

2) assessing the energy efficiency of the inerting process of cargo tanks on gas 

carrier vessels; 

3) evaluating the environmental efficiency of the inerting process of cargo 

tanks on gas carrier vessels. 
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As a result of solving these research tasks, a scientific position has been 

formulated: optimization of the inerting process of cargo tanks on gas carrier vessels 

(in terms of energy efficiency and environmental safety) is achieved through 

controlled influence on the separating layer, which prevents mixture formation 

between residual cargo vapors in the cargo tank and the inert gas supplied to it, 

facilitated by redirecting the flow of inert gas introduced into the upper part of the 

cargo tank. 

The scientific position is substantiated by scientific results, including first 

done: 

• determination that managing the integrity and movement of the separating 

layer (which prevents mixture formation between residual cargo vapors in the cargo 

tank and the inert gas supplied to it) is achieved by redirecting the flow of inert gas 

while simultaneously controlling its concentration throughout the entire volume of 

the cargo tank; 

• proposal of a comprehensive criterion for assessing the quality of the inerting 

process in cargo tanks on gas carrier vessels, which takes into account changes in 

inert gas concentration in the atmosphere of the cargo tank and the duration of 

inerting; 

• proposal of a methodology for assessing the energy efficiency of the inerting 

process in cargo tanks on gas carrier vessels, which differs from existing ones by 

considering the consumption of inert gas and the time required for the inerting 

process; as well as a methodology for assessing the environmental efficiency of this 

process, which considers the amount of harmful substances generated during the 

operation of energy equipment used to ensure the inerting process. 

Improved technologies include: 

• technology for determining inert gas concentration in the atmosphere of cargo 

tanks on gas carrier vessels; 

• technology for supplying inert gas to cargo tanks on gas carrier vessels; 

• technology for determining indicators characterizing energy and 

environmental efficiency in marine and inland water transport vessels. 
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Further developed technologies include: 

• technology for determining energy and environmental performance indicators 

of auxiliary equipment that ensures the inerting process in cargo spaces on gas 

carrier vessels; 

• technology for assessing the atmospheric condition of cargo spaces on gas 

carrier vessels prior to loading. 

The practical significance of the obtained results lies in: 

• diagnosing the integrity of the dividing layer, which prevents the mixing of 

cargo vapors remaining in the cargo tank with the inert gas supplied to the cargo 

tank, leads to a reduction in the duration of the inerting process. This decreases the 

laytime of gas carriers and the financial costs associated with servicing in maritime 

ports; 

• redirecting the flow of inert gas supplied to the cargo tanks of gas carriers, 

which allows  the inerting process to be conducted at the maximum possible 

pressure without causing destructive effects on the dividing layer that prevents 

mixing between the cargo vapors remaining in the cargo tank and the inert gas 

supplied to it; 

• technology for determining the state of the atmosphere in the cargo tank, 

which enhances informative control of the inerting process, facilitating decision-

making regarding equipment operation that ensures the inerting of gas carrier cargo 

tanks. 

The results of the dissertation research have been implemented in: 

• technology for determining the state of the atmosphere in cargo tanks on gas 

carriers with capacities of 38,646 m³, 88,248 m³, and 145,673 m³, which contributed 

to reducing the duration of the inerting process, decreased the load on the ship's 

power plant, and shortened the operating time of auxiliary equipment used during 

inerting; 

• the technology for determining the energy and environmental efficiency of 

inerting methods for gas carrier cargo tanks on ships with capacities of 38,646 m³, 

42,427 m³, 42,563 m³, 72,312 m³, 88,248 m³, 88,274 m³, 88,302 m³, 145,673 m³, 
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146,817 m³, and 162,233 m³, which facilitated conducting the inerting process using 

the most effective method for each gas carrier (cascade, parallel, or semi-cascade); 

• technology for diagnosing the integrity of the dividing layer that prevents 

mixing between cargo vapors remaining in the cargo tank and the inert gas supplied 

to it on gas carriers with capacities of 38,646 m³, 42,563 m³, 88,248 m³, 88,274 m³, 

145,673 m³, and 162,233 m³, ensuring that the inerting process is conducted with 

maximum energy and environmental efficiency; 

• in the educational process of the National University "Odessa Maritime 

Academy," namely: 

technology for redirecting inert gas flows supplied to the upper part of the 

cargo tank – during the teaching of the educational component "Energy 

Conversion Processes of Ship’s Power Plants" (for Master's degree students); 

technology for determining energy efficiency in the inerting process of gas 

carrier cargo tanks –  during the teaching of the educational component 

"Environmental Safety and Alternative Energy Sources" (for Master's degree 

students); 

technology for determining energy efficiency in the inerting process of gas 

carrier cargo tanks – during the  teaching of the educational component "Energy 

Resource Conservation on Sea and River Transport" (for PhD students). 

Keywords: blending, bunkering, cargo tank, concentration, diagnostics, 

efficiency, energy consumption, energy efficiency, environmental protection, 

environmental safety, gas carrier, hydrodynamic flow, improvement, inert gas 

generator, inert gas, inerting of cargo tanks, inerting time, inerting, liquefied natural 

gas, management, marine engine, marine vehicles, maritime cargo transportation, 

maritime shipping, maritime transport, mathematic models, methods of inerting 

cargo tanks, physical model, ship engine, technical condition, technical operation, 

transportation of liquefied gas, transportation of liquefied natural gas. 

 

 

 

https://www.transnav.eu/Keyword_Diagnostics,5044.html
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�#� – 7@V465=89 ?@8@>4=89 307 

 �$#"� –  V6=0@>4=0 :>=25=FVS ?> 70?>1V30==R 701@C4=5==R 7 AC45= 

%�� – A8AB5<0 V=5@B=8E 307V2 

%"��% –  V6=0@>4=0 :>=25=FVS 7 >E>@>=8 ;R4AP:>3> 68BBS =0 <>@V 

CII – Emission intensity indicator (�=48:0B>@ 2C3;5F52>W 

V=B5=A82=>ABV) 

EEDI – V=45:A 5=5@3>5D5:B82=>ABV :>=AB@C:FVW 

IMO – International Marine Organization  

LNG-ship – Liquefied Natural Gas Ship 

LPG-ship – Liquefied Petroleum Gas Ship 

MARPOL – International Convention for the Prevention of Pollution from 

Ships 

PSA – Pressure Swing Adsorption 

SECAs – Sulphur Emission Control Areas 

SOLAS – International Convention for the Safety of Life at Sea 
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70157?5GCRBP ?5@52575==S 2V4?>2V4=8E 7@V465=8E ?@8@>4=>3> B0 =0DB>2>3> 

307C. 

� B5?5@VH=V9 G0A :V;P:VABP AC45=, I> 74V9A=RRBP ?5@52575==S 

7@V465=>3> 307C ?>ABV9=> 7@>AB0є. *5 ?>2’S70=> 7 5=5@35B8G=>R 70;56=VABR 
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?>AB0G0==S 4> =8E 307>2>3> ?0;820 :>=B8=5=B0;P=8<8 B@C1>?@>2>40<8. 

"1>2’S7:>28< 5B0?>< 20=B06=8E >?5@0FV9 2 ?>@BC 2820=B065==S 

7@V465=>3> ?@8@>4=>3> 307C (�#�) є V=5@B870FVS 20=B06=8E ?@8<VI5=P. #VA;S 

70:V=G5==S 2820=B065==S 2 20=B06=8E B@R<0E AC45=-307>2>7V2 702648 

70;8H0єBPAS 45:V;P:0 G0AB8=0 20=B06C. *5 ?>2’S70=> 7 =5<8=CG8< 

?V428I5==S< B5<?5@0BC@8 �#� ?V4 G0A 9>3> 2820=B065==S. "4=>G0A=> 7 F8< 

G0AB8=0 70;8H:V2 �#�, I> ?5@52>782AS S: 20=B06, 28?0@>2CєBPAS B0 (70 

2;0AB82>ABS<8 307C) 709<0є 25AP 2V;P=89 >1AS3 20=B06=>3> B0=:0.  

"4=8< 7 >A=>2=8E 70240=P ?V4 G0A B@0=A?>@BC20==S 2C3;52>4=528E 

20=B06V2 (A8@>W =0DB8 B0 =0DB>?@>4C:BV2, 0 B0:>6 307V2 C 7@V465=><C AB0=V) є 

70157?5G5==S ?>656=>W 157?5:8. #@8 G><C 4> @>72’S70==S FP>3> 70240==S 

?@8:CB0 C2030 :;0A8DV:0FV9=8E B>20@8AB2 B0 <V6=0@>4=8E >@30=V70FV9, 

AB@0E>28E, AC4=>2;0A=8FP:8E B0 AC4=>1C4V2=8E DV@< B0 :><?0=V9 @V7=8E 
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28<>30<8 <V6=0@>4=8E :>=25=FVW MARPOL B0 SOLAS. %0<5 =0 70157?5G5==S 

?>656=>W 157?5:8 A?@S<>20=0 V=5@B870FVS 20=B06=8E B0=:V2, ?V4 G0A S:>W 2 
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A?0;R20==S 2 =8E @V4:>3> ?0;820; 157?>A5@54=P> EV<VG=> G8ABV 07>B. � 

?5@H89 42>E 28?04:0E >B@8<0==S V=5@B=>3> 307C (DC=:FVW S:>3> CB2>@Rє 

4V>:A84 2C3;5FR %"2) ?>2’S70=> 7V A?0;R20==S< =0DB>2>3> ?0;820 B0 

4>40B:>28< =530B82=8< 2?;82>< =0 4>2:V;;S. � B@5BP><C – 35=5@0B>@8 07>BC 

70157?5GCRBP 284V;5==S 07>BC N2 7 ?>2VB@S, ?@8 FP><C 2 0B<>AD5@C 

?>25@B0єBPAS G8AB89 :8A5=P O2. �5=5@0B>@8 07>BC <>6CBP 2E>48B8 4> A:;04C 

AC4=>2>3> >1;04=0==S AC45=-307>2>7V2.  
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B0:>6 =0 <>@AP:5 B0 :>=B8=5=B0;P=5 A5@54>28I5. *5 7<CHCє 4> ?@>2545==S 

V=5@B870FVW C =09:>@>BH89 G0A V 7 <V=V<0;P=8<8 28:840<8 H:V4;828E 

@5G>28=. 

�8:;045=5 ?V4B25@46Cє 0:BC0;ь=VABь B5<8 48A5@B0FV9=>3> 4>A;V465==S 

B0 <5B8 4>A;V465==S, 0 A0<5 ?V428I5==S 5=5@35B8G=>W 5D5:B82=>ABV B0 

5:>;>3VG=>W 157?5:8 ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2, – 

S:0 =0 ?>G0B>: 9>3> ?@>2545==S <0;0 ;8H5 ?>>48=>:V, =5?>2’S70=V <V6 A>1>R 

@5:><5=40FVW 4> @>72’S70==S. 
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28:>=C20;0AS 2V4?>2V4=> 4> ?>;>65=P &@0=A?>@B=>W AB@0B53VW ':@0W=8 =0 

?5@V>4 4> 2030 @>:C (@>7?. � ' 30.03.18 @. № 430-@); 0 B0:>6 C @0<:0E 

45@61R465B=>W =0C:>2>-4>A;V4=>W @>1>B8 !0FV>=0;P=>3> C=V25@A8B5BC 

«"45AP:0 <>@AP:0 0:045<VS» «#@>3=>7C20==S 5:A?;C0B0FV9=>3> B5E=VG=>3> 

AB0=C AC4=>2>W ?@>?C;PA82=>W CAB0=>2:8 =0 >A=>2V :>=B@>;R WW 2V1@0FV9=>-

:>;820;P=8E E0@0:B5@8AB8:» № �$ 0119U001654 (2021–2024 @@.), C S:8E 

02B>@ 48A5@B0FVW 1@02 CG0ABP C 28:>=0==V >:@5<8E @>74V;V2.  

�5B0 4>A;V465==O.  5B>R 4>A;V465==S є ?V428I5==S 5=5@35B8G=>W 

5D5:B82=>ABV B0 5:>;>3VG=>W 157?5:8 ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 

AC45=-307>2>7V2 

�A=>2=>N =0C:>2>N 3V?>B57>N 4>A;V465==O є B570, I> ?V428I5==S 

5=5@35B8G=>W 5D5:B82=>ABV B0 5:>;>3VG=>W 157?5:8 ?@>F5AC V=5@B870FVW 

20=B06=8E B0=:V2 AC45=-307>2>7V2 4>AS30єBPAS :5@>20=8< 2?;82>< =0 

:>=F5=B@0FVR 07>BC (S:89 28:>@8AB>2CєBPAS S: V=5@B=89 307) 2 0B<>AD5@V 

20=B06=>3> B0=:C B0 ?V4B@8<0==S< ACFV;P=>ABV @>74V;R20;P=>3> H0@C, I> 

?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, S:V 70;8H8;8AP C 

20=B06=><C B0=:C, B0 V=5@B=8< 307><, S:89 ?>40єBPAS 4> 20=B06=>3> B0=:C. 

�>;>2=5 70240==O =0C:>2>3> 4>A;V465==O ?>;S30є 2 C?@02;V==V 

ACFV;P=VABR B0 @CE>< @>74V;R20;P=>3> H0@C, S:89 ?>?5@546Cє 

AC<VH>CB2>@5==S <V6 ?0@0<8 20=B06C, I> 70;8H8;8AP C 20=B06=><C B0=:C 

B0 V=5@B=8< 307><, I> ?>40єBPAS 4> 20=B06=>3> B0=:C ?V4 G0A 70157?5G5==S 

?@>F5AC V=5@B870FVW. 

�;S @>72’S70==S 3>;>2=>3> 70240==S 4>A;V465==S 28:>=0=V B0:V 

4>?><V6=V 70240==O: 
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3) 287=0G5==S 5:>;>3VG=>W 5D5:B82=>ABV ?@>F5AC V=5@B870FVW 20=B06=8E 

B0=:V2 AC45=-307>2>7V2. 
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÷ 0=0;V7C B0 A8=B57C (?V4 G0A @>7@>1FV B5E=>;>3VG=>W AE5<8 ?@>2545==S 

5:A?5@8<5=B0;P=8E 4>A;V465=P B0 >1@>1FV @57C;PB0BV2); 
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287=0G5==S AB0=C 0B<>AD5@8 20=B06=8E B0=:V2 AC45=-307>2>7V2, 0 B0:>6 
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20=B06=>3> B0=:C, G><C A?@8Sє ?5@5A?@S<C20==S ?>B>:V2 V=5@B=>3> 307C, 

S:89 ?>40єBPAS C 25@E=R G0AB8=C 20=B06=>3> B0=:C. 

# @57C;ьB0BV 4>A;V465==O 2?5@H5: 

÷ 287=0G5=>, I> C?@02;V==S ACFV;P=VABR B0 @CE>< @>74V;R20;P=>3> H0@C 
(S:89 ?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, I> 70;8H8;8AP C 

20=B06=><C B0=:C, B0 V=5@B=8< 307><, I> ?>40єBPAS 4> 20=B06=>3> B0=:C) 
4>AS30єBPAS ?5@5A?@S<C20==S< ?>B>:C V=5@B=>3> 307C 7 >4=>G0A=8< 
:>=B@>;5< 9>3> :>=F5=B@0FVW ?> 2AP><C >1’є<C 20=B06=>3> B0=:C; 

÷ 70?@>?>=>20=> :><?;5:A=89 :@8B5@V9 >FV=:8 S:>ABV ?5@51V3C ?@>F5AC 

V=5@B872FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2, S:V9 2@0E>2Cє 7<V=C 

:>=F5=B@0FVW V=5@B=>3> 307C 2 0B<>AD5@V 20=B06=>3> B0=:C B0 B@820;VABP 

V=5@B870FVW; 

÷ 70?@>?>=>20=0 <5B>48:0 >FV=:8 5=5@35B8G=>W 5D5:B82=>ABV ?@>F5AC 

V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2, S:0 =0 2V4<V=C 2V4 VA=CRG8E 

2@0E>2Cє 28B@0BC V=5@B=>3> 307C B0 G0A, I> =5>1EV4=89 4;S ?@>F5AC 

V=5@B870FVW; B0 <5B>48:0 >FV=:8 5:>;>3VG=>W 5D5:B82=>ABV ?@>F5AC V=5@B870FVW 

20=B06=8E B0=:V2 AC45=-307>2>7V2, S:0 =0 2V4<V=C 2V4 VA=CRG8E 2@0E>2Cє 

:V;P:VABP H:V4;828E @5G>28=, I> CB2>@RRBPAS ?V4 G0A 5:A?;C0B0FVW 

5=5@35B8G=>3> >1;04=0==S, S:5 28:>@8AB>2CєBPAS 4;S 70157?5G5==S ?@>F5AC 

V=5@B870FVW. 

#4>A:>=0;5=>: 

÷ B5E=>;>3VR 287=0G5==S :>=F5=B@0FVW V=5@B=>3> 307C 2 0B<>AD5@V 

20=B06=8E B0=:V2 AC45=-307>2>7V2; 

÷ B5E=>;>3VR ?>40GV V=5@B=>3> 307C 4> 20=B06=8E B0=:V2 AC45=-307>2>7V2; 

÷ B5E=>;>3VR 287=0G5==S ?>:07=8:V2, I> E0@0:B5@87CRBP 5=5@35B8G=C B0 

5:>;>3VG=C 5D5:B82=VABP AC45= <>@AP:>3> B0 2=CB@VH=P>3> 2>4=>3> 

B@0=A?>@BC. 
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�B@8<0;0 ?>40;ьH89 @>728B>:: 

÷ B5E=>;>3VS 287=0G5==S 5=5@35B8G=8E B0 5:>;>3VG=8E ?>:07=8:V2 @>1>B8 

4>?><V6=>3> >1;04=0==S, I> 70157?5GCє ?@>F5A V=5@B870FVW 20=B06=8E 

?@8<VI5=P AC45=-307>2>7V2; 

÷ B5E=>;>3VS 287=0G5==S AB0=C 0B<>AD5@8 20=B06=8E ?@8<VI5=P AC45=-

307>2>7V2 4> ?@89<0==S 20=B06C. 

�@0:B8G=5 7=0G5==O >B@8<0=8E @57C;PB0BV2 ?>;S30є 2 B0:><C: 

÷  4V03=>ABC20==S ACFV;P=>ABV @>74V;R20;P=>3> H0@C S:89 ?>?5@546Cє 

AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, I> 70;8H8;8AP C 20=B06=><C B0=:C, B0 

V=5@B=8< 307><, I> ?>40єBPAS 4> 20=B06=>3> B0=:C ?@872>48BP 4> 7<5=H5==S 

B@820;>ABV ?@>F5AC V=5@B870FVW, I> A:>@>GCє AB>S=:>289 G0A AC45=-307>2>7V2 

B0 DV=0=A>2V 28B@0B8, I> ?>2’S70=V 7 >1A;C3>2C20==S< 2 <>@AP:8E ?>@B0E; 

÷ ?5@5A?@S<C20==S ?>B>:C V=5@B=>3> 307C, I> ?>40єBPAS 4> 20=B06=8E 

B0=:V2 AC45=-307>2>7V2, 4>72>;Sє 70157?5GC20B8 ?@>F5A V=5@B870FVW 7 
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@>74V;R20;P=89 H0@, S:V9 ?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, 

I> 70;8H8;8AP C 20=B06=><C B0=:C B0 V=5@B=8< 307><, I> ?>40єBPAS 4> 

20=B06=>3> B0=:C; 

÷ B5E=>;>3VS 287=0G5==S AB0=C 0B<>AD5@8 20=B06=>3> B0=:C ?V428ICє 

V=D>@<0B82=89 :>=B@>;P ?@>F5AC V=5@B870FVW, I> A?@8Sє ?@89=SBBR @VH5=P 

C?@02;V==S @>1>B>R >1;04=0==S 70 4>?><>3>R S:>3> 70157?5GCєBPAS 

V=5@B870FVS 20=B06=8E B0=:V2 AC45=-307>2>7V2. 

 57C;ьB0B8 48A5@B0FV9=>3> 4>A;V465==O 2?@>20465=V: 

÷ B5E=>;>3VS 287=0G5==S AB0=C 0B<>AD5@8 20=B06=8E B0=:V2 – =0 AC4=0E-

307>2>70E 20=B06><VAB:VABR 38646 <3, 88248 <3 B0 145673 <3, I> A?@8S;> 

7<5=H5==R B@820;>ABV ?@>F5AC V=5@B870FVW B0 ?@872>48;> 7<5=H5==S 

=020=B065==S =0 AC4=>2C 5;5:B@>AB0=FVR B0 A:>@>GC20;> G0A 5:A?;C0B0FVW 

4>?><V6=>3> >1;04=0==S, S:5 28:>@8AB>2C20;>AP ?V4 G0A V=5@B870FVW;  

÷ B5E=>;>3VS 287=0G5==S 5=5@35B8G=>W B0 5:>;>3VG=>W 5D5:B82=>ABV 

<5B>4V2 V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 – =0 AC4=0E-307>2>70E 
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20=B06><VAB:VABR 38646 <3, 42427 <3, 42563 <3, 72312 <3, 88248 <3, 88274 <3, 

88302 <3, 145673 <3, 146817 <3, 162233 <3, I> A?@8S;> ?@>2545==R ?@>F5AC 

V=5@B870FVW 70 =091V;PH 5D5:B82=8< 4;S :>6=>3> 7 AC45=-307>2>7V2 <5B>4>< 

(:0A:04=8<, ?0@0;5;P=8< G8 =0?82:0A:04=8<); 

÷ B5E=>;>3VS 4V03=>ABC20==S ACFV;P=>ABV @>74V;R20;P=>3> H0@C, S:V9 

?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, I> 70;8H8;8AP C 

20=B06=><C B0=:C B0 V=5@B=8< 307><, I> ?>40єBPAS 4> 20=B06=>3> B0=:C – =0 

AC4=0E- 307>2>70E 20=B06><VAB:VABR 38646 <3, 42563 <3, 88248 <3, 88274 <3, 

145673 <3, 162233 <3, I> 70157?5GC20;> ?@>2545==S ?@>F5AC V=5@B870FVW 7 

=091V;PH>R 5=5@35B8G=>R B0 5:>;>3VG=>R 5D5:B82=VABR; 

÷ 2 >A2VB=P><C ?@>F5AV !0FV>=0;P=>3> C=V25@A8B5BC «"45AP:0 <>@AP:0 

0:045<VS», 0 A0<5: 

B5E=>;>3VS ?5@5A?@S<C20==S ?>B>:V2 V=5@B=>3> 307C, S:89 ?>40єBPAS 

C 25@E=R G0AB8=C 20=B06=>3> B0=:C – ?V4 G0A 28:;040==S >A2VB=P>3> 

:><?>=5=B0 «#@>F5A8 ?5@5B2>@5==S 5=5@3VW AC4=>28E A8;>28E 

CAB0=>2>:» (4;S 74>1C20GV2 =0C:>2>3> ABC?5=S <03VAB@); 

B5E=>;>3VS 287=0G5==S 5:>;>3VG=>W 5D5:B82=>ABV ?@>F5AC 

V=5@B870FVW 20=B06=8E B0=:V2 AC45= 307>2>7V2 – ?V4 G0A 28:;040==S 

>A2VB=P>3> :><?>=5=B0 «�:>;>3VG=0 157?5:0 B0 0;PB5@0B82=V 465@5;0 

5=5@3VW» (4;S 74>1C20GV2 =0C:>2>3> ABC?5=S <03VAB@); 

B5E=>;>3VS 287=0G5==S 5=5@35B8G=>W 5D5:B82=>ABV ?@>F5AC 

V=5@B870FVW 20=B06=8E B0=:V2 AC45= 307>2>7V2 – ?V4 G0A 28:;040==S 

>A2VB=P>3> :><?>=5=B0 «�=5@3>@5AC@A>715@565==S =0 AC4=0E <>@AP:>3> 

B0 @VG:>2>3> B@0=A?>@BC» (4;S 74>1C20GV2 =0C:>2>3> ABC?5=S 4>:B>@ 

DV;>A>DVW). 

�A>18AB89 2=5A>: 74>1C20G0 ?>;S30є C:  

÷ 28:>=0==V V=D>@<0FV9=>3> ?>HC:C B0 0=0;V7C ;VB5@0BC@=8E 465@5; V7 

@>72’S70==S 70240==S 70157?5G5==S ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 

AC45=-307>2>7V2;  
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÷ ?@>2545==V 4>A;V465=P V7 287=0G5==S 5=5@35B8G=>W B0 5:>;>3VG=>W 

5D5:B82=>ABV A?>A>1V2 V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2; 

÷ ?@>2545==V 4>A;V465=P B0 @>7@>1FV @5:><5=40FV9 I>4> 287=0G5==S 

AB0=C 0B<>AD5@8 70 @V7=>R 28A>B>R 20=B06=>3> B0=:C AC4=0-307>2>7C; 

÷ ?@>2545==V 4>A;V465=P I>4> 4V03=>ABC20==S AB0=C @>74V;R20;P=>3> 

H0@C, S:V9 ?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, I> 70;8H8;8AP 

C 20=B06=><C B0=:C B0 V=5@B=8< 307><, I> ?>40єBPAS 4> 20=B06=>3> B0=:C; 

÷  ?5@5>1;04=0==V AC4=>2>W A8AB5<8 V=5@B870FVW B0 ?@>2545==V 4>A;V465=P 

I>4> ?5@5A?@S<C20==S ?>B>:V2 V=5@B=>3> 307C, S:89 ?>40єBPAS C 25@E=R 

G0AB8=C 20=B06=>3> B0=:C; 

÷ @>7@>1:8 :@8B5@VW2 7 >FV=:8 5=5@35B8G=>W B0 5:>;>3VG=>W 5D5:B82=>ABV 

?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2. 

$>1>B8 [80], [87], [157], [173], [194] 28:>=0=V 02B>@>< A0<>ABV9=>.  

' @>1>B0E, S:V >?C1;V:>20=V 2 A?V202B>@AB2V, 74>1C20G52V =0;560BP 

>A>18AB>:  

[44], [45] – @>7@>1:0 B5E=>;>3VW B0 ?@>2545==S 5:A?5@8<5=B0;P=8E 

4>A;V465=P =0 AC4=0E-307>2>70E, 287=0G5==S 5=5@35B8G=8E B0 5:>;>3VG=8E 

?>:07=8:V2 ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2, >1@>1:0 B0 0=0;V7 >B@8<0=8E 

5:A?5@8<5=B0;P=8E 7=0G5=P, @>7@>1:0 @5:><5=40FVW I>4> 5:A?;C0B0FVW A8AB5< 

V=5B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2; 

[60], [67] – 287=0G5==S >?B8<0;P=8E @568<V2 4>?><V6=>3> >1;04=0==S, 

I> 70157?5GCє ?@>F5A8 453070FVW B0 V=5@B870FVW 20=B06=8E B0=:V2 AC45=-

307>2>7V2; 

[168] – ?@>2545==S 5:A?5@8<5=B0;P=8E 4>A;V465=P 7 287=0G5==S 

5:>;>3VG=8E ?>:07=8:V2 @>1>B8 AC45= <>@AP:>3> B@0=A?>@BC. 

А?@>10FVO @57C;ьB0BV2 @>1>B8. "A=>2=V @57C;PB0B8 4>A;V465=P 70 B5<>R 
48A5@B0FV9=>W @>1>B8 4>?>2V40;8AP, >13>2>@R20;8AP B0 1C;8 AE20;5=V =0 =87FV 

<V6=0@>4=8E B0 �A5C:@0W=AP:8E =0C:>28E :>=D5@5=FV9, 7>:@5<0: 

12-V9 <V6=0@>4=V9 =0C:>2>-?@0:B8G=>W :>=D5@5=FVW «%CG0A=V 

5=5@35B8G=V CAB0=>2:8 =0 B@0=A?>@BV V B5E=>;>3VW B0 >1;04=0==S 4;S WE 
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>1A;C3>2C20==S», 06-08 25@5A=S 2021 @., )5@A>=, )5@A>=AP:0 45@602=0 

<>@AP:0 0:045<VS; 

�V-V9 <V6=0@>4=V9 =0C:>2>-?@0:B8G=>W :>=D5@5=FV9 «�=V?@>2AP:V 

G8B0==S-2023», 7 3@C4=S 2023 @., �8W2: �8W2AP:89 V=AB8BCB 2>4=>3> 

B@0=A?>@BC V<5=V 35BP<0=0 #5B@0 �>=0H528G0-%030940G=>3> �5@602=>3> 

C=V25@A8B5BC V=D@0AB@C:BC@8 B0 B5E=>;>3V9; 

<V6=0@>4=V9 <C;PB848AF8?;V=0@=V9 =0C:>2>W V=B5@=5B-:>=D5@5=FVW 

«%2VB =0C:>28E 4>A;V465=P», 22-23 6>2B=S 2024 @., <. &5@=>?V;P, ':@0W=0, 

<. "?>;5, #>;PI0; 

=0C:>2>-B5E=VG=V9 :>=D5@5=FVW <>;>48E 4>A;V4=8:V2 «%C4=>2V 

5=5@35B8G=V CAB0=>2:8: 5:A?;C0B0FVS B0 @5<>=B», 21.11.2024 @., <. "45A0, 

!0FV>=0;P=89 C=V25@A8B5B «"45AP:0 <>@AP:0 0:045<VS». 

�C1;V:0FVW. �0 B5<>R 48A5@B0FVW >?C1;V:>20=> 10 =0C:>28E ?@0FP, 7 S:8E 

5 – C =0C:>28E D0E>28E 2840==SE ':@0W=8, I> 2E>4SBP 4> ?5@5;V:C =0C:>28E 

D0E>28E 2840=P ':@0W=8 (:0B53>@VW �), C S:8E <>6CBP ?C1;V:C20B8AS 

@57C;PB0B8 48A5@B0FV9=8E @>1VB =0 74>1CBBS =0C:>28E ABC?5=V2 4>:B>@0 =0C:, 

:0=4840B0 =0C: B0 ABC?5=S 4>:B>@0 DV;>A>DVW; 1 – 2 V=>75<=8E 2840==SE 

4@C3>3> :20@B8;R Q2, S:V 2E>4SBP 4> <V6=0@>4=8E =0C:><5B@8G=8E 107 40=8E 

Scopus B0 Web of Science; 4 – C 71V@:0E 4>?>2V459 <V6=0@>4=8E =0C:>28E B0 

=0C:>2>-?@0:B8G=8E :>=D5@5=FV9, I> ?@>2>48;8AP C ?@>2V4=8E 70:;040E 

28I>W >A2VB8 ':@0W=8. 

!B@C:BC@0 B0 >1AO3 48A5@B0FVW. �8A5@B0FVS A:;040єBPAS 7 ?5@5;V:C 

C<>2=8E A:>@>G5=P, 2ABC?C, ?’SB8 @>74V;V2, 28A=>2:V2, ?5@5;V:C 28:>@8AB0=8E 

465@5; B0 4>40B:0 (2 S:><C =040=> 0:B8 2?@>20465==S @57C;PB0BV2 

4>A;V465==S). �030;P=89 >1AS3 48A5@B0FV9=>W @>1>B8 AB0=>28BP 244 AB>@V=:8, 

7>:@5<0: >A=>2=89 B5:AB 140 AB>@V=>: 7 0=>B0FVєR =0 14 AB>@V=:0E, ?5@5;V: 

28:>@8AB0=8E 465@5; V7 194 =09<5=C20=P =0 28 AB>@V=:0E, 4>40B>: =0 

5 AB>@V=:0E, 67 @8AC=:V2, 43 B01;8FV. 
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$"���� 1. �!���� ��&�$�&'$!�) ���$�� �� $"��’/��!!/ 

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

&�!��� %'��!-���"�"��� 

1.1. "A>1;82>ABV :>=AB@C:FVW B0 5:A?;C0B0FVW AC45=, I> ?@87=0G5=V 4;S 

?5@52575==S A:@0?;5=8E 307V2 

1.1.1. &5E=VG=V, 5:>;>3VG=V B0 :><5@FV9=V ?5@52038 7@V465=>3> 

?@8@>4=>3> 307C 

 

 

 >@AP:89 B@0=A?>@B ?5@52060є =04 CAV<0 B8?0<8 B@0=A?>@BC, S:V 

70157?5GCRBP ?5@52575==S 20=B06C <V6 :@0W=0<8 B0 :>=B8=5=B0<8. #@8 

FP><C AC4=0 <>@AP:>3> B@0=A?>@BC є є48=8< 70A>1>< B@0=A?>@BC, S:89 

70157?5GCє B@0=A>:50=AP:5 ?5@52575==S 20=B06V2 [1–3]. �@V< B>3>, <>@AP:V 

AC4=0 ?5@52>7SBP ?@0:B8G=> 2AV 2848 20=B06V2: 

÷ =0A8?=V (C B><C G8A;V 75@=>2V B0 4>1@820) – 70 4>?><>3>R 28:>@8AB0==S 

AC45= :;0AC Bulk Carrier; 

÷ 35=5@0;P=V (C B><C G8A;V B5E=V:C B0 >1;04=0==S) – =0 AC4=0E :;0AC 

General Cargo; 

÷ =0:0B=V (C B><C G8A;V 02B><>1V;V) – =0 AC4=0E B8?C Ro-Ro; 

÷ 25;8:>B>==06=V – 70 4>?><>3>R AC45= :;0AC Heavy Lift; 

÷ :>=B59=5@=V – 70 4>?><>3>R 28:>@8AB0==S Container Ship; 

÷ =0;82=V – =0 AC4=0E Oil Product / Crude Oil / Chemical Tanker [4–6].  

&0:>6 VA=CRBP AC4=0 :;0AV2 Liquefied Petroleum Gas Ship (LPG-ship) B0 

Liquefied Natural Gas Ship (LNG-ship), S:V 70157?5GCRBP ?5@52575==S 

2V4?>2V4=8E B8?V2 307C [7, 8].  

!0 AP>3>45==S ?@8@>4=89 307 є =091V;PH 5:>;>3VG=> G8AB8< 7 CAVE 

28:>?=8E ?0;82. #@8@>4=89 307 =5 <VAB8BP C A2>є<C A:;04V 07>BC, :@V< B>3> 

2<VAB AV@:8 2 ?@8@>4=><C 307V 7=0E>48BPAS =0 <V=V<0;P=><C @V2=V ?>@V2=S==> 

7 CAV<0 =0DB>28<8 ?0;820<8. *5 70157?5GCє 2V4ACB=VABP ?V4 G0A 73>@S==S 

?@8@>4=>3> 307C ?0;82=8E >:A84V2 07>BC B0 <V=V<0;P=C :V;P:VABP >:A84V2 
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AV@:8. &0:>6 ?V4 G0A 73>@S==S ?@8@>4=>3> 307C ?>B5=FV9=V 28:848 B25@48E 

G0AB8=>: =0 :V;P:0 ?>@S4:V2 =86GV, =V6 ?V4 G0A 73>@S==S @V4:8E B0 B25@48E 

284V2 ?0;820. �@V< =87P:8E 28:84V2 >:A84V2 07>BC, >:A84V2 AV@:8, >:A84V2 

2C3;5FR, 0 B0:>6 =573>@V;8E 2C3;52>4=V2 ?V4 G0A 73>@S==V ?@8@>4=>3> 307C 

CB2>@RєBPAS =01030B> <5=H5 ?0@=8:>28E 307V2 [9–12]. *5 A?@8Sє 0:B82=><C 

28:>@8AB0==R ?@8@>4=>3> 307C S: 465@5;0 5=5@3VW B0 ?>ABC?>2><C 

28BVA=5==R ?@8@>4=8< 307>< V=H8E 284V2 ?0;820 (=0DB>?@>4C:BV2, 2C3V;;S, 

B>@DC).  

!0 B5?5@VH=V9 G0A ?@8@>4=89 307 709<0є 4><V=CRGC ?>78FVR A5@54 

V=H8E 284V2 ?0;820 2 1030BP>E :@0W=0E A2VBC. #@8@>4=89 307 

28:>@8AB>2CєBPAS C 4283C=0E 02B><>1V;P=>3>, 70;V7=8G=>3> B0 <>@AP:>3> 

B@0=A?>@BC, 0 B0:>6 C AB0FV>=0@=V9 5=5@35B8FV B0 4;S 70157?5G5==S ?>1CB>28E 

?>B@51. 

%P>3>4=V ?@8@>4=89 307 – F5 B>20@, I> ?@>40єBPAS 2 CAP><C A2VBV, S:89 

?>AB0G0єBPAS 01> 2 307>?>4V1=><C AB0=V (B@C1>?@>2V4=8<8 <03VAB@0;S<8), 01> 

2 7@V465=><C AB0=V (A?5FV0;P=8<8 <>@AP:8<8 B0=:5@0<8-307>2>70<8). /: 

?@028;>, >A=>2=V 70<>2=8:8 / A?>6820GV 307C 7=0E>4SBPAS =0 25;8:V9 2V4AB0=V 

2V4 9>3> @>4>28I. ' F8E 28?04:0E <5B>4 B@0=A?>@BC20==S �#� <>@AP:8<8 B0 

>:50=AP:8<8 H;SE0<8 є 1V;PH 5:>=><VG=8< ?>@V2=S=> 7 B@C1>?@>2V4=8<. 

&><C ?@8@>4=89 307 C 7@V465=><C 283;S4V ?5@52>78BPAS <>@AP:8< 

B@0=A?>@B><.  >@AP:V B5@<V=0;8 V<?>@BC B0 5:A?>@BC �#� @>7B0H>20=V 

?@0:B8G=> ?>2AR4=>. *5 >7=0G0є, I> �#� 4>ABC?=89 ?@0:B8G=> 2 1C4P-S:V9 

B>GFV A2VBC [13, 14]. 

#5@52575==S ?@8@>4=>3> 307C AC4=0<8-307>2>70<8 74V9A=RєBPAS C 

A?5FV0;P=8E V7>B5@<VG=8E є<=>ABSE, ?@8 FP><C 307 >E>;>46CєBPAS 4> 

B5<?5@0BC@8 –160&–165 %. %0<5 70 F8E C<>2 2V41C20єBPAS ?5@5EV4 307C 2 

@V4:89 AB0= 7 >4=>G0A=8< 7<5=H5==S< 9>3> >1AS3C 4> 600 @07V2. 

�>=B8=5=B0;P=8<8 ;V45@0<8 5:A?>@BC 7@V465=>3> ?@8@>4=>3> 307C є :@0W=8, 

=02545=V C B01;8FV 1.1 [15, 16]. 
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&01;8FS 1.1 
�@0W=8-;V45@8 7 5:A?>@BC 7@V465=>3> ?@8@>4=>3> 307C 

�>=B8=5=B �@0W=0 
�0?0A8 307C (<;@4. <³)  

=0 01.2023 @. 
�5>3@0DVG=89 @09>= 

�2AB@0;VS �2AB@0;VS 1600 �0EV4=0 �2AB@0;VS 
�7VS �0B0@ / �@0= 35000 #5@AP:0 70B>:0 
�D@8:0 �;68@ 3500 #V2=VG=0 %0E0@0 
Є2@>?0 !V45@;0=48 2100 #V2=VG=5 <>@5 
#V245==0 
�<5@8:0 

�5=5AC5;0 850 #V2=VG=0 �5=5AC5;0 

#V2=VG=0 
�<5@8:0 

%,� 2300  5:A8:0=AP:0 70B>:0 

 
%C4=0-307>2>78, I> ?@87=0G5=V 4;S ?5@52575==S �#�, B@0=A?>@BCRBP 

25;8G57=C :V;P:VABP ?@8@>4=>3> 307C 2V4 B5@<V=0;V2 7@V465==S 4> B5@<V=0;V2 

@53078DV:0FVW, S:V @>7B0H>20=V 2 <>@AP:8E ?>@B0E ?> 2AP><C A2VBC. ' F8E 

?>@B0E 2V41C20єBPAS @53078DV:0FVS 307C B0 9>3> ?>40;PH0 4>AB02:0 

A?>6820G0<. !091V;PHV @53078DV:0FV9=V B5@<V=0;8 Є2@>?8 =02545=V C 

B01;8FV 1.2. 

&01;8FS 1.2 

!091V;PHV @53078DV:0FV9=V B5@<V=0;8 Є2@>?8 

�@0W=0 &5@<V=0; #>BC6=VABP =0 01.2023 @. (<;@4. <³) 
�5;P3VS Zeebrugge 9,0 

�5;8:0 �@8B0=VS Teesside 4,0 

�@5FVS Revithoussa 5,2 

�A?0=VS Barcelona 17,1 

�B0;VS Porto Levante 8,0 

!V45@;0=48 Gate Terminal 12,0 

#>;PI0 Swinoujscie LNG 5,0 

#>@BC30;VS Sines 7,6 

&C@5GG8=0 Marmara Ereglisi 6,2 

(@0=FVS Montoir-De-Bretagne 10,0 

 

https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D1%80%D0%B8%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B5%D0%B3%D0%B0%D0%B7%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%A1%D0%9F%D0%93-%D1%82%D0%B5%D1%80%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A1%D0%9F%D0%93-%D1%82%D0%B5%D1%80%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB_%D0%A1%D0%B2%D0%B8%D0%BD%D0%BE%D1%83%D0%B9%D1%81%D1%8C%D1%86%D0%B5
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' 2023 @. <V6=0@>4=V ?>AB0G0==S 307C B@C1>?@>2>40<8 A:;0;8 

682 <;@4. <3, 7@V465=>3> 307C AC4=0<8-307>2>70<8 – 412 <;@4. <3. #@8 FP><C 

G0AB:0 7@V465=>3> 307C 2 7030;P=><C >1AS7V ?>AB02>: I>@VG=> 7@>AB0є B0 70 

?@>3=>70<8, I> є, 4> 2030 @. 71V;PH8BPAS 4> 650...680 <;@4. <3.  

!5>1EV4=VABP C AC4=0E-307>2>70E =0A0<?5@54 ?>2'S70=0 7 B8<, I> 

?@8@>4=V @>4>28I0 307C (:>=B8=5=B0;P=V 01> H5;PD>2V) @>7B0H>20=V =0 

25;8:V9 2V4AB0=V 2V4 25;8:8E A?>6820GV2 307C. ' 72'S7:C 7 F8< 4>AB02:0 307C 

728G09=8<8 307>B@C1>?@>2>40<8 AB0є 01> =5@5=B015;P=>R, 01> 27030;V 

=5<>6;82>R. ' B0:8E C<>20E ?@8@>4=89 307 A?>G0B:C ?V440єBPAS 

A:@0?;5==R, ?VA;S G>3> B@0=A?>@BCєBPAS AC4=0<8-307>2>70<8. #@8 FP><C 

@>72’S7CєBPAS ?@>1;5<0 B@0=A?>@BC20==S 25;8:8E >1AS3V2 307C =0 40;5:V (C 

45S:8E 28?04:0E B@0=A0B;0=B8G=V) 2V4AB0=V [17, 18]. !5>1EV4=VABP 7@V465==S 

?@8@>4=>3> 307C ?>SA=RєBPAS G5@57 =0ABC?=V >1AB028=8. #V4 G0A 

>E>;>465==S 4> B5<?5@0BC@8, :>;8 ?@8@>4=89 307 ?5@5B2>@RєBPAS =0 @V4:89 

AB0=, 9>3> >1AS3 7<5=HCєBPAS ?@81;87=> 600 @07V2. ' @V4:><C AB0=V 

?@8@>4=89 307 70:0GCєBPAS C 20=B06=V B0=:8 AC45=-307>2>7V2 B0 ?5@52>78BPAS 

=0 A?5FV0;P=V B5@<V=0;8 [19, 20]. *5 ?V428ICє @5=B015;P=VABP 9>3> 

B@0=A?>@BC20==S 7 25;8:8E 2V440;5=8E @>4>28I =0 40;5:V 2V4AB0=V. 

�@V465=89 ?@8@>4=89 307 є =09:@0I>R D>@<>R 4;S ?5@52575==S B0 

715@V30==S 307C =0 AC4=0E. "4=0:, CA5 >1;04=0==S 4;S 715@V30==S, ?5@540GV B0 

28:>@8AB0==S 307C <0є 1CB8 A:>=AB@C9>20=5 B0:, I>1 ?>ABV9=> 

?V4B@8<C20;8AS =5>1EV4=V :@V>35==V C<>28. �@V< B>3>, 2AV B5E=>;>3VG=V 

>?5@0FVW 7 ?V43>B>2:8 20=B06=8E B0=:V2 AC45= 4> B@0=A?>@BC20==S �#�, 

7020=B065==S �#� =0 AC4=>-307>2>7, B@0=A?>@BC20==S �#� 7 ?>@BC 

7020=B065==S 4> ?>@BC @>720=B065==S, @>720=B065==S �#�, 70G8I5==S 

20=B06=8E B0=:V2 ?VA;S @>720=B065==S �#� ?>28==V 28:>=C20B8AS 2V4?>2V4=> 

4> @>7@>1;5=8E @5:><5=40FV9 B0 70157?5GC20B8 :>=AB@C:FV9=C =04V9=VABP 

[21, 22], 281CE>157?5:C [23, 24], 5:>;>3VG=VABP [25, 26] B0 5=5@3>5D5:B82=VABP 

[27, 28]. *5 є =5>1EV4=>R 28<>3>R 4;S 157?5G=>3> B0 =04V9=>3> 

DC=:FVR20==S AC45=, I> 70157?5GCRBP ?5@52575==S 7@V465=>3> 307C.  
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1.1.2. �:A?;C0B0FV9=V E0@0:B5@8AB8:8 AC45=-307>2>7V2 

 

 

 >@AP:V ?5@52575==S є 206;82>R ;0=:>R 2 ;0=FR3C B@0=A?>@BC20==S 

�#� 2V4 @>4>28I0 4> A?>6820G0. %C4=0 4;S ?5@52575==S �#� – >4=V 7 

=094>@>6G8E AC45= C A2VBV, WE=S 20@BVABP 4>AS30є 150&200 <;=. 4>;. %,� 70 

307>2>7 20=B06><VAB:VABR 120000&150000 <3. �8I5 AB>SBP ;8H5 

?0A068@AP:V ;09=5@8, ?52=89 B8? 02B><>1V;P=8E ?>@><V2 B0 2V9AP:>2V 

:>@01;V. /: ?@028;>, :>65= =>289 ?@>є:B 25;8:>B>==06=>3> 702>4C 

AC?@>2>46CєBPAS 70:;04:>R 2;0A=8E AC45= 4;S ?>AB0G0==S �#� [29, 30]. 

!8=V :V;P:VABP 25@D59, I> 1C4CRBP ?>4V1=V AC4=0, >1<565=0, >A:V;P:8 

B5@<V= 1C4V2=8FB20 AC45= 70728G09 32&36 <VASFV2, WE ?>B@V1=> ?;0=C20B8 I5 

=0 AB04VW ?@>є:BC20==S 702>4C. �=>4V C 28?04:0E A?@8SB;828E FV= =0 

1C4V2=8FB2> AC45= 1C20є 28?@0240=> 70740;53V4P >1@0B8 25@DV B0 70<>2;SB8 

AC4=0 I5 4> ?>G0B:C 1C4V2=8FB20 702>4C �#�. 

#@> 7@>AB0==S 28@>1=8FB20 �#� 70 >AB0==є 45ASB8;VBBS <>6=0 AC48B8 70 

7030;P=>R :V;P:VABR AC45= ?>4V1=>3> :;0AC: C 2001 @. <>@AP:8<8 

?5@52575==S<8 �#� 709<0;8AS 128 AC45=-307>2>7V2, C 2011 @. – 347, C 2021 @. 

– 396. %P>3>4=V A2VB>289 D;>B �#� =0;VGCє 417 AC45=-307>2>7V2 (40=V =0 

01.2023 @.) B0 1;87P:> 30 – =0 AB04VW 1C4V2=8FB20 [31, 32]. 

#0@0<5B@8 ACG0A=8E AC45= 4;S ?5@52575==S �#�, 2 A5@54=P><C, 300 < 

7024>26:8, 50 < 702H8@H:8, >A04:0 10&12 <, 28A>B0 2V4 20B5@;V=VW 4> 40 <. 

�>=8 :C@ACRBP V7 A5@54=P>R H284:VABR 1;87P:> 19,5 2C7;V2 B0 

:><?;5:BCRBPAS 5:V?060<8 7 24&30 >AV1 . 

�V;PH5 30 @>:V2 <0:A8<0;P=0 <VAB:VABP B0=:5@V2 LNG =5 ?5@528IC20;0 

140000 <3 7@V465=>3> 307C. �V 7@>AB0==S< ?@>4C:B82=>ABV 25;8:>B>==06=8E 

702>4V2 B0 ?>?8BC =0 �#� 28=8:;0 ?>B@510 C 1V;PH <VAB:8E B0=:5@0E. ' 

3@C4=V 2008 @. 1C;> 70?>G0B:>20=> 1C4V2=8FB2> AC45= :;0AC Q-Max 7 

<VAB:VABR ?>=04 250000 <3. 
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' 40=89 G0A 2 70;56=> 2V4 20=B06>?V49><=>ABV B0=:5@8 �#� ?>4V;SRBPAS 

=0 :;0A8: 

÷ :;0A «Standart» 7 >1'є<>< 20=B06=8E B0=:V2 125000&170000 <3; 

÷ :;0A «Q-Flex» 7 >1'є<>< 20=B06=8E B0=:V2 210000&217000 <3; 

÷ :;0A «Q- 0E» 7 >1'є<>< 20=B06=8E B0=:V2 ?>=04 250000 <3 [33, 34]. 

!0 ?>G0B>: 2023 @. C A2VBV ?>1C4>20=> 32 AC45=-307>2>7V2, I> 

2V4?>2V40RBP :;0AC «Q- 0E», B0 23 AC4=0-307>2>78 :;0AC «Q-Flex». �5S:V 

B5E=VG=V E0@0:B5@8AB8:8 AC45=-307>2>7V2 =>2>3> ?>:>;V==S =02545=> C 

B01;8FV 1.3. 

&01;8FS 1.3 

)0@0:B5@8AB8:8 AC45=-307>2>7V2 �#� =>2>3> ?>:>;V==S 

)0@0:B5@8AB8:0 Q-Flex Q-Max 

�0=B06><VAB:VABP, <3 217000 266000 

�>268=0, < 302 332 

,8@8=0, < 50 54 

�8A>B0 =042>4=>W G0AB8=8, < 27 27 

$>7@0EC=:>20 >A04:0, < 12 12 

,284:VABP, 2C7;8 17,5 18,0 

&5E=>;>3VS 7@V465==S 28?0@5=>3> 

307C/?@>4C:B82=VABP, :3/3>4 

HGS, Mark III/6635 Cryostar  

EcoRel-S/6300 

�>;>2=89 4283C=: B8?, <0@:0, 

:V;P:VABP, ?>BC6=VABP, :�B 

�875;P 

MAN-B&W, 

6S70ME-C, 

218660 

�875;P 

MAN-B&W, 

7S70ME-C, 

221770 

 

)0@0:B5@ 20=B06C, I> ?5@52>78BPAS (A:@0?;5=89 307 7 B5<?5@0BC@>R 4> 

–160 °%) 287=0G0є 28<>38 4> ?@>F5AC B@0=A?>@BC20==S. *5 >7=0G0є, I> =0 

1>@BC ?>B@V1=> 715@V30B8 ?52=C B5<?5@0BC@C @V48=8, ?@8 FP><C 

?5@5AC20RG8AP <>@5< 7 <0:A8<0;P=>R H284:VABR 7 <5B>R <V=V<V7C20B8 

:V;P:VABP 28?0@C20=>3> 307C 70 @59A. ' 40=89 G0A B5E=VG=89 @>728B>: 
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<5B0=>28E B0=:5@V2 4>72>;82 7=878B8 @V25=P 28?0@C20=>3> 307C 4> 0,15 % 2V4 

>1AS3C 20=B06C, I> ?5@52>78BPAS 2 45=P (?@81;87=> 3 % 70 20-45==89 

?5@5EV4). 

#8B><0 2030 %#� A:;040є 0,5 2038 2>48. *5 >7=0G0є, I> =02VBP S:I> 

B0=:5@ ?>2=VABR 7020=B065=89 7@V465=8< ?@8@>4=8< 307><, 1V;PH0 G0AB8=0 

9>3> :>@?CAC 1C45 =04 2>4>R, B8< A0<8< 71V;PHCRG8 ?0@CA=VABP :>@?CAC 

AC4=0, I> A?@8G8=Sє ?@>1;5<8 ?V4 G0A H20@BC20==S AC4=0 C @07V ?>A8;5==S 

2VB@C [35, 36]. 

#V4 G0A @CEC B0=:5@8 �#� 70728G09 28:>@8AB>2CRBP 28?0@C20=89 

?@>BS3>< @59AC 307 S: ?0;82> A2>WE 4283C=V2. ' 72’S7:C 7 B8<, I> FP>3> 307C 

=54>AB0B=P> 4;S 70157?5G5==S @>1>B8 4875;V2, 0 B0:>6 7 C@0EC20==S< B>3>, 

I> AC4=0-307>2>78 28:>=CRBP B0:>6 10;0AB=V ?5@5E>48, =0 1>@BC F8E AC45= 

<0є 1CB8 70?0A B0:>6 V=H>3> ?0;820 [37, 38]. ' 70-E @>:0E <8=C;>3> AB>;VBBS 

=5>1EV4=VABP 28:>@8AB0==S 42>E 284V2 ?0;820 7C<>28;0 281V@ ?0@>28E BC@1V= 

S: 3>;>2=>3> AC4=>2>3> 4283C=0, >A:V;P:8 ?0@>289 :>B5; <>65 

28:>@8AB>2C20B8 :V;P:0 284V2 ?0;820 >4=>G0A=> [39, 40]. � B>3> G0AC 06 4> 

?>G0B:C 2000-E @>:V2 1V;PHVABP AC45=-307>2>7V2 >A=0IC20;0AP 

?0@>BC@1V==8<8 @CE>28<8 CAB0=>2:0<8. 

"4=0:, ?>G8=0RG8 7 1980 @., AC4=0 4;S ?5@52575==S �#� 70;8H8;8AP 

є48=8<8 C A2VBV 25;8:8<8 AC4=0<8 7 ?0@>BC@1V==8<8 5=5@35B8G=8<8 

CAB0=>2:0<8 (?>@S4 7 0B><=8<8 AC4=0<8). *5 A?@8G8=8;> A:>@>G5==S 

:V;P:>ABV ?>AB0G0;P=8:V2 ?0@>28E BC@1V=. �@V< B>3>, ?0@>BC@1V==V CAB0=>2:8 

A?>6820RBP 1V;PH5 ?0;P=>3>, =V6 4875;P=V. &5E=>;>3VG=89 ?@>3@5A 402 

<>6;82VABP @>7@>18B8 3V1@84=V 4283C=8: 4875;P-5;5:B@8G=V B0 4875;V 7 

<>6;82VABR A?>6820B8 28?0@C20=89 307 [41, 42]. 

�0AB>AC20==S S: 3>;>2=8E 4283C=V2 4875;P=8E B0 4875;P-5;5:B@8G=8E 

CAB0=>2>:, 1V;PH :><?0:B=8E B0 5:>=><VG=8E, =V6 ?0@>2V BC@1V=8, 4>72>;8;> 

7=0G=> A:>@>B8B8 28B@0B8 ?0;820. !0 1030BP>E AC4=0E, C B><C G8A;V B8?V2 Q-

Max B0 Q-Flex, ?@>1;5<0 28?0@>2C20==S �#� 28@VH5=0 70 @0EC=>: 

@>7<VI5==S =0 1>@BC CAB0=>2:8 4;S 7@V465==S 307C B0 ?>25@=5==S 9>3> 2 
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@575@2C0@8. �0=5 >1;04=0==S A?@8G8=8;> ?>4>@>6G0==S LNG-B0=:5@0, 0;5 

=0 ;V=VSE 7=0G=>W 4>268=8 WE=є 28:>@8AB0==S 22060єBPAS 28?@0240=8<. 

#V4 G0A 10;0AB=>3> @59AC 20=B06=V B0=:8 <0RBP 157?5@5@2=> 

?V4B@8<C20B8AP C E>;>4=><C AB0=V. �;S FP>3> ?VA;S 7025@H5==S 

@>720=B065==S =0 4=V 20=B06=>3> B0=:0 70;8H0єBPAS G0AB8=0 �#�. *59 307 

28?0@>2CєBPAS 2 4>@>7V V ?V4B@8<Cє =04=87P:C B5<?5@0BC@C 2 B0=:C. 

#VA;S ?@81CBBS 2 ?>@B =020=B065==S AC4=> >E>;>46CєBPAS ?@>BS3>< 

?@81;87=> 90 E2., ?@8 FP><C 2V41C20єBPAS @>7?8;5==S =525;8:>W :V;P:>ABV 

7@V465=>3> 307C 25@E=P>W G0AB8=8 B0=:V2, I> 30@0=BCє 2V4ACB=VABP 7=0G=8E 

?5@5?04V2 B5<?5@0BC@8, S:V <>6CBP A?@8G8=8B8 @C9=C20==S B0=:0. #VA;S 

FP>3> AC4=> <>6=0 7020=B06C20B8 V7 <0:A8<0;P=>R H284:VABR [43, 44]. 

' @07V ?@81CBBS AC4=0 4> ?>@BC =020=B065==S 7 B5?;8<8 B0=:0<8 4;S 

>E>;>465==S 4> @>1>G>W B5<?5@0BC@8 –160°% <>65 7=04>18B8AS 2&3 4>18, 

>A:V;P:8 VA=CRBP AC2>@V =>@<0B828 =0 4>?CAB8<V 5?R@8 @>7?>4V;C 

B5<?5@0BC@ >E>;>465==S [45]. 

 

 

1.1.3. �>=AB@C:B82=V >A>1;82>ABV AC45=-307>2>7V2 

 

 

�0=B06=V ?@8<VI5==S, G8 B0=:8 AC45=-307>2>7V2 / <5B0=>2>7V2, 1C20RBP 

42>E B8?V2: =5ACGV B0 <5<1@0==V. �7 7030;P=>W :V;P:>ABV <5B0=>28E B0=:5@V2, 70 

40=8<8 2023 @., ?@81;87=> 40% – 7 =5ACG8<8 B0=:0<8, 60% – 7 <5<1@0==8<8. 

�0 20=B06><VAB:>ABV AC4=0-307>2>7C 4> 130000 <3 28:>@8AB0==S =5ACG8E 

B0=:V2 5D5:B82=VH5, =V6 <5<1@0==8E; C 4V0?07>=V 130000&165000 <3 WE=V 

B5E=V:>-5:>=><VG=V E0@0:B5@8AB8:8 ?@81;87=> @V2=V, 0 ?V4 G0A ?>40;PH>3> 

71V;PH5==S <VAB:>ABV 28:>@8AB0==S <5<1@0==8E B0=:V2 AB0є :@0I8<. 

!5ACGV B0=:8 <0RBP є48=C >1>;>=:C, 283>B>2;5=C 7 0;R<V=VR 01> 

A?5FV0;P=8E A?;02V2 V >B>G5=C H0@>< V7>;SFVW. �>=AB@C:FVS B0=:V2 28:;RG0є 

:0B0AB@>DVG=V =0A;V4:8 2 @07V ?>H:>465==S B0 1C20є B0:8E A8AB5<: 
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÷ =>@257P:>W A8AB5<8 Moss Rosenbergco AD5@8G=8<8 B0=:0<8; 

÷ A8AB5<8 IHI-SPB V7 ?@87<0B8G=8<8 B0=:0<8, @>7@>1;5=>W :><?0=VєR 

IHI =0 107V :>=F5?FVW :><?0=VW Conch; 

÷ A8AB5<0 ADBT :><?0=VW Aker Solutions V7 ?@87<0B8G=8<8 B0=:0<8 [46]. 

%D5@8G=V B0=:8 A8AB5<8 MOSS A?>G0B:C 1C;8 27SBV 7 AC45=, I> 

?5@52>7SBP A:@0?;5=V =0DB>2V 3078, V 4C65 H284:> 702>R20;8 ?>?C;S@=VABP. 

�2B>@AP:V ?@020 =0 :>=AB@C:FVR =0;560BP :><?0=VW Moss Maritime (!>@253VS). 

*5 =570;56=V B0=:8, I> A0<>?V4B@8<CRBPAS, B0 =5 є G0AB8=>R :>@?CAC AC4=0. 

�AB0=>2;5=V =0 2=CB@VH=є 4=> 70 4>?><>3>R A?5FV0;P=8E ABV;PFV2 B0 R1>:. 

!0;560BP 4> B8?C � – ?>1C4>20=V 2V4?>2V4=> 4> A?5FV0;P=8E 0=0;VB8G=8E 

@>7@0EC=:V2 4;S 28B@8<C20==S =0?@C38, 45D>@<0FVW B0 2B><8 <5B0;C. 

%D5@8G=V B0=:8 283>B>2;SRBPAS 7 ;8ABV2 0;R<V=Vє28E A?;02V2 01> 

;53>20=>W =V:5;5< AB0;V 702B>2H:8 40&80 <<. �E=V9 4V0<5B@ 4>AS30є 40 <, 

B><C 2>=8 <0965 =0?>;>28=C 28ABC?0RBP =04 @V2=5< 25@E=P>W ?0;C18. 

'A5@548=V B0=:V2 2V4ACB=V 1C4P-S:V :>=AB@C:B82=V 5;5<5=B8 G8 @51@0 

6>@AB:>ABV. �>2=VH=S V7>;SFVS 283>B>2;SєBPAS 7 ?V=>?>;VC@5B0=C, =0 

7>2=VH=R ?>25@E=R S:>3> =0=>ASBP 0;R<V=Vє2C D>;P3C. &>2I8=0 V7>;SFVW =0 

25;8:8E 307>2>70E AS30є 250 <<. !04?0;C1=C G0AB8=C B0=:V2 70:@820RBP 

70;V7=8<8 :>6CE0<8. 

#5@52030<8 AD5@8G=8E B0=:V2 є 2V4=>A=0 45H5287=0 B0 B@820;89 

?>78B82=89 4>A2V4 5:A?;C0B0FVW. *V B0=:8 =5 AE8;P=V 4> «A;>H8=3C» – 5D5:BC 

:>;820==S @V48=8 70 =0S2=>ABV 25;8:>W 2V;P=>W ?>25@E=V, >B65, ABC?V=P WE 

7020=B065==S =5 <0є 7=0G5==S ?V4 G0A ?;020==S. &5@<V= 1C4V2=8FB20 B0=:5@V2 

AD5@8G=>W :>=AB@C:FVW 7=0G=> =86G89, =V6 <5<1@0==8E, B><C I> AD5@8G=V 

B0=:8 1C4CRBPAS >:@5<> 2V4 AC4=0, 0 ?>BV< 2:;040RBPAS 2 3>B>289 :>@?CA. 

�> =54>;V:V2 40=>W :>=AB@C:FVW <>6=0 2V4=5AB8 25;8:C 203C B0 

DV:A>20=89 3@0=8G=89 >1'є<, 28A>:C ?0@CA=VABP AC4=0 (>A>1;82> 2 10;0ABV), 

28A>:C ?;0BC 70 ?@>EV4 #0=0<AP:8< B0 %C5FP:8< :0=0;0<8 (H8@8=0 AC4=0 7V 

AD5@8G=8<8 B0=:0<8 =0 10 % 1V;PH5, =V6 AC4=0 7 <5<1@0==8<8 B0=:0<8) B0 

B@820;89 G0A >E>;>465==S ?5@54 7020=B065==S< �#� [47, 48]. 
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#@87<0B8G=V B0=:8 A8AB5<8 IHI-SPB (Self-supporting, Prismatic-shape 

IMO type �) 2V4=>ASBPAS 4> B8?C �. "4=VєR 7 >A>1;82>AB59 :>=AB@C:FVW є 

2V;P=0 D>@<0 B0=:0. �>=0 4>72>;Sє :>=AB@CR20B8 B0=:8 2V4?>2V4=> 4> 

2=CB@VH=VE >1@8AV2 :>@?CAC AC4=0, 4><030RG8AP V450;P=>3> ?@8?0AC20==S. 

�=CB@VH=S >1>;>=:0 B0=:V2 28:>=CєBPAS 7 0;R<V=Vє2>3> A?;02C 01> 9 % 

=V:5;52>W AB0;V. �7 7>2=VH=P>3> 1>:C B0=:8 ?>:@8BV V7>;SFVєR 7 

?V=>?>;VC@5B0=>28E ?0=5;59, ?@8:@V?;5=8E F5=B@>< H?8;P:0<8 4> >1>;>=:8. 

#@>ABV@ <V6 ?0=5;S<8 70?>2=5=> B0: 720=8<8 ?>4CH:0<8, I> ?>3;8=0RBP 

2V4=>A=5 7<VI5==S >1>;>=:8 B0=:0 B0 B5<?5@0BC@=C =0?@C3C 2 H0@V V7>;SFVW. 

!0 2V4<V=C 2V4 <5<1@0==8E A8AB5<, V7>;SFVS =5 ?@89<0є =020=B065==S 7 1>:C 

�#�. &0=: A?8@0єBPAS =0 :>;>4:8 V7 ?>A8;5=>W D0=5@8, 2AB0=>2;5=V =0 4=8IV 

AC4=0. �=CB@VH=S G0AB8=0 B0=:0 @>74V;5=0 =0 G>B8@8 2V4AV:8 25@B8:0;P=>R 

35@<5B8G=>R >AP>2>R ?5@53>@>4:>R V ?>?5@5G=>R 25@B8:0;P=>R 

?5@D>@>20=>R ?5@53>@>4:>R. %?V;P=> 7 3>@87>=B0;P=8<8 @51@0<8 

?5@53>@>4:8 7=86CRBP C40@=V =020=B065==S 2V4 A?;5A:V2 @V48=8 ?V4 G0A 

28=8:=5==S 1>@B>2>W E8B028FV. *5 40є <>6;82VABP 7020=B06C20B8 �#� C B0=: 

4> 1C4P-S:>3> @V2=S B0 28:>@8AB>2C20B8 40=C A8AB5<C ?V4 G0A ?@>є:BC20==S 

?;02CG8E 702>4V2 �#� [49, 50]. 

�> ?5@5203 40=>W A8AB5<8 B0=:V2 2V4=>ASBPAS <5=H0 ?0@CA=VABP, =V6 C 

B0=:5@V2 AD5@8G=>W :>=AB@C:FVW, <5=H0 =5>1EV4=0 E>4>20 ?>BC6=VABP 7 

C@0EC20==S< :><?0:B=>ABV B0 V450;P=>W D>@<8 :>@?CAC AC4=0, :>@>B:89 

B5@<V= >1A;C3>2C20==S 2 ACE><C 4>FV (4> 42>E B86=V2 :>6=V ?'SBP @>:V2) B0 

E>@>H0 >?V@=VABP 7>2=VH=P><C B8A:C [51]. 

#@87<0B8G=V B0=:8 A8AB5<8 ADBT – Aluminium Double-bamer Tanks – 

@>7@>1:8 2009 @. Wadan Yard CNG Technology GmbH & Aker Solutions, I> є 

=570;56=8<8 A0<>?V4B@8<C20;P=8< B0=:0<8 B8?C � V7 7>2=VH=P>R 

B5?;>V7>;SFVєR V >?>@>R =0 4=> AC4=0. &0=:8 @>7@>1;5=V S: 4;S AC45= �#�, 

B0:>6 V 4;S ?;02CG8E 702>4V2 �#� 7 >1’є<>< 2V4 1000 <3 4> 150000 <3. 

�>=AB@C:FVS B0=:0 2:;RG0є >1>;>=:C 7 ?>42V9=8E 0;R<V=Vє28E ?;0AB8=, 

<V6 S:8<8 ?5@?5=48:C;S@=> 2AB0=>2;5=V @51@0 6>@AB:>ABV, I> ?@89<0RBP 
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C40@=V =020=B065==S. �=CB@VH=V ABV=:8, I> @>71820RBP 25AP ?@>ABV@ B0=:0 =0 

:V;P:0 =0?V22V4:@8B8E :0<5@, ?@0FRRBP 70 ?@8=F8?>< E28;5@V7C V 7=0G=> 

7=86CRBP C40@=V E28;P>2V =020=B065==S 2V4 A?;5A:V2 @V48=8 [52]. 

 5<1@0==V 20=B06=V B0=:8 – F5 є<=>ABV, CB2>@5=V B>=:>R >1>;>=:>R 

(0,5...1,2 <<), S:0 740B=0 A?@89<0B8 BV;P:8 =0?@C38, I> @>7BS3CRBP, V 

A?8@0єBPAS =0 AC<V6=V :>@?CA=V :>=AB@C:FVW. �>=AB@C:FVW <5<1@0==8E B0=:V2 

70157?5GCRBP =5?@>=8:=VABP A2>єW >1>;>=:8 S: ?@8 45D>@<0FVSE, ?>2'S70=8E 

V7 2838=>< :>@?CA=8E :>=AB@C:FV9, B0: V 70 B5@<VG=8E 45D>@<0FV9. 

 5<1@0==V B0=:8 =5 A0<>?V4B@8<CRBPAS. &5@<0;P=V =020=B065==S 

:><?5=ACRBPAS S:VABR <5B0;C <5<1@0=8 (=V:5;P, 0;R<V=Vє2V A?;028). 

 V6=0@>4=89 307>289 :>45:A =0:07Cє, I> A8AB5<0 ?>28==0 <0B8 42>H0@>2C 

<5<1@0=C, A:;045=C 7 42>E V45=B8G=8E 01> @V7=8E V7>;RRG8E <5<1@0=. 

' 40=89 G0A 4;S AC45= <5<1@0==>W :>=AB@C:FVW =0 @8=:C ?@8ACB=V B@8 

D@0=FC7P:V <5<1@0==V B5E=>;>3VW: 

÷ A8AB5<0 GazTransport NO-96; 

÷ A8AB5<0 Technigaz Mark III; 

÷ A8AB5<0 CS1. 

%8AB5<0 GazTransport NO-96 2:;RG0є 42V >4=0:>2V <5<1@0=8 V 420 

=570;56=8E H0@8 V7>;SFVW.  5<1@0=0 28:>=0=0 7 V=20@C (D5@>A?;02 V7 36 % 

=V:5;R) B>2I8=>R 0,7 <<. #5@28==0 <5<1@0=0 ?5@51C20є C :>=B0:BV 7V 

7@V465=8< ?@8@>4=8< 307><, 0 =0S2=VABP 2B>@8==>W <5<1@0=8 є 100 % 

30@0=BVєR 2V4 28B>:V2 �#�. �8=0<VG=V B0 B5@<0;P=V =020=B065==S =0 

<5<1@0=C ?5@540RBPAS G5@57 H0@ V7>;SFVW =0 AB0;52C :>=AB@C:FVR AC4=0. 

#5@28==89 B0 2B>@8==89 H0@8 V7>;SFVW 28:>=0=V 7 D0=5@=8E 1>:AV2, 

70?>2=5=8E @>7H8@5=8< ?5@;VB><. %B0=40@B=89 @>7<V@ 1>:AC 11,2 <. 

&>2I8=0 ?5@28==>W V7>;SFVW 170...250 <<, AB0=40@B=0 B>2I8=0 2B>@8==>W 

V7>;SFVW – 300 <<. �B>@8==C V7>;SFVR :@V?;SBP 4> 2=CB@VH=P>W >1>;>=:8 

:>@?CAC AC4=0. �>:A8 7 ?5@;VB>< <0RBP 2=CB@VH=є 7<VF=5==S 4;S ?@>B84VW 

28A>:><C B8A:C V ?>3;8=0==S 5=5@3VW @V48=8, I> @CE0єBPAS.  5<1@0=8 
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:@V?;SBPAS 4> V7>;SFVW A?5FV0;P=8<8 ?@8AB@>S<8, I> 4>72>;SRBP H0@C V=20@C 

2V;P=> :>270B8 H0@>< V7>;SFVW. 

%8AB5<0 70@5:><5=4C20;0 A515 ?>78B82=> 70 1V;PH =V6 A>@>:0@VG=89 

?5@V>4 5:A?;C0B0FVW – ?5@H8<8 B0=:0<8 FVєW A8AB5<8 >A=0AB8;8 C 1969 @. 

B0=:5@8, ?@87=0G5=V 4;S 702>4C �#� =0 �;SA:C [53]. 

%8AB5<0 Technigaz Mark III 2:;RG0є ?5@28==C 3>D@>20=C <5<1@0=C 7 

=5@602VRG>W AB0;V 702B>2H:8 1,2 <<. %B0=40@B=89 @>7<V@ 3>D@>20=8E ;8ABV2 

31 <. #5@?5=48:C;S@=5 3>D@>20=5 @8D;5==S 4>72>;Sє <5<1@0=0< 

?@8AB>A>2C20B8AS 4> 1C4P-S:8E B5?;>28E 01> :>@?CA=8E 2V4E8;5=P =0?@C38 

B0 ?@0FR20B8 ?>70 <560<8 2B><8, 70157?5GCRG8 B8< A0<8< 28A>:89 B5@<V= 

5:A?;C0B0FVW. �B>@8==0 B@8H0@>20 <5<1@0=0 283>B>2;5=0 7 ;8AB>2>3> 

:><?>78FV9=>3> <0B5@V0;C – B@8?;5:AC (B>=:89 ;8AB 0;R<V=VR <V6 H0@0<8 

A:;>B:0=8=8 B0 A<>;8). �7>;SFVS S2;Sє A>1>R =5ACGC A8AB5<C 7V 71V@=8E 

?0=5;59, I> 2:;RG0RBP 0@<>20=89 ?V=>?>;VC@5B0= 7V 2AB02:0<8 7V 

A:;>2>;>:=0. #5@28==0 B0 2B>@8==0 V7>;SFVW V45=B8G=V. %B0=40@B=89 @>7<V@ 

?0=5;59 31 <. &>2I8=0 V7>;SFVW @53C;RєBPAS 2 4V0?07>=V 250...350 <<. #0=5;V 

:@V?;SBPAS 4> 2=CB@VH=P>W G0AB8=8 :>@?CAC. *S A8AB5<0 <0є 30-@VG=89 4>A2V4 

5:A?;C0B0FVW. �AB02:8 7V A:;>2>;>:=0 2 H0@V ?V=>?>;VC@5B0=C =040RBP 

?0=5;S< 28A>:8E 2;0AB82>AB59 <VF=>ABV. 

%8AB5<0 CS1 2:;RG0є ?5@28==C <5<1@0=C 7 V=20@C, 2B>@8==C <5<1@0=C 

7 B@8?;5:AC B0 V7>;SFVR (?5@28==C B0 2B>@8==C) 7 0@<>20=>3> 

?V=>?>;VC@5B0=C, I> є :><1V=0FVєR ?5@H8E 42>E A8AB5<. � <5B>R 157?5:8 

2=CB@VH=V9 ?@>ABV@ V7>;SFVW 2AVE A8AB5< 70?>2=RRBP 07>B>< B0 A?5FV0;P=8<8 

?@8;040<8 :>=B@>;RRBP =0S2=VABP 2C3;52>4=V2 2 07>BV C @07V 28B>:C. 

'AV <5<1@0==V A8AB5<8 @>7@>1;5=V B0 ?>AB0G0RBPAS D@0=FC7P:>R 

:><?0=VєR GazTransport & Technigaz [54]. 

&0=:8 <5<1@0==>W :>=AB@C:FVW <0RBP B@8 >A=>2=V =54>;V:8: 

1) WE=S :>=AB@C:FVS є <5=H =04V9=>R (B>2I8=0 V=20@>2>W <5<1@0=8 

AB0=>28BP 0,4 <<, B>4V S: =09B>=H0 G0AB8=0 AD5@8G=>3> B0=:0 <0є B>2I8=C 

3 A<); 
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2) WE=V9 @5<>=B CA:;04=5=89, B><C I> 2V4ACB=V9 2V;P=89 ?@>ABV@ <V6 

V7>;SFVєR B0 <5B0;52>R ABV=:>R AC4=0; 

3) 2>=8 =5 28B@8<CRBP 28A>:8E C40@=8E =020=B065=P (=0?@8:;04, 2V4 

5D5:BC «A;>H8=3C» 01> C @07V ?;020==S C ;P>40E). 

 5<1@0==V B0=:8 GTT (GazTransport & Technigaz) 1C4CRBPAS BV;P:8 

?VA;S A?CA:C AC4=0 =0 2>4C, 2>=8 4>@>6GV 70 AD5@8G=V, V 7030;P=89 G0A 

1C4V2=8FB20 B0=:5@0 – 1;87P:> 1,5 @>:V2. "4=0: <5<1@0==V B0=:5@8 <0RBP 

157;VG ?5@5203: 

÷ 2>=8 =0 10 % ;53HV, =V6 B0=:5@8 AD5@8G=>W :>=AB@C:FVW 7 @V2=>R 

>1’є<=>R 20=B06><VAB:VABR, >B65, B5>@5B8G=> 45H52HV ?@8 1C4V2=8FB2V B0 

5:A?;C0B0FVW; 

÷ WE=V ?0;C18 ?;>A:V, I> ?>;53HCє >1A;C3>2C20==S B0=:V2; 

÷ 2>=8 =5 7028H0RBPAS =04 2>4>R, S: AD5@8G=V B0=:8, I> ?>;53HCє 

<0=52@5=VABP AC4=0 V 70157?5GCє :@0I89 >3;S4 7 :0?VB0=AP:>3> <VAB:0; 

÷ 2>=8 >E>;>46CRBPAS 4>A8BP H284:> 7024S:8 =87P:>B5<?5@0BC@=V9 

V7>;SFVW B0 3=CG:>ABV <5<1@0=, 28B@8<CRBP =01030B> 1V;PH5 B5<?5@0BC@=8E 

F8:;V2. *5 7<5=HCє G0A >E>;>465==S ?VA;S ACE>3> 4>:C B0 70157?5GCє 1V;PHC 

5:A?;C0B0FV9=C 3=CG:VABP C ?V4B@8<FV B5<?5@0BC@8 B0=:V2 ?@>BS3>< 

72>@>B=>3> @59AC; 

÷ 7024S:8 =525;8:><C >1AS3C, 2>=8 <0RBP <0;89 B>==06, >B65, =86G5 

?>@B>289 71V@ B0 <8B> 70 ?@>EV4 #0=0<AP:8< B0 %C5FP:8< :0=0;0<8 

"4=8< V7 3>;>2=8E =54>;V:V2 B0=:5@V2 <5<1@0==>W :>=AB@C:FVW є 

2@07;82VABP ?5@54 C40@=8<8 =020=B065==S<8 7 1>:C @V48=8, I> :>;820єBPAS, 

70 C<>28 25;8:>W 2V;P=>W ?>25@E=V (5D5:B «A;>H8=30»). �;S 70?>1V30==S 

28=8:=5==R C40@=8E =020=B065=P ?V4 G0A @CEC AC4=0 B0=:8 <5<1@0==>W 

:>=AB@C:FVW ?>28==V 1CB8 7020=B065=V =0 28A>BC 01> =5 <5=H5 75 %, 01> =5 

1V;PH5 15 %. 

�0E>48 1>@>BP18 7 5D5:B>< «A;>H8=3C» @>7@>1;SRBPAS :><?0=VS<8 ?> 

2AP><C A2VBC. !0?@8:;04, :><?0=VS Samsung =0  V6=0@>4=V9 :>=D5@5=FVW 

Gastech 2011 ?@54AB028;0 A2>R @>7@>1:C 4;S 1>@>BP1V 7 F8< S28I5<. 
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%8AB5<0 ?;020RG>3> 0=B8A;>H8=3>2>3> H0@C «AntiBogAntiSloshBlanket – 

ABAS Blanket» S2;Sє A>1>R H0@ ?;020RG8E :C18:V2 =0 ?>25@E=V @V48=8, 

3=CG:> 7'є4=0=8E <V6 A>1>R. �>65= :C18: <0є B0:C AB@C:BC@C: S4@> :C18:0 – 

?>@>6=8AB0 B>=:>ABV==0 0;R<V=Vє20 :C;S, S:0 >B>G5=0 ?V=>R <5;0<V=C 

(B5@<>ABV9:>3> 2 C<>20E =87P:8E B5<?5@0BC@ V 4C65 ;53:>3> ?>;V<5@C) V 

?>:@8B0 H0@>< :@V>35==>ABV9:>W B:0=8=8 7 ?>;V0:@8;0B>2>3> 2>;>:=0. 

%C<0@=0 3CAB8=0 :C18:0 <0є 1CB8 <5=H>R 70 3CAB8=C 7@V465=>3> 307C, B>1B> 

<5=H5 424 :3/<3. �C18:8 C:;040RBPAS 2 2&3 H0@8 V A:@V?;RRBPAS 

:0@01V=0<8 7 ;53:>3> A?;02C 01> 0;R<V=VR. &0:89 H0@ =0 ?>25@E=V �#� 

?>28=5= =5 BV;P:8 30A8B8 :>;820==S 2V;P=>W ?>25@E=V @V48=8 ?V4 G0A 

7>2=VH=V9 71C@5=P, 0 9 70?>1V30B8 28?0@>2C20==R ;53:8E :><?>=5=BV2 ?V4 G0A 

B@820;8E <>@AP:8E ?5@52575=P [55, 56]. 

' 72'S7:C 7 28E>4>< 307>4>1C2=>W ?@><8A;>2>ABV =0 0@:B8G=89 H5;PD 

<>@AP:0 V=4CAB@VS 2V4:@820є 5?>EC AC45= =>2>3> ;P>4>2>3> :;0AC – AB2>@Rє 

?@>5:B8 �#�-B0=:5@V2, 740B=8E ?@>:;040B8 A>1V H;SE G5@57 :@868=8. (V=AP:0 

:><?0=VS Aker Arctic Technology Inc. @>7@>18;0 :>=F5?FVR AC4=0 ?>42V9=>3> 

4VW – ?V4 G0A @>1>B8 C ;P>40E B0=:5@ @CE0єBPAS :>@<>R 2?5@54. *5 5:>=><8BP 

?0;82> B0 5=5@3VR AC4=>28E 4283C=V2, 0 B0:>6 15@565 =>A>2C G0AB8=C AC4=0 

4;S @CEC 2V4:@8B>R 2>4>R. 

�0 40=8<8 Lloyd's Register publication Horizons, 7 2011 @. 70<>2;5==S =0 

�#�-AC4=0 ;P>4>2>3> :;0AC @>7<VICRBPAS =0 25@DSE �>@5W B0 /?>=VW. 

(V=AP:V :>@01;51C4V2=8:8 B0:>6 ?@>?>=CRBP =>289 B8? :@83>;0<0 4;S 

=040==S 4>?><>38 25;8:8< B0 H8@>:8< �#�-B0=:5@0<. $CE0RG8AP 1>:><, 

:@83>;0< <>65 28:>@8AB>2C20B8 2AR A2>R 4>268=C 4;S ?@>:;040==S 

H8@>:>3> :0=0;C 2 ;P>40E. 

�020=B065==S B0 @>720=B065==S AC45=-307>2>7V2 74V9A=RєBPAS 01> 1V;S 

15@53>28E ?@8G0;V2, 01> 1V;S B5@<V=0;V2, I> @>7B0H>20=V 2 <>@V. 

�020=B06C20;P=89 2C7>; 702>4C �#�, S: V @>720=B06C20;P=89 2C7>; 

@53078DV:0FV9=>3> B5@<V=0;0, @>7B0H>2CєBPAS =0 ?@8G0;V, I> 28=5A5=89 C 

<>@5, V 7'є4=CєBPAS 7 @575@2C0@0<8 4;S 715@V30==S :@V>35==8<8 
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B@C1>?@>2>40<8. �V4AB0=P ?@8G0;C 2V4 15@530 70;568BP 2V4 3;818=8 <>@S 2 

<VAFV @>720=B065==S: B0=:5@8 �#� ?>28==V 2V;P=> <0=52@C20B8 ?>1;87C 

?@8G0;C. 

!0 702>40E �#� 4;S 2V4:0GC20==S �#� 7 @575@2C0@0 70AB>A>2CRBPAS 

=0A>A8 2V4F5=B@>2>3> B8?C 7 5;5:B@>4283C=><, I> 70157?5GCRBP B8A: 

=03=VB0==S 2 0,7...1,0  #0. #@>4C:B82=VABP @575@2C0@=8E =0A>AV2 <0є 1CB8 

1;87P:> 1350...2000 <3/3>4. #V4 G0A 7020=B065==S B0=:5@V2 2V4:0GC20==S �#� 

?@>2>48BPAS >4=>G0A=> :V;P:><0 =0A>A0<8 7 CAVE @575@2C0@V2. 

$>70=B065==S �#� V7 20=B06=8E B0=:V2 74V9A=RєBPAS AC4=>28<8 

=0A>A0<8. %C4=> >A=0ICєBPAS 70=C@R20;P=8<8 =0A>A0<8, ?> 420 =0A>A8 70 

:>65= B0=:. !0 1>@B AC4=0 15@53>28<8 :><?@5A>@0<8 70:0GCєBPAS 307. 

#V4 G0A 7020=B065==S B0 @>720=B065==S B0=:5@8 �#� 7'є4=CRBPAS 7 

?@8G0;>< 70 4>?><>3>R 3=CG:8E 7020=B06C20;P=8E @C:02V2. /: ?@028;>, 

B5@<V=0;8 >A=0ICRBPAS 3&4 7020=B06C20;P=8<8 @C:020<8. #@8 FP><C 

2..3 @C:028 ?@0FRRBP 4;S 7020=B065==S �#�, 1 @C:02 – 4;S 72>@>B=>3> 

70:0GC20==S 307C 7 <5B>R 70?>1V30==S CB2>@5==R 20:CC<C 2 @575@2C0@V 01> 2 

AC4=>2><C B0=:C [57, 58]. 

�28G09=0 H284:VABP 7020=B065==S-2820=B065==S �#� AB0=>28BP 2V4 

10000...12000 <3/3>4. �0 B0:>W H284:>ABV B0=:5@ :;0AC «Standart» 

7020=B06CєBPAS B0 @>720=B06CєBPAS ?@>BS3>< 12 3>4. 

�0 >AB0==V @>:8 2 V=4CAB@VW �#� 7’S28;8AS =>2V ?;02CGV @53078DV:0FV9=V 

CAB0=>2:8 – Floating Storage and Regasification Unit (FSRU). *5 ?>2'S70=> 7 

28A>:>R 20@BVABR 15@53>28E B5@8B>@V9 B0 ?>A8;5=8<8 5:>;>3VG=8<8 

28<>30<8 2 ?@815@56=V9 7>=V. $>7<VI5==S ?@89<0;P=8E B5@<V=0;V2 =0 <>@V 

4>72>;Sє 2V440;8B8 >1'є:B8 �#� 2V4 =0A5;5=8E ?C=:BV2 V A:>@>B8B8 B5@<V=8 

1C4V2=8FB20 B5@<V=0;V2. #;02CG89 ?@89<0;P=89 B5@<V=0; 7020=B06Cє �#� 7 

B0=:5@V2 C A2>W @575@2C0@8, 0 1>@B>20 @53078DV:0FV9=0 CAB0=>2:0 28?0@Rє 

7@V465=89 307 V ?>40є 9>3> 2 ?V42>4=89 307>?@>2V4 G5@57 A8AB5<C 3=CG:8E 

:>;5:B>@V2. 
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1.2. �=0;V7 >A=>2=8E =5157?5:, I> 28=8:0RBP ?V4 G0A  

B@0=A?>@BC20==S 20=B06V2 =0 AC4=0E-307>2>70E 

 

 

"4=8< 7 >A=>2=8E 70240=P ?V4 G0A B@0=A?>@BC20==S 2C3;52>4=528E 

20=B06V2 (S: A8@>W =0DB8 B0 =0DB>?@>4C:BV2, B0:>6 V 307V2 C 7@V465=><C AB0=V) 

є 70157?5G5==S ?>656>- B0 281CE>157?5:8 [59, 60]. #@8G><C 70157?5G5==R 

@>72’S70==S FP>3> 70240==S ?@84V;SєBPAS C2030 :;0A8DV:0FV9=8E B>20@8AB2 B0 

<V6=0@>4=8E >@30=V70FV9, AB@0E>28E, AC4=>2;0A=8FP:8E B0 AC4=>1C4V2=8E 

DV@< B0 :><?0=V9 @V7=8E :@0W= [61, 62]. 

�09<0==S, I> =>A8BP C 70:@8B><C 20=B06=><C ?@8<VI5==V 281CE>289 

E0@0:B5@, <>65 1CB8 A?@8G8=5=5 =0S2=VABR B@P>E 5;5<5=BV2, I> AB0=>2;SBP 

B0: 720=89 B@8:CB=8: 3>@V==S: 465@5;0 709<0==S, 3>@RG0 @5G>28=0 B0 

4>AB0B=S :V;P:VABP :8A=R. �65@5;0<8 709<0==S <>6CBP 1CB8: 

1) VA:@0, I> 28=8:0є ?@8 :>=B0:BV <5B0;528E ?@54<5BV2; 

2) A0<>709<0==S ?0@V2 3>@RG8E @5G>28= C @57C;PB0BV ?V428I5==S WE=P>W 

B5<?5@0BC@8; 

3) 30@SGV ?>25@E=V ?0@>28E 7<V9>28:V2 >1V3@V2C 20=B06C (4;S =0DB>28E 

B0=:5@V2); 

4) =0:>?8G5==S 70@S4C AB0B8G=>W 5;5:B@8:8, ?>2'S70=>3>, 7>:@5<0, 7 

B5@BS< A5@54>28I0 >1 ABV=:8 B@C1>?@>2>4C, I> @CE0єBPAS, 0 B0:>6 7 B5@BS< 

:>@?CAC AC4=0 >1 ?>25@E=R 2>48 [63, 64]. 

/:I> ?5@HV B@8 G8==8:8 ?V440RBPAS ?52=><C :>=B@>;R, ?>S28 @>7@S4V2 

AB0B8G=>W 5;5:B@8:8, >A>1;82> 4;S 20=B06=8E B0=:V2 25;8:>3> >1AS3C, 

C=8:=CB8 ?@0:B8G=> =5<>6;82>. 

!0 2AVE AB04VSE 5:A?;C0B0FVW =0DB>28E B0=:5@V2, B0: V AC45=-307>2>7V2 

=5<>6;82> C=8:=CB8 ?@8ACB=>ABV C 20=B06=8E B0=:0E V 4@C3>3> :><?>=5=B0, 

=5>1EV4=>3> 4;S 709<0==S, – ?0@V2 3>@RG8E @5G>28= [65, 66]. 

�0;56=> 2V4 @>4C 20=B06C, 9>3> B5<?5@0BC@8 B0 >?5@0FV9 C 

=570?>2=5=><C ?@>AB>@V 20=B06=>3> B0=:0 7=0E>48BPAS B0 G8 V=H0 :V;P:VABP 
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;53:>709<8AB8E ?0@V2 20=B06C. *V ?0@8 є AC<VHHR ;5BRG8E D@0:FV9 – 

>:@5<8E 2C3;52>4=V2 7 :;0AC =>@<0;P=8E ?0@0DV=V2 (<5B0=C, 5B0=C, ?@>?0=C 

B0 V=H8E). �>65= 7 F8E 307>?>4V1=8E 2C3;52>4=V2 <0є <56V 709<0==S, I> 

2V4?>2V40RBP ?52=V9 :>=F5=B@0FVW 2 ?>2VB@V, V :>65= 7 =8E є 

281CE>=5157?5G=8<. !091V;PH ?>H8@5=8< A?>A>1>< 70?>1V30==S 

A0<>709<0==R ?0@V2 2C3;52>4=V2 є V=5@B870FVS B0 453070FVS 20=B06=8E B0=:V2 

[67, 68]. 

�=5@B870FVS B0 453070FVS 20=B06=8E B0=:V2 AC45=-307>2>7V2 <>65 1CB8 

70157?5G5=0 2 @V7=V A?>A>18, ?@8G><C >:@5<V 20=B06V 28<030RBP 2;0A=8E 

20@V0=BV2 F8E B5E=>;>3VG=8E >?5@0FV9. #@>F5A8 V=5@B870FVW B0 453070FVW 

?>2'S70=V 7 5:>;>3VG=>R 157?5:>R AC45= B0 WE 2?;82>< =0 4>2:V;;S [69–71]. 

#@>2545==S V=5@B870FVW B0 453070FVW 20=B06=8E B0=:V2 2 0:20B>@VSE <>@AP:8E 

?>@BV2 H:V4;82> 2?;820є =0 0B<>AD5@C, 0 73>4>< (C 72'S7:C 7 >A0465==S< 

=5157?5G=8E ?@>4C:BV2, I> CB2>@RRBPAS ?@8 V=5@B870FVW B0 453070FVW) – B0:>6 

=0 <>@AP:5 B0 :>=B8=5=B0;P=5 A5@54>28I5. *5 A?>=C:0є 4> ?@>2545==S 

V=5@B870FVW B0 453070FVW C =09:>@>BH89 G0A B0 7 <V=V<0;P=8<8 28:840<8 

H:V4;828E @5G>28= [72, 73].  

#>A;V4>2=VABP B5E=>;>3VG=>3> ;0=FR6:0 >B@8<0==S 20=B06C (=0DB8, 

=0DB>?@>4C:BV2 01> 7@V465=>3> 307C) C ?>@BC =020=B065==S – 

B@0=A?>@BC20==S 20=B06C <>@AP:8<8 01> >:50=AP:8<8 H;SE0<8 – 

@>720=B065==S 20=B06C 2 ?>@BC 4>AB02:8 7025@HCєBPAS >1>2'S7:>28< 

70G8I5==S< 20=B06=8E B0=:V2. /: ?@028;>, 2>=0 28:>=CєBPAS 70 AE5<>R 

«V=5@B870FVS – 453070FVS – ?>2B>@=0 V=5@B870FVS». ' 72'S7:C 7 B8<, I> ?VA;S 

@>720=B065==S =0DB>2V B0=:5@8 B0 AC4=0-307>2>78 74V9A=RRBP 72>@>B=V 

?5@5E>48 2 10;0ABV, S:VABP ?@>2545==S >?5@0FV9 V7 70G8AB:8 B0=:V2 ?VA;S 

@>720=B065==S =01C20є 4C65 206;82>3> 7=0G5==S. *5 ?>2'S70=> 7 B8<, I> 

A0<5 2V4 WW 28:>=0==S 70;568BP 281CE>157?5G=VABP 20=B06=8E B0=:V2 V, >B65, 

157?5:0 AC4=0 [74, 75], AC4=>2>3> 5:V?06C [76, 77] B0 4>2:V;;S [78, 79]. 

#V4 G0A ?@89><C 20=B06C (A8@>W =0DB8, =0DB>?@>4C:BV2, 7@V465=>3> 

?@8@>4=>3> G8 =0DB>2>3> 307C) =04 ?>25@E=5R @V48=8 CB2>@RєBPAS 
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:>=F5=B@>20=89 H0@ 307>?>4V1=8E 2C3;52>4=V2. *59 H0@ ?V4=V<0єBPAS @07>< 

V7 @V48=>R 157 ?><VB=>W 7<V=8 :>=F5=B@0FVW. �07>20 AC<VH, I> 28E>48BP 7 

B0=:0, =0 ?>G0B:C ?@89><C 20=B06C 2 >A=>2=><C A:;040єBPAS 7 ?>2VB@S V 

=57=0G=>W :V;P:>ABV 2C3;52>4=V2. ' <V@C 71V;PH5==S :V;P:>ABV 20=B06C 

:>=F5=B@0FVS 2C3;52>4=V2 ?>G8=0є 7@>AB0B8. �@>AB0==S :>=F5=B@0FVW 

2C3;52>4=V2 B@820є 4>B8, 4>:8 :>=F5=B@>20=89 H0@ 307>?>4V1=8E 2C3;52>4=V2 

=5 4>AS3=5 28EV4=>3> >B2>@C. #@8 FP><C =5>1EV4=>, I>1 :>=F5=B@0FVS :8A=R 

2 H0@V =04 ?>25@E=5R 20=B06C 1C;0 B0:>R, 70 S:>W =5<>6;825 703>@S==S 

?0@V2 20=B06C [80, 81]. &5>@5B8G=0 4V03@0<0, S:0 ?>:07Cє 7>=8 709<8AB>ABV B0 

157?5:8 AC<VHV ?0@V2 2C3;52>4=V2 B0 :8A=R, =02545=0 =0 @8A. 1.1. 

 

 

$8A. 1.1. �V03@0<0 7>= 709<8AB>ABV B0 157?5:8 AC<VHV ?0@V2 2C3;52>4=V2 B0 

:8A=R:  

1 – :@8B8G=0 ;V=VS ?@>F5AV2 7<VHC20==S 7 ?>2VB@S<; 2 – 7>=0 =87P:>3> 

2<VABC :8A=R (<>6;82VABP 709<0==S 2V4ACB=S); 3 – 7>=0 ?5@571030G5=>W 

AC<VHV (<>6;82VABP 709<0==S 2V4ACB=S); 4 – ;V=VS 3@0=8G=>3> 2<VABC :8A=R 

2 AC<VHV ?>2VB@S B0 ?0@8 2C3;52>4=V2 (A?@020 ;V=VW AC<VH B5>@5B8G=> 

=574V9A=5==0); 5 – 7>=0 709<8AB>ABV; 6 – 7>=0 71V4=5=>W AC<VHV (<>6;82VABP 

709<0==S 2V4ACB=S) 
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�>6=0 B>G:0 4V03@0<8 2V4?>2V40є 307>2V9 AC<VHV, 4> S:>W 2E>4SBP ?0@8 

2C3;52>4=V2, :8A=R B0 V=5@B=>3> 307C. #@8 FP><C :>=F5=B@0FVS 2C3;52>4=V2 

%%! B0 :8A=R %"2 287=0G0єBPAS 70 2V4?>2V4=8<8 >AS<8 4V03@0<8, 0 

:>=F5=B@0FVS V=5@B=>3> 307C %IG , S:: 

 

.100 O2CHIG CCC ý   

 

�@0DVG=V 70;56=>ABV, I> =040=V =0 @8A. 1.1, 2V4>1@060RBP, S: 7V 

7<5=H5==S< :>=F5=B@0FVW :8A=R 72C6CRBPAS <56V 709<8AB>ABV 307>2>W 

AC<VHV, I> <VAB8BP :8A5=P, 2C3;52>4=V B0 V=5@B=89 307. �0 :>=F5=B@0FVW :8A=R 

<5=H5 11,5 % A?0;0E =5<>6;8289 B0: A0<>, S: C 28?04:C ?5@571030G5=>W 01> 

71V4=5=>W 307>2>W AC<VHV 2C3;52>4=S<8. 

�V03@0<0 A:;040єBPAS 7 ?'SB8 7>= (2, 3, 4, 5, 6), 0 B0:>6 :@8B8G=>W ;V=VW 

?@>F5AV2 7<VHC20==S 7 ?>2VB@S< 1 V ;V=VW 3@0=8G=>3> 2<VABC :8A=R 2 AC<VHV 

?>2VB@S B0 ?0@V2 2C3;52>4=52>3> 20=B06C 4. 

' 7>=V 2 2<VAB :8A=R C AC<VHV =0ABV;P:8 <0;5, I> <>6;82VABP 709<0==S 

AC<VHV 2V4ACB=S. &0:>6 =5<>6;825 709<0==S AC<VHV 2 7>=V 3 7 28A>:8< 

2<VAB>< :8A=R. &0:>6 281CE>157?5G=8<8 є 7>=8 4 B0 6. �>=0 4 2V4?>2V40є 

AC<VHV, CB2>@5==S S:>W B5>@5B8G=> =5<>6;825. �>=0 6 – 71V4=5=>W AC<VHV, 

:>=F5=B@0FVW ?0@V2 2C3;52>4=V2, S:>W =54>AB0B=P> 4;S WE 709<0==S. 

Є48=>R 281CE>=5157?5G=>R 7>=>R 7 CAVE, I> 7>1@065=V =0 @8A. 1.1, є 

7>=0 5. %0<5 2 =V9 :>=F5=B@0FVS ?0@V2 2C3;52>4=V2 V :8A=R 70157?5GCє 

709<0==S AC<VHV. %0<5 FS 7>=0 є =5157?5G=>R ?V4 G0A ?@>2545==S 2AVE 

20=B06=8E >?5@0FV9 =0 AC4=0E, S:V ?5@52>7SBP 2C3;52>4=52V 20=B06V (A8@C 

=0DBC, =0DB>?@>4C:B8, 0 B0:>6 A:@0?;5=V ?@8@>4=89 B0 =0DB>289 307). 

!0 4V03@0<V 7>= 709<8AB>ABV B0 157?5:8 B0:>6 <>6CBP 1CB8 2V4>1@065=V 

?@>F5A8, I> 2V41C20RBPAS ?V4 G0A 20=B06=8E >?5@0FV9 =0 AC4=0E =0DB>- B0 

307>2>70E (@8A. 1.2). 
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$8A. 1.2. #@>F5A8, I> 2V41C20RBPAS ?V4 G0A 20=B06=8E >?5@0FV9 =0 AC4=0E 

=0DB>- B0 307>2>70E:  

FA, HA – @>72545==S 0B<>AD5@8 20=B06=>3> B0=:0 ?>2VB@S<;  

GA – :@8B8G=5 @>72545==S 0B<>AD5@8 20=B06=>3> B0=:0 ?>2VB@S<;  

FH – @>72545==S 0B<>AD5@8 20=B06=>3> B0=:0 V=5@B=8< 307>< 

 

�09<0==S AC<VHV ?0@V2 2C3;52>4=V2 V ?>2VB@S <>6;825 2 7>=V I.  

�>=0 II 287=0G0є 157?5G=89 AB0= AC<VHV, C FV9 7>=V 709<0==S V 281CE 

?0@V2 2C3;52>4=V2 =5<>6;8289.  

�>=0 I >1<56CєBPAS ?@S<>R CD B0 42><0 :@82>;V=V9=8<8 4V;S=:0<8 DE 

B0 CE. ' FP><C :@820 DE 287=0G0є 25@E=V9, 0 :@820 CE – =86=V9 <56V 

709<8AB>ABV ?0@V2 2C3;52>4=V2. �0 :>=F5=B@0FVєR ?0@V2 28I5 :@82>W DE 01> 

=86G5 :@82>W CE 709<0==S AC<VHV =5 2V41C20єBPAS. 

%C<VH ?0@V2 2C3;52>4=V2 7 ?>2VB@S<, 4> A:;04C S:>W =5 2E>48BP V=5@B=89 

307, ?@54AB02;5=0 ?@S<>R AB. !0E8; ?@S<>W AB ?>:07Cє 7=865==S 2<VABC 

:8A=R 7V 71V;PH5==S< 2<VABC 2C3;52>4=R. %C<VHV, 2<VAB :8A=R 2 S:8E 

7=86CєBPAS H;SE>< 4>4020==S V=5@B=>3> 307C, ?@54AB02;5=V B>G:0<8 7;V20 2V4 

?@S<>W AB. +8< ;V2VH5 @>7B0H>20=V FV B>G:8, B8< 28I0 G0AB:0 V=5@B=>3> 307C 

V <5=H89 2V4A>B:>289 2<VAB :8A=R.  
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' <V@C B>3>, S: V=5@B=89 307 4>40єBPAS 4> AC<VHV ?0@V2 2C3;52>4=V2 7 

?>2VB@S<, 4V0?07>= 709<0==S 7<5=HCєBPAS 4>B8, 4>:8 =5 1C45 4>AS3=CB0 B>G:0 

�, 2 S:V9 =86=S V 25@E=S <56V 709<8AB>ABV 71V30RBPAS. 

*S B>G:0 2V4?>2V40є 2<VABC :8A=R, I> 4>@V2=Rє 11,5 %. ' ?@0:B8G=8E 

FV;SE V 7 C@0EC20==S< ?@89=SBBS :>єDVFVє=B0 157?5:8 ?@89<0єBPAS 8 %-89 

@V25=P 2<VABC :8A=R 2 307>2V9 AC<VHV, S:0 7=0E>48BPAS C 20=B06=><C B0=:C. 

#@8 FP><C 6>4=0 V7 AC<VH59, 4> A:;04C S:>W 2E>4SBP ?0@8 1C4P-S:8E 

2C3;52>4=V2 V ?>2VB@S, =5 <>65 A?0;0E=CB8 70 6>4=8E >1AB028=.  

$>7H8@5==S 157?5G=>W 7>=8 (709<0==S B0 281CE C S:V9 =5<>6;82V) 

70157?5GCєBPAS H;SE>< ?>40GV C 20=B06=V B0=:8 V=5@B=>3> 307C 7 2<VAB>< 

:8A=R B@>E8 1V;PH5 5 %. �@V< B>3>, 70 4>?><>3>R V=5@B=>3> 307C 28:>=CRBP 

28BVA=5==S AC<VHV, I> 7=0E>48BPAS 2 B0=:C. *S >?5@0FVS B@820є 4> B>3> G0AC, 

4>:8 >AB0B>G=89 2<VAB :8A=R C 2AP><C >1’є<V B0=:0 AB0=5 <5=H5 8 % 70 

>1AS3><. 

�>;8 S:0AP V=5@B=0 AC<VH, B0:0 S: B0, S:0 ?@54AB02;5=0 B>G:>R F, 

@>7102;SєBPAS ?>2VB@S<, WW A:;04 7<V=RєBPAS ?> ;V=VW FA V, B0:8< G8=><, 

2E>48BP C 284V;5=C 7>=C 709<8AB8E AC<VH59. *5 >7=0G0є, I> 2AV V=5@B=V 

AC<VHV =0 4V;S=FV 28I5 70 ;V=VR GA (:@8B8G=0 ;V=VS @>72545==S) ?@>E>4SBP 

G5@57 AB0= 709<0==S 2 <V@C B>3>, S: 2>=8 7<VHCRBPAS 7 ?>2VB@S<, =0?@8:;04, 

C ?@>F5AV 453070FVW.  

%C<VHV, ?@54AB02;5=V =86G5 ;V=VW GA, B0:V S: BV, S:V ?>7=0G5=V B>G:>R !, 

=5 AB0RBP 709<8AB8<8 ?@8 7<VHC20==V 7 =8<8 ?>2VB@S.  

%;V4 707=0G8B8, I> <>6=0 ?5@59B8 2V4 >4=VєW AC<VHV, S:0 ?@54AB02;5=0 

B>G:>R F, 4> V=H>W, S:0 ?@54AB02;5=0 B>G:>R !, H;SE>< ?>40GV 4>40B:>2>W 

:V;P:>ABV V=5@B=>3> 307C.  
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1.3. �=0;V7 >A=>2=8E B5E=>;>3VG=8E >?5@0FV9, I> 28:>=CRBPAS ?V4 G0A 

B@0=A?>@BC20==S 20=B06V2 =0 AC4=0E-307>2>70E 

1.3.1. �030;P=V ?>=SBBS B0 28<>38 4> A8AB5<8 V=5@B=8E 307V2 

 

 

#5@H89 4>A2V4 5:A?;C0B0FVW B0:8E 25;8:>B>==06=8E B0=:5@V2 ?>:0702 

WE=R =87P:C =04V9=VABP, ?>2'S70=C 7 281CE0<8 2 B0=:0E ?V4 G0A 10;0AB=8E 

?5@5E>4V2. !0ABC?=V 4>A;V465==S ?>:070;8, I> ?@8G8=>R 281CEV2 1C;0 

AB0B8G=0 5;5:B@8:0, ?>B5=FV0; S:>W 71V;PHCєBPAS ?@>?>@FV9=> 4> @>7<V@V2 

B0=:V2. �>40B:>28< D0:B>@><, I> A?@8Sє 71V;PH5==R ?>B5=FV0;C 

A0<>@>7@S4C AB0B8G=>W 5;5:B@8:8 2 B0=:0E, є 25;8:89 >1'є<=89 ?8B><89 >?V@ 

?0@V2 2C3;52>4=V2, I> 4>AS30є 1012...1014 A</<3. 

�;S ?V428I5==S 157?5:8 AC4=>?;02AB20 ?>G8=0RG8 7 70-E @>:V2 

<8=C;>3> AB>;VBBS, 74V9A=RєBPAS 2?@>20465==S A8AB5< V=5@B=8E 307V2 (%��) 

=0 =>28E B0 @0=VH5 71C4>20=8E B0=:5@0E 7 20=B06><VAB:VABR ?>=04 

40000 B>==. �;S B0=:5@V2, I> 7=0E>4SBPAS =0 AB0?5;SE 01> =0 AB04VW 

?@>є:BC20==S, %�� 2?@>2046C20;0AP, ?>G8=0RG8 7 20=B06><VAB:>ABV 

20000 B>== V 28I5. #@8 FP><C 28:>@8AB0==S %�� =5 28<030;>AS, S:I> 

B5<?5@0BC@0 A?0;0EC 20=B06C, I> ?5@52>78BPAS, 1C;0 28I5 60 °% 2 70:@8B><C 

B83;V [83, 84].  

 V6C@S4>20 �A0<1;5S � " 20.11.1973 @>:C =0 2>AP<V9 A5AVW ?@89=S;0 

$57>;RFVR �.271 I>4> >A=>2=8E ?@028; 70AB>AC20==S %��. *S @57>;RFVS 

1C;0 2:;RG5=0 4>  V6=0@>4=>W :>=25=FVW 7 >E>@>=8 ;R4AP:>3> 68BBS =0 <>@V 

1974 @. (%"��%) C 283;S4V ?@028;0 62 3;028 2 [82]. 

�V4?>2V4=> 4> F8E 4>:C<5=BV2 28:>@8AB0==S V=5@B=>3> 307C @>7H8@8;>AS 

B0 >A=>2=8< 9>3> ?@87=0G5==S< AB0;> 70?>1V30==S 281CE0< =0 

25;8:>B>==06=8E B0=:5@0E B0 7=865==S H284:>ABV :>@>7V9=8E ?@>F5AV2. ' 

F8E 4>:C<5=B0E 7'S28;8AS >:@5<V >4=>7=0G=V 287=0G5==S B0 D>@<C;R20==S, 

S:8<8 A;V4 :>@8ABC20B8AS ?V4 G0A 5:A?;C0B0FVW %�� B0 ?V4 G0A ?V43>B>2:8 

B5E=VG=8E 4>:C<5=BV2. �> =8E 2V4=>ASBPAS: 
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A8AB5<0 V=5@B=8E 307V2, ?@87=0G5=0 4;S ?>40GV V=5@B=>3> 307C 01> 

AC<VH59 V=5@B=8E 307V2 4> 20=B06=8E B0=:V2 B0=:5@V2 B0 AC45=-307>2>7V2; 

?V4 A8AB5<>R V=5@B=>3> 307C <0єBPAS =0 C207V CAB0=>2:0 4;S 28@>1;5==S 

V=5@B=>3> 307C B0 A8AB5<0 ?>40GV V=5@B=>3> 307C @07>< V7 70A>10<8 70?>1V30==S 

?@>B8B>:C 307V2 7 20=B06=8E B0=:V2, 0 B0:>6 AB0FV>=0@=V B0 ?5@5=>A=V 

28<V@R20;P=V ?@8AB@>W B0 ?@8;048 :>=B@>;R; 

V=5@B=89 307 >7=0G0є 307 01> AC<VH 307V2, I> <VABSBP :8A5=P C :V;P:>ABV, 

=54>AB0B=V9 4;S ?V4B@8<0==S 3>@V==S 2C3;52>4=V2; 

V=5@B=89 AB0= >7=0G0є AB0=, 70 S:8< 2<VAB :8A=R 2 0B<>AD5@V 20=B06=>3> 

B0=:C ;8H5 ?VA;S 4>4020==S V=5@B=>3> 307C =5 ?5@528ICє 8 % 70 >1’є<><; 

CAB0=>2:0 4;S 28@>1;5==S V=5@B=>3> 307C >7=0G0є, I> 2A5 >1;04=0==S 

A?5FV0;P=> 7<>=B>20=5 4;S >B@8<0==S >E>;>465==S, >G8I5==S, =03=VB0==S, 

:>=B@>;R B0 @53C;R20==S ?>40GV V=5@B=>3> 307C 2 A8AB5<C 20=B06=8E B0=:V2; 

A8AB5<0 @>7?>4V;C V=5@B=>3> 307C 2:;RG0є 2AV B@C1>?@>2>48 B0 ?>2'S70=C 

7 =8<8 0@<0BC@C, I> 28:>@8AB>2CRBPAS 4;S 28@>1;5==S B0 ?>40GV V=5@B=>3> 

307C C 20=B06=V B0=:8, 70E8ABC 2V4 =04<V@=>3> B8A:C 01> 20:CC<C, 0 B0:>6 4;S 

2840;5==S 307V2 2 0B<>AD5@C; 

V=5@B870FVS >7=0G0є ?>40GC V=5@B=>3> 307C 7 <5B>R AB2>@5==S C 

20=B06=8E B0=:0E V=5@B=>W 0B<>AD5@8; 

453070FVS >7=0G0є 22545==S 2 B0=: A2V6>3> ?>2VB@S 7 <5B>R 2840;5==S 

B>:A8G=8E, 709<8AB8E B0 V=5@B=8E 307V2, 0 B0:>6 71V;PH5==S :>=F5=B@0FVW 

:8A=R C 20=B06=><C B0=:C 4> 21 % 70 >1’є<><; 

?@>4C20==S >7=0G0є ?>40GC V=5@B=>3> 307C 4> 20=B06=>3> B0=:C, 2 S:><C 

265 AB2>@5=0 V=5@B=0 0B<>AD5@0 7 <5B>R ?>40;PH>3> 7<5=H5==S 2<VABC 

:8A=R 01> 2C3;52>4=52>3> 307C 4> @V2=V2, =86G5 S:8E ?V4B@8<:0 ?@>F5AC 

3>@V==S AB0є =5<>6;82>R =02VBP C @07V ?>40;PH>3> ?CA:C ?>2VB@S 2 B0=:; 

4>40B:>20 ?>40G0 V=5@B=>3> 307C >7=0G0є 4>4020==S 2 V=5@B=C 0B<>AD5@C 

20=B06=>3> B0=:0 4>40B:>2>W :V;P:>ABV V=5@B=8E 307V2 7 <5B>R ?V428I5==S 

B8A:C 2 B0=:C B0 70?>1V30==S =04E>465==R ?>2VB@S 2 B0=:. 
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1.3.2. %8AB5<0 @>7?>4V;C V=5@B=>3> 307C 

 

 

%8AB5<0 @>7?>4V;C V=5@B=>3> 307C @07>< V7 307>2V42V4=>R A8AB5<>R 

20=B06=>3> B0=:0 B0<, 45 F5 70AB>A>2=>, ?>28==0 ?5@5410G0B8: 

÷ 70A>18 4;S ?>40GV V=5@B=>3> 307C C 20=B06=V B0=:8 ?V4 G0A 

@>720=B065==S, 4510;0ABC20==S B0 28:>=0==S >?5@0FV9 V7 70G8AB:8 B0=:V2, 0 

B0:>6 4;S 4>40B:>2>W ?>40GV 307C 2 B0=:8; 

÷ 70A>18 4;S 28?CA:C 2 0B<>AD5@C 307V2, I> 7=0E>4SBPAS 2 B0=:0E ?V4 G0A 

=020=B065==S 20=B06C V 10;0ABC20==S; 

÷ 4>40B:>2V 2?CA:=V 01> 28?CA:=V B@C18 4;S V=5@B870FVW; 

÷ 70A>18 2V4AV:0==S >:@5<8E B0=:V2 2V4 <03VAB@0;V V=5@B=>3> 307C 4;S 

28:>=0==S 453070FVW; 

÷ 70A>18 70E8ABC B0=:V2 2V4 =04<V@=>3> B8A:C 01> 20:CC<C [83, 84]. 

�;S 704>2>;5==S 2AVE F8E 270є<>?>2'S70=8E 28<>3 <>6CBP 1CB8 

28:>@8AB0=V A8AB5<8 @V7=><0=VB=8E :>=AB@C:FV9, 0 B0:>6 @V7=V A?>A>18 WE 

5:A?;C0B0FVW. !86G5 @>73;S=CB> 45S:V >A=>2=V :>=AB@C:FVW A8AB5< B0 

=09206;82VHV >A>1;82>ABV WE 5:A?;C0B0FVW. �@V< B>3>, =02545=> 70?>1V6=V 

70E>48, I> 26820RBPAS 2 ?@>F5AV 5:A?;C0B0FVW B0:8E A8AB5<. 'AV FV ?@8AB@>W 

?>28==V <0B8 7030;P=C E0@0:B5@=C >A>1;82VABP, S:0 ?>;S30є 2 B><C, I> B>G:8 

2?CA:C V 28?CA:C V=5@B=>3> 307C A;V4 @>7B0H>2C20B8 C B0:V9 A?>AV1, I>1 

70157?5GC20;>AS 5D5:B82=5 70<VI5==S 307C C 2AP><C >1’є<V B0=:0. ' 40=89 

G0A =0 AC4=0E-307>2>70E H8@>:> 28:>@8AB>2CєBPAS >4=0 V7 B@P>E AE5< 

?@8AB@>W2 @>7?>4V;C V=5@B=8E 307V2 ?> B0=:0E (B01;8FS 1.4). 

%;V4 707=0G8B8, I> ?@8AB@>W F8E B8?V2 28:>@8AB>2CRBPAS 2 C<>20E 

5:A?;C0B0FVW =5 BV;P:8 4;S V=5@B870FVW, 0;5 9 4;S ?@>4C20==S B0 453070FVW 

B0=:V2. 
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#@8AB@>W @>7?>4V;C V=5@B=8E 307V2 ?> B0=:0E AC45=-307>2>7V2 

&8? 

?@8AB@>R 

$>7B0HC20==S 2 B0=:C 
 5B>4 70<V=8 

�?CA:=89 >B2V@ �8?CA:=89 >B2V@ 

I �?CA:=89 >B2V@ �8?CA:=89 >B2V@ $>72545==S 

II �5@E=S G0AB8=0 �5@E=S G0AB8=0 $>72545==S 

III �5@E=S G0AB8=0 �=8I>20 G0AB8=0 �0<VI5==S 01> 

@>72545==S 

 

#@8AB@V9 I B8?C. �?CA: B0 28?CA: 307V2 74V9A=RєBPAS 7 25@E=P>W G0AB8=8 

B0=:0 (@8A. 1.3). �07>>1<V= 74V9A=RєBPAS H;SE>< @>72545==S. �07 ?>28=5= 

702648 =04E>48B8 2 B0=: C B0:V9 A?>AV1, I>1 70157?5GC20;>AS 9>3> 

?@>=8:=5==S =0 <0:A8<0;P=C 3;818=C B0=:0 V 5D5:B82=5 ?5@5<VHC20==S 

AC<VH59, I> 22>4SBPAS V 2840;SRBPAS C 2AP><C >1’є<C B0=:0. �8?CA: 307V2 

<>65 74V9A=R20B8AS G5@57 307>2V42V4=C B@C1C :>6=>3> B0=:0 01> 7030;P=C 

307>2V42V4=C <03VAB@0;P. 

#@8AB@V9 II B8?C. �?CA: 307C 74V9A=RєBPAS 1V;S 4=8I0 B0=:0, 0 28?CA: – 7 

9>3> 25@E=P>W G0AB8=8. �0<V=0 307C C 20=B06=><C B0:C 74V9A=RєBPAS H;SE>< 

@>72545==S (@8A. 1.4) . 

 

  

$8A. 1.3. $>72545==S (70 

4>?><>3>R ?@8AB@>R I B8?C) 

$8A. 1.4. $>72545==S (70 4>?><>3>R 

?@8AB@>R II B8?C) 
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' ?@8AB@>W FP>3> B8?C 307 =04E>48BP G5@57 7'є4=0==S, @>7B0H>20=V <V6 

?0;C1=>R <03VAB@0;;R V=5@B=>3> 307C (157?>A5@54=P> ?5@54 <5E0=VG=8< 

=5?>2>@>B=8< :;0?0=><) V 20=B06=8<8 ;V=VS<8 4=8I0 (482. @8A. 1.4).  >65 

1CB8 2AB0=>2;5=89 A?5FV0;P=89 25=B8;SB>@ 4;S 453070FVW. �07, I> 

2840;SєBPAS, <>65 1CB8 28?CI5=89 G5@57 02B>=><=V 307>28?CA:=V B@C18 01> 

G5@57 <03VAB@0;P V=5@B=>3> 307C, S:I> 2AB0=>2;5=V :;0?0=8, I> 2V4AV:0RBP 

:>65= 20=B06=89 B0=: 2V4 FVєW <03VAB@0;V, S:>R 307 ?>B@0?;Sє C I>3;>289 

AB>S:. 

#@8AB@V9 III B8?C. �07 =04E>48BP C 25@E=R G0AB8=C B0=:0, 0 28E>48BP V7 

9>3> 4=8I>2>W G0AB8=8 (@8A. 1.5, 1.6). &0:89 ?@8AB@V9 4>72>;Sє ?@>2>48B8 

70<V=C 307C <5B>4>< 70<VI5==S (@8A. 1.5), E>G0 V <>65 ?5@52060B8 <5B>4 

@>72545==S, S:I> @V7=8FS <V6 3CAB8=>R 307C, I> =04E>48BP V 28E>48BP, 

=525;8:0 01> S:I> H284:VABP 307C ?@8 2?CA:C 28A>:0 (@8A. 1.6). +0AB> 

?0B@C1>: 4;S 2?CA:C V=5@B=>3> 307C @>7<VICєBPAS 2 3>@87>=B0;P=><C 

?>;>65==V 7 <5B>R 72545==S 4> <V=V<C<C BC@1C;5=B=>ABV ?>25@E=V @>74V;C. 

�;S 28?CA:C 307C 28:>@8AB>2CєBPAS A?5FV0;P=> 2AB0=>2;5=0 4;S ?@>4C20==S 

B@C10, S:0 7=0E>48BPAS 2 <560E 1 < 2V4 =0AB8;C 4@C3>3> 4=0. 

 

  

$8A. 1.5. �0<VI5==S (70 4>?><>3>R 

?@8AB@>R III B8?C) 

$8A. 1.6. $>72545==S (70 4>?><>3>R 

?@8AB@>R III B8?C) 
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1.3.3.  5B>48 70<V=8 307C 2 B0=:0E 

 

 

�0<V=0 307C C 20=B06=8E B0=:0E <>6;820 ?@8 28:>@8AB0==V >4=VєW 7 B@P>E 

=86G5 ?5@5;VG5=8E >?5@0FV9: V=5@B870FVW, ?@>4C20==S, 453070FVW. 

' :>6=V9 7 F8E >?5@0FV9 ?5@52060B8<5 >48= V7 42>E ?@>F5AV2: 

÷ @>72545==S, S:5 є ?@>F5A>< 7<VHC20==S 42>E A5@54>28I; 

÷ 70<VI5==S, 70 S:>3> 3078, I> ?>40RBPAS 2 B0=:, =5 7<VHCRBPAS 7 3070<8, 

I> 2840;SRBPAS 7 B0=:C, 0 CB2>@RRBP 7 =8<8 42>H0@>2C AB@C:BC@C.  5B>4 

70<VI5==S 4>A8BP 5D5:B82=89 C @07V, :>;8 3CAB8=0 A5@54>28I0, I> 

2840;SєBPAS, 7=0G=> 28I5 B>3> A5@54>28I0, I> ?>40єBPAS [85, 86]. 

*V 420 ?@>F5A8 7=0G=>R <V@>R 287=0G0RBP A?>AV1 :>=B@>;R 0B<>AD5@8 

2 B0=:C V ?>SA=5==S >B@8<0=8E @57C;PB0BV2. $8A. 1.7, 1.8 A2V4G0BP, I> 4;S 

?@028;P=>3> ?>SA=5==S ?>:07V2, >B@8<0=8E 70 4>?><>3>R 2V4?>2V4=8E 

?@8;04V2, =5>1EV4=> 7@>7C<VB8 ACB=VABP ?@>F5AV2 @>72545==S B0 70<VI5==S 

307C, I> D0:B8G=> <0є <VAF5 2A5@548=V B0=:0. 

 
  

$8A. 1.7. %E5<0 B0 3@0DV: 2840;5==S 307V2 7 B0=:0 <5B>4>< @>72545==S 

 
&5>@VS @>72545==S ?5@5410G0є, I> V=5@B=89 307, I> =04E>48BP 4> B0=:0, 

7<VHCєBPAS 7 ?>G0B:>2>R 0B<>AD5@>R B0=:0 4;S >B@8<0==S 1C4P-S:>W 

>4=>@V4=>W 307>2>W AC<VHV C 2AP><C >1’5<C B0=:0. �=0A;V4>: FP>3> 

:>=F5=B@0FVS 307C 2 ?>G0B:>2V9 0B<>AD5@V ?@>3@5A82=> 7<5=HCєBPAS. 
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�=B5=A82=VABP 70<V=8 307C 70;568BP 2V4 >1AS3C 307C, I> =04E>48BP 4> B0=:0, 

9>3> H284:>ABV ?V4 G0A ?>B@0?;S==S 4> B0=:0 V @>7<V@V2 B0=:0. �;S ?>2=>3> 

70<VI5==S 307C =5>1EV4=>, I>1 ?V4 G0A 9>3> 2?CA:C 4> B0=:C AB@C<V=P 

V=5@B=>3> 307C, I> =04E>48BP, <02 H284:VABP, 4>AB0B=R 4;S 4>AS3=5==S 

4=8I0 B0=:0. $8A. 1.7 45<>=AB@Cє AE5<C 2?CA:=>3> B0 28?CA:=>3> >B2>@V2, 

?@87=0G5=8E 4;S @50;V70FVW ?@>F5AC @>72545==S, BC@1C;5=B=VABP 307>2>3> 

?>B>:C 2A5@548=V B0=:0 B0 E0@0:B5@=V :@82V 7<V=8 :>=F5=B@0FVW 307C 70 G0A>< 

4;S B@P>E @V7=8E B>G>: 2V41>@C ?@>1 [87]. 

�450;P=5 70<VI5==S 28<030є ABV9:>W 3>@87>=B0;P=>W ?>25@E=V ?>4V;C <V6 

;53:8< 307><, I> =04E>48BP 7 25@E=P>W G0AB8=8 B0=:0, V 1V;PH 206:8< 307><, 

I> 28BVA=SєBPAS 7 4=8I>2>W G0AB8=8 B0=:0 G5@57 307>2V42V4=89 B@C1>?@>2V4. 

*59 <5B>4 28<030є, I>1 307, I> ?>40єBPAS 2 B0=:, <02 2V4=>A=> =87P:C 

H284:VABP. *5 ?>2'S70=> 7 =5>1EV4=VABR 71V;PH5==S 3CAB8=8 307C, I> 

?>40єBPAS H;SE>< ?>ABC?>2>3> ?V428I5==S B8A:C 4> 7=0G5=P, I> 

?5@528ICRBP 3CAB8=C 28B8A=5=>3> 307C, B><C I> BV;P:8 2 FP><C 28?04:C 

<>6;825 70157?5G5==S ?@>F5AC 70<VI5==S. $8A. 1.8 2V4>1@060є ?>25@E=R 

@>74V;C <V6 2EV4=8<8 B0 28EV4=8<8 3070<8 B0 E0@0:B5@=V :@82V 7<V=8 

:>=F5=B@0FVW 307C 70 G0A>< 4;S @V7=8E @V2=V2 2V41>@C ?@>1. 

 

 
  

$8A. 1.8. %E5<0 B0 3@0DV: 2840;5==S 307V2 <5B>4>< 70<VI5==S 
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1.3.4. #@8AB@>W 4;S 28?CA:C 307V2 V7 B0=:V2 

 

 

�;S 28?CA:C 307V2 7 B0=:0 2 0B<>AD5@C 2 ?@>F5AV =020=B065==S, 

10;0ABC20==S, 0 B0:>6 7<5=H5==S =04;8H:>2>3> B8A:C 307C 2 B0=:C 7 <5B>R 

28:>=0==S 28<V@V2 2@CG=C V B.?. <>65 1CB8 2AB0=>2;5=89 ?@8AB@V9 >4=>3> 7 

B@P>E >A=>2=8E 284V2: 

÷ >48=>G=0 307>2V42V4=0 A8AB5<0, I> ?>є4=CєBPAS ?V4 G0A 28:>@8AB0==S 7 

?0;C1=>R <03VAB@0;;R V=5@B=>3> 307C 2V42V4=8<8 ;V=VS<8 V=5@B=>3> 307C, I> 

28E>4SBP 7 :>6=>3> B0=:0, V 28?CA:0є 307 70 4>?><>3>R >4=>3> 01> 1V;PH5 

I>3;>28E AB>S:V2 01> :V;P:>E 28A>:>H284:VA=8E 307>28?CA:=8E :;0?0=V2 

(@8A. 1.9); 

÷ є48=0 A8AB5<0 28?CA:C 307C 7 28:>@8AB0==S< 02B>=><=>W 307>2V42V4=>W 

<03VAB@0;V B0 307>2V42V4=8E ;V=V9, I> 28E>4SBP 7 :>6=>3> B0=:0, V, B0:8< 

G8=><, I> 28?CA:0RBP 307 2 0B<>AD5@C 70 4>?><>3>R >4=>3> 01> 1V;PH5 

I>3;>28E AB>S:V2 01> 28A>:>H284:VA=8E 307>28?CA:=8E :;0?0=V2 (@8A. 1.10); 

÷ 02B>=><=V 28A>:>H284:VA=V 307>28?CA:=V ?@8AB@>W, I> 2AB0=>2;RRBPAS 

=0 :>6=><C 20=B06=><C B0=:C (@8A. 1.11). 
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�=0;V7 :>=AB@C:FV9 307>28?CA:=8E A8AB5<, ?@54AB02;5=8E =0 @8A. 1.9-

1.11, 4>72>;Sє 7@>18B8 28A=>2>:, I> =091V;PH ?@>AB89 V <5=H 

<5B0;><VAB:>R є AE5<0, ?@54AB02;5=0 =0 @8A. 1.9. �> ?5@5203 B0:>W AE5<8 A;V4 

2V4=5AB8 <>6;82VABP 28:>@8AB0==S B@C1>?@>2>4V2 A8AB5<8 V=5@B=>3> 307C 4;S 

2840;5==S 307V2 7 B0=:V2 H;SE>< ?5@5<8:0==S 42>E :;0?0=V2. 
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$8A. 1.11. �2B>=><=89 28?CA: 307C 7 B0=:0 70 4>?><>3>R 

28A>:>H284:VA=8E 307>28?CA:=8E ?@8AB@>W2, 2AB0=>2;5=8E =0 :>6=><C 

B0=:C 

 
%E5<0, ?@54AB02;5=0 =0 @8A. 1.10, 1V;PH <0=52@5=0, I> 4>72>;Sє 

>4=>G0A=> ?>4020B8 3078 2 B0=:8 V 2840;SB8 WE 2 0B<>AD5@C. �V;P:VABP 

B@C1>?@>2>4V2 ?@8 FP><C 71V;PHCєBPAS ?@81;87=> 242VGV, I> ?>2'S70=> 7 

4>40B:>28< >1AS3>< @>1VB 4;S ?0;C1=>W :><0=48 7 ?V4B@8<:8 AC4=>28E 

?@8AB@>W2 C =0;56=><C B5E=VG=><C AB0=V. 

%E5<0 CAB0=>2:8 28?CA:C 307V2 V7 B0=:V2, ?@54AB02;5=0 =0 @8A. 1.11, 

=09<5=H <5B0;><VAB:0 ?>@V2=S=> 7 28I5@>73;S=CB8<8. �=482V4C0;P=V 

307>2V42V4=V ?@8AB@>W, @>7B0H>20=V 2 <560E :>6=>3> B0=:0, =5 ?>2'S70=V <V6 

A>1>R B@C1>?@>2>40<8, I> ACBBє2> 7=86Cє WW 203>3010@8B=V ?>:07=8:8. 

!0S2=VABP C =P><C A>?;0, I> ?5@5B2>@Rє ?>B5=FV9=C 5=5@3VR 307C 2 

:V=5B8G=C, 70157?5GCє ?V49>< 307C, I> 2840;SєBPAS, 4> 20 < =04 ?0;C1>R. *5 

4>72>;Sє 7=878B8 28A>BC ?@8AB@>R 4> 2,5...3 <. #V49>< 307C, I> 2840;SєBPAS 7 

B0=:V2 =0 B0:C 28A>BC, 287=0G0єBPAS ?@03=5==S< 70?>1V3B8 ?>?040==R 

2C3;52>4=52>3> 307C =0 ?0;C1C V 2 >:@5<V ?@8<VI5==S B0=:5@0. 
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7=0=P I>4> >1’є:BC, S:89 4>A;V46CєBPAS.  5B0 70240==S 4>A;V465==S – 

B5>@5B8G=> AB2>@8B8 / 2V4B2>@8B8 B0 @5?@575=BC20B8 4>A8BP ?>2=> >1@07 

>1’є:B0. (>@<C;R20==S >1’є:B0 B0 ?@54<5B0 4>A;V465==S – =52V4’є<=89 

5;5<5=B 48A5@B0FV9=>W @>1>B8 [104]. 

#@54<5B 4>A;V465==S – ?>=SBBS 1V;PH 2C7P:5, =V6 >1’є:B 4>A;V465==S 

(?>=SBBS H8@H5 V ?5@28==5), V 2V41820є G0AB8=C (5;5<5=B), 0A?5:B G8 @8AC, 

>7=0:C G8 E0@0:B5@8AB8:C ACBV, AB@C:BC@8 G8 >=B>;>3VW >1’є:B0 4>A;V465==S. 

#@54<5B – B5, I> 4>A;V46CєBPAS 2 >1’є:BV (2V4=>A=> >1’є:B0). ' 1C4P-S:><C 

=0C:>2><C G8 ?@8:;04=><C 0=0;VB8G=><C 4>A;V465==V ?V7=0єBPAS =5 25AP 

>1’є:B, 0 ;8H5 45S:V 9>3> G0AB8=8 G8 ?@>S28. &>1B> ?@54<5B ?5@51C20є C 

<560E, =5 1V;PH8E 70 >1’є:B 4>A;V465==S G8 є ?@>S2>< G>3>AP 

?0@B8:C;S@=>3> (?@820B=>3>) 2 >1’є:BV. 
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�V4?>2V4=> 4> <5B>4>;>3VW =0C:>2>3> 4>A;V465==S >1’є:B – F5 B5, I> 

VA=Cє ?>70 =0<8 V =570;56=> 2V4 =0H>W A2V4><>ABV, S28I5 7>2=VH=P>3> A2VBC. 

#@>F5A G8 S28I5, :C48 A?@S<>20=> =0C:>2C 4VS;P=VABP. #@54<5B – 1C4P-S:5 

<0B5@V0;P=5 S28I5, B5, =0 I> A?@S<>20=0 4C<:0, S:0AP =0C:>2>-4>A;V4=8FP:0 

4VS. "1’є:B>< є <0B5@V0;P=0 G8 V450;P=0 A8AB5<0, 0 ?@54<5B>< – AB@C:BC@0 

A8AB5<8, 270є<>4VS WW 5;5<5=BV2, @V7=V 2;0AB82>ABV, 70:>=><V@=>ABV @>728B:C V 

B0:5 V=H5. "1’є:B 4>A;V465==S – S28I5 (?@>F5A), I> <VAB8BP ?@>B8@VGGS V 

?>@>46Cє ?@>1;5<=C A8BC0FVR. #@54<5B 4>A;V465==S – =091V;PH 7=0GCIV 7 

?>3;S4C ?@0:B8:8 V B5>@VW S:>ABV (AB>@>=8, >A>1;82>ABV >1’є:B0), S:V 

?V4;S30RBP 282G5==R. 

�=B5@5;SFVW ?>=SBP «>1’є:B» B0 «?@54<5B» A:;04=V B0 @V7=><0=VB=V. Є 

@>7H8@R20;P=5 B0 >1<56C20;P=5 B;C<0G5==S ?>=SBBS «?@54<5B», VA=CRBP 

@V7=V ?V4E>48 4> 287=0G5==S 9>3> A?V22V4=>H5==S 7 ?>=SBBS< «>1’є:B». 

 >6CBP <0B8 <VAF5 ACBBє20 =5>4=>@V4=VABP B0 5;5<5=B =5287=0G5=>ABV S: 

>1’є:B0, B0: V ?@54<5B0 4>A;V465==S. �>=:@5B=0 ?@54<5B=>->1’є:B=0 >1;0ABP 

<>65 >?8AC20B8AS 157;VGGR :>=F5?BV2. "4=>G0A=> 7 F8< I>4> ?52=>3> 

>1’є:B0 4>A;V465==S <>6;820 FV;0 ;V=V9:0 (<=>68=0) D>@<C;P>20=8E 

(281V@:>28E) ?@54<5BV2, I> 2V4>1@060RBP @V7=V 4>A;V4=V B0 V=B5@?@5B0FV9=V 

?@>є:FVW, 0:F5=B8 V B@0AC20==S, A?5F8DV:C 28EV4=8E 4>A;V4=8FP:8E A8AB5< 

:>>@48=0B V 2V4?@02=8E B>G>:, 2V4<V==>ABV 2 5<?V@8G=8E B0 465@5;P=8E 

AE5<0E. 

!0C:>25 4>A;V465==S <>65 A?>G0B:C 704020B8AS S: 1030B>?@54<5B=5 B0 

1030B>0A?5:B=5. � V=H>3> 1>:C, B>9 A0<89 ?@54<5B <>65 A?>G0B:C 

@5?@575=BC20B8AS G5@57 @V7=V >1’є:B8 [105]. 

"4=8< V7 206;828E :><?>=5=BV2 =0C:>2>-4>A;V4=>W 4VS;P=>ABV є B>G=5 B0 

:>@5:B=5 287=0G5==S >1’є:B-?@54<5B=8E 2V4=>H5=P, S:5 7040є 28EV4=C ;>3V:C 

<091CB=P><C 4>A;V465==R. "4=0: WE @>7C<V==S =09G0ABVH5 28S2;SєBPAS 4C65 

A:;04=8< 4;S =5 D0EV2FV2 C <5B>4>;>3VW B0 B5>@VW ?V7=0==S.  >6;828<8 

?@8G8=0<8 FP>3> є, ?>-?5@H5, 4C0;V7< B5@<V=V2 >1’є:B V ?@54<5B, I> 70;568BP 

2V4 A8BC0FV9=8E C<>2 WE 28:>@8AB0==S, 0 ?>-4@C35, 2V4ACB=VABP ?52=>W B@048FVW 



74

0:BC0;V70FVW 40=>3> 4C0;V7<C ?>70 A?5F8DVG=8< <5B>4>;>3VG=8< V 

DV;>A>DAP:8< :>=B5:AB><, =0?@8:;04, 2 C<>20E @50;V70FVW ?V7=020;P=>W 

0:B82=>ABV 2 BV9 G8 V=H89 :>=:@5B=V9 48AF8?;V=0@=V9 ?@54<5B=>ABV. "4=0: V C 

DV;>A>DVW, V 2 <5B>4>;>3VW >?8A >1’є:B-?@54<5B=8E 2V4=>H5=P 45I> 

AC?5@5G;8289 V G0AB> B@0=AD>@<CєBPAS, 28E>4SG8 7 BVєW ?>78FVW, S:C 709<0є 

?@> =8E, V BVєW <5B8, S:C 2V= ?@8 FP><C AB028BP. 

�06;828< <><5=B>< I>4> >1’є:B-?@54<5B=8E 2V4=>H5=P C 

<5B>4>;>3VG=><C 7=0G5==V є B>G=5 A?V22V4=5A5==S <0AHB01C >1’є:B0 AB>A>2=> 

?@54<5B0 – <>65 1CB8 S: <V=V<0;P=8<, V =097030;P=VH8<; B0: 2 V=H><C 

28?04:C – 70 C<>28 =54>AB0B=P>3> <0AHB01C 2V4=5A5==S >1’є:B0 2V4 ?@54<5B0 

<>65 1CB8 =5 7>2AV< 7@>7C<V;0 :>=:@5B8:0 WE 72’S7:V2 V =02VBP A0<>3> 

?@8=F8?C 2V4>:@5<;5==S ?@54<5B0 2V4 >1’є:B0, 0 C 28?04:C =04<V@=>3> 

2840;5==S – 27030;V 2B@0B0 A5=AC WE=P>3> A?V22V4=>H5==S, I> ?@89<0єBPAS 

?V4 G0A 4>A;V465==S. 

"1’є:B B0 ?@54<5B 4>A;V465==S =5 ;8H5 >18@0RBPAS, 0;5 B0:>6 C 

28?04:C =5>1EV4=>ABV :>@83CRBPAS, 28E>4SG8 7 02B>@AP:>3> 704C<C, 7 

C@0EC20==S< 02B>@AP:8E 4>A;V4=8FP:8E B0 V=B5@?@5B0FV9=8E ?@>є:FV9 B0 

28EV4=8E 4>A;V4=8FP:8E A8AB5< :>>@48=0B, 2V4?@02=8E B>G>:, 7 C@0EC20==S< 

=0S2=>W (01> B0:>W, I> ?V4;S30є 71>@C) B0 >1@>1;R20=>W 5<?V@8G=>W (B0:>W, I> 

4>A;V46CєBPAS) 465@5;P=>W >A=>28. 

&5<0 48A5@B0FV9=>3> 4>A;V465==S B0:>6 A?@S<>2CєBPAS 2V4?>2V4=> 4> 

30;C7V 7=0=P B0 A?5FV0;P=>ABV, C S:V9 2>=0 28:>=CєBPAS. 

�V4?>2V4=> 4> 30;C7V 7=0=P «&@0=A?>@B» B0 A?5FV0;P=>ABV « >@AP:89 B0 

2=CB@VH=V9 2>4=89 B@0=A?>@B», 0 B0:>6 A?@S<>20=>ABV 4>A;V465=P, I> 

28:>=CRBPAS 2 !0FV>=0;P=><C C=V25@A8B5BV «"45AP:0 <>@AP:0 0:045<VS», 

B5<>R =0C:>2>3> 4>A;V465==S >1@0=> «"?B8<V70FVS ?@>F5AC V=5@B870FVW 

20=B06=8E B0=:V2 AC45=-307>2>7V2». 
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2.2. �87=0G5==S H;SEV2 4>AS3=5==S 70240=P 4>A;V465==S 

 

 

!5 702648 :><?5B5=B=VABP V =0:>?8G5=89 4>A2V4 >4=VєW ;R48=8 01> 

>B@8<0=V >1’є:B82=V 40=V <>6CBP 1CB8 28:>@8AB0=V S: >A=>20 4;S ?@89=SBBS 

A5@9>7=8E @VH5=P. !5@V4:> ?>B@V1=> 725@B0B8AS 4> 4C<>: :V;P:>E 5:A?5@BV2. 

$57C;PB0B8 5:A?5@B878, B>1B> >FV=:8 B0 4C<:8 :><?5B5=B=8E V 4>A2V4G5=8E 

5:A?5@BV2 I>4> 4>A;V465==S, <>6CBP AB0B8 >A=>2>R 4;S ?@89=SBBS 

A5@9>7=8E @VH5=P, @5:><5=4>20=8E 4>A;V4=8:><. �:A?5@B=V >FV=:8 є 

=09?>H8@5=VH8< A?>A>1>< >B@8<0==S B0 0=0;V7C S:VA=>W V=D>@<0FVW C 

A8BC0FVSE, :>;8 3>AB@> 2V4GC20єBPAS =5AB0G0 >1’є:B82=8E 40=8E. �0AB>AC20==S 

AC1’є:B82=8E >FV=>: >1C<>2;5=> =5>1EV4=VABR @>72’S70==S 70240=P 70 

2V4ACB=>ABV =87:8 A?>AB5@565=P 70 ?@>S2>< 0=0;>3VG=8E ?>4V9 C <8=C;><C G8 

V=HV9 >1’є:B82=V9 V=D>@<0FVW [106].  

 5B>4 5:A?5@B=8E >FV=>: 4>72>;Sє @>7:@8B8 B0 A:;0AB8 «D>B>3@0DVG=5 

?>;5 ?@>1;5<», ?V4B25@48B8 >1ґ@C=B>20=VABP B0 =04V9=VABP 4>A;V465==S, 

0?@>1C20B8 B0 «>1:0B0B8» =0C:>2V @>7@>1:8, >FV=8B8 WE 045:20B=VABP B0 

?5@A?5:B82=VABP, 7=09B8 ?V4E>48 4> @>72’S70==S A:;04=8E 70240=P, >FV=8B8 

AB0= 4>A;V46C20=8E >1’є:BV2, :>=F5?BC0;V7C20B8 <5BC 4>A;V465==S, I> 

?@>2>48BPAS, CB>G=8B8 :>=:@5B=V ?8B0==S. #@8 FP><C 5:A?5@B=V <5B>48 A;V4 

@>73;S40B8 =5 S: A?>AV1 28S2;5==S 3@><04AP:>W 4C<:8, 0 S: >48= V7 <>6;828E 

?V4E>4V2 4> 2A51VG=>3> 282G5==S A:;04=8E S28I, C S:8E >AB0B>G=5 @VH5==S 

<0є CE20;8B8 ;R48=0. 

 5B>4 5:A?5@B=8E >FV=>: – V=B53@0;P=89 <5B>4 71>@C, >B@8<0==S, 

DV:A0FVW, C7030;P=5==S B0 V=B5@?@5B0FVW >FV=>: AB0=C ?@>1;5<8 G8 70240==S 

4>A;V465==S =0 >A=>2V 157;VGV =570;56=8E AC465=P 5:A?5@BV2 (@5D5@5=B=8E 70 

A2>єR ?@>D5AV9=>R :20;VDV:0FVєR B0 :><?5B5=B=VABR ?@54<5BV2 

>FV=R20==S), S:V ґ@C=BCRBPAS =5 =0 :>=:@5B=8E A?>AB5@565==SE, 0 =0 A2>WE 

5<?V@8G=8E B0 B5>@5B8G=8E 5:A?5@B=8E 7=0==SE, ?@>D5AV9=><C 5:A?5@B=><C 

4>A2V4V [103]. 
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 5B>4 5:A?5@B=8E >FV=>: є V=B53@0;P=8< <5B>4><, >A:V;P:8 2V= >E>?;Rє 

@V7=><0=VB=VABP @V7=8E V=AB@C<5=B0;P=8E <5B>4V2 B0 ?V4E>4V2 – 2V4 ?@>AB>3> 

>?8BC20==S (0=:5BC20==S) 5:A?5@BV2, 4> ?5@5206=> A:;04=8E D>@<, S:V 

2:;RG0RBP 5B0? A?5FV0;P=>W A:;04=>W >1@>1:8 >B@8<0=8E 5:A?5@B=8E 4C<>: 

<5B>40<8 <0B5<0B8G=>W AB0B8AB8:8. 

 5B>4 5:A?5@B=8E >FV=>: 28:>@8AB>2CєBPAS, 7>:@5<0, 4;S @>72’S70==S 

=0ABC?=8E 70240=P: 

÷ ?@>3=>7C20==S, S:I> V=D>@<0FVS I>4> ?@54<5B0 4>A;V465==S 

=54>ABC?=0 G8 =5B>G=0; 

÷ ?@>3=>7C20==S, S:I> ?@54<5B ?@>3=>7C20==S є =>28< V =5 <0є 

4>ABC?=>3> 5:2V20;5=B0; 

÷ 4>:;04=89 >?8A >A=>2=8E 28<>3 4> <5B>4C 4>A;V465==S, ?>SA=5==S 

?@>F54C@8 ?@>2545==S 4>A;V465==S, 281V@ <5B>4V2 V D>@< >B@8<0==S B0 

>1@>1:8 40=8E; 

÷ >FV=:0 4>AB>2V@=>ABV >?8BC20=P B0 WE :>@83C20==S; 

÷ 4>:;04=89 0=0;V7 @57C;PB0BV2 B0 ?@>3=>7C20==S 7<V= C @0<:0E 

4>A;V465==S; 

÷ ?V4B25@465==S B0 ?5@52V@:0 40=8E, >B@8<0=8E 70 4>?><>3>R 

70AB>AC20==S V=H8E <5B>4V2 ?@>2545==S =0C:>2>3> 4>A;V465==S; 

÷ CB>G=5==S D0:B>@V2, I> 2?;820RBP =0 @>728B>: ?@54<5B0 4>A;V465==S 

2 @0<:0E 70AB>AC20==S <5B>4C <>45;R20==S. 

#V4 G0A ?@>2545==S 5:A?5@B=>W >FV=:8 284V;SRBP B0:V B8?8 5:A?5@B=8E 

7=0=P: 

÷ S:VA=0 V=D>@<0FVS (5:A?5@B=0 >FV=:0 <>65 28<030B8AS G5@57 2V4ACB=VABP 

4>ABC?=>W V=D>@<0FVW, 0 B0:>6 70 =5>1EV4=>ABV H284:>3> ?@89=SBBS @VH5=P, 

7>:@5<0, =0?@8:;04, 4;S 4>A;V465==S 0:BC0;P=>3> AB0BCAC 7=0=P 70 

2V4?>2V4=8< B5<0B8G=8< A?@S<C20==S<); 

÷ :V;P:VA=0 V=D>@<0FVS (5:A?5@B=0 >FV=:0 <>65 28<030B8AS C 28?04:0E, 

:>;8 2V4ACB=V 5<?V@8G=V 40=V 7 ?52=>W B5<0B8:8 01> WE =5<>6;82> 7V1@0B8, 0 

B0:>6 :>;8 B5@<V=8, I> 2V42545=V =0 ?@>2545==S 4>A;V465==S, є 70=04B> 
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:>@>B:8<8; B0:0 V=D>@<0FVS <>65 28<030B8AS, :@V< B>3>, ?V4 G0A 4>A;V465==S 

@V4:VA=8E 7@07:V2 4>A;V46C20=8E >1’є:BV2, 0 B0:>6 :>;8 >1’є:B 4>A;V465==S – 

?>70 4>ABC?><); 

÷ 4>?>2=5==S (5:A?5@B=0 >FV=:0 <>65 28<030B8AS, 7>:@5<0, G5@57 

=0S2=VABP ?@>30;8= 2 5<?V@8G=8E 40=8E 01> WE =5287=0G5=>ABV); 

÷ V45W B0 @VH5==S (5:A?5@B=0 >FV=:0 <>65 28<030B8AS, 7>:@5<0, G5@57 

=04<V@=C A:;04=VABP 4>A;V46C20=8E ?8B0=P). 

 

 

2.3. �8:>@8AB0==S A8AB5<=>3> ?V4E>4C ?V4 G0A @>72’S70==S 70240=P 

=0C:>2>3> 4>A;V465==S 

 

 

,8@>:89 A?5:B@ 270є<>?>2’S70=8E 70240=P =0C:>2>3> 4>A;V465==S 

28<030є I>4> A2>3> @>72’S70==S 70AB>AC20==S A8AB5<=>3> ?V4E>4C – A0<5 2 

FP><C 28?04:C 2@0E>2CRBPAS 2AV >A=>2=V D0:B>@8, I> 2?;820RBP =0 

4>AS3=5==S <5B8 4>A;V465==S. 

�C4P-S:89 >1’є:B <>6=0 @>73;S40B8 S: G0AB8=C A8AB5<8, 7 >4=>3> 1>:C, 7 

4@C3>3>, S: A8AB5<C, I> 7 157;VGV ?>2’S70=8E <V6 A>1>R ?V4A8AB5<, :>6=0 7 

S:8E CB2>@5=0 157;VGGR V=H8E ?V4A8AB5< V 157;VGGR =5@>74V;P=8E C A<8A;V 

0=0;V7>20=>W A8AB5<8 5;5<5=BV2. %B@C:BC@C >1’є:B0 CAB0;5=> =07820B8 

ACB=VABR, B>4V S: 7>2=VH=V D>@<8 WW ?@>S2C – S28I5<. "AB0==S :0B53>@VS 

287=0G0є 2;0AB82>ABV B0 2V4=>H5==S >1’є:B0, S:8<8 V ?V7=0RBPAS V<?;VF8B=V 

2;0AB82>ABV ACB=>ABV. �W =0C:>25 4>A;V465==S (>?8A, 0=0;V7, ?@>3=>7) 

?@>2>48BPAS >?>A5@54:>20=> 282G5==S< S28I0 70 70@5єAB@>20=8<8 

@57C;PB0B0<8 A?>AB5@565=P, S:V DV:ACRBP AB0= >1’є:B0 B0 9>3> 72’S7:8. 

%C1’є:B 28AC20є B0 ?5@52V@Sє 3V?>B57C I>4> AB@C:BC@8 ACB=>ABV [107].  

' <V@C =0:>?8G5==S 7=0=P (28:>@8AB>2CRBPAS B5>@5B8G=89 B0 

?@0:B8G=89 <5B>48) CS2;5==S I>4> >1’є:BC <>6CBP 7<V=R20B8AP ?V4 G0A 

=57<V==>W 9>3> ACB=>ABV. �W 7>2=VH=V D>@<8 ?@>S2C 282G0RBPAS =0 
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B5>@5B8G=><C B0 5<?V@8G=><C @V2=SE ?V7=0==S 7 CB2>@5==S< 157;VGV =>28E 

B5>@5B8G=8E B0 5<?V@8G=8E >1’є:BV2. ' ?@>F5AV ?V7=020;P=>W 4VS;P=>ABV 

=0?@S< @CEC ?V7=0==S <>65 1030B>@07>2> 7<V=R20B8AS: 2V4 B5>@VW 4> 5<?V@VW, V 

=02?0:8, 2V4 5<?V@VW 4> B5>@VW, – @57C;PB0B 702648 01AB@0:FVS, S:0 є =5 

A8=B57>20=0 :>?VS >1’є:B0, I> 70<VI0єBPAS, 0 >4=0 7 D>@< 045:20B=>3> 

?@54AB02;5==S 9>3> 2;0AB82>AB59, ACBBє28E 4;S AC1’є:B0 . 

!572060RG8 =0 B5, I> 281V@ D>@<8 ?>40==S AC1’є:B82=89, 2;0AB82>ABV, 

I> 2V4>1@060RBPAS, >1’є:B82=> E0@0:B5@87CRBP ?>B>G=89 AB0= ACB=>ABV 

>1’є:B0. $57C;PB0B <>45;R20==S 70;568BP 2V4 AC1’є:B82=>3> D>@<C20==S 

01AB@0:FVW, I> є A5@9>7=>R ?@>1;5<>R. 

"1’є:B <>65 1CB8 4>A8BP ?@>AB8< 70 A:;04><, AB@C:BC@>R, C =P><C 

206:> 284V;8B8 1C4P-S:V G0AB8=8, B>1B> 2 45S:><C A5=AV є є48=8< FV;8<, 0;5 

<>65 1CB8 V B0:, I> B>9 A0<89 >1’є:B <0є A:;04=C 2=CB@VH=R AB@C:BC@C, 2 

S:V9 210G0RBPAS >:@5<V G0AB8=8, >4=>@V4=V 70 S:>RAP 2;0AB82VABR 2A5@548=V 
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>1;04=0==S, ?@8AB@>W B0 28<V@R20;P=V ?@8;048, I> 4>72>;S;8 287=0G8B8 

=5>1EV4=V 5:A?;C0B0FV9=V ?>:07=8:8 AC4=>28E 5=5@35B8G=8E CAB0=>2>:, 

=5>1EV4=V B5E=>;>3VG=V ?>:07=8:8 AC4=>2>W A8AB5<8 35=5@0FVW V=5@B=>3> 307C 

B0 DV78G=V ?>:07=8:8 7@V465=8E ?@8@>4=8E 307V2, I> B@0=A?>@BC20;8AP S: 

20=B06. 
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�:A?;C0B0FV9=V ?>:07=8:8 AC4=>28E 4875;P-35=5@0B>@V2 MAN-

Diesel&Turbo :>=B@>;R20;8AP 70 4>?><>3>R: 

1) 28B@0B><V@V2 ?>B>:C ?0;820: 

÷ <>45;P Siemens SITRANS F M Flow Sensor; 

÷ <>45;P Honeywell SmartLine ST700 Flow Transmitter; 

÷ <>45;P Endress+Hauser Proline Promass Coriolis Flowmeter; 

2) 20B<5B@0<8 28<V@R20==S ?>BC6=>ABV: 

÷ <>45;P Ashcroft 1008S Pressure Transmitter; 

÷ <>45;P WIKA S-10 Pressure Transmitter; 

÷ <>45;P Emerson Rosemount 3051S Pressure Transmitter. 

&5E=>;>3VG=V ?>:07=8:8 AC4=>2>W A8AB5<8 35=5@0FVW V=5@B=>3> 307C 

287=0G0;8AP G5@57 28<V@R20==S: 

1) ?@>4C:B82=>ABV 35=5@0B>@0 V=5@B=8E 307V2 70 4>?><>3>R 28B@0B><V@V2: 

÷ <>45;P Siemens SITRANS F M Flow Sensor; 

÷ <>45;P Honeywell SmartLine ST700 Flow Transmitter; 

2) 40BG8:V2 B8A:C V=5@B=>3> 307C: 

÷ <>45;P: Kistler Piezoelectric Cylinder Pressure Sensor; 

÷ <>45;P: Bosch Automotive Pressure and Temperature Sensor; 

÷ <>45;P: AVL Cylinder Pressure Sensor. 

(V78G=V ?>:07=8:8 7@V465=8E ?@8@>4=8E 307V2, I> B@0=A?>@BC20;8AP S: 

20=B06, 287=0G0;8AP 70 4>?><>3>R: 

1) 307>0=0;V70B>@V2: 

÷ <>45;V Testo350 B0 Testo380; 

÷ <>45;P Clipper 210; 

2) 40BG8:V2 @V2=S: 

÷ <>45;V FlyLine2046; 

÷ <>45;P Dupery177. 
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2.6. �8A=>2:8 70 @>74V;>< 2 

 

 

1. � C@0EC20==S< 30;C7V 7=0=P 27 – B@0=A?>@B, A?5FV0;P=>ABV 271 – 

<>@AP:89 B0 2=CB@VH=V9 2>4=89 B@0=A?>@B; =0 ?V4AB02V >1>2’S7:>2>3> 

28:>=0==S 28<>3 I>4> 70157?5G5==S 5=5@35B8G=8E B0 5:>;>3VG=8E ?>:07=8:V2 

@>1>B8 <>@AP:8E B0 @VG:>28E AC45= B0 WE 5=5@35B8G=8E CAB0=>2>:; 

2@0E>2CRG8 70?8B8 ?@0:B8:8, 0 A0<5 70157?5G5==S ?@>F5AC V=5@B870FVW 

20=B06=8E B0=:V2 AC45=-307>2>7V2, 4V03=>ABC20==S AB0=C 0B<>AD5@8 

20=B06=8E B0=:V2 ?V4 G0A ?@>2545==S WE V=5@B870FVW, 7=865==S 5=5@35B8G=8E 

28B@0B B0 ?V428I5==S 5:>;>3VG=>W 157?5:8 ?V4 G0A ?@>2545==S V=5@B870FVW 

20=B06=8E B0=:V2 AC45=-307>2>7V2: 

AD>@<C;P>20=0 B5<0 =0C:>2>3> 4>A;V465==S – «"?B8<V70FVS ?@>F5AC 

V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2»; 

287=0G5=0 <5B0 4>A;V465==S – ?V428I5==S 5=5@35B8G=>W 5D5:B82=>ABV B0 

5:>;>3VG=>W 157?5:8 ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2; 

2AB0=>2;5=> 3>;>2=5 70240==S 4>A;V465==S – C?@02;V==S ACFV;P=VABR B0 

@CE>< @>74V;R20;P=>3> H0@C, S:89 ?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 

20=B06C, I> 70;8H8;8AP C 20=B06=><C B0=:C B0 V=5@B=8< 307><, I> 

?>40єBPAS 4> 20=B06=>3> B0=:0 ?V4 G0A 70157?5G5==S ?@>F5AC V=5@B870FVW, 0 

B0:>6 =0ABC?=V 4>?><V6=V 70240==S: 1) 287=0G5==S S:VA=>3> B0 :V;P:VA=>3> 

?>:07=8:V2 ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2; 

2) 287=0G5==S 5=5@35B8G=>W 5D5:B82=>ABV ?@>F5AC V=5@B870FVW 20=B06=8E 

B0=:V2 AC45=-307>2>7V2; 3) 287=0G5==S 5:>;>3VG=>W 5D5:B82=>ABV ?@>F5AC 

V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2. 

2. "1’є:B>< 4>A;V465==S 287=0G5=> ?@>F5A B@0=A?>@BC20==S 7@V465=>3> 

?@8@>4=>3> 307C AC4=0<8-307>2>70<8. #@54<5B 4>A;V465==S – ?@>F5A 

V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 

3. � C@0EC20==S< >A=>2=8E ?@8=F8?V2 A8AB5<=>3> ?V4E>4C @>7@>1;5=> 

B5E=>;>3VG=C :0@BC =0C:>2>3> 4>A;V465==S. 
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$"���� 3. �!���� (����"-��!� �+!�) #$"*�%��,  

-" ����'��.&,%/ #�� +�% �!�$&���*�� ��!&��!�) &�!��� 

%'��!-���"�"��� 

 

&@5BV9 @>74V; 48A5@B0FV9=>3> 4>A;V465==S ?@8A2SG5=> @>72’S70==R 

?5@H>3> 4>?><V6=>3> 70240==S, S:8< є 287=0G5==S S:VA=>3> B0 :V;P:VA=>3> 

?>:07=8:V2 ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2. 

"A=>2=V @57C;PB0B8 @>74V;C =02545=V 2 465@5;0E [44], [45], [60], [67], [73], 

[80], [87], [157]. 

 

 

3.1. �;0A8DV:0FVS B0 ?@87=0G5==S A8AB5< V=5@B=8E 307V2 AC45=-307>2>7V2 

 

 

#V4 G0A :;0A8DV:C20==S ACG0A=8E %�� 20@B> <0B8 =0 C207V, I> є48=89 

?V4EV4 4> WE=P>3> ?@>є:BC20==S 2V4ACB=V9. "4=0: ?52=0 A?V;P=VABP AE5< V 

:>=AB@C:B82=8E @VH5=P A8AB5< V=5@B=8E 307V2 4>72>;Sє :;0A8DV:C20B8 C 

A?>AV1, I> =02545=89 =0 @8A. 3.1. 

%8AB5<8 V=5@B=8E 307V2 :;0A8DV:CRBPAS 70 =0ABC?=8<8 >7=0:0<8: 

÷ 70 <5B>4>< >B@8<0==S (35=5@0FVW) V=5@B=8E 307V2 (28?CA:=8E 2V4 

AC4=>28E 4875;V2 01> 48<>28E 2V4 AC4=>28E :>B;V2 B0 B0:8E, I> 35=5@CRBPAS 

35=5@0B>@0<8 V=5@B=8E 307V2); 

÷ 70 A?>A>1>< CAB0=>2:8 >1;04=0==S (AB0FV>=0@=V 01> ?5@5AC2=V 

35=5@0B>@8 307V2); 

÷ 70 ABC?5=5< >1@>1:8 V=5@B=8E 307V2, I> >1C<>2;RєBPAS 7040=>R WE=P>R 

:>=48FVєR (157 4>40B:>2>W >1@>1:8, 7 4>40B:>28< >G8I5==S< 2V4 4><VH>:, 

>ACH5==S 307V2); 

÷ 70 A?>A>1>< 4>40B:>2>W >1@>1:8 307V2 (A>@1FVS 4><VH>:, >ACH5==S 70 

4>?><>3>R E>;>48;P=8E <0H8= 01> A>@15=B0<8 B0 V=.) [44, 45, 92, 94].  
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�;0A=5 A?>AV1 4>40B:>2>W >1@>1:8 307V2 287=0G0є :>=AB@C:FVR 9 

:><?;5:B0FVR >1;04=0==S. �V4?>2V4=> 4> B0:>W :;0A8DV:0FVW <>6=0 284V;8B8 

A8AB5<8 H5AB8 >A=>2=8E B8?V2, 7030;P=5 ?@87=0G5==S S:8E – ?V4B@8<:0 C 

20=B06=8E ?@8<VI5==SE 7040=8E ?0@0<5B@V2 307>2>3> A5@54>28I0 =0 2AVE 

AB04VSE 5:A?;C0B0FVW AC4=0. 

&8? � – A8AB5<8 7 2V41>@>< V=5@B=8E 307V2 2V4 48<>E>4V2 3>;>2=8E 01> 

4>?><V6=8E 4875;V2, 0 B0:>6 3>;>2=8E 01> 4>?><V6=8E :>B;V2 B0 =0ABC?=8< 

>G8I5==S< V >E>;>465==S< 307V2 C :>=B0:B=8E 0?0@0B0E (A:@C15@0E) 70 

4>?><>3>R 701>@B=>W 2>48. *5 =091V;PH ?@>ABV B0: 720=V AB0=40@B=V A8AB5<8 

V=5@B=8E 307V2, I> >B@8<0;8 =091V;PH5 ?>H8@5==S =0 AC4=0E. %8AB5<8 

28:>=0=V V7 H8@>:8< 4V0?07>=>< ?@>4C:B82=>ABV 2V4 5000 4> 50000 <3/3>4 

V=5@B=8E 307V2 V ?@87=0G5=V 4;S CAB0=>2:8 =0 B0=:5@0E B0 AC4=0E-307>2>70E 

@V7=>3> 454259BC, I> <0RBP S: ?0@>BC@1V==V, B0:>6 V 4875;P=V 5=5@35B8G=V 

CAB0=>2:8 B0 28:>@8AB>2CRBPAS 4;S ?5@52575=P A8@>W =0DB8 01> 7@V465=>3> 

?@8@>4=>3> G8 =0DB>2>3> 307C. !091V;PH5 4>FV;P=> WE=є 70AB>AC20==S =0 

B0=:5@0E B0 AC4=0E-307>2>70E 454259B>< ?>=04 150000 B>==, I> 28:>=CRBP 

6&8 20=B06=8E ?5@5E>4V2 ?@>BS3>< @>:C. 

&8? � – A8AB5<8 FP>3> B8?C 2V4@V7=SRBPAS 2V4 AB0=40@B=8E A8AB5< B8?C � 

?@8AB@>S<8 4;S 4>40B:>2>3> >G8I5==S 307V2 2V4 >:8A;V2 AV@:8, I> 

21C4>2CRBPAS 728G09=> 2 A:@C15@8. %8AB5<8 ?@87=0G5=V 4;S AC45= @V7=>3> 

B>==06C, I> ?5@52>7SBP =0DB>?@>4C:B8 B8E A>@BV2, S:V AE8;P=V @503C20B8 7 

CB2>@5==S S"2, B0 AC45=, C 4875;SE S:8E A?0;RRBPAS AV@G8ABV ?0;820. �E 

B0:>6 <>6;82> 70AB>A>2C20B8 =0 B0=:5@0E V AC4=0E-307>2>70E =525;8:>3> 

454259BC (4> 50000 B>==). �0@B> <0B8 =0 C207V, I> 7V 7@>AB0==S< 28<>3 4> 

70E8ABC 4>2:V;;S 2V4 701@C4=5==S A8AB5<8 B8?C �, I> 70157?5GCRBP 2V4;82 2V4 

A:@C15@V2 70 1>@B 2>48 7 <V=V<0;P=8< @V2=5< :8A;>B8 (S:0 CB2>@RєBPAS ?V4 G0A 

45AC;PDC@870FVW 28?CA:=8E 307V2) >B@8<CRBP H8@>:5 ?>H8@5==S [112-114]. 

%8AB5<8 B8?C � E0@0:B5@87CRBPAS B8<, I> 2 =8E =0 4>40B>: 4> 

>G8I5==S B0 >E>;>465==S 2 :>=B0:B=8E 0?0@0B0E V=5@B=8E 307V2, I> 

2V418@0RBPAS 2V4 48<>E>4V2 4875;V2 01> :>B;V2, 28:>=CєBPAS >ACH5==S 307V2 
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01> 70 4>?><>3>R E>;>48;P=8E <0H8=, 01> 70 4>?><>3>R B25@48E 01> @V4:8E 

A>@15=BV2. !87:0 :><?0=V9 V DV@< 22060є, I> CA:;04=5==S A8AB5< B0 

?V428I5==S WE=P>W 20@B>ABV =5 28?@024CєBPAS 4>40B:>28< 7=865==S< 

H284:>ABV AV@G8AB>W :>@>7VW, 7>:@5<0, 70 C<>28 7<5=H5==S :>=45=A0FVW ?0@V2 

2>48 =0 2=CB@VH=VE ?>25@E=SE 20=B06=8E ?@8<VI5=P. �0AB>AC20==S A8AB5< 

B8?C � 4>FV;P=5 =0 AC4=0E, I> ?5@52>7SBP 3V3@>A:>?VG=V 281CE>- V 

2>3=5=5157?5G=V <0B5@V0;8, =0?@8:;04, 0<V0:, 0F5B8;5= B0 07>B=V A?>;C:8. 

&8? � – A8AB5<8 7 >B@8<0==S< V=5@B=8E 307V2 2V4 02B>=><=8E 

307>BC@1V==8E CAB0=>2>:, ?>BC6=VABP S:8E 28:>@8AB>2CєBPAS 4;S ?@82>40 

5;5:B@>35=5@0B>@V2 01> =03=VB0GV2 307V2. *5 4>A8BP A:;04=V B0 4>@>3V A8AB5<8, 

I> 28<030RBP 4>A8BP :20;VDV:>20=>3> >1A;C3>2C20==S. �0AB>AC20==S A8AB5< 

B8?C � 4>FV;P=5 70 7=0G=8E 28B@0B V=5@B=8E 307V2 (=5 <5=H 30000 <3/3>4), I> 

7C<>2;Rє WE=R CAB0=>2:C =0 B0=:5@0E B0 AC4=0E-307>2>70E 454259B>< 

400000&500000 B>==.  

&8?8 � 8 � – A8AB5<8 7 >B@8<0==S< V=5@B=8E 307V2 ?V4 G0A A?0;R20==S 

?0;820 2 A?5FV0;P=> ?@87=0G5=8E 4;S FP>3> :0<5@0E 73>@S==S. ' A8AB5<0E 

B8?C �, B0: A0<>, S: V 2 AB0=40@B=8E A8AB5<0E B8?C �, 3078 >1@>1;SRBPAS 

(>G8I0RBPAS B0 >E>;>46CRBPAS) BV;P:8 701>@B=>R 2>4>R 2 :>=B0:B=8E 

0?0@0B0E. ' A8AB5<0E B8?C � 28:>=CєBPAS 4>40B:>20 >1@>1:0 307V2 – >ACH5==S 

B25@48<8 01> @V4:8<8 A>@15=B0<8, E>;>48;P=8<8 <0H8=0<8 B0 G5@57 

AB8A=5==S 307V2. �=>4V ?5@5410G0єBPAS 04A>@1FVS >4=>3> 7 :><?>=5=BV2 AC<VHV – 

2C3;5:8A;>3> 307C 7 <5B>R >B@8<0==S< A:;04C, 1;87P:>3> 4> B5E=VG=> 

G8AB>3> 07>BC. 'AB0B:C20==S A8AB5< B8?V2 � 8 �, ?@>4C:B82=VABP S:8E 

:>;820єBPAS 2 <560E 50&4000 <3/3>4 V=5@B=8E 307V2, :><?>=CєBPAS 728G09=> 

2 є48=V 03@530B8. %B0FV>=0@=V 03@530B8, S:V <>6CBP <VAB8B8 2 A>1V >1;04=0==S 

4;S 4>40B:>2>W >1@>1:8 307V2 (@>1>B0 7V AE5<8 A8AB5< B8?C �), ?@87=0G0RBPAS 

2 >A=>2=><C 4;S CAB0=>2:8 =0 307>2>70E V B0=:5@0E 7 <5B>R AB2>@5==S 

=59B@0;P=8E ?>4CH>: =04 EV<V:0B0<8 V 7@V465=8<8 3070<8, I> 

B@0=A?>@BCRBPAS. #5@5AC2=V 03@530B8, I> ?@0FRRBP 70 AE5<>R A8AB5< 

B8?C �, 28:>@8AB>2CRBPAS ?V4 G0A 020@VW AC45= [115]. 
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3.2. �=0;V7 <5B>4V2 7<V=8 0B<>AD5@8 20=B06=8E B0=:V2 AC45=-307>2>7V2 

 

 

�V4?>2V4=> 4> >3;S4C ;VB5@0BC@=8E 465@5; V7 70240==S 70157?5G5==S 

?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 VA=Cє 420 >A=>2=8E 

<5B>48 7<V=8 0B<>AD5@8 B0=:C – @>72545==S B0 70<VI5==S [60, 67].  

 5B>4 70<VI5==S 70A=>20=89 =0 @V7=8FV 3CAB8=8 307C, S:89 7=0E>48BPAS 

2 B0=:C, V 307C, S:89 ?>40єBPAS 2 B0=: (@8A. 3.2). 

 

 
$8A. 3.2. �<V=0 0B<>AD5@8 20=B06=>3> B0=:C <5B>4>< 70<VI5==S 

 
 5B>4 70<VI5==S 70157?5GCє GVB:5 @>74V;5==S H0@V2 V=5@B=>3> 307C (C 

@>73;S=CB><C ?@8:;04V 07>BC) V 1V;PH 206:8E ?0@V2 20=B06C. "4=0: @07>< 7 

F8< =5>1EV4=> ?>71CB8AS @V7:8E 7<V= H284:>ABV ?>40GV V=5@B=>3> 307C 4> 

20=B06=>3> B0=:C, ?>4020B8 V=5@B=89 307 C 25@E=R G0AB8=C 20=B06=>3> 

B0=:C, C=8:0B8 BC@1C;5=B=>ABV ?>B@0?;S==S V=5@B=>3> 307C 2 B0=:.  5B>4 

70<V=8 22060єBPAS 4C65 5D5:B82=8< C @07V 28:>@8AB0==S S: V=5@B=>3> 307C 

07>BC. ' 72’S7:C 7 B8<, I> 3CAB8=0 1V;PH>ABV :><5@FV9=8E 307V2 7=0G=> 

?5@528ICє 3CAB8=C 07>BC, F59 <5B>4 <0є H8@>:5 70AB>AC20==S =0 AC4=0E-

307>2>70E. �8:>@8AB0==S <5B>4C @>7<VI5==S 0B<>AD5@8 <>6=0 28:>=C20B8 

>4=>G0A=> ?> 2AVE 20=B06=8E B0=:0E (S:I> 2 FP><C є =5>1EV4=VABP).  

&5E=>;>3VG=V AE5<8, I> 70157?5GCRBP V=5@B870FVR 20=B06=8E B0=:V2, 

70;560BP 2V4 :>=AB@C:FV9=8E >A>1;82>AB59 AC45=-307>2>7V2. �> >A=>2=8E 7 

=8E 2V4=>ASBPAS :0A:04=0, =0?V2:0A:04=0  B0 ?0@0;5;P=0 [80]. 
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�=5@B870FVS (?@>4C20==S) :0A:04>< >7=0G0є, I> B0=:8 ?@>4C20RBPAS 

>48= 70 >4=8<, 0B<>AD5@0 >4=>3> B0=:0 28BVA=SєBPAS 2 V=H89 B0=: V B0:8< 

G8=>< 28:>=CєBPAS 70?>2=5==S 2AVE B0=:V2 (@8A. 3.3). 

 

 

$8A. 3.3. #@8=F8?>20 AE5<0, I> 70157?5GCє ?@>4C20==S B0=:V2 :0A:04><: 

S – 20=B06=V B0=:8 ?@02>3> 1>@BC (Startboard ); P – 20=B06=V B0=:8 ;V2>3> 

1>@BC (Port Side); L – ;V=VS @V48=8 (Liquid line); V – ;V=VS ?0@8 (Vapor line) 

 

#V4 G0A ?@>4C20==S :0A:04>< 07>B ?>40єBPAS C 25@E=R G0AB8=C B0=:0, 0 

?>BV< 2V42>48BPAS 7 =86=P>W G0AB8=8 FP>3> B0=:0 C 25@E=R G0AB8=C 4@C3>3> 

B0=:0 V 40;V. &0:0 ?@>F54C@0 4>72>;Sє 7=0G=> 70>I048B8 7030;P=C :V;P:VABP 

07>BC, =5>1EV4=C 4;S ?>2=>3> ?@>4C20==S 2AVE 20=B06=8E B0=:V2. 

�C65 G0AB> 20=B06=0 A8AB5<0 AC4=0 =5 4>72>;Sє 7’є4=0B8 2AV B0=:8 

?>A;V4>2=>. ' B0:><C 28?04:C <>6=0 28:>@8AB>2C20B8 B0: 720=89 

=0?V2:0A:04=89 <5B>4 ?@>4C20==S. �0728G09 20=B06=0 A8AB5<0 307>2>70 

@>74V;5=0 =0 42V >:@5<V 3@C?8, I> 4>72>;Sє ?@>2>48B8 ?@>4C20==S :0A:04>< 

>4=VєW 3@C?8 B0=:V2 ?>A;V4>2=>, 0 4@C3>W 3@C?8 2 ?0@0;5;P (@8A. 3.4). 

 

 

$8A. 3.4. #@8=F8?>20 AE5<0, I> 70157?5GCє ?@>4C20==S B0=:V2 =0?V2:0A:04><: 

S – 20=B06=V B0=:8 ?@02>3> 1>@BC (Startboard ); P – 20=B06=V B0=:8 ;V2>3> 

1>@BC (Port Side); L – ;V=VS @V48=8 (Liquid line); V – ;V=VS ?0@8 (Vapor line) 

 



100

!0 AE5<V, I> =040=0 =0 @8A. 3.4, ?5@H0 A8AB5<0 <VAB8BP B0=:8 2 ;V2>3> B0 

2 ?@02>3> 1>@BC (2S B0 2P) 2 >4=V9 3@C?V �, 4@C30 A8AB5<0 – B0=:8 1 ;V2>3> B0 1 

?@02>3> 1>@BC (1S B0 1P), 0 B0:>6 B0=:8 3 ;V2>3> B0 3 ?@02>3> 1>@BC (3S B0 3P) 

2 V=HV9 3@C?V ��. �@C?8 � B0 �� 2:;RG5=V C A8AB5<C ?0@0;5;P=>, 0;5 B0=:8 3@C?8 

�� ?@>4C20RBPAS :0A:04><. 

�0 G0A>28< ?>:07=8:>< B0:0 AE5<0 ?@>4C20==S ?@0FRє 4>A8BP 4>1@5, 

>A:V;P:8 <>6=0 7=0G=> 71V;PH8B8 H284:VABP 07>BC, I> ?>40єBPAS, 0;5 28B@0B0 

07>BC 2 FP><C 28?04:C B0:>6 7=0G=> ?V428ICєBPAS. 

/:I> =5<0є <>6;82>ABV 7’є4=0B8 B0=:8 ?>A;V4>2=>, B>4V ?@>4C20==S 

28:>=CєBPAS ?0@0;5;P=>, ?@8 FP><C AE5<0 =01C20є 283;S4C, ?@54AB02;5=>3> 

=0 @8A. 3.5. 

 

 

$8A. 3.5. #@8=F8?>20 AE5<0, I> 70157?5GCє ?@>4C20==S B0=:V2 C ?0@0;5;P: 

S – 20=B06=V B0=:8 ?@02>3> 1>@BC (Startboard ); P – 20=B06=V B0=:8 ;V2>3> 

1>@BC (Port Side); L – ;V=VS @V48=8 (Liquid line); V – ;V=VS ?0@8 (Vapor line) 

 

' FP><C 28?04:C 07>B ?>40єBPAS >4=>G0A=> 4> 2AVE B0=:V2 7030;P=>R 

307>2>R <03VAB@0;;R, 2V42545==S 0B<>AD5@8 B0=:C =0 25=B8;SFV9=C :>;>=C 

01> 4> 15@53>2>W A8AB5<8 307>2V42545==S 74V9A=RєBPAS 7030;P=>R 

<03VAB@0;;R B0:>6 >4=>G0A=> 7 CAVE B0=:V2. "A=>2=89 =54>;V: B0:>3> A?>A>1C 

– 7=0G=0 28B@0B0 07>BC =0 ?@>4C20==S B0=:V2, >4=0:, 28A>:0 H284:VABP ?>40GV 

07>BC 2 B0=:8 4>72>;Sє 7<5=H8B8 7030;P=89 G0A ?@>4C20==S B0=:V2. 

�7>B B0:>6 <>65 28:>@8AB>2C20B8AS 7 <5B>R @>72545==S 0B<>AD5@8 

20=B06=>3> B0=:C. * FP><C 28?04:C ?>40G0 07>BC 2 B0=: ?@>2>48BPAS 7 

28A>:>R H284:VABR, I> A?@8Sє @V2=><V@=><C ?5@5<VHC20==R (@>72545==R) 

0B<>AD5@8 B0=:C 7 07>B>< (@8A. 3.6). 
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$8A. 3.6.  5B>4 @>72545==S 0B<>AD5@8 B0=:0 07>B>< 
 
#V4 G0A 7<V=8 0B<>AD5@8 B0=:0 <5B>4>< @>72545==S 4>B@8<CRBPAS B0:8E 

?@0:B8G=8E @5:><5=40FV9: 

● 07>B ?>28=5= =04E>48B8 2 B0=: V7 B5<?5@0BC@>R +20°%&+50°%; 

● 206G89 307 702648 ?>28=5= =04E>48B8 2 B0=: 725@EC, ;53:89 307 A;V4 

?>4020B8 =0 =87 B0=:0; 

● ?@>4C20==S A;V4 ?>G8=0B8 7 <0:A8<0;P=>R ?>40G5R 07>BC 4;S 

70157?5G5==S :@0I>3> ?5@5<VHC20==S 0B<>AD5@8 B0=:0. 

"A=>2=5 70240==S ?V4 G0A 28:>@8AB0==S FP>3> <5B>4C – 70157?5G8B8 

S:><>30 ?>2=VH5 ?5@5<VHC20==S 0B<>AD5@8 B0=:0 7 07>B><. *5 4>AS30єBPAS 

4>A8BP ;53:> ?>40G5R 07>BC 2 =86=R G0AB8=C B0=:V2 V7 28A>:>R H284:VABR. 

�V42545==S AC<VHV 74V9A=RєBPAS 7 25@E=P>W G0AB8=8 B0=:0 ?> 307>2V9 

<03VAB@0;V. 

&0:89 A?>AV1 70AB>A>2CєBPAS ;8H5 B>4V, :>;8 A:>@>G5==S G0AC AB>S=:8 

AC4=0 2 ?>@BC 4><V=Cє =04 28B@0B0<8 =0 07>B. 

#@>4C20==S 20=B06=8E B0=:V2 B0:>6 <>6;825 H;SE>< 28:>@8AB0==S 

?0@8 20=B06C, I> є 4>A8BP ;53:>R >?5@0FVєR. �V;PHVABP ?0@V2, 20=B06V2, I> 

?5@52>7SBPAS, 7=0G=> 206GV 07>BC (70 28=SB:>< 0<V0:C B0 5B8;5=C). &><C 

283;S40є >G5284=8< ?>4020B8 206:V ?0@8 20=B06C =0 =87 B0=:0. �;S AC45= 

A5@54=P>W 20=B06><VAB:>ABV (4> 15000 <3) ?@>4C20==S ?0@0<8 20=B06C 

4>FV;P=VH5 ?@>2>48B8 2 ?0@0;5;P (@8A. 3.7), B><C I> 4;S ?@>4C20==S AC4=0 

B0:>W <VAB:>ABV 28:>@8AB0==S :0A:04=>W AE5<8 ?@>4C20==S ?@872545 4> 

7=0G=8E B8<G0A>28E 2B@0B, B><C I> ?VA;S ?@>4C20==S A8AB5<C =5>1EV4=> 

1C45 =0;0HBC20B8 =0 ?0@0;5;P=5 =020=B065==S. 
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$8A. 3.7. #@8=F8?>20 AE5<0, I> 70157?5GCє ?@>4C20==S B0=:V2 C ?0@0;5;P 

E>;>4=>R ?0@>R 206:8E 20=B06V2: 
S – 20=B06=V B0=:8 ?@02>3> 1>@BC (Startboard ); P – 20=B06=V B0=:8 ;V2>3> 
1>@BC (Port Side); L – ;V=VS @V48=8 (Liquid line); V – ;V=VS ?0@8 (Vapor line) 

 

#@>4C20==S 2 ?0@0;5;P B0:>6 4>72>;Sє 70 7=0G=>W V=B5=A82=>ABV ?>40GV 

?0@V2 C B0=:8 CB@8<C20B8 <V=V<0;P=89 B8A: CA5@548=V B0=:V2, G8< 

4>AS30єBPAS =091V;PH ?>2=5 28:>@8AB0==S 5D5:BC 28B8A=5==S. 

#V4 G0A ?@>4C20==S B0=:V2 ?0@0<8 ;53:8E 307V2 28:>@8AB>2CRBP AE5<C, 

I> =02545=0 =0 @8A. 3.8. 
 

 
$8A. 3.8. #@8=F8?>20 AE5<0, I> 70157?5GCє ?@>4C20==S B0=:V2 :0A:04>< 

E>;>4=>R ?0@>R ;53:8E 20=B06V2: 
S – 20=B06=V B0=:8 ?@02>3> 1>@BC (Startboard ); P – 20=B06=V B0=:8 ;V2>3> 
1>@BC (Port Side); L – ;V=VS @V48=8 (Liquid line); V – ;V=VS ?0@8 (Vapor line) 

 

!091V;PH ?>H8@5=V ?V4 G0A 28:>@8AB0==S FP>3> A?>A>1C є 5B8;5= B0 

0<V0:. #0@8 5B8;5=C <0RBP ?@81;87=> B0:C 6 3CAB8=C, I> 9 ?0@8 07>BC. &><C 

?@>4C20==S B0=:V2 ?0@0<8 5B8;5=C 28<030є =01030B> 1V;PH>W :V;P:>ABV 

20=B06C, =V6 ?@>4C20==S ?0@0<8 7@V465=>3> 307C. /:I> ?>40G0 5B8;5=C 7 

15@530 74V9A=RєBPAS C 283;S4V ?0@8, B> 28:>@8AB>2CєBPAS 15@53>289 

:><?@5A>@. ' FP><C 28?04:C 1V;PHVABP ?0@V2, I> 2V42>4SBPAS 7 AC4=0 4> 

15@53>2>3> 307>2V42545==S, 7@V46CєBPAS ?>2B>@=>. "A:V;P:8 2 FP><C 28?04:C 

VA=Cє <>6;82VABP ?V4V3@VB8 ?0@8 5B8;5=C ?5@54 WE ?>40G5R =0 AC4=>, B> B0:>6 

3CAB8=0 ?0@V2 <>65 1CB8 45I> =86G>R, =V6 3CAB8=0 E>;>4=VH>3> 07>BC C 

20=B06=8E B0=:0E. ' FP><C 28?04:C ?@>4C20==S 74V9A=RєBPAS :0A:04>< 70 

AE5<>R «725@EC 2=87». 
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*59 <5B>4 <>6=0 >?B8<V7C20B8, :>;8 :>=F5=B@0FVS ?0@V2 5B8;5=C 2 

?5@H><C B0=:C 4>AS3=5 100 %. #VA;S FP>3> <>6=0 ?>G8=0B8 ?>40GC 5B8;5=C 2 

7@V465=><C 283;S4V =0 25@E=V9 @>7?8; B0=:0. �=B5=A82=VABP ?>40GV @V4:>3> 

5B8;5=C ?>28==0 1CB8 =57=0G=>R, I>1 70157?5G8B8 ?>2=5 28?0@>2C20==S 

20=B06C 2A5@548=V B0=:0 B0 9>3> ?>ABC?>25 >E>;>46C20==S. �>4=>G0A 

A8AB5<0 ?>28==0 1CB8 ?5@51C4>20=0 B0:8< G8=><, I>1 E>;>4=V ?0@8 5B8;5=C  

?>4020;8AS 70 AE5<>R «7=87C 23>@C». #VA;S 4>AS3=5==S 100 %->W :>=F5=B@0FVW 

?0@V2 5B8;5=C 2 =0ABC?=><C B0=:C B0:>6 ?>G8=0єBPAS ?>40G0 @V4:>3> 20=B06C 

=0 25@E=V9 @>7?8; FP>3> B0=:0 V ?@>2>48BPAS 9>3> >E>;>465==S (@8A. 3.7). 

"A:V;P:8 ?@>4C20==S B0=:V2 ?0@0<8 74V9A=RєBPAS >4=>G0A=> 7 WE 

>E>;>465==S<, B0:0 >?5@0FVS 4>72>;Sє 7=0G=> 70>I048B8 G0A. /:I> 

15@53>2V9 B5@<V=0; <>65 ?>4020B8 2 AC4=>2C A8AB5<C BV;P:8 @V4:89 20=B06, 

B> 4;S >B@8<0==S 30@SG>W ?0@8 <>6=0 28:>@8AB>2C20B8 ?0;C1=89 ?V4V3@V20G. 

#@>4C20==S B0=:V2 ?0@0<8 7@V465=>3> 307C 70728G09 ?@>2>48BPAS C 

AC4=>28E C<>20E 7 28:>@8AB0==S< 20=B06C 7 45:-B0=:C. *59 20=B06 

=07820єBPAS >E>;>4=89 035=B (@8A. 3.9). 
 

 

$8A. 3.9. #@>4C20==S B0=:V2 :0A:04>< 7 28:>@8AB0==S< 30@SG>W ?0@8 @V4:>3> 
20=B06C: 

S – 20=B06=V B0=:8 ?@02>3> 1>@BC (Startboard ); P – 20=B06=V B0=:8 ;V2>3> 
1>@BC (Port Side); L – ;V=VS @V48=8 (Liquid line); V – ;V=VS ?0@8 (Vapor line) 

 

' ?@>F5AV 28:>@8AB0==S >E>;>4=>3>> 035=B0 4;S ?@>4C20==S B0 

>E>;>465==S V=H8E B0=:V2 <>6CBP 1CB8 28:>@8AB0=V 01> AC4=>2V :><?@5A>@8, 

01> B0=: 7 20=B065< <>65 1CB8 28:>@8AB0=89 S: 28?0@=8:. �;S FP>3> 

20=B06=8< =0A>A>< @V4:89 20=B06 ?>40єBPAS =0 25@E=V9 @>7?8; B0=:0, 0 ?0@8, 

I> CB2>@RRBPAS ?@8 FP><C, ?5@5?CA:0RBPAS ?> :0A:04=V9 A8AB5<V 2 V=HV 

B0=:8 70 AE5<>R «7=87C 23>@C». 
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3.3. �=0;V7 B5@<>48=0<VG=8E S28I, I> 2V41C20RBPAS ?V4 G0A 

B@0=A?>@BC20==S 7@V465=8E ?@8@>4=8E 307V2 

 

 

&@0=A?>@BC20==S �#� AC4=0<8-307>2>70<8 AC?@>2>46CєBPAS ?>ABV9=8<8 

B5?;>28<8 B0 <0A>28<8 ?5@5B2>@5==S<8, I> 2V41C20RBPAS V7 7>2=VH=P>W B0 

2=CB@VH=P>W AB>@>=8 20=B06=8E ?@8<VI5=P. %?@>I5=0 <>45;P V7>;P>20=>3> 

20=B06=>3> ?@8<VI5==S, S:5 70?>2=5=> �#�, =040=0 =0 @8A. 3.10. 

 

  

4) 5) 

$8A. 3.10. (V78G=0 <>45;P 20=B06=>3> B0=:0 AC4=0-307>2>7C: 

4 – 25@B8:0;P=89 ?5@5@V7; 5 – 3>@87>=B0;P=89 ?5@5@V7 

 

#5@5=5A5==S B5?;>B8 2V4 =02:>;8H=P>3> A5@54>28I0 4> �#� 

74V9A=RєBPAS G5@57 F8;V=4@8G=C G0AB8=C є<=>ABV, 0 9>3> V=B5=A82=VABP 

287=0G0єBPAS 702B>2H:8 B5?;>V7>;RRG>3> H0@C ΔV7. �5S:5 7=0G5==S <0RBP 

B5<?5@0BC@0 4>2:V;;S &4 B0 7>2=VH=V9 4V0<5B@ V7>;SFV9=>3> ?@>AB>@C DV7, 70 

S:8<8 >1G8A;RєBPAS V=B5=A82=VABP :>=25:B82=>3> ?V42545==S B5?;>B8 4> 

?>25@E=V :@V>35==>3> @575@2C0@0. �7 2=CB@VH=P>W AB>@>=8 B5?;>V7>;SFV9=89 

?@>ABV@ >1<565=89 ABV=:>R 20=B06=>3> B0=:0 4V0<5B@>< D2B, S:0 <0є 

4>AB0B=R B>2I8=C, B><C <0є 704>2V;P=C B5<?5@0BC@>?@>2V4=VABP V 28:>=Cє 

DC=:FVR 5:@0=0, S:89 D>@<Cє 2=CB@VH=R V7>B5@<VG=C <56C B5?;>2>3> 

>3>@>465==S [116, 117]. 
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->1 C=8:=CB8 020@V9=8E A8BC0FV9 ?V4 G0A 70?>2=5==S 20=B06=>3> B0=:0, 

702648 70;8H0RBP 45S:89 2V;P=89 ?@>ABV@ 4;S =0:>?8G5==S ?0@8, I> 

CB2>@RєBPAS 2 @57C;PB0BV ?V42545==S B5?;>B8 7 7>2=VH=P>3> :>=BC@C. *59 

?@>ABV@ 287=0G0єBPAS 28A>B>R h@ 20=B06C (@V48=8), I> 7=0E>48BPAS C 

20=B06=><C B0=:C. 

#@>F5A8, S:V 2V41C20RBPAS C 20=B06=><C B0=:C AC4=0-307>2>70, 7 

4>AB0B=P>R B>G=VABR <>6CBP 1CB8 ?@>0=0;V7>20=V 70 4>?><>3>R 

>4=>28<V@=>W <>45;V, B>1B> 2AV B5?;>2V ?>B>:8 2V4=>ASBPAS 4> >48=8FV >1AS3C 

2=CB@VH=P>3> ?@>AB>@C 20=B06=>3> B0=:0. #@8 FP><C =5>1EV4=> 287=0G8B8 

?8B><V E0@0:B5@8AB8:8 20=B06=>3> B0=:0, B0:V S:: 

?8B><0 <0A0 �#� (<0A0 @V4:>W D078) g@; 

?8B><0 <0A0 ?0@V2 �#� g?; 

?8B><89 ?@>ABV@, 709=SB89 @V48=>R vp; 

?8B><89 ?0@>289 ?@>ABV@ ν?: 

 

,
6B

@
@

V

G
g ý ,

6B

?
?

V

G
g ý ,½

6B

@
@

V

V
ý ;

6B

?
?

V

V
ý  

 

 
45 G@ – 2030 @V48=8; G? – 2030 ?0@8; V@ – >1’є< @V48=8; V? – >1’є< ?0@8; V2B – 

>1’є< 20=B06=>3> B0=:0. 

�0 287=0G5==S< AC<0 ?8B><>3> ?@>AB>@C, 709=SB>3> ?0@>R B0 @V48=>R, 

4>@V2=Rє 1 <3, I> 4>72>;Sє 28@0E>2C20B8 70 2V4><>R 25;8G8=>R ?8B><>3> 

?@>AB>@C, 709=SB>3> @V48=>R, 70;8H:>289 ?@>ABV@, 709=SB89 ?0@>R 

 
.½1½1½½ @??@ ýý   

 
�87=0G0;P=5 7=0G5==S ?V4 G0A <>45;R20==S ?@>F5AV2 

B5?;><0A>?5@5=5A5==S 2A5@548=V 20=B06=>3> B0=:0 <0є 3CAB8=0 D07 �#�. 

�CAB8=0 @V48=8 ρ@ є DC=:FVєR WW B5<?5@0BC@8, >A:V;P:8 @V48=0 ?5@51C20є C 

=0A8G5=><C AB0=V. #V428I5==S B5<?5@0BC@8 @V48=8 &@ ?@872>48BP 4> 

7=865==S WW 3CAB8=8 – ø ù.ρ @@ &fý  
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"1’є<, 709=SB89 @V48=>R, 287=0G0єBPAS 70 2V4><8< 7=0G5==S< ?8B><>W 

<0A8: 

 
.ρ½ @@@ gý   

 
�87=0G0;P=> =0 B5<? 28?0@>2C20==S @V48=8 C 20=B06=><C B0=:C 2?;820є 

B@820;VABP B@0=A?>@BC20==S B0 25;8G8=0 B5?;>?@8B>:V2 V7 7>2=VH=P>3> 

:>=BC@C q4: 

 
ø ù. ,τ 8@ qfg ý   

 
&5?;>?@8B>:8 7 4>2:V;;S є DC=:FVєR FV;>3> @S4C ?>:07=8:V2: 

 
ø ù;,» , , 8і7і76B8 TDfq ý   

 
45 λV7 – B5?;>?@>2V4=VABP V7>;SFVW, �B/(<∙�). 

�030;>< ?V4 G0A B@0=A?>@BC20==S �#� AC4=0<8-307>2>70<8 7<V=0 

B5<?5@0BC@8 4>2:V;;S 2V41C20єBPAS 7 ?;02=>W 5:A?>=5=BV 01> <0;> 7<V=RєBPAS. 

�=0G5==S 4V0<5B@0 20=B06=>3> B0=:0 є ?>ABV9=>R 25;8G8=>R, B0:>R, S:0 =5 

<0є ;V=V9=8E @>7H8@5=P, 28:;8:0=8E 7<V=>R 7>2=VH=P>W V 2=CB@VH=P>W 

B5<?5@0BC@8 [118, 119]. &0:>6 ?@0:B8G=> =57<V==>R є B5?;>?@>2V4=VABP 

B5?;>V7>;RRG>3> H0@C, E>G0 2 7030;P=><C 28?04:C 2>=0 70;568BP 2V4 

@>7?>4V;C B5<?5@0BC@ CA5@548=V V7>;SFVW: 

 
const;8 T  ø ù.  const  » const; і78і76B ýý fqD   

 
&0:8< G8=><, 25;8G8=0 B5?;>?@8B>:V2 V7 7>2=VH=P>3> :>=BC@C 2 

>A=>2=><C 70;560B8<5 2V4 281>@C B>2I8=8 B5?;>V7>;RRG>3> H0@C. 

&8A: ?0@V2 20=B06C Р2, I> C 20=B06=><C B0=:C, є DC=:FVєR :V;P:>E 

G8==8:V2. #@8 FP><C 287=0G0;P=8<8 є: 

G0A B@0=A?>@BC20==S ;  

25;8G8=0 B5?;>?@8B>:V2 V7 7>2=VH=P>3> :>=BC@C (S:VABP B5?;>V7>;SFVW); 

?>G0B:>289 ?8B><89 >1’є< ?0@>2>3> ?@>AB>@C: 
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ø ù;½, ,τ 0

?86 qfP ý   

 

45 0
?½  – ?8B><89 >1’є< ?0@>2>3> ?@>AB>@C, <3/<3 

�V;P:VABP ?0@V2, I> CB2>@RRBPAS, C 7030;P=><C 28?04:C 287=0G0єBPAS 

V=B5=A82=VABR B5?;>?@8B>:V2 V B5?;>B>R ?0@>CB2>@5==S r, I> 287=0G0єBPAS 

28@07><: 

 
.8@ rgg ý   

 
�5;8G8=0 B5?;>B8 ?0@>CB2>@5==S 70;568BP 2V4 ?>B>G=>3> B8A:C 2 

A8AB5<V B0 B8A:C ?0@8: r=f(P?). #V428I5==S B8A:C ?0@ AC?@>2>46CєBPAS 

7@>AB0==S< B5<?5@0BC@8 =0A8G5=>W @V48=8: &@=f(P?). 

�;S 287=0G5==S <0A>28E ?5@5B2>@5=P =5>1EV4=> @>7@0E>2C20B8 B8A: 

?0@8 4;S :>6=>3> <><5=BC G0AC. ' ?>G0B:>289 G0A B8A: ?0@V2 4>@V2=Rє 

0B<>AD5@=><C, 0 >1G8A;5==S ?>B>G=>3> 7=0G5==S 28:>=CєBPAS 70 

@>7@0EC=:>28< 7=0G5==S< IV;P=>ABV ?0@8. �CAB8=0 ?0@8 <>65 1CB8 

>1G8A;5=0 70 2V4><8< 7=0G5==S< ?8B><>W <0A8 B0 ?8B><>3> >1’є< ?0@V2: 

 
.??? ý g   

 
"?8A0=89 :><?;5:A DV78G=8E ?@>F5AV2 7C<>2;Rє ?>ABC?>2C 7<V=C AB0=C 

70<:=CB>W A8AB5<8 V, 7@5HB>R, ?@872>48BP 4> :@8B8G=>3> ?V428I5==S B8A:C. 

"A=>2C <0B5<0B8G=>W <>45;V 20=B06=>3> B0=:0 AB0=>28BP @V2=S==S 

5=5@3VW 4;S @V4:>W B0 ?0@>2>W D@0:FV9. � C@0EC20==S< ?@89=SB8E >1<565=P 

=5>1EV4=> >?8A0B8 ?@>F5A8, S:V 2V41C20RBPAS 2 >48=8FV >1’є< 20=B06=>3> 

B0=:0. #@8 FP><C 5=B0;P?VS 2A5@548=V FP>3> >1'є<C є DC=:FVєR 2V4 

2=CB@VH=VE 465@5; qv B0 B5?;>B8, I> ?V42>48BPAS 2 F59 5;5<5=B0@=89 >1'є< 

?> B@P>E >ASE qx, qy V qz 
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dz

dq

dy

dq
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�@0E>2CRG8, I> B@0=A?>@BC20==S �#� є 1574@5=06=8<, B>1B> 
 

,0ý
dz

dq

dy

dq

dx

dq zyx
 

 

 
@>7?>4V;5=V 465@5;0 B5?;>B8 A:;040RBPAS 7 B5?;>?@8B>:C G5@57 B5?;>2C 

V7>;SFVR q4 V B5?;>B8, I> ?>3;8=0єBPAS ?V4 G0A 28?0@>2C20==V @V48=8: 

 

.
τ
@

8
d

dg
qqv ý  

 

 
�0AB>ACє<> <5B>4 70<V=8 7<V==8E B0 >B@8<0є<> A?@>I5=89 70?8A 

@V2=S==S: 

 

.
τ

ρ @
@ vq

d

h
ý


 

 

 
�2V4A8 <0є<> 28@07, ?@840B=89 4;S >1G8A;5==S 5=B0;P?V9 @V48=8 =0 

=>2><C G0A>2><C H0@V: 

 

.
ρ
τ

@
D

v
D

q
hh


ý  

 

 
#VA;S B>3>, S: 1C45 >1G8A;5=> =>25 7=0G5==S 5=B0;P?VW @V48=8 =0 =>2><C 

G0A>2><C H0@V, <>65 A:;0AB8AS >4=0 7 B@P>E <>6;828E A8BC0FV9: 

1) 5=B0;P?VS @V48=8 =0 =>2><C G0A>2><C H0@V 1V;PH5, =V6 5=B0;P?VS 

=0A8G5=>W @V48=8 (@V48=0 ?5@53@VB0) – C FP><C 28?04:C V=VFV0;V7CєBPAS ?@>F5A 

?0@>CB2>@5==S: ø ù; ,0  , @@@ Pfhqhh ýýþ  

2) 5=B0;P?VS @V48=8 4>@V2=Rє 5=B0;P?VW =0A8G5=>W @V48=8 ?V4 G0A 

?>B>G=>3> B8A:C (=5<0є ?0@>CB2>@5==S): ø ù;  ,0  , @@@ Pfhqhh ýýý  

3) 5=B0;P?VS @V48=8 <5=H0 2V4 5=B0;P?VW =0A8G5=>W @V48=8 ?V4 G0A 

?>B>G=>3> B8A:C – C FP><C @568<V B0:>6 =5 2V41C20єBPAS ?0@>CB2>@5==S, 

>A:V;P:8 @V48=0 7=0E>48BPAS 2 =54>3@VB><C AB0=V: ø ù.  ,0  , @@@ Pfhqhh ýýü  
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' 28?04:0E, :>;8 =>25 7=0G5==S 5=B0;P?VW @V48=8 28S2;SєBPAS 28I5 

5=B0;P?VW =0A8G5=>W @V48=8, 28:>=CєBPAS @>7@0EC=>: 2B@0B @V48=8 7 4>?><>38 

28?0@>2C20==S. �V;P:VABP 2B@0G5=>W @V48=8 >1G8A;RєBPAS 7 C@0EC20==S< 

?8B><>W <0A8 @V48=8 B0 2V4=>H5==S 4> @V7=8FV 5=B0;P?V9 =0A8G5=>W @V48=8, 

2V4=5A5=>W 4> B5?;>B8 ?0@>CB2>@5==S @V4:>3> �#� 70 40=8< B8A:><: 

 
ø ù

,@@
@@

hh

hh
gg




ý  
 

 
45 h″ – B8A: =0A8G5=>W ?0@8 ?@8 ?>B>G=><C 7=0G5==V B8A:C ?0@8, h″=f(P?). 

#VA;S B>3>, S: 1C4CBP 287=0G5=V 2B@0B8 @V48=8 2V4 28?0@>2C20==S, <>6=0 

287=0G8B8 <0AC @V48=8 =0 =>2><C B8<G0A>2><C H0@V: 

 
.@@@ ggg þ   

 
�0 2V4><>R 3CAB8=>R @V4:>W D@0:FVW  ρ@=f(P?) @>7@0E>2CєBPAS =0 =>2><C 

G0A>2><C H0@V: ?8B><89 >1'є<, 709<0=89 @V48=>R @@@ þ g  B0 >1'є<, S:89 

709<0B8<5 ?0@0 .1 @? g þ  

$>7@0EC=:>25 7=0G5==S 2B@0B @V48=8 2V4 28?0@>2C20==S 4>72>;Sє 

287=0G8B8 :V;P:VABP ?0@8, S:0 ?5@51C20B8<5 2 ?0@>2><C ?@>AB>@V =0 =>2><C 

G0A>2><C H0@V: 

 
.?? ggg ý   

 
�0 <0A>R ?0@8 @>7@0E>2CєBPAS 3CAB8=0 ?0@8 =0 =>2><C G0A>2><C H0@V: 
 

.ρ
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g
 

 

 
�;S @>7@0EC=:C 7<V=8 5=B0;P?VW ?0@V2 28:>@8AB>2CєBPAS @V2=S==S 5=5@3VW 

?0@>2>W D@0:FVW: 
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$V2=S==S 5=5@3VW ?0@>2>W D@0:FVW @>7@0E>2Cє 7<V=C 5=B0;P?VW ?0@V2 7 

C@0EC20==S< ?V42545==S B5?;>B8 7 =02:>;8H=P>3> A5@54>28I0 B0 :V;P:VABP 

B5?;>B8, ?5@5=5A5=C 7 ?0@0<8 @V4:>W D@0:FVW, I> ?@>=8:0RBP C ?0@>289 

?@>ABV@ [120]. �8:>@8AB>2CRG8 <5B>4 70<V=8 ?>EV4=8E :V=F528<8 @V7=8FS<8, 

?5@5B2>@Rє<> @V2=S==S 4> 284C: 
 

,
τ

ρ ?
? 




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
q

y

qh y

 
 

 

45 Δqy – :V;P:VABP B5?;>B8, 2=5A5=0 =0A8G5=8<8 ?0@0<8 4> ?0@>2>3> 

?@>AB>@C: Δqy=Δg(h″– h?). 

�5;8:0 B>2I8=0 ABV=:8 B0 28A>:0 S:VABP :>=B0:BC <V6 @V4:>R D@0:FVєR 

B0 ABV=:>R ?@872>48BP 4> B>3>, I> ABV=:0 B0=:0 28:>=Cє DC=:FVW 5:@0=0, 

B>1B> @V48=0 2V42>48BP 2V4 =P>3> 2AV B5?;>?@8B>:8, S:V ?@>=8:0RBP :@V7P 

V7>;SFVR. ' 72'S7:C 7 F8< 4;S ?0@>2>W D078 ?@89<0єBPAS, I> B5?;>B0 2V4 

2=CB@VH=VE 465@5; 4>@V2=Rє =C;R >A:V;P:8 =5<0є B5?;>?@8B>:V2 7 4>2:V;;S: 

qv=q4=0 [121, 122]. 

&0:8< G8=><: 

1) B@0=A?>@BC20==S 7@V465=>3> ?@8@>4=>3> 307C C 20=B06=8E B0=:0E 7 

307>70?>2=5=>R V7>;SFVєR B5E=VG=> <>6;825, V ?@8 281>@V 4>AB0B=P>W 

B>2I8=8 V7>;SFVW <>65 70157?5G8B8 704>2V;P=V ;>3VAB8G=V @57C;PB0B8; 

2) ?V4 G0A 1574@5=06=>3> B@0=A?>@BC20==S =5<0є 2B@0B 5=5@3>=>AVS 

7@V465=>3> ?@8@>4=>3> 307C, >A:V;P:8 2AV ?0@8, I> CB2>@8;8AS, 

0:C<C;RRBPAS 2 ?0@>2><C ?@>AB>@V V <>6CBP 1CB8 28:>@8AB0=V C 283;S4V 

?0;820; 

3) =0@>AB0==S B8A:C =0A8G5==S @V48=8 2 ?@>F5AV B@0=A?>@BC20==S 

AB2>@Rє 4>40B:>2V B5E=VG=V ?@>1;5<8 ?V4 G0A >@30=V70FVW @>720=B065==S, 

>A:V;P:8 @V48=0, S:0 4> <><5=BC 7025@H5==S B@0=A?>@BC20==S ?5@51C20є 2 

AB0=V =0A8G5==S 70 28A>:8< B8A:><, ?V4 G0A ?5@5:0GC20==S 2 ?@89<0;P=C 

є<=VABP 7 <5=H8< B8A:>< G0AB:>2> ?5@5E>48B8<5 2 ?0@>289 AB0=, I> 

28<030B8<5 4>40B:>28E 70E>4V2 4;S CB8;V70FVW 25;8:>W :V;P:>ABV ?0@V2 �#�. 
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3.4. �=0;VB8G=5 287=0G5==S ?@>F5AV2 :>=25:B82=>W 48DC7VW 2 3070E 

 

 

�020=B065==S, B@0=A?>@BC20==S, @>720=B065==S 7@V465=8E 307V2, 0 B0:>6 

B5E=>;>3VG=V ?@>F5A8 7 453070FVW B0 V=5@B870FVW 20=B06=8E B0=:V2 AC45=-

307>2>7V2 ?>2’S70=V 7 S28I5< :>=25:B82=>W 48DC7VW, I> 28=8:0є =0 <56V 

@>7?>4V;C @V48=0 (7@V465=89 307) – 307 (?0@0, I> CB2>@8;0AP ?V4 G0A 

B@0=A?>@BC20==S �#�), 0 B0:>6 157?>A5@54=P> C 2=CB@VH=P><C >1’є<V 307C 

(I> 7=0E>48BPAS C 25@E=V9 G0AB8=V 20=B06=>3> B0=:C) B0 2=CB@VH=P><C >1’є<V 

20=B06C (@V48=8 01> WW ?0@V2) [73, 87]. 

#8B0==S I>4> <>45;R20==S ?>4V1=8E EV<VG=8E ?5@5B2>@5=P 

=5>4=>@07>2> >13>2>@R20;>AS =0C:>2>R A?V;P=>B>R, 0;5 >AB0B>G=>3> B0 

>4=>7=0G=>3> @VH5==S 2 FP><C ?8B0==S =5 4>AS3=CB>. 

$>73;S=5<> ?5@54CAV< 7 C@0EC20==S< B5>@VW ?>4V1=>ABV @50:FVW, I> 

?5@51V30RBP 2V4?>2V4=> 4> 70:>=V2 48DC7V9=>W :V=5B8:8, B>1B> ?8B0==S I>4> 

<>45;R20==S ?@>F5AC :>=25:B82=>W 48DC7VW. #@8 FP><C 4;S 28:;RG5==S 

4@C3>@S4=8E D0:B>@V2 B0 A?@>I5==S <0B5<0B8G=8E 28@07V2 1C45<> 

2@0E>2C20B8 ;8H5 AB0FV>=0@=89 @568< B5GVW B0 ?@>F5AC 48DC7VW. /: <0AHB01 

28<V@R20==S :>=F5=B@0FVW @5G>28=8 2 307V 01> 2 ?0@0E 20=B06C 2V7P<5<> 

25;8G8=C :>=F5=B@0FVW 40;5:> 2V4 ?>25@E=V @>74V;R20;P=>3> H0@C c0. &>4V 

@V2=S==S 3V4@>48=0<VG=>3> B0 48DC7V9=>3> @>74V;R20;P=>3> H0@C <>6CBP 

1CB8 =0?8A0=V C 157@>7<V@=><C 283;S4V: 
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Vx→1,  

Vx=Vy=0,  

C→1,  

C=0,  

S:I> Y→∞, 

S:I> Y=0, 

S:I> Y→∞, 

S:I> Y=0 

 

 
' @V2=S==S (3.1) V (3.2) 2E>4SBP 420 287=0G0;P=V :@8B5@VW: $59=>;P4A0 Re 

B0 #5:;5 $5; @5HB0 157@>7<V@=8E 25;8G8= є WE DC=:FVS<8. 

�0<VABP $5 <>6=0 225AB8 :@8B5@V9 #@0=4B;S Pr: 
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Pr

D


ýý  

 

 
' 48DC7V9=8E 7040G0E >A=>2=89 V=B5@5A ?@54AB02;Sє 48DC7V9=89 ?>BV: j? 

@5G>28=8 7 >48=8FV ?>25@E=V. �>3> B0:>6 7@CG=> 225AB8 S: 157@>7<V@=89 

:@8B5@V9, 287=0G82H8 48DC7V9=89 :@8B5@V9 !CAA5;PB0 Nu A?V22V4=>H5==S< 

 

;Nu0
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l

Dc
j ý  

 

 
B>1B> 

 

.Nu ?
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j
Dc

l
ý  (3.3) 

 
�@8B5@V9 !CAA5;PB0 ?>2’S70=89 V7 =0>G=>R 25;8G8=>R – B>2I8=>R 

48DC7V9=>3> @>74V;R20;P=>3> H0@C – A?V22V4=>H5==S< 

 

.
δ

Nu
l

ý   

 
#>B@V1=> I5 <0B8 =0 C207V, I> A;V4 @>7@V7=SB8 ;>:0;P=V B0 A5@54=V 

7=0G5==S :@8B5@VR !CAA5;PB0 Nu, >A:V;P:8 j? 70;568BP 2V4 B>G:8, 27SB>W =0 

?>25@E=V @>74V;R20;P=>3> H0@C; C @V7=8E B>G:0E @>74V;R20;P=>3> H0@C <>65 

1CB8 @V7=5 7=0G5==S ;>:0;P=>3> :@8B5@VR Nu, 287=0G5=>3> D>@<C;>R (3.3). 
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!0 70<V=C ;>:0;P=>3> :@8B5@VR !CAA5;PB0 <>6=0 225AB8 A5@54=V9 

:@8B5@V9 !CAA5;PB0, 287=0G5=89 70 4>?><>3>R A?V22V4=>H5==S 

 

,Nu
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SDc

lI
ý   

 

45 ý dSjI ?@?@ ; S – ?>25@E=S @50:FVW, B0 
 

ø ù.PrRe,ψNu ý   

 
#5@5945<> B5?5@ 4> ?8B0==S I>4> 157@>7<V@=8E ?0@0<5B@V2, I> 

E0@0:B5@87CRBP 35B5@>35==C EV<VG=C @50:FVR, S:0 ?5@51V30є 1V;S ?>25@E=V 

@>74V;R20;P=>3> H0@C [123, 124].  

$>73;S=5<> 28?04>: @50:FVW ?5@H>3> ?>@S4:C. &>4V <0є<> =>25 @V2=S==S 

3@0=8G=8E C<>2 
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  S:I> y=0 (3.4) 

 
�5;8G8=8, I> 2E>4SBP 4> 3@0=8G=>W C<>28 (3.4), =5 є =570;56=8<8, V 

7=0G5==S WE 287=0G0єBPAS V=B53@C20==S< @V2=S=P @CEC. 

' @07V ?5@5E>4C 4> 157@>7<V@=8E 25;8G8= A;V4 ?0<’SB0B8, I> 
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&><C 4;S ?5@5E>4C 4> 157@>7<V@=8E 25;8G8= C<>2C (3.4) A;V4 

AD>@<C;R20B8 S: 
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C
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C »ý
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  S:I> Y=0.  

 

�5 157@>7<V@=89 ?0@0<5B@ λ 4>@V2=Rє 

 

ø ùPr Re,
δ» f

D

kl

lD

kl
ýý   

 

#0@0<5B@ λ є 287=0G0;P=8< 157@>7<V@=8< :@8B5@Vє< B0 <>65 1CB8 @V7=8< 

=0 @V7=8E B>G:0E ?>25@E=V ?>4V;C @V48=0 – 307. �V= ?@54AB02;Sє 2V4=>H5==S 

H284:>AB59 ?@>F5AC EV<VG=>3> ?5@5B2>@5==S (:V;P:>ABV G0AB8=>:, I> 

@503CRBP 2 1 A 70 A0=1) 4> H284:>ABV ?@>F5AC 48DC7VW G5@57 @>74V;R20;P=89 

H0@ δ (:V;P:VABP G0AB8=>:, I> =01;860RBPAS 70 1 A 4> 1 A<2 ?>25@E=V, :>;8 

:>=F5=B@0FVS A0=1). 

�57@>7<V@=0 H284:VABP 35B5@>35==>3> ?@>F5AC =0 >48=8FR ?>25@E=V: 

 

ø ù.» ,Pr Re,Nu ý  (3.5) 

 

�07=0G8<>, I> DC=:FVS ( =5 71V30єBPAS 7 φ(Re, Pr), I> 2E>48BP C 28@07 

4;S G8A;0 !CAA5;PB0 2 C<>20E ACB> 48DC7V9=>W :V=5B8:8. �0 C<>2>R 

287=0G5=8E 7=0G5=P Re V Pr 2>=0 <>65 1CB8 @V7=>R, S:I> :@8B5@V9 <0є @V7=V 

7=0G5==S [125].  

�@0=8G=C C<>2C (3.4) <>6=0 AD>@<C;R20B8 S: 
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45 157@>7<V@=89 :@8B5@V9 γ 4>@V2=Rє 
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ø ùPr Re,
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�;S 157@>7<V@=>W H284:>ABV @50:FVW <0є<>: 

 
ø ù. γPr, Re,Nu ý   

 
#@>F5A8 :>=25:B82=>W 48DC7VW 2V41C20RBPAS =5 ;8H5 =0 <56V @>7?>4V;C 

307 – @V48=0, 0;5 B0:>6 157?>A5@54=P> 2=8B@8 307>2>3> A5@54>28I0, S:5 

(I>4> B@0=A?>@BC20==S �#� C 20=B06=8E B0=:0E AC45=-307>2>7V2) 

7=0E>48BPAS =04 ?>25@E=5R @V48=8 B0 ?V4 G0A 70157?5G5==S ?@>F5AC 

V=5@B870FVW AB2>@Rє B8A: =0 @V4:C 01> 307>?>4V1=C D07C 20=B06C, I> 

70;8H82AS C 20=B06=><C B0=:C. 

/:VA=5 28:>=0==S ?@>F5AC V=5@B870FVW 70 C<>2>R 70157?5G5==S FP>3> 

?@>F5AC <5B>4>< 70<VI5==S 0B<>AD5@8 B0=:0 (482. ??. 1.3.2, @8A. 1.5, 1,8) 

<>6;825 ;8H5 70 C<>28 ?V4B@8<0==S ;0<V=0@=>3> ?>B>:C 307V2, I> 

?>B@0?;SRBP 4> 20=B06=>3> B0=:0 [126, 127]. 

�0 728G09=8E C<>2 ;0<V=0@=VABP @568<C 4>B@8<CєBPAS C 28?04:C, :>;8 

7=0G5==S G8A;0 $59=>;P4A =5 ?5@528ICRBP 2500. ' FP><C 28?04:C 25AP ?>BV: 

307V2, I> ?>B@0?;Sє 4> 20=B06=>3> B0=:0 <>65 1CB8 @>73;S=CB8< B0:8<, I> 

A:;040єBPAS 7 42>E G0AB8=: B0: 720=>W 2EV4=>W 4V;S=:8 B0 4V;S=:8 

?C0759;V2AP:>W B5GVW. ' 2EV4=V9 4V;S=FV 307, I> =04E>48BP 4> 20=B06=>3> 

B0=:0, ?V4?040є ?V4 2?;82 4VW ABV=>:, I> 28:;8:0є 7<5=H5==S 9>3> H284:>ABV. 

#V4 2?;82>< FVєW 30;P<V2=>W 4VW ?>G0B:>289 ?@S<>;V=V9=89 ?@>DV;P 

H284:>AB59 ?>ABC?>2> ?5@5B2>@RєBPAS =0 ?C0759;V2AP:89.  

�8E>4SG8 7 7030;P=8E <V@:C20=P ?@> ?>4V1=VABP <V6 48DC7VєR B0 

?>25@E=528< B5@BS<, <>6=0 AB25@46C20B8, I> C 28?04:C 48DC7VW 4> ABV=>: 

20=B06=>3> B0=:C, I> є ?>25@E=5R @50:FVW, B0:>6 VA=CRBP 2EV4=0 4V;S=:0 V 

4V;S=:0 @>7?>4V;C @5G>28=8. "A:V;P:8 :>5DVFVє=B 48DC7VW 2 @V48=V <0;89 

?>@V2=S=> 7 2’S7:VABR, >GV:CєBPAS, I> 4V;S=:0, =0 S:V9 2AB0=>2;RєBPAS 

@>7?>4V; 48DC7=>W @5G>28=8, 7=0G=> 4>2H0, =V6 2EV4=0 4V;S=:0 4;S 
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2AB0=>2;5==S ?C0759;V2AP:>3> ?@>DV;R H284:>AB59. &>4V 25AP >1’є< 

20=B06=>3> B0=:C <>6=0 @>718B8 =0 B@8 4V;S=:8: 307>48=0<VG=0 2EV4=0 

4V;S=:0 4>268=>R h, 48DC7V9=0 2EV4=0 4V;S=:0 H V 4V;S=:0 AB0;8E @568<V2. 

' ?5@HV9 4V;S=FV ?5@51V30є ;8H5 157?>A5@54=P> 48DC7VS 307C, I> 

?>B@0?;Sє 4> 20=B06=>3> B0=:0. #0@8 20=B06C, I> 70;8H82AS 2 B0=:C B0 =0 

S:V A?@S<>20=0 4VS 307C, I> ?>B@0?;Sє 4> B0=:0, =5 2?;820RBP =0 7<V=C 

H284:>ABV B0 :>=F5=B@0FVW 307C. 

' 4@C3V9 4V;S=FV D>@<C20==S ?C0759;V2AP:>3> ?@>DV;R H284:>ABV 

28S2;SєBPAS 70:V=G5=8<, V ?>40;PH89 ?;8= 307C 2V41C20єBPAS 7 ?0@01>;VG=8< 

?@>DV;5< H284:>ABV, I> E0@0:B5@87CєBPAS D>@<C;>R 
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45 
L

pR

¼4
υ

2

0


ý – <0:A8<0;P=0 H284:VABP 307C, I> ?>B@0?;Sє C 20=B06=89 

B0=:; 
Δp – ?5@5?04 B8A:C =0 4>268=V L. 

� >3;S4C =0 2:@09 <0;C B>2I8=C @>7?>4V;P=>3> H0@C ?@>F5A 48DC7VW 

2V41C20єBPAS =0 <0;8E 2V4AB0=SE 2V4 ABV=:8, ?@8 r≈R. &><C, 22>4SG8 =>2C 

7<V==C 

 
,rRy ý   

 
<>6=0 >1<568B8AS <0;8<8 7=0G5==S<8 7<V==>W y(y≪R). &>4V 
 

,
2υυ 0
R

y
   

 

$V2=S==S :>=25:B82=>W 48DC7VW <0B8<5 283;S4 
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c
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 (3.6) 
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45 x – :>>@48=0B0, A?@S<>20=0 274>26 20=B06=>3> B0=:0. 

#@>2545<> >1G8A;5==S ;8H5 3@0=8G=>3> 48DC7V9=>3> ?>B>:C, B>6 

3@0=8G=V C<>28 <0B8<CBP 283;S4 

 

c→A0 

c=0 

S:I> y→∞,  

S:I> y=0. 
(3.7) 

 

$>72’S65<> @V2=S==S (3.6), 22>4SG8 157@>7<V@=C 25;8G8=C 
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&>4V <0є<> 4;S :>=F5=B@0FVW c(η) 
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$VH5==S< >AB0==P>3> @V2=S==S, I> 704>2>;P=Sє 3@0=8G=V C<>28 (3.7), 

A;C68BP 28@07 

.
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�CAB8=0 48DC7V9=>3> ?>B>:C E0@0:B5@87CєBPAS D>@<C;>R 
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(3.8) 

 

45 B>2I8=0 @>74V;R20;P=>3> H0@C δ 287=0G0єBPAS =0ABC?=>R @V2=VABR: 
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0
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öý  (3.9) 

 
�8DC7V9=89 ?>BV: 2A5@548=V 20=B06=>3> B0=:C (C 4V;S=FV 2AB0=>2;5==S 

48DC7V9=>3> @568<C) <>65 1CB8 >?8A0=89 D>@<C;>R 

 

.
υπ2π2

312
0

088фф88фф R
DR

x
DcdxjRI ÷÷

ø

ö
÷÷
ø

ö
ýý   (3.10) 

 
"A>1;82VABR D>@<C; (3.8)-(3.10) є B5, I> 2 =8E =5 2E>48BP :>5DVFVє=B 

2’S7:>ABV @V48=8 (2V4 S:>W ?@8 FP><C 
L

p
 70;568BP BV;P:8 υ0). *5 ?>2’S70=> 7 

B8<, I> B>2I8=0 48DC7V9=>3> @>74V;R20;P=>3> H0@C =04728G09=> <0;0 2 

?>@V2=S==V 7 B>2I8=>R 3V4@>48=0<VG=>3> @>74V;R20;P=>3> H0@C [128, 129]. 

!0 ?@0:B8FV 25;8G8=V H/R 70728G09 =0ABV;P:8 25;8:0, I> C 2AP><C 

>1’є<C 307V2, I> 7=0E>48BPAS =04 ?>25@E=5R 70;8H:V2 20=B06C, =5 

2V41C20єBPAS 2AB0=>2;5==S AB0FV>=0@=>3> 48DC7V9=>3> @568<C. ' =P><C 

CB2>@RєBPAS ?>ABV9=89 ;0<V=0@=89 @CE 307C, C B><C G8A;V C 28?04:C AB0;>3> 

B8A:C 7 1>:C 307V2 =0 ?>25@E=R 70;8H:V2 20=B06C. 

$>73;S=5<> B0:>6 S28I5 @5;0:A0FVW 48DC7V9=>3> ?@>F5AC 70 C<>2 

48DC7VW 2 ;0<V=0@=><C ?>B>:C 307C, I> ?>B@0?;Sє 4> 20=B06=>3> B0=:0. 

#@8?CAB8<>, I> 2V41C20єBPAS ?@>F5A AC<VHCB2>@5==S <V6 307><, I> 

?>B@0?;Sє 4> B0=:0 B0 ?0@V2 70;8H:V2 20=B06C, ?@8G><C :V;P:VABP ?0@V2 

70;8H:V2 20=B06C >1<565=0. 

#VA;S 45S:>3> ?@><V6:C G0AC ?0@8 70;8H:V2 20=B06C ?>2=VABR 

?>B@0?;SRBP 2 >1’є< 307C, 7 G0A>< FS AC<VH ?>ABC?>2> ?5@5AC20єBPAS 4> 

@>74V;R20;P=>3> H0@C. $>73;S=5<> 28?04>: @>7?>4V;C H284:>AB59, I> 

2AB0=>282AS, B0 @>7?>4V;C :>=F5=B@0FVW, I> =5 2AB0=>282AS. #@>B5 

3@0=8G=8<8 C<>20<8 2 FP><C 28?04:C є 

 
c=0 ?V4 G0A x≤h, (3.11) 
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c=A0 ?V4 G0A x>h. (3.12) 

 
%:>@8AB02H8AP V=20@V0=B=VABR @V2=S==S 48DC7VW 2V4=>A=> 4> 

?5@5B2>@5==S xx+const, 70?8H5<> @>7?>4V; :>=F5=B@0FVW, I> 2V4?>2V40є 

3@0=8G=8< C<>20< (3.11), (3.12), C 283;S4V 
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�CAB8=0 ?>B>:C @5G>28=8, I> @>7G8=SєBPAS, 4>@V2=Rє 
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 S:I> x≥h. 

 

 
#@8 FP><C :>=F5=B@0FVS ?0@V2 70;8H:V2 20=B06C 2 B>2IV 307C ?>ABV9=> 

4>@V2=Rє =C;R, B0:>6 307 =5 71030GCєBPAS ?>@FVS<8 ?0@V2 70;8H:V2 20=B06C, 

I> 28?0@>2CєBPAS 7 4V;S=>:, I> ;560BP 1;86G5 4> <56V @>7?>4V;C 307C B0 

@V48=8 [130, 131]. 

$>7?>4V; :>=F5=B@0FVW ?0@V2 @V48=8, I> ?>B@0?;Sє 4> >1’є<C 307C 

287=0G0єBPAS 10;0=A>< <V6 ?5@5=5A5==S< C74>26 ?>25@E=V ?>4V;C 

<>;5:C;S@=>R 48DC7VєR B0 ?>B>:>< 307C. 

$V2=S==S :>=25:B82=>W 48DC7VW <0є 283;S4 
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 (3.13) 

 
45 x – :>>@48=0B0, I> 2V4@0E>2CєBPAS 274>26 ?>25@E=V ?>4V;C,  

υ0(r) – H284:VABP 307C. 

!040;V 7@CG=> ?@>25AB8 >1G8A;5==S C A8AB5<V 2V4;V:C, I> @CE0єBPAS 7V 

H284:VABR U @07>< V7 ?>B>:><, 45 U – A5@54=S H284:VABP @CEC 307C. 
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' FV9 A8AB5<V, >G5284=>, 
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�2060RG8, I> 7<V=0 :>=F5=B@0FVW 274>26 ?>25@E=V @>74V;R20;P=>3> 

H0@C 2V41C20єBPAS ?>2V;P=VH5, =V6 C @04V0;P=><C =0?@S<:C, (3.13) <>6=0 

>?CAB8B8 G;5= 2
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45 ?>EV4=0 ?> t 15@5BPAS 2 A8AB5<V 2V4;V:C, I> @CE0єBPAS. 

�@0=8G=>R C<>2>R =0 ?>25@E=V ?>4V;C є 28<>30 
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I> 28@060є 2V4ACB=VABP ?>B>:C @V48=8 4> 307C. 

!0 ?>25@E=V ?>4V;C :>=F5=B@0FVS ?>28==0 <0B8 :V=F525 7=0G5==S 

[132, 133]. #@8?CAB8<>, I> 3@04Vє=B :>=F5=B@0FVW 274>26 ?>25@E=V ?>4V;C 2 

?5@H><C =01;865==V ?>ABV9=89: 
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45 c0 – :>=F5=B@0FVS =0 ?>25@E=V ?>4V;C S:I> r=0, 0 
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є A5@54=S :>=F5=B@0FVS ?> ?5@5@V7C 20=B06=>3> B0=:0. 

�2V4A8 7=0E>48<>: 
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#>BV: @5G>28=8 ?> 2AV9 ?>25@E=V @>74V;R20;P=>3> H0@C 4>@V2=Rє 
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<0є B0:89 A0<89 283;S4, S: 3CAB8=0 48DC7V9=>3> ?>B>:C ?V4 G0A 3@04Vє=BC 

:>=F5=B@0FVW 
x

c

ö
ö

 B0 5D5:B82=>3> :>5DVFVє=BC 48DC7VW 

 

.
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D
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D ý  (3.15) 

 

' =0ABC?=><C =01;865==V, 22060RG8, I> 
x

c

ö
ö

 const <>6=0 =0?8A0B8: 
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 (3.16) 

 

(>@<C;0 (3.16) ?>:07Cє, I> 2 <560E 7@>1;5=8E =01;865=P @>7?>4V; 

A5@54=P>W :>=F5=B@0FVW 2 A8AB5<V 2V4;V:C, I> @CE0єBPAS 7 A5@54=P>R 

H284:VABR, 28@060єBPAS 48DC7V9=8< @V2=S==S< 4;S =5@CE><>3> A5@54>28I0 

7 5D5:B82=8< :>5DVFVє=B>< 48DC7VW (3.15) [134, 135]. 

"FV=8<> C<>28, C S:8E 28:>=CRBPAS 7@>1;5=V =01;865==S. ->1 

?>74>26=P>R <>;5:C;S@=>R 48DC7VєR <>6=0 1C;> =5EBC20B8 ?@>B8 

:>=25:B82=>W, =5>1EV4=5 28:>=0==S =5@V2=>ABV 

 
D≪D5D. (3.17) 

 

'<>2>R B>3>, I> c <>6=0 22060B8 DC=:FVєR :>>@48=0B8 x, I> ?>2V;P=> 

7<V=RєBPAS (B0: I> 2 ?5@H><C =01;865==V const
ö
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x
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), є @V2=VABP 
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/:I> L – 4>268=0 ?>25@E=V ?>4V;C, =0 S:V9 2V41C20єBPAS ?><VB=0 7<V=0 

c , B> >AB0==R =5@V2=VABP <>6=0 70?8A0B8 C 283;S4V 
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.1
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þ
UR

LD
 (3.18) 

 

!5@V2=>ABV (3.17) V (3.18) 40RBP 3@0=8FV 70AB>AC20==S @V2=S==S (3.16) 

[136-138]. 

/: ?@8:;04 9>3> 28:>@8AB0==S <>6=0 @>73;S=CB8 B0:5. 

�5S:C :V;P:VABP @V4:>W @5G>28=8 N 22545=> 2 ?>BV: 307C 2 <><5=B t=0 =0 

?>G0B:C :>>@48=0B x=0, S:5 7=0E>48BPAS =0 ?>25@E=V ?>4V;C, B>1B> 

 

ø ùx
R

N
c δ

π 2
ý  S:I> t=0 (3.19) 

 

$>7?>4V; :>=F5=B@0FVW 274>26 @>74V;R20;P=>3> H0@C 70 1C4P-S:89 G0A 

(B>1B> 70 C<>28 t>0) 287=0G0єBPAS @VH5==S< @V2=S==S (3.16) 7 ?>G0B:>2>R 

C<>2>R (3.19) 

 

ø ù

.
π

1

π2

1 9ф

2

4

9ф
2

tD

Utx

e
tDR
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ý  (3.20) 

 

' D>@<C;C (3.20) 2E>48BP >4=0 =52V4><0 25;8G8=0 D5D. �87=0G0RG8 ?V4 

G0A 4>A;V465=P @>7?>4V;C :>=F5=B@0FVW 2 45S:89 <><5=B G0AC t ?VA;S 22545==S 

@5G>28=8 V ?>@V2=RRG8 9>3> 7 (3.20), <>6=0 287=0G8B8 7=0G5==S D5D. 

"AB0==є 4>72>;Sє =0:>?8G8B8 H284:VABP ?>B>:C (S:I> 2V4><5 7=0G5==S D) G8 

:>5DVFVє=B 48DC7VW (S:I> 2V4><0 H284:VABP ?>B>:C U). 
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3.5. �:A?5@8<5=B0;P=V 4>A;V465==S 7 >FV=:8 S:>ABV ?@>2545==S ?@>F5AC  

V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 

3.5.1. �87=0G5==S :@8B5@VW2 >FV=:8 S:>ABV ?5@51V3C ?@>F5AC V=5@B870FVW 

 

 

/: 1C;> 287=0G5=> 2 ?. 3.2, =5>1EV4=>R C<>2>R S:VA=>3> ?@>2545==S 

?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 є 70157?5G5==S ABV9:>3> 

H0@C, I> @>74V;Sє ?0@8 20=B06C, S:V 70;8H8;8AS 2 B0=:C, B0 V=5@B=89 307, I> 

2 =P>3> ?>40єBPAS (482. @8A. 3.2). 

' 28?04:C ?V4B@8<0==S ABV9:>3> @>74V;R20;P=>3> H0@C C 20=B06=><C 

B0=:C 70157?5GCєBPAS 5D5:B «?>@H=R», G5@57 S:89 74V9A=RєBPAS ?>ABC?>25, 

0;5 ?>ABV9=5 28B8A=5==S 70;8H:V2 20=B06C. $>7@82 ?>25@E=V @>74V;R20;P=>3> 

H0@C A?@8Sє ?>B@0?;S==R ?0@V2 20=B06C 7 =86=P>W G0AB8=8 B0=:C 4> 

25@E=P>W. #@8 FP><C =04 ?>25@E=5R @>74V;R20;P=>3> H0@C 74V9A=RєBPAS 

CB2>@5==S AC<VHV V=5@B=>3> 307C B0 ?0@V2 20=B06C, :>=F5=B@0FVS S:8E C 

7030;P=><C >1’є<V AC<VHV ?>ABV9=> :>;820єBPAS [73, 139]. *5 71V;PHCє G0A 

V=5@B870FVW 20=B06=8E B0=:V2 B0 ?@872>48BP 4> ?V428I5==S 28B@0B8 V=5@B=>3> 

307C, 0 B0:>6 (G5@57 71V;PH5==S 28B@0B8 5=5@3VW =0 35=5@0FVR V=5@B=>3> 307C) 

7=86Cє 5=5@35B8G=C 5D5:B82=VABP ?@>F5AC V=5@B870FVW. #V4AB02>R ?>@CH5==S 

ACFV;P=>ABV @>74V;R20;P=>3> H0@C C 20=B06=><C B0=:C <>65 AB0B8 

?V428I5=89 B8A: V=5@B=>3> 307C, S:89 ?>40єBPAS 2 B0=:, 01> =5S:VA=89 AB0= 

V=5@B=>3> 307C. ' @07V 28:>@8AB0==S 07>BC F5 <>65 1CB8 =0S2=VABP 2 307V 2>48, 

S:0 70 =87P:>R B5<?5@0BC@>R ?5@5B2>@RєBPAS 2 ;V4 B0 <>65 @>7V@20B8 

?>25@E=R @>74V;R20;P=>3> H0@C. �0 C<>28 28:>@8AB0==S 4V>:A84C 2C3;5FR 

ACFV;P=VABP ?>25@E=V @>74V;R20;P=>3> H0@C <>65 1CB8 7@C9=>20=0 G5@57 

<5E0=VG=V 4><VH:8 B0 B25@4V =573>@V;V G0AB8=:8, I> 2E>4SBP 4> A:;04C 

28?CA:=8E 307V2 [140-142]. 

#@03=5==S ?@8A:>@8B8 20=B06=V >?5@0FVW B0 A:>@>B8B8 G0A AB>S=:8 

AC4=0 7<CHCє 28:>=C20B8 ?@>F5A V=5@B870FVW 7 <0:A8<0;P=> <>6;828< 4;S 

20=B06=>W A8AB5<8 B8A:>< V=5@B=>3> 307C. #@8 FP><C A0<5 <0:A8<0;P=> 
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<>6;8289 B8A: V=5@B=>3> 307C, I> ?>40єBPAS C 20=B06=V B0=:8, є є48=8< 

?>:07=8:><, I> 2:07CєBPAS 2 =>@<0B82=8E 4>:C<5=B0E, S:V @53C;RRBP 

28:>=0==S 20=B06=8E >?5@0FV9. "4=>G0A=> 7 F8< =5 VA=Cє 4>:C<5=BV2, S:V 

287=0RBP :@8B8G=89 B8A: C A8AB5<V V=5@B870FVW, ?5@51V;PH5==S S:>3> 

?@872>48BP 4> ?>@CH5==S ACFV;P=>ABV @>74V;R20;P=>3> H0@C. #@8 FP><C F59 

B8A: <>65 1CB8 @V7=89 4;S @V7=>3> 20=B06C, 0 B0:>6 4;S @V7=>W :V;P:>ABV 

20=B06C, I> 70;8H82AS 2 4>==V9 G0AB8=V 20=B06=>3> B0=:C ?VA;S ?@>2545==S 

B5E=>;>3VG=>W >?5@0FVW 7 9>3> @>720=B065==S. 

�>=B@>;P =0S2=>ABV @>74V;R20;P=>3> H0@C C 20=B06=><C B0=:C 

=5<>6;8289 >?B8G=8<8 01> 2V7C0;P=8<8 70A>10<8 :>=B@>;R, I> 

7C<>2;RєBPAS =5?@>7>@8< A5@54>28I5< 2A5@548=V B0=:C. %CFV;P=VABP 

@>74V;R20;P=>3> H0@C, 0 B0:>6 @V25=P, =0 S:><C 2V= 7=0E>48BPAS C 

20=B06=><C B0=:C <>6CBP 1CB8 287=0G5=V G5@57 28<V@R20==S :>=F5=B@0FVW 

V=5@B=>3> 307C 2 >1’є<V B0=:C [143, 144]. �V4?>2V4=> 4> 28<>3 �>45:AC IMO 

4;S 307>2>7V2, 20=B06=V B0=:8 F8E AC45= >1>2’S7:>2> ?>28==V <0B8 

V=48:0B>@8, S:V 2AB0=>2;RRBPAS =0 28A>B0E, I> 2V4?>2V40RBP 5 %, 50 % B0 

95 % 2V4 ?>2=>3> >1’є<C B0=:0 [145, 146]. #@87=0G5==S F8E V=48:0B>@V2 – 

:>=B@>;P 70?>2=5==S >1’є<C 20=B06=8E B0=:V2. *V V=48:0B>@8 7=0E>4SBPAS 

157?>A5@54=P> =0 1VG=>W ?>25@E=V B0=:C 2 20=B06=><C 2V44V;5==V AC4=0. �@V< 

B>3>, 4>40B:>2> 2AB0=>2;RRBPAS V=48:0B>@8, I> 2V4?>2V40RBP 20 %, 50 % B0 

80 % 2V4 ?>2=>3> >1’є<C B0=:C. �V7C0;V70FVS 7=0G5=P F8E V=48:0B>@V2 

282545=0 =0 ?>AB :5@C20==S, I> 7=0E>48BPAS =0 20=B06=V9 ?0;C1V AC4=0. 

"A=>2=5 DC=:FV>=0;P=5 ?@87=0G5==S F8E V=48:0B>@V2 – :>=B@>;P 

@V2=><V@=>ABV 7020=B065==S 2 @V7=8E B0=:0E ?V4 G0A ?@>2545==S 20=B06=8E 

>?5@0FV9 7 <5B>R 70157?5G5==S ABV9:>ABV AC4=0. %0<5 G5@57 :><?;5:A=5 

28:>@8AB0==S F8E 42>E 3@C? V=48:0B>@V2 <>6;8289 :>=B@>;P ACFV;P=>ABV 

@>74V;R20;P=>3> H0@C, I> 7=0E>48BPAS C 20=B06=><C B0=:C. #@8 FP><C S: 

S:VA=89 :@8B5@V9, 70 S:8< 74V9A=RєBPAS F59 :>=B@>;P, =5>1EV4=> >18@0B8 

A0<5 :>=F5=B@0FVR V=5@B=>3> 307C; S: :V;P:VA=89 – G0A ?@>2545==S ?@>F5AC 

V=5@B870FVW. 
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3.5.2. �87=0G5==S :@8B5@VW2 ?@>2545==S ?@>F5AC V=5@B870FVW  

20=B06=8E B0=:V2 AC4=0-307>2>70 20=B06><VAB:VABR 38646 <3 

 

 

�;S ?V4B25@465==S <>6;82>ABV ?>4V1=>3> :>=B@>;R =0 AC4=V-307>2>7V 7 

20=B06><VAB:VABR 38646 <3 28:>=C20;8AP B0:V 4>A;V465==S.  

#VA;S 70:V=G5==S >?5@0FV9 7 @>720=B065==S 20=B06C 70157?5GC202AS 

?@>F5A V=5@B870FVW 9>3> 20=B06=8E B0=:V2 (@8A. 3.12). � FVєR <5B>R C 

20=B06=V B0=:8 6 ?>40202AS 07>B N2, S:89 35=5@C202AS 70 B5E=>;>3VR Pressure 

Swing Adsorption (PSA) 2 35=5@0B>@V 2.  

 

 

$8A. 3.12. �=5@B870FVS 20=B06=8E B0=:V2 AC45=-307>2>7V2 07>B>< 70 4>?><>3>R 

B5E=>;>3VW PSA: 

1 – :><?@5A>@; 2 – 35=5@0B>@; 3 – :><1V=0FVS DV;PB@V2; 4 – 04A>@1FV9=V 

AC48=8; 5 – 28B@0B><V@; 6 – <0=><5B@; 7 – <03VAB@0;P ?>40GV 07>BC;  

8 – 20=B06=89 B0=:; 9 – @>74V;R20;P=89 H0@; 10 – <03VAB@0;P 2840;5==S 

70;8H:V2 20=B06C 

 
"B@8<0==S 07>BC 70 B5E=>;>3VєR PSA ?5@5410G0є 284V;5==S 07>BC 7 

?>2VB@S, S:5 =03=VB0єBPAS 4> 35=5@0B>@0 2 :><?@5A>@>< 1. �5=5@0B>@ 07>BC 

PSA 28@>1;Sє 07>B 70 4>?><>3>R ?@>F5AC, S:89 ?>G8=0єBPAS, :>;8 AB8A=5=5 

?>2VB@S ?@>E>48BP G5@57 :><1V=0FVR DV;PB@V2 3 4;S 2840;5==S <0AB8;0 B0 
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2>;>38, ?>BV< >G8I5=5 ?>2VB@S A?@S<>2CєBPAS 2 04A>@1FV9=V AC48=8 4, I> 

<VABSBP 2C3;5F52V <>;5:C;S@=V A8B0. �>40, I> 70;8H8;0AS, 2C3;5:8A;89 307 B0 

V=HV 4><VH:8 04A>@1CRBPAS <0B5@V0;>< A8B0. �0 C<>28 28A>:8E B8A:V2 C 

35=5@0B>@V A8B0 04A>@1CRBP :8A5=P. �7>B 28@>1;SєBPAS 7 1060=>R G8AB>B>R, 

0 :8A5=P ?@S<Cє =0704 2 0B<>AD5@C. �5=5@0B>@8 07>BC PSA <>6CBP 28@>1;SB8 

07>B V7 G8AB>B>R 4> 99,9995 %, I> 4C65 0:BC0;P=> 4;S ?V4B@8<:8 ?>656>- B0 

281CE>157?5:8 C 20=B06=8E B0=:0E AC45=-307>2>7V2, 0 B0:>6 4;S 

?>?5@5465==S CB2>@5==S ;P>4>28E ?@>1>: B0 <5E0=VG=8E 701@C4=5=P C 

<03VAB@0;SE, S:8<8 07>B ?@S<Cє C 20=B06=V B0=:8. 

�0;8H:8 20=B06C, I> 28BVA=SRBPAS 07>B>< V7 B0=:0 8, <03VAB@0;;R 10 

A?@S<>2CRBPAS 2 V=H89 B0=:, 01> 2 ?@89<0;P=C 15@53>2C <03VAB@0;P. 

$>74V;R20;P=89 H0@ 9, I> CB2>@RєBPAS C 20=B06=><C B0=:C, ?>?5@546Cє 

AC<VH>CB2>@5==S ?0@V2 70;8H:V2 20=B06C (S:V 702648 ?@8ACB=V 2 B0=:C ?VA;S 

20=B06=8E >?5@0FV9) B0 V=5@B=>3> 307C, I> ?>40єBPAS 2 B0=:. 

�V;P:VABP B0 B8A: 07>BC, I> 35=5@CєBPAS 2 35=5@0B>@V 2, :>=B@>;RєBPAS 70 

4>?><>3>R 28B@0B><V@C 5 B0 <0=><5B@0 6, I> 2AB0=>2;5=V =0 <03VAB@0;V 5. 

�V;P:VABP B0 AB0= 20=B06C, I> 7=0E>48BPAS C 20=B06=8E B0=:0E 8, 

:>=B@>;RRBPAS 70 4>?><>3>R V=48:0B>@V2 %1&%6, S:V 4>72>;SRBP >4=>G0A=> 

287=0G0B8 @V25=P @V48=8 2 B0=:C B0 :>=F5=B@0FVR ?0@V2 @5G>28=8, I> 

7=0E>48BPAS 2A5@548=V B0=:0. �>=B@>;P @V2=S @V48=8 є >1>2’S7:>28< 

?>:07=8:>< ?V4 G0A 7020=B065==S B0 @>720=B065==S 7@V465=>3> 307C. 

�87=0G5==S A:;04C ?0@V2 @5G>28=8, I> 7=0E>48BPAS 2 B0=:C, 4>72>;Sє 

4V03=>ABC20B8 S: ?@>F5A8 7020=B065==S / @>720=B065==S, B0: V ?@>F5A8 

453070FVW / V=5@B870FVW. #@8 FP><C 70;56=> 2V4 B8?C 20=B06C B0 A?>A>1C 

V=5@B870FVW <>6;82> >4=>G0A=> 287=0G0B8 4> 45ASB8 A:;04>28E (07>B, 0<V0:, 

1CB0=, 2>45=P, 4V>:A84 2C3;5FR, V7>1CB0=, :8A5=P, <5B0=, ?@>?0=, ?@>?V;5=). 

"A=>2=V V=48:0B>@8 %1, %2, %3 70157?5GC20;8 :>=B@>;P ?>:07=8:V2 =0 @V2=SE, 

I> 2V4?>2V40RBP 5%, 50 % B0 95 % 2V4 7030;P=>W 3;818=8 B0=:0. �>40B:>2V 

V=48:0B>@8 %4, %5, %6 70157?5GC20;8 :>=B@>;P ?>:07=8:V2 =0 @V2=SE, I> 

2V4?>2V40RBP 20 %, 50 % B0 80 % 2V4 7030;P=>W 3;818=8 B0=:0. 
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"4=8< V7 70240=P 4>A;V465==S 1C;> 287=0G5==S 2?;82C B8A:C 07>BC 

(S:89 28:>@8AB>2C202AS S: V=5@B=89 307) =0 ABV9:VABP @>74V;R20;P=>3> H0@C, 

I> ?>?5@546Cє AC<VH>CB2>@5==S ?0@V2 20=B06C, S:V 70;8H8;8AP C B0=:C, B0 

07>BC, S:89 70157?5GCє ?@>F5A V=5@B870FVW.  

#V4 G0A 4>A;V465==S 28:>=C20;>AP 28<V@R20==S :>=F5=B@0FVW 07>BC 2 

=0ABC?=8E :>=B@>;P=8E B>G:0E 20=B06=>3> B0=:C:  

÷ =0 28A>BV 0,05h, I> 2V4?>2V40є 5 % 2V4 7030;P=>W 28A>B8 B0=:0 h (70 

4>?><>3>R V=48:0B>@0 %3); 

÷ =0 28A>BV 0,2h, I> 2V4?>2V40є 20 % 2V4 7030;P=>W 28A>B8 B0=:0 h (70 

4>?><>3>R V=48:0B>@0 %6);  

÷ =0 28A>BV 0,5h, I> 2V4?>2V40є 50 % 2V4 7030;P=>W 28A>B8 B0=:0 h (70 

4>?><>3>R V=48:0B>@V2 %2 B0 %5); 

÷ =0 28A>BV 0,8h, I> 2V4?>2V40є 80 % 2V4 7030;P=>W 28A>B8 B0=:0 h (70 

4>?><>3>R V=48:0B>@0 %4); 

÷ =0 28A>BV 0,95h, I> 2V4?>2V40є 95 % 2V4 7030;P=>W 28A>B8 B0=:0 h (70 

4>?><>3>R V=48:0B>@0 %1) – @8A. 3.12. 

�V4?>2V4=> 4> E0@0:B5@8AB8: 35=5@0B>@0 07>BC, B8A: 07>BC, I> 

28@>1;SєBPAS 2 35=5@0B>@V, A:;040є 0,7&1,05  #0 7 @5:><5=4>20=8< 

D@0EBC20;P=8:>< 5:A?;C0B0FV9=8< 4V0?07>=>< 0,8&1,0  #0. ' 72’S7:C 7 F8< 

4>A;V465==S 7 287=0G5==S 2?;82C B8A:C 07>BC, I> ?>B@0?;Sє C 20=B06=V 

B0=:8 4;S WE V=5@B870FVW, =0 ABV9:VABP B0 ACFV;P=VABP @>74V;R20;P=>3> H0@C 

28:>=C20;8AP 7V 7=0G5==S @1=0,85  #0 (S:5 ?@89<0;>AP S: «107>25») B0 

?>40;PH>3> ?>:@>:>2>3> 71V;PH5==S B8A:C: @2=0,90  #0, @3=0,95  #0. 

&@820;VABP 5:A?5@8<5=BC A:;040;0 12 3>4, DV:A0FVS 7=0G5=P :>=F5=B@0FVW 

07>BC 28:>=C20;0AP G5@57 :>6=V 2 3>4. �>=B@>;P B8A:C 07>BC, I> ?>40202AS C 

20=B06=V B0=:8, :>=F5=B@0FVS 07>BC 70 28A>B>R 20=B06=>3> B0=:0, 0 B0:>6 

G0A ?@>2545==S 28<V@R20=P 70157?5GC202AS 70 4>?><>3>R <V:@>:>=B@>;5@=8E 

A8AB5< C?@02;V==S [147-149].  

$57C;PB0B8 4>A;V465=P =02545=V 2 B01;8FSE 3.1-3.3. 
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&01;8FS 3.1 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=0,85  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 34 0 0 0 
4 100 68 28 12 0 
6 100 84 72 46 23 
8 100 100 88 76 58 

10 100 100 100 91 81 
12 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

&01;8FS 3.2 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @2=0,90  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 62 34 0 0 
4 100 82 68 29 0 
6 100 100 92 62 42 
8 100 100 100 84 72 

10 100 100 100 100 100 
12 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

&01;8FS 3.3 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @3=0,95  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 68 42 24 14 
4 100 88 78 56 38 
6 100 100 100 62 48 
8 100 92 72 52 32 

10 88 77 68 42 22 
12 75 62 44 32 18 

*Ч9@6>=8< 688V;9=> G4A, 74 O:89 6V85C64єBьAO @C9=C64==O @>78V;N64;ь=>7> 

H4@C. 
 
�;S :@0I>W 2V7C0;V70FVW @57C;PB0B8, I> =02545=V 2 B01;8FSE 3.1-3.3, 

?>40=V S: 4V03@0<8 (@8A. 3.13-3.15). 
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$8A. 3.13. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=0,85  #0 70 @V7=>R 28A>B>R 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 

 

 

$8A. 3.14. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@2=0,90  #0 70 @V7=>R 28A>B>R 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 

 

 

$8A. 3.15. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@3=0,95  #0 70 @V7=>R 28A>B>R 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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#>@V2=S==S @57C;PB0BV2, I> =02545=V 2 B01;8FSE 3.1, 3.2 B0 @8A. 3.13, 3.14 

A2V4G0BP, I> 71V;PH5==S B8A:C =03=VB0==S 7 0,85  #0 4> 0,90  #0 ?@8A:>@Rє 

?@>F5A V=5@B870FVW, ?@8 FP><C G0A V=5@B870FVW A:>@>GCєBPAS 7 12 3>4 4> 10 3>4. 

&0:5 ?V428I5==S B8A:C =5 2?;820є =0 ABV9:VABP B0 ACFV;P=VABP 

@>74V;R20;P=>3> H0@C, ?@> I> A2V4G8BP 100 %-0 :>=F5=B@0FVS 07>BC 70 2AVєR 

28A>B>R 20=B06=>3> B0=:C.  

#>@V2=S==S @57C;PB0BV2, I> =02545=V 2 B01;8FSE 3.1, 3.3 B0 @8A. 3.13, 3.15 

A2V4G0BP, I> 71V;PH5==S B8A:C =03=VB0==S 7 0,85  #0 4> 0,95  #0 

?@872>48BP 4> ?>ABC?>2>3> @C9=C20==S ABV9:>ABV B0 ACFV;P=>ABV 

@>74V;R20;P=>3> H0@C. *5 ?V4B25@46CєBPAS 7<5=H5==S< :>=F5=B@0FVW 07>BC C 

25@E=V9 G0AB8=V 20=B06=>3> B0=:C 70 ?52=89 ?@><V6>: G0AC (C G0A>2><C 

V=B5@20;V 8&10 3>4). #@8 FP><C 2V41C20єBPAS ?>ABC?>25 AC<VHCB2>@5==S 

?0@V2 70;8H:V2 20=B06C B0 07>BC. *5 ?>3V@HCє ?@>F5A V=5@B870FVW 20=B06=8E 

B0=:V2 B0 7<CHCє 28:>=C20B8 9>3> ?>2B>@=>, I> ?@872>48BP 4> ?V428I5==S 

28B@0B8 07>BC, 71V;PH5==S 28B@0B8 5=5@3VW =0 9>3> 28@>1=8FB2> 01> 

>B@8<0==S, 0 B0:>6 ?V428ICє AB>S=:>289 G0A 5:A?;C0B0FVW AC4=0. &0:>6 

=5>1EV4=> 2@0E>2C20B8, I> 70;8H:8 20=B06C, I> 28BVA=SRBPAS 7 20=B06=8E 

B0=:V2 07>B><, C ?>40;PH><C A?0;RRBPAS =0 B5@8B>@VW 15@53>28E 20=B06=8E 

:><?;5:AV2. *5 =530B82=> 2?;820є =0 5:>;>3VR ?>@B>2>W B5@8B>@VW B0 

?@815@56=>W 0:20B>@VW [150-152].  

&5E=>;>3VS ?@>2545==S 4>A;V465=P 1C;0 ?>3>465=0 7 B5E=VG=8< 2V44V;>< 

AC4=>?;02=>W :><?0=VW, I> 70157?5GCє B5E=VG=89 =03;S4 70 AC4=>< B0 9>3> 

5=5@35B8G=>R CAB0=>2:>R. �@V< B>3>, ?>A;V4>2=VABP ?@>2545==S 

5:A?5@8<5=BV2 B0 @57C;PB0B8, >B@8<0==S S:8E ?5@5410G0;>AP, 1C;8 

>13>2>@5=V B0 AE20;5=V 7 ?@54AB02=8:0<8 D@0EBV2=8:0.  

#V4 G0A ?@>2545==S 5:A?5@8<5=BV2 28:>=C20;8AP CAV 28<>38 I>4> 

157?5G=>W 5:A?;C0B0FVW AC4=>2>3> 4>?><V6=>3> >1;04=0==S, 0 B0:>6 28<>38 

�>45:AC IMO 4;S 307>2>7V2 B0 28<>38  �RPOL I>4> ?>?5@5465==S 

701@C4=5==S 4>2:V;;S [153-156]. 
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3.5.3. �87=0G5==S :@8B5@VW2 ?@>2545==S ?@>F5AC V=5@B870FVW  

20=B06=8E B0=:V2 AC4=0-307>2>70 20=B06><VAB:VABR 42563 <3 

 

 

�;S 71V;PH5==S <0A82C 5:A?5@8<5=B0;P=8E 40=8E B0 <>6;82>ABV 

?>H8@5==S 28A=>2:V2 V7 ?@>2545==S 5:A?5@8<5=BV2, 0 B0:>6 4>FV;P=>ABV 

28:>@8AB0==S 70?@>?>=>20=8E B5E=>;>3V9 =0 V=H8E AC4=0E, 4>A;V465==S, 

?>A;V4>2=VABP S:8E =040=0 2 ?. 3.5.1, 1C;8 ?>H8@5=V =0 AC4=>-307>2>7 

20=B06><VAB:VABR 42563 B>== [157]. 

�V4?>2V4=> 4> E0@0:B5@8AB8: 35=5@0B>@0 07>BC, B8A: 07>BC, I> 

28@>1;SєBPAS 2 35=5@0B>@V, AB0=>28BP 0,85&1,20  #0 7 @5:><5=4>20=8< 

D@0EBC20;P=8:>< 5:A?;C0B0FV9=8< 4V0?07>=>< 0,90&1,10  #0. ' 72'S7:C 7 

F8<, 4>A;V465==S I>4> 287=0G5==S 2?;82C B8A:C 07>BC, S:89 =04E>48BP C 

20=B06=V B0=:8 4;S WE V=5@B870FVW, =0 ABV9:VABP V ACFV;P=VABP @>74V;R20;P=>3> 

H0@C 28:>=C20;8AP 7V 7=0G5==S @1=0,95  #0 (S:5 ?@89<0;>AS S: «107>25») V 

?>40;PH>3> ?>:@>:>2>3> 71V;PH5==S B8A:C =0 0,05  #a: @2=1 00  #0, 

@3=1,05  #0. &@820;VABP 5:A?5@8<5=BC AB0=>28;0 14 3>4, DV:A0FVS 7=0G5=P 

:>=F5=B@0FVW 07>BC 28:>=C20;0AS G5@57 :>6=V 2 3>4. 

$57C;PB0B8 F8E 4>A;V465=P =02545=> 2 B01;8FSE 3.4-3.6 B0 =0 @8A. 3.16-

3.18. 

&01;8FS 3.4 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=0,95  #0  

+0A, 3>4 
�>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 

0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 28 0 0 0 

4 100 58 26 19 0 

6 100 77 62 44 32 

8 100 100 75 61 47 

10 100 100 94 84 76 

12 100 100 100 89 84 

14 100 100 100 100 100 
*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
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&01;8FS 3.5 

�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=1,00  #0  

+0A, 3>4 
�>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 

0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 57 28 0 0 

4 100 72 59 34 0 

6 100 100 77 59 42 

8 100 100 85 76 58 

10 100 100 100 84 77 

12 100 100 100 100 100 

14 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 

 

 

&01;8FS 3.6 

�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=1,05  #0  

+0A, 3>4 
�>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 

0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 76 52 37 19 

4 100 96 73 68 56 

6 100 100 100 85 47 

8 100 78 72 63 33 

10 78 62 58 52 46 

12 88 77 72 61 39 

14 76 63 43 37 19 

*Ч9@6>=8< 688V;9=> G4A, 74 O:89 6V85C64єBьAO @C9=C64==O @>78V;N64;ь=>7> 

H4@C. 
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$8A. 3.16. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=0,95  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.17. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,00  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.18. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,05  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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�VAB02;5==S @57C;PB0BV2, =02545=8E C B01;8FSE 3.4, 3.5 B0 =0 @8A. 3.16, 

3.17, A2V4G0BP, I> 71V;PH5==S B8A:C =03=VB0==S 7 0,95  #0 4> 1,00  #0 

?@8A:>@Rє ?@>F5A V=5@B870FVW. #@8 FP><C G0A V=5@B870FVW A:>@>GCєBPAS 7 

14 3>4 4> 12 3>4. &0:5 ?V428I5==S B8A:C =5 2?;820є =0 ABV9:VABP V ACFV;P=VABP 

@>74V;R20;P=>3> H0@C, ?@> I> A2V4G8BP 100 % :>=F5=B@0FVS 07>BC ?> 2AV9 

28A>BV 20=B06=>3> B0=:0 2 :V=F5289 <><5=B 4>A;V465=P.  

#>@V2=S==S @57C;PB0BV2, =02545=8E C B01;8FSE 3.4, 3.6 B0 @8A. 3.16, 3.18, 

A2V4G0BP, I> 71V;PH5==S B8A:C =03=VB0==S 7 0,95  #0 4> 1,05  #0 ?@872>48BP 

4> ?>ABC?>2>3> @C9=C20==S ABV9:>ABV B0 ?>@CH5==S FV;VA=>ABV 

@>74V;R20;P=>3> H0@C. *5 ?V4B25@46CєBPAS 7<5=H5==S< :>=F5=B@0FVW 07>BC C 

25@E=V9 G0AB8=V 20=B06=>3> B0=:0 70 ?52=89 ?@><V6>: G0AC (10&12 3>4) B0 

:>;820=P 7=0G5==S :>=F5=B@0FVW 07>BC ?> 28A>BV 20=B06=>3> B0=:0 (C G0A>2><C 

V=B5@20;V 10...14 3>4). 

 
 
3.5.4. �87=0G5==S :@8B5@VW2 ?@>2545==S ?@>F5AC V=5@B870FVW  

20=B06=8E B0=:V2 AC4=0-307>2>70 20=B06><VAB:VABR 88248 <3 

 

 

�0 0=0;>3VG=>R B5E=>;>3VG=>R AE5<>R 1C;8 28:>=0=V 28?@>1C20==S =0 

AC4=V-307>2>7V 20=B06><VAB:VABR 88248 B>==. 

�V4?>2V4=> 4> E0@0:B5@8AB8: 35=5@0B>@0 07>BC, B8A: 07>BC, I> 

28@>1;SєBPAS 2 35=5@0B>@V, AB0=>28BP 0,85&1,10  #0 7 @5:><5=4>20=8< 

D@0EBC20;P=8:>< 5:A?;C0B0FV9=8< 4V0?07>=>< 0,95&1,05  #0. ' 72'S7:C 7 

F8<, 4>A;V465==S I>4> 287=0G5==S 2?;82C B8A:C 07>BC, S:89 =04E>48BP C 

20=B06=V B0=:8 4;S WE V=5@B870FVW, =0 ABV9:VABP V ACFV;P=VABP @>74V;R20;P=>3> 

H0@C 28:>=C20;8AP 7V 7=0G5==S @1=0,90  #0 (S:5 ?@89<0;>AS S: «107>25») V 

?>40;PH>3> ?>:@>:>2>3> 71V;PH5==S B8A:C =0 0,05  #a: @2=0,95  #0, 

@3=1,00  #0. &@820;VABP 5:A?5@8<5=BC AB0=>28;0 14 3>4, DV:A0FVS 7=0G5=P 

:>=F5=B@0FVW 07>BC 28:>=C20;0AS G5@57 :>6=V 2 3>4. 

$57C;PB0B8 4>A;V465=P =02545=> 2 B01;8FSE 3.7-3.9 B0 =0 @8A. 3.19-3.21. 
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&01;8FS 3.7 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=0,90  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 37 17 0 0 
4 100 63 44 32 8 
6 100 85 64 54 32 
8 100 91 73 62 53 

10 100 100 82 71 60 
12 100 100 92 82 77 
14 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

&01;8FS 3.8 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=0,95  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 56 35 11 0 
4 100 72 66 44 17 
6 100 92 77 72 37 
8 100 100 92 82 61 

10 100 100 100 93 83 
12 100 100 100 100 92 
14 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

&01;8FS 3.9 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S @1=1,00  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 77 63 44 21 
4 100 97 83 68 62 
6 100 100 76 57 43 
8 100 78 54 36 17 

10 78 71 43 40 36 
12 87 62 52 44 38 
14 83 77 55 36 33 

*Ч9@6>=8< 688V;9=> G4A, 74 O:89 6V85C64єBьAO @C9=C64==O @>78V;N64;ь=>7> 

H4@C. 
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$8A. 3.19. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=0,90  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.20. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=0,95  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.21. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,00  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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�VAB02;5==S @57C;PB0BV2, =02545=8E C B01;8FSE 3.6, 3.7 B0 =0 @8A. 3.19, 

3.20, A2V4G0BP, I> 71V;PH5==S B8A:C =03=VB0==S 7 0,90  #0 4> 0,95  #0 

?@8A:>@Rє ?@>F5A V=5@B870FVW. #@8 FP><C G0A V=5@B870FVW A:>@>GCєBPAS 7 

14 3>48= 4> 12 3>48=. &0:5 ?V428I5==S B8A:C =5 2?;820є =0 ABV9:VABP V 

ACFV;P=VABP @>74V;R20;P=>3> H0@C, ?@> I> A2V4G8BP 100 % :>=F5=B@0FVS 

07>BC ?> 2AV9 28A>BV 20=B06=>3> B0=:0 2 :V=F5289 <><5=B 4>A;V465=P.  

#>@V2=S==S @57C;PB0BV2, =02545=8E C B01;8FSE 3.6, 3.8 B0 @8A. 3.19, 3.21 

A2V4G0BP, I> 71V;PH5==S B8A:C =03=VB0==S 7 0,90  #0 4> 1,00  #0 ?@872>48BP 

4> ?>ABC?>2>3> @C9=C20==S ABV9:>ABV B0 ?>@CH5==S FV;VA=>ABV 

@>74V;R20;P=>3> H0@C. *5 ?V4B25@46CєBPAS 7<5=H5==S< :>=F5=B@0FVW 07>BC C 

25@E=V9 G0AB8=V 20=B06=>3> B0=:0 70 ?52=89 ?@><V6>: G0AC (10&12 3>48=) B0 

:>;820=P 7=0G5==S :>=F5=B@0FVW 07>BC ?> 28A>BV 20=B06=>3> B0=:0 (C G0A>2><C 

V=B5@20;V 10&14 3>48=). 

 

 

3.5.5. �87=0G5==S :@8B5@VW2 ?@>2545==S ?@>F5AC V=5@B870FVW 20=B06=8E  

B0=:V2 AC45=-307>2>7V2 20=B06><VAB:VABR 145673 <3B0 162233 <3

 

 

�=0;>3VG=V 28?@>1C20==S 28:>=C20;8AP 4;S AC45=-307>2>7V2 

20=B06><VAB:VABR 145673 <3 B0 162233 <3. $57C;PB0B8 F8E 4>A;V465=P 

=02545=> C 283;S4V 4V03@0<, I> ?>40=V =0 @8A. 3.22-3.24 (4;S AC4=0-307>2>70 

20=B06><VAB:VABR 145673 <3) B0 =0 @8A. 3.25-3.27 (4;S AC4=0-307>2>70 

20=B06><VAB:VABR 162233 <3).  

$5:><5=4>20=89 B8A: C A8AB5<V 35=5@0FVW V=5@B=>3> 307C 4;S AC4=0-

307>2>7C 20=B06><VAB:VABR 145673 <37=0E>482AS 2 <560E 0,90&1,20  #0, 

B><C ?V4 G0A 4>A;V465=P ?V4B@8<C20;8AP 7=0G5==S 0,95  #0, 1,05  #0 B0 

1,15  #0. �=0;>3VG=V ?>:07=8:8 4;S AC4=0-307>2>7C 20=B06><VAB:VABR 

162233 <3 7=0E>48;8AP C 4V0?07>=V 0,95&1,25  #0 B0 ?V4 G0A 4>A;V465=P 

?V4B@8<C20;8AP 7=0G5==S 0,95  #0, 1,05  #0 B0 1,15  #0. 
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$8A. 3.22. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=0,95  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.23. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,05  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.24. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,15  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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$8A. 3.25. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=0,95  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 3.26. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,05  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 
1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 

 

 
$8A. 3.27. �<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A ?V4B@8<0==S B8A:C =03=VB0==S 

@1=1,15  #0 70 @V7=>W 28A>B8 20=B06=>3> B0=:0: 
1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 

 
$57C;PB0B8, I> =02545=V =0 @8A. 3.22-3.24 B0 @8A. 3.25-3.27, 71V30RBPAS 7 

@57C;PB0B0<8 4>A;V465=P =0 V=H8E AC4=0E-307>2>70E. *5 4>40B:>2> 

?V4B25@46Cє WE :>@5:B=VABP. 
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3.5.6. #>@V2=S==S 5:A?5@8<5=B0;P=8E B0 0=0;VB8G=8E @57C;PB0BV2 

 

 

�;S 287=0G5==S 045:20B=>ABV <0B5<0B8G=>W <>45;V ?@>F5AV2 V=5@B870FVW 

20=B06=8E B0=:V2 AC45=-307>2>7V2 (0=0;VB8G=V 28@07V S:>W =040=V 2 ??. 3.3-3.4, 

@>7@0EC=>: 70 S:8<8 74V9A=R202AS 70 4>?><>3>R ?@>3@0<=>3> ?@>4C:BC 

ANSYS [158, 159]) B0 WW 2V4?>2V4=>ABV @57C;PB0B0<, I> 1C;8 >B@8<0=V ?V4 G0A 

?@>2545==S 28?@>1C20=P 7 287=0G5==S :>=F5=B@0FVW 07>BC 2 >1’є<V 20=B06=>3> 

B0=:C ?V4 G0A WE V=5@B870FVW (??. 3.5.2-3.5.5) 1C;> ?@>2545=> ?>@V2=S==S F8E 

@57C;PB0BV2.  

#@8 FP><C 1C;8 >1@0=V =091V;PH V=D>@<0B82=0 4V;S=:0 20=B06=>3> 

B0=:C B0 =0 =091V;PH V=D>@<0B82=89 ?@><V6>: G0AC 28<V@R20==S. �0 B0:8 

1C;8 287=0G5=V @V2=V 20=B06=>3> B0=:C, I> 2V4?>2V40RBP 20 % B0 50 % 9>3> 

28A>B8 (0,2h B0 0,5h), B0 G0A 28<V@R20==S 6 3>4 B0 8 3>4. *59 281V@ 

>1ґ@C=B>2C202AS, ?>-?5@H5, =0<030==S< 7<5=H8B8 :V;P:VABP AB0B8AB8G=>3> 

<0B5@V0;C, ?>-4@C35, ?>B@V1=> >1@0B8 =091V;PH 7=0G=89 7 V=D>@<0FV9=>3> 

?>3;S4C ?@><V6>: 5:A?5@8<5=BC, S:89 4>72>;Sє >FV=8B8 ?5@51V3 ?@>F5AC 

V=5@B870FVW 20=B06=>3> B0=:C. 

$57C;PB0B8, I> 2V4?>2V40RBP F8< 7=0G5==S<, =02545=V 2 B01;8FV 3.10.  

&0:>6 C B01;8FV 3.10 ?>40=V @>7@0EC=:>2V 7=0G5==S 2N%  2V4=>A=>3> 

2V4E8;5==S 5:A?5@8<5=B0;P=> 287=0G5=>W 9кA
2NC B0 0=0;VB8G=> >B@8<0=>W а=

2NC

:>=F5=B@0FVW 07>BC C 20=B06=><C B0=:C ?V4 G0A V=5@B870FVW. *5 7=0G5==S 

>B@8<0=> 7 28@07C 

 

.9кA
2

а=
2

9кA
2

2
N

NN
N

C

CC% 
ý  

 

 

 >4C;P=5 7=0G5==S 2V4=>A=>3> 2V4E8;5==S :>=F5=B@0FVW ?@89=SB> 4;S 

1V;PH 7@CG=>W ?>1C4>28 3@0DVG=8E 70;56=>AB59. 
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&01;8FS 3.10 

#>@V2=S==S 7=0G5=P :>=F5=B@0FVW 07>BC C 20=B06=><C B0=:C ?V4 G0A 

V=5@B870FVW, 287=0G5=8E 5:A?5@8<5=B0;P=> B0 0=0;VB8G=>  

 %C4=>-307>2>7 20=B06><VAB:VABR 38646 <3 

+0A, 3>4 
@1=0,85  #0 @2=0,90  #0 @3=0,95  #0 

0,2h 0,5h 0,2h 0,5h 0,2h 0,5h 

6 
17,2

47/46

  
78,2

74/72

  
23,3

60/62
 

08,1

93/92

  
23,3

64/62

  
00,2

98/100
 

8 
63,2

74/76
 

14,1

87/88
 

38,2

86/84

  
00,1

99/100
 

84,3

54/52

  
39,1

71/72
 

  

 %C4=>-307>2>7 20=B06><VAB:VABR 42563 <3 

+0A, 3>4 
@1=0,95  #0 @2=1,00  #0 @3=1,05  #0 

0,2h 0,5h 0,2h 0,5h 0,2h 0,5h 

6 
27,2

43/44
 

61,1

61/62
 

39,3

61/59

  
60,2

79/77

  
53,3

88/85

  
00,1

99/100
 

8 
28,3

63/61

  
33,1

76/75

  
32,1

75/76
 

35,2

87/85

  
58,1

64/63

  
78,2

70/72
 

  

 %C4=>-307>2>7 20=B06><VAB:VABR 88248 <3 

+0A, 3>4 
@1=0,90  #0 @2=0,95  #0 @3=1,00  #0 

0,2h 0,5h 0,2h 0,5h 0,2h 0,5h 

6 
70,3

56/54

  
56,1

63/64
 

78,2

70/72
 

60,2

79/77

  
51,3

55/57
 

32,1

75/76
 

8 
23,3

60/62
 

74,2

71/73
 

66,3

85/82

  
26,3

95/92

  
78,2

37/36

  
85,1

53/54
 

' G8A9;ь=8:C – @97C;ьB4B8 ?V8 G4A 68<V@N64==O B4 ?V8 G4A <>89;N64==O, 

C 7=4<9==8:C – 6V8=>A=9 6V8E8;9==O F8E 7=4G9=ь >8=9 6V8 >8=>7> 

 

�0 @57C;PB0B0<8 B01;8FV 3.10 ?>1C4>20=V 4V03@0<8, I> =02545=V =0 

@8A. 3.28-3.30. 
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4)  

 

5) 

$8A. 3.28. �>=F5=B@0FVS 07>BC 2NC  =0 @V7=V9 28A>BV 20=B06=>3> B0=:0 h B0 

2V4=>A=> 2V4E8;5==S 2N%  <V6 5:A?5@8<5=B0;P=8< 1 B0 0=0;VB8G=8< 2 WW 

287=0G5==S< 4;S AC4=0-307>2>70 20=B06><VAB:VABR 38646 <3:  

4 – G0A 28?@>1C20==S 6 3>48=, 5 – G0A 28?@>1C20==S 8 3>48= 
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4) 

 
5) 

$8A. 3.29. �>=F5=B@0FVS 07>BC 2NC  =0 @V7=V9 28A>BV 20=B06=>3> B0=:0 h B0 

2V4=>A=> 2V4E8;5==S 2N%  <V6 5:A?5@8<5=B0;P=8< 1 B0 0=0;VB8G=8< 2 WW 

287=0G5==S< 4;S AC4=0-307>2>70 20=B06><VAB:VABR 42563 <3:  

4 – G0A 28?@>1C20==S 6 3>48=, 5 – G0A 28?@>1C20==S 8 3>48= 
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4) 

 
5) 

$8A. 3.30. �>=F5=B@0FVS 07>BC 2NC  =0 @V7=V9 28A>BV 20=B06=>3> B0=:0 h B0 

2V4=>A=> 2V4E8;5==S 2N%  <V6 5:A?5@8<5=B0;P=8< 1 B0 0=0;VB8G=8< 2 WW 

287=0G5==S< 4;S AC4=0-307>2>70 20=B06><VAB:VABR 88248 <3:  

4 – G0A 28?@>1C20==S 6 3>48=, 5 – G0A 28?@>1C20==S 8 3>48= 
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�0 @57C;PB0B0<8, I> =02545=V 2 B01;8FV 3.10 B0 =0 @8A. 3.28-3.30 

287=0G8<>, I> @>71V6=VABP 7=0G5=P :>=F5=B@0FVW 07>BC C 20=B06=><C B0=:C, 

I> >B@8<0=V 0=0;VB8G=V< B0 5:A?5@8<5=B0;P=8< H;SE><, =5 ?5@528ICє 4 %, 

?@8 FP><C 2 1V;PH>ABV 28?04:V2 A:;040є 1,3&2,6 %. *5 A2V4G8BP ?@> 

045:20B=VABP <0B5<0B8G=>W <>45;V B0 WW 2V4?>2V4=>ABV 5:A?5@8<5=B0;P=8< 

4>A;V465==S<. 

 

 

3.6. �8A=>2:8 70 @>74V;>< 3 

 

 

/: @57C;PB0B 4>A;V465=P, =02545=8E 2 @>74V;V 3, 287=0G8<> =0ABC?=5. 

1. �=5@B870FVS 20=B06=8E B0=:V2 AC45=-307>2>7V2 AC?@>2>46CєBPAS 

?>ABV9=>R 7<V=>R 45:V;P:>E ?>:07=8:V2, I> E0@0:B5@87CRBP AB0= 0B<>AD5@8 

20=B06=>3> B0=:C, 0 B0:>6 ?5@51V3 ?@>F5AC V=5@B870FVW. "A=>2=8<8 7 F8E 

?>:07=8:V2 є :>=F5=B@0FVS V=5@B=>3> 307C B0 70;8H:V2 20=B06C 2 >1AS7V 

20=B06=>3> B0=:C; AB0= @>74V;R20;P=>3> H0@C, S:V9 ?>?5@546Cє 

AC<VHCB2>@5==S <V6 ?0@0<8 20=B06C, I> 70;8H8;8AP C 20=B06=><C B0=:C B0 

V=5@B=8< 307><, I> ?>40єBPAS 4> 20=B06=>3> B0=:C; B8A: V=5@B=>3> 307C; 

B@820;VABP V=5@B870FVW. 

2. /:VA=8< ?>:07=8:>< ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-

307>2>7V2 є :>=F5=B@0FVS V=5@B=>3> 307C 2 0B<>AD5@V 20=B06=>3> B0=:C; 

:V;P:VA=8< – B@820;VABP V=5@B870FVW.  

3. �87=0G5==S :>=F5=B@0FVW V=5@B=>3> 307C 2 0B<>AD5@V 20=B06=>3> B0=:C 

<>6;82> 0=0;VB8G=8< B0 5:A?5@8<5=B0;P=8< H;SE><. � ?5@H><C 28?04:C F5 

70157?5GCєBPAS G5@57 @>72’S70==S @V2=S=P :>=25:B82=>W 48DC7VW 2V4=>A=> 

V=5@B=>3> 307C, 2 4@C3><C – 70 4>?><>3>R <>=VB>@8=3C :>=F5=B@0FVW 

V=5@B=>3> 307C =0 @V7=8E @V2=SE 20=B06=>3> B0=:C. #>@V2=S==S 

5:A?5@8<5=B0;P=8E B0 0=0;VB8G=8E @57C;PB0BV2, I> 1C;8 28:>=0=V ?V4 G0A 

4>A;V465=P ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 
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20=B06><VAB:VABR 38646 <3, 42563 <3, 88248 <3, 145673 <3B0 162233 <3 

287=0G8;8, I> 2 @07V :>@5:B=>3> ?@>2545==S 28?@>1C20=P B0 @>7@0EC=:V2 

@>7E>465==S <V6 F8<8 @57C;PB0B0<8 =5 ?5@528ICє =5 ?5@528ICє 4 %, ?@8 

FP><C 2 1V;PH>ABV 28?04:V2 A:;040є 1,3&2,6 %. 

4. �:A?5@8<5=B0;P=> ?V4B25@465=> =0S2=VABP =04:@8B8G=>3> B8A:C 

V=5@B=>3> 307C, ?5@528I5==S S:>3> ?@872>48BP 4> @C9=C20==S 

@>74V;R20;P=>3> H0@C, S:V9 ?>?5@546Cє AC<VHCB2>@5==S <V6 ?0@0<8 

20=B06C, I> 70;8H8;8AP C 20=B06=><C B0=:C B0 V=5@B=8< 307><, I> 

?>40єBPAS 4> 20=B06=>3> B0=:C. �87=0G5==S FP>3> =530B82=>3> S28I0 

<>6;82> G5@57 <>=VB>@8=3 :>=F5=B@0FVW V=5@B=>3> 307C =0 @V7=8E @V2=SE 

20=B06=>3> B0=:C. �:A?5@8<5=B0;P=V 4>A;V465==S, I> 1C;8 28:>=0=V =0 

AC4=0E-307>2>70E 20=B06><VAB:VABR 38646 <3, 42563 <3, 88248 <3, 145673 <3B0 

162233 <3 4>72>;8;8 287=0G8B8 F59 B8A: B0 =040B8 ?@0:B8G=V @5:><5=40FVW 

I>4> 9>3> 70?>1V30==S. &0:>6 4;S :>6=>3> 7 AC45=-307>2>7V2 7 2:070=>R 

20=B06><VAB:VABR 1C;> 287=0G5=> >?B8<0;P=89 7 B>G:8 7>@C 70157?5G5==S 

S:VA=>3> B0 :V;P:VA=>3> ?>:07=8:V2 ?@>F5AC V=5@B870FVW B8A: V=5@B=>3> 307C, 

I> ?>40єBPAS 4> 20=B06=>3> B0=:C. 
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4. �!���� �!�$��&�+!"� &� ��"�"��+!"� �(��&��!"%&� 

 �&"��� �!�$&���*�� ��!&��!�) &�!��� %'��!-���"�"��� 

 

 

+5B25@B89 @>74V; 48A5@B0FV9=>3> 4>A;V465==S ?@8A2SG5=> @>72’S70==R 

4@C3>3> B0 B@5BP>3> 4>?><V6=8E 70240=P, S:8<8 є: 

÷ 287=0G5==S 5=5@35B8G=>W 5D5:B82=>ABV ?@>F5AC V=5@B870FVW 20=B06=8E 

B0=:V2 AC45=-307>2>7V2; 

÷ 287=0G5==S 5:>;>3VG=>W 5D5:B82=>ABV ?@>F5AC V=5@B870FVW 20=B06=8E 

B0=:V2 AC45=-307>2>7V2. 

"A=>2=V @57C;PB0B8 @>74V;C 4 =02545=V 2 465@5;0E [44], [80], [168]. 

 

 

4.1. �=0;V7 5=5@35B8G=>W 5D5:B82=>ABV <5B>4V2 V=5@B870FVW 20=B06=8E 

B0=:V2 AC45=-307>2>7V2 

 

 

�=5@35B8G=0 5D5:B82=VABP ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 AC45=-

307>2>7V2 287=0G0єBPAS 28B@0B0<8 5=5@3VW =0 9>3> 70157?5G5==S [160-162]. #@8 

FP><C >A=>2=8< A?>6820G5< F8E 28B@0B є 35=5@0B>@ V=5@B=8E 307V2, 

?>BC6=VABP S:>3> 70;56=> 2V4 20=B06><VAB:>ABV AC4=0, =0 S:><C 2V= 

2AB0=>2;5=>, :>;820єBPAS 2 <560E 350&2500 :�B. �>4=>G0A 5=5@35B8G=0 

5D5:B82=VABP ?@>F5AC V=5@B870FVW ?>2’S70=0 7 :V;P:VABR 07>BC, I> 

28B@0G0єBPAS 4;S 70157?5G5==S FP>3> ?@>F5AC, B0 B@820;VABR FP>3> ?@>F5AC. 

�1V;PH5==S F8E ?>:07=8:V2 7=86Cє 5=5@35B8G=C 5D5:B82=VABP ?@>F5AC 

V=5@B870FVW [163-165]. 

�>A;V465==S I>4> 287=0G5==S =091V;PH 5D5:B82=>3> 7 5=5@35B8G=>W 

B>G:8 7>@C A?>A>1C V=5@B870FVW 20=B06=8E B0=:V2 28:>=C20;8AP =0 >A=>2V 

AB0B8AB8G=8E 40=8E I>4> 70157?5G5==S 40=>W >?5@0FVW =0 AC4=0E-307>2>70E 

@V7=>W 20=B06><VAB:>ABV. "1@>1:0 B0 0=0;V7 V=D>@<0FVW 7 V=5@B870FVW 
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20=B06=8E B0=:V2 28:>=C20;0AS 4;S AC45=-307>2>7V2, >1AS38 20=B06=8E B0=:V2 

S:8E AB0=>28;8 38646 <3, 42427 <3, 42563 <3, 72312 <3, 88248 <3, 88274 <3, 

88302 <3, 145673 <3, 146817 <3, 162233 <3. #V4 G0A ?@>2545==S 4>A;V465=P 

40=V AC4=0 1C;8 A:><?;5:B>20=V 2 B@8 3@C?8: <5=H 70 50000 <3, 

50000&100000 <3, 1V;PH 70 100000 <3. 'AV AC4=0 28:>=C20;8 ?5@52575==S 

>4=>3> 9 B>3> 6 20=B06C <V6 ?>@B0<8 �;87P:>3> %E>4C B0 �8B0R. !0 2AVE 

AC4=0E 1C;> <>6;825 28:>=0==S :0A:04=>W, =0?V2:0A:04=>W B0 ?0@0;5;P=>W 

AE5< V=5@B870FVW 20=B06=8E B0=:V2 [44, 80].  

#VA;S :>6=>3> B@0=A?>@BC20==S B0 @>720=B065==S 7@V465=>3> 307C 2 

?>@BC 28:>=C202AS ?@>F5A V=5@B870FVW 20=B06=8E B0=:V2. �=5@B870FVS 

20=B06=8E B0=:V2 28:>=C20;0AS 7 4>?><>3>R 07>BC. �;S 28@>1=8FB20 07>BC 

28:>@8AB>2C20;0AS AC4=>20 A8AB5<0 35=5@0FVW. �;S :>6=>3> AC4=0 ?VA;S 

?5@H>3> B@0=A?>@BC20==S ?@>F5A V=5@B870FVW 28:>=C202AS 70 :0A:04=>R 

AE5<>R. �@C35 B@0=A?>@BC20==S 7025@HC20;>AS V=5@B870FVєR 70 

=0?V2:0A:04=>R AE5<>R, B@5Bє – 70 ?0@0;5;P=>R. �0 ?5@V>4 ?@>2545==S 

4>A;V465=P :>6=5 V7 AC45= 74V9A=8;> ?>=04 45ASBP ?5@52575=P 7@V465=>3> 

307C. *5 70157?5GC20;> =5>1EV4=89 <0A82 5:A?5@8<5=B0;P=8E 40=8E, 0 B0:>6 

4>72>;S;> 7@>18B8 28A=>2:8 I>4> :>@5:B=>ABV ?@>2545==S 5:A?5@8<5=BV2.  

#>@V2=S==S 5=5@35B8G=>W 5D5:B82=>ABV :0A:04=>W, =0?V2:0A:04=>W B0 

?0@0;5;P=>W AE5< V=5@B870FVW 20=B06=8E B0=:V2 ?V4 G0A 28:>@8AB0==S 07>BC 

4>FV;P=> 28:>=C20B8 70 42><0 ?>:07=8:0<8: 

1) 28B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S FP>3> ?@>F5AC; 

2) B@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW. 

*V ?>:07=8:8 70;560BP 2V4 20=B06><VAB:>ABV AC45=-307>2>7V2. �;S >FV=:8 

5D5:B82=>ABV A8AB5< V=5@B870FVW 20=B06=8E B0=:V2 C2545<> B0:V ?>7=0G5==S: 

Gc, Gs, Gp – 28B@0B0 07>BC, S:89 =5>1EV4=89 4;S 70157?5G5==S V=5@B870FVW 

70 :0A:04=>R, =0?V2:0A:04=>R B0 ?0@0;5;P=>R AE5<0<8, 2V4?>2V4=>;  

tc, ts, tp – B@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW 70 :0A:04=>R, 

=0?V2:0A:04=>R B0 ?0@0;5;P=>R AE5<0<8, 2V4?>2V4=>. 
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4.1.1. $57C;PB0B8 4>A;V465=P =0 AC4=0E-307>2>70E 20=B06><VAB:VABR 

<5=H =V6 50000 <3 

 

 

�> FVєW 3@C?8 1C;8 2V4=5A5=V AC4=0-307>2>78 7 20=B06><VAB:VABR 

38646 <3, 42427 <3, 42563 <3. 

�8B@0B0 07>BC, S:0 1C;0 =5>1EV4=0 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW 

20=B06=8E B0=:V2, 287=0G0;0AP 70 4>?><>3>R 28B@0B><V@C, I> 1C2 

2AB0=>2;5=89 ?VA;S 35=5@0B>@0 V=5@B=8E 307V2 (I>4> @8A. 3.4, 3.5, 3.5 ?. 3.2 – 

?VA;S 5;5<5=BC «�EV4 07>BC, N2»). /: 35=5@0B>@ 07>BC 28:>@8AB>2C202AS 

35=5@0B>@ Carbotech MS-H 7 <0:A8<0;P=>R ?@>4C:B82=VABR 750 <3/3>4. 

&5E=>;>3VS ?@>2545==S ?@>F5AC V=5@B870FVW 28:;RG0;0 28B>:8 07>BC G5@57 

CIV;P=5==S, B@C1>?@>2>48 01> 0@<0BC@C 2 A8AB5<V. &><C 1C;> ?@89=SB>, I> 

?@>F5A V=5@B870FVW 28:>=CєBPAS 157 2B@0B 07>BC.  

�025@H5==S ?@>F5AC V=5@B870FVW 287=0G0;>AP 70 7=0G5==S< :>=F5=B@0FVW 

07>BC 2 307>2><C A5@54>28IV =0 28E>4V 7 >AB0==P>W 3@C?8 20=B06=8E B0=:V2 

(I>4> @8A. 3.4, 3.5, 3.5 ?. 3.2 – ?5@54 5;5<5=B>< «�8EV4 307V2). �=0;V7 

307>2>3> A5@54>28I0 28:>=C202AS 70 4>?><>3>R 307>2>3> 0=0;V70B>@0 

Testo 380L. 

$57C;PB0B8 7 287=0G5==S 28B@0B8 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S 

?@>F5AC V=5@B870FVW, 0 B0:>6 B@820;>ABV ?@>2545==S ?@>F5AC V=5@B870FVW, 

=02545=> 2 B01;8FSE 4.1, 4.2. 

 
&01;8FS 4.1 

�8B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW, <3 

�0=B06><VAB:VABP 
AC4=0-307>2>7C, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

38646 (3 B0=:0) 45000&47000 115000&120000 90000&95000

42427 (3 B0=:0) 50000&53000 125000&130000 95000&100000

42563 (3 B0=:0) 50000&53000 125000&130000 95000&100000
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&01;8FS 4.2 
&@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW, 3>4 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

38646 (3 B0=:0) 11&12 6&7 8&10 

42427 (3 B0=:0) 12&13 8&9 10&12 
42563 (3 B0=:0) 12&13 8&9 10&12 

 

/:I> ?@89=SB8 28B@0BC 07>BC Gc B0 B@820;VABP tc ?@>F5AC V=5@B870FVW 70 

:0A:04=>R AE5<>R 70 107>2V 7=0G5==S, B> 2V4=>A=V 7=0G5==S 40=8E 25;8G8= 

4;S 2AVE AE5< V=5@B870FVW 287=0G0BPAS 70 28@070<8: 

– 4;S :0A:04=>W AE5<8 ;1  ,1 кккккк ýýýý tttGGG  

– 4;S ?0@0;5;P=>W AE5<8 ;  , к??к?? tttGGG ýý  

– 4;S =0?V2:0A:04=>W AE5<8 .  , к=sк== tttGGG ýý  

(4.1) 

�V4=>A=V 2B@0B8 5=5@3VW ?V4 G0A ?@>2545==S ?@>F5AC V=5@B870FVW <>6;82> 

>FV=8B8 70 :>5DVFVє=B>< 5=5@35B8G=8E 28B@0B, I> 2@0E>2Cє 2V4=>A=V 28B@0B8 

V=5@B=>3> 307C B0 2V4=>A=C B@820;VABP ?@>F5AC V=5@B870FVW 

 

;E tGK ý  (4.2) 

 

45 tG   , – 2V4=>A=V 7=0G5==S 28B@0B8 07>BC B0 B@820;>ABV V=5@B870FVW, 

2V4?>2V4=>. 

�1V;PH5==S :>5DVFVє=BC 5=5@35B8G=8E 28B@0B ?>3V@HCє 5D5:B82=VABP 

?@>F5AC V=5@B870FVW. *5 71V;PH5==S ?>2’S70=> 01> 7 ?V428I5==S< 2V4=>A=>3> 

7=0G5==S 28B@0B8 07>BC ,G  01> 7V 71V;PH5==S< 2V4=>A=>3> 7=0G5==S 

B@820;>ABV V=5@B870FVW t . � ?>:07=8:V2 G  B0 t  1V;PH ACBBє289 2?;82 =0 

5D5:B82=VABP ?@>F5AC V=5@B870FVW <0є 2V4=>A=0 28B@0B0 07>BC, I> ?>2’S70=5 7 

=5>1EV4=VABR 4>40B:>2>W 5:A?;C0B0FVW 35=5@0B>@0 V=5@B=8E 307V2 B0 

(2V4?>2V4=> 4> 9>3> ?>BC6=>ABV) 7@>AB0==S< ?>BC6=>ABV AC4=>28E 4875;P-

35=5@0B>@V2 V 28B@0B8 ?0;820 =0 70157?5G5==S WE @>1>B8 [166-168]. 
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� C@0EC20==S< F8E 28@07V2 (4.1), (4.2) >B@8<0є<> CA5@54=5=V 

5:A?5@8<5=B0;P=V 7=0G5==S, I> =02545=V 2 B01;8FSE 4.3-4.5. 

 

&01;8FS 4.3 
�V4=>A=0 28B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

38646 (3 B0=:8) 1 2,53 1,98 

42427 (3 B0=:8) 1 2,58 2,06 

42563 (3 B0=:8) 1 2,73 2,04 

 

&01;8FS 4.4 

�V4=>A=0 B@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 

AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 

:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

38646 (3 B0=:8) 1 0,55 0,75 

42427 (3 B0=:8) 1 0,52 0,69 

42563 (3 B0=:8) 1 0,48 0,71 

 

&01;8FS 4.5 

�V4=>A=V 28B@0B8 5=5@3VW ?V4 G0A ?@>2545==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 

AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 

:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

38646 (3 B0=:8) 1 1,392 1,485 

42427 (3 B0=:8) 1 1,342 1,421 

42563 (3 B0=:8) 1 1,310 1,448 

 

� <5B>R :@0I>W 2V7C0;V70FVW, 70 @57C;PB0B0<8 B01;8FP 4.3-4.5 ?>1C4>20=V 

4V03@0<8, I> ?>40=V =0 @8A. 4.1. 
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4) 5) 

 
6) 

$8A. 4.1. #>:07=8:8, I> E0@0:B5@87CRBP 5=5@35B8G=C 5D5:B82=VABP ?@>F5AC 
V=5@B870FVW: 

4 – 2V4=>A=0 28B@0B0 07>BC; 5 – 2V4=>A=0 B@820;VABP; 6 – 2V4=>A=0 28B@0B0 
5=5@3VW; 1 – :0A:04=0, 2 – ?0@0;5;P=0, 3 – =0?V2:0A:04=0 AE5<8; 

20=B06><VAB:VABP: � – 38646 <3; �� – 42427 <3; ��� – 42563 <3 

 

 

4.1.2. $57C;PB0B8 4>A;V465=P =0 AC4=0E-307>2>70E 20=B06><VAB:VABR  

50000&100000 <3 

 

 

� <5B>R 71V;PH5==S <0A82C 5:A?5@8<5=B0;P=8E 40=8E B0 ?>H8@5==S 

28A=>2:V2 =0 AC4=0 V=H>W 20=B06><VAB:>ABV, 4>A;V465==S, ?>A;V4>2=VABP 

28:>=0==S S:8E =02545=0 2 ?. 4.1.1, ?@>2>48;8AP B0:>6 =0 V=H8E AC4=0E. �> 

FVєW 3@C?8 1C;8 2V4=5A5=V AC4=0-307>2>78 7 20=B06><VAB:VABR 72312 <3, 

88248 <3, 88274 <3, 88302 <3. 
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/: 35=5@0B>@ 07>BC =0 2:070=8E AC4=0E 28:>@8AB>2C20;8AP 35=5@0B>@8 

Carbotech MS-H, 7 ?@>4C:B82=VABR 4> 850 <3/3>4. �=0;V7 307>2>3> A5@54>28I0 

28:>=C202AS 70 4>?><>3>R 307>2>3> 0=0;V70B>@0 Testo380TL. 

$57C;PB0B8 7 287=0G5==S 28B@0B8 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S 

?@>F5AC V=5@B870FVW, 0 B0:>6 B@820;>ABV ?@>2545==S ?@>F5AC V=5@B870FVW 

=02545=> 2 B01;8FSE 4.6, 4.7. 

 
&01;8FS 4.6 

�8B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW, <3 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

72312 (4 B0=:8) 80000&85000 215000&225000 150000&160000 
88248 (4 B0=:8) 85000&90000 220000&230000 160000&170000 

88274 (4 B0=:8) 85000&90000 220000&230000 160000&170000 
88302 (4 B0=:8) 85000&90000 220000&230000 160000&170000 

 

&01;8FS 4.7 
&@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW, 3>4 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

72312 (4 B0=:8) 13&14 7&8 9&11 

88248 (4 B0=:8) 13&15 8&9 11&12 
88274 (4 B0=:8) 13&15 8&9 11&12 
88302 (4 B0=:8) 13&15 8&9 11&12 

 

�V4=>A=V 7=0G5==S 28B@0B8 07>BC 4;S :0A:04=>W cG , ?0@0;5;P=>W pG B0 

=0?V2:0A:04=>W AE5< sG , 2V4=>A=0 B@820;VABP ?@>F5AC V=5@B870FVW 70 F8<8 

AE5<0<8 c t , p  t  B0 s  t , 0 B0:>6 2V4=>A=0 5D5:B82=VABP ?@>F5AC V=5@B870FVW 

EK  287=0G0;8AP 70 28@070<8 (4.1), (4.2). � C@0EC20==S< F8E 28@07V2, 1C;8 

>B@8<0=V CA5@54=5=V 7=0G5==S, I> =02545=V 2 B01;8FSE 4.8-4.10. 
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&01;8FS 4.8 
�V4=>A=0 28B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

72312 (4 B0=:8) 1 2,03 1,68 

88248 (4 B0=:8) 1 2,08 1,78 

88274 (4 B0=:8) 1 2,11 1,82 

88302 (4 B0=:8) 1 2,19 1,76 

 

&01;8FS 4.9 
�V4=>A=0 B@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>7C, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

72312 (4 B0=:8) 1 0,61 0,82 

88248 (4 B0=:8) 1 0,58 0,79 

88274 (4 B0=:8) 1 0,6 0,76 

88302 (4 B0=:8) 1 0,55 0,8 

 

&01;8FS 4.10 
�V4=>A=V 28B@0B8 5=5@3VW ?V4 G0A ?@>2545==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>7C, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

72312 (4 B0=:8) 1 1,238 1,378 

88248 (4 B0=:8) 1 1,206 1,406 

88274 (4 B0=:8) 1 1,266 1,383 

88302 (4 B0=:8) 1 1,205 1,408 

 

� <5B>R :@0I>W 2V7C0;V70FVW, 70 @57C;PB0B0<8 B01;8FP 4.8-4.10 ?>1C4>20=V 

4V03@0<8, I> ?>40=V =0 @8A. 4.2. 
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4) 

 

5) 

 

6) 

$8A. 4.2. #>:07=8:8, I> E0@0:B5@87CRBP 5=5@35B8G=C 5D5:B82=VABP ?@>F5AC 

V=5@B870FVW: 4 – 2V4=>A=0 28B@0B0 07>BC; 5 – 2V4=>A=0 B@820;VABP; 6 – 2V4=>A=V 

28B@0B8 5=5@3VW ?V4 G0A ?@>2545==S ?@>F5AC V=5@B870FVW; 1 – :0A:04=0,  

2 – ?0@0;5;P=0, 3 – =0?V2:0A:04=0 AE5<8; 20=B06><VAB:VABP: � – 72312 <3;  

�� – 88248 <3; ��� – 88274 <3; �V – 88302 <3 
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4.1.3. $57C;PB0B8 4>A;V465=P =0 AC4=0E-307>2>70E 7 20=B06><VAB:VABR  

1V;PH5 70 100000 <3 

 

 

� <5B>R 71V;PH5==S <0A82C 5:A?5@8<5=B0;P=8E 40=8E B0 ?>H8@5==S 

28A=>2:V2 =0 AC4=0 V=H>W 20=B06><VAB:>ABV, 4>A;V465==S, ?>A;V4>2=VABP 

28:>=0==S S:8E =02545=0 2 ?. 3.5.1, ?@>2>48;8AP B0:>6 =0 V=H8E AC4=0E. �> 

FVєW 3@C?8 1C;8 2V4=5A5=V AC4=0-307>2>78 7 20=B06><VAB:VABR 145673 <3, 

146817 <3, 162233 <3. /: 35=5@0B>@ 07>BC 28:>@8AB>2C202AS 35=5@0B>@ 

Carbotech Copper-DX, I> 70157?5GCє 4>40B:>25 >ACH5==S 07>BC, 7 

?@>4C:B82=VABR 4> 1300 <3/3>4. �=0;V7 307>2>3> A5@54>28I0 28:>=C202AS 70 

4>?><>3>R 307>2>3> 0=0;V70B>@0 Testo350XL. 

$57C;PB0B8 7 287=0G5==S 28B@0B8 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S 

?@>F5AC V=5@B870FVW, 0 B0:>6 B@820;>ABV ?@>2545==S ?@>F5AC V=5@B870FVW 

=02545=> 2 B01;8FSE 4.11, 4.12. 

 
&01;8FS 4.11 

�8B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW, <3 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

145673 (5 B0=:V2) 160000&170000 240000&260000 200000&220000 

146817 (5 B0=:V2) 160000&170000 240000&260000 200000&220000 

162233 (5 B0=:V2) 180000&200000 260000&280000 220000&240000 

 
&01;8FS 4.12 

&@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW, 3>4 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

145673 (5 B0=:V2) 13&15 7&8 9&10 
146817 (5 B0=:V2) 13&15 7&8 9&10 
162233 (5 B0=:V2) 14&15 8&9 9&10 
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�V4=>A=V 7=0G5==S 28B@0B8 07>BC 4;S :0A:04=>W кG , ?0@0;5;P=>W ?G B0 

=0?V2:0A:04=>W AE5< =G , 2V4=>A=0 B@820;VABP ?@>F5AC V=5@B870FVW 70 F8<8 

AE5<0<8 к t , ?  t  B0 =  t , 0 B0:>6 2V4=>A=V 28B@0B8 5=5@3VW ?V4 G0A ?@>2545==S 

?@>F5AC V=5@B870FVW EK  287=0G0;8AP 70 28@070<8, I> =02545=V 2 ?. 4.1.1. � 

C@0EC20==S< F8E 28@07V2, 1C;8 >B@8<0=V CA5@54=5=V 5:A?5@8<5=B0;P=V 

7=0G5==S, I> =02545=V 2 B01;8FSE 4.13-4.15. 

&01;8FS 4.13 
�V4=>A=0 28B@0B0 07>BC, =5>1EV4=>3> 4;S 70157?5G5==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

145673 (5 B0=:V2) 1 1,44 1,38 

146817 (5 B0=:V2) 1 1,46 1,37 

162233 (5 B0=:V2) 1 1,51 1,41 

 

&01;8FS 4.14 
�V4=>A=0 B@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

145673 (5 B0=:V2) 1 0,59 0,82 

146817 (5 B0=:V2) 1 0,61 0,86 

162233 (5 B0=:V2) 1 0,57 0,79 

 

&01;8FS 4.15 
�V4=>A=V 28B@0B8 5=5@3VW ?V4 G0A ?@>2545==S ?@>F5AC V=5@B870FVW 

�0=B06><VAB:VABP 
AC4=0-307>2>70, <3 

%E5<0 V=5@B870FVW 
:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

145673 (5 B0=:V2) 1 0,850 1,132 

146817 (5 B0=:V2) 1 0,891 1,178 

162233 (5 B0=:V2) 1 0,861 1,114 
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� <5B>R :@0I>W 2V7C0;V70FVW, 70 @57C;PB0B0<8 B01;8FP 4.13-4.15 

?>1C4>20=V 4V03@0<8, I> ?>40=V =0 @8A. 4.3. 

 

  
4) 5) 

 
6) 

$8A. 4.3. #>:07=8:8, I> E0@0:B5@87CRBP 5=5@35B8G=C 5D5:B82=VABP ?@>F5AC 

V=5@B870FVW: 

4 – 2V4=>A=0 28B@0B0 07>BC; 5 – 2V4=>A=0 B@820;VABP; 6 – 2V4=>A=0 28B@0B0 

5=5@3VW; 1 – :0A:04=0, 2 – ?0@0;5;P=0, 3 – =0?V2:0A:04=0 AE5<8; 

20=B06><VAB:VABP: � – 145673 <3; �� – 146817 <3; ��� – 162233 <3 

 

 

4.1.4. �=0;V7 @57C;PB0BV2 7 287=0G5==S 28B@0B8 07>BC B0 B@820;>ABV  

?@>F5AC V=5@B870FVW 4;S AC45=-307>2>7V2 @V7=>W 20=B06><VAB:>ABV  

 

 

�=5@B870FVS 20=B06=8E B0=:V2 AC45=-307>2>7V2 є >4=VєR 7V A:;04>28E, S:V 

30@0=BCRBP 157?5G=C 5:A?;C0B0FVR AC45= B0:>3> :;0AC [169, 170]. &5E=>;>3VS 

?@>F5AC V=5@B870FVW V45=B8G=0 =0 2AVE AC4=0E-307>2>70E, 0 B0:>6 ?V4 G0A 

B@0=A?>@BC20==S 1C4P-S:8E 20=B06V2. &><C @57C;PB0B8 4>A;V465=P, S:V 
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>B@8<0=V =0 >4=><C AC4=V G8 3@C?V AC45=, <>6CBP 1CB8 V<?;5<5=B>20=V =0 2AV 

AC4=0 B0:>3> :;0AC.  

�>4=>G0A ?@>2545=V 4>A;V465==S E0@0:B5@87CRBPAS =0ABC?=>R 

48;5<>R. � >4=>3> 1>:C, :>65= 20=B06, S:89 ?5@52>78BPAS AC4=0<8-

307>2>70<8 <0є A2>W DV78G=V E0@0:B5@8AB8:8. � V=H>3> 1>:C, A2>W 35><5B@8G=V 

E0@0:B5@8AB8:8 <0RBP 20=B06=V B0=:8 @V7=8E AC45=. *5 ?@872>48BP 4> B>3>, 

I> 4;S B>3> A0<>3> AC4=0 ?V4 G0A B@0=A?>@BC20==S @V7=8E 20=B06V2 

7<V=RєBPAS 3V4@02;VG=89 >?V@, S:89 =5>1EV4=> ?>4>;0B8 4;S 70157?5G5==S 

V=5@B870FVW. &0:8< G8=><, AE5<0 V=5@B870FVW, @5:><5=4>20=0 4;S >4=>3> 

20=B06C, <>65 1CB8 <5=H 5D5:B82=>R 4;S V=H>3>. � V=H>3> 1>:C, 70728G09, 

AC4=0-307>2>78 70157?5GCRBP ?5@52575==S 20=B06V2 2V4?>2V4=> 4> 

4>23>AB@>:>28E D@0EB>28E :>=B@0:BV2. #@8 FP><C 74V9A=RєBPAS ?5@52575==S 

>4=>3> V B>3> 6 20=B06C ?@>BS3>< 45:V;P:>E @59AV2 (:V;P:VABP S:8E <>65 

4>AS30B8 10, 0 2 45S:8E 28?04:0E ?5@528IC20B8 20). *5 ?V428ICє ?>B@51C 2 

@57C;PB0B0E 28:>=0=8E 4>A;V465=P. �@V< B>3>, VA=CRBP «A5@VW AC45=» V7 

?@0:B8G=> >4=0:>28<8 E0@0:B5@8AB8:0<8, ?@8G><C 5:A?;C0B0FVS F8E AC45= 

<>65 28:>=C20B8AP 7 >4=0:>28< D@0EB>28< 70240==S<. &0:8< G8=><, 

@5:><5=40FVW, @>7@>1;5=V 4;S >4=>3> AC4=0, <>6CBP 5D5:B82=> 

28:>@8AB>2C20B8AS =0 V=H8E AC4=0E, S:V ?5@52>7SBP B0:89 A0<89 20=B06 <V6 

B0:8<8 A0<8<8 ?>@B0<8.  

&0:>6 287=0G8<>, I> 2AV 4>A;V465==S 7 V=5@B870FVW 20=B06=8E B0=:V2 

28:>=C20;8 01> ?V4 G0A 10;0AB>28E ?5@5E>4V2 AC4=0, 01> 2 ?>@BC 

@>720=B065==S. #@8 FP><C :>=B@>;R20;8AS B0 ?V4B@8<C20;8AS C 

=5>1EV4=><C 4V0?07>=V 2AV >A=>2=V ?0@0<5B@8 @>1>B8 3>;>2=>3> B0 

4>?><V6=8E 4283C=V2, ?0@0<5B@8 2 A8AB5<0E, S:V 70157?5GCRBP WE=є 

DC=:FV>=C20==S, 2AV >A=>2=V ?0@0<5B@8 2 A8AB5<V 35=5@0FVW V=5@B=8E 307V2, 0 

B0:>6 ?>:07=8:8, I> E0@0:B5@87CRBP 5:>;>3VG=VABP @>1>B8 AC4=>2>W 

5=5@35B8G=>W CAB0=>2:8, 0 A0<5 5<VAVS >:A84V2 AV@:8, 07>BC B0 2C3;5FR. �@V< 

B>3>, ?>ABV9=> :>=B@>;R202AS :@5= B0 48D5@5=B AC4=0, 0 B0:>6 9>3> 

ABV9:VABP.  
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'AV 4>A;V465==S 28:>=C20;8AP 7 28:>=0==S< 28<>3 B0:8E <V6=0@>4=8E 

<>@AP:8E 4>:C<5=BV2:  

÷ International Maritime Dangerous Goods Code; 

÷ Equipment of Ships Carrying Liquefied Gases in Bulk; 

÷ International Safety Management Code [145, 153, 154] 

'7030;P=5=V 7=0G5==S 2V4=>A=>W 28B@0B8 07>BC B0 2V4=>A=>W B@820;>ABV 

V=5@B870FVW 4;S @V7=8E 3@C? AC45=-307>2>7V2 =02545=> C B01;8FV 4.16. 

 

&01;8FS 4.16 

#>@V2=S==S AE5< V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 ?V4 G0A 

28:>@8AB0==S 07>BC 

�0=B06><VAB:VABP, <3 

�V4=>A=0 28B@0B0 07>BC, =5>1EV4=>3> 4;S 

70157?5G5==S ?@>F5AC V=5@B870FVW 

:0A:04=0 ?0@0;5;P=0 =0?V2:0A:04=0 

I – <5=H5 70 50000 1,0 2,53&2,73 1,98&2,06 

II –50000&100000 1,0 2,03&2,19 1,68&1,82 

III – 1V;PH5 70 100000 1,0 1,44&1,51 1,37&1,41 
 

 �V4=>A=0 B@820;VABP ?@>2545==S ?@>F5AC V=5@B870FVW 

I – <5=H5 70 50000 1,0 0,48&0,55 0,69&0,75 

II –50000&100000 1,0 0,55&0,61 0,76&0,82 

III – 1V;PH5 70 100000 1,0 0,57&0,61 0,79&0,86 
 

 �V4=>A=V 28B@0B8 5=5@3VW ?V4 G0A ?@>2545==S ?@>F5AC 

V=5@B870FVW 

I – <5=H5 70 50000 1,0 1,310&1,392 1,421&1,485 

II –50000&100000 1,0 1,205&1,238 1,378&1,408 

III – 1V;PH5 70 100000 1,0 0,850&0,891 1,114&1,132 

 
� <5B>R :@0I>W 2V7C0;V70FVW, 70 @57C;PB0B0<8 B01;8FV 4.16 ?>1C4>20=V 

4V03@0<8, I> ?>40=V =0 @8A. 4.4. 
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4) 5) 

 
6) 

$8A. 4.3. #>:07=8:8, I> E0@0:B5@87CRBP 5=5@35B8G=C 5D5:B82=VABP ?@>F5AC 

V=5@B870FVW: 

4 – 2V4=>A=0 28B@0B0 07>BC; 5 – 2V4=>A=0 B@820;VABP; 6 – 2V4=>A=0 28B@0B0 

5=5@3VW; 1 – :0A:04=0, 2 – ?0@0;5;P=0, 3 – =0?V2:0A:04=0 AE5<8; 

20=B06><VAB:VABP: � – <5=H5 70 50000 <3; �� – 50000&100000 <3;  

��� – 1V;PH5 70 100000 <3 

 

&0:8< G8=><, 5:A?5@8<5=B0;P=> 2AB0=>2;5=>, I>: 

÷ 4;S AC45= 20=B06><VAB:VABR 4> 100000 <3 =091V;PH >?B8<0;P=>R 

AE5<>R V=5@B870FVW є :0A:04=0, 40;V A;V4CRBP ?0@0;5;P=0 B0 =0?V2:0A:04=0; 

÷ 4;S AC45= 20=B06><VAB:VABR 1V;PH 70 100000 <3 =091V;PH >?B8<0;P=>R 

AE5<>R V=5@B870FVW є ?0@0;5;P=0, 40;V A;V4CRBP :0A:04=0 B0 =0?V2:0A:04=0. 

�81V@ AE5<8 V=5@B870FVW 70;568BP 2V4 @59A>2>3> 70240==S, 28<>3 

15@53>2>W 04<V=VAB@0FVW B0 <>6;82>AB59 ?>@BC-@>720=B065==S I>4> 

70157?5G5==S AC4=0 07>B><, 0 B0:>6 E0@0:B5@8AB8: AC4=>2>W A8AB5<8 

35=5@0FVW V=5@B=8E 307V2. 
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4.2. �=0;V7 5:>;>3VG=>ABV <5B>4V2 V=5@B870FVW 20=B06=8E B0=:V2  

AC45=-307>2>7V2 

 

 

�:>;>3VG=V ?>:07=8:8 <>@AP:8E AC45= B0 WE 5=5@35B8G=8E CAB0=>2>: 

287=0G0RBPAS =0A0<?5@54 @V2=5< >G8I5==S AC4=>28E 2>4, I> <VABSBP =0DBC, 

B0 5<VAVєR H:V4;828E @5G>28= 7 28?CA:=8<8 3070<8, 2<VAB 45S:8E 

:><?>=5=BV2 S:8E, 0 B0:>6 2<VAB AV@:8 2 ?0;82V @53;0<5=BCєBPAS 28<>30<8 

 �$#"� [171-175]. 

� <5B>R >1<565==S =530B82=>3> 2?;82C 2>4, I> <VABSBP =0DBC, WE  

:>=F5=B@0FVS ?V4 G0A A:840==S 70 1>@B =0 ?>28==0 ?5@528IC20B8 15 <;=–1, 

?@8 FP><C 157?>A5@54=P> A:840==S ?>4V1=8E 2>4 <>6;825 ;8H5 ?>70 

5:>;>3VG=8<8 @09>=0<8 B0 =0 2V4AB0=V, I> ?5@51V;PHCє 12 <>@AP:8E <8;P 2V4 

15@530 [176-178]. 

�8:848 >:A84V2 07>BC NOX, I> CB2>@RRBPAS ?V4 G0A 73>@S==S ?0;820 2 

F8;V=4@V 4875;S (S:8<8 є ?0;82=V B0 B5@<VG=V NOX) B0 C 307>28?CA:=><C 

B@0:BV (S:8<8 є H284:V NOX) @53;0<5=BCRBPAS 70;56=> 2V4 @>:C ?>1C4>28 

AC4=0 B0 G0AB>B8 >15@B0==S 4875;S. *V C<>28 >13>2>@RRBPAS @V2=S<8 Tier I 

(I> 2V4=>A8BPAS 4> AC45=, S:V ?>1C4>20=V 7 2000 @. ?> 01.01.2011 @.), Tier II 

(I> 2V4=>A8BPAS 4> AC45=, S:V ?>1C4>20=V 7 01.01.2011 @. ?> 01.01.2016 @.), 

Tier I�� (I> 2V4=>A8BPAS 4> AC45=, S:V ?>1C4>20=V ?VA;S 01.01.2016 @.), 

2V4?>2V4=> 4> S:8E 5<VAVS >:A84V2 07>BC 7 28?CA:=8<8 3070<8 7=0E>48BPAS 2 

<560E 9,8&17,0 :3/(:�B3>4), 7,7&14,4 :3/(:�B3>4), 2,0&3,4 :3/(:�B3>4) 

[179, 180]. �>AS3=5==S 28<>3, I> 28AC20RBPAS Tier I B0 Tier II, є <>6;828< 70 

@0EC=>: 24>A:>=0;5==S @>1>G>3> ?@>F5AC AC4=>28E 4875;V2, >?B8<V70FVW 

:>=AB@C:FVW ?0;82=>W 0?0@0BC@8 28A>:>3> B8A:C B0 70:>=C ?>40GV ?0;820, 

28:>@8AB0==S 0;PB5@=0B82=8E 284V2 ?0;820 [181-184]. �>AS3=5==S 28<>3 

Tier I�� <>6;825 ;8H5 G5@57 28:>@8AB0==S 4>40B:>28E B5E=>;>3V9 >G8I5==S 

28?CA:=8E 307V2 (A5;5:B82=>3> 01> =5A5;5:B82=>3> >G8I5==S), 0 B0:>6 

@5F8@:C;SFVW 28?CA:=8E 307V2 [185-188]. 
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"1<565==S 28:84V2 >:A84V2 AV@:8 SOX, S:V B0:>6 CB2>@RRBPAS ?V4 G0A 

73>@S==S ?0;820, @53;0<5=BCєBPAS =5 WE 2<VAB>< 2 7030;P=><C >1’є<V 

28?CA:=8E 307V2, 0 2<VAB>< AV@:8 2 ?0;82V. *S 25;8G8=0 2V4?>2V4=> 28<>3 

 �$#"� =5 ?>28==0 ?5@528IC20B8 0,1 % 70 <0A>R ?V4 G0A 5:A?;C0B0FVW 

AC4=>28E 4875;V2 C A?5FV0;P=8E 5:>;>3VG=8E @09>=0E :>=B@>;R 5<VAVW AV@:8 

(Sulphur Emission Control Areas – SECAs) B0 AB0=>28B8 =5 1V;PH 70 0,5 % 70 

<0A>R ?V4 G0A 5:A?;C0B0FVW AC4=>28E 4875;V2 ?>70 @09>=0<8 SECAs [189-191]. 

#5@51V;PH5==S 2<VABC AV@:8 2 ?0;82V 4>72>;SєBPAS ;8H5 70 C<>28 =0S2=>ABV 

=0 AC4=V A?5FV0;P=8E >G8A=8E ?@8AB@>W2 (=09G0ABVH5 A:@C15@V2), C S:8E 

74V9A=RєBPAS DV78G=0 01> EV<VG=0 4VS =0 ?>BV: 28?CA:=8E 307V2 7 <5B>R 

=59B@0;V70FVW A?>;C:, I> <VABSBP AV@:C [192, 193]. 

"4=>G0A=> 7 ?@03=5==S< 7=865==S 28:84V2 >:A84V2 07>BC NOX B0 AV@:8 

SOX 4> 5=5@35B8G=8E CAB0=>2>: AC45= <>@AP:>3> B0 2=CB@VH=P>3> 2>4=>3> 

B@0=A?>@BC AB028BPAS 70240==S 45:0@1>=V70FVW ?0;820. #5@54CAV< F5 

?>2’S70=> 7 B8<, I> 4> A:;04C 2AVE =091V;PH @>7?>2AR465=8E ?0;82 (@V4:>3>, 

=0DB>2>3> ?>E>465==S, =0DB>2>3> G8 ?@8@>4=>3> 307C, ?0;82 =0 >A=>2V 

A?8@BV2 B0 5DV@V2, 0 B0:>6 ?0;82 7 @>A;8==8E @5G>28=) 2E>48BP 2C3;5FP. �>3> 

2<VAB C @V7=8E 70 A:;04>< B0 ?>E>465==S< ?0;820E :>;820єBPAS 2 <560E 

60&85 % 70 <0A>R. #V4 G0A 73>@S==S 2C3;5F528E ?0;82 CB2>@RєBPAS >:A84 

2C3;5FR %" (S:89 @07>< 7 NOX B0 SOX є B>:A8G=8< 307><) B0 4V>:A84 

2C3;5FR %"2 (S:89 2V4=>A8BPAS 4> 3@C?8 ?0@=8:>28E 307V2 B0 ?>B@0?;S==S 

S:>3> 4> 0B<>AD5@8 A?@8Sє @C9=C20==S >7>=>2>3> H0@C). 

' 72'S7:C 7 ?@89=SBBS< #@>B>:>;C ?@> 2=5A5==S ?>?@02>: 4> �>40B:0 VI 

4>  �$#"� B0 $57>;RFVW 8 �>=D5@5=FVW 7 28:84V2 CO2 V7 AC45= C 1997 @. 

1C;> 28@VH5=>, I> � " <0є 4>A;V48B8 28:848 ?0@=8:>28E 307V2 V7 AC45= B0 

@>7@>18B8 68BBє740B=V AB@0B53VW I>4> A:>@>G5==S WE 28:84V2. ' 2000 @. � " 

>?C1;V:C20;0 ?5@H89 72VB, ?@8A2SG5=89 287=0G5==R 70E>4V2 I>4> 

A:>@>G5==S 28:84V2 ?0@=8:>28E 307V2 B0 WE ?>B5=FV0;C, S:89 ?V43>BC202 

4>@>6=R :0@BC 4;S @>7@>1:8 B0 @50;V70FVW <091CB=VE AB@0B53V9 � " I>4> 

A:>@>G5==S 28:84V2 ?0@=8:>28E 307V2. !0 �A0<1;5W � ", I> 2V41C;0AS C 
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2003 @., 1C;> ?@89=SB> @57>;RFVR A.963(23), C S:V9 �><VB5BC V7 70E8ABC 

<>@AP:>3> A5@54>28I0 1C;> 4>@CG5=> 287=0G8B8 B0 @>7@>18B8 <5E0=V7<8, 

=5>1EV4=V 4;S >1<565==S 01> A:>@>G5==S 28:84V2 ?0@=8:>28E 307V2 C 

@57C;PB0BV <V6=0@>4=>3> AC4=>?;02AB20. �3>4>< � " ?@89=S;0 ?>?@02:8 4> 

�>40B:0 VI  �$#"�, S:V 4>40;8 =>2C �;02C 4 4> �>40B:0, I>1 7@>18B8 

V=45:A 5=5@3>5D5:B82=>ABV :>=AB@C:FVW (EEDI) >1>2'S7:>28< C 2011 @. ' 

2016 @. MEPC 70 ?@89=S2 �>@>6=R :0@BC 4;S @>7@>1:8 2A5>AS6=>W AB@0B53VW 

� O I>4> A:>@>G5==S 28:84V2 ?0@=8:>28E 307V2 7 AC45=. #VA;S ?@89=SBBS 

�>@>6=P>W :0@B8 1C;> AB2>@5=>  V6A5AV9=C @>1>GC 3@C?C 7 ?0@=8:>28E 307V2 

4;S ?>G0B:C >13>2>@5==S @>7@>1:8 AB@0B53VW � " I>4> ?0@=8:>28E 307V2, 0 =0 

A5AVW MEPC 72 C 2018 @. 1C;> ?@89=SB> #>G0B:>2C AB@0B53VR � " I>4> 

A:>@>G5==S 28:84V2 ?0@=8:>28E 307V2 V7 AC45=. ' «4>@>6=V9 :0@BV» B0 

?>G0B:>2V9 AB@0B53VW � O C @>74V;0E, I> AB>ACRBPAS ?0@=8:>28E 307V2, 1C;0 

GVB:> 287=0G5=0 28@VH0;P=0 40BC ?@89=SBBS ?5@53;S=CB>W AB@0B53VW � O 2 

I>4> ?0@=8:>28E 307V2 – 25A=0 2023 @. &0:8< G8=><, MEPC 77, I> 2V41C;0AS 

C 2021 @>FV, V=VFVR20;0 ?5@53;S4 #>G0B:>2>W AB@0B53VW � " I>4> ?0@=8:>28E 

307V2 7 <5B>R WW ?@89=SBBS =0 MEPC 80. #VA;S B@820;8E >13>2>@5=P %B@0B53VR 

� " I>4> A:>@>G5==S 28:84V2 ?0@=8:>28E 307V2 V7 AC45= =0 2023 @. 1C;> 

>AB0B>G=> ?@89=SB>.  

#>@V2=S=> 7 ?>G0B:>2>R %B@0B53VєR � O I>4> A:>@>G5==S 28:84V2 

?0@=8:>28E 307V2 @V25=P 0<1VFV9 7=0G=> 7@VA, 45<>=AB@CRG8 B25@489 =0<V@ 

45:0@1>=V7C20B8 <V6=0@>4=5 AC4=>?;02AB2>. �>:@5<0, S: =>2V FV;V 1C;8 

22545=V 5=5@35B8G=V, ?0;82=V B0 B5E=>;>3VG=V 70240==S 7 4>AS3=5==S =C;P>28E 

01> 1;87P:8E 4> =C;S 28:84V2 ?0@=8:>28E 307V2 4> 2030 @., 0 S: ?>:07=8: 

4>AS3=5==S <5B8 � " =0 2050 @. 1C;8 4>40=V :>=B@>;P=V B>G:8 AC<0@=8E 

28:84V2 ?0@=8:>28E 307V2 =0 2030 B0 2040 @@. �AB0=>2;5==S FV;59 � " =0 

2030 @., 4> S:>3> 70;8H8;>AS 1;87P:> ?’SB8 @>:V2, 1C45 ?>2'S70=5 7 28@VH5==S 

25;8:8E B5E=VG=8E, 5:>=><VG=8E B0 ?>;VB8G=8E 70240=P, =572060RG8 =0 

B5E=>;>3VR 45:0@1>=V70FVW <V6=0@>4=>3> AC4=>?;02AB20, S:0 70 :>@>B:89 

?5@V>4 7@>A;0 4> 7=0G=8E <0AHB01V2. 



166

/: :>@>B:>B@820;89 70EV4 4;S 4>AS3=5==S FV;P>2>3> ?>:07=8:0 � ", 

MEPC 76 ?@89=S2 ?>?@02:8 4> �>40B:0 VI 4>  �$#"�, I> AB>ACRBPAS 

2C3;5F52>W <VAB:>ABV AC45=, I> 5:A?;C0BCRBPAS, C 283;S4V @57>;RFVW 

MEPC.328(76) C 2021 @. 4;S @50;V70FVW ?@028;0 «�=48:0B>@ 2C3;5F52>W 

V=B5=A82=>ABV» (Emission intensity indicator – CII). MEPC 78 ?@89=S2 B5E=VG=5 

:5@V2=8FB2> 4;S ?>;53H5==S 9>3> @50;V70FVW, 2:;RG0RG8 <5B>4>;>3VR 

@>7@0EC=:C @59B8=3V2 CII, :@8B5@VW 4;S :>=:@5B=8E AC45= B0 :>@5:FV9=V 

:>5DVFVє=B8 B0 2AB0=>282 ?;0= 7025@H5==S >3;S4C AC45= I>4> 287=0G5==S %�� 

4> 1 AVG=S 2026 @. 

�:>;>3VG=VABP ?@>F5AV2 V=5@B870FVW 20=B06=8E B0=:V2 AC45=-307>2>7V2 

<>65 1CB8 >FV=5=0 G5@57 WE =530B82=89 2?;82 =0 4>2:V;;S. #>2’S70=> F5 7 

42><0 D0:B>@0<8: 

1) CB2>@5==S< 2C3;5:8A;>3> 307C %"2 ?V4 G0A A?0;R20==S ?0;820 2 

AC4=>28E 4>?><V6=8E 4283C=0E, S:V 70157?5GCRBP A2>єR ?>BC6=VABR @>1>BC 

35=5@0B>@0 V=5@B=8E 307V2; 

2) 28:84>< 2 0B<>AD5@C 70;8H:V2 �#�, I> B@0=A?>@BC202AS S: 20=B06 B0 

2840;SєBPAS 7 20=B06=8E B0=:V2 ?V4 G0A WE V=5@B870FVW. 

'B2>@5==S 2C3;5:8A;>3> 307C %"2 ?>2’S70=> 7 >:8A;5==S< B0 ?>40;PH8< 

73>@S==S< 2C3;5FR, I> 2E>48BP 4> A:;04C ?0;820 =0DB>2>3> ?>E>465==S. 

"1’є<=0 :V;P:VABP 2C3;5:8A;>3> 307C %"2 (S: 9 V=H8E 307V2, I> A:;040RBP 

7030;P=89 >1’є< ?@>4C:BV2 73>@S==S – AV@G8AB>3> 0=3V4@84C SO2, 2>4S=>W ?0@8 

H2O, :8A=R "2, 07>BC N2) <>65 1CB8 287=0G5=0 7 B5@<>48=0<VG=8E @V2=S=P 

?@>F5AC 73>@S==S ?0;820 7 C@0EC20==S< =5>1EV4=>W 4;S 3>@V==S :V;P:>ABV 

:8A=R. +5@57 7=0G5==S >1’є<C 2C3;5:8A;>3> 307C %"2, I> CB2>@RєBPAS ?V4 

G0A 73>@S==S 1 :3 ?0;820 =0DB>2>3> ?>E>465==S, C ?>40;PH><C (7 

C@0EC20==S< ?>BC6=>ABV 35=5@0B>@0 V=5@B=8E 307V2, G0AC, =5>1EV4=>3> 4;S 

?@>2545==S ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2 B0 E0@0:B5@8AB8: ?0;820) 

<>6;82> @>7@0EC20B8 :V;P:VABP 2C3;5:8A;>3> 307C %"2, I> ?>B@0?;Sє 2 

0B<>AD5@C ?V4 G0A V=5@B870FVW. �=0;VB8G=V 28@078 4;S 287=0G5==S F8E 

?>:07=8:V2 =02545=V 2 B01;8FV 4.17. 



167

&01;8FS 4.17 

#>A;V4>2=VABP 287=0G5==S :V;P:>ABV 2C3;5:8A;>3> 307C, I> ?>B@0?;Sє 2 

0B<>AD5@C ?V4 G0A V=5@B870FVW 20=B06=8E B0=:V2 

№ 

7/? 
#>:07=8: 

#
>7
=0
G5
==
S 

$>
7<
V@
=V
AB
P 

%?>AV1 287=0G5==S 

1 2 3 4 5 

1. %:;04 ?0;820: %@ % �0 E0@0:B5@8AB8:0<8  

 2C3;5FP H@ % ?0;820 2V4?>2V4=> 4> 

 2>45=P S@ % bunker list 

 AV@:0 O@ %  

 :8A5=P  N@ %  

 07>B A@ %  

 7>;0 W@ %  

 2>40 %@ %  

2. �>5DVFVє=B =04;8H:C ?>2VB@S   �0 40=8<8 

28?@>1C20=P 3. �<VAB 2>;>38 2 ?>2VB@V W2 :3/:3 

4. "1’є< ?>2VB@S, B5>@5B8G=> 

=5>1EV4=89 4;S 73>@S==S 1 :3 

?0;820 

0
?V  <3/:3 

ø ù@@

@@

O0333,0

265,00889,0





S

H%
 

5. "1’є<8 307V2, I> CB2>@RRBPAS 

?V4 G0A 73>@S==S 1 :3 ?0;820: 
   

 2C3;5:8A;>3>  
2С�V  <3/:3 @0186,0 %  

 AV@G8AB>3> 0=3V4@84C 
2S�V  <3/:3 @00698,0 S

 
 2>4S=>W ?0@8 

��2
V

 <3/:3 
0
??

@@

61,1

0124,0111,0

Vw

WH




 

 07>BC 
2NV
 <3/:3 

0
?

@ 79,0008,0 VN 
 

 :8A=R 
2�

V
 <3/:3 ø ù 0

?121,0 V
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�0:V=G5==S B01;8FV 4.17 

1 2 3 4 5 

6. %C<0@=89 >1’є< ?@>4C:BV2 

73>@S==S 
7V

 
<3/:3 

22

222

�N

�HS�С�

VV

VVV





 

7. #8B><0 28B@0B0 ?0;820 

AC4=>28< 4875;P-35=5@0B>@>< 
eb
 

7к�B
к7
  

�0 40=8<8 

28?@>1C20=P
 

8. #>BC6=VABP 35=5@0B>@0 

V=5@B=8E 307V2 
�І�N

 
:�B 

9. +0A @>1>B8 35=5@0B>@0 V=5@B=8E 

307V2 
�І�t

 
3>4 

10. "1’є< 2C3;5:8A;>3> 307C, S:89 

CB2>@RєBPAS 70 G0A, I> 

=5>1EV4=89 4;S ?@>F5AC 

V=5@B870FVW 

�І�
С�2

V
 

<3 
�І��І�С�2

tNbV e 
 

 

11. %C<0@=89 >1’є< ?@>4C:BV2 

73>@S==S, S:89 CB2>@RєBPAS 70 

G0A, I> =5>1EV4=89 4;S ?@>F5AC 

V=5@B870FVW 

�І�
7V

 
<3 

�І��І�7 tNbV e 
 

 

�8:>=0==S @>7@0EC=:V2 70 =02545=>R ?>A;V4>2=VABR 4>72>;Sє 284V;8B8 

V7 7030;P=>3> >1’є<C >:A84C 2C3;5FR %"2, I> CB2>@RєBPAS ?V4 G0A 

5:A?;C0B0FVW AC4=>28E 4875;P-35=5@0B>@V2, A0<5 BC G0AB8=C, CB2>@5==5 S:>W 
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28B@0B><V@0 B0 307>0=0;V70B>@0 C 28?CA:=89 B@0:B AC4=>28E 4875;P-
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100000 <3. 

�030;P=89 >1’є< >:A84C 2C3;5FR %"2, ?>B@0?;S==S 2 0B<>AD5@C S:>3> 
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' 72’S7:C 7 B@820;VABR 5:A?5@8<5=B0;P=8E 4>A;V465=P (28:>=0==S S:8E 
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2?;820RBP =0 5:>;>3VG=VABP ?@>F5AC V=5@B870FVW 20=B06=8E B0=:V2.  
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?>40GV 07>BC C 20=B06=V B0=:8: 

1 – :0A:04=0, 2 – ?0@0;5;P=0, 3 – =0?82 :0A:04=0; 20=B06><VAB:VABP: 

� – <5=H5 50000 <3, �� – 50000&100000 <3, ��� – 1V;PH5 70 100000 <3; 

4 – ?>BC6=VABP 35=5@0B>@0 V=5@B=8E 307V2, N���, :�B; 5 – G0A @>1>B8 35=5@0B>@0 

V=5@B=8E 307V2, t, 3>4; 6 – >1’є< 2C3;5:8A;>3> 307C, S:89 CB2>@RєBPAS 70 G0A 
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AE5<>R. 

�87=0G5==S 7=0G5=P 
2CO�І��І�  , , VtN  28:>=C20;>AP 4;S AC45= 307>2>7V2 

20=B06><VAB:VABR 38646 <3, 88248 <3 B0 145673 <3. $57C;PB0B8 @>7@0EC=:V2 

C7030;P=5=V C 283;S4V B01;8FV 4.19. 

 

 

 

 

 

 



175

&01;8FS 4.19 
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?0@01>;>?>4V1=>W 2V4182=>W ?>25@E=V. *5 4>72>;Sє 71V;PHC20B8 7030;P=89 

B8A: V=5@B=>3> 307C, ?@8G><C 7<5=HCєBPAS 9>3> ;>:0;P=0 4VS B0 

?>?5@5460RBPAS :>=B0:B=V 270є<>4VW AB@C<5=S 307C 7 ?>25@E=5R 

@>74V;R20;P=>3> H0@C. *5 70157?5GCє FV;VA=VABP @>74V;R20;P=>3> H0@C B0 

A?@8Sє ?@>2545==R ?@>F5AC V=5@B870FVW 7 <0:A8<0;P=> <>6;828< B8A:>< 

V=5@B=>3> 307C, I> ?@872>48BP 4> A:>@>G5==S G0AC V=5@B870FVW. 

' ?@>F5AV @CEC ?>B>:C V=5@B=>3> 307C 2 >1’є<V 20=B06=>3> B0=:C 

7<V=RєBPAS 9>3> B5<?5@0BC@0, 3CAB8=0 B0 B8A:. ' 7030;P=><C 28?04:C @CE 

2’S7:>3> B5?;>?@>2V4=>3> 307C >?8ACєBPAS @V2=S==S<8 !02’є-%B>:A0, 
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ACFV;P=>ABV B0 ?5@5=5A5==S B5?;>B8, S:V E0@0:B5@87CRBP AB0= 307C B0 

70;56=VABP WW 5=B0;P?VW 2V4 B8A:C, >1’є<C B0 B5<?5@0BC@8. �0 C<>28 <0;8E 

2B@0B B8A:C, <0;>W H284:>ABV AB0;>3> @CEC B0 =57<V==>W B5<?5@0BC@8 V=5@B=V 

3078 2 0B<>AD5@V 20=B06=>3> B0=:C <>6CBP @>73;S40B8AS S: V450;P=V, 

=5AB8A;82V B0 =52’S7:V 3078. �=5@35B8G=89 10;0=A 2V4=>A=> 5;5<5=B0@=>3> 

AB@C<5=S B0:8E 307V2 <>65 1CB8 287=0G5=89 @V2=S==S< �5@=C;;V: 

 

;const
2

2

ý


 pgz  
 

 
45 z – 35><5B@8G=0 28A>B0 F5=B@0 BS6V==S ?5@5B8=C 307>2>3> ?>B>:C, <; 

 – 3CAB8=0 307C, :3/<3; 

g – ?@8A:>@5==S 2V;P=>3> ?04V==S, </A2; 

 – H284:VABP 307C, </A; 

p – B8A: 307C, #0. 

�0 C<>2>R <0;8E H284:>AB59 @CEC AB@C<5=S 307C ?V4 G0A 9>3> AB8:0==S 

7 ?0@01>;>?>4V1=>R 2V4182=>R ?>25@E=5R G5@57 S28I5 :>=25:B82=>W 48DC7VW 

(0=0;VB8G=V 28@078 S:>3> =040=V 2 ?. 3.4) 74V9A=RєBPAS @>7?04 AB@C<5=S.  

 "A=>2=8<8 E0@0:B5@8AB8:0<8 

?@>F5AC @>7?04C AB@C<5=S є 

4>268=0 WW ACFV;P=>W. ' 28?04:C 

2AB0=>2;5==S =0?@>B8 2EV4=>3> 

307>2>3> >B2>@C ?0@01>;>?>4V1=>W 

2V4182=>W ?>25@E=V @07>< V7 

@>7?04>< AB@C<5=RS 307C 28=8:0є 

S28I5 9>3> 30AV==S. *P><C 

A?@8SRBP 72>@>B=V ?>B>:8 V=5@B=>3> 

307C, I> 2V41V20RBPAS 2V4 

2AB0=>2;5=>W ?>25@E=V B0 @CE0RBPAS 

2 7CAB@VG=><C 7 >A=>2=8< ?>B>:>< 

=0?@S<:C (@8A. 5.2). 

 

$8A. 5.2. �8=8:=5==S S28I @>7?04C B0 

30AV==S AB@C<5=S V=5@B=>3> 307C  
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5.2. �>A;V465==S ?@>F5AC V=5@B870FVW =0 AC4=0E-307>2>70E 

7 <>45@=V7>20=>R A8AB5<>R V=5@B=8E 307V2 

5.2.1.  >=VB>@8=3 0B<>AD5@8 20=B06=8E B0=:V2 =0 AC4=V-307>2>7V 7  

20=B06><VAB:VABR 38646 <3 

 

 

�;S ?V4B25@465==S 70?@>?>=>20=>3> 2 ?. 5.1 @VH5==S =0 AC4=V-307>2>7V 

20=B06><VAB:VABR 38646 <3 1C;0 28:>=0=0 <>45@=V70FVS A8AB5<8 V=5@B=8E 

307V2, S:0 ?>;S30;0 C 2AB0=>2;5==V ?0@01>;>?>4V1=>W 2V4182=>W ?>25@E=V C 

25@E=V9 G0AB8=V 20=B06=>3> B0=:0. �AB0=>2;5==S ?>4V1=>W 2V4182=>W ?>25@E=V 

=5 2?;820;> =0 :V;P:VABP 20=B06C, I> 7020=B06C202AS 2 B0=:.  0B5@V0; 

2V4182=>W ?>25@E=V 03@5A82=> =5 2?;8202 0=V =0 20=B06, 0=V =0 5;5<5=B8 

2=CB@VH=P>W ?>25@E=V 20=B06=>3> B0=:C [194]. 

� <5B>R <0:A8<0;P=>W V45=B8G=>ABV 7 4>A;V465==S<8, B5E=>;>3VS B0 

@57C;PB0B8 S:8E =02545=V 2 ?. 3.5.2, 28<V@R20==S :>=F5=B@0FVW 07>BC 70 

28A>B>R 20=B06=>3> B0=:0 ?V4 G0A FP>3> :><?;5:AC 28?@>1C20=P 

74V9A=R20;>AP ?@>BS3>< 12 3>4. #V4 G0A 4>A;V465=P B8A: V=5@B=>3> 307C 

A:;0402 1,0  #0 (I> є <0:A8<0;P=> <>6;828< 7 @5:><5=4>20=>3> 

D@0EBC20;P=8:>< 5:A?;C0B0FV9=>3> 4V0?07>=C) B0 1,05  #0 (I> є 

<0:A8<0;P=> <>6;828< 7 5:A?;C0B0FV9=8E 7=0G5=P 35=5@0B>@0 V=5@B=8E 

307V2). $57C;PB0B8 4>A;V465==S =02545=V 2 B01;8FSE 5.1-5.2. 

 
&01;8FS 5.1 

�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S 1,00  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 82 64 32 6 
4 100 92 78 64 43 
6 100 100 97 82 65 
8 100 100 100 100 100 

10 100 100 100 100 100 
12 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
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&01;8FS 5.2 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S 1,05  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 86 72 56 22 
4 100 100 83 77 54 
6 100 100 100 100 97 
8 100 100 100 100 100 

10 100 100 100 100 100 
12 100 100 100 100 100 

*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

#>@V2=S==S @57C;PB0BV2 4>A;V465=P, I> 2V4>1@060RBP 7<V=C 

:>=F5=B@0FVW 07>BC 2 0B<>AD5@V 20=B06=>3> B0=:0 ?V4 G0A 28:>@8AB0==S 

AB0=40@B=>W A8AB5<8 V=5@B870FVW 20=B06=8E B0=:V2 (7 C@0EC20==S< 40=8E 

B01;8FP 3.2, 3.3 B0 @8A. 3.14, 3.15) B0 <>45@=V7>20=>W A8AB5<8 V=5@B870FVW (7 

C@0EC20==S< 40=8E B01;8FV 5.2), =02545=> =0 @8A. 5.3, 5.4. 

 

$8A. 5.3. �<V=0 :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>70 
20=B06><VAB:VABR 38646 <3 157 <>45@=V70FVW (25@E=S G0AB8=0, B8A: =03=VB0==S 

0,90  #0), 7 <>45@=V70FVєR (=86=S G0AB8=0, B8A: =03=VB0==S 1,10  #0):  
1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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$8A. 5.4. �<V=0 :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>70 
20=B06><VAB:VABR 38646 <3 157 <>45@=V70FVW (25@E=S G0AB8=0, B8A: =03=VB0==S 

0,95  #0), <>45@=V7>20=0 (=86=S G0AB8=0, B8A: =03=VB0==S 1,10  #0):  
1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 

 

 

5.2.2.  >=VB>@8=3 0B<>AD5@8 20=B06=8E B0=:V2 =0 AC4=V-307>2>7V 7  

20=B06><VAB:VABR 88248 <3 

 
 

�0 2:070=>R 2 ?. 5.1 AE5<>R 1C;0 2AB0=>2;5=0 ?0@01>;>?>4V1=0 2V4182=0 

?>25@E=S =0 AC4=V-307>2>7V 20=B06><VAB:VABR 88248 <3. � <5B>R <0:A8<0;P=>W 

V45=B8G=>ABV 7 4>A;V465==S<8, B5E=>;>3VS B0 @57C;PB0B8 S:8E =02545=V 2 

?. 3.5.4, 28<V@R20==S :>=F5=B@0FVW 07>BC 70 28A>B>R 20=B06=>3> B0=:C ?V4 G0A 

FP>3> :><?;5:AC 28?@>1C20=P 74V9A=R20;0AP ?@>BS3>< 14 3>4. #V4 G0A 

4>A;V465=P B8A: V=5@B=>3> 307C A:;0402 1,05  #0 (I> є <0:A8<0;P=> 

<>6;828< 7 @5:><5=4>20=>3> D@0EBC20;P=8:>< 5:A?;C0B0FV9=>3> 4V0?07>=C) 

B0 1,10  #0 (I> є <0:A8<0;P=> <>6;828< 7 5:A?;C0B0FV9=8E 7=0G5=P 

35=5@0B>@0 V=5@B=8E 307V2). $57C;PB0B8 4>A;V465=V =02545=V 2 B01;8FSE 5.3-5.4. 
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&01;8FS 5.3 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S 1,05  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 64 42 22 8 

4 100 82 71 56 34 

6 100 96 82 78 48 

8 100 100 100 91 83 

10 100 100 100 97 92 

12 100 100 100 100 100 

14 100 100 100 100 100 
*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

&01;8FS 5.4 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S 1,10  #0  

+0A, 3>4 �>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 
0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 76 64 46 28 

4 100 95 83 68 49 

6 100 100 92 82 67 

8 100 100 100 96 91 

10 100 100 100 100 100 

12 100 100 100 100 100 

14 100 100 100 100 100 
*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

#>@V2=S==S @57C;PB0BV2 4>A;V465=P, I> 2V4>1@060RBP 7<V=C 

:>=F5=B@0FVW 07>BC 2 0B<>AD5@V 20=B06=>3> B0=:C ?V4 G0A 28:>@8AB0==S 

AB0=40@B=>W A8AB5<8 V=5@B870FVW 20=B06=8E B0=:V2 (7 C@0EC20==S< 40=8E 

B01;8FP 3.8, 3.9 B0 @8A. 3.20, 3.21) B0 <>45@=V7>20=>W A8AB5<8 V=5@B870FVW (7 

C@0EC20==S< 40=8E B01;8FV 5.4), =02545=> =0 @8A. 5.5, 5.6. 
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$8A. 5.5. �<V=0 :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>70 

20=B06><VAB:VABR 88248 <3 157 <>45@=V70FVW (25@E=S G0AB8=0, B8A: =03=VB0==S 
0,95  #0), <>45@=V7>20=0 (=86=S G0AB8=0, B8A: =03=VB0==S 1,10  #0):  

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 5.6. �<V=0 :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>70 

20=B06><VAB:VABR 88248 <3 157 <>45@=V70FVW (25@E=S G0AB8=0, B8A: =03=VB0==S 
1,00  #0), <>45@=V7>20=0 (=86=S G0AB8=0, B8A: =03=VB0==S 1,10  #0):  

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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5.2.3.  >=VB>@8=3 0B<>AD5@8 20=B06=8E B0=:V2 =0 AC4=V-307>2>7V 7  

20=B06><VAB:VABR 145673 <3 

 

 

� <5B>R 71V;PH5==S <0A82C 5:A?5@8<5=B0;P=8E 40=8E B5E=>;>3VS 

28:>@8AB0==S 4>40B:>2>W ?0@01>;>?>4V1=>W 2V4182=>W ?>25@E=V 1C;0 B0:>6 

2?@>20465=0 =0 AC4=V-307>2>7V 20=B06><VAB:VABR 145673 <3. 

� <5B>R <0:A8<0;P=>W V45=B8G=>ABV 7 4>A;V465==S<8, B5E=>;>3VS B0 

@57C;PB0B8 S:8E =02545=V 2 ?. 3.5.5, 28<V@R20==S :>=F5=B@0FVW 07>BC 70 

28A>B>R 20=B06=>3> B0=:0 ?V4 G0A FP>3> :><?;5:AC 28?@>1C20=P 

74V9A=R20;0AP ?@>BS3>< 14 3>4. #V4 G0A 4>A;V465=P B8A: V=5@B=>3> 307C 

A:;0402 1,15  #0 (I> є <0:A8<0;P=> <>6;828< 7 @5:><5=4>20=>3> 

D@0EBC20;P=8:>< 5:A?;C0B0FV9=>3> 4V0?07>=C) B0 1,20  #0 (I> є 

<0:A8<0;P=> <>6;828< 7 5:A?;C0B0FV9=8E 7=0G5=P 35=5@0B>@0 V=5@B=8E 

307V2). $57C;PB0B8 4>A;V465==S =02545=V 2 B01;8FSE 5.5-5.6.  

 
&01;8FS 5.5 

�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S 1,15  #0  

+0A, 3>4 
�>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 

0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 62 38 15 6 

4 100 87 62 32 18 

6 100 100 82 63 44 

8 100 100 97 81 64 

10 100 100 100 93 82 

12 100 100 100 100 92 

14 100 100 100 100 100 
*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
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&01;8FS 5.6 
�<V=0 :>=F5=B@0FVW 07>BC ?V4 G0A B8A:C =03=VB0==S 1,20  #0  

+0A, 3>4 
�>=F5=B@0FVS 07>BC 70 @V7=>W 28A>B8 20=B06=>3> B0=:0 

0,95h 0,8h 0,5h 0,2h 0,05h 

2 100 78 51 33 14 

4 100 91 81 57 37 

6 100 100 87 77 55 

8 100 100 100 83 78 

10 100 100 100 100 100 

12 100 100 100 100 100 

14 100 100 100 100 100 
*З9;9=8< 688V;9=> G4A, 74 O:89 7469@HCєBьAO ?@>F9A V=9@B874FVW. 
 

#>@V2=S==S @57C;PB0BV2 4>A;V465=P, I> 2V4>1@060RBP 7<V=C 

:>=F5=B@0FVW 07>BC 2 0B<>AD5@V 20=B06=>3> B0=:C ?V4 G0A 28:>@8AB0==S 

AB0=40@B=>W A8AB5<8 V=5@B870FVW 20=B06=8E B0=:V2 (7 C@0EC20==S< 40=8E 

@8A. 3.23, 3.24) B0 <>45@=V7>20=>W A8AB5<8 V=5@B870FVW (7 C@0EC20==S< 40=8E 

B01;8FV 5.6), =02545=> =0 @8A. 5.7, 5.8. #@8 FP><C 23>@C 2V4=>A=> 2VAV G0AC 

2V4:;045=V 7=0G5==S :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>7C 

?V4 5:A?;C0B0FVW A8AB5<8 V=5@B=8E 307V2 157 <>45@=V70FVW, 2=87 – 7=0G5==S, I> 

1C;8 >B@8<0=V ?V4 G0A 5:A?;C0B0FVW A8AB5<8 V=5@B=8E 307V2 7V 2AB0=>2;5=>R 2 

25@E=V9 G0AB8=V B0=:0 ?0@01>;>?>4V1=>W 2V4182=>W ?>25@E=V.  

�8?@>1C20==S 2 >1>E 28?04:0E 28:>=C20;8AP ?V4 G0A ?5@52575==S B0:>6 

A0<>3> 20=B06C, 287=0G5==S :>=F5=B@0FVW 07>BC 28:>=C20;>AP 2 >4=0:>2V 

?@><V6:8 G0AC 7 28:>@8AB0==S< >4=>3> V  B>3> 6 28<V@R20;P=>3> >1;04=0==S. 

*5 4>72>;S;> :>=AB0BC20B8 AB0;VABP 5:A?5@8<5=BC 4;S >1>E 28?04:V2 – 157 

<>45@=V70FVW A8AB5<8 V=5@B=8E 307V2 B0 7V <>45@=V70FVєR. 
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$8A. 5.7. �<V=0 :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>70 

20=B06><VAB:VABR 145673 <3 157 <>45@=V70FVW (25@E=S G0AB8=0, B8A: =03=VB0==S 
1,15  #0), <>45@=V7>20=0 (=86=S G0AB8=0, B8A: =03=VB0==S 1,20  #0):  

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
 

 
$8A. 5.8. �<V=0 :>=F5=B@0FVW 07>BC C 20=B06=8E B0=:0E AC4=0-307>2>70 

20=B06><VAB:VABR 145673 <3 157 <>45@=V70FVW (25@E=S G0AB8=0, B8A: =03=VB0==S 
1,05  #0), <>45@=V7>20=0 (=86=S G0AB8=0, B8A: =03=VB0==S 1,20  #0):  

1 – 0,95h; 2 – 0,8h; 3 – 0,5h; 4 – 0,2h; 5 – 0,05h 
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5.2.4. '7030;P=5=V @57C;PB0B8 <>=VB>@8=3C 0B<>AD5@8 20=B06=8E B0=:V2 

=0 AC4=0E-307>2>70E 

 

 

'7030;P=5==S @57C;PB0BV2 4>A;V465=P, I> 28:>=0=V =0 AC4=0E-307>2>70E 

20=B06><VAB:VABR 38646 <3, 88248 <3 B0 145673 <3 7 <>45@=V7>20=>R 

A8AB5<>R V=5@B870FVW 20=B06=8E B0=:V2 2V4=>A=> 287=0G5==S =04:@8B8G=>3> 

B8A:C V=5@B=>3> 307C B0 G0AC, =5>1EV4=>3> =0 70157?5G5==S ?@>F5AC V=5@B870FVW, 

0 B0:>6 WE ?>@V2=S==S 7 ?>4V1=8<8 @57C;PB0B0<8 28?@>1C20=P, I> 

?@>2>48;8AP 4;S AB0=40@B=>W A8AB5<8 V=5@B870FVW (70 S:8< 2 45S:8E 28?04:0E 

74V9A=RєBPAS @C9=C20==S @>74V;R20;P=>3> H0@C), =040=> 2 B01;8FV 5.7. 

 

&01;8FS 5.7 

'7030;P=5==S @57C;PB0BV2 4>A;V465=P, I> 28:>=0=V =0 AC4=0E-307>2>70E 
@V7=>W 20=B06><VAB:>ABV 

�0=B06><VAB:VABP, 
<3 

!04:@8B8G=89 B8A: 
V=5@B=>3> 307C,  #0 &@820;VABP V=5@B870FVW, 3>4 

AB0=40@B=0 
AE5<0 

<>45@=V7>20=0 
AE5<0 

AB0=40@B=0 
AE5<0 

<>45@=V7>20=0 
AE5<0 

38646 1,05 >1,10 10 8 

88248 1,00 >1,10 14 10 

145673 1,15 >1,2 14 10 

*Ч9@6>=8< ?>7=4G9=89 B8A:, O:89 6V8?>6V84є @C9=C64==N @>78V;N64;ь=>7> 

H4@C 74 ?96=8E C<>6  
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