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/01-234567% 8,920.&3% :&65;5% &<=52>?-@4<3% 9% .,<453A00% 960'3% 823% ;5.46523%

8,920.&3%1,?,(%BCA0D%=65C20'5D%E4&F%<&<40'%392304<3%=53920.&0%9&C6,G&&%95%960'3%

E;<=2-,4,G&&% 601-2345659(% H&C6,G&&% '51-4% <=6595G&659,4>% =53920.&0% :-',I%

-<4,25<4.515% 6,?6-:0.&3% ;5.<46-;G&&% &% 97F58% &? <4653(% H% .,<453A00% 960'3% 5<465%

<45&4% =65C20',% 5C0<=0J0.&3% -<45DJ&95<4&% 601-23456,% 8,920.&3% & 0D% -802304<3%

85<4,45J.5% C52>:50% 9.&',.&0(% K,..,3% 6,C54,% .,=6,920.,% .,% 5C?56% &<<20859,.&D,

=659080..7F 9 E45' .,=6,920.&&(%

/01-234567% 8,920.&3% 54.5<34<3% ;% ;2,<<-% ,945',4&J0<;&F% -<465D<49I%

5C0<=0J&9,@A&F%=58806L,.&0% =5<453..515% 8,920.&3% 6,C5J0D% <6087% ML&8;5<4&% &2&%

1,?,N%2&C5%015%&?'0.0.&0%9%6,?2&J.7F%5CO0;4,F%601-2&659,.&3(

/,<<'546&'% =6&.G&=% 6,C547% -<465D<49,(% /01-23456% =58806L&9,04% =5<453..50

8,920.&0%9%5CO0;40%601-2&659,.&3(%),<4650J.,3%=6-L&.,%P .,<46,&9,04<3 .,%?,8,..50%

8,920.&0( Q6&% -'0.>:0.&&% 8,920.&3% 9% 5CO0;40% 601-2&659,.&3 &I% ;,;% <208<49&0I%

-902&J0.&& 6,<F58,%1,?,%&?%5CO0;4,%601-2&659,.&3 ;2,=,.%R%54;679,04<3I%&%8,920.&0%

9% 97F58.5D% =525<4&% .,J&.,04% 95?6,<4,4>(% S<2&% 8,920.&0 .,% 97F580 -902&J&9,04<3I
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;2,=,.% 5=-<;,04<3I% &% 6,<F58% J060?% .015% -'0.>:,04<3I% <20859,402>.5I% 8,920.&0% 9%

97F58.5D%=525<4&%=5.&L,04<3.

S<2&%8,920.&0%.,%97F580%601-23456,%=5.&L,04<3I%-<&2&0%.,<4650J.5D%=6-L&.7%P%

=6097:,04% -<&2&0% 54% 8,920.&3% 1,?,% .,% 97F580% 601-23456,I% 80D<49-@A015% .,%

'0'C6,.- WI%&%=6-L&.,%P%=060'0A,04%;2,=,.%X%J060?% 452;,402>%Y% 95%Z2,.G0%[(%Q6&%

E45'%6,<F58% 1,?,%&?%=525<4&%QW% 9%=525<4>%QP% -902&J&9,04<3% ?,% <J04% <5=654&920.&3%

802&402>.5D% 8@?7% V(% B4;679,04<3% ;2,=,.% R% &% 8,920.&0% 9% 97F58.5D% =525<4&%

<4,C&2&?&6-04<3(

S<2&% 8,920.&0% .,% 97F580% 601-23456,% =597:,04<3I% -<&2&0% 54% 8,920.&3% 1,?,% .,%

97F580% 601-23456,I% 80D<49-@A015% .,% '0'C6,.-% WI% =6097:,04% -<&2&0% .,<4650J.5D%

=6-L&.7%PI%&%;2,=,.%X%=060;679,04%=65F58.50%<0J0.&0%95%Z2,.G0%[(%Q6&%E45' 6,<F58%

1,?,% &?% =525<4&%QW% 9% =525<4>%QP% -'0.>:,04<3I% ;2,=,.% R% ?,;679,04<3% &% 8,920.&0% 9%

97F58.5D% =525<4&% <4,C&2&?&6-04<3( \5.<46-;4&9.,3% <F0',% 601-23456,% 8,920.&3%

=6&9080.,%.,%6&<-.;0%]%^2].

/&<(%](%\5.<46-;4&9.,3%<F0',%/K%_/#-85-50/16:

1, 2 – =6-L&.,`%5, 8 – ;2,=,.`%3 – '0'C6,.,`%4 – 452;,402>`%6 – Z2,.0G`%7 – 8@?,

/,<<'546&'%'0458%6,<J04,%-<45DJ&95<4&%601-23456,%8,920.&3(%/,<J04%5<.59,.%.,%

F,6,;406&<4&J0<;5'% -6,9.0.&&% =.09'5=6&958,% <% 865<<02>.7'% 601-2&659,.&0'(%

a,=&:0'%-6,9.0.&0%9%9&80b
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, (1)

180% - 1&86,92&J0<;,3%=5<453..,3%960'0.&b

; (2)

- '0F,.&J0<;,3%=5<453..,3%960'0.&%601-23456,%<%=6&9080..5D%',<<5DI%<5?8,@A0D%

&.06G&5..-@%.,16-?;-b

, (3)

180% – =6&9080..,3%L0<4;5<4>%.,16-L0..515 601-23456,`

- ;5EZZ&G&0.4% 54.5<&402>.515% 80'=Z&659,.&3( B.% -J&479,04% 80D<49&0%

80'=Z&6-@A&F%Z,;45659I%5C-<25920..7F%.,2&J&0'%460.&3(

, (4)

180% - =5<453..,3%960'0.&%80'=Z&659,.&3%601-23456,`

- ;5EZZ&G&0.4% 9.-460..0D% 5C6,4.5D% <93?&I% 97?9,..5D% 80D<49&0'% =5?&G&5..5D%

.,16-?;&b

; (5)

- ;5EZZ&G&0.4%=0608,J&%'0F,.&?',%-=6,920.&3%=5%<&1.,2-%-=6,920.&3`

– ;5EZZ&G&0.4%5C6,4.5D%<93?&.

)0-<45DJ&95<4>% 6,C547% 601-23456,% ?,;2@J,04<3% 9% &.06G&5..5'% 89&L0.&&%

:45;,% &% =65F5L80.&&% =525L0.&3% -<45DJ&95<4&% 9<208<49&0% -=6-15<4&% 5=567(%

H5?96,4.50%89&L0.&0%=56:.3%9'0<40%<%',<<5D%m 5C-<2,92&9,04<3%.,2&J&0'%'0F,.&?',%

5C6,4.5D%<93?&I%;545650%-<;56304%=65F5L80.&0%=525L0.&3%-<45DJ&95<4&(%

H%5CA0'%<2-J,0%=6&%.0;54565'%<5J04,.&&%=,6,'04659%8,..,3%'5802>%601-23456,%

'5L04% =5=,8,4>% .,% 16,.&G-% -<45DJ&95<4&(% #518,% ;520C,.&3% &'0@4% =5<453..-@%

,'=2&4-8-I%902&J&.,%;54565D%?,9&<&4%54%.,J,2>.515%95?'-A0.&3(%)5%;520C,.&3%'51-4%

<4,4>%2&C5%6,<F583A&'&<3I%2&C5%<F583A&'&<3%=6&%.0C52>:5'%&?'0.0.&& =,6,'04659%

601-23456,. H% 60,2>.7F% -<259&3F% E;<=2-,4,G&&% 601-2345659% 8,920.&3% =5J4&% 9<018,%

&'0@4% '0<45% .02&.0D.5<4&I &?-?,% ;54567F% ,'=2&4-8,% ;520C,.&D% 516,.&J&9,04<3I% &%

-<4,.,92&9,@4<3 ,945;520C,.&3(%%

/,<<'546&'% =060F58.70% =65G0<<7% 9% .0.,16-L0..5D <&<40'0. Q6&9080'%

-6,9.0.&0%M]N%=6& & ;%9&8-:

, (6)



!52580L.7D%.,-J.5-40F.&J0<;&D%90<4.&;%TUVV-51038

Q6& 08&.&J.5' <4-=0.J,45' 95?80D<49&& M<;,J;0N% ch=1(tN% 60:0.&0% -6,9.0.&3%

&'004%9&8b

. (7)

Q52-J0..50% 60:0.&0% -6,9.0.&3% M[N% =5;,?79,04I% J45% J0'% C52>:0% 902&J&.,%

I% 40'% C7<4600% 601-23456% 60,1&6-04% .,% 9F58.50% 95?80D<49&0(% #(0(% J0'%

C52>:0%85C654.5<4>% 601-23456,I%40'%C52>:0%015%C7<46580D<49&0(

K23% &<<20859,.&3% -<45DJ&95<4&% .,16-L0..515% 601-23456,% 95<=52>?-0'<3%

;6&406&0'%"-69&G,I%;545650%=5?952304%.,D4&%-<259&0%-<45DJ&95<4&%601-23456,%9%9&80%

5CA015%<554.5:0.&3(%a,=&:0'%F,6,;406&<4&J0<;50%-6,9.0.&0%=6&% :

. (8)   

H<0% ;5EZZ&G&0.47% -6,9.0.&3% MXN% =525L&402>.7I% =5E45'-% .,16-L0..7D%

601-23456%C-804%-<45DJ&9I%0<2&b%

. (9)

U%-J045'%<554.5:0.&3%MdN%-<259&0%-<45DJ&95<4&%MXN%'5L.5%?,=&<,4>%9%9&80b

. (10)

\,;% 9&8.5% &?% .06,90.<49% MdN% &% M]eNI% -<45DJ&95<4&% 601-23456,% <=5<5C<49-04%

-902&J0.&0%=5<453..5D%960'0.&% &%-'0.>:0.&0%;5EZZ&G&0.4,%5C6,4.5D%<93?&% ,

4(0(%-'0.>:0.&0%C7<46580D<49&3.

#,;&'% 5C6,?5'I% C725% 973920.5% -<259&0% -<45DJ&95<4&% <% =5'5A>@% ;6&406&3%

"-69&G,b% =6&% =597:0.&&% C7<46580D<49&3% -<45DJ&95<4>% <.&L,04<3(% #,;L0% 9,L.5%

54'04&4>I% J45% .,% -<45DJ&95<4>% =525L&402>.5% 92&304% -902&J0.&0% ;5EZZ&G&0.4,%

54.5<&402>.515%80'=Z&659,.&3% &%-'0.>:0.&0%=5<453..5D%960'0.&% [1].

K,200%9%.,<453A0D%6,C540%C-8-4%6,<<'5460.7%E;<=06&'0.4,2>.70%&<<20859,.&3I%

;545670% =65958&2&<>% <% G02>@% &?-J0.&3% 95?.&;.590.&3% ;520C,.&D% 9% 601-23456,F%

8,920.&3%9%-<259&3FI%=6&C2&L0..7F%;%60,2>.7'I%&%<=5<5C7%&F%=608-=60L80.&3(%

/,<<'546&'% C5200% =5865C.5% E;<=06&'0.4,2>.70% &<<20859,.&3I% ;545670%

=65958&2&<>% 9% -.&906<&4040% fghij% kjl%mnojl% kj% pqrnl% <59'0<4.5% <% ;5'=,.&0D% sqt% kj%

France [3].

u02>@% =659080.&3% E;<=06&'0.4,% C725% 9739&4>% 6,C5J&0% -<259&3I% =6&% ;54567F%

95?.&;,@4%;520C,.&3%9%<&<40'0%601-2345659%8,920.&3(%*;<=06&'0.4,2>.50%&%J&<20..50%

'5802&659,.&0% =5?952&25% 5=60802&4>% 92&3.&0% .0;54567F% =,6,'04659% .,%

95?.&;.590.&0% &% ,'=2&4-8-% ;520C,.&D(% K23% 4515I% J45C7% -C08&4><3% 9% =6,9&2>.5<4&%
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',40',4&J0<;5D% '5802&I% =65958&25<>% <6,9.0.&0% 60?-2>4,459I% =52-J0..7F%

E;<=06&'0.4,2>.5%&%<%=5'5A>@%;5'=>@406.515%'5802&659,.&3(

*;<=06&'0.4,2>.,3%-<4,.59;,, <5<453A,3 &?%601-23456,%8,920.&3%.5'&.,2>.515%

8&,'046, 50, <=5<5C.,% 95<=65&?958&4>% 60,2>.70% -<259&3% E;<=2-,4,G&&% 601-23456,%

M6,<F58%1,?,%85%]e%eee%'
3
vJI%8,920.&0%.,%9F580%85%p. = 50 C,6I%8,920.&0%.,%97F580%p; =

Y% C,6N(% \5.<46-;G&3% <5<45&4% &?% =069515% 601-23456,I% ;5.4652&6-@A015% 8,920.&0% .,%

9F580I% &<=74-0'515% 601-23456,I% <&<40'7% 46-C5=6595859I% =5?9523@A0D% &?'0.34>%

.,16-?;-% =65'0L-45J.515% C-Z06,I% &% 601-23456,% 6,<F58,I% ;5.4652&6-@A015%

6,<=608020.&0%.,16-?;&%=545;,(%%

H% F580% E;<=06&'0.4,% J060?% 5=608020..7D% =65'0L-45;% 960'0.&% M=6&'06.5% e,5

<0;N% 6,<F58% 1,?,% -'0.>:,2&% .,% ]eee% '
3
vJ% 54% .,J,2>.515% ?.,J0.&3% <% G02>@% 97?9,4>%

;520C,.&3% <&<40'7I% =5<20% J015% 6,<<J&479,2&% ?.,J0.&3% ,'=2&4-87% ;520C,.&D% &%

J,<4547(%*;<=06&'0.4,2>.,3%-<4,.59;,%6,<<J&4,.,%.,%6,<F58%Q = 4000 '
3
/J &%Q = 8000

'
3
/J(

!0458% =659080.&3% E;<=06&'0.4,% ?,;2@J,2<3% 9% 45'I% J45C7% 58.5960'0..5%

&?'0.34>%9<0%?,80D<4959,..70%=,6,'0467I%=6&%E45'%9,L.5%;5.4652&659,4>%=52-J0..70%

902&J&.7%9%85=-<4&'5'%&.4069,20(%

Q,6,2202>.5% <% E;<=06&'0.4,2>.7'% &<<20859,.&0'% C72,% 6,?6,C54,.,%

,.,2&4&J0<;,3% '5802>(% K23% =52-J0.&3% C5200% 3<.5D% ;,64&.7% 6,C5J&F% =65G0<<59I%

=65&<F583A&F% 9% 601-234560% 8,920.&3I% C725% =6&.345% 60:0.&0% <6,9.&4>% 60?-2>4,47I%

=52-J0..70%E;<=06&'0.4,2>.5%&%<%=5'5A>@%,.,2&4&J0<;5D%'5802&(%

#(;(% Z&?&J0<;&0% =65G0<<7I% =65&<F583A&0% 95% 9<0F% J,<43F% 601-23456,% 8,920.&3I%

<25L.5% 5=&<,4>% ',40',4&J0<;&% 99&8-% 4,;&F% 3920.&DI% ;,;% 4-6C-20.4.5<4>I%

<L&',0'5<4>I% .0-<45DJ&95<4>% &% 4(=(I% '5802>% <5<45&4% &?% .0<;52>;&F% C5200% =65<47F%

=58<&<40'I%5=&<79,@A&F%=59080.&0%1,?,%9%5=608020..7F%-J,<4;,F%601-23456,(%%%

/,<<'546&'% 5<.59.70% -6,9.0.&3I% =6&9080..70% 9% ',40',4&J0<;5D% '5802&%

601-23456,(% Q520% <;565<40D% =545;,% 5=&<79,04<3% <;565<4>@% =545;,% uI% 8,920.&0'% p,

=254.5<4>@%w!&%40'=06,4-65D T(%!,40',4&J0<;,3%'5802>%5<.59,.,%.,%-6,9.0.&&%=545;,%

<L&',0'5D% 93?;5D% )>@45.59<;5D% L&8;5<4&I% ;5456,3% 9740;,04% &?% ?,;5.,% <5F6,.0.&3%

'5'0.4,%&'=-2><,%&%E.061&&I%,%4,;L0%-6,9.0.&3%<5<453.&3b%

p = f(K,T) .                                                    (11)

a,;5.% <5F6,.0.&3 ',<<7(% /,?.5<4>% ',<<% 9F583A015% &% &<F583A015% =545;,%

5C-<25920., &?'0.0.&0' =254.5<4&I%J45%5=&<79,04<3%-6,9.0.&0'b

. (12)
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a,;5.% <5F6,.0.&3 ;52&J0<49,% 89&L0.&3(% $6,9.0.&0I% =52-J0..50% &?% 9456515%

?,;5.,%)>@45.,b%60?-2>4,4%=65&?9080.&3%',<<7%.,%-<;560.&0%6,9.5%6,9.580D<49-@A0D%

9<0F 9.0:.&F% <&2I% =6&25L0..7F ;% 402-(% a80<>% -J&479,04<3% 452>;5% <&27% 460.&3% &%

8,920.&3I% <&27% 16,9&4,G&&% .0% -J&479,@4<3(% K,200% =6&9080.,% -=65A0..,3% Z56',%

-6,9.0.&3I%=52-J0..,3%&?%-6,9.0.&3%),9>0-U45;<,b%

. (13)  

a,;5.% <5F6,.0.&3 E.061&&(% a,;5.% <5F6,.0.&3% E.061&&I% 9740;,@A&D%&?%=069515%

?,;5.,% 406'58&.,'&;&b% &?'0.0.&0% 9.-460..0D% E.061&&% 406'58&.,'&J0<;5D% <&<40'7%

6,9.5% 6,?.5<4&% '0L8-% ;52&J0<495'% 40=2547I% =0608,..5D% <&<40'0I% &% 6,C545DI%

<5906:0..5D%<&<40'5D%.,8%9.0:.&'&%402,'&b

. (14)

BC5CA0..50%-6,9.0.&0%<5F6,.0.&3%E.061&&%'5L.5%?,=&<,4>%9%9&80b

. (15)

$6,9.0.&0%<5<453.&3%5=&<79,04%<554.5:0.&0%'0L8-%&?'0.0.&0'%8,920.&3I%

&?'0.0.&0'%40'=06,4-67%&%=254.5<4&b

, (16)   

180%R – 1,?59,3%=5<453..,3I%Z – ;5EZZ&G&0.4%<L&',0'5<4&(%#(;(%=608=525L0.&0%

5C%&80,2>.5'%1,?0%.0%=6&'0.&'5%9%8,..5'%<2-J,0I%-6,9.0.&0%<5<453.&3%97958&4<3%&?%

-6,9.0.&3%Q0.1-/5C&.<5.,(%

_.,2&?% 6,C5J&F% =65G0<<59% 9% 601-234560% 8,920.&3% <% =5'5A>@%',40',4&J0<;5D%

'5802&% C72&% 97=52.0.7% =6&% =5'5A&% =6516,''.515% 5C0<=0J0.&3%Allan.®Simulation,

=6516,''7%823%'5802&659,.&3%40F.&J0<;&F%&%8&.,'&J0<;&F%<&<40'(%

U6,9.0.&0% 60?-2>4,459% x?'060.&3% – !5802&659,.&0% 5<.59,.5% ., <6,9.0.&&%

45J0;%',;<&'-',%,'=2&4-8%;520C,.&D%&%973920.&&%-<259&D%95?.&;.590.&3%;520C,.&D(%

_'=2&4-8,% &% J,<454,% ;520C,.&D% 6,<<J&479,04<3% 823% &.4069,2,% 960'0.&% ]e% <0;(% K23%

9<0F% E;<=06&'0.459% 8,920.&0% .,% 97F580%A; y% Y% C,6(% +725% 973920.5I% J45% -902&J0.&0%

6,<F58,% 1,?,% 90804% ;% -'0.>:0.&@% ,'=2&4-87% ;520C,.&DI% ,% -902&J0.&0% 8,920.&3% .,%

9F580%90804%;%65<4-%&?'0.0.&3%8,920.&3%.,%97F580(%

Q5<20% =659080.&3% 6,<J0459% C72&% =52-J0.7% -<259&3% <4,C&2>.5D% 6,C547%

601-23456,I%=5<20%J015%C72&%<10.06&659,.7%;520C,.&3(
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U6,9.0.&3% 60?-2>4,459% 6,<J04,% <% E;<=06&'0.4,2>.7'&% &?'060.&3'&% =5;,?,2I%

J45% ?.,J0.&3% ,'=2&4-87% &% J,<4547% ;520C,.&D% =6&'06.5% 58&.,;597I% 5<5C0..5% =6&%

',27F%8,920.&3F%.,%97F580%M6&<(%2).

/&<(%2. /0?-2>4,47%6,<J0459 (---N%&%&?'060.&D%M---N%8,920.&3%.,%97F580%=6&b
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