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@8F8=8 є :;RG>28< 5B0?>< C 28@>1=8FB2V =0AV==є2>3> <0B5@V0;C 28A>:>W 
S:>ABV. !54>A:>=0;VABP VA=CRG8E <5B>4V2 <5E0=VG=>3> >G8I5==S 
?@872>48BP 4> 2B@0B =0AV==S B0 7=865==S 9>3> ?>AV2=8E 2;0AB82>AB59 [1]. 
&><C 0:BC0;P=8< є ?@>2545==S 5:A?5@8<5=B0;P=8E 4>A;V465=P 4;S 
>?B8<V70FVW ?@>F5AV2 A5?0@0FVW B0 >G8I5==S =0AV==S @8F8=8 C =0AV==є2><C 
28@>1=8FB2V. 

�=0;V7 >AB0==VE 4>A;V465=P. ' 28@>1=8FB2V =0AV==є2>3> <0B5@V0;C 
@8F8=8 >A>1;820 C2030 ?@84V;SєBPAS ?@>F5AC 2V4>:@5<;5==S =0AV==S 2V4 
?;>4C B0 9>3> ?>40;PH>3> >G8I5==S. �>A;V465==S [2] ?>:07CRBP, I> S:VABP 
=0AV==S 7=0G=>R <V@>R 70;568BP 2V4 DV78:>-<5E0=VG=8E 2;0AB82>AB59 
?;>4V2 V =0AV==S, B0:8E S: D>@<0, @>7<V@, <0A0 B0 2>;>3VABP. �8:>@8AB0==S 
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<5E0=V7>20=>3> >1;04=0==S 4;S 2V4>:@5<;5==S V >G8I5==S =0AV==S @8F8=8 
4>72>;Sє ?V428I8B8 ?@>4C:B82=VABP ?@>F5AC [3]. #@>B5 1V;PHVABP VA=CRG8E 
B5E=>;>3V9 =54>AB0B=P> 040?B>20=V 4> A?5F8DV:8 @8F8=8, I> ?>B@51Cє 
4>40B:>28E 5:A?5@8<5=B0;P=8E 4>A;V465=P. �0:>@4>==V 4>A;V465==S [435] 
?V4:@5A;RRBP 206;82VABP :><?;5:A=>3> ?V4E>4C, ?>є4=CRG8 >?B8<V70FVR 
?0@0<5B@V2 >1;04=0==S, @568<V2 >1@>1:8 B0 02B><0B87>20=89 :>=B@>;P 
S:>ABV. � ':@0W=V 2?@>20465==S B0:8E B5E=>;>3V9 C =0AV==є2><C 
28@>1=8FB2V >1<565=5, I> AB2>@Rє =0C:>2C B0 ?@0:B8G=C =5>1EV4=VABP 
@>7@>1:8 A?5FV0;V7>20=8E <5B>48:. 

 5B0 4>A;V465=P: @>7@>1:0, 0?@>10FVS V 4>A;V465==S <0H8=8 4;S 
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?V428I5==S 5D5:B82=>ABV 28@>1=8G>3> ?@>F5AC 

$57C;PB0B8 4>A;V465=P. %B5=4 4;S 4>A;V465==S <0H8=8 >G8I5==S 
=0AV==S @8F8=8 (@8A. 1) ?@87=0G5=89 4;S 5:A?5@8<5=B0;P=>3> 282G5==S 
?@>F5AC 2V4>:@5<;5==S =0AV==S 2V4 ?;>4V2 B0 >G8I5==S 9>3> 2V4 4><VH>: V7 
?>40;PH8< @>74V;5==S< =0 D@0:FVW. �>=AB@C:B82=> AB5=4 S2;Sє A>1>R 
A8AB5<C 2C7;V2, 70:@V?;5=8E =0 6>@AB:V9 AB0=8=V 4;S 70157?5G5==S ABV9:>ABV 
?V4 G0A @>1>B8. %8@>28=0 ?>40єBPAS G5@57 1C=:5@ C 2C7>; 2V4>:@5<;5==S 
=0AV==S, >A=>2=8<8 5;5<5=B0<8 S:>3> є 4@>18;P=V B0 72>@>B=V :>=CA8 7 
@53C;P>20=8< 707>@>< (@8A. 2). "15@B0==S <5E0=V7<C 74V9A=RєBPAS G5@57 
5:AF5=B@8:>289 20; 2V4 5;5:B@>4283C=0 7 @54C:B>@>< V @5<V==>R 
?5@540G5R, 0 A8=E@>=V70FVS @CEC 2C7;V2 3 ;0=FR3>2>R ?5@540G5R. 

#VA;S <5E0=VG=>3> @>74V;5==S AC<VH =04E>48BP C A8AB5<C 
05@>48=0<VG=>3> >G8I5==S, I> 2:;RG0є ?=52<>A5?0@CRG89 :0=0;, 
25=B8;SB>@ V F8:;>=. &CB G0AB8=:8 ?>4V;SRBPAS 70 05@>48=0<VG=8<8 
2;0AB82>ABS<8: ;53:V 4><VH:8 V ?8; 2V4>:@5<;RRBPAS 2V4 206G8E D@0:FV9, 
S:V 718@0RBPAS C 2V4?>2V4=8E 701V@=8:0E @07>< V7 =0AV==S<, =5@>7;CI5=8<8 
?;>40<8 B0 4@V1=8<8 G0AB8=:0<8. 

� @57C;PB0BV 5:A?5@8<5=B0;P=8E 4>A;V465=P ?@>F5AC 2V4>:@5<;5==S V 
>G8I5==S =0AV==S @8F8=8 >B@8<0=V 70;56=>ABV ?@>4C:B82=>ABV @>7@>1;5=>W 
<0H8=8 Q, A?>6820=>W ?>BC6=>ABV P, ?8B><8E 28B@0B 5;5:B@>5=5@3VW E, 
G0AB:8 =5@>7;CI5=8E ?;>4V2 (A53<5=BV2) Àf, 2<VABC ;V:2V4=>3> =0AV==S C 
701V@=8:C ψs-s 2V4 2V4AB0=V <V6 72>@>B=V< V 4@>18;P=8< :>=CA0<8 ·, G0AB>B8 
>15@B0==S 4@>18;P=>3> :>=CAC n V H284:>ABV ?>2VB@S=>3> ?>B>:C V: 

Q = 3110,281 + 1,43903 n 3 0,00224805 n2 + 4,93852 · 3 0,0568829 ·2,  (1) 
P =  1315,67 + 0,002832 n2 + 92,475 V + 1,03625 n 3 0,037125 · n 3 17,6425 ·,  (2) 

E =  0,132427 + 9,0958·10-7 n2 + 0,00194495 V 3 0,000501753 n 3 
3  1,37791·10-6 · n 3 0,00331736 · + 0,000079015 ·2,   (3) 

Àf = 0,5507 + 6,130·10-6 n2 3 0,003653 n + 9,25·10-6 · n + 0,008915 · 3 0,0002852 ·2.   (4) 
ψs-s = 0,66582 3 1.66417·1036 n2 + 0,000677083 V2 + 0,0012543 n 3  
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3 0,00001909 · n 3 0,00380917 V + 0,000125 · V + 0,0143342 · 3 0,000216417 ·2.  (5) 
 

 
$8A. 1 %B5=4 4;S 4>A;V465==S <0H8=8 4;S >G8I5==S =0AV==S @8F8=8: 1 3 

AB0=8=0; 2 3 A8AB5<0 2V4>:@5<;5==S =0AV=8= @8F8=8 2V4 ?;>4V2; 3 3 7020=B06C20;P=89 
1C=:5@; 4 3 A8AB5<0 05@>48=0<VG=>3> >G8I5==S; 5 3 ?=52<>A5?0@CRG89 :0=0;;  6 3 
F8:;>=; 7 3 2V4F5=B@>289 25=B8;SB>@; 8 3 5;5:B@>4283C= 25=B8;SB>@0; 9 3 >A=>2=89 
5;5:B@>4283C=; 10 3 701V@=8: =0AV==S; 11 3 701V@=8: =5@>7;CI5=8E ?;>4V2; 12 3 
701V@=8: G0AB8=>: :>@>1>G>:; 13 3 701V@=8: 4@V1=8E G0AB8=>: V ?8;C; 14 3 1;>: 
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�8A=>2>:. �0AB>AC20==S <5B>4C A:0;S@=>3> @0=6C20==S 7 
<V=V<V70FVєR <C;PB8?;V:0B82=>W DC=:FVW 2 A5@54>28IV Wolfram Cloud 40;> 
7<>3C 2AB0=>28B8 >?B8<0;P=V ?>є4=0==S 7=0G5=P D0:B>@V2 (· = 10,8 <<; n = 
282 >1/E2; V = 3,6 </A), S:V 70157?5GCRBP <0:A8<0;P=C 5D5:B82=VABP ?@>F5AC, 
7 C@0EC20==S< AC:C?=>ABV B5E=>;>3VG=8E (S:VA=8E) V 5=5@35B8G=8E :@8B5@VW2 
(E = 0,0394  �6/:3; Q =163,4 :3/3>4; P = 1861 �B; Àf = 0,099; ψs-s = 0,958). 
"B@8<0=V @57C;PB0B8 ?V4B25@46CRBP 4>FV;P=VABP ?>40;PH>3> 2?@>20465==S 
70?@>?>=>20=>W :>=AB@C:FVW <0H8=8 4;S >G8I5==S =0AV==S @8F8=8 C 
28@>1=8GC ?@0:B8:C. 
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