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2<=>=?@=. !"#$%&’% ()*%+%&’, -)&./0#-1’)&&23 45/%0’56)* (0’ .6)7-
&)4 &580#7%&’’ ’ +%9)04’0)*5&’’ ,*6,%/., *57&24 5.(%-/)4 .)*0%4%&&):
4%35&’-’ +%9)04’0#%4)8) /*%0+)8) /%65. ;)&’45&’% ’ #$</ #(0#8)(65./’$%-
.-’3 .*):./* 45/%0’56)* ’805%/ -6=$%*#= 0)6> (0’ (0)%-/’0)*5&’’ )/*%/-
./*%&&23 ’&7%&%0&23 -)&./0#-1’:, ?6%4%&/)* 6%/5/%6>&23 5((505/)*, .’6)-
*23 #./5&)*)-, 4%35&’"4)* 5*/)+)0)7&): ’ 7%6%"&)+)0)7&): /%3&’-’, #"6)*
(0)42@6%&&)8) )A)0#+)*5&’, ’ /.+.

B5 (0)/,7%&’’ XX *%-5 #$<&24’ A26) 05"05A)/5&) 4&)7%./*) /%)0’: ’ 4)-
+%6%:, )(’.2*5=C’3 #(0#8)(65./’$%.-)% ()*%+%&’% 45/%0’56)* [1]. ;0’ ?/)4
).)A)% *&’45&’% #+%6,6).> ?-.(%0’4%&/56>&24 4%/)+54 ’"#$%&’, &5(0,7<&&)-
+%9)04’0)*5&&)8) .)./),&’, (0’ .6)7&23 *’+53 &580#7%&’, ’ +%9)04’0)*5-
&’,, ()"*)6,=C’3 ()6#$’/> A)6%% ()6&#= -50/’&# 05A)/2 45/%0’565 () .05*-
&%&’= . )+&)).&24’ ’.(2/5&’,4’. D+&5-) (0)*%+%&’% /5-’3 ?-.(%0’4%&/)*
’4%6) 0,+ )805&’$%&’:, .*,"5&&23 . /0#+)<4-)./>=, &%+)./5/)$&): /)$&)./>=
’"4%0%&’: ’ .6)7&)./>= )A05A)/-’ +5&&23.

E5"*’/’% *2$’.6’/%6>&): /%3&’-’ ()"*)6’6) 5*/)45/’"’0)*5/> (0)1%.. (0)-
*%+%&’, ’ 5&56’"5 0%"#6>/5/)* ?-.(%0’4%&/)*. F $5./&)./’, *&%+0%&’% 5*/)45-
/’"’0)*5&&23 ’..6%+)*5/%6>.-’3 -)4(6%-.)*, )AG%+’&,=C’3 .’6)*)% )A)0#-
+)*5&’% . *2$’.6’/%6>&24’ 45@’&54’, 05"05A)/-5 &)*23 /%&")4%/0’$%.-’3
(0’A)0)* )/-026) &)*2% (%0.(%-/’*2 +6, *2.)-)/)$&): 0%8’./051’’ 4%35&’-
$%.-’3 *)"+%:./*’:, +%9)0451’: ’ ().6%+#=C%8) 45/%45/’$%.-)8) 4)+%6’0)-
*5&’, ()*%+%&’, 45/%0’56)*.

B5./),C5, 05A)/5 ().*,C%&5 ?-.(%0’4%&/56>&)4# ’..6%+)*5&’= #(0#8)(65-
./’$%.-)8) +%9)04’0)*5&’, -)&./0#-1’)&&23 45/%0’56)* (0’ .6)7&)4 &580#-
7%&’’ ’ +%9)04’0)*5&’’ . ’.()6>")*5&’%4 5*/)45/’"’0)*5&&)8) -)4(6%-.5
HB-IFJ. F 3)+% ’..6%+)*5&’, (0)*%+%&5 5((0)-.’451’, ()6#$%&&23 ?-.(%0’-
4%&/56>&23 +5&&23 . (0’4%&%&’%4 45/%45/’$%.-’3 4)+%6%: /%)0’’ (0)1%..)*
.6)7&)8) (65./’$%.-)8) +%9)04’0)*5&’,. ;)6#$%&&2% 0%"#6>/5/2 ()"*)6,=/
&% /)6>-) #/)$&’/> (5054%/02 5((0)-.’451’’, &) ’ .9)04’0)*5/> ).&)*# +6,
05"*’/’, .)*0%4%&&23 ()+3)+)* * )A65./’ /%)0’’ (65./’$&)./’.

1. (AB=C@ADE @ F=BG>E. F -5$%./*% )A05"1)* &5 -)4(6%-.% HB-IFJ
’.()6>"#=/., /)&-)./%&&2% 1’6’&+0’$%.-’% )A)6)$-’ (0’.. 1). ;%0%+ (0)*%-
+%&’%4 ?-.(%0’4%&/5 -57+2: )A05"%1 (0)3)+’/ (0)*%0-# 8%)4%/0’$%.-’3 (5-
054%/0)* * 12 /)$-53 &5 +6’&% 05A)$%: $5./’ l=110 44. K6, 05..45/0’*5%-
4)8) )(2/5 &50#7&2: +’54%/0 )A)6)$-’ D=32.02±0.01 44, /)6C’&5 ./%&-’
h=1.01±0.02 44, 05+’#. .0%+’&&): ()*%03&)./’ R=15.51±0.03 44. ;) 0%"#6>-
/5/54 ’"4%0%&’: #./5&)*6%&), $/) (50566%6>&)./> /)01%*23 ()*%03&)./%: ’
*%6’$’&5 05+’56>&)8) A’%&’, 1’6’&+0’$%.-): )A)6)$-’ &53)+,/., * (0%+%653
#./5&)*6%&&23 +)(#.-)*, ’"+%6’% .))/*%/./*#%/ "5+5&&24 /%3&’$%.-’4 /0%A)-
*5&’,4 ’ 4)7%/ A2/> +)(#C%&) - )(2/#.

F.% ’.(2/5&&2% )A05"12 A26’ ’"8)/)*6%&2 ’" )+&): (50/’: #86%0)+’./):
-)&./0#-1’)&&): &%6%8’0)*5&&): .(%1’56>&): ./56’ 450-’ 45, 3’4’$%.-’: .)-
./5* ()+/*%07+%& 0%"#6>/5/54’ .(%-/056>&)8) 5&56’"5 ’ .))/*%/./*#%/ LDHM
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1050-2013. F 1%6,3 ()+/*%07+%&’, &5$56>&): ’")/0)(’’ 45/%0’565 )A05"1)* ’
)(0%+%6%&’, 4%35&’$%.-’3 3505-/%0’./’- (%0*)&5$56>&) (,/> )A05"1)* A26’
’.(2/5&2 &5 (0)./)% ((0)()01’)&56>&)%) &580#7%&’’ [2]. ;) 0%"#6>/5/54 ?/’3
)(2/)* 45/%0’56 )A05"1)* . +)./5/)$&): ./%(%&>= /)$&)./’ 4)7&) .$’/5/>
&5$56>&) ’")/0)(&24. ;).-)6>-# R → h &5(0,7%&&)% .)./),&’% * 05A)$%: $5-
./’ )A05"15 05"4%0)4 .$’/56).> A6’"-’4 - )+&)0)+&)4#. F (65./’$%.-): ")&%
45/%0’56 .$’/56., &%.7’45%424.

N*/)45/’"’0)*5&&2: ’.(2/5/%6>&2: -)4(6%-. HB-IFJ 65A)05/)0’’ 4%35-
&’$%.-’3 ’.(2/5&’: -59%+02 H)(0)/’*6%&’, 45/%0’56)* /%)0’’ #(0#8)./’ ’
(65./’$&)./’ M*%0.-)8) 8).#+50./*%&&)8) /%3&’$%.-)8) #&’*%0.’/%/5 ()"*)6,-
%/ (0)*)+’/> 4&)8)-5&56>&)% ’"4%0%&’% ).%*): &580#"-’ P . ()80%@&)./>=
±0.2% , -0#/,C%8) 4)4%&/5 M!" . ()80%@&)./>= ±0.6%, *&#/0%&&%8) +5*6%&’,
p . ()80%@&)./>= ±0.7%, ’"4%&%&’, +6’&2 05A)$%: $5./’ )A05"15 !l . ()-
80%@&)./>= ±0.3%, ’"4%&%&’, 05+’#.5 !R . ()80%@&)./>= ’"4%0%&’, ±0.5%,
5 /5-7% #865 *"5’4&)8) ()*)0)/5 .%$%&’: ω . ()80%@&)./>= ±0.3%. O)6%% ()-
+0)A&) )(’.5&’% -)4(6%-.5 (0’*)+’/., * 05A)/53 [3,4]. K6, 05.$%/5 -)4()&%&/
/%&")0)* &5(0,7%&’: εij (i, j = 1, 2, 3) ’ +%9)0451’: ϑij (i, j = 1, 2, 3) ’.()6>-
")*56’.> 9)04#62:

ε11 =
P

2ϖRh
; ε22 = p

R

h
; ε12 =

M!"

2ϖR2h
; ε13 = ε23 ↑ 0; ε33 ↑ 0

ϑ11 =
!l

l
; ϑ22 =

!R

R
; ϑ12 = ω

R

2l
; ϑ13 = ϑ23 ↑ 0; ϑ33 ↑ 0

F /5A6’1% 1 (0’*%+%&2 *2A)0)$&2% +5&&2% . -)4(6%-.5 +6, )A05"15 14, ’.-
(2/5&&)8) &5 "&5-)(%0%4%&&)% -0#$%&’% ().6% (0%+*50’/%6>&)8) 05./,7%&’,
. -0#$%&’%4. H0%+&%% "&5$%&’% (0%+%65 /%-#$%./’, ()6#$%&&)8) (0’ ’.(2/5-
&’’ &5 05./,7%&’% ε#

= ε#/
√

2/3 = 313±2 J;5, "&5$%&’% 4)+#6, (0)+)6>&):
#(0#8)./’ E=218±9 L;5, #+*)%&&2: 4)+#6> .+*’85 ’" ’.(2/5&’, &5 -0#$%-
&’% 2G=141±3 L;5, -)?99’1’%&/ ;#5..)&5 (0’&’45%/., µ=0.3, (65./’$%.-’:
-)?99’1’%&/ ;#5..)&5 µp→0.5.

B5 0’.#&-% 2 (0’*%+%&2 +’5805442 +%9)04’0)*5&’, ε–ϑ, &5 0’.#&-53 3-4
+’5805442 "5*’.’4)./%: &5(0,7%&’: ’ +%9)0451’: )/ *0%4%&’.

!"#. 1. $%&’&()* +&#’, "#+-.*/"0
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!"#. 2. 1"*23*44- 5,6&34"3&7*/"8 ω (9:*) – ε (%)

!"#. 3. 1"*23*44- /*+38;,/"0 ω (9:*) +& 73,4,/" t (#,))

!"#. 4. 1"*23*44- 5,6&34*<"0 ε (%) +& 73,4,/" t (#,))

J%/)+’-5 (0)*%+%&’, )A05A)/-’ 0%"#6>/5/)* ?-.(%0’4%&/56>&23 ’..6%+)*5-
&’:, ’.()6>"#%45, * +5&&): 05A)/%, A5"’0#=/., &5 *%-/)0&)4 (0%+./5*6%&’’
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&5(0,7%&’: ’ +%9)0451’: () N.N. !6>=@’&# [5]. P&5$%&’, -)4()&%&/ /%&")-
0)* +%*’5/)0)* &5(0,7%&’: Sij (i, j = 1, 2, 3) ’ +%9)0451’: Iij (i, j = 1, 2, 3),
4)+#6, *%-/)0)* &5(0,7%&’: ε * +%*’5/)0&)4 (0)./05&./*% &5(0,7%&’: ”3,
4)+#6, *%-/)05 +%9)0451’: I * +%*’5/)0&)4 (0)./05&./*% +%9)0451’: E3 ’
+6’&2 +#8’ /05%-/)0’’ s (0)’"*)+’6., () 9)04#654 [1]:

S1 =

√
2

3

(
ε11 ↓

ε22

2

)
; S2 =

ε22↔
2
; S3 =

↔
2S12 =

↔
2ε12

I1 =

√
3

2
ϑ11; I2 =

↔
2

(
ϑ22 +

1

2
· ϑ11

)
; I3 =

↔
2ϑ12

ε =

√
S2
1 + S2

2 + S2
3 ; I =

√
I2

1 + I2
2 + I2

3; S =

√
!I2

1 +!I2
2 +!I2

3

Q).’&#. #865 )/-6)&%&’, ϱ1 *%-/)05 &5(0,7%&’: ε )/ -5.5/%6>&): - /05%--
/)0’’ +%9)04’0)*5&’, p1 * -57+): /)$-% )(0%+%6,6., () 9)04#6%:

cosϱ1 =
1

ε

(
S1

!I1

!s
+ S2

!I2

!s
+ S3

!I3

!s

)

2. ,HHCGIJ@FAK@L @ FAB=FAB@M=JIG= FG>=D@CG<A?@=. R’.6%&&)%
4)+%6’0)*5&’% (0)1%..)* .6)7&)8) #(0#8)(65./’$%.-)8) +%9)04’0)*5&’, ()
(6).-’4 +*#3"*%&&24 /05%-/)0’,4 ).#C%./*6,6).> 0%@%&’%4 +’99%0%&1’56>-
&23 #05*&%&’: 4%/)+)4 E#&8%-Q#//2 4-8) ()0,+-5 456)./’ [1, 6]:

dSi

ds
= M1

dIi

ds
+

(
dε

ds
↓M1 cosϱ1

)
Si

ε

dϱ1

ds
= ↓M1

ε
sinϱ1

8+% Si,Ii(i = 1, 2, 3) - -))0+’&5/2 *%-/)0)* &5(0,7%&’: ε ’ +%9)0451’: I;
s - +6’&5 +#8’ /05%-/)0’’ +%9)04’0)*5&’,.

S#&-1’)&562 (0)1%..5, "5*’.,C’% )/ (5054%/0)* *&#/0%&&%: 8%)4%/0’’ /05-
%-/)0’’ +%9)0451’:, )(0%+%6,6’.> () 9)04#654, (0%+6)7%&&24 F.L. P#A$5-
&’&)*24 [7–9]:

ε(s) = #(s) + AfP
0 $(!s)↓!εk

M1 = 2Gp + (2G↓ 2G0
p)f

q

f =
1↓ cosϱ1

2
, f0 =

1↓ cosϱ0
1

2

8+% !s = s↓s#
k – (0’05C%&’% +6’&2 +#8’ /05%-/)0’’ ().6% %< ’"6)45 * /)$-%

K; !εk = #(s#
k)↓ε#

k – 05"&’15 * /)$-53 ’"6)45 4%7+# "&5$%&’,4’ #&’*%0.56>-
&): 9#&-1’’ D+-*’+./5-!6>=@’&5 ’ 05.$%/&24 "&5$%&’%4 4)+#6, *%-/)05
&5(0,7%&’: ε#

k; 2Gp = #(s)/s – #+*)%&&2: (65./’$%.-’: 4)+#6> (0’ (0)./)4
&580#7%&’’; G0

p – /) 7% * /)$-% ’"6)45 /05%-/)0’’; f - 9#&-1’,, #$’/2*5=C5,
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)0’%&/51’= *%-/)05 &5(0,7%&’: * (0)1%..% +%9)04’0)*5&’,, f0 /) 7% * /)$-%
’"6)45. K6, )(’.5&’, .-56,0&)8) &20-5 &5(0,7%&’: ().6% ’"6)45 /05%-/)0’’
+%9)04’0)*5&’, ’.()6>")*5&5 9#&-1’,:

$(!s) = ↓
[
ς ·!s · e→ω!s

+ b ·
(
1↓ e→ω!s

)]

8+% A, b, ς, p, q – (5054%/02 5((0)-.’451’:.

T ϑ11,% ϑ22,% ϑ12,% ε11,MPa ε22,MPa ε12,MPa
1 0.0000 0.0000 0.0000 0.00 0.00 0.00
2 0.0160 -0.0040 0.0243 23.90 0.45 31.15
3 0.0400 -0.0160 0.0416 80.07 0.00 51.70
4 0.0640 -0.0120 0.0555 129.06 0.00 68.39
5 0.0880 -0.0200 0.0763 178.66 0.00 94.72
6 0.1080 -0.0240 0.0972 228.85 0.00 118.16
7 0.1280 -0.0360 0.1145 240.80 0.00 127.48
8 0.1400 -0.0560 0.1215 240.20 0.00 125.23
9 0.1960 -0.1440 0.1631 246.77 0.00 120.09
10 0.2520 -0.2080 0.2151 256.93 0.00 113.67
11 0.3160 -0.2280 0.2741 266.49 0.00 109.49
12 0.4520 -0.2600 0.3921 228.25 0.00 133.90
13 0.4960 -0.2600 0.4268 224.67 0.00 144.82
14 0.6600 -0.3440 0.5691 236.62 0.00 162.80
15 1.1440 -0.6120 0.9890 281.43 0.00 185.27
16 1.6240 -0.8640 1.4054 325.65 0.00 193.94
17 1.6320 -0.8720 1.3880 316.68 0.00 154.77
18 1.6280 -0.8680 1.3568 315.49 0.00 118.16
19 1.6320 -0.8680 1.3290 315.49 0.00 93.76
20 1.6320 -0.8760 1.2978 308.91 0.00 54.91
21 1.6320 -0.8720 1.2735 304.73 0.00 27.94
22 1.6320 -0.8720 1.2423 299.35 0.00 -1.93
23 1.6320 -0.8680 1.2145 293.98 0.00 -27.94
24 1.6320 -0.8720 1.1833 285.61 0.00 -49.13
25 1.6320 -0.8720 1.1520 277.25 0.00 -67.43
26 1.6320 -0.8680 1.1243 270.08 0.00 -82.20
27 1.6280 -0.8680 1.1173 269.48 0.00 -83.81
28 1.6320 -0.8720 1.0584 257.53 0.00 -106.93
29 1.6320 -0.8800 0.9577 237.81 0.45 -135.50
30 1.6320 -0.8920 0.6732 177.46 0.45 -185.92
31 1.6320 -0.9240 -0.0590 111.74 0.45 -239.22
32 1.6320 -0.9560 -0.7391 59.15 0.00 -268.76

=*%’"<* 1. >)#+,3"4,/.*’?/-, 5*//-, ($%3*@,< 14)
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K6, 5((0)-.’451’’ #&’*%0.56>&): 9#&-1’’ D+-*’+./5-!6>=@’&5 45/%0’-
565 . (6)C5+-): /%-#$%./’, ’.()6>")*56’.> *2057%&’,:

ε = #(s) =






2Gs, (0’ s < sT #$5./)- I
εT , (0’ sT ↗ s ↗ sT↑ #$5./)- II
εT

+ εa ·
(
1↓ e→ε(s→sT→ )

)
, (0’ s > sT↑ #$5./)- III

3. $CGNCAFFE @JHEBA?@O. ;0)805442 ?-.(%0’4%&/)* 0%56’")*2*5-
6’.> * (6).-)./’ I1 ↓ I3 *%-/)0&)8) (0)./05&./*5 +%9)0451’:. B5 0’.#&-%
5 (5) ()-5"5&2 ?-.(%0’4%&/56>&5, ’ 05.$%/&5, (0)805442, )/-6’- &5 0%56’-
"#%4#= (0)80544# * (6).-)./’ S1 ↓ S3 (0’*%+%& &5 0’.#&-% 5 (A). ;0)8054-
45 (0%+./5*6,%/ .)A): (0)()01’)&56>&)% 05./,7%&’% . -0#$%&’%4 +) "&5$%&’,
I1 = I3 = 2%, (0’ +)./’7%&’’ -)/)0)8) (0)’"*)+’6., ’"6)4 /05%-/)0’’ &5
#8)6 135°, ().6% -)/)0)8) ).#C%./*6,6).> "&5-)(%0%4%&&)% -0#$%&’%.

!"#. 5. >)#+,3"4,/.*’?/-, " 3*#(,./-, +3&23*44- 5,6&34"3&7*/"8 &%3*@<&7 (*), %
" &.)’") /* +3&23*44A B)#+,3"4,/.&7 (b), 9:*

4. .J?G<?E= C=PQDRBABE. ;) 0%"#6>/5/54 )A05A)/-’ )(2/&23 +5&&23
A265 ()./0)%&5 +’5805445 +%9)04’0)*5&’, ε ↓ s (0’.. 6). ;).6% ’"6)45 /05-
%-/)0’’, * /)$-% K (I1 = I3 = 2%), &5 +’580544% &5A6=+5%/., U&20)-V 4)-
+#6, *%-/)05 &5(0,7%&’:. I-.(%0’4%&/56>&5, -0’*5, ε = ε(s) (0)3)+’/ &’7%
#&’*%0.56>&): -0’*): ε = #(s), (0’ ?/)4 (0’4%0&) )./5*5,.> (50566%6>&):
%:. B5’A)6>@%% )/-6)&%&’% 05.$%/&): -0’*): )/ ?-.(%0’4%&/56>&): -0’*): &5
#$5./-% +) ’"6)45 &% (0%*2@5%/ 7,1 J;5, ().6% ’"6)45 27,3 J;5.
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!"#. 6. 1"*23*44- 5,6&34"3&7*/"8 ω (9:*) – s (%)

B5 0’.#&-% 7 ()-5"5&2 6)-56>&2% +’5805442 +%9)04’0)*5&’, * (6).-)./’
S1↓I1, &5 0’.#&-% 8 * (6).-)./’ S3↓I3. E5.$%/&2% -0’*2% 6%75/ +)./5/)$&)
A6’"-) - ?-.(%0’4%&/56>&24.

!"#. 7. 1"*23*44- ’&)*’?/-, S1 (9:*) – >1(%)

B5 0’.#&-% 9 (0’*%+%&2 "5*’.’4)./’ #865 .A6’7%&’, ϱ1 )/ +6’&2 +#8’ /05-
%-/)0’’ s. B5 #$5./-% +) ’"6)45 /05%-/)0’’, (0’ (0)./)4 (0)()01’)&56>&)4
+%9)04’0)*5&’’ #8)6 .A6’7%&’,, 3505-/%0’"#=C’: *%-/)0&2% .*):./*5 45/%-
0’56)* ’4%%/ "&5$%&’, A6’"-’% - 0. ;).6% ’"6)45 /05%-/)0’’ +%9)04’0)*5&’,



120 !. -.)+KOI.G!, A. A. AKG@3GG!, A. <. B+K)A@L!

!"#. 8. 1"*23*44- ’&)*’?/-, S3 (9:*) – >3(%)

&5A6=+5%/., .-5$-))A05"&)% *)"05./5&’% #865 &5 *%6’$’&# A6’"-#= - "&5$%&’=
#865 ’"6)45 135° . ().6%+#=C’4 #4%&>@%&’% () "5-)&# A6’"-)4# - ?-.()&%&1’-
56>&)4#. B5’A)6>@%% )/-6)&%&’% 05.$%/&): +’5805442 )/ ?-.(%0’4%&/56>&):
&% (0%*2@5%/ 10%.

!"#. 9. 1"*23*44- A2’* #%’";,/"8 ϑ1 (23*5) – s (%)

B5 0’.#&-% 10 ()-5"5&2 .)*4%C<&&2% +’5805442 ’.()6>"#%42% (0’ ()+-
A)0% (5054%/0)* 5((0)-.’451’’. Q0’*5, ε = #(s) ()./0)%&5 (0’ "&5$%&’,3
(5054%/0)* s#=0.2 %, s#

↑=0.79 %, ε#=264.5 J;5, εa=235 J;5, φ=0.35. Q0’-
*5, ε = ε(s) ()./0)%&5 (0’ "&5$%&’,3 (5054%/0)* A=308.3, f0=0.90, b=0.30,
ς=2.96, p=1.04, q=0.75. ;)+A)0 (5054%/0)* 5((0)-.’451’’ (0)’"*)+’6., ()
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#.6)*’= 4’&’4’"51’’ "&5$%&’, 4)+#6, 05"&)./’ ?-.(%0’4%&/56>&23 ’ 05.$%/-
&23 "&5$%&’:.

!"#. 10. C&74,D,//-, 5"*23*44-, &+"#-7*ED", +3&<,## &+3,5,’,/"8 +*3*4,.3&7
*++3&)#"4*<"" ω (9:*), ϑ1 (23*5), s (%)

K6, ()*2@%&’, /)$&)./’ 5((0)-.’451’’ (0%+6)7%&) **%+%&’% +)()6&’/%6>-
&)8) #$5./-5 IV, * 4)4%&/, -)8+5 ().6% &20-5 +)./’85%/., "&5$%&’% 05*&)%
ε#, &5$’&5, . -)/)0)8) -0’*#= 4)7&) 5((0)-.’4’0)*5/>, ’.()6>"#, *2057%-
&’% +6, #&’*%0.56>&): -0’*): . +0#8’4 (5054%/0)4 φ. B5 0’.#&-% 10 -0’*5,
ε’ = ε’(s) ()./0)%&5 (0’ A=280 ’ φ=0.28. D&5 (0)3)+’/ *2@% ?-.(%0’4%&/56>-
&): -0’*): &5 #$5./-% III, )+&5-) A)6%% /)$&) )(’.2*5%/ ()*%+%&’% &5 #$5./-%
IV.

9AIDSM=?@=. M5-’4 )A05")4, 4)+%6> /%)0’’ #(0#8)(65./’$%.-’3 (0)1%.-
.)*, ’.()6>"#=C5, 5((0)-.’451’’ F.L. P#A$5&’&)*5 +)./5/)$&) /)$&) )(’.2-
*5%/ ()*%+%&’% 45/%0’65 ./56> 45 (0’ +%9)04’0)*5&’’ () (6).-’4 +*#3"*%&-
&24 /05%-/)0’,4 . #86)4 ’"6)45 135 805+#.)*. K56>&%:@’: ’&/%0%. (0%+./5*-
6,%/ .05*&%&’% (5054%/0)* 5((0)-.’451’’ (0’ "%0-56>&)4 )/057%&’’ /05%--
/)0’’ +%9)04’0)*5&’, ’ A)6>@’3 #8653 ’"6)45. E%"#6>/5/2 4)8#/ A2/> ()-
6%"&2 (0’ 05"05A)/-% &)*23 /%)0’: ’ 4)+%6%: [10], 4%/)+)* 45/%45/’$%.-)8)
4)+%6’0)*5&’, [11], (0’ )1%&-% .0)-5 .6#7A2 45/%0’56)* [12,13], ’..6%+)*5&’’
4%35&’"4)* +%9)0451’’ [14, 15] ’ /.+.

!"#"$%&’($)%"
*+,-. -/0121/. F#, *7.&3- +&5.7,3;5*E. #&&.7,.#.7", #7&,2& *7.&3#.7* 4,;5A-
/*3&5/-4 )3".,3"84 ICMJE (7#, *7.&3- 7/,#’" #AD,#.7,//-0 7)’*5 7 3*@3*%&.)A
)&/<,+<"", +3&7,5,/", "##’,5&7*/"8 " +&52&.&7)A #.*.?", +3&(’" " &5&%3"’" 6"-
/*’?/AE 7,3#"E +,3,5 +A%’")*<",0).
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3145,6+0 64072781/. G7.&3- 5,)’*3"3AE. &.#A.#.7", 87/-H " +&.,/<"*’?/-H
)&/6’").&7 "/.,3,#&7, #78@*//-H # +A%’")*<",0 /*#.&8D,0 #.*.?".
&801946+ 564-48621/-46:. G7.&3- @*87’8E. &% &.#A.#.7"" 7/,I/,2& 6"/*/#"-
3&7*/"8 +3" +3&7,5,/"" "##’,5&7*/"8.
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