
72

 !" 621.791 

 .!. "#$%&'()&*
T.V. Olshanskaya 

 !"#$%&' ()$*+,"$-.!//0' -!1/&2!$%&' */&.!"$&-!-

Perm State Technical University 

+,,-./"!01+. !-+21+2  .31"-"4+5.,6+3

70809. 8"! ,!086+ 10 ,!":, !0 ; !

, 7"9"<=> 7-01+8"!01+2 + 010-+;0

8.48.,,+"11?3 @6,7.8+9.1 "!

RESEARCH OF INFLUENCE OF TECHNOLOGICAL

PARAMETERS OF WELDING ON PROPERTIES ZTI  

BY MEANS OF PLANNING AND THE ANALYSIS

REGRESSION EXPERIMENTS 
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Application planning of experiment and statistical processing of experimental data for research of 

influence of parameters of a mode of welding on a level of mechanical properties and their 

heterogeneity in a zone of thermal influence of welded connections from /&;%)5!(&").,//)' steel 

16<2=> is considered. The matrix of planning of experiment is made, the order of definition of factors of 

the equation of regress is presented. The analysis of the received dependences is lead. The basic 

criteria of a choice of modes of semi-automatic welding in the environment of carbonic gas are certain, 

at which least heterogeneity of properties in a zone of thermal influence. 

Keywords: statistical processing of experimental data, matrix of planning of experiment, equations of 

regress, criteria of a choice, zone of thermal influence, welded connection, mechanical properties. 
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*3:(2()*/ :.++$&01 +',-./)01 %&'()*/, $;'.7.?@*1 +5.5*+5*-(+9$/ ,+-

5$/-*&$+54?, * &0%&*54 85, 3.9$)$:(2)$+54. #2* *++'(7$&.)** :)$<$6'.)$-

&01 5(1)$'$<*-(+9*1 62$A(++$& +5.5*+5*-(+9.% $;2.;$59. 89+6(2*:()5.'4-

)01 7.))01 6$3&$'%(5 &0%&*54 $+)$&)0( 3.&*+*:$+5* :(=7, 6.2.:(52.:*

5(1)$'$<*-(+9$<$ 62$A(++. * +&$/+5&.:* *++'(7,(:$<$ $;B(95.. ".9 62.&*'$,

5(1)$'$<*-(+9*( *++'(7$&.)*% 52,7$(:9* * +&%3.)0 +$ 3).-*5('4)0:* 8)(2-

<(5*-(+9*:* * :.5(2*.'4)0:* 3.52.5.:*, 6$85$:, $7)$/ *1 &.=)(/C*1 3.-

7.- *++'(7$&.5('% %&'%(5+% 7$+5*=()*( *+9$:$<$ 2(3,'45.5. $65*:.'4)0:

$;2.3$:. #'.)*2$&.)*( 89+6(2*:()5. 62* &0;$2( ).*;$'(( 62*(:'(:$<$

6'.). 6$3&$'%(5 +$92.5*54 $;B(: 89+6(2*:()5.'4)01 7.))01 * 62$*3&(+5*

$65*:*3.A*? 6.2.:(52$& 5(1)$'$<*-(+9$<$ 62$A(++. [1].  

#2$A(++ +&.29* %&'%(5+% +'$=)0: * :)$<$6'.)$&0: 5(1)$'$<*-(+9*:

62$A(++$:, 6$7&(2=())0: &'*%)*? 2.3'*-)01 6$:(1. D7)$/ *3 $+)$&)01

A('(/ 85$<$ 62$A(++. %&'%(5+% )( 5$'49$ 6$',-()*( :$)$'*5)$<$ ;(37(E(95-

)$<$ +$(7*)()*%, )$ * 6$',-()*( 2.&)$62$-)$<$ +$(7*)()*%, *:(?@(<$

+&$/+5&., ;'*39*( 9 +&$/+5&.: $+)$&)$<$ :.5(2*.'.. !'% 2(.'*3.A** 7.))01

3.7.- )($;1$7*:$ ,-*50&.54 ;$'4C$( 9$'*-(+5&$ &1$7%@*1 E.95$2$&, 5.9*1

9.9 6.2.:(520 2(=*:. +&.29*, 62*:()%(:0( +&.2$-)0( :.5(2*.'0, 62(7C(-

+5&,?@.% *'* 6$+'(7,?@.% 5(2:*-(+9.% $;2.;$59. +&.2)$<$ +$(7*)()*%

* 5.7. F5.;*'*3.A*% ,+'$&*/ 62$&(7()*% $605$& 62* +&.29( -.+5$ %&'%(5+%

)(&06$')*:$/ 3.7.-(/, 6$85$:, 52.7*A*$)).% +1(:. *++'(7$&.)*/ & 5.9*1

,+'$&*%1 +5.)$&*5+% :.'$8EE(95*&)$/. "2$:( 5$<$, +$&$9,6)$( 7(/+5&*(

$57('4)01 E.95$2$& )( &+(<7. 2.&)$ 62$+5$/ *1 +,::( *3-3. %&'()*% &3.*:$-

7(/+5&*% E.95$2$& [2]. 

#'.)*2$&.)*( 89+6(2*:()5. * +5.5*+5*-(+9.% $;2.;$59. 89+6(2*:()-

5.'4)01 7.))01 ;0'* 62*:()()0 7'% *++'(7$&.)*% &'*%)*% 6.2.:(52$& 2(-

=*:. +&.29* ). ,2$&()4 :(1.)*-(+9*1 +&$/+5& * *1 )($7)$2$7)$+54 & 3$)(

5(2:*-(+9$<$ &'*%)*% +&.2)01 +$(7*)()*/ *3 )*39$'(<*2$&.))01 +5.'(/.

!.))0( +5.'* $;'.7.?5 ;'.<$62*%5)$/ +&.2*&.(:$+54?. D7).9$ 62* 6$7;$2(

5(1)$'$<*-(+9*1 6.2.:(52$& +&.29* )*39$'(<*2$&.))01 +5.'(/ )($;1$7*:$

,-*50&.54, -5$ & 3.&*+*:$+5* $5 ,2$&)% 6$<$))$/ 8)(2<** & 3$)( 5(2:*-(-

+9$<$ &'*%)*% &(2$%5)$ 9.9 $;2.3$&.)*( 1$'$7)01 52(@*), &$3:$=)$+54

$12,6-*&.)*%, 5.9 * 2.3,62$-)()*( (* 9.9 +'(7+5&*( – ,1,7C()*( &%39$+5*

* 72,<*1 :(1.)*-(+9*1 +&$/+5& 6$ +2.&)()*? + $+)$&)0: :(5.''$:). G.9=(

)($7)$2$7)$+54 +52,95,2 & 3$)( 5(2:*-(+9$<$ &'*%)*% 62*&$7*5 9 )($7)$-

2$7)$+5* +&$/+5&, * ). 7.))$: '$9.'4)$: ,-.+59( 62* 2.;$5( +&.2)$/ 9$)+5-

2,9A** 6$7 ).62%=()*(: ,&('*-*&.(5+% &(2$%5)$+54 62(=7(&2(:())$<$ 2.3-

2,C()*% 6$ +2.&)()*? + $+)$&)0: :(5.''$:.

F52,95,2)0( *3:()()*% & 3$)( 5(2:*-(+9$<$ &'*%)*%, *1 6$')$5. ).-

62%:,? 3.&*+*5 $5 5(2:*-(+9$<$ A*9'., 9$5$2$:, 6$7&(2<.(5+% $+)$&)$/ :(-

5.'' $9$'$C$&)$/ 3$)0 62* +&.29(. G(2:*-(+9*/ A*9' -.@( &+(<$ 1.2.95(2*-

3,?5 +9$2$+54? ).<2(&. 7$ $62(7('())$/ 5(:6(2.5,20, &2(:()(: 62(;0&.-
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)*% :(5.''. &0C( 92*5*-(+9*1 5$-(9
3+

H *
1+

H * +9$2$+54? $1'.=7()*%.

 62.&'%54 5(2:*-(+9*: A*9'$: +&.29* :$=)$ *3:()%% 6.2.:(520 2(=*:.

62$A(++..

!'% &0%&'()*% 3.&*+*:$+5* :(=7, 6.2.:(52.:* +&.29* * :(1.)*-(-

+9*:* +&$/+5&.:* 3$)0 5(2:*-(+9$<$ &'*%)*% * *1 ,2$&)(: )($7)$2$7)$+5*

;0'. +$+5.&'(). :.52*A. 2$5.5.;('4)$<$ 6'.)*2$&.)*% &5$2$<$ 6$2%79.

+ 52(:% E.95$2.:*. !.)).% :.52*A. 6$3&$'%(5 6$',-*54 *)E$2:.A*? $ &'*%-

)** 9.=7$<$ E.95$2. ). *3,-.(:,? &('*-*),, $ +$&:(+5)$: &'*%)** &3.*:$-

7(/+5&*% E.95$2$&, . 5.9=( 6$3&$'%(5 ,:()4C*54 9$'*-(+5&$ $605$& 6$

+2.&)()*? + :.52*A(/ 6$')$<$ E.95$2)$<$ 89+6(2*:()5.. #2* +$+5.&'()**

:.52*A0 ,-*50&.'$+4: -*+'$ E.95$2$& k = 3, %72$ 6'.). 23, -*+'$ 5$-(9 %72.

n% = 8, -*+'$ 3&(37)01 5$-(9 nα = 6, -*+'$ ),'(&01 5$-(9 n0 = 6, &('*-*).

3&(37)$<$ 6'(-. α = 1,667, $;@(( -*+'$ $605$& N = 20. I 9.-(+5&( $+)$&)01

&1$7%@*1 6.2.:(52$& ;0'* &0;2.)0:

1) E.95$2  1 − +*'. 5$9. +&.29* ($+)$&)$/ ,2$&()4 − 150 H, *)5(2&.'

&.24*2$&.)*% 25 H);  

2) E.95$2  2 − +9$2$+54 +&.29* ($+)$&)$/ ,2$&()4 − 15 :/-, *)5(2&.'

&.24*2$&.)*% 3 :/-);  

3) E.95$2  3 − 5(:6(2.5,2. 62(7&.2*5('4)$<$ 6$7$<2(&. 6(2(7 +&.29$/

($+)$&)$/ ,2$&()4 − 120 °F, *)5(2&.' &.24*2$&.)*% 60 °F).

F&.2*&.(:0/ :.5(2*.' − +5.'4 16J2HK, +6$+$; +&.29* − 6$',.&5$:.5*-(-

+9.% & +2(7( ,<'(9*+'$<$ <.3., 62*+.7$-)0/ :.5(2*.' − 62$&$'$9. F&-08J2F.

I 9.-(+5&( 92*5(2*% 7'% $62(7('()*% :(1.)*-(+9*1 +&$/+5& * ,2$&)%

*1 )($7)$2$7)$+5* & 3$)( 5(2:*-(+9$<$ &'*%)*% 7'% 6$',-())01 +&.2)01

+$(7*)()*/ ;0'. &0;2.). :*92$5&(27$+54. I&*7, 5$<$, -5$ 3$). 5(2:*-(+9$-

<$ &'*%)*% *:((5 :.',? 62$5%=())$+54 ($5 0,9 :: 7$ 0,5 :: 62* 2.3)01 2(-

=*:.1 +&.29*), $62(7('()*( :(1.)*-(+9*1 +&$/+5&, 5.9*1 9.9 ,7.2).% &%3-

9$+54, 62$-)$+54 62* 2.+5%=()** * 5.7., +&%3.)$ + 2%7$: 52,7)$+5(/. L3:(2(-

)*( =( :*92$5&(27$+5* 6$3&$'%(5 6$',-*54 7$+5.5$-)$ ;$'4C$( 9$'*-(+5&$

$605)01 7.))01, )($;1$7*:01 7'% +5.5*+5*-(+9$<$ .).'*3.. >*92$5&(2-

7$+54 *3:(2%'.+4 & $9$'$C$&)$/ 3$)(, *+6050&.?@(/ & 62$A(++( +&.29* ).-

<2(& &0C( 92*5*-(+9$/ 5$-9*
3+

H , 5.(. ). ,-.+59(, <7( 62$*+1$7*5 6$').%

E.3$&.% 6(2(92*+5.''*3.A*%. L3:(2()*% 62$&$7*'*+4 ). 6$6(2(-)01 :*9-

2$C'*E.1, &02(3.))01 *3 +&.2())01 $;2.3A$&, 9$'*-(+5&$ *3:(2()*/ ;$'((

60 7'% 9.=7$<$ 2(=*:..

!'% $62(7('()*% ,2$&)% :(1.)*-(+9*1 +&$/+5& & 3$)( 5(2:*-(+9$<$ &'*%-

)*% & 9.-(+5&( 6(2&$<$ &01$7)$<$ 6.2.:(52. (Y1) ;0'$ &0;2.)$ +2(7)(( 3).-(-

)*( :*92$5&(27$+5*. F2(7)(( 3).-()*( 1.2.95(2*3,(5 A()52 2.+62(7('()*% &(-

2$%5)$+5(/, 5.(. 85$ ).*;$'(( -.+5$ &+52(-.?@((+% 3).-()*( &('*-*)0 :*92$-

5&(27$+5*. !'% $62(7('()*% +5(6()* )($7)$2$7)$+5* :(1.)*-(+9*1 +&$/+5&

& 9.-(+5&( &5$2$<$ &01$7)$<$ 6.2.:(52. (Y2) ;0'$ &0;2.)$ +2(7)(( 9&.72.5*--
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)$( $59'$)()*( :*92$5&(27$+5*. F2(7)(( 9&.72.5*-)$( $59'$)()*( 62(7+5.&'%-

(5 +$;$/ +5.)7.25)$( $59'$)()*( +',-./)$/ &('*-*)0 * 6$85$:, :$=(5 1$2$C$

1.2.95(2*3$&.54 )($7)$2$7)$+54 2.+62(7('()*% :*92$5&(27$+5* & MGI.

#$+'( 62$&(7()*% +5.5*+5*-(+9$/ $;2.;$59* $605)01 7.))01 *3:(2(-

)*% :*92$5&(27$+5* 62$*3&$7*'+% 2.+-(5 ,2.&)()*/ 2(<2(++**.

!'% :.52*A0 2$5.5.;('4)$<$ 6'.)*2$&.)*% &5$2$<$ 6$2%79. + 52(:%

E.95$2.:* ,2.&)()*( 2(<2(++** :$=)$ 62(7+5.&*54 +'(7,?@*: $;2.3$::

Y = B0 + B1X1 + B2X2 + B3X3 + B4X1X2 + B5X2X3 + B6X1X3 + B7X1
2 + B8X2

2 + B9X3
2.

I0-*+'()*( 9$8EE*A*()5$& ,2.&)()*% 2(<2(++** 62$*3&$7*'$+4

& :.52*-)$/ E$2:( + 6$:$@4? 62$<2.::)$<$ 6.9(5. Mathcad.

B = (XG⋅X)–1
⋅X
G
⋅Y,

<7( X
G

− :.52*A. 52.)+E$2:*2$&.)).% 6$ $5)$C()*? 9 :.52*A( X; (XG⋅X)–1
−

$;2.5).% :.52*A. 6$ $5)$C()*? 9 :.52*A( (XG⋅X).

I0-*+'*& 9$8EE*A*()50 ,2.&)()*% 2(<2(++**, )($;1$7*:$ $62(7(-

'*54 *1 7$&(2*5('4)0( *)5(2&.'0. !'% 85$<$ $62(7('%(5+% 7*+6(2+*% 6.2.-

:(52$& $65*:*3.A** 6$ 2(3,'45.5.: $605$& & A()5( 6'.). 2

Y
S , 7*+6(2+** 9$-

8EE*A*()5$& ,2.&)()*% 2(<2(++** 2

B
S * 7*.<$).'4)0/ 8'(:()5 !i,i :.52*A0

6$ +'(7,?@*: E$2:,'.::

( )
0

2

2 1

0 1

n

u S

u

Y

Y Y

S
n

=

−

=
−

 
,

00

1 N

S n

n N n

Y Y
n = −

=  , 2 2

,B i i Y
S C S= , !i,i = (XG⋅X)–1,

<7( Yu − 3).-()*( 6.2.:(52. $65*:*3.A** & u-: $605(; YS − 3).-()*( 6.2.-

:(52. $65*:*3.A** & n0 $605.1.

!$&(2*5('4)0( *)5(2&.'0 9$8EE*A*()5$& ,2.&)()*% 2(<2(++** $62(-

7('%'*+4 *3 &02.=()*% 2d
B

B t S= . N+'* 9$8EE*A*()5 ,2.&)()*% 2(<2(++**

Bi 6$ .;+$'?5)$:, 3).-()*? :()4C( dBi, 5$ 9$8EE*A*()5 +-*5.(5+% )(3).-

-*:0:. L+9'?-*& *3 ,2.&)()*% 2(<2(++** +5.5*+5*-(+9* )(3).-*:0( 9$8E-

E*A*()50, 6$',-*'* :.5(:.5*-(+9,? :$7('4. H7(9&.5)$+54 6$',-())$/ :$-

7('* 62$&(2%'.+4 + 6$:$@4? 2.+-(5)$<$ 92*5(2*% K*C(2. (F-92*5(2*%):

2

.7

p 2
F

Y

S

S
= .

I 2(3,'45.5( 2.+-(5$& ;0'* 6$',-()0 +'(7,?@*( ,2.&)()*% 2(<2(++**:

 Y1 = 3722 − 213,3⋅ 1 − 229,2⋅ 3 − 120,5⋅( 3)
2 + 169,5⋅( 1⋅ 3),  (1) 
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 Y2 = 544,3 + 44,06⋅ 2 − 34,8⋅ 3 + 76,38⋅( 1)
2

− 56,25⋅( 1⋅ 3).  (2) 

 2.&)()*( 2(<2(++** (1) $6*+0&.(5 *3:()()*( +2(7)(<$ 3).-()*% :*9-

2$5&(27$+5* & 3$)( 5(2:*-(+9$<$ &'*%)*% & 3.&*+*:$+5* $5 6.2.:(52$& +&.2-

9*, . ,2.&)()*( (2) – ,2$&()4 )($7)$2$7)$+5* :*92$5&(27$+5*. L3 ,2.&)()*%

2(<2(++** (1) &*7)$, -5$ ). ,2$&()4 :(1.)*-(+9*1 +&$/+5& ).*;$'(( +,@(+5-

&())$( &'*%)*( $9.30&.(5 1-/ E.95$2 (+*'. 5$9. 62* +&.29() * 3-/ (5(:6(2.-

5,2. 62(7&.2*5('4)$<$ 6$7$<2(&.). O. ,2$&()4 )($7)$2$7)$+5* :(1.)*-(-

+9*1 +&$/+5& ).*;$'(( +*'4)$ ;,7(5 &'*%54 +9$2$+54 +&.29* (&5$2$/ E.95$2)

* 5(:6(2.5,2. 62(7&.2*5('4)$<$ 6$7$<2(&., +*'. 5$9. $9.30&.(5 &5$2$+5(-

6())$( &'*%)*(. #$ ,2.&)()*%: (1) * (2) ;0'* 6$+52$()0 <2.E*-(+9*( 3.&*-

+*:$+5*, 62$&(7() .).'*3 6$',-())01 2(3,'45.5$&.

P*+. 1. L3:()()*( +2(7)(<$ 3).-()*% :*92$5&(27$+5*: " − &'*%)*( +*'0 5$9. I+&

62* 6$+5$%))$/ 5(:6(2.5,2( 6$7$<2(&.: 1 – 0 $F, 2 – 60 $F, 3 – 120 $F, 4 – 180 $F,

5 – 240 $F; &'*%)*( 5(:6(2.5,20 6$7$<2(&. T6$7 62* 6$+5$%))$/ +*'( 5$9.: 1 − 100 H,

2 − 125, 3 − 150 H, 4 − 175 H, 5 − 200 H; # − +$&:(+5)$( &'*%)*( +*'0

5$9. * 5(:6(2.5,20 6$7$<2(&.
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L++'(7$&.)*% 6$9.3.'*, -5$ ,&('*-()*( +*'0 5$9. 62*&$7*5 9 ,:()4-

C()*? +2(7)(<$ 3).-()*% :*92$5&(27$+5* & 3$)( 5(2:*-(+9$<$ &'*%)*%, (+'*

+&.29. &(7(5+% ;(3 62(7&.2*5('4)$<$ 6$7$<2(&. *'* + 6$7$<2(&$: 62* 5(:6(-

2.5,2(, )( 62(&0C.?@(/ 180 $F (2*+. 1, "). N+'* +&.29. 62$&$7*5+% + 62(7&.-

2*5('4)0: 6$7$<2(&$: 62* 5(:6(2.5,2( &0C( 200 $F, 5$ ,&('*-()*( +*'0

5$9. 62*&$7*5 9 +)*=()*? +2(7)(<$ 3).-()*% :*92$5&(27$+5* & 3$)( 5(2:*-

-(+9$<$ &'*%)*%.

P*+. 2. I'*%)*( +*'0 5$9. I * +9$2$+5* +&.29* V ). *3:()()*( $5)$+*5('4)$/ 6'$@.-

7* )(:(5.''*-(+9*1 &9'?-()*/ 62* 6$+5$%))$/ 5(:6(2.5,2( 6$7$<2(&.: " – 0 $F;

                                      $ – 60 $F; # – 120 $F; % – 180 $F; & – 240 $F

G.9=( +'(7,(5 $5:(5*54, -5$ ,&('*-()*( 5(:6(2.5,20 6$7$<2(&. 62*-

&$7*5 9 +)*=()*? +2(7)(<$ 3).-()*% :*92$5&(27$+5*, (+'* +&.29. 62$&$7*5-

+% 62* +*'( 5$9. )( ;$'(( 120 H (2*+. 1, $). #2* +&.29( ). ;$'4C*1 3).-()*%1
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+*'0 5$9. 6$&0C()*( 5(:6(2.5,20 62(7&.2*5('4)$<$ 6$7$<2(&. 62*&$7*5

+).-.'. 9 6$&0C()*? +2(7)(<$ 3).-()*% :*92$5&(27$+5*, . 3.5(: – 9 6$)*-

=()*?, 5.(. ). 92*&$/ 3.&*+*:$+5* (+54 :.9+*:,:. L -(: &0C( 3).-()*( +*-

'0 5$9., 5(: 9 ;$'(( &0+$9*: 5(:6(2.5,2.: 6$7$<2(&. +7&*<.(5+% :.9+*:,:.

O. 2*+. 1, # 6$9.3.)$ +$&:(+5)$( &'*%)*( +*'0 5$9. * 5(:6(2.5,20 62(7&.2*-

5('4)$<$ 6$7$<2(&. ). *3:()()*( +2(7)(<$ 3).-()*% :*92$5&(27$+5* & $9$-

'$C$&)$/ 3$)(. O.*;$'(( &0+$9$( 3).-()*( :*92$5&(27$+5* 6$',-.(5+% 62*

+&.29( ). )*39*1 5$9.1 * )*39$/ 5(:6(2.5,2( 6$7$<2(&..

I'*%)*( 6.2.:(52$& 2(=*:. +&.29* ). )($7)$2$7)$+54 :*92$5&(27$-

+5* & 3$)( 5(2:*-(+9$<$ &'*%)*% 6$9.3.)$ ). 2*+. 2.  &('*-()*( +9$2$+5*

+&.29* 62*&$7*5 9 ,&('*-()*? +2(7)(<$ 9&.72.5*-)$<$ $59'$)()*% :*92$-

5&(27$+5*, * 85$ ).;'?7.(5+% 62.95*-(+9* 62* &+(1 2.++:$52())01 3).-()*-

%1 +*'0 5$9. * 5(:6(2.5,20 62(7&.2*5('4)$<$ 6$7$<2(&..  &('*-()*( +*'0

5$9. &(7(5 +).-.'. 9 +)*=()*? +2(7)(<$ 9&.72.5*-)$<$ $59'$)()*% :*92$-

5&(27$+5*, . 3.5(: 9 (<$ 6$&0C()*?. #2* 9.9*1 3).-()*%1 +*'0 5$9. ;,7(5

).;'?7.54+% :*)*:.'4)0/ 2.3;2$+ :*92$5&(27$+5*, 3.&*+*5 $5 5(:6(2.5,20

62(7&.2*5('4)$<$ 6$7$<2(&.. #$&0C()*( 5(:6(2.5,20 6$7$<2(&. 62*&$7*5

9 5$:,, -5$ :*)*:.'4)0/ 2.3;2$+ 5&(27$+5* ).;'?7.(5+% 62* +&.29( + +*'$/

5$9. $5 130 H 7$ 170 H. #$&0C()*( 5(:6(2.5,20 62(7&.2*5('4)$<$ 6$7$<2(-

&. 5.9=( 62*&$7*5 9 +)*=()*? -*+'())$<$ 3).-()*% +2(7)(<$ 9&.72.5*-)$<$

$59'$)()*% :*92$5&(27$+5*.

G.9*: $;2.3.:, 62$&(7())0/ .).'*3 6$9.3.', -5$ 62* &0;$2( 6.2.:(5-

2$& 2(=*:$& 6$',.&5$:.5*-(+9$/ +&.29* & +2(7( ,<'(9*+'$<$ <.3. +5.'*

16J2HK 7'% 6$',-()*% $65*:.'4)$<$ +$-(5.)*% ,2$&)% 5&(27$+5* * $7)$-

2$7)$+5* )($;1$7*:$ & 6(2&,? $-(2(74 &0;*2.54 6.2.:(520 +*'0 5$9.,

. & +$$5&(5+5&** + )*:* – 5(:6(2.5,2, 62(7&.2*5('4)$<$ 6$7$<2(&. * +9$-

2$+54 +&.29*.

 !"#$% &"'()*'+),

1. O$&*9$& K.F. >.5(:.5*-(+9*( :(5$70 6'.)*2$&.)*% 89+6(2*:()5$&

& :(5.''$&(7()**. – >.: L37-&$ >$+9. *)-5. +5.'* * +6'.&$&, 1970. – 79 +.

2. Q3$&+9*1 I.>. >.5(:.5*-(+9$( :$7('*2$&.)*( * *)=()(2)0( :(5$70

2.+-(5. & +&.29(: & 2 -. R. 1. F5.5*+5*-(+9.% $;2.;$59. * 6'.)*2$&.)*( 89+6(2*-

:()5.: ,-(;. 6$+$;*(. – #(2:4:L37-&$ #(2:. <$+. 5(1). ,)-5., 2007. – 127 +.
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