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 !"#$% 3. &'(!)** ( '+%!,-* .&'%'/**, +$"'0!,&',-*  

* 1!2$,-(! (*&'#$%32$,1'4 0 '#51)** 

 

�"% 543.541.45 

 

*&6' 7!-*(&',-3 (*#! 1 *(89 0'-$&)*'7$- *2$,1'/'  

-*- '(!&*: (*&! 

 

;<=>?@AB '.&.,  !"#. $%&. "!'  

()*'#!+*,-.""). "!'/"). '/+.0#."%. 1.-.+)-2!- !3* %4 3)"!56"74 "!'/")-

%**5.#)-!,.56* %4 %"*,%,', *!#)-)#*,-! % -%")8+!#!+*,-! 9)**.56$)3! !#.&%% 

(2+!*")#!+) 
 

 !"!#$%.�,-*+.-(/012(+ 3*-045(*+0-6(/012(+ -(-6*,.4(0+ (1 278*4*+0-6(/012*9 :0406.5(; *1-

4*,.4(;) 3*87/04< 26(,<0 -(-6*,.4(; ,(4*:6.=4<> 1-*8*,<> ,(4. ?* 60@78A-.-.+ .4.8(@. B*6+ 26(,<> 

-(-6*,.4(; 360=8*C04< 13*1*D< *360=0804(; 17++.64*:* 1*=06C.4(; -(-670+<> 2(18*-, *DE(> 2(18*- ( 

2.-(*4*, +0-.88*, , ,(4*:6.=4<> ,(4.>. 

&'()!*+! ,'-*$: -(-6*,.4(0, ,(4*:6.=4<0 ,(4., 2.-(*4< +0-.88*,, B.8A1(B(5(6*,.44.; 36*=725(; 

Summary. Automatic potentiometric titration (coulometric generation Foundation) received curves titration 

grape table wines. By results of the analysis of forms of titration curves suggests ways of determining the total con-

tent titruemyh acids, common acids and cations of metals in the vines. 

Key words: titration, grape wine, metal cations, counterfeit products 

 

.*!/!01!. FD0130/04(0 D0@*3.14*9 3(E0,*9 36*=725((, , -*+ /(180 ,(4*=08A/0-

12*9, ;,8;0-1; *=4*9 (@ ,.C409G(> ( .2-7.8A4<> 1-6.-0:(/012(> @.=./ !*11((. "* 1(> 

3*6 *1-.0-1; 4060G044*9 36*D80+. B.8A1(B(2.5(( .82*:*8;. �.D8H=.0-1; +.11*,<9 *D-

+.4 3*-60D(-0809 3*160=1-,*+ 60.8(@.5(( 40=*D6*2./01-,044<> 36*=72-*,. [1]. ) 1-6.-

4.> �I$ =8; ,<;,804(; 402./01-,044*9 ( B.8A1(B(5(6*,.44*9 36*=725(( (13*8A@7H- 

2*+38021 (8( 1*,*2734*1-A 3*2.@.-0809, ,28H/.HE(> *360=0804(0 *-4*1(-08A4*9 38*--

4*1-(, *DE0:* 13(6-., B.2-(/012*:* 13(6-., 1.>.6. , (1>*=4*+ 17180, *DE0:* J21-6.2-., 

36(,0=044*:* J21-6.2-., *1-.-*/4*:* J21-6.2-., 60=75(67HE(> 1.>.6*,, 1.>.6*, 3*180 

(4,061((, 1.>.6*@<, :8H2*@<, B672-*@<, 6�, *DE(> -(-670+<> 2(18*-, ,(44*9, +*8*/4*9, 

8(+*44*9, :8H2*4*,*9 ( ;D8*/4*9 2(18*-, *DE0:* ( 1,*D*=4*:* =(*21(=. 106<, 80-7/(> 

2(18*-, 2.-(*4*, +0-.88*, – 4.-6(;, 2.8(;, 2.8A5(;, +.:4(;, C080@., .4(*4*, – >8*6(=*,, 

B*1B.-*,, 178AB.-*,, . -.2C0 :8(506(4., J802-6*36*,*=4*1-A 36*=72-., @*8A4*1-A, E0-

8*/4*1-A @*8<. $ 3*+*EAH 3060/(18044<> 3*2.@.-0809 1-.4*,(-1; ,3*840 60.8A4*9 ,*@-

+*C4*1-A 71-.4*,804(; 3*=8(44*1-( (8( B.8A1(B(2.5(( 36*=725((. F=4.2* 3*=*D4<0 

.4.8(@< -67=*0+2( ( ,*@+*C4< -*8A2* , 1305(.8(@(6*,.44<> 8.D*6.-*6(;>, (+0HE(> 

1**-,0-1-,7HE00 *D*67=*,.4(0. $7E01-,7HE(0 *-0/01-,044<0 +0-*=(2( *5042( 3*=-

8(44*1-( 40 ,10:=. D<,.H- =*1-.-*/4* (4B*6+.-(,4< (8( -.2C0 -60D7H- -67=*0+2*9 

36*D*3*=:*-*,2( ( (13*8A@*,.4(; =*6*:*1-*;E09 36(D*64*9 D.@<. ?*J-*+7 36*D80+. 

6.@6.D*-2( (4B*6+.-(,4<>, 3605(@(*44<> ( 80:2* ,*136*(@,*=(+<> +0-*=(2 =8; *DK02-

-(,4*9 *5042( 3*=8(44*1-( ,(4 *1-.0-1; .2-7.8A4..  

L08A – 3*2.@.-A ,*@+*C4*1-( 36(+0404(; +0-*=(2( 3*-045(*+0-6(/012*:* (1 278*-

4*+0-6(/012*9 :0406.5(09 *14*,.4(;) -(-6*,.4(; 1 @.3(1AH 26(,<> -(-6*,.4(; =8; 

(=04-(B(2.5(( 4.-76.8A4<> ( B.8A1(B(5(6*,.44<> ,(4 4. *14*,0 *5042( (4B*6+.-(,-

4*1-( J21306(+04-.8A4<> =.44<>. 

 

234!5%+ 1 6!%-/+ 1,,'!/-*$017. FDK02-< (1180=*,.4(9 – ,(4*:6.=4<0 1-*8*,<0 

17>(0 ( 1 *1-.-*/4<+ 1.>.6*+ ,(4. ( ,(4*+.-06(.8< *-0/01-,044*:* ( (+3*6-4*:* 36*-

(@,*=1-,.. 



�������  !�"� #�� $%&�''$().  *+. 4. 2013 150

) (1180=70+<> *D6.@5.> *360=08;8( -(-670+7H 2(18*-4*1-A (3* #F$  ! 51621-2000), 

*DE00 1*=06C.4(0 ,(44*9, ;D8*/4*9, ;4-.64*9, 8(+*44*9, +*8*/4*9 2(18*-, E08*/4<> ( 

E08*/4*@0+08A4<> +0-.88*, (+0-*=*+ J802-6*B*60-(/012*:* 6.@=0804(; 4. %.308( 105 3* 

6.@6.D*-.44<+ , #�� $%&�''$() !*1108A>*@.2.=0+(( +0-*=(2.+) ( 36*,*=(8( 3*-04-

5(*+0-6(/012*0 (1 278*4*+0-6(/012*9 :0406.5(09 *14*,.4(;) -(-6*,.4(0. 

�1-.4*,2. =8; 3*-045(*+0-6(/012*:* (1 278*4*+0-6(/012*9 :0406.5(09 *14*,.4(;) 

-(-6*,.4(; (6(1. 1), 1*1-*;8. (@ ;/092(, , 2*-*67H 3*+0E.8( :0406.-*64<0 ( (4=(2.-*6-

4<0 J802-6*=<, +.:4(-4*9 +0G.82(, (1-*/4(2. -*2. M5-49, .4.8(@.-*6. C(=2*1-( I%$-

?�! -001 1 -0>4(/012(+( >.6.2-06(1-(2.+(, *D0130/(,.HE(+( 403606<,4*0 (@+0604(0 

pH, 2*+3AH-06., (+0HE0:* 36*:6.++4*0 *D0130/04(0. #0406.-*64<0 J802-6*=< 3*=28H-

/.8( 2 (1-*/4(27 3*1-*;44*:* -*2.. '4=(2.-*64<0 J802-6*=< ,28H/.8( , 503A .4.8(@.-

-*6. C(=2*1-( (I%$?�! -001). '@+06;0+<9 ( 360*D6.@*,.44<9 1(:4.8 3*=.,.81; 4. 

I)N (3061*4.8A4<9 2*+3AH-06, , =.8A409G0+ ?%) ( *D6.D.-<,.81;. F1*D044*1-A 71-.-

4*,2( 1*1-*;8. , -*+, /-* , 2./01-,0 .4*=. 36(+04;8( 1060D6;47H 38.1-(427 [2,3]. I-* 

3*@,*8;8* 3*8A@*,.-A1; D0@=(.B6.:+044*9 ;/092*9, /-* @4./(-08A4* 736*E.8* 2*41-672-

5(H ( 1*26.E.8* ,60+; 4. 3*=:*-*,(-08A4<0 *306.5((. ?6( ,28H/04(( -*2. 4. 2.-*=0 

36*(1>*=(8* ,*11-.4*,804(0 (*4*, ,*=*6*=., . 4. .4*=0 *D6.@*,<,.81; 38*-4<9 *1.=*2 

>8*6(1-*:* 1060D6., 2*-*6<9 ( (:6.8 6*8A =(.B6.:+<, 6.@=08;HE09 2.-*=4*0 ( .4*=4*0 

36*1-6.41-,.. F-4*1(-08A4.; 3*:60G4*1-A 0,2 %. F3-(+.8A4<9 60C(+ 36*5011. -(-6*,.-

4(; 71-.4.,8(,.8(, 2.2 ( , 6.D*-0 [3] 4. +*=08A4<> 6.1-,*6.> ,(44*9 2(18*-<, 1 2*4504-

-6.5(09 D8(@2*9 2 00 ,*@+*C4*+7 1*=06C.4(H , .4.8(@(670+<> ,(4.> (,(4*+.-06(.8.>). 

) 2./01-,0 J-.8*44*:* 6.1-,*6. (13*8A@*,.8(  0,05 N ,*=4<9 6.1-,*6 ,(44*9 2(18*-<, 

2,.8(B(2.5(( >./. ?*87/044<0 60@78A-.-< *D6.D.-<,.8( 1 3*+*EAH +.-0+.-(/012*:* 

3.20-. Mathcad 2001i Professional. 

 

 
 

!(1. 1. $>0+. 71-.4*,2( =8; .,-*+.-(/012*:* 3*-045(*+0-6(/012*:* -(-6*,.4(;  

1 278*4*+0-6(/012*9 :0406.5(09 *14*,.4(; 

 

) 60@78A-.-0 J802-6*>(+(/012(> 60.25(9 4. J802-6*=.> (@ 6.1-,*6. 7=.8;H-1; (*4< 

,*=*6*=. ( .4(*4< >8*6. , J2,(,.804-4<> 2*8(/01-,.>, . , ;/0920 *1-.0-1; 1*8A -(-670-

+*9 2(18*-<. ?* *2*4/.4(( 60.25(( 4.D8H=.0-1; 12./*2 pH 4. 26(,*9 -(-6*,.4(;. 

?6*=*8C(-08A4*1-A .4.8(@., ,28H/.; 3*=:*-*,(-08A4<0 *306.5(( – 40 D*800  

30 +(4. "(.3.@*4 (@+06;0+<> 2*4504-6.5(9 1 7/0-*+ 6.@D.,804(; *- 1,0 +:/=+
3
 =* 

1000 +:/=+
3
.  

)<3*8404(0 (@+0604(9: ) /(1-<9, ,<17G044<9 1-.2.4/(2 =8; -(-6*,.4(; 3*+0E.-

8( -*/4* 50 1+
3
 1 +*8A/=+

3
 6.1-,*6. KCl, 3*:67C.8( (@+06(-08A4<0 ( :0406(67HE(0 

J802-6*=<. )28H/.8( (@+0604(0 pH ( 3060+0G(,.8( 6.1-,*6 ,*@=7>*+, */(E044<+ *- 

7:802(18*:* :.@., =* 3*84*:* 7=.804(; 0:* (@ 6.1-,*6. (pH 1-.4*,(81; 3*1-*;44<+ O7). 
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�0 36026.E.; 36*=7,2( ,*@=7>*+, , ;/0927 ,4*1(8( -*/4* 1.00 1+
3 
,(4., =*C(=.8(1A 1-.-

D(8(@.5(( @4./04(; pH ( ,28H/.8( (1-*/4(2 1-.D(8(@(6*,.44*:* -*2..  (-6*,.4(0 ,08( 

=* 3*84*9 409-6.8(@.5((. !0@78A-.-< -(-6*,.4(; (pH – t ) 36*:6.++*9 ?% @.4*1(8(1A , 

-.D8(57 1 (4-06,.8*+ , 1 10274=7. ?* 3*87/044<+ =.44<+ 1 3*+*EAH 36*:6.++4*:* 3.-

20-. Mathcad 2001i Professional 1-*(8( 26(,7H -(-6*,.4(; (6(1. 2) ( 36*,*=(8( *360=080-

4(0 40*D>*=(+<> 3.6.+0-6*,.  

FD6.D*-27 60@78A-.-*, (@+0604(9 ,<3*84;8(, (13*8A@7; 36*:6.++4*0 *D0130/04(0, 

,>*=;E00 , 2*+3802- a4.8(@.-*6. C(=2*1-(, 3061*4.8A4*:* 2*+3AH-06., , 1**-,0-1-,(( 1 

(41-6725(09 3* (> J21387.-.5((. 

)10 60@78A-.-<, 3*87/044<0 , 60@78A-.-0 *D6.D*-2( J21306(+04-.8A4<> =.44<> 

26(,<> 3*-045(*+0-6(/012*:* (1 278*4*+0-6(/012*9 :0406.5(09 *14*,.4(;) -(-6*,.4(;, 

16.,4(,.8( 1 60@78A-.-.+( +0-*=(2 4.5(*4.8A4<> 1-.4=.6-*, (8( .--01-*,.44<> +0-*=(2 

(2.3(88;64<9 J802-6*B*60@). 
 

 !89':%$%+ 1 -3,9;/!01!. �. 26(,*9 -(-6*,.4(; 36*D< ,(4. 4.D8H=.H-1; 4 

12./2. pH (6(1. 2). "* 306,*:* 12./2. – B(21(6*,.8*1A @4./04(; pH >8*6(1-*:* 2.8(;. 

?6( =*D.,804(( *D6.@5. ,(4. 6� 60@2* 3.=.8 (PpH1), ( 4.D8H=.81; 306,<9 12./02. )-*-

6*9 12./02 (PpH2) 3*;,8;81; 3*180 ,28H/04(; -*2., @. 1/0- 3*8;6(@.5(( 6.1-,*6. *D6.@*-

,<,.8(1A 4.36.,8044<0 73*6;=*/044<0 1-672-76<, /-* ,<@<,.8* (@+0404(0 3*-045(.8. 

4. 1-028;44*+ J802-6*=0. ?6( ,<28H/04(( -*2. 3*-045(.8 1-028;44*:* J802-6*=. 14(-

C.81; 4. -7 C0 ,08(/(47 (PpH3). I-( 12./2( 36*3*65(*4.8A4< 1(80 -*2., 36*-02.HE0:* 

/060@ 6.1-,*6, ( 6.,4< 3.=04(H 4.36;C04(; 4. 7/.1-20 +0C=7 1-028;44<+ ( >8*61060D-

6;4<+ J802-6*=.+(.  

 

 
 

!(1. 2. %6(,.; -(-6*,.4(; 36*D< ,(4. 

 

�. 6(1.2: t0 – ,60+; 4./.8. -(-6*,.4(;; t1– ,60+;, 36*G0=G00 *- 4./.8. -(-6*,.4(; 

=* 4./.8. 60@2*:* (@+0404(; pH 36( 36(D8(C04(( 2 2*457 -(-6*,.4(;; t2– ,60+; @.,06-

G04(; -(-6*,.4(;.  

)60+;, 3*G0=G00 4. -(-6*,.4(0, 6.11/(-<,.8( 3* B*6+780: 

tk = (t2-t1)/2 – t0 (1) 

$*=06C.4(0 17++< -(-670+<> 2(18*- , :/=+
3
, , 30601/0-0 4. ,(447H, *360=08;8( 3* 

B*6+780:  

m = (i·tk· M·½)/F·v          (2) 

m – 2*4504-6.5(; 17++< -(-670+<> 2(18*-, , 30601/0-0 4. ,(447H, 3*87/044.; , 

>*=0 .4.8(@., :/=+
3
; 
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i – -*2 J802-6*8(@., +2�; 

tk– ,60+; J802-6*8(@.; 

M – +*8;64.; +.11. ,(44*9 2(18*-<, :/+*8A; 

½ – B.2-*6 J2,(,.804-4*1-(; 

F – /(18* Q.6.=0;, 96500 28/+*8A; 

v – *DK0+ -(-670+*9 36*D< *D6.@5., 1.00 1+
3
. 

F360=0804(0 *DE0:* 1*=06C.4(; 2(18*-, , :/=+
3
. 

"8; *360=0804(; *DE0:* 1*=06C.4(; 2(18*- 26(,<0 -(-6*,.4(; 1-6*(8( , 2**6=(-

4.-.> h–x.  

&=01A: h – *-4*1(-08A4*0 1*=06C.4(0 +*8A-J2,. (*4*,  :(=6*21*4(; , 2.C=*9 -*/20 

26(,*9 -(-6*,.4(; 4. 7/.1-20 *- t0 =* t2 (6(1.2), 36(>*=;E(>1; 4. +*8A-J2,. -(-670+<> 

2(18*-; 

x – =*8; +*8A-J2,. 36*:0406(6*,.44*:* *14*,.4(;, 36(>*=;E0:*1; 4. +*8A-J2,. -(--

670+<> 2(18*-. 

)08(/(4. h0 , -*/20 x = 0 *360=08;0- *-4*1(-08A47H 2*4504-6.5(H (*4*, :(=6*-

21*4(; , ;/0920 1 36*D*9 ,(4., =* 4./.8. -(-6*,.4(; ( 2*1,044* @.,(1(- *- 17++.64*9 

2*4504-6.5(( (*4*, E08*/4<> ( E08*/4*@0+08A4<> +0-.88*,. 

 

 
 

!(1. 3. $>0+. *360=0804(; *DE0:* 2*8(/01-,. *6:.4(/012(> 2(18*- ( 17++< 2.-(*4*, 

E08*/4<> ( E08*/4*@0+08A4<> +0-.88*,. 

 

F-=08A4<+( *3<-.+( 71-.4*,804*, /-* (@ ,(=. 26(,<> -(-6*,.4(; ,(44*9 ( ;D8*/-

4*9 2(18*-, ,@;-<> 1 2*4504-6.5(;+( D8(@2(+( 2 (> 1*=06C.4(H , 36*D0 ,(4., 180=70-, 

/-* ,(44.; 2(18*-. =(11*5((670- 1(8A400 ;D8*/4*9.  (-6*,.4(; +*=08A4<> 1+0109 ,(4-

4*9 ( ;D8*/4*9 2(18*- 3*2.@.8(, /-* 36( (> 3*1-*;44*9 2*4504-6.5(( , 1+01( ( 1**-4*-

G04(( 2:1, 1:1 ( 1:2, @.,(1(+*1-( h–x 36.2-(/012( *=(4.2*,< ( +*:7- D<-A 36(+0404< 

=8; 2*1,044*:* *360=0804(; 17++< ,10> 2(18*- ( (> -(-670+*9 /.1-(. ?* ,(=7 26(,<0 h–

x @.4(+.H- 36*+0C7-*/4*0 3*8*C04(0 +0C=7 .4.8*:(/4<+( 26(,<+( =8; ,(44*9 ( ;D-

8*/4*9 2(18*-. I-* +*C4* *DK;14(-A -0+, /-* ,(44.; ( ;D8*/4.; 2(18*-< 4.>*=;-1; , ,(-

=0 =(+06*, ( -(-67H-1; 2.2 /0-<60>*14*,4<0 [4]. "(+06 ,(44*9 2(18*-<, 12*600 ,10:*, 

D8(@*2 2 8(4094*+7 @. 1/0- *--.82(,.4(; +0C=7 13(6-*,<+( :(=6*21(8A4<+( :6733.+(, 

3*J-*+7 2*450,<0 2.6D*21(8A4<0 :6733< 80:2* =(11*5((67H-. � ;D8*/4*9 2(18*-< =(-

+06 +*C0- (+0-A (@*:47-7H B*6+7, /-* 36(,*=(- 2 D*800 1(8A4*+7 ,@.(+*=091-,(H 2*4-

50,<> 2.6D*21(8A4<> :6733 ( 14(C.0- =(11*5(.5(H. ?6( -(-6*,.4(( 1+01( ,(44*9 ( ;D-

8*/4*9 2(18*- 36*(1>*=(- ,@.(+4*0 ,8(;4(0 2.6D*21(8A4<> :6733 2.C=*9 (@ 2(18*- =67: 

4. =67:., ( 2.2 180=1-,(0 40 4.D8H=.0-1; *-8(/(; ,(=. 26(,<> -(-6*,.4(; , @.,(1(+*1-( 

*- (@+04;0+*9 =*8( 2.C=*9 2(18*-< , 1+01( 1 *DE09 3*1-*;44*9 2*4504-6.5(09. &.,(-

1(+*1-A h–x +*=08A4*9 1+01( D<8. (13*8A@*,.4. =8; 4.>*C=04(; *DE09 ( -(-670+*9 2(-
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18*-4*1-(. "8; J-*:* 4.+( 360=8*C04. 180=7HE.; 1>0+. (6(1.3): /060@ *1A h 36*,*=(8( 

:*6(@*4-.8A47H 8(4(H 4. ,<1*-0 6.,4*9 h0 +*=08A4*9 1+01(; 8(4094<0 *-60@2( 26(,<> 

-(-6*,.4(; J21-6.3*8(6*,.8( =* 306010/04(; 1 *1AH h0 ( *3712.8( 306304=(278;6< 4. 

*1A x. F-60@2( ! ( - 1**-,0-1-,7H- 1,;@.44*9 /.1-( 2(18*-. F-60@*2 : *360=08;0- -(670-

+7H /.1-A 2(18*-. FDE00 1*=06C.4(0 2(18*- *360=08;8( 3* B*6+780: 

1*DE = 1·(.+D)/D (8( 1*DE = 1·(,+D)/D        (3) 

@=01A: 1– 1*=06C.4(0 17++< -(-670+<> 2(18*- , ;/0920, *360=08;0+*0 3* B*6+780:1 

= i·tk·/F·(V+v),  

V = 50.00 1+
3
 – *DK0+ 1 +*8A/=+

3
KCl , ;/0920, 50.00 1+

3
;  

(8(, , 30601/0-0 4. +.11*,7H =*8H ,(44*9 2(18*-<: 

m*DE = m·(.+D)/D (8( m*DE = m·(,+D)/D      (4) 

F360=0804(0 *DE0:* 1*=06C.4(; 2.-(*4*, E08*/4<> ( E08*/4*@0+08A4<> +0-.88*,. 

$*=06C.4(0 +0-.88*, (1+) , +*8A-J2,./=+
3
 *360=08;8( 3* B*6+780: 

1+ = (1*DE – 1)·(V+v)          (5) 

(8( , 30601/0-0 4. 2.8(9: 

m(K) = 1+· MK          (6) 

@=01A : MK– +*8;64.; +.11. 2.8(;, :/+*8A. 

F360=0804(0 3*=8(44*1-( ,(4.. 

?* =.44<+ -(-6*,.4(; *360=08;8( 180=7HE(0 26(-06((: P m= m*DE– m, h0, Pt = t2 – 

t1, PpH0, PpH. �18( ,10 J-( 26(-06(( ,+01-0 40 ,<>*=;- @. @4./04(; 602*+04=70+<> =(.-

3.@*4*,, -* +*C4* :*,*6(-A * 3*=8(44*1-( ,(4.. 

 

 .D8(5. 1 – )08(/(4< 26(-06(0,, 3*87/044<0 4. *14*,0 J21306(+04-.8A4<> =.44<>,  

602*+04=70+<0 =8; *5042( 3*=8(44*1-( 1-*8*,<> 17>(> 26.14<> ,(4 
 

%6(-06(( *5042( Pt,c PpH0 PpH P m h0 

)08(/(4. (x) 230.0 1.4 5.1 0.8 0.18 

"(.3.@*4 *-28*404(; (±Px) 16 0.1 0.1 0.1 0.03 

 

.+*-/+. !.@6.D*-.44.; +0-*=(2.3*@,*8;0- *306.-(,4* ( *DK02-(,4* *360=08(-A 

6�, +.11*,7H 2*4504-6.5(H -(-670+<> ( *DE(> 2(18*- , ,(4.>, 17++.64*0 1*=06C.4(0 

2.-(*4*, E08*/4<> ( E08*/4*@0+08A4<> +0-.88*,, . -.2C0 ,<;,(-A B.8A1(B(5(6*,.4-

47H 36*=725(H.  
 

%CD<EFD>EF: 
 

1 !.@6.D*-2(, B*6+(67HE(0 1*,60+044<9 76*,04A 6.@,(-(; ,(4*=08(;. – %6.14*=.6: #�� $0,06*-

%.,2.@12(9 @*4.8A4<9 �'' 1.=*,*=1-,. ( ,(4*:6.=.61-,. !*1108A>*@.2.=0+((, 2011. – 193 1. 

2 ;.5'#6 ) <.=.%78*4*+0-6(/012*0 -(-6*,.4(0 , ,(4*=08((. F360=0804(0 -(-670+*9 2(18*-4*1-(. 

)8(;4(0 1*6-. ,(4*:6.=. 4. 26(,<0 -(-6*,.4(;/ R087=A2* F.�., #7:7/2(4.  .'., $-6(C*, �.%., M6.:(4. 

�.'. / )(4*=08(0 ( ,(4*:6.=.61-,*. 2009. S 4. $. 19-21. 

3 ;.5'#6 ) <.=. �,-*+.-(@.5(; (@+0604(; 2*4504-6.5(( 2(18*- 1 (13*8A@*,.4(0+ J802-6*>(+(/0-

12( :0406(6*,.44*:* *14*,.4(;/ R087=A2* F.�., $-6(C*, �.%., N.8<G0, �.N., %(8A=(G*, ?.#. / &.,.=12.; 

8.D*6.-*6(;. "(.:4*1-(2. +.-06(.8*, 2008,  *+ 74, S 10, $. 18–20. 

4 ;.5'#6 ), <.=.,F 3*,0=04(( :*+*8*:*, ;4-.64*9 2(18*-< ( (> 1*809 , ,*=4<> 6.1-,*6.> /F.�. R087=A2*, 

�.%. $-6(C*,, P.P. "(4(18.+*,, N.�. T1-60D*, /'@,01-(; ,7@*,. $0,06*-%.,2.@12(960:(*4. �1-01-,044<0-

4.72(. 2012. S2, $. 57–60. 


