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 !"#$% &"'()*% +,-% &"'"./0'/#%1!"#$*%– 23('+% 0+4.-.% +5"5"#% )% !617% 8-9-5(':*% )/95/9+'(% )/8+19-)/3/%
8!/0/'+3/% (% '+4+38"!"1% 3+5-;% 0/4"5:'(4.;% 8-8756<(=>%  !"#$% &"'()% – 8!-<"4% +,4-5;.'-% )/8+19-)/#% (% '"%
48!63-)+'/#>%?%'")"5/9/@%2+%0/4"5:'(4.;%8-8756<(6@%)/8+19-)/3%0/'-3%8-4.(#'-%)/'/9+;.:%2'+0'(%9-5/)+''6%
'+%0+4.-.+@%&"'()*%-1'(%2 69/@%3-A7.:%8-)'(4.;%).!+0+./46*%('B(*%'+)8+9/*%$(947)+./46%(%=@%0+4.-.+%4.+C%!()'-;%D>

E(&!+<(C;*%+,-%8-.-9-3%&"'()*%'+2/)+C.:46%8!-<"4*%9-5/%-4-,/'/%-1'(C=%8-8756<(=%8"!"3(F+;.:46%)%('B7%
(% 4@!"F7;.:46% 2% ==% 8!"14.+)'/9+3/*% 2+5/B+;0/% 8-.-34.)->% G-.(9% &"'()% 4+3% 8-% 4-,(% '"% 8!/2)-1/.:% 1-% 23('/%
0+4.-.%+5"5"#%)%<(5-37%7%)/17*%+5"%)%5-9+5:'(#%8-8756<(=*%69F-%0+4.-./%+5"5()%7%3(&!+'.()% (%4.+!-A/5()%!(2'(*%
)(1,7)+C.:46%=@%23(B7)+''6%(%23('+%&"''/@%0+4.-.>

E7.+<(#'/#% 8!-<"4% H37.+&"'"2I% – "5"3"'.+!'/#% ")-5;<(#'/#% $+9.-!*% 69/#% 8-4.+0+C% "5"3"'.+!'/#%
")-5;<(#'/#%3+."!(+5%H37.+<(=I%156%")-5;<(#'-&-%8!-<"47>%
 !"#$%"&$%

1) J#+5+%K>%L)"1"'/"%)%8-8756</-''7;%&"'"./97M%NG"!>%4%+'5O%P%K>%J#+5+>%– E>%M%E/!*%DQRS>%– TUT%4>
2) V5+29-%L>%W>%G-8756<(#'-%&"'"./0'(%'+45(19/%X-!'-,/56%PL>%W%V5+29-%PP%Y"28"9+%A/..C1(65:'-4.(%>%– 2004. – ZD[>%– \>Q-17.

3) E"..5"!% ]> &"'"./9+% 8-8756</#% /% ^)-5;</6% N_"94.O% `% abcdefghbi%jkikghlm% fin% opbedghbi% P ]> E"..5"!*% _> V!"&& ;
8"!>%4%+'&5>%/%8!"1/45>Y>%L>%q/5"'9-> – E> M%E/!*%DQrT> – UTU%4>

4) \."8+'-)4:9/@%J> \>%V"'"./0"49/"%%8!-<"4s%)%%8-8756</6@>%t-4.%8-8756</#%/%9!/)s"%%!-4.+%PJ>%\>%\."8+'-)4:9/@%
PP%u9-5-&/6>%– E>%M%v'/./- +'+>%– 2001. – \>%Tww- 272.

5) _/30"'9-%x>%W>%V"'"./0'(%8!-<"4/%%)%%8-8756<(6@%3-A5/)-4.(%+1+8.+<(=%1-%73-)%'+)9-5/B':-&-%4"!"1-)/F+%P%x>W.
_/30"'9-*%x>%L>%%G!-<;9*%y>%E>%x3"5:0"'9-%N.+%('>O%PP% -)9(556%.+%21-!-)z6>%– 2014. – Z%U>%\%S- 10.

w>{<9()%E>%W>%\70+4'+%&"'"./9+M%2+&!-2/%#%'+1(=%N_"94.O%M%N7!-9%,(-5-&(=O%P%E>%W>%{<9()%PP%Y(-5-&(6>%– 2010. – Z%r>%– \>%Tr-32.
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 !"#$%&''()*) $'+,*!'$%&''() !-!./'-0-/1'/2)./.-0#)"!.3/')'$-$)

4%/1&5'!6!)4&)4&.!30''().$7.-"&-$)
|+4-5"''6%4(5:4:9-&-48-1+!4:9/@%7&(1:%C%4"!#-2'-;%8!-,5"3-;%69%)%74:-37%4)(.(*%.+9%(%)%?9!+='(>%|&(1'- 2%

1+'/3/% }~�% 7% 4)(.(% ,5/2:9-% D% 35!1% &+% 2"3"5:% 2+4-5"'(% N9]. |+% 1+'/3/%  "!A+)'-&-% 2"3"5:'-&-% 9+1+4.!7*% )%
?9!+='(%2+4-5"'(%�!7'./%2+#3+;.:%D*rD%35'. &+*%2%'/@%'+%1-5;%!(55(%8!/8+1+C%RSR*T%./4>%&+%N2]. |+4-5"''6%�!7'.()%
H|VI%48!/0/'6C.:46%8(1)/F"''6%)3(4.7%) �!7'.(%)(1%[*D �%3+4/%5"&9-!-20/''/@%4-5"#%9+!,-'+.7%'+.!(;*%@5-!/1()%
.+%475:$+.()>%|+5"A'-%)(1%'+6)'-4.(%7%�!7'.(%+'(-'()%)/1(56;.:%@5-!/1'/#*%475:$+.'/#*%@5-!/1'--475:$+.'/#%
.+%9+!,-'+.'/#%./8/%|V>

?% !-45/' )% 73-)+@% 2+4-5"''6% 8!/&'(07;.:46% !-4.-)(% 8!-<"4/% (% 8-!7B7C.:46% 8!-<"4% $-.-4/'."27% NDO>%
�"2'+0'"%+,-%9-!-.9-0+4'"%2+4-5"''6%8(1)/F7C $-.-4/'."./0'7%+9./)'(4.:*%+%4/5:'"*%'+)8+9/*%– &+5:37C ==%N4]. 
|+%)85/)7%2+4-5"''6%7%!-45/'%)/'/9+C -43-./0'/#%4.!"4, 8!-1/@/%B)/19- 2+9!/)+;.:46% (%)%!"275:.+.(%<:-&-
2'/A7C.:46%('."'4/)'(4.:%.!+'48(!+<(=%.+%8-&5/'+''6%\x2 [7O>%q)/19"%2+9!/)+''6%8!-1/@-)-=%F(5/'/%)85/)+C%'+%
4.+'% +'."''/@% 9-385"94()% $-.-4/4."3*% 1-% 495+17% 69/@% )@-16.:% @5-!-$(5/% .+% 9+!-./'-=1/*% ,(-@(3(0'(% !"+9<(=
."3'-)-=%$+2/%$-.-4/'."27 (%)4;%4/4."37%8"!".)-!"''6%"'"!&(=%)%@5-!-85+4.+@%Nr* 8].

L+A5/)-;%8!-1-)-5:0-;%(%9-!3-)-;%4(5:4:9-&-48-1+!4:9-;%975:.7!-;*%69+%<('7C.:46%)%74:-37%4)(.(%2+%
8-A/)'7%69(4.:%==%2"!'+%.+%21+.'(4.:%1-%)/!-F7)+''6%7%8-47B5/)/@%!+#-'+@%C%'7.%2)/0+#'/# [5].

E".-;% !-,-./% ,75- 1-45(1/./% 7% )"&".+<(#'/@% 73-)+@% )85/)% !(2'/@% 9-'<"'.!+<(#% '+.!(#% @5-!/17% '+%
$-!37)+''6%+4/3(56<(#'-=%8-)"!@'(%5/4.9()%'7.7%2)/0+#'-&-%HCicer arietinum L.I%4-!.7%Y71A+9%.+%'+9-8/0"''6%)%
'/@%85+4./1'/@%8(&3"'.()>%

'()*+,(-./)(/0*)12./213-,24*556
E+."!(+5-3% 1-45(1A"''6% 457&7)+5/% !-45/'/% '7.7% 2)/0+#'-&-% 4-!.7% Y71A+9>% \-!.% Y71A+9% )/)"1"'-% )%

\"5"9<(#'--&"'"./0'-37% ('4./.7.(%– �+<(-'+5:'/#% <"'.!% '+4(''C2'+)4.)+% .+% 4-!.-)/)0"''6 x>L>% Y7B756'-3>%
\-!.% 4.)-!"'/#% B56@-3% ('1/)(17+5:'-&-% 1-,-!7% (2% &(,!/1'-=% 9-3,('+<(=% �!+4'-&!+14:9/#% TDU% P% t-2+''+% PP%
Ht-2+''+% P% ,P'% HE"94/9+I>% L(1'-4/.:46% 1-% 4"!"12"3'-3-!4:9-&-% 8(1)/17% Hsubsp. mediterraneum G. PopI*% ./8%%
kabuli, !(2'-)/1'(4.:%hispanico-flavescens subvar. pirocarpum G. Pop>%|+'"4"'/#%1-%t"C4.!7%4-!.()%?9!+='/%2%T[[R%
!>%N�O>

L"&".+<(#'(% 1-45(1/% 2+95+1+5/% 7% 5+,-!+.-!(=% $(2(-5-&(=% !-45/'% .+% 3(9!-,(-5-&(=% _"!'-8(5:4:9-&-%
'+<(-'+5:'-&-% 8"1+&-&(0'-&-% 7'()"!4/.".7% (3>% L-5-1/3/!+% V'+.;9+% 7% 5/4.-8+1(% T[Dr% !>% .+% 0"!)'(% T[DR% !>%
t-45/'/% )/!-F7)+5/% '+% 8!-3/.-37% !(09-)-37% 8(497% 7% 85+4./9-)/@% 8-471/'+@% -,�C3-3% �[[% 35*% 2,+&+0"'-37%
473(BB;%V"5:!(&"56%2%1-1+)+''63%3(9!-"5"3"'.()%2+%�-&5"'1-3%.+%!(2'/3/%1-2+3/%�f�e%H[*T�*%[*�[*%[*r�%3�%I%
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2+5"A'-%)(1%)+!(+'.+%1-45(17>%�-'.!-5"3%457&7)+5/%!-45/'/*%69(%)/!-F7)+5/%'+%8-)'-37%A/)/5:'-37%!-20/'(%
V>% V"5:!(&"56% 2% 1-1+)+''63% 3(9!-"5"3"'.()% 2+% �-&5"'1-3>% G-).-!'(4.:% 7% )+!(+'.+@% �-!+2-)+>% ?% 8-471/'(%
)/!-F7)+5/%8-%U%!-45/'/%8!/%8!/!-1'-37%-4)(.5"''(>%t-45/'/%975:./)7)+5/%8!-.6&-3%U[-./%1(,>%�-A'-&-%1'6%7%
5(.'(#%8"!(-1% .+%0"!"2%1"':%– )%-4(''(#%!-45/'/%)!+'<(%8-5/)+5/% 2&(1'-% =@%8-5/)'-=%3+4/*% 2%!-2!+@7'97%w[%�%
)-5-&-4.(%8(497%)(1%2+&+5:'-=%)-5-&-C3'-4.(%NUO>

G5-F7%5/4.9-)-=%8-)"!@'(%)/2'+0+5/%)+&-)/3%3".-1-3%NwO>%L3(4.%7%5/4.9+@%@5-!-$(5()%.+%9+!-./'-=1()%–
48"9.!-$-.-3".!/0'/3% 3".-1-3% 2% '+4.78'/3% )/9-!/4.+''63% 156% !-2!+@7'9()% $-!375% D. Wettstein [6]. 
\.+./4./0'7%-,!-,97%!"275:.+.()%1-45(1A"''6%8!-)-1/5/%2+%1-8-3-&-;%8!-&!+3/%Exel.

$*78-9)()./213-,24*59/)(/:;/1<=1>1+*556
|&(1'-% 5(."!+.7!/*% 07.5/)/3/% 8-9+2'/9+3/*% F-% !"+&7;.:% '+% 2+4-5"''6% 47,4.!+.7% C% $-!37)+''6%

+4/3(56<(#'-=% 8-)"!@'(% 5/4.9()% .+% )3(4.% )% '/@% % 85+4./1'/@% 8(&3"'.()>% %  -45(1A"''6% 8-9+2+5/*% F-% )% 73-)+@%
)"&".+<(#'/@% 975:.7!% 2+% 8!/!-1':-&-% -4)(.5"''6% !-45/'/% '7.7% $-!37)+5/% 1!(,'(% 5/4.-09/%
'"8+!'-8(!0+4.-495+1'-&-%5/4.9+>%�/A'(% 5/4.9/%$-!37)+5/%3"'B7% 9(5:9(4.:% 5/4.-09()% 8-!()'6'-% (2% )"!@'(3/>%
�+#,(5:B"% 5/4.-09()% )/6)5"'-% 7% 5/4.9()% 4"!"1':-=% 0+4./'/% 4.",5+*% F-% 72&-1A7C.:46% 2% 3-!$-5-&(0'-;%
@+!+9."!/4./9-;%)/17%N�O>

L4.+'-)5"'-*%F-%9-'<"'.!+<(6%'+.!(#%@5-!/17%25 mM 4./375;)+5+%!-2)/.-9%$-.-4/'."./0'-=%8-)"!@'(%
5/4.9()%!-45/'%'7.7%2)/0+#'-&-%H.+,5>%1, 2I%'+%Ur*R%H5/4.-8+1%T[Dr%!>I%.+%TR*�%H0"!)"':%T[DR%!>I%�>%

 !"#$%&'1
L85/)%'+.!(#%@5-!/17%'+%$-!37)+''6%+4/3(56<(#'-=%8-)"!@'(%5/4.9()%'7.7%2)/0+#'-&-%H5/4.-8+1%T[Dr%!>I

L+!(+'.
G5-F+%5/4.9()%'+%!-45/'(

432 %

�-'.!-5: 33,9±0,5 100,0

25 mM NaCl 46,7±0,4* 137,8

50 mM NaCl 36,7±0,3 108,3

75 mM NaCl 31,5±0,5 92,9

|+% )85/)7% �[% mM NaCl )/6)5"'-% ."'1"'<(;% 1-% 4./375;)+5:'-=% 1(=% 2+2'+0"'-=% 9-'<"'.!+<(=% '+%
$-!37)+''6% +4/3(56<(#'-=% 8-)"!@'(% 5/4.9()% H'+% R*U% .+% [*R% �I*% +5"% 1-4.-)(!'-=% !(2'/<(% 3(A% !-45/'+3/%
9-'.!-5:'-&-% (% 1-45(1'/@% )+!(+'.()% '"% )/2'+0"'->% L/!-F7)+''6% !-45/'% 2+% )85/)7% r�%mM NaCl 8!/&'(07)+5-%
!-2)/.-9%5/4.9()%'+%!-45/'(%.+%)(18-)(1'-%(%=@%85-F(>%

J4/3(56<(#'+%8-)"!@'6%5/4.9()%1-45(1'/@%!-45/'%2+2'+0"'-&-%)/F" )+!(+'.7%,75+%3"'B-;%8-!()'6'-%2%
!-45/'+3/%9-'.!-5:'-&-%)+!(+'.7%'+%r*D%H5/4.-8+1%T[Dr%!>I%.+%DU*r%H0"!)"':%T[DR%!>I%�>%\.+./4./0'-%1-4.-)(!'(%
!"275:.+./%-.!/3+'-%5/B"%2+%)/!-F7)+''6%!-45/'%7%0"!)'(%T[DR%!>

 !"#$%&'2
L85/)%'+.!(#%@5-!/17%'+%$-!37)+''6%+4/3(56<(#'-=%8-)"!@'(%5/4.9()%'7.7%2)/0+#'-&-%H0"!)"':%T[DR%!>I

L+!(+'.
G5-F+%5/4.9()%'+%!-45/'(

432 %

�-'.!-5: 37,9±0,6 100,0

25 mM NaCl 48,7±0,5* 128,5

50 mM NaCl 38,2±0,6 100,8

75 mM NaCl 32,7±0,4* 86,3

y$"9./)'(4.:% 8!-<"47% $-.-4/'."27% !-45/'% 2+5"A/.:% )(1% 9(5:9-4.(% 85+4./1'/@% 8(&3"'.()% 7% 3"2-$(5(% =@%
5/4.9()>% x8./0'/3/% 4"'4/,(5(2+.-!+3/% )/4.78+;.:% 2"5"'(% 8(&3"'./% @5-!-$(5/>% L-'/% 8-&5/'+;.:% "'"!&(;%
4-'60'-&-%4)(.5+%(%8"!".)-!;;.:%'+%"'"!&(;%@(3(0'/@%2)z629()%-!&+'(0'/@%!"0-)/'>%?%@5-!-85+4.+@%!-45/' '+6)'(%
@5-!-$(5/% ! .+% b*% 69(% 2+% @(3(0'-;% 8!/!-1-;% % C% ��-8-!$(!/'+3/>% |"5"'(% 8(&3"'./% C% 9-38-'"'.+3/%
4)(.5-2,/!+5:'/@%9-385"94()%(%8"!"1+;.:%"'"!&(;%2,71A"''6%1-%!"+9<(#'-&-%<"'.!7*%69/3%)/4.78+C%@5-!-$(5%!
[1].

Y(56)4:9+% 2(% 48()+).-!+3/% 8-9+2+5/*% F-% 2+% �f�e% 2+4-5"''6% 2+2'+C% )85/)7% ,71-)+% .+% $7'9<(-'7)+''6%
$-.-4/'."./0'-&-%+8+!+.7%!-45/'%NSO>%

?% !"275:.+.(% 8!-)"1"'/@%1-45(1A"':% )4.+'-)5"'-*% %F-% 9-'<"'.!+<(6% T�%mE%'+.!(#% @5-!/17% 4./375;C%
'+9-8/0"''6%@5-!-$(5()%!, b, =@%473/*%.+%9+!-./'-=1()%)(18-)(1'-%'+%UT*T*%Dr*w*%Tr*�%.+%�*D%�% H.+,5>%UI>%J%8!/%
)/!-F7)+''(% '7.7% 2)/0+#'-&-% 2+% )85/)7% �[% 3E% '+.!(#% @5-!/17% (4.-.'-=% !(2'/<(% 2+% 2+2'+0"'/3/% )/F"%
8-9+2'/9+3/%%3(A%1-45(1'/3/%.+%9-'.!-5:'/3/%!-45/'+3/%'"%)/6)5"'->%�-'<"'.!+<(6%'+.!(#%@5-!/17%r�%3E%%7%
47,4.!+.(%48!/65+%2'/A"'';%)3(4.7%85+4./1'/@%8(&3"'.()%7%5/4.9+@%!-45/'>%|+2'+0"'+%9-'<"'.!+<(6%)/95/9+5+%
-43-./0'/#%4.!"4%7%!-45/'>
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 !"#$%&'(
L85/)%'+.!(#%@5-!/17%'+%)3(4.%85+4./1'/@%8(&3"'.()%7%5/4.9+@%'7.7%2)/0+#'-&-

L+!(+'.
�5! �5b �5)!*b)

\73+%
9+!-./'-=1()

�5!'P%�5b

�-'.!-5: 0,456 0,216 0,672 0,254 2,11

25 mM NaCl 0,603 0,254 0,857 0,267 2,37

50 mM NaCl 0,462 0,207 0,669 0,259 2,23

75 mM NaCl 0,387 0,195 0,582 0,214 1,98

+,-05 0,034 0,013 0,038 0,015

|+% 1+'/3/% 5(."!+.7!/*% 473+% @5-!-$(5()% ! (% b*% 2+5"A'-% )(1% )/1-)/@% -4-,5/)-4."#% !-45/'% .+% 73-)%
)/!-F7)+''6%3-A"% 9-5/)+./46%7%3"A+@%)(1%[*U%1-%�%3&P&>%|+2'+0"'/#%8-9+2'/9%C%)+A5/)-;%@+!+9."!/4./9-;%
!-,-./%8(&3"'.'/@%4/4."3>%L0"'(%8-9+2+5/*%F-%8!-<"4%$-.-4/'."27%'+#('."'4/)'(B"%)(1,7)+C.:46%2+%'+4.78'-=%
9(5:9-4.(%8(&3"'.()%7%5/4.9+@M%@5-!-$(5()%! – 50 %, b – U[%�%H)3(4.%3"'B/#%8-!()'6'-%2%@5-!-$(5-3%! 7%T*D-2,7 
!+2/I*% 9+!-./'-=1()% – T[% �*% -49(5:9/% @5-!-$(5% b .+% 9+!-./'-=1/% )/9-'7;.:% 1-1+.9-)7% $7'9<(;% 7%
4)(.5-2,/!+5:'/@%9-385"94+@*%+%-4'-)'7%– @5-!-$(5%!>%L%+9./)'-37%$-.-4/'."./0'-37%+8+!+.(%48())(1'-B"''6%
@5-!-$(5()%! .+%b (!/bI%4.+'-)/.:%T*�-3,0 [8].

t"275:.+./%'+B/@%1-45(1A"':%8-9+2+5/*%F-%48())(1'-B"''6%3(A%@5-!-$(5+3/%5/4.9()%'7.7%2)/0+#'-&-%7%
)+!(+'.+@%1-45(17%4.+'-)/.:%D*QR%Hr�%mM NaCl) – 2,37 (25 mM NaClI>%�+#3"'B"%48())(1'-B"''6%@5-!-$(5()%! (%b
)/6)5"'-%2+%)85/)7 75 mM NaCl.

x.A"*% 9-'<"'.!+<(6% T�%mM '+.!(#% @5-!/17% 4./375;)+5+% $-!37)+''6% +4/3(56<(#'-=% 8-)"!@'(% 5/4.9()%
!-45/'% .+% '+9-8/0"''6% )% '/@% 85+4./1'/@% 8(&3"'.()>% |+% )85/)7% r�%mM NaCl )/6)5"'-% &+5:37)+''6% 8!-<"4()%
$-!37)+''6% .+% $7'9<(-'7)+''6% $-.-4/'."./0'/@% 4/4."3% 5/4.9()% '7.7% 2)/0+#'-&-% 4-!.7% Y71A+9% 8!/%
)/!-F7)+''(%!-45/'%7%)"&".+<(#'/@%73-)+@%3".-1-3%8(F+'/@%975:.7!%'+%A/)/5:'-37%4"!"1-)/F(%V"5:!(&"56%2%
1-1+)+''63%3(9!-"5"3"'.()%2+%�-&5"'1-3>

 !"#$%"&$%

1 J5"@/'%�.  . K/2/-5-&/6%%!+4."'/#%P%J5"@/'%�>% >*%Y+5'-9/'%v>%L>*%V+)!/5"'9-%L>%K>%M%G-1%!"1>%�>%G>%y!3+9-)+>%–
E>M%�~lfnk�hf�*%T[[�>%– wS[%4>

2 Y+5;9%\. J. �5+4/$(9+<(6%2!-B7)+'/@% �!7'.()%?9!+='/%2+%4.78"'"3%2+4-5"''6*%-4-5-'<;)+''6%.+%57A'-4.(% P%\>%J>%
Y+5;9*%x>%J>%�-4-'"'9-%PP%�!7'.-2'+)4.)->%– 2008. – _>%Q*%Z%U-4. – \>%Tr-32

3 L"9(!0/9%�>%E>%K(2(-5-&(6%!-45/'>%G!+9./973%P%�>%E>%L"9(!0/9%– �>M%L/F+%B9-5+>%V-5-)'"%)/1+)'/<.)-*%DQRS>%– TS[%4>%
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