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 !"#$%&'()*+%,"-)#./%&'%$0*1(%!"'1(#.&#,%!*203&(*$%/%"#1(4',%&/(/%5$#6'+&-2-

 ')*'&(
7"! 7"b 7")!*b)

8/0'%
4')-(#&-9.*$

7"!':%7"b

;-&()-"< 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

='% .'&#0#% "*(3)'(/)#>% 1/0'% ,"-)-?*"*$% ! *% b>% 5'"3@&-% $*.% $#.-$#,% -1-A"#$-1(3+% )-1"#&% ('% /0-$%
$#)-B/$'&&C%0-@3% 4-"#$'(#1C%/%03@',%$*.%D>E%.-%F%02:2G%='5&'63&#+%!-4'5&#4%H%$'@"#$-I%,')'4(3)#1(#4-I%
)-A-(#%!*203&(&#,%1#1(30G% 63&*%!-4'5'"#>%B-%!)-J31%?-(-1#&(35/%&'+*&(3&1#$&*K3%$*.A/$'H(<1C%5'%&'1(/!&-9%
4*"<4-1(*%!*203&(*$%/%"#1(4',L%,"-)-?*"*$%! – 50 %, b – ED%M%N$0*1(%03&K#+%!-)*$&C&-%5%,"-)-?*"-0%! /%O>P-2,7 
)'5#Q>% 4')-(#&-9.*$% – OD% M>% -14*"<4#% ,"-)-?*"% b ('% 4')-(#&-9.#% $#4-&/I(<% .-.'(4-$/% ?/&4J*I% /%
1$*("-5A#)'"<&#,%4-0!"341',>%'%-1&-$&/%– ,"-)-?*"%!G% %'4(#$&-0/%?-(-1#&(3(#6&-0/%'!')'(*%1!*$$*.&-K3&&C%
,"-)-?*"*$%! ('%b (!/bQ%1('&-$#(<%O>F-3,0 [8].

R35/"<('(#%&'K#,%.-1"*.@3&<%!-4'5'"#>%B-%1!*$$*.&-K3&&C%0*@%,"-)-?*"'0#%"#1(4*$%&/(/%5$#6'+&-2-%/%
$')*'&(',%.-1"*./%1('&-$#(<%P>ST%NUF%mM NaCl) – 2,37 (25 mM NaClQG%V'+03&K3%1!*$$*.&-K3&&C%,"-)-?*"*$%! *%b
$#C$"3&-%5'%$!"#$/ 75 mM NaCl.

W(@3>% 4-&J3&()'J*C% OF%mM &'()*+% ,"-)#./% 1(#0/"I$'"'% ?-)0/$'&&C% '1#0*"CJ*+&-9% !-$3),&*% "#1(4*$%
)-1"#&% ('% &'4-!#63&&C% $% &#,% !"'1(#.&#,% !*203&(*$G% ='% $!"#$/% UF%mM NaCl $#C$"3&-% 2'"<0/$'&&C% !)-J31*$%
?-)0/$'&&C% ('% ?/&4J*-&/$'&&C% ?-(-1#&(3(#6&#,% 1#1(30% "#1(4*$% &/(/% 5$#6'+&-2-% 1-)(/% X/.@'4% !)#%
$#)-B/$'&&*%)-1"#&%/%$323('J*+&#,%/0-$',%03(-.-0%!*B'&#,%4/"<(/)%&'%@#$#"<&-0/%13)3.-$#B*%Y3"<)*23"C%5%
.-.'$'&&C0%0*4)-3"303&(*$%5'%7-2"3&.-0G

 !"#$%"&$%

1 Z"3,#&%V. [. \#5#-"-2#C%%)'1(3&#+%:%Z"3,#&%VG%[G>%X'"&-4#&%]G% G>%Y'$)#"3&4-% G%\G%L%^-.%)3.G%_G%^G%`)0'4-$'G%–
aGL%bcdefghiej>%ODDFG%– klD%1G

2 X'"I4%8. Z. ;"'1#?*4'J*C%5)-K/$'&#,% m)/&(*$%n4)'9&#%5'%1(/!3&30%5'1-"3&&C>%-1-"-&JI$'&&C%('%"/@&-1(*% :%8G%ZG%
X'"I4>%WG%ZG%V-1-&3&4-%::%o)/&(-5&'$1($-G%– 2008. – pG%S>%q%E-4. – 8G%OU-32

3  34*)6#4%;G%aG%\*5*-"-2*C%)-1"#&G%^)'4(#4/0%:%;G%aG% 34*)6#4%– ;GL% #B'%K4-"'G%Y-"-$&3%$#.'$&#J($->%PSTlG%– OlD%1G%
4 X*"C$1<4'%V. W.  !"#$%1-"<-$-2-% *%-10-(#6&-2-%1()31*$%('%03(*/)/%&'%?-(-1#&(3(#6&#+%'!')'(%"#1(4*$%4/4/)/.5#% :%

rVG%WG%X*"C$1<4'>%VG%]G% -"-K#&'>%VG%aG%p-!6*+%('%*&Gs%::% *1&G%7')4*$G%&'JG%'2)')G%/&-(/G%83)G%X*-"G%– 2009. –  #!G%EG%–
8G%EF-42.

5 X/K/"C&% WG%  G% V/(L% 23&3(#4'>% 13"34J*C>% &'1*&&#J($->% (3,&-"-2*C% $#)-B/$'&&CL% 0-&-2)'?*C% :% WG G% X/K/"C&>%  GtG%
8*64')G%– W.31'>%ODDSG%– OlT%1G

6 Y)#J'H&4-%=G%aG%a3(-.#%A*-"-2*6&#,%('%'2)-,*0*6&#,%.-1"*.@3&<%)-1"#&%*%m)/&(*$%:%=G%aG%Y)#J'H&4->%ZG%WG%Y)#J'H&4->%
 G%^G%;')!3&4-G%– ;G%L%=Zp%bVtuvZ Zj>%ODDEG%– EOD%1G

7 ;/5&3J-$'%8. Z.  "#C&#3%5'1-"3&#C &'%!-4'5'(3"#%?-(-1#&(3(#6314-+%'4(#$&-1(#%)'1(3&#+%:% r8G%ZG%;/5&3J-$'>%[G%
ZG%;"#0'63$>%8G%VG%;')('K-$s%::% 31(&#4%aYWnG%83)G%b`1(31($3&&w3%&'/4#jG%– 2014. – q%PG%– 8G%kE-68.

8 a-4)-&-1-$% ZG% pG% \-(-1#&(35G% \#5#-"-2--x4-"-2#6314#3% #% A#-,#0#6314#3% '1!34(w% :% ZG% pG% a-4)-&-1-$>%  G% \G%
Y'$)#"3&4->%pG% G%y#2'"-$'G%– aG%L%_5.'(3"<14#+%J3&()%bZ4'.30#Cj>%ODDkG%– llT%1G%

9 FAO & IFAD. Status of the World’s Soil Resources (SWSR) // Food and Agriculture Organization of the United Nations and 
Intergovernmental Technical Panel on Soils (Rome, Italy). – 2015. – 648 pp.
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+!./01$2'/34516$/ – 70%8'931:$/';8<8

 !"#$ %&!"'(#)*+((%&(',-#)./&0#!* 01+(2&('&3'4 &-,"-'&1.)#5&

6$.$#0.&
=0*&'% !*.,-./% .-% 1/6'1&-9% A*-"-2*6&-9% -1$*(#% !3)3.A'6'H% '4(#$*5'J*I% !*5&'$'"<&-9% .*C"<&-1(*% /6&*$,

!*.2-(-$4'%4-()#,%$%!-$&*+%0*)*%"C@3%&'%!"36*%0'+A/(&*,%$6#(3"*$%– ?',*$J*$%A*-"-2*$G%V'$6'&&C%/%$#K*%!-4"#4'&3%
1?-)0/$'(#%/%$#!/14&#4*$%4"I6-$*%4-0!3(3&(&-1(*>%C4*%5'A35!36/I(<%&'A/((C%5&'&<>%/0*&<%&'$#6-4%*>%C4%&'1"*.-4>%
/1$*.-0"3&-2-%1('$"3&&C%.-%&'$6'&&C>%B-%9,%1(/.3&(#%A/./(<%)3'"*5-$/$'(#%/%1$-9+%0'+A/(&*+%.*C"<&-1(*G

 %!)-J31*%&'$6'&&C%1(/.3&(#%0'I(<%&'$6#(#1C% 5'A35!36/$'(#%?-)0/$'&&C%/6&C%C4%./,-$&->%30-J*+&->%
1-J*'"<&-% *% ?*5#6&-% !-$&-J*&&-2-% 6"3&'% 1/1!*"<1($'>% 5.'(&-2-% .-()#0/$'(#1<% 5.-)-$-2-% 1!-1-A/% @#((C% *%
?-)0/$'(#%A35!36&3%@#((H$3%13)3.-$#B3 [1].
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V35'!3)36&-%!-5#(#$&'%)-"<%/%J<-0/%!)-J31*%&'"3@#(<%4/(4/%@#$-9%!)#)-.#>%!-4"#4'&-2-%5'A35!36/$'(#%
!)-$3.3&&C% !)'4(#6&#,% 6#% "'A-)'(-)&#,% 5'&C(<>% !3)3.A'63&#,% &'$6'"<&#0#% !)-2)'0'0#% 5% !)3.03(*$%
!)#)-.&#6-2-%J#4"/>%5%03(-I%5.-A/((C%!-2"#A"3&#,%5&'&<%!)-%@#$*%-)2'&*50#>%?-)0/$'&&C%!)'4(#6&#,%/0*&<%('%
&'$#6-4% $#$63&&C>% 1!-1(3)3@3&&C% % ('% .-2"C./% 5'% @#$#0#% -)2'&*50'0#>% -)2'&*5'J*C% .-1"*.&-9% ('%
!)#)-.--,-)-&&-9%)-A-(#%1(/.3&(*$>%'%$*.('4%*%/6&*$%[7].

=2*.&-% 5 !-"-@3&&C0% !)-% 4/(-6-4% @#$-9% !)#)-.#% 5'2'"<&--1$*(&*,% *% !-5'K4*"<&#,% &'$6'"<&#,% 5'4"'.*$
1"*.%/()#0/$'(#%&'+A*"<K%,')'4(3)&#,%!)3.1('$&#4*$%)-1"#&&-2-%('%($')#&&-2-%1$*(/%$*.!-$*.&-%.-%&'$6'"<&#,%
!)-2)'0%*%!)3.03(*$%!)#)-.&#6-2-%J#4"/ n%!3)3"*4/%.-5$-"3&#,%.-%/()#0'&&C%($')#&>%11'$J*%&'"*6/I(<%K*1(<%
$#.*$L% 1$#&4'% 0-)1<4'% Cavia porcellus L>% PUFT>% ,-0zC6-4% 1#)*+1<4#+>% 'A-% 5-"-(#1(#+% Mesocricetus auratus
Waterhouse, 1839, ,-0zC6-4% .@/&2')1<4#+% Phodopus sungorus (Pallas, 1773), !*B'&4'% 0-&2-"<1<4'%Meriones 
unguiculatus Nai{|g-Edwards, 1867), !*B'&4'%$3"#4' Rhombomys opimus (Lichtenstein,1823), .32/%Octodon degus 
(Molina, 1782) [7].

V'/4-$--.-1"*.&'% )-A-('% 1(/.3&(*$% 4)*0% !3)3"*63&#,% $#.*$% !3)3.A'6'H% 5'1(-1/$'&&C% !'JI4'%
"'A-)'(-)&-2-%Rattus norvegicus f. domesticus, 4)-"#4'% .34-)'(#$&-2-%Oryctolagus cuniculus  Linnaeus, 1758,
K#&K#"#%Chinchilla lanigera Bennett, 1829 [10].

}3%%/%%~�%1(G%341!3)#03&(#%!-6'"#%!)-$-.#(#%&'%A*"#,%0#K',>%B/)',%*%0-)1<4#,%1$#&4',G%W.&'4%!-&C((C%
b"'A-)'(-)&*% ($')#&#j% 14"'"-1C% "#K3% /% 4*&J*% ~�~% 1(G% V'% 1<-2-.&*% /% 03.#4--A*-"-2*6&#,% .-1"*.@3&&C,%
$#4-)#1(-$/I(<% A"#5<4-% OFD% $#.*$% ($')#&G% ["C% &'/4-$#,% .-1"*.@3&<% .3C4*% 5% $#.*$% !-1(*+&-% )-5$-.C(<% /%
"'A-)'(-)*C,%*%)-5!"*.&#4',G%% *.%5'2'"<&-9%4*"<4-1(*%"'A-)'(-)&#,%($')#&%%6'1(4'%0#K3+%1('&-$#(<%!)#A"#5&-%
UDM>% B/)*$% – PFM>% 0-)1<4#,% 1$#&-4% – SM>% !(',*$% – EM>% 4)-"*$% – OM% ('% *&K#,% – PMG% ^)#% )-5$3.3&&*%
"'A-)'(-)&#,%($')#&%!)-$-.C(<%4-&()-"<%5'%23&3(#6&#0#>%34-"-2*6&#0#>%0-)?-"-2*6&#0#%-5&'4'0#>%'%('4-@%5'%
1('&-0% 5.-)-$zC% ($')#&G% Y3&3(#6&-% "'A-)'(-)&*% ($')#&#% % !*.)-5.*"CI(<% &'% &3"*&*+&#,% N23(3)-5#2-(&#,Q% *%
"*&*+&#,%N2-0-5#2-(&#,QG%V3"*&*+&#,%($')#&%)-5$-.C(<>%$#4-)#1(-$/I6#%$#!'.4-$*%1,)3B/$'&&CG%v*&*+&#,%($')#&%
)-5$-.C(<% 03(-.-0% (*1&-2-% *&A)#.#&2/% *% !-.*"CI(<% &'% *&A)3.&*% "*&*9% ('% 0/('&(&*% 1(-4#G% v*&*+&*% ($')#&#%
$*.)*5&CI(<1C%$*.%&3"*&*+&#,%!-1(*+&#0#%)3'4J*C0#%&'%$!"#$%?*5*-"-2*6&#,%*%!'(-"-2*6&#,%?'4(-)*$G%V'%"*&*+&#,%
($')#&',%!)-$-.C(<%.-1"*.@3&&C%/%1?3)*%0*4)-A*-"-2*9>%!')'5#(-"-2*9>%-&4-"-2*9>% *0/&-"-2*9>%23&3(#4#>%?*5*-"-2*9>%
0-)?-"-2*9% ('% *&G% ^*.()#0'&&C% 6#1(-(#% "*&*+% 5'A35!36/H% $*.($-)3&&C% )35/"<('(*$% !)#% !-$(-)3&&*% 03.#4--
A*-"-2*6&-2-%341!3)#03&(/>%!-)*$&C"<&/%,')'4(3)#1(#4/%('%!)'$#"<&/%*&(3)!)3('J*I%-()#0'&#,%)35/"<('(*$%rksG

V'/4-$*%.-1"*.@3&&C%5%$#4-)#1('&&C0%A*"#,%B/)*$%'4(#$*5/$'"#1C%/%%PSlU%– PSlS%)-4',%5'$.C4#%!)'JC0%
[@-&'%;3"2/&'%$%)'04',%!)-34(/%5%.-1"*.@3&&C%34-"-2*9% 2)#5/&*$>%!)-$3.3&-2-%n&*$3)1#(3(-0%[@-&'%Y-!4*&1'%
!)-$-.#$%1!-1(3)3@3&&C%5'%1*)#0#%B/)'0#%/%!)#)-.&-0/%13)3.-$#B*G

=%PSFT%!-%PSkO%)*4%;3"2/&%!)-$*$%13)*I%341!3)#03&(*$%5%A*"#0#%B/)'0#%$@3%$%K(/6&-0/%13)3.-$#B* –
5A/.-$'&-0/% $% "'A-)'(-)*9% % &'% !-"*2-&*% !"-B3I% PO% 02>% $#1-(-I% .-% P>F% 03()#G% ^-"*2-&% A/$% *5-"<-$'&#+% $*.%
&'$4-"#K&<-2-% 1$*(/>% &3-A03@3&-% 5'A35!36/$'$1C% 9@3I% *% $-.-IG% V'13"CI6#% J3+% bB/)C6#+% )'+j>% ;3"2/&%
.-1"*.@/$'$% 50*&#% $% !-$3.*&J*% B/)*$% !-% 0*)*% !)#)-.&-9% 50*&#% 6#13"<&-1(*% !-!/"CJ*9G%  #C$#"-1C>% B-% 4*&J3$*%
$*.1*4#% A/"#% 5',-!"3&*% 1#"<&#0#% 1'0JC0#-"*.3)'0#>% 4-@3&% 5% C4#,%@#$% /% 2')30*% 5% T-PO% 1'0-4>% '% *&K#,% 1'0J*$%
$#2'&C$%/%J3&()'"<&*%$*.1*4#G%^-)C.4/%kD%B/)*$>%&/.<2/I6#%$%J3&()'"<&#,%$*.1*4',>%.30-&1()/$'"#%)*5&-0'&*(&*%
?-)0#%.3$*'&(&-9%!-$3.*&4#L%5A*"<K3&'%'2)31#$&*1(<%*%A35!)#6#&&*%&'!'.#%-.#&%&'%-.&-2->%5&#4&3&&C%*&(3)31/%
.-%1!')-$/$'&&C>%6#%&'$!'4#%1!)-A#%!')/$'&&C%5%/1*0'%1'04'0#%'A-%&'$*(<%/1*0'%B/)'0#%!*.)C.>%&35'"3@&-%$*.%
1('(*G%8!-1(3)*2'$1C%4'&*A'"*50 – 5-4)30'>%!-9.'&&C%B/)C( – &'$*(<%5'%/0-$#%&'C$&-1(*%$3"#4-9%4*"<4-1(*%9@* [4].

v'A-)'(-)&*%B/)#%.-A)#+%0'(3)*'"%."C%$#$63&&C%$!"#$/%1()31/%&'%@#$*%-)2'&*50#G%
�*4'$*%.-1"*.@3&&C%!-$3.*&4#%($')#&%A/"#%!)-$3.3&*%RG 7'+&.-0G% "'1&3%&#0%A/"-%.-$3.3&->%B-%)3'4J*C%

1()',/% $#&#4'H% &'% .*I% &35$#6&#,>% &-$#,% 6#% &31!-.*$'&#,% !-.)'5&#4*$% *% -A-$zC54-$-% !-$zC5'&'% 5% ?*41'J*HI%
.@3)3"'%!-.)'5&3&&C%

�4'% 1'03% 5% )3'4J*+% A/.3% $#4"#4'&'% *% &'14*"<4#% $-&'% A/.3% *&(3&1#$&'% 5'"3@#(<% $*.% !)#)-.#% 5-$&*K&*,%
!-.)'5&#4*$%*%$*.%)*5&-0'&*(&#,%'1!34(*$%$&/()*K&<-2-%1('&/G%�*4'$->%B-%1(/!*&<%!)-C$/%-5&'4#%5'"3@#(<%%C4%$*.%
-(-63&&C%($')#&#>%('4%%*%$*.%%!)#1/(&-1(*%*&K#,%($')#&-)-.#6*$G

8!3J#?*6&-I%?-)0-I%H%!-$3.*&4'%b/&#4'&&Cj>%B-%5A3)*2'H(<1C%.-(#%!-4#%($')#&'%&3%$#,-.#(<%*5%1?3)#%
.*9%!-.)'5&#4'G%='%5-$&*K&*0#%!)-C$'0#%JC%?-)0'%!-.*A&'%.-%'2)31#$&-9%!-$3.*&4#%[9].

=%03(-I%$#C$"3&&C%-1-A"#$-1(3+%)3'4J*9%13)J3$--1/.#&&-9%1#1(30#%!'JI4*$% %&'%'4/1(#6&#+%!-.)'5&#4%
!)-$-.C(<1C%.-1"*.@3&&C%)*5&#,%3"34()-4').*-2)'?*6&#,%!-4'5&#4*$%('%')(3)*'"<&-2-%(#14/%($')#&#G%[-$3.3&->%
B-% 50*&#% 13)J3$--1/.#&&#,% !-4'5&#4*$% !*.% .*HI% '4/1(#6&#,% !-.)'5&#4*$% )*5&-9% *&(3&1#$&-1(*% -.&-(#!&*% *%
$'2-(-&*6&*G%8(/!*&<%J#,%50*&%5'"3@#(<%$*.%()#$'"-1(*%.*9%!-.)'5&#4'%r8].

=0*&'% 34-"-2*6&#,% )3'"*+% 1<-2-.3&&C% 1!)#6#&#"'% &-$#+% 1!'"',% *&(3)31/% .-% !-.*A&#,% .-1"*.@3&<G% p'4%
8C-0*&%u@-/%N~ie�hi|�%����Q%5%/&*$3)1#(3(/%8,*.&-2-%;#('I%/%�'&,'9%('%+-2-%4-"32'%a'+4"%a3)53&#6%N�id�eg{%
�g��g|id�Q%5%/&*$3)1#(3(/%K('(/%;'"*?-)&*C%/%8'&-\)'&J#14-%N8�ZQ%$#$6'"#%$!"#$ !-1(*+&-2- ?-&-$-2- K/0/
&'%1"/,%('%!-$3.*&4/%.-)-1"#,%B/)*$G
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 63&*%!)#.A'"#%4*"<4'%2)#5/&*$%*%!-1'.#"#%!-"-$#&/%5%&#,%/%4"*(4#>%-A"'.&'&*%.34*"<4-0'%.#&'0*4'0#>%'%
.)/2/%!-"-$#&/% - /%5$#6'+&*%$-"<H)#G

V'%J*%.#&'0*4#%$63&*%!3)*-.#6&-%!-.'$'"#%&'A*)%5$/4*$>%B-% *0*(/H%(#!-$#+%2/6&#+%0*1<4#+%K/0G%}/)#%5%
4"*(-4%5%2/6&-0-$JC0#%@#"#%$%/0-$',%!-1(*+&-9%5'K/0"3&-1(*%J*"-.-A-$-G%R*$3&<%K/0/%A/$%.-1#(<%&#5<4#0>%FD-
kD%.3J#A3"G%�3%$*.!-$*.'H%2/6&-1(*%"I.1<4-9%0-$#%*%!)#A"#5&-%/%.31C(<%)'5*$%(#,*K3%5'%K/0%2'"'1"#$-9%$/"#J*G

u3)35% .$'% 0*1CJ*% $63&*% !)-$3"#% 5*% 1$-90#% !*.-!*6&#0#% 13)*I% 341!3)#03&(*$>% 5'% .-!-0-2-I% C4#,% $-&#%
1!)-A/$'"#%$#C$#(#%&32'(#$&*%3?34(#>%$#4"#4'&*%!-1(*+&#0%K/0-0G

^*.%6'1%341!3)#03&(/%($')#&#%50/K3&*%A/"#%.#?3)3&J*I$'(#%1()/4(/)/%5$/4/
�4B-%2)#5/&%)-A#$%!)'$#"<&#+%$#A*)%5'%$*.$3.3&#+%+-0/%6'1>%$*&%-()#0/$'$%K0'(-6-4%9@*%C4%&'2-)-./G%n%

J3+% 6'1% u@-/% ('% a3)53&#6% ?*41/$'"#% 4*"<4*1(<% $*)&#,% $*.!-$*.3+>% !-0#"-4% ('% !-0#"4-$#,% 1!)'J<-$/$'&<% /%
4-@&*+%2)/!*%B/)*$G

WA#.$*%2)/!#%2)#5/&*$%$!-)'"#1C%5%J#0%5'$.'&&C0>%,-6'%B/)#%5%4"*(-4%*5%$#1-4#0%)*$&30%?-&-$-2-%K/0/%
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