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

*.+. ,'-.'(), /.!. 0123'()

 !"#$%43 .&54).&/0.63 4$$/!+)-&,!/0$%43

7)/4,!1.48!$%43 *.4-!"$4,!,

45 6,+ /7,840649 : ;4,<7,+577 * 80757:+

;486+:4 6+ 4<64! *=7>4<+;+ / ;4:4/

>7;4; <;784!+67?

 !!"#$%&'(' !)%!%*(%!+, -.$' /+'00%& *'1+#-23 1 *2%$#-

!+-41522 )-#)'-'+' +%-('$% – 6#-*252$' (' %!(%&# 6"27%!'+',

)-%&#$#(' %5#(1' $#+%1!21'522 !-#$8 & 9%$# -%!+' 021-%%-6'(2:-

0%& 0#+%$%0 72+%+#!+2-%&'(2..

#$%&' &( )*+%,- ./0'0%12) &%10%3&)%,- 10-%2/24&5, 60( 7212-

8,- %0)2('2+%2 92/:;0%&0 ),327&- & 31*6&/<%,- :82+*0) 98*71&;0-

37& %& 2$%25 30/<372-2(=531)0%%25 7:/<1:8,, =)/=>13= 9031&?&$, [1]. 

@809*8*1, %* 23%2)0 4/&A23*1* (N-A23A2%2'01&/4/&?&%) 62/00

30 /01 98&'0%=>13= 7*7 ),3272.AA071&)%,0 '*/21273&;%,0 4086&?&-

$, 26B0&31806&10/<%242 $0531)&=. #$%*72 ) 923/0$%&0 42$, 98&'0%0-

%&0 4/&A23*1* ),(,)*01 2623%2)*%%:> 180)24: : .72/242), ;12 26:-

3/2)/0%2 9821&)280;&)231<> $*%%,- 2 )/&=%&& $*%%242 320$&%0%&= %*

)30 72'92%0%1,, * 1*7+0 26 042 :3125;&)231& ) 92;)0.

C/&A23*1 =)/=013= *71&)%,' 72'92%0%12' 8*(/&;%,- 9809*8*-

1&)%,- A28', 1*7&- 7*7 8*:%$*9, 128%*$2, 4/&*/7*, 4/&908, 4/&32/, 4/&-

1*%, 4/&A29&%, 4/&A240%, 4/&?0/, 48*:%$, '*'6*, %&123284, 3)&9, :1*/,

A283*1, A23:/0%, ?&$2728, :8*4*% A2810 & $8., ),9:37*0',- '%24&'&

210;031)0%%,'& & (*8:60+%,'& A&8'*'&-982&()2$&10/='&. "82'0 1*7

%*(,)*0'242 «*71&)%242» &/& $0531):>B042 )0B031)* ($.).), 7*+$*=

9809*8*1&)%*= A28'* 9031&?&$* 32$08+&1 1*7 %*(,)*0',0 &%081%,0

&%480$&0%1,, 72128,0 %:+%, $/= 26/04;0%&= &392/<(2)*%&= 982$:71*

& :)0/&;0%&= 042 .AA071&)%231&. D*7, 8*:%*$*9, 782'0 23%2)%242 $05-

31):>B042 )0B031)* – 4/&A23*1*, 32$08+&1 $03=1< &%081%,- 72'92-
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%0%12). E0(*)&3&',0 &33/0$2)*%&=, 982)0$0%%,0 ) 8=$0 0)8290537&-

318*%, F92%&& & GHI, 927*(*/&, ;12 &(-(* «&%081%,-» 72'92%0%12)

A28':/* 8*:%$*9* 62/00 1273&;%*, ;0' 3*' 4/&A23*1 [2]. 

J 3)=(& 3 .1&' )2(%&7*01 )30 62/00 2318*= %026-2$&'231< :;01*

%04*1&)%,- .72/24&;037&- 923/0$31)&5 *%1829240%%25 9031&?&$%25 %*-

48:(7& %* 6&23A08: [3]. @8& .12' 2980$0/0%&0 231*12;%,- 72/&;031)

$0531):>B&- )0B031) & &- '01*62/&12), * 1*7+0 &%081%,- 72'92%0%12)

-&'&;037&'& & A&(&72--&'&;037&'& '012$*'& 2;0%< 3/2+%2 & 3)=(*%2

3 &392/<(2)*%&0' $28242312=B05 *99*8*1:8,.

J 923/0$%&0 42$, $/= 2?0%7& &%1048*/<%25 1273&;%231& 8*(/&;%,-

26K0712) 278:+*>B05 380$, &392/<(:013= 62/00 $231:9%,5, 9823125

& 6,318,5 '012$ – 6&21031&82)*%&0. D*7, $/= 2?0%7& 1273&;%231& 92;),,

(*48=(%0%%25 4/&A23*12', 923/0 982)0$0%&= 00 6&280'0$&*?&&, 6,/& &3-

92/<(2)*%, 1*7&0 927*(*10/&, 7*7 A&121273&;%231< ) 21%2L0%&& 2)3*,

1273&;%231< 92 21%2L0%&> 7 $*A%&=', $04&$8240%*(%*= *71&)%231< [4]. 

M0/< $*%%25 8*621, – &33/0$2)*%&0 6&2$0318:7?&& 4086&?&$*

128%*$2 %* 23%2)0 4/&A23*1* 9:10' 2?0%7& &('0%0%&= 1273&;%231&

380$, ) -2$0 8231* '&782284*%&('2) '012$2' A&121031&82)*%&= ) /*-

628*128%,- :3/2)&=-.

 !"#$%!&' % (#")*' %++&#*),!-%.. #6K0712' &33/0$2)*%&5

3/:+&/& 5 &(2/=12) 6*7108&5, 8*%00 ),$0/0%%,- &( 92;), 92/= @08'-

3725 CGNI, 92$)084*)L053= )2($0531)&> 9031&?&$2), & 32-8*%&)L&-

392326%231< 7 8231: %* 380$0 3 4086&?&$2' 923/0 982$2/+&10/<%242

-8*%0%&= 92$ 3/20' )*(0/&%2)242 '*3/*.

":/<1:8, ),8*B&)*/& %* *?01*1%2-'&%08*/<%25 380$0 ) 72/6*-

26K0'2' 250 '/ %* 7*;*/70 98& 30 °G & 140 26/'&% %* 3&%101&;03725

'&%08*/<%25 380$0 3/0$:>B042 3231*)*, 4//: NH4NO3 – 2; MgSO4 · 7 H2O – 

0,2; Na2CO3 – 0,1; CaCl2 O 7 H2O – 0,01 4. " 100 '/ 23%2)%25 380$, 310-

8&/<%2 $26*)/=/& 5 '/ 6:A08%242 8*31)28*, 4//: "H2PO4 – 2; Na2HPO4 – 3; 

& 0,1 '/ 8*31)28* '&782./0'0%12) 92 @A0%&%4: [5]. P312;%&7 :4/082$* – 

72''08;037&5 9809*8*1 128%*$2 3 32$08+*%&0' 4/&A23*1* 360 '4/'/ – 

)%23&/& ) 72%?0%18*?&=-, :7*(*%%,- %&+0, ) 213:131)&0 & ) 98&3:131-

)&& $292/%&10/<%242 3:6318*1* – *?01*1* %*18&=.

P%10%3&)%231< 8231* 2980$0/=/*3< 92 )0/&;&%0 291&;03725 9/21%2-

31& &33/0$:0'242 8*31)28* %* "Q"-2 (R = 670 %', 12/B&%* 3/2= 5 '', 8*3-

1)28 38*)%0%&= – *?01*1%2-'&%08*/<%*= 380$* 60( $26*)/0%&= 4086&?&$*).

J 7*;031)0 A&121031-26K071* $/= 2?0%7& &%1048*/<%25 1273&;%231&

380$, & 982?033* $048*$*?&& 9031&?&$* &392/<(2)*/& 80$&3 3281* "8*3-

%,5 3 60/,' 72%;&72'. G0'0%* 80$&3* – 90839071&)%,5 6&21031, :$2)/0-
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1)28=>B&5 23%2)%,' 18062)*%&=' 7 6&21031*' – 3&/<%*= .%084&= 982-

8*31*%&= 30'=% & ),327*= ;:)31)&10/<%231< 7 1273&;037&' )0B031)*'.

P%1048*/<%:> 1273&;%231< 380$,, (*48=(%0%%25 4/&A23*12', $2 &

923/0 7:/<1&)&82)*%&= L1*''* 6*7108&5, 2?0%&)*/& 92 &('0%0%&> )3-2-

+031& 30'=% 80$&3* %* 1801<& 3:17& & 380$%05 $/&%0 728%05 982823172) [6]. 

#16&8*/&3< 30'0%*, 6/&(7&0 92 )0/&;&%0 & ?)01:. #1268*%%,0

30'0%* 8*37/*$,)*/&3< ) 3108&/<%,0 ;*L7& @018& 3 78:+7*'& A&/<1-

82)*/<%25 6:'*4& &/& 3298&7*3*>B&'&3= )*1%,'& $&37*'&, ) 72128,0

)%23&/& 92 10 '/ *%*/&(&8:0'25 9826, (;*L7& @018& 3108&/&(2)*/&3<

) 3:L&/<%2' L7*A: 98& 10'908*1:80 +120 °G ) 10;0%&0 2 ;). J 7*+$:>

;*L7: 92'0B*/&3< 50 30'=% 180'= 982928?&='& 92 10 30'=%, 72128,0

8*)%2'08%2 8*3980$0/=/&3< 92 92)08-%231& ;*L7&. "2%182/0' 3/:+&-

/& 30'0%*, (*'2;0%%,0 ) 12' +0 26K0'0 3108&/<%25 )2$2982)2$%25 )2-

$, &/& 9&1*10/<%25 380$, 60( &312;%&7* :4/082$*. S73908&'0%1, 982-

)2$&/&3< 98& 72'%*1%25 10'908*1:80.

@2)128%231< 29,12) 4-78*1%*=. T0(:/<1*1, 268*6*1,)*/&3< 3 92-

'2B<> 98248*'', Uxcel, 8*33;&1,)*/*3< %*&'0%<L*= 3:B031)0%%*= 8*(-

%&?* 98& :82)%0 )082=1%231& 0,95 (EGT05) 92 '012$&70 !2390-2)* [7]. 

/#01&2"!"' % %3 )4+15*#-%#. @08)2%*;*/<%2 6,/* 2980$0/0%*

1273&;%231< 8*31)282) 4086&?&$* 3 72%?0%18*?&05 21 1 $2 100 '4// %*

'&%08*/<%25 23%2)0 ) 98&3:131)&& *?01*1* %*18&= (1*6/. 1, 8&3:%27).

!*%%,0 92 2980$0/0%&> A&121273&;%231& 9809*8*1* ) &%108)*/0

72%?0%18*?&5 21 1 $2 100 '4// 92 $.). 3)&$010/<31):>1 2 12', ;12 3*'*=

'*/*= 72%?0%18*?&= 4086&?&$* (1 '4//) %* )3-2+031< 30'=% 98*71&;037&

%0 )/&=01, %2 (%*;&10/<%2 3%&+*01 $/&%: 728%05 982823172) 80$&3*. "2%-

?0%18*?&&, %*;&%*= 3 10 '4//, 27*(,)*>1 3&/<%20 '*10'*1&;037& $27*(*%-

%20 &%4&6&8:>B00 $0531)&0 & )/&=>1 7*7 %* 9828*31*%&0 30'=%, 1*7 & %*

$/&%: 728%05 982823172) 80$&3*, ;12 92$1)08+$*01 4086&?&$%,0 3)2531)*

4/&A23*1*, 1.0. 042 1273&;%231< ) 21%2L0%&& 8*310%&5.

D*6/&?*  1 

V*)&3&'231< )3-2+031& 30'=% & $/&%, 728%05 80$&3*

21 72%?0%18*?&& 4/&A23*1*

"2%?0%18*?&= 4086&?&$*, '4// J3-2+031<, %  !/&%* 728%05, 3'

1 96,3±2,7 1,15±0,18 

10 79,5±6,2 0,73±0,07 

50 17,5±4,7 0,43±0,07 

100 9,0±3,0 0,3±0,18 

"2%182/<  96,5±2,70 1,93±0,22 

EGT05 5,70 0,18 
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' *

T&3. J3-2+031< 30'=%:

' – 60( 4086&?&$*; * – 72%?0%18*?&= 4086&?&$* 100 '4//

@23/0 982)0$0%&= 378&%&%4* L1*''2) '&782284*%&('2), ),$0/0%-

%,- 8*%00 3 1088&128&&, 268*621*%%25 9031&?&$*'&, 6,/ ),68*% %*&62-

/00 *71&)%,5 L1*''-$0318:7128 4/&A23*132$08+*B&- 9031&?&$2) – 

W3 (98& 72%?0%18*?&& 128%*$2 ) 380$0 50 '4// 92 $.)., :$0/<%*= 3728231<

8231* 0,139 4//·;), 3 72128,' 982)2$&/&3< $*/<%05L&0 &33/0$2)*%&=.

J 80(:/<1*10 2?0%7& )/&=%&= 8*(/&;%,- $2( 4086&?&$* (10, 50 & 90 '4//)

%* $&%*'&7: 8231* 7:/<1:8, W3 %* 380$0 3 *?01*12' 26%*8:+0%2, ;12 )0-

/&;&%* :$0/<%25 3728231& 8231* '&782284*%&('2) 3:B031)0%%2 :'0%<L*-

013= & ;080( 1820 3:127 3231*)/=01, 3221)0131)0%%2, 84, 65 & 54 % 92 21-

%2L0%&> 7 72%182/> (380$* 60( 4086&?&$*).

#980$0/0%&0 $0318:7?&2%%25 392326%231& L1*''* W3 ;080( 3:-

17& & 1820 3:127 8231* %* 380$0 3 128%*$2 (50 '4// 92 $.).) 60( $292/%&-

10/<%242 &312;%&7* :4/082$* 927*(*/2 (%*;&10/<%20 3%&+0%&0 A&12127-

3&;%231& 7:/<1:8*/<%25 +&$7231&.  +0 ;080( 3:17& 8231* '&782284*-

%&('2) )3-2+031< 30'=% 80$&3* ) 7:/<1:8*/<%25 +&$7231& :)0/&;&/*3<

3 17,5 $2 75,5 %, * $/&%* 728%05 982823172) 3 0,43 $2 0,88 3', * ;080(

1820 3:127 %*6/>$*/23< 98*71&;037& 92/%20 213:131)&0 1273&;%231&

380$,: )3-2+031< :)0/&;&/*3< $2 95,5 %, * $/&%* 728%05 982823172)

$2 1,58 3' (1*6/. 2). 

D*7&' 268*(2', 6&21031 ),=)&/, ;12 $*+0 '*/,0 72%?0%18*?&&

128%*$2 27*(,)*>1 218&?*10/<%20 )/&=%&0 %* $/&%: 728%05 982823172)

80$&3* 92 21%2L0%&> 7 72%182/>, ;12 =)/=013= 927*(*10/0' 1273&;%2-

31& 98& 98&'0%0%&& -&'&;037&- 380$31) (*B&1, 8*310%&5. H1*'' 6*7-

108&5, &392/<(2)*%%,5 ) 8*6210, ) 982?0330 3)2042 8231* 3923260% 3%&-

(&1< A&121273&;%231< 380$,.



D*6/&?*  2 

P('0%0%&0 1273&;%231& 380$, ) 982?0330 8231* 7:/<1:8, W3

G80$* 3 9031&?&$2'

(60( *?01*1*)

G80$* 3 9031&?&$2'

(c *?01*12')
J80'=

7:/<1&)&82)*%&=
)3-2+031<, % $/&%* 728%05, 3' )3-2+031<, % $/&%* 728%05, 3'

1 3:1 75,5±2,65 0,88±0,13 22±3,92 0,4±0,11 

3 3:1 95,5±2,65 1,58±0,13 35±3,58 0,6±0,16 

"2%182/<  96,2±1,75 1,82±0,28 96,5±2,70  1,93±0,22 

G/0$:01 1*7+0 21'01&1<, ;12 98& ),8*B&)*%&& %* *?01*1%2-

'&%08*/<%25 380$0 3 )%030%&0' 4086&?&$* ) 125 +0 72%?0%18*?&& 3%&-

+0%&0 1273&;%231& 92 38*)%0%&> 32 380$25 60( *?01*1* 982&3-2$&1

%*'%242 '0$/0%%00, ;12 '2+01 26K=3%=1<3= 10', ;12 &(%*;*/<%2 '&782-

284*%&(', &392/<(:>1 *?01*1 ) 7*;031)0 &312;%&7* :4/082$* & .%084&&

& 12/<72 (*10' 4/&A23*1.
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