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

2+,&1!3(&4!$%&' 5(&0!"$&1!1

0"1234"567 *6869 ! 6: 1 124!4 4"26!; ) 6*4

8 1*< =6"3 >6 * )6?<1" @  ?612"6 12 ?;AB ! 9

 !!"#$%&'(' )*!+,'*-./ ".0.$%& .1 '*+.&(%2% ."', /&"/34#-

2%!/ %+5%$%6 6.*,%7.%"%2.8#!*%9 %8.!+*. !+%8(:5 &%$. ; *'8#!+&#

)*!+,'2#(+%& .!0:+'(: 5"%,%<%,6, 2#*!'(, '-#+%( . !6#!. 2#*!'( – 

'-#+%( . 2#*!'( – )+'(%". =>8?.# ,#1>"@+'+: $%!+.2(>+: 0,. .!-

0%"@1%&'(.. 2#*!'(' . !6#!. 2#*!'( – )+'(%". A0,#$#"#(: >!"%&./

%!>4#!+&"#(./ 0,%-#!!' )*!+,'*-... B'!!6%+,#(: &%16%C(:# 0>-

+. >+.".1'-.. %!+'+%8(%2% ."' 0%!"# )*!+,'*-.. ".0.$%&.

#$%&'()* &+ – ,+-.(/0 1&$2-3&-+-4&56,$/0 ,&,%61/. 7(-.6,%-
'- 1&$2--24/(&81-', ,-,%/'+09:&; /$%&'()* &+ 3&-+-4&56,$-4- -5&-

,%(-4- ,--2<.6(&0, =-4+-:/6% 8/4208(09:&6 '6:6,%'/ &8 ,%-5(); '->
=26&1<:6,%'6((- '(<%2? $+6%-$, 4>6 -(& =-> '-8>6*,%'&61 @6216(%-'
=->'624/9%,0 3&-;&1&56,$&1 =26'2/:6(&01 [1]. A(/5&%6+?(/0 5/,%?
/$%&'(-4- &+/, $/$ &83)%-5(-4- =2-><$%/, ')'-8&%,0 , -5&,%(); ,--

-2<.6(&* & ,%/(-'&%,0 -%;->-1 =2-&8'->,%'/. B2& =6262/3-%$6 $/.-

>); 1000 13 ,%-5(); '-> -32/8<6%,0 250–300 + -368'-.6((-4- &+/
(80 % '+/.(-,%&) [2]. C 1&2-'-1 1/,D%/36 6.64->()* =2&2-,% /$%&'-
(-4- &+/ >-,%&4/6% (6,$-+?$- >6,0%$-' 1&++&-(-' %-(( (' 2/,56%6 (/
1/,,< /3,-+9%(- ,<;-4- '6:6,%'/) [3]. 

E,+& -%;->) /$%&'(-4- &+/ (6 &,=-+?8-'/%? >+0 =-+68(); F6+6*,

%- -(& =-=/>/9% (/ -%'/+?()6 =-+0 & =26>,%/'+09% <42-8< >+0 -$2<-

./9:6* ,26>). B2-3+61) =6262/3-%$& /$%&'(-4- &+/ 8/$+95/9%,0
' 64- '),-$-* '+/.(-,%&, '-81-.(-1 (/$-=+6(&& ' ,'-61 ,-,%/'6 &--

(-' %0.6+); 16%/++-', ' =2&,<%,%'&& =/%-46((); -24/(&81-' & ')>6-
+6(&& ><2(- =/;(<:&; '6:6,%'. 7(-4-5&,+6(()6 =-=)%$& <%&+&8/F&&
/$%&'(-4- &+/ (/%/+$&'/9%,0 (/ 3-+?D&6 1/%62&/+?()6 8/%2/%), & 3--

+66 2/F&-(/+?()1 ,%/(-'&%,0 (/=2/'+6(&6 $-1=+6$,(-* =6262/3-%$&
-%;->-' &+/, , =-+<56(&61 3&->&86+0, 3&-4/8/, <>-326(&0, 2/8+&5();
;&1&56,$&; =2-><$%-' [3–5]. B2& G%-1 ' $/56,%'6 =62,=6$%&'(-4- =2--
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><$%/ $-1=+6$,(-* =6262/3-%$& -%;->-' &+/ 2/,,1/%2&'/6%,0 3&->&-

86+?, $-%-2)* 1-.(- =-+<5/%? G$,%2/$F&6* +&=&>-' &8 ,-,%/'/ &+/ [3–7]. 

H>(/$- G$,%2/$F&0 +&=&>-' &8 -%;->-' /$%&'(-4- &+/ (/;->&%,0 (/ ,%/-
>&& &,,+6>-'/(&* & 268<+?%/%) ')>6+6(&0 +&=&>-' ' 8(/5&%6+?(-* 16-
26 -=26>6+09%,0 %&=-1 &,=-+?8-'/((-4- G$,%2/46(%/ &, =--'&>&1-1<,

8/'&,0% -% ,-,%-0(&0 &,=-+?8<61-4- &+/. C 1&2-'-* =2/$%&$6 2/,=2--

,%2/(6(- &,=-+?8-'/(&6 G$,%2/46(-' – ,16,6*, ,->62./:&; 16%/(-+
[3, 7–8]. H>(/$- 16%/(-+ 0'+06%,0 '),-$-%-$,&5()1 '6:6,%'-1 & 64- 8/-
16(/ >2<4&1& G$,%2/46(/1& =26>,%/'+06%,0 '=-+(6 -=2/'>/((-* 8/>/56*.

C >/((-* 2/3-%6 =2-'6>6( =-&,$ >2<4&; G$,%2/46(-' +&=&>-'
'8/16( 16%/(-+/ & -=26>6+6() '-81-.()6 26.&1) &; &,=-+?8-'/(&0.
C $/56,%'6 -3I6$%/ &,,+6>-'/(&0 ')32/( /$%&'()* &+, 0'+09:&*,0 -%-
;->-1 3&-+-4&56,$&; ,--2<.6(&* HHH «J "HKJ-B621(6@%6-24-
,&(%68». C 2/3-%6 %/$.6 26D/+/,? 8/>/5/ /(/+&8/ ,-,%/'/ +&=&>-' &+/
=- ,->62./(&9 ' (61 .&2(); $&,+-%, 0'+09:&;,0 -,(-'-* >+0 =-+<-

56(&0 3&->&86+0.
 !"#$%&% %''(!$#)*+%,. #$%&'()* &+, =-+<56(()* , 3&-+-4&-

56,$&; -5&,%(); ,--2<.6(&* HHH «J "HKJ-B621(6@%6-24,&(%68»,

,->62./+ -$-+- 88 % '->). C $/56,%'6 G$,%2/46(-' +&=&>-' 3)+& ')-

32/() 46$,/(, /F6%-(, ;+-2-@-21, G%/(-+ & (6$-%-2)6 &; ,16,&. B2&
G$,%2/$F&& ,16,? /$%&'(-4- &+/ & G$,%2/46(/ =-16:/+& ' 46216%&5(-
8/$2)%<9 ,%6$+0((<9 $-(&56,$<9 $-+3< & <,%/(/'+&'/+& (/ $/5/+$<
=2& ,$-2-,%& '2/:6(&0 =2&'->/ 180 -3/1&( & %61=62/%<26 26 °L, =2--

>-+.&%6+?(-,%? -=62/F&& G$,%2/$F&& 40 1&(. M/8>6+6(&6 %'62>-*
& .&>$-* @/8 -,<:6,%'+0+& 16%->-1 @&+?%2/F&&.

N>6(%&@&$/F&9 & $-+&56,%'6((-6 -=26>6+6(&6 .&2(); $&,+-%
' ,-,%/'6 G$,%2/4&2-'/((); +&=&>-' =2-'->&+& 16%->-1 4/8-'-* ;2--

1/%-42/@&&. #(/+&8 ')=-+(0+& (/ 4/8-'-1 ;2-1/%-42/@6 «"2&,%/++-

5000.2» (A#H L"O «P2-1/%G$», M-,,&0) , $/=&++02(-* $-+-($-* HP 

FFAP 50 1×0,32 11×0,5 1$1 & =+/16((--&-(&8/F&-(()1 >6%6$%-2-1,

4/8-(-,&%6+? – 46+&*. C $/56,%'6 /(/+&8&2<61-* =2-3) 3)+ '80+ 2/,%'-2
16%&+-'); G@&2-' .&2(); $&,+-% ' 46$,/(6. N,=-+?8-'/+& ,%/(>/2%)
16%&+-'); G@&2-' .&2(); $&,+-%. B2& $-+&56,%'6((-1 /(/+&86 =2&16-
(0+& 16%-> '(<%26((6* (-21/+&8/F&&, =2&(&1/0 =+-:/>? =&$-' ',6;
$-1=-(6(%-' &,=)%<61-* =2-3) 8/ 100 %. B+-:/>? =&$-' 2/,,5&%)'/-
6%,0 /'%-1/%&56,$& , =-1-:?9 &(%642/%-2/, ',%2-6((-4- ' =2&3-2.

!+0 $-+&56,%'6((-4- -=26>6+6(&0 -3:64- ,->62./(&0 +&=&>-'
' 2/,%'-2/; =-,+6 G$,%2/$F&& &,=-+?8-'/+& 16%-> N"-@<2?6-,=6$%2--
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,$-=&& [10]. A/=&,? ,=6$%2-' -,<:6,%'+0+& , =-1-:?9 N"-@<2?6-
,=6$%2-16%2/ Nicolet 380 ($-1=/(&0 ThermoScientific, LQ#). #(/+&8
=2-'->&+,0 =- &(%6(,&'(-,%& =-+-,) =-4+-:6(&0, ,--%'6%,%'<9:6*
'/+6(%()1 $-+63/(&01 42<==) –L=H .&2(); $&,+-%. "/+&32-'-5()6
8/'&,&1-,%& 3)+& =-,%2-6() (/ -,(-'6 =/+?1&%&(-'-* & ,%6/2&(-'-*
$&,+-%, / %/$.6 &; ,-56%/(&0 ' 2/8(); =2-=-2F&0; ' =2-42/116
TQ Analyst™. 76%->&$/ /=2-3&2-'/(/ =- ,<116 G$,%2/4&2-'/(();
.&2(); $&,+-%.

-!./(0"*"1 2&'3!4%5!+"#) % %6 #7'/8$!+%!. E,+& &,;->&%? &8
+&%62/%<2(); >/((); [10, 11], %- -3:66 ,->62./(&6 +&=&>-' ' /$%&'-
(-1 &+6 $+6%$& $-+63+6%,0 ' =26>6+/; 24,0–36,8 % =- 1/,,6 (/3,-+9%(-
,<;-4- '6:6,%'/) &+& ,26>(&* =-$/8/%6+? 30,5 %. R/ -,(-'6 +&%62/%<2-

(); >/((); [3, 9] 1-.(- %/$.6 =26>,%/'&%? ,-,%/' +&=&>-' /$%&'(-4-
&+/ =- ,->62./(&9 .&2(); $&,+-%. M68<+?%/%) (/&3-+66 >6%/+?(-4-
/(/+&8/ ,->62./(&0 .&2(); $&,+-% ' +&=&>/; /$%&'(-4- &+/ =- >/(-

()1 4/8-'-* ;2-1/%-42/@&& 16%&+-'); G@&2-' .&2(); $&,+-% [3] 

=26>,%/'+6() (/ 2&,. 1. L&1'-+ Ln:m -8(/5/6%: Ln – 5&,+- /%-1-' <4-
+62->/, m – 5&,+- >'-*(); ,'086* ' 1-+6$<+6 .&2(-* $&,+-%).

M&,. 1. S/8-'/0 ;2-1/%-42/11/ 16%&+-'); G@&2-' .&2(); $&,+-%
' ,-,%/'6 +&=&>-' /$%&'(-4- &+/ [3] 

R/ -,(-'6 268<+?%/%-' 4/8-'-* ;2-1/%-42/@&& ')5&,+0+& ,->62-

./(&6 &(>&'&></+?(); .&2(); $&,+-% ' +&=&>/; $/$ >-+9 ' -3:61
$-+&56,%'6 $&,+-%. L<>0 =- >/(()1 [3, 9], ' ,-,%/'6 +&=&>-' 2/8();
-32/8F-' /$%&'(-4- &+/ -3(/2<.6(- >- 16 .&2(); $&,+-%. R- ,<:6,%-
'6(()* '$+/> ' G%-% ,-,%/' '(-,0% =0%? .&2(); $&,+-%: =/+?1&%&(-'/0
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(L16:0) – -% 35 >- 36 %, -+6&(-'/0 $&,+-%) (L18:1) – -% 24 >- 29 %, 

=/+?1&%-+6&(-'/0 (L16:1) – -% 19 >- 27 %, ,%6/2&(-'/0 (L18:0) – -% 13 

>- 24 % & +&(-+6'/0 (L18:2) – -% 3 >- 7 %. L-,%/' .&2(); $&,+-% /$%&'-
(-4- &+/ ,;-. , %/$-')1 >+0 2/,%&%6+?(); 1/,6+, 5%- =-8'-+06% &,=-+?-
8-'/%? +&=&>) /$%&'(-4- &+/ ' $/56,%'6 ,)2?0 >+0 =-+<56(&0 3&->&86+0.

M68<+?%/%) /(/+&8/ ,->62./(&0 =0%& -,(-'(); .&2(); $&,+-%
' ,-,%/'6 /$%&'(-4- &+/ – =2-><$%/ -5&,%(); ,--2<.6(&* HHH
«J "HKJ-B621(6@%6-24,&(%68» (-32/86F BRHL) – =26>,%/'+6() (/
2&,. 2. N(>&'&></+?(- >+0 &>6(%&@&F&2-'/((); .&2(); $&,+-% -=26-
>6+6(- -%(-D6(&6 '..$/'-3:, 4>6 '..$ – $-+&56,%'- &(>&'&></+?(-* .&2-

(-* $&,+-%), '-3: – -3:66 $-+&56,%'- .&2(); $&,+-% (' 1-+0;).

M&,. 2. L->62./(&6 .&2(); $&,+-% ' ,-,%/'6 +&=&>-'
/$%&'(-4- &+/ (-32/86F BRHL)

L->62./(&6 -,(-'(); .&2(); $&,+-% ' ,-,%/'6 +&=&>-' /$%&'-
(-4- &+/ (-32/86F BRHL) =- =-20>$< '6+&5&() ,--%'6%,%'<6% %61
>/(()1, $-%-2)6 =2&'6>6() ' +&%62/%<2(); &,%-5(&$/; [3, 9]. C16,%6
, %61 >-1&(&2<9:6* ' -32/8F/; BRHL ,%/(-'&%,0 -+6&(-'/0 $&,+-%/
'16,%- =/+?1&%&(-'-* [3]. E6 ,->62./(&6 '-82-,+- >- 37 %. B-(&-

.6(()1 -$/8/+-,? ,->62./(&6 ,%6/2&(-'-* $&,+-%): 8 % – -32/86F
BRHL & 13 % – -32/86F =- >/(()1 [3]. L<>0 =- ,-,%/'<, +&=&>), ,--

>62./:&6,0 ' -32/8F6 BRHL, 1-4<% 3)%? &,=-+?8-'/() $/$ ,)2?6 >+0
=2-&8'->,%'/ 3&->&86+0.

M68<+?%/%) &,=)%/(&0 2/8(); 2/,%'-2&%6+6* =2& G$,%2/$F&& +&-

=&>-' &8 ,-,%/'/ /$%&'(-4- &+/ (-32/86F BRHL) =2&'6>6( (/ 2&,. 3. 
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M&,. 3. T$,%2/4&2<61-,%? ,-=-,%/'+6(&6 2/,%'-2&%6+6*
=2& G$,%2/$F&& +&=&>-' &8 -32/8F/ /$%&'(-4- &+/ (BRHL)

R/&3-+66 G@@6$%&'()1& G$,%2/46(/1& +&=&>-' =- 268<+?%/%/1
>/((-4- G$,=62&16(%/ -$/8/+&,? 46$,/( & ,16,? 46$,/(/ & /F6%-(/ (1:1). 

H>(/$- -3:&* ');-> +&=&>-' =2& G$,%2/$F&& (6 =26')D/6% 38 %, 5%-
=26>,%/'+06%,0 (6>-,%/%-5()1, & &,,+6>-'/(&6 3)+- =2->-+.6(-. N8
5&,+/ &,,+6>-'/((); G$,%2/46(-' ' =-,+6><9:6* 2/3-%6 3)+ &,=-+?-
8-'/( 46$,/(.

O)+- ,>6+/(- =26>=-+-.6(&6, 5%- =-,$-+?$< 46$,/( =+-;- ,16D&-

'/6%,0 , '->-*, %- '+/4/, ,->62./:/0,0 ' /$%&'(-1 &+6, 8/%2<>(06% $-(-

%/$%) 46$,/(/ , +&=&>/1&. C %- .6 '2610 =2-'->&%? >/+?(6*D66 -368'--

.&'/(&6 /$%&'(-4- &+/ G$-(-1&56,$& (6F6+6,--32/8(-. C ,'08& , G%&1
3)+/ =-,%/'+6(/ 8/>/5/ =2-'6,%& G$,%2/$F&9 +&=&>-' &8 /$%&'(-4- &+/
, &,=-+?8-'/(&61 >'<; G$,%2/46(-' – G%/(-+/ & 46$,/(/. T%/(-+ +64$-
,16D&'/6%,0 , '->-* & 2/,%'-206% +&=&>), 5%- >-+.(- 3+/4-=2&0%(-
,$/8)'/%?,0 (/ G$,%2/$F&& +&=&>-'.

M68<+?%/%) =2-'6>6((-4- G$,=62&16(%/ (2&,. 4) =->%'62>&+&,

5%- G%/(-+ =-')D/6% G$,%2/$F&9 +&=&>-' &8 /$%&'(-4- &+/. B2&
G%-1 ->&(/$-')6 268<+?%/%) =-+<56() $/$ =2& &,=-+?8-'/(&& ,16,&
G%/(-+ – 46$,/( (1:6 =- -3I61<), %/$ & =2& =-,+6>-'/%6+?(-* G$,-
%2/$F&& ,=&2%-1 & 46$,/(-1. C);-> +&=&>-' =-')D/6%,0 , 38 >-
53 %. H>(/$- >'<$2/%(/0 & %26;$2/%(/0 G$,%2/$F&0 +&=&>-' (6 =2&-

'6+/ $ ,<:6,%'6((-1< =-')D6(&9 ');->/ +&=&>-', & =-G%-1< =--

'%-26(&6 -=62/F&* (/ ->(-1 & %-1 .6 -32/8F6 /$%&'(-4- &+/ =2&-

8(/(- G$-(-1&56,$& (6 F6+6,--32/8()1.
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M&,. 4. T$,%2/4&2<61-,%? G$,%2/46(-' =2& 2/8+&5(); 16%->&$/;
G$,%2/$F&& +&=&>-' &8 /$%&'(-4- &+/

T$,%2/$F&0 +&=&>-' &8 /$%&'(-4- &+/ , &,=-+?8-'/(&61 ,16,&
G%/(-+ – 46$,/( (1:6 =- -3I61<) =2-'6>6(/ =2& 2/8(); %61=62/%<2/;:

17, 27 & 37 °L. C);-> +&=&>-' ,-,%/'&+ 28, 53 & 60 %, ,--%'6%,%'6((-.

!/+?(6*D66 =-')D6(&6 %61=62/%<2) G$,%2/$F&& 368 &,=-+?8-'/(&0
,=6F&/+?(-* /==/2/%<2) 1-.6% =2&'6,%& $ =-%626 2/,%'-2&%6+6*. U/-
$&1 -32/8-1, =-')D6(&6 %61=62/%<2) =2& G$,%2/$F&& 3+/4-=2&0%(-
,$/8)'/6%,0 (/ =-')D6(&6 ');->/ +&=&>-'. C &%-46 =2-'6>6((-4- &,-
,+6>-'/(&0 >-,%&4(<% ');-> +&=&>-' =2& G$,%2/$F&&, 2/'()* 60 %. 

H>(/$- 1(-4- F6((); $-1=-(6(%-' 6:6 -,%/6%,0 ' ,-,%/'6 -,%/%-5(-4-
&+/. B-G%-1< G$,%2/$F&9 +&=&>-' 1-.(- 2/,,1/%2&'/%? $/$ ,%/>&9
' $-1=+6$,(-* =6262/3-%$6 /$%&'(-4- &+/. B-,$-+?$< G$,%2/$F&0 +&-

=&>-' =2&'->&% $ <,%2/(6(&9 8/=/;/, 2/,D&209%,0 '-81-.(-,%& >+0
')3-2/ =<%6* >/+?(6*D6* =6262/3-%$& -,%/%-5(-4- &+/.

7-.(- (/8'/%? ,+6><9:&6 -3+/,%& =2&16(6(&0 -,%/%-5(-4-
&+/ [4, 5]: 

1) G(6246%&$/: =-+<56(&6 3&-4/8/; =-+<56(&6 %-=+&'(); 32&$6-
%-' (,16D&'/(&6 , -=&+$/1& ' ,--%(-D6(&& 1:4); 

2) ,6+?,$-6 ;-80*,%'-: <>-326(&6 (3+/4->/20 >-,%/%-5(-1< $-+&-

56,%'< /8-%/, 5%- 3+/4-=2&0%(- '+&06% (/ ,'-*,%'/ =-5');
3) ,%2-&%6+?,%'- >-2-4: &,=-+?8-'/(&6 ' $/56,%'6 =+/,%&@&$/%--

2/ >+0 >-2-.(-4- =-$2)%&0;



4) 3)%-'/0 ;&1&0: =-+<56(&6 4+&F62&(/ & +6F&%&(/ & >/+?(6*D66
&; &,=-+?8-'/(&6 ' $/56,%'6 ,)2?0 >+0 3)%-'-* ;&1&&.

U/$&1 -32/8-1, >+0 G$,%2/$F&& +&=&>-' &8 /$%&'(-4- &+/ 1-.(-
&,=-+?8-'/%? G%/(-+ ' ,16,& , 46$,/(-1. B2& G%-1 ');-> +&=&>-' ,--

,%/'+06% >- 60 % -% &; $-+&56,%'/ ' &,;->(-1 &+6. H,%/%-5()* &+
1-.(- <%&+&8&2-'/%? =<%61 64- &,=-+?8-'/(&0 ' 20>6 %6;(-+-4&*, 5%-
=-8'-+06% 2/,,5&%)'/%? (/ 368-%;->(<9 =6262/3-%$< /$%&'(-4- &+/,
-32/8<9:64-,0 =2& 1&$2-3&-+-4&56,$-* -%5&,%$6 ,%-5(); '->.
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