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 !"#$% 3 

  !" !#$%&! ' (&)*+,!%!-'. /01%./23 

' 4!"$523 60)%$ $780/'9 

 !" 553.98.061.4 

!.!. ":;<=>, '. . ?@A;B 

&$'()*+, -.)/#!')01$223, 0$42+5$)*+, /2+1$')+0$0 

$ 603!/'"60 )% ,&%, /$9 *0 0)% $9&' /01%09 

5 *$ $5$6 $#C060 *$ $8-&$++0&%$ $5 

6 7'.8$))$ 9*)7$'+($20!%:234 +))%$#.1!2+, /)0!2.1%$2., 50. 7'+ 7.($;$2++ '!"%+5234 
2$<0$, 1 7.'.13, (+*'..=>$( 7'.+)4.#+0 "!*.2.($'2.$ +"($2$2+$ (+*'.)0'/*0/'3 ?+#*.)0+ – 

/1$%+5$2+$ 92$'-++ !*0+1!8++ 7'.0.2.1 2$<0+. &'+ 90.( .)0!0.52!@ 1.#.2!)3;$22.)0: 7.'.# 

137.%2@$0 '.%: $)0$)01$22.-. 9*'!2!, )2+?!A;$-. 9<<$*0 .=>$(2.-. )0'/*0/'+'.1!2+@ 2$<0+. 

B%., .)0!0.52., 2$<0$2!)3;$22.)0+, 7. )'!12$2+A ) 2!5!%:2.,, .=%!#!$0 =.%$$ 13).*., )0$-

7$2:A 7$'$)0'.,*+ (+*'.)0'/*0/'3 ?+#*.)0+. 

 

!#$$#% &#'()# *&(+(,-#.) /01*.&23.$)#,4$5. 211,.+(6#$2% 1)&70)7-

&(('&#8(6#$2% $.9)%$5: +21*.&1$5: 121).3 (;!<) [1,2]. = *&.+,#>#.3(? 

1)#)4. &#113#)&26#@)1% 1)&70)7&$5. 283.$.$2% &.#,4$5: $.9).? $.*(1&.+-

1)6.$$( 6 *(&(6(3 *&(1)&#$1)6. *(&(+-0(,,.0)(&(6. !( 12: *(& )#02. &#'()5 

$. *&(6(+2,214. A)( $#*&#6,.$2. 211,.+(6#$2? 23..), $.1(3$.$$(, '(,4B(? 

$#7C$5? 2 *&#0)2C.102? 2$).&.1 6 16%82 1 *&(',.3#32 (1)#)(C$5: 8#*#1(6 

2 &#8&#'()0(? $(65: 3.)(+(6 76.,2C.$2% $.9).()+#C2 *,#1)(6. 

= *&(D.11. *&(6.+.$$5: &#$.. 211,.+(6#$2? [1,2] '5,( *(0#8#$(, C)( 

/$.&>2% #0)26#D22  # %6,%.)1% +(1)#)(C$( C761)62).,4$53 2 )(C$53 3(,.-

07,%&$53 *#&#3.)&(3, ()&#-#@E23 ).07E7@ 1)&70)7&7 ;!<. A$.&>2% #0)2-

6#D2($$(>( *(&(>#  # 8#+#.) :#&#0).&$7@ 320&(1)&70)7&$7@ 7*(&%+(C.$-

$(1)4 $.9)%$(? 0(,,(2+$(? 121).35. = &.#,4$5: 7>,.6(+(&(+#: $.9).? 6.-

,2C2$#  # (*&.+.,%.)1% 1&.+$.? /$.&>2.? 3.-3(,.07,%&$5: 68#23(+.?1)62? 

(FF=) 2 *( 17)2 %6,%.)1% 7$26.&1#,4$(? 9282C.10(? 0($1)#$)(? -2+0(1)2, 

)#0(? 0#0, $#*&23.&, &#83.& 3(,.07,, +,2$# :232C.10(? 16%82 2 ).*., 0()(&#% 

$. 8#6212) () ).3*.&#)7&5, )2*# #**#&#)7&5 2 71,(62? /01*.&23.$)#. =#-$( 

()3.)2)4, C)( 0($1)#$)#  # ()6.C#.) 8# *&(%6,.$2. (1$(6$5: 3#0&(16(?1)6 

-2+0(1)2. ;#*&23.&, 76.,2C.$2. /$.&>22 #0)26#D22 *&26(+2) 0 &(1)7 6%80(-

1)2, 1$2-.$2@ ).07C.1)2, 73.$4B.$2@ 0(/992D2.$)# +2997822. = )(3 1,7-

C#., 0(>+# 8# 1C.) 0#02:-,2'( 6$.B$2: 9282C.102: 6(8+.?1)62? *&(21:(+2) 

283.$.$2. 6$7)&.$$.? 1)&70)7&5 -2+0(1)2 $# 3(,.07,%&$(3 7&(6$., 1(()-

6.)1)6.$$( 3.$%.)1% 2 /$.&>2% #0)26#D22. 
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A$.&>2% #0)26#D22 &.#,4$5: $.9).? 6 *(&(6(3 ('G.3. *(&(+-

0(,,.0)(&(6 (*&.+.,%,#14 23*7,41$53 3.)(+(3 HFI [1] 28 ).3*.&#)7&$5: 

211,.+(6#$2? 1 21*(,48(6#$2.3 7&#6$.$2% J&&.$271# +,% 6&.3.$2 0(&&.,%-

D22   3(,.07,%&$5: +62-.$2?: 

0 aexp( / )E kT !  , 

>+.  0 – *.&2(+ 0(,.'#$2? 6 *(,(-.$22 &#6$(6.12%; k – *(1)(%$$#% K(,4D3#-

$#;   = 1/!1, >+. !1 – 6&.3% *&(+(,4$(? *&()($$(? &.,#01#D22. 

L1('.$$(1)4 /01*.&23.$)(6 1(1)(%,# 6 )(3, C)( /$.&>2% #0)26#D22 

*&()($(6 $.9)2 283.&%,#14 *&2 $#,2C22 6 *(&(6(3 ('G.3. (1)#)(C$(? 6(+(-

$#15E.$$(1)2, 0()(&#% 6 (*&.+.,.$$(? 3.&. /0&#$2&(6#,# 3(,.07,5 $.9)2 

() )6.&+(? *(6.&:$(1)2. J$#,28 16(?1)6 $.9)2 6 *&217)1)622 6(+5 *&(6(-

+2,1% *( 1*.D2#,4$( &#8&#'()#$$(? 3.)(+20. [3]. 

=1. /01*.&23.$)5 *&(6(+2,214 $# 1*.D2#,282&(6#$$(3 0(3*4@).&2-

82&(6#$$(3 HFI-0(3*,.01., 60,@C#@E.3 6 1.'% 23*7,41$5? 0(>.&.$)$5? 

*&()($$5? 1*.0)&(3.)& «F2$21*.0 I-20» (Bruker, M.&3#$2%) 1 &.8($#$1$(? 

C#1)()(? 20 FMD, ',(0 ).&3(1)#'2,28#D22 +#)C20# 1*.0)&(3.)&# ()(C$(1)4 

"0,02 #<) 2 2$).&9.?1$5? ',(0 JNO +,% &.>21)&#D22 2$9(&3#D22 6 &.#,4-

$(3 3#1B)#'. 6&.3.$2. F2$23#,4$(. 0(,2C.1)6( &.>21)&2&7.3(? -2+0(1)2 

1(1)#6,%.) 1,5·10–3 >. =&.3% 1*2$-&.B.)(C$(? &.,#01#D22 $.9)2 !1 (<II) 28-

3.&%,(14 *( +67:23*7,41$(? *&(>&#33. (90#–t–90#). I#1C.) /01*.&23.$)#,4-

$5: 0&265: *&(286(+2,1% *( 3.)(+7 0(3*($.$)$(>( #$#,28# 1 7C.)(3 /01*(-

$.$D2#,4$(? 3(+.,2 &.,#01#D22 6 0#-+(? 9#8.. P(C$(1)4 (*&.+.,.$2% 6&.-

3.$ *&(+(,4$(? &.,#01#D22 1(1)#6,%.) 5–6 % ()$. 

L'G.0)(3 211,.+(6#$2? 1,7-2,2 ('&#8D5 *(&(+-0(,,.0)(&(6 628.?-

102: '('&20(6102: (),(-.$2? Q(>(610(>( 3.1)(&(-+.$2% 106. 228, *.)&(92-

82C.102. 16(?1)6# 0()(&5: *&26.+.$5 6 )#',.1. 

K('&20(6102? *,#1) *&.+1)#6,.$ *&.237E.1)6.$$( $.(+$(&(+$532 

6 ).01)7&$(3 ()$(B.$22 3.,0(8.&$21)532 *.1C#$20#32 (1&.+$2? &#83.& 8.&.$ 

0,1–0,2 33), 2$(>+# 12,4$( #,.6&2)21)532, 1 60&#*,.$2%32 7>,.92D2&(6#$-

$5: (1)#)0(6 2,2 +#-. *&(-2,0(6, 1 &.+0232 -.,6#0#32 *2&2)#. O(&21)(1)4 

*.1C#$20(6 1&.+$%%, 320&()&.E2$5 $#',@+#@)1% &.+0( 2 *( $#*,#1)(6#$2@. 

O( 320&((*21#$2@ 651(0(*&($2D#.35. &#8$(1)2 *.1C#$20(6 1,(-.$5 

:(&(B( (0#)#$$532 8.&$#32 06#&D# &#83.&(3 (0(,( 0,1 33 2 (C.$4 &.+0( 

0,3 33, 1D.3.$)2&(6#$$532 >,2$21)53 3#).&2#,(3 0($)#0)$(-*,.$(C$(>( 

)2*#, 6 &.+02: 1,7C#%: – *(&(6(>(. ;280(*&($2D#.35. *.1C#$202 2 #,.6&(-

,2)5 (),2C#@)1% 8$#C2).,4$53 0(,.'#$2.3 &#83.&(6 8.&.$, *,(:(? 2: (0#-

)#$$(1)4@, C#1)( *(&(653 2 '#8#,4$53 )2*#32 7>,21)(->,2$21)(>( D.3.$)#. 

L'E.? (1('.$$(1)4@ +,% 61.: *(&(+ 1,.+7.) 1C2)#)4 ()17)1)62. 0#&'($#)$(-

>( D.3.$)#. O(&21)(1)4 0(,,.0D22 ('&#8D(6 283.$%,#14 () 9,9 +( 17,3 %, 
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# >#8(*&($2D#.3(1)4 – () 0,7 +( 487,9 3!. O( 13#C26#.3(1)2 6$7)&2*(&(6(? 

*(6.&:$(1)2 0(,,.0)(&5 ()$(1%)1% 0 )2*2C$( >2+&(9('$53. 

P#',2D# 1 

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

)*+. 228 5$.$+)*$.$ 6!)"$#$47!/&8 (&/"!#+-3 $"2$#- 2017,1–2022,1 6) 

;(-

3.& 

('-

&#8D# 

P2* *(-

&(+5 

<3#-

C26#.-

3(1)4 

F, 

+..+. 

O(&21-

)(1)4 

"*, % 

L'G-

.3$#% 

*,()-

$(1)4 

$*, 

>/13
3
 

O&($2-

D#.-

3(1)4 

*( >#87 

"*&>, 10
–3

303
2
 

L1)#-

)(C$#% 

6(+($#-

15E.$-

$(1)4 

"(.6, % 

F#>$2)-

$#% 6(1-

*&223-

C26(1)4 

%, 10
–5 

.+. 

<M<R 

A0626#-

,.$). 

&#+271 

*(&(-

65: 0#-

$#-,(6 

R*.0, 303 

I#+271 

*(& *( 

HFI, 
HFI

*R , 

303 

1 O3/8/J1 0,07 17,1 2,21 487,9 5,9 3,3 5,3 37,2 

2 O3/8/J1 – 16,1 2,20 116,1 8,1 2,7 2,7 31,7 

3 O3/8/J1 – 17,3 2,18 236,5 8,3 3,4 3,7 30,0 

4 O3/8/J1 

7-> 

0,06 13,6 2,27 296,6 5,8 2,5 4,7 46,5 

5 O3/8/J1 – 16,4 2,17 393,9 5,5 4,7 4,9 25,4 

6 O3/8/J1 – 11,8 2,31 5,8 65,0 4,3 0,7 7,7 

7 O3/8/J1 – 9,9 2,35 0,7 90,8 6,2 0,3 4,2 

#$%&'()*%': O3/8 – *.1C#$20 3.,0(8.&$21)5?; O3/8/J1 – *.1C#$20 3.,0(8.&$21)5? #,.6&2)21)5?; 

7-> – 7>,21)(->,2$21)5?. 

 

= /01*.&23.$)#: $.*(1&.+1)6.$$( 283.&%,#14 /$.&>2% #0)26#D22 

6 +2#*#8($. ).3*.&#)7& () 10 +( 55 (<, # )#0-. 6%80(1)4 $.9)2 *&2 $#C#,4$(3 

2 (1)#)(C$(3 $#15E.$22. !,% /)(>( *&(6(+2,2 1*.D2#,4$5. /01*.&23.$)5 *( 

65).1$.$2@ $.9)2 6(+(? *&2 30 (< 28 0#-+(>( ('&#8D# $# 71)#$(60.  SO"-1F. 

!(*(,$2).,4$( *(1,. 65).1$.$2% *( HFI (*&.+.,%,#14 1)&70)7&# (1)#)(C-

$(? $.9)2. O(,7C.$$5. /01*.&23.$)#,4$5. +#$$5. 16.+.$5 6 )#',. 2. 

J$#,28 *(,7C.$$5: +#$$5: *(0#856#.), C)( *&2 $#15E.$22 *(&(6(>( 

('G.3# $.9)4@ *&(21:(+2) 17E.1)6.$$(. 283.$.$2. 320&(1)&70)7&$5: 2 

&.(,(>2C.102: 16(?1)6 9,@2+(6. P#0, +2$#32C.10#% 6%80(1)4 $.9)2 6 *(&#: 6 

1&.+$.3 76.,2C26#.)1% 2,0 &#8# 2 ).1$( 16%8#$# 1 /0626#,.$)$53 &#+271(3 

*(&(65: 0#$#,(6: 1 73.$4B.$2.3 1&.+$.>( &#+271# *(& *&(21:(+2) 3($(-

)($$(. 76.,2C.$2. 6%80(1)2 $.9)2 8# 1C.) '(,.. 12,4$(>( 68#23(+.?1)62% 

3(,.07, $.9)2 1 *(6.&:$(1)4@ *(&(+(('&#87@E2: 32$.&#,(6. O(1,. 65).1-

$.$2% $.9)2 6 *(&#: ('&#87.)1% ()$(12).,4$( )($02? 1,(? (0,1–0,8 303) (1-

)#)(C$(? $.9)2, 6%80(1)4 0()(&(? +(*(,$2).,4$( 76.,2C26#.)1% 6 1,2–1,5 &#8# 

*( 1&#6$.$2@ 1 $#C#,4$(? $.9).$#15E.$$(1)4@. 
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P#',2D# 2 

98'*$)": & ;/!#.&8 -*"&+-<&& =#$"$/$+ /!%"& 5$.$+)*$.$ 

6!)"$#$47!/&8 =#& /-(-3:/$6 & $)"-"$(/$6 /-)0>!/&&  

=$#$+$.$ $2?!6- "!##&.!//01 =$#$7-*$33!*"$#$+ 

L1)#)(C$#% $.9).$#15-

E.$$(1)4 "(.$, % 

;(3.& 

('&#8-

D# 

=%80(1)4 

$.9)2 *&2 

$#C#,4$(? 

$.9).$#1., 

3O#·1 

=%8-

0(1)4 

(1)#-

)(C$(? 

$.9)2, 

3O#·1 

A$.&>2% 

#0)26#D22 

$#C#,4$(? 

$.9).$#1., 

0!-/3(,4

A$.&>2% 

#0)26#D22 

(1)#)(C$(? 

$.9)2, 

0!-/3(,4

;#C#,4-

$#% $.9-

).$#1., %

"(/9-

92D2.$) 

65).1-

$.$2%, 

+..+. 

('E#% *(+62--

$#% 

16%8#$$#% 

1 5,6  21,61 – 94,1 0,791 19,0 11,8 7,2 

2 6,5 10,2 20,62 39,06 91,9 0,775 20,5 13,1 7,4 

3 5,9  16,95 – 91,7 0,785 17,7 9,9 7,8 

4 5,8 6,4 17,78 – 94,2 0,687 23,2 14,5 8,7 

5 6,6 7,6 20,86 37,73 94,5 0,734 23,9 14,4 9,5 

6 7,5  26,78 – 35,0 – – – – 

7 25,1  39,39 – 9,2 – – – – 

#$%&'()*%'. A$.&>2% #0)26#D22 21:(+$(? $.9)2 1 6%80(1)4@ 3,2 3O#·1 6 $.(>&#$2C.$$(3 ('G.3. 

(*&('2&0.) 1(1)#6,%.) 13,05 0!-/3(,4. 

 

T)( 0#1#.)1% /$.&>22 #0)26#D22, )( ($# 76.,2C26#.)1% 6 1&.+$.3 

6 1,8 &#8# +,% $.9)2 6 320&(('G.3. *(&, $( *( 1&#6$.$2@ 1 6%80(1)4@ 283.-

$%.)1% 6 '(,.. B2&(0(3 +2#*#8($. – () 16,95 +( 39,39 0!-/3(,4. O(1,. 65-

).1$.$2% $.9)2 /$.&>2% #0)26#D2% +(*(,$2).,4$( 6(8&#1)#.) 6 1&.+$.3 

6 1,8 &#8# *( 1&#6$.$2@ 1 $#C#,4$(? $.9).$#15E.$$(1)4@ ('G.3# *(&. 

R1,2 6%80(1)4 ()&#-#.) 6 ('E.3 1,7C#. 76.,2C.$2. 12, 1(*&()26,.$2% 

*&2 68#23$(3 *.&.3.E.$22 1,(.6 -2+0(1)2 *&2 +#$$(? ).3*.&#)7&. 2 >&#-

+2.$). +#6,.$2%, )( /$.&>2% #0)26#D22 :#&#0).&287.) '(,.. ('E2. 8#0($(-

3.&$(1)2, 16%8#$$5. 1 76.,2C.$2.3 *().$D2#,4$(>( '#&4.&# FF=, ()&#-

-#@E.>( )($07@ *.&.1)&(?07 320&(1)&70)7&5 -2+0(1)2 *(+ +.?1)62.3 

6$.B$2: 9#0)(&(6 9282C.10(? 2,2 :232C.10(? *&2&(+5. = $#B.3 1,7C#. 

1)&70)7&# )6.&+(>( 0#&0#1# 1 3#,532 (10–6–10–8 3) ,2$.?$532 &#83.&#32 

$#0,#+56#.) -.1)02. (>&#$2C.$2% $# +62-.$2. 3(,.07, 6 0#-+(? )(C0. *(-

&(6(>( ('G.3#. A)( *&26(+2) 0 6$7)&.$$.? *.&.1)&(?0. 1)&70)7&5 -2+0(1)2 

6 *(&(6(3 ('G.3., 0()(&#% 6 ('E.3 1,7C#. 7*&(C$%.)1% 8# 1C.) 1$2-.$2% 

*(+62-$(1)2 3(,.07, 2 *&2',2-.$2% -2+0(1)2 0 1)&70)7&. )6.&+(>( ).,#. 

= )(3 1,7C#., 0(>+# 7 *(6.&:$(1)2 *(& 6 *&(D.11. 65).1$.$2% 9(&32-

&7.)1% )($02? 1,(? *&21).$(C$(? (1)#)(C$(? $.9)2, )( .>( 320&(1)&70)7&# 

'7+.) 61.>+# (),2C#)41% () 1(1)(%$2% $.9)2 *&2 *(,$(3 $#15E.$22 *(& 6 

1)(&($7 +(*(,$2).,4$(>( &(1)# /$.&>22 #0)26#D22 (13. )#',. 2). 

 1)#$(6,.$$5. 8#0($(3.&$(1)2 '7+7) $.*(1&.+1)6.$$( 6,2%)4 6 +#,4-

$.?B.3 $# 61. *&(D.115, 16%8#$$5. 1 &#8,2C$532 *(,.6532 6(8+.?1)62%32 
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$# -2+0(1)4 (*(,. +#6,.$2?, ).3*.&#)7&5, 0($D.$)&#D22 2 +&.). ;#*&23.&, 

76.,2C.$2. *().$D2#,# FF= $.9)2 6 *(&#: 17E.1)6.$$( 6,2%.) $# 61. *&(-

D.115 9#8(65: *.&.:(+(6 6 $.9)%:. O( 1&#6$.$2@ 1 $.(>&#$2C.$$53 ('G.3(3, 

6 *(&#: 0(,,.0)(&(6 9#8(('&#8(6#$2. 61.>+# '7+.) *&(21:(+2)4 *&2 '(,.. 

651(0(? ).3*.&#)7&. ().3*.&#)7&$5? 1+62>), C)( $.(':(+23( 7C2)56#)4 *&2 

*,#$2&(6#$22 &#8,2C$5: MPF. 

J$#,28 *(0#856#.), C)( /$.&>2% #0)26#D22 $.9)2 $#*&%37@ 16%8#$# 1( 

1)&70)7&(? *(&(+-0(,,.0)(&(6. ;# &21. 1 *&26.+.$# 8#62123(1)4  # 2 1&.+$.-

>( +2#3.)&# *(& ).&&2>.$$5: ('&#8D(6. =2+$(, C)( 16%84 :#&#0).&287.)1% 

(C.$4 651(023 0(/992D2.$)(3 0(&&.,%D22 0,918 +..+. < 73.$4B.$2.3 ,2-

$.?$(>( 3#1B)#'# (>&#$2C26#@E.? (',#1)2 +,% $.9)2 /$.&>2% #0)26#D22 

$.,2$.?$( 6(8&#1)#.) 1 16,95 +( 39,39 0!-/3(,4. 

A
$
.
&
>2
%
 #
0
)2
6
#D
2
2

$
.9
)2

 6
 (
'
&
#8
D
#:

, 
0
!
-

/3
(
,
4

<&.+$2? &#83.& *(& *( HFI, 303

45

40

35

30

25
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15

10
0 10 20 30 40 50

S1:(+$5? 7&(6.$4 6 $.(>&#$2C.$$(3 ('G.3.

 

I21. 1. U#62123(1)4 /$.&>22 #0)26#D22 *&()($(6 $.9)2 6 *(&(6(3 

('G.3. ).&&2>.$$5: 0(,,.0)(&(6 () 1&.+$.>( &#83.&# *(& 

= &#113()&.$$5: 65B. /01*.&23.$)#: #$#,282&(6#,214 *(&(+5 (+$(>( 

6.E.1)6.$$(>( 1(1)#6#. O&.+1)#6,%.) 2$).&.1 &#113()&.)4 6,2%$2. &#8,2C-

$(>( 32$.&#,(>2C.10(>( 1(1)#6# $# 1)&70)7&(('&#8(6#$2. 6 *(&#: 0(,,.0)(-

&(6. !,% /)(>( '5,2 *(+>()(6,.$5 +(*(,$2).,4$( +6. 0(,,.0D22 ('&#8D(6 

1 ',280232 VR<, 1(1)#6 10.,.)# 0()(&5: *&.+1)#6,.$ 06#&D.6532 2 *(,2-

320)(6532 *.1C#$20#32. "6#&D.65. *.1C#$202 '5,2 ()('&#$5 1( 106. 210 

"&#1$(1.,410(>( 3.1)(&(-+.$2%, # *(,2320)(65. – 1(()6.)1)6.$$( 1( 

106. 71, 67 W#&4%>2$10(>( 3.1)(&(-+.$2%. !(*(,$2).,4$( '5,2 )#0-. *(+>(-

)(6,.$5 2 211,.+(6#$5 3(+.,4$5. ('&#8D5 28 1*.C.$$5: 1).0,%$$5: >&#$7, 

1 286.1)$53 &#83.&(3 *(&. F(+.,4$5. ('&#8D5 $#15E#,214 $.9)4@ 6 17:(3 
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62+. '.8 3(+.,2&(6#$2% (1)#)(C$(? 6(+5. = )#',. 3 *&26.+.$5 0(,,.0)(&-

102. 16(?1)6# 211,.+(6#$$5: *(&(+-0(,,.0)(&(6 2 1(()6.)1)67@E#% 23 

/$.&>2% #0)26#D22 +,% $.9)2 *&2 *(,$(3 ($#C#,4$(3) 2 (1)#)(C$(3 $#15E.-

$22 *(&(6(>( ('G.3#. 

P#',2D# 3 

@/!#.&8 -*"&+-<&& =#$"$/$+ /!%"& A-#:8.&/)*$.$ 

6!)"$#$47!/&8 =#& /-(-3:/$6 & $)"-"$(/$6 /-)0>!/&& 

=$#$+$.$ $2?!6- *+-#<!+01 & =$3&6&*"$+01 =!)(-/&*$+, 

& 6$7!3:/01 $2#-'<$+ =$#&)"01 )#!7 

A$.&>2% #0)26#D22, 

0!-/3(,4 

;(-

3.& 

('-

&#8D# 

P2* *(&21)(? 

1&.+5 

O(&21)(1)4, % O&($2-

D#.3(1)4 

*( >#87, 

10–
3 
303

2

L1)#)(C-

$#% 6(+(-

$#15E.$-

$(1)4, %
;#C#,4$#% 

$.9).$#15E.

L1)#)(C$#% 

$.9).$#15E. 

1 S1:(+$#% $.9)4 6 $.(>&#$2C.$$(3 ('G.3. (*&('2&0.) 15,85 

F(+.,4$5. ('&#8D5 

2 38,0 

(d*(&=160 303)

- - 16,79 - 

3 34,0 

(d*(&=100 303)

- - 17,45 - 

4 

L'&#8D5 28 

1*.C.$5: 

1).0,%$$5: 

>&#$7, ('.8 

(1)#)(C$(? 

6(+5) 
30,0 

(d*(&=16 303) 

- - 18,53 - 

I.#,4$5. 1D.3.$)2&(6#$$5. ('&#8D5 

5 22,0 1299,0 7,6 19,28 21,69 

6 19,5 216,9 7,3 20,36 21,44 

7 

"6#&D.65? 

*.1C#$20 

(1 (1)#)(C$(? 

6(+(?) 
11,0 43,6 10,3 22,77 23,18 

8 25,0 1359,0 32,1 18,72 21,85 

9 24,8 219,1 39,9 19,86 21,69 

10 

O(,2320)(65? 

*.1C#$20 

(1 (1)#)(C$(? 

6(+(?) 
22,8 33,1 55,2 21,02 21,09 

 

J$#,28 +#$$5: *(0#856#.), C)( 6 06#&D.65: 2 *(,2320)(65: *.1C#$2-

0#: 1 7:7+B.$2.3 0(,,.0)(&102: 16(?1)6 $#',@+#.)1% 3($()($$(. 76.,2C.-

$2. /$.&>22 #0)26#D22, $( 6 0#-+(? >&7**. *( 16(.37 8#0($7, ()&#-#@E.37 

6,2%$2. /0&#$2&7@E.>( 1,(% (1)#)(C$(? 6(+5. O&(1,(?0# 6(+5 6 *(&(+. 

651)2,#.) 6$7)&.$$@@ *(6.&:$(1)4 *(& 2 0#$#,(6 2, ).3 1#353, *&.*%)1)67-

.) *&%3(37 0($)#0)7 3(,.07, $.9)2 1 #0)26$532 D.$)&#32 $# *(6.&:$(1)2 

>,2$21)5: 32$.&#,(6 10.,.)#. O(,7C#.)1%, C)( *&2 &#6$(? >#8(*&($2D#.3(-

1)2 06#&D.65: 2 *(,2320)(65: *.1C#$20(6 /$.&>2% #0)26#D22 65B. )#3, >+. 

3.$4B. 6.,2C2$# (1)#)(C$(? 6(+($#15E.$$(1)2 (13. )#',. 3). K(,.. $#>,%+-

$( &#8,2C2. 6.E.1)6.$$(>( 1(1)#6# *&(13#)&26#.)1% *&2 1(*(1)#6,.$22  # 

2 >#8(*&($2D#.3(1)2 *(&(+. ;# &21. 2 *&26.+.$5 +#$$5. /01*.&23.$)(6 *&2 
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*(,$(3 (0&265. 1, 2) 2 (1)#)(C$(3 (0&265. 3, 4) $#15E.$22 $.9)4@ *(&. 

= 1,7C#. $#C#,4$(? $.9).$#15E.$$(1)2 1 73.$4B.$2.3 *&($2D#.3(1)2 *(-

&(+ *&(21:(+2) '51)&(. 6(8&#1)#$2.  # *( $.,2$.?$(37 8#0($7. = +2#*#8($. 

651(0(? 2 1&.+$.? *&($2D#.3(1)2 >&#9202 +,% 06#&D.65: 2 *(,2320)(65: 

*.1C#$20(6 2+7) *&#0)2C.102 *#&#,,.,4$( +&7> +&7>7, $( 6 $280(*&($2D#.-

35: &#8$(1)%: +2$#320# /$.&>.)2C.102: *#&#3.)&(6 8$#C2).,4$( (),2C#.)1% 

8# 1C.) 76.,2C.$2% 10(&(1)2 &(1)# 6 06#&D.65: *.1C#$20#:. 

0,01 0,10 1,00 10,00
18

19

20

21

22

23

24

2

1

2

3

4

 

A
$
.&
>2
%
 #
0
)2
6
#
D
2
2

$
.9
)2

 6
 (
'
&
#
8D
#:

, 
0
!
-

/3
(
,
4

M#8(*&($2D#.3(1)4, 303  

I21. 2. U#62123(1)4 /$.&>22 #0)26#D22 *&()($(6 $.9)2 6 *(&(6(3 ('G.3. 

() >#8(*&($2D#.3(1)2 06#&D.65: (1, 4) 2 *(,2320)(65: (2, 3) *.1C#$20(6 

*&2 $#C#,4$(? (1, 2) 2 (1)#)(C$(? (3, 4) $.9).$#15E.$$(1)2 

O&2 #$#,28. +#$$5:, ()$(1%E2:1% 0 (1)#)(C$(? $.9).$#15E.$$(1)2 

(13. &21. 2, 0&265. 3, 4), C.)0( 62+$(, C)( 6 0&7*$5: *(&#: 1 *&($2D#.3(1)4@ 

0,2–1,3 3032 /$.&>2% #0)26#D22 1,#'( 8#6212) () *&($2D#.3(1)2 (1)&70)7&5) 

*(&(+ 2 6 1&.+$.3 1(1)#6,%.) 21,67 0!-/3(,4. ;( 1 73.$4B.$2.3 *&($2D#.-

3(1)2 0#&)2$# 17E.1)6.$$( 283.$%.)1%, # 23.$$(: 6 *(,2320)(65: $#',@+#-

.)1% 1$2-.$2. /$.&>22 #0)26#D22, # 6 06#&D.65:, $#('(&(), &.80(. 6(8&#1)#-

$2.  #. !.,( 6 )(3, C)( 6 *(,2320)(65: *.1C#$20#: 65).1$.$2. $.9)2 $. 16%-
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8#$( 1 $#&7B.$2.3 1)&70)7&5 1,(% (1)#)(C$(? 6(+5: $.9)4 0#0 '5 10(,482) 

*( *,.$0. 6(+5 6 *(&(65: 0#$#,#:. J 6 06#&D.65: *.1C#$20#: *&2 65).1$.-

$22 6 1&.+$2: *( *&($2D#.3(1)2 0(,,.0)(&#: *&(21:(+2) 9#0)2C.10(. 65-

).1$.$2. C#1)2 (1)#)(C$(? 6(+5, C)( &.80( 1$2-#.) /99.0) /0&#$2&(602 () 

#0)26$5: D.$)&(6 *(6.&:$(1)2 2 (1)#)(C$#% $.9)4 *&.).&*.6#.) /99.0) '(-

,.. 12,4$(? *.&.1)&(?02 8# 1C.) 712,.$2% 12, FF=. 

I.87,4)#)5 65*(,$.$$(? &#'()5 *(0#856#@), C)( *&2 *(3.E.$22 &#8-

,2C$5: $.9).? 6 *(&(65? ('G.3 *(&(+-0(,,.0)(&(6 *&(21:(+2) 8#0($(3.&-

$(. 283.$.$2. 320&(1)&70)7&5 -2+0(1)2, 0()(&(. *&(%6,%.)1% 6 76.,2C.$22 

/$.&>22 #0)26#D22 *&()($(6 $.9)2. =#-$(. 8$#C.$2. *&2 /)(3 23..) (1)#-

)(C$#% 6(+($#15E.$$(1)4, 0()(&#% 65*(,$%.) &(,4 .1).1)6.$$(>( /0&#$#, 

1$2-#@E.>( /99.0) 1)&70)7&2&(6#$2% $.9)2. O&2 /)(3, C.3 3.$4B. &#83.& 

*(& *(&(+-0(,,.0)(&(6, ).3 65B. /$.&>2% #0)26#D22 $.9)2, ()&#-#@E.? 

*.&.1)&(?07 6$7)&.$$.? 320&(1)&70)7&5 ;!<. L1)#)(C$#% $.9).$#15E.$-

$(1)4, *( 1&#6$.$2@ 1 $#C#,4$(? $.9).$#15E.$$(1)4@, (',#+#.) '(,.. 65-

1(0(? 1).*.$4@ *.&.1)&(?02 320&(1)&70)7&5 -2+0(1)2. A)( $.(':(+23( 

7C2)56#)4 6( 61.: *&(D.11#:, 16%8#$$5: 1 &#8&#'()0(? 2 /01*,7#)#D2.? 8#-

,.-.? $.9)2 2 >#8#. 

B=&)$* 3&"!#-"C#0 

1. U,('2$ J.J., XB0(6 S.I. S87C.$2. 1)&70)7&5 $.9)%$5: +21*.&1-

$5: 121).3 // O&(',.35 0(3*,.01$(>( (16(.$2% 3.1)(&(-+.$2? *(,.8$5: 

210(*#.35: 6 O.&310(3 0&#.: 3#).&2#,5 0&#.6(? $#7C.-).:$. 0($9. – O.&34: 

S8+-6( O.&3. >(1. ).:$. 7$-)#, 2007. – <. 32–41. 

2. U,('2$ J.J., XB0(6 S.I. L 3.:#$283. 1)&70)7&(('&#8(6#$2% $.9-

)%$5: +21*.&1$5: 121).3 // O&(',.35 0(3*,.01$(>( (16(.$2% 3.1)(&(-+.-

$2? *(,.8$5: 210(*#.35: 6 O.&310(3 0&#.: 3#).&2#,5 0&#.6(? $#7C.-).:$. 

0($9. – O.&34: S8+-6( O.&3. >(1. ).:$. 7$-)#, 2007. – <. 42–49. 

3. O#). 2305277 IV, G01M24/08. <*(1(' (*&.+.,.$2% 13#C26#.3(1)2 *(-

&(6(? *(6.&:$(1)2 $./01)&#>2&(6#$$5: *(&(+-0(,,.0)(&(6 / U,('2$ J.J. – 

Y 2006112435; 8#%6,. 13.04.2006; (*7',. 13.04.2007, K@,. Y24. 

 

O(,7C.$( 27.04.2010 


