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

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

../. "012(3#'

666 «7+"8+0.' /+# “9&+2"!2)")1”» (8. :+$%0))

)4/56/. 78. )!8/9.4:6;< 9.8=;>/=/?.@";<

;A8!A;9"/  8.).@/6B A.8.CB 6! 8.CD4:9!9B

.. E/ 8;4/C!

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

,'4%-3) (' ,#56".-'-7 3)!"%-(%8% ) 9#,0#(-'-)&(%8% 8)$,%")5'

4#,#5%&%/ $,#&#!)(7. :%8"'!(% $'((70  ;-96,.#-!+#3-,%!3%+))

) 0#-%$' $)9,'3<)) ,#(-8#(%&!3%8% )5"62#()*, -#,0%1)0)2#!3'*

'3-)&'<)* ) +%!"#$6=>)/ 8)$,%")5 %3'57&'=- 5('2)-#".(%# &%5-

$#/!-&)# (' !-,63-6,6 $,#&#!)(7 ) +,)&%$*- 3 +%&7?#()= ## ,#-

'3<)%((%/ !+%!%4(%!-) +% %-(%?#()= 3 <#""="'5(70 9#,0#(-'0.

@,#$"%A#((7/ 0#-%$ +%5&%"*#- !%3,'-)-. +,%$%"A)-#".(%!-.

'&-%3"'&(%/ %4,'4%-3) !7,.* ) 6"62?)-. #8% 9#,0#(-'-)&(6=

3%(&#,!)= & ,'!-&%,)07# !'1','.

#$%&'()*' ('%+,*&',*+ $,-'.')/ 012)/- 2345*,*'- ,'6)$&$7*8

92$*45$(%,53 3&:,'2)3,*5)/6 5*($5 ,$9&*53. ;'$06$(*-$%,: 9'2'6$(3

< ,$9&*53- )$5$7$ 9$<$&')*+ $01%&$5&')3 2+($- 92*.*): (*%03&3)%$-

-'=(1 23%,1>*-* $0?'-3-* @)'27$9$,2'0&')*+ * *%.'293'-$%,:A

92*2$()$7$ %/2:+, '='7$()/- 15'&*.')*'- B') )3 )'C,:, 5/%$<*-*

43,23,3-* )3 $01%,2$8%,5$ )$5/6 -'%,$2$=(')*8, @<$&$7*.'%<*-*

92$0&'-3-*.

D -*2$5$8 923<,*<' E*2$<$ 92*-')+A,%+ 0*$,$9&*53 234&*.)/6

5*($5, %2'(* <$,$2/6 92*4)3))/- &*('2$- %.*,3',%+ 0*$@,3)$& [1]. 

D <3.'%,5' %/2:+ (&+ '7$ 92$*45$(%,53 )3*0$&'' .3%,$ *%9$&:41A, 9*-

>'5/' 2'%12%/, .,$ 9$2$=(3', 92$0&'-1 71-3)*,32)$7$ 6323<,'23 [2]. 

D %5+4* % @,*- 3<,13&:)/ *('* 9$&1.')*+ 0*$,$9&*53 *4 5$4$0)$5&+'-$7$

)'9*>'5$7$ %/2:+, 53=)'8E*- *4 <$,$2/6 +5&+',%+ 23%,*,'&:)3+ 0*$-

-3%%3 [2–4]. F='7$()$ )3 9&3)',' %*),'4*21',%+ 5 %2'()'- 170–200 -&2( ,
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%16$7$ 5'>'%,53 23%,')*8, .,$ 5 9'2'%.',' )3 )'C,+)$8 @<5*53&'), %$-

%,35&+', $<$&$ 70–80 -&2( , [3]. G$&:<$ )3 ,'22*,$2** H$%%** 92$*423-

%,3', 0$&'' 20 % -*2$5/6 4393%$5 &'%3, 92* @,$- 4)3.*,'&:)3+ .3%,:

(2'5'%)/6 2'%12%$5 *%9$&:41',%+ )'23B*$)3&:)$ [3, 4]. I,6$(/ * 23%-

,*,'&:)3+ 0*$-3%%3 5 B'&$- $0&3(3A, 0$&:E*- 9$,')B*3&$-, % ,$.<*

42')*+ 9$&1.')*+ 0*$,$9&*53.

D-'%,' % ,'- )3 91,* 92$*45$(%,53 0*$@,3)$&3 *4 &*7)$B'&&A-

&$4)$7$ %/2:+ *-'',%+ )'-3&$ 92$0&'- [2, 5], %5+43))/6, 5 9'251A $.'-

2'(:, % $%$0'))$%,+-* %,2$')*+ @,*6 0*$9$&*-'2$5. J*7)$B'&&A&$4-

)/8 -3,'2*3& 92'(%,35&+', %$0$8 %&$=)/8 <$-9&'<%, %$%,$+>*8 *4

,2'6 <&A.'5/6 <$-9$)'),$5 – B'&&A&$4/ (40–50 %), 7'-*B'&&A&$4

(25–35 %) * &*7)*)3 (15–30 %) [5]. K'-*B'&&A&$43 * &*7)*), C$2-*-

21A>*' -'=(1 %$0$8 2345',5&'))/' -'=-$&'<1&+2)/' @C*2)/' %5+4*,

$02341A, 43>*,)1A $0$&$.<1 5$<217 5$&$<$) B'&&A&$4/. "2$-' ,$7$,

$, 50 ($ 90 % %3-$8 B'&&A&$4/ $0&3(3A, 5/%$<$8 <2*%,3&&*.)$%,:A

[5]. L,* * (217*' C3<,$2/ $01%&$5&*53A, <238)' )*4<1A 2'3<B*$))1A

%9$%$0)$%,: 0*$-3%%/ 9$ $,)$E')*A < C'2-'),3,*5)$-1 7*(2$&*41.

#$<343)$, .,$ %,'9'): C'2-'),3,*5)$8 <$)5'2%** &*7)$B'&&A&$4/ )'

92'5/E3', 10–15 % [5, 6]. #$@,$-1 (&+ 9$5/E')*+ %<$2$%,* C'2-')-

,3,*5)$7$ 7*(2$&*43 B'&&A&$4/ 92$5$(+, 92'(532*,'&:)1A $0230$,<1

&*7)$B'&&A&$4)$7$ %/2:+ [7, 8]. 

D )3%,$+>'' 52'-+ 92*-')+A,%+ 234&*.)/' -',$(/ 92'(532*-

,'&:)$8 $0230$,<*, )39235&'))/' )3 23421E')*' &*7)$B'&&A&$4)$7$

<$-9&'<%3 % 5/('&')*'- *4 )'7$ 7'-*B'&&A&$4 * &*7)*)3, 2342/6&')*'

<2*%,3&&$9$($0)$8 %,21<,12/ B'&&A&$4/ * (2. [6]. ;* $(*) *4 %1>'-

%,51A>*6 -',$($5 )' +5&+',%+ 1)*5'2%3&:)/-, )$ 5'%:-3 92*'-&'-$8

%.*,3',%+ 6*-*.'%<3+ 92'($0230$,<3 &*7)$B'&&A&$4/ [9]. 

;3-* 23)'' [10] 92$5'(')$ %235)*,'&:)$' *%%&'($53)*' (516 -'-

,$($5 6*-*.'%<$8 92'($0230$,<* (2'5'%*)/ 0'2'4/ – <*%&$,)$7$ (23%-

,5$2$- 1–2 % H2SO4) * >'&$.)$7$ (23%,5$2$- 1 % NaOH) 7*(2$&*43.

H'41&:,3,/ M"-%9'<,2$%<$9*.'%<$7$ 3)3&*43 %,21<,12/ $0234B$5 ($

* 9$%&' 92'($0230$,<* * <*)',*.'%<*' 435*%*-$%,* 5/6$(3 2'(1B*-

21A>*6 5'>'%,5 (HD) 5 23%,5$2 1<343&* )3 92'(9$.,*,'&:)$%,: *%-

9$&:4$53)*+ <*%&$,)$7$ <3,3&*43,$23. ;$, <3< 9$<343&* 2'41&:,3,/ *%-

%&'($53)*+, 92$B'%% <*%&$,)$7$ 7*(2$&*43 (2'5'%*)/ *-'', %'2:'4)/8

)'($%,3,$< – (&*,'&:)$%,: *, %&'($53,'&:)$, 5/%$<*' @)'27$43,23,/.

#2* @,$- ,2'01',%+ *%9$&:4$53,: 5'%:-3 ($2$7$%,$+>'' 35,$<&35)$'

$0$21($53)*', 230$,3A>'' 9$( (35&')*'-.
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D %5+4* % @,*-* $0%,$+,'&:%,53-* )3-* 92'(&$=')$ *%9$&:4$-

53,: 92'(532*,'&:)1A ,'2-$6*-*.'%<1A $0230$,<1 (2'5'%*)/ 0'2'4/

5 <3.'%,5' -',$(3 '' 3<,*53B** 92*-')*,'&:)$ < <*%&$,)$-1 7*(2$&*-

41 5 35,$<&35'. #2'*-1>'%,53 1<343))$8 92'($0230$,<* 43<&A.3A,%+

5 %$<23>')** @)'27*.'%<*6 43,23, 92* 92$5'(')** 7*(2$&*43 (2'5'%*-

)/ 5 35,$<&35'. #$&$=*,'&:)/8 2'41&:,3, ($%,*73',%+ 43 %.', 92$5'('-

)*+ 92'($0230$,<* 5 0$&'' 92$%,$-, )'($2$7$- * 0'4$93%)$- $0$21($-

53)**. I()$52'-'))$ % @,*- 9$+5&+A,%+ 5$4-$=)$%,* (&+ 9$&1.')*+

*4 (2'5'%*)/ * '' <$-9$)'),$5 2+(3 B'))/6 92$(1<,$5 [4, 11–12]. 

N'&: (3))$7$ *%%&'($53)*+ – *41.*,: 5&*+)*' 1%&$5*8 92'(532*-

,'&:)$8 ,'2-$6*-*.'%<$8 $0230$,<* 0'2'4$5$8 (2'5'%*)/ )3 92$,'<3-

)*' <*%&$,)$7$ 7*(2$&*43 5 35,$<&35' * 9$%&'(1A>1A C'2-'),3,*5-

)1A <$)5'2%*A 92'($0230$,3))$8 (2'5'%*)/.

 !"#$%&% '&()!*%+!,"-. B'!-)-#".(7# !64!-,'-7. I0?'<,3-

-* *%%&'($53)*+ %&1=*&* &'%$9*&:)/' $,6$(/ 0'2'4$5$8 (2'5'%*)/

(234-'2 C23<B*8 – 2–4,5 --). O)3&*4 %$%,353 $0234B$5 (2'5'%*)/ 5/-

9$&)+&* 5 %$$,5',%,5** % -',$(*<3-*, 92*)+,/-* 5 6*-** 23%,*,'&:-

)$7$ %/2:+ [5, 13]. P$('2=3)*' $%)$5)/6 <$-9$)'),$5 5 (2'5'%*)' 0'-

2'4/ %&'(1A>'' (-3%. %): &'7<$7*(2$&*41'-/' 9$&*%3632*(/ – 28,0, 

,21()$7*(2$&*41'-/' 9$&*%3632*(/ – 44,0, 9'),$43)/ – 25,0, &*7)*) – 

24,0, @<%,23<,*5)/' 5'>'%,53 – 2,5. #$&1.'))/' 2'41&:,3,/ $<343&*%:

5'%:-3 0&*4<*-* < &*,'23,12)/- (3))/- [5]. 

@,#$&',)-#".('* %4,'4%-3' $,#&#!)(7. I0230$,<1 (2'5'%*)/

5/9$&)+&*, *%9$&:41+ %&'(1A>*' ,*9/ $0234B$5: 92$9*,3))/' 1 % 

(-3%.) H2SO4; 92$9*,3))/' 1 % H2SO4 * 5/%1E'))/' 92* 60 °P; 0'4

92$9*,<* H2SO4 (*%6$()/8 $9*&). I0230$,<1 (2'5'%*)/ 92$5$(*&*

5 2'3<,$2' $0?'-$- 100 -&, 9$721='))$- 5 )372',/8 ,'2-$%,3,. G'--

9'23,121 532:*2$53&* $, 150 ($ 170 °P. #2$($&=*,'&:)$%,: $0230$,<*

%$%,35&+&3 15–45 -*).

P<$2$%,: 7*(2$&*43 9$&*%3632*($5 234035&'))/-* <*%&$,3-* 43-

5*%*, $, 9&$>3(* %$92*<$%)$5')*+ <3,3&*43,$23 (H2SO4) % (2'5'%*)$8.

!&+ $0&'7.')*+ (*CC14** <*%&$,/ 5 7&10: %10%,23,3 * 9$5/E')*+ ''

7*(2$&*41A>'8 %9$%$0)$%,* 92$5'(')/ @<%9'2*-'),/ % *%9$&:4$53)*-

'- $0234B$5 (2'5'%*)/, 92$9*,3))/6 5 * 1 % (-3%.) H2SO4, %$$,5',%,-

5'))$. P $0234B3-*, 92$9*,3))/-* 5 % H2SO4, 92$5$(*&* )372'53)*'

5 3)3&$7*.)/6 1%&$5*+6, )$ 92* 130 °P 5 ,'.')*' 30 -*). I0234B/, 92$-

9*,3))/' 1 % H2SO4, 9$(5'27&* ,2'6B*<&*.)$8 $0230$,<'. "3=(/8 B*<&

$%1>'%,5&+&* 92* 150 °P 5 ,'.')*' 25 -*), 9$%&' <$,$2$7$ $0234B/
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92$9*,/53&* )$5$8 9$2B*'8 1 % H2SO4. M40/,$< <*%&$,/ 9$%&' 92$-

9*,<* (2'5'%*)/ 1(3&+&* C*&:,2$53)*'-.

I9*%3))/' @<%9'2*-'),/ 5/9$&)')/ 5 *)'2,)$8 3,-$%C'2' (N2)

5$ *40'=3)*' $<*%&')*+ (2'5'%*)/ <*%&$2$($- 5$4(163 92* )372'53)**.

!3&'' 92$5$(*&* 7*(2$&*4 (2'5'%*)/, 5<&A.3+ $0234B/ 0'4 * 9$-

%&' ,'2-$6*-*.'%<$8 $0230$,<*, % *%9$&:4$53)*'- 1 % (-3%.) H2SO4

5 35,$<&35' D"-75 92* %$0&A(')** 1%&$5*8: 7*(2$-$(1&: K = 8, 121 °P,

52'-+ 7*(2$&*43 40 -*) (,30&. 1). P1%9')4** 9$%&' 7*(2$&*43 C*&:,2$-

53&* )3 5$2$)<' QA6)'23 %$ %,'<&+))/- 9$2*%,/- C*&:,2$- (<&3%%

9$2 160). D 7*(2$&*43,36 $92'('&+&* <$)B'),23B*A HD @01&*$%,3,*.'-

%<*- -',$($- [13]. G5'2(/' $%,3,<* 9$%&' C*&:,2$53)*+ 92$-/53&*

7$2+.'8 5$($8 ($ $,2*B3,'&:)$8 2'3<B** 9$ -',*&$5$-1 $23)='5$-1,

5/%1E*53&* )3 5$4(16' 5 ,'.')*' %1,$< * *%%&'($53&* -',$(3-* M"-

C12:'-%9'<,2$%<$9** * 2'),7')$C34$5$7$ 3)3&*43 [5, 14, 15]. 

G30&*B3  1 

 %&$5*+ 9$(7$,$5<* * 92'(532*,'&:)$8 $0230$,<* (2'5'%*)/ 0'2'4/

;372'53)*'#$(7$,$5<3

$0234B$5 T, °P t, -*)

K*(2$&*4 % 1 % H2SO4

5 35,$<&35'

(K = 8, 121 °P, 40 -*))

 %&$5)$'

$0$4)3.')*'

$0234B$5

M%6$()/8 $9*&  – – – O

M%6$()/8 $9*&  – – + Q

150 15 + D-150-15

150 30 + D-150-30

150 45 + D-150-45

160 15 + D-160-15

M%6$()/8 $9*&

170 15 + D-170-15

150 15 + K-150-15

150 30 + K-150-30

150 45 + K-150-45

160 15 + K-160-15

#2$9*,<3 1 % H2SO4

170 15 + K-170-15

150 15 + !-150-15

150 30 + !-150-30

150 45 + !-150-45

160 15 + !-160-15

#2$9*,<3 1 % ;2SO4,

%1E<3 92* 60 °P

170 15 + !-170-15

#2$9*,<3 5 % H2SO4 130 30 + F-130-30

#2$9*,<3 1 % H2SO4 150 25*3 + R-150-25*3

@,)0#2'()#: «–» – $,%1,%,5*' $0230$,<*; «+» – )3&*.*' $0230$,<*; *3 – 

,2'6B*<&*.)3+ $0230$,<3
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P?'-<1 2'),7')$723-- 92$5$(*&* )3 (*C23<,$-',2' !HI;-2 (*4-

&1.')*' CuKS) %$ %<$2$%,:A 4 723(/-*), 5 (*3934$)' 17&$5 2T = 9–35°. M4-

-')')*' %,21<,12/ (2'5'%*)/ ($ * 9$%&' $0230$,<* 6323<,'2*4$53&* *)-

('<%$- <2*%,3&&*.)$%,* (M"), <$,$2/8 5/.*%&+&* 9$ C$2-1&' [5, 6, 15]: 

002

002

M" 100 %,a
I I

I

−

=

7(' I002 * Ia – 23%%,$+)*' $, 034$5$8 &*)** ($ 5'2E*)/ 9*<3 92* 17&36

(*C23<B** 2T U 22° * 2T U 19°, %$$,5',%,5'))$.

V39*%: M"-%9'<,2$5 92$5$(*&* % 9$-$>:A M"-C12:'-%9'<,2$-

-',23 Nicolet 380 (ThermoScientific, PWO), %)30='))$7$ 92*%,35<$8

$()$<23,)$7$ )'9$&)$7$ 5)1,2'))'7$ $,23=')*+, % <2*%,3&&$- ZnSe, 

5 (*3934$)' 5$&)$5/6 .*%'& $, 4000 ($ 600 %-
–1

. #2* @,$- )' ,2'0$53-

&3%: %9'B*3&:)3+ 9$(7$,$5<3 $0234B$5.

C#,0#(-'-)&(7/ 8)$,%")5 !64!-,'-%&. #$%&' 92'(532*,'&:)$8

$0230$,<* 5/9$&)+&* 7*(2$&*4 (2'5'%*)/ % *%9$&:4$53)*'- C'2-'),)$7$

<$-9&'<%3 «N'&&$4*- 1&:,23» % B'&&A&34)$8 3<,*5)$%,:A 520 '(/7 (92$-

*45$(*,'&: – !# «L)4*-»,  <23*)3), &A0'4)$ 92'($%,35&'))$7$ III

«G$27$5/8 ($- “Q*$92'9323,”» (7. X$%<53). H'3<B*A 92$5$(*&* 92*

,'-9'23,12' 55 °P, 2; 5,5 (0,2 X 3B',3,)/8 01C'2) * 9$%,$+))$- 9'2'-

-'E*53)** 2'3<B*$))$8 %-'%* %$ %<$2$%,:A 200 $0/-*). "$)B'),23-

B*+ %10%,23,3 5 %-'%* %$%,35&+&3 75 7/& (5 9'2'%.',' )3 %16$' 5'>'%,-

5$). Y'2-'),)/8 92'9323, ($035&+&* 5 <$&*.'%,5' 3,0 % $, -3%%/ %10-

%,23,3. "$),2$&:)/- %&1=*& @<%9'2*-'),, 5 <$,$2$- 5-'%,$ 23%,5$23

C'2-'),)$7$ 92'9323,3 ($035&+&* %$$,5',%,51A>'' <$&*.'%,5$ 01C'2-

)$7$ 23%,5$23. Z'2'4 24 . 7*(2$&*43 %10%,23,/ $,('&+&* $, 23%,5$2$5

C'2-'),3 C*&:,2$53)*'- )3 5$2$)<' QA6)'23 %$ %,'<&+))/- 9$2*%-

,/- C*&:,2$- (<&3%% 9$2 160) * 5/%1E*53&* )3 5$4(16'. !3&'' % %10-

%,23,3-* 92$5$(*&* 9$5,$2)/8 C'2-'),3,*5)/8 7*(2$&*4 5 ,'6 =' 1%-

&$5*+6, )$ % ($035&')*'- %5'='8 9$2B** C'2-'),3. D 7*(2$&*43,36 *4-

-'2+&* <$)B'),23B*A HD, <3< 1<343)$ 5/E'.

.!/012"-"3 '&()!*%+!,"- % %4 #5(06$!,%!. #$%<$&:<1 $%)$5-

)/-* <$-9$)'),3-* 7*(2$&*43,3 +5&+A,%+ %36323, 9$@,$-1 5 <3.'%,5'

9323-',23, <$),2$&*21A>'7$ ,'.')*' 7*(2$&*43 (2'5'%*)/, 92*)*-3&*

5/6$( HD *4 ,5'2($8 C34/ 5 23%,5$2. H'41&:,3,/ 92'(532*,'&:)$8 $023-

0$,<* (2'5'%*)/ 92'(%,35&')/ 5 ,30&. 2. D/6$( HD 5/23=') 5 92$B')-

,36 $, -3%%/ 30%$&A,)$ %16$8 (2'5'%*)/ (3.%.(.).
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G30&*B3  2 

D&*+)*' ,'2-$6*-*.'%<$8 $0230$,<* (2'5'%*)/ )3 5/6$( HD

I0234B/
D/6$( HD,

% $, 3.%.(.
I0234B/

D/6$( HD,

% $, 3.%.(.
I0234B/

D/6$( HD,

% $, 3.%.(.

Q 4,72 

D-150-15 3,96 K-150-15 6,00 !-150-15 7,80 

D-150-30 5,86 K-150-30 9,59 !-150-30 2,78 

D-150-45 6,30 K-150-45 8,91 !-150-45 1,28 

D-160-15 4,23 K-160-15 8,16 !-160-15 6,16 

D-170-15 4,25 K-170-15 6,88 !-170-15 3,78 

"3< 9$<34/53A, 9$&1.'))/' (3))/', ,'2-*.'%<3+ $0230$,<3 (G[I)

9$-234)$-1 5&*+', )3 *%%&'(1'-/' $0234B/. G3<, 5 $0234B36 %'2** D @C-

C'<, G[I %&30$ 5/23=') 55*(1 $,%1,%,5*+ <*%&$,)$7$ <3,3&*43,$23. G'-

)' -')'' % 15'&*.')*'- 92$($&=*,'&:)$%,* $0230$,<* 5/6$( HD 9$5/E3-

',%+ )3 20–30 % (92* 150 °P). P<$2'' 5%'7$, @,$ %5+43)$ % .3%,*.)/- 1(3&'-

)*'- 5&37*, %$('2=3>'8%+ 5 %/2:', .,$ $0&'7.3', 92$)*<)$5')*' <*%&$,/

5 9$2/ (2'5'%*)/. !&+ 0$&'' 4)3.*-$7$ %<3.<3 HD, 5'2$+,)$, ,2'01',%+

0$&:E'' 52'-+ G[I, )' *%<&A.3',%+ ,3<=' 5$4-$=)$%,: 92*-')')*+ 0$&''

5/%$<*6 ,'-9'23,12 (200 °P * 0$&'') 92* $0230$,<' 0*$-3%%/.

;3*&1.E*8 @CC'<,, % ,$.<* 42')*+ 5/6$(3 HD 5 23%,5$2, ($%,*7-

)1, 5 $0234B' K-150-30 92* 150 °P * 30--*)1,)$8 G[I (<$&*.'%,5$ HD

%$%,35*&$ 9,59 %, .,$ 5 2 2343 5/E' 9$ %235)')*A % <$),2$&'-). !3)-

)/' 6*-*.'%<$7$ 3)3&*43 %5*(','&:%,51A, 5 9$&:41 ,$7$, .,$ (&+ $0-

234B$5 %'2** K $%)$5)/- 92$B'%%$- ,'2-$<3,3&*,*.'%<*6 92'523>'-

)*8 5 (*3934$)' *%%&'(1'-/6 ,'-9'23,12 * 5 92*%1,%,5** H2SO4 +5&+-

',%+ 7*(2$&*4 9$&*%3632*($5. #$&$=*,'&:)$' 5$4('8%,5*' G[I )3

7*(2$&*4 % 1.',$- $%$0'))$%,'8 9$(7$,$5<* $0234B$5 -$=', 0/,: $0?+%-

)')$ %&'(1A>*- $0234$-. "3< *45'%,)$, $()*- *4 -',$($5 92'($0230$,<*

0*$-3%%/ +5&+',%+ 932$5$8 542/5, <$,$2/8 $0/.)$ 92$5$(+, 91,'-

)372'53)*+ -3,'2*3&3 ($ 160–260 °P (92* %$$,5',%,51A>'- (35&')**)

5 ,'.')*' <$2$,<$7$ 52'-')*, 9$%&' .'7$ (35&')*' 2'4<$ %023%/53A, ($

3,-$%C'2)$7$. #2* @,$- 92$*%6$(*, 2342/5 %5+4'8 5 %,21<,12' &*7)$B'&-

&A&$4)$8 -3,2*B/, )30&A(3',%+ 234&$=')*' 7'-*B'&&A&$4 * ,23)%C$2-

-3B*+ &*7)*)3 [16, 17]. X$=)$ 92'(9$&373,:, .,$ G[I 9$45$&+', %92$-

5$B*2$53,: <32,*)1, )39$-*)3A>1A 932$5$8 542/5, ,.'. 5&373 (2'5'-

%*)/ (23%,5$2 <*%&$,/ 5 5$('), 9'2'6$(+ 5 %$%,$+)*' )3%/>'))$7$

9323 92* 9$5/E'))/6 ,'-9'23,1236, %$4(3', (35&')*' 5 <39*&&+236

-3,'2*3&3, .,$ %9$%$0%,51', 7*(2$&*41 9$&*%3632*($5 [17]. 
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!&+ $0234B$5 %'2** ! 6323<,'2)3 $023,)3+ %*,13B*+ – 5/6$( HD

1-'):E3',%+ % 9$5/E')*'- ,'-9'23,12/ $0230$,<*. #$-5*(*-$-1, 5$

52'-+ 92'(532*,'&:)$8 %1E<* 0*$-3%%/, 92$9*,3))$8 H2SO4, %$('2-

=3)*' <*%&$,/ 5 9$236 (2'5'%*)/ %1>'%,5'))$ 5$423%,3',. D 2'41&:,3-

,' 92$*%6$(*, 7*(2$&*4 0*$-3%%/ 9$( ('8%,5*'- 0$&'' <$)B'),2*2$-

53))$8 <*%&$,/. ;$ 5/%$<3+ <$)B'),23B*+ H2SO4 5 %$.',3)** % 9$5/-

E'))$8 ,'-9'23,12$8 1%<$2+', 2'3<B*A ('7*(23,3B** 17&'5$($5, .,$

9$2$=(3', 92$B'%%/ $017&*53)*+ * 23%93(3 $02341A>*6%+ %3632$5 *,

%$$,5',%,5'))$, 9$)*=3', 5/6$( HD.

!&+ $0&'7.')*+ (*CC14** H2SO4 5)1,2: (2'5'%*)/ * 9$5/E')*+

@CC'<,*5)$%,* G[I 92$5'(')$ *%%&'($53)*' 5&*+)*+ <$)B'),23B**

H2SO4, 5/023))$8 (&+ 92$9*,<*, * .*%&3 B*<&$5 G[I )3 *4-')')*'

5/6$(3 HD 92* <*%&$,)$- 7*(2$&*4'. H'41&:,3,/ @<%9'2*-'),3 9$<343-

)/ )3 2*%. 1. D/6$( HD 5/23=') 5 92$B'),36 $, -3%%/ 30%$&A,)$ %1-

6$8 (2'5'%*)/ (3.%.(.).

H*%. 1. D/6$( HD 92* 6*-*.'%<$8 $0230$,<' $0234B$5

0'2'4$5$8 (2'5'%*)/

P$7&3%)$ 92'(%,35&'))$8 7*%,$723--', *%9$&:4$53)*' (&+ 92$-

9*,<* (2'5'%*)/ 23%,5$23 H2SO4 0$&'' 5/%$<$8 <$)B'),23B** (5 %) 

9$5/E3', %9$%$0)$%,: 0*$-3%%/ < 7*(2$&*41 – 5/6$( HD 5$423%,3',

5 2,5 2343 9$ %235)')*A % $0/.)/- 35,$<&35)/- 7*(2$&*4$- ($0234'B Q).

#2* @,$- $0230$,<3 (2'5'%*)/, 92$9*,3))$8 5 % H2SO4, )' 92*5$(*,

< $017&*53)*A 9$&*%3632*($5, $ .'- %5*(','&:%,51', *),')%*5)$' $0-

234$53)*' %3632$5.

;'$0/.)/-* $<343&*%: 2'41&:,3,/, 9$&1.'))/' 92* *%9$&:4$53-

)** ,2'6B*<&*.)$8 G[I (2'5'%*)/. G3<, 5/6$( HD 5 (2'5'%*)', 92$-

E'(E'8 3 B*<&3 G[I ($0234'B R-150-25*3), $<343&%+ )*=' 5 2,3 2343

9$ %235)')*A % (2'5'%*)$8, 9$(5'27)1,$8 1 B*<&1 G[I ($0234'B K-150-30).
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#2'(9$&$=*,'&:)$, <3=(/8 B*<& G[I (2'5'%*)/ 92*5$(*& < .3%,*.-

)$8 9$,'2' -3,'2*3&$- 7'-*B'&&A&$4, ,3< <3< @,* 9$&*%3632*(/ 23%93-

(3A,%+ 5 <*%&$8 %2'(' 92* 100 °P. P&'($53,'&:)$, 5$ 52'-+ 35,$<&35)$8

$0230$,<* 92$*%6$(*& 7*(2$&*4 &*E: $%,3,$.)/6 7'-*B'&&A&$4, '>' %$-

623)*5E*6%+ 5 %/2:' 9$%&' G[I. P<$2'' 5%'7$, 9$ @,$8 92*.*)' 43C*<%*-

2$53)3 5'%:-3 )*4<3+ <$)B'),23B*+ HD 5 23%,5$2', 9$&1.'))$- 9$%&' 35-

,$<&35)$7$ 7*(2$&*43 -)$7$<23,)$ $0230$,3))$8 (2'5'%*)/.

!&+ 5/+5&')*+ *4-')')*8 5 %$%,35' * %,21<,12' 0'2'4$5$8 (2'5'-

%*)/, 92$*4$E'(E*6 5 2'41&:,3,' 5$4('8%,5*+ )3 )'' 9$5/E'))/6

,'-9'23,12, 0/& 92$5'(') M"-%9'<,2$%<$9*.'%<*8 3)3&*4 -3,'2*3&3

($ * 9$%&' 92'(532*,'&:)$8 $0230$,<*. M"-%9'<,2/ *%%&'(1'-/6 $0-

234B$5 (2'5'%*)/ 0'2'4/ 92*5'(')/ )3 2*%. 2 ((&*))$5$&)$53+ .3%,:

%9'<,23 )' 9$<343)3).

H*%. 2. M"-C12:'-%9'<,2/ $0234B$5 0'2'4$5$8 (2'5'%*)/

I%)$5)/' *4-')')*+ 5 92'(%,35&'))/6 $0234B36 %5$(+,%+

< %&'(1A>'-1. D$-9'25/6, G[I (2'5'%*)/ 92*5$(*, < 4)3.*,'&:)$-1

%)*=')*A 5 )'8 ($&* <%*&3)3. I0 @,$- %5*(','&:%,51', 1-'):E')*'

*),')%*5)$%,* 9$&$%/ 92* 1734 %-
–1

, 6323<,'2*41A>'8 <$&'03)*+

P=I–%5+4'8 5 %&$=)$@C*2)$8 72199' 12$)$5/6 <*%&$,, 5 $0234B36
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K-150-30, F-130-30, R-150-25*3. Q$&'' ,$7$, 5 $0234B' R-150-25*3 

92$*%6$(*, 9$.,* 9$&)$' 9$73E')*' (3))$8 9$&$%/. #$-*-$ @,$7$ $%-

&30&+',%+ 9$&$%3 92* 1370 %-
–1

, %5$8%,5'))3+ <$&'03)*+- 5 3B*&:)/6

7219936 (-*)*-3&:)3+ *),')%*5)$%,: 43C*<%*2$53)3 5 $0234B36

F-130-30, R-150-25*3). D/+5&'))/' *4-')')*+ %$7&3%1A,%+ % 5/5$-

(3-*, %C$2-1&*2$53))/-* 9$ 2'41&:,3,3- 6*-*.'%<$7$ 3)3&*43, ,.'.

15'&*.')*' 5/6$(3 HD 5 23%,5$2 92* G[I $01%&$5&')$ @<%,23<B*'8

7'-*B'&&A&$4, 3 *-'))$ <%*&3)3. ;',21()$ 43-',*,:, .,$ 1<343))/'

*4-')')*+ 923<,*.'%<* )' 92$+5&+A,%+ 5 $0234B36, 9$(5'27)1,/6

35,$<&35)$-1 7*(2$&*41 0'4 '7$ 92'(532*,'&:)$8 3<,*53B**. L,$ 9$-

45$&+', 7$5$2*,: $ ,$-, .,$ *-'))$ 43 %.', G[I (2'5'%*)/ ($%,*73-

',%+ )3*0$&'' 9$&)/8 9'2'6$( <%*&3)3 *4 ,5'2($8 C34/ 5 23%,5$2.

D$-5,$2/6, 5 M"-%9'<,2' $0234B$5 (2'5'%*)/, 92$E'(E*6 G[I,

)'%<$&:<$ 9$)*4*&3%: *),')%*5)$%,: 9$&$%, %5$8%,5'))/6 B'&&A&$4',

5 $0&3%,* 1455–1453 * 92* 1421 %-
–1

 ($%$0'))$ 5 $0234B36 F-130-30,

R-150-25*3). D ,$ =' 52'-+ 92$*%6$(*, 1%&$=)')*' %9'<,23 5 $0&3%,*

950–770 %-
–1
% $()$52'-'))/- 1%*&')*'- *),')%*5)$%,* 9$&$%/ 92*

897 %-
–1

 (92'=(' 5%'7$, 5 $0234B36 F-130-30, R-150-25*3), .,$, <3< 9235*-

&$, )30&A(3',%+ 92* 6*-*.'%<$8 * -'63)*.'%<$8 -$(*C*<3B** B'&&A&$-

4/. P235)*53+ *),')%*5)$%,* 9$&$% 92* 1421 * 897 %-
–1

, )'&:4+ $()$4)3.-

)$ 7$5$2*,: $0 3-$2C*43B** B'&&A&$4/. #$-5*(*-$-1, )30&A(3'-/'

*4-')')*+ $,23=3A, 92$B'%%/, 43,237*53A>*' &*7)$B'&&A&$4)/8 <$--

9&'<% 5 B'&$-. ;3 )3E 547&+(, G[I 92*5$(*, < 23421E')*A %,$8<$8 &*7-

)$B'&&A&$4)$8 -3,2*B/, .,$ %9$%$0%,51', 2342/6&')*A %,21<,12/ (2'-

5'%*)/. #$ @,$8 92*.*)' 5 M"-%9'<,236 92$*%6$(*, $()$52'-'))$'

%)*=')*' *),')%*5)$%,* 9$&$%/ «<2*%,3&&*.)$%,*» (1421 %-
–1

) * 9$5/-

E')*' *),')%*5)$%,* 9$&$%/ «3-$2C)$%,*» (897 %-
–1

) [14]. 

D-,2',:*6, 92','29'53', $92'('&'))/' 9'2'%,2$8<* %,21<,123

&*7)*)3. I0 @,$- %5*(','&:%,51', %)*=')*' *),')%*5)$%,* 9$&$% 92*

1593 * 1505 %-
–1

, $,23=3A>*6 <$&'03)*+ 5 %*2*)7*&:)/6 * 753+B*&:)/6

'(*)*B36 &*7)*)3, %$$,5',%,5'))$. Q$&'' ,$7$, 92$*%6$(*, 5/235)*53-

)*' @,*6 9$&$% 9$ *),')%*5)$%,*, .,$ 7$5$2*, $0 *4-')')** $<21=')*+

0')4$&:)$7$ <$&:B3 5 -$&'<1&' &*7)*)3. G3<=' 92$*%6$(*, 2'4<$'

1-'):E')*' 9$&$%/ 92* 1234 %-
–1

, $,23=3A>'8 <$&'03)*+ %*2*)7*&:-

)$7$ <$&:B3, .,$, 5$4-$=)$, %5+43)$ % '7$ ('-',*&*2$53)*'- [14]. I9*-

%3))/' @CC'<,/ 5 )3*0$&:E'8 %,'9')* 92$+5&+A,%+ 5 $0234B36 K-150-30, 

F-130-30, R-150-25*3, .,$, 5'2$+,)$, %5+43)$ % 7&10*)$8 92$,'<3)*+

5 )*6 ,'2-$<3,3&*,*.'%<*6 92'523>')*8.
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#$%<$&:<1 <2*%,3&&*.)$%,: 0*$-3%%/ +5&+',%+ $()*- *4 53=)/6

C3<,$2$5, 5&*+A>*6 )3 2'3<B*$))1A %9$%$0)$%,: %10%,23,3 92* C'2-

-'),3,*5)$- 7*(2$&*4', 9$@,$-1 23%%-$,2')$ 5&*+)*' 92'(532*,'&:-

)$8 $0230$,<* )3 *4-')')*' %,21<,12)$8 19$2+($.'))$%,* (2'5'%*)/.

;3 2*%. 3 92'(%,35&')/ 2'),7')$723--/ $0234B$5 0'2'4$5$8 (2'5'%*)/

($ * 9$%&' 92*-')')*+ 234&*.)/6 5*($5 92'(532*,'&:)$8 $0230$,<*.

H'),7')$723--/ *%%&'($53))/6 $0234B$5 %$('2=3, .',<$ 5/23-

='))/8 9*< 92* 17&' (*C23<B** 2T U 22°, <$,$2/8 %&1=*, *)(*<3,$-

2$- <2*%,3&&*.'%<$7$ %$%,$+)*+ B'&&A&$4/ * 6323<,'2*41', ($&A 2'-

71&+2)$ 193<$53))/6 -$&'<1& [15]. "2$-' @,$7$ -3<%*-1-3 )30&A(3-

A,%+ .3%,*.)$ )3&$='))/' (217 )3 (2173 9*<*, 23%9$&373A>*'%+ 92*

17&36 (*C23<B** 2T = 13; 16; 25°. G3<*' $%$0'))$%,* 92'(%,35&'))/6

(*C23<B*$))/6 <32,*) -$71, 0/,: $01%&$5&')/ .'2'($53)*'- 3-$2C-

)/6 * <2*%,3&&*.'%<*6 1.3%,<$5 5 B'&&A&$4', 3 ,3<=' )3&*.*'- -'=-

-$&'<1&+2)/6 543*-$('8%,5*8 % (217*-* <$-9$)'),3-* (2'5'%*)/ – 

7'-*B'&&A&$43-* * &*7)*)$-.

;3 $%)$53)** 9$&1.'))/6 2'),7')$723-- $92'('&')/ 4)3.')*+

*)('<%3 <2*%,3&&*.)$%,* (M") (&+ 3)3&*4*21'-/6 $0234B$5: O – 54, 

Q – 74, K-150-30 – 67, F-130-30 – 64, R-150-25*3 – 65. 

H*%. 3. H'),7')$723--/ $0234B$5 0'2'4$5$8 (2'5'%*)/
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H'41&:,3,/ 2'),7')$C34$5$7$ 3)3&*43 9$<34/53A, )'<$,$2$'

15'&*.')*' %,'9')* <2*%,3&&*.)$%,* 5 (2'5'%*)', 9$(5'27)1,$8 92'(-

532*,'&:)$8 $0230$,<' ($0234B/ Q, K-150-30, F-130-30, R-150-25*3) 9$

%235)')*A % *%6$()$8 (2'5'%*)$8, )' 92$E'(E'8 $0230$,<1 ($0234'B O).

"2$-' ,$7$, 5 %&1.3' 92*-')')*+ G[I %,'9'): <2*%,3&&*.)$%,* $<343-

&3%: 923<,*.'%<* $(*)3<$5$8 (M" = 64–67 %), )$ -'):E'8, .'- 92* *%-

9$&:4$53)** $0/.)$7$ 35,$<&35)$7$ 7*(2$&*43 (2'5'%*)/ 0'4 '7$

92'(532*,'&:)$8 ,'2-*.'%<$8 3<,*53B** (M" = 74 %). \5&')*' 9$5/-

E')*+ <2*%,3&&*.)$%,* 0*$-3%%/ 9$%&' 92'(532*,'&:)$8 $0230$,<*

$,-'.3&$%: 5 2+(' (217*6 230$, [18]. P$7&3%)$ (3))/- 6*-*.'%<$7$

* M"-C12:'-%9'<,2$%<$9*.'%<$7$ 3)3&*4$5, 7&35)/8 @CC'<, G[I (2'-

5'%*)/ 43<&A.3',%+ 5 7*(2$&*4' <%*&3)3 * ,23)%C$2-3B** 5 %$%,35'

&*7)*)3. I03 @,*6 <$-9$)'),3 $0&3(3A, 3-$2C)$8 %,21<,12$8 9$ $,-

)$E')*A < B'&&A&$4'. I.'5*()$, .,$ 5/5$( $ 9$5/E')** <2*%,3&&*.-

)$%,* )3 $%)$5' (*C23<B*$))/6 <32,*) -$=', 0/,: %5+43) % 1(3&')*-

'- *4 %$%,353 (2'5'%*)/ 0$&'' 3-$2C)/6 <$-9$)'),$5 – 7'-*B'&&A&$4

* &*7)*)3 5$ 52'-+ 92'(532*,'&:)$8 $0230$,<* * 9$5/E')*'- $,)$%*-

,'&:)$7$ %$('2=3)*+ <2*%,3&&*.'%<$7$ <$-9$)'),3 – B'&&A&$4/

[15, 16]. "2$-' ,$7$, 5$4-$=)3 * .3%,*.)3+ 2'<2*%,3&&*43B*+ %3-$8

B'&&A&$4/, 5 2'41&:,3,' <$,$2$8 92$*%6$(*, '' 9'2'6$( 5 5/%$<$19$-

2+($.'))$' %$%,$+)*' 43 %.', 9'2'23%92'('&')*+ 5$($2$()/6 %5+4'8

5 %,21<,12' [5]. ;$, )'%-$,2+ )3 9$5/E')*' ($&* <2*%,3&&*.'%<*6

C237-'),$5 5 (2'5'%*)' 43 %.', G[I, 23421E3',%+ @<23) 5$<217 5$&$-

<$) B'&&A&$4/, $0234$53))/8 7'-*B'&&A&$43-* * &*7)*)$-, <$,$2/8

92'9+,%,51', 92$)*<)$5')*A C'2-'),$5 5 %10%,23,, * 1%,23)')*' '7$,

5 <$)'.)$- %.',', 9$5/E3', C'2-'),3,*5)1A <$)5'2%*A 0*$-3%%/.

!&+ $B')<* %9$%$0)$%,* (2'5'%*)/ 9$(5'273,:%+ C'2-'),3,*5-

)$8 <$)5'2%** 92$5$(*&* C'2-'),3,*5)/8 7*(2$&*4 23%,*,'&:)/6

%10%,23,$5 (0'4 * 9$%&' 92'(532*,'&:)$8 $0230$,<*). D <3.'%,5' 92'-

($0230$,3))/6 %10%,23,$5 5/023)/ $0234B/ F-130-30 * R-150-25*3,

,3< <3< 5 *6 %,21<,12' 432'7*%,2*2$53)/ )3*0$&'' 7&10$<*' *4-')')*+

92* G[I. D <3.'%,5' <2*,'2*+ $%3632*53A>'8 %9$%$0)$%,* C'2-'),-

)$7$ 92'9323,3 92*)*-3&* 5/6$( HD 5 23%,5$2 9$%&' 24 . 7*(2$&*43.

H'41&:,3,/ $%3632*53)*+ $0234B$5 (2'5'%*)/ 92'(%,35&')/ )3 2*%. 4. 

M4 9$&1.'))/6 (3))/6 5*()$, .,$ *%6$()3+ (2'5'%*)3, )' 92$-

E'(E3+ 92'(532*,'&:)1A $0230$,<1, 9$(5'273',%+ C'2-'),3,*5)$-1

7*(2$&*41 &*E: 5 )'0$&:E$8 %,'9')*. L,$7$ -$=)$ 0/&$ $=*(3,:, ,3<

<3< 3%%$B*3B*+ 9$&*%3632*($5 (217 % (217$- * % &*7)*)$- 92'9+,%,51-
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', C'2-'),3,*5)$8 <$)5'2%** (2'5'%)$8 B'&&A&$4/. "2$-' ,$7$, -$-

&'<1&/ C'2-'),$5 -$71, %$20*2$53,:%+ )3 &*7)*)', .,$ %)*=3', *6 3<-

,*5)$%,:.  -'):E')*' %<$2$%,* C'2-'),3,*5)$7$ 7*(2$&*43 -$=',

,3<=' 92$*%6$(*,: 5 2'41&:,3,' $0234$53)*+ 92$(1<,$5, *)7*0*21A-

>*6 92$,'<3)*' C'2-'),3,*5)/6 2'3<B*8.

H*%. 4. D/6$( HD 92* C'2-'),3,*5)$- 7*(2$&*4' $0234B$5

0'2'4$5$8 (2'5'%*)/

I()3<$ G[I (2'5'%*)/ 9$5/E3', '' 2'3<B*$))1A %9$%$0)$%,:.

D .3%,)$%,*, 5 $0230$,3))/6 $0234B36 F-130-30 * R-150-25*3 5/6$(

HD 9$5/E3',%+ 5 9,5 * 8,7 2343, %$$,5',%,5'))$, 9$ %235)')*A % *%6$(-

)$8 (2'5'%*)$8. P$7&3%)$ 92$5'('))/- *%%&'($53)*+-, 9$%&' G[I

)3*0$&'' @CC'<,*5)$ 92$,'<3', <*%&$,)/8 7*(2$&*4 – *4 (2'5'%*)/

5/%5$0$=(3',%+ 4)3.*,'&:)3+ ($&+ 7'-*B'&&A&$4 5 5*(' <%*&3)3, )3-

21E3',%+ B'&$%,)$%,: &*7)*)3, .,$, 5 <$)'.)$- %.',', %9$%$0%,51',

2342/6&')*A &*7)$17&'5$()$8 %,21<,12/. I.'5*()$, @,* ,23)%C$2-3-

B** )' -$71, )' 1&1.E*,: ($%,19)$%,: 0*$-3%%/ (&+ C'2-'),$5.

D-'%,' % ,'- <$)B'),23B*+ HD 5 9$&1.'))/6 7*(2$&*43,36 92*

5/023))$8 92$($&=*,'&:)$%,* 92$B'%%3 $<343&3%: )*4<$8. #2'(9$&$-

=*,'&:)$, ,3<*' 2'41&:,3,/ %5+43)/ % 6323<,'2*%,*<3-* *%9$&:41'-$-

7$ C'2-'),)$7$ 92'9323,3, 3 *-'))$ % '7$ %&30$8 B'&&A&34)$8 3<,*5-

)$%,:A, )'($%,3,$.)$8 (&+ @CC'<,*5)$7$ 7*(2$&*43 (2'5'%*)/ 5 1%&$-

5*+6 92$5'(')*+ @<%9'2*-'),3. #$@,$-1 0/& 92$5'(') 9$5,$2)/8

C'2-'),3,*5)/8 7*(2$&*4 *%%&'(1'-/6 $0234B$5. "3< * %&'($53&$ $=*-

(3,:, 5/6$( HD 92* $%3632*53)** )'$0230$,3))$8 (2'5'%*)/ )' *4-')*&-

%+. ;392$,*5, 5 %&1.3' 7*(2$&*43 $0234B$5 F-130-30 * R-150-25*3, 9$(-

5'27)1,/6 G[I, 5/6$( HD 9$%&' 9$5,$2)$7$ C'2-'),3,*5)$7$ 7*(2$&*-

43 15'&*.*&%+ )3 43 * 27 %, %$$,5',%,5'))$, 9$ %235)')*A % 2'41&:,3,3-*

9'25*.)$7$ C'2-'),3,*5)$7$ 7*(2$&*43 (3))/6 $0234B$5. #$&1.'))/'

2'41&:,3,/ %5*(','&:%,51A, $ ,$-, .,$, 5$-9'25/6, G[I $<34/53', 9$&$-
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=*,'&:)$' 5$4('8%,5*' )3 %,21<,121 0'2'4$5$8 (2'5'%*)/ * -$=', %&1-

=*,: -',$($- '' 9$(7$,$5<* < C'2-'),3,*5)$8 <$)5'2%** *, 5$-5,$2/6,
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