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HI5 6+ 0&*#  : (BLO&M  Y/*GTHA ) %[.(HON'#4  (&+%/(0 # PH#+#.6 *&)(3+"3
3+&5 ;(*$  01/.

I#

)0& . ., [M&FLH&

(06 5.0/ W+ H#OI"#4 % 8>#4 (/1.0 O I## ,"&" 5"&+08&/.
L&HILHE& 5L (&L .

& )% 3I5/4& "%5&*#$ 5 5(#+011.03 % 8>#4 (/1.0 '0'L!
10 /10(/%/** | (I&)H(0&*#  *& H+%/*/# "*A8*"3(-  (*"& , 0 9&L*1# ,
5'0 /4  *0-4 5(13".0-4  #I"  "*3(*.0 , #+%H 5 .([#]61"#4
5(/15 9./%$ . & *I$TH#% *&5(8&0 /*#/% (& .- 0 <.$ 104+# '0'.1 51 %
5.HUH+&H (//5.3(- % 8>H4 " %5 +HHS |

HP I &) %&I%E&HIN")  #H.(3%/F&MH  5+0 Y. I1¥0&**
(&6 F&H3OTHI | QU (M ) FTPH « 1.&0 -10 $1.08 » " %5 +# ## #
(I"%/*1 08.6 #41' *&3(*) <"I5/(#%/*& . &*$ 5141 5+0 #. I<"* %#.6
"&" %0&./(H& 6% | .&" # .(3L0-/ ('3(I- #10/0(/%/*  0-531.#.6 *&(-*" *0-$
5(13". .

&"H% (&+ %, #+30/H 0+% * /S 23 ## [&I6*1#  &(#). *&
"&" 06l 1& (T %* ) "(HI(H& 6*-4  SHYWH+&H -4  +&1&A'  5.HYH+& HH
1 1.&0& % 8>#4 "5 +#.#$ '0'[1  &".38&6*-%.

1&*$ (& . SHWHHHSEL' (//5.3(& (/1.0& 1' %-6 5131- *&

0/ 1/138>#4 & — &3(/1362&  *&(# (SLES), &62& -
124413 62 *&. *&.(#  (AOS); *##* )/*+-| — &"#5 #)8"+#1 (APG),
& "H# 1#%/ # &Y%o#* "#1  (OXY).

I 0*-O#  "GRIEW%H #1010 1 %-.6' 5131- )&
32478, 51696'0'.!  5/* :(&+38>&' I51:*16  (H, %% # 3. $9#0 1.6
5/ (, %),5"&+&/6 pH,&.&"/ %8>& 151:%1.6 (X, %),".(& +&0#!. .
50/(4* %) *&PH (G, % 19 (&1.0 (& % 8>#4 " %5+ #S .

& #/ 1 SHOMM  11.80-  5H%&6*4 % 8>HA "5 +HHS

5.H06#+#( 0&**- 1 5% >68 23*" ## [&/6*1L#  &((#).*&

& #,& 1—-5#%& 6%/ !1.&0- % 8>#4 " %5 +# #$

%I( %/."& XTIl [>/1.0& G, pH H, v | X
5 7"&/ % /% %% | % | %
44 0,833 2:3 SLES:OXY| 21,196 6,09 365 98 D5
14 0,762 1:2 AOS:OXY| 21,338 6,65 300 90 94
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13 0,739 1:1 AOS:OXY | 22,724 647 305 §9 91

15 0,689 1:3 AOS:OXY| 23,192 6,69 300 93 90

9 0,679 1:1 SLES:OXY| 22,727 6,88 320 &8 D1

16 0,666 2:3 AOS:OXY| 23,813 6,61 300 91 88

12 0,651 2:3 SLES:OXY| 22,186 7,12 300 90 D3

10 0,645 1:2 SLES:OXY| 22,822 7,04 305 91 DO
& I* O&*## ;> $ 23*" ## [ &.16*.# &((#%). *&

5.#%6#+#( 0&*& (/,/5.3(& % 8>#4 11.&00 1(/11.0 1' %-.6' 5!31- . &% 39738
3 5 30#& "5 +## *%/( 44! %."$ 5 7'&/ [&I6%1# 0,833
SR A (T » H%I8. "5 +### *%I( 14,13,15,9,16,12,10! (&0 5(#0/1/* O
& # 1)

&@37/0 . ., "(/,0&
( )

QUHON'HS %/ 1 5(/["H#H(O&*#  4H%HOI/") (3LO&*# 96 | *$
# 5(1 #/6*$ 5(,M , 5<.%3 1' /[ .9%) # ;1() (&19@.&
(3L 0&#  TH("  5(#H%/*S. (&+ #O*-/  0-O#! #./ 6*-/ 5()(&%%- ,
#5 6+3/%-/ *& . O(/%/**- 31 O# .(/;38. #5 6+0&*# : ,5.%3 0.
S(# <.% +*&9#./6* 1"(&>&L!' 0(%' (&9/.&,5'0'.  0+% *1.6 5 39#.6
)(&+1 ; BTHS A% #*2 (%&H#H , 0+4% *  1:#6!' 1"@&F# (&410 5H#

S(/"#( 08 H#  +819/. SHYH+& " *L.(3"#H#  1/.&/$ & !/10&.16% 1% [#
HA H#9% \#  3%/6TIMH | *\# (&9 0 #I1%#H " HONO&  TH " .
1% 9% | S5 - %&N % (310&H  TH("  (&I5(L(&** 0

LHYHON"$ 5(%-T/*1# , 0 9&I*1# 5/9%$  &55&(& S(HYMLI 1
13>/1.0 4 5(,MN& & (HH .
' S O#ME (& HOYA I4* )HON"HA 5&(&%/.(0  *&

S(#+0 1#./ 6% 1.6 # "QIN.OM-|  5"8+&[# (& - &I\(I& & (&+(&; .&*&
%0&./1%&.#9/1"&' % 1/ 6 .

# 1180 F##  %&.I%E&HIN"$S % 1/ # AM& -# SHE-  1/138>#
153># :1' 5."& )&+& #1"$ 5/# SH*.& % 1/6 #1/&6%) O-I*/*#
"<Q2H - &N 1&OH# — O/ HOH*- Gl Wk Uk (&#HE  0'&1$ 28+
51k 5 1/OfH8  &55&(&.& (/1% I"(1.6  )&+&W H#Y$*  +&OHI.

J%5/(&.3(- ,&II1* (1.6 #1"$ S5/# 51.%*& 5 19/H#8 &55&(&.&
(BO**#  %&I(HE& 6*) & &M1&

b *
9o 2t (¢ -c,)
dl :

dCy :-b_Xff t_O
d o w, 't
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JI/ F —5>816 "*&'& 28+ [%: V — :A% 5% , [%]; Cx- (&0*0/&:
"k e (& [% 6/96); i - 31/6*& 50/(4*1.6  "*&".& 2&+ [9BI96]; t, - *8&9& 6*&
J%5/(8.3(& )&+&[° ]; Wo - *&9& 6*&' I" (1.6 )&+&[%!];

(O*# /5 0) &&&

a,xf a
Et :y—31-1>(ty -t)-ﬁx(t -1);
di C  Xr »w (C Xrw
d a xf,

—t,=———— Xt -t,);

dl !P3><r3>w3>( 2)
)1/ Coy - 31/ 6*&"' ./5 /%" 1.6 5/% 01-,[ /) I, r -5 .*16 #1" | #
[") /9%B]: 1, - J%5/(8.3(& O +13480 %/ .(37*%  5(L(&*.0/ , [° | W(t)s - #+0%6/*/*H
(14 0+134&. J%5/(&3( , [%']; Vi - A% %/ .(3*)  5(L&*.0& , [%];

ws-1(1*" 1"(1.6  O+134&[%!]; ps- 31/ 6*&' /5 /%"1.6 O0+134&[ /M) 1, 's
-5 %16 0+134&[") /98]; ta- ./%5/(&.3(& 0 +134&[° ].
| O/LO## | *$ %1/6 )& 0) 5."& 5(/1L.&0'7. 1;$  I#1./%3

3(&O**H#S H+UIPHS J%5/(&.3(- )&+&"**. (&4 103" 3)/(1& 5 1#Y
(3~ #*89&6*/ 3! O# .

*&#+ % L/# 05 %I OH %  %.1%. 5%>68 %1/# ;-
5 &*& #+#( 0&* O #*# (&+ #9*-4 2&". (0 *&5(#+0 1#./6*1.6  #"&9/N.0/*/
5 &+&[# (& .- &I(I& . 39/ 18- %)3. 13#6 1*0$ 1°
(&H(&; ."# (/" %/*1&,#$ 5 30/ #O/#8 5(#+0 1#./6* 1.#  &55&(&.&

#.8"0& . ., O&*"#*&
( )

(%& 61N#1  5#-0&L!'  A4H#%HIN"$ 2 (%3 $ , . (/11.80'.  1;$
N005$ )&+ ([+"H% (&+1(& &8>H% +&584 %#!.-$ )&+ (&+*$ 2 (%& 61/)#1
1] 6 L& #/* 5@# 80-100 , 5(# .J%5/(&3(&4 *#/ 80 %L/
5 #9b/(#+3/.)

(#+011.0 2 (%& 61)#1& 13>/1.03/. 3/ " 1& /.. (%&61N#1
#5 6+38. 0 5(%-7/**1# 0 (&HIN"% W+, O 5(#+01.0/
21 2 (%& 61N)#1*4 | "&(&Y%HI*-4 # 1(3)H4 WIHON'HA 1% , & &'/ O

5(#+011.0/ 5&.%&!. 3#  #41*% 0/>1.0% 1' 5 39/% (&% /$
I HON")  "&393"&# 1(3)HA ()&HON'HA | ILHHS . (W& BLNHL  5(H%/*'8.
0 %/1## 1' 5 39/# *". (-4  28(%&,/0.#9/"#4 5(/5&(&. 0, #15 6+38. 0
"QON.0/ L+#2##(38>) ,&*#USHIN")  #HU+1(FE38>)  1(/11.0& . *&9/*#/
2 (%& 61)#1& 0*&(1*% 4 +$1.0/ O/#" #5 %/( (&+O## J4* W# * 0@
Sl 0+&L&. .

QUHON'HS %/ 1 5(/["H#H(O&#  4H%HO/") (3LO&* 96 | *$

# 5(1 #/6*$ 5(,M , 5<.%3 1' :/ .9%) # :-1.() (&19@.&
(3L 0&#  TH("  S(#H%/*S. (&+ #O*-/  0-O#! #./ 6*-/ 5()(&%%- ,
#5 6+3/%-/ *& . O(/%/**- 31 O# .(/;38. #5 6+0&*# : ,5.%3 0.
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S(# <.% +*&9#./6* 1"(&>&L!' 0(%' (&9/.&,5'0'.  0+% *1.6 5 39#.6
)(&+1 ; BTHS A% #2 (%&## , 5+0 .  1:#6!' 1"&F# (&410 5H#
SO/ #( O& H#  +819/. SHOH+& " *L.(3"#H#  1/.&/$ & !/108&.16% 1% [#
HALH% | #  3%GTIHE | KL# (&191.0 #IHM " HONO&  TH " .

! S Q#ME (& HINA  J4* HOI#4 5&(&%/.(0  *&
S(#+0 1#./6%1.6  # "&9N0M*-  5"&+&/# (& .- (& (& & (&+(&; .&*&
%&./%8& H#O/N"&' % 1/ 6 .

&I%&HINE %16 | "&&H+& (& 0"89&[. 3(&O*H : H+Y%/H/H
LIS/ 5(/0(&>14 ,0-4 1& 2 (%& 61)#18& # ./%5/(&.3(- .

d_CH T oy o Gl Bk Y g
dl roCe T Vy r€p T Vol aGX
1/6 51"*&"*) 4 1#6%"'& 0"89&/. 3(&O*/*# : #+%/*/# 0-41&
2 (%& 61N#1&, /%5/(&.3(- (&"#**$ 1%/ 0.(3*% 5(L.(&1.0/ , ./%5/(&.3(-
(&"#**$  19%/1# 0%/ .(3;*% 5(1.(&*.0/

4 #
# $ o %& +

. . =y
# s # $ 1

we 3 4 we

%s (s
&./[%& #9/'"&' % 1/6 5+0 /. (&!!9#4(&.6 #+%/*[*# LI5F#  5(/0(&>/*#'
0-418& 2 (%&6LN#1& # J%5(&3( (&' #™$ 1% 5 . > |
"8&HIE (& (& (& . &"| B(&*&#HH(08&6 H+%/H# 0-41& 2 (%& BL)HIE,
J%5/(&.3(- .(3*)  # %/ .(3*)  5(L(&*.0& 5 1#9 .(3"# 0 (+36.8./
&+ [ 5(13".& . L(#6 # /46 +&OHH% |#1/5/% 5(0&># 0-41&
D (%& BLN#1& # 5(#+0 1#/6* L# . (814 18 # *€9& 6*$ J%5/(8.3(- #141*$
5&()&+ 0 $ 1%/1#,5 1&0&/% $*&! $ "&.& #+&. (&.

] # ]
39"0 . . 5/0&#& . . SH#EL*0& . . *.*0
( )
&U%&.(HO&L! 0+% *1.6  #15 6+0&# "&5!I3#(0&*$ (- 1°
03 "&*#+&H## "&393"0 :>/)  # I5/#&6%) *EA+QOIHH . HOHI .
13>/1.038>#4  %/.10 "&5I3#(0&# , (& 5(/10&(#./6*  1#S/(O#EL' 0

106 "*$ " 065 +# ##  5(/11.80 **$  5(.HO L&®MH'%#H , 1/$1.038>H%# 5 (&+*-%
*85(80 [*#'% , &+&.J%'&5I3 #(3L.I' 5 #HO#M 4 (#1 %
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"QON.0/ AN O #I1/1 08 #15 6+0&# <& %/(*38 "%5+#HE *&
*0/ "&393"0 3 # . B#H%/*/%38 0 5(#+011.0/ 5(". (&  T#*.
(/5 3( -& 5(O/LI& +&%H&I(- *& &'/ | Il " #9M.0 , *&4 1>/ 0
"&513/ (1,3 %&I19. *& 100 %&I19. "&393"'8, & .&"/ 0-0/1/*& 5( .#0!.&(#./6*&
)(355&, 5(/11.&0 [**&' IPPC#&,. *&*# % .

+ &F&HHE (| Yl (HON'HA  "(HO-4 , S(HOILI*-4  *& (#13* , O#1* |, 0.
5-*&'  19%/16 4&(&"J(#+3L! . 67/ 1"(1.68  L(3".3(H#(0&H# , 5H <.% "
03 "&*#+&#H# % * 1"(&#.6 *& 10%. !# | 5H#(&6!' *& 5.#%3% 03 "&*#+& 1
"r (6% 1M, . % * 1"(&#.6 O(/% 03"&H+&HH 5-*$  10%6/I# *& 30%#
(I7T#.6 0&*38 <"*0#9/I"38 +&1&9— 3%67/*# 5.1 <) ("3(0  +8&
19/, 1"(&>/*  O(/%/*# 03"&*#+& ##.

14 1

12 -

14
0,9
08 -

0.6 -

04 |

KpyTawmin momeHT, H*m

0.2

0 5 63 g0 15 20 25 30 35
Bpems, MUH
# 1| %lL#ON  "(#0-/ . /%/.( MDR-3000
1-(/+#* 0&' 1%/16 | "&5I3#(0&*$ /($ (SPPG-1); 2- | L&*1&(*%

I51;% 00/1/*# (-

#15/(1*&! 1(01&,  5(/11.80 /**&' 5(.#0 L&WH 'Yott |,  "&+-08&/.
15 *#./6*$  <22/". —+&>#.3. U$L.0# /5&,"# (1& # +*&.

&'H% (&+ %, 5 30/*&' 4% YHON'&' 1;&0"& 151:*&  0-5 *#.6
%* ),/ 10-/ 23* ## 1 -6 (&#+08&*& O (/530 (I | 54 ##
<TRORHONS NN (&+FLH

**0 .o 1$& .o & 0

"3&6*$ 0L +&1&IH(&; "# Y%&I(HE& 0,0.% O#!/ <& %l(*4 |
I51:%4 1486 (& .!5!:*16 S# “(HHONH  O-1"HA  .J%5/(&.3(&4.
&8 +&1&O&IT&I! , 0 9&\L*1# | 5(# 5% ># O00/1/# 15/#&6*4 1:80"
5(/5.1.038>#4  5(,M3 ) ( I# .

#4 O3 % * #2120 (0 1(&>HS Hwl( () #
212 (; (&+ .1 1/( &>#$ B %I (: ). JA&H+% #4 1/$).0# +&"89&.! O
5O-7/##  #AHOYLHE " (&+ 0&MF . (&+38>#SI' " 5(/5.1.03/,
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5()(/03  0*3.(*#4 /0 %&JH&& &'/ 0 5(,N/ ) (F#  5(#4 1#.

H+I(HH&H 212 (1 1(&>#HA  V/1#HS 1 S#(212(~4  “# . #0(! #40
+*3 ) (P . 1515103 HEAHE R R (&M H (1& 0+ % ) (PH

114 4 397#4  )H.I5 +&>#.*-4 A&(&" I H" Y% 1H#2H"&. (
&X' *& 50/(4*1.6 15/ #&6%)  *&5 *#./' , 5(/11.&0 '8>/) 1'% 1%/16

WH'(3)/(1%4 0 "* ( )H&SWWH&*4 wH'(12/( ().
*J(N 5(/1.80'8. 1.(3".3(- ,#+(& 1 *&HI3Z 1. & 2.)(&2#'4
O#1* , 9. 0"(3) &8% WH#'&*4  %#'(12/( '1(/1.9&  ; 67&  9&.6
% 1#2#'&. (&, 9. 1 &. #4 10/;(&+*-%#  *(&%H# "' (&+ O&*H
A LSHN | 5 #+1#  %H'(3)/(1*/ 0 "& &(%#H(38. ;(&+38>HS! "'l |
1% 18%-%14# &' #* [FIH0* 16 [) 3*1&.

31— #'(2.) (&2 % 1#2#,#( 0&*-4 #
& #, 15@HON (/5. #+).0/*4  ;(&+ 0 #(/+36.&- #I5-&*H#S .

& #,& 1-1//5 #([+36.&.- #5-&#$ #!!/13/%-4 ;(&+,0

) (/1. *( 6%-$ -2 - - . 5
3 5

&393" : -40 100,0 100,0 100,0 100,0 100,0

& % .& 1,0 1,0 1,0 1,0 2,0

#3(&% 1,5 1,5 1,5 1,5 0,5

2-%/("&5. ;/*+ H&+ 0,5 0,5 0,5 0,5 1,5

("85.8™)

L HE 5,0 5,0 5,0 5,0 3,0

J&(H 1,0 1,0 1,0 1,0 2,0

[4#9/1"#$  3)/(1  -234 |40,0 40,0 40,0 40,0 40,0

#'(12/(- - 2,0 3,0 5,0 5,0

#'(3) /(1% 0 & |- 10,0 10,0 10,0 10,0

12 (; (&+ .1 1/( &>#$ - - - - 1,0

#) %I

12 (; (' 1/( &>#$ - 1,0 1,0 1,0 -

#) %l
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"&+8&.] 6
| 0*&'  5(9*1.6  5(#]|16,5 14,3 12,7 11,8 14,1
(&) P#E | &
(% 50)(/0& ;(&+& 1 |72 55 66 84 85
100 !
(% ) (&%# (&+&,' |120 290 530 780 211
"o/ O % 2,4 9,3 9,4 15,9 33,4

39/+*-/ (/+36.8.- 10#1/./61.038. %, 9. SHOMMH  1#1.1%-
&5 /6 - 1H2H'& (, 11> #+ HH# L, K&HI4 & 1%/16
WH'(3)/(1*4 0 "*  # &8 WH'&*4  Y%#'(12/( , 5+0 /. 5046
.15 1. $"1.6 <& %/(*4 %&I#& O.

|
/M&*1(0& . ., 9/."0
( )

(#+011.0  7# 1' &0.% #/$ —<. 118 9* | *$ 4% YHO/"#S$
5(,M ,".(-$ (3. #5 6+0&# I5/#&6*)  ;(3L0& ' # %&I(H& O.
N6 5(,11  5(#+011.0& 7#* % * 31 0% (&+1/#.6 *&5'.6 <.&5 0: #+). 0 /*#/
(+#0$ 1%/, #+).0/4  1/.&I$ 5"(7/" , 1 ("& T#~ , 03"&#+&# #
5(0/("& "&9/1.0&.

1% #+"(35%4 5.(#//$  7# 0')  UE"/ 4+$L0 . #~ 1
1/ 61" 4 +'$1.0/* $ SO H%I8. (1 NHA  A&&MIELH" 1 .0L1.0#
" (% 501 (& .!51;*1.6 5U-7"%# . (1# *0*4  .(; 0&*#$ ,
5(/1A'0 /%-4 " 64+ . TH&% % * 0-1/#6 3.$9#01.6 " 50(/ 1/ #% #
5(" &% ; 0-1"38  #+*11.$"1.6  : 0+% *1.6  1&% O#>/#  %&"H%& 6*/
LIS 1& 1 1 *F&1@*$ (-4 $ 590 $ ; %HH%3%EO H *&+/% 8.

10'+# | 0 +(&1L.&8>HUWH AI%EYHS .(/; I*#  (&ITH(L!  # (" 1-&

7# 0. 0108 9/(16 .(1:3l. % L(#+&#H# # (QITH(M#  5(#+011.0& .
F0%% 28" (&Y% #*[MH2#'&##  5(#+011.0*-4  5(,M0  5I((& "#  #
S#). 0% (+#0-4 19%/N$ KLY "5 ['T& VA& H # &O. Y& H+& #
5(#+0 11.0& .

1&*$ (& . | J68 5O-7M#  S(#+01#/6*\#  # "&9/.0&
#+) &0 #0&/%-4 TH#* 5(/1&&L!  13>/1.0'.6 ("3 *& &0. %&H#9/!" %
(9% 1.&"/ Mertc P-Pro2.&*-$ L& " 5+0 Y. 5(01#6 1*1.35+9&.-$
5(,  L("# T# 1 01"$  5(#+01#/6*1.68 # 01"$  1/5/68
&0. Y& H+& ##9. 1"(&>&). .(31+&(&- #5+0 V. -L(  %/*.6 (&+%I/(TH* .
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&40 .. #50&

) * ' & * « (( + , 32 « -
& » . » -+ , 124 .
strelkal505@mail.ru

" O)HON"E 1&*0"&  *& 1&**-$ % %/*. 0 *3. ; 67#.0 81/$ .
5(1-  +&)(+ /' "(3&8>/$  I(/1- OV ; /I &".3&6* 1' 8'$ J((# (H#
Lo U# (196 #1/. "(35%% )(1/ ! %* 1.0% 5(%-7 /*-4  5(/15H#H.#S$ .
3 "89M1.0& "(3&8>/$ (/- % *  5(#+01#.6 (&+ #O*-%# 151:8%# .
96 9&1. 1' % (#)0-4  #1/10&#S$ #5 6+38.1'  O#1--# #*1#"&. (-
&% Il 3L~ ., ".( 5L™  5( #08&8. *& #11/13/%$ .J((#. (##
%/ 5<.%309&L 1' 51:*4 (& . 0-#&8. (&./I#

168  1&*$ (& .- 'O'LI  #+39PH )HLHINM) 5 #% (2#+%& O
553'#4 i) 5 +39/) "/0/(& , 5(#+(&.&8>/) 0 3! O#4  (&+*$
&5 (5)F*$  *&)(3+"H.

COI3SM0 M 18 $ J# -# 5180/~ 1/138># +&1&9#
1) (&6 %&/(H& (#.6' "/O/(& ) *& #1/131%-4  J((# (#4 , 39#.-0&

%l. 1#"# .
2) S(/L/#6 *&# /| 9&. 0.(/9&8>H$!' 2/ #5 0553'#4 |
3) & *O&H# 5 394  1&*-4 11/&6 0-01- L/ &%(5)*$
*&)(3+"#.
1&*$ (& . 0"&9IN.0/ AM& #I1/L0& - 0-(& "/0/( 5 +394$.
*TH(" B(LL&O0/* 0 *&TI$ Y%K LH , S(#+(&L&. *& J((H. #4 ) (&+*$

1L/5/68  &*.(5)**$  *&)(3+"#,11.35/ 1' 1:(& 0 O(/%' [*) 5i¢#1&.

(1%/. #11/108&*# : #+%/**#/ (#3*'& *& #.6'4 "/0(& 5 +39) O
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>/% 139& 0 5(#+011.0/*% 5(,N  %)3. 0+#'8&6 B5&*-/ 2#+H#I"H#/
LHYHONH | # YHOI"#  #<LLHON'H  S(#+0 11.0/*/ 28" (- .

O(/%/** 1 VL@ #12(-  A&&"J#+3L %, 9. 1//6*16
o/ 0/'& L& O#.I' O : [/l *I51.&0#% $ | NNOM*%# W &YWHSH(1- . &",
*QUS M 08&%12/(1 3) /') )&+&0 (+36.&.1 #)&* .5#08& #1/. : I
B MHO* 9% /) 5) > (&LHJ6¥1.68  # 01&%H"&* 0 # % (I$. ;A%
&% 12/(*)  # (1& 3%/67&L! .&"HYbH J%5&%# 9. " V(1#+  1/138>))
L I# % [ O+#%36 (1 5&*4 5(;/% . *.(5)*/ +&5- [*#]
&% 12/(- S #+# 16 " " #9103 5-# # + - , #+0/0&%-4 03"8&*&%# &
&*(B)** 1 +&)(+HH % (/$ */2.68 5(/0-l A% /| 51.35#  9/(/+
NNOM*]  (&+ Y%= #.(/># O+%*$ 50/(4* |.#

&>#.& "(3&8>/$ I(/1- 5(/1/ Ol) 10+&*& ! O (*#%  #+39/%
H12(- HI <O 8## |1 (&HE& S %1 Y # R #<" )N

5()* +#( 0&*#
&#: Il 5&*-% O#1 % */5(/1*&%I/(/**)  0+1/$L.0# *& 5#(1*38 (/13
0L Il &)L (N #)#L( O 5(,M- BIUFY.

(&I5(1L.(&*8.  # (&N/HO&S. 5(%-7/**-|  +&)(+*8>#/ 0/>/1.0& .

39#/0 . ., ) +#I'HS
2-17 # -32
/[ - « »,
( *
( 1
/oM —=13>10 * .6" ! #&6*/ ,* 05/(038 9/(/16 ;# )#9IN"/ ,

5<.%3 O 5@#(1*/ 31 O# # 2&".(- "(3&8>/$ I(1- .&" ## #*&9
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"&+-0&8. O #*#/ *&/[) +1(06/. "#0*& 1/'/6*!1.6 9/ 0/"& *& 5(." I*##

IO/ IHS -&  *&5(80 A& *| *& )&% *#9*/ 13>11.00&*# 0 #12/(] , &*&
| +1&%# " %2 (*-4 31 O#S #+*# # (31L& #"89#J6*  1' ' . 8/ 31 0#
"(3&8>/$ I(/1- ,".(/  "&+-0&/. 5(%/ ## "0/ O0+1/$LO# *& #O$
O0&*#+% 0 8:$  2&+ )  #+H1/16*1# # & " (] *0-1&/.

S(#I5 | #./ 6%/ (&"## 'OLY <" YHINHY% 28" (% .
VMO 28" (- 31 0% % *  (&+1/#.6 *&.(# : 67# )(355-
1. HHONH  —O#*# #O0S$ S(#(1-
2. &# HONH (" HWEHONH | <1&2HOIN'HI #1() -0 #*H#H */#0S$ SH(1- ;
3. &5/ —O#*H  (&+3%* SH# */(&+3%*$ 1/./6%1# 9 0/'& .
(I+36.8./ */(&+3%*$ 1/./6%1# 9/ 0/"& O "(3&8>38 (/13 55&1&8.
V"% O H&(LO % 3)/H1 ) )&+&!H W #*0 . 3&(*)  )&+&H
S-# , I %# #*0 Y HIE &+ .& &.&"/ )%/ " #91.0  2(/*0
'L O#.-4  AHYH'&. 0 # 5&*-4 &% [()**-4  O/>N0 . H%HON'H  0/>/1.0&
L 1/(&>#" 0 .418&4 #+¥1/J6%\#  , 5/(J41. #+ 1*$ /5% 01(3)38 5
<" YHON"#Y%  +0/*6'%: #+0 +134&0 5903, #+590- 0013, #+01- 0 &% !12/(3 .
&(+*1.6  "(3&8>/$  I(1- 0-(&&.' 0 O-5&LA#H "# *4 1 US$ |
(&+ O&*H# 1-%*4 19%)0 # ."HOM"#4 <22/".0 . *&7I$ L.(& ,"&" #0 (U
1(3)#4 0-1" (&+0#.-4 )131&(1.0 ,)(& 1&#*3 5(/11.&0/*  "*#3#*/  5(&0

& <" MWON"38  +5&*16 , ".(/  O+&#H% 10+&* | 5(&0% *& #+*6 #
5 39/#% 313) +1(&0 A(&*/# . . ,9. *&5#I&* *&:3%&)/, —0!) #76 ! 0& !
") 9. *& %) * S(#ALEH#  JA*) "&&L(2- |, % 139& #16
QO&(HH *& & %*-4 1&*#4 (/(*:-6 , 3'3HW%&), 5!/1.0# ".(-4 ;313.
(#,&16%  1"&+-0&6!' *& +1(06/ *M" 6"#4 5" *#$ , 9/ 0/91.0 1 *
o6 (/*  *UWE! " SBE(1 .
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#8&0 . ., =/5/*0
( )

8;)  A#%HOI") S(I5@EH.#  1*$  #+ +&1&90'L!  N15/9/#
<" WHON'$  +5&*I#  5(#+011.0&, & 0 9&IL*1# 01 OHL"& . &" "&"
SU15(# # 5.(;'8.  : 67/ "#91.0 01-,<. +&1&9D'.I  &"3&6*$ #
(3. 5L O*HOb&*#. O-T/  <22/"#O*1#  O#"# 01 % *
1#.6"  +&19@. .9%)  (N3#(0&*F  .J4* YWOI'#4  5&&%/[.(0 5(,/M&
L . ' S5H%I(& (&1% .(#% &) (#.% *&.($"# 58&&%/.(0 (N3 (& 1°

511/( &*#  .J%5/(&3(- 001 9#.*% (/&" (/
A" % &0.%&H#I")  (NIH(0&M  O-#(&L!' (& ( (5+.1), 5#
" (% 5(#41#. 507/ ( 1.9%4 01 (-1.6).

O 1036
Ha
CaHUMapHY0
"'f KOMOHHY

[ | l
| AL
-

T'fﬁ?—’ B nos. 11

#3*" 1 — 4/%& 35(&0 [ ( 0(/&". (/

(# 30/ #OP#HH#  (&141& (&.0(& /1")  *&#  (-9.2) 30/ HOHO&.!
1%5/(&.3(& &)&+ 0(-4.4-)0(/&". (| (5 +.1).

"8/ %IT&"H# O (J&". (I (G+.1)5(#H41#. 5 LIHPHS  +&1&*)
3(0% . #0 1.9%4 01 (-1.6-), 0 5+.11, 5(#41# 5 11H#/48  +&1&)
3(0% (.
N&+-  (-4.4-) #+ (& (& .01 *& I&*H.&(*38 " **3 . [%5/(&.3(&
&)8+ 0 (-4.4-) 0 (J&". (I  #+%/*].)' | #+*8&9& 6*-4 20 ° 1 90 ° . /%5/(8&.3(& O
(&". (I (5+.1) 50-7&.'  +&I19/. AHUHON"S (I&"H## 0+8&#% 1/$.0#' (&.0 (&
1) *&.(# (-9.29)! (.3.68 ,".(& S5(#41#. 1 01 /% J5&.

*89& | */;41#%  5(/1/#.6 5/(/1& 9*38 23*'#8 (/&.(& ,1' <.) 5
5 39/%-0% <"I5/(#%/*.& 6*-% 1&*-% #15 6+3L.I' %/.1 .&9& ((# . 2).

(I+36.8&/ 9/) ;-& 5 39/*& 1/138>&' 23*"#
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6 _ >
45 . . <b= .. <5>

78 9 8 7>+8 v
YU :T1, 2=50L"%  O(/%/*#:
| —&;! 8.%/ 0(/%' +&5&+1-0&*#'
n-5(1" :A"& 35(&0 /*# .
141" #+ 5/(/1& 9*$ 23" ## , "*3( (NIH#(0&#H  .I%5/(&3(- O
(&". (I #%ll. 0.($ 5(1" # ;&1L&\. O0(%/*% +&5&+1-0&*#{&0*-% 0.1%#*3..
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o
a0l
13
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Easr
g

g
3
B 40n

Ay

36

30

28+

20

L . L L L L L L . L . . . .
0 [ E.F 3 75 10 128 15 (175 20 225 25 275 30 325 35 37EH 40
Bpema, MUH

T. Tsa

#13*" 2 -"I5/(#%/*.& 6*&'  "(#HO&'

(819/.& 5&(&%/.(0 (/)3'.(0  #5 6+3L.1' %L1 #)I(& -# &
(/& #+ 0&**-$ | 5% >68 5()(&%%*) !(/1.0& VisSim.

(& +&"*&(NIH(0&HH  13>/1.0 L1 5 1%0%% "(#J(#% "&9/.0&
54154  5(,M0 : O(/%' ()3#(0&# , 5I(/()3#(0&*#  # " [:&/6*1.6
514 1%)  5(,MN&

(%/*1% ()3 #( 0&*#  *&+-0&8. (ty) O(/%/**$ #*/(0& , .JO#.-0&/%-$ !
% %/*.& 5(# /4 O+L/$L.0# " WH/%/ (t)1 % %/*.& 3L.&* O#OT/)I'  +*&O/#
(t). &IO#.-0&.! 5 2 (%3/ :

@ @ @

5(1/'1%  1./5/*6 5/(/(N3 #(0&*# ,J *&+-0&/."" %&"#%& 6*/ ." *[*#/
(N3#(3/% $ O/ #9#*- AB . 3L&* 0#O7/H I +*&9# B, 0-(&/I**/ 0
5(,/*.&4

B B .
C 5 - D >

[;&./ 6* 1.6 5/(14 1*) 5(,M& 5(/1/'." ol % " [&#$
(N3#@BI% $ 0O #9#*- +80(/%" (/)3 #( 0&*#' t,.

1& #+& #' -N3". (& I(&N9#.&**-%#  *&!.(/9*-%#  5&(&%/.(&%#0

5()(&%%* % 1(/11.0/  VisSim.
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11
295749 45+1

4
+

. A R e
LI
*%50 /
9%40
o 35
L’
20/
» 0 25 & 75 10 125 15 17-SBpefn[‘]=!.Msz-5 25 275 30 325 35 375 40
#M3" 3— (N3 (! (&NOH.&*%# *&).(/9*&%# 5E&(&%/.(&YeH
9:%8 1&**-% "#0$ (&+)*& ;-& 5(/1/ &  %&./%& #9/'"&' % 1/ 6
AM& 35(&0 4 . 41 #N10&*H - 5(/1/ I* , 9. AN #%/. 0.(%$
5(1" , :&L&[. O(/%/*/% +&58&+1-0&*# (80*-% 0.1%#*3.8%  &*& #+3"(#./(#/0
"&ON.0& *0*4 +&"*0 ()I#H(0&* W% % * 11/&6 0-01 .%, 9.
+&"* ()3 H#H(0&*#  W1.I1%- 35(&0 /*# ./%5/(&3($ 0 (/&". ( ;31/. &
(/)3 #( 08&*#
#.(&.3(&
1. *#)0 LI # &0. %&.#9/") 35(&0 /*#' . *15/", I"#$ . -
[ - ( , 2001 - 93.

2. 1. 1#9/""#/ 3"&+&*# VisSim [ [".( **-$ 3¢ 1/ &% 0-$ &(4#01°
1.31/*. 0 URL:https://studfiles.net/preview/6385829&(.& ;(&>/*#" :19.01.2019).

3. .89 .. [(#  &0.%&H#9/")  35&0/FH#  .[5 <*/()|.HON"H#YH
5(,M&Y%# 1 O 1' 03+ 0 - .. :*() & %#+1&. .1985.-298.
4. 08*0 , . . 0.%&H+&H# J4* YWOI'#4  5( /MO0 # 5(#+011.0 :

o*/  5v# [ . .0&0 . .. (3% ,2012.-224

(/3 . ., (37*#'0

#1(&)(N&  — 3L($L.0 , 1L'>/ #+ HLE&OHIN'S  3(#~ #
<[ #HIMM)  WLOM(& (&  [1]. #LOM(&. (- 0'8.1"  #5% </".(HO/"#4
V& TH* )/*/(#(38>/) L (31 0&*#' | 5(/1*&+*&9/*-| 1' O-(& "# < /".(<*(H#
S#  O(&>/*##  HL(.3(H#- . &) <[.(HINHI W&THY-, -9
#1HOH#13& 6%)  #I5 *#  , 19/.88. 0 Wi/ 5(;/1%-  <[".(%&)*.*-4
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A&(&"I(#IH" | +*&O#J6%)  *&)(0&, */:41#% \# A& LM | L&HIN"S #
1#&YHIN" $ 5(O% L# | ; 67#H4 )&&H. 0. O#13 | *1#  1+1&%# [*(&6*$
*&30% - [AHIN"$  5(;/%$ '0'LY  LVLH/H  %&"H%E& 6% $<"I5 3&.&H# ¥+ $
@1/ *¥I# <[00 "*L(3'##  # 1 .0LL0# (08 %  5(%-7/*$
S+ 5&IFIHE  [2. (1% [ #+).0#.6 )& ( ; 67/ % >*L#  # 1531.#%
S(#/% [%-4 (&+%/(0 S(#HO 1#. " 0+(&.&*#8 5 *1#  ."& , & +*&9#. # *&)(/03
OIL3SHA < [%[*. 0, +*&O&SSHA H+* | HI&(MH  #+ ## . 5(/1.0@&>IH#
5I()(/0& # 0-41& #4 L.(' #+ '## , )*(& (- 05 *8. 1 #"311.0/**-%
A& LM% |, 0L1>H% #+ %&TH /5 < [".(HON'H | Y& | # Y%I4&*HI"H]
5 .(# .

"% 3(&4 0+137%)  A4&1MH#  13>1.0'L0 HO3'H 0+134&#+
0+134 4&1#//$ 5 .(3;8% 0 "&%/(3 4&1@**) 0+134& & +&./%0 5 -/
Wil (3" % # 1.& (& 5 +8%™3.%3 "*3(3 (3" 1), 1&,
13>/1.0 '8>& 4& 1%  0+134& 51&@." *& 4&1#/6 #+ 01*&5 (*)

" M(& , "31& 51.35&1. 5!/ 2#6.(0 %/4&HIN"$S OH.'H #+ 9/.-(@4
01+& (%4 #HS$.

jum)

M3 1 4/%& 4& 1M %" 1& (& HL(&)(N&.&

*0*-%% 4% YHON'H#%  5&(&%I.(%, 51/&>#% (/)3 #(0&*#8 ,'0'Ll
J%5/(&.3(& 0+134& O WLI%/  4& 1M 1& (& . (HY%IPH  W.1%-
&0. %&HON")  (NIH(0&# () J%5/(&3(- 4&1&8>))  0+134&53./%
H+00/ ' 5189#01- ((#13*" 2)5+0 #. #+/8&6 #+-.9%4 5.6 % >*|#
## 0-41& #+1.(0  &)(N&& #++&5I(N(0& % ." 10-7/ 153.#%-4 .J%5/(&.3(
[6].
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[opa4uy G? | ;
P > > | Xonoadksil

bo30, X |\ Bo3dlyx

A |
|
|
®— '
X—e--

Hanopreit X

KO/1/eK MG
#3F" 2-— J%5/(&.3(- ;% ."# L& (& 53./% #+%/**# 5 1&9#0 1-

Wil +&)(+ /' 2#6.(& 11L&  153L#%-$ 5/(/5&1 1&0/# O
(3;5(01 1 #5!/ 2#6.&,9. )O®H  *:A41#%!#  OH."# 2#6.(&.

O#."& 13>1.0/.! 53.% +&"(-# "&58*&! 01+& (& # (-#% " 8&58*&*&
1#0*$ " /(. (&*% 5."% 01- ! *&5(*) " ["(&  2#6.(
5(%-0&.1 9/()+ S(/1//*-$  #%/(0& O(/%/*#. +&OI(T/*## O#."# "&5&* *&
1#0*$ " /" ( +&"(-0&L" | & "&5&* | 01+& (& .(-0&L' . #1.I%&

5(1 &. (& .&6 0 1.&1&(*% (/#%/ (3" 3). &'/ (71" 5+0 .
5(/1.0(&#.6  #+%//+# 1&0/# 0 W.I%/ *#/ 153.#%) 0 *&5(*%
(]

L/BHOU Pubmp

KO/eKImop N

#3*" 3 *3( 3580/ OHL"H 2#6.(&

#H3& HA&H  JA* )HON'HA 5&(&%/.(0 # 0+% *1.6  #4 +&1&9#
13>/1.0 'L.1 58*/ 68  5/(& (& ICP DAS SV-6201 # S(#%/*/*#/%
5()(&%%#(3/%) Y#oN")  "*( /(&  WP-9821-CE7 [3].

5.#%8& 6%  5/(/5&1%  J%5/(&3( 0+134& *& 041/ # 041
0+134 4 &1#/' 19#.&." 18-25°C.

LR J%5/(&.3(- ) ('9)) 0+134& *& 041 "&1)
0+134 4 &1#/' #5 6+3L1" 1&.9#"'# /%5/(&.3(- (&  276.
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' J*H 3(0"  +&)(+*@**'\# 2#6.(0 ##$ 5189 01- O
01*&5*$% " /I".( 5#%/*/.l"  1&.9#"#5/(/5&1& 1&0 *#' [.(&* 150 CD [7].

+%/(*#/ 1&0/*#' 0.(3;5(01&4 #+01+&;(& 1-4 (1 2#6.(0 9#l."# )
13>/1.0'." %#"(5( /M (*-%# 1&.9#"&%#M &0 *# [.(&* 150 TG [7].

+%l/(/*#/ (&'41& *& 0+134 4&1#./# 1-12 13>/1.0'/."
%#"(5(,/1 (*-%# (&!4 1 %/(&%# Rosemount 8800 [5].

01 : ML(MH W% 3580 F# A& 1PHI% 0+134&:%." 1.& (&
WLOM(&. (&  *& &+ 10(/%/*-4  %#"(5( /N (*-4 5#:(0 540 #.
3307#.6 "&9N.0 # <22/"#0*1.6 3580 # A& LPHI% % ." & (&, &

& V&HE <" FUHINH  +&.(&- *&(I%*. # ! 3 HO&MH

H##)(&2HONHS  15HL"

1. &%&* . .i[".(HON'H  %&TH*-. . -17 7" & ,1983.452.
2. "0& . . +3#% . i/ :(310&% <["(1.&*H#$ H#51.&*#$ .3
#+1 ot() & %H+1&. |, 1987.

3. I#  "x( /(0 XP-9000 /I 2##&6*$  1&$. 2#(%- ICP DAS URL:

https://f.icp-das.ruffiles/add/doc/e9dl&( & ;(&>I*#' : 28.03.201Y) .

4. 5/(& (&  5&*/6 SV-6201. //*13l.(#& 6*-$ "&.& ) 5(13"## ICP DAS URL:
https://ipc2u.ru/catalog/sv-62011&.& ;(&>/*#' :28.03.201Y).

5 &4 1%/ Rosemount 8800 // &.&) *0-/ J4* )i URL:
https://www.emerson.ru/ru-ru/catalog/automatiorsiohs/measurement-
instrumentation/flow/rosemount-8800-vortex-ru-ii&(& ;(&>/*#" : 28.03.201Y).

6. (/;(&+0&./# 1%5/(&.3(- I 2##& 6*-$  1&$. 2#(%-

URL: https://www.emerson.ru/ru-ru/catalog/metraré2i-ru L&.& (&>
28.03.201Y).

7. (/ ;(&+ 0&./ # 1&0 /*# Il 2##& 6*-$  1&$. 2#(%- . URL:

https://www.emerson.ru/ru-ru/catalog/metran-150u1&.& ;(&>/*# : 28.03.201Y).

/10/1/0& . ., &1L #/0 : ...

5#0 ,5 39&/%/ 0(/+36.&/ 5/(/[(& "# VLI;I$ 1&4&(*) .(\*#'& ##
%'™* (&5!&, "3"3(3+- , ! # ,*&+-0&/.1" # YHI"#%

*0*-%  O#1 % #!4 1*) -(6" 1' 5(#+011.0& ;#.5#0& 0 *&!.">//
0(/%' '0'L" (&5! (&.. Brassica napus). O0#1.(&0*#!.-4 (&L.#$ #+1/%/$!.0&
"(/. ,0/.*-4 L E ORI +*&9/*#/ (&5!&" " *,3 XX 0/"& !'3>/1.0/** 0-(!
0!10+# ! ./%,9. * *&9& #!5 6+0&.6!" 1' 5 39/*# #1#+/"' [1]. .*#./6*
%/1.& 5(#14 1/#  (&5!1& 1 W4 5( *. [1#*) % H# ,* 0 %*)#4 1.(&*&4
0(5- , +##, %IH# # 10/[(*$  2#'# (&5! 0L.(/9&/."" 0 1#9& % !!. "*##
&ML . I "&" %&! #9*38 "36.3(3 /) *&9& #0 +1/-0&.6 ! *&9& &XIX O.

# '"+1&## ! (.0 (&5!& *&5(&0 *#' (1' 5(#+011.0& %&()&(#H*&
#1"#4 #(0 MH#*0$  "# - )" 0% +&1&9&WL3/. K/\.# 30/ #9/*#/
P/ &*#'  %&! &0 1/%/*&4 # 50-7/*#1 /) "&9/1.0&. &*/  +*&9/*#/ O\ |" ##
(&5!&<.) *&5(&0 I*#' #%ll. "(&"& /%™ . (/15 9.#./ 6*- [ %"™**-/ H(.& ,
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51" 6"3 < L HO&S.'  50-7/*% L&Y% & &# iI"& # *H+"HY% —
"]9&."H# .

S@# | +1&### 1(.0 *&5(&0 [ */:4 1#%- 1 (& ,
11/(&># 010 @%! 1.&0/ [ ## #5  #(-] "H - . &", JAHONH  %& &
O#L(&O#I/1" | | 19%6&+ 9% /) # :#.5#0 1 *  :&I1&6 O-1"#% | 1/( &*#/%
<(3"0$ "H .-, & S(/I*&+*&Y/*-/  1' 5(#+011.0& WFLHONHA % 8>#4
I(/11.0 #5&(28%/(*$ 5(13"## - &3(*0$ .

# 1+1&%## 1(.0 *&5(&0 [*# */:4 1#%- (& | O-!"#%
"&ON.0% "&" 1/%* , &" # + @*$ %&!-, 50-7/*%  11/(&% /"&
& &*HH(08&*) 5 &Y#*"#Hl *%3  11.803 , # *#+"#% 3(0%/% ) 8" +#* & 0

[2].
3>/1.03/. .(# 1*0%4  OH#1& :# )HO") 5 HO& , .J4* YHON"/
S(#+01.0 ".(-4 *&# Il (&+(&; .&* .
— 9%$ <& , 539&/%$ 0 5(,/M  5/(& ."#
(&1#/6%) 1«6 1' #5 6+08&%# 0"89/1.0/ :#.5#0& . */  5(#+01L.0
<.&* & *& 2009:;-  73.9 %# #&(1& #.(0 (19.5%# #&(10 )& *0 ) !)&H*
1&**-9%, 1:(&*-% F.O. Licht. GRFA5(/11"&+-0&/. , 9. ) :&6*/  5(#+011.0
11#)*. 85.9%# #&(10 #(0 (22.7%%# #&(1&)& *0 ) 02010 (& 16.2%; 67/
9/% 0 2009.). <.% )13 5(#+011.0 :& & 5/(/%/# 5.(0/*1.6 0 370
Vol #*8&4  <"OHO& [**-4  &((/I$  *2# ) :&6* . #O/  5(#+011.0
#<& & 02005!1.&0# 36,3% (1 #.(0 ,#+".(-4 45 %5(#7 16 *& (&+##8
# 44,7 % —*& CL&F O (&+HH#H S(H#FO LI S(H%3ISN0M #+I&A&(*)
(L& &0 —#+"3'3(34- . (#0110 <.&* & H+.(IH'&  *&I) 1FTHS
1/%6 <" * O6#O"# [/ 0-)1* ,9/%#+"3"3(3+- . /1/(& 6%/  5(&0#./ 6.0
5(/11.&0'. 5(#+01#./'% <.&* & *& )0-$ "(1#. (* */ I3;#1## )1 $0,51+&
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184&(*) .(1*#'& [3].
— %/# 0-$ I5#(., S5(#+0/1/*$ 0 (/+36.&/ 5I(/(&; ."#
#OHIN") 1-(6' (71 34# +I(I* #1/%/9/" | 134#4 #1.6/0 ,*&0 +&5 %/.&), &.&"
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11LH&L"  53./% 2 (%#H(0&#  5!/108./6* L# #%53610  5/(/%/* $
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Il 24° %/ 03+ 0I"&' *&39* -5(&".#9IN"&" " *2/([*# % 1-4 39@*-4#1.31/*.0 ).

") 0. "#$ , 2018) [/".(**-$ "3 - Lot %&./(#& 0
"R A ##& ) ) . .— I'#$ ,2018.-.55-57.

& &40 .., 110/1/0&
( )
l1#  -(. -3# 0-$ <2#( ( : ) ‘0. "# (1! 1/( &>#% "&* -

50-7&8>#% " %5 */*. % # #!5 6+3/.I' 1' 50-7# ".&*0) O#! &
&O. :/*+#* 0 .

LO(/%/** %  %#(/ 01.& O05(! <"*%#O*$ <"I53&.&## (&5 (*-4
1/11.0 #5(/1 .0@&>/  +&)(+ /4 &% 12/(*)  0+13480-4 5*%# )&+&%0.
0108 9/(/16 ,.(;3/. OML(P*# *0-4 .[4* YH$ 5H# 5(#+011.0/ .5#0 . &" (&+

©# "&+-08&. &'l 5 #/6% 10$1.0& *& .5#0 . -5/0-4 , <.
3397/# 5&&%I.(0 1. *&H#**$  L$"1# . 0.(-4 ,HPH 1U& 0
0-4 584 "## 3)/(1& #3)/01(10 . (/+36.&/ 9)) 0&* /[>@#50-%#.6 #4

1(*/  "&*0/ O 1 3(0% b#*#%& 6%-4.(/; 0&*#$ >/0(5/SI"#4  * (%

[1].

1&** % 5( M/ A % 35(&0 '  0-(&* /5 %M (&' "&" 0*/%
51)(/0&L! (/&' #*&  THA& #+".($ O05(,/1/ 5 39&.I' ).0-$ 5(13"
— ). B41%$ A&&JHLHEH ,*& KO/ ".($  (&N9#.-0&8."
5&(&%/.(- 5/(/1& 9*$ 23" ## ,*& 041 /5 %/MH'&  *&F I 0+%3>/# 0
O#1/ I"8&9" ;(&+*)  #+%//*# (&4 18 %/.&* & . 0.65") /" 1 0.715"). )&!*
(&19/.8% :Al". 35(&0 /*# #%ll. 5/(0-$ 5(1" .

(&+(&; "#  WI%-  (N3H(O&™F  J%5/(&3(- 0 .J5 %/*#"

0-:#(&/." H&"* (NIH(0&M . &I WU H#GL  WLI%E& (/)3 #( 0&*
J%5/(&.3(-  THA- 0O J5 %Y # 501 #1/10&*  "&9/1.0/*-4
5 8&+&1 1S WLI%- . #./%& 0.  5HN&E*$, .&" "&" "(HI#H# "&9N.0&

310/.0 (8. JAHINH#Y%  (/; 0&*#'% 5(,/MN&
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EEIHOL M3

METaHOA peakTopa
peakTop
1
L 4
2 4
HzobyTaH
Tenao-
OBMEHHME]  |-------
3
5
#13*" 1. /4% HIN'&' 14/%&5(,/M& 5 39/*#' : [2]
#* .1+ : 5(./"&. 0 %)'#4 3! O#4  (/%5/(&.3(& 50+80 , 1&0 /*#/
6+12&.%) (#' . 1).
"&9N.0/ " *.( #(38>)) # (3 #(38>/) 3L($.0& #!5 6+3/.)

"x(/( S7-1500 % 13 6*$ 5()(&%%H#(3/%-$ "*.( /(  ,5(1*&+*&IF*-$ 1
5L W% &0. %&H#+&HO-1"$ #1(15$ L/5H# | *1L# . SIMATIC S7-
1500'0 'L  3*%#0/(1&6*% "*.( /(% . * .0/9&. &%-% @!."#% .(/; 0&*#%
5(%-7 /-4  1.&1&(.0 , ; &1&. 0-1"$ 10%/I1#%168 ,0-1"$ | $"1.68
31&(*-% # OH#;(&H# **-% *&)(3+'&% 1.8&*0"& # +&%/*&613/$ "*.( /(& % /.
50 1#.6" ;/+ ."89/#  SH&MH (< (9&' +&%/*&) [3].

(1#%3>/1.0& SIMATIC S7-1500:

1) 1"/ L(LUSLO# . -5 e JHON"HA  #41(3"HS  +&O(/%'
* 5(/0-7&8>/1  1*&* 1/"3*1

2) 1/ 151  3L.&*0"% 5&(&%/.(0 *&L($"H# . Y % 13# %)3.
*&! (&#0&.6!' | 5% >68 1.&*1&(*-4 2 (% STEP 7.

#+00/(I4 J%5/(&.3(-  3.&*&0 #0&S.! 1&.9#"# /%5/(&.3(- -205-

4 JO5&(- | 3H2HH(0&**-% ."0% H)*& % , OL(/*-%  * (%H#(38>#%
5(/:(&+0&./ /% [4]. ' #+%/(I4 180/ #15 6+3.1  1&.9#" 1&0 F# (##
L& 150 TG2,".(-$  5(1*&+*&9* 1' (& .- 0 #./1%&4 &0.%&HI")
"k (', /I5I9#0&.  */5(/(-0%/ 5(/(&+ 0&*#  #+;-. O%) 180 /*#'
*$.(& 6*-4  # &)(NHO*-4 (/1 O 3*H2#HH#(0&*$ ."0-$ 0-41*$ W& #
#2(0$  W)*& *& :&+ HARTS5(." & [5]. ' #+%I/(*# 3(0* #1"1# 0O
@%" 1 ##0"3/ " **-  31.&*&0#0&S8.' (55&0"0-/ </[.(HI"#l ) 3( 0¥/%I(-
&52#( 22 . #.&WH 1&9#'0 13>/1.0'L.! LU 0h  GH.EM 22, "#
S#. & H' 22 13>/1.0'8.  5(/:(&+ 0&*#/ *&5( I*# 220 S5I(I%/**)  .'&
O L&# #+#(08&** |  *&5( [  51."*) "& 36 (24 )1' GH&W 1&9#'0 !
324 #( 08 *-YoH " 0-%# 0-4 1*-%# I#)*& &b, "&9/1.0/
< ["(5*0%&H#91")  S+##*(& (5(/:(&+0&/' ) #5 6+3.' :  -300 [6]
"&ON.0/ 53I"&/' 1' *&1& ;-  0-(&* 2. 18 W% 0-(&*
(%/%;(&**-  5*O%&.HON"# Y #15 *#.] 6%  Y%lA&*H+Y%« -95» [7].

(1 P/ I(/11.0&  &0. %& #+&H## I5/9H0&S. . 9%/  #H+%I(/*#/
J4* YHON'#A  5&(&Y%L(0 5(,M& W +& : , & 0=(&*$  "*( I
| .0/1.03/. 31 O#% <"I53&.&#H# #.(;0&*#% /4* HI/I") () &%/*.& .
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#, #)(&2#9""#$  15#!"

1. 1 0%$1.0& ,5 39/+#  #5HWIH#[]".(**-$ ("3(" 1/ URL:
http://inntt.ru/blog/toplivo/mtbe-svojstva-poluchien-primenenie  // 1&.& (&>/*#
19.05.2019)

2. Schematic flow diagram of the MTBE synthesis reactd: /".( **-$
('3(! 1/ URL: https://www.researchgate.net/figure/Schém#iow-diagram-of-the-MTBE-
synthesis-reactor_figl 2253975931&(& ;(&>/*#' :28.03.201Y).

3. 13 6*-$ R G { Simatic S7-1500. //2##& 6*-$  1&$. 2#(%-
Siemens: https://www.siemens-pro.ru/components&3htm // (& & (&>/*#
22.05.2019).

4. #; ( #+%/(1*#' . /%5/(&.3(- -205 [/ (**-$ 3¢ 11
2# #& 6*-$ &3, 2#(%- : :
https://www.elemer.ru/production/temperature/txxxit 205n.php /I 1&.& (&>/*#
22.05.2019).

5. (/ ;(&+ O&./ # 1&0 /*#' [ /".(**-$ 3¢ 1 N
2# #8& 6*-$  1&$. 2#(%- . URL: https://www.emerson.ru/ru-ru/catalog/metran-
150-ru-ru // (&.& ;(&>/*#  20.05.201%)

6. R 300 [ /".(**-$ (3" 111 2#,#& 6%-$  1&$. 2#(%-

URL: http://www.roost.ru/ //1&.& ;(&>/*#' :22.05.201)).

7. I5 *#./ 6*-$ %/48&*#+% [:/(**-$ ("3(" 111 2#,#& 6*-$
1&$. 2#(%- URL: http://www.roost.ru/ //X&.& ;(&>/*# : 22.05.201Y).

& 6,/0 .. (B7#°0
( )

0(.* - B&IL*&' #L(.3(#H& - <. (I&"#0*&' #L(.3(#& 10%*)
(N3#(0&*# , 0".($ #+%/ I # 1@%>*'4# 13>/1.0'." 1* 0(/%/**-%
50(.% 5&." *&5(&0 '8>/) &55&(&.& # 5&./$ (& 9)) "N& .

I :/%*1.68 (& O#4 " ! 50(.* - 5&.*4 YHL(.3(# 0L 0+% *16
0 0(% 10/$ (& .- #+%/*.63) (&+0(.& 5&./$ .

&5(&0'8>#$  &55&(&.'0'L (& % (NIH(0&*# (&4 1& 01- 9/(/+
WL(.3(#*3  # 2 (%#( 0&*# *&5(&0 *# 5."& 01-, 51.35&8>)  *& (& 9/
"N &.&" W1.0%  +&>#.- WL(&)(N&& . (&+)*& 0139&/ */5 &1l" 0
1.1%/ ()3#(0&# . * 5(/1L.&0'. 1;$ "(3)038 (/7@."3 5(2#/$ (5&" ),
# 50(.& ".(-4 *&AL.N & )H+*&6*$  HHLHINS$S 50/ 1#

&141 # *&5(&0/# 5."& 01- 13>1.0'L! 50(.% 04 *&5(&0 '8>#4
5&. ", ..J. H+% MY LIS/ (-# *&5(&0'8>))  &55&(&.&4].

(#01- *&5(&0'8>/)  &55&(&.&# (& 9/) " /'& 5(/11.&0'8. 1;$
VL&O#OM"# Y0 % . (- .  *#4 #15 6+3.' @& 10+6 %/ 13 04 1*%
35(&0'8>#% 0 +1/$.0#/% . N3 (& ! "%HE& (% # 0-41%%#

5 /%% 3)& (&0 (.& (&9) " N& # 1./5*68  "(-#  *&5(&0'8>/)
&55&(&.&1.($1.0  5(#0 1& 5"&+&* *& (#13*"/ 1. 5(&0'8>// 0 +1/$1.0#/ 00#1/
<["(HI")  W)*&& 51.35&/. 05(#H01 # +&.&0'. 10#)&.6" 5 15(3 #+/**-$
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SIS 0&)#%. . , 0108 9/(/16 , 104)&. 7." + *#'& 1, ()3#(38>#$
041-0-41 %& &

&"H% (&+ %, %/*8.) %/ 13 1;$ ;&L# 0-1")  #*+") 1&0 /4 0.
0-+-0&/. SI(J%I>I* 5 (7% 3. I([+ Y.I%3 %/4&*#+% 06 (7/*6  #+%/*[. 3)

(8&+0(.& 5& " *&5(&0'8>))  &55&(&.&## 5&LIS (& 9) " N& , O
+QO#HW I H# . ) , ".(-$ 5HO1 #15 6+3.I . (#O1  4089/% (&*-%#
10+%#,. /.01 1/1>I$ W.I%S$ [5)].

F

p
t 041 %&! &
 —
\
1 #0
Po L
I
I\
3

M3 1 —1($L.0 </ ()HL(&O #I/") 5(#0 1&
1-7." + & ;
2- 5(3#& ;
3-5(7/6 #15 *#./6%)  %/4A&H+%&
F- 35(&0'8>// 0 +1/$1.0#/ , ! +1&08&/% / < I".( %&)*#. %
z- SI(/%/>14  7."& 5(7% #15 *./6%)  %/A&H+%E/(/%/*&' 1.
5(#0 1&);
D, b= &L# O-1")  #¥+") 180 /4 .

(/ :(&+ 08 <*(## 01- 0%/A&*#9/"38 <*/()#8 *&0& 3 13>/1.0"L.! 0
(& 9/% " /Nl +& 19@. 0+&#% 1/$!.0# 5."& | 5&.'%# (&9) " N& ,
5(/11.80'8>)  !:$ 0(&>&8>38"' (I7@."3 5(2#/$

(1 53"& WL(&)(N&& !3>1.0@* 0 7.&*% (/#%/ . *&9& 6*-$
% %/*. O(/%/# 5(#41#. "(-#  *&5(&0'8>/)  &55&(&.&# (.( *&9#*&l.
0(&>&.6" . & ( 9&!. .- 5(#41# +&19@. "(-#  *&5(&0'8>/)  &55&(&.&#
#+0/ ' 3) & (&+0 (.& 5&LIS (& 9)) " /1& 5 &5/(# 1#9" %3 +&"*3. (#

V#4981 .- 100% 5(#14 1#. L&#H#+&H# <) (#%& 1 % %H*&
0" 89/ (& (& [1].
(1 1.&*0& S(#+0/1* 07.&*% (I#%/ . '/  "8OP#  *&)(3+'# .

Y& (& HL(&)(N&.& 5(#141#. 58&0*/ +&"(-# *&5(&0'8>)  &558(&.&
I/ 5 *) +&"(-# *&5(&0'8>)  &55&(&.&&!. .& O(&>/# (.(& I*# &L
51 U$LO#% W O*3.(*)  I5(HOM# . %%/ O(/%/#, ")1& 9&. .&
O(&>F# L& O#.!'  %/*67/ 30%, 0"89&8. .(%+>38 *&)(3+"'3, # (.(
5 *1.68  1.&*&0 #0&.!

5(,M (& .- IHU&(N&& [+  1.& (& *&)(/O&L!' 0! /11.0#/
0 +1/$L.0# 5I(%/**)  %&)*#*) 5."& (.(& #5/(/%*)  %&)*#*) 5."& ,
(&+0&**) "% , S(.&8>H% 9+ LI L& (& . J(*H  1& (&
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*8)(J0&8.I" 0 5(,)  5(4 1M ."& 9/(+ *#4. <. %3 1& ( .(/3.
4814 [2].

0 +134&*&)*.&1)  5&"&Yo#, 31.&* O /**-%tt  *& O/(4*H4 # *# *#4
OMT*#4 5O/(4*1'4 (. (& . +134 5(41#. O/(+ O #'#*  "&&- 1.& (&
(0<.. %%/ S(#41# /5 %* %13 [/+% 1.& (& #0+134%— //+
4&1&1" ,0+134*&)(J0&L!" ), 1& /] 0+1345(4 1#. 9/(/+ 120+134 4 &1#//$
*& 0-41/ 4&1@*$ 0+13455&18&/. 0 "&%/(3 4 & 1@*) 0+134& -7/ #
M 1& (& /16 O O(0# , 5 ".(% 0+134 #+ "&%l(-
481@*) 0+13485581&1.0(.( #1&// 5(,1 #'#9"# 50.(L'  [3]

S# " #5 6+ 0&**$  #./(&.3(-

1. 8/0 , . . (I"#(0&H  W.I% &0.%&H#+&H#H#/4* YWOI"#4  5(,M0 [
.. 80 , .. &0, . .3(0"$ , .. 80 .//5&09*/ 5! #

— () & Y%#+1&. | 1990.

2. +OL"#S , . . #1( -# 5*0% W% (&5 (*  -J4* YHOI"H#A4
%&T#*/ 2012.

3. 3%*/0& , . . #1(&O#'& # #1(5%0% -5#01 / . . 3%*/0&
AL (J%6/0& 11 2014,

4. =850, . . 3(G#*/ (310&*# I#1(l.&*#$ /1961

5. 37# ., .. *& #L(&(N& 0 /1971

[65"0 . ., (+#
( )

#  1(; /. # 134% #+%/ 69/ [/+*$  (31-, & .&"/ S5@# 134%
YA O/ | 1345 %&H*S$ # <[(HON'$S  VS&(&HH#, 5E# (&5 (H( 0&*HH
134#4 %&.I(#& O ;(&+3.! 5-6 ,. /1.6 3. $O#0&' 0+0/1600 +134/.0/(1-4 9&!#,
"(35*1.68 * ;/l 05%% (% .) ,9. 5(%7/&  5-6 0(1* O#]. *&

+1(06/ ;! 3#0&S8>/) SI(1*& & , & .&"  *& /A&MHON"[ 11 “*#

(31 0&*#' | *&,5(# 5(/L/ @*$ "*/.(&H#H# 00+134/, % /. 0-+0&.60+(-0 O
1398/ O +*#"*OP#  #"(- . ' 5(/1.0&> /4  0+(-0 5&*I.#  35(&0 /*#/
JA* YHON'HY%  B(M%  137T"#  [/+*$  (31- 1 * 13>/1.0 ".6! !
506>68  0+(-0;/+5&*4  5*0%&H#OM"#4 (/1.0  &O0. %&H+&H# &"HY#
I(/11.0&%# 9%)3. '0".6!'  5*O%&HIN"# %I%:;(&**-/ 5@ (- W.I%- « »

[1], 1*&" *# ;&1&8. +*&Q9H./6*%# )&&H.&YoH# %&NS, & .&"/ *0-1"$
<" OHO* 168 Ol /1LO# +*&O#./6*$ O/ #O#*- G#.&8>/) 1&0/# 140" & .

6./(*&H#0$  1&*% 1(/11.0&% '0'8.  1(3%*/ 1(/1.0& #+%/(H #
35(&0 /' , (&+(&; .& -] *& X0/ </%/*. 0 « )& » [2], 180 /*# SH#.&*#
" (-4 11&0'.  OY) 34 "& # )&&H*I (&+%I(- +*&H.I6*  %/[*67/ .

&) 1&(" .&" %3 *#+" %3 1&0 *#8 5#.&*#' <"*%#9*1.6 35(&0'8>/$  I#!./%-
‘0L *&%*) ;I 0-!1"$ .

#% #+ </[%/*.0 L(3%*$  &0. %&#+#(0&**$ #1./%-  35(&0 /*#

14* V#N"#% 5(,/1% 137"# [1+*$ (31- ‘0L L(3$*-$
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1/%36.45 /" ( [3], BUL*&+*&9/*-$ 1' (&I5(/1/ /4  35(&0'8>#4 I#)*& O
1.(3%%)  "*( /(& 5 && )0-% #I1#"(*-% 0-4 1&%.

) &!* (I+36.8.8%  5(0/1/*-4 <"I5/(H%/*.& 6*-4  #11 /1 0&*#S
<"I5/(#%/*.& 6*) (&+,& 1/%36.45/" (& *& 2 0-41& 5 39/  1.&#6*/
FQOMH FWHIE6*S  B)ITHIH HHWPHE 041%) W& & O +&OHIHY |# .
Of #O#*- 180 [*# GH.&M </%/*& (&0*/ 1 %. (&2#'# 5*$ *IH#/6*$
#1.(3%/*.& 6*$  FIH#/6%$ # %L 1HON"S  * W6 S 5)(/7* 1./$
SHOIL/A-  *& (# 1.

2,5
S
a
=
3 2
I —E—lMonHana oTHOCUTENbHaRA
g AOFPELUHOCTD
g 1,5 —
c WHCcTpyMeHTanbHanA
% i : n _ : _ OTHOCMTENbHaA
: R i =i norpeLHocTs
E — MleTogn4eckan
= o OTHOCHMTENbHAA
o _
o ' NOrpeLHocTb
-
™=
@]
0

700 1300 1800 2300 2500 3500 4000 TIla

(3%*$  1/%36.H5/'1( , '0"6 1% #+ </%/* 0 5%/0%&#9/")
L(3$*) " I(& &0. %&H+#(0&**$ #1./%-  35(&0 /*# , 151;.03.
5.#9%8& 6% %3 5( 0/1/*#8  .[4* YHO/M") 5(,M& 137"# [/[+*$  (31-.

#.1(&.3(& :
1. *0%&.#9/"/ (31 0&*#/ . URL: www.tizpribors.ru/Produkciya_ Tizpribor.html
(1&.&;(&>#  07.05.2019)

2. 3("0 .3/ YHON'#H < [%/[*- # 31($.0& &O0.%&.#9")
35(&0 /4 4% YHOI"HY%  (3LO0&H#% | .. 3("0 , . . %0

&5 W #1(.— .o ,1989. — 63.

3. L (3%%S HONHS < /%[, «1/%36.H45/'( *& 108&0-4 1& |
oL A0, .. (## Il 18! *&39* -5(&"HON'&' " F2I(/*H#
5(2M (" -5(/51&0&./6!")  11.&0& Q#H#& ) ) 0. "#$ ,21-25

*0&( 2018) f/".(**$  (13( % (#" 1.&J$.— ))&l ,2019.-.134-138.
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H#AH* .. &094%,

0. %&H+&H 4% YHON'#4  5(, MO0 0 *&7/ 0% 5%)&. (/786
(&+ #O*-/  <"*%HO/"H/ |, S(#+01L.0/*/  # | #&6*  +&1&MH &5(#H%/(
3%67/*#  +&.(& *& S(#+011.0 , 30/ #O/M# 1"(L#  5(#+011.0& , 3 397/#
"&ON.0& #H+# #. .1

10+# | 0-1"$  OL(/; 08168 IS/ #&#.0 0 12/(/  &0. %& H+8& Hit
JA* YWHON'HA B0 O+M&L ; 67$  (*"  (31& +H'&. */:41#% 1.6
30/ 15/ #&#.0 1' 5"(-# OL(;0&1# . 1*&" ,010+# | 11.& O
(% (&FOHA%.I4* YWHON#A (/1.0 1' &O. %&H+&HHS(,MO  ,&.&"/ O
OH13#4 %) ;(&+# 5(,/1 ;394 L& O#!' 10 6% .(31/%"$ +&1&9/$

5/(038  9/(/16  :39/#/% 51;*4 I5/H&#.0  +&*H%&S8.I' O-I7#
39/*-/  +&O/LIH. ([1# *#4 0-1"& "*3(*H# , &+*&OH, */ ;4 1#% 50-78.6
"&IN.0  ;39/%# 15/ #&#. 0

0(/%/**-/ <" LHONH (& HE  H# -L(J (B+O#H  JA%"%  #

#42 (Y08, # **-4 1A% S .(/;38. . 0530 JAHIN'HA  03+0
| .0/.1.038>/) 3(0% . (L#IHA  +*&HS # B(&"HIN'HA  *8&0-"0 . .
11H)&L (&H#*&6%% 19L& % [ #**-4 +&FHS # & (& (-4

5(&"#'3%0 0 5(,)/ 39/ , 9., 0 108 9/(/16 , .(:3/. 5l.*$
% L/(*H+&, 1 Y&.J(H& 6% -JAHI/I"$ &+ 39/*4 & (& (#$ [1].

&*% 28" (% 5S@# 30/4# 1.31/5& '0'.1 /) % HO&# " ;30/*#8 .
U(&#H & (& (4 (& . 1 * -6 (#*#(0&  *&5(&"#9/1"38 5 6+3

O5(2/M## " " ($ ).0. IS/ H#&#.& . &0*% :(&+%,51.80 /& +&1&9&
1 *& 5%096 (/7&.6 (/&6*/ S5(#+011.0/**/  5(:/%- . 6" & % *
+&% HO#(0&.6 39&>/) ' " 310 fH8  %&I(H& & # 5*H%&HS 151;0  (/TI#

(/& 6%-4 +8&1&85(: /% .

-5 *[xH & (& (4 (& . ' 5%>68 & (& (*4 /10 5%/ 0
(7/##  O-7/5#&*$  5(;/%- , .&" "&" 1.31/*&%# :313. (/7&6!' (/& 6*-/
5(#+0 1.0/*-/  +&1&9#

.0/.1.0/** L 39THY% 15 *PH% " ["#*%  +&*#% :313. '0'.6!
& (& (1 (& .- *&0/#4 , .0/9&8>#4 10(/%/*-% .(I: 0&*#'% ;(&+ O&*#'
& (& (-4  1./*1&84 .

H%/(% % /. 513#6 (&+(& .&*$ 1L/1 *& *0/ "*( /(&

S0 3HOI(1&6%% , ! 11.8&. 9% B6TH% *& (% 0+% *L/$
5<.%3 *& /) &+ % * 5L(#6 J-$ "%5/1 & (& (4 (& . 1
D 30/ 13140 ## 1' *&39% #1/10&/6!"$ 1/ 6%1# .
P10 540 ) %&"H%& 6% S(# # I+ "(&EFIHE (& .&6 | (&+ HO*-%#

(/& 6*-%# AI".&%# 35(&0 /#' .
41/ 0-5 *4 & (& (*4 (& . *&LF1 131/*- 5 39&8. *&0-"#:

«(& .- ! (/&6*% (31 0&*H/%

o " M) 3(H( 0&HH ;

« 5()(&%YH( 0&*# 5 6+ 0&./6!"#4 +8&18&FD) *& '+-"&4 1.&*1&(.&
61131-3;
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o +&1&#'58(&%.( 0 &0. %&H#9/1") ()3 #( 0&*#' ;

o 1¥08% 5(%-7 -4 LIS ##*/(2/$!0

o TH&)* LH J4* YHOIHA LIS

o (1+/(O#( 0&*#" :

o L +1&H# (&I5(/1/ -4 WH./% 35(&0 H

oL +1&%# H1./1% 35(&0 # 50-7/*$  *&L/*1#

F1 540 (& .86 ! "%5/M1% (&+ #9*4 & (& (4 (& ., % /.
5()(&%%H#( 0&.6!' 8% '+-"% #+ 1.&*1&(& 61131-3 ## ! 5% >68
5()(&%%*) 5(13".& CoDeSys.

&'#% (&+ %, 1' 3397/#  "&9N.0& (&+O0&# O 0-17#4 39/*-4
+&O/1#4 * ;4 1#%  #5 6+ 08&.6 & (& (*-/  L/*1- , .0/9&8># ! 0(/%/**-%
(; 08  Y6&.J(H& 6% -JA*HONN")  :/I5/9/#"

S#I"  #15 6+ 0&**-4 #.9*#"0

1. #H#* o &H (& "& & (& () LF1& 1" #+39/# (&; .- !
% 13 '%# 00 1&0-0 1& 5(%-7 /**) " N(& *& &+ -110 /1 1%
39/*-$ . — 2018. —E 21. — . 64-65. — URL https://moluch.ru/archive/207/507 {0%.&

(&>/*#'  :26.05.2019)

&3%0 . ., /10/1/0&

1&**$ 1.&.6/ #U/13L'  &O0. %&H+H#( 0&*&' W.I1%& (/)3 #( 0&*#"

N2 YIS 5(,M& W [+& &%YH&'& *&). ">l 0(/%' 5(#+011.0 &%%HE"&
0" BI(5/"HO*% *&5(&0 I#/% ,.&" "&" 12/(& [) #I5 6+ O&*H U+ ) +*&9*& #
B/ "RUr%  *&5(&0 % : AHY%HIN&' 5(%-7 1.6 (5(#+011.0
&+ *-4 31:(PHS , 0+(-09&-4 0/>1.0 , 5 #%/(0 #..1) 4 1#6*& J4*#'& (0
"&ON.0/ 4 1#6*)  &)*.&); Y%I1##& (10 % (&.0 ( &YUHE DE> *&+-08&/%-$
*&T&-(*% I5H(. % , 5HEWM  BH % (9*4 L4 (11 0+3 1
1-4&*#' ), & .&" 1 *&B*  — *O(& Y , Yokt +#.- , 3'31&4 *&I" %-4 | 1' (& ."H
(3" A#(30&). 10+# | <#%*:41#% 519/("3.6 , 9. W /+ &YHE"® 'LV
&".3& 6*-% *&5(&0 #1% 1' 10(/%/**$  5(%-7 [** |.#

I* O*-Oott 5&(&%/.(8%6¢# (/)3 #( 0&*#/ " (-4 *[ 4 1H% 5
J4* WO %3 ()&%/*3 # 1' 539/ ).0)  5(13".& *&1/8&>/)
"&9/1.0&,'0'8.'

- J%5/(&.3(& 0" **&4 W J+&;

- 3(0%# #1")  RUYH&'RIS&(&. (I H"FLMEHES "
- J%5/(&.3(& )&+&0-4 1'S))  H+&Y%U6H&EI* )" *1/X1&. (&
- 1180 H("3H#*) )&+& 1 1/(&*#8  #*I(*-4 SHWNS ( 4#AN):;

- 0-189& #1")  &U%NVH&'EH)&+ 1/ #./'  *&IM&L;
- 180/ 0)&+ /#/1 [1].
&1-$ 3+ (NIH(0&*# 11 #.
- #+18.9#'8 5(/:(&+38>)  "*.( #(3/%38  ## ()3#(3/%38 0O/ #9#*3 0
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0-41*$ MH)*& , 31;*$ 1' 1#.&#*$ 5/(/11&9# # 1& 6*/$7/)
5(/;(&+ 0&*#' 0! .0/.1.038>#$  #%53 6!,

S YY) #+ 1%)  ## " 64 ;"0 , /I5/9#0&8>H4
511/ &*# +&1&*) +&" *&(/)3 #( 0&*#  .J4* )HI/") 5&(&%.(&
- #I5 *#]6%) %/A& H#+%8& ()3 H#(38>)) " &5&*&! 5*0%5HO1% ##

1(3)) 3L.($.0& .

#+3& #+&H#' 14* YHIN"#4 5&(&%/.(0 # 0+% *!.6 #4 +&1&9#
13>/1.0 /.1 5&* 68 5/(& (& VPIHMI TP62K# 5(#%/*I*#/% 5()(&%%#(3/% )
)#IIM) " N(& ADAM-5510EKW/TP [2].

5#%& 6*-%  5/(/5&1 %  ./%5/(&3( 0+134& *& 041/ # 0-41/
0+134 4 &1#./" 19#.&/."" 18-25°C. ' "* (' J%5/(&.3(- )&+ 0$ 1%/'#
#!5 6+38.I'" 1&.9#"#./%5/(&.3(- [.(&*  205.

#+%/(I*#' 1&0 *#' -# 0-;(&*- 1&.9#"# 1&0 I*#' 2#(%- : /%l( -
20/ 2 [3].

#+%/(#' 3(0* 0" **&4  5#%/™).)"  3(0*%/( Rosemount 5300,
" (-$ 3L&*&O#HO&.!' 00-*1*$  "&%/(/ [4].

+%/(#/ (&4 1& 13>/1.0')." %#"(5(,/M (*-%# (&!4 1 %/(&Yo#
Rosemount 8800 [5].

01 oML W#LI%-  35(&0 FH R+ % &%%HE& & &+ | O(1%/**-4
%#"(5(,/M (*-4 5#; (0 5+0 #. 3397#.6 "&9'.0 # <22/"#0*!.6
35(&0 /*#' "&9/'.0 % &%%#&"& 0-4 1/ ,&.&"/ '"(&#.6 <"* %HINH#H +&.(&.- *&
(1% *. # ;'3 #0&*#/

SHI" #.0(8.3(-
1. 0. %&H#+&# 5(,MN&  5(#+01.0& &U%H&'&[: I".(**-$ (3¢
*H B/1# « HYOHO/1"H] N2 Y URL: engineer-

oht.ru/index.php?catid=217&id=574:2014-08-21-03db&Itemid=260&option=
com_content&view=article /1&.& ;(&>*#  20.05.2019).

2. *( (- #1.&* ## 00 1&0-0 1& !(## ADAM-5000 [ /".( **-$ N3(! ]
Il %5&*#' URL:http://www.prosoft.ru/products/brands/vipa/84479057.html
[l (1&.&;(&>/*#' 20.05.2019.).

3. &.& ) 5(13"## & » [1(**-$ /3¢ 1 &39* -
5(#+0 11.0/**/ 5(/15(# .#/ < » URL:

https://www.elemer.ru/production/pressure/air_20.p{1&.& ;(&>/*#  20.05.2019.).

4. (0*/%/(  Rosemount 5300: ['.( **-$ ('3(! ]/ Emerson Process Manager.
URL: http://www2.emersonprocess.com/ru-RU/braresgmount/Level/Guided-

Wave-Radar/5330 Series/Pages/index.agp&/& ;(&>/*#  20.05.2019.).

5. #4(/0$ (&4 1%/( Rosemount 880Q [".( **-$ ('3(" ]/ Emerson Process

Manager. URL: _https://www.emerson.com/en-us/cafategmount-8800-mulitvariable

Il (1&.&;(&>/*#"  20/05/2019.).
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0)(10 . ., &09#,

( )
0" &"H#0*$ &0. %&H+&HHOY)  %H#(& (;01*/  4+$.0& O />
5 &)&8." *&(&.3 9/ 0/'& ,9. *N. O/ 5UL M 1 *l# . &5H%I(
&"38 (& .3 ,"&" 51" (%"& (-- #OO/L/*# 31 (/S # %/1## 1" #4 5(/58(&. 0 0
01/%- , 13>1.0"/. 9/ 0" . ," | &/#8 , *0+% *  5("*( #(0&.6
"€ON.0 /) (& .- . SH%I(3, *0+% *  3+*&.6 (&0*%/(* # 5 01/%3

(& " (&I5(L/# " (% # 5(#+0/ 001 31;(*#$ # %/1#H#1"#4 5(/5&(&. 0 ,
0116 # " (% #5 6+ 0&* .

(I, &0.*%*)  &0. %&H#+#(0&** ) "&.&Y%&(&*&&" (&+5(/1*&+*&9/* 1
51;%4 4% WON#A  5/(&H#$ O0(;01%% " %5 /Y

) 0%/ "&9/M.0& - <. *O#H+*&, &".3&6*1.6 # 3H'&6*1.6 ,
5(/1 &)&/%-4 [A*HON"HA (ITIH#S$

O#+*& 5(/".& +&"89&LI' 0.%,9. 0*&.'>/  0(/% O %#( */ #%IL.!
514 "%5/10 1' 0-5 *# 4% HON'HA  5/(&H#$S S# 0-(&>HO&*HH

(-

%5 /'*&  &O. %&H+&H # VoM HYoH+&H# 39&I# 9/ 01'& 0 5(,/1&4
(;01L0& 0L &"3&6*$ +&1&9/$

*#'&6%1.6 5(/"& !L# 0.%,9. 041/ /) (I&#+&## 5(/15 &)&."
| +1&*# &0.*%*$ (#I5 6+38>/$ | /9*38  <*/(#B ), %*)23*" #*&6*$
3*40/(1&6*$ 5&2 (% 1' %13/$ .J4* HON") ; (31 0&*#  5(310-4
4+'$1.0 , 5(1*&+*&I*$ 1" "(% /'  # L(#4 4% YWHON'HA  5I(&HS #
5(,/M0  0.0&(*% (- 010/

08 *0*38  +&1&935 "(%/#8 (-  # 1(3#4 .[4* YHOI'H#4
5(&#4  I3#0&# (014  5(310 "&&%&&*;31. !3>1.0'6 |
5% >68 ;3*'/(& -1+&. (& ((#' . 1).

- l [
M3 L (HHS (& - 3FU(& -1+8. (&
" x (3" HH 3*(& -1 +&. (& *&4 1#.)" 10&/%" .*-4 1&.9#"&1' 1034
Y&, (%&"HY3UIHHYIYEL ' (' (&4 1& " (%&.

& "&.&Y&(&* 31.&* 0 /%  1&9#'# "*('  IL#  5&E&%/.(0 01-
(J%5/(&.3(&, "# (1 , ( , &%%H#&" *2 (%&# | 1&9#'0 5/(/1&.I 5
15(01* %3 "&*& 3 10'+# 0 1#15.9/(1"38 . +&OHIH% |# . 5"&+&*#$ 18&.9#" 0
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2 (U#(3L!  5()(&%%& # "&(- "%/ , 9. /I5/9H0&. (& #*& 6%/

#15 6+ 0&*#/ " (%0 .
O# I*#l  "&.&%&(&*&31/. 5(#'41#.6 +&!19/. <[".(HI'"#4  10#)&.//$

51, ) & HE&H < [(108)&]1$ 13>/1.0 '/.1 . 04
&"3%3". (*-4  &&U$ )3") E+(1& &(1  &™3%3'. (%4  ;&&(/$
S(#+0 1) . 2.</.(#O/"#4  5(/;(&+0&.//5 ! 5%>68 "*( (&  +&(1&

#3E 2 (L H#5 ) #"8.&%&(&*&

41 (& .- *&L5(/".% 3/ !+1&* %##5(. #5 (# . 2),".($
5(7/  315/7*]  #5-&* . & #+&#  1&*) 5(/"& 5+0 #  5(/1&.6
(~01*%3 "%5/13 *0-/ "&9/.0& # +*&9#./6* 5O0-H.6 [) <22/"#0*1.6

3%/*67#.6 +&.(&.- #H#1"8O#.6 O/ O/ON'#HS 2&".( .
H##)(&2HONHS  15HL"

1. &(&%O0, . . *L(3#0&H  I"(1*4  "(104 %1//$ 1310/
&(&%0 .- . ,1973. — 50.

2. 3(1F"0 , . .3/0/ 3.($.0& #(NIH(0'& *&01/ 1&% 41*4 % 1//$

"&I$ 1 . .30 .- ,1955. — 5.

3. 3'01.0 5 (&91.3 # 5(/"#H(0&HS  [/+;.**4 1.8 654 #

"o 0&**-4  :3*/(0 [— . 1"0& : .($#+1& 1983).- 200!,

4. HIHMI0 . . 0.%&HIN"/  *5(/(-0%/ 1 +#(0&#H 1-539#4 %&./(#& O
SHO# 1974, — 120.

5, 1#*0 . ., 30(#& . . &0 . . *+0 . . QUHH'&H #

*&+*&O/H# 1+& (0 /I 1$  39/$ .—2015.—E 11. — . 409-413.
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1%/* O .o, #&O L L, L

141" #+ >I%H#(0-4  FLFHES  #100%) L% &'0&'36.3(- 0
*&7/$ 1.(& , % *  5()*+#(0&6 " 2020 )13 5(#+011.0 )#I(#*0 0
&'0&"36.3(/ *&3(0% —410.-! .., 9. 04(&+& 67/ ,9/%0*&!. ">/ 0(/% [1].
10+# | <#%0.&@05(! : <22/"#0* % O-(&>HO& 4 (-

&>l (/%' SH%*8.) " (%&, ! 1(&*#  5#.&/6%4 0/>N0 0
"(-4 %/ * 1.0..00&6 # )OS  S5.(0*\# (5,9 %/
SHOMH# " */<22/"#0* %3 (- 5(#+011.03 , [+*% # 1&/ YI# (= . (%l
), +&9&!1.38" (%& O* ' 0(39*38,:+ @!") "*(' 5 "#9/.03 # %3
O\*# 9. % /. 0-+0&6## ) 1 3(- ,## +&)(+# 01-,9. ,:/+3 O*
1 O(/1#. (8% .

<. %3 0&* /I5/9%.6 (-, "&9IN.0M*% "(%%,".(% %)3.'0".6!
*&II"%-| —S#(1*&' 5#>&(-; [2].

&>l 0% #+ON*- *1" 6" 151;0 15 *#/6*$ 51" (%'#

(- . BTHN0  <HAI51:0  104&* | SHOOFHI% &M %-4 " #1943
10/.& , #4 349, H#I% % ## #% 151:% #51/138>#% 1"&(% HO&*#/%.

3>1.03.  10& *0%*4 I51:& 3*O. [#  S5HO/9@*-4 #. 9" %
10/.& 1.&8>#4 *&I" %-4 :

— QIAZXHOIHS (3HO. M L(O0(8&>&8>HU! < [%/*. % : LI(*% ##
W'$S 5 #H%I(*S #"S$ )

— <[".(HON"HS  (B(HO/9@**-]  *&"%-/  3*HO. &8 < [".(HO/N"#%
(&+('1 %).

($ 5L 0Ll (&I5(LE&F@**-% . &% .(H#% /) 51(;*/

[ (HON" 037"# 1' [.&8>#4 *&"%-4 —<. 3L($1.0& ,". (-
5(#0 /"&8. " %&(0, % 7/" #:& 9" 10/.% I5/#&6*$  &W5- (-9F  %)"'H%
36.(82# 1. % ) # +8&.[%3HO. &8. H#A<[.(HO'HY% (&+(1% S(# S # FH#
%/.& #ON"$ L *&ALSIS!  BIIL &%S5$. &5( FH#l  *&%l.& #IN"$ LY/
9% 11.80'/. 500-10000 6. , 1*&" #& ."& 5(# (&+('1/ 0/'6%&*; 67& ,.&"
9. 3L($L.0& 05 * :/+5&* 1' 9/ 0/'& # #0 *4 .

L($LO 1" "(%P#  ( #HO-%# *&I"%-%# 31.&*&0#O0&.! 0. >/
01-. .J%*/ O(/%' !3." &%5&I0/>&.. . >3 01- #50/(4*1*/ (& &I#

" (% 51/&8. *&/"%-/ . *# 3L(/%'8.) " &5/ # S(# S #IHH "
%.& #ON"$ (/7T@."1 5 39&8. </[.(HO'HS (&+(1. #.-l  H# "&" YH*H%3%
) 37@*-/  <H%(&+('1 % *&/" %-/ 5&1&8.00 13.

*&5( M I (& 51&0&.6% 51" | &5/(# 1HON"# . &"#%
(&+ % *&"%-/ */ 1%)3. 5#O-"*3.6 " 51.%%0%3  </"(%&)*#*%3 5 8
0"(3) (/7@."#. 1:80" " <.%3, 5#0/9 5 0+(/-4 1:$ " %&(0-
L"3% 0 #+0* 0 S(HOL@." (&+%* #8 , "&1" '#, , 5 30/#8 #HO#*" —
MH(*%#HL . 3.6 1&*$ J4* YWH#  IL# 0 .%, 9. #O#H OU4 O#1O (-
5#.&8.]' 1#'€"0$ SH>$ —+ 5&".* 0 . *&I&/ <. #23+ (## #" 0(&"#
+&I% — (&" (&+*- : 1&2%H # #'5- . *&#; 6T/ "(%O0/ +*&9# 1
HOHY " #9%&6"0 (- 1%/$1.0& "&(50-4 5(/11.80'8. H%/** A#(* %#l- [3].
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# ;&) 5@ *4 3! O#4  HOH'# "%&(0 0" @0-0&8." #+ . [**4

%, 9+ 2-313." 51/ "&1"#. #O#"# 5&1&8.0013#!3& "(%% 1' (- [4].
3397/ 31 O#S (&+%* /' "%&(0 (/"%/*13.' 0 (- 01*4
5(31&4 1.&0'.6  */; 67#  39&L"# */ 0-"7M*$  01*$  (&LHJ6*L#

COLH& , "&%-7& ()+& # 1() :# 39&L1"# '0'8.'  %N.&%# (/4  #
(&+%* /*# "%&(0. !# 1.80#.6 39&1."# 01*$ (&LH#J6*1# 0+% *1# ¥
5(/1.&0'." . 1/13/. #5 6+08&.6 5&0&8># 539"# | %- ## */; 67#H

1.9&- (0%  (&%-, 5"~ . *#% ! /% "7/*$ (8O- .

+&" BOPHH AOLY  Wl#6 , 9. 1" (% (- CO'LY M [1#M.0/%*%
0+% *% *&5(&0 f#/% O 5.HYH+& 1 # &0. Vo8 H+& ##(- 01%4  4+$L.0 , *
1*40b #+*&#; I|  <220"#O*-4 #5 |+*-4 \/1# S5(9H4 .

SH " #(&.3(-

1. &&I#*0&, . . O(%/**/ 5(; /%  # 5/(05/"#0-  (&+O#.#'
&'0&'36.3(-/ . . &&I#*0&. . - «&(&. 0I"H#S$ » — &&.0
2016., 4.

2. 1"(%"& (- *&0-(.*4 5(31&4/ .. l# , .. &6,/0 , . .
&09#,, . . &&+0, . . " 0& , .. (M0 /I /(%I . O 6 .-2017.E 11
(65). - C. 68-69.

3. &+& 0, . . :/".( 5.HON"HS 5(/:(&+0&./6 | )&+ (&+('1*-%#
# O 8bH -&..(&".&*.&%H# 1' 51" (%"# (- : %*)&2H# | . . &*& 0,
&&*0 , . . &&O, . . /0 , . . &&0 .- [(*)&l
2013. 184.

4. Y+ ..M 5HIHS 5(/:(&+0&/6 1' +&#.- 1&10
*&I[" %-4 -O(/1#./1$ | 5)(3/*% HLOH % -&.(&".&*. % . 0. (/2/(&
THV(&HH  *& | #I"& ] 39/ $ 1/5/# "&*1H1&.&JAHON'HA *&3" . . )+

(&* 1&( - 2010).

"0 . ., &5&/0& . ., &09#,

&GHL "(/%*# 0L 10 6% 553'(*% & (&+#0% .&" "&" ; &1&/.
0-1"$ 5(9%1.68 #*#+"$ S . & 1&(" O0-1"$  AH%HI"S 1.&:# 6* L#
LS LE # M35 (LE "&CHL (% 5HE%L 0"&91.0/ )35 (& O

%.& 30HON"$  5(%-7/LE . &' "&(#L  "(%H  5HE%) 0
VO&TH* L(I# | AHYHON" % &55&(&. L.(I## , <I".(JA'  # 1(3)H4 (&4
5(%-7 /1% . ' #+).0/# & (&+HO*-4  #4.(3%/*. 0 , .&"#4 "&"

7#208& 6%/ "(Q)# ,*& 189%&' ;3%&)&* ;4 1#% #+%6/ 6O@*-$"&(H#1 (/% H .
0% 51).0"% "&G#1& "(%*# " 1(;F#8 , 0 *) 1:;&0'L."
JAHON'E 0 1&#2 . (&) . (1 5%)&8. .9#>&.6 /) . 5(H%/S$ .
& (#13*'/ 15(/11.&0 [*& .J4* YWON'&'  14/%&5(,M& 51).0"% "&(#1&
(% " 1(; PHS

101
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H3* 1 — 4% HON'E 14/%& 5(,M& 51).0"% "&(#1& "(/%*#
1(;+#8 : 1 — 5(#%*$ ;3% ;2 — /*.9%$  "*OI$/( (1+& (); 3 —%.( -
(113", (! &W*4A(**% 108)&//% 1' O@&>/*# ( #'& [*- 4 -5#%*$ :3*/(
1(#"#

I(N3#(3/%&  5189#2 . (/&)*.&  *&5(%38 O#/. *&"&9N.0 5(13"& .

I0+# | <#%0+4'&/. 05(! ,! 5%>68 9/) % * ()3#(0&6 " #9/1.0
51808&/%) 2 . (/&)*.& 2 | &[H#8  *&%*)#4 S(15H #4 , A% 5 1&08&/% $
#1"V# S&"HONHE K (N3HBLY . 10+# | <#% 30/ #9#0&L! (&4 1
2 . (1&).& #,"&" ;- 1"&+&* 0-7/ , (LI "&IN.0 #.)0)  %&IH& &

(7P#  18**$ 5(;/%- , 10+&*$ | 1+#(0& /% 2 . (I&)*.& , %-
OL.(&#0&I% O #1.1%3 %o#"(1 +& ( . &" "&" *& ) 1*T*#$  1/%6 %#"(1 +&. (-
#1"1#  H%/8. 96 0-1"38 L #%1.6 #  S5H%*8.!  #"89#/6* 0
& (& (*$  5&"#'/ #* 5141. 1' 31 0#$ ,0".(-4 S(#41# 1(;/#

"&(HLI& (%, %  5(/1&)&% #5 6+08&6 1/138>38  "*.(3"#8
Vo' (1+& (& 2 . (1&)F&  ((#3*" 2),)1/:

- #+ 39&./6;

- S(H#I%*H"

o (" k(I
S-15 *#/6%$  %/A&*H+%
MK
aline—

L
i

M3 2 (3 10 ()3H(0& 2 . (I&)F.&
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&& "H.(3'#  5+0 Y. 30/#9#.6 .9*1.6 1+#(0&* 2 .(I&)*.&
1/#08&6 /) (&41, &!/10&/6% ,50-#.6 <"*%#9*16 5(#+011.0& #
"&9/1.0 5 39&/% $ 5( 13" ## .

0. %&H#+#(0&* | (& 9Nl %/l. — <. (&9 %N 5/(& (& , ".(/
1 (310&*  5/(1*&6*% " %568./(% , 5()(&%%*-% /I5/9/#/%  # W./%$
O#+38& #+&,## *.( #(31% ) 5(,M& . * 540/ /%35 398.6 # ;(&&.-0&.6
#2 (%&,H#8  LL#  5(MN& #5H *41H%I# " (("#(0&6  5&(&YL.(-,
0#8># *&5(#+011.0 5(13"## .

5/(& ( 35(&0'. WlI%$ 1+#(0&# , "*( #3/.  (&41 (&0 #
I(&O*H#0&/. 2&" #II"#$ (&4 1 ! .(/;3/%-% .

& ) 1¥7*#$  1/%6 5/(& ( ! 10/) (& 9) %N&* % /. 50#.6 *&
A% 51&08&/%) 2 .(1&)/*&  S# 1(;/I##  "&GHL& "(%* . . , 0108
9/(/16 ,!"&+-0&/." *&"&9/1.0/ "*/9*)  5(13".& .

(71 1&*$ 5(;/%- , 10+&*$ | #°2 (%H( 0& /% 5/(&. (&

L *## 04 5&(&%/.(0 5(,MN& , O #1./%3 O0L.(&H0&S.I' %#"( (&4 1 %l(
(&4 1 %I( # J*+ %L(HONHS 1&.O#"ON&, ".(-/  BI(1&. 1&*1 *&"*.( I
*(/( , 0108 9/(/16 , 10+&* | "%568./(% 5/(& (& , )1/ # 0-0 1#.!
#2 (W& H  5(,M (3" 3).

#I3*" 3 — 4/%8& 5/(/18&9# 1&**-4 *&" %568./( 5/(& (& :1-  5/(& (& ;
2-"x (i 3—%H((&A1%I( 1' 2 .(8&)*& 4 —.J+%LHINHS 1&.9%"
0/1&; 5—(&41%/( 1' 01-

31:%)  OI5E.#  *& % (  5/(& (& , 0 0/(4%$ 9&1L# <"(&*&
0-0 14! 0 (J&6*% 0%/ ['3>#  +89/ (8&141& "&(#1& "(%*# |
2 . (I&)*& #01- .

5O/ 5I(& (& M PHE "&") -#  H+5&E&Y%L.(&. * (%- ##
06 3(0% 2 . (J&)*.&  0/%"L# ;31 13>1.0".6!' | 5%>68 &H%&H##HO
O#1/ H)*& 6*-4  &Y%5

HA3& #A&H 3> LR (& .- "&5&*0 5189# 2 . (I&)/*&  #
01- ;31/. 13>1.0'.6" | 5%>68 #+%/**# 0. "&58* 0. «(&*$ »—"&5&*
5I("(-. , «H [*-$ »—" &5&* ."(-.
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(# *& &HH# *&"*5"3 «(F1 »*&<"(&* 5/(& (& ;31/. .;(&&6!' .(*1
5 "&+-0&8>HS #H+%/*/H +*&OPHS " *.( #(3/%-4  5&(&%/[.(0 +80V O(/%' (& .- !
% %/*.& 0" 89/ .

(# *& &4 "5 «(JO)# »*&<"(&* ;31/. 5'0'.6!' 1#& )0/ " )1/
(& &L O(/%', 1&.8% 5&(&%.(- , 0-+0&OTH] H)*& #+& H#S .

(# *& &M "5 « 3946 .9/ » 0 *&+*&9/*$ 5&5"/ 2 (YH(3/.!
I1.0-$ 283 «.9. » 0".(% 3'&+&* 18-/ (8141 "&(#1& "(%*#
2 . (I&)*& #01- +&1/*6, %[V, #)1.

HIB*" 4 —%*/% 14/%& /4% YHII") 5(,M& 1 +#( 0&*#

1. 3" . B55&@&*  #*I(2/$)- LU BIAH L -
+1&./6I"#$ 1% " #.J( ", 2002. -- 524 ..

2, +&. (- *5(/(-0%) 1/$1.0# - 1(/11.0& &O0. %&#+& ##5( /1 0
1+#( 08 .+ (*&  #2 (W&H . — . 1982.-##-* . . (4 . |

3. 0.%&H#+#(0&** [ (& O/ %M. 1' L&MHIN"S (& ."#
184 ./ 1 (1. . .3(&"0& , . .&SH#)0& , . . #+(4# , . . x0")
- ., 2005.

4. 0.%&HINH  %#'(1+& (- 1' #1"1J$ . — ., 1975.- # 0
. 8.2&#0 . .

5, +& (- */5(/(-0%) 1/$1.0# - 1(/11.0& &0. %&H#+& ##5( /1 0
1 +#( 0&M' . i+ (*&  #2 (W& H# . — . 1982.-#*,-* . . (4# . .

6.  &GHL (% : J4* W, 10$L.0& , SHWIH [ 1 (/1. ['/0&
. *&"0$ . .— &(6"0 .« ». 2010. — 532. (8,9 Mb) ISBN 978-966-02-
5445-9

#8&I0& . ., -36%"
( )
H1&* #* - 1%& #+ J4* YHON'HA  1.&I#$ 5(#+011.0& %/H# *H*& .

[#*# 0L O0&#9/"$ 1;&0"$ ,/) 5H%/*8. 1' 30/ #9/*#' 0/'& 5.#,-
104



# "(35%) ()&.) "& . &/ 13>1.03/. 28&(%&,/0.#9/'"&"'  (&+* O#1* 1.6
%/ .# *#*& , 5(#%/*'1%&' 1' [9#  8L/$ | %& [*6"#% 0/' % . &(%&,/0.#9/"#$
%/ #*#* 5 39&8. !5%>68 ; /[ 0-!'"$ LS54 9#L"# "(%0) Y%/ #*HE&.

&" "&" %l #*#* 0!10(/%/** % %#( #'5 6+3/."" 0 ; 67/ #; 67/

30/ #9#0&/."" 5/(/91*6 " *.( #(3/%-4 # (N3 #(3/%-4 5&(&%I/.(0:

G 1%5/(&.3(& 5 !1.35&8>/) % /. #+%/*'.6!" 0O +&0##% |.# .
(&+ #9*-4 2&". (0 : *&3B7/#' .J4* Y##  05(/1-13>/% 5(,"  # ./%5/(&.3(-
"(83&8>/$ I(/1- .

G &4 1 0. 5(/1/ '8>#% 1" L&I##H W [+& YH1&*. #*&,
5<.%3 1' *(%&6%) 41& .J4* HIN") 5(,M& <.. (&141 *:41#%
L.&;# #+#( 0&.6 .

G H&H.-$  *&.(#$ 51&@.!" 0 ./4* Y#I1'#$  5( /N #H+A&HH>&.

* (%& 6*) 41& .J4* HY#IN) 5(,M& *[ -4 1#% /15/9#.6
15/(/; $*38 51&93 #&*#!.) *&.(# 0 (/&"#**38 J56 . 141" #+ <)
0 +*#"&/. 5.(/;*'.6 511/(#0&.6 3(0/*6 #&#.) *&# 04(&*# #>/ .

G %%#&9*&' 01& .&"/ 51&@." 0 ./4* Y#HI/"#$ 5(,/M 0
P.0.1.08# 1 (&141% )

L 511/(#0&.6 0! <.# 5&(&%/.(- 0 *(%/ , ;-# O-;(&* - /138>#/
1(/1.0& &0. %& #+& #i#

*( /( &+#!1-100

&6 35(&0/#  100.611

(%-7 [**-$ 55 (.0-$ */35(&0 '1%-$ " %%3.&. ( NS-205G
&.9#" 1&0 /*#' [.(&* -150

/(% 5(/ ;(&+ 0&./ 6 3*#0/(1& 6*-$ 0304
*1B"H$ (< /"(%&)H.*$ ) (&4 1%/( FLONET FH10XX
(0*%/(  %&)*#.|.(#" # **-$ 0/ .&9 F

N3 #(38>#$ " &5&* 500

1".(5*/0%& #9I""#$ 5+##*( 300

- 1L($.0& 5&0%) 53"& #.(% /'  1' &H4A(**-4  10#)&/I$
Schneider electric Altistart 01

L9*#"  5#.&*#' Phoenix Contact INTERFACE QUINT POWER- QUINT
24V DC/20 A

136 1#1*$ Phoenix Contact QUINT-DIODE/12-24DQI20/1440

0-7/#  3(0* &0.%&H#+&HH0'LY  0&*$ +&189/$L' S(/I5H #$ .

(7P#  <.$ +&1&9%  11/&* 1/138>//

G (&+(&; .&*& &0. %&H#+#( 0&*& W ./%& 35(&0 /4  .J4* YHON"#%
5(,M% W /+& HI&* #& ! 5 *% 0-(% 5&(&%/.(0 "*.( '
(N3 #( 08 ' | W)*& #+& #H # (&19@.8&0. %&H#O/N"#4 31.($1.0 ;

G 5(#+0/1@* O0-;(  *:41#%-4  1'  &0. %&H+#(0&*$  1#1./%-
35(&0 /*# 4% YHIN'H%  5(,M% W +& HI&*. #%& (/1.0
&0. Y68 H+& Hit

I5 6+ 0&*#  5(%-7 /**) "r (& 0 I#1./%84 &O0. %&.H+&,

540 /.

G +*&9#./ 6* 30/ #9#.6 .9%1.6 +&1&*#5&(&%/.(O;

G 3%/*67#.6 0(/%' 5/(/4 1*-4 5(,/10  08&55&(&.84

G50 0+% *1.6 4&*# &@4HO0058% #"*( /(& ;

G ."(-0&8.! TH('H 0+% *1# 11 1L+1&MF  J((#. (#& 6*
(&I5(/1 @**-4 #.I% ;
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G 5(&"#9/"# 5 *1.68  #"89&/. <O 0/9N"#$ 2&".( » 5(# 35(&0 [##
JA* YHON'HY  5( M %

(%/ 07/ SII9# [**-4  S(#%3>1.0 , #5 6+08&*%# 5(%-7 [*-4
"x( /(0 0 WH./%&4A &80. Y& H#+& HH+*&OH./ 6%  ;)9&).  +&1&ITB(HYo/*/*#
HL/% O/(4%)  3(0% 1' J(&PH# K& XS J'3>)) 1L 5(,MN& #
(DH.(&H## 1) 58&&%/.(0. 'O/l 0+% *1.6  13>/1.0'.6  #+2 (%&# **-$
06/% 1 0/(4*#% 3(0%% 5 & 1&(H+H#(0&**% 5(." &%  5/(/1&9# 1&**-4 .
0L 0+4% *1.6  &*& #+#(08.6 0 (/& 6* % O(/%/*# +*&I/*# 5&(&%/.(0,
5 3944 | 5(#; (0 , 2 (%#(08.6 # 5/(/1&0&.6 ##H&HO*/ | >/  5(#
S(/L/ P &O&(HS* $ .38 ## *& O/(4*#$ 3( 0/*6 .

5#!" #./(&.3(-

1. &9"0, . . [4*#9/"#/ 1(/1'.0& &O0.%&#+&##/1 . . &9"0. -
+1&./61.0  (&$. ,2018.-180.

2. && ) 5(13"## «Phoenix Contactx [".( **-$ (130" I %5&*#' «Phoenix
Contact» URL: http:Avww.phoenixcontact.conl&.& ;(&>/*#' :01.02.2019)

3. &&) 5(13"## «Schneider-electric» : [".(**-$ (30" M %5&*#
«Schneider-electric» URL: http:/mvww.schneider-electric.ru 1&.& ;(&>/*#'
01.02.2019)

106



#5&/0& . ., #A&"#% . , 37"&(/0
( )
+%l/(*#  '0'8.! 1*#% #+ 1*0*-4 151;0 5+*&# 5#(1- ,/@0/*#$
#+&"*0. &1%3 *0%3 ."(-.#8 0 ;&.# NN.0F*-4 # JAHI/N'HA  *&3"
5(/171.03/. ; 67/ 9#! (&+ #9*-4 #+%/(*#$ # #4*/5 1(/11.0/** / SHO& H] .

/68 1&*$ 1.&6# '0'L!  #I/L0&H %I 1& (&19/.& */ 5(/1/ [+ 1.#
H+00/(IHS  1(/10.0  H#+%I(PHS <. (HON'HA  Of HO#* | & H%/I** | &%5/(%/.(0,
0 6.9%/.(0 ,08.%/.(0 ,5H%/*I%4 *&« "%  .(3*% +&0 1hk.

(# 5(O/L/*## "&#;(0"# 0-5 *8. 1/138>#  5/(&H##

—O%7#S$ 1% .( ;

— 5(; 0&*#

— JHO&MH %I 5(/L/ [+ | #

1¥$  #+ *&I3>*4  5(:/% 10(/%/*$  %[.( Y# 0L &
*[ (/1] 1% 1. # S S(O/1/## "&#,(0" #50/("# 1(/11.0 #+%/(P#S.

& #:(0 9*-/ & (& (## , &"(1#. 0&**-]  (&*&%# 5 &"(/1#.&## |

1 * 4086 */ 5(/1/ [ 1.# #+%/(4# 0! 0L1.0## | «3'011.0% 5
O-(& 4#8  *S(LI P14 H+%I(F4S» (GUM), &.&" | 5 *#U%#t " */%3 #/# #
0! .0L.1.0## ! Guide 35.

| OLLO#E | 1.&*1&(.8&%# */ 5(/1/ [** 1.6 #+O0I(H4 — <. 5&(&Y.(,
104+&%*-$ | (/+36.& % H+0/(IH # A&(&"JH+38>HS (&+;(! +*&OPHS, " . (- |
11.8.9%% 1 0&#% 9)3. -6 SHSHI&*- #+%I(/% $ Of #O#*/ .

PHO&MH %I B/ [+ L # (I+36.8.0  #+%/(*#$ 5@ "&#;0"
&%5/(%/.(0, 0 6.%/.(0 # 0&.%/.(0 0-5 *8. I 39/.% (/" %M1&#S |
5#HO/L/**-4 O 34100.1, 34100.3, 34100.3.1, 34100.3.2.

@ U 0LLO#  I(J1.0&  #+%I(PH# < [.(HO/"#4 O/ #O#* 5(#
"&#,(0"  *;41#%  39#.-0&.6 1.&*1&(*38 */5(/L//**1.6 5 #53 #5 #53

/5(/1/ 1** 1.6 . PHO&I%E 5 #53 (*/ 5(/1/ 1** 1.6 #58& ), —
*B(UL 16, ".(38  *HO&S.  L&HLHO/'HYH  %/[. 18%t# 5 39/*#/

L& HONHA [t *& X0/ (436.8.0 (1& #+%/(HS. &*1&(*&'
%/ 5(/1/ [** 1.6 5 #53 W, 4&(&"/(#+38>&' +*&IIH 041*$ H+%/(/% $
Of #HO#*- | H#+%/¥8>/BI'  139&$*-% :(&+% 5S(# 51."*4 31 O#'4 #+%I(P#
5 39/%-/  53./% n*/+&0#H%-4 *&; 81/#$ x, 5(/1/'.) 5 2 (%3/ :

Wy ijZfZ {1t (1)

)1/ n —9#!  *+&0##%-4 #+%/(I*#3$, 5(0/1/**-4 0"&1$ .9 #+%I/(*#$
(/" %/*1 0&* n=05);

X —+X&OPH 04 1% $ #+%/(1% $ Of HO#*-

4 — W1l &#H2%I.H#91" | +* &9 # #+%I(1% $ O/ #9#*- |, 5(/1/ 1%/
2(%3 $ :
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-1 528 {e 2)(
)1 {jg =5 39/*-/  +*&9/*# S(# "& #,(0"/ , %%

1 5(/11 ** 1.6 , JH0&I%& 5 #53 (*/5(/1/ * 1.6 #5& ), —
*[5(/1/ > 1.6 , . (38 SHO&S.  *N&ALHINHUH %l 1&%# 5 39/*#/
Jx *&  1*0/ &#H (* $ & ALHIN" S #2 (W& # . &*1&(F&'

%[ 5(/1/ [** 1.6 5 #53 % /. -6 0-+0&*&%* 1.0% 2&".(0 , &"#4 "&"
NN <& **) B(H# (& , (&+*1.68  .J%5/(&.3( "&#(3/%) # <.& **)

S (& , J*$ UM "&#(31%) I011.0&  #+%I(*# | "(3) P#I% |
VOlAS*HOI"HYH  <22/".&%#H, *&5( PFHI%  UH# . )& 3'011.03  [3]
*[ 5(/1/ [** 1.6 BB H+%I(1% $ O/ #O#*-  0-O#1'[!  5# #+0/1.*-4

TGOS WHL%&HONS S)ITFIHE (U )HLEM&(F% .
( ,u )06%.(0 . /N6,u (V)50/1/'8. 5 2(%3/:

Wo fw. ., W+, ©))
& &Y HA%I(H 0L %) "(&*% , L&M&(*/
0-9#'[ 5 2(%3/
jt<tliR

wp fEH (4)

Wos, 25 4)

Y1/ D -, +&180&/%&UL % 153U&/%) +&IMH# (&N % .9 L#
0 6.9%.(0 50/(/%) # (& 0) ).

415 O/#9#*- ¥ "((#(0&*- , 1/LO&J6* , *f. */:41#% \#

S OLBPE HAT (.

J& K0S B)(7TFI# & #(3/%-4 (/110 #+%/(#$ 0 5(,/*.&4
* (O#(38>)  +*&O/# (&NOH#.-0&1.) 5 2 (%3] :

E Lz-. , (5)

"

Y Vi — 8O #+%I(1% $ O/ #O#* |, 5(/1/'1%/ 5 5"&+&*#'%
50/(/%) 0 6.%/.(& ;

V 1 o— USLO#IG*]  +*&IMH #+%I(1%$ O/ #O#*- | 5(/1'Y%/ 5
5 "&+& % ;(&+ 0)  1(/11.0& #+%6/(/HS$:

Vi — *(%H#(38>//  +*&9/#. 1¥0*38  5)(/7*1.6 0 6.%/.(0 "&!IO0
L9*I# 0,05 01;# 02 5(/1/'8. *& "&1$ 9# 0$ %L/ T7'&- . '
0 6.%/.(0 "&'& .9%1# 05 # %/* .94 , & &'/ 1' 06.9%/.(0 !
(&O*%/(*$ 7'& $ ,3".(-4 O# 04 %." /| 10,153"&.I' 5(/1/'.6
0*38  5)(/7*1.6  5"&+&*H$ #76 *& 5'#  .%."&4 T"&- , (&0* %l(*
(&I5(/1/ [**-4 5 1H&S&+ *3H+%/(/*H#S .

3%%&(*& 1.&*1&(*&'  */5(/1/ /1.6 5(/11.&0 /. s 3
L&*1&(*) KM #+%I(1% S O #HOHH-  # A&&"IH+3. (&+ (! +*&OIHS,
" 1 11.8.9%%  FO&*% %)3. -6 GHSHI&*- <.$ O #O#Y . 3%%&(*&'
KB 1.6 #E%I(H (&NIH#.-0&LY 5 2 (%3] :

wjfzg, 2w, jzg,m wg, (6)

YL W, —%&"H#%6& 6* | +*8&OI# 1.&*1&(*$ */B(LI 1 #  #5&
W, —1&*1&(*& */5(/1/ /1.6  #5& .
| St <22i#. 930104/ 6% L
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3%* #0 13%%&(*38 */ 5(/1/ I** 1.6 *8 "<22##*. 4088 5 394%
QO (&ITH(* S */ B(/L/ I 1.#

&ITH(F&'  */5(/1/ 1.6 — <. O/#O#&, ".(&  5(1/'.  #*./(0&
(1+3 6.8.& #+%/(I# , 0)(&*#,.&4 ". () ,0/('* ,*&41#) ; 67& 9&.6
(&I5(/L/ 4 8IS, "L (1 ! 11.8&.9%% *& . 1*0&H/% %)3. ;-.6

SHEHI& - #+06/(1% $ O/ HO#Y . <228 H#/*. 408&.8, "<22#HI*.  5"(-#
(" <228 . (&IS(L I BYTHLE ) — "<22##%. , +&O#ISHS . O#1&

(&!5(/1/ /*# *[ 5/ [ L# (/+36.&.& #+%/(I*#S. &ITH([**&'
*/ 5(/1/ [** 1.6 5(/1/'1." 5 2(%3/ :
w 65:w, (7)

)1/ U —13%%&(&* 5/ I** 1.6 H+%I(/*H#$;

k,—" <228 #*.  40&.&

(# 3 O##F *(%&6*)  (&IS(L /I  0+% *4  +&IFHS 5"&+&*HS
I(/11.0& #+%/(/*# | (&ITH(*&  */ 5(/1/ I** 1.6 u! .0/.1.03/. 3(0*8 1O0/#
= 0,95, "<22##/*.  40&&k,=1,96.

I5(/1/ 1+ 1.6 /(I — <. >l SR, 104&] 1 8%
H+00/( 4%, " . (I #5 6+38. S# */ 4 1H% |# SHEYH I 0&*-4  (IT/H$
0(&+*4 ;&'4 S@&"H#IN"S 1//6*\L#  #.(H"HA  #HI/LO&MHS . %l(

*&: 81&/%) 3 /1. O/ 1531"0 0 .J4* HO/"#4 5(,M&4 (6
*[ B(/1] [** 1 #+0/(4#$ 5# 1 1 0LLO#  <#% 153"&% O : I
0+(&.&. . [5(/1/ /16 4 1H%E& 1 5(/1 M 1/$!.0#./ 6*-4
%L( YHON'HA  A&&'JHH' 1 /68 51O/ 1M 5EH) 1*1# " SHW/IHS
#0(&.3(&

1, 34100.1-2017 /5(/1/ /** 1.6 #+%/(P# . &6 1. O/L*# O
(3"011.0& 5 O-(&/*#8 *5(L/ /™ 1#  H+%/(/#

2, 8.497-83. 131&(1.0/*&  W.I%& 159/  [1#41.0& #+%6/(IHS.

%5/(%/.(- ,0 6.%/.(- ,0&.%/.(- ,0&(%l/.(- . /.1- #1(/11.0& 50/("# .
3. Guide to the Expression of Uncertainly in meament/First edition-
ISO/Switzerland. 1993/-101L 3"01l.0 5 O-(&/*#' */5(/1/ I**./$ #+%/(/*#'
[ 3M"#$ 5/(/01 ; *&39*-$ (/1&".( .. &0 . - : #%
A*1110&  , 1999.

[M&*1(0 . 1"%/*/0

I /1 0&*#/ ) %L(HON"#4  B&&%[.(0 (&+%I(0 # 2%  +(*
7#20&6*4 5(7"°0 0.V 154% #+ &'.38&6*4 05(10 & (&+#0*$
(& "# . &O#*&' | 2006)1& O l## 00/1* *0-$ 1.&1&(. *& +/(*0$ !1.&0
7#20&6*4 5(7'0 523812005, 9. (3.  &".3& #+&## (&
S(O/L/**-4  #11/10&*#$ ) %l.(## +/(* T#20&6*4 5(7"0
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"38&6%1.6  1&*) 05(1& !L# 0 .%, 9. 2(%& # (&+%I( +(/*
#5 6+38>#4!  5(7"0  *&5('%38 O0#8. *& 5(,/N & (&+HO*$ (& ."#
1/.81$  %&TH#* # &"# 5"8&+&[/# & (&+#0*) #L(3%F.& , "&" (I 3>&
I51:%16 , #+*11.$"1.6 , "®9N.0 (& .&*$  50/(4*\# , J%5/(&3(& #
% & (I+&%# [1- 3]

&5H%I(, 0 139&1 (& ."#  TH#208&6*%# "(3)&%H (+&"(/5 I**-%#
+(*8%68) 3%/*CTIHI " <22 H*. &2 (Yo- & (&+HO*-4 +I(/* SHO 1#. " I*# 48

<221 HO*S %> I# " +*&OH/6* %3 K AHE  H+*1& #, "&" /1.0# |
135/1.0/* %3 (1.3 "<22##*& TH20&* (FTI#  %&I- *.)  %&.J(H& &
" OR&I HH(&IA 1 0&** ) U&IH& &HN.(3%*.& ). Y < YO SN (&) #

#5 6+ 0&*# "(3)0 | "*(#(3/%$ 2(%$ +H(* ((# .1)[4].
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; Kw —
FisiH
15 16 —
=l i
12 | 8
g 6 — -
g LR |
& i 4 === = S 1
k i i [
3 | i 2 :
i e
] . — Kep = =~ Kb
1.85 2,46 277 a7
a) 0)
Wadh, W,
Br | kBT
400 ™ 5 |
and '
5 0,1
0 LR
pEr
1 (4] |
100 jetese oo
o l i Kﬂ:l Q - Kdp
1,85 7 A6 55 74 277
&) 2)

M3 1 — [3>& I51:*16 (8" <22#.#F.  TH20&# (o),
<22" HO*&' % >* 1.6 (0)#<*() +&(&- () .(+*4 "(3) O!"*( #(3/% $
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- "*(6 SRR . 5/5F1#"3'(* \.# I 5%>68 50/(9*%)
3) 6*#"& #*&; (& >350;

-"*(6 SRR . 5I(6/*1#"3'(* \.# 1 5%>68 /['&6*) 3) 6*#"&
«*&5(10/. »;

- #+%I(F# K . S/I(5F1#"'3'(* L.# I 5% >68 #+%/(#./6*$
) 0"# ,50/(9*) 3) 6*#'& #50/(9*$ 5#.- ;

- #+%I(F# K . S/I(5F1#"'3'(* L.# I 5% >68 #+%/(#./6*$
) 0% ! N"#% 35(% ,50/(9*%) 3) 6*#"& #50/(9*$ 5#.- ;

- #+%I(1# R . BI(5F1#"'3'(* \.# I 5%>68 5(&0"# !
#+%I(#./6*$ ) 0"$ # N"#% 35(% .

& 1% O&*## 5(0/1/%*) &*& #+& ;- 0-;(&*  %/.1 #+%/(I*#

S5/(5/*1#"3'(* \.# #1x1# 5% >68 &+/(*) 5(# (& API Tracker 3,&" "&"
<.. %/.1 ;/'5/9#0&/. */;41#%38 .9*1.6 #+%/( #$.

#.(&.3(& :
1. /4% HIN&' #*1.(3"# 5 #+).0/*#8 5(% 7 0*-4 (3, *&
« » 01.1.28/ . .'9*#"'0 , . .'4 |/l « », I"#$ , 2014. -174.
2. [4*#9/""#$ (N &%/*. E - - -24-12-15. ; ("& # 10&("#
"*13". (*-4 (3; 1/ « » I"'#$ ,2016.-10.
3. (/; 0&*# "5(13"'## 1' <"153&&## 0 3lL& '*$ 1(/1/ .
*1(3",# **-/ #*&5(&0'8>#/ .(3;- 1" (&7#(# 5101*) % (") 3.6
"0& #*- #51&19*4 5/(/41*#'0 EMTMP-PUR-265. — 3.
4, 617./%* L "H% 0 L L H%I(H T Iy 10&(*-4

LIA#*#$  ;3# 6%-4  .(3; [ 531.7: 681.2-112.6.001.63.
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5. &("™ . . (3 *2%)  1(&%/*& : 5(&09*#" | 1 >/$ (/1.-34
#+1,5/(/(& .#15.— . /1(& ,1987. - 488.

«
» |

HARX"'H* . ., HO*H,"H#S

<"I5 38.& 4 5 ITHSH' O O +#'&). #4 [LILOM*$  #+%1 | #++&<.)
5'0'8.! 18%-/ (&+#O*-/ 12"~ . # 12/"- 0-(&&B8.' 0 LH&H#H
"x Qx4 5O/4*1IS , 50/ (&+#O*4 (>, &(&5#*, 31.& 1*-4
(&+(BTF#S # ..1. *&O#./6*38 98&1.6 014 <H#4 (&+(37/*#$ % * #+/8&6 ,I#
015 6+0&.6!' 0+% *1'%6#  1/2/".1"S## . .. "%5/"1 /*&5(&0 [**-4
1$L.04S, /68 ".(-4 '0O'LY 00/ 1"(--4 1200 H+U# ..# 12"-
&"] %)3. 0+*#"3.6 01/1L.0# 5(#+01L0/*)  ;(&"&.

/$1.0#/  O#4(/."0)  "*('  "&9/1.0& S1THS*#'0  I1*0-0&L! = *&
| +18*## O #+1/ ## O#A(/0-4 ."0 ,5!/ <.) *&0-41/ 5(/:(&+0&/' 5'0'."
)& . &+& # &W5#.31&<.) W*&& 5(/1/'L.) | 5% >68 1/$1.038>/)
0.(#9*) 5°' .

&>/l 0% 05(,1 S5(#+011.0& "/, 51THS5*#"0 5/(# 1#9N"#
0-0'8.)  1.&# | 12/"&%# 7.&%509%) 5(#4 1/  #1 7 #2 0& 6*-%#
S(# )&Yo# . 10'+# | 30/ #OH% * %/ &.3(- "/, , #+) .&0 #0&/%-4 #+7.39* $
+&). 0", 30/ #O#0&/.! (#" 51.8&0"% 5.(#./8 S(13"## | 1/2/".8%#
7.8%5009%) 5(#14 14 . *&L'SI 0(%' 5(# *&BMH#  OL&(HMH" [, |
(SH&%H 1' "*(' 1L.&I$ #15 6+3L" (31/%"#S # %& 5(#+0 1#./6%$
%&) .5 (7"0-$  %l/. 1.

/68  5(/1.0&M#  55&1&* *& ("3 S1THS*H'0 "/, |

SO K A1H%  OY1#.6 (BLO&H  *(&+(37&8>))  “* ('  *&
& #O# S50/(4*1*4  12/".0 51/ TH#20&6*$ (& ."# . *&.'>I  0(%
13>/1.0 8.1 1/138># O#1-"*(' "/, -

S 0-(9%8  "t(6 O0B5(M TH20&6*S (& "H . #2O>#"
“x(#3l. 5 0%7*%3 O0#13"&1/ 104" 6,

S0 (9%8  "*(6 5 &B6.(*&HO* %3 S(H+*&"3 ( 2859-1-20075(#
S@HI%"/ 5(13"## # . (1, 5(13"## 501 "* (/I %1%
& 67IS AMHOYILHE  HH(&+*4 1[0 "/, 0.J4* Wom'$  &( 5
18321.:A/% O-;("# 0! .0.LO## | #.&HIS .

& #,& — &OHWHY 1.6 AI%& S&(HH# . AI%E& O-; ("#

Al% G&(H## A% O-; ('# 7. .
2.8 2
9..15 3
16...25 5
26...50 8
51...90 13
91...150 20
151...280 25
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281...500 32
501...1200 50

130.0#/ 15 7%)  "k('  GHO1# " 5(531"3 "/, | " HuH  #
51/138>/$ (") SITHSH'0 | 1/2/"*%# 1/.& '%#. & #O# 5 0/(4*1.*-4
1/2/".0 (0 VO#* , .(I>#* , (&"O#*, 1(+0 , (#" , %)'#4 5./ ,5# )0 ) *&
1/.&'4 5#O 1#. " 5( LIO(/%/** %3  (&+(37/*#8 5 1T#5*#"& S(# <"I5 3&.& ## .

#4(1."0-$ 1AL 12/ 1"5  BU1*&+*&9F 1' O#4(L."0)  "*(
", #7&$;:3"10-4 5I1THSH'O .

#5- "x(#(31%-4  1.&/$

-"6, *&EB3B*/

-"6,& 0*3.(/**#/

-35 (*&' 7&%;&.

I* O*-/ Lo | # :

1. *( #(38.!' 1*0(/%/** 0V 7 #2 0&**-/ 50/(4*\.#

2. *(6 1/.&# 8;)  .#5&;/+ 5/([*& &1"# .

3. *1.68 &0. %& #9/'"&' *&!.($"& # "&#;(0"& 5 "*.( 6%~%
(&+,&%.

4. (/%" "*.(' 1*$ 1/.&# —60! (0%/!./ ! +&)(3+" $-0-)(3+" $ ).

5. ##& 0-0'%$ .(>H-  2%"%
"065 /', 04 1#. 1/%&)*#.#+&. (. (1% (&+%&)*HIHO& " 6,& —5!.

#13*" 1 - #4(/." 0-$ L1 172/ !"5

I5 6+ 0&*#/ - (31 0&*# 1" */(&+(37&8>]) (! "
5ATHSM" 0 *& *&#O#/ 50/(4*1*4  1/2/".0 5+0 #. #"89#.6 558&1&*H/
SITHS*#"0 | 1/2/"*%# 1.&'%# 5.0#/8 , # "&" 1/1.0# , 50-#.6
"&9/1.0 0-53"&/% $ 5( 13" ## .

#.1(&3(& :

1 (#+011.0 517#5*#"0 [ /".(**-$ ("3(" ]. = URL: http://www.s-t-
group.com/catalgs/stock/tyrolit/Tyrolit.pdt&.& ;(&>/*#' :20.04.2019.);

2. 16504-81 «#!./%& )!31&(1.0/**-4  #15-.&*#$ 5( 13" ## . |5-.&*#
#"* (6 "&9INO0&S(13"## . *0*/  J(Y%#H*- # 5(/1 4 ».
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2-17717

M&1(0 . . &&!0

1% #+ 0& *I$TH#4 2&".(0 (1.& <22/"#O*\# 5(#+011.0& '0'L!
50-7/#/ "&9/1.0& 5( 13" ## , 0-531"&/% $ %&T7H#* |.(#./6%-%#  S(I5H.#%# |
(&),/#08&/% | O *&L.'>I  O(/%', "&" (/7&8>/ 31 O# [ "*3(/*. 151 * L#

&  O*3.(%  # OMTH%  (*'&4 , ".(/ %0 +% * S+ 0L
0-1" <22/" #0*-4  JA*HOI"#4  (ITI#$ . &5(H%I( .&"#4, "&" #I5 6+ 0&*# *&
SI(&H#H# & (&+HO*$ (& "#  SHYWIM I .0/(1-4 %8+ 9%4 %&.JH& 0 () [1].

(#%/*[*#/ #%//. "&" 1. #1.0& ,.&"#*/11.&"# . *0*%# 1! #1.0&%#
'0'8.1" 1 30/ #HIH#  H#H+*1.$"L# &;(&+#0*) #*1.(3%/*.& ; 50-7/*#/  "&9/!.0&
50/(4x'# ; 3%/67/#/ /5 *&5(' [**1# 5(,M& ; 3%/*67# ;(&+ 0&*#
T#209*4  (># |, &.&" 1 3%/r67I# (&4 1& 5 (&O0*/*#8 | #, 67&
<" H9*16 . % * %M " *11.&"&% Frr D ¥4 18% 1.6
51 %) 0+;*0/# 1%&+"# *& 5 0/(4* |.# &;(&+#0*) #1.(3%/*.& #

*+*&O#.1 6% | 30/ #HOIH L H% I#  SI&H#H [2)].

(& . #1/131  SITHEH" (#'0-$ “"HHONMHS 1 (1%$ 1 O*)
"H(3UHOY)  HI5 KPE 2-17717 , &H%I *&(3*/ #O*3.(* " 6,& .

O/(4*1# "/, 510/0&8." ."&(*$ #T#20&6*$ (& ."&% .

4% VW S(HY/HH *& 5/(&H#'4 & (&HHO*$ (& ."#  +&" 89&/.!
0 *&*1H  .0/(1$ 19%&+"#*& (& 938 50/(4*1.6 O(&>&8>)!' 7 #20&6*)
"(3)& 5!/ /) 5(&0"#.

(&*& #+#(0&0 151:-  5189# , 0-(&* 151; 51&9# 0 +*3
(& "# 1 5%>68 SIS/ (W3 1)

5
| =

T e

\IJ*D'-»
L et
i
I

~m
G
R B
G 2 M e
3 Vo ks
ﬂ\§’/’%% e
2 E P

& VI & N P N

#13*" 1 - (#5!; *#l 1' 51&9# 0+*3 (& ."#
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189& 13>/1.0 /.1 5(7%/% 45@# 0+1/$1.0## *&*) )(3+&5 %&!! $
5. ' 1310/  0+0(&*) 10#/# 31.&*0/*& 5(3#& 6. & 19/
"+ (3" #0*-4 i/ 1S 31.($.0& 5189# & #9#/ 1034 5 (7%$
(&5 /*-4  01.8&"8&*&43,5+0 1. 1*0(/%/**  ## 51/108/6*  *&* I#.6
10&(&+ #O*-4 1%&+ 9*-4 5"(-# .

&'/ Q2"HO*1.6  S(HY/H *& 5I(&H#4  TH20& 0
+*&O#./ 6% $ LIS/ +&O#H. . 10$1.0 1068+ 9%) %&J#H&& !1.8&0 .0/(1-4
168+ "04 1'. 3 1¥0%4 "5 **& : 1*0& (S&(&2H*, LI&H* ), AHYHO/I"H#-&" HO*-/
0/>/1.0& #15/#8&6*/ 0/H& .

0-; (& 5.#%&6*) 11.80& &% .(/# *" 6"  11.&00 ,
5(/1.80 /**-4  0.& #,/ 1.

& #,& 1. 11/10&**-/ I'1.&0- .0/(1-4 1%&+ 9*-4 %&./(#& O
0, *[%x _ 040 11

 Hr&SfH /(/&?L'5 D H&. Y%t |#1362#1  |&*5 &*5
11 * . : - -
11.80& Vg, |&(820 |@28 | 0 #are (70 u k7t
Ml - 60 10 - 30 - -

2 40 60 0 - - - -

5 25 60 15 - - - -

1 - 60 0 40 - - -

4 - 60 15 25 - - -

2 5 40 59,5 0 - - 0,5 -

25 40 59,5 0 - - - 0,5

15 - 59,5 0 40 - 0,5

15 - 59,5 0 40 - - 0,5
&).0"# 7 #2 0& # *& 5 "7 #20& 6* % L& % 1. 711 2 5#

0&(6#(0&*## 1" (168 1. & V O01#&58+* . 51 15%%#* 0(+*$ 5189/$ S -
0,01 ... 0,096%104 1, .0/(11.68 S-49..55 | #+/(*#.16 7#20&6*) "(3&
F46.

"&QON.O/ “(IHO H A HON'S  <22/"HO*LH#  -#  O-(&* (1%
"x&"*&'  |%5/(&3(& , # T7/(408& 1.6  TH#H20&*4 50/(4*1.J$ 5
5&(&%/.(&%Ra ((#!3*"  2).

800 0,5
600 0.4
503
= 400
B v 0,2
" tad | ﬂ
0 .
NIRURR PO WP RIS 5 n@ &;
X R RN $ R
C0,00 mw/me. xon 0,03 MM/B X071 CO00 mm/7R. xom  E0.03 mm/nR xon
#13*" 2 — &O#H% 1.6 I(/1*/$ "*&"*3$  ./%5/(&.3(- , © (& # 5&(&%/.(&

7/(40&. '# Ra %"%. O(/+*$ 51&9#S, %%l0.4 1 #!!.&0&
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(/+3 6.&.8% *&.3(*-4 <"I5/(#%/*.0 ;-  3.& 0/ ,9. 00/1/*# O
11.80 *&5 *#[[$  #+ 0-1" 1#15/(1*-4 5(7'0 ) 3;$ )#-
1#&. %#.8 & .&"/ *&5(7"0  %/1# 50-7&. <22/"#0*1.6  5(,/&
7#2 0&*#' 5 (&O*/*#8 | &+ 0-%# !1.&0&%# 1. <. %3 5 10"35*1#
5&(&%/.(0 0-;#(&% 2 50"&9/.0/ !1.&0&

#.(8&.3(& :
1. 3L, . . A& SHWPH 1%&+ 9 -4 & 18&8>#4  1(/11.0 0
%.& (& .M .1 .. 3L:# .. [(1#O/0I"#S - . &T# (I, 1977. -
189!. # .
2. Y&+ 9% -4 & 1&8># 4% WHON'H 1011.0& 1' (& ."#  %.& O
(+&*#1%: 5@&OO*#" | 1 >I$ (1. . . *I#& . (#I& .- 24 #+1,
5I(/(& .#15. . &T#*L.(I#  .-1995.-496. # .
« »
#A&*'H#* . . &("0
( )

&*&'  [%& 0-(&*& 1' 1O/(7/*.00&*  .J4* YHOM") 5(,/M& !

/68 3397/  "&9/1.0& "I&.)&& "&# 3#0) , & "&" 5(13". *

310/.0(.. .(;08*$ 5.0#/1$ .

34 0% "I&X )&  "&# () O0B3&LI & o« I"#$ MR+ »
| 1996) 1& 5 -00204168-003-2009 '&*. )/*&.  "&# :3.# 0-$ ». (/1.&0"/.
1:$ 5(7" . 10. M) 1 [.0& -+ [*) 1 0-(&/*-% 15/ #2HON"H#%
+&584%  5(7" (&%  5(13" %)3. *&41#6!' "% 9# # 9/73%"#,
(&I-5&B>H/!'  S(# S(# [H# &9 6*-4 3 H#S .

— 2 (&I, , #15 6+3L1 5# )& P## (31 /-4 0l.*4
(&) (1%4  # (/1"#4 %/.& O, 1&% (1*$ %/1# 0 "&9/N.0/ (/&)/*.& -! #(&.I"
221" #0/F 1 2 &##  0U4 1362#1%4 (31, & .&"/ HI /-4  %#H(& O
I0#*,& # %/1# 51/ #4 13 62#1#+& ## 0 W1(%/.& 30" S  5(%-7 [** 1L.#
(H%/*'[.I "&" 36.(&31"(#/6  1'  18&% 03 "&H+#(38>HAI'  "/0  # 5(#
" J%5/(&.3(* S 03"&*H+&HH, & &'/ 5@#H &*&HHIN"% 5L/ [
% #1/& .

*&1>I 0% 5(%-7 I**-$ 4% [+ 13>/1.0 /.1 0
J95/(&.3(* % #*/(0&/ 38-44 °, 1&*&' J4* YW  */ O)1& /'5/9#0&/.
(3% "&9/N.0 . 0&(*) 5(13".&, 9. SHOLH " A LHY LH 3. H& HH
01* -1 /0)  .A41&. 0& .J4* YW  5(,/N& #*/+& *&5(&0 [*& *& 30/ #O/#l
"§9/1.0&).0)  5(13".& #I#/*#  (&+0&# 410 .

806t 5( &*& #+#( 0&*- ./ (LHON"# ¥ 0-  SHYH+&#H5(,N& , &.&" ]
(I+36.8.- <"I5/(#%/*. 0 5 *0$ .J4* Y 5(,MN& W /+&

1% #+ 0& */$7#4 5&(&%/.(0, O#8>H#4 *& I"(1.6  # I/ ["#0* 1.6
AHYHONHAS( MO 'OLY J%5/(&.3(& .

>0 1398/ I" (1.6 (J&"## +&OHW. . J%5/(&.3(- !/138>#% ;(&+ % :
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§ > =Y (1)
YL =" (1.6 (&
R=8,314 /% 6* —-3*#0/(!1&6*&' )&+ 0&'5!. **&
— 1%5/(&.3(&,
(C) — */" . (& 23 # "/ (&H#S (/&) 0 #5(13".0 , 501/ 1%&
%/A&*#+% W&" #H ;
CB(/1<"I5 ** #& 6% %* #/6
_<HH & HO& M
| #O#*- # '0'8. " &*&Y%# 1' 1&*$ (/&"## .
LLO#  (&+*4 +*8OI S <t/ &"HO&H## " (1.6 "& 1) AHYHON")
508>/ # 5 -(&+* %3 "#'&LY  *& H+UlTH I%EI&.3(- . 1% : 67/ <H()#
&" HO&H#, 1% -1.(l 30/ #O#O&/.! 1" (1.6 (/& ## ' (L% .J%5/(&.3(- .

1+ & (131 FO*$ (&S
4 9 +CS+ » HC4H90C(S)SK+ 2, (2)
5(.'&8. .&"| 5;9%
6 0 +CSH 2KS+ 3+ 2, (3)
KosS+CSH K.CS;. (4)

*&30% - JA%HO/"$  #.(&3(/ H%IB.I' O/LM  SHWI(*-4  +*&IPH4
<HOHS & HO& ML "& 1$ #+3"8+&**-40-7 (/&' #$ 1,2,3:

E1=31" /% 6; 2=83,8" /% 6; 3=88,0 " /% 6. + 5(/11.&0 /**-4
18&*%-4 OH#1* ,9. <*(O# &"HO&HH# 1*0*$  (I&"#H# SH%I(* 02,5(8&+&#/ ,9/%
35;9%4 5(,10 , 1/10&/6% , 1' 30/#OP# V["HO*\# W [+&
X4 1H%  O/# 5(J1 B SIS J%5I(&.3( (B M I%5/(&.3(-
"(1.6  5;9%4 5(,M0  ;31/. 3%/*67&6" :-L(/ , 9% I"(1.6  1*0*$

(1&" ## ).
)&% *(%8&% E 91+#(0"& CS05(%-7 /-4  (I&". (&4 O/1." 5(#
J%5/(&.3(/  38-44 °C. (O/1/#  W*/+& S@ /| *H+"#A 1%5/(&.3(&4 0O

#+/(0&/ 28-36 °Cl+1&/. 0+% *1.6 1' 3307/# A4&&"J(#.# 1/$.038>/)
SI(# 1#91") W+ [+& H5(0/L# 1)  5HWH+& HH

0(/%' W*/+& */;41#% */ 1531"8&.6 "(#.& #+& ## #+(&.0 (& ,
&' "&" <. ;31 S(HO 1#.6 " +&HO" 2 (13*"  *& L&LIHH 13T"H . %I(/ 5(.I["&*#
(&"## 1 1/( &l 0 (/&"#*$  %&!/ 30/ #9#0&.! , !/10&/6*
0+(&.&. B&*1.6 /) "(#.& H+&HH . &"H% (&+ %, *&# I (& #*& 6*-%
I51:%  O/L/*# W /+& O 5/(# 1#9/"#4 3! O#'4  '0'L"  1+#(0"&
/(3)/(1& O *" 6"  <.&50 ! 50-7/#% .J%5/(&3(- *& "& 1% <.&5/. &
0/ 5(O/L/*-4 (& S(/10&(#. 6%-4  #I/10&HS  -# (" %/*1 0&*

1/138>#]  5&(&Y%.(- H*./+& 0 5.#%##+#( 0&** % (/ #%/ :
§ +#(0&%# 1/(3)/(1& 03<.&5&
) 6* / | * 7/ (/1&)/*. 0 :CS(1):C$(2):CS(3):CS
(;> ):BUOH:H,0 = 1:0,400:0,310:0,225:0,935:2,87:6,0;
0) /%5/(&.3(& *&"& 1% <.&5/1+#(0"# tl = 27-29 °C: t2 = 31-33 °C; t3 = 35-
37 °C;
) -U("& (&' #**$  %&N- 0./9M# 195(# .J%5/(&.3(/ 35-37 °C.
L# 4 " $ J%5/(8&.3(- *&5/(0% <.&5/ 1+#(0"# 0+% * . 6"
S# *#+"'$ J%5/(&3(/ :(*$  01-, ... 0 I -ONHS SIHL . [4$
SI#1 1' 511/ &%  J%5/(&3(*)  (/ #%& */;41#% #5 6+0&6 (& O
°C.
39/  (/+36.&- [HO&#6 5 !/138>#% 5&(&%/.(&% 0-41 5
041 5 CS,!1.&0 0-137/%*)  5(13".&, (&4 1*& *(%& 5 ) /
1. .45, ), (&141%& *(%& 5 CS () CS /1. /4% . ), *(%& ;(&+ 0&*#
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01* -1 /0)  .41& (") 41& /1. .J4* . ). (&0*/*# (/+36.8.0 (& .- |.&1##

I#* [+& 0 S5.#%#+#(0&** % # (/) &%/** % (/| #%&4 (&;.- 5(/11.&0 /* 0
& #,1 1.
& #,& 1-/+36.&- (& .- L&I#H#H W [+& 0.#50 % # 5.#%#+#( 0&** %
(/ #%&4
5.#%#+#( 0&**-$ /) &%/* *-$
41 5 % 89,74 86,79
41 5 S2% 95,94 93,46
&4 1*&" * (%& 5 )11, A 314 336
&4 1*&" *(%& 5 S2,")/1. ./14* . 394 423
(%& ;(&+0&*# 01* -1 /0) A41&,") /1.
e 0 27
1/( &*#/ I*0*) A/ PF#I% 41& - 92
| | 0,
0/>/1.0& 0%34 % ' [+ 1/ [*# 41& 93 91,5
5 *#./ 6*-/ <*OL#HN'#  +&.(&.-," /1 137570 3
. 14* . ("& /1. ./14* . )
+ & #- 5 ([+36.&.&% 5(0/1/**-4 (& . % * 11/&6 !1/138>#/
0-01- :
1) S5.#%#+&#  ./%5/(&.3(*) (/ #%& H#*./+& 5#01#. " ('3
I/ " #O* |.# 5(,/M& #5+0"'. 30/#9#.6 0-41 5 *& 3 %,&5 CS -*&2,5
%,9. 1&/.0+% *1.6 <"*%#6 22") /1. .14*% . #29") CSJ/1. ./4* .
&**-[  +*&9/*#' '0'8.!' #HH#(09*%# ,5!" 6"3 .9*/ +*&I# <"* UoH#
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0-531"&.1 67/ " #9M.0 1.&/$ ,5< %3 1' #/$*) 5(#+01.0& 9/*6
0& *& 5(&0# 6*&' ()&*#+&# 04 J4* YWON'#4  5(,/M0

J4* WHON'&'  14/%&S5(#+0 11.0& #+1/#$ #+./(%58.0 %1% #.6'

51 1&0 /*#/% 0" 89&/. 0l 1/138># |.&1##:

- 5(#%, .(&*15 (#( 0&*# , (& .&HO&MH , A(&*/#l 1-(6' #/) 041*$
"*(6

- 51).0"& !-(6'

- 5189& I-(6' . 39&."& 51).0"% " #6/0-%  %&TH#*&%
(/(% 5 &!.&0. %&.8%);

- #.6/ #+1/#$ 51 1&0 [*#/%:;
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3) (&+(& .&6 # 0-53.#.6 "&9/.0/*38 5(13"#8 | Uo#*#%& 6*-Yb#
4 189%# # (31 +&.(&. &Yt

' 05 M 5/(0$ +&1&9HW5*09*/ (/74  5(#+011.0& 1 *-
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1-"0-/  70- .
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2. & 50/(4*16

' " 50/(4%16 O (&+3) *& HLHH, NH# 2 (%&
+&5 ¥/ *& 1034(/ #%&4 .

O/ #O#.6  .["30/1.6  %&.I(H& & # /I5/9#.6  +&5 *I*# 2 (%- *& 5/(0 %
(#%] % * 1;&0 /% " *0* %3 %&./(#& 3% 1#2# #(38>#4 1:&0" .

I# 16 0+% *16 ,. 1' 3L&# (&1%&.(#0&/% ) 1/2/".& *3*
SIIS.# *&: Il *#+" 0'+"38 %&("35 #%/(& .

3. /(@ 5 1

# O (1"5HO*-4 5 #%I(0 , NN#  *H H11.& 9% 4(7
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*&4 1'1 53+-(6"# 0 &)#.
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L 0&E (.l 5 - .
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+&5 K ## *&&LE&M 1&0# ) 0 2(%/ 0 +*#'&8. O-1"# 180 [# . .
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+&.I"&). Y&I(HE& . & H+LIHH (&+3) ;S . ) &'/ *&+-08&8. 51#0% ##
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&'$ O#L(&'& 5HO1#. " 15 *#/6*$ (& ."  #+1/#$ (+&9#."[) #
5/(/(&4 13 %&./[(H& &

22/" #0*-%  151;%  3L(&*# ;' 0L & H#+&# (| #%&
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5. (#)&(-

H&(- — O#1:(&'&, 5# ". (% 0"(&$*#4 . #X4'0 ;&1'4 #+1/#
(&+38.1"  :3) /-] Q" ## 308&1."#.
3L&H# <) 12M"& 5# 5(/["H#H(0&#H 2 (%- (13"
5(/131% .(/.6 "&*&- 1' 0-41& 0+134&
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3%/*67#.6 AI%*38 1"(1.6 05(-"& Q. %/*67/*#8 5(#)&(0 !51:1.03/. .&"/
4 o 180 4 #.6' .

& #H& —#1- "* ("
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" (]
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"065 /'*-$ 541 ,5!" 6"3 .1/6%/ %/(- * 5(#O1. " LIL#IHS .S ##
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1/2/"- | 5(#+01#/6 1&%) 5(#+011.0& 1 /* #5 6+08&6 4(738 ,
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31.8&* 0"/ 5&(&%/.(0 %&TH#* # [4* YWOI'#4  5&(&Y%L.(0 5/(/(& "# , (| #% 0
#6' ,&.&"[ 1 [* "*(#(0&6 041*$ "*(6 5 #%/(*)  %&/(#& &0
Bl &M (& 0&**)  ## *"&IN.OM)  %&J(H& &

#.(&.3(&

1. #4/( . #6/ 51 1&0/#/%:"(." #'™ . #*$  0)(1
" #9%5 /"l ", 2000. - 74

2. #AI( . 1&# #+581.%&! - .#08&.6 /+

3, &10 . . & -(# .., 3440 . . #1(. *0-  J4*
5/(/(&, ."# 5 &.%&!N. 9/*#" 1 0 . —24 #+1,#5(. #15. — .. #%#' ,
2004. — 600.

4. &#*9/0 . . 5(&09*/ 51# 1' <22/".#0%) #.6' 5 &!.%&!
51 1&0 /*#/%: ./4* Y |, %&./(#H& -, *&!."& . ..;/%;/). — 253!.

« " »
! 11}
#1"3* 0& .., HA&*"H*
( )

&+O#.# 10(/%/*-4  5(#+01.0 *0+% *  5(/1L.&0#.6 ;+ *&309* -
SOOI B( & O O#L/ #2(0-4  J4* WS |, (; H+& i H#, 5 "&$H$
%I(/, &0. %&#+&## .1/ 6*-4  30&1."0. &39* -/4*#ON"#$ 50N (. 0/

*89& | */5(/(-0%) 1 0/(7/*1.0 0&*#' LO(/%/*-4  J4* WS, "L (-
A&(&"I(#+38.1 31 A% L3 HS ol 3% (/; 0&*H%#
5.0:#/1$ " "&9N03 # /) 51L*%3  10/(7/.00&*#8 , & &'/ 4 -

<" *OOHI/HY 5 "&+&.1'% 0-531"&/%-4 #+L/H#S. (% .) ,IN1*  (&ITH(LY
L Y %LEINS  BO(MHS  * %" &.3(&  #+1/I#S, # 30/ #OHO&S.!  ./%5-
19%/*1% 1.4 % 1//$ .

& 8% 5(#+011.0/ , :/+ #"89/44 , 13510V 5 &*#( 0&*#/
"] (&L *& 3(O%# S(H%IHJ6* " S(IS(H.H8 : %/ ,JA0$  #
0*3.(#,/40% . &H#(O0&H  *& 3(0% S5(I15HE.#  '0'LY I(&O*#./ 6*
xS +&189S(IT&I% S O-17#% (3"01.0% # ;/+ SHO/9/# 15/ #& 6*-4
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JA* O YHONHS 5(,1 , (& 9# , L&"#, 0I5%)&/6*/ - (31 0&*#/
JA* YHON'E F&I& | +&).0"# , %&.I(HE& - #..1.
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J(%<&.58&.0

"38&6*$ #H5HMI*S  +&1&IS  «:  »0*&L'>/ 0% ‘0Ll
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(). (+36.&/, 9&1. 0+4"&8. W.3&##, ")1& 10(/%*/ 1 (). ">/l
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0L 1L&OMH S5(#+011.0/*)  (&ISHI&MH ) (& .- ,"*( 6 0-5 */#
# GI&HO*& “((I"# ., "&" 31 - 1'&+&* *QUH(&*] , <.& +&1&9& .V
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#1%8 &0, Y& H+& H# 1' GH%&6*$ +&)(3+'# ; (3L0&H#  *&
39&!1." 5(#+011.0& */2 (% 0-4 #+1/#$ # %/A&HIN"$ (& "#  5(/1*&+*&9/*&
1' 50-7*#  <22/"#0*1# (& .- 39&."0 +&!9/. 0+% *1#  5/(&H#O*$
(" 39@.&&).0" # (&ISHI&H (& . )& /"3>/$  5(#+011.0/*$
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& #HI*-%  11.35% 1' .1/H#HO&# 10# 4 %&./(#& 0, +&).0" #
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5(/131.8* 0 /%&'  :&+& 1&**4 W.[%- «1 : (15 # » &1& 35(&0'8>&'
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#)(&.3(&
1. &%/0, . . I&#+&H# LIS <B4 W% (/& 6%)
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Vo' (LO/(L1#  HEFILSIH .

+QTHO&H 5 O/(A*1# SN IF&L"#  5(# SN 0&H# *UW. | *$
"005 ['*-$  4A&(&"I(, .&" "&", 0 -5/(0-4 , <. 1034<.&5*$ 5(,/11  (I:LOM*
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7. 0. L&F&(HH&HH #"*('  "&9N.0&: '5(&09*/ 5!# /51
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50 1##16  #+%/(/*# 1/138>#4 5&(&%l.( 0:
0-1.& +3:85#- (%%
1 #+& # TH(#& 0/(4*/$ 5 >&1"# +3:85#- (%%
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+&31%,/0 *&. (&4 .(3: .
U (+# (3; #+3)I(1#. S 1.&# 1HE&Y.(% 58 %% E&IHON"$ S# $
-# 5 39/%  1/138>#/ +*&9/# . >H*- *#*) +&3/*,&:
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L/ (+"# (3 #+*(&O/8>I$  L.&# 1#&Y%/.(% 58 %98 &I#II"$ 5# $
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(&L &(BHMS L, . L &&N0, . . I#& . — (T# 0)(&1
2015. - 9.
3. 394, .. &(9%" 1&I$ #15&00 / . .39 , . . I"O .-
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IHINHA  5O/4% IS "r&M& ((#.3):
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0—|9 ©:2 £« >%0->—"1 . IQ:i: (4)
Q—"i ©:* £ >%0-> l£|9 (5)

1 Koy —%&"H%& 6%/ 9#1 (.0 (#'& 0"(3) /) W 1 1L#/#
HY(HHON")  #+*1& O5( N (M 6 H

U 2 pesiesjrt Koy = %&"H%&6%$ 0+% *$  1#8&%/( "*.&".&
50/(4*1./$ &+ 0-4 "*#IN#4  OI(H#HS #.(& (#'& ;
8 o>t —  Y&"H%& 6%$ 0+% *-$  1#&YW/.( "*&"&  12/(#9/"'#4

50/(4*1I$  &+0-4 0148 #.(& (#'& .
&18&98&*& #+& 5(/1/ #.6 0+% *-$ "(#H#9/"#$ 53.6, 5($1/**-$ 9" %
2, (&I5 [ & Il H+T " W 0@ (#'&,1 Li#PH (& 9%
50/(4*1.68 ( #'& dh"(HHON")  #H+*1&.
9/0#1* ,9. *&#+*! 50/(4*./$ "*&".& O#/. (&+*#,&1#*
A§ o 4 © g (6)
*11/8&6 0-01,9. 0;&'4  #+"#4 " W (#'& ,3"*HOHA 2 (%
vx g HHNHA 67/ O(% 1 “(HHIN)  #+<1&.:  0(% 5(/1/'L"
0+&O0#IHY% 1 # . 1#% 53# D, #0Og.
(7)
)1/ Q_|9 — %#*#%& 6* 0+% *-$ "(H#H#HIN"#$ 53.6, 5($1/*-$ .9"$ 2
(&5 /**$ *&# N HE " B 0&H (#'&, 1 1IL#H (&; 9/%
50/(4*1.68  ( #'& dp"(HHON")  #+*1&:

#l .1 — #1 S517#5#"& | #%%/.(#9* (&5 /[**-%# /5&(&. (&%#: 1 —

I5&(& ( *&(B*) " 6,& 3 S1THS*H'&; 2 — I5&& ( O*3.(*) " 6,&
51THS5*#'& ; 3 —*&[3B*/ "6, ;4 —0%3.(* "6, ;5 6—.& "M ;T -
(&1#& 6% (/& N"1#  U5&(& (0 1#2,1 .00.1.0/** © Smr. = 5.....10%"% —

*(%#(3/%/ (&N *#/ %/ 13 ./ &%# "&9I# | */ 4 1#% | # 11.&. 9%/ 1' #4
100&+"#

& (#.25(/11.80 /% 2(&)%/*. ( #'51TH#5*#'& | 30/ #O/*-%# 2 (Y%o&YoH
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S/;Wﬁ
7 3 5 71 6 2 4 .
1 [ [ Q\
AN :
7 | AN
/LEHK ?\ _S; ) M Q-

e TR
W / %E\ 025k

# .2 — O/#HIP*$  2(&)%/*. </[%/*& " (1#*&## 5 1THS*#'& : 67)
1#8%/.(& 1 —V/5&(&. ( *&(B*) " 6,& 3517TH5#'& ; 2 —1/5&(&. ( 0*3.(/**))
" 6,& 51THS*H'& ;3 —*&B3*/ "6, ;4-0%3.(* "6, ;5 6-/& "QIH ;7
—(&1#& 6% (/(& N."1#  V5&(& (0 1#2,1 .0LLOF  ;Spe. =5....10%"%—
*(O#(3% (&I H %/ 13 ./ &Y%#H "QOMH | %4 1H% /| # 11.& 9%/ 1' #4
196&+"# (&1#3! ./ & "&9/*# R =d/2

0-$ JAHOI'HS (1+36.& —I%# ##  #+*1& #50-7/  1("& 13:- #
*&1/* 1 # 5 ATHS*H'& "&O/ 11#)*3. 0"*L(3"## 5 LITHSH'& , 5 "&+&*)
*& (#1 . 3.

= 1
6 ————<3
AN ~
. ™5
2
4
5. A7
b< D .
=

H .3 — A%& 5 1THS*H'& "&OPH# # "*&".0 . "9 1 & — O#1
5 17HS#"& O VOI*## ; &—4I%&" *HON"#4 5O0/4* IS "*&"& /& "8&9MH #
0-1%"'# 5(&0S$ .(,/0$ "(-7"# ("*3! ;(&+*&' 2 (%&): : — 14/%& " *HO/"H#4
L(J0-4  5OI4*1I$  "*&"& : 0 — 14/%& 12/(#9/"#4 . (J0-4  50/(4*1/$
"x&"& & "QIH H#O-%"# 10$ .(JOS "(T# (2/HI& 2 (%&)

145HO"H#S  (I+36.& 11#)&L! 5# #15 6+ 0&*## 5 1THS*H'& "&I/*#'
1 1/( &>/) *&(3*%]  #  O*3.(/*/ "6,& ! 1("&%#  "&IIH#
(&I5  [**-%%# %/ 13  *H%# . &%#  "&I/' , 0-5 *[**-f 0 o#1/
HHLHINHA  (#'0 , 3L&*0 /%4 *& 2#"H(0&** % (&I *H#E  1(3)
1(3)& 5(# <.% 5 17#5*#" 1*& *  103%' . (,/0-%# "(-7"&%# , 0 0-/%"&4
"(-4 31L& 0/  (HH ! 1 0-/%"8&%# 2 (%- 0-/%" ! .0/.1.038.
.(,J0-% "*&"*% 50/(4*1'% (#'0 , & 0/ (&+%I(- O-I%" ; 67/
1/0-4  (&+%/(0.(,/0-4 "*&"*4 50/(4*1I$ ( #'0

17#5*#" (& .&[. 1/138>#% ;(&+ %.
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5(,1  #15 6+ 0&*#' 5 17T#5*#"& "&9/*#' /& "&9/# 50(&>&8.!I' #
5/(/%/>88." 5 1( "&% "8I/ 3 # 4, 14(&" 5(# <.% 10/ 5 [*#
* 14 6 1(3) 1(3)& */#+%/**-% , 101" *&*/. 0+% *16 "*&"'& 9%/ 13
( #'&%# 5,9. #1"89&/. .(P# %/ 13 *#%# 10"35%1# | U%HHYH+H#( 0&**-%
(P#1% 5 50/(4*1# "*&"& 1 "8I #.(,/0-4 "(-7I" 6#7 :/'5/9#0&/."
g #EI& "R SHSO0-TM (& 13- #*&L*LHE 5 1THSH'&
"QOIHH .

9:%8 . + &*&H&2 (% # (&+%/(0 50/(4*1/$  "*&".& [ "&9H |
1( "8&%#  #  O#1* ,9. 9/%: 67/ +*8&9/ R,.% ; 67/ (&+*#,& 1#&%.(0
1( /" #1 .00/ 53/$ 5(1"&6+-08&*# 50/(4*1.I$ "*&".& ,.[% : 67/
5(/: &1&8.  5(,/1  .(M# 1" GH # ) O#H & #+*1 50/(4* LS
"x&"& #./5 0-1/ *# 05 1THS*#'[ "8&9/# .

#; #)(&2#9/""#3$ IS#1"
1. viageektimes

2,106 , . . 17T#5*#"% "&OP# . &19[. ,5(/"#(0&*# # 1 3HO&H 5( :
5(80 O*#" .- . &TH#*\.(/#/  ,1983.-543 . # .
3. RU 2016132018 A F16C19/22, F16C 19/50, F16C 33/36 01.06.2013 } *
50-7/# 9% L# L (" L &MPIHS . ##@IHS . . 31"0
%H(* 0& ; ) .—2017.
4. &XIHS . . . 51:  L("H SITHSH'O "R | . . &MI'HS |, . .
31"0 , . . %H(*0& I +ON# ) IO OUNHO*L 4 Y 0
W&TH (/4 .- ))&L ,2016.-E 8 (187). - C. 49-52.

&HIHS L LI

( )

1&**$ (& ./ (&M% .(/x  &*&#+ %&T#™*)  O(/%/*#, 5 39/**)
(&'9/.*-% 53./% 1' 1*) #+ 0+% *-4  O0&#H&*. 0 (&.&9#0&*#' ) 3;"#4
O/(0#S ( )0.(3*% +&).0" #+ N#(0&*$ L&# 1L.&# «#HH#L( » (#3*"
1).
*& #+ *&5(&0/* *& S5(/1/*#/  */5(#+0 1#./ 6*-4 5#/% 0 (&.&9#0&*#'

(&1#H**-%  %/[.1% 44 5(;*4 5410 # 3L.&*0/*#/ 0+% *1.#
"(&#.6  %&T7#** | 0(/%' 53./% !0%/># (& 9#4 410 53./% #!5 6+ 0&*#
1(3)#4 #+0/'.*-4 5(, /M0 ,*&5#%/(, ! 0%/>I*#'  ([+&*# # :

-5 *[x- (&!9/.-  %&7#**) O(/%/*# 1' 1*) #+0+% *-4 O0&#H&*. 0
(&L.&IHO&*#' ) 3;"#4  0/I(\#S ( )%& .41*$ ) (9'&&*3$ .(3;*$ +&).0"#
#+ N#(0&*$  L&# [1,2],5 39/**$ 53./% /] 7.&%5 0"#.

+0/1.*- %% ) Ofl [**-/ I51;- (&L.&IHO&*#' .0/(1.#$ , 0.% O9#!/
&"#

- *& 1.&*"'&4 #5& RIS 60..... 125, *&>/**-4 1#* %I(*-%# ; (7.&%)&%# ,
(&; .&8>#%# "&" *&! &#/ |, .&" #*& (&' *#  [1];

-1 #15 6+ 0&*#/% (&!.9*-4 (13> -1/2 (%#(38>#4 ) 0" () - 2#(%-
SandvikCoromant [2];
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S35 12 (%H(38>#HA 5# IS () (&+(& .&*4 0 ) [3];

- 3*H0/(1& 6%-$ 151; %*)5(41*$ (& ."# %1% 5(;*4 5(410
| S(HO/*#% 3HO/(1& 6%)  #L(3%/*.&(#H , *&5(H%I(, *& ."&(* -O#*. (I+* %
1L&*" % 1/#  401[4-7].

CORMEHHRY&TH™)  O(/%H# , %4 1H%)  1' (&% .0I0# 0
(3*$ +&8).0" , (&M% .(/~ 0! .OLLO#E | .(/; 0&*#'%i# ,<.&5- 10 [*#
S(#+011.0& .  +&0#H% \.# . <.&50 10/#  5(#+011.0& 1/.&# «##1( »
(&M% (/-  O&#H&*- 5 39/#  &*& )#9*-4 +&).0" 1' 51/10&./6*)

10 /*#  5-*)  JL#HO*) L U#HS*)  #%&N0) 5(#+01.0 [8, 9]
IT#49%)  #  (#HS*) 5(#+011.0& 5(/18&)&."  #5 6+ 0&.6
) (9/"&.&*$ "(3)-$ 5("& ## +&).0"3 #+)(9/'&&*$ .(3- ((#3*" 1)
WIAEHHIN" S (& ."# 0.(3*$ +8&).0% O+.."&(* -O#*. (I+*-$
L&*" 1" )3") 10/ #(&LE&OHO&MH % 1/#  — 401,

Ol 04 11.80'8>H#4 A" -<"*OpHON"$ <22/ H#O*1# ()
5<. %3 0 1&** % S5#%I/(/ 0 (8&19/.84 #15 6+38.1' #41%/ 1&** (& #& 1) #
SHO/L* &*& #+U&TH™) O(/%/*# 1' 44 (& 9#4 410:9/(*0) ,5 39#.0)
9#.0) #.*)  (&L.&IHO&H (& #,& 3).

I 5 *$ (&19. 0+% . 6" ! 15 */6%%  39.%
LHY LH %&JH& & +8&).0"  (&:&.-08/%S$ 1.&# «H#HH#L( », 5HY/%-4
%L.& (/3>#4  1.&"0 , #4 &L"# # #4.(3%/F.&WH , (&141& <) * WIS
1#+8"0-4 "&" 1' :&+0) .J45(,N& , .&" #5(1&)&%) , & .&"/ *&" &l1*-4
(&410 # .1 + <) /13 , 9. 1' 1L#p# 1#+&" 0-4  .(/:3/%-4

5&(&%/.(0 %&TH*) O(/%/# S@# 11#/## *3*$ . O*L# 0).0%
H+1) # &*& #+0-5 ¥ ' 5 (& OHY% 4 18965(# %/4&*HI"$ (& " .
&!.8OHO& ] *& 1.&*"] — 401% /. 0"89&.6 O&(#H&*.- 3*#0/(&6*$ #
(&I H™S (& "H L &&"] 10/ S5I(&#H# ,0-5 *[%-]  *&I5/#& 6%-4 1.&*"'&4,
5+0 '8>#4  10%/#.6 *" 6" (& 9#4 410, (&1 05 */%-4  *&
3*H0/(1& 6% % # .(&I#H#** % ;(310&## 0 1*% (& 9/% 41/, 05 */% % |
SHWH#I%  5(/18)&/I% $ 15/, #&6*$  I&L"# . ' 5 39/# " 6"#4

(+36.8.0 (819/.8& %&TH#*) O(%/I# *& +&).0"84 (&+*4 )&&H.0 :-&
11,80 *& & #,& 2.

I

]7-‘—

z5
74
d3/.1 r

Leodae
RNININ

TD/Z ro.3ar

#13*" 1 - 4/%& (&!I5(/1/ *#  5#53!"0 *& (& 9#/ 4 1&

& (3% 15@H*.- 1/138># ;+*89/ :0+&) *&(3*$ 1#&%/.(.(3;* $
+&). 0" ;D) - 1#&%/.( ; D+).-1#&%/.( 0+&).0"Y ;TD-5 O#& 5
1531"& *&.*"/ (&.&9#0&*#/ D) = 60HS8(+0,046); Lo 1 #*& +&) . 0"# ; Zy - 5#53!"
*8 1-$ (& OHS 41;Z, —5#53!" *&2$ (& S 41; Zs—5(#53!" *& 35 (& MHS$ 4 1;
Z4 — 5(#53!" *& .*'|  (&1L.&9HO&# D (4= 59,8H9(+0,074); Z5 -H#5E3!" *&
4% 0&*#] D (5= 60H8(+0,046)
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&H&* - 13>/1.0 [*# WIAEHHIN" S (& " +&O#I. . O#1&
+8). 0", /I %&J(H& & # JAHONHA (/084S (/& 1.&# «HHL( »
(& #& 1#2). #1 +&).0"% —5"0"% , 5 39/  #+)(9'&&)  .(3*)
5("&.& ; 67/)  1#&%/.(&d. %/*67/$ 1#* Lo, 9/%1#&).0% 1/.&# 51/ |
WIAGFHIN" S (& "H ,5"&+&F & (#I3F 2. +% *| ) %LHON'H  5&(&YL.(-
#+) .&0 #08&/%-4 1/.& /$ 5(/11.&0 /*- 0.& #,/ 2.

[5’

|
Vs

#13*" 2-(3550% 9/(/ (&&.-0&/% % +&).0"% —-5"0"# 1/.&#
«#HH#L( »

&!.&OHO& H +&) . 0"# | 5(/L0&®H#H./ 6% 51).0/*-% 0-5 *¥/1'  +8&4]
(& O#4 41&*&."&(*$ 5I(&H## 5 %/. 13 5(;*4 5(410 ,../.*3* (&+%I(-
D1, D2, D3# D4 5 39&8.' 53./% #+%/(/*# 5(;*-4 5(410 "(("#(0"$
5 /4 (&L9%)  (/+,& 5 **#313 55/(/9*)  1355(& ."&*) 1&*"&.
"rO&ME L "&(*$  BI&HH  (&:8&.-08/%8& 1/.&6 */ HUW&L! | 1.&*"'&, 5"& */
313, I*.-  5#53"¢ 71,72, Z3, Z4.

#53!" 755 (/) &%/*.3 *&+*&IM* 1*H%&.6%&!/138>/$  S/(&H##H , *&5(H%(,
*& A**) 0&6*% L&/ 51/ 05 *# . "&(*$  SI&#H . . HH |
&*& WO*$  SI&HH & *&L(I*% L& )1 *&L($'H  *& (&+%/(- # *.H
S#531" 0 I5/OH0&L.Y K" 6"HUH (| 3>HYH  #*1.(3%/*.8%0# , (&11%&. (HO&/%E!
5I(&# (3. *&™#/ 1 .0/.1.038>/) S#H53!"& ; 67/  %&TH*™*)  O(/%/*#
* 067/ 51).0#/6%  -+&'89#/6*)  O(/%/# *& 31.&*0"3 (I 3>))
#41.(3%/*.& .

(#%/% O(/%' *& 31.&*0"3 +&).0"% , /| +&"(5/*# # ™# (& .&*$
+&).0"% (.0$ 1' 13>/1.0 *# 1/138>/$  5/(&## ) (&0*%# 1°
*&L(I*)  #30/(1&6*) 1.&*"0 .

)1& "& 1& 5I(&# L#. #+5/(J410 ## (& 94 410:3.8*0'& (I+&
*& (&+%/(- D1, D2, D3# D4, (& ."& 1 .(;3/%)  5(%/ 3.9*) (&+%/(&!

I #06  SH53I"&  Z1, (S # WH L +&).0% | L&"&. &*-$
JA* YHON'HS  5(M ( )5+0 Y. #5 6+08&.6 %*)L&*9%/ ;I 3 H#O&*H/
# 540 1.  5(/1/'6 % "&" 13%%3 %&7TH#*)  O(/%/*#, +&(&IF*)  *&
(&1.&9#0&*# 1 ! .0/.1.038>/) 1#8%/.(& 4 "&1-$ (&+ 5!/1 0&./ 6*

*&1.(&H#0&/Y%-%*& 1#&%/.( 1, 2, 3, 4, 5(/+, % L&"& ((# . 2).
_%=%1+ 2+%3+%4,
(1)
)1/ %1, , %3, %4 =%&7#* | 0(/%' *& !3>/1.0 [*#/ L&" % (& 9%#$ 410,
39#.-0&8>// 5 %#% 1 #*- #*/1;/) DLol1#5/(/;/) DL2([+,&.
(/+36.&./ 5 39#% 1 #*3 53.# (/[+,& *&"& 1% (&;9/% 4 1/
_Lo=Lol+DL2
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" 6"3  I"(1.6 (+&# #5(1 6*&' 518&9&S1' "&1) (&9) 41&
(&+ H#O*- | . +*&OI# %&TH™) O(/%*# . | .#9&8.' ((#!.2,3#.& .3).

&#& 1-141%/ 1&*/ 1' (&9/.0

&(& (&&-0&I%) %&.J(H& & 40

#&%].( 0/(L# 0+&).0" do, %% 38+2

#&%].( (& &) O/(#  d %% 60H8(+0,046)
[(40&.16 (& .&*$ 5O0/(4*1# , %% Ra 1,25

& (& H |, %% 60004

& #,& 2-141% 18 )&&H*4 (&+%/(0+&).0" —5"0" 1' (&9/.0
(#%0 (+&*# " & #/ 3

D, %% L. ,%%| L1, %% | L2, %% | D1, %% | D2, %% D3,%% | 0& #./. , %%
60 6000 100 500 90 100 70 8
100 6000 200 700 130 140 110 8
150 6000 300 900 180 190 160 8
200 6000 400 1100 230 240 210 8

&% .(#% (&19/. %&7#**) O(/%/# 1' 10340&#&*. 0 *'# 5(#53!"& 0
)3:"% O/ LD 2 TP%  dG10 1/.&# «##L( » (#13*" 2). 14 -
< OLHOMIME' <22/ #0* 1.6 (&N%&.(HO&.! I+ 39/.& 0'5%)&./6%)  O(/%/*#
5(# >EHY.$  * (% +&)(3+"HL.&*"& + "&" 3H0/(1&6%)  # 5()(&%%/ 0-53!"&
N,5+0 '8>/$ #!5 6+0&.6 1#* 1.& "  401.! 0* % * 19#.&.6 : ,#41
#+5#H*. $ 31 0¢$  5()(&%%- *& N = 1000/1#*#, 5( 13" ## .

&H&*. 1:+&).0"& ;(&&-0&." +89/-(I (& 9#4 41& (5/(/41& ) *& 1* %
L& | ./ *& 1*$ 5I(&## +&44 (& 4 41&, 0"89&8>#4 | .0/.1.038>#/

(| #%-  ([+&# 1' "&1) 5/(/41&, 5 39/#  5(%/ 3.9*4  (&+%/(0 #
(;3/%)  60H8(+0,046)&."&(*$  5/(&#H# .

#0/1/% (&9/- 1' 5#*.)  0&(H&*.&+&).0"'# (& #& 1). (& ."&
O/l %1% (& .&9HO&*# *& 1.&"/ % 1/#  401. ' 5 39/#  .0/(.#
(3% S .9 I#  #+ #A1*S #%/S8>S!  +&).0"% */41#%  5(0N# 4
5/(&##  (&.&OHO&*#': 9/(*0/ —1 1#&%/.(&48H14,5 39#1.0/ —1 1#&%l.(&
56H12 # 9#1.0/ — 1 1#&%/.(& 59,76%% .*'/ (&.&9#HO&*# — 1 .(/:31%)
1#8%/.(& 60 8. " (1.6  (+&%# 5# (&.&9HO&*#H#H % [. -6 (&N9#H.&*& 5
<%SHHIN"$ 2 (%3] ()## #41 #+(" %/ 1&#S ,5HO/LI*4 0.& #/ 2.

V= L xKv (2)
T x> xsY
)1/ K, — "<22##/*. | '0'8>#3! S5(#+0/1+#/% " <22##/*.0 , 39#.-0&8>#4
O#*#l  %&I/(H& & +&).0"#, L "*# 50/4*1# |, %&/(#& & #*1.(3%/*.& ,

) %l.(#8 #*.(3%/*.& ; T—5/(#1 L$"L# #1.(3%/*& ,%H# (5 * (%&#08%30-60
%6#+3.), S—5 1&9& %%:; ; t—) 3#*& ([+&*# , %%

& #& 3 — ["%MHF1&## 5 *&+*&IH8 ([#% 0 ([+&# 5S5#H 9/(*0% #
5 39#. 0% (&.&9#HO&*##

&("& # Y%lA&MHIN'H A&(E I H'H %&.I(H& & [#%- ([+&%#
&("& Jo, & U, %4%#* S, 1%#*
40 780-830 230-240 55-90 0,11-0,23
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20 3 590-640 150-179 50-120 0,11-0,24
38 3 640-690 160-180 40-100 0,10-0,25
1 18 10 540-590 140-150 40-75 0,11-0,23

&..& O@&># (& 9)  T5#U' % [. -6 5(1UF& , #41 #+

2(%3- (3),# "Q)/& 1 ;#&$7) ; 67))  +*&I# 9&! .- , 3'&+&**) 0

5&I5 () 1.&*"&.

- = 1000V 3)
pD

)1/ D —1#8%/.( ;(&&.-0&/%)  .0/(\.#

K0*/  (%&TH#™) O(I%', ... O(/%', +&.(&9/* | *& (I+&*#l, % [. ;-.6

51/ 5 2(%3/ (3).

L
T %m ®

[+36.&.- (&9/.& (| #% 0 (& ."# #* (% O(/%/# 5 1&* %3 ./4* HI" %3

5(,'3 10/1/*- 0.&#3 4.

& #,8& 4—/[+36.8.- (&191.& (| #% 0 (+&*# #* (% 0(%/I#  0&#H&*.1

#&9%.( #*& 3#*& 1&9&, ["(!.6 &!..& O(&>/*#| *0*/

(& H L | (&R, | (&, | %%; (+&*#, | T5#*1/" 0(/%' , Yott*

%% %% %% 4%t . [%H*

10/  (&.&9#O&*#/
48 1470 6000 | 5 | 04 | 70 | 470 \ 32
39#.0/  (&.&9HO&#/
56 127~ 6000 | 45 | 03 | 80 | 455 | 44
#.0/  (&.&9HO&#/
59,76 9" 6000 | 2 | 02 | 120 | 640 | 46
¥ (&).&OHO&MH
60 8" 6000 | 01 | 016 | 150 | 780 76
>l 0% (& ."# 5 1& %3./45(,M3 198
vV, &%
AYot* "%
$%
%%
"%
!
&%
"%
$%
%
%ot Yot | %#$ %#$! %ot( Yo (! Yott" QYo" Yot!
S, %%;
#3*" 3- (&2#" | .0LLO# I"(L$  ,5189#) 3 (J+&#

9:%8 . *&#+ (/+36.&. 0 (&!9/.& %&7#*) O(/%/# *&."&(*38

5+0 #

5(/1/ #.6

1.(3".3(3

*[5( #+0 1#./ 6*-4
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(&IHHE% %[ 1% 44 5(;*4 5(410 , *&%/#.6 # 3L.8&* 0.6 0+% *#
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5U-#  ,".($ 11#&. 1 2%%

-5(,/13(& % /. 5(01#.6!' 1&/ 5# )&*#9/*% 11.35/ " 50/(4* |.#

S0+% *& (& .& ! 1/.&'%# | *$  "*2#)3(&HH .

+ %11.&"0 . 6"

St (6 10&(-4 LIS O#A(L"0-% %1% .(/;3.  S(HY%/*I*#
15/ #& #+#( 0&** $  JA*#"# |

“ 1 (& U B#E (% "*(' *A41#% &1&6 ! .0/.1.038>H%#
*80-"8Yo#t
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#1(&.3(&
1 565142015 *.( 6  */(&+(37&8>#$ . &)*%.5(7"0-$
%l 1. #50- .J4* YWOl'#  5(,/-

2, 1764(-2016 /(&+(37&8>H#$ "*.( 6 1084  1/1#/*#$
6.(&+03"0$ "*(6 . /4% YW 30 #"*(' # [

3. 1844280. *.( 6  */(&+(3T&8>H#$ . &5# '(*-1  %l.1- . :>#/
(08 (I +%//*#'%# N 1,2

4. 55612013 *.( 6  */(&+(37&8>#S OHA(L."O0-$ . /(%6H* #
5(/1/ /*#

. . #(28%0
( )

1. #208&*4  &(5(9*4 *#'//0-4 15800
5&0- *& 0/ #'' &"HO* 5#H%MS. O L(/## )&+ 0-4 3(H#* , (&% -
"16HO/1" S JAMEH | */2./5/(/(&;&.-08&8>]) (3L 0&H# . i 10+&* | #4
5 0-7/**-%# <"I5 3&.&H *F-0oH  A&(&"I(HIH'&%# O 31 0#4  0-1"$
J%5/(&.3(-  # 4(TH% I5(HO#% " ((+## 0 )&+ 0-4 1(/1&4. 1*&"
#'(/0-/ 15&0- .&"/ ;1&8. (1% *11&"0 ,5(1/ O) —1()0#+*$
V(&M *#'1' #4(%&1/&. <#I580- 96 1()H%H# . .(-% */11.&"%
0" . 9. &(5(9%/ 15&80- .(31* :(&&.-08&.6 .

2. /4% W TH# 208 | %HH%& 6* $5 189/$ (MQL)

14% Y VR HY& 6%) " #9/.0&  19%&+-0&*# (MQL) :/'5/9#0&/.  397#S$
4 & 18&8>H#S  <22/"., N&O*#%-$ | A& L%  S#H .(&L#H*™% %l 1/

1968+-08*#, 5(# <. % ; &1& : /| 0-1"#% 3(0%% <" )#9*!# .-  5(0/ 1/
96 %& #!I/10&*#$ O*#  5&&%/.(0 MQL, .&"#4"&"1"(1.6 5."& %&! &#
180 /*#/ 0+134& *& S(#+01#./6%1.6  TH20&' . 1" 6"3 7 #20&*#/

0"89&1. O "&" (/3># , .&" # " 6+'># 108 *# , *:41#%  /I5/9%.6
& &K A& LIPH  # 1%&+08&*, 5<.%3 *41#%& "*( #B%&  (/1&
TH208 ,".(38 % /. :/'5/9%#.6 MQL.

3. CAMQL-7 #2 0&*#/
CAMQL-7 #2 0&*#/ (T #2 0&*# | %#*#%& 6*-% " #9/1.0 %  1%&+-0&*# #
0+137%% 4& 1I#/% ) — <. 1#* #+0&#H&*. 0 (/TI#  5(: /% 50-7/*)
O-1/ 4#  J5& 0 +* (+&# #4++&%& ) " #ON.0& #1"!# . A& 1/#
0 +134&5( #14 1#. +&19/. O#4(/0) <22/".&. H#LHI"$ (3 5(#4 1#
(&+1/ [# )&+&&) (S SIH2IHS*$ 5." #4 1=$  [*(&6*$

1B

#13*" 1 - #4(/0&' . .(3;&
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4. #208*#  &(5(9%4  *'//0-4 15800 | #15 6+ 0& % .J4* #
MQL # CAMQL

MOL | 0+137%% 4 & 1/#/%  <22/"#0*  #8&. (% %/ 13
50/(4*1.'%# "(3)& # 1.&#, 511/(#0& 0+"1.6 %& & 9. 0 "*9*% #.)/
S(HO 1#. " " 48 <228 #1*& (PH

Table speed= 15.6 m/min = o
Depth of cut= 20 m 140 Table speeds 15.6 m/m -
Wheel speed Depth nl cut= 20 pm el spead
1m's 1 m
= 2m's = 3lms
100
& 3
¥ g w0
& 8
| -4
) A
£’ 3
g
E I | I
‘. I
Cold aw MQL \lol h Dry Cold air MQL MQL with
®) Cold ais
Cooling Emaronments Cooling Envirouments

3" 2 — FQOPH W (4&H - (B) &) H&E*S -, (D) * (%&6*$

0.35 Table speed= 15.6 m/min

Depth of cut= 20 um ‘Wheel spee: d
m2lm/s

0.3
0.25
0.2
0.15

0.1
0.05
0

MaL with

ent of Frichion (M)

Coefici

Cooling Environments

#13*" 3 — <22##/*. .(*#

5. &L#. 6%  %&! &# *&* 9&\#,- 5(# 7H#H2 0&*## &(5(9*4 15800 !
5(HY%/*/*#% MQL
I#  10-08&.6" *& ./(## 50-7/  J5 5/(J1&9% (Zhang et al., 2013),
J5 %*&  151:*16  .0/(l) J& 5(/0-7&. .&"038 3 #1"l# ,".(& ,0
108 O/(/16 , 397/, 9/% 3 )&+& 41 #+<.$ 1:*I#E 1" (&+ O&HH

*&* #1" 1L# 0 #(&+ &)&%/ %&! MQL 1;&0'8. 51/ 1 " #9/1.0
0/(1-4 *&*9&!I#, . &* #1"16 (&!5-"1." )&+ % 0O-1") 1&0 *#'  #
*&5(&0°'1." 0 +*3 7#20&*# 0 O#1/ !5(/' . &+ 0-1") 1&0 /*#' 0-5 */.
23" ## A& 1%, 31& I L(3"# # 5/(F1& #1"1# . &l MQL
23*" # *#(3/. "&" 1%&+"& & *&* 9&!.#,- 30/ #9#0&8. ./5 ;%l/* 0 +*
7 #2 0&*#'
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BB A <M. (PFH B# (& #9*-4 31 O#4 (& '#

6. . 1#'&  <"I5/(H%/*.&
SO/ #1/10&*#  #15 6+0&!" 5 1"7#20&  6*$ 1.&" 371l
1898 %&! &13>/1.0' &6 | 5% >68 W./%- 5 1&9# sprayma- 700 mini

#13*" 5 -"I5/(#%/*.& 6*&'  3L.&* 0"&
7. +36.&- 5-.0

#13*" 6-/(40&. 1.6 50/(4*1.# 5!/ MQL-7#20&*# | (&+ #9*-%#
(&!#.1 6*-%# %&! &%#
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H3*" 7 — *QOPH  5&&%[.(&Ra 5!/ TH208M | (&+#O*-%# 3! O#'%H
1968+ 9% $ 1(/1-

#.(&.3(& :

1. Zhang, Q., Li, C. and Wang, S. Analysis of coolaingracteristic for minimur
quantity lubrication with nanoparticles / Zhang, Qi, C. and Wang, S. Manufacturing
Technology & Machine Tool, No. 3, pp—~96. (2013)

2. Hwang, Y., Park, H. S., Lee, J. K. and Jung, WTHermal Conductivity an
Lubrication Characteristics of Nanofluids / HwaiYg, Park, H. S., Lee, J. K. and Jung, W.
/I Current AppliedPhysics, Vol. 6S1, pp. ~71, 2006.

3. Silva L.R., Bianchi E.C., Fusse R.Y., Catai R.E., FranCa TAguiar P.R.
Analysis of surface integrity for minimum quantitybrican-MQL in grinding / Silva L.R.
Bianchi E.C., Fusse R.Y., Catai R.E., FranCa TAgyiar P.R. // Int J Machine Tools Man
47:412-418 (2007).

8;#%0& . ., . . (3#"0&

#208&*  — <. 5(,/1  0-1"I"(1*) Ut ((I+&*H Yol 6I&STHYH
(| 3>H%# (% 8&YoH & (&+#O*-4 +/(J* |, +&"(/5 -4 *& (& 9I$ 50/4*1# "(3)&.
(&+#O*|  +@(*& 39&1.038># O (& . , #!5--0&8. S/ 1#91"/ W 0O/
S5 0/ # AHOHON" | O+1/$LO# 0 % %/*. "*&".& | ;(&&-0&/%$ 1/.&68 .
(I+36.&./ .&") O+U$LO# 5(#41#  #HH&H# (3>#H4 "(%" +@(*
5'0M# 5 >&L" #+*1&, "& -0&*# (I3>#H4 (%" ,0-(-0&* -4 +@(/*#+
10'+"# "(3)&, *& #5&*# O& HOI" %/.& & *& O/(TH*&A (I 3># A4"(%" # +&5 */*#
5( "(3)& %/.& #91"$ L(3"$ . :"I53&&H -/ 10$.0& .&") "(3)&
34317&8.1' , *&(37&1." 1) 5(&0# 6*&' ) %l.(HON'&' 2 (%& #,9.:- 0.&* O#.6
5I(0*&9& 6%/ 11.*#  "(&#/) (I 3># 10$1.0& ,* ;4 1#%& /) 5(&0"&

( &0"&5(/11.&0". 1:$ IA@%:(&+H#0*) %6&.I(H& &# 10'+"# | 5 0/(4* | #
"(3)&,".(-$  I13>1.0'LL I5/,#8 6%-%# 5(&0>HY6H #*1.(3%/*.&%# . (#%/*'8.
(# 151:& 5(&0"# ;.8&OHO&H | "&.-0&*H# #7 #2 0&*# .
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#I3*" 1-51;- 5(&0"# 7 #2 0& 6*-4 "(3)0
& ;.&9#HO&*# , %! ; ;) "&.-0&*# ,%!; 0) 7 #2 0&*#/ , %! .

# 5(&0" :.&9HO&MI% ((#'. 1, & 5(&0'>H$ #*1.(3%/*. 05 */. (6

(+,&. &"$ 51; ,;3139%# *&#; Il 5(1.-% # *&1/*% , 0%l/!./ ! /% 0-+-0&/.
*&#; 6711 #HH&THO&MH 5(&0>/)  #*1.(3%/*.& , 5<. %3 .&"#% 3! 0#% % /.
310/.0(.6 . 6" & %&+*-$  #*1.(3%/*. ; &1&8>#3$ *&it; 67/%

BHF 118" 168 . (ROSHUH #1.(3%/*.8%# 13 & & %&+*-/ "&(&*1&TH, & Yo&+*-
(& (I INILOM*%H ) (&*%H), +&"(5 /-] 0 5(&0&4 & Y%&+*-/ #*1.(3%/*.-
(/3>& 9&1.6 ".(-4  #"3L0OM* ) &HHO&L! (TH#23LI' )5 5(L/**$

)Y %L(HIN"S 2% —(+- #)- )

(&0"&  "&-0&*#/% ((#!'.1, ;) — 5(,/1  1(;P#  # I"&-0&* .
0+1/$1.0# #1.(3%/*& "(3) $ 2 (%- O@&>&8>N)! . "*&".& ! 0(&>&8>#0%!
"3)% . ' <) L&G* 1#I"# | +&"& [*-%# 50/(4* 1'%# |, "&(HL "(/%*#/0-/
"), (#'# #+.0/(1-4 15800 #7&(7"# -+0/+1 9% /11.&"% 1&%) I51:&
5(&0"# '0'LY  # *I#./6* *0-1"&'  .9%1.6 (& ."# , 11.#.08%# —
0-1"&  S(#+01#/6*1.6  # I3.10#  +8&) & #O&# 50/(4*1# . &
#5 6+3/.' 0 "8&9/1.0/ 5(/10&(#./6*$  SI(&#H# 5/(1 (& "$ & %&+*-%
#41.(3%/*. % .

#2008  (#.1, 0) — .J4* W 3L(&*H#  51/1L.0#$  #+*1&
7#208&6%4  "(3)0 51(1.0%  "*&".& | & (&*+HO*% #*.(3%/*. %
5(#0 1#%-% O 1/$1.0#/ 1:.0/*-%  5#H01% . #208&*# % /. 5(#+0 1#.6"
& Yo&+*-Ut ( #'&YoH | <6: (0-96# H#H# & %&+*-%#"(3)&%# 1#HI"&Yo# #+ .0/(1-4
I5&00 #1(. #1.(3%/*. % , 16 O@&>/# ".() % [/ -6 "& 5&& /6*$ ,.&"
# SI(5/1#'3'(* $ I 0(&>/#  (&&-0&/%)  1#"& /11.&" 151:& —
*:41#%1.6 OI5/#&6*% SE5!; /44 1' 5&0"#7#208&6%4 "(3)0,..".
(39| O(&>F# *| 1531"&L1 #++80 +% *-4 1/2/".0 )/ %l.(## 5H# (& ."

I#1 (& .- "(3)& %/ 13 103%'5(&0"&%H&(&" /H+3/. /) 1.$"1.6 .

$"16 —<. I51*16  7T#20&6*) "(3)& 5(.#0!.'.6  5(,/1&%
+&.354# ) (I3>HA (%", *&HS&M %[.& & *& /) (& 938 50/(4*1.6 #
“&(37/4 ) 5(&O#6*$ ) %[ (HI"$ 2 (%- . *[HO0*16  <#45(MO0 &
1/10&./6% ,#5/#1 L.$"1# "(3& +&O0#. . ) (8+%I(0 # A&(&"IH #'#
&.I(H & # "*2H)I(&HH  (&:&-0&I% S 1/.&#, (H% O (+&# , N"\#  #
O.(3L.$9#O I.#  7T#208&6%) 1.&"& #1(/1- ,0".($ H#1@7T #2 0&*#/ .

&' "&" TH208&# |, )&0*% (&+ %, '0'.1  5(,M%  "*9&/6*$
(& "# 1L.&#,. -9 S LH#(&S. .&"# A&&"IFHH#'H TH#208&6%4 "(3)0 #
(| #%- (+&# ,". (1  * 5EHEO1. " #/M#0* %3 #+*13 "(3)&. )1& (& .&
"(3)& S(#14 1#. | 5(H%3>N.04*% +&35#% [) (/3>#4 (%" ,*& #5&*#I%
%.& & *& +&35 /%] O/(TH- # +& ("% 5( (& 9$ 50/(4*1# "(3)&
1L(3"$ . -9 51/1%/  ;.'J6L.0 AR WAL HOOHH(38>HY% 1
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. 67#4.0&  5/(&H#$ TH20&H , .&" "&" : 67& 9&16 L(3"# 31&'LI' |
#1"1.68 ## 51 USLO#% /*.(; *-4 %

O/ #OP# - (J+&%# , 0-+08* | +&.35 #/% "(3)&, O/1/. " 50-7/** %3
#4413 "(3)& #" (1.3 35(3)H4 . &HS 0.J4* WON'S  WHLI% . # <. %!"(1.6
IA@Y%86/.& & 3%/*67&L! +&19/. #+*1& "(3)& # 35(3)H4 . &H#$ O WL.I1%/ . (#
5(/1/ /-4 31 O#4 , ")1& T#20&6*$ "(3), & .95 10+'&, * % /.
0-1/( &6 30/ #9#0&8>38!' *&)(3+"3, 5(#14 1#. (&+(37/#/ (I 3>/$ 50/(4*\.#
"(3)&.

FIGE  PH (& 94 A&(&"IFH.#" "(3)& (*89& § 5(&0"#%)3. ;.6 :

— O#l..& 50/(4*\#  (7/(40& 1.6 ), 0-1.& */(0*1/$ (& & $
50/(4* 4 1.&#;

— U 2(%- (0 L6, )&F&):;

—1(;/#  *&50/(4*1#

~5'0/# 5(@# )0 ;

— 30/ HOIMH W - ([4&MH

—5O-T/  <22/"HO*$ U >* | #

—5'0 /4 15/ #2HI")  T3%& O (& H#

— Ot H& 6*&N. #% 1.6 BI(&HH# T H208& | 39/. % 5(&0"#

%8&+*-$ 5(&0>HS #1.(3%/*. 2 (%#(3/. 05(,N/  5(&0"# (/62 (& 9/$
50/(4* 14 "(3)&, . ".() 0 %*)% +&O#I#. <22/"#0*1.6  5/(&##
TH20&*# . 1]  +*&9/# 5(&0"& 7 #208&6*-4  "(3)0 #%/. O ! 0(/%/** %
&0. %& H+H#( 0&** % 5(#+0 11.0/ . 1/16 *& S(#+0 1#.) 08&0. %&.H#9/I" % (/ #%/ #
5(&O>#S #1.(3%/*. 1 /¢  O0N.&*&0#0&6 5(2#6 # L.&#6*  5&(&Y%.(-
(/6/2& (& 9/$ 50/(4*1# "(3)& *+&OHHY% . LISI# ) #+%1&. 1% #+
505" #0%-4  53J$ (I7/  <.$ 5(;/% 0L SHY%/H#  5(&0"#
7H#H20&6*4  "(3)0 | *& [H#%  *& 5(&O>HS HL(3%/*.  YlA&*HO/N"H#A
" [:&*#$ 36.(8&+03"0$ 9&. .- —36.(&+03"0$ 5&0"#( ). :[15/9#08&/.
50-7/#  (3(& (& .- & %&+*-4 S(&OSHA H.(3%/*. 0 He+& IH# [H
+&OHHY | HHA#H+* 1& *&(/3>38 15116  "(3)&.

(# 5(&0" 7#20&6*4 "(3)0, ! /68 +&Y%/*- & %&+&5(#Y%/*'8.!
&;(&+HO* # %I.& HONHI  #1.(3%/*- | *&5HWI(, SH*3LH/6*  0(&>&/%-/
"&(&*1&TH#. 5(9/% 5(&0"& .&"H%# #*.(3%/*.&%# 5 .9*1#  31.35&/.. 5(&0"
& %&+EYHHE" "&" +&O(/%' 5(4 1/  0-5&0'/%$ 50/(4*1# 7 #208&6*)
"(3)& 8:$ HHH+O/*-4 +&YH[ IS HHETHO&! +*&O#./6* : 67/ , 9% & %&+

[1].

*89& | 5(41& +&Y/H./6 H%&. | "(3)& ; 67#S |'$ , 9/% 0 "*/
5(41&, # 5<.%3 50/(4*1.6 0-5@&0'%) "(3)& * #%l. .$ & 8.*
5&0#6*$ 2 (%- , ".(38 /$ % /. 5(#1&6 & %&+ (#*31#./6%*  0(&>&/%-$
& (&+#0*-$ "&(&*1&7 31.8&*&0 #0&8. 0 1/( &0"/ *&" ** #510/0&8. /) ! 1*$
IL(*  0+1/$1.0#8 5(3#* ,L(/%'>/$" 5#&6 /) " 7T#208&6*%3 "(3)3, &!
13)$ L. (* —1/$.0#8 5(*4 (#'0 , )(&HOHO&S>HA [) O-10# *#/ 5
*&5(&0 /*#8 " "(3)3.

&% .(#% 151; 5(&0"#7#20&6%) "(3)& 5# ".(% /) 0(&>&S8., &
(8938 50/(4*1.6  *&)(/0&8. 39% &+/(& /68 1&) %/[.1& '0'/.V
50-7/#  1.$"1#  "(3)& +&!9/. 31&*# +&35HOTHA! +@(* 5(# /(% 31&(/
10+"# [2].

& 938 50/(4*1.6 0(&>&8>)! "(3)& *&)(/0&8. 39% &+(& ".(-$
SI(# 1#OM"H  5I(%/>&8. " */$ 51 3) %, 1 .J%5/(&3(- (&+(37/# 10+"# S(#
J(% 31&(/ | 5 1&9/$ 1%&+ 9% - 4 & 1&8>/$  #1"1.# 0+ *3 5(&0"#
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0+"& & (&+#0*) "(3)& 510/0&." :-1.(%3 *&)(/03 # A& 1M#8 9.
5#HO0 1#. " J(%31&3, ".(-$  151:1.03.  (&.(I"HO&*#8  # 0-"(&THO&*HS
10'+"# . 10'+# | <#%0 +137%/ 5."# , :(&+3/%-/ O0(&>&8>#%!' "(3)% , #5."
168+ O% - 4 & 1&8>/$!"  #1"1# +&40&.-0&8.#1:(&-0&8. ! (& 9/$ 50/(4* 1.#
(&+(37/**38  10'+"3, /% 1&%-% +&35HOTH' &:(&+#O*-| +@(*&H#++& 0-5&1/*#'
I0+"# J(8. 5(3,31&'8." | 50/(@*1# 0@&>&8>)!" "(3)& # 1&8. 0-41 *&
(&:938 50/(4*16  *0% +@(*&% ". (- 1 &1&88.  397/$ (I 3>/$
I51:%1.68 .

(&0"& 7 #2 0& 6%-4  #*1.(3%/*. 0 | SHWM % &+/(& 0*&L ">/l  0(/%'
0"/ BII5/"#0*%  *&5(&0 I*#/% . (80"& "(3)0 YlA&}HOI/"HY%# 15| ;&%6#
("&(&*1&T&Yot ( #'&Yo# ) * 1&@).&# 6*4 (I+36.8& 0 5(# 7 #2 0&*## , 5(#9/%
I3>/1.0/% | +*&O/# "&+-0&1. 1.(.& & %&+*-A+/(@*# (| #%- 5(&0"#.

J68 5O L&H#G6*I#  ([+36.&.0 # P#PH (3L/%" 14
(& 9N)  O(/%/# 5(/1 &)&L! #I5 6+ 08&.6 5(&0"3 ! SHW/I#/% &+(& ". (-$
0#/. *&1.$"1.6 T#208&6%4 "(3)0 .

#(&.3(&
1. &+& 5&/*.0 . &J%. 62679, (#I51:/ 1' 5(&0"#
7#208&6*4 "(3)0 SH*31#/6*  0(&>&/%-% &(&+#0*-% "&(&*1&7 %. #(8" 0
.. 1943.
2. &+&5&.1*. 0 © &%, 1668122,1.($1.0  1' 5(&0"# 7 #2 0& 6*)
"(3&. (/0 .. J(+" . 1991

« »

"0 N

8./ 6%% 31 O#% 5 39/# 0-1"$  .O%I# H#H*H+"$ T/(40& L#
(& & $  SO/4*\#  S# SHWPHE  0-l" 5(#+0 1#./ 6*-4 (/ #% 0
01 31.$9#0 1.6 10# PH# B (F&MHE ' <) J4* YHON&  #1I%& ()
1 *& -6 O#(3.$9#0$ #* 1531"&6 I3>/1.0/*-4 " [:&*#S$

H(&HH , O +H'&8>H SH %l.& (& ./ ,'08)  18%$ *5(#.*$
(5(/ 1/ 0) #++&10/$ */5(/L"&+3/% \# ) SHH*S "&+0 5(# (/& #+& 1
0-5 **# 4% YHOI") 5104 1& 5(# (& . %L& 0 ([+&*#/%. &
S(7/A7# L1 HTH% [ %* 1.0 #1/108&//$  +&*#%& 16 #+39/#%

5(; /%- O+ O/  O#(&H#S S ([+&*H# %/.& 0 ,* &0." &  </%/*.0
S(# %/A&HIN'S (& .Y 1 W4 5( 5(/5..038. | +1&*#8 [+ ."&+*-4
N
*&1SI (/%' *&#; Il VOITI*-|  1.&*"# | &>&8.I'  1#1.1%8YoH
5180 /# &0." [;&*#$ . 1*&" , 0 -5/(0-4 ,<. */ '0'L'  5&&/$ . 0Y4 ;1
(51" 6"3 *# * 01)1& 1/$1.038. <22/"#0* ), 0 -0.(-4 , .&"# 1.&"# '0'8.I
1() 1. >H%# #OHA <"*OHOIE  *<22/"#0*  #15 6+0&6 0 3! 0#'4
JL##9* ) #%/"Y#HS*)  5(#+0 11.0& .
# (& . IN"#A  »08& 0,1#°& ".(-4 5(/0-7&. 1/'.6 1#8&%/.(0,
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0 5(&"#"/ %&TH*.(#./6*4  5UISHH#$ -9  #5 6+38. *510#*/  #
510#*/  8%.- ,1/%52/(- ##419/.&# [1].

1*&" | "&" %I9&L' 0 (& .J [2], «*0*% H11&"% .(&L##**-4
8.0 '0'  *O+% *1.6 (& "# *&B3*$ 50/(4*1# 51 8+.&%#
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... 45; *0+% *1.6 (& "# A(35"#4  %&J(H& O (93)3*0); 1 l.# H%&'
7/(408.1.6 50/(4*1# 0-7/ ,9/%5!/ 5(,1& & %&+*) 0-) & HO&*H#' .

&U% (% I51:- 1/ 9% (& B HELHONHA  50/(4* LIS
'0'8.)"  0-1"<22/"#O*-%# O (&+#9*-4 ;&'4 5(#+011.0& # %)3. ;-6
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M. < RO O#1L-% 5(,M&% . 1. AT %, 9. 0 5(,M
(& "# ) S(#+0 141 31& MH %&I(H& & 13..03.. 5-6 ## T#2086*$

78%; (&4131"  *; 67/ " #9/1.0 168+ 0% - 4 & 1&8>/$  #1"1#
*/0-1"#$  3(0/*6 73%&

I/ <. 10#1/.6.03. %, 9. (&M% (-] JA* Y #H%I8. 4 (THI
SIS/ #0- | Q"% +(MH <" ), "&" J4* Y#  :313>)) . 1. I51:-
(& ."# , 5(# ".(-4  50-7&.'"  1)0/9*.6 1.&#, 9.  "&+-0&/.

&) 5(H.F] 0+1/$1.0# *&<" W8 (3HH#+&H 1/.&# *&1.35&/. 5+/ ), 5(#9/%
10$*/ —1"&>&LY 5.1 %&IHE& &# <H(H# *&I] 5(#+011.0 # +&.(&.-
*& 3H# H+&HS .

#.(&.3(&
1 086 , . . (&OM#S , :.. &7"0 , . . %&+*/ .OPH# #
0-) & #O&*# .- .. &T#*\.(P# 1976 .-32.
2 %/MI"HS . . JA&M'&  35(9%#  1/.&/$  50/(4* %%
5 &IHONHY% 1/2 (Yor( O&*#/% . .: &T#*\.(/*#/  ,2002.299.
3 "0 , . . &&*/ 5 #(0&WH # 35(9%8>/  *&"&.-0&*# |
"0, . .&9 [l (3"& .—2013.-E 9.— .57-74.
« »
N.(/0& . ., (3#"0&
( )
(%-7 [** | #5 6+ 0&*# (I 3>#4  #.(3%/*. 0 | #+* 11 $"HO6H

5'-#%# 5+0 1. (I7&6 J-$ "%5/" 0& *$THA +8&1&9 .&"HY% +&1&9&%
% *  KN# o +*&OHI 6% SO-7/ L$UIH# #*RUHE %L.& (I3>))
#4.(3%/*.& ; 30/ #OP# S(#+0 L#./6*1#  5(MO0 (& #  1.&I$ (+&*#%:

30/ #9/*#/ "&9/1.0& 5 0/(4* 1.%) L' # L OYIH# (&H%I(0 (& &4 1/.&/$
[3].

3>1.03. ; 67/ O#  %.10 5 39 5"(-#$ *& (& H4
50/(4%1'4  (/3>#4 #.(3%/*.0 .  39.% 5/ #2#"# 5(.J"&#  5(,MO0

2 (%#( 0&*#' 5"(-#$ 13>1.038># %l 1- % * (&+1/#.6 *& .(# 1+ O*/
)(355- .

%/. 1&%5/(0$ )(355- * 1.1 AHUGH" - J(OHON'H  %l. 1- ;(&+ O&*H'
5'-#$ (), ™O0&™*-/  *& .0/(1L28&+0% , #1"1*%  # )&+ 28&+0%
&>/ 50/(4* 1S #1.(3%/*.& . /. 1- 540 '8. 5 30#.6 5"(-#

LS 10-40%"% 9. 1&/. 0+% *16  30/#9#.6 . $"1.6 (&+#9*4 #50
#*1.(3%/*. 0 #+;-1.((/ 3>#4 #3)/(1#.-4 1.&I$ 01,5-2(&+&

0.($ )(B55/ %/.10 5 "&I#2#"&#H *I1I %/. 1-  4#%H#HI")
&1/  5"(-#$ #+ 5&()&+0$ 2&+ (%/.1 ), 5 39#07#/ 0 %#(0$
5(&".#" *&#%/* 0&*#/ CVD (Chemical vapor deposition)s5 6+3' %/.1- 0.($
)(355-, % * 5 39#.6 5"(-# *& ™0/ "&(#10, *#.(#10 # "&(;*#.(#10
%/.& 0 4-6 )(355 5/(#1#9/'""$ #1./%-  </%/*.0 , #5 6+0&# ".(-4
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540 /. 506 1.$"16 .0/(1!5&80%4 5&.# 0310 (&+07#("$ ;& #
S(HYH .

(.6/% )355/ %/.10 %)3. #.6 M* %[ 1- 2#+HON")  1& 1/
5U-# (%l 1- ), 5 30#OT#/ *&+0&*#/0 %#(0$ 5(&"#'/ PVD (Phisical
vapor deposition).(#%/*/*#  0&"33%*-5 &+%/**-4 %/[. 10 +*&9#./ 6% (&ITH# (/.
JA* YHON'HI 04% *1#  #.(3%/.0 | 5"C-H%H# . :# %.1- 5+0'S.

S/l <22I"#0*  35(&0'.6 5(,/N&Y% # 5 30/#  5"(-#$ | +&1&**-%#
10 $1.0&%#, & .&"/ 5(/135(/ 1&.6 &+ 0&*# ) %l.(HIN"#4
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S# (&+*-4 . >H&A 5"(-#$ . <228H*. 507/ L$"L#  S&ILH" |
5'-#% 5(1/'# & *TMH N16$ LS L#E #.(3%/F.& ! 5"(-#%
I01%/$  L$"1#  #.(3%/& i+ 5UC-# . O9&I*1# | <22/"#0*16 . 1.-4
5 (-#$ (814 %"% 0 +*&O#./6* ; 67/ L5 S5('0'LI 1 (L% I"(L#
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& SUI5H##  « I"#S$ 131 1.(#/6% 131 (/%**$  +&0b -

5(O/L* "5 /" #15-&*#$ (/3>#4 5&L# 011112706125 1904:-80 #+
%&./(#& 0: PTA0(/+ 5"(-# ), 15 ( CVD 5"(-#/% 6 %"%, 35 (@ CVD
5'(-#/% 12 %"% 5( #+0 11.0& 2#(%- " " ). 15--0&#6  (/+,- 5(#

9/(*0% ."&(*$ (& . 11.&# «O& );*$ ». (# SO-T/HE I"(L#  ([+&#
| V=601 105%%#* 5(# t = 1%%S = 0,5%%; .5&.#* | 5"(-#/% |4(&" #
*3+38  7/(40& 1.6 50/(4*\# , &+ 5"C-# 7/(4081.6 50-7&&16 +&
5(/1/- 153"&% $ (Ral2,5. (# 50-7/## 518&9%!S=051 0,8%%; 5H#Ht=1
%% V =94 %%H* 1#.3&# (&*& , 5&L#*- | 5'(-#% * 1W&*#  *3*38
7/(408&. 1.6 50/(4*\# , &+ 5"-# 7/(40&'6 50-7&8&6 +&5(/1/-
1531"&/% $ .
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#13*" 33— #¥  I"(L# ([+&F #51&9#*&7/(40&.1.6 50/(4*1\.# S5#
9/(*0% .9/*## L.&# 45(/3>/$ 5&.#$ 0111127061.
1-5&L#*& ;[+ 5"(-.# 40,2 -5&!I#& ! 5"(-#/% CVD6%"% 15;

3-5&.#& ! 5"(-#/% CVD 14%"% 35

+ 1"&+&**) 0-./'&/. 5/(15/"#0*1.6  S5H%/# | .9"% +(I*#' 50-7/#

5(#+0 1#./ 6% \.# #*1.(3%/*. 0 P#+* 1L $"#%# 5"-#%# . "(-# *&
(/3> #/ 5&.#* 5(#+011.0& 2#(%- “ " 540 '8. !"(&#6 O(% *&
9/(*038 ;(&;."3 *& 15%+&9/. #*.[*\#2#'&## (I #% 0 ([+&# ! | 4(&*/*#%
;3% $ 9o#l. .- 50/@4*\# ,* 0+*#"&. 5LHWH+&H & +1&9&! 0%/>/*#'
M(LE (A& #5H%/1%$ 51891 "& 1) "*(l.¥) 13
#.1(&.3(& :

1. #)(®/0 , . . ;I'5/9/*#/ "&9/1.0& 1/.&/$ 5# (& ."  ([+&*#/% O
&0. %& #+#( 0&**-4 5(#+011.0&4 / . . #@®O , .. & 0 , .. 4#( &1+ |/
51 (1. #@®NO& . .—.&$ " 6 , 2012.- 412!,

2. - /I www. dannatru [!&3$.]. 2019. - URL
http://dannat.ru/xFile§MKTC2000.pdf/ /(&.& ;(&>/*#  20.05.2019).

3. (0M#$ , .. O/  #*.(3%/*.- 1" 5/(15/".#0*-4 J4* HI/I"#4
5(,/M0 (& ."# %&J#H& 0, 5(#%/*%-4 0 %&7H#*\.(I## ./ .. (0I"#$
.. &"0 ./ +ON# « »—2007. -E 2(4). — .114-118
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6-42212

M&*1(0 . ., [%9/"
( )
&9N.0  S(#+0/1/*-4 "/, SI1THS*#'0  5(/1/'LY 10 "35* 1.68
10$1.0 5(,10  #4 #+).0/# . #20&# 0Ll  "¥9*$  5/(&#/$
%&(7(3.& (& ."# # SULIY.  "HOY[ VL %H  (&&-0&I%$ 5 0/(4* L#

0#13 .) ,9. *&<"I53&.&#*-| A&&"JH H'# 51THS*#'0 0 1*0*% O#/.
"&IN.0 (& 9H4 50/(4*1I$  #4 1/.&I$, O .J4* WO % 5(,1  #4
#+) .04 S(# #+#.] 6% 60% 13%%&(*$ .(31/%"#  S(H4A1#!  *&
7#208&6*/ # 1019*/  5/(&## [1]. -1"&  .9%1.6 (&/(0 # 2 (%-
+&"& -4 11.& 1% 11#H)&LY T #2 0&*#% .

&+*&9&' S(/1/**-] 3! O#F TH20&# |, L(%.I'  /I5/9%.6 +&1&**-/
(&+%/(*38 # )/ %/.(#9/1"38 . 9*1.6 1/.&/$ ,*/ ;4 1#%/ "&9N.0 50/(4*1*)
| ' &.&"] *&# Il 0-1"38 G(#+0 1#./6%1.6  S(# *&H%I*6TI$ /). #% |.#
(& H . %5/ 3'&+&**-4 ([ 0&*S % *  I3>/L.0#.6 , +*& 1%0*/

%/.1- , 3397&8># 5(,/1  TH20& , " ".(% < ML)
7H208&*# |, 50-7/4  "8&9/1.0& 7#208&6*4  "(3)0 , SHYW/IH  *&#; Il
5.4#9& 654 #' 0 TH20&M' , SHW/#  0-1"1"(1*4 5(#0 10
TH208&6%)  "(3)&, SHYH *&# | <22/" #0*-4 .

& 5(/15(# ## « 8%&(& 2##& ). I"#S - #
#I1 /1 0&*  (&+ #O*/ &+ 9% -4&1&8>H#H  #1"1# () *& 5/(&#4
9/(*0)  # 5(/10&F#./6%)  TH20&# 1("# "&IM# .  "8&9/1.0/ &+0$
#1"1#  #5 6+08&! .(E5(,/**$ 110-$ (&.0( .

"GA&* - )L )&%%- (1A +*&OPHS "&I&I6*S #  * (%&6*$
11.&0'8>#4 W SH &(&+#H0*S$ (& ./ | #15 6+ 0& % (&+ #9*-4 %&("

01/ 1.0 , 4&E&"/(#+38>#4 3 ## #38 #1"1.6 ,% * I31#.6

23+ #+& 6*-4 10$1.084 "& 1) #+11.800 .

#-, 0+9"88>H/ S(# TH#2 08 H# | #1"1.68  #721 5%, (&0*#/ 6*
0-7/ .J4,9. O+#'&8. 5@ SHYM/## "*3#(38>#4 11800 .: )0 (#
'S 196&+-088>/$ 151 ;% 1# 1&*%) 4% YHOM) 1(/11.0& 1&/ O
I(&O*/*#H# | :&+0$ #1"168 —1 10-% (&.0(% . #72! 1/ 5(/*$ #
0&+ 1.&"/ #%/8. 5"&+&./# <22/"#O*\# *#/ , 9% .(@45(,/**$ (&.0(
11 . #H%& 6%/ - 0+ 4"&8. S(# S(HY6/*/H# —MODUS[2] ((#!3*" 1).

#3*" 1 1L&O'SSH M- TH20&M & * (%& 6*&' ;) "&&./6*& 1
10-$ (&.0( ;2- ) 300 (081)3 — TOTAL MS 7000; 4 MODUS M1; 5 —
0&+ 1.€—#72! 5% 7—-#72! 10%
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. O/ #9#*- 11.&0'8>#4  #- T#20&# 0 5(,/1 (& "# +&O#IA.
7/(40&. 1.6 50/(4*1.# (&&-0&%) Y& /(#& & ##%& 6*&' 7/(40&.!.6

- #  G(# #5 6+ 0&*H# ) 300#MODUS.

5, (& # &"] 5(*#'&l. #05(- T#20&6%*) "(3)&,
#H%" 1(3".3(3 10+ . /%[~ 1%&+ 9% -4 & 18&8>/$  #1"1#  "&+-0&8.
AHYHON" | O +1/SLO#/ *& 10+38># < [%/*- "(3)& # !51:*  1&#6 10+6

%/ 13 &;(&+HO*-Yott +/(*&Y%# 9. 30/ #OH#O&/. O/('* 1.6  O-(-0&*# +/(*& #+"(3)& 0
5(,M (& "#  #5(H0 1#. 1% 18&%-%" 50-7/* %3  #+*13

(# TH20&## 1.& 110$ (&.0( 5"&+& *&HA3LTHS (/+36.&. . +*!
"(3)& 11.&0# " 130%"%.)1& "&" 5(# #5 6+ 0&*#H# #1"1# «#72!  10%»
#MODUS M1<.. 5"8&+&./6 */ 5(/0-l# #1/M# %#'(* [3].

H3*" 2. 4+%1 TH20&6%) "(3)&: 1- 10-$ (&.0(;2- ) 300 (081); =
TOTAL MS 7000; 4 MODUS M1 ; 5- 0&+ 1;6-#72! 5%;7- #721 10%

O#.-08' ,9. 5--5 5(O1##I6 *& 154 #./4 | (I #%&4 # SHY%6/**#%
1%)  #4.(3%/*.& , *&5(&THO&L! 0-01 %, 9. 51;(%  1%&+ 9* -
4&18&8>I$ H#1"L# % * 13>1.0/*  O#.6 *&#+*] & (&HHO*) #*1.(3%/*.&
S(# 7 #2 0&*## .

H% I *0$ 198+ 9% -4 & 188>/  #1"!# MODUSM15+0 /. "&"
3%/*67#.6 W- 5(# 7#2 0&*H# | .&" # 3%/*6TH.6 #+*| & (&+#0*) #*1.(3%/*.& .
&' SHY%MHH 5 3 /HIN"$S  19%&+ 9% -4 & 1&8>/$  #1"1.# MODUS M1
* 15314 " ((+#8 3+ 0 1.&*&.

#.(&.3(& :

1. ##" |, . . 17#5%"#  "&9# # 10; 1%/ 1.&#: &&) .

1983

2. %5&*#  «#(  1%&+"» /I www.mirsmazok.ru [!&$.]. 2019. — URL
https://www.mirsmazok.ruploadiblock/e47/e47593faabdd2d203a51694984 b3.pdf(1&.&
(&>/*#"  19.03.2019).

3. )0 -5(%-7/**& " %5&*#  #*./+ [/ tpksintez.ru: 1&$.]. 2019.— URL:
https://tpksintez.ru/catalog/moc-m (1&.& ;(&>/*#  19.03.2019).
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["M&*1(0 . . &I# 6/0&

VHUGH  30@*-%# *&30%-%# 7" &%# , S(I5MH.#%#  5(0 1.0
#11/1 08 |, # *&"5/* ;67$ 5. 5 5O0-7#8  <22/"#0*1# 5(,M0
(H&*# . %I/ | /% SH%AH# <) 5-& 0 10(/%/**-4  5(#+0 11.0/*-4
31 0#4 9&!. * 18&@.#1&%) (I+36.&.& [1].

3>/1.038.  1/138>#  I51;- 50-7/#  <22/"#0*\#  ."&C*$
(& "# ", SA1THS'& 12310 : SHMH  1%&+ 9F - 4 & 1&8>H#4
J4* YHON"HA 10110 ,  SHH+&H#  ((#%0  ([+&*,  SHY%/H
0-1"I"(1.*$ (& # O V0TM008& ) %L (I3>) #.(3%.&

30/ #O/H #+*1L.$" L #5(9%1#  #.(3%.&6%)  %&.I(H& & *&}IIH &
(| 3>#$  #*1.(3%/*. #+* 11 $"#4  5"(-4#$ .

&#, 67/  O#™H *& <22/"#0*1.6 5(,M& (J+&# "&+-08&/. O-;
5.H%& 6%-4 (I #% 0 (+&# # "*.(3"## (I3>)  #1.(3%/*.& , 0"89& )
) %[.(#8 , #*1.(3%/*.& 6*-$  %&J(H& #35(9%8>/  5"(-H# .

&*  O%I#.6 ,9. <USHHII"H +&OHHY% IH# . $"1# . (#%0 ([+&#
#9%6/8. 0/16%8& )(&*HII*-$  1#&5&+ *#15 6+ 0&*# # SH%*#%- . 6" 1' /4
31 0#S (& H (&%, 5(# ". (-4 5(01##6 #5-&H # .(#&6 <&
+&0#1#% 1.6, [2]

& 2H# #& «  &%&(&). I"#$ - 5(0/1/F "%5 /"1 #5-.&HS$
(I 3>#4  #%.(3%/*.0 5(#+011.0& 2#(% " &*10#" - " (), «Sandvik
Coromants Q/# ), "KORLOY"( (/! ), ".(+ O 51/1% 0% *&41.
SHYH  *& Y%&TH*\.(#./6%4  S(15H.#4  U## . 15--0&#6  (I+-
&> 106/*-%# */5/(/.&OHO&IY%-YoH 5 &) H*&YbH | H+* 11 $'HYH 5 "(-HYH
(CNMG 120408-MF),5(# (& "/ "/, 517#5*"& 12310 #+ 1.&# 15
0/(11.68 HRC 28...35*& ."&(*-4 1.&*"&4 | % 1. 160. (#+0 1# &16
"+0&./ 6*&' ."&(*&' (& ."& L1 ( "# &9 . *&L'SI 0(% 1' (& "
1&**) " 6,& #15 6+38.' (/3># 5&L#*- &10#"  35( ). (& &
S(#+0 1#." | (/ #%&%# ([+&*# V = 120%%#* t = 0,2%%S = 0,15%%:; .

I5- &  5&IL#  &10#" 35 ( ) 5"&+&# [3], 9. I(/1*"
1.$"1.6  S&LH#- 11.80#& 185 %#% & I(/1* " #9N.0 (& .&*4 ",
1*$ 5&I#S$ — 33. ' &0 *& J4 | (I #%&4 (J+& 5(O0/L/*
L $" 1%/ #5- &4 5 &.#*- CNMG 120408-MF %&("# NC330 | 5"(-.#/%
5(#+0 11.0& 2#(%- “KORLOY”. I5-&*'  5"&+&#, 9. I(/1*" 1.$"1.6
5&ILH#*-  11.&0# & 20,3 %#*% & (/1% " #9110 (& .&*4 "/, 1*$
S5&IL#S — 37 %#H: # (%HON"H#A 5&# CNMG 120408-MF%&("# GC 6050!
5'(-#/% 5(#+011.0& 2#(%- “Sandvik Coromant’. (/+36.&/ 31.&*0/* 9.
/1% 1.$"1.6  5&L#- 11L.&O# & 33,4%#* &I(/1* " #9N.0 (& .&**-4
", 1*$ 5&.#*$ —52.

&'H% &+ %, . $"1.6 5&L#* 5(#+011.0& 2#(%- “Sandvik ” *& 39,3%
0-7/ 1L.$"1# 5&# 5(#+011.0& 2#(%- “KORLOY” # *& 44,7% 5 &.#*
“EFIOH" . (H <% #+*1 (/3> "(%"# S5(#41# 5 5/(/1%$ 50/(d4*\# 1
0,15%%3 5 &.#* 5(#+0 11.0& 2#(%- “Sandvik’, 1 0,2 %%3 5 &!.#* 5(#+0 11.0&
2#(%- “KORLOY” #1 0,28%9%35 &!.#* 5(#+0 11.0& 2#(%- “ &*10#" .
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P 5U&+&[ 1S (&'& S(#A 1#.  +&19. 3L(&HH  0+% *1# )
5'0/M% 0 #1/13/%% 5(,/M . N/10&%#  5"&+& , 9. 5# 51.%*$
(& (% i+ ) 1%~ *& 5(. I O(%# 5@ 514 (| #%&4
(I+&*# SHO1#. "5'0/#8 (&' 0&**4 #+1/#$ 0(/+36.&./ #+*1&. & (#3*/ 1
O#1* ,9. O/('*1.6  O+*" O/ (&'& 5 :(&."/ 1.&# (I+, % 3 (Sandvik)
M 9/%5# (& " (I+,&%H# 1(&*10#" ) # 2 (KORLOY).

H3*" 1- HON0 (8" 0&*-4 1/.&/$ OS&(H## ! JOI#% O(/%/#
S@# (& .1 (I 3>H% #41.(3%/*. %
1. (&10#"  35)2. (KORLOY NC330), 3. (Sandvik GC 6050)
(| #%-  (J+&*# (V = 120%%#* t = 0,2%%S = 0,15%%; )

+ I"&+&**)  0-/"&. 5I(I5/"HO*1.6  SEHYMH | O H(PH M PH
+&.(&. *& #1.(3%/*. (/3>#4 5 &L#* 5(#+011.0& 2#(%- “Sandvik’. .#% 1.6
5 &L#* 2#(%- “Sandvik’ 5#H%/(*  *& 20%0-7/ , 9/% 3 2#(%- “KORLOY”, # *& 40%
2H(Y%- “ &*10#" .

#HO/L/**|  (J+36.&- 5"&+-0&8.,9. SHW/*# 10(/%*-4 (I 3>#4
#41.(3%/*. 0 5(#+011.0& 2#(%- “Sandvik’ ."(-0&.  *0-/  .J4* )HON"H#
0+9% *1# 5O0-7/#  S(#+0 14/6% 1#  # /% UL #% L (& ."#
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1398/ (&ITH(*# , ".(38 1/13l. 5(#"&1-08&.6 " +&0/#8 *& 5(0/1/#
&"(I1H#.& #H ».

I"%1&# 1' E 4 «(O/(#.6 *&H#OH 3 & (& (## #1./%- 35(&0 /*#'
1"3%/*.&,#$ (5(&0# 1"3%/*. ;(.&  )».

I"%1&#  1' EB5: «/1#.6" 0 S51.0/(1/*##  *&#HO# +&5#!$
JAHON" % I 3HO&MH (1% *. |, )(&L13#( 0" ».
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I"%/*1&# 1' E6: «(0/(#.6 *&#9#/ 3 &; (& (## W#./%- 4(&*# #
&(AHOH( 0&*# 1"3%/%.0 ,0.% 9#!/ 5(&0# & A(&*/*#' # &(4#O#( 0&*# # 5(8&0# &
#L/%& #+& ## # 0/ #  &(4#08&1 "3%/*. 0 ».

%18 1 ET: « * -6 0 & (& (##  5(&0# & 35(&0 /4
(BLO&M % 1' SO/ #11/108*$ (#I5-&*HS$ ) # #+%6/ (IS ».

I'%F1&#  1' ES8 «3*  #%/6 0 & (& (## #N.(3## 5
#15 6+ 0&*#8 # 35(&0 /*#8 ; (31 0&*#/% ».

I" %/*1&,#' 1' E9 «*( #(0&.6 J1519/*#/ *&1 /1 &>#4  O*/T*#4
3 0#S 1' IS0/ 16 1# & (& (##  (J%5/(&3(3, 0&*16
0 +134& 10/>/**1.6 |, 3(0/*6 73%&# #*-/ O*7*#/ 3! O#' |, "&+-0&8>#/ O #"#/
*&"QON0 (I+36.8&. 0 #I1/1 0& S (HI5-.8*H#S$ ) # #+%/(/*H$)».

I"%/*1&# 1' E10: «(O/(#.6 *&#9#/ 5(&0# 39/.& # 1 "3%/*.#( 0&*#'
(+36.8.0 #1/1 08 S (H15-.& S ) # #H+%6/(/HS$ ».

+&" 89/*# % * 1"&+&.69. 51.&0/**-/ = +&1&98-5 */*-

1. &% .(* 5(1" 5(0/1/# &™M(1#.&##

2. -'0 /*- LL&"#  * (%&HO*S 1"3%/*&#H 5 50/(" O
« I"#$ 0>+ »;

3. &+(&; .&*- (I"%/*1&## 5 3L(&*/#8 */11.&"0 01"3%/*.& ## .

' 3L(&**# 044 0-7/  5/(/9#! [**-4 *11.&"0 0 51).0"
5(0/1/#8  &™(1#.&#H #5-8.16%4 & (& (4$ « HE W+ »
1/13/. #%/.6 5. **38 1046 ! ()&*&%# &' ([1#.&## ,0.% 9#!/ ()& #+ 0&.6
1" (& *#'0 & (& (##  "3('- 50-7/*# "O& #2#"&HH ## 15 *#./6*/

3044 (1%H#&( 5 /: 17025, 5725).
#1(8&.3(& :
1, /1/(& 6%$  +&"* E 412- . 281/"&(' 2013)1& “; &"(/1#.8&

0*&H#*& 6*$ W.I%/ &"(/1#.&HH .

2. (#'&+ E 326 . 30%&'2014). ##./(1.0&  <"*%HON")  (&+O##
HHSI" S JL/(&HF  (B<"* %(&+O#H  WHH# ) «;  3.0/(LM#  (#IHO
&"(I1#.&#H# , 5/(/9*  1"3%/*.0 , 51.0/(1&8>#4 | .0/.1.0#/ +&0#.1"
&"(I1#. 0&**)  #,& "(HIH% &"(1#.&HH# , # 5/(/9¥ 1"3%/*.0 0 ;&.#
|L&*L&(H+& M, V8L ([, 0&*H$ . (-4  +&Of/'%H , &"(/1#. 0&**-%%#
#,&%# ;/I5/9#0&/. #4! OLL.O#I  “(HIHY% &"(/1#.&H#H ».

3. /: 17025 “;>#/ (l; O&*#' BT T R -
#15-.&./6%4 #"&#,(09*4  &; (& (#$

4. 5725 «9*1.6  (5(&0#6* 1.6 #5(/#+#**16 ) %/.10
#(/+36.&. 0 #+%/(/*#$».

5. /; 0& .., "39&/0& . ., &F&OH*& . ., +"0 ca (& o
1/* #2#"& #' 5(,M& 51).0"%% " &™([1#.&## #5-.&/6*% &; (&. (#H#
(/M. 17 .. o0& , .. "39&0&, . . &*&WH&, . . +"0 , .. (& [/
&39*-/ .(31- &6(-;0.3+& .-—2015.

6. 2# #& 6*-$ 1&S. 1&"" (11#.& ## [/.(**-$ 3¢ 1. -
http://fsa.gov.ru/ &.& ;(&>/*#  10.03.2019).

7. ()(&%%&  0-/+1*$ S - [/(*>$ 3¢ 1. -

https://www.garant.ru/products/ipo/prime/doc/716922(&.& ;(&>/*#'  21.04.2019).
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« »

& . ., HAGFH
( )
0658 ' «  «"0&%&7T» '0'L)  1#*QUHO* (&+OHO&S>HY!' #
0-1" /4% YH9*-% SUL5@H #% . (J15@H.# ).0 0-5 *.6 "g"
"(35% VHS ), & HW " YHS*-]  S&(HH +&"&+ 0&" [ " %5&# 13>/1.0.
(&+(&; "3 "HL(3" (" o (%&HO*S 1 "3%/*.& . «  «"0&Y%&T»
(H#2#,#(0&* 5 9001-2008.1*  #+ 1*0*-4  *&5(&0 /*#$ 1/'/6* 1.#

SU15(# # —5(#+011.0 "%5/".38>#4 1' :(**$  5(%-7 /[ 1#

«  «"O&Y&T» #9%/l. 5-. #+).0/#  0-1".9%4  #+1/#S$,0.% O#l/ #+
I5/#8 6%-4 1.&/$ #15800.  «"08%&7»'0'LI' " 5/(&<.% #51.80>#" %
"05 [".38>#4 1' G(IS(H#.#S 04 1>#4 01.(3'.3(3 4 1#& «/4* 1H#&Y%#"& »
)G (&M <« "1% ! » %#HO  #4) .0/  0-1".9%4 1/.&1$
I (9%-4  J1#, # ! %4 3+ 0 1' *31 G&OH&H™S$ # (™S
5(%-7 /% \#  , &.&"/ #13L(## 108)&//.(/#  5(15#H  13>1.0.
5(#+011.0  ).0-4 #+1/#$ O/*$  JA%"# . & 0Y4 L&I#4 5(#+0 11.0&
5(13"# 5(41# "*(6 "8&9N.0& 0 .% OH#!/ %/ 5/(&#**-$ . #1./1%&

%/*/1 %/*.& "&9/1.0& V(H2#H(0&*& *& ! .0LLO#  .(/; 0&*#% 9001-
2015# 0015-002-2012. «"0&%&7»0-5 */.  O#1- (& . 5 2(/+I(*$
(& %l& &, ".(& 05 *LI 5 I/ &% ## (8&+&% +&"&+OH'&!

481 6%% "*( /%  “"8&9/1.0&. +% *1# SIS # 5+0'8. 0-5 *.6
J(%H#9N1"38 (& "3 1/.&/$ 5(&".HOM"# OU4 5(H%/*/%-4 0 5(#+0 1.0/
%&("1.&/$ (. 5(1.-4 3)/(1#.-4 1 0-1" NH(0&™*-4  |"H(3HE*4 ).

*( 6 "&ON.0& 5(13"##  *& S(IS(H.##  S(H#HOLHI 1) &M
J4* YHON'HY%  5(,M&% . ' 0-0/#  (&+#9*) O#1&L/2/".0 #5 6+3L.!
1/2/"1"5 270, ".(-$  5(/1*&+*&9* 1' 0-0/#  50/(4*1*-4 #
5 15 0/(4* .*-4 1/2/".0 . 1*x0* 0#1- 1/2/".0 , O+#'&8>#  5(#
5(#+011.0/ %/[.& 5(13"## , - %.& 30#IN"#  1/2/"- : 5/~ | 53+-(# *&
SO(4* L# , (I5#- , +&#~ # .1 (% .) ,5@# & ."  %l.& #9/I"#4
11818 %)3. 0+#'&6 AHWHIN"# 1/2/".- , &"# "&" 5/(/.(&0 , 7/(4 0&.-/
5'*& # 13 1/2/"- . &'/ 13>/1.038.  %/A&*HONH 1/2/"- | " . (-%
FUL (0&*#*- # *&1(-0- , 0-40&.- , (HI"# # +&1#(-, % (>#- # "&1"# . &
Q&K &*&H#H+01&*-4 120 -# (&+(& .&* #5(1 I (" %/*1&##
5 10/(7/*1.00&*#8  J4* Y | 68 #M#  12/".0 5(13"## .
L& %& 30HON'HA  1/2/".0 1/13/. L&# H#+H#(08&.6 .JA4* YHO!I"H
5(,M-  : (&0*%/(* 1.6 *&)(I0&, #!" 89#.6 5(# Y 5(# 7 #2 0&*## , 3 397#.6
2(%0"3 # 0-(3"3 1/2/".0 0 #+1/#4 5 39/*-4 (& ."$  1&0 /[*#/%.
HOOHON"H 12"~ % *  3L(&#.6 (N3H#(0"$ 5(,M& (&0  %l.& & #
5(/10&#./6%$ 51).0"% 50/(4*L.# #+1/#S. (/1 P# 5 3.(&*/*#8
0/4&*HI/"HA 1/2/".0 : 10 /0(/%/**  5(01#.6 5 #(0"3 7.8%50, */ 1531"&.6
55&1I&MH 5. (*#4  #*(1%4  9&L#, SH %/A&HON'S$S (& .1 ,1/1#6 +&
J%5/(&.3(*% (I #% % # !"(1.68  5(/10&# . 0*&' 1 ' O%/4&HON"#4
1/2/".0 104&*& | " *#%# 0 (& . ;(3L0&* , 9. 3'&+-08&/. *&
Y118 9%$  "*(6 +&&.$ :(310&*#
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&". (- ,0#8>#/ *&"&9/1.0 5(13"## «"0&%&7 »:

1) &7/ (1 0&*#$  J4* YHOI" $ 130/ & . .- HHHE (#"
0-531"& */"&9N.0/*$  5(13"## , 5(/1&)&% !1.80#.6 # 3.0/(1#.6 5 &*-
)(&2#" (" *1.(3" (& J4% VHOME 1'%/ &M ) *& )1 (##
30/ #O#O&.! " #ON.0  ### A% 5(0/(" ). O#1//6.0% (& #+& ##
WI(5HH#S  '0'8.)  : 3.0/(1*$ 5 &*-)(&24" ,&" - . 3(*&
39/.& (/+36.&. 0 C 9L . &(- %l(& 1.&1$ 10 (! (.1/

JAHINY  tx () [ " #ON.0& *&BTMHS 5 5I(#18% ()1,
"08&(.& , %/, )## 5 1(&+1/ FHY% (/4,398 "), ## HE&YH+1/#S.

2) /5(#) 1* 1.6 (1.0  #+%/(/#$) #  (#15-.&.J 6%) S (31 0&*# ).
- E6 (#" 0-531"&  *"&9N.0MF*S$ 513" #H# , %-  19#.8&/%,
KoA1H% /) 1% 11.80'.6 ) &2H'# 50/("H (‘&# (0" ) #E&.N.&HH

& .&"] 5& +&'35" *0)  ;(310&# . O#1//6L.0% (/& H#+& H#
%I(5# #$ '0'8.) : 3.0/(L/*-$  5&*-)(&2#" 50/("# ("&#(0"# )
0/( 1/+*-$ 5 &*-)(&2#"  &..J1.& . [+36.&.-  %[.( )#HON")

"x (' *&5(IGMH . &5HW 5 O/('H & #:(0"H H#&.J.&HH .

3) MI5&O0*1.6  (M5(#) 1*1.6 ) J4* YHOI") (3L0&# (). .-
g6 (#" 0-531"& */'&9MN.0M*S$  5( 13" L IN)1*  11.&0'8.0
)(&2#"# (5&*0 -5(/135(/1#./6*$  (1%*. ) # 5(0/("# *8&
J4* #9/1"38 L9%16 , & .&"/ 5&*% +&'35" *0) (31 0&#
O#1/./61.0% (/& #+&## %I(S5H #$ '0'8.) :3.0/(1/F*$  58&*-)(&2#"

L 0I(1*-$ 5 &*-)(&2#" 5(0/("# *& J4* YHO/I"38  .9*1.6
&5#I# (1% *.& , ;| 3 #O&*#  #5(0/("#

&' 89PH# (&% .(*& 5(;/%&#'& , 13>/1.038>&' *& S(/I5H ## 0  &L#

S(O/L/#  (&+ #9*-4 O#LO"*.(' ,#5(/1 /*~  53.4 3! 0/(7/*1.0 0&*#

#.(&.3(& :

1. /13*&(1*-$ 1L&*1&(. ISO 9001:2015 4&#!./%- %/*/1 %/*.& "&9/'.0&.
(/; O&*#'  ».

2. /18"# , . . 5(&0/*#  "&9/'.0% 5(#+0 1!.0/**-4 50,0 : 9I*/
5v:# [ . ./18# .- .. *31 ,2013.-232c.

3. ((&7" , . .5&0/# "&91.0%: 9/*#" 1' ;&"&&0(0/ . . (&7 .-

. (&$. ,2012.-463c.
4. http://www.aquamash.ru/

348 . . (1#*

(%#. 6% (&+O#H# 5(#+011.0& 0 .(&!'# %&TH* (/'  5(#HO 1#.
% LI(#+& 1 # 1 0/(7/%1.0 0&*#8 SH%/*%-4  #1.(3%/*. 0 , ;(310&*#
%&.J(H& O #%/[. 10 #+).0 *# .

(# #+).0/##  15&(& (0 517H#S*#'0 "&IM# 0 51/1%  O(/%
#5 6+38. 5&L%&I- (&+#O*4 %&(" */ 1. 6" 0 ,/'4 <"*%H#t %l.& &,
" 6" HA1 #+23 H&6%4 | (&HS . 1F0*$ /68 'O'L! PH [
"<22H A& (M *& (& O#4 50/(4*1)4 1" 6 ## | 35(>/H
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%*&& I5&(& (& SITHS#'&. (% .) , *& #+).0P#  158&(& (&
+&.(8OHO&L.!" +*&OH#./ 6* %/*67/ (& 9)  O(/%/*# .

58(&. ( 5 ATHS*'& — <. X0*$  </[%/*. SITHS*"0 "&9/ #
S(/L*&+*&O/* 1' *&5(&0 /M |, 3LI(&*# .| "8&IM# *& (&+* % (&I."“## 1(3) .
1(3)& 17#5*#'# | U5&(& (% #9%/8. : /I 1#/6%$ 5SIH#1 <"I53&.& 1 #
%)3. (& .&6 5@# ; 67#4 I"(L'4 , 9% /N/5&(&. (*-/ 5 1THEH#"H .
15 *#./6%%  5(/#%3>/1.08% !/5&(& (& *WY . 9. * 1&/. 15 *#/6*/
%l 1%&+"#1' ;[ 5&0%) 41&51TH5H'& # 31/(HO&I. T&H'# ## ( #H'H#
S(# (&+; (I 5 1T#H*#'& .

5&(&. (- 1IN *&

& 6% 7.8%5 0&**-/ |

JA&XHINH (& &

HO%I(5-]  #" %5 +#x

5/ #8& 6*-| .

&6*/  T.8%508**-/ U5&&. (- #+).80#0&B.' #+ %& 3)/(1#.$
*(&O/B>I$  1.& IS #HH(1"& #+ &3 .

JA&HOIN"H (& .&**-/ I5&(&. (- *&H# Il (&I5(1.(&*/*- #
#5 6+38.1' 0 5 17#5*"8&4 , 5(/1*&+*&9/*-4 1' (& .- *& 0-1"#4 1"(1'4
+) .80 #O&S.!' #+ &3 # I)'#4 %&.I(#& 0.

HOOI(*-]  # "5 +#*-  U5&(&. (- 5 39## TH("/  (&I5( (&}
C8&) 1&( 5(9%1.*%  A&&"J(#.H#'&%, ".(-  * 31.358&8. Y%/A&*HO/N"H%, 5(#
<% &"$ %&IHE& +&%[* )9 # /I5/9H0&I. #A#S 41 (3>#HA!' 9&L/S$
51THS5*#'& . ; &1&8. .#9*$ O#:(1.$"1.68  #++835(3) L.# %&./(H& & &.&" ]
%)3. 23*" #*#(0&.6 0 517#H5*#'&4 , (& &8>#4 0 *N&#6%4  #./1%&4 |
(+"H% L.&(. % #. (% P#% .

HOI(*-] 5 1THS*H'# #+) &0 #O&S. #+.&"#4 %&./(#& O

H&YHL 6,6 —#15 6+3.1 1' ; 67#1.0& #+).0/*4  %.1% #.6'

51 180 *#/% V5&(& (0 . . HYL6 ## * #%/.6 &(YoH( 0&*H

ILI"0 ™%  #5(# <.% .#9&L!' ;&) 5F#H.*% 19.&*/% 5(9*l# #

35(3) L.# .

H<DH(<2U("H. * — D.H%&6%$ %&IH& 5 | *7/H8 5(O*L#

1)0/9%1.# , 35(3)1.# # 5(.#O1/$1.048  AHYHON'H% |(/18&%. &#; Il

9&!. #5 6+3L.I' O07&®#H'0-4 517#H5*#'&4 . : &1&). O-1"$  ./%5/(&.3($

1#./6%$ <"I53&.&##  (+260°C), * , O .#9# . 1(3))

0-1" ./%5/(&.3(*) 5&IH#8& — .(5&.& 4, L&HI 0 (&+%I/(&4#
1 4(&*).  : 67T#.0 5/(0 *&9& 6*-4  A&&"J(#.#  S5@# 0-l"#4

1%5/(8.3(&4 .

F0*$ Y118 " 5 #%/(*4 V5&& (0 — <. *#+'& 31.$9#016 "
O-1 "H#06  # *#+"#%./%5/(&.3(&%.

05 +#.*-/  I5&(&. (- #+) .&0H#0&S.' #+ 5 #%/(0 , * ;&) 1&(
3 H#8 1 5% >68 &(%H(0&**$ I."#  &1&S. ) (&+1 397#%# 5( 9% |.*-%#
A&(&" J(#! #" &Y .

1%4% #+53./$ 50-7/#  <22/"#0*\# 5(#+011.0& '0'.1'  S(HY%/*/*#/
LO(/%/**-4  %&I(HE& O # : (3LO&M 1' #+).0/4 5&& (0 51TH5*#"0 .
I5 6+ 0&*# 5 #%/(*)  I5&(& (& * . 6" <"*%#. %[.& ,* #!51:1.03/.
3397/4#8  JAMON'HA  A&&"IFHH  SITHSH'& |, &"#A &' VH# [H
"<2H A& (PH *& (& 9HA 50/(4*14 "B HE . (% L) , *&
#+) . 044 15&(&. (& +&.(ROHO&L.! +*&O#.1 6% %/*67/ (& 9/)  O(/%/*# .
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#A&*'# . 37"&(I0 ., 3(3#&

( )

"&0/1.03 #! .011.048  &(&+#0*) #*1.(3%/*.& 3.8&*0/*-% 1.8&*1&(.8&%
S(/IA0'8.) O ;I O-1"# (08 .

O | %I(5HHS , *&5(&0 /-4 *& 1&6*/$7/  3397/#/ "&9/.0&
& (&+H#0*)  #*1.(3%/*.& # 50-7P#/ [) 0-531"&, ! .0/.1.038>// O*H%&*#]
*A41#% 316 (6 ! (&' %. * 1 /¢ -6 3L(&W* 5*1.68 ##,0
0" 06 139&/,10/1/* 1 *&HU6/*6T/) +*&II# .

&' 5"8&+08&I. 5(&"#'&, (& *#'#  &(&+#0*4 +8&010 #5--0&8.
+&. (3L B# 3L&* O 4 SHOHF (&'& # ) O# 00 . #

+& (31*4# i3 0/ 118 9%0  +*&*% J4* YHON'HA  5(,N0
. 67#4.0/  1398/0 S(HO#*$ (&'& & (&+HO*-4 #+1/#$ 13#.  */; 81/#l
J4* Y

(&HHO*$  #4.(3%/*. 1 /¢ ;&1&6 O-1"HO6H# (/ 3>HY%H 10 $1.0&%# #
1.$"1.68 , & .&"/ 151;*1.68 5(#1&08&.6 */ 4 1#%38  O#..3 50/(4*1.#
00&./(#& & 1(&:&.-0&I%)  <HY%H.(3%/*. % . /16%& 0& *% "(#/#/% "&9/!.0&
& (&+#O*) #*.(3%/*.& '0'LI 1&*1&(*1.6 /) 5 10$1.08%, (&+%/(&% 2 (%! .
I <. % /. -6 11#)*3. 5(# 3! O## SH%/I# 16" , ! .0/.1.038>/)
JAHONHY  * (%&.HO&Y # >&J6%) 05 *MF  3L&K O[S J4* Y
S(#+0 11.0& &;(&+H0*) #*1.(3%/*.& .

HII# 120" %) & (&+HO*) #*1.(3%/*.& ™4 &1. 5(#+0 1#./6* 1.6
# "QONO (& H HY 11.&[$ . &", S(# TH208&MH */.;& & H( 0&**-%i

"(3)8%# *& ;(&&-0&/% $ 5O0/4*\# 1/.&/$ 5'0'8)  1(;/*1.6  # (6 ,#
&'H 1.&# (&'38. . (HWIPH & (&+#0*-4 "(3)0 | %37"$ # *&5 &0 [#%
S(HO 1#. " (&+ 0&*#8 *& T#23/%$ 50/(4*\# 1/.&/$ (" # 5# )0

G "(3)0 | +&0-7/*$  .0/(11.68 0-+-0&1. -L(/  #4 +&I& HO&H/ #
(&t 0&*# *& (&;&.-08/% $ 50/(4* 1.# 1.&/I$ 5# )0 #.(># . %I/ | .I%
+&1& #O&*#/"(3) 0 0-+-0&/. 9&!1.38 #4 5(&0"3, &!/10&./ 6% , */5(#+0 1#./ 6*-/
(814 1- & (&+HOO # +&.(&- O(/%/*#. (3 | +&#/*$ .0/(11.68 :-I(
H++&THO&S.! |, /(8. 5(2#6 # ./ .(:38. 5(&0"#. (3# | *(&0* %/(* $
O/(11.68 #*1¥(1*$  1.(3.3($ #+*&THO&S.I' */(&0* %/(* ,9. * 5+0 .
5 398.6 .9%/ (&+%/(- (&&-0&%$ 1.&#. (3 | O/(*%# 5 *&%# ##
+&3) I( **-%#  39&1."&Y%# %)3. (&+(-08.6" "&" "(#, :8&18&8>H #+"$
%IA&*H#I" $ 5(9%1.68 ,#..1.

[:41#%  19#.&.6 +&/6*% 3! O#/% 1' "&1) +&0 1&0-531"&8>/)
& (&+HO*-$ #41.(3%/*. |, 9. 1/2/"*|  &(&+#O*-| #+1/# * 1 * 513586 "
5.(#/8 . ' <) *11& O -9% ) "x (' ).0$  5(13"## .
/34 1#% 1:#6' 01" "&ON.0& OV)  #+).0 /) &;(&+#0* )
#41.(3%/*.& , (&+0/(*30 50U/1%/0*38 ;(6;3 +&50-7/#  "&9/\.0& &:(&+#0*)
#41.(3%/*.& *&0Y/4 398&1."&4[) 5(#+0 11.0& .

#& & —*3(&0* 0/7/1.6  "(3)0 : Jx( N#  "(3)& * !105&1&/. !

/) ) %l .(#9/""#% (% . #,& &M *&(3 #0&/." 5#  5(0/("
3(&0O* O/7*\#  "(3)&.
(#H*- (&"&:
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1) *(&0* %l(* |  (&I5(L/ H# 2 (%09*$  %&!- 05(/1 -2 (%/ ,9. 0/9/.
+& 1:$ K 1%(1*38 5 *16  +&2 (WH(0&*)  #H+U# # 1% 0%/
(&+ 0&*# ('1& 1/2/".0 :*/3(&0*O/7/**1.6  "(3)0 ,*/(&0*%/(*$ .O/(L1.#

2)*#I5(8&0% 1.6 ; (31 0&*  ##O0&( ;

3) *3&0*0/7F 1.6  "(3)0 % /. (&+O0&6B" S(# #4 2 (YeH( 0&*##
Ol /11.0#  1%/>/#  %&!I- 0 (+36.&/ SHW# 5#. | */5&& | 6*-%#
5 1" 1 '%#

5) */5(&0# 6%&'  Y/A&*HOI"&' (& "& . [5(&0# 6%/ , *//*.(#( 0&**
"5 4 "(3)& *& ."&(*% L&/ SH# (& .1 H#LHEIS$S  9&L# "(3)&
(O/(4 0 ) 5(#0 1#. " 1%/>/*#8 *(& /) .O/0# 5 *7/#8 " /*(3 O47*$
"GHLE #.0% 18%-%! +1&L1 */3(&0*0/7/** 1.6 "(3)& (1#1:& &1 ).

(- 5(135(/ 144 (&"&: SHYIM I YolAGH+H( 0&**)  (&+(&O*HO&*H#
2 (H#(09*$  %&N- 0 5 -2 (%, (&H+&H#F >&I6*)  *& 8L  +&

5(&0# 6*-% #15 6+ 0&*#/% 5S@#H5 ! 4S  1' (&+H(&OO&* (B(M- , 5(/ -
2 (%- , 5 " :1#(9*/ L&*'# ) # +&5H/ I #/% | .0/.1.038>#4  *&&1 9*-4
5(&0 " *&."&(* % 1.&*/ .

1398/ */; 67) 1#:& &¥1& , SHO#*$ ".()  13# A1 (1*&

5 .*16 "(3)&, #5(&0 *# (&"'& 0+% * 53./% !5/#& 6*) ;& &*1H( 0&**)
"(3)&. ()# ! I#HL& &% , ;3! 0/**-% *5(&0# 6*$  %/A&*HINS (& "
% * 5/(.9#.6 *&%I*67#S$ (&+%(

/' .0/.\.0#/ (&+%/(0 # 2 (%- — ." */# (&+%/( 0 (1#&%/.(& O-! .-
O/ #9#*-  .0/(L.#  #1(3)#/), &.&" 1 ) %l.(#HINN"$ 2 (%- &;(&+#0*-4 #+1/#$ .
+&1&**-4.

(#H*-  (&"&:

1. */5(&0# 6*&' %/4&*#IN"&' (& ."& , S!'/LLO#%# ".($ '0'8.
*&(371# (&+%/(0#2 (%- ,"*3*1L#  ,0-41># +&(/1/- 153!"0 , 3"&+&**-4
0 *&).038 5(13"#8 ;

2. *#15(&0* 1.6 ; (31 0&*#'  ##0/*.&( .

/(- 5(/135(/ 1/*#' (&"&:  >&./ 6%/ *&; 81/*#/ +& "&9/1.0 %
2 (%H(0&*#'  # %/A&HIN"S (& H# &;(&+#0*-4  #+1/ #$, ;/'\5/9/*#/
#15(&0*) 1L # (31 0&*#  , *&#9#/ ! .0/.1.038>/) #+%I/(#./ 6*)

; (31 0&*#  # #L/1%&#IN&' 1) 5(0/("& .

12" *-/ #+1/# % * L OH6  *& %I6THS (&+%/( '#  1#H&%/.(
O/(L# "(3)& 5(/0-7&. +&1&**38 O/ #9#*3, . % *  #I5(&0#.6 <.. 1/2/".
"& #;( 0&*#/% .O/(.#'

5-.  5"&+-0&/.,9. 50V/1*0*&"  ()&*#+ 0&**&' ;(6;& +&*#/*# ;(&"&
*€ 5(#+011.0/ 1 *& 5(#+01#.6!" *& 0/  */%/1/**) &*& #+& S5(HIH#*
*&(3 /**) (&"&. *0*&' .(31*1.6 5S# &*& #+/;(&"& —3.&* 0 I*#/ #l.#**-4
)  5#H# #, 1/10&/6* , O#**O*#'0 ;(&"&, !;/** ")1& S50/ (&"&
+&0##. . %* H4 S5HIH#*. 5(/1/#0  O#1 ;(&"&, 5(/1/'8. 0+% *-/  S(#9#*-
(&"& # ! .0/.1.0/** ) O#*0*#" 0 .

L) 9.- 5(/1/#6  *&)'1* [, "&"S$ *&#; /I 9&!. 0L(/9&/%-$ 0#1
(&"& *& «  » %- #15 6+3/% 1#&)(&%%XK(/.

#8)(&%%& &(I.  5(/1/'. , "&'# O#l- (&'0 *&# /| 9&L-; *&
540 Y. -l 30#1/.6, *& 9/% !/13/. 1(/1.9#.6 O*#0b&*# 5(#
LO/(7/1.0 0&*##  5(,N& . #&)(&%N%W&&(. L(#) 1/138>#% ;(&+%:5 ¥
(1#&. "&L-0&." " #9100  139&/0 (&'&, +&(NH.(H(0&*) 0 %13/

2&" #9/M) #+).0/ &5 # &IL#N —0-(&*/ 5 6+0&//% #!. *#'#
(&"&.
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& (#13*"/ 15"8&+&*&1#&)(&%%&(. 5 OH#1&%/ .0.1.0#$  +84"0&(.&

2018). . ;-  1#&)(&%%-("& 1-$ ! .0/1.03/.  .1/6*%3 O#13 (& #(0&*- O
5(1Y  3-0&*# #*[HO*\#  (&'&, 9. 5+0 /. 5/(&HO*  [*H#0&6 <O"&L»
| .0/.1038>/) 0#1& (& #& 1). /(0% L i, 5(/1.&0".  *&#: Il

(& HFO I>HS » 28" ( ,5(/**$  0"&L<.) 2&".(& (WH.(#(3.' 5 5&0$
O/(H#'& 6% 1# 1#&)(&%%:- & <.$ | 1#&)(&Yo%ok+ (& & "(HO&' #*./))(& 6*)
5(,%& (&'&, ".(& 0 1&*% 1398/ 5"&+-0&/.,9. 27,3%;(&"& :3! 0/*
(%' 5/(0-%# O#1&%#

# 1. #8)(&%%E&&(. 5 */! .0LL.O#%  +84"0&(.& 2018).

& #& 1.- +% *-/  1/2/".-

7#2( | &H#%I* 0&*# *I' .0/.1.0#$ 7. &5 |% 5 | &5/
/& |"&1%3 | *$ %
13%%8& | */! .0/
1.O#8
27 12 (%&# 1558 | 1558 | 27,308 | 27,308
30 T (YOI H] 7246 | 22,826 | 12,7 40,008
28 N 0I10#  (&+%I(0#2 (% 5,525 | 28,351 | 9,684 | 49,692
12 (5#~ (& 6" # (&1H& 6% 4,591 | 32,942 | 8,0489 | 57,739
29 &5 "(&$ 4273 | 37,215 | 7,4895 | 65,229
33 A HOIHS . #!" - 4,258 | 41,473 | 7,4895 | 72,692
14 (>#  1#&Y%.(& 6*- 3,235 | 48,126 | 5,6702 | 84,353
36 &' (4] 2,006 | 50,132 | 3,516 87,869
34 &I *#] 5 5](#2I(## 1,505 | 51,637 | 2,6379 | 90,507
13 (>#*  5I#2I(HOI"#] 1,138 | 52,775 | 1,9946 | 92,502
24 37 1,044 | 53,819 | 1,8299 | 94,332
35 N 0I1.0#  (&+%I(0#2 (% 0,037 | 54,756 | 1,6423 | 95,974
26 & O#* #0-5(&0"# 0,791 | 55,547 | 1,3864 | 97,36
20 #18 &1 0,428 | 55,975 | 0,7502 | 98,111
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16 (>#H~ " * [* (HO'"H] 0,369 | 56,344 | 0,6468 | 98,757
43 &I [*#/  # 01539#0&*#/ 0,25 56,594 | 0,4382 | 99,578
18 &% & .0/(116 0,218 | 56,812 | 0,3821 | 99,578
22 34$ +03" 0,207 | 57,019 | 0,3628 | 99,94
15 " 2(%09%) 39&."& 0,028 | 57,047 | 0,0491 | 99,989
31 &+(-0- 0,006 | 57,053 | 0,0105 | 100
/) *I! .0/.1.038>/$  5(13"## ,") |57,053

(# #5 6+ 0&*#H# 1#8&)(&%%- &(/. 1' "*('  0&*/$7#4 2&".(0
&t Il (&IS(L(&***%  %[.1% &*&H#+&O'LY  .&" *&+-08&/%-$ “&*& HH:
(355& (&'&, *IS&T " +%  51/#  >&/6*%3 (&% .(*H#8 # &*& #+3
SHOHY O +#"™ OP#  (&'&, ... <.& +*& *&#: Il 5(;/%*& , & 0 +* -
*&HYOI*6TI%3 (&11% (/48  S(HO#* O +*#"* O#  */I .0/.1.0#$
SHI" #.0(8.3(-

1. ##2(0 . O(/%/-] P TH2 08 # & (&+HO* $
(& "# . & " : ,2012.-560.

2. 37°&(0 ., 3%9( . . L1 # 1(J1.0& "*(' = 2#+#" -

VWIAG HON"HA A&&" I H' & (&HHO*4 %&JH& 0: *)&2# | )
))(&1 , 2004. - 144,

1348 . . (/0

&6%  1.&# 0O %A&H+%&4# 31.($.0&4  +&9&1.38 #15-.-0&S8.
50-7/*/  *&)(3+"#, ".({ 5HOL. " #+*13 #450/(4*\# . .:- 5046
(" 13:- 1.&/$ #1)0/9%1.6 (& .- Y%/A&*+% O# 3L($LO  */:4 1#%
G #4* ) 50/(4%1# 11.81$ .

3>/1.038.  1/138>#/ %[.1- 50/(4*1.*) 35( O/ H' : YlA&*HOINHS,
JOHONHS | J(YHINHS | QHI(*&' +&'& "&# **& #UW5 &*.&# #1(.

' 5 394#  0-1"$  .0(L1# 50/(4*1*) Lt L& # | A&HHIY%
O+"$ V(L,J0#*~ 9. :/I5/9#0&/. +&>#.*-/ 10$.0& 50/(4* 1# | %AL*HIN" $
5(9*1.68  *0- ,5(#%/*8. 50/(4*1*38 +&'&"3 0/(4*1*&  +&'&"&.&#
L# #+-L()  *&)(/0& 50/(4* 1.%) L' 1L&# 1 J%S5/(&.3(- , +*&9#./ 6*
0-7/ "HHIN"$ L #51/138>)  -L() N A&1MH .

% 0% / 5(/#%3>1.0  50/(4*1*$ +&"&"H 1.&# — 50-T/#
0-*1#01#  11.&# " 0+1$SL.0#8 (8&+*) (1& L1H*QUHO/N"#4 *&)(3+" , *&5(H%I(
HOVHEBSHA  *&\(I+ S(H# | A& *H# ; 67$ #H+I1L$"I# . %L1 5+0 .
5 39#.6 .0/(138 #+*11.$"38 50/(4*1.6 #5 &\.#9*38 l/(1,/0#*3

113/ %/#.6 , 9. , 5#H%" 50/(4*1.%38  +&'&"3L&#H , ! "(&>&/."
0(%' (& "# ,.&""&"*&)(0 1#.) *1) . (# *:67% O(%# (& "# *I
S(#14 1#.  +3) /( #O&  # "B 1.&#. &)(O&H . 6" *&B*) I
#"89&/. 0+% *1.6 5'0/# ; 67#H4 *&5( I*#$
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(1# (1& %10 50/(4*1*$  +&'&"# (0 (&5&0/*4  %l.& &4,

</"(."% 01"$ O&L .- , 5&%/& +&'&"& 5 &+%/**& +&"&"§ 0 5(&"#"/
&t Il TH("|  SHYPH  *&7/ 151; 0-1"0&L .*$  +&'&"# 5(# *&)(/0/
5 0/(4* 1.*) L' 1&# 5I(%*% "% O-1"$ 9&L .- ( ). *0*%
5(#%3>/1.0&% 1&**) %/[.1& % *  *\# :0+% *1.6 "*( #(0&6 ) 3:#*3
L& @) 1 . 1 /S YH #%/.(& 1 10%%Y%H*HU& 6% " (; M . +&'&"&
SHY%SL) . 6" 0 %&I10% # "(35* (#$* %  S5(#+011.0/ #++&0-1"$

LHY% I#  ;(3LO&M  #18&%) .J4* YHI/") 5(,/M&
&+%/** [ 5O/(4*1x]  (J(OHONH#S 151; )35(9%*# (&+1/'8. :
- *&35(9%*# i+ 5&0/H#  #! 580 #/% 50/(4*\#  1.&#;
- 35( 9% 1 +&+ (% %/ 13 35( %06t + *&UbH(+ *-  I(%HIN")

Q#*# | ), i+ BI(I"(-# #1 5/("(-#1%
- AHYH" - J(%HIN"E' 5 &+%IE (& &
- 35(9%H 0 19L& | 1(3)H%H I51:&%# AI%*S  H##
S50/(4* 1S J(%HIN"S (& H .

&+%/**38 5 0/(4*1.*38 (& "3 (N(%HOMHS 151 ) % *
<22/"#O*  S(H%/*.6 , *&HWI(, 1' 50-7/4# LS LE T #
%/.& (& &.-0&8>/) #.(3%/%.& . (;1%&  LI2#HH#.& # O-1"$ L #% #
#41.(3%/*.8& 654  1.&IS Y% [ -6 I35M0/* ) &MF& 1' %&TH*\.(#/6%4
SU15(# #$ ;&) 1&(" 50-7/#8 (& .!5!;*1.# %/.& (& &.-0&8>)

#41.(3%/*.& ((1+,0 , 10/( , 2(+). &+%/**& 5O0/(4*1*& (& ."& 5+0 .
50-#.6 1.$'1.6 1&*) #1.(3%/*& 0 2-2,5(&+&

%l " (#$*) #7.39%) 5(#+011.0& 5.#%&6*% I5!;% :31/.
+8"& "&) SHYIM % 5 &+%[**) %[ 1&, #15 6+38>/)  1.&*1&(*/ 10&(9*/
(31 0&*#/

&"#* L &FH

&SIl O(/%' TH20&* 0LV 1% #+ 10%4 %/ 10
A/ 9% (& "/, SL1THSH'0 , 5(# <. % 11#)&S8.)  0-1"# "&l-
O#l. .- 5O/(4*I# #.9%L# (& .H .

&*$ 11.80'8>/$  5(,/N& TH20&# '0'LI  5(&0"&7 #2 0& 6*)
"(3)&, 0 %*)% 5(/1/'8>&'  (I+36.&- (& ."# . (&0"& "(3)& */ ;4 1#%& 1'
SH1&*H' (& 9/$ 50/(4* \# TH#H20&6%)  "(3)& +&L&** $)/ %/.(HO"$ 2 (%- .

31 0#$ 5(&0"# +&0#H#. (&14 1 &(&+HO*) #*1.(3%/*.& , 'L."#  [) (& 9/$
50/(4%1# , /) (/3># 10$.0&, & !/10&/6* , 7/(40& 1.6  7#23/%$
50/(4* 14 1.&#, "&9N.0 /I 50/(4%1*) ', 5(#+01#/6*1.6  #
L #% 16 (& .H (1]

*&1'>l|  0(/%' 1' 5(&0"# 7 #20&6*-4 "(3)0 5(#%/*8. & %&+-+/(*&,
+&"(/5 -]  015/#&6*$  5(&0/ ( 22908):& %&+*-%/.& HON'H "&(&*1&T#
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( 607-80): I5/#& 6*-/  T#20&**-/ & %&+*-| #)- # & %&+*-| #)- |
NIOP*%t  1(-%#  (/:(&%# ( 17564).

(# TH20&H# "/, SI1THS*#'& *& (% T#20&6*4 "(3)0 .(;3L.!
| *&'  281*& 5(&0"&".(& */ 5+0'[. #5 6+08&6 & %&+-0 5(&0/.

F0*-%  O#1% #*.(3%/*.& , 5(H%/*I%) 1' <.$ 5/(&## , 0.0
& %&+*-0%/.& HON"HS  "&(&*1&7 | 15/ #&6*$  +&. 9"$, 13>/1.0/*-%#
*11.8."8%# SHWAH  ".() 08N MERI*]  50( LM & %E&+*)
+/(*& 01/11.0# O+1/$LO# *& *) & (&+#O0*) "(3)&; *&EBT/# N L#
(5 14 & %&+*) +I(*& 015 &0/ & %&+ *13>/$ 01.&0"# # 1&% $ 01.&0"# 0" (53V/
"&(&*1&7& *0+% *1.6  51).0% " (& . .1/6*4  +H(* 0 10+# | #4
*5#% %S (HF*&#$S 0 0.&0" # H*1#O#13&6*$ "&(&* |.# ; O-5&L/
A/ 6%4  H(* #. .1,

1L.(&*#.6  5I(J9#! **-|  0-7/ 5(;/%-  # 50-4.6 5(#+0 1#./6* 1.6
SI&H#S TH#208&* "/, GATHSH'& % *  +&19.. SHWIH 1 5(&0#
*&: (& TH#H208&6%4 "(3)0 & %&H$H#H) - . &0*% </%/*. % & %N&+*$ #)-
0L "ELE & W&HEFEHH(0&**-$ 5 (& 6*S W 1 L("*9*$
(08 $ 0/(7T#*S$ , 2(%$ ".($ '0O'LI'  5(&0#6*& SH(&YHLE!
0/.-(6%' (&O*-%6# )(&*'%#. )&*  1&**-%,5(/11.80 **% 0(& ./ [2],!. $"!.6
H) - %oH#%3% 8 (&+0-7/ 1.$"IH# & %&+*) "&(&*1&7&

N% . *&. , 9. L#%16 &%E+*$H#)- +&QHI6* 07/ | #% | #
& %6&+*-%[.& #OI")  "&(&*1&T& /I SH%II# 5+0 #. 3L.(&#.6 5(L#
S(3L0&H# |, 10'+&**-/ | B/(&#$ +& 9% "&(&*1&7& ! "(&#.6 (&4 1 5(&0>/)
#4.(3%/%.& # .(31+&(&- . <.%3 SHW/IPH < &%E&H S #H) - 1' | *$
281 $ 5(&O"# *&; (& "(3)0 , #15 6+3/%-4 1' TH20&# "/, 5ITHS*#'&,
<R OLHINH I (&

#.(8&.3(& :

1. ;(&+HHO*&' # & %&+*& (& ."& %&.I(H& 0: 5(&09*" | 1 (/1.
J4540& . — . &TH#*L(/MH ,1977.-391.

2. 5(&09*" 5 &%&+*$:(& .1 W& (I3>)  #NL(3%*& | 1 (/1.

L &"3' .- . /A& ,1971. - 208.
(34#'0& . . &&! 0&
( )

JA&FHON"E' (& "& SITHS*H'0-4 "/, -9 101#I " .'&(*$ #
7TH#H20&6%$ (& .1 . xWI6*] (&I5(L/ A4 %13 .'&(*$ #
7H#2086%$ (& ."$ >/) A@%& 51/&>) 31& *#8  %l.& &
5(/1/ 1.1 I(&O*/6*$ 1. #9% 168  <#4 5I&H#S . A@% %l.& & 5#

7H2 0&*##  -9F A 1#) 1( [ ,9/%5@# ."&C*S$ (& . .

Q& (& & 1L&IS Yo&TH*# %lA& H+% D *&TH 1% 01 1*$ #+
&t Il (&IS(L(&X*-4 0 %&TH* L.(/H# . (# <. % S5(#41# A% ; 67/$
0&!.# S(#531"& # "*9&./6* | 2 (Y%H(0&*# "8&9/1.0& 5 0/(4* 1.*) 1 1.8 /%
J 0@ # % 15()&/%-4 | 1()HWHLL.& 'Y%#. 1(3)$ L. (* ,.9PH# % /.
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19#.8.6'  %&"H%& 6* 5(1.-%  OH#L% %%/A&*HON"$ (& H 1 *&# I
*8) 1% +&"*%6/(*1'%# 5(,MO0 ,5(#141>H#4 0+* (+&# ,9. 5+0 .
5I(* 4.6 (1+36.8&- #I/L0&#HS (& ."# .OF#/% *& 13, /I | *I
JA* YVHOI'HI  SI(&HH .

& T7/(40&. 1.6  50/(4*1# , (& .&*$  ([+&H/%, "&+-0&. O #*#
67/ O 28".(0 ,10+&**-4 | 3! OF%# #+).0/# +&).0"%. O&I*1# |
0-1.& # 2(%& *(0*LI$ , & .&"/ 4&&"/( (&5 [ # *&5(&0 [#
(& . 9%4  (#1" +&O#N. . S5#H*.)  O#I& # (/#%& (& ."# : 3 OH#$
A& LM # O 1%&+"H #4.(3%/*.& ; AHUGHON')  11.&0& # Y#"(1.(3".3(-
(&:&.-0&I%)  %&IH& & "H.(3HHE , ) %l.(HH # LS I# (3>
#41.(3%/*.& © #5& # L™ #5 6+3/%)  ;(310&* , 0I5% )&/ 6*)
#41.(3%/*.& #5MHI5 ! HS .

1%$  #+*&#; /| 0&*-4 +&1&A&*-4 S(/I5E.H#$ '0'.)  (&+(& ."& #
OM1(*#/  *OISTH#H4  #41.(3%/*.& 6*-4  %&.J(#& O, 310/.0 ('8>#4 01/%
5.01'%  5.(#//$

*1,(3%/*.& 6*-/ %&.J(HE& - 1 * 1 8&18.6  .&"HYoH "89/1.08%# "&"
L$"1.6 ,5(9%1.6 . 5(,/MN  (+& ' S(#4 1#. #+*1 (I+.& #.(&*12 (W& H )
) %l . (%] ((#% 0 (+&MF 1" (L# V,5189#S)3#* 1) % (I+.&,
#x | #4(3%/%.& 13>1.0/-%  (&+ % O#/. *&5&(&%.(- "&9N.0& ;(&; .&** $
5 0/(4* |.#

g 0-1/'8.  .(# 39&1."& "(HO0$ #+*1&: — 5/(0*&9& 6*-$
B IH0N-S #HR L (BIHL SMH(& # ), - 1*0*$ 398" (&0* %/(*)  #+*1&,
— 3081 " "&&L(2#OM")  #+*1&. 9'& 1 .0/1.03. L$"1# (+& #

"(#./(#8 #+*1& 5 +&1*/$50/(4*\# . !/ <.) (/+/, .5(&0'8. *&5/(/.9"3

113/, %/#.6 ,9. O5(,/N  (+&# S(#14 1#. (&2 (%&H# ) %l.(##
(+,&. %I (&I#3&r 5'0'." 5 >&1"& 1#$ N, &0%/. 1L()  +&1*)
)& as5'0'Lr 5 >&1"& T##H*$ hs. O/ #9#0&8.!" - ([+&# #, 09&!1.*1# |
- (P# # 1%5/(&.3(& O+* (+&# . ([+36.&/ <.) #+%/*8.' 5&(&%.(-
"&9/1.0&.

%I/ #+*1& (J+,& #+%/*[" T/(40& 1.6 (& .&*$  50/(4* 1 #

5(,M/ #+*1& 7/(4 0&.!.6 (& .&**$  50/(4*\# #+*&9& 6* I*# &/ | 9.
ALY 0 #1% SH#(& ."# (+,&»,0.% 9#!/ # 30/ #9*#/% - .(*# 5
+&1*/$ 5 0/(4* \.# (/+,& #, "&" 1/11.0#/ , 50-7/*#/ 1/%52#(38>#4 10 $1.0
J4* I $ #./%- . & 6*/$7/1 30/ #9/*#/ 5&(&%/.(&7/(4 0&. .# % *
ARG 30/ #9#%  &%5 #.31- O0#;(&#$ 5# 30/ #9/*## 11.&0'8>/$ I# -
(/+&*# #++8&+&.35 *#' #*1.(3%/*.& .

(# 30/ #9r## #+*1& ([+,& .J%5/(&.3(& 0 +*/ ([+&# 50-7&." 01,5-2
(&+&  O-7/*#/ J%5/(&.3(- 0 #/. *&  #+%/*[*# 5 &.#9*-4 10 $!.0
(&;&.-0&/% ) %&./(#H& & # *& 0+% */ 1 (3".3(* -2&+0-/ #+%/I*# O
50@4*1*% '/ 1/.&#.

0(/%/**-$  3(0/*6 %&7#*.(I#  .(/;3]. 5SH%/ I*# *0-4 .J4* H$
; (31 0&*#' # #*1.(3%/*.0 1" %/4&*#9'"$ (& ."# , ;/'5/9#0&8>#4
13>/1.0/** | 50-7/*# 5"&+&./I$ .9*\# |, "&9/1.0& # 5(#+0 1#./6* \.#
3I5/7* % ([7/+## <#4 +&18&9 0&*& (6 5(#*&1 [ #. #15 6+ 0&*#8
S5O)(M#0*-4 L (-4 "*(3"H#S  .0/(115&80%-4  #*1.(3%/*. 0 | #+* 11 $"HOoH
5"(-#%#  O/13>#4 2#(%-5( #+0 1#./1$ .

* OOt #+).0#.)'%H#  #.(3%/*.& #+ .0/(1) 5&0& ! 5"(-#%#
'0'8.1" " %5&*##: Iscar (#.&% ), Sandvik 0/,# ), Tungaloy G *#' ).

(# #15-.&*## 5 &\.#* 1&*-4 5(#+01#.//$ ,;-# 00/ ,9. L.$"16
5 &I#* 5(#+0 11.0& 2#(%- «Tungaloy»&#: 67& ,9. 5"&+-0&/. 5/(!5/".#0* 1.6
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S5#H%/# 1 L9 +(H HPH +&.(&. *& #*.(3%/*. (I 3>#4 5 &L#*
5(#+0 11.0& 2#(%- «Tungaloy».

#, #)(&2#9IN"#S  IS#H!"

1. /(4 0&.'.6 5!/ %/A&#IN"$ (& ."# | [".(**-$ ("3(!
[ #% 11.35&: http://texinfo.inf.ua/razdeli/texn_obr/stati/shgovatost.html

2. *& #+  #*1.(3%/*.& 6*-4 %&./(#& 0 # 5&(&%/.(0, 0O#8>#4 *&

LO%16 (& .H | &0 . ., &IB#* .. ' *&3"# 2018. . 1.E 5 (21).
892-896.

3. K& #+1& .0/(L15 &0*) (! 3>/) #41.(3%/*.&  5(#
WIAGHHIN" S (& " | HWWO/ . ., 3.7 L H%IHOL L . (& &
%/.& O (/4% Y ,;(3L0&H ,#41.(3%/*- ).2012E 1 (54). .50-55.

4. 4+*1 (J+,0 S .OPHE +&'&I4 1&I$ | 1" #F .. &+3% 0&

Y T %&./(#& - V
/13*&(1* $ 1.31/%9/1" $ *&30% -5(&"HOM"S "R . %I'HS
) 131&(1.0/*-$  JA*HO/I"HS 3*HO/(#.J. .2016. . 272-275.

5. O-7/#  S(#+0 1#./6%1#  # "&9/.0& %/4&HON"$ (& "# *&

*0/  S5#%/*#  5()(/M#0*-4 (/ 3>#4  #*1.(3%/*.0 [ :[".(**-$ ("3(!
[#% 11.35&: http://masters.donntu.org/2014/fimm/nikolaenikéry/article3.pdf.
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/510 . . (80

(5#.-08*#  "(3)0 (&+ HO*-%# H#%5(/)*&. (&Yo#, *&5(#HY%/(, (&!5 &0 % /(-
(&1.0 (% W#'&*) "I' # 1(3)#4, I5( /* | (1% .(31*1/$ . 1*& #+*#4
0 +*#'&/. 5(# HOS(/)*#(0&*H# 7#208&6*4 "(3)0 T7#(") " &N&. (;/%&
+&"89&/.!" 0 .%, 9. 5( 5(5#.-0&%## "(35*5 (#!.) ## "(35% +I(H.)
#41.(3%/*.& (| (&+%/( Y% +/I(*&; /|  100%"% 5( #14 1#. O-/"&*# HY5(/)*&. (& #+
5(, 9. 5@#EOL1# " M P#S  "&9N.0& 5(5#.&**)  #.( 3%/*.& 1*0*$
SHMHFS <.)  0') %118 9*&  19&9#0&% 1.6 "/(&%HII")  9/(/5"&
HOO5(/)*&. (8&%# # 5 4& #4 &L)+# " 50/(4*1'%  5(0)  5(1.(&*.0&
#41.(3%/*.& .

(1&&L!  *0-$ 151;  3L@&VH#  O-/"&#  #%5()*& (& #+ 5(
#4.(3%/%.& "&" 0% %/*. [) O-/%"# #4+"8&%I(-, .&" #0 O(% /) 4&1PH#H ##
137"%# | &.&" | 1"(&>P# <) /%" \# #50-7/#  S(#+01#/6%1#  5(,N&
S(5#."# 53.% 00/1/# 0(&.0( ## (&5 &0 #%5(/)*&. (& 2/(( %&)*#.*-4  9&.#,
# 0 +1/SLO#  *& *#4 OYTH% %&)#.*% 5 /% .:. 5 +0'. 50-#.6 "&9/.0
S(5#."%  # 5(#+01#./6*16 5(,M& , 5(9%1.6  #1.(3%/*& # )
J55(01%1.6 L &&"[ 1"(&#.6 <()/%"1.6 5(,M& 5(5#"# .

"QON.0/ 2/(( Y& H'& 5HY%*S. O&\.#,- H+ %&).H.& [[+& , *#"l'
"8 6.8 #H# #4115 &00. (HOFIH  2/(%&)HF-4  9&IH, # %&)H*) 5
540 /. 50-H.6 0+"16 #%5()*& (& O*!" 6"  (&+[3]. .. AL %,
9. 51 O0+1$LO#% %&*#*) 5°'  2/(%&)*#.*/  9&L#- (%
(&+0/(*3.6" 01 6 # 0-4 ; ##$ #1)(355#(0& .6!' 0,/59"# ,+&9/. ".(-4 (/+"
50-7&.I'  0+"1.6  #%5())*& (& , 9. 3L(&*[. O-I"&*# #%5()*&. (& #+ 5 (
#.(3%4.& . (% .) , 20((%&)*#*/  9&L.#- , 1.&0&'6 0 .0/(1/07/%
#%5()*&. (I, '0'8.)  108+*-%# 35( OM8>HYH < [%/*.&%#, 50-7 &8>HY#
UWIA&*HO/"38 5( 9% 1.6  H(3%/*.& , &HA O-5 **# | *&BHWI( #+ [ [+& ,H'['
3397&/. /5 5(01*1.6 #*. #*1.(3%/*.& 0 O(/%' 7#20&%# . - ( (&+%/(8&9&!#,
05(/1/ &4 520 %"%:3! O/%  %#*H%& 6*-%(&+%/( %5 ( 0 #*.(3%/*. ,".(-$
&4 1#.) 0 5(/1/ &4 100150 %"% &"$ (&+%/( 9&\.#, 5+0'[. #%10;1*
5(*#'&.6 05(- #1.(3%/*& 10%/I1* | (&.0(% ## (&5 &0 % #%5(/)*&. (& .
#I/1.0/** | VL& 20((%&)*#*-4  9&1L#, 05(/1/&4F 15-30% . A/%&
#%5()*&. (& /'SI9#O&).  */:41# %38 0+"1.6 (&.0(3 ## (&5&03 1'
S(/L.0(&>/*#  O-/"&H# #HAH+5 ( #1.(3%/*.& 5# 137" ## A& 1/*## .

(&19/.& O+"1.# (&I5&80& V(- | 2/((%&)* #'8&%# t #5 6+0& &6

1/138>&' 2 (%3 & [3]:

o (z,ﬁ-pv,, + 2,7{p1r;,)=)
P\ 0,609pV, J (1)

Y1 to—0+"1.6 (&5 &0&!(- I+ 2/((%&)*#"'0 ;p—"<22##*.  * +&OHI'>#S$
COGA%*) L& 9&L#H, 2/((%&)*.A#'0 @ =L19=21) v, - A/%*]
1/ &4 9&L#, 2/(( %&)*.#" 0

208



&19/- 5 2 (%3/ (1)#5(&" #'&5"&+-08&8.,9. S5# 3%/(/**$ "*/*.(&H#H#
9&1#, 0+"16 (/- % /. ;-6 50-7/*& 058 (&+5 I(&O*/*#8 | #141*$
0+"1.68 1*0- . & [  ONM7T*) %&)*#*) 5' &'/ ;31/. 151;.00&.6
1& 6*/$7/%3 0 +(&1.&*#8 O+"1# .

51; 13>/1.0 /.1 1/138>#%  (&+%.  "&%I(3, 0-5 */**38  #+
*e&)H* S *(&OIB>I$  1.&#, 51&8. (&.0( ## (&58&0 #%5()*&. (& !
21(( %&)*#.*-%#  O&).#,8&%# S# <. % 5 30/*-$ 11.80 #%5(/)*&. (& */5(/(-0
# #*FHO*  5/(/%/THO&S. . &I% O "8&%I(3 5%/>&8. &;(&+H0*-$ #*1.(3%I*.
*&5(HY%/( 7T #2086 *$ "(3),# 5L/5/*  5)3& O0#HWN5()*& ( ,5(#+01. /)
5(5#"3 #0-1/("3 1' :/l 5*) #(&0*%I/(*) +&5 **# L 5( #4.(3%/*.&
HU5()*&. (% . Y% %/*. O-/%"# #*1.(3%/*.& #+"&%I(- 5!/ B5(t"# 1' 137"#
H##  A&LMH  0"89&8. </(%&)* #- 1' 1+1&% 0"(3) #1.(3%/*.&
%&#*) 5, +&19/. ".() (+"  50-7&L'  0+"1.6  #%5()*&. (&
&4 1SN 0 5(&4 #1.(3%/*& , 9. 5(/1.0&>&. ) CI&#H . V]
O/( LM #%5()*&. (& O 5(&4 #*.(3%/*.& 5SH# 137" ## 48& LIM#
0-" 89&8. </".(%&)*#.-

#1 SHOML/~  5(H%I(- 1A% YHON"#A () &%/*.0  5(5H#."#
7#208&6%4 "(3)0 01*% (&.0(% WH#'&*) "I' #(&5&0% V(- . /(1
5(5#"$  "(3)0 01*% (&.0(% I##'&*) "I 0 *) 001.0

2/(( Y&)*#.*-/ 9&!I#,- [+ &(&+%/( % 1520 %"%0 " #9/1.0/ 2530 % . ;A/%&
(&.0(& . 39/**38 19%/'6 5 %/>&8. 0 "&%/(3 # #*.[*1#0* # */5(/(-0* Il
5/(1%/7#0&8. .

#2 0& 6*-/ "B)# 51&8. 5 1*%3 ## 5&".% 0 "&%/(3 5!./5/**
5)(3& #4051).0/**-$ (&1.0( #%5()*&. (&1 5*$ # 5(5#"# ,5!/
9/) "(3# 0-1/(#0&8. O (&L.O(/ 0O./9# 57 %#* % %/*. 0-/%"# "(3)0 #+
(&.0 (& #%5()*&. (& 0"89&8. </".(%&)*#.- 1" 1+1&%# Y&)*#.%) 5" 1
*&5(' +*1.68 0 1#&5&+ */70(-1200 /1%, 5 +0 '8>/) 50-#6(0+" 1.6 01*)
(&.0 (& #%5()*&. (& ! 2,37-1('3 1 145.10° &1, 9. 5(/1.0&>&. O-/"&*#/
#%5()*&. (& #+5 ( #*1.(3%/*.& .

37"3 "(3)0 5(#+01. 5."% 0+134& ./%5/(&3($ 80° 0./9/*/ 0,59.

I +&.0/(1/0&*# #%5()*&. (& 05 (&4 #*1.(3%/*. &0-"89&8. < /".(%&)*#.-

' 5(5#"# 7#20&6*4 "B)0 (&5&0% Y(- ,  */) oo1.r
2/(( Y%&)*#.*-/ 9&!#,- [/+& (&+%/( % 5-15 %"%0 " #9/1.0/ 15-20 % . ;A/%&
(&!5 &0&

)# ,51)(.-/ 1 15(-160 °, 51&8. 0 "&%/(3, 5!./5/** 5)3& #40
51).0/*$ (&5 &0 #%5(N)*&. (& 1 5*$ #4 5(5#"# , 5!/ 9) "(#
0-1/(#0&8. 0(&'5 &0/ 0./9/*#/ 1C-30%#*0 +&0#!#% \.# . 4&(&"./(#.## "(3)0 .

% %/*. 0-/%"# "G)0 #+ (&!5&0& /(- 0"89&8. </[".(%&)*#.- 1
F+1&*#' %&)*#.*) 5 ' | *&5(' /**1.68 0 1#&5&+ */ 400900 /1%, 5(# <. %
0+"1.6 (&5&0& (- ! 2/(( %&)*#.*-%# 9&!\.#,&%# 50-7&/." ! 7,12-1('3 1
248-10° & ! ,5(/1.0(&>&" O-./"&*#/ (&5 &0&#+5( "(3)0 .

4 & 1/*#/ "0 5(#+01. 5."% 0+134&"%*&*$ ./%5/(&3(- 1

105110° . (# .&"$ .J%5/(&.3(/ 5(#4 1#. +&.0/(1/0&*# /(- 05 (&4 #*&
50@*1# #1.8%/*& . '/ <) <["(%&)*#.- 0-"89&8. .

15 6+ 0&*#/ 2/(( %&)*#.*-4 9&!l#, 0 (&+#9*-4 ;&.'4 JAx# #
J4* W4 (&HH(31) *& 2H#HHHIN" Y% O FH#E " )1& *& 2/(( Y&)*#.*-/ 9&!I.#,- O
%&)*#.*% 5 /| 1/$.03/. # &, (&0*&' 5( #+0/1/*#8

MVH, (1)

A - %&)HAS % %/*. 9&L#- : VH - )&I#F. *&S(1# 5 0
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. 9'(&I5  [# 9&L#,. (% <.$ - " 9&I.#,&% ;313. 5(# /*- # & #4
SJNHE#EI(HPE W& H#WH&O0+")  I5(.#0 PoL(* (&!5 &0&!/(- .

+0/1.*-  2/((%&)*.#'# 0 O#1/ 135/(1#!5/("*-4 0/(1-4 9&!\#, (%&)*#$3,
[+ *#'16 # 1(.). &. #,- #%/8. (&+%/(- 5('1"& 10-15 *%, 1* 1 %/**38
L(3".3(3 # %&)*#.*-$ % %l/*.

M=V], 2)
)1/ V — ;A% 9&!.#, ; J —*&%&)*#9** 1.6 9&.#,- .

T %&)*#.*/ 5" (#*AQBL %W&)*#H*-/ % %/*.- .1/6%-4  9&L#, .&",
9. (&I5&0 (- ! 2/((%&)*#" %5# 5(/1//**-4 +*&9*#'4 *&%&)*HIH0&/.! 1
&> s (&0* $ 13%%/% %/*. 0 9&!.#, O/1##,] AI%& (&5 &0&!/(-

J= = ZMSJ

®3)

WG (&I5 &O&Y(- | 2/(( %&)* #'&Y%# 31/ +&OHY.6 . O+ 1# (&5 &0&
(- to, ;AI%*$ "*[*(&HH  .0((1-4 O&LH, VHONTH) %&)*#*) 5 ' .
30/ #OP#I% "% * (& (CA%*) L& ) 9&LH#, 0'+"1.6 (&5 &0&!/(-
31/, (&IH# #% /. -6 5(/1//*& 5 2(%3/ [3]:

(z,.spt-;, + 2,?(;:11{,,):)
T = TpeXp .
1- 0,609V, (4)

)/ to—0+"1.6 (&5 &0&!(- i+ 2/((%&)*.#"0 ; p—"<22##/*. ,* +&OH'>HS$
A%*) L &#H  9&L#, 2/((%&)M#'0 @P=L9=21): v, - A%/
1/ & 9&\.#, 2/(( %&)*/.#" 0

30/4#  %&)#*-4 O&IH, " #1*4  (&+%/(0% *  I3>1.0#.6 %/ 1%
AHYHI1" $ " *LM&HH . &5H%I( , 5 39/H#  %&)*|.#.& Fe;0, 13>/1.0 1.1 53./%
19%/7#0&*# 10%*-4 01*4 (&.0(0 ! /$ FeCh x4 HO, FeCk % H,0 ! 01*%
(&.0 (% &%%H&"BIHOH. 5(,/1 (/& ## 0 1&1" 0-5&1&/. % * 1#I5/(1*-$
%&)*.#. | (&+%/( % 9&!.#, , (&0*-% 10 *%. &/ %&)*/|.#. *&)(/0&8. 1 .1/ [*#'
01- .

I(( %&)*#.*-%# 10 $1.0&%# ;&1&8. 9#!.-/ %[.& - Fe Co, Ni, Cd, Er,
(- I5&0- *2/((%&)*#.*4  </%*.0 , & .&"/ ; 67#1.0 L&/ #
15800 //+& . & %&)*#.*/ VL. *#  9&\#, 0!&-4 #|(/1*#4 %)*#*-4 5 '4
"&+-08&8. O#*# : O/ #HO#& +I(*&, 2 (%& # (&I5(/1/ /4  1.(3".3(*-4
11.8&0'8>#4 |, 28&+0-$ 1180, /A& #I"#I  *&5(' /4, #*[#0* 1.6
5&ILH#91"$  1/2 (W& #H# . 3>/1.0/*%  5&&%/.(% 0<.% !39& '0'L!  (&+%l(
9&1#,. [) 3%/6TI#% &I  %&)H*& 5(*#,&/% 1.6 ,&"<(HHOE& H#&
0*89& / (&.1. , &5 1V.# [  5(/1/[**) (&+%/(89&).#, , *&9H*&/. 5&1&.€

8U6&)*HOI* 1.6 O&\#, +&OHWH. . 2#H+HON"#4 10 $1.0 %&.J(H& & #4 2 (%- #
“@5( [ 1# OMTH)  YH*) 5 L X1 #/6%& %&)H*& 5(*#,&/% 1.6 m
9&\.#, 1 *& -6 0 5(/1/&4 3C 40. (%& 9&.#, *&# /I 5(/159.#./ 6*&
5(1 )0&.&  (BLH/*& ). (# *& [*## %&)*#.*) 5 ' .&"# 9&L#- 1.(/%."
(&+0/(*3.6"" 01 6 # 0$  ### 1) (355#(0&6!' O ,/59% . &I (#&-
20((%&)*.#'& 1 * ;-0 5 0+% *1# /| .0/(1-%#,9.;- 15 *#/6*
S(#+0 1#.6 <22/". #4&;(&+#0*) 0+1/$1.0# *& 50/(4*\.# T#231%$ 1/.&#.

1%5/(&.3( 1. $" 1.6 20((%&)* 4" 0  A&E&"I#+3.Y .9"$ 8H# (k) —
19%5/(&3($ , 0-7/ ".($ ;&6 15%&) *&06&)HOHO&H (1 %/*- ) O
%&./(#& &A(&+(37&8.!" ,5(/0(&>&' #4 058(&%6&)* #"# &Y%&)HII* 1.6 , .& 9*&
#13"#  # "<(HHO*& W& 3%/67&8.' | 50-7FH#%  .J%5/(&3(- #
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5(#, # &8." " %38 O;#+# k. ' 67#1.0&  2/((%&)*H#'0  +*&IIH Lk
11& 9% O/#'#:. 213° 1 1331° .

4,5
=
3!5 \

OTHOCHMTENbHAA MarHMTHaA
NPOHMUaemMmocCcTb
)
N W
N

: —-— 3
1
0,5
0 T T T T 1 P
0 0,2 0,4 0,6 0,8 1 ¢
&5( 16 %*) 5' , /'% 1- 400; 2 -1200; 3 3000.
B 1- QOHIHY% 1.6 %&)*#.*$ S(H,&I% L4 1(/1- . "<22#H*& AI%*)
&5 K B(# (& #HO*-4 +*8OIMF A*&5( [ IH  %&)HF) 5
#.(8&.3(& :
1. 0. J0#1. E 1191273! .B24D 3/34, 19858 .E 42
2. 0. .10#1. E 1222521" . B24D 3/34, 19868 .E 13
3. . L J(%&* &)Xl H1MIE L # | #1-0 «-17& 7" & », 1988. —
1841,

6

/0l @0& . ., ( 0&

'0-5 M (/& « 1.35%)  H"2(* | #6/ —)(&1&*&% ! »

31/, 5L 30/ #O#0&.6!' 0-53!" WH#'&*)  "#(5#9& 1*&" 0 5(#+0 1.0/

##'&.%)  "H#(GHO& 13>1.03/. (1 5(:/% ,1' (7T ".(-4 (3L O(%' .

o 5(0/M# (MHL(3'HS  *& 1/$1.038>#4  +&0 1&4 I.(#./61.0 * 0-4

SUISH #$ | #15 6+ 0&*#% ! 0(/%/*) 19/1.0/+) (31 0&*#'
51).0"& "&1(0 [1].

I0+# | <#% 0 *&.'>HS % %/*. &".3&6*8& +8&18985 (&+(&: ."l

5.#06& 654 11800  "(I%*/+/%#.-4  %&J#& 0. &%# -&  5(0/1/*&

#1/108./61"& (& .& 5 (&+(&."1 J4* ) ## # (//5.3(-  L(#./6*4
B HS H (%%, S I&YHH. L HOH . >IBHEY.-4 "%5%%0 1
5(#+01.0& W#'&*)  "#(5#9& -(6/0$ 11.&0 - (&ITH(* . & .&

5(01# &!6 5 1/138> #%*&5(&0 [*#'% :
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S5H#"0& (& .& 5 1-(6/0-% %&./(H& &%

- (& & A% YHOI'HA  B&(&%/[.(0 O +&OHH% I# . <"I5 3&.&# **-4
5"8&+&./I$ 1-(6/0-4 %&.J(#& O]

- (&H&; & (" %/*1&,#$ 5 5(#+011.03 "#(5#9&;

LA <" RHONHS (819,

HOH . >I5HF.$ JA* V| *&%# - #15 6+08&* 1
HI/10&/6I"$ (& .- !/138>#$ 11.&0 1-(6/0-4 %&/(#& 0:"0.5/1" , #+0/.6,
"&3LHINE 11& #01& (#9/% 5MN" - O+. | (&+*4 %/l ( 1/#$ . :&0"&
& 50-78&. 5(9*1.6 .2(%08&**-4 #+U/#$0 0&*% ! *## 30/ #O#O&'
011.$"1.6  %&IH&E& .&" "&" W./%& & Na SiO, 0 15&0 /%% |1 *##

s/l 011L$"& , 9/% #!./%& Na20SiO2.&!9/. (/,/5.3(- #41# #+.) ,9. 1°
(/&"## 15/"&# 11/(&# & # NaOH1 * -6 0 5#%&6*% " #9/1.0/

[2].

&+(& "& J4* HI/") 5(,M& 5 1+1&*8 |(#./6%4  #+1/#$ #+
"(1%*+H%H. S "/(&%#"H 5(0 1# &6 0*I" 6"  <.&5O:
1. 5(1/ /4  +/(*0) 11.8&0& # %13' "(35*1# ( +.) "0&(/0-4 50

(&+ #O%-4 %/l (1S . 5L PH# L& ) #-
2. +0/THO& H %&J(H& &) &  (&+(& .&**) (./5.& .
3. %/THO&MH %&.J(#& O.
4. (% 0&*# &+, 0 .
5.37"& # :#) .
6. UL/ [ 2H+H#" QAR HONHA A&(&" I #" .
AL PH &Y, "%6/0 ) #*-  "05/1"  S(UH0&!  O/(/+ W |

(&+%/(% 'O/"  0,6P6% 5(/L/ #/ — +/(*0) 11.&0& # . "0.5/1"& (&+ #9*-4
%/, ( 1/*#$ 5(01# 16 5 %l 1#/, 1)&* 8735-88. &**-/
5(/1.&0 /- 0.&#,/ 1.

(19 % 51" VL(&#  Y#- 0 "%"&4 * - +&HH(0&* | &

L1/ &*# 5 [O#1*4 #)##.-4 0&\#, 11.&0#  11%.
+O/THO& # %&.J(#& O S(#+01# 16 *&</'.(**-4  0/1&4 ! 5)(/7*1.68
0+0/7#0&*# 2)(.1 6"). +H#(0&*# %&J#& 0 13>1.0' 16  1)&*  (//5.& .
+0/7/*-$  %&J(H& +&-5&!" 0 19%/W#./6 , )1/ S(#41#  1%/7THO&
%&./(H& 0. /(0 *&9& 6* " "Q5/MM3 5 L[5/ 1:80'#  (&.0(
(NaOH+CaO+HO) # 0* 06 1%/7#0& # %&./(#& . 39/*-/ {(&+,- 5"8&+-0& #
(/1%  (1+3 6.&- 5(# #15-&#4 *& | &#/ . (+36.&/ #+%/*# (//5.3(- #
5(/1/ -4 4% YHO/"H4  S5(#%0,31& '6 3397#.6 5"&+&/6 5 |&H8 .

&#& 1-/(*0$ 1180 "0&(/0-4 5/1"0
0 &0/ V" %% 136
0&(/0) SM& 1 55 | 125 | 063 0315 014 -01p "(35*"!('#
(o 0 | 002 | 138 272 454 254 0,75
(111 0 | 021 | 052| 733 4086 51,08 049
« A e ) 0 0 0 | 202| 485 313 0,68
41 #+ (/53()  11&0& # 1 5 39/ 5(9%)  # 1%(1%)

(& , #9/8>) S|  (&+%I(-, 2 (%3, *&%#:-  0-(&* %[.1 5 3134)
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S(MO0&# . (%O0&#  13>1.0' 16 *& WLE&OHIM" % 5N (3H# 160Q.).
ol 5 %) 31& *#' 0 +134&# 3%/*67/# «/(&0*5 .* L.# » 0 ;(&+,&4
-& S5(/15#*.& 55-"& %*)!1.35/*9&.) 5/ 0&*#' 67&' 5(9*1.6 #
5 %16 I-(,& ;3'&0#0&8. ; 6738 5(9*!.6 D) #+1/# . &**-/
5(/11.&0 /% *&(# . 1.
g —— 1 = 2 3
51,0
50,0 A
49,0 -
48,0 -
47,0 -
46,0
45,0 + \
44,0
43,0 \\\
42,0 \\\
42,0
41,0 \\0\\
40,6 —
40,0 —
39,GJ\
39,0 —
38,8
38,0
37,0
0. 28,2. 33,7. 39,4, 45,0.
#! 1. &O0##% 1.6 O-! .- (&+,& . 31/6*%) 1&0/*#' 2 (% O0&*#'
1*&"  5(# .&" % '5!;/ 5(/"0&*# 01&6*/$7/% O +*#"# .(31*!.# 5(#
(&; " (&+,0 . 39/.% (/"%/*1&#$ [3];-# '2(% 0&* ;(&+,- , 5(H%/*"
10341.35/%9&./ 5(/!! 0&*#/ 41/ 5(0/1/*# #11/1 0&./6!"$ (&; .- - &
30/ #9/*& 5(1 #.6*1.6 S@# /'  5(N0S$ *&)(3+"#, 9. 5 #/6*
"&+& 16 5(# #15-.&*#'4 (&+,0 *& ! &#/ . #+#" -%IA&HI"#] A&(&"./(#H!H#"#
(&+,0 Y&O*#0& #16 ! .(/; O&*#'%o#t 530-95./+36.&.- (&; .- 5(/1'.&0 /*-
0.& #,/ 2.
[+36.&.- #11/1 0&*#' &#HE& 2
<22# - #H+HH#" -%0IA&HIN"HI A&(&"./(H.H#"#
I ( - HI*. (/1/
1/*#/ &0 I*#l , & . 'l6 ) 15) - 5(9* L.#
"0.5/1"& | &# 0 3’ >SIFH | % 5(#
L ) 1% | &HH | & .
(/; O&*#' 530-95 2,2 | %/*Il 8,0% 5,0-25,0
( o/ + ] 11,3
(% 1] 36,5-39,42 1,17 1,78 13,0 (%&("8125)
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(o o+ ) 19,9
Cor/ 36,5-39,4 1,14 1,66 13,6 (%8 200)
(#+%/ 69/*-$ )
0341.35/*9&. /
/9% $ 27,3

_ 5(/!1 0&*#/ 1,18 1,8 12,4
(.4.3:& ) 58.2: 45.0 (%&("&50)

& O#1* #+(J+36.& 0 #/L0&H# |, |(&+- , #+) .0/  #+1%/l# 5I'&
(o) #(HM) %l (1S , 5"&+&# *0-1"#$  (/+36.& 5H#

WS- &4 *& V&H# . &+ , B0 #+ 10 24 2&"#$ S5N'&
(o) %l (1%, 5"&+&# 39TH#$ (I+36.8. 5(# #5-&H4 *& | &# .
1%&" 5 30/#/ #+%/ 69/ $ 2(&"H#HH# "0.5/1"& O* W, 15 /6%  (31*L#
0./4* YON'#$  5(J1 . 15 6+0&*##  :-9%)  (/9%) 5/I"& 5(# #+).0 [*##
(&+ 0 5O-WH# 5"8&+&/# 5(9*1.# SH 1&H## . & 397#$ (1+36.8 5 (& ./
| (/9%% 5/1"% ,*1%***  50# I5/#&6% (&+(& .&*$ (/#% .J(%HO"$

(& "# .1 2(%0&# (&+- 510/0&#6 137" ... - *A41#% 1
31& I# WIA&*HON'H SHWIT&*$ 01-, O/1LO#  9f) ;(&+- 5@#;(.&#

5(9%1.6 . /138>#% <.&59% 0 .J4* O %  5(/N - i #)  #+1#S,
" (-$ 3 0% % * B5L1&L/#6 *& 1/138>#  *0%/  L&L##: 31& [H
WA HIN"H 10+&**$  # )H)(!" 5HIN" $ 01-, 5()(/0 , !;L.O/  #)

0-1/("& 5(# %&"H%& 6* $./%5/(&.3(/ , 4 & LI*# : [*-4 {(&+,0 .

&" 5"&+& A" -<"*%HO/N'HS (&19/., 1. 5 39/*4  (&+ 0 L #.
1500(3; . & 1&**-$ % %/*. 1..W#'&*) "#(5#9&!. #. 2000-24003; . [2].
& *O0&H## 5(O/1/*4 #11/108&*#$ % * 11/&6 !/138>#$ 0-01, 9.

S(#+0 1.0 #+1/#$ #+"(I%+%H. $ "I(&YeH"# 0Ll Il <22/"#0*% 5(#

3 O##  #15 6+ 0& '  TH("  (&I5(1.(&**) 1(6' . ;. 540 # |+1&.6

S(#+011.0  "#(5#9& *& %/!.* % 1-(6/ .

#)(&3(&

1. 0L/0 .. &+O##  5(#+011.0&  WH#'&*) "#(5H#9& 0
Wi I (# 6%- %&./(#& - .2007.E 10.- .4...8.

2. 0)3L#4" . . J(&%H'& .- . .($H#+1&. .1975.-592.

3. &) L LA W L(#16*$ I&YH'H#. - . -17& 7" & .1968.-35T.

7"0 . ., (8"0 . . 3%9/

5-. <"I53&.&## 7T#20&6*4 "(3)0 *&517#5*#"0-4 +&01&4&.&"/
1/ 6*-/ 1&**-/  ('1& #!1/10&./1% 5"&+-0&8., 9. &;(&+#0*-$ #*1.(3%/*.

510/(/*  #+%H% 5 O/(LLE , (I3>$ 5L I#E LS # # 1(3#%
5'€+&./'% "&" 5M# [) A& H#E O S5(#+011.0/*-4 3! O#4 , .&" # 5(#
TH20&*## | #15 6+ 0&*#/% 0 1*4 . 9. *N&HO*  1"&+-08&L1 *&
<22/"#O*1#  5(,N& TH20& , L** 0 &0. %&H+#(0&**-4 ##4 5
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S(#+011.03 1/.&/$ S17#5*"'0 .: 104&* ! /%, 9. &(&+#0*$ #*.(3%/*. 1
4 5( 1+1&11 *& X0/ <VSHHON') # .JA* YHOM) 5-& 0 .13..0#
12 (%&##  0+&H% 10'+#) 10$1.0 | 31 O#%# # (/ #Y%&YoH ) <"I5 3&.&H# .

3>1.038># . (LHINH  # <"\SIHW*.& 6% [H OH#HM  OYTH4
28" (0 *& %/A&*H#O/"38 5(9*1.6 #*.(3%/*.& *11.& 9%  30#.-08&8. 2+#" -
AHYHON'H 10 $1.0& O75$  1(1- , 31 O# # I("#  AME&H  #(3%M&
5&(&Y%I.(- # (I #%- O +1/$L.0#$, .&"#4 "&" /(% (& ."3  # HY65(/)*#( 0&*#/
#41.(3%/*.& .

(I+36.&. J(H#I"#A  #I/LO&HS *& X0/  WHI%*)  &*&#+&

O#*# (&+#9*-4 28&". (0 *& I0$.0& 7#20&6%4 "(3)0, -& (&+(& .&*&
CRIHHIG #1510 4% YHON'HA O +L/$I.04$ 1' SO-TIH  #\.&H H+& #H
N L(3.3(*  -%/A&MHIN"HA # <"I53&&#*-4  10$.0 , ".(&  0"89&/. :
VOIA& HOI"H] | AHYGHONHI | 2H+HOII"H # " Yo t*#( 0&**-] O +1/$L.O# , & .&"/ #4
10L& . &#: Il <22/"HO*%# '0'8.'  "OUb#rH(0&**-/  # 10%/>/*-/
JA* YHONHI O +1/SLO# |, 15 ¥8>#  # 0+&H%%* &"HO#+(38># 1(3) 1(3)&
*QE(HYI( 1 0%/>PH A% YHO["H#4 0+1/$L.0#S — /(% (& ."# #
HYS()*#( 08  #41.(3%/*.& U($ .

141" #+ S(LL&OHS  2H+H#" -AHUHON" S Qb/A&HH'H " %5 +#.# *+-4
%&.J(H& 0,:- & (&+(&; .&*& 2/* %/* YHON'&' % 1/6 5(9*L# #1.(3%/*.& "&"
"065 +#.& | 39/.% .(J4 1*0%4 )(355 2&".(0 , A&&"/(#+38>#4 (/& 6*38
1/2/"*38  1.(3".3(3  %&.(#,- , 2H+#" -AHYHON" | O+&H% 1/$).0#/ +/(*& # 10'+"# |
(/1S #OMNT*#  2H+#" -YlA&*HII"#] O +1/$.0# *&#*1.(3%/*. .

I5/(H%/*.& 6*&'  5(0/("& 5 /#$ 0010 (&+(& .&*$ %1/ #
5(01#&16 5(# #5-&*## *& 5(9*1.6 5H# L&HIN" % #H)#/ (3"0
O-(/+&**-4 #+T#2"(3)0 | A&(&".J(# #"&Y%# 25ALTVS (25ACM2K)# +/(*#. 1'%
—F80, F60, F46 (16, 25, 40)+3 6.8&.- #I5-&*#$ 51.0/(1## ./ (/.#9N"38  ;(&*

5(5 (#*& 638 +&OHH% 1.6 5(9*1# . (&+%/(& +/(*&, & .&"| A&&"I( #
LISI*6  #+9%/*/%#  5(9%1#  #.(3%/*.& . O#1& I(/1- # #5& 0+1/$.04S$.
x| (I+36.&- .(&&B. 2#+#O/1"38 I13>*16  (&+(& .&**$ % 1/#

5(9*1# , 9. 540" ("%ML0&6 /I 1' B5()*+#(0&*#  # % 1/ #( 0&*#
H+%0**#S  %/A&*#9'""#4 10$1.0 #*1.(3%/*.& 51 O#*#/% (&+#9*4 (/1 #
0 +1/$!.0#$ .

1138>#% <.&5 % " %5 /"I*-4 #11 /1 0&*#$ '0'16 31.&* 0 [*#/
" #9/1.0/**-4 5"&+&./1$ # O0+&#% !0'+# %/ 13 %/4&*#9/"$ 5(9*1.68 #
0/(11.68  &(&+H#0*) #1.(3%/*& . <. $ 10+# *&W# ;- 501 F* %l 1
51/ 0/(11#  #1.(3%*.& %&.}H'0-% 1#5/0) %.L(% [1], |1 >H%  #+
U (& # & H& D )3+%. & %I(3 0/(L1# 5 <.%3 %/ 13 S##%& &6
51, kg 0(/%/*# 5(,M&  1#5/0#(0&*# , 5(/1/'1%& 5  Of #O9#*
I 6%) +&.3A&HH " &S W& & | (LHINH  # <"I5/(H%/*.& 6*
1"&+&* , 9. %/ 13 .0/(11.68 5 1#5/()%.(3 # 31/6*$ A%*S$S < (H#/$
(&+(37/# 50/(4*\#  #1.(3%/*.& 13>1.03. /& " ((/'#*& 10'+6, 9.
10#1/./ 61.03/. 2H+#91" % 1%-1/ .O/(11# , 5(1'%$ 5 1#5/() %l/.(3
1L&*0 /%, 9. (&*- , 0-1/(&*/ 001/, 0 +&O#HY% \# . #4 +/(*#!. | #
#%I/8. .0/(11.6 *&18..35%*#/ ,9/%#'41*/ . /(W ,"&" #&"#0*/ 0/>/'.0
+(*3 # 10+, % "&+-0&/. O#*# *& .0/(11.6 5# L#I5IO0H(O&*H# . ;(&+ -
"(3)0 , 0-1/(&**-/  OI5#(/ # I(% (& .&*-|  ,5"&+&#50-7/*#  .0/(L\.#
I .0/.1.0/** *& 10... 18%# 17...23%5 (&0*/*#8 ! #14 1*-%# ;(&+,&%#. &%l/(-
O/(L'# 5 1#5/0%.L(3 3 #%5()*#(0&**-4 ($ &+ 0 5"8&+&#, O.
0/(1L1.6 30/#9#8&16 0 2,7..2,8(&+&5 (&O*/*#8 | #41%%# (&+&%# I+
5(5#.-0&*# . /13/. 9%/ #.6  #1/*.#9* 1.6 5 39/%*-4 +&0#1#% !./$ 5(#
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HI5- & (&+, 0 *& #H)H # 5@ S5(1H#  O(L1# 5 %13 %&.*#'0)

1#5/0) %/.(& , 9. 10#1/.61.03/. 0+8&H% 10'+# %/4&*HON"$  5(9* L.#
#41.(3%/*.& 1) .0/(11.68 5 1#5/)%/.(3 . &'#% ;(&+ %, 5 39/  1&**
4(7  1)&I38Y 1 10*0%# 5 [H%#  # 0-018%# (&+& .&*$
2% %% YHON"$S % 1/68 5(9%1# & (&+HO*) #*1.(3%/*.& .

141 #+.) 9. &(&FHO*/ +HI(* 'O'LY  F0*% (& 9HY% < /%/*. %
1.(3".3(-  #*.(3%/*.& , 5(01##16 #1/10&# 5 #+30/#8 O#*# 0474
28" (0  *& %&"(- # Y%#"(%/A&#9/1"38 5(9*1.6  +/(*. "&9N0/ A&

HI 108 S - # 0-(&* +I(*& </'("(3*1& /)  %&("'#25 +/(*#.1.68
F46 (40).

(9*1.6  +/(* 5(/1/' 16  *&5(#; ( 53./% #4 (&+180 #O&*#'!
2H& #IS  (&+(3T&B>IS *&)(3+"H, % %/*. 0 1"& -0&*# # A&(&"J(& (&+(3T/#
(&, [+36.&- <"ISIH%*. 0  ;(&&-0& #16 %/ 1% %&.J%&HON"$ 1.&H H#"H
| #15 6+ 0&*#/% 23*"## (&IS(/L/ *#  1$;3 & , & 1#22/(/* #(0&**38 /"3
5(O*L#  +/(* S(#+01## 5 %L 1#1 . . )% 0& . 39/  (J+36.&-
<"I5I(H%*. 0 5 1.0/(1## O+&H#% I0+65( 9% L.#  +/(/* | #4 1/2/"*1.68 , &.&"/
*N&HO*|  O#H™H *& <H# 5"8&+&/# 50/4*1*  -&#0*4 0/>10 (01-).
&:;(. (% (& "&  H(* # #4 O-1/(HO&*H O #*&"#0*4 1(/1&4 ('/(\#*
I5#(.) 50-7&. #4 5(9*1.6 # 3%/67&. #4 1/2"*16 . (% .) ,
J(% (& "&  &(&+HO*-4 +/(/* S(# t=450..500°151:1.03/. #4 4(35940&*#8

## 50-7/#8 %#"'(4(35"1# , 9. 5 #./6* "&+-0&/.I"  *& 5(,/M
1&% +&.&9#H0&/% | #+/(*& SH#H 7 #2 0&*## . &"#% (&+ %, *&#; /|  <22/"#0*-%
O*/7*#% 2#+#" -%l4&*#9/!"#% 0 +1/$!.0#/% '0'/.V (% (& ."& , (I&#+38>&'

5./*#& 6% 0+% *1# +& [/  0</"("(3*10%  +/(*/ . 1*0(/%/** |
<#% 3L.&*0/F |, 9. +&OHHY \# H+%PIH  G/A&HINHA 10$1.0 +H(*& #
"J(&YHIN" S 10'+"# . 31 OHS # 1("& A& <H4 %&IH& O 3'&+-088. *&
*A1H% 1.6 LA 5@ (L4 10$.0 51/  J(% (& ."# *8&
1#/6%$  5I(#1 53.% #%5(/)#( 0& 4 #*1.(3%/*.& HL(2 *%#  0/>/1.0&%#,0
Q&I*I# |, W($ . 1*&" #+O/L*/ 151:- | %[ 1- # 13>/1.038>#  +&0 1I"#/
J4* Vi 5(5#.-0&*#  #4.(3%/*.& (&580% (- * :/'5/9#0&8. 0-1")
"&ON.0& HUS(VH(0&# . 10+ | <H% -& (&+(& .&*& .(3".3(*&  4/%&
O#*#  OYT#4 2&".(0 *& 5(,M-  196&OH#O&*# # 5(S5#.-0&*#  #*1.(3%/*.& |
" (& 5"&+&& 9. *& <#5(,-  5# +&1&**-410$1.084 #1"\# # .0/(1)
J& 13510/ O#*#H  "&+08&8. OXT*# 2#+#" -MHYUHON"# O +1/$).0# #
10 $1.08& %/ 28&+*) "*&"& H#1"I# | 50/(4*1.68 & # #4 AHY%HO"
14110 . (% .) ,*N&HO*] O#*# *&<#5(,MN-  "&+0&8. &1 (# I(/1-
B (&t HOX]  +&)(HHH (&MHON')  # * ()&HON')  5(#4 1% 5(0$
50/(4* 14 #4.(3%/*.& .

1L&*0 /% 9. J(%5("&"& #*1.(3%/*.& 5I(/L 1) #HY%5()*#( 0&*#/% 5(#
450...500 ° 3%/*67&/. "(&/I0$ 3) 1%&IHO&H (&5 &O& V(- 0 3 (&+&5 0-7&/.
&1)/+#8 0 5,1 (&+&# 30/ #O#0&/. " (1.6  5(5#.-0&*# 06, .7(&+5 (&O*/*#8 |
#A1%% #.(3%*. % . & 0/ 5 39/*4 (/+36.& 0 5(1 /&  *0&
J4* W [2] 5(5#.-0&*  (&5&0% (- </".("(3*10) #4.(3%/*.8& *&
"J(&YHON' S 10+, 0"89&8>&' 1/138>#  SI(&## 1 *&)(0 #1.(3%/*& |
I"(1.68 5..8° 0%#<3.31 450..500° ! 0-1/("$ . 20...30%#*0 +&0#!#% |.#,

HCHLLE 1 51/138>H#% 4 & 1%  *& 0+134/ 1 150 ° , 5 %/>/*#/

#41.(3%/*.& 0(&5&0 V(- (t=140... 145°)1 1"(1.68 0,5..08%% 1 5 *) /)
5(5#.-08*# ,0-)(3+'& # 4 & 1/*#/ [) *&0+134/.

(8O 6*&' /& "&9/.0& #U5()*#(0&*-4 "(3)0 5"&+&& 9. 3
"(3)0 , 5(5#.&*-4 5 (&+(& .&**$ .J4* ) , 30/ #9#0&8.I' /56  #
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"<22# #*.  5(5#.-0&# 01,4(&+&*3(&0*0/7/*16  "(3)& " &L 02,3(&+&

5 1&O**#8 | "(3)&%# 5(5H.&™*-%# 5 +&01I"$ .J4* )H# ")
517#5%"0) +&01&  -15.

(O/L/%*-/ H5- &4 TH2"(3)0 | (&+ HO*0bH A& H'&YH #
H%5()*#( 0&**-4 5 +&011"S$ #5(/1 &)&% $ .J4* W% 5 %/[. 13 5 &*#( 0&*#
<"IBI(H%*. 0 | #15 6+ 0&* % %&.(#- 5'&+&#, 9. 5(9%1.6  5-*

"(3)0 5@# 0/(4*/% 3(0% 2&".(0 0 1,49 (&+&# 5# *#*% 3(0% 0 1,6 (&+&
67/ , 9/% 5(9%1.6  "(3)0 , HWS(/)*#(0&*-4 5 +&01I"$ .J4* YWH# . ..
AL 1%, 9. (&+(&; .&**&' 4% Y I5/9#0&1. ;I "&9N.0/*
5(5#.-0&*#  "(3)0 , 30/#9#0&. &L)+#8 (- " 9/(/5"3 "(3)&, +&'9/. 9/
50-7&.' 5(9*1.6 7#2"(3)0

"I5/(#%/*.& 6*-/ #1171 08 +&OHH% LIS 5(,/N&  TH20&M  #
<"I5 38.&# **-4  5"&+&/IS TH2"(3)0 , HWS()*#(0&**-4 5 (&+(& .&*$
JA* Y 5U&+&# 1/138>#  ([+36.8.- . (# TH20&HH 1.&# 15 ;/+
A& 1M *& (I #%&A: 1" (1.6 "(3)& -35%!,1"(1.6 1. & 5 I"7#20&6*)
1.8*"& — 12 %%#* 518&9& -0,006%104 1, "(3)&%# 250 25 75 25AF80LVS
(25 16 2 5), #%S(/)*#(0&**-%# 5 (&+(& .&**$ .J4* Y# , S/(#1 #4
S#(&; "% 02 (&+&%/*67/ , &!1.&0'8>#  W- (I+&%# 3%/*67&8." 01,3.. 1,6
(8+&5 (&O*/*#8 | #14 1%%# "(3)&%# 5-*/  "(3# /I5/9#0&S. .&"/
50-7/# <22/"#0*1# 5(,/N& 7 #2 0&*#

MIBI(H%/*.& 6% 3L&*0/* 9. "3, HUS()H(0&**-/ 5 (&+(& .&**$
JA* Y, I5/9#0&S8. 3397/  <"I53&&#*-4  5"&+&1I$ : (I 3>&
I51:%1.6  30/#9#0&L! 0 1,3 (&+& #+*&TH#O&MH "(3)0 M &' 0 1,2 (&+&
"<O2# #*.  TH208 50-7&.' 015(&+&7/(408.1.6 R.3%/M*67&.!' 01,3

(8+& 5 1(&O*/*#8 | "(3)&Y%H HUS()H(0&*-%# 5 +&01I"$ 4% YH# .
$"16 5 "(3)0 50-7&." *& 30 - 40 % S5(# #4 #5-&## O
5(#+0 11.0/**-4 31 O#4 -15 [3].

&'H% (&+ %, 3L.(&*" *)&HO*| O#*# O75$ 1(1- *&7#2"(3# 5(#
HA A&} # <15 3&.&#H# +&IO1. /(% 5("&"H#  # HUS()*H(0&*# U($ , % *
+*8O#./ 6% 3 397H#.6 #423*" #*&6*/  10$.0& .

S# " #(&3(

1, (8"0 .. #5/(0%.(__1' 5(1UP#  50/(4*1*$  .O/(LL#
& (&+#0*-4 #1.(3%/*.0 /(8"'0 . . &$1&"0& . ./ &01I"& & (& (#
HE)* \#'&  %&.J(#& 0.- 2017.- .83.E 11 - .62-65.

2, 51: 507/ <"153&&#*-4 10$1.0 &(&+#0*) #*1.(3%/*.& :
5&./%. *& #+:(lI#  E 2164857 [ 3%'9/( . . *4# . . (80 . .1
53: #'0&*  10.04.20018 .E 10

3. (8"0 . . I5 6+08&*# *&5 IS  #1%/$ #+8&:(&+#0 0(&+*-4
HOHLLIS  # 2(%- 1" LON(7/L.0 0&*# 7#20& 6*4  #1.(3%/*. 0
%*)&2# | (8'0 . . &$1&"0& . . #(!/1# .., 51 > (1.
3%'9/(& . "0& , , 2017 — 160.
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131 . ., ( 0&
( )

O-7/#  <22/"#O*\# # "&9/.0& &(&+#0*$ (& ."# '0'Vr 0
81>l 0% &".3&6*$ *&39*$ 5(;/%$ , #%/8>/$ 0&*/ 5(#'&1*/
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(&+* ((&+*-% *)&HO0*% '0/#% ,0"*9*% 191/ ,5('0'8>#%! 0! "(&>/##
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#* 30 L # +03'&10%° . /96. /0% 5() 73%&— 125 — 1401 , '%/(./ 6*-$
3(0/*6 73%&— 1901 .

# (& .(+)  "(3)& 5# (& 1+*1( *-4 (/610 3(0/*6
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L& <) (#,&]6%) 0/ '0'LY V/LLO#Y%  #+%AH 11.8&0&
"(3)&, JA* YH  #+) .04 . "&+&I6 3(0/6 T3%&5H (& . .(+*4
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(/%0 %  # A&&"J(#+3. 1#IH5&H#8 &'3.#9/1"$ <O, 0-+0&**38
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