
http://sntbul.bmstu.ru/doc/555284.html

!"#$%&'()

*+,-.-/-0+123-4$5+14063+78-$,9:$;9;<=43-:$02>+8?$6-@-<47A-6$7437+0+1

B'C'$D480+1

!"#$%&"'()*+%$,*(«-.*/0%&&1%(2&%,3%"45%6)4%(#6"*&78)4»

9:;<(40=(>=(?=(@*#0*&*'(3=(976)8*'(A7664B

>*#5&1C(,#)787$4"%.DE(@7376.786)4C(!=(F='()=G=&='($7H%&"()*+%$,1(IJ404BK(

9:;<(40=(>=?=(@*#0*&*

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

Nekich93@yandex.ru

E14,43-4'

/0% 1-23,% 4&'&&5% ,% 6,178% &0% 9:;38<.8;.:=% 7&0.&% &0;836.:5% >6:% .,% 9:;824.:36&%

2,0<8?,% <;-4% 328<% @.,92&'825% 6;82<:A:% 68?, &% A,0, &?&% 7&<1:36&B% 92:681,86% 2C<%

92:D833:;E%2,36;:28.&8%;8F836;5%;%6:'%>&3?8%'86,??:;5%:G7&A%3-?HI&<:;5%;0,&':<8=36;&8%

:13&<:;%&%1,2G:.,6:;%3%1&3?:6,'&5%1:22:0&C%'86,??:;(%

J:% '.:A&4% 92:D833,4% G:?HK-L% 2:?H% &A2,L6% 4,2,1682&36&1& 9:;824.:368=E%

9?:F,<H% 9:;824.:36&% 2,0<8?,% 328<5% 3',>&;,8':36H5% 28,A&2:;,.&8% 3% 3:?.8>.M'% @$NB%

&0?->8.&8'% &% 6(<(% +?,A:<,2C% O6&'% 1,>836;,'5% ;% 3:;28'8..:=% .,-18% I&0&1:-4&'&>831&8%

:3:G8..:36&% 9:;824.:368=% &39:?H0-L6% ;% 2,0?&>.M4% :G?,36C4% 9828<:;M4% 684.:?:A&=5% ;%

684.&185% ;% '8<&D&.8(% P:0<,.&8% :3:G:=% 9:;824.:36&% '86,??:;% 92:6&;% 27,;>&.M5%

,.6&G?&1:;,C%9:;824.:36H%36Q1:?5%398D&,?H.M8%9:;824.:36&%<?C%3,':0,6,>&;,.&C%?80;&=5%

3;86:>-;36;&68?H.,C%9?8.1,%– ;:6%.89:?.M=%39&3:1%&39:?H0:;,.&C%3;:=36;%9:;824.:368=(

R3:G:8%0.,>8.&8%<?C%2,0?&>.M4%:G?,368=%&'886%6,1:8%92&?:78.&8%4&'&&%9:;824.:36&%1,1%

3:0<,.&8%38.3:2:;(%)8%3?->,=.:%O6:'-%2,0<8?-%9:3;CF8.:%G:?HK:8%>&3?:%1.&A%[1,2,3,4]

!8<&D&.,% – O6:% G8312,=.CC% :G?,36H% <?C% 3:0<,.&C% 684.&>831&4% 328<36;% &%

'8<&1,'8.6:;% 3% .,&G:?88% 9:?.M'% &39:?H0:;,.&8'% I&0&1:-4&'&>831&4% 3;:=36;%

9:;824.:368=% &% :G:?:>81(% S2&'8.8.&8% O6&4 1,>836;% 39:3:G36;-86% .8% 6:?H1:% 3:0<,.&L%

92:A2833&;.M4% ?81,236;8..M4% I:2'% &% 684.:?:A&=% &4% 92&'8.8.&C5% .:% &% :G?8A>,86

&39:?H0:;,.&8%.:;8=K&4%'86:<&1 '8<&1,'%&%9,D&8.6,'(%T,33':62&'%.831:?H1:%'86:<:;%



!:?:<87.M=%.,->.:-684.&>831&=%;836.&1%NPUU-51038

3:0<,.&C% 9:;824.:368=% 3% .:;8=K&'&% '86:<:?:A&>831&'&% 2,02,G:61,'&% &% 3% 2,0?&>.M'%

398162:'%92&'8.8.&C(

1.1 C2@++<-F2GF-47:$;<278A-$,9:$2329-H2$>-+9+I-<47A-6$J-,A+784K'

/0%'8<&D&.31&4%&36:>.&1:;%&0;836.:5%>6:%.,%VWXX%A:<%;%'&28%3,4,2.M'%<&,G86:'%

362,<,L6% G:?88% YZU% '&??&:.:;% >8?:;81% @O6:% :1:?:% [% \% ;38A:% .,38?8.&C ]8'?&B% &% O6,%

-7,3,LF,C%D&I2,%2,3686%A:<%:6%A:<,(%^8?:;81%3%6,1&'%0,G:?8;,.&8'%;M.-7<8.%&0'82C6H%

-2:;8.H%3,4,2, 12:;&%:6%Y%<:%_ 2,0%;%3-61&%;%0,;&3&':36&%:6%9:1,0,.&=%'8<&1:;(%S,D&8.6%

92&% O6:'% 1,7<M=% 2,0% &39:?H0-86% .:;-L% 6836-9:?:31-% <?C% A?L1:'862,(% #,1&'% :G2,0:'5%

6:?H1:%0,%:<&.%'83CD G:?H.:=%;M.-7<8.%&39:?H0:;,6H%:6 36,%<:%<;-43:6%9C6&<83C6&%6,1&4%

9:?:3:1(%*6:%:>8.H%0,62,6.:%<?C%'8<&D&.31&4%->287<8.&=%&%3,'&4%9,D&8.6:;(%S:.C6.:5%

>6:% 92:A2833&;.M8% &<8&% <:?7.M% -?->K,6H% 1,>836;:% 7&0.&% G:?H.M4% ?L<8=(%

P:;82K8.36;:;,.&8%38.3:2:;5%92&'8.C8'M4%<?C%O6&4%D8?8=5%&<Q6%9:36:C..:%`[a(%b:.8>.:5%

.-7.:% &31,6H% ;M4:<5% 92&8'?8'M=% <?C% :G8&4% 36:2:.(% R<&.% &0% ;,2&,.6:;% - O6:% 3:0<,.&8

'.:A:2,0:;:= 6836:;:=%9:?:31& 3:%398D&,?H.:=%3,'::>&F,LF8=3C%9:;824.:36HL(%#,1:8%

.:;K836;: ;% A8',6:?:A&&% &% ;% I-.1D&:.,?H.:=% '8<&D&.8% 3<8?,86% ;:0':7.M'%

&39:?H0:;,.&8% .831:?H1:% 2,0% :<.:=% 6836-9:?:31&5% -'8.HK&;% 0,62,6M% 9,D&8.6,5%

'8<&D&.31&4%->287<8.&=%&% O.<:12&.:?:A&>831&4%D8.62:;%.,% 0,1-91-%6,1&4%328<36;%<?C%

6836:;(%S2&>8'%O6:%.8%9:;?&C86%.,%-3?:;&C%0,1-9:1%A?L1:'862:;%:6%2,0?&>.M4%I&2'%&4%

&0A:6:;&68?8=5%6(8(%92:&0;:<&68?&%6836:;M4%9:?:3:1%.8%0,;&3C6%:6%92:&0;:<&68?8=%3,'&4%

A?L1:'862:;(

#,1-L% ;M3:1:OII816&;.-L% 6836-9:?:31-% ':7.:% 9:?->&6H5% ':<&I&D&2-C% 88%

9:;824.:36H5% 1:6:2-L ':7.:% 9:?->&6H% 3% 9:':FHL% >8?:;8>831:A:% &?&% GM>H8A:

3M;:2:6:>.:A:% ,?HG-'&.,(% R3.:;.M8% 92&.D&9M% 6,1:=% ':<&I&1,D&&% &0?:78.M% ;% `ca% &%

3:36:C6%;%3?8<-LF8'(

d?HG-'&.-%.8:G4:<&',%928<;,2&68?H.,C%398D&,?H.,C%:G2,G:61,(%#84.:?:A&L

:G2,G:61&%,?HG-'&.,%':7.:%9:<8?&6H%.,%62&%O6,9,E

T&3(%X(%"&<2:?&0%G8?1,
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1) J% 3:3-<8% 3% ;:<:=% 2,36;:2C8'% ,?HG-'&.(% N:3I,6.M'% G-I82:'% ':7.:

28A-?&2:;,6H% .8:G4:<&'M= pH @;% .,K8'% 3?->,8% pH 3'83&% <:?78. GM6H ',13&',?H.:%

92&G?&78.% 1 >8?:;8>831:'-Be% 9:3?8% >8A:% :G2,G,6M;,8'% <,..-L% 3'83H% -?H62,0;-1:'5%

>6:GM%9:;M3&6H%3:2GD&:..-L%,16&;.:36H(%R3:G8..:36&%;:0<8=36;&C%-?H62,0;-1,%.,%G8?1&%

12:;&% 2,33':628.M5% .,92&'825% ;% `7a(% J% 280-?H6,68% O6:=% :G2,G:61&% :3?,G8;,L6%

'87':?81-?C2.M8% 3&?M% 92&6C78.&C5% &% ;3?8<36;&8% >8A:% ':?81-?M% 2,0<8?CL63C% <2-A% :6%

<2-A,%&%?->K8%2,3928<8?CL63C%;%2,36;:28(

2) P:2GD&C%.,%9:;824.:36&(

J%.,K8'%3?->,8%G8?1:'%C;?C863C%,?HG-'&.(%R.%.8:G4:<&'%<?C%92&<,.&C%G-<-F8=%

9:;824.:36&% 3,'::>&F,LF&43C% 3;:=36;(% d?HG-'&.% .8:G4:<&':% 3:8<&.&6H% 3%

9:;824.:36HL% 6836-9:?:31&% 3% 9:':FHL% 3K&;,LF8A:% ,A8.6,% – ,?H<8A&<,(% S2&3:8<&.&6H%

G8?:1%1%3K&;,LF8'-%,A8.6-%':7.:%.831:?H1&'&%9-6C'&E

I. T8,1D&C% ,D&?&2:;,.&C% ,'&:A2-99% I82'8.6,5% A<8% ;% 1,>836;8% ,D&?&2-LF&4%

,A8.6:;%':7.:%&39:?H0:;,6HE

i. ,.A&<2&<M5

ii. 4?:2,.A&<2&<M%1,2G:.:;M4%1&3?:65

iii. ,16&;&2:;,..M8%OI&2Me

T&3(%V(%];8.:%,?H<8A&<,

II. !86:<%3%&39:?H0:;,.&8'%&0:D&,.:;%@RNCOB5%1:6:2M8%39:3:G.M%;0,&':<8=36;:;,6H%3%

2,0?&>.M'&%I-.1D&:.,?H.M'&%A2-99,'&%G8?1:;(

III. ):% ;% .,K8'% 3?->,8% 'M% G-<8'% &39:?H0:;,6H% G:?88% OII816&;.M=% '86:<5% &39:?H0-C%

A?-6,2:;M=% ,?H<8A&<(% "?-6,2:;M=% ,?H<8A&<% – O6:% :2A,.&>831:8% ;8F836;:5%

:G?,<,LF88% 3682&?&0-LF&'&% &% <80&.I&D&2-LF&'&% 3;:=36;,'&(% !86:<%

4&'&>831:=% ':<&I&1,D&&% &% 3K&;1&% G8?1:;M4% ':?81-?% 3.#"*,7810( *.D$%34$70

@<&,?H<8A&<:'B%C5H8O2 G:?88%280-?H6,6&;8.5%6(1(%<,..,C%28,1D&C%92:681,86%;%;:<.M4%



!:?:<87.M=%.,->.:-684.&>831&=%;836.&1%NPUU-51038

2,36;:2,4% 92&% 1:'.,6.:=% 68'982,6-28(% S2&% O6:'% 92:&34:<&6% :G2,0:;,.&8%

,0:'86&.:;M4%3;C08=%@3'( 2&3(%YB(

T&3(%Y(%T8,1D&C%G8?1,%3%,?H<8A&<:'E

N%– G8?:15%C9H – 3K&;,LF&=%,A8.6

3) PK&;1,%A?-6,2:;M'%,?H<8A&<:'(

S:3?8% 3K&;,.&C% A?-6,2:;M'% ,?H<8A&<:'% &% ;:336,.:;?8.&C% 9:?->8..M4% 3;C08=%

,?L':A&<2&<:'% ?&6&C5% 'M% 9:?->&'% 9:;824.:36H5% :G?,<,LF-L% 3,'::>&F,LF&'&3C%

3;:=36;,'&(%#,178%3K&;1,%9:;MK,86%-36:=>&;:36H%,?HG-'&.,%1%G&:<8A2,<,D&&5%9:0;:?CC%

92&'8.C6H%9:?:31-%;%68>8.&8%.831:?H1&4%<.8=(

b:.8>.:5% 9:% 9:.C6.M'% 92&>&.,'% .8:G4:<&':% :G-3?:;&6H5% >6:% 6,1,C%

6836:;,C% 9:?:31,% <:?7.,% GM6H% '.:A:12,6.:% &39:?H0:;,.,% 6:?H1: :<.&'% 9,D&8.6:'% G80%

9828<,>&% <,78% ;:% ;28'8..:8% 9:?H0:;,.&8% <2-A:'-% ?&D-(% ],62,6M% 9,D&8.6,% :GC0,.M%

0.,>&68?H.:%3:12,6&6H3C%;%.831:?H1:%2,0(

1.2 L2H02>+8A2$7437+0+1$7$>-.;3A/-+329M3+K$5+14063+78MG'

J%.,K%;81%;M3:1&4%684.:?:A&=%;%P!/%'.:A:%2,0'MK?8.&=%:%A?,;.M4%92:G?8',45%

3;C0,..M4%3%.8A,6&;.:=%36:2:.:=%92&'8.8.&C%0.,>&'M4%2,02,G:6:1%;%92:'MK?8..:36&%&%

;% GM6-(%/'8C% ;;&<-% ;385% >6:% -A2:7,86%7&0.&% &% 0<:2:;HL% >8?:;81,5% ,% 6,178% 0,A2C0.8.&8%

:12-7,LF8=% 328<M% &% 0,2,78.&8% 88% :Gf816:;% G:?80.86;:2.M'&% G,1682&C'&% &% ;&2-3,'&5%

.8?H0C%.8% 31,0,6H% :%'86:<,4% ;MC;?8.&C% &36:>.&1:;% 2,<&,D&&5% :% 0,F&68% :6%9:;MK8..M4%

<:0% &0?->8.&=5% :% 39:3:G,4% G:2HGM% &% 92:6&;:36:C.&C% 3% ;28<:.:3.M'&% .:3&68?C'&%

O9&<8'&=5% :% D8?83::G2,0.:36&% 6,1&4% '82% &% 3.&78.&&% &4% 38G836:&':36&% <?C% 1,7<:A:%

>8?:;81,%&% <?C% A:3-<,236;,% ;D8?:'(%*6:% ,16-,?H.,C%92:G?8',%.,% 38A:<.CK.&=%<8.H5% 6,1%

1,1% 28>H% &<86% :% 0,F&68% >8?:;81,% :6% 8A:% 78% 92:A2833&;.M4% 684.:?:A&=% &% ;:0':7.M4%

6C78?M=%9:3?8<36;&=%<?C%;38A:%'&2,(

RG.,2-78.&8% ;28<.M4% ;8F836;% ;% ;:<8% &% ;% ;:0<-485% :9,3.M4% A,0:;% ;%

;8.6&?CD&:..M4% K,46,45% 28A&362&2:;,.&8% :3:G:% :9,3.M4% ;&2-3:;% ;% G&:?:A&>831&4%

?,G:2,6:2&C45% ;MC;?8.&8% .8<:9-36&'M4% &36:>.&1:;% 2,<&,D&&% – ;38% O6:% -<:G.:%

28A&362&2:;,6H%4&'&>831&'&%38.3:2,'&(

#,15% ;% VWXX% A:<-% GM?% 2,02,G:6,.% ;362,&;,8'M=% ;% 3',26I:.% 4&'&>831&=% <,6>&15%

1:6:2M=%9:0;:?&?%398D362-16-2,'5%3?-7G,'%!^P%&%9:?&D&&%&%<,78%:GM>.M'%A2,7<,.,'%
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;MC;?C6H% 92&3-636;&8% :9,3.M4% O?8'8.6:;% &% ;:;28'C% 3::GF,6H% &.I:2',D&L% <?C%

928<:6;2,F8.&C%.83>,36.M4%3?->,8;`_a(

R<.,1:%-%4&'&>831&4%<,6>&1:;5%1,1%&%-%?LG:A:%<2-A:A:%:G:2-<:;,.&C5%836H%362:A:%

:928<8?8..M=% 32:1% O139?-,6,D&&5% 9:% &368>8.&&% 1:6:2:A:% 38.3:2% 982836,86% 2,G:6,6H% ;%

.-7.:'%287&'8(%J36,86%;:92:3%:%.8:G4:<&':36&%92:<?8.&C%982&:<,%.89282M;.:=%2,G:6M%

;38=%3&368'M%&%:%39:3:G,4%-;8?&>8.&C%32:1,%3?-7GM%9:<:G.M4%<,6>&1:;(

T&3(%Z(%S2&.D&9&,?H.:8%&0:G2,78.&8%3,'::>&F,LF&=3C%

9:;824.:36&%&%4&'&>831:A:%38.3:2,e%d%– ,?HG-'&.5%d –2,336:C.&8%

'87<-%12,C'&%':?81-?%,?HG-'&.,5% - 38.3:2.M=%->,36:1

)8:G4:<&':% :6'86&6H5% >6:% 0,% 3>86% 2,0?&>.M4% ;&<:;% 0,A2C0.8.&=% ':A-6%

92:&34:<&6H% 382H80.M8% &0'8.8.&C% 9,2,'862:;% 38.3:2:;5% :928<8?8..M4% 92&% 1,?&G2:;185%

;8<-F&4% 1% &31,78.&L% &% 62,.3I:2',D&&% <,..M4(% *6:% .,1?,<M;,86% :928<8?8..:A:% 2:<,%

:3?:7.8.&C% .,% 928<:36,;?8..-L% &.I:2',D&L% &% -78% .8% ':786% GM6H% O6,?:.:'% <?C%

:928<8?8.&C%.8A,6&;.M4%C;?8.&=(%

),92&'825% 0,A2C0.8.&C% 9:2% 9?8.:>.M4% <86816:2:;5% ':<&I&1,D&C% >-;36;&68?H.M4%

9:;824.:368=5% 6,1&4% 1,1% 128'.&=% ;% D&21:.&8;M4% <,6>&1,4% @1:6:2M=% 3:0<,86% .8%

-<,?C8'-L% 9?8.1-B5% ;% <86816:2,4% 1,6,?&6&>831:A:% 6&9,% - 128'.&=% &% 6862,O6&?3;&.8D5%

:3,7<,C3H% .,% 9:;824.:36&% >-;36;&68?H.M4% O?8'8.6:;5% 0,'8<?CL6% 92:D833% :1&3?8.&C%

-A?8;:<:2:<:;%- >6:%;8<86%1%0,.&78.&L%9:1,0,.&=(%

!84,.&>831&8% 0,A2C0.8.&C%<,6>&1:;%.,%:3.:;8%9:;824.:36.M4%,1-36&>831&4%;:?.%

@SdJB%6,178%;8<-6%1%&0'8.8.&L%<,..M4(%R.&%92&;:<C6%1%.8:G2,6&':'-%&0'8.8.&L%',33M%

&0'82C8':A:%:Gf816,5%,5%3?8<:;,68?H.:5%&%-4:<-%:6%1,?&G2:;:>.M4%9,2,'862:;(

^6:GM% 92:<?&6H% 32:1% 2,G:6M% 4&'&>831&4% 38.3:2:;5% ':7.:% 3:>86,6H%

3,'::>&F,LF&83C% ->,361&% 9:;824.:36&5% 1:6:2M8% GM?&% 2,33':628.M% ;MK8% ;% 9(X(X5% 3%
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4&'&>831&'&% <,6>&1,'&(% T,0?&>.M8% '86:<M% 4&'&>831:A:% ':<&I&D&2:;,.&C%

9:;824.:368=%.,%:3.:;8%:13&<,%128'.&C%2,33':628.M%;%`ga(%

S28<?,A,863C% 2,39:?:7&6H% 3,'::>&F,LF&83C% ->,361&% @.,92&'825% &0%

9:?&6862,I6:2O6&?8.,%S#N*B%%.,%9:?-92:;:<.&18%@3'(%2&3(%ZB5%.,%9:;824.:36&%1:6:2:A:%

3I:2'&2:;,.%9:?-92:;:<.&1:;M=%4&'&>831&=%<,6>&1(% %P:;28'8..M8%9:<4:<M%&%'86:<M%

I:2'&2:;,.&C% 6,1&4% 9:?-92:;:<.&1:;M4% <,6>&1:;5% 928<.,0.,>8..M4% <?C% 2,0?&>.M4%

D8?8=5% :9&3,.M5% .,92&'825% ;% `XWa(% #,1:=% <,6>&1% >-;36;&68?8.% 1% ',?8=K&'% &0'8.8.&C'%

O?8162:92:;:<.:36&5% 2,G:6M% ;M4:<,% O?8162:.,% &% 682':*hP(% T,336:C.&8% '87<-%

'&12:>,36&D,'&%S#N*%<:?7.:%GM6H%'8.HK8%2,0'82,% >,36&D% 0,A2C0.&68?C5% >6:GM%:.%.8%

1:.6,16&2:;,?% 3% 38.3:2:'5% &% ;% 6:% 78% ;28'C% 2,336:C.&8% <:?7.:% GM6H% G:?HK8% ':?81-?M%

<86816&2-8':A:% ;8F836;,(% #:A<,% 38.3:2.M=% ->,36:1% G-<86% 28,A&2:;,6H% 6:?H1:% 3%

i.-7.M'j%3:8<&.8.&8'(

J% 280-?H6,68% 9:?->,863C% 38.3:2% 3% G&I-.1D&:.,?H.:=% 9:;824.:36HL(% *6:%

;M3:1:6:>.M=% 92&G:2% 3:% 0.,>&68?H.:% -;8?&>8..M'% 32:1:'% 3?-7GM(% #8:286&>831&%

<?&68?H.:36H%O139?-,6,D&&%6,1:A:%38.3:2,%-78%G:?HK8%0,;&3&6%:6%3-Gf816&;.M4%92&>&.5%

6(8(%:6%9:?H0:;,68?8=5%&%:6%;.8K.8=%328<M(

!:7.:% 3'8?:% A:;:2&6H% .8% 6:?H1:% :G% -;8?&>8.&&% 982&:<,% &39:?H0:;,.&C%

.8:G4:<&'M4% &0'82&68?8=% 3&368'M5% .:% &% :% 1,>836;8..:'% 9:<4:<8% 1% 0,'82,'% <,..M4%

.-7.:A:%:Gf816,(

N'$O504,4943-4$A2<47812$8+59-12$7$5+@+FMG$I-,0+.-9M3+K$5+14063+78-'

P%&0:G2868.&8'%;%1:.D8%klk%;81,%<;&A,68?C%;.-628..8A:%3A:2,.&C5%2,G:6,LF8A:%.,%

92:<-16,4% 98282,G:61&% .8I6&5% 92:&0;:<&68?8=% ,;6:':G&?8=5% ,% 6,178% 92:36M4%

,;6:?LG&68?8=% ;:?.-86% ;:92:3% 1,>836;,% 6:9?&;,(% )&% <?C% 1:A:% .8% 3812865% >6:% .,?&>&8%

2,0?&>.M4% 92&'838=% ;% G8.0&.8% 382H80.:% -4-<K,86% 2,G:6-% <;&A,68?C5% ,% 92&% 9:36:C..:'%

-9:628G?8.&&% 6:9?&;,% 9?:4:A:% 1,>836;,% ':786% ;M0;,6H% 6C78?-L% 9:?:'1-% <;&A,68?C(%

),92&'825% .,?&>&8% ;% 6:9?&;8% '8.88% X \% ;:<M% :6% ;38A:% 8A:% :Gf8',% -78% ':786% ;M0;,6H%

382H80.M8%.,2-K8.&C%;%2,G:68%<;&A,68?C(%J:<,5%;%>,36.:36&5%':786%9:9,36H%;%6:9?&;:%92&%

62,.39:26&2:;185% 9:O6:'-% .8:G4:<&':% G2,6H% ,.,?&0% 6:9?&;,% 32,0-% 9:% :1:.>,.&&%

G-.182:;1&(% b:.<8.3,6% ;% 0&'.88% ;28'C% 6,178% ;?8>86% 0,% 3:G:=% ',33-% 92:G?8'% <?C%

,;6:':G&?&36,(% *6:% &% 1:22:0&C% ;384% O?8'8.6:;% 6:9?&;.:=% 3&368'M5% &% :G?8<8.8.&8%

1,2GL2,6:2,%;%0&'.88%;28'C5%&%-4-<K8.&8%2,39M?8.&C%6:9?&;,5%&%9:.&78.&8%689?:6M%8A:%

3A:2,.&C5%&%6(<(

#,1&'% :G2,0:'5% :<.&'% &0% 12&682&8;% 1,>836;,% 6:9?&;,5% ,% &'8..:% ,;&,D&:..:A:% &%

,;6:':G&?H.:A:%G8.0&.,5 C;?C863C%3:<827,.&8%2,0?&>.M4%92&'838=5%;%6:'%>&3?8%;:<M(%
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R982,6&;.:%:928<8?&6H%92:D8.6.:8%3:<827,.&8%;:<M%;%6:9?&;8%':7.:%3%9:':FHL%

<,6>&1:;% 3% G&I-.1D&:.,?H.:=% 9:;824.:36HL(% h,6>&1&% ':A-6% 2,39:?,A,6H3C% ;.-62&%

62-G:92:;:<:;%&?&%Q'1:368=%<?C%42,.8.&C%6:9?&;,(%$;8?&>8.&8%36898.&%A&<2:I&?H.:36&%

9:;824.:36&% <:36&A,863C% 3:0<,.&8'% ':.:3?:C5% 3:36:CF8A:% &0% 62&:?,(% S2&;&;1,%

3::6;8636;-LF8A:%':<&I&1,6:2,%2,33':628.,5%.,92'825%;%[9].

!M% ;MG2,?&% O6:6% '86:<% A&<2:I&?&0,D&&% 9:;824.:36&5% 6(1(% ':<&I&D&2:;,.&8%

9:;824.:36&%<,6>&1,%9:?C2.M'&%':?81-?,'&%O6,.:?,'&.,%-;8?&>&;,86%,<3:2GD&L%;:<M%&%

3.&7,86%,<3:2GD&L%.89:?C2.M4%:2A,.&>831&4%':?81-?%@.8I6&B(%

T&3(%[(% - 4&'&>831&=%<,6>&1

),% A&<2:I&?H.:=% 9:;824.:36&% '87<-% ':?81-?,'&%OH A2-99% <:?78.% .,4:<&6H3C%

38.3:2% @3'(%2&3(%[B5%6,1%78%1,1%&%;%3?->,8%3%38.3:2,'&%G&:I-.1D&:.,?H.:=%9:;824.:36&5%

2,33':628..M8%;MK8%;%9(%X(V(

S2&.D&9% 2,G:6M% <,..:=% 9:;824.:36&% 0,1?L>,863C% ;% 6:'5% >6:GM% 3% 38.3:2:'5%

G?,A:<,2C%A&<2:I&?H.M'%3;:=36;,'%9:;824.:36&5%1:.6,16&2:;,?,%928&'-F836;8..:%;:<,(%

#:A<,5%,.,?&0&2-C%88%1:?&>836;:5%':7.:%G-<86%3<8?,6H%;M;:<%:%1,>836;8%6:9?&;,(%h,6>&1&%

':A-6% GM6H% &0A:6:;?8.M% &% .,% :3.:;8% 3681?C..:A:% O?8162:<,% 3% ':<&I&D&2:;,..:=%

9:;824.:36HL(%/0;8368.%'86:<%':<&I&D&2:;,.&C%-A?82:<.M'&%.,.:62-G1,'&%`11a(%#,1,C%

9:;824.:36H%92&%:928<8?Q..:'%2,336:C.&&%'87<-%92&;&6M'&%.,.:62-G1,'&5%9:%.,K8'-%

'.8.&L% 6,178% ':786% 2,33',62&;,6H3C% 1,1% G&I-.1D&:.,?H.,C5% :<.,1:% 36:&':36H%

9:<:G.:=% ':<&I&1,D&&% ;M3:1,5% 9:6:'-% 928<36,;?C863C% G:?88% 98239816&;.M'%

:3-F836;?C6H%':<&I&D&2:;,.&8%G:?88%<8KQ;M'&%':<&I&1,6:2,'&5%:9&3,..M'&%;%<,..:=%

36,6H8(

3. L4I-780-0+123-4$H2I0:H343-K$1+,?$7$5+@+FMG$@+,-.-/-0+1233+K$

5+14063+78-$A04@34H4@2'
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J:<,% ;38A<,% 0,.&',?,% A?,;.:8% '836:% ;% 7&0.&% >8?:;81,(% J% 3:;28'8..:'% '&28%

O1:?:A&>831,C% 92:G?8',% ;MC;?8.&=% 0,A2C0.8.&=% ;:<M5% 88% :>&361,% &% 2,D&:.,?H.:8%

&39:?H0:;,.&8%:9C6H%;M4:<C6%.,%9828<.&=%9?,.%;%2,0;&6&&%O1:.:'&1&%G:?HK&.36;,%362,.%

'&2,(% R082:% +,=1,?5% J:?A,5% !:31;,-281,% – <,?81:% .89:?.M=% 39&3:1% 92:G?8',6&>.M4%

;:<.M4% 283-23:;% .,K8=% 362,.M(% /0->8.&8% &4% ;:<.:A:% G,?,.3,5% ,% G:?88% ;38A:% -2:;.C%

0,A2C0.8.&C% :9,3.M'&% ;8F836;,'&% – A?:G,?H.,C% 0,<,>,% .,K8=% 362,.M(% J36,86% ;:92:3% :%

2,..8=% 28A&362,D&&% <:9-36&':A:% -2:;.C% :9,3.M4% ;8F836;% <:% 6:A:5% 1,1% ;:<,% <:=<86% <:%

9:628G&68?C(%

),&G:?88%9:<4:<CF&'%;,2&,.6:'%28A&362,D&&%:9,3.M4%;8F836;%– O6:%28A&362,D&C%

&4% 3% 9:':FHL% 4&'&>831&4% <,6>&1:;(% ),92&'825% 3% 2,0;&6&8'% 92:'MK?8..:36&% ;% '&28%

-;8?&>&?:3H% 1:?&>836;:% ;MG2:3,% 1,684&.,% @9:G:>.M=% 92:<-16% ;% 280-?H6,68%

92:'MK?8..:A:%&39:?H0:;,.&C% 1,684:?,B(%h,..:8% ;8F836;:% 12,=.8%:9,3.:%<?C% 0<:2:;HC%

>8?:;81,(% R<.,1:5% 1,684&.% -<,?:3H% ?8A1:% 0,28A&362&2:;,6H% 3% 9:':FHL% :96&>831:A:%

4&'&>831:A:% <,6>&1,(%):% 4&'&>831&8% <,6>&1&% &'8L6% :A2,.&>8..M=% 32:1% O139?-,6,D&&(%

/5% 1,1% GM?:% .,9&3,.:% 2,.885% :<.&'% &0% 39:3:G:;% -;8?&>8.&C% ;28'8.&% &4% 2,G:6M% GM?:%

&39:?H0:;,.&8% 38.3:2:;% 3% G&:I-.1D&:.,?H.:=% 9:;824.:36HL% 3% D8?HL% 3:12,F8.&C%

;28'8.&% &4% 1:.6,16,% 3% 0,A2C0.Q..:=% ;:<:=% <:% .8:G4:<&':A:% <?C% 92:;8<8.&C%

&33?8<:;,.&C(% T8K8.&8'% O6:=% 92:G?8'M% <:36&A,863C% &39:?H0:;,.&8'% <,6>&1,% 3%

G&I-.1D&:.,?H.:=% 9:;824.:36HL% ;% 287&'8% 9828'8..:A:% <,;?8.&C% ;% &0'82&68?H.:'%

62-G:92:;:<8(

"&<2:I:G.-L% 9:;824.:36H% ':7.:% 9:?->&6H% 9-68'% ':<&I&D&2:;,.&C5% .,92&'825%%

,16&;&2:;,..:A:%128'.808',%&?&%,16&;&2:;,..:=%9:;824.:36& 3681?C..:=%62-G1&(%

S2&%4&'&>831:=%92&;&;18%3:8<&.8.&=%RnSiX4-n 3684&:'862&C%28,1D&&%0,;&3&6%:6%n

&%':786% GM6H% ;M2,78.,%I,16:2:'%F @:6.:K8.&8'% >&3?,% ':?8=5% 92:28,A&2:;,;K&4%R)-

A2-99% 1% >&3?-% ':?8=% ;36-9&;K8A:% ;% 28,1D&L% ':<&I&1,6:2,B(% N,16:2% F <?C%

':<&I&1,6:2:;5% 3:<827,F&4% <;8% &?&% 62&% A2-99M% m5% .,4:<C63C% ;% 928<8?,4% :6% <;-4% <:%

:<.:A:% &% .&1:A<,% .8% GM;,86% 2,;8.% 628'5% 6(1(% O6:% .8;:0':7.:% 9:% 3682&>831&'%

3::G2,78.&C'%@3'(%2&3(%cB.
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T&3(%c(%RG2,G:61,%4?:2&2:;,..M4%

9:;824.:368=%,'&.,'&

"&<2:I:G.:36H%G-<-6%:G8398>&;,6H%,?1&?H.M8%A2-99M5%6(1(%6,1:8%9:12M6&8%

:6?&>,863C%:6.:3&68?H.:=%<8K8;&0.:=%&%92:>.:36HL%`ga(

T&3(%U(%P?8;,E%9:;824.:36H%&%;:<,%;%:GM>.:'%287&'8%;%62-G8e

P92,;,E%9:;824.:36H%&%;:<,%92&%-;8?&>8..:'%<,;?8.&&%@1:.6,16%

3%38.3:2:'B

!87<-%I-.1D&:.,?H.M'& A2-99,'&%.,%;.-628..8=%9:;824.:36&%62-GM%G-<86%

-36,.:;?8.%4&'&>831&=%38.3:25%28A&362&2-LF&=%3:8<&.8.&C5%:9,3.M8%&%-A2:7,LF&8%

0<:2:;HL%&%7&0.&%>8?:;81,(

+?,A:<,2C%A&<2:I:G.:=%9:;824.:36&%4&'&>831&=%<,6>&1%.8%G-<86%&'86H%1:.6,16,%3%

;:<:=%@3'(%2&3(%UB(%R<.,1:5%-;8?&>&;%<,;?8.&8%;%62-G8%@.,92&'825%0,12M;%;8.6&?H%.,%

.8G:?HK:=%92:'87-6:1%;28'8.&B%':?81-?M%;:<M%G-<-6%1:.6,16&2:;,6H%3%38.3:2:'5%

1:6:2M=5%;%3;:L%:>828<H5%G-<86%28A&362&2:;,6H%92&3-636;&8%:9,3.M4%;8F836;(%J%3?->,8%

&4%:63-636;&C%':7.:%,;6:',6&>831&%92:<:?7&6H%9:<,>-%;:<M%;%62-G8(%h,;?8.&8%;:<M%

-'8.HK&63C5%&%38.3:2%:9C6H%92812,6&6%1:.6,16&2:;,6H%3%;:<:=(

J%.,K8'%3?->,8%'M%;MG2,?&%&'8..:%128'.808'5%6,1%1,1%128'.808'%3%

9:;824.:36.M'&%SiCl – A2-99,'&%39:3:G8.%;0,&':<8=36;:;,6H%.8%6:?H1:%3:%39&26,'&5%.:%

&%3%G:?HK&'%>&3?:'%<2-A&4%:2A,.&>831&4%28,A8.6:;(

J%1,>836;8%:<.:A:%&0%A?,;.M4%O?8'8.6:;%3:0<,.&C%A&<2:I&?H.:=%9:;824.:36&%'M%

&39:?H0:;,?&%C85%.:%;:0':7.:%&39:?H0:;,.&8%NH2 &?&%PXc(%

E?1+,?P

I. /39:?H0:;,.&8%G&:I-.1D&:.,?H.:=%9:;824.:36&%9:0;:?C86%92:<?&6H%32:1%

O139?-,6,D&&%4&'&>831:A:%38.3:2,%G80%&0'8.8.&C%O139?-,6,D&:..M4%4,2,1682&36&1(

II. JMK8%2,33':628..M=%39:3:G%@9(VB%9:;MK,86%6:>.:36H%:928<8?8.&C%

3:<827,.&C%92&'838=%;%3?->,8%,.,?&0,%3'838=%<;:=36;8..:=%92&2:<M%@;:<,%;%6:9?&;8B(

C5-7+A$ 9-84028;0?
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