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!./0/12/3.45 .,./167-86-74% 9&7/8/% 7,1:7/167,.5.4% ;% 1/;75'5../3%

'&87/<25867/.&85(% =/16% :7/&>;/?&652@./16&% :7&A/7/;B% /1./;,..4C% .,%

'&87/<25867/.&85B%;5?56%8%:/;495.&D%:/675A2E5'/3%&'&%%'/F./16&B%,B%125?16;5../B%8%

.5/AC/?&'/16&% /6;/?,% ;4?52EDF50/1E% ;% :7/G5115% 7,A/64% 65:2,% &% 7,1H56,%

65:2/:575./1,%;%'./0/12/3.4C%167-86-7,C(%

!./0/12/3.45%A&.,7.45%167-86-74%– :2/18&5%/A7,>/;,.&E%1%6/2F&./3%/?./0/%

12/E%IJ-KJ%.'(%L/2&H516;/%12/5;%;%167-86-75%25M&6%;%:75?52,C%/6%1/65.%?/%641EH(%N2/&%

;4:/2.5.4% &>% ?;-C% 7,>2&H.4C% ',657&,2/;% O;% 7,11',67&;,5'/3% 16,6@5% PQ% &% RST% &%

H575?-D61E%?7-0%1%?7-0/'%6,8B%H6/%-%8,M?/0/%12/E%/A,%1/15?.&C%;4:/2.5.4%&>%?7-0/0/%

',657&,2,(%

#/2F&.,%12/E%;%6,8&C%1&165',C%/A4H./%>.,H&652@./%'5.@95%?2&.4%1;/A/?./0/%

:7/A50,%:575./1H&8/;% 65:2,% O<25867/./;%&%U/././;T(%V% 6,8/'% 12-H,5% >,8/.%W-7@5%.5%

:7&'5.&'% ?2E% /:&1,.&E% 7,1:7/167,.5.&E% 65:2,% ;% /?./'% 12/5(% X1:/2@>/;,.&5%

-7,;.5.&E%65:2/:7/;/?./16&%W-7@5-L&7C0/U,%&182DH,561E(

Y2E% /:&1,.&E% :7/G511,% 65:2/:575./1,% ;% 12/&164C% 167-86-7,C% :75?2,0,561E%

125?-DF,E%'/?52@(%V.-67&%8,M?/0/%12/E%65':57,6-7,%/?&.,8/;,%:/%;153%50/%9&7&.5(%

),% 07,.&G,C% 12/5;% &'5D% '516/% 8/.5H.45% 18,H8&% 65':57,6-74B% ;:57;45%

<81:57&'5.6,2@./%/A.,7-M5..45%Z([(%L,:&G53%;%I\]I%0/?-%.,%07,.&G5%M&?8/0/%052&E%&%
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',657&,2,% 1/1-?,B% ;% 8/6/7/'% .,C/?&21E% 052&3(% #,8&'% /A7,>/'B% ;% './0/12/3.4C%

.,./167-86-7,C% 8,76&.,% 7,1:75?525.&E% 65':57,6-74% >.,H&652@./% /62&H,561E% /6%

6,8/;/3%?2E%',11&;.4C%1:2/9.4C%652(%

Z575./1% 65:2,% ;% 12/&164C% .,./167-86-7,C% /:75?52E561E% .5% :7/G511,'&%

7,115E.&E% <25867/./;% &% U/././;% ;.-67&% 759568&B% ,% :7/G511,'&% 7,115E.&E% H,16&G% .,%

&.657U531,C% O07,.&G,C% 12/5;T(% X.4'&% 12/;,'&B% :7/G511% 65:2/:575./1,% /:75?52E561E%

65:2/;4'% 1/:7/6&;25.&5'% !" O65:2/;/3% :7/;/?&'/16@D% #"T% L,:&G4(% V'516/% >,8/.,%
W-7@5% 125?-56% &1:/2@>/;,6@% U/7'-2-B% 1;E>4;,DF-D% -?52@.43% 65:2/;/3% :/6/8% q 1%

7,>./16@D% 65':57,6-7% 1/15?.&C% 12/5;% OT$ % T&), ;:57;45% :75?2/M5..-D% X(!(%

_,2,6.&8/;4'%`Iab

q = #" ' (T$ % T&).             (1)

Z7/G511%:575./1,%65:2,%1H&6,561E%/?./'57.4'B%6/%516@%7,1:7/167,.5.&5%65:2,%

7,11',67&;,561E%6/2@8/%;%.,:7,;25.&&%:57:5.?&8-2E7./'%:/;57C./16&%12/5;(

2. ?6,0&7$7&'()'&*&+),6$=$,()>,7)5$,7*-87-*&$

=,11',67&;,561E% /?./'57.43% :7/G511% 7,1:7/167,.5.&E% 65:2,% ;% './0/12/3./3%

.,./167-86-75B%1/16/EF53%&>%IJJJ%H575?-DF&C1E%12/5;%',657&,2/;%PQ%&%RS%6/2F&./3%

KJ% .'% 8,M?43(% V% .,H,2@.43% '/'5.6% ;75'5.& :57;45% IJ% 12/5;% &'5D6% 65':57,6-7-

\JJ%LB%,%;15%:/125?-DF&5%12/&%- cJJ%L O&'&6,G&E%&':-2@1./0/%.,075;,B%[2]). ),%7&1. 1

:/8,>,.,%7,11',67&;,5',E%'./0/12/3.,E%167-86-7,(

=&1(%I. $:/7E?/H5..,E%'./0/12/3.,E%.,./167-86-7,

 

Y2E%7,1H56,%:575./1,%65:2,%;%167-86-75%&1:/2@>-561E%-7,;.5.&5b

C( ' h( ' dT(
dt

= #") ' (T(*$ % T()% +"),- ' (T( % T(.$),       (2) 

0?5%i – ./'57%12/E%;%'./0/12/3./3%167-86-75d

N – 65:2/5'8/16@%',657&,2,B%YMe'
3
L;
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h – 6/2F&.,%12/EB%'d

[5;,E% H,16@ -7,;.5.&E% OfT 516@% &>'5.5.&5% <.570&&% i-0/% 12/E ;% 5?&.&G-% ;75'5.&B% ,%

:7,;,E%– :/?;5?5..,E%&%/6;5?5..,E%'/F./16&B% 1//6;5616;5../( V%8/.5H./-7,>./16./3%

U/7'5%-7,;.5.&5%OfT%&'556%;&?b

C( ' h( ' T(/.$ % T(/0 = +") ' (T(*$/ % T(/)% +"),- ' (T(/ % T(.$/ ),       (3) 

0?5 n – ./'57%;75'5../0/%12/E(

=&1. f%:/E1.E56%7,1H56.-D%1C5'-B%/:&14;,5'-D%-7,;.5.&5'%OcT(

=&1(%f. *.57056&H518&3%A,2,.1%i-0/%12/E

 

V%7,1H565%:7&.E6/B%H6/%65':57,6-7,%;.-67&%/6?52@./%;>E6/0/%12/E%.5&>'5..,%:/%

50/% 6/2F&.5(% X>'5.5.&5% 65':57,6-74% :7/&1C/?&6% 18,H8//A7,>./% .,% 07,.&G,C% 12/5;(%

L7,3.&5%12/&%167-86-74 65:2/&>/2&7/;,.4%/6%;.59.53%175?4(%),%7&1. c%:75?16,;25.%

07,U&8% 7,1:75?525.&E% 65':57,6-74% :/% 12/E'% .,./167-86-74% ;% '/'5.6% ;75'5.&

t = 10*1 1.

=&1(%3. =,1:75?525.&5%65':57,6-74%:/%12/E'%.,./167-86-74: '/'5.6%;75'5.&

t = 10*1 c



!/2/?5M.43%.,-H./-65C.&H518&3%;516.&8%WN^^-51038

X>% 07,U&8, ;&?./B% H6/% ;% 175?.53% 50/% H,16&% &'5D61E% g',245h% &% gA/2@9&5h% 18,H8&%

65':57,6-74% .,% 07,.&G,C% 12/5;(% Y,..43% U,86% /AiE1.E561E% 7,>2&H./3% ;52&H&./3%

:7/;/?&'/16&% L,:&G4% :7&% :575C/?5% /6% 12/E%Al 8% 12/D%Ti &% /6% 12/E%Ti 8% 12/D%Al.

Z/8,>,..43% 07,U&8% :/2-H5.% :7&% -12/;&&B% H6/% :7/;/?&'/16@% L,:&G4% :7&% :575C/?5

Al–Ti ;%K%7,>%'5.@95B%H5'%:7&%:575C/?5%Al–Ti.

V%C/?5%,.,2&>,%OcT%;4E;25.,%>,;&1&'/16@%7,1H56./3%1C5'4%/6%9,0,%:/%;75'5.&%0.

),% 7&1. ]% :/8,>,.4% 7,1:75?525.&E% 65':57,6-7% :7&% 9,05% :/% ;75'5.&% 7,;./'% 10*2 &%
10*$3 1( Z7&%9,05%:/%;75'5.&%A/2@95'%10*2 1%7,1H56.,E%1C5',%7595.&E%.5%&'556(

=&1(%4. =,1:75?525.&5%65':57,6-74%:/%12/E'%.,./167-86-74: '/'5.6%;75'5.&

t = 10*1 c :7&%7,>2&H.4C%9,0,C%7,1H56./3%1C5'4%:/%;75'5.&

L,8% ;&?./% &>% 07,U&8/;B% :7&% -'5.@95.&&% 9,0,% :/% ;75'5.&% 7,1:75?525.&5%

65':57,6-74% 16,./;&61E% A/255% 87-64'B% 6/% 516@% :575./1% 65:2/64% ;.-67&% 167-86-74%

?/2M5.% >,'5?2&6@1E(% Z/2-H5..43% 75>-2@6,6% '/M56% A46@% /AiE1.5., 512&% :7&.E6@% ;%

7,11'/675.&5B% H6/% 18/7/16@% :575./1,% 65:2,% ;% /6?52@./% ;>E6/'% 12/5% /07,.&H5.,%

18/7/16@D% >;-8,% a>; ?2E% ?,../0/% ',657&,2,(% Z7&% -'5.@95.&&% 9,0,% :/% ;75'5.&%

.,16-:,56%'/'5.6B%8/0?,%/.%16,./;&61E%'5.@95%C,7,8657./0/%;75'5.&%7,1:7/167,.5.&E%

65:2/64% ;% 12/5(% N25?/;,652@./B% 7,11',67&;,5',E% 1C5',% &'556% /07,.&H5.&5% :/%

'&.&',2@./% ;/>'/M./'-% 9,0-% :/% ;75'5.&. #,8&'% /A7,>/'B% &'5561E% 125?-DF55%

-12/;&5b

0 4 h

a>;
.                (4)
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Z/18/2@8-% 18/7/16@% >;-8,% ;% 6&6,.5% ]I]J% 'e1B ;% ,2D'&.&&% – KIJJ%'e1B% 6/% ;% O]T%

125?-56%:/16,;2E6@%>.,H5.&5%18/7/16&%?2E%6&6,.,(%Y2E%12/E%6&6,.,%6/2F&./3%KJ%.'%9,0%

:/% ;75'5.&% ?/2M5.% A46@% .5% '5.55% 1,21 ' 10*$$ 1. Z7&% 6F,652@./'% ,.,2&>5% 7595.&3B%

:/2-H5..4C%:/%-7,;.5.&D%OcTB%;4E;25./B%H6/%:7&%9,05%:/%;75'5.&%5 10*$$ 6 &%'5.55%
.,A2D?,561E%1'5F5.&5%65':57,6-7./3%87&;/3%,.,2/0&H./5%:/8,>,../'-%.,%7&1. 4.

X>% 65/7&&% 65:2/:7/;/?./16&% &>;516./B% H6/% 8/<UU&G&5.6%

65':57,6-7/:7/;/?./16& a 1;E>,.%1/%18/7/16@D%:575./1,%65:2,%;47,M5.&5'b

w~7 a89 ,                   (5)

0?5

a =
j

C9 ' k .             (6)

N/02,1./% OlT% ?2E% ,2D'&.&E% 8/<UU&G&5.6% 65':57,6-7/:7/;/?./16&% &'556%

;52&H&.-% 9,16 ' 10*:  '& 1; . V75'E% 752,81,G&&% ?2E% ,2D'&.&E% 89~10*$$ 6, 6/0?,% :/%
;47,M5.&D%OKT%18/7/16@%7,1:7/167,.5.&E%65:2,%;%,2D'&.&&%w~3000 < 6; B%H6/%IB^%7,>%
'5.@95% 18/7/16&% >;-8,% ;% ,2D'&.&&(% #,8&'% /A7,>/'B% ;% ;47,M5.&&% OKT% :/?%w 125?-56%

:/.&',6@%=>?.

Z75?:/2/M5.&5% /A% /07,.&H5.&&% '&.&',2@./0/% 9,0,% :/% ;75'5.&% ;75'5.5'%

7,1:7/167,.5.&E% 65:2,% '/M56% A46@% :/?6;57M?5./B% 512&% 7,11'/6756@% 167-86-7-%

,.,2/0&H.-D% Al –TiB% ',657&,24% 8/6/7/3% /A2,?,D6% 65'&% M5% 1;/316;,'&B% ./%

65:2/5'8/16&% ',657&,2/;% :7&.E6@% ;% IJ
4
7,>% A/2@9&'&(% #/0?,B% :7&% :7/H&C% 7,;.4C%

-12/;&ECB%18/7/16@%7,1:7/167,.5.&E%65:2,%O18/7/16@%>;-8,T%?/2M.,%-'5.@9&6@1E%;%IJ
2

7,>B% ,% ;75'E%7,1:7/167,.5.&E% 65:2,B% 1//6;5616;5../B% % -;52&H&6@1E% ;/% 16/2@8/%M5%7,>b%

8~ 10*2 6(%=,1H564%:/%;47,M5.&D%OcT%?2E%6,8/3%167-86-74%:/8,>4;,D6B%H6/%/682/.5.&5%
65':57,6-7./0/%:7/U&2E%.,H&.,561E%:7&%9,05%:/%;75'5.&%5 10*2 6.
3. @*6=+&+>&$7&'()'&*&+),6$= ,()>,7)5$,7*-87-*&$>$,'()A+)3$7&(&

V;&?-% /1/A5../1653% 65:2/:575./1,% ;% './0/12/3.4C% .,./167-86-7,C% ;/:7/1%

17,;.5.&E% 65:2/:575./1,% ;% 6,8&C% 167-86-7,C% 1% 65:2/:575./1/'% ;% 1:2/9.4C% 652,C%

E;2E561E% ;51@',% 12/M.4'(% V% 2&657,6-7.4C% &16/H.&8,CB% .,:7&'57% [3]B% ;1675H,561E%

17,;.5.&5%8/<UU&G&5.6/;%65:2/:7/;/?./16&%1:2/9./0/%652,%&%12/&16/3%167-86-74(%
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V% ?,../3% 16,6@5% :7/&>;5?5./% 17,;.5.&5% 12/&16/3% .,./167-86-74% &%

<8;&;,25.6./0/%1:2/9./0/%652,%O12/ET%6/2F&./3:

@ = A h(
$BBB
(C$

.

Z/2./5%65:2/;/5%1/:7/6&;25.&5%12/&16/3%167-86-74%/:75?52E561E%1-''/3b

!D = A (!") +
h(E()

$BBB
(C$

,                   (7) 

,%65:2/;/5%1/:7/6&;25.&5%<8;&;,25.6./0/%1:2/9./0/%652,b

kFGH" =
m

jFGH" .              (8) 

X>% ;47,M5.&3% O^TB% OnT%'/M56% A46@% .,3?5.% 8/<UU&G&5.6% 65:2/:7/;/?./16&%',657&,2,%

<8;&;,25.6./0/%1:2/9./0/%652,b

jFGH" =
m

kFGH" .              (9) 

),%7&1. K%:/8,>,.4% 07,U&8&%7,1:75?525.&E% 65':57,6-74%;% 12/&16/3% 167-86-75%

Al–Ti &% 1:2/9./'% 6525% 1% 8/<UU&G&5.6/'% 65':57,6-7/:7/;/?./16&

a = 2,4 ' 10*I  <& 6; ;%'/'5.64%;75'5.&%t = 10*I, 5 ' 10*I, 10*1 6.

=&1(%5. N7,;.5.&5%65:2/:575./1,%;%12/&16/3%167-86-75%&%1:2/9./'%6525
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L,8%;&?./%7,1:75?525.&E%65':57,6-74%;%12/&16/3%167-86-75% %&%1:2/9./'%6525%

?/16,6/H./% C/7/9/% .,82,?4;,D61E% ?7-0% .,% ?7-0,(% o?.,8/% :/2-H5../5% >.,H5.&5%

8/<UU&G&5.6,% 65':57,6-7/:7/;/?./16&% <8;&;,25.6./0/% 1:2/9./0/%652,%.,% c%:/7E?8,%

'5.@95B%H5'%-% ,2D'&.&E(%Y,..43%75>-2@6,6%-8,>4;,56%.,%>.,H&652@./%A/255%;41/8/5%

65:2/;/5%1/:7/6&;25.&5%12/&16/3%167-86-74%:/%17,;.5.&D%1/%1:2/9.4'%652/'(%

B68(C0&+>&

),% /1./;,.&&% -7,;.5.&E% A,2,.1,% <.570&&% ?2E% /?./0/% 12/E% :7/;5?5.4% 7,1H564%

65:2/:575./1,% ; -:/7E?/H5../3% './0/12/3./3% .,./167-86-75% Al–Ti. Z/2-H5./%

7,1:75?525.&5% 65':57,6-74% ;% 167-86-75(% V4E;25.,% >,;&1&'/16@% 7,1H56./3% 1C5'4% /6%

9,0,%:/%;75'5.&(%Z/8,>,./B%H6/%'&.&',2@.43%9,0%:/%;75'5.&%/:75?52E561E%18/7/16@D%

7,1:7/167,.5.&E%65:2,%;%12/5(%

Z75?2/M5.% 87&657&3% 17,;.5.&E% 12/&164C% 167-86-7% &% 1:2/9.4C% 652(%

Z7/&>;5?5./%17,;.5.&5%65:2/:575./1,%;%'./0/12/3./3 167-86-75%&%1:2/9./'%6525(%

@'>,)8$(>7&*67-*1

1. _,2,6.&8/;%X(!(%V;5?5.&5%;%65/7&D%1;57C658-H516&(%!(b%),-8,B%I\lK(%IlJ%1(

2. #5':57,6-7/:7/;/?./16@% .,./8/':/>&6.4C% './0/12/3.4C% :25./8% RSPQ% e Z(p(

q40,.8/; [&%?7(] !,657&,24%rrss%!5M?-.,7/?./0/%1&':/>&-',%t#/.8&5%:25.8&%;%

<25867/.&85tB%!.: #5C./',9B%fJJ\B%1.469
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