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%&'()*+,$ *$ ,./(0*'1 0&2&3*4$ (50,'367$ 83&23*7$ 3&9',:*(3,0367$

;,),<$'&=.(=0(8()3(9'*

!"#$%&"&'()&$*$"&+#,-$.-$"&+#,$/&,%$%&"&*/"(01#$/&,%&"-/2".(3($%(45$

)&/-4&0$ %("6.&7(3($ )7#3-/&45$ *28&*/7&..($ (/*/-&/$ (/$ /&,%-$ #9,&.&.#5$

3"-.#:.;' 2*4(7#0$ .-$ /&%4(7(*%"#.#,-<8#'$ %(7&"'.(*/5'$ )&/-4&0=$ %(>/(,2$

%"#$ "-**,(/"&.##$ /-1#'$ 9-)-:$ ?&4&*((@"-9.($ .&$ 2:#/;7-/A$ ?#14#:&*1#&$

#9,&.&.#5$%-"-,&/"(7$3"-.#:.;' 2*4(7#0$7 %"&)&4-'$:&"&)2<8#'*5$?#14(7=$-$

"-**,-/"#7-/A$ .&1(/(";&$ 2*4(7.;& 3"-.#:.;&$ 2*4(7#5=$ (*"&).&..;& 7

%"&)&4-'$().(3($?#14-B

C#14#:&*1#&$ #9,&.&.#5 %-"-,&/"(7$ 3"-.#:.;' 2*4(7#0$ #$ 7;9;7-&,;&$

#,#$ 1(4&@-.#5$ /&,%&"-/2";$ /&%4(7(*%"#.#,-<8#'$ %(7&"'.(*/&0$ *4&)2&/$

2:#/;7-/A$ %"#$ -.-4#9&$ (*(@&..(*/&0$ /&%4(%&"&)-:#$ 7$ %"&)&4-'$ ?#14-B$

D-1(.(,&".(*/#$ *4(+.(3($ 1(.7&1/#7.(-"-)#-?#(..(3($ /&%4((@,&.-$ 7$

?#4#.)"-'$ %("6.&7;' )7#3-/&4&0$ 2*/-.-74#7-</$ 7$ (*.(7.(,$ .-$ @-9&$

>1*%&"#,&./-4A.(3($ #92:&.#5$ "-*%"&)&4&.#5$ %4(/.(*/&0$ .&*/-?#(.-".(3($

/&%4(7(3($ %(/(1-$ %($ %(7&"'.(*/5,$ 1-,&";$ *3("-.#5$ )7#3-/&4&0B$ E45$

#9,&"&.#5$ %&"#()#:&*1#$ #9,&.5<8#'*5 %4(/.(*/&0$ /&%4(7(3($ %(/(1-$ .-$
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%(7&"'.(*/5'$ %("6.&0=$ 14-%-.(7=$ 3(4(7(1$ #$ 3#4A9$ ?#4#.)"(7$ *$ 2*%&'(,$

#*%(4A9(7-4#*A$ %(7&"'.(*/.;&$ /&",(%-";$ #$ %4-/#.(7;&$ /&",(,&/";$

*(%"(/#74&.#5$ [3, 4, 6, 7, 11, 12, 13]. J9,&"&..;&$ *$ %(,(8A<$ >/#'$

/&",(%"#&,.#1(7$1(4&@-.#5$/&,%&"-/2";$%(7&"'.(*/#$"-*14-);7-</*5$7$"5)$

G2"A&$ .-$ 3-",(.#:&*1#&$ *(*/-745<8#&=$ )45$ 1-+)(0$ 3-",(.#1#$ .-'()#/*5$

*((/7&/*/72<8-5$ &0$ 3-",(.#:&*1-5$ *(*/-745<8-5$ %4(/.(*/#$ /&%4(7(3($

%(/(1-$.-$%(7&"'.(*/#$/&4-$7$%"&)%(4(+&.##$().(,&".(3($"-*%"(*/"-.&.#5$

/&%4(/;$ 7$ %(42@&*1(.&:.(,$ %"(*/"-.*/7&=$ -$ 9-/&,$ *2,,#"2</*5$

*(*/-745<8#&$ %4(/.(*/#$ /&%4(7(3($ %(/(1-B$ K-1#,$ (@"-9(,$ (?&.#7-</*5$

1(4&@-.#5$ %4(/.(*/#$ /&%4(7(3($ %(/(1-$ 7$ ,&*/&$ 2*/-.(71#$ /&",(%"#&,.#1-=$

.($ )45$ (?&.1#$ %(*/(5..(0$ *(*/-745<8&0$ %4(/.(*/#$ /&%4(7(3($ %(/(1-$

.&(@'()#,;$ )(%(4.#/&4A.;&$ #9,&"&.#5B$ K-1=$ 7$ "-@(/-'$ [6, 11, 12] )45$

.-'(+)&.#5$ .24&7(0$ 4#.##$ #*%(4A9(7-4*5$ #*12**/7&..;0$ %"#&,$ -

.-'(+)&.#&$ ,(,&./-$ "-7&.*/7-$ *"&).&0$ /&",()#.-,#:&*1(0$ /&,%&"-/2";$

"-@(:&3($ /&4-$ 7$ ?#4#.)"&$ #$ /&,%&"-/2";$ %(7&"'.(*/#$ /&",(%"#&,.#1-B$

H"&).55$ /&",()#.-,#:&*1-5$ /&,%&"-/2"-$ "-@(:&3($ /&4-$ .-'()#4-*A$ %2/&,$

(@"-@(/1#$#.)#1-/(".;'$)#-3"-,,B$L*4(7.(*/A$(%#*-..(3($%"#&,-$(:&7#).-B$

M(-%&"7;'=$7$"-@(:&,$/&4&$.-@4<)-&/*5$57.-5$.&().("().(*/A$/&,%&"-/2".(3($

%(45$ %($ %"(*/"-.*/72$ 1-,&";$ *3("-.#5$ 7$ 4<@(0$ ,(,&./$ 7"&,&.#B$ M(-7/(";',

*4&)2&/$2:#/;7-/A=$:/($7$1-,&"&- *3("-.#5$#,&&/$,&*/($*4(+.;0$"-)#-?#(..(-

1(.7&1/#7.;0$/&%4((@,&.B$M-/"&/A#'=$#.)#1-/(".-5$)#-3"-,,-$"&3#*/"#"2&/*5$

#$ (@"-@-/;7-&/*5$ *$ (%"&)&4&..(0$ %(3"&6.(*/5,#=$ 1(/(";&$ *1-+2/*5$ .-$

%(3"&6.(*/#$(?&.1#$.24&7(0$4#.##$%4(/.(*/#$/&%4(7(3($%(/(1-$#$%(*/(5..(0$

&3($ *(*/-745<8&0B$ N"(,&$ /(3(=$ "-7&.*/7($ /&,%&"-/2";$ 3-9-$ #$ %(7&"'.(*/#$

#,&&/$ ,&*/($ 7$ 9(.&$ *4-@(3($ #9,&.&.#5$ >/#'$ /&,%&"-/2"=$ :/($ %"#7()#/$ 1$

@(4A6#,$ 7"&,&..;, %(3"&6.(*/5,$ 7$ (?&.1&$ ,(,&./-$ "-7&.*/7-$ .24<$

%4(/.(*/#$/&%4(7(3($%(/(1-$#$(?&.1#$%(*/(5..(0$*(*/-745<8&0B

M$ "-@(/&$ [7] ().(7"&,&..($ *$ %24A*-?#5,#$ /&,%&"-/2";$ %(7&"'.(*/#$
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/&",(%"#&,.#1-$O%(7&"'.(*/.(0$/&",(%-";P$#9,&"54-*A$/&,%&"-/2"-$*/&.1#$.-$

342@#.&=$ 3)&$ (/*2/*/72</$ 1(4&@-.#5$ /&,%&"-/2";$ O.&$ %"(.#1-</$

/&,%&"-/2".;&$ 7(4.;P=$ :/( 3"-)#&./-,$ ,&/()(,$ )-7-4($ 7(9,(+.(*/A$ (?&.#/A$

7&4#:#.2$ *"&).&3($ 9-$ ?#14$ /&%4(7(3($ %(/(1-$ O%(*/(5..2<$ *(*/-745<82<$

%4(/.(*/#$ /&%4(7(3($ %(/(1-PB$ J*%(4A9(7-.#&$ 3"-)#&./.(3($ ,&/()-$ *759-.($ *$

%"(@4&,(0$ .-)&+.(0$ (?&.1#$ 1((")#.-/$ *%-&7$ */-?#(.-".;'$ /&",(%-"$ #$

(@&*%&:&.#&,$().(,&".(*/#$/&%4(7(3($%(/(1-$7$,&*/&$#9,&"&.#5B

Q(4&&$ %"&)%(:/#/&4A.;,$ %"&)*/-745&/*5$ #*%(4A9(7-.#&$ )45$ (?&.1#$

.&*/-?#(.-".;'$ %4(/.(*/&0$ /&%4(7;' %(/(1(7$ 7$ %("6.&7;'$ )7#3-/&45'$

().(>4&,&./.;' )-/:#1(7$/&%4(7;' %(/(1(7$[1, 5, 8, 9], %"#$2*/-.(71&$1(/(";'$

%"&)2*,-/"#7-</*5$ ,&"(%"#5/#5=$ (@&*%&:#7-<8#& ().(,&".(*/A$ /&%4(7(3($

%(/(1-$7$,&*/&$#9,&"&.#5$# (%"&)&4&.#&$*$7;*(1(0$/(:.(*/A<$1((")#.-/$*%-&7$

/&",(%-", -$ /-1+&$ 2,&.A6&.#&$ %(3"&6.(*/&0$ #9,&"&.#0$ %2/&,$ */-/#:&*1(0$ #$

)#.-,#:&*1(0$3"-)2#"(71#$)-/:#1(7B

R#*B$SB$E-/:#1$/&%4(7(3($%(/(1T
1 – 1("%2*U$V$– /&%4(,&/"#:&*1#0$>4&,&./U 3 – 9-6#/.;0$*4(0U$W$- >4&1/"();

X-$ "#*B1 %"#7&)&.-$ *'&,-$ )-/:#1-$ /&%4(7(3($ %(/(1-=$ *(*/(58&3($ #9$

1("%2*-=$ #93(/(74&..(3($ #9$ ,-/&"#-4-=$ /&%4(%"(7().(*/A$ 1(/("(3($ @4#91-$ 1$

/&%4(%"(7().(*/#$ ,-/&"#-4-$ )&/-4#=$ 7$ 1(/("(0$ %"&)%(4-3-&/*5$ 2*/-.-74#7-/A$
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)-/:#1=$*(*/(58#0$#9$1(.*/-./-.(7(3($/&%4(,&/"#:&*1(3($>4&,&./-$/(48#.(0$1

,,=$ %(1";/(3($ 9-8#/.;, *4(&,$ ,&)#$ /(48#.(0$ Y=S-Y=YZ$ ,,B$ !(*4&).#0$

7;%(4.5&/$ [2.1?#<$ 1(./-1/-$ ,&+)2$ >4&1/"()(,$ #$ /&%4(,&/"#:&*1#,$

>4&,&./(,$ )45$ (@"-9(7-.#5$ *%-5$ /&",(%-";$ #$ 9-8#/;$ /&%4(,&/"#:&*1(3($

>4&,&./-$ (/$ .&%(*"&)*/7&..(3($ 1(./-1/-$ *$ -3"&**#7.(0$ *"&)(0$ 7$ ?#4#.)"&$

)7#3-/&45B$K&%4(,&/"#:&*1#0$>4&,&./$1"&%#/*5$)#[[29#(..(0$*7-"1(0$1$/("?2$

1("%2*-B$ M$ *"&).&0 :-*/#$ )-/:#1-$ 2*/-.(74&.;$ /"#$ >4&1/"()-B$ !"(*/(/-$ #$

.-)&+.(*/A$1(.*/"21?##$ /-1(3($)-/:#1-$(@&*%&:#7-&/$6#"(1(&$#*%(4A9(7-.#&$

#'$ )45$ #9,&"&.#0 %4(/.(*/&0 /&%4(7;' %(/(1(7$ 7$ >.&"3(2*/-.(71-'B$

\27*/7#/&4A.(*/A$ /-1#'$ )-/:#1(7$ (?&.#7-&/*5$ 7$ *"&).&,$ 7&4#:#.(0 400-500 

M/](,$,1MPB M$"-@(/-'$ ^1, 2] /-1#&$)-/:#1#$(%#*-.;$)(*/-/(:.($%()"(@.(=$ -$7$

"-@(/-'$ [5, 8, 9, 10] )-.($ (@(*.(7-.#&$ %"#,&.&.#<$ #'$ )45$ #9,&"&.#5$

.&*/-?#(.-".;'$ /&%4(7;' %(/(1(7$ 7$ ?#4#.)"-'$ %("6.&7;' )7#3-/&4&0B$ E45$

7(**/-.(74&.#5 %4(/.(*/#$ /&%4(7(3( %(/(1-$ .-$ %(7&"'.(*/#$ /&%4(9-8#/.(3($

*4(5$ )-/:#1-$ "-**,-/"#7-&/*5$ .&*/-?#(.-".-5$ 9-)-:-$ /&%4(%"(7().(*/#$ )45$

.&().("().(0$%4-*/#.;$O/&%4(,&/"#:&*1#0$>4&,&./$*$9-8#/.;,$*4(&,P:

3)&$l1- /(48#.- /&%4(,&/"#:&*1(3($>4&,&./-;

l 2 -/(48#.-$9-8#/.(3($*4(5=

-1, _1 - 1(>[[#?#&./$ /&,%&"-/2"(%"(7().(*/#$ #$ /&%4(%"(7().(*/#$
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/&%4(,&/"#:&*1(3($>4&,&./-=

-V=$ _V$ - 1(>[[#?#&./$ /&,%&"-/2"(%"(7().(*/#$ #$ /&%4(%"(7().(*/#$

9-8#/.(3($*4(5B

M$ "-@(/&$ ^`a$ %"#7&)&.( "&6&.#&$ 21-9-..(0$ 9-)-:#$ )45$ .&().("().(0$

)72*4(0.(0$ %4-*/#.;$ O*7&)&.#&$ &&$ 1$ 1"-&7(0$ 9-)-:&$ *$ .24&7;,#$ 3"-.#:.;,#$

2*4(7#5,#= "&6&.#&$%(42:&..(0$1"-&7(0$9-)-:#$,&/()(,$G2"A&P$#$%(*/"(&.#&$

#./&3"-4A.(3($2"-7.&.#5$M(4A/&""-$(/.(*#/&4A.($%4(/.(*/#$/&%4(7(3($%(/(1-$

%"#$.-4#:##$#9,&"&..;'$1(4&@-.#0$ /&,%&"-/2";$.-$ /&%4(7(*%"#.#,-<8&0$#$

('4-+)-&,(0$ %(7&"'.(*/5'$ /&%4(,&/"#:&*1(3($ >4&,&./-B$ E45$ .-'(+)&.#5$

%4(/.(*/#$/&%4(7(3($%(/(1-$/-,$+&$[8] %"#7&)&.;$"&12""&./.;&$[(",24;T

!(3"&6.(*/A$7(**/-.(74&.#5$%4(/.(*/#$/&%4(7(3($%(/(1-$%($#9,&"&..;,$

1(4&@-.#5,$/&,%&"-/2";$.-$%(7&"'.(*/5'$/&%4(,&/"#:&*1(3($>4&,&./-$9-7#*#/$

(/$ .-)&+.(0$ (?&.1#$ /&%4([#9#:&*1#'$ '-"-1/&"#*/#1=$ /(48#.;$ >4&,&./-=$

:-*/(/.;' '-"-1/&"#*/#1$ (?&.#7-&,(3($ /&%4(7(3($ %(/(1-=$ %(3"&6.(*/&0$

#9,&"&.#5$/&,%&"-/2";$#$)"B

M$ 2*4(7#5'$ )7#3-/&4&0$ 7.2/"&..&3($ *3("-.#5$ %(7&"'.(*/#$ )&/-4&0=$
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(@"-92<8#'$ 1-,&"2$ *3("-.#5=$ %(1";7-</*5$ .-3-"(,=$ %(>/(,2$ #$ )-/:#1$

/&%4(7(3($ %(/(1-$ :&"&9$ .&1(/("(&$ 7"&,5$ "-@(/;$ /-1+&$ @2)&/ %(1";/$ *4(&,$

.-3-"-=$7.(*58#,$#*1-+&.#&$7$/&,%&"-/2".(&$%(4&$)-/:#1- #$&3($%(1-9-.#5= :/($

7;.2+)-&/$ "-**,-/"#7-/A$ %"#$ "&6&.##$ 9-)-:#$ 7(**/-.(74&.#5$ %4(/.(*/#$

/&%4(7(3($ %(/(1-$ @(4&&$ *4(+.2<$ *#*/&,2=$ *(*/(582<$ #9$ /&%4(,&/"#:&*1(3($

>4&,&./-=$9-8#/.(3($*4(5$#$*4(5$.-3-"-$O*-+#PB

M$ @(4A6#.*/7&$ *42:-&7$ %"#$ #**4&)(7-.#5'$ /&%4((@,&.-$ 7$ EMH$ .&$

2:#/;7-</$ .-3-"=$ *:#/-5=$ :/($ (%"&)&4&..-5$ >1*%&"#,&./-4A.($ %4(/.(*/A$

/&%4(7(3($ %(/(1-$ 2:#/;7-&/$ &3($ .-4#:#&$ O[-1/#:&*1#$ %4(/.(*/A$ /&%4(7(3($

%(/(1-$(?&.&.-$.-$%(7&"'.(*/#$)&/-4#$%()$*4(&,$.-3-"-P$#$%"#$#*%(4A9(7-.##$

(?&.&..;'$ %4(/.(*/&0$ )45$ "-*:&/-$ /&,%&"-/2".;'$ %(4&0$ %(*4&).#&$ @2)2/$

*%"(3.(9#"(7-.;$%"-7#4A.(B$b*4#$2:#/;7-/A$/(4A1($>/($%"#,&.&.#&$(?&.&..;'$

%4(/.(*/&0$/&%4(7;'$%(/(1(7=$/($,(+.($*(34-*#/A*5$*$/-1#,#$"-**2+)&.#5,#B$

X($ *(7&"6&..($ 5*.(=$ :/($ #*%(4A9(7-.#&$ /-1#,$ (@"-9(,$ (%"&)&4&..;'$

%4(/.(*/&0$/&%4(7;'$%(/(1(7$@2)&/$%"#7()#/A$1$(6#@1-,$7$(?&.1&$4(1-4A.(3($

.&*/-?#(.-".(3($/&%4(7(3($%(/(1-$(/$"-@(:&3($/&4-$%"#$,()&4#"(7-.##$?#14-$

EMH$ #$ 7.(*#/A$ (6#@1#$ 7$ "&924A/-/;$ ,()&4#"(7-.#5B$ M(9.#1-&/$ 9-)-:-$

(?&.#7-.#5$%4(/.(*/#$.&*/-?#(.-".(3($ /&%4(7(3($%(/(1-$ 7$ 1-,&"&$ *3("-.#5$*$

2:&/(,$*4(5$.-3-"-B

>&2&3*&$?@A$).4$'&=.(1&'0*<&9+(/($B.&1&3',

c@4-*/A$ /&%4(,&/"#:&*1(3($ >4&,&./-$ -%%"(1*#,#"2&,$ ().(,&".;,#$

1(.&:.;,#$ >4&,&./-,# ("#*B 2P=$ "-*%"&)&4&.#&$ /&,%&"-/2";$ 7$ %"&)&4-'$

1(/(";' -%%"(1*#,#"2&,$4#.&0.(0$9-7#*#,(*/A<:

,

3)&$ Ni, Nj - [2.1?#5$ [(",;=$ Ki=$ Kj- 9.-:&.#5$ /&,%&"-/2";$ 7$ 294-'$ i #$ j,

*((/7&/*/7&..(B
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R#*B$VB$N(.&:.(>4&,&./.-5$,()&4A$/&%4(,&/"#:&*1(3($>4&,&./-

L94;$ 1(.&:.(->4&,&./.(0$ ,()&4#$ "-*%"&)&4#,$ 7$ (@4-*/#$ *($ *328&.#&,$

(/$ 294-$ S$ OdeYP$ 1$ 2942$ n=$ 2:#/;7-5$ .-"-*/-.#&$ -,%4#/2);$ 1(4&@-.#5$

/&,%&"-/2";$%"#$%"#@4#+&.##$1$.-3"&7-&,(0$%(7&"'.(*/# /&%4(,&/"#:&*1(3($

>4&,&./-$ O"#*B$ 2PB$ N-+)(,2$ >4&,&./2$ %(*/-7#,$ 7$ *((/7&/*/7#&$ 9.-:&.#5$

/&%4([#9#:&*1#'$ '-"-1/&"#*/#1$ O_, Cf) )45 2:&/-$ #'$ 9-7#*#,(*/#$ (/$

/&,%&"-/2";B$ !(*/-7#7$ 7$ *((/7&/*/7#&$ 1-+)(,2$ 2942$ 1(./"(4A.;0$ (@g&,$ #$

7;%(4.#7$*/-.)-"/.;&$(%&"-?##$FNc, %(42:#,$)#*1"&/.;0 -.-4(3$2"-7.&.#5$

/&%4(%"(7().(*/#$#$*((/7&/*/72<8#&$1(.&:.(-"-9.(*/.;&$2"-7.&.#5T

3)&$Li - )4#.-$ >4&,&./-=$ ht - 6-3$ %($ 7"&,&.#=$ 7;@#"-&,;0$ %($ 2*4(7#<

2*/(0:#7(*/#=$ i - 9.-:&.#&$ /&,%&"-/2";$ .-$ %"&);)28&,$ 7"&,&..(,$ *4(&B$

!(*1(4A12$9.-:&.#5$/&,%&"-/2";$7$3"-.#:.;' 294-'$#97&*/.;=$/(=$9-)-7 T1=f(t)

#$ jVeF(t)=$ ,(+.($ .-$ (:&"&).(,$ 7"&,&..(,$ *4(&$ 7;:#*4#/A$ 9.-:&.#5$

/&,%&"-/2";$7$294-'$i=2, …, n-S$#9$7/("(3($2"-7.&.#5$*#*/&,;:
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-$%(*4&$>/(3($7;:#*4#/A$9.-:&.#5$%4(/.(*/&0$/&%4(7;' %(/(1(7$7$294-'$1 #$k$%($

9-7#*#,(*/5,:

!&"&)$ .-:-4(,$ 7;:#*4&.#0$ %($ 7"&,&..;, 6-3-,$ .-$ %&"7(,$ 7"&,&..(,$

*4(&$.&(@'()#,($"-**:#/-/A$*/-?#(.-".(&$"-*%"&)&4&.#&$/&,%&"-/2";$7$294-'$

i=2, ... , n,- 9-)-7$7$294-'$S$#$V 3"-.#:.;&$2*4(7#5$%&"7(3($"()-T

M;:#*4&.#5$ %($ 7"&,&..;,$ 6-3-,$ .&(@'()#,($ %"()(4+-/A$ )(

7;%(4.&.#5$ 2*4(7#0$ %&"#()#:.(*/#B$ D-7&"6&.#&$ #/&"-?#(..(3($ %"(?&**-$

(*28&*/745&/*5$ %"#$ 7;%(4.&.##$ 2*4(7#5$ q1s=qns, 3)&$ q1s #$ qns - *"&).#&$ 9-$

%&"#()$ ?#14-$ l 9.-:&.#5$ %4(/.(*/&0$ /&%4(7;' %(/(1(7$ .-$

/&%4(7(*%"#.#,-<8&0$ #$ /&%4((/)-<8&0$ %(7&"'.(*/5'$ /&%4(,&/"#:&*1(3($

>4&,&./-$O294; 1 #$n).
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R#*B$mB$J9,&.&.#&$/&,%&"-/2";$.-$.-3"&7-&,(0$%(7&"'.(*/#$/&%4(,&/"#:&*1(3($>4&,&./-$Kn

= F(t). Tmax = 355.13; Tmin = 341.84, °C

R#*B$WB$N(4&@-.#5$/&,%&"-/2";$.-$('4-+)-&,(0$%(7&"'.(*/#$/&%4(,&/"#:&*1(3($>4&,&./-B$

To = f(l,t). Tmax = 333.48; Tmin = 333.11, °C

X-$"#*B 3, 4 %"#7&)&.;$#*'().;&$)-..;&$cDK$O1(4&@-.#5$/&,%&"-/2";$.-$

%(7&"'.(*/5'P$ )45$ 1(.*/-./-.(7(3($ /&%4(,&/"#:&*1(3( >4&,&./-$ /(48#.(0$

1,,=$ %(1";/(3($ 9-8#/.;,$ *4(&,$ #9$ ,&)#$ /(48#.(0$ Y=S$ ,,. R&6&.#&$ cDK$

7;%(4.54(*A$%"#,&.#/&4A.($1$"&+#,2$)#9&45$* :-*/(/(0$7"-8&.#5$7-4-$VYYY$
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S],#.B$ X-$ "#*B $ 5 #9(@"-+&.$ *%&1/"$ /&,%&"-/2".;'$ 7(4.$ %($ /(48#.&$

/&%4(,&/"#:&*1(3($ >4&,&./-$ 7$ "-94#:.;&$ ,(,&./;$ 7"&,&.#$ O:&"&9$ mY$

3"-)2*(7$%(7("(/-$1(4&.:-/(3($7-4-P=$-$.-$"#*B$6 - 7(**/-.(74&..-5$%4(/.(*/A$

/&%4(7(3($ %(/(1-$ .-$ %(7&"'.(*/#$ /&%4(,&/"#:&*1(3($ >4&,&./-=$ -$ /-1+&$

?#14(7;&$ 1(4&@-.#5$ /&,%&"-/2";$ .-$ "-94#:.(0$ 342@#.&$ (/$ %(7&"'.(*/#B$

M(**/-.(74&..-5$ %4(/.(*/A$ /&%4(7(3($ %(/(1-$ qn(t) #$ /&,%&"-/2"-$ Kn(t)

5745</*5$3"-.#:.;,#$2*4(7#5,#$)45$7/("(3($>/-%-$9-)-:#$ - cDK$9-8#/.(3($

*4(5$*$.-3-"(,$O*-+&0PB

R#*B$ZB$H%&1/"$/&,%&"-/2".;'$7(4.$7$/&%4(,&/"#:&*1(,$>4&,&./&B C#["-,#$21-9-.;$

3"-)2*;$%(7("(/-$7-4-

R#*B$nB$M(**/-.(74&..-5$%4(/.(*/A$/&%4(7(3($%(/(1-$.-$%(7&"'.(*/#$/&%4(,&/"#:&*1(3($

>4&,&./-$q(t) # n ?#14(7;&$1(4&@-.#5$/&,%&"-/2";$.-$"-94#:.(0$342@#.&T$$Tn(t) – 0.0 mm,

1 – 0.25 mm, 2 – 0.5 mm, 3 – 1.0 mm;
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qmax = 1924910 M//m2
, qmin = 14300 M//m2

C68()D R-9"-@(/-.;$ ,&/();$ "&6&.#5$ (@"-/.;' .&*/-?#(.-".;'$ 9-)-:$

/&%4(%"(7().(*/#=$*(9)-.($%"(3"-,,.(&$(@&*%&:&.#&=$"&-4#92<8#&$%"(?&)2";$

"&6&.#5$ cDKB$ R-9"-@(/-..;0 ,&/()$ %"(7&"&.$ "&6&.#&,$ %"-1/#:&*1#'$ 9-)-:B$

M;%(4.&.-$(?&.1-$/(:.(*/#$%"&)4(+&..(3( ,&/()-.

R-9"-@(/-..;0$ ,&/()$ "&6&.#5$ (@"-/.;'$ .&*/-?#(.-".;'$ 9-)-:$

%"#,&.#/&4A.($1$%&"#()#:&*1#,$/&%4(7;,$%"(?&**-,$7$?#4#.)"-'$%("6.&7;'$

)7#3-/&4&0$ 7$ (/4#:#&$ (/$ "-.&&$ *28&*/7(7-76#'$ %(97(45&/$ 2:#/;7-/A$ .-4#:#&$

(/4(+&.#0$.-3-"-=$%4&.(1$(1#*4(7$#$)"23#'$.&().("().(*/&0.

E=*9(+$.*'&0,'F06

1. o.-/;:21$pBJB=$Q24-/$pB!B$!(42%"(7().#1#$7$>1*/"&,-4A.;'$/&,%&"-/2".;'$2*4(7#5'$

– H!@BT$X-21-=$VYYSB$-VVW*B

2. q&"-8&.1($cBJB=$q(")(7$oBXB=$p-'$MBJB$$#$)"B$K&,%&"-/2".;&$#9,&"&.#5: H%"-7(:.#1B-

N#&7T$X-21(7-$)2,1-=Sr`WB- WrW*.

3. N(*/#.$oBNB$#$)"B$K&%4(.-%"5+&..(*/A$)7#3-/&4&0$7.2/"&..&3($*3("-.#5B$H%"-7(:.(&$

%(*(@#&$]$oBNBN(*/#.=$MBMBp-"#(.(7= pBJBF#'-04(7B$- pBT$F-6#.(*/"(&.#&=$SrIrB$- 222 

*B

4. p-%6#.$ MBJB$ J**4&)(7-.#&$ /&%4(7(0$ .-%"5+&..(*/#$ ?#4#.)"(-%("6.&7(0$ 3"2%%;$

*2)(7;'$ :&/;"&'/-1/.;'$ )#9&4&0$ *$ 3-9(/2"@#..;,$ .-))27(,T$ o7/("&[&"-/$ )#**B$ .-$

*(#*1B$2:&.(0$*/&%&.#$1-../&'.B$.-21T$YZBYWBYVB$- pB=$-1978. - VS$*B

5. F-1*#,(7$ bBoB=$ H/"-)(,*1#0$ FBMB$ J9,&"&.#&$ /&%4(7(3($ %(/(1-$ 7$ )&/-45'$ /&%4(7;'$

)7#3-/&4&0$*$%&"#()#:&*1#$%(7/("5<8#,#*5$?#14-,#$]]$!"(,B$/&%4(/&'.#1-B$- 1979. - N

1. - HBrn-99.

6. c7*5..#1(7$ FBNB=$ M(4(:1(7$ MBoB$ F&/()#1-$ >1*%&"#,&./-4A.(3($ #**4&)(7-.#5$

1(.7&1/#7.(3($ #$ 42:#*/(3($ /&%4(%(/(1(7 7$ */&.1#$ )&/-4&0$ C!q$ )#9&45$ ]]$

s.&"3(,-6#.(*/"(&.#&B$- 1972,- N1.- HB$mI-39.

7. R(9&.@4#/$qBQB$K&%4(%&"&)-:-$7$)#9&45'B-FBT$F-6#.(*/"(&.#&=$SrIIB$-VSZ$*B
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8. H/"-)(,*1#0$ FBMB=F-1*#,(7$ bBoB$ c%/#,#9-?#5$ /&,%&"-/2".(3($ *(*/(5.#5$ )&/-4&0$

)#9&4A.;'$)7#3-/&4&0B$-N#&7T$X-21(7-$)2,1-=$Sr`IB$- Sn`$*B

9. H/"-)(,*1#0$FBMB=$M-*#4A&7$tBoB=$F-1*#,(7$bBoB$ #$ )"B R-*:&/.(->1*%&"#,&./-4A.(&$

#**4&)(7-.#&$ /&,%&"-/2".(3($ *(-*/(5.#5$ 3(4(71#$ ?#4#.)"-$ )#9&45$ *&"##$ EF-21 // 
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%(/(1(7$7$7;*(1(/&,%&"-/2".;'$>.&"3(2*/-.(71-'$]]$!"(,B/&%4(/&'.#1-B$- 1984.- 6, N 5. 

- HB$nW-67.
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