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+'$7.!!0(0$##&* '"!$* 
 

 

:+%+;& 6(#,&<"-% ,(6*(#%. *%=*%>(+$/ %1;+"*-%+/,-?0 #/#+". +"61(01%!(-
#-%>@"-/& -% (#-(," (+$*?+('( %>#(*>A/(--('( A/$1%, # /#6(1;=(,%-/". +"61(.%#-
#((>."--(B %66%*%+)*? # 6(!,/@-(B -%#%!$(B. 4(!,/@-?B #1(B (>"#6"9/,%"+ #%.(-
(9/<%".(#+; *%>(9"B 6(,"*0-(#+/, 9+( , )#1(,/&0 /#6(1;=(,%-/& ,(!-?0 *%#+,(*(, 
%>#(*>"-+(, 6*"!#+%,1&"+ (#(>)C ,%@-(#+; !1& #(1-"9-?0 %1;+"*-%+/,-?0 #/#+".. 
 6/#%-( D$#6"*/."-+%1;-(" /##1"!(,%-/" *%>(9/0 0%*%$+"*/#+/$ +"61(.%##((>."--
-(B %66%*%+)*? # 6(!,/@-(B 6#",!((@/@"--(B -%#%!$(B !1& %>#(*>A/(--?0 #/#+".. 

 

 

I. 8')6+"$#($. #$%&'( )*+,-)%$./0&1& &2.,3'$0)4 *-$' 2&-&5& )67$*%-

0(. 8%&% +-&9$** )*+&./6:$%*4 7 )*+,-)%$./0(2 &2.,')%$.42 7&'( ) 7&6':2,. 

;-,<%)=$*<&$ +-)>$0$0)$ >$%&'&7 )*+,-)%$./0&1& &2.,3'$0)4 *'$-3)7,$%*4 

0)6<&? @AA$<%)70&*%/B +-&9$**, +-) *-,70)%$./0& 7(*&<)2 7.,1&*&'$-3,0)42 

0,-:30&1& 7&6':2,. C:%/ &%<-(%&1& ,D*&-D9)&00&1& 9)<., 6,<.B=,$%*4 7 %&>, 

=%& 0,-:30(? 7&6':2 +-$'7,-)%$./0& &*:5,$%*4 7 :*.&7)42 0$+-$-(70&1& 

9)<.,, %,< =%& +-) @%&> -$6<& 7&6-,*%,B% +&%$09),.( )*+,-)%$./0&1& &2.,3-

'$0)4 * )*+&./6&7,0)$> &*:5$00&1& 7&6':2,, <&%&-(? 6,%$> +&*%:+,$% 7 )*+,-

-)%$./0(? &2.,')%$./, 1'$ >&3$% D(%/ &D$*+$=$0& 1.:D&<&$ &2.,3'$0)$ *-$'( 

7 ,./%$-0,%)70(2 2&.&')./0(2 *)*%$>,2 %$+.&2.,'&*0,D3$0)4. ;-) @%&> +-&-

9$** )*+,-)%$./0&1& &2.,3'$0)4 >&3$% D(%/ @AA$<%)7$0 D$6&%0&*)%$./0& +,-

-,>$%-&7 0,-:30&1& 7&6':2,. C-,70)%$./0& * %-,')9)&00(>) -$5$0)4>), * 

+-)>$0$0)$> +,-&<&>+-$**)&00(2 &2.,')%$.$? *-$', %,<)$ *2$>( &D$*+$=)-

7,B% 60,=)%$./0&$ *0)3$0)$ @0$-1&+&%-$D.$0)4 ) 7(*&<:B @<&.&1)=$*<:B 

=)*%&%: [1]. 

II. 9-:2-/!);- #!7&, ',$*#&, 2$<$#(3. E, -)*. 1 +-)7$'$0 7,-),0% -,6-

-,D&%,00&? *2$>( 0, &*0&7$ &%<-(%&1& ,D*&-D9)&00&1& 9)<., ) 0$+-4>&? *&.-

0$=0&? -$1$0$-,9)) ,D*&-D$0%,. C2$>, 7<.B=,$% '7$ &*0&70($ =,*%): &*:5$-

0)4 7&6':2, ) )*+,-)%$./0&1& &2.,3'$0)4. F &*:5)%$./0&? =,*%) %$+.&, 0$&D-

2&')>&$ '.4 -$1$0$-,9)) ,D*&-D$0%, &D$*+$=)7,$%*4 1$.)&*)*%$>&? * +.&*<)-

>) *&.0$=0(>) <&..$<%&-,>) 6. F&6':50(? +&%&< G (*7$3)? 0,-:30(? 7&6-

':2) +-) &*:5$0)) 7 ,D*&-D$-$ 2 *0)3,$% 7.,1&*&'$-3,0)$ 0' ) 7$.)=)0: %$>-

+$-,%:-( %&=<) -&*( t*, =%& &D$*+$=)7,$% 60,=)%$./0(? +&%$09),. +&*.$':B-

H$1& &2.,3'$0)4 7 )*+,-)%$./0&> &2.,')%$.$ 7&6':2,. F <,=$*%7$ 7*$2 %$+.&-

>,*&&D>$00(2 ,++,-,%&7 I#G (7&6':2&&2.,')%$.4, ,D*&-D$-,, '$*&-D$-,, 1-,-
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')-$0 %$20&.&1)=$*<&1& ) «+-&':<%&7&1&» 0,60,=$0)4) )*+&./6:B%*4 -,6-,D&-

%,00($ ,++,-,%( :0)A)9)-&7,00&1& %)+, * +-)>$0$0)$> +&'7)30&? 0,*,'<) 

(;E) – %-$2A,60(? +*$7'&&3)3$00(? *.&? «1,6-3)'<*&%/-%7$-'&$ %$.&». 8%&% 

%)+ ,++,-,%, &D$*+$=)7,$% 7&6>&30&*%/ *,>&&=)H$0)4 -,D&=)2 +&7$-20&*%$? 

) *%$0&< <&-+:*, I#G, =%&, +-) -,D&%$ * 0,-:30(> 7&6':2&> ) -,*%7&-,>) ,D-

*&-D$0%&7 +-$'*%,7.4$%*4 +-)09)+),./0& 7,30(> :*.&7)$> +&''$-3,0)4 -,-

D&%&*+&*&D0&*%) ,./%$-0,%)70(2 *)*%$>. F )*+,-)%$./0&> 7&6':2&&2.,')%$.$ 

* ;E (F;E) <&.)=$*%7& )*+,-)75$?*4 7&'( 7 -$9)-<:.49)&00&> 7&'0&> <&0-

%:-$ <&>+$0*)-:$%*4 +&'+)%<&? *7$3$? 7&'&?. E,.)=)$ %$20&.&1)=$*<&? 1-,-

')-0) 4% 7 *2$>$ 7(67,0& %$>, =%& 7 +-&9$**$ ,D*&-D9)) 7&'40(2 +,-&7 )6 7&6-

':2, 7('$.4$%*4 %$+.& ) ,D*&-D$- 0:3',$%*4 7 &2.,3'$0)). ;-)D.)3$0)$ +-&-

9$**, ,D*&-D9)) < )6&%$->)=$*<&>: 60,=)%$./0& +&7(5,$% @AA$<%)70&*%/ 

+-&9$**, ,D*&-D9)). "-$+<)? ) 1&-4=)? -,*%7&- ,D*&-D$0%, # ) *.,D(? ) 2&-

.&'0(? -,*%7&- N &D>$0)7,B%*4 %$+.&> 7 %$+.&&D>$00)<$ 5. 

567. 1.  4*/-A/6/%1;-%& #0".% #(1-"9-(B #/#+".? 01%!(#-%>@"-/&.  >(=-%9"-/&: 1 
– /#6%*/+"1;-?B (01%!/+"1;; 2 – %>#(*>"*, 3 – !"#(*>"*; 4 – '*%!/*-&; 5 – +"61((>-

."--/$; 6 – '"1/(#/#+".%; 7 – #(1-"9-?B $(11"$+(*; 8 – >%$-%$$).)1&+(*; 9 – !(6(1-
-/+"1;-?B '*"C</B /#+(9-/$; 10 – 6(."<"-/"; A – -%*)@-?B ,(=!)0; E – (#)E"--
-?B ,(=!)0; B – , 6(."<"-/"; K, F* – ,?>*(# ,(=!)0% /= '*%!/*-/, /= !"#(*>"*%; M –

$*"6$/B *%#+,(* %>#(*>"-+%; N – #1%>?B *%#+,(*; O, P – +"61(-(#/+"1; /= #(1-"9-
-(B ,(!(-%'*",%+"1;-(B #/#+".?. 
 

II. =2(#5(+& )$+"!*-''!!/*$##&, -++-2-)!7 ' +!.7(0#!3 #-'-.;!3. "&-

.&00($ 0,*,'&=0($ ,++,-,%( (EG) +-$'0,60,=$0( '.4 -$,.)6,9)) +-&9$**&7 
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%$+.&>,**&&D>$0, ) &D$*+$=$0)4 &'0&-&'0(2 1)'-&')0,>)=$*<)2 :*.&7)? 

+-&7$'$0)4 @%)2 +-&9$**&7. C @%&? 9$./B, =,*%/ &DL$>, EG 6,+&.0$0, *.&4>) 

%7$-'(2 %$. -,6.)=0(2 -,6>$-&7 ) A&->(, <&%&-($ *.:3,% '.4 *&6',0)4 -,67)-

%&? +&7$-20&*%) <&0%,<%, >$3': 76,)>&'$?*%7:BH)>) +&%&<,>), +-$)>:H$-

*%7$00& 1,6 (+,-)- 3)'<&*%/. I-,')9)&00($ ,++,-,%( * ;E (G;E) 7(+&.0$0( 7 

7)'$ <&.&00(, -,D&=,4 6&0, <&%&-&? &1-,0)=$0, &+&-0&--,*+-$'$.)%$./0&? 

-$5$%<&? (MNN) ) &1-,0)=)%$./0&? -$5$%<&?. G;E – 0&7&$ -$5$0)$ <&.&00(2 

I#G, &D$*+$=)7,BH$$ 7&6>&30&*%/ @<*+.:,%,9)) 7 @<*%-$>,./0(2 :*.&7)42 

(6,1-460$00($ *-$'(, -$6<)$ <&.$D,0)4 0,1-:6&<), +&7(5$0)$ +-$'$./0(2 0,-

1-:6&<, 7(*&<:B +&+$-$=0:B -,70&>$-0&*%/ (:+-&H$0)$ 6,',=) >,*5%,D)-&-

7,0)4), 0$%-$D&7,%$./0&*%/ < <,=$*%7: -,*+-$'$.$0)4 +&%&<&7. F <,=$*%7$ @.$-

>$0%&7 0,*,'<) (8E) 7 ,++,-,%,2 * ;E >&1:% D(%/ )*+&./6&7,0( %$., -,6.)=-

0&? A&->(, )61&%&7.$00($ )6 >,%$-),.&7, :*%&?=)7(2 7 *&&%7$%*%7:BH)2 *-$-

',2. !.4 *)*%$>( «7&',-7&6':2» @%) %-$D&7,0)4 :+-&H,B%*4 [1]. 8E '&.30( 

&D$*+$=)7,%/ 2&-&5)? <&0%,<% 1,6, ) 3)'<&*%), 7(*&<:B +&7$-20&*%/ +$-$0&-

*, 7 *.&$; 2&-&5$$ <,=$*%7& +*$7'&&3)3$0)4; 0)6<)$ +&%$-) 0,+&-,; 0,'$3-

0&*%/ ) +-&*%&%: @<*+.:,%,9)). F @<*+$-)>$0%,./0(2 -,D&%,2 ) +-,<%)<$ 0,)-

D&.$$ -,*+-&*%-,0$0, *A$-)=$*<,4 A&->, 8E: @%& +:*%&%$.($, 9$./0($, .)D& 

7(+&.0$00($ )6 +&-)*%(2 >,%$-),.&7 8E; * -,6.)=0(>) &%7$-*%)4>) (-&*% 

+&7$-20&*%) <&0%,<%, ) +$-$-,*+-$'$.$0)$ 3)'<&*%)), 7(*%:+,>) ) %.'. #,%$-

-),.&> 8E *.:3,% +.,*%>,**( – +&.)@%).$0, +&.)+-&+).$0, +$0&+.,*%, A%&-&-

+.,*%, *%)-&.; -$6)0,; >$%,..( – +&.($ 8E. 

;-)09)+),./0,4 *2$>, G;E '.4 ,./%$-0,%)70(2 *)*%$> +-$'*%,7.$0, 0, 

-)*. 2,. E,*,'<, ;E (11) -,*+&.,1,$%*4 .)D& 0$+&*-$'*%7$00& 0, MNN, )>$B-

H$? 3)7&$ *$=$0)$ D&.$$ 90% ) 7(*&%: &% 100 '& 150 >>, .)D& 0, %-:D=,%&-

-$D-)*%&> %$+.&&D>$00)<$ (3), &D$*+$=)7,BH$> &2.,3'$0)$ '.4 ,D*&-D$-, ) 

0,1-$7 '.4 '$*&-D$-,. F <,=$*%7$ @.$>$0%&7 0,*,'<) 0,>) )*+&./6&7,0( 9$./-

0($ 5,-( )6 7*+$0$00&1& +&.)+-&+).$0, * dD- = 36,6-40,1>>, ) GD- = 335-248 

<1/>
3
, , %,<3$, '.4 )6:=$0)4 7.)40)4 O@0 +&.($ 9$..:.&)'0($ 5,-(, =,*%)=0& 

6,+&.0$00($ 7&'&?, * dD- = 37,1>>., O@0 = 100-1000 <1/>
3
 * 5,1&> 7 100 $')0)9 

(7$.)=)0, O@0 = 91 <1/ '.4 +:*%&1& @.$>$0%,). N,*+-$'$.)%$./ 3)'<&*%) (4) 

77$'$0 0$+&*-$'*%7$00& 7 -,D&=:B 6&0: ,++,-,%,. M0 :<&>+.$<%&7,0 9$0%-&-

D$30&-*%-:?0(>) A&-*:0<,>), .)D& -,**$<,%$.4>) *7&D&'0&+,',BH$? *%-:) 

3)'<&*%). F 1-,0)9,2 7&6':2&+-)$>0&1& &<0, :*%,0&7.$0, +&7&-&%0,4 -$5$%<, 

2, &D$*+$=)7,BH,4, *&7>$*%0& * MNN, -,70&>$-0&*%/ +&*%:+.$0)4 7&6':50&1& 

+&%&<, 7 *.&? ;E [3].  

3>

III. >;'+$2(*$#)-"?#!$ (''"$.!7-#($. J6:=$0)$ 1)'-&,@-&')0,>)<) 

%-$2A,60&1& +*$7'&&3)3$00&1& *.&4 0,*,'<) «1,6-3)'<&*%/-%7$-'&$ %$.&» ) 

*&7>$*%0&1& %$+.&>,**&&D>$0, 7 +-&9$**,2 )*+,-)%$./0&1& &2.,3'$0)4 *-$' ) 

&*:5$0)4 7&6':2, (,D*&-D9)) 7&'40(2 +,-&7 7&'0(>) -,*%7&-,>) ,D*&-D$0-

%&7) 0&*).& +-$)>:H$*%7$00& @<*+$-)>$0%,./0(? 2,-,<%$-. J**.$'&7,0)4 

+-&7$'$0( 0, *%$0'$ (-)*. 2D) '.4 )6:=$0)4 +-&9$**&7 )*+,-)%$./0&1& &2.,3-

'$0)4 7&'( ) +-&9$**&7 %$->&7.,30&*%0&? &D-,D&%<) 7&6':2, (,'),D,%)=$*<)? 

) +&.)%-&+)=$*<)? +-&9$**(, – )*+,-)%$./0&$ &2.,3'$0)$ 7&'(), , %,<3$ +-&-

9$**, &*:5$0)4 7&6':2, -,*%7&-,>) ,D*&-D$0%,. F&6>&30&*%) *%$0',: -,*2&'( 
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567. 2. (') 4*/-A/6/%1;-%& #0".% +"61(.%#((>."--('( H43 !1& #(1-"9-?0 #/#+". +"61(01%-
!(#-%>@"-/& (%>#(*>"*%-(#)E/+"1&, !"#(*>"*%-*"'"-"*%+(*%, '*%!/*-/ / ,(=!)0((01%!/+"1&. 

 >(=-%9"-/&: 1 – *%>(9%& $%."*%; 2 – 6(,(*(+-%& *"E"+$%; 3 – +"61((>."--/$; 4 – *%#6*"!"-
1/+"1; @/!$(#+/ # A"-+*(>"@-(-#+*)B-?./ I(*#)-$%./ (*%##"$%+"1; #,(>(!-(6%!%C<"B 
#+*)/); 5 – ,?0(! @/!$(#+/ /= %66%*%+%; 6 – #"6%*%+(* $%6"1;-(B ,1%'/; 7 – ".$(#+; !1& 
@/!$(#+/; 8, 9 – ,0(! / ,?0(! ,(=!)E-('( 6(+($%; 10 – (6(*-(-*%#6*"!"1/+"1;-%& *"E"+$%; 
11 – D1"."-+ -%#%!$/: % – «A"1;-?B» D1"."-+ /= ,#6"-"--('( 6(1/6*(6/1"-%, > – 6(1?B D1"-
."-+, 9%#+/9-( =%6(1-&".?B @/!$(#+;C, !1& (6?+(, # /=."-&C<"B#& DII"$+/,-(B 61(+-
-(#+;C D1"."-+(,.  
(8) 4*/-A/6/%1;-%& #0".% D$#6"*/."-+%1;-('( #+"-!% !1& /=)9"-/& 0%*%$+"*/#+/$ +*"0-
I%=-?0 6#",!((@/@"--?0 #1(", -%#%!$/ («'%=-@/!$(#+;-+,"*!(" +"1(») / 6*(A"##(, +"6-
1(.%##((>."-% 6*/ /#6%*/+"1;-(. (01%@!"-// ,(!?. 
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 %$+.&0&*)%$.$? ) %$+.&A)6)=$*<)$ +,-,>$%-( )6>$04.)*/ 7 '),+,6&0,2: w' = 0-

8 >/*, q@ = 0-40 >
3
/(>

2 
=), QP = 0-7,5 <F% (+& 7&'$) ) 0-6 <F% (+& 7&6':2:), t1 '& 

50!C, Q1 = 30-90%, t@ '& 40!C. F,30$?5$? 2,-,<%$-)*%)<&? ,++,-,%&7 * ;E 47-

.4$%*4 <&.)=$*%7& :'$-3)7,$>&? 3)'<&*%), ).) 6,'$-3<, 3@. 8%, 7$.)=)0, 
 

&+-$'$.4$% +&7$-20&*%/ +$-$0&*, 7 +*$7'&&3)3$00&> *.&$ 0,*,'<). E,>) )*-

+&./6&7,0 9)-<:.49)&00(? >$%&', &*0&7,00(? 0, +-)09)+$ *&2-,0$0)4 <&.)-

=$*%7, 3)'<&*%) +-) -,D&%$ +& 6,><0:%&>: <&0%:-:. R)'<&*%/ +&',$%*4 7 ,+-

+,-,% )6 <,.)D-&7,00&? $><&*%) (16) ) 7 0$$ 3$ *.)7,$%*4. N,60)9, >$3': 

:-&704>) 3)'<&*%) '& 7<.B=$0)4 ,++,-,%, ) 7& 7-$>4 $1& -,D&%( +-&+&-9)&-

0,./0, :'$-3)7,BH$? *+&*&D0&*%) +*$7'&&3)3$00&1& *.&4 0,*,'<). F& 7-$>4 

-,D&%( :-&7$0/ 7 $><&*%) >$04$%*4 %,<3$ )6-6, :0&*, 3)'<&*%) ) $$ )*+,-$0)4. 

N,6-,D&%,00,4 >$%&')<, +&67&.4$% :=$*%/ @%) *&*%,7.4BH)$ ) &+-$'$.)%/ +&.-

0:B 6,'$-3<: 3)'<&*%). R)'<&*%/, :'$-3,00:B 7 *$+,-,9)&00&? 6&0$, &+-$-

'$.4.) >$%&'&> &%*$=<): +-) w' '& 4 >/* ) q@ '& 40>
3
/(>

2 
=) $$ <&.)=$*%7& *&-

*%,7.4$% >$0$$ 25% &% :'$-3)7,$>&? 7 ,++,-,%$. I&=0&*%/ @<*+$-)>$0%,, &+-

-$'$.4$>,4 +& >,<*)>,./0&? +&1-$50&*%) *-$'*%7 )6>$-$0)4, <&.$D,.,*/ &% 

" 30% +-) >,.(2 60,=$0)42 :'$-3)7,BH$? *+&*&D0&*%) (3@ ~ 0,5 10
-2
>) '& " 

3% +-) D&./5)2 (3@ ~ 7 10
-2
>). !.4 >,.(2 60,=$0)? 6,'$-3<) 3)'<&*%) D(., 

+-&7$'$0, *%,%)*%)=$*<,4 &9$0<, %&=0&*%) +& D&./5&>: =)*.: @<*+$-)>$0-

%,./0(2 %&=$<: 1-,0)9( +&1-$50&*%) -$6:./%,%&7 )6>$-$0)? 0,2&'4%*4 7 +-$-

'$.,2 " 8 – 12%, * '&7$-)%$./0&? 7$-&4%0&*%/B 0.95.  

F &+(%,2 )*+&./6&7,.) +-$)>:H$*%7$00& 9$./0($ 5,-( )6 7*+$0$00&1& 

+&.)+-&+).$0,, <&%&-(>) <&>+&0&7,.) ) +-&>(5.$00($ I#G. S0,=$0)4 O@0 7 

*+$9),./0&? *$-)) &+(%&7 7,-/)-&7,.) +&*.$'&7,%$./0(> =,*%)=0(> 6,+&.-

0$0)$> 7&'&? 9$..:.&)'0(2 +&.(2 5,-&7.  

;-&1-,>>, )**.$'&7,0)4 &27,%(7,., 7&+-&*(:  

# K)'-&,@-&')0,>)<, +&'7)30&1& *.&4 «1,6-3)'<&*%/-%7$-'&$ %$.&» * :=$%&> 

<-)%)=$*<)2 47.$0)? 7 *)*%$>$ (+$-$2&' 8E 7 +*$7'&&3)3$0)$, 47.$0)4 1)*-

%$-$6)*, ) 6,2.$D(7,0)4 *.&4 ;E); &+-$'$.4.) -,D&=)$ '),+,6&0( 0,1-:6&< 

+& 1,6: ) 3)'<&*%), 7.)40)$ f(**, 3#+, OD-, A&->( ) >,%$-),., 8E ) +-)09)+, 

<&>+&0&7<) *.&4 ;E;  

# C%-:<%:-, %-$2A,60&1& +&'7)30&1& *.&4 0,*,'<) * :=$%&> 6,'$-3<) 3)'<&-

*%), ')0,>)=$*<&? 7(*&%( *.&4 ;E, +&-&60&*%), +&7$-20&*%) +$-$0&*, ) +-.;  

# !7)3$0)$ 1,6&<,+$./0(2 +&%&<&7 7 &*0&70(2 :6.,2 I#G (*$+,-,9)&00,4 6&-

0,, 7&'&-,*+-$'$.)%$./, &+&-0&--,*+-$'$.)%$./0,4 -$5$%<,);  

# I$+.&>,**&&D>$0 7 *)*%$>$ 7 +-&9$**,2 )*+,-)%$./0&1& &2.,3'$0)4 ) &*:-

5$0)4 7&6':2, (,D*&-D9)4).  

J$#6"*/."-+%1;-(" /=)9"-/" '/!*(%D*(!/-%./$/ , #1(" 6(!,/@-(B 
-%#%!$/. C 0,:=0&? ) +-,<%)=$*<&? %&=$< 6-$0)4 7,30(> +-$'*%,7.4$%*4 7&-

+-&* & 2,-,<%$-$ +$-$2&', 0,*,'&=0&1& *.&4 )6 *%,9)&0,-0&1& 7 +&'7)30&$ *&-

*%&40)$. I-,')9)&00& <-)%)=$*<,4 *<&-&*%/ +$-$2&', (w0, w'0) &+-$'$.4$%*4 

7)6:,./0& ,0,.)6&> <-)7&? +*$7'&&3)3$0)4 $- = f(w', q@). E,>) +-&7$'$0, 

<&0<-$%)6,9)4 +$-$2&'0(2 +-&9$**&7 ,0,.)6&> 7)D-&<-)7&? La(w', q@). ;&-&6-

0&*%/ A)<*)-&7,00&1& *.&4 0$ 6,7)*)% &% 0,1-:6<) +& 1,6: ) 3)'<&*%). F7$'$>  
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# 

 

567. 3. (') J$#6"*/."-+%1;-?" $*/,?" 6#",!((@/@"-/& !1& *%=1/9-?0 =-%9"-/B 

GD- ($'/.
3
): 1 – 90; 2 – 200; 3 – 300; 4 – 400; 5 – 500; 6 – 600; 7 – 700; 8 – 800; 9 – 900;  

10 – 1000, 6*/ q@ = 15 .
3
/(.

2
9), 3#+ = 0,1., dD = 0,037. (----) – I/$#/*(,%--?B #1(B. 

(8)  #-(,-?" *"@/.? 6#",!((@/@"-/& +*"0I%=-('( #1(& «'%=-@/!$(#+;-+,"*!(" +"1(»: 

H – #+%A/(-%*-?B #1(B -%#%!$/; K – «=%01">?,%-/"» #+%A/(-%*-('( #1(&; L – *"@/. -%-
9%1;-('( 6#",!((@/@"-/& #1(& -%#%!$/; M – *"@/. *%=,/+('( 6#",!((@/@"-/& #1(& -%-
#%!$/; N – *"@/. 6#",!((@/@"-/& «+&@"1?0» D1"."-+(, # G > 700$'/.3

; O – «6(*E-",(B 

*"@/.»; P – «$(1;A",(B» *"@/.; Q – /-,"*#/(--?B *"@/. *%>(+? -%#%!$/.  

" 

1 

2 

3 

1 

2 

3 

$ $ $ $

$ $ $ $

% % % %

% % % %

# " & '

10 
10

() 10
-3

/ *+, 
,-/. 9

8 
8

7

6 
6

5

4
4 

3

2

2 
1

420 w$, ./*  

 !/

 *+

0 1 23

 4/

 !/
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&D&60,=$0)4 '.4 2,-,<%$-0(2 *<&-&*%$? '7)3$0)4 1,6, w'' (-)*. 3D): w(+* – >,<-

*)>,./0,4 *<&-&*%/, '& <&%&-&? *&7+,',B% <-)7($ '.4 A)<*)-&7,00&1& ) +&'-

7)30&1& *.&$7; w= – 0,=,.& 6,2.$D(7,0)4 *%,9)&0,-0&1& *.&4; w0, w'0 – 0,=,.& 

+*$7'&&3)3$0)4 «*:2&1&» ) «&-&5,$>&1&» *.&4 0,*,'<); w1 – 0,=,.& -,67)%&1& 

+*$7'&&3)3$0)4; w) – 0,=,.& )07$-*)). S0,=$0)$ w'0 =$%<& A)<*)-:$%*4 +& 

7)D-&<-)7&? La(w1) (-)*. 4) 7 7)'$ *<,=<, (% 20!T ).) 30%) ) *.,D& 7(-,3$0& 

0, <-)7&? +*$7'&&3)3$0)4 (7)D-&:*<&-$0)$ *%$0&< <&.&00( &+-$'$.4$%*4 *&-

*%&40)$> ;E). F)'0&, =%& *%,9)&0,-0&>: *&*%&40)B *.&4 *&&%7$%*%7:$% +-,<-

%)=$*<) 0$)6>$00(? :-&7$0/ 7)D-&:*<&-$0)4 (La= 5,5w1
0,08

). ;-&9$** +$-$2&', 

7 +&'7)30&*%/ &<,6,.*4 60,=)%$./0& *.&30$$ %-,')9)&00(2 +-$'*%,7.$0)?. 

;-) w1 % w'0 &D-,6:B%*4 0$:*%&?=)7($ +*$7'&*%,9)&0,-0($ *&*%&40)4 8E, +-) 

0$)6>$00(2 0,1-:6<,2 2,-,<%$-)6:BH)$*4 +$-)&')=$*<)> '7)3$0)$> &%'$./-

0(2 8E (+$-$*%-&?<, *.&4 * )6>$0$0)$> $1& +&-&60&*%)). J2 '.)%$./0&*%/ <&-

.$D.$%*4 &% '$*4%<&7 *$<:0' '& 0$*<&./<)2 >)0:% ) 6'$*/ &%>$=,$%*4 D&./5,4 

,>+.)%:', <&.$D,0)? 7)D-&1-,>> (-)*. 4D). J6>$04$%*4 *%-:<%:-, *.&4 ) <&-

.$D.$%*4 6,'$-3<, 3)'<&*%) 7 0$>, %.$. 60,=$0)$ w'0 2,-,<%$-)6:$%*4 0$<&%&-

-(> '),+,6&0&> *:H$*%7&7,0)4. U)-)0, @%&1& '),+,6&0, 6,7)*)% &% *%$+$0) 

+$-7&0,=,./0&? :+.&%0$00&*%) *.&4, <&%&-,4 &+-$'$.4$%*4 *&D*%7$00(> 7$*&> 

8E ) '$?*%7)$> 70$50)2 0,1-:6&< ) 7)D-,9)?. E,+-)>$-, '.4 8E * O@0 = 300 

<1/>
3
 ) d@0 = 0,037 >, @%, 7$.)=)0, *&*%,7.4$% 0,4 >/*. #&30& *'$.,%/ 7(7&' & 

*:H$*%7$00& D&.$$ *.&30&> +-&%$<,0)) +-&9$**&7 7 %-$2A,60&? *)*%$>$, =$> 

+-$'+&.,1,.&*/ -,0$$, 7 =,*%0&*%), '&+&.0)%/ <,=$*%7$00($ +-$'*%,7.$0)4, 

-,67)%($ 7 -,D&%$ [3] & 7.)40)) O@0 (-)*. 3,): 1) O@0I (O@0 & 200 <1/>
3
), – «.$1<)$» 

@.$>$0%(. C)*%$>, +$-$2&')% 7 :*%&?=)7&$ +*$7'&&3)3$00&$ *&*%&40)$ * 0$-

60,=)%$./0(> 0,<&+.$0)$> 3)'<&*%) 7 *%,9)&0,-0&> *.&$. V,-,<%$-0($ &*&-

D$00&*%): >,.($ 60,=$0)4 E3, +-)=$> 6,'$-3<, 3)'<&*%) >,.& )6>$04$%*4 * 

-&*%&> w1; -$6<&$ 7&6-,*%,0)$ * :7$.)=$0)$> w1 ')0,>)=$*<&? 7(*&%( *.&4 8E 

– E' , ,, *.$'&7,%$./0&, 7(*&%( -,D&=$? 6&0( ) &DH$? 7(*&%( ,++,-,%,. 2) O@0II 

(200-700<1/>
3
). E,=,.: +*$7'&&3)3$0)4 +-$'5$*%7:$% =,*%)=0&$ 6,2.$D(7,0)$ 

*%,9)&0,-0&1& *.&4; 2,-,<%$- +$-$2&', *)*%$>( 7 +&'7)30&*%/ &+-$'$.4$% 7*$ 

+&*.$':BH$$ +&7$'$0)$ *)*%$>(. V,-,<%$-0($ &*&D$00&*%): 60,=)%$./0& 

D&./5$$ 60,=$0)$ E3 ; *0)3$0)$ E' 7 *&+&*%,7)>(2 :*.&7)42. C<&-&*%/ 0,=,., 

6,2.$D(7,0)4 ,++,-,%, w3 '&*%,%&=0& 7$.)<, (' 6>/*); :0&* 3)'<&*%) $G3 )6 

-,D&=$? 6&0( 0$7$.)< '& 60,=$0)? w3. 3) O@0III (O@0 (700<1/>
3
), – «%43$.($» @.$-

>$0%(. ",-%)0, +$-$2&'0(2 +-&9$**&7 7 9$.&> ,0,.&1)=0, 7(5$&+)*,00&?. 

V,-,<%$-0($ &*&D$00&*%): ',./0$?5)? -&*% E3 , 0& $>: *&+:%*%7:$% +$-$-,*-

+-$'$.$0)$ &DH$? >,**( 3)'<&*%) 6, *=$% $$ 7(0&*, )6 *.&4 0,*,'<) 7 -,*+&-

.&3$00(? 0,' 0$? +$00(? *.&?; -$6<)? -&*% $G3 +-) w1 ( w3. E,D.B',$%*4 *&-

7$-5$00& )0,4 <,-%)0, -,D&%( *)*%$>(, =$> 7 +-$'(':H$> *.:=,$. I,<)> &D-

-,6&>, +-$'+&=%)%$./0(> '.4 -$,.)6,9)) +-$'*%,7.4$%*4 '),+,6&0 O@0II (200 – 

700 <1/>
3
), &%.)=,BH)?*4 5)-&<)> -,D&=)> :=,*%<&> +& , +-)$>.$>(>) 

60,=$0)4>) :0&*, 3)'<&*%) ) *-,70)%$./0& 0$D&./5&? ')0,>)=$*<&? 7(*&%&? 

*.&4. ;-)>$0)%$./0& < @%&? 6&0$ -,**>&%-)> 2,-,<%$-0($ -$3)>( +*$7'&-

&3)3$0)4: 1) 0 & w1 ) 2,0 >/*. C%,9)&0,-0&$ *&*%&40)$ *)*%$>( * 2,-,<%$-0&? 

1w

 73 



# 
1100,3 

(), 5,- La, !" 

0,2 90
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50
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w$, ./*  

" 

567. 4. (A) F*/,%& 6#",!((@/@"-/& R* = f(w') / ,/>*($*/,%&: La = f(w') 6*/: 
3#+ = 0,1., dD = 0,04., GD- = 300$'/.

3
, q@ = 15.

3
/(.

2
9) 

(8) L/>*('*%..% 6#",!((@/@"--('( #1(& (A/I*? , /-+"*,%1%0 #((+,"+#+,)C+ #$(-

*(#+/ !,/@"-/& '%=%) 
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 .&<,./0&? +$-$*%-&?<&? *%-:<%:-( 0$+&'7)30&1& *.&4 ) 0$<&%&-(> -&*%&> 

+&-&60&*%). 2) 2.0 & w' ) 2.5 >/*. N$3)> 0,=,./0&1& +*$7'&&3)3$0)4 (+$-$2&'-

0(? -$3)>). 3) 2.5& w' ) 6.0 >/*. N$3)> -,67)%&1& +*$7'&&3)3$0)4. F$*/ *.&? 

0,*,'<) +&'7)3$0, *)*%$>, &'0&-&'0, (1&>&1$00,). C-,70$0)$ 2,-,<%$-)*%)< 

*)*%$>( * ,0,.&1)=0(> -$3)>&> '.4 6&0( OD-I +&<,6(7,$%, =%& 0&7(? 2,-,<%$- 

+$-$2&', 7 +&'7)30&*%/ *<,6,.*4 0, +&7$'$0)) *)*%$>( 7 9$.&>: +&''$-3)7,-

$%*4 *&*%&40)$ 0,=,./0&1& 6,2.$D(7,0)4, <&%&-&$, &'0,<&, * -&*%&>  0$ -,6-

7)7,$%*4 ',.$$ 7 -,67)%&$ 6,2.$D(7,0)$, D.,1&',-4 <&>+$0*)-:BH$>: >$2,-

0)6>: -,*5)-$0)4 *.&4. I,<,4 *7&$&D-,60,4 *)%:,9)4 +&''$-3)7,BH$1&*4 7 

5)-&<&> '),+,6&0$ w' 0,=,./0&1& 6,2.$D(7,0)4 &D$*+$=)7,$% 7&6>&30&*%/ :*-

%&?=)7&? @<*+.:,%,9)) ,++,-,%&7 * ;E 7 @%&> -$3)>$. 

1w

7=)9"-/" 6*(A"##(, +"61(.%##((>."-% 6*/ /#6%*/+"1;-(. (01%@!"-// 
@/!$(#+/ , #1(" 6(!,/@-(B -%#%!$/. J**.$'&7,.*4 +-&9$** )*+,-)%$./0&1& 

&2.,3'$0)4 7&'( 7 ,++,-,%,2 * +&'7)30&? 0,*,'<&?. MD-,D&%<, @<*+$-)>$0-

%,./0(2 ',00(2 +& %$+.&>,**&&D>$0: ) +&.:=$0)$ &D&DH$00(2 -,*=$%0(2 

:-,70$0)? &*:H$*%7.4.,*/ E$.'$-,-#)', [2] 7 7)'$:  

 1 2 3 4 ( ) 50 0 0 0 x#+
' @ @ '

D-

3
Sh cR" R" Ga Ar

d
* + + + +  (1) 

;&.:=$00($ -$6:./%,%( '.4 7('$.$00(2 '),+,6&0&7 ,@0 +-)7$'$0( 0, 

-)*. 5, 1'$ &*&D(? )0%$-$* +-$'*%,7.4B% ',00($ '.4 -$<&>$0'&7,00&1& '),+,-

6&0, ,D--- =200-700 <1/>
3
. !.4 7*$1& >,**)7, @<*+$-)>$0%,./0(2 ',00(2 (,@0= 

90-1000 <1/>
3
, +-)>$-0& 600 &+(%0(2 %&=$<) * +&1-$50&*%/B ± 25 % +&.:=$0& 

7(-,3$0)$: 

 

0.681

0.933 0.410 0.541 0.2179.47 #+
' @ @ '

D-

3
Sh R" R" Ga Hr

d

#

# . /
* + + + + 0 1

2 3
 (2) 

V. 8&7!.&: 

# E,'$30&*%/ @<*+.:,%,9)) *&.0$=0(2 ,D*&-D9)&00(2 *)*%$> 7('7)1,$% &*&-

D($ %-$D&7,0)4 < )*+&./6:$>&? 7 0)2 %$+.&>,**&&D>$00&? ,++,-,%:-$. F 

+$-7:B &=$-$'/ @%& <,*,$%*4 &+,*0&*%) &%.&3$0)? 0, -,D&=)2 +&7$-20&*%42. 

# F -,6-,D&%,00(2 ,++,-,%,2 (,D*&-D$-, '$*&-D$-, 1-,')-0)) )*+&./6:B%*4 

%-$2A,60($ +*$7'&&3)3$00($ *)*%$>( "1,6-3)'<&*%/-%7$-'&$ %$.&" &D$*+$-

=)7,BH$$ *,>&&=)H,$>&*%/ -,D&=)2 +&7$-20&*%$? ',3$ +-) 7(*&<)2 <&0-

9$0%-,9)42 ) -,D&%$ 7D.)6) .)0)) <-)*%,..)6,9)). 

# ;$-$2&' ;E )6 *%,9)&0,-0&1& 7 +&'7)30&$ *&*%&40)$ *&+-&7&3',$%*4 A&--

>)-&7,0)$> 0$:*%&?=)7(2 +*$7'&*%,9)&0,-0(2 <&>+&6)9)?, &%.)=,BH)2*4 

+&-&60&*%/B, ) 6,7)*)% &% @AA$<%)70&? +.&%0&*%) ,@0. W$1<)$ 8E (,@0 < 

200<1/>
3
) +*$7'&&3)3,B%*4 +-) >,.&? 6,'$-3<$ 3)'<&*%); 8E *-$'0$? 

+.&%0&*%) (200 < ,@0 < 700 <1/>
3
) 0,=)0,B% +*$7'&&3)3,%/*4 7 :*.&7)42 6,-

2.$D(7,0)4 +*$7'&*%,9)&0,-0&1& *.&4, ) *&*%&40)$ 0,=,./0&1& 6,2.$D(7,-

0)4 2,-,<%$-)6:$% 7*$ )2 +&*.$':BH$$ +&7$'$0)$; %43$.($ 8E (,@0 >700 

<1/>
3
) +*$7'&&3)3,B%*4 7 :*.&7)42 6,2.$D(7,0)4 ) A&->)-&7,0)4 *.&4 +$-

0( +&7$-2 ;E. 

# ;-,<%)=$*<&$ 60,=$0)$ )>$$% &D.,*%/ 0,=,./0&1& ) -,67)%&1& +*$7'&&3)3$ 
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Sh 10-3 

(67// 6
0
7/)

81 ( *+/  
0
*+)

82 (q%/q%
0)83 Re84 10-4 

0 1 2 4 3

1 

2 

3 

5 " 

Sh 10-2 

2 310

6 

4 

2 

1 

Re$
x1 Re%

x2 Gax3 Ar$
x4 ( *+/d7/)

85 10-2 

567. 5. (A) Q%,/#/.(#+; 9/#1% Sh (NuD) (+ (6*"!"1&C</0 ,"1/9/- (9/#"1 6(!(>/&)  
6( )*%,-"-/C 1 6*/ GD- ($'/.

3
):  

X   – 90-200; 
Y   – 200-700; 

$   – 700-1000. 
3% '*%I/$%0 ,?!"1"-? !/%6%=(-? *%=>*(#% D$#6"*/."-+%1;-?0 !%--?0  

(8) Q%,/#/.(#+/ 6( )*%,-"-/C (2)  
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4(#0(+503 # 6(#$(&  /  *%+!2! ) w1 +! %7 ( 6)#$%$, .+"  !" > 50001/&
3
 86!9(-

.!$#" !#8(+5:(*)$5 6%;!&  )2)+5 (1( 8#%*.(#;!;% !", 9)6)0$%6!:3,-!7#" 

.(83#$!&(7 *%+!2! (7 0)8+%3 (#). 
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Doroshenko A.V., Kazak I.I., Glauberman M.A., Andreev V.I. 

Heat and refrigeration supply solar systems based on indirect absorbent 

regeneration and fluidized bed heat-and-mass transfer equipment 

 
SUMMARY 

The study deals with development of alternative heat and refrigeration supply systems based 
on open absorption cycle. Fluidized bed heat-and-masstransfer equipment was used in sys-
tems design. The fluidized bed provided self-cleaning of the operating surface. This fact is of 
special importance for solar alternative systems with water absorbent solutions use. The pilot 
research of fluidized bed heat-and-mass equipment for absorption systems performance was 
described. 
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