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I. 8$',$*)0! 1$"+$'&. #$%&'%()*%+,- . /%0()1)%0)2%.30)) .%4(5'3 (67 

,$86%.%9% /%*:%2,3 . ;32/)' %&63+,7' *)23 ) )4%&)6)$ +%60$<0%9% =0$29)) . 

=,)' 2$9)%03' .+$9(3 5.6$/363 2345* 5<$0>' %,0%+),$6-0% ,%9% /3/ %&?$()0),- 

)' (67 8%6-4> 6@($A. B%6$$ ,%9% 8% +23.0$0)@ + (259)*) 82)*$0$0)7*) +%6-

0$<0%A =0$29)), ,3/)*) /3/ %,%86$0)$, +3*37 &%6-C37 8%,2$&0%+,- . %'63;($-

0)) .%40)/3$, )*$00% ,%9(3 /%9(3 +%60$<0%$ )465<$0)$ 03)&%6$$ )0,$0+).0%, 

,3/)* %&234%* )+8%6-4%.30)$ $9% . ,3/%* 82)*$0$0)) ,$* &%6$$ 82).6$/3,$6--

0%.  

D2$() *0%9%<)+6$00>' ,$86%.>' 82)*$0$0)A +%60$<0%A =0$29)), +%60$<-

0%$ %'63;($0)$ %(0% )4 03)&%6$$ +6%;0>', + ,%</) 42$0)7 .%4*%;0%+,) 2$36)-

431)). E,% &$4 +%*0$0)A %(03 )4 82)<)0, 8%<$*5 %0% 03 +$9%(07C0)A ($0- 0$ 

,3/ C)2%/% 23+82%+,230$0% /3/ )+8%6-4%.30)$ +%60$<0%A =0$29)) (67 05;( 

%,%86$0)7 8%*$F$0)A ) 9%27<$9% .%(%+03&;$0)7. D$A<3+ 0$(%+,3,%<0% +%&)-

23,-, '230),- ) 23+82$($67,- ,$86%. E0$29)7 (%6;03 &>,- 82$%&234%.303 . '%-

6%( 8%+2$(+,.%* +%%,.$,+,.5@F)' 5+,2%A+,., +8%+%&0>' 8%96%F3,- ,$86% 82) 

0)4/%A ,$*8$23,52$ )4 /%0()1)%0)25$*%9% 8%*$F$0)7 ) .>&23+>.3,- $9% . 03-

25;0>A .%4(5', )*$@F)A .>+%/5@ ,$*8$23,525. G ,$2*)03' ,$2*%()03*)/) 

*%;0% +/343,-, <,% 0$%&'%()*> %8$231)) 8% 8$2$/3</$ ,$863. 

H%+, 8%,2$&0%+,) . /%0()1)%0)2%.30)) .%4(5'3 . 8%+6$(0)$ 9%(>, %+%-

&$00% . *$+,3' + ;32/)* ) .63;0>* /6)*3,%*, ,3/)' /3/ +,230> +2$()4$*0%-

*%2-7, 03/63(>.3$, 403<),$6-0>A 2%+, 8%,2$&0%+,) . 2$+52+3' 8$2.)<0%A 

=0$29)). E0$29%+)+,$*> %&F$9% 8%6-4%.30)7, )*$@F)$ +.%@ 8)/%.5@ 039254-

/5 . +3*>$ ;32/)$ 6$,0)$ (0), ) <3+,% +,36/).3@F)$+7 + +),531)7*), 82) /%-

,%2>' 82%)+'%(), +0);$0)$ 03827;$0)7 )6) %,/6@<$0)$ %,($6-0>' 8%,2$&)-

,$6$A .+6$(+,.)$ ($:)1),3 *%F0%+,), $(.3 +8%+%&0> +823.),+7 + 039254/%A[1]. 

D%60$<0>$ ,$86%.>$ +)+,$*> )+8%6-45@, +%60$<0%$ ,$86%, 3 0$ =6$/,2)-

<$+,.% (67 82%)4.%(+,.3 '%6%(3. I6%+/)$ +%60$<0>$ /%66$/,%2> 7.67@,+7 

03)&%6$$ 23+82%+,230$00>* ,)8%*; %0) +%+,%7, )4 *$,366)<$+/%9% 3&+%2&$23, 

03/2>,%9% +,$/6700>*) 863+,)03*), ) )4%671)%00%A %&%6%</). G3/55*0>$ 
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+%60$<0>$ /%66$/,%2> )*$@, &%6$$ 0)4/)$ ,$86%.>$ 8%,$2) ) 65<C)$ 23&%<)$ 

'323/,$2)+,)/) 82) .>+%/%A ,$*8$23,52$. E::$/,).0%+,- +%60$<0%9% /%66$/-

,%23 . %+0%.0%* %82$($67$,+7 23&%<$A ,$*8$23,52%A. I2) .>+%/%A 23&%<$A 

,$*8$23,52$ 8%,$2) ,$863 . %/25;3@F5@ +2$(5 &%6-C)$, /%66$/,%2 8%+,3.67$, 

*$0-C$ ,$863. D (259%A +,%2%0>, ,$86%.%A (.)93,$6- )6) ",$2*%/%*82$++%2" . 

%+0%.0%* 23&%,3@, &%6$$ =::$/,).0% 82) &%6$$ .>+%/%A ,$*8$23,52$. D%6-

0$<0>$ ,$86%.>$ +)+,$*> 82%$/,)25@,+7 + 5<$,%* =,) (.5' 82%,).%($A+,-

.5@F)' ,$0($01)A. 

J&+%2&1)%00%$ %'63;($0)$ 03)&%6$$ <3+,% 82)*$07$,+7 (67 +%60$<0%9% 

%'63;($0)7. N0% ,2$&5$, %<$0- 0)4/%A )6) 0$ =6$/,2)<$+/%A 8%(.%()*%A 

*%F0%+,) ), (67 ,%A ;$ 82%)4.%(),$6-0%+,), :)4)<$+/)$ 234*$2> 3&+%2&1)%0-

0%A *3C)0> *$0-C$ <$* 3(+%2&1)%00%A )4-43 .>+%/%9% /%=::)1)$0,3 ,$86%-

8$2$(3<) %, 3&+%2&$0,3. "2%*$ ,%9%, ,$/5<$+,- 3&+%2&$0,3 (3$, &%6-C5@ 9)&-

/%+,- 82) 2$36)431)) &%6$$ /%*83/,0>' ) =::$/,).0>' *3C)0. D%.2$*$00>$ 

3&+%2&1)%00>$ ,$'0%6%9)) *%95, %&$+8$<),- "I! . 82$($63' 0.3 – 1.2 03 234-

6)<0>' '%6%()6-0>' *3C)03'. G>&%2 3&+%2&1)%00%A '%6%()6-0%A *3C)0> . 

%+0%.0%* 43.)+), %, 23&%<)' '323/,$2)+,)/ )+8%6-45$*%9% +%60$<0%9% /%66$/-

,%23.  

N,/2>,%$ +%2&1)%00%$ %'63;($0)$ %&><0% 034>.3@, %+5C),$6-0>* %'-

63;($0)$*, ,3/ /3/ +%2&$0, )+8%6-45$,+7 (67 %+5C$0)7 .%4(5'3. !67 =,%9% 82)-

9%(0> 2346)<0>$ %+5C),$6) . ,.$2(>' ) ;)(/)' :343'. I% +5F$+,.5 6@&>$ 

8%96%F3@F)$ .%(5 +%2&$0,> *%95, &>,- )+8%6-4%.30> /3/ %+5C),$6). " 82)-

*$25, +)6)/39$6-, 3/,).)2%.300>A 36@*)0)A, 1$%6),, LiCl ) LiBr. N+5C),$6--

0>*) '%6%()6-0>*) +)+,$*3*) . 03+,%7F$$ .2$*7 /%*86$/,5@,+7 JGN" +)+-

,$*>, )*$@F)$ . +)+,$*$ /3036%. 5+,2%A+,.3 5823.6$0)7 .$0,)671)$A .63;-

0%+,-@ ) ,$*8$23,52%A. K+832),$6-0%$ %'63;($0)$ 82$(6393$, &%6$$ .>+%/%$ 

5823.6$0)$ .63;0%+,-@, <$* (259)$ ,$'0%6%9)). "%9(3 +5F$+,.5$, &%6-C)$ 

8%,2$&0%+,) . .$0,)671)) ) %'63;($0)), +%60$<0>$ %+5C),$6-0%$ %'63;($0)$ 

7.67$,+7 '%2%C$A 36-,$203,).%A.  

D%.2$*$00>$ +%60$<0>$ 3&+%2&1)%00>$ '%6%()6-0>$ *3C)0> 0$ 82).6$-

/3,$6-0> + ,%</) 42$0)7 :)030+%.>' 82$)*5F$+,.. N+0%.037 82)<)03 – .>+%-

/)$ /38),36-0>$ 43,23,> 03 +%60$<05@ '%6%()6-05@ +)+,$*5, . /%,%2%A %&><-

0% +3*37 &%6-C37 <3+,- 82)'%(),+7 +%60$<0>$ /%66$/,%2>. !67 +0);$0)7 /3-

8),36-0>' 43,23, 3&+%2&1)%00>$ '%6%()6-0>$ *3C)0> (%6;0> 23&%,3,- + 

*$0-C)*) ) &%6$$ ($C$.>*) +%60$<0>*) /%66$/,%23*). O% $+,- "I! 6@&%A 

'%6%()6-0%A *3C)0> (%6;$0 &>,- 5.$6)<$0 )6) ,$*8$23,523, 82).%(7F37 . 

($A+,.)$ +)+,$*5 (%6;03 &>,- +0);$03. M36%.$2%7,0%, <,% +0);$0)$ +,%)*%-

+,) *%;$, &>,- (%+,)905,% ,%6-/% 565<C$0)$* +5F$+,.5@F)' '%6%()6-0>' 

*3C)0. E,% 8%,2$&5$, 23423&%,/) 0%.>' ,$2*%()03*)<$+/)' 1)/6%. ) 23&%<)' 

,$6 [2]. 

G +,3,-$ 23++*%,2$0> +5F$+,.5@F)$ 03823.6$0)7 . 23423&%,/$ +%60$<0>' 

(36-,$203,).0>') +)+,$* /%0()1)%0)2%.30)7 .%4(5'3. D%2&1)%00>A 1)/6 %+-

0%.30 03 %+5C),$6-0%-)+832),$6-0%* 82)01)8$. K+832),$6-0%$ %'63;($0)$ 

=::$/,).0% ,%6-/% . 5+6%.)7' +5'%9% ) ;32/%9% /6)*3,3. !67 $9% )+8%6-4%.3-

0)7 &$4 %9230)<$0)7 /6)*3,)<$+/)' 5+6%.)A 0325;0>A .%4(5' 82$(.32),$6-0% 
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%+5C3$,+7, <,% ($63$, 8%+6$(5@F)A 82%1$++ )+832),$6-0%9% %'63;($0)7 +2$( 

.>+%/%=::$/,).0>*. !67 %+5C$0)7 .%4(5'3 82)*$07@,+7 6)&% 923056)2%.30-

0>$ ,.$2(>$, 6)&% ;)(/)$ +%2&$0,>. G 8$2.%* +65<3$ =,% 3(+%2&$0,>, ) . /3-

<$+,.$ )' )+8%6-45@, 923056)2%.300>$ 1$%6),, 36@*%9$6-, +$6)/%9$6- ) 82. 

P($+- )+8%6-45@, . 388323,520%* %:%2*6$0)) ,3/ 034>.3$*>$ «.23F3@F)$+7 

/%6$+3», +$/,%2> /%,%2>' 438%60$0> 923056)2%.300>* 3(+%2&$0,%* ) <$2$4 

%,($6-0>$ +$/,%23 /%,%2>' 82%'%(7, 8%,%/) .%4(5'3, %+5C3$*%9% ) 2$9$0$23-

1)%00%9% 0392$,%9% .%4(5'3, <,% 0$%&'%()*% (67 .%++,30%.6$0)7 3(+%2&$0,3. 

G% .,%2%* +65<3$ =,% .%(0>$ 23+,.%2> '6%2)+,%9% 6),)7, &2%*)+,%9% 6),)7 ) 

(2. I2$(.32),$6-0>A 3036)4 8%/3436 82$)*5F$+,.3 ;)(/)' +%2&$0,%., - 3&+%2-

&$0,%., ) 8%4.%6)6 8% ,$86%:)4)<$+/)* +.%A+,.3* .>&23,- /%*8%4), 03 %+0%.$ 

&2%*)+,%9% 6),)7. D'$*> 03 ;)(/%* +%2&$0,$ *%95, &>,- + 827*%A ) 0$827*%A 

2$9$0$231)$A 3&+%2&$0,3.  

!67 8%(($2;30)7 0$82$2>.0%+,) 1)/63 +%2&$0, +6$(5$, .%++,303.6).3,- 

(% 8$2.%03<36-0%A /%01$0,231)) (/2$8/)A ) +63&>A 23+,.%2> 3&+%2&$0,3). "3/ 

823.)6%, .%++,30%.6$0)$ (2$9$0$231)@) 82%.%(7, 85,$* 82%/3<).30)7 <$2$4 

388323, .%4(5C0%9% 8%,%/3, 0392$,%9% (% .>+%/%A ,$*8$23,52> (8%27(/3 130 

923(. (67 3(+%2&$0,3, ) 8%27(/3 60-90 923(. (67 3&+%2&$0,3). D%60$<037 2$9$0$-

231)7 3&+%2&$0,3 . %,/2>,>' +)+,$*3' *%;$, &>,-: 

! 5*&.(G, ) 82%,$/3,- 82) 0$8%+2$(+,.$00%* /%0,3/,$ .%4(5C0%9% 8%,%/3 ) 

86$0/) 3&+%2&$0,3 . .%4(5C0%* +%60$<0%* /%66$/,%2$ %+%&%9% ,)83, ,% 

$+,- 2$9$0$231)7 3&+%2&$0,3 4($+- 82%,$/3$, 82) 0$8%+2$(+,.$00%* .%4-

($A+,.)) +%60$<0%A 23()31)) ) .%4(5C0%9% 8%,%/3;  

! -"5*&.(G, <,% ,2$&5$, 036)<)7 %,($6-0%9% 2$9$0$23,%23-($+%2&$23 ) +%6-

0$<0%A 0392$.3,$6-0%A +)+,$*> (9$6)%+)+,$*>), )6) 0392$.3,$67 /%*&)-

0)2%.300%9% ,)83, %&$+8$<).3@F$9% 23&%,5 ($+%2&$23-2$9$0$23,%23.  

2"5*&.%& #(1-"9-%& *"'"-"*%A/& %?#(*?"-+% . %,/2>,>' +)+,$*3' 82$(5-

+*3,2).3$, 036)<)$ ($+%2&$23 + .0$C0)*, .>0$+$00>*, ,$86%%&*$00)/%*, 6)-

&% .+,2%$00>* ,$86%%&*$00)/%* [4,5], /5(3 8%(3$,+7 .%(3, 0392$,37 . 9$6)%+)-

+,$*$. N&23,037 43(3<3 )*$$, *$+,% . 3&+%2&$2$, 9($ ,2$&5$,+7 %'63;($0)$. 

Q3F$ .+$9% (67 =,%A 1$6) . +'$*5 ..%(7, 923()20@. N<$0- 82).6$/3,$6$0 3&-

+%2&$2 + .05,2$00)* )+832),$6-0>* %'63;($0)$*, +%4(30)$ /%,%2%9% +%827-

;$0% + )4.$+,0>*) /%0+,25/,).0>*) +6%;0%+,7*). 

B*&.%& #(1-"9-%& *"'"-"*%A/& %?#(*?"-+% . %,/2>,>' +)+,$*3' [6,7] 82%-

,$/3$, 82) 0$8%+2$(+,.$00%* /%0,3/,$ .%4(5C0%9% 8%,%/3 ) 86$0/) 3&+%2&$0,3 

. .%4(5C0%* +%60$<0%* /%66$/,%2$, ,% $+,- 2$9$0$231)7 3&+%2&$0,3 4($+- 82%-

,$/3$, 82) 0$8%+2$(+,.$00%* ) %(0%.2$*$00%* .%4($A+,.)) +%60$<0%A 23()3-

1)) ) .%4(5C0%9% 8%,%/3. G 23&%,$ [13] &>6 +($630 .>.%( %,0%+),$6-0% 82$-

)*5F$+,. +)+,$* + 827*%A 2$9$0$231)$A 3&+%2&$0,3 03( +)+,$*3*) + 0$827*%A 

2$9$0$231)$A. E,%, .>.%( 05;(3$,+7 . 8%(,.$2;($0)) ) /%0/2$,)431)), 8%-

+/%6-/5 . 03+,%7F$$ .2$*7 03'%(7, 82)*$0$0)$ %&3 ,)83 +)+,$* ) (67 /3;(%9% 

)4 0)', /3/ &5($, 8%/3430% 0);$, '323/,$20> /3/ (%+,%)0+,.3, ,3/ ) 82%&6$*> 

823/,)<$+/%A 2$36)431)).  

N()0 )4 .32)30,%. 36-,$203,).0%A +)+,$*> /%0()1)%0)2%.30)7 .%4(5'3 

JD"G + 827*%A 2$9$0$231)$A 3&+%2&$0,3 &>6 )++6$(%.30 . 23&%,$ 
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P. Gandhidasan [8% 23&%,$ 13]. K0,$2$+ 82$(+,3.67$, )+8%6-4%.30)$ +%60$<0%9% 

/%66$/,%23-2$9$0$23,%23 827*%9% ,)83 (D"-H), . /%,%2%* 923.),31)%00%$ ,$<$-

0)$ 86$0/) 3&+%2&$0,3 8% 03/6%0$00%*5 8%( %82$($6$00>* 596%* / 9%2)4%0,5 

D"-H +%82%.%;(3$,+7 82%,).%,%<0>* (.);$0)$* .%4(5C0%9% 8%,%/3, <,% 

%&$+8$<).3$,+7 +%60$<0%A =0$29)$A. O% $+,- +%601$ 4($+- %&$+8$<).3$, /3/ 8%-

+,586$0)$ ,2$&5$*%9% (67 2$9$0$231)) 3&+%2&$0,3 ,$863, ,3/ ) (.);$0)$ .%4-

(5'3, .>0%+7F$9% .6395 )4 2$9$0$23,%23. N<$.)(0%, <,% ,3/37 +)+,$*3 %/34>.3-

$,+7 %+%&$00% <5.+,.),$6-0%A / 52%.0@ +%60$<0%A 23()31)) ) .3;05@ 2%6- 

4($+- )923$, &3/-,$86%3//5*567,%2. G 23&%,$ 82).$($0> 23+<$,0>$ 43.)+)*%-

+,), '323/,$2)45@F)$ =::$/,).0%+,- JD"G )4 /%,%2>' +6$(5$,: 

! + 2%+,%* ,$*8$23,52> 0325;0%9% .%4(5'3 =::$/,).0%+,- JD"G +0);3$,-

+7; 5.$6)<$0)$ /%01$0,231)) 3&+%2&$0,3 ()+8%6-4%.36+7 23+,.%2 '6%2)-

+,%9% 6),)7) 82).%(), / %;)(3$*%*5 2%+,5 =::$/,).0%+,) 82%1$++3 %+5-

C$0)7 .%4(5'3;  

! 03)&%6$$ +$2-$40% .6)7$, 03 82%1$++ %+5C$0)7 .%4(5'3 ,$*8$23,520>A 

52%.$0- %'63;($0)7 .%(> . 923()20$, %&+65;).3@F$A 3&+%2&$2 (%+5C)-

,$6- .%4(5'3). 

P. Gandhidasan [16] .>8%60)6 3036)4 ,$'0)<$+/)' '323/,$2)+,)/ %+5C)-

,$6-0%A '%6%()6-0%A +)+,$*> + 43*/05,>* 1)/6%*, )+8%6-45@F$A +%60$<05@ 

=0$29)@ (67 2$9$0$231)). D)+,$*3, 23&%,3@F37 . 2$;)*$ .$0,)671)), )+8%6--

457 ;)(/)A %+5C),$6-, &>63 82$(6%;$0 (67 ,3/)' *$+, /3/ !3'230, D35(%.+/37 

J23.)7, 9($ . 6$,0)$ *$+71> +5F$+,.5@, .>+%/)$ 52%.0) ,$*8$23,52> ) .63;-

0%+,). N+5C$00>A 0325;0>A .%4(5', %'63;(3$,+7 3()3&3,0% 85,$* )+832)-

,$6-0%9% %'63;($0)7, 43,$* +63&>A 23+,.%2 %+5C),$67 2$9$0$2)25@,+7 + 8%-

*%F-@ +%60$<0%A =0$29)). !67 (300%A '%6%()6-0%A +)+,$*> &>6% 8%65<$0% 

.>23;$0)7 (67 82%90%4)2%.30)7 /%6)<$+,.3 ,$86%,>, 5(36$00%A )4 /%0()1)%-

0)25$*%9% 8%*$F$0)7 . 43.)+)*%+,) %, 03<36-0>' 8323*$,2%.. O3/ ;$ 23+-

+*%,2$0% .6)70)$ 8323*$,2%. %/25;3@F$9% .%4(5'3, )465<$0)7, ,$*8$23,52> 

%'63;(3@F$A .%(> ) /%01$0,231)) 23+,.%23 . %+5C),$6$. B>6% .>8%60$0% 

<)+6$00%$ *%($6)2%.30)$, %&0325;).C$$, <,% .+$ .>C$ 8$2$<)+6$00>$ 8323-

*$,2> )*$@, 403<),$6-0%$ .6)70)$ 03 23&%,5 '%6%()6-0%A +)+,$*>. 

W.B. Ma ) (2. [8% 23&%,$ 13] .>8%60)6) ($,36-0>A ,$%2$,)<$+/)A 3036)4 

(.5'+,58$0<3,%A Li/H2O 3&+%2&1)%00%A '%6%()6-0%A +)+,$*>, +%+,%7F$A )4 

)+832),$67, 3&+%2&$23 0)4/%9% (3.6$0)7, 9$0$23,%23 0)4/%9% (3.6$0)7, 3&+%2-

&$23 .>+%/%9% (3.6$0)7, 9$0$23,%23 .>+%/%9% (3.6$0)7, /%0($0+3,%23, ,$86%-

%&*$00)/%. .>+%/%9% ) 0)4/%9% (3.6$0)7, 82).%()*%A . ($A+,.)$ 0)4/%,$*8$-

23,520>* )+,%<0)/%*. D23.0$0)$ 2$456-,3,%. ,$%2$,)<$+/%9% 3036)43 ) 82$(-

.32),$6-0>' =/+8$2)*$0,%. + =/+8$2)*$0,36-0%A 5+,30%./%A *%F0%+,-@ 6/G, 

8%/3436%, <,% ,$%2$,)<$+/)A 3036)4 *%;$, %,%&23;3,- 2$36-05@ +)+,$*5 + 

82)$*6$*%A 8%92$C0%+,-@, ) 8%6$4$0 (67 &5(5F)' )++6$(%.30)A. 

G 23&%,$ [13] 23++*3,2).3$,+7 )++6$(%.30)$ 0%.%9% 3&+%2&1)%00%9% ,$8-

6%.%9% 03+%+3 +8%+%&0%9% )+8%6-4%.3,- 0)4/%8%,=01)36-0>$ )+,%<0)/) ,$863, 

,3/)$ /3/ +%60$<0%$ ,$86%, %,23&%,300%$ ,$86% ) 8%(%&0>$ )+,%<0)/) =0$29)). 

G %,6)<)$ %, &%6-C)0+,.3 +)+,$* + 43*/05,>* 1)/6%*, ,2$&5@F)A ,$*8$23,5-

2> 8%(.%(3 ,$863 9%234(% &%6$$ .>+%/%A, <$* ,$*8$23,52> %,.%(3, 82$(+,3.-
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6$00>A 1)/6 +8%+%&$0 23&%,3,- 82) %<$0- *36$0-/%* 8$2$83($ ,$*8$23,52 *$-

;(5 )+,%<0)/%* ) 82)$*0)/%*. N+5C$00>A 0325;0>A .%4(5' )+8%6-45$,+7 

(67 82%)4.%(+,.3 %'63;($00%A .%(> . )+832),$6-0%* %'63(),$6$ ) 43,$* (67 

2$9$0$231)) 3&+%2&$0,3. #$8%+2$(+,.$00%$ 82)*$0$0)7 =,%9% %+5C),$6--

)+832),$6--2$9$03,%2 1)/63 – %'63;($0)$ ) /%0()1)%0)2%.30)$ .%4(5'3, 0% 

*%95, &>,- 23++*%,2$0> ) 82)*$0$0)7 . 82%*>C6$00%A 8$2$/3</$ ,$863. "%*-

8-@,$20%$ *%($6)2%.30)$ 1)/63 &>6% 82%.$($0% + )+8%6-4%.30)$* *%(56-0%A 

/%*8-@,$20%A 82%923**>, 038)+300%A (67 3&+%2&1)%00%A +)+,$*> + 43*/05-

,>* 1)/6%* + 2346)<0>*) /%0:)95231)7*) 1)/63 ) 2346)<0>*) 23&%<)*) 

;)(/%+,7*). H3&%<)$ '323/,$2)+,)/) &>6) %82$($6$0> (67 C)2%/%9% ()3834%-

03 5+6%.)A 23&%,> ) &>6) )++6$(%.30> .6)70)$ 2346)<0>' 23+<$,0>' 8323-

*$,2%.. R)/6 .>967(), %<$0- 8$2+8$/,).0>* (67 2$C$0)7 27(3 823/,)<$+/)' 

43(3<. 

 

II. 9+0)50" +&($,3 0 $'$(!))$',0 '7!%)37 +!:!)02. D5,- %,/2>,%9% 

3&+%2&1)%00%9% 1)/63 43/6@<3$,+7 . ,%*, <,% 0325;0>A .%4(5' 82$(.32),$6--

0% %+5C3$,+7 . 5+6%.)7' 0$82$2>.0%9% 1)/63, ,3/ <,% 82) =,%* 2$4/% .%423+-

,3@, 8%,$01)36> )+832),$6-0%9% %'63;($0)7 + )+8%6-4%.30)$* %+5C$00%9% 

.%4(5'3, /%,%2>A 43,$* 8%+,583$, . )+832),$6-0>A %'63(),$6- 827*%9% 6)&% 

0$827*%9% ,)83 (6)&% /%*&)0)2%.300%9% ,)83, %&?$()07@F)A .%4*%;0%+,) 

0$+/%6-/)' 2346)<0>' +8%+%&%. )+832),$6-0%9% %'63;($0)7), 9($ *%;$, &>,- 

%&$+8$<$0% 965&%/%$ %'63;($0)$ +2$(> . 36-,$203,).0>' '%6%()6-0>' +)+,$-

*3' JSD (. 36-,$203,).0>' +)+,$*3' /%0()1)%0)2%.30)7 .%4(5'3 /%*:%2,0%-

9% ) ,$'0%6%9)<$+/%9% 03403<$0)7 JD"G %&$+8$<).3$,+7 8%65<$0)$ .%4(5'3 + 

,2$&5$*>*) 8323*$,23*) /%*:%2,0%+,) 8% ,$*8$23,52$ ) %,0%+),$6-0%A 

.63;0%+,)). I2) =,%* 82%1$++ )+832),$6-0%9% %'63;($0)7 *%;$, &>,- =::$/-

,).$0 &$4%,0%+),$6-0% 8323*$,2%. 0325;0%9% .%4(5'3 ($9% %,0%+),$6-0%A 

.63;0%+,) ) .639%+%($2;30)7), ,% $+,-, )+8%6-4%.30 8%.+$*$+,0% (67 2$C$0)7 

5/34300>' 43(3< /%0()1)%0)2%.30)7 .%4(5'3, 0$ 82)&$937 / )+/5++,.$00%*5 

'%6%(5. 

I$2+8$/,).0%+,- 823/,)<$+/%9% )+8%6-4%.30)7 36-,$203,).0>' +)+,$* 

%82$($67$,+7 )' +6$(5@F)*) (%+,%)0+,.3*): 

! H$(1('/9"#$%& 9/#+(+% (82%&6$*3 96%&36-0%9% 8%,$86$0)7, %4%0%&$4%83+-

0%+,- ) 82.);  

! E*%,-/+"1@-( -/>$/" I-"*'(>%+*%+; (82)*$20% . (.3 2343 0);$ 8% +23.-

0$0)@ + 832%/%*82$++)%00>*) %'63(),$67*); 

! 3(>.(J-(#+@ $(.51"$#-('( *"C"-/& *&!% >%!%9 J/>-"(?"#5"9"-/&: 9%27-

<$9% .%(%+03&;$0)7, %,%86$0)7, %'63;($0)7 ) /%0()1)%0)2%.30)7 (. <3-

+,0%+,), %+5C$0)7) (67 ;)6>' ) 82%)4.%(+,.$00>' %&?$/,%., )+8%6-457 

$()05@ +%60$<05@ +)+,$*5.  

N(03/% =,)* +)+,$*3* 82)+5F) ) +$2-$40>$ 0$(%+,3,/), +($2;).3@F)$ 

823/,)<$+/%$ 234.),)$ =,%9% 03823.6$0)7: 

! K(1@C/" '%?%*/+;, %&5+6%.6$00>$ 0)4/)*) (.);5F)*) +)63*) (,$*8$23-

,520>*) 038%23*)), <,% +.%A+,.$00% .%%&F$ 6@&%*5 ,)85 36-,$203,).0%-

9% )+,%<0)/3 =0$29)); 
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! K(1@C(" $(1/9"#+,( +"51(.%##((?."--;0 %55%*%+(,, .'%(7F)' . +%+,3. 

+)+,$*, <,% ,2$&5$, 403<),$6-0>' =0$29%43,23, 03 %2930)431)@ (.);$0)7 

,$86%0%+),$6$A (23&%,3 .%4(5C0>' .$0,)67,%2%. ) ;)(/%+,0>' 03+%+%.); 

! B*(?1".%+/9-(#+@ /#5(1@>(,%-/& +(1@$( #(1-"9-(G I-"*'// (67 2$9$0$-

231)) 3&+%2&$0,3 (67 (%+,);$0)7 ,2$&5$*>' ,$*8$23,52 %'63;($0)7 +2$( 

. JSD ) 8323*$,2%. /%0()1)%0)2%.30)7 (8323*$,2%. /%*:%2,0%+,) ;)-

6>' 8%*$F$0)A) . JD"G; 

! K(1@C/" 51(<%!/, 430)*3$*>$ +%60$<0%A <3+,-@ +)+,$*> (82)$* +%60$<-

0%A =0$29)), $$ 03/%86$0)$ . &3/$-,$86%3//5*567,%2$ BOJ); +6$(5$, ,3/;$ 
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345. 2. B*/-A/5/%1@-%& #0".% #(1-"9-
-(G #/#+".; $(-!/A/(-/*(,%-/& ,(>!)-
0% EEF3 -% (#-(," (+$*;+('( %?#(*?-
A/(--('( A/$1% # 5*&.(G *"'"-"*%A/"G 
%?#(*?"-+%. B(!%9% , 5(."<"-/" (0-
1%J!"--(G ,(!; / (?*%?(+%--('( ,(>-
!)0%. 

345. 1. B*/-A/5/%1@-%& #0".% #(1-"9-
-(G #/#+".; $(-!/A/(-/*(,%-/& ,(>-
!)0% EEF3 -% (#-(," (+$*;+('( %?-
#(*?A/(--('( A/$1% # 5*&.(G *"'"-"-
*%A/"G %?#(*?"-+%. B(!%9% , 5(."<"-
-/" ,(>!)0%, 5*(C"!C"'( +"*.(,1%J-
-(#+-)= (?*%?(+$). 

 ?(>-%9"-/&: 1 – %?#(*?"* # ,-)+*"--
-/. /#5%*/+"1@-;. (01%J!"-/".; 2 –
/#5%*/+"1@-;G (01%!/+"1@ -"5*&.('( 
+/5%; 3 – 5(."<"-/"; 5, 6 - +"51((?-
."--/$/; 7 – #(1-"9-;G $(11"$+(* - *"-
'"-"*%+(*; 9 – ".$(#+@ !1& *%#+,(*% 
%?#(*?"-+%; 10 – /#5%*/+"1@-;G (01%-
!/+"1@ ,(!; (!,)0$(-+)*-%& '*%!/*-&); 
11 – ,(!(-,(>!)C-;G +"51((?."--/$.  
D – -%*)J

 ?(>-%9"-/&: 1 – %?#(*?"* # ,-)+*"--
-/. /#5%*/+"1@-;. (01%J!"-/".; 2 – 
/#5%*/+"1@-;G (01%!/+"1@ -"5*&.('( 
+/5%; 3 – 5(."<"-/"; 4, 5, 6 - +"51(-
(?."--/$/; 7 – #(1-"9-;G $(11"$+(* - 
*"'"-"*%+(*; 9 – ".$(#+@ !1& *%#+,(-
*% %?#(*?"-+%.  
D – -%*)J-;G ,(>!)0; L, - (#)C"--;G 
, %?#(*?"*" ,(>!)0;  , 3 – (#-(,-(G / 
,#5(.('%+"1@-;G ,(>!)C-;" 5(+($/ 
5(#1" 27 ; 8, N – $*"5$/G / #1%?;G 
*%#+,(*; %?#(*?"-+%; : - ,(>!)C-;G 
5(+($ /> 5(."<"-/& (*"A/*$)1&A/(--
-;G ,(>!)C-;G $(-+)*). 

-;G ,(>!)0; L, L* - (#)C"--
-;G , %?#(*?"*" ,(>!)0;  , 3 – (#-(,-(G 
/ ,#5(.('%+"1@-;G ,(>!)C-;" 5(+($/ 
5(#1" 27 ; 8, N – $*"5$/G / #1%?;G 
*%#+,(*; %?#(*?"-+%. 
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%,*$,),-, <,% 03 +%60$<05@ <3+,- JD"G 82)'%(),+7 ) %+0%.037 +,%)*%+,- 

.+$A +)+,$*>. 

B639%(327 .>8%60$00>* . 8%+6$(0)$ 9%(> )++6$(%.30)7* 8%7.)63+- .%4-

*%;0%+,- +%4(30)7 8%6)*$20%9% ,)83 +%60$<0%9% /%66$/,%23 D"-2$9$0$23,%23 

3&+%2&$0,3 (D"-H), <,% %&$+8$<).3$, 0%.5@ ;)40- 36-,$203,).0>' +)+,$* + 

827*%A 2$9$0$231)$A 3&+%2&$0,3, $+6) 5<$+,-, <,% %+0%.037 +,%)*%+,- ) .$+ 

=,)' +)+,$* 82)'%(),+7 )*$00% 03 +)+,$*5 +%60$<0%A 2$9$0$231)). 

#3 2)+. 1 ) 2 82).$($0> 23423&%,300>$ +'$*0>$ 2$C$0)7 (67 36-,$203-

,).0>' +)+,$* /%0()1)%0)2%.30)7 .%4(5'3 JD"G, %+0%.300>$ 03 %,/2>,%* 

3&+%2&1)%00%* 1)/6$ + 827*%A 2$9$0$231)$A 3&+%2&$0,3. D$2(1$* ,3/)' +)+-

,$* 7.67$,+7 +%60$<0>A /%66$/,%2-2$9$0$23,%2. 

D'$*> 23&%,3@, +6$(5@F)* %&234%*: 0325;0>A .%4(5' A 8%+,583$, . 3&-

+%2&$2 + .05,2$00)* )+832),$6-0>* 1, 9($ 82$(.32),$6-0% %+5C3$,+7, 8%+6$ 

<$9% %'63;(3$,+7 . )+832),$6-0>A %'63(),$6- 0$827*%9% ,)83 2 ) 8%(3$,+7 . 

8%*$F$0)$. #3 +'$*$, 8%/34300%A 03 2)+. 2, <3+,- .%4(5'3 8%+6$ 0$827*%9% )+-

832),$6-0%9% %'63(),$67 (#KN) 03823.67$,+7 . 923()20@ 10 /%,%237, )+8%6--

 
 

345. 3. D?#(*?"* # ,-)+*"--/. /#5%*/+"1@-;. (01%J!"-/". (5%-
+"-+ 6$*%/-; M 74526). 
 ?(>-%9"-/&: 1, 2 – ,(>!)C-;" $%-%1; !1& (#-(,-('( ((#)C%".('() 
/ ,#5(.('%+"1@-('( ,(>!)C-;0 5(+($(,; 3 – *%#5*"!"1/+"1@ ,(!;; 
4 – ".$(#+@ !1& ,(!;; 5 – $%51"(+!"1/+"1@; 6 – *%#5*"!"1/+"1@ 

%?#(*?"-+%; 7 - ".$(#+@ !1& %?#(*?"-+% 
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45$,+7 (67 %'63;($0)7 .%(> 8%(3.3$*%A . 8%*$F$0)$. J&+%2&$0, .%++,303.6)-

.3$,+7 . +%60$<0%* /%66$/,%2$-2$9$0$23,%2$ D"-H (($+%2&$2$) + )+8%6-4%.30)-

$* .%4(5C0%9% 8%,%/3, (.);$0)$ /%,%2%9%, /3/ ) 234%92$. +%2&$0,3 %&$+8$<)-

.3$,+7 +%60$<0%A =0$29)$A. "2$8/)A 23+,.%2 3&+%2&$0,3, 8%/)(3@F)A D"-H, 

03823.67$,+7 <$2$4 +)+,$*5 2$9$0$23,).0>' ,$86%%&*$00)/%. 5-6, 9($ %'63;-

(3$,+7, 8$2$(3.37 <3+,- ,$86%,> +63&%*5 23+,.%25 3&+%2&$0,3 ) .+8%*%93,$6--

0%*5 8%,%/5 .%4(5' 8%/)(3@F$9% #KN, . 3&+%2&$2 1. G%4(5C0>A 8%,%/ (+.$-

;)A 0325;0>A .%4(5'), 82) %+5C$0)) . 3&+%2&$2$ 1, +0);3$, .639%+%($2;30)$ 

) ,$*8$23,525 ,%</) 2%+>, <,% %&$+8$<).3$, 403<),$6-0>A 8%,$01)36 %'63;-

($0)7 . )+832),$6-0%* %'63(),$6$.  

#%.)403 JD"G ) $$ %+%&$00%+,) 43/6@<3@,+7 . +6$(5@F$*: 

! Q)+6% ,$86%*3++%%&*$00>' 388323,%. . +'$*$ *)0)*)4)2%.30% 43 +<$, 

2$36)431)) . /3;(%* )4 388323,%. 0$+/%6-/)' 82%1$++%. %(0%.2$*$00%; 

=,% 5*$0-C3$, 93&32),> &6%/3 %'63;($0)7 ) +5**320%$ +%82%,).6$0)$ 

(.);$0)@ .%4(5C0>' 8%,%/%. . +'$*$; 

! N&23&3,>.3@,+7 %(0%.2$*$00% %&3 8%,%/3, .%(> ) .%4(5'3, 8%(3.3$*>$ . 

/%0()1)%0)25$*%$ 8%*$F$0)$ ((%8%60),$6-0% )+8%6-45$,+7 (.5'/%0,52-

037 923()207), <,% ($63$, +'$*5 5(%&0%A . %8$23,).0%* %,0%C$0)) ) +8%-

+%&+,.5$, %&$+8$<$0)@ /23,0%+,) 1)2/5671)) .%4(5'3 . 8%*$F$0)) (. +%-

%,.$,+,.)) + ,2$&%.30)7*) +5F$+,.5@F)' 0%2*3,).%.); 

 

III.  !"#$%&''$$(%!))&* &""&+&,-+& .#* &#/,!+)&,01)37 '0',!%. 

G3;0$AC)* .%82%+%*, %82$($67@F)* &5(5F0%+,- 36-,$203,).0>' +%6-

0$<0>' +)+,$*, 7.67$,+7 +%4(30)$ .>+%/%=::$/,).0%A ,$86%*3++%%&*$00%A 

388323,52> (3&+%2&$2, ($+%2&$2, )+832),$6-0>$ %'63(),$6), ,$86%%&*$00)/)). 

I%+/%6-/5 <)+6% ,3/)' 388323,%., .'%(7F)' . +%+,3. +)+,$* (%+,3,%<0% .$6)-

/%, =,% ,2$&5$, 403<),$6-0>' =0$29%43,23, 03 %2930)431)@ (.);$0)7 ,$86%0%-

+),$6$A. D ,$2*%()03*)<$+/%A ,%</) 42$0)7, 5<),>.37 *36>$ (.);5F)$ +)6> 

82%1$++%., '323/,$20>$ (67 %,/2>,>' 3&+%2&1)%00>' +)+,$*, 82).6$/3,$6-0% 

5.$6)<$0)$ /%6)<$+,.3 ,$86%%&*$00>' 388323,%. . +'$*3', 0% =,% +.7430%, /%-

0$<0%, + 2%+,%* =0$29%8%,2$&6$0)7 ) %&F)' 93&32),%. %&%25(%.30)7. 

G +%.2$*$00>' +)+,$*3' )+8%6-45@, 388323,> 86$0%<0%9% ,)83. E,% *0%-

9%/3036-0>$ +,25/,52> + /30363*), . /%,%2>' 8% +,$0/3* 86$0/%A +,$/3$, 

;)(/%+,- (.%(3, 23+,.%2 3&+%2&$0,3) 3 . +$2$()0$ /30363 (.);$,+7 .%4(5C0>A 

8%,%/. !67 ,3/)' 388323,%. .3;0% +6$(5@F$$: 5+,%A<).%+,- ,$<$0)A, ,% $+,- 

5+6%.)7, /%9(3 934%.>A 8%,%/ 0$ 0325C3$, 86$0%<0%$ ,$<$0)$ ;)(/%+,); +23.-

0),$6-0% &%6-C)$ +/%2%+,) (.);$0)7 9343, <,%&> 388323,> &>6) 0$&%6-C)*); 

)+8%6-4%.30)$ *3,$2)36%. (67 03+3(/), /%,%2>$ 0$ 8%(.$293@,+7 23425C)-

,$6-0%*5 .%4($A+,.)@ +2$( (/%22%4)7); )+8%6-4%.30)$ 234*$2%. /3036%., <,%&> 

%0) 0$ 8%(.$2936)+- 4392740$0)7* %,6%;$0)7*). H34*$2 /30363 (=/.).36$0,-

0>A ()3*$,2) +%+,3.67$, 15-25**. G>+%,3 03+3(/) (% 1 *$,23. D/%2%+,- (.)-

;$0)7 8%,%/%. . /30363' +%+,3.67$, 6-8 */+. D'$*3 /%0,3/,3 8%,%/%., /3/ 823-

.)6%, 8%8$2$<0%,%<037, 82) 9%2)4%0,36-0%* (.);$0)) 9343[11]. 

N&F)* ,2$&%.30)$* / ,$86%*3++%%&*$00%A 388323,52$ (OMJ) (67 23423-

&3,>.3$*>' 36-,$203,).0>' +)+,$* 7.67$,+7  

 46 



345. 4. 7#5%*/+"1@-;G (01%!/+"1@ ,(>!)0% -"5*&-

.('( +/5% (5%+"-+ 6$*%/-; M 73696)  
 ?(>-%9"-/&: 1, 2 – $%-%1; ,#5(.('%+"1@-('( / (#-
-(,-('( 5(+($(, ,(>!)0%; 3 – *%#5*"!"1/+"1@ ,(-

!;; 4 – $%51"(+!"1/+"1@; 5 – ,(!&-%& ".$(#+@ 

! B%6-C37 8%.$2'0%+,- ,$86%*3+%%&*$03; 

! D23.0),$6-0% 0$&%6-C)$ 3=2%()03*)<$+/)$ +%82%,).6$0)7 (.);$0)@ ,$-

86%0%+),$6$A <$2$4 388323,; 

! T)0$A0%+,- 8%+,2%$0)7 +'$* ,$<$0)7 .+$' 8%,%/%. + 5<$,%* 0$%&'%()*%-

+,) +%.*$+,0%A 23&%,> 0$+/%6-/)' ,3/)' 388323,%. . $()0%* &6%/$ %'63;-

($0)7. 

G>&%2 *3,$2)363 (67 )49%,%.6$0)7 03+3(/) %+0%.30 03 2$456-,3,3' 82$(-

.32),$6-0>' )++6$(%.30)A 3.,%2%. [11]. N+0%.>.37+- 03 =,)' 2$456-,3,3', &>-

6) 23423&%,30> 2$/%*$0(31)) / :%2*%.30)@ &34%.%9% =6$*$0,3 H# (67 OMJ 

)4 863+,*3++> (8%6)/32&%03,0>' 86), *0%9%/3036-0%A +,25/,52>), + 5<$,%* 

%8,)*36-0>' 9$%*$,2)<$+/)' '323/,$2)+,)/. B>6 82%.$($0 3036)4 IM, /%,%-

2>$ *%95, &>,- )+8%6-4%.30> . /%0+,25/1)) OMJ, /%,%2>A 8%/3436, <,% %(-

0)* )4 8$2+8$/,).0>' *3,$2)36%. 7.67$,+7 8%6)/32&%03,, .>85+/3$*>A . .)($ 

*0%9%/3036-0>' 86),. I6),3 +%,%.%9% 8%6)/32&%03,3 82$(+,3.67$, +%&%A (.3 

832366$6-0>' 6)+,3 + 8%8$2$<0>*) 8$2$9%2%(/3*) . 1$6-0%A $()0%A +,25/,5-

2$. E,% 8%4.%67$, +0)4),- ,%6F)05 0$+5F$A 863+,)0> ), . ,% ;$ .2$*7, %&$+8$-

<),- ,2$&5$*5@ ;$+,/%+,- /%0+,25/1)) . 1$6%*.  

B%6$$ 8%(2%&0% &>6) )45<$0> +.%A+,.3 *3,$2)363. O$*8$23,520>A ()383-

4%0 =/+8653,31)) (67 8%6)/32&%03,3 +%+,3.67$, %, –40 (% +120ûD, <,% 8%4.%67-

$, )+8%6-4%.3,- $9% . «%,/2>,>'» +)+,$*3', / /%,%2>* %,0%+7,+7 )+832),$6--

0>$ %'63(),$6) ) +%60$<0>$ /%66$/,%2> %+5C),$6-0%-)+832),$6-0>' +)+,$*. 
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I2) (6),$6-0%* .%4($A+,.)) +%60$<0%9% )465<$0)7 .3;0%$ 403<$0)$ )*$-

$, 5+,%A<).%+,- *3,$2)363 / 56-,23:)%6$,%.%*5 )465<$0)@  UK. I%6)/32&%-

03,0>$ 830$6) I" 82%)4.%(7,+7 +% +8$1)36-0>* 8%/2>,)$*, 82$(%,.23F3@-

F)* 23425C3@F$$ .%4($A+,.)$  UK 03 *3,$2)36 ,3/%A 03+3(/).  

D%,%.>$ 830$6) )4 I" %,6)<3@,+7 .>+%/)*) *$'30)<$+/)*) '323/,$2)-

+,)/3*), ,3/)*), /3/ ,.$2(%+,- ) +,%A/%+,- / 5(320>* .%4($A+,.)7* 82) (6)-

,$6-0%* +%($2;30)) 03 %,/2>,%* .%4(5'$. I30$6) )4 I" 82%C6) 0$+/%6-/% 

*$;(5032%(0>' ,$+,%.: . DVJ – ASTM E822 – 87, . V.$A132)) – 5+8$C0>A 

,$+, WMHJ +%963+0% SIA Norm 280 (1977). K+8>,30)7 8% *$,%(5 L32(0$23 – 

*$,%( %82$($6$0)7 +,%A/%+,) / 5(323* 83(3@F)' 82$(*$,%. (Gardner Falling 

Dart Impact Test) – 8%/3436), <,% +%,%.>$ 8%6)/32&%03,0>$ 830$6) %&63(3@, 

.>+%/%A +,$8$0-@ 8%96%F$0)7 =0$29)) 8% +23.0$0)@ + (259)*) *3,$2)363*). 

E,% +.%A+,.% 93230,)25$, .>+%/5@ +,%A/%+,- / .%4($A+,.)@ 923(3 ) 83(3@F)' 

82$(*$,%..  

#3 %+0%.$ 8%6)/32&%03,0>' 6)+,%. ) *0%9%/3036-0>' 86), 23423&%,30> 

82)01)8> /%0+,25)2%.30)7 )+832),$6-0>' %'63(),$6$A. K+832),$6-0>A %'63-

(),$6- (2)+. 4) 0$827*%9% ,)83 5+,2%$0 +6$(5@F)* %&234%*: %0 )*$$, ,2) 8%-

,%/3, (.3 .%4(5C0>' ) %()0 .%(70%A. G %(0)' /30363' (.);$,+7 .%(7037 86$0-

/3 ) .+8%*%93,$6-0>A .%4(5C0>A 8%,%/. G%(3 %'63;(3$,+7 82) )+832$0)) . 

.%4(5' ) <$2$4 234($67@F5@ /3036> +,$0/5 %,.%(), ,$86% %, %+0%.0%9% .%4-

(5C0%9% 8%,%/3, /%,%2>A (.);$,+7 . +%+$(0$* /3036$. E,%, .%4(5' %'63;(3$,-

+7 &$+/%0,3/,0%, <,% 82)01)8)36-0% .3;0% (67 +)+,$* /%0()1)%0)2%.30)7 

.%4(5'3. I2$($6%* )+832),$6-0%9% %'63;($0)7 7.67$,+7 ,$*8$23,523 *%/2%9% 

,$2*%*$,23 .%4(5'3. 

!67 5*$0-C$0)7 <)+63 388323,%. . +'$*$ 03(% +%.*$F3,- 0$+/%6-/% 82%-

1$++%. . %(0%* 388323,$. #382)*$2, 3&+%2&$2 (2)+. 3), . /%,%2%* %+5C3$,+7 

.%4(5C0>A 8%,%/. Q$2$4 0$9% (.);$,+7 %+5C3$*>A .%4(5C0>A 8%,%/ ) 86$0/3 

3&+%2&$0,3. #% / 3&+%2&$25 (%8%60),$6-0% . +'$*$ %&><0% 03'%(),+7 923()2-

07, . /%,%2%A %'63;(3$,+7 .%(3, ) =,3 .%(3 %'63;(3$, 3&+%2&$0, 03 .'%($ . 3&-

+%2&$2 . +8$1)36-0%* ,$86%%&*$00)/$. E,% ($63$,+7 8%,%*5, <,% . 82%1$++$ 

3&+%2&1)) .>($67$,+7 ,$86%. H3423&%,30 3&+%2&$2 + .05,2$00)* )+832),$6--

0>* %'63;($0)$*, . /%,%2%* 2$36)45$,+7 (.3 82%1$++3 . +%+$(0)' /30363' 03-

+3(/) 388323,3. G %0%* /3036$ (.);$,+7 %+5C3$*>A .%4(5' ) 86$0/3 3&+%2&$0-

,3, .% .,%2%* /3036$, <$2$4 +,$0/5, (.);$,+7 .+8%*%93,$6-0>A .%4(5C0>A 8%-

,%/ ) 86$0/3 .%(>. G%(3 %'63;(3$,+7 ) <$2$4 234($67@F5@ /3036> +,$0/5 38-

8323,3 %,.%(), ,$86% 3&+%2&1)). O3/)* %&234%*, 5+,2307@,+7 )4 +'$*> +2345 

(.3 388323,3, - 923()207 ) +%%,.$,+,.5@F)A ,$86%%&*$00)/.  

I2)01)8 +%.*$F$0)7 0$+/%6-/)' 23&%<)' 82%1$++%. . %(0%* 388323,$ 

%&$+8$<).3$, +0);$0)$ %&F$9% <)+63 OMJ . +)+,$*$, $$ 93&32),%. ) .$+3. G 

/%0$<0%* ),%9$, =,% 8%4.%67$, +0)4),- ) =0$29%43,23,> 03 +%&+,.$00>$ 05;(> 

+)+,$*>, 8%+/%6-/5 5+,2307$, <3+,- /%**50)/31)A. I2)*$23*) ,3/%9% 231)%-

036-0%9% +%.*$F$0)7 7.67@,+7 827*%A )+832),$6-0>A %'63(),$6- #KN . %'-

63(),$6-0%A <3+,) JD"G, 3&+%2&$2 ) ($+%2&$2 . %+5C),$6-0%A <3+,) +'$*>.  

D6%;0%+,- /%0+,25/1)) OMJ +%.*$F$00%9% ,)83 8%2%;(3$, (%8%60)-

,$6-0>$ ,$'0%6%9)<$+/)$ 43(3<): 0$%&'%()*%+,- 234.%(/) .+$' 8%,%/%. ) 9$2-
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345. 5. B*/-A/5/%1@-;" ,(>.(J-(#+/ *%>*%?(+%--;0 #(1-"9-;0 #/#-
+". $(-!/A/(-/*(,%-/& ,(>!)0% -% (#-(," (+$*;+('( %?#(*?A/(--('( 
A/$1% # 5*&.(G #(1-"9-(G *"'"-"*%A/"G %?#(*?"-+% (5(!!"*J$% -"-
5*"*;,-(#+/ 5*(A"##% (#)C"-/& ,(>!)0%). :%?(9/" 5*(A"##; , EEF3 
5*/ )*(,-" #(1-"9-(G %$+/,-(#+/ J = 650 3+/.2

. :%#9"+-;" !%--;".  
 ?(>-%9"-/&: 1-2 / 1-3 – 5*(A"##; 5( (#-(,-(.) / ,#5(.('%+"1@-(.) 
5(+($%. ,(>!)0%, #((+,"+#+,"--(; 1-2% – 5*(A"## %!/%?%+/9"#$/G 
(/>(I-+%1@5/G-;G 5*(A"## (?*%?(+$/ ,(>!)0%). F – >(-% $(.N(*+-;0 

5%*%."+*(, ,(>!)0%.  

*$,)431)) 23&%<)' 8%6%+,$A 388323,%.. #% . 1$6%*, .+$ %+0%.0>$ 388323,> 

+'$* 5+,2%$0> )($0,)<0% ) +%($2;3, ,$86%%&*$00>$ =6$*$0,>, 234*$F$00>$ 

.05,2) 388323,3, ,3/ <,% %+0%.0%A ) .+8%*%93,$6-0>A 82%1$++> 82%,$/3@, . 

0)' %(0%.2$*$00%. O% $+,- .+$ %+0%.0>$ OMJ (300%A +)+,$*> *%95, &>,- 

50):)1)2%.30>, <,% %&$+8$<).3$, $()0+,.% ,$'0%6%9)<$+/)' %8$231)A 82) )' 

)49%,%.6$0)). 

 

IV. ;)&#06 1$6%$<)$',!2 +&6+&($,&))37 '$#)!=)37 '0',!%. 

H)+. 5 )66@+,2)25@, 03 h-x ()3923**$ .63;0%9% .%4(5'3 82)01)8)36-0>$ 

.%4*%;0%+,) 23423&%,300>' +%60$<0>' +)+,$* /%0()1)%0)2%.30)7 .%4(5'3 03 

%+0%.$ %,/2>,%9% 3&+%2&1)%00%9% 1)/63 + 827*%A +%60$<0%A 2$9$0$231)$A 3&-

+%2&$0,3. G)(0%, <,% 82)01)8 %+5C),$6-0%-)+832),$6-0%9% %'63;($0)7 %&$+-

8$<).3$, 8%65<$0)$ /%*:%2,0>' 8323*$,2%. .%4(5'3 (67 +3*>' ,7;$6>' 5+6%-

.)A =/+8653,31)) +%60$<0>' +)+,$* /%0()1)%0)2%.30)7 .%4(5'3 ) 8%65<$0)$ 
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,2$&5$*>' 8323*$,2%. .%4(5'3 *%;$, &>,- (%+,)905,% ,%6-/% *$,%(3*) )+83-

2),$6-0%9% %'63;($0)7, 0$ 82)&$937 / 832%/%*82$++)%00%A ,$'0)/$, 82$)*5-

F$+,.$00% )+8%6-45$*%A . +5F$+,.5@F)' +)+,$*3' /%0()1)%0)2%.30)7.  
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Doroshenko A.V, Kazak I.I., M.A. Glauberman 

Heat-mass exchange equipment for air conditioning alternative system  

 
SUMMARY 

Existing directions in development of solar air-conditioning system are considered. Devel-
oped circuit designs for alternative air-conditioning system AACS, based on open absorption 
cycle with direct regeneration of absorbent, are presented. Principles of designing heat-mass 
exchange equipments for solar conditioning systems are shown.  
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