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U€ÕÑ;flÁÖ⁄i’\;01;;
01H;;∫;j›ÂÄ;ÿÂÅ°\;È’\Ê∏\’;ÏpÉ⁄fi∏\;◊¡] i’\;kˆÄ]¬Ÿ;Ïl˜mUÏÁÂÊ›;kˆÊü;

Ï’Ä]¬Ÿ;ÍÂÊfi’\;◊¡] i’\;◊¡] i’\;€ÕÑ;

;;;;;;;;;;;;;;;3 3 4
2 2 2 2 A

ZHe He He H+ → +;( )1;

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;40 40
19 18

A
ZK Ar X→ +;( )2;

;;;1 235 94 140 1
0 92 38 0Zn U Sr Xe x n+ → + +;( )3;

Àfiê;ui’\Â;ÏËp]ŸÅ›b;Â;ÏÁÑ]�ç›b;∞b;ÏÁÂÊfi’\;kˆÊ;ÏË““ h;ÅÁÅü;√ŸG;;IÿÊ‚§;◊—;Ï⁄ËÕ;
02H;;◊m¥;◊d]Œ∏\;◊“ç’\;ª�¶€ÕÑ;◊¡] i÷’;ÏÁÊÕ]�’\;Ï÷Ëë¢\( )1U;

1H;;;UflŸ;◊—;◊m≤;\Ç]Ÿ3EÂ1E∆;Â2E∆Z;
2;H;;^H;;Åp◊—;Ï⁄ËÕ;flŸa;Âb;rifiià\ÂG;Ï⁄ËÕ3EI;

;gH;Åp;flŸ;◊—;Ï⁄ËÕ1E∆Â2E∆I;

;zpH;;9⁄ËÕ;Åp’;ªdÖ’\;ÏÕ]ö;flŸ;◊“‹ÊË÷Ë6\;Î\Ê›3
2 He‹ÊË÷Ë6\;Î\Ê›Â4

2 He;;
G;;€lØh\Êfi’\;Í^;ÄÅt;I◊Ë÷¬i’\;√Ÿ;Ñ\ÖŒià\;Öm—^;
3H;◊¡] i’\;fl¡;ÎÑÖ,\;ÏÕ]�’\;Ï⁄ËÕ;fât\( )1I;

03H;i’ÅÁÅu;;€ÁÅÕ;‡]—Öd;Ï·Ê…;flŸ;kÉ|^;ÏÁÖ}ê;ÏfiË¡;Ö⁄¡€ÕÑ;◊¡] i’\;Ì÷¡;Å⁄i¬›( )2I;

;∫;ÓÅtb¶];ÏŒd]â’\;ÏfiË¬’\;jàÑÄ;ÏÁÂÊfi’\;Ô]ÁáË ’\;Öd…G]‚Ë…;ÅpÊ192 10KN noyaux= ×;ÏÁÊ›^;flŸ;‹ÊËà]hÊe’\;
40
19 K;Â194 10ArN noyaux= ×;ÏÁÊ›^;flŸ;‡Ê≈Ñ¯\40

18Ar;;I;

1H;]Õ; Ì÷¡; \Ä]⁄i¡\íÕ]fii’\; ‡Ê›;ÏË’]i’\; ÎÑ]e¬’\; Ød; È¡]¬å¸\U;1tAr

K

N e
N

λ= −; ;GnËtλ;;º]çfi’\; jd]l; Ê·

e’\;Î\Êfi’;È¡]¬å¸\;‹ÊËà]hÊ40
19 KI;;;

2;H;;ÅpÏ⁄ËÕ't;k\Êfiâ’]d;ÎÑÅŒŸ;ÏàÂÑÅ∏\;ÏÁÖ}ë’\;ÏfiË¬’\;Ö⁄¡I;
04H;\;Ïà\ÑÄ€ÕÑ;◊¡] i’( )3U;

1H;;ª’Ê…;‡Â2“’b;]∆Ë∏\;ÎÅtÊd;fât\;Ï⁄ËÕÎÑÖ,\;ÏÕ]�’\libE‹ÊË›\ÑÊË’\;flŸ;ÎÅt\Â;Î\Ê›;fl¡235
92U;;I;

2H;;rifiià\;Ï⁄ËÕÎÑÖ,\;ÏÕ]�’\'EÅÕ;Ï÷i—;fl¡]·Ñ' 2m g=;ÏÁÊ›¯\;flŸ;’;Ï÷l]⁄i∏\‹ÊË›\ÑÊË÷235
92U;I;

3H;—Ö•; ◊∆içhÎÑÖ,\; ÏÕ]�’]d; Ïê\Ê≈; k]E◊¡] i’\; flŸ( )3;;;ÏË]dÖ‚—; Ï¡]�iàb; ÍÇ; ÍÂÊfi’\; ]‚÷¡] Ÿ; ∫
25P MW=;;‰ÑÅÕ;ÍÊÕ]ö;ÄÂÄÖ±Â35%ρ =I;

Ï÷i“’\;Ï⁄ËÕ;fât\m;‹ÊË›\ÑÊË÷’235;;ÿ˜|;Ïê\Ê∆’\;◊¡] Ÿ;∫;”÷‚iâ∏\10;;;;Iƒ]�Œ›\;‡ÂÄ;‹]Á^ 
Uk]Ë�¬∏\;;1 5603,9972E MeV=;;;;;;;;;G2 5616,7587E MeV=;;;;;;G( )1

0 1,0087m n u=;;

;;;;;;;;;;;;;;;;;;;;( )1
1 1,0073m P u=;;;;;;;;;;;;G21 931,5 /u MeV C=;;;;;;;;;;;;;G( )40 9

1/2 19 1,25 10t K ans= ×;;

;;;;;;;;;;;;;;;;;;;( )235
92 234,9933m U u=;;;;;;;;G( )94

38 93,8945m Sr u=;;;;;;;;;G( )140 139,8919Zm Xe u=;;

;;;;;;;;;;;;;;;;;;23 16,023 10AN mol −= ×;;;;;;;;;G( )235 1
92 235 .M U g mol −=;;;G131 1,6 10MeV J−= × 

;;;;;;; ;;;      UÍÊÕ]�’\;ÄÂÄÖ∏\;eE
E

ρ =;nËt;GeE;ÏË]dÖ‚“’\;ÏÕ]�’\;;ÂE;;;;;;;;;;;IÎÑÖ,\;ÏÕ]�’\;
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U€ÕÑ;flÁÖ⁄i’\;02;
‹ÊÁáfi∆∏\;‡Å¬Ÿ; Ød;‹]i’\; Â;ÔÈ�e’\;È]Ë⁄Ë“’\; ÿÊui’\; Ïà\ÑÄ;ÉËŸ˜i’\;flŸ; sÊ…;Ä\Ñ^;ÏÁ1}∏\;ÿ]⁄¡¯\; Ïët;ÿ˜|;

Mg;ØpÂÑÅË6\;ÑÊ÷—;ó∂;ÿÊ÷•;Â( )3H O Cl+ −+\Ö¢\;ÏpÑÄ;Åfi¡ÎÑ25 Cο;sÊ ’\;\É·;œŒt;”’Ç;◊p^;flŸ;G

◊“ç’\;∫;wîÊ∏\;8ÁÖqi’\;fË—2’\;H;1I;
;Ïæu÷’\; ∫0t =;Ï¬�Õ; ÉËŸ˜i’\; Åt^; √îÂ;„i÷i—; ‹ÊÁáfi∆∏\; flŸ0 13,2m g=€ÕÑ; Öëfi¬’\; ◊|\Ä( )03;„⁄qt;

1,5V L=;;G‰ÑÅÕ;]⁄qt;„Ë’b;Ã]î^;€l0 500V mL=;È’Ê∏\;‰áË—Öh;ØpÂÑÅË6\;ÑÊ÷—;ó∂;ÿÊ÷•;flŸ0CI;
`;ÉË⁄÷h;‹]Õ;◊¡] i’\;ÏÁ]‚›;∫;s\Ö|cd;Ö|Ï¬�Õ;€ÕÑ;Öëfi¬’\;flŸ;‹ÊÁáfi∆∏\( )03Â;„  p;Â;Ö�Œ∏\;Ô]∏]d;„ ï›;Â;Ï�à\Êd

„i÷i—;ÅpÂ;È›Â2“’b;‡\áËŸmI;

È›]Ëe’\;Ìfiufi∏\;€àÑ;flŸ;€‚ifi“Ÿ;ÏËeÁÖqi’\;r]ifi’\( )2HP f t=;◊“ç’\;∫;wîÊ∏\H2I;

1H;;◊“ç’\;∫;Ï⁄ÕÖ∏\;Öê]fi¬’\;Ì÷¡;ÃÖ¬hH;1.;
2H;\I◊ê]¢\;È]Ë⁄Ë“’\;ÿÊui÷’;ÏpÉ⁄fi∏\;◊¡] i’\;Ï’Ä]¬Ÿ;fi—;

3H;^I◊¡] i’\;‹ÅŒi’;ˆÂÅp;Úç›;

4H;◊¡] i’\; ‹ÅŒh; ‡^; Ødx;Ïæu÷’\; ∫t;U◊“ç’]d; fi“Á( ) ( )2
2

H
H

V
x t P t

RT
=;\; €l; G;‹ÅŒi’\; Ï⁄ËÕ; fât

È⁄æ¡¯\maxxI;

5H;\È’Ê∏\;áË—2’\;flŸ;◊—;Ï⁄ËÕ;fât0C;Ï÷i“’\;ÂmI;

6H;Ïæu÷’\; Åfi¡; „›^; Ød1 2t t=ÅßU( ) ( )
2

2
1 2 2

f
H

P H
P t =;nËt( )2fP H;∫; ØpÂÑÅË6\; È]fil; Ü]≈; ª∆î

◊¡] i’\;ÏÁ]‚›;G◊¡] i’\;Àë›;flŸÜ;Ï⁄ËÕ;rifiià\;€l1 2tI;

7H;U◊“ç’\;flŸ;fi“h;ÏË⁄q¢\;Ï¡Öâ’\;ÎÑ]e¡;‡^;Ød2 2

0

1 H H
vol

V dP
v

V RT dt
=;\;€l;GIÏË⁄æ¡¯\;]‚i⁄ËÕ;fât;

8H;\;√Ÿ;8ÁÖŒh;◊“çd;€àÑ’\‡]Ëe( )2HP f t=;‡]Ëd( )2HP g t=;;ÏŒd]â’\;‹ÊÁáfi∆∏\;ÏË⁄—;ä ›;ÿ]⁄¬ià\;∫

;ÎÄ\Öd;◊“å;Ì÷¡)–ÊuâŸ(I;
Uk]Ë�¬∏\;

H;]iË]fim’\‡;]i÷|\Å’\U]⁄·;◊¡] i’\;∫;‡( )2Mg Mg+;;Â( )3 2H O H+I;

H;UÈ·;‹ÊÁáfi∆∏\;‡Å¬∏;ÏÁÑÉ’\;ÏË’Ê∏\;Ï÷i“’\( ) 124 .M Mg g mol −=I;

H;UÏË’]m∏\;k\Ü]∆’\;jd]l8,31R SI= 
;
;

;

;

;

;

;

;

;

;

;

 

;◊“ç’\H;2;
;; 
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U€ÕÑ;flÁÖ⁄i’\03;
’\;œŒ®;z;◊“ç’\;∫;Øe∏\;8ÁÖqi’\;fË—23;flŸ;‡Ê“iÁ;ÍÉ’\;Â;

;UÏË’]i’\;ÏË]dÖ‚“’\;Öê]fi¬’\ 
H;ÏË]dÖ‚“’\;Ï—Ö,\;„hÊÕ;jd]l;ÖhÊh;Å’ÊŸ12E V=I;
H;Ï¬ËåÂ( )b]‚iËh\ÇL;]‚iŸÂ]ŒŸ;ÂrI;
H;„iŸÂ]ŒŸ;ÈŸÂ^;◊Õ]›RI;
H;È]fil;‹]⁄ê( )DI;
H;ÏË]dÖ‚—;Ï¬ö]ÕK;I◊ËêÊh;‘˜à^;Â;

Ïæu÷’\;∫0t =;;Ï¬ö]Œ’\;œ÷∆›K;GÌ÷¡;ÿÊë¢\;flŸ;jfi“Ÿ;ÏËeÁÖqi’\;Ïà\ÑÅ’\;;Ï›ÂÅ∏\;ÏËeÁÖqi’\;r]ifi’\;
UÈ’]i’\;ÿÂÅ°\;∫ 

 
;

 
1H;flÁÖhÊi’\; flŸ; ◊—; €‚à_d; ◊mŸ; €l; È]dÖ‚“’\; Ñ]Ëi’\; ÑÂÖŸ; Ï‚p; ÏË]dÖ‚“’\; ÎÑ\Å’\; ª�¶; Ì÷¡; Ød( )Ru;;Ød

Â;ÈŸÂ¯\;◊Õ]fi’\;∫Öö( )buIÏ¬ËåÊ’\;∫Öö;Ød;

2H;ÏË÷î] i’\;Ï’Ä]¬∏\;Åp;Gk\ÖhÊi’\;√µ;‡Ê›]Õ;œËe�id;ÑÊ�i’;È]dÖ‚“’\;Ñ]Ëi’\;ÎÅå( )i tI;

3H;U◊“ç’\; Ì÷¡; fi“Á; ; ÏË÷î] i’\; Ï’Ä]¬∏\; ◊t( )
1

1
t

i t I e t
− 

 = −
 
 

;ÏË…Ö¢\; ÎÑ]e¬’\; ÅÁÅü; f÷�Á; nËt; G

flŸ;◊“’IÂ;€\Å’\;‹]æfi’\;∫;È]dÖ‚“’\;Ñ]Ëi’\;ÎÅåτ;flŸá’\;jd]lIÎÑ\Å’\;Öê]fi¡;k\áËπ;Ï’ˆÅd;
4H;È›]Ëe’\;Ìfiufi∏\;€àÑ^G;fà]fiŸ;€àÑ;€÷à;Ñ]Ëi|]d( )i f t=I;

5;H;;flŸ;◊—;Ï⁄ËÕ;rifiià\;È›]Ëe’\;Ìfiufi∏\;Ì÷¡;\Ä]⁄i¡\È⁄æ¡¯\;Ñ]Ëi’\;ÎÅåIflŸá’\;jd]l;ÂτI;
6;H;Ï¬ËåÊ’\;ÏËh\Ç;Ï⁄ËÕ;‡^;Ød1,2L H=I;
7H;^;H;\flÁÖhÊi’\;flŸ;◊“’;ÏËfiŸá’\;ÎÑ]e¬’\;fi—( )Ru t;Â( )bu t;I;

; gH;U€\Å’\; ‹]æfi’\; ∫; „›^; ]⁄÷¡
( )
( )

5R

b

u
u

∞
=

∞
ÏË÷|\Å’\; ÏŸÂ]Œ∏\; Ï⁄ËÕ; Åp; GrÏŸÂ]Œ∏\; Ï⁄ËÕ; rifiià\; €l; Ï¬ËåÊ÷’R;

IÈŸÂ¯\;◊Õ]fi÷’;
8H;3∆›;Â;gÑ]û;o˜l;œŒ®;flŸ;ÎÖŸ;◊—;∫9⁄ËÕ;∏\ÏŸÂ]ŒR;’ÈŸÂ¯\;◊Õ]fi÷;;ÂÏËh\É’\L;’Ï¬ËåÊ÷;ø…]®;Â;;Ì÷¡

’;Ïid]m’\;Ï⁄ËŒ’\;ä ›⁄÷ÏŸÂ]Œ;ÏË÷|\Å’\r;Ï¬ËåÊ÷’U;
;

;ÏdÖqi’\3;;ÏdÖqi’\2;;ÏdÖqi’\1;gÑ]qi’\;

3 1,8R R=;2 1,8R R=;1R R=;( )R Ω;

3L L=;2 3L L=;1 2L L=;( )L H;

12;12;12;( )E V 
;
;

 
;

 
;

 

( )I m A;

;;;( )m sτ;
;

^;H;\IÿÂÅ°\;◊⁄—;
;gH;Åt\Â;€÷¬Ÿ;∫;\GÈ]dÖ‚“’\;Ñ]Ëi’\;ÎÅå;k]ËfiufiŸ;8ÁÖŒh;◊“çd;€àÑi;flŸá’\;Ï’ˆÅdt;Io˜m’\;gÑ]qi÷’;flÁÖ⁄i’\

;U€ÕÑ03;

80;70;60;50;40;30;20;10;0;( )t m s;

100;100;100;99;98,2;95;86,4;63,4 0;( )i m A;

E

R( )b

K

;◊“ç’\H;3;
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;
;◊tU€ÕÑ;flÁÖ⁄i’\;01;;
01H;fiëhËË““ hÂ;ÏËp]ŸÅ›b;Â;ÏÁÑ]�ç›b;∞b;ÏÁÂÊfi’\;kˆÊui’\;ÀUÿÊ‚§;◊—;Ï⁄ËÕ;ÅÁÅü;√ŸG;Ï;

€ÕÑ;ÍÂÊfi’\;ÿÊui’\( )1UIÍÂÊ›;s]ŸÅ›b;

UÅß;ÍÄÊê;È›Ê›]Õ;œËe�id;
3 3 4 2
2 2 2 2

A
Z

+ = +
 + = +

;;UÍ^;
1
1

A
Z
=

 =
;;;;‡ÇbUfi“›;3 3 4 1

2 2 2 12He He He H+ → +I;

€ÕÑ;ÍÂÊfi’\;ÿÊui’\( )2UIÍÂÊ›;”“ h;

UÅß;ÍÄÊê;È›Ê›]Õ;œËe�id;
40 40
19 18

A
Z

= +
 = +

;;UÍ^;
0

1
A
Z
=

 = +
;;;;;;;Ï⁄Ëâ°\;Í^0

1X+;‡Â2ÁÜÊd;È·0
1e+;I;

;;‡ÇbUfi“›;40 40
19 18K Ar β +→ +I;

€ÕÑ;ÍÂÊfi’\;ÿÊui’\( )3UIÍÂÊ›;Ñ]�ç›b;

UÅß;ÍÄÊê;È›Ê›]Õ;œËe�id;
1 235 94 140
0 92 38 0

x
Z

+ = + +
 + = + +

;;;UÍ^;
2
54

x
Z
=

 =
;

;;fi“›;‡Çb;U1 235 94 140 1
0 92 38 54 02n U Sr Xe n+ → + +I;

02H;\;Ïà\ÑÄ;◊¡] i’;ÍÂÊfi’\€ÕÑ( )1U;
1H;UflŸ;◊—;◊m≤;

;3EUÏÕ]ö;;k]ÁÊfi’\;Ï÷i—’\Â;ÏÕÖ i∏\UÍ^;Ïfi—]â;( ) ( )( )1 1
3 1 0 931,5E a m P b m n= + ×;;

;1E∆;‹ÊË÷Ë6\;Èh\Êfi’;ªdÖ’\;ÏÕ]ö;ƒÊ⁄§;U3;( )3
2 HeUÍ^;( ) ( ) ( )3 3 3

1 2 2 22l l lE E He E He E He∆ = + =;

2E∆;‹ÊË÷Ë6\;Î\Êfi’;ªdÖ’\;ÏÕ]ö;ä“¡;U4;( )4
2 HeUÍ^;( )4

2 2lE E He∆ = −;;

2;H;;^H;flŸ;◊—;Ï⁄ËÕa;Âb;U;
UÅß;ÍÄÊê;È›Ê›]Õ;œËe�id;2 2 4a = + =;;U”’É—;ÅßÂG;( ) ( )3 2 3 2 2b = − + − =I;

ifiià\]Ï⁄ËÕ;s3EU;;U]fiÁÅ’;( ) ( )( )1 1
3 1 0 931,5E a m P b m n= + ×;

Uƒ;z;k;( )3 4 1,0073 2 1,0087 931,5 5632,4079E MeV= × + × × =;;
;gH;flŸ;◊—;Ï⁄ËÕ1E∆Â2E∆U;

1 3 2 5632,2587 5616,7587 15,64E E E MeV∆ = − = − =;

2 1 3 5603,9972 5632,4079 28,42E E E MeV∆ = − = − = −;

;zpH;;9⁄ËÕ‹ÊË÷Ë6\;Î\Êfi’;ªdÖ’\;ÏÕ]ö3
2 He‹ÊË÷Ë6\;Î\Ê›Â4

2 He;U;

]fiÁÅ’U;( )3
1 22 lE E He∆ =;U‡Çb;( )3 1

2
15,64 7,82

2 2l
EE He MeV∆

= = =I;

U]fiÁÅ’;( )4
2 2lE E He∆ = −;;U‡Çb;( ) ( )4

2 2 28,42 28,42lE He E MeV= −∆ = − − =I;

üÅÁØh\Êfi’\;Í^;Å;U◊Ë÷¬i’\;√Ÿ;Ñ\ÖŒià\;Öm—^;

U]fiÁÅ’;
( )3

2 7,82 2,61
3

lE He MeV
A nucl

= =;;;;U”’É—;]fiÁÅ’Â
( )4

2 28,42 7,11
4

lE He MeV
A nucl

= =;

U‡^;øt˜›;
( ) ( )4 3

2 2l lE He E He

A A
>;;;;;

‹ÊË÷Ë6\;Î\Ê›U‡Çb4;( )4
2 HeIÑ\ÖŒià\;Öm—^;È·;
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3H;ât]◊¡] i’\;fl¡;ÎÑÖ,\;ÏÕ]�’\;Ï⁄ËÕ;g( )1U;

1 2 5603,9972 5616,7587 12,76libE E E E MeV= ∆ = − = − =;;

03H;;◊¡] i’\;Ïà\ÑÄ;ÍÂÊfi’\€ÕÑ( )2U;;

1H;;È¡]¬å¸\;íÕ]fii’\;‡Ê›]Õ;Ì÷¡; \Ä]⁄i¡\›UÏË’]i’\; ÎÑ]e¬’\;Øe;1tAr

K

N e
N

λ= −; ;nËtGλ;;Î\Êfi’;È¡]¬å¸\;º]çfi’\;jd]l;Ê·

e’\;‹ÊËà]hÊ40
19 KU;;

;UÈ¡]¬å¸\;íÕ]fii’\;‡Ê›]Õ;ÎÑ]e¡;]fiÁÅ’;0
tN N e λ−=;;nËtG0N;ÏË\Åidˆ\;Ï¬ç∏\;ÏÁÊ›¯\;ÄÅ¡;I;

ÂÏÕ˜¡;UÏ““ i∏\;ÏÁÊ›¯\;ÄÅ¡;0dN N N= −;;;fâtÂ;G€ÕÑ;Ï’Ä]¬∏\( )2UÅß;( )0Ar KN N K N= −;;;;

U‡^;€÷¬›Â;( )0
t

KN N K e λ−=;;;;U„fiŸÂ( )0
tK

Kt
NN K N e
e

λ
λ−= =;

UÍ^;t
Ar K KN N e Nλ= −;;U‡Çb;( )1t

Ar KN N e λ= −;U„Ë÷¡Â;1tAr

K

N e
N

λ= −;IgÊ÷�∏\;Ê·Â;

2;H;Ï⁄ËÕ't;; ÏfiË¬’\; Ö⁄¡}ë’\Uk\Êfiâ’]d; ÎÑÅŒŸ; ÏàÂÑÅ∏\; ÏÁÖ;; U]fiÁÅ’' 1tAr

K

N e
N

λ= −; ; ;U„fiŸÂ;' 1t Ar

K

Ne
N

λ = +;;

ÿ]|ÄcdÂ( )lnUÅß;Ø…Ö�’\;Ì÷¡;' 1Ar

K

Nt ln
N

l
 

= + 
 

;;UÍ^;
1' 1Ar

K

Nt ln
Nl

 
= × + 

 
;;;nËt

( )
1/21

2
t

lnl
=;;;

U‡Çb;
( )

1/2' 1
2

Ar

K

t Nt ln
ln N

 
= × + 

 
;;;;;Uƒ;z;k;

9 19
9

19
1,3 10 4 10' 1 1,48 10

0,963 2 10
t ln ans

 × ×
= × + = × × 

I;

04H;€ÕÑ;◊¡] i’\;Ïà\ÑÄ( )3U;

1H;ât];ª’Ê…;‡Â2“’b;]∆Ë∏\;ÎÅtÊd;g;Ï⁄ËÕÎÑÖ,\;ÏÕ]�’\libE‹ÊË›\ÑÊË’\;flŸ;ÎÅt\Â;Î\Ê›;fl¡235
92UU;

;€÷¬›U‡^;( ) ( ) ( ) ( ) ( )( )1 235 94 140 1
0 92 38 54 02 931,5libE m n m U m Sr m Xe m n= + − − − ×;;

UÍ^;( ) ( ) ( ) ( )( )235 94 140 1
92 38 54 0 931,5libE m U m Sr m Xe m n= − − − ×;

Uƒ;z;k;( )234,9933 93,8945 139,8919 1,0087 931,5 184,6libE MeV= − − − × =;;

2H;ifiià\];s;Ï⁄ËÕÎÑÖ,\;ÏÕ]�’\'E]·ÑÅÕ;Ï÷i—;fl¡' 2m g=‹ÊË›\ÑÊË’\;ÓÊ›;flŸ235
92U;U;;;

U‡^;€÷¬›;' libE NE=;;;ÏÕ˜¬’\;flŸÂ
' '

A

m N
M N

=UÅß;
'' Am NN
M

=;;;UÍ^
'' A

lib
m NE E

M
= ×;;

Uƒ;z;k;
23

232 6,023 10' 184,6 9,46 10
235

E MeV× ×
= × = ×;

3;H;ât]Ï÷i“’\;Ï⁄ËÕ;gm;‹ÊË›\ÑÊË÷’235;;◊¡] Ÿ;∫;”÷‚iâ∏\\Ê∆’\;ÿ˜|;Ïê10;Uƒ]�Œ›\;‡ÂÄ;‹]Á^;

;U‡^;€÷¬›;libE NE=;;;;UnËt;Am NN
M

=;;;;;U„fiŸÂ;A
lib

m NE E
M

= ×;;;;UÍ^
A lib

E Mm
N E

=;

‡^;€÷¬›ÂU;eE
E

ρ =;;;;;nËtU;eE P t= ×∆;;;;;fiŸÂU„;
P t

E
ρ ×∆
=;;;;;;;UÍ^

P tE
ρ
×∆

=;

‡Çb;ÅßU;
6

23 13
25 10 10 24 3600 235 815,2

0,35 6,023 10 184,6 1,6 10A lib

P t Mm g
N Eρ −
×∆ × × × × × ×

= = =
× × × × × × ×

;;

;
;
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;◊tU€ÕÑ;flÁÖ⁄i’\;02;;
1H;Ï⁄ÕÖ∏\;Öê]fi¬’\;Ì÷¡;ÃÖ¬i’\U;

€ÕÖ’\;Öëfi¬’\;€à\;
01 ª∆ï’\;ã]ËÕ;Ü]‚p;
02 Ô]∏\;ÑÊ÷—;ó∂;ÿÊ÷•;
03 ÈöÂÖ¶;–ÑÂÄ;
04 6\;È]fil;Ü]≈ØpÂÑÅË;

2H;U◊ê]¢\;È]Ë⁄Ë“’\;ÿÊui÷’;ÏpÉ⁄fi∏\;◊¡] i’\;Ï’Ä]¬Ÿ;

UÎÅâ—˘’;ÏË ëfi’\;Ï’Ä]¬∏\2 2Mg Mg e+ −= +;

Uƒ]pÑ˝’;ÏË ëfi’\;Ï’Ä]¬∏\3 2 22 2 2H O e H H O+ −+ = +;

◊¡] i’\;Ï’Ä]¬Ÿ;ƒ]pÑ\;ÎÅâ—^U2
3 2 22 2Mg H O Mg H H O+ ++ = + +;

3H;U◊¡] i’\;‹ÅŒh;ÿÂÅp;
2

3 2 22 2Mg H O Mg H H O+ ++ = + +;;

ÎÖ…Êd;0;0;02n;01n;0;
ÎÖ…Êd;x;x;02 2n x−;01n x−;x;
ÎÖ…Êd;maxx;maxx;02 max2n x−;01 maxn x−;maxx;

4H;◊¡] i’\;‹ÅŒh;‡^;‡]Ëehx;Ïæu÷’\;∫t;U◊“ç’]d;fi“Á( ) ( )2
2

H
H

V
x t P t

RT
=U;

ÏË’]m∏\;k\Ü]∆’\;‡Ê›]Õ;flŸ;]fiÁÅ’U( ) ( )2 2 2H H HP t V n t RT=;;;;U„fiŸ;Â( ) ( )2
2 2

H
H H

V
n t P t

RT
=;

ÂÏæu÷’\;∫;Â;◊¡] i’\;‹ÅŒh;ÿÂÅp;flŸt;]fiÁÅ’U( ) ( )2Hn t x t=;;;;U‡Çb( ) ( )2
2

H
H

V
x t P t

RT
=;

H;È⁄æ¡¯\;‹ÅŒi’\;Ï⁄ËÕ;g]âtmaxxU;

;]fiÁÅ’U
 

( ) ( )2
2

H
H

V
x t P t

RT
=

;;
UÅß;ÏË]‚fi’\;Ï’]¢\;Åfi¡Â

 
( )2

max 2
H

f
V

x P H
RT

=;

Â‡]Ëe’\;flŸ;^ÖŒ›;U( ) 3
2 124 10fP H Pa= ×;;;;;U”’É—;]fiÁÅ’Â

2
3 31,5 0,5 1 10HV L m−= − = =;

U„fiŸÂ
3

3 2
max

10 124 10 5 10
8,31 298

x mol
−

−= × × = ×
×

I;

5H;;Ï⁄ËÕÈ’Ê∏\;áË—2’\0CU;;

Ê·;Å,\;◊¡] i∏\( )3H O +U;‡¯;;‡Å¬Ÿ◊¡] i’\;ÏÁ]‚›;∫;ÎÄ]Áá’]d;ÄÊpÊŸ;‹ÊÁáfi∆∏\I;;

Í^U;0 0 max2 0C V x− =;;;;‡ÇbUmax
0

0

2xC
V

=;UƒIk
3

1 1
0

2 5 10 2 10 .
0,5

C mol L
−

− −× ×
= = ×I;

H;;Ï⁄ËÕÏ÷i“’\mU;

ÏË]‚fi’\;Ï’]¢\;∫;Â;◊¡] i’\;‹ÅŒh;ÿÂÅp;flŸ;]fiÁÅ’U( ) 0
maxf

mn Mg x
M

= −;;

ÂU„fiŸ0
max

m m x
M M

= −;;;;;;;;;;;;‡ÇbU;0 maxm m M x= −;;;;

UƒIk213,2 24 5 10 12m g−= − × × =I;
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6H;^;‡]ËehÏæu÷’\;Åfi¡;„›1 2t t=;U( ) ( )
2

2
1 2 2

f
H

P H
P t =U;

U]fiÁÅ’
( ) ( )

( )

2
2

2
max 2

H
H

H
f

V
x t P t

RT
V

x P H
RT


=



 =

;;;;∫Â;Ïæu÷’\1 2t t=;ÅßU( ) ( )2
2 1 21 2

H
H

V
x t P t

RT
=;

UnËt( ) ( )2max
1 2 22 2

H
f

Vxx t P H
RT

= =;;;;;;U„fiŸ;Â( ) ( )2 2
2 1 2 22

H H
H f

V V
P t P H

RT RT
=;

U‡Çb( ) ( )
2 1 2

2

2
f

H
P H

P t =I;

H;◊¡] i’\;Àë›;flŸÜ;Ï⁄ËÕ;s]ifiià\1 2tUU]fiÁÅ’;( )2 1 2

124 62
2HP t K Pa= =;;ŸÂU^ÖŒ›;‡]Ëe’\;fl1 2 10mint =I;

7H;U◊“ç’\;flŸ;fi“h;ÏË⁄q¢\;Ï¡Öâ’\;ÎÑ]e¡;‡^;‡]Ëeh2 2

0

1 H H
vol

V dP
v

V RT dt
=;U;

q¢\;Ï¡Öâ’\;ÎÑ]e¡;‡^;€÷¬›;UÈ·;◊¡] i÷’;ÏË⁄
0

1
vol

d xv
V dt

=;;;

]fiÁÅ’;ÂU2
2

H
H

V
x P

RT
=;;UÅß;flŸá÷’;Ïeâfi’]d;–]Œiåˆ]d;Â2 2H HV d Pd x

dt RT dt
=

;;;
‡ÇbU2 2

0

1 H H
vol

V dP
v

V RT dt
=I;

H;ÏË⁄æ¡¯\;]‚i⁄ËÕ;g]ât;Ïæu÷’\;∫;Í^0t =U;

( )
3 3

3 1 12 2

00

1 1 10 93 10 00 6,82 10 . .min
0,5 8,31 298 11 0

H H
vol

t

V dPv mol L
V RT dt

−
− − −

=

 × −
= = × × = × × − 

;

8H;‡]Ëe’\;√Ÿ;8ÁÖŒh;◊“çd;€àÑ( )2HP f t=‡]Ëd( )2HP g t=;;◊“å;Ì÷¡;ÏŒd]â’\;‹ÊÁáfi∆∏\;ÏË⁄—;ä ›;ÿ]⁄¬ià\;∫

;ÎÄ\ÖdD–ÊuâŸCU;weëh;◊¡] i’\;ÎÅŸ;È’]i’]d;Â;1—^;◊¡] i’\;Ï¡Öà;‡Ê“h;Öm—\;–ÊuâŸ;‹ÊÁáfi∆∏\;‡]—;]⁄÷—
◊Ÿ]¡;äŸ˜i’\;w�à;‡¯;◊Õ^;IÈ—Öt;

;
;
;
;
;

 

 

 

;

 
;◊tU€ÕÑ;flÁÖ⁄i’\03;

1H;UÏË]dÖ‚“’\;ÎÑ\Å’\;ª�¶;Ì÷¡;◊Ëm⁄i’\;I◊“ç’\;Öæ›\;

2H;È]dÖ‚“’\;Ñ]Ëi’\;ÎÅç’;ÏË÷î] i’\;Ï’Ä]¬∏\( )i tU;

U;k\ÖhÊi’\;√µ;‡Ê›]Õ;œËe�idb RE u u= +;UnËtb
diu L r i
dt

= +;ÂRu R i=;

U„fiŸ;Â
diL r i R i E
dt

+ + =;U„Ë÷¡;Â( )diL R r i E
dt

+ + =;

( )2HP K Pa

( )mint

( )g t

( )f t

E

R( )b

K

;

i

bu Ru
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ÂÌ÷¡;Ï⁄âŒ’]dL;UÅß;;
( ) ( ) ( )di t R r Ei t

dt L L
+

+ =;

3H;;flŸ;◊“’;ÏË…Ö¢\;ÎÑ]e¬’\I;Â;€\Å’\;‹]æfi’\;∫;È]dÖ‚“’\;Ñ]Ëi’\;ÎÅåτflŸá’\;jd]lU;

U]fiÁÅ’( )
1

1
t

i t I e t
− 

 = −
 
 

;;;;;ÂUÅß;flŸá÷’;Ïeâfi’]d;–]Œiåˆ]d
tdi I e

dt
t

t
−

=;

;;Â;◊¢\;ÎÑ]e¡;óÁÊ¬id;ÎÑ]e¡Œiç∏\Ï;UÅß;ÏË÷î] i’\;Ï’Ä]¬∏\;∫
( ) 1

1
t tR rI Ee I e

L L
t t

t
− − +

 + − =
 
 

;

U„fiŸÂ
( ) ( ) 1

0
t tR r R rI Ee I I e

L L L
t t

t
− −+ +

+ − − =;;;;;UÍ^
( )11 0

t R rR r EI e I
L L L

t
t

− ++ − + − = 
 

;

;

( )

( ) ( )

11 0...... 1

0........... 2

tR r I e
L

R r EI
L L

t
t

− +  − =  
+

− =

;;ÂÏÕ˜¬’\;flŸ( )1ÅßU
 

1 0R r
Lτ
+

− =nËtU0
tI e t

t
−

≠
;;

U‡Çb
L

R r
τ =

+
I;

ÂÏÕ˜¬’\;flŸ( )2ÅßU;;;
( )R r EI

L L
+

=
;;;;;;

U‡Çb
EI

R r
=

+
I 

4H;È›]Ëe’\;Ìfiufi∏\;€àÑ( )i f t=;U;
;
;
;

U€àÖ’\;€÷à
1 10
1 20
cm m s
cm V

→
 →

 

;
;

 

5;HUflŸ;◊—;Ï⁄ËÕ;s]ifiià\;
;H;È⁄æ¡¯\;Ñ]Ëi’\;ÎÅåIU;È›]Ëe’\;Ìfiufi∏\;flŸ;^ÖŒ›U100I m A=;
H;lflŸá’\;jd]τUÈ›]Ëe’\;Ìfiufi∏\;flŸ;^ÖŒ›U;10m sτ =I;

6;H;Ï¬ËåÊ’\;ÏËh\Ç;Ï⁄ËÕ;‡^;‡]Ëeh1,2L H=U;

; ÏŒÁÖ�’\01U;U]fiÁÅ’( )...... 1L
R r

τ =
+

;Â( )...... 2EI
R r

=
+

;ÏÕ˜¬’\; Ï⁄âŒd( )1Ì÷¡( )2UÅß
L

I E
τ
=;

U„fiŸÂ
EL
I
τ

=;;;;UƒIk
3

3
12 10 10 1,2

100 10
L H

−

−
× ×

= =
×

I;

;ÏŒÁÖ�’\02U;

;Ïæu÷’\;Åfi¡;Â;ÏŒd]â’\;ÏË÷î] i’\;Ï’Ä]¬∏\;flŸ0t =;ÅßU;;
( ) ( )

0
0

t

R rdi Ei
dt L L=

+
+ =;;;UnËt( )0 0i =;

t ( )t ms

( )i m A

0

20

20

I

( )i f t=
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U„fiŸ;Â
0t

di E
dt L=

=
;;;

U‡Çb

0t

EL
di
dt =

=;;;UnËt
0t

di
dt =

;Ïæu÷’\;Åfi¡;Ìfiufi⁄÷’;ã]⁄∏\;„ËpÊh;◊Ÿ]¬Ÿ;◊m¥0t =I;

U;ƒIk

0

12 12 1,260 0 10
6 0t

EL H
di
dt =

= = = =
−
−

;I;

7H;;’\ÏËfiŸá’\;ÎÑ]e¬( )Ru t;U;;

;U‡^;€÷¬›( ) ( )Ru t R i t=;;‡ÇbU( )
1 1

1 1
t t

R
R Eu t R I e e

R r
t t

− −   
   = − = −
   +   

;

H;’\ÏËfiŸá’\;ÎÑ]e¬ ( )bu tU;

ÏŒÁÖ�’\01U;;k\ÖhÊi’\;√Ëµ;‡Ê›]Õ;flŸ;UÅß( ) ( )b Ru t E u t= −;;;;U„fiŸ;Â( ) 1
t

bu t E R I e t
− 

 = − −
 
 

;

( )
t

bu t E R I R I e t
−

= − +;;;;UnËt( )E R r I= +;;;;Í^U( )
t

bu t R I r I R I R I e t
−

= + − +;

U‡Çb( )
t

bu t R I e r It
−

= +;

ÏŒÁÖ�’\02U;‡^;€÷¬›U( ) ( ) ( )b
di t

u t L r i t
dt

= +
;;;;;;;;

U„fiŸÂ( )
1

1
t t

b
Iu t L e r I et t
t

− − 
 = + −
 
 

;

U„Ë÷¡;Â( )
1t t

bu t Ee r I r I et t
− −

= + −;;;;;;;Í^U( ) ( )
t

bu t E r I e r It
−

= − +;

‡ÇbU( ) ( )
t

bu t R I r I r I e r It
−

= + − +;;;;;È’]i’]dÂU( )
t

bu t R I e r It
−

= +;
;

;gH;ÏŸÂ]Œ∏\;Ï⁄ËÕr;UU]fiÁÅ’( )R
R Eu

R r
∞ =

+
;;;;;Â;U”’É—;]fiÁÅ’;( )b

r Eu
R r

∞ =
+;;;;;;

U„fiŸ;Â
( )
( )

5R

b

R E
u RR r

r Eu r
R r

∞ += = =
∞

+

;;;;Í^U5R
r
=;;;;;;‡ÇbU5R r=I;

ÏŒÁÖ�’\01U;

È⁄æ¡¯\;Ñ]Ëi’\;ÎÅå;ÎÑ]e¡;flŸIUÅß
5 6

E EI
r r r

= =
+

;U„Ë÷¡;Â3
12 20

6 6 100 10
Er
I −= = = Ω

× ×
;

ÏŒÁÖ�’\02U;

;;;flŸá’\;jd]l;ÎÑ]e¡;flŸ;;;UÅß
6
L
r

τ =;;;‡ÇbU;3
1,2 20

6 6 10 10
Lr
τ −= = = Ω

× ×
;

H;Ï⁄ËÕ;s]ifiià\RU;;;

;;5 5 20 100R r= = × = ΩI;
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8H^H;UÿÂÅ°\;‹]≤\;

1
1

1
1

1

12 0,1 100
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2 2,4 0,02 20
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E EI A m A
R r R r

L L s m s
R r R r

τ

 = = = = = + +

 = = = = =
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;ÏdÖqi’\( )1;

2
2

2
2
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12 0,06 60
1,8 200
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1,8 200

E EI A m A
R r R r
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R r R r
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;ÏdÖqi’\( )2;
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;ÏdÖqi’\( )3;
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