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/12/ 
HaKoHeu, tv\11. illHpOKOBbiM 11 aaTopo:v~ 6blll0 llOK838HO, 'ITO 8HHHI'HniH.11151 Ha 2 'TC 

M930H8 38llpP.W9H8 1 ecm~ 38p51.UOB851 '19THOCTb CHCT9MLI ( f p ) npOTOBOllOll0)!{H8 TOll: , 

KOTOp851 cne.ayeT J.!3 ypaBH9HH51 .ili4p8K8. 

I-la6mo.aeHH9 2 CllY'i89B 8HHHI'Hm!UHH H8 'J'C + JC- K838ll0C b 6bi HCKnJO'I810T 9TO 

nocne.aHee npe.anonomeHHe. 

121 
Y'IHTbiB851 o.aHaKo, OTMe'iBBWHeCH B pa6oTe Tpy.aHOCTH H.aeHTHcpHKBUHH cny'la-

ea .UBYXM930HHblX 8HIIHI'illll51UHll:, BOllpOC 06 OT C YTCTBHH 38npeTa peaKUHH ( J) H9llb3H, 

x) 
no- BH.UHM6My , C'IHT8Tb OKOH'i8T9llbHQ peWeHHblM 

,...., 0 + 
CneQ.yeT OTM9THTb, 'ITO H3y 'leHHe peaKuHll: rL + p- Jt + JC ( 2 ) 

H j5 + n. - :JC -...... j[ O ( 3) IT03BOnHeT c.aenBTb Bb!60p Mem.ay paCCMOT-

peHHblMH npe.anonO>K9HH 51MH • 

.[leli:CTBHT9nbH0 1 ecnH no.aasneHHe pe8KUHH ( 1 ) o6ycnoaneHO CT8THCTH'I9CKHMH 

cpaKTopaMH, To peaKUHH (2) H (3) 6y.ayT TaKme no.aasneHLI . AHanorH'IHLill: pe3ynbTaT 

HM9!1 6 L>I M9CT0 1 ecnH 8HHlfi'Hll51UK~ H.U9T 'lepe3 npOMemyTO'IHbl9 6030Hbl 1 npH 9TOM 1 0.Q 

H8KO , B paaHoii cTeneHH .aon;.KHbi 6biTb no.aasneHbi H TpexMe30HH bie aHHHI'Hll51UHH. O.aHo

apeMeHHoe no.aasneHHe p eaKUHH (}) If (2), (3) M0)K9T 6b!Tb Bbl3B 8 HO npeHMyWeCTBeH-

~Oll: 8HHHI'Hll51UH9ll: B CHHrne THOM COCTOHHHH .Ull51 lli060ll: CHCT9Mbl ~~ 
H 3 0(1'0JlC llJ.! H 8 (a He TOll bKO B COCT051HHH j5 p ) . 

H93.8BHCH MO OT 

T a KaH )K e 9 KcnepHMeHT8llbH851 CHTyauHH B03HHKaeT B cny'iae, ecnH aHHHrHnHUH51 

npOIICX O.UHT He TOllbKO n peHMYW9CTBnHHO B CHHI'll9THOM COCTOHHHH, HO JLJ» OCIIOBHOM 

,ad /9/ 
COCTOHHHH C H30TOllH'i9CKHM CllHHOM 1 . npH'19M 1 K8K 6b!IJO YK838HO 8BTOpOM 

1 
B OJ J-

1 
poe 0 npeH MYW9CTB9 HHOll: 8HHHI'HllHUHH B 350 

COCT051HHH MOn<eT 6bJTb peW C H npH 

K3y'iGHHH Tp9XM930 HHhlX 8HHHI'Hll51UHA . 

EcnH )J<e a.apyr o Ka )I< eTcH , 'iTO pe a KUHH ( 1 ) 3 a npeweHa B TO apeM51 KaK npouec

Cbi ( 2 ) II (3) pa 3 peweHbi
1

T O H3 'tHCll8 06Cy)K.Q89Mb!X I'I!ITOT93 OCT8JOTC51 .UBe: 

X) 
Henb3 51 1 H811p11Mep , HCKlliO'tHTb TOI'O, 'ITO B .U8HHOM Cllyttae HM I?Il6 MCCTO 8HHif -

I'Hil51UJ.!51 H8 J[. + H :Jr:- C BLICB9'tHB8Hif9M M51I'KOI'O 0 -KBBH TB. 

XX) ,.,.., 
8 8 TOA CB5131f cne.ayeT OTM C.THTb, 'ITO cyut e CTBOJ:l8H119 .JI.J -M e:JDH8 B paM-

K8K MOiteJJH ct:JepMu -HHra YK83L>IB89T H8 CH!lbHOE! B381fMO.U9li:CTBH9 npHT51)1\9 HJ.!51 Me/J<Dy 

HYKIIOH OM H 8HTHi;JKllOHOM B CHHI'll 8 TH OM CO C T051HifH C J.!30TOJ1-Cf!HHOM 1, 



5 

a) 38p51JJOB851 '"!eTHOCTb CHCTeMbl ( p p ) IIpOTOBOIIOJIO:>KHa TOll., KOTOpaSI Clle .Ct .· -

e T 113 yp a BHeHHH D.npaKa, T.e. C;;p=- I. 

UHH B 

6) HMeeT MeCTO JJHpaKOBCKHll. BapnaHT '"!eTHOCTH, HO rrpeHMyll.leCTBeHH851 aHHHD! nH 

CHHrneTHOM COCTOHHHH OCyll.leCTBJISieTCH TOJ!bKO JJJISI CHCTeMbl ( j5 p ) (a He JJ J151 

B006We). 3TO OKa3biBaeTCSI B03MO:>KHbiM 1 HaiipHMep, eCJIH aMIIJIHTY Jlbl aHHHrHnH-

UHOHHWX nepeXOJJOB H3 TpHnJieTHWX COCTOHHHll. C H30TOII-CIIHHOM 0 H 1 paBHW ITO senu

'"IHHe H DpOTOBOIIOJIO)!(Hbl no cj:la3e , 

B 3TOM cnyqae noSIBJIHeTCH B03MO:>KHOCTb pa3JIH'"IHTb 3TH sapHaHTbi no aHepreTH

qecKoMy noseneHHID peaKuHll. (2) H (3). 

3TO nerKO IIOKa3aTb B paMKax IIp8BHJI OT5opa, CBSI38HHblX C T8K H83biBaeMoft 

G x) /13/ 
-qeTHOCTbiD 1 KOTOpyiD BIIepBbie BBeJIH nH H f!Hr , D.mr CHCTeMbl pn.. ( iip) 
G = t-1) -t • s • 1 B CJiyqae JJHp8KOBCKOrO B8pHaHTa 38pS!JJOBOll. qeTHOCTH H 

G -- (-t)l+S JJJISI cnyqaSI 

op6HT8JlbHOrO MOMeHT8 H CnHHa CHCTeMbl 

EcnH yqecTb, '"ITO nepexon s 2 ][ 

=-t.(-l 

NN l. 

JlJISI CHCTeMbl 

H 

TpHnJi e THOM COCTOHHHH ( S = 1 ) 1 a Jlll51 CHCTeMbl 2 :/[, 

S- COOTBeTCTBeHHO 3HaqeHH51 

B03MO:>KeH TOJlbKO B 

G = ( + 1 ) , To peaKUHcH ( 2) 

H ( 3) OKa3biBaiOTC51 B03MO/KHblMH B CJiyqae sapHaHTa a) B COCTOSIHHSIX C He'"leTHbiM 3Ha

qeuneM o p 6H TanbHoro MOMeHTa ( P , F ), a JJJIH sapHaHTa 6) - c qeTHbiMH l~D), 
.. ::l T o o3H8YaeT, '"IT O n ,o6nacTH He o'"!eHb . 6onbWHX aHeprHll. (no E • 50 Mas) s nep-

BOM cnyqae (sapH8HT a)l ce'"leHHH peaKUHll. (2) H (3) 6ynyT pacTH KaK E~ a s o 

E -~ BTopo:v~ ( sapHaHT 6)) - yM e Hbl.Il8TbCH KBK • EcnH :>Ke cnpasennHBbi oueHKH 

r · hoj 
.LJ.eC OI H 1 II OK838BWer'0 1 '"ITO aHHHrHJIHUIIOHHblll. 38XB8T OCT8HOBHBWerocH aHTHnpOTOH8 

n poaCX OJJHT 8 OCHOBHOM 11 3 s - COCT051 HH51 1 TO OTHOCHTBJlbHbli1 BbiXOJl peaKUHH (3) 

6y JJe T p c~:.J K O yseni1'~11138TbCH ( YMBHbill8TbCSI) npH nepeXOJJB K aHHHrHJISIUHH Ha JieTy( Jlli51 

B8p118HTOI3 ( 8) H ( 6) COOTI3eTCTBBHHO) , Vl3y'"leHHe peaKUHH ( 2) B npHHUHne npeJJnO'"ITH-

TBlibHBi1 1 T,K, JJ8eT B03M O /I, HOCTb H86JIIOJJ8Tb :3J18M e HT 8pHbli1 npouecc, HO C :3KCnepHM GH-

T8JlbHOi1 T•J'"IKH 3 p 8 HHSl COilp51 /Ke HO C onpeneneHH biM.H TpyJJHOC THMH, 

l lo-s.HJJHM OM Y 1 nyYWe scero H85l!IDJJ8Tb T8KOll. npouecc B nyqKe 8HTHnpOTOHOB C 

fJOMOlllbiO 60JibWOi1 BOJJOpOJJHOH fiY31 ,JpbKOBOii K8M e pbl 1 H CJJOJ1b3Y51 11p11 3 T OM 8HTHHei1Tpo-

111,1 uT n e p e::.JapHJJKH p-t· p- n+n. 

" G -collpH;.I, QlH! e npencTBBJIHeT co5oii nocnenosaTcnbH Lie oo1epaurm 38pHJJO -
o 

':lur·o COiipHA,E! t!JIH H llOOOpOTll H 8 180 B H30TOHY1'"18CKOM npOCT!':iHCTI3e 

• 
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KHHeMaTH'!eCKHlt aHaliH3 TaKoro co6biTHSI .aaeT B npHHUHne B03MO.»<HOCTb onpe.aenHTb 

:3HeprHIC' 8HTHHeHTpOH8, 8HHHI'HliHpy!OIUero B pe3yllbT8Te nocne.ayiOIUero B38HMO.LleltcT

BHSI. BepOSITHuCTb TdK OI'O npouecca 5y ,!leT BO BCSIKOM Clly'!ae He MeHbWe, '!eM sepo

SITHOCTb .LlBOltHOI'O pacceSIHHSI t!HTHnpOTOH8, H861IIO.Ll8BWerOCSI B 60llbWOl!: BO.LlOpO.LlHOJt 

x) 
ny3b!pbKOBOJt K8Mepe • 

0 peaKUHH (3) MO.>KHO nOliY'IHTb CBe,LleHHSI H8 OCHOB8HHH y.»<e HMeiOIUHXCSI :3KCne

pHMeHT8llbHb!X ,Ll8HHb!X 06 8HHHI'HliSIUHH 8HTHnpOTOH8 H8 .aeJtTpOHe. npH :3TOM, O.LlH8KO, 

Clle.ayeT OT6Hp8Tb Clly'laH, KOI'.Ll8 OCT8BWHltCSI nocne 8HHHI'HliSIUHH npOTOH yHOCHT 

M8llbllt HMnyllbC, 

+ - ( o - o K K 1<. K ) o6na.aaeT TeMH .»<e 

/1 4/ 
EcTb ace ocHOBBHHSI C'IHT8Tb, 'ITO cHcTeMa 

CBOltCTB8MH CHMMeTpHH, 'ITO H CHCTeMa Jr +Jt- nosTOMY, eCliH peaKUHSI (}) 

nO,Ll8BlleHa no npH'IHHe npeHMyiUeCTBeHHOlt 8HHHI'HliSIUHH B CHHI'lleTHOM COCTOSIHHH HliH 

H3-3a He.aHpaKOBCKOlt 38pSI.aoaolt '!eTHOCTH CHCTeMbi ( pp )
1 

peaKUHSI p+p -P 1<.+ K 
xx) 

TaK.»<e 6y.aeT no.aaaneHa , 

npH :3TOM pe8KUHH fi+p-- Ko-r 1<.+ (5) H p+ rt- 1<. - + Ko (6) 
I 

aoo6rue roaopSI 
1 

He 6y .ayT no.aaaneHbi ( ecnH, KoHe'!HO , no.aaaneHHe ( 4) He o6ycnoaneHo 

cTaTHCTH'!eCKHMH cpaKTopaMH). HH'!ero tsonee onpe.aeneHHOro o noae.aeHHH peaKuHlt ( 5) 

H ( 6) CK838Tb Hellb3SIJ nOCKOllbKY nOK8 HeT Onpe.aeneHHbiX .Ll8HHbiX 0 qeTHOCTH CHCTeMbl 

K0 1<.+ ( K- K 0
) . 

3KcnepHMeHT8llbH8SI CHTYBUHSI C K - Me3oHaMH TaK.»<e 3acny.»<HaaeT BHHMBHHSI . 

B pe3yllbTaTe aHaliH3a aHHHrHliSIUHOHHbiX 3Be3.a B ao.aopo.aHoit ny3hipbKOBOlt KBMe

pe He Y.Ll8110Cb 3ape.rHCTpHpOB8Tb HH O.LlHOI'O Ha.ae.»<HO HHTepnpeTHpyeMOI'O Clly'laSI 

- - -t-p + p - J<. + K , 'iTO .aaeT .anSI aepxHero npe.aena OTHOCHTellbHOlt se-

/ 2/ 
pOSITHOCTH :3TOI'O npouecca BeliH'IHHY 0, 1% . 

Cpe.aH 3000 aHHHI'HliSIUHOHHbiX 3Be3.Ll B nponaHe cny'laH BHHHI'HliSIUHH Ha K .,. K~ 

no-BH.LlHMOMy, TBK.»<e OTCyTCTBYIOT, lleJtCTBHTellbliii01 KHHeM8TH'IeCKHe K8pTHHbl 8HHHI'HliSI

UHlt H8 Jt+Jt-H H8 J<.+K - O'!eHb noxo.»<H, E.aHHCTBeHHOe OTliH'!He - :3TO HeCKOllbKO 

p831IH'I810WHeCSI no BeliH'IHHe HMnyllbCbl 7C - H K -Me30HOB (.anSI aHHHI'f!liSIUHH a 

noKoe 0,93 Esa/c H 0.8 Essie, cooTBeTCTBeHHo) . TaKHM o6pa30M cnyqaH aHHHI'HliSIUHH 

x) 
K uacToSiweMy speMeHH B 6onhwolt ao.aopo.aHol!: ny3hipbKOBOlt KaMepe 3aperH-

cTpHpoaaHo OKOliO 200 cnyqaeB .LlBOl!:HOI'O pacceSIHHSI 8HTHnpOTOH8 /2/. 

XX) QqeBH.LlHO, 'ITO T8KOlt .»<e pe3yllbT8T HMell 6bi MeCTO B p8MK8X .LlHp8KOBCKOI'O 

sapH8HT8 'leTHOCTelt, eCliH 6bi c~.t - 1. 
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H8 MOI'JlH OCT8TbC5! He38Me'ieHHh!MH. 

C .llpyrotl CTOpOHbl H3BeCTH0 0 'iTO npH 8HHHI'H1l5!UHH 8HTHnpOTOH8 H8 5!.llp8X HCnyc-

K8eTC5! 3 8 MeTHOe 'iHCJlO K -Me3oHOB. 

T a K 1 B nponaHOBOA ny3hipbKOBOH KaMepe .ll01l5! aHHHrHn5!UHOHHhiX 

Me30H8MH cocTaBn5!eT 4% npH £p= .70 MaB H CBhrwe 5% npH 

3Be3.ll c 

~3 Cp8BHeHH5! 3THX pe3ynbT8TOB CJle.llyeT, 'iTO BK1l8.ll pe8KUHH (4) no Kp8HHeH 

Mepe B 100 pa3 MeHbwe no cpaBHeHHJO c .llpyrHMH npoueccaMH o6pa30B8HH5! K -Me-

.:;oHOB npH aHHHrHn5!UHH, TaKHMH npoueccaMH MoryT 6biTb peaKUH5! (6) HnH aHHHrHng-

UH5! C HCnyCK8HHeM nOMHMO napbl 

I HU 
1l!O.ll8BW85!C5! B 3MY1lbCH5!X 

K -Me30HOB HecKonbKHX JC -Me30HOB, y:>Ke Ha6-

0THOCHTenbHaH Bepo5!THOCTb aToro nocn e .llHero npouecca,cornacHo pa3nH'iHhiM 

B8pH8HT8M CT8THCTH'ieCKOtl TeOpHH I B HeCKOJlbKO p83 6onbWe BK1l8.ll8 peaKUHA ( 4), ( 5), 

(6) / 3-5 /. 
0.llH8KO, cpaBHeHHe C ITpe,llCK838HH5!MH CT8THCTH'ieCKOH TeOpHH He MO:>KeT 

cny:>KHTb H8.lle:>KHhiM KpHTepHeM .ll1l5! yCT8HOBneHH5! cpaKT8 H CTeiTeHH ITO.ll8BJieHH5! peaK

UHH ( 4), llng 3TOI'O B K8'ieCTBe ITepBOI'O war a cne.llyeT cpaBHHTb Bh!XO.llhl peaKUHA 

( 4) H ( 5), ( 6), KOTOpb!e .llOJl:>KHbl 6hiTb O.llHOI'O ITOp5!.llK8 ITO BeJIH'IHHe, eCnH OTCyTCTBy

IOT K8KHe-nH60 .llpyrHe cpaKTOpbl ITO.ll8BJieHH5! pe8KUHH ( 4), KpOMe CT8THCTH'ieCKOI'O • 

B Tex cnyqagx, KOr.lla aHTHITpOTOH ITPH aHHHI'H1l5!UHH B38HMO.lleAcTByeT c .llBYM5! 

/17 I. 
HYKJIOH8MH

1
MOI'YT HMeTb MeCTO ITpOUeCChl THIT8 • 

p+(2N)-A(Z)+K 
p +(2N) -E +2 K.. 

Q.llHa H3 ITO.ll06HhiX peaKUHH (c HCITYCK8HHeM Ao Ko ) 
/\ H He,ll8BHO H861l!O.ll81l8Cb 

Ita; 
IIpH 8HHHI'H1l5!UHH 8HTHITpOTOH8 H8 5!,llpe yrnepO.ll8 B npOIT8HOBOtl IIY3b!pbKOBOtl K8Mepe , · 

0THOCHTeJibHYIO Bep05!THOCTb T8KHX rrpoueCCOB MO:>KHO OUeHHTb ITO 'iHCny I'HITepo

HOB o HCrryweHHblX rrpH 8HHHI'H1l5!UHH. 3Ta Bep05!THOCTb ( KBK H Bep05!THOCTb .01151 po:>K

.O.eaaoro npH 8HHHI'H1l5!UHH I< -Me30H8 IIOpO.llHTb I'HrrepOH B TOM :>Ke 5!.llpe) pacTeT C 

YBeJIH'ieHH e M 8TOMHOI'O BeCa H.llpa. O.llHBKO OTHOCHTenbHhlA Bhi XO.ll K -Me30HOB npH 

BHHHrHJI5!UHH B aMy1lbCH5!X Acp- 40) H nponaHoBoii ITY3hipbKOBOH KaMepe 

( A "' 12 ) npH6JIH3HTenbHO O.llHHBKOB (-4 % ). 

• 
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3TO 3acTaBnS!eT .llyMaTb, 'iTO aHHHI"HnSIUHOHHbie npoueCCbl C HCrrycKaHHeM I"HilepOHOB 

He HrpaJOT pewa10wea ponH. 

ABTop Bbipa:>KaeT 6naro.oapHOCTb M.VI. WHpOKOBY 3a o6cy:>K.lleHHSI H ueHHbie 

3aMe'iaHHSI, 
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