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06 yrnonoM pacnpeaeneann ocKonKoB cnonTaHHO 
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P4-6625 

· ... 

TeopeTnqecKn paccMaTpnnaeTcSI nonpoc o6 yrnoBoM pacnpeaeneann 
OCKOnKOB CnOHTSHHO AenSIWRXCSI naOMepOB1 o6pa3y.IOwRXCSI B peaKURSIX C 38-
pSilKEiHHb!Mll qacTnuaMn,· · KOTopbie BHO CSIT a SIAPO 6onbwolt yrnonolt MoMeHT. 
3aaaqa caoanTcSI K n3yqean10 snnSIHnSI npouecca · ncnycKaHnSI qacTnu n raM­
Ma-KBSHTOB nocne o6p830BSHRSI KOMnayHA-SIApa Ha opneHTSUHIO cnnHa H30-
Mepa. PaccMaTpnaaeTcSI TaK')I{e nnnSinne BHeSiaepHbiX ao3Mywennlt na yrnoaoe 
'pacnperieneHne ocKonKon. 06cymAaeTcSI B03MOlKHOCTh onpeaenennSI xapaKTe_­
pncTnK ll30Mepnoro COCTOSIHHSI ll3 SKCnepnMeHT8nbHblX A8HiibiX no yrnOBOMY 
pacnpeaeneHHIO OCKOnKOB. 

npenpHHT 06'LeAHHeHHOro . MHCTHTyTa ·, .HAep~x HCCJleAOBamdi. 
· . ,l(y6Ha, 1972 · · 

. Pham Zui Hi en ' P4-6625 

On the Angular Distribution of the 
Spontaneously Fissioning Isomer Fragments 

The problem is considered of the angular distribu­
·tion of the spontaneously fissioning :i:somer fragments pro 
duced in .the reactions with. charged particles bringing-in . 
large'angular momentUI!! to the nucleus;· The problem-is-re-I 
duced ·to the study of; the influence of.· the emission of __ 
particles and gamma-quanta, after the compound nucleus 
production·i on the ·isomer spin orientation •. The effect of. 
the extranuclear-perturbations on the-fragment angular 
distribution is:also.considered. The possibility is dis~"" 
cussed of determination of the isomer state characteris­
tics using the experimental data on the fragment angular 
distribution. · · 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1972 
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Ha xapaKTepn• 

ruee BpeMSI Jf3BeeTHbl'11 

py)l{eHMSI Jlpyrnx K~HKY 

KOTOpbie Mornn 6bl llB~ 
J 

( ennH1 MarHMTHblfi 'n H 

nono)l{nTenhHbiX peayn1: 

Tepee nayqeane yrnoBI 

B peaKUMSIX. e a -qae~ 

MeHT Ill. KaK naBeeT 

pOB8H B nnoeKOeTM 1 nE 

K8HJISI qaeTMU Jf Y -1 

qnBaeTeSI BepOSITHOeTb 

0JlH8KO ennH o6p830B8 

e.Jl.n. Bee )l{e oeTaeTe 

nSipao aanpaBneHn~ ny 

npelleneHJI~ OeKOnKOD 

MY aaannay aToro non 

HHSI HeKOTOpblX xapa_KT 

ro paenpeJleneHnSI oeK• 
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Bae.neune 

Ha xapaKTepneTHK enoHTaHHo aemmmxeg naoMepoB ( e,.n,n,) B uaeTo51-

mee 5peM51 naaeeTHhi nHUib nx 9Hepi"HH H BpeMeHa >KH3l!H, 00llbiTKH o6Ha- -

py>KeHH51 apyrnx KOHKypnpyromnx BeTaefi paenaaa ( anb<jla- 11 raMMa-paenaa), 

KOTOpbie MOI"IlH 6bi ,[!8Th HH<jJOpM8UHJO 0 llPYI"HX xapaKTepneTHKaX e,)l,H, 

( ellHH1 Mai"HHTHbifi H KBa.npynonbHbifi MOMeHTbl H T,ll,) 1 ,[!0 eHX llOp He ,[!81]11 

nono>KHTenbHbiX peaynhTaToB. B eB513H e aTHM npeneTaBn51eT 6onbUiofi HH-

Tepee nayqeane yrnoaoro paenpe.neneJmg oeKonKoB e,.n,n,, opneuTnponannhiX 

B peaKUH51X e a -qaeTHU8MH 1 BHoe.muHMH B 51,[!p0 6onbUIOfi YI"IlOBOfi MO­

MeHT I 11, KaK naaecTuo, B TaKHX peaKUH51X enHH KoMnaya.n-g.npa opneHTn­

poaau B nnoeKoeTn, nepneu.nnKyn51pHofi aanpaanennro ny"'Ka, no Mepe nenyc-

K8HH51 qaeTHU II y -KBaHTOB llpH aaeeneHHH H30MepHOI"O eoeT051HIIH yaenn-

"'HBaeTeH aepoHTHoeTb opneuTaunn q_nnaa Hnpa no .npyrnM uanpaBneunHM, 

O.nHaKo ennu o6paaoaauuoro noene nenyeKaHH51 aeex qaeTnu'n Y -KBaHTOB · 

e,)l,ll, Bee )l{e oeTaeTe51 npeHMymeeTBeHHO OpHeHTllpOB8HHbiM nepne!lllllKY-; 

ll51pHO !lanpaBneHHIO llY"'K8 1 'ITO llpHBOllHT K 8HH30TpOlliiOMy YI"IlOBOMy pae­

npe_nenemno oeKonKon .neneHH51, HaeTOHillaH pa6oTa noenHIIle!Ia TeopeTH"'eeKo­

MY aHallH3Y 9TDI"O BOllpoea e TeM, "'T06bi BbiHeHHTb BD3MO)I{HOeT? onpenene­

HHH HeKOTOpbiX xapaKTepHeTHK H30Mep!IOI"O eoeTOHHH51 113 H3Mepe!Il!fi YI'IlOBO-

ro paenpe.neneung oeKonKOB .neneung, 

'· 
~ ·'· 3 



OpneHTaUliSI cnnua c • .n.n. oTuocnTenbHO uanpaBneHliSI nyqKa Mo>KeT 

6b!Tb HapyrneHa CBepXTOHKliMll B38liMO,llefiCTBliSIMll Me>K.llY MarHHTHb!M Hnll 

aneKTpH'leCKliM MOMeHT8Mll ll30MepHOr 0 COCTOSIHHSI C BHeSI,nepHb!Mll llOnSIMll, 

Hs yMeHbiiieHliSI aunsoTponnn yrnoBoro pacnpe.neneunSI ocKonKoB, BbiSBaH-

HOrO 9THMH BUeSI,nepHb!Mll B03MyiiieHliSIMll 1 B llpliHUllile MO>KHO oueHliTb' Mar-

UliTHbifi .nnnonbHbifi ll aneKTpnqecKnfi KBa.npynonbHbifi MoMeHTbi nsoMepuoro 

COCTOSIHliSI, TeopeTli'IeCKOMy auannsy BnliSIHllSI BHeSI.nepHbiX B03MyiiieHllfi 

ua yrnoBoe pacnpe.neneune ocKonKoB c • .n.n. nocBSimeua BTopaSI qacTb aToll: 

pa60Thlo 

§ 1. BbiBOJl o6mnx popMyn 

flpeilnono>KliM, 'ITO c • .n.n. nMeeT cnmi ./ ll upoeKUliiO cnnua ua ocb 

cnMMeT-~lllll Sinpa K' • t.JTo6bi onncaTb opneuTaunro aucaM6nSI cnnuoB B · 

:•' llpOCTpaHCTBe·; BBe.neM cpyHKUlllO pacnpe.neneHHSI BepOSITHOCTll o6pa30B8llliSI 

c • .n.n. no era npoeKunn cnnua M (' M = -1 •• ,I) ·aa Bhi.neneauy!O ocb B 

npocTpaHCTBe, coBna.na~I~lYIO c aanpaeneaneM nyqKa f:M ·• YrnoBoe pacnpe-

nenenne ocKonKoB c • .n.n. npn aToM Mo>KeT 6biTb sanncauo B Bn.ne: 

'JI({)} ·I f I D.I ( e ,1/J J l 2 

M M MK 

( 1) 

r.ne . D·MK -o6o6meuaaSI ccpepnqecKaSI cpynKUIISI Bnraepa. Hs _(1) aeTpy.nao 

npoBepnTb
1 

tiTo· B cnyqae ueopneaTnponaauoro c • .n.n. yrnonoe pacnpe.nene-

!!lie OCKOnKOB 6y,neT II30Tp0ll!IO, ·llnSI KOHKpeTIIblX pacqeTOB cpopMyny ( 1) 

y.no6uo npeo6pasonaTb K Bn.ny: 

21 

w ( () ) I A v P v ( cos 0 ) ( 2) 
v =0 

4 

··.;. 

.A I (-I) 
v M 

r,ne p -nonHIIOMbl fl1 
V, 

qs 

0 

I:B 
K:O 

to 

Pnc. 1. YrnoBoe pacnt 

c • .n.n. opneuTnponau B 



C BH95Ill9pHb!MH nonRMlla 

iHR OCKOnKOB1 Bbl3BBH-

:e MO)KHO OU9HHTb Mar-

i MOM9HThl H30MepHoro 

~5Ill9pHblX B03MyiUeHHfi 

eHa BTopan qacTb aToii 

)9KUl!ID CTIHHB Ha OCb 

aHcar:.15nn cnnHoB B · 

ORTHOCTll o5pa30B8HH51 

Ha BhllleneHHYJO OCb B 

!}. f:M · -~ Yrnonoe pacnpe­

.nncaHo B nnne: 

.( l) 

'Hepa. Ha . ( 1) HeTpynHo 

,n. yrnonoe pacnpenene­

lacqeToB <jlopMyny ( 1) 

( 2) 

l 

I 

i 

··; 

K-M 
(-1) {MC(llv, M-M)C(i!v,K-K) A k 

M v 

rne p -nonHHOMbl ne)KaHnpa, c -Koa<P<PnuJ!eHT Kne5ma-ropnoHa. v 

{3) 

Puc. _1. Yrnonoe pacnpenenerme ocKomwa c~n.u. B cnyqae, rcorna cmw 

c.n.n. opneHTIIpoBaH B nnocKocTu, n_epneHllliKynnpHoii nanpaanemuo ny•IKa. 
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Ha pnc. 1 npencTaBneHbl HeKoTopb!e KpnBbJe yrnoBoro pacnpeneneHnH, 

paccqnTaHHbie no !lJopMynaM ( 2), ( 3) nnsr nneanbHoro cnyqasr, Korna cnnH 

c.n.n. opneHTnpoBaH B nnocKocTn, nepneHnnKynsrpHon HanpaBneHnro nyqKa 

f - 8 
M MO 

) • KapTnHa yrnoB~ro pacnpenen~Hnsr cymec,T~.~HHO aaBncnT 

OT CIIHH8 I ll !lpoeKUllll CllllH8 H8 OCb CHMMeTpnn srnpa K • TaKnM o6pa-

30M, ecnn 6b! CIIHH Collollo 6bin opneHTHpOB8H TO'IHO TBK me, K8K · ll CIIHH 

KoMnayHn-Sinpa (eM. /4/ npn I . = 0), To no yrnoBoMf pacnpeneneHHro 
' . 0 . • . 

ocKonKoB MomHo 6binO 6bi onHoaHatiHO onpenenHTb I II K 

Ha caMoM ·nene, npouecc IlcnycKaHII~. qacTIIU II Y -KBBHTOB nocne 

o6paaoBaHHH KoMuaynn-Sinpa MomeT cymecTBenno MeHHTb HanpaBneniie cnii-
\ 

na srnpa 11 no:aTOMY · f M ~ 8 Mo" Harna aanaqa cBonHTCH ,K onpeneneHIIID 

9TOfi liJyHKUIIII pa,GnpeneneHIISI f M • P,nsr :a"I:oil uenn neo6xonHMO Bb!'IIICniiTb 

BeposrTnocTb. o6paaoBaHnH Bcex BoaMomHbiX cocToHHIIil srnpa nocne Kamnoro 
i· 

aTana npouecca aace~eHIIH c.n.II. B SinepHoil peaKUIIH. B KatieCTBe npiiMepa 

paCCMOTpiiM :peaKUIIID . f o. 0 X n ) • 

PaccMdTpiiM cnaqana o6pa30B8HIIe KOMnaynn-srnpa. Cnnn KoMnayHn­

srnpa onpenensreTcH cnomeniieM op6I1Tanbnoro MoMenTa a -qacTIIU II xaoTII­

qecKII opiienTnpoaai!Horo cn11na srnpa-r~mrnenn I 
0 

• Pacnpenenenne KoMnaynn-

srnpa no cnnny I c 11 npoeKUIIII cn11na ···Ha nanpaBneniie nyqKa M c ( M c = 

;, - I c , ••• • I c ) Momno aaniicaTb B BHne: 

P, c M c C a ( I c ) I (2 I 
0 

+ 1 ) , M c .1 ~ I 0 

M c I ·> 10 0 

rne C -Ue.KOTOpbJtl HOpMIIpOBO'IHb!H MHO)!{lfTeinbo 

CeqeHHe o6paaoaaHHH KOMnaynn-srnpa a peaKuHH c 

onpenensreTCH no H3BecTnofi !llopMyne 
121 

I + I c 0 

(4) 

a -'I8CTIIU8MII 

( '5) 
a (·I ) 2 ·[ 1 c = 77 :t2 . c + 

'210 + 1 
:£ rer( J, 

a e :.It c- I o:l 

6 

.,, ·~ 

-... ~ .. _·. ·• 

,. 

... ~·~· 

} 

.. ~ ~. 

rne it · -nn11na · BonHbi.' 

HllH · a -qacTHU c aHepr 

TeHuiianbHb!H 6aphep 

PaccMoTpiiM npow 

·OCT8TO'IHOI'O srnpa B.COI .... 
Hei1Tpona 113 KDMnayHn~ 

p =N I H ( E I 
E l • II ,M I 

I eM(; 

rne N -HeKoTopbili nee 

Ko:a!llliJHUIIeUT npoxomnen 

Mei!TOM f 1! qepea nc 

ypOBI!eH OCTBTO'IHOI'O Sll 

0 ( E .J) = n. e 

3necb ·. 0 -UeKOTOpb!H. M 

napaMeTp o6peaaHIISI1 · Kt 

TeMriepaTypoli ( T ) · SI, 

l 

PactieT !lJopMynbi 

B paMKBX CTBTIICTH'IeCK( 

· cpennroro no nef1TpOHHOI'v 

:aneprHSI OCT8TO'IHO:o Sll 

TpexMepnoro pacnpenenc 

· nByxMepHbiM pacnpene; 



yPnoBoPo pacrrpeaeneHnR, 

OPO cnyqag, KOPaa CITHH 

g cymecTB9HHO 38BHCHT 

>Iapa K • TaxnM o6pa-

0 T8K )1{9 0 K8K · H CITHH 

·n9noMf pacrrpeaeneHHIO 
i 

I H ' K 
n Y -KBaHTOB rrocne 

MeHRTb narrpaanenne crrn-

.oanTCR ,K orrpeaeneHHIO 

!nn ueo6xonnMo BbitJncnnTb 

IHHil Rapa rrocne Ka)KaOPO 

mn. B xaqecTBe rrpnMepa 

-Rnpa. Cnnn KOMnayna­

enTa d -qacTnu n xaoTn­

Pacrrpeaenenne KoMnayua-

teune rrytJKa M c ( M c = 

(4) 

UHH C a -1:JaCTHU8MH 

( '5) 

( E ) ' 
a 

,; 

: ~ .. 

I 

I. 
! 

,• .. 

Pae It·. -nnnua nonHhi . a .. -tJaCTHUhi, T f ( E j -xoscjJcjJnunenT npoxo)Kae-a 

HHR a -1:J8CTHU C SH9pPH9H E a H op6nTanbHblM MOM9HTOM f fi "'epea no-

TenunanbHhiH 6aphep Rapa-Mnrnenn. 

PaccMoTpnM rrpouecc ncnapenug netiTponon. BepoRTIIOCTb o6paaonaHIIR · 

OCTaTO"JHOPO Rapa B COCTORHIIII .. ·1 E I , .1 I , M j>J npn ·IIcrrapemm oaHOPO 

netiTpona na KOMnaynn~Rnpa onpeaenReTCR cpopMynoti: 

··.p = N 
E;, I I ,M I 

I I+ l7 

, I )..P ·I . 
I lcMS.=iii-171 

I + S c 
2 

I T f ( E ,; ) C (I I f I c• M 1''11 c- M I) , 

f =I 1c-sl · 

Pae N -HeKOTOpb!H HecymecTB9HHbiH HOpM IIpOBO"JHbiH MHO)KHTenb, Te (En)_ 

KoacjJcjJnunenT rrpoxo)KneimR ueiiTpona c aneppneti En 11 op6nTanbHbiM Mo-

M9HTOM f 1! qepea' noTeHunanbHb!H 6apbep Rapa, n ( E '' 
I 

I I ) -nnoTHOCTb 

ypon1ieti ocTaTO"'HOPo Rapa c anepPneti noa6y)KaeHHR E I 11 CITIII!OM 

n r E .J J = 
n . exp ( 2 eL_E ) 17 

E 5/4 a 3 
( 2 I + 1 ) exp 

(1+~)2 

2 a 
2 

I 
I 

( 7) 

3aeCb f! -HeKOTOpb!H MHO)KIITenb, a -rrapaMeTp ITnOTHOCTH ypOBI!eti, a -

napaMeTp o6peaamrsr, KOTOpb!H CBR38H, C MOM9HTOM HHepu'nn ( ·j ) H 

TeMrr'epaTypoti ( T )" Rapa COOTHOllieHHeM: 

J T 
( 8) 

PactJeT. cpopMynhi ( 7) cymecTneuuo ynpomaeTcR, ecnn ctJIITaTi;, "'TO 

B paMK8X CT8TIICTH1:JeCKOH Moaenn KB)KahiH ncrrapR!OlUHHCSI Heii~pOH YHOCIIT 

., • cpeaHIOIO no H9HTpOHHOMY cneKTpy SHCpPIIIO ( ; n = 2:1 ) • ToP ria 

anepPnR ocTaTotJHOPO srapa E I nMeeT onpeaenennoe anaqenne, n BMecTo 

TpexMepHOPO B pactJeTe Mbi HMeeM neno c 

·.nayxMepHbiM 

7 
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. BepoRTHoeTh o6paaoBal}lfR Rapa B ·eocTOHHHH !I I; M~> noeire nenape-

HHR BTOporo HetiTpOHa. B~l'IHenHeTe.H. TaKme no. I}JopMyne (6), npH aTOM BMee-

: To l}lyaKuun P 1 · M aymiJo noacTaenTh l}lyaKunro P 1 , .M • 
C C . . I. I 

noene .uenapeHHH'noeneaaero HeftTpOH8 Rllpo.nepeXOllHT B. H30Mepaoe 

eoeTORHI~e nyTeM .HenyeK8HHR' _KaeK8ll8 ·y -KB8HTOB •. npu onneaHHH aToro:•: 

npoueeea 38MeTHM,· 'ITO eneKTp HllepHbiX ypoBHeti .Hall H30MepHbiM .COCTOSI..;, 

HHeM MO)KHO 'paanehHTb Ha llBe oonaeTH: KB83HHenpepbiBHYIO H llHCKpeTJ{yro. 

Ecnu C'IHT8Tb1 'ITO H30Mepaoe COCTOSIHHe HBnHeTCSI H8HHH3WHM COeTOSIHHeM 
' . . ' 

a~. BTopoti RMe aeyrop6oro noTeatilianhHoro 6apbepa aen.eHHH 1
31

, To anH. 

rpaHHUbl Me>KllY KB83HHenpepbiBHOti H llHCKpeTHOH oonaCTSIMH MOmHO B3SITb 

eenn'IHHy:· 

E* = E + P ( i) .f. P.( N) 
I . 

( 9} 

( £. i -aHeprHH H30Mepaoro COCTOSIHHR 1 p' ( Z) P(N} -aaeprnn cnapnea-

· HHs'i}. faMMa-nepexollbi B o6naeTH KBaanaenpepbiBHoro eneKTpa onnchmaroTeH 

CT8THCTH'IeCKHM MeTOAOMo 8HeprHR K8)KllOrO ncnycKaeMoro I}JoTOH8 C'IH-

TaeTCH paBHOti cpeaHeMy 3Ha'IeHlllO ( • Cornacao paooTe /4/, 'IHcno ·Y -
y 

nepexoaoe B o6nacTu i<eaanaempep!JIBHoro cneKTpa paeao: 

. ya(E 
1 

·-£*·) 
( 10) 

11 =. 
L +I y 

rae E 
1 

-aaeprHR · Boa6ym~eHHH Hapa nocne nenapeHHH nocn_eaaero aeitTpoaa, 

L . -MynbTnnonbaoeTb . ·Y -nep~_xoaoB. Pacnpeaeneane. BepoHTHOCTH o6pa-

aoBaHHH cocTo~HHR :11 6 M 11 •> nocne ncnycKaHHH ·.y -KBaHTa c aaeprneti 

.. f-y . H3 BCeX B03MOmHhiX COCTOHHHit :1 I a .M a.-'> MOmHO Bbl'IHCnliTb no peKyp­

peHTHOit I}JopMyne: 

P 
1 

.M = 'G 0 ( E -. ;" , I 
6 

) 
b b a Y 

. 2 . 

I 
I M p 1 M Q (I / ;) q (1 b LJ 'a' M liM a- M J ., 

, a a 
.a a 

8 

rae 'G HeKOTOpbiH 

ahmaeMbiit npimeaeHHhii 

Bee b~cTOHHHH1 o 

o6nacTll KBaauaenpephii 

nyTeM· y -nepeXOllOB 1 

y ·-ny'Iefi nnn aneKTpc 
'· 

nepexollbi _annonbHhie, 

H30Mepuoe COCTOHHHe c 

Mepe 1.1- 1 l Y-KBaJ 

aoB 6yaeT HM eTb cnea 

I .... 1- 1 .... 

H l}lyaKunro paenpeaenei 

c.a.n. B npoeTpaHcTBe, 

f M ~I I p ( 
]'MJ M ... M . J M 

. .J-I .· 1+1 

· B .aeficTB;ITen~Ho 

I I·-:- n . O.uHaKO. KOHE 

{. He3aMeTHO Me!IRe'I 
M 

·npeilenax. _Ecnn Bee 
.; 

To npn·aaceneHnn nso1 

,·ncnycKaeMhiX Y ~KBB 

H30MepHOe eOCTOHHHe_~ 

He_Tpy..uHo o6o6wn~b .Po 



!I 'I';'M~> nociie ncnape­

.iyne ( 6), npn aToM BMec-

pI· .. M • 
1'' 1 

. nepeXOilHT B H30MepHoe 

1 •. npil onncaHHH aToro, .. 

IJ81l H30MepHbiM .COCTOH..:, 

;JepbiBHYIO H llHCKpeTJIYIOo 

I: H8HHH3WHM COCTOHH,HeM 

. !31 
18. ·JleneHHH t TO llnH. 

16naCTHMH MO)I{HO B3HTb 

( 9) 

P(N) -aHeprHH cnapnsa­

oro cneKTpa OnHCbiB810TCH 

:KaeMoro ljloToHa C'IH-

IJO_: pa6oTe 141 , 'IHcno ·r -

paBHo: 

( 10) 

IHH nocnellHero HeftTpoHa, 

~HHe. BepOHTHOCTH o6pa-

'Y · ~KBB.HTa , c aHeprnea 

•mHO . Bbl'IHCnHTb no peKyp-

)C 2tl LI, ,M M - M
6

) :, 
' • b . a li a . 

. ~' 
',•• 

.. ' 

rile 'G - neKOTOpblll HecyruecTBeHHbiH MHOmHTenb 1 Q ( [a f b ) -TaK Ha-

3biBaeMbifi npnBelleHHhiH MaTpH'IHhifi aneMeHT y -nepexolla. 

Bee c:iocTOHHHH, o6pa30B8Hllbie rrocne HCIIYCK8HHH y -KBaHTOB H3 

o6naCTH KB83HHeiipepbiBHOrO CIIEiKTpa, 6yllyT aacenHTb H30MepHoe COCTOHHHe 

rryTeM y -rrepexolloB 'lepea ypoBHH llHCKpeTHoro crreKTpa (c ncrrycKaHHeM 

y --ny'left nnn aneKTpoHoB KORBe penn). E cnn npellrronomHTb, 'ITO Bee ·y · -

IIepeXOilbl llHIIOnbHbie, TO IIpH IIepeXOile H3 COCTOHHHH CO CIIHHOM 1 B 

H30MepHoe COCTOHHHe CO CIIHHOM [ HllpO llOnmHO HCIIYCK8Tb no KpafiHefi 

Mepe :1·1 - 1 :l ·y -KBaliToB. Opn aToM, ecnn J '> 1, KacKall Y -rrepexo­

llOB 6ylleT HM eTb cnellyiOJ.tiyiO cxeMy: 

r ... 1 - 1 ... 1 - 2 ... . . . ... r + 1 .... 1 , ( 12) 

H <jlyliKUHIO pacrrpe)leneliHH f. M •' X8p8KTepH3YIOU!yiO OpHeHT8UHIO 8HCaM6nH 

C.)l.H. B IIpOCTp8HCTBe 1 MOmHO Bbi'IHCnHTb IIO ciJopMyne: 

fM~I I P C
2
0-iiJ,M M-M. ) ... C2 (l1I+1, MM -M).(13) 

J ·M M M ! M · . J-1 J J-1 · 1+1 
]. J-1'" t.f.l 

· B .JleficTBHTenbHOCTH qncno y -rrepexolloB MomeT 6bJTb 6onhwe, qeM 

I I.- n . 01lli8KO. KOHKpeTHbJe 'IHCneHI!bJe paC'IeTb! noKaaann, 'ITO cpyHKUHH . . . 

fM HeaaMeTno MeHSieTCH rrpn Bapnaunn 'IHCna y ~rrepexo~oB a· paayMHbiX. 

:rrpeilenax. _Ecnn Bee y -rrepexOilbi KBallpyrronhHbie, 'ITO MomeT HMeTh Mec-

To IIplli aaceneHHH H30MepHoro COCTOHHHSI B 'leTHO-'IeTUb!X Hllpax, TO 'IHCno 

'. HCJiycKaeMb!X y -:KBaUTOB. npn rrepexo)le H3 COCTORHHSI co CIIHHOM 1 B . 

11-ll 
H30Mepaoe COCTOHliHe ·.CO CIIHliOM [ 6ylleT no Kpail:Hefi ,Mepe paBHO --

2
- i 

He_TPY:IlHO o6o6UJHTh ciJopMynyJ 13) llnH aTo'ro cny'Iast. 



112. '4ncneHHbiJ.l: pacseT' 
·;.: 

~ .!. 

B ~aqecTBe nnmocTpaunn npnMeHeHHst, onnpaHHoil Bbtwe Teopnn B 

c'l 1 3 n 

xapaKTepn-

KOHKpeTHbiX 'IHCU9HHbiX pactteTaX paCCMDTpHM peaKUHIO '
23

' U 

' 236 Pu Ill I ( E a = 35 M 96). ct>yHKUHSl pacnp~riene~n'st r lrl 
ayiOW8Sl opneHT8UHIO aacaM6nSI CelleHe 1 6btn8 ~bi'IHCiieaa no peKyppeHTHbiM · 

.4mpMynaM ( 4) 
1 

( 6) 1 ( 11) ll (13) • cflnrypH~y~UIHA B • ~Op~y~~: ( 5'(·rt~:$P~-
uneHT npoxomneHHSI a -qaCTHU 'T e ( E a ) 6~m Bbi'IHCnea no M9TOilY /2/ 

c. ncnonhaoaaHneM onTnttecKoro noTeHunana 1 annpoKCHMHpoaaaHoro nape~ 

aepHyTofl" napa6onotl:. Ko~nuneMTbl npoxomnea~g. aetl:~pciaa T e ( E ") 6binll 

B3SlTbl H3 pa60Tbl / 5/ • 3Hatteane MD M9HTB H~e~UHH RllP,a~ cpHrypupyiOUI99 

a Bbtpa>KeHHH JlUSI napaMeTpa o6peaaHHSI •, u 1 npnanManoch paBHhiM cooT-

aeTCTBYIOUieMy 3H8'i9HHIO JlUSl >K9CTKOI"'O cclJepH'I9CKOI"O. SIJlp8 1 ·KorJia sllepi"HSl 
. . ' . 

aoa6ymneimR 6onbwe 10 M sa /6;. 3To nMeeT MecTo · JlnR Rllep, o6paay-

IOUIHXCSI nocne ncnapeHHSI nepaoro n BToporo Hetl:TpoHa: CpellHSISI saep~HSI 
aoa6y>Kil9HHSI S!llpa nocne ncnapeHHSI TpeThero HeATpoHa oKa3biBaeTCSI Ha· 

3 Msa BbiWe HH>KHetl: rpaHHUbi KBaanHenpepbiBHOro cneKTpa. OpH sTotl: sHep-

rnn aoa6y>Kil9HHSI H an>Ke MoMeHT nHepunn Rllpa· nMeeT. aennttnay, MeHhWYI01 tteM 
. /61 

npeJl9UhHbl9 3H8'19HHSI JlUSl >K9CTKOJ.l: ccpepbl 1 H JlUSl napaMeTpa U 6bin8 

ncnonhaoaaHa cpopMyna fnnh6epTa n KaMepoaa 1
1

1 
2 ·. 2/3 .-. -. 

u = 0,0888 A v a E . (14) 
... 

faMMa-nepexollbi a· o6nacTn KaaanaenpepbiBHoro cneKTpa npellnonara-
. . - ' , . , . 

UHCb JlHnOUhllbiMH
1 

npH 9TOM
1 

COI"'TIBCHO' pa6oTe 17/, -npHB9Jl9HHbiA MaTpH'I-~ 
llhiA SfleMeHT B • clJopMyne ( 11) npnHnMancSI paBHbiM Q (I a 16 ) = .2 I 6 + 1 • 

faMMa-nepexollbi a o6nacTH llHCKpeiaoro cneK.Tpa' npe~:tnonarannch nn6o .• 

~:tnnonhHbiMHI nn6o KBallpynonhHbiMH. 0Kaaanoch1 ttTo peayn~>TaTbi llBYX aa­

'pnaHTOB p8C'i9T8 M8UO OTUH'i810TCSI Jlpyr ·oT Jlpyra. 

10 

!'', 

\I 
11 

tl 
~; 

•' 

Ha pnc.' 2 npeJlCTI 

IOUI8SI opH9HT8UlllO CnHHI 

Yx:-noaoe pacnpeJleneane 

pnc. 3.4. H 5. 

-1 

Pnc. 2. ct>yHKUHSI rM 
236 Pu 1 o6paaoaaHHi 

= 35 Msa)~ . 



!HOlt BbiWe TeopHH B 
--, 

KUHIO_ 23.' U a 1 3 n 

xapaKTepH-

( .;_ ' 

B.cflopMyne (5LKo~H-
>I'IHcn(m no Me;oTJ.y 121 

- - -

O~CHMHpOB8HHOI'O nepe-

~elt~·pOH8 - T e .. ( ( .. ) 6btnH 

i~- SIJlpa~ cfl~ryplfpy10we~ 
JHHHManOCb p8BHbiM COOT­

~KOI'O. S1Jlp8 1 -KOI'JlS aaeprHSI 

CTO JlnSI _SIJlep, o6paay­

rpOH8o~ CpeJlHSISI aaepr:HSI 

ITpOH8 OK83biB89TCSI H8' 
- -

> •CneKTP~• npH aToll aaep-

!9T_ BenH'IHHy1 M9HbWY101 '19M 

IISI · napaMeTpa u 6btna 

'I 

< 14Y 
. . . ~ 

roro cneKTpa npeJlnonara-

7/1, npHB9Jl9HHbtlt- MaTpH'I·­

M -- Q (I a 1
6

) = ·2 1 6 + 1 • 

1 ~ ripeJlnonaranHcb nli6d' 

'ITO peaynbT8Tbi JlBYX B8-

Ha pHc,- 2 npeJlcTaBneaa cflyHKUHSI pacnpeJleneHHSI f _ , xapaKTepHay- _ 
M 

IOW8SI OpH9HT8UHIO- CfiHHOB 8HC8M6nSI · C,Jl,H, OTHOCHTenbHO HanpaBneHHSI. _ny'IK8, 
- 236 

YrnoBoe pacnpeJleneHHe, ocKonKoB JleneHUSI HaoMepa.. Pu noKaaaao aa 

puc. 3..4 _ H 5, 

-I 0 

Puc. 2. <t>yHKUHSI f M 1 - xapaKTepuayJOWaSI opueaTauuJO aacaM6nSI c.Jl.u, 
236 Pu 

1 
o6paaoBaHHhiX B peaKUUH 235 U ( a 1 3 n ) , ( £a 

= S5 MaB)~ 

11 



,•:;_ 

.· . .,,· 

.. ~" , 

ITpu ucnonbaoeanuu pac~eTHhiX peaynhTaToB nnn onpenenenun'cnuna 

c.n.u. nyamo uMeTb B Buny, ·~To B nporpaMMe ~ucnennoro pac~eTa neon-

HOKp8THO HCnonh30BanUCb napaMeTpbi ·a U a , nOSTDMy HenpaBUnbHhdi: 

Bbi5op 3Ha~eHMli: 8TUX napaMeTpDB MDI' 5b! .. npuBeCTU K HenocTDBepHb!M 

peaynhTaTaM. B Ha!lleM ~ncnennoM pac~eTe a = 25 MsB ..-1• HMeJO!Ilnecn 

B nuTepaType naHHbie nnn sToro_ napaMeTpa Kone5nJOTCH B npenenax oT 

20 ~o 30 M sB-1: KoHKpeTHhiii ananua noKaaan, ~To B03M~)I<Han Bapnauun 

napaMeTpa a B TaKux npenenax He nomKHa npuBecTu K aaMeTHhiM M3Me-

nennnM peaynhTaToB pac~eToB no cpaBHeHuJO c npencTaBneHHhiMM na . · · 

puc. 2,~,4 u 5. 3na~eHUH napaMeTpa o5peaaniln a MeHee onpeneneHHhi. 

B Ha!lleM pac~eTe napaMeTp a Bhi~ucnnncn no ¢opMyne ( 14). OnnaKo, 

ecnu nnpo naxonnTcH B cOCTDHHunx c 5onh!lloli: ae¢opMauueli:, cooTBeTCTBy­

IO!Ilefi BTOpDMy MUHMMyMy llByrop5oro noTeHuuanbHDI'O 5apbepa, TO U3-38 

yeenu~enun MoMenTa mrepuuu napa napaMeTp a MO)I{eT uMeTb Benu~uny, 

5onhll1YJO, 'IeM Bhi~ucnennan no ¢opMyne ( 14). ( 05cy)l{neane sToro sonpo­

ca, c~., H~npn~ep, /S/) • 1.JT05b! Bb!HCHl!Tb BnUHHue STOll HeonpeaeiJeHHDCTU 

. na peaynhTaTbi pac~eTa, 5bm Bhmonnen BapnanT pac~eTa, npu KOTopoM 

napaMeTp a npn!mMan aHa~enun, BllBoe 5oni:;!llue, ~eM Bhr~ucneHHbre ·no ¢op­

Myne ( 14). ITyHKTMpHbre KpUBhre puc. 3 noKa3biBaJOT peaynhT8Thi_ sToro · 

BapuanTa pac'IeTa. Peayni.TaTbi aByx BapnaHTDB pac~eTa aaMeTHo oTnn~aJOT­

cn apyr oT apyra TDnhKD npu 5onh!llMX cnunax c.a.n. 

§ 3. Bnunnue cBepxTOHKux BaanMogeficTBJiij 'B n.3oMepnoM 

cocTonnim na yrnoBoe pacnpegenenue ocKonKOB 

Ecnu Ha napo neli:cTByeT nocTaTo~Ho cunhHoe none, To npu pac~eTe 

yrnoBOI'O pacnpeneneHMH DCKDnKDB aeneHMH Hy)I{HO y~l!Tb!B8Tb BnMHHUe CBepx­

TOHKIIX B38l!MOllefiCTBMli: Ha OpMeHT8UUIO Cnl!Ha c.a.n. CeepxTOHKOe B.::!8UMO-

aeficTBue nHnyunpyeT nepexoahi Me)l{ay noncocTOHHMHMU < M:! c.a.n., 

12 

,•.: 

.:·· 

'i ~ 

-~ r 

l 
)• 
r 

·.;·· 

·~ . ' .. 
'0 11 

Puc. 3.- Yrnoeoe pacn 
· KpMBb!El CODTBeTCTBY:JO' 

II ·. ecnu ._qacToTa ai:Hx 

aifMa IInii 6onbwei qei 

aacenennocTII noncoc1 
i . . >·:. 

OT·. TOro, KOTOpoe liM€ 

noaoe pacn~eaeneniie 

nocne o6pasoBaHIIH H3 

W ( 0, t) = I \I 
M 

rne bM (t)' ·-a.MnnRTYi 

TIIM 1 "JTO il b M (0 J'l 2 



IB anH onpeaeneHrrg'cnrrHa 

[HCneHHoro pacqeTa Heoa­

'" noaToMy HeripaBHllbHhltl 

SCTH K H9AOCTOB9pHblM 

- ....;1 - 25 MaB • I1Me10mrrecH 

e6n10;CH B npeaenax oT 

qTo B03MO~H8H BaprraUHH 

HB9CTH K 38M9THblM H3Me­

rrpeacTaBneHHblMH Ha · 

a MeHee onpeaeneHHbi, 

<!>opMyne (14). OaHaKo, 

1e<!>op~aiin:eii, · cooTBeTcTBy­

nbHoro 6apbepa, To n:a-aa 

M0)1(9T HM9Tb. B9llHqHHy
1 

:J6cy)l(aeHrre aToro B.onpo- . 

~He aToii HeonpeaeneHHocTn: 

p~cqeTa, npn: KoTopoM 

, qeM ·BbiqrrcneHHbie ·"no <jlop­

IIOT peaynbTaTbi aToro . · 

oacqeTa 38M9THO OTllH~810T-

·~: 

~B H30MepHOM 
,. 

!nemie ocl<:onKoB 

1e.none, To npn: pacqeTe 

1 yqn:TbiBaTb BnHHHHe cBepx­

:.rr. CBep~ToHKoe ·Ba,arrMo­

HHHMH.' < M:l c.a.n:., 

•'- .. 

W(~~·--~--~~------~~----
'1. 1:0 

, 
', , 

·.:I 

I ,. 
I 

, ; 
I 

·o• · J.ff zo• Jo' .~to•. so.• 60° 70° soo 90° 
,_ Jj 0 . 

;J6. ···~. . . . ocKonKoB c.a.n:,· Pu • HyHKTrrpHbie Pn:c. 3, YrnoBoe pacnpeaeneHHe 
KpHBbU~ COOTB9TCm3yiOT. BTOpOMY eapn:aiJTy qncneHHoro pac·qeTa ( eM.: TeKcT). 

' l ~' 

n. ecnn:. qacToTa aTnx nepexoaoe ( qacToTa napM?poBCKol!: npoue;ccnn:) ,cpae­

HHMa HllH 6onbW91 qeM nocTOSJliHSH pacnaaa H30Mepa, TO pacnpeaeneHHe 

aace~ei~DCTH n~ACOC;~HHHH :<:M!I B MOM9HT A9ll9HIIH 6yaeT OTllHqaTbCH 

OT Toro, ·KoTopoe · nMenricb npn o6paaoeaHnn. c~n.n. ( <I>YHKUIIH f ) • Yr-M . 

noBoe paciipeneneHne ocKonKoB,· Ha6n10aaeMoe qepea HHTepBan epeMeHH t 

nocne o6pa30B8HHH H30M9pHOro COCTOHHHH1 6yaeT HM9Tb BHa: 
. . . 

W ( 8, t) "" I [j b lri ( t)D~ / 81/1 ) il 
2 

M . . 
( 15) 

rae bM (t)' -aMnnn:TyJla cocToHimH .< M:l B ·MOMeHT epeMeHH .OTMe-

THM1 qTo .'1 b M (OJ:I 
2 

"" { M 

13 
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i'' 

i• 

j,, ,· 
1-r 
I' 
I~ 
I : 

· ... _~. 
I''·· 

I 
i 
f 

r 

..... 

··- ,~ 

rt>opMyny ( 15) y.rio6uo nepemicaTb B anne:·: 

·2 I 

W((},t) I Av(t} Pv (cos.(}) ( 16) 

v = 0 

rne 

( 17) 
A (t} v . 

M~K . 
I{-1)· :jbM(tJ:I 2 C(Ilv,M-M)C(IIv ,K-K). 
M 

B sKcnepnMeHTax naMepneTcH HHTerpanhuoe no apeMeHn yrnoaoe 

pacnpeneneune ocKonKoB W ( (} ) • Mbi nMeeM: 

W((}) -~ 
- t/r · 

JW({},t)e dt, 
"" 

(18) 
0 

rne r -BpeM n >Kli3Hll c.n.u. 

YpaBHeHl!e nnH 8MnnnTyJlhl COCTOHHHH b M ( t) MO}KHO peiiiHTb no 

MeTOJ1y1 auanorn~HOMY l!Cnonb30B8HHOMY B TeOpllll B0.3MyiUeHHOH y-y 

Koppe~nuuu 191; Mbi pacc~oTpnM B sToii pa~oTe TOJib~o cny~aii, Korna 

auennepuoe none CTaTu~ecKoe H aKcnanhHO-Cl!MMeTpn~uoe, Cpaay oT-

MeTnM, ~To ecnn none napannenhuo ocn 0 z .. ( uanpuMep, BHeiiiuee MarunT­

uoe none H8J10}Kel!O napannenhHO HanpaBneHl!IO ITY~Ka) 1 .TO CBepXTOHKOC 

•',• 

aaauMoneiicTane_ ue BJliJHeT ua yrnoaoe pacnpeneneune ocKonKoB, 3To MO}KHO 

noHHTh ua ocuoae npocToro nonyKnaccn~ecKoro npencTaaneHnH o napMo-

poacKoii npoueccnn cnnua Hnpa B naoMepuoM cocToHulm. BOKpyr uanpaane~ 

HHH nonH /9/, 

06bi~HO B SKCnepHM9HT8X nonH 1 neiiCTBYIOIUHe H8 p83Jlii~Hbie HJ1pa,. 

xaoTn~ecKn opneuTnpoBaHbi B npocTpaucTae, B aToM cny~ae npRMeuHeTCH 

MeTon Teopnn !3oaMymeuRii y-y - Koppennunn 
191 -, ueTpynuo . noKa3aTh, 

~TO 

,"!' 

14 

,:1. 

. j. 

" 

:i 
j 
-~ 

i 
'\ 

·,; 

,. 

Av ( t) 
Av 

2 v + 1 

3necb A v onpenemreT 

3H8~eHHH raMHnbTOHH8~ 

MarunTHoro' aaanMoneii' 
,m 

E =-Bil-
m. I . 

rne B . -MariinTHoe noJ 

B cny~ae KBanpynonhHI 

'3 m. 
2

- I 

E,. 41(21+ I' 

rne V -KOMnoHeHT8 · 
z z ~.:.-

mero ua nnpo, e Q 

noncT8BHB ( 19) 

uoro no apeMeHn yrno 

w ( (} ) ~ A 
v v 

rne A v onpenemreT< 

aoTponun G v paaeH . 

Gv 
1 

2v +1 
:I 

"' 

J13 <jJopMynhi ( 23) Bl!Jlf 

cnnbuee, ~eM 6onhiiie 

MopoacKoii npeuecnn. 

paapyiiiaeT aunaoTponJ 

o~eHh cnnhHOM none I 



( 16) 

}C(J Iv·,K-K J 
( 17) 

e no BpeMean yrnoBoe 

(18) 

( t) . MO:>i<Ho pewnTh no 

Ill B~:;)MYIUeHHofi Y-:-Y 

TpnbK? cnyqafi1 KOPJla 

HMMeTpH'IHoe, Cpa3y oT-

anpnMep, Bnewaee MarnnT­

~Ka),· TO CBepXTOnKoe 

rienne OCKOnKOB, 3TO MO)I(HO 

rpe:UcTaBneang o napMo- , 

CTOSIHH~, BOKpyr nanpaBne~ 

Ie na pa3ml'IHbre HJlpa,. 

roM cnyqae npi!MeHSieTCSI 
'/g; : 

.: HeTpyJlHO · noKa3aTh • 

~ ,C 2 {1/v,m-m')e 
m m 2 v + 1 

3JieCh A v onpeJienHeTCSI· no cjlopMyne (3),· ·£, , E , ·' -co5cTBeHIIbie . m . , 

3H8'Ienl!SI raMI!nhTOnHaHa CBepxTonKoro B3ai!MOAefiCTBHSI, llnH cnyqag 

M~PHI!THOPO B38HMOJleHCTBHSI 

( 20) 

rJie . B -MarnnTaoe none, Jl -Marn~THblH MOMenr C,Jl,H,, m .=~[,, ,+/, 

B cnyqae KBaJipynonhnoro ,B38HMOJleficTBHSI 

E, 
!' 

'3m
2 
-I{l + 1) 

41(21 + 1 ). 
e Q V z z 

., 

:., 

( 21) 

rJie V -KoMnoneHTa Ten3opa rpaAnenTa aneKTpnqecKoro nonH, JieficTByro-
... %% 

ruero na siJlpo, e Q -KBaJlpynonhnbiH MOMenT C,Jl,H, 

IToJicTaBnB ( 19) n ( 16) B ( 18), nonyqaeM Bblpa)l(enne JlnH nnTerpanh-

noro no BpeMenn yrnoBoro pacnpeJienennH: 

W(O} (cos (J ) ' ( 22) I A 
v 

G 
v 

p 
v v 

rJie Av onpeJienHeTCSI no cjlopMyne (3), a Kos¢¢nunenT ocna6nennH ann-

30TponnH G v paBen . 

"'"' 

C 2 {l/v,m-m') 

1+[(E :_E,}r/h] 2
• 

m m 

( 23) 

VB cjlopMynhi (23) BIIJlHo, 'ITO B03Myruenne yrnoBoro pacnpeJieneHIISI TeM 
1% 

cnnhnee, qeM 6onhme oTnorueane r IT , rJie 'T - ---- - nepnoJl nap­
E., -E,' 

MOpOBCKOft npeuecnn, 0JlH8~0 CBepxTOHKOe B3aiiMOJleHCTBHe ne nonHOCThiD 

pa3pyruaeT ann3oTponnoCTh yrnoBoro pacnpeJieneHIISI ocKonKoB Jl8)1(e npn 

oqeHh cnhhHOM none. ( r•>•> T ) , B STOM npeAenhHOM cnyqae Mbi nMeeM: 

15 



'<,,, 

1 
G ,. v ( 24) 

.2v + 1 

llmi MSI'.HIITHOI'O CBepXTO.HKOI'O B381IMOlleHCTBII.II1 II 

Gv 
1 

l: C 2 (1lv,m-m') 

I ml =!I m 'I 
( 25) --.---

2 v +1 

ll.llSI KBallpynOJibHOI'O CBepXTOHKOI'O B38HMOlleHCTBll.IIe · · 

MarmrTuoe none; neficTByroruee ua Hllpa aKTHHHll.HbiX · aneMe.HToB; 
6 . .. 

BO ~ HOI'llX BeiUeCTBSX 06bl'IHO oqe.Hb 60JibUIOe (no J0 9pCT1 CM., .Hanpn­
/ . 

Mep, 10/ ). IToaToMy ecnn MarunT.Hhre MoMe.HTbr c.n.n. ue auoMaJibHO 

M8.1lbl1 TO npn .TSKHX noJIHX MO)I(HO ncnoJib30B8Tb !jlop.Myny ( 24) • B 06UieM 
.· .. ' 

me cnyqae Koa!jl!jlnnnenT ocna6ne.HII.II G v BbrqncnHeTC.II no !jlopMyne ( 23). :. 

Ecmr cmm n:3oMepuoro cocTO.IIHIIH Ir3BecTen, To cpaBneune aKcnepnMe.HTanb-

HbiX naHHbiX c !jlopMynaMn ( 23), ( 22) no3BOJISieT onpenennTb aueprnro cBepx-

TOHKOI'O B38IIMOllefiCTBH.II. ll, CJiellOBaTeJibH01 MSI'IIHTHbiH l!JIH KB8llpynonbHblll 

MoMenT c.n.n. 

ABTOp Bbipa>r.:aeT rny6oKyiO 6naronapHOCTb 8K8lleMIIKY r.H. <t>nepoBy 

38 IIHTepec K pa6oTe 1 IO.IT. faurpCKOMy 38 ueH.Hble COBeTbl n: n.n. ITyna-

TOBY 38 nnonoTBopHbie nncKyccnn. 

nnTepaTypa 
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