
013bE.D.Y1HEHHbl .i4 
Y1HCTY1TYT 

. H.D.EPHbiX 
Y1 ccnE.D. OBAH Y1 ~ 

.lly6Ha 

I 
"'"' 

C. E. repaCHMOB, n.n. ConoaheB 

P ACCE.HHl1E CBET A Hl13KOfi '4ACTOTbl 
l1 TIOnHPl13YEMOCTb 3AP.Sl)KEHHOfi '4ACTl1Ubl 

\ 

~ tHS 

... 

' 

I 

' 



P-1941 

C.E. repaCI! MOB, n.n. CanosbeB 

P ACCE 51HI1E CBET A H113KOH tiACTOTbl 
11 n01151PI13YEMOCTb ~,AP51)KEHHOfi tiACTHUbl 

Hanpasneua B Nuclear Physics 

~- - r .: .•·..r-:. . ~ ........ ·-



1. HssecTHO, qTo ceqeHHe pacce51HHH caeTa HH3Ko:A. qacTo_Tbi Ha 38pSDK9HHOil '!8C-

THUe B npene-ne W • · 0 paBHO KnaCCH'19CKOMY TOMGOHOBCKOMY cet.teHH10. 8 KB8HTOBO:A T eo-

pHil nonS! aTOT cjJaKT 6bin ycTaHoaneH THppiiHI"'OM / 
11

. liHH9HHhie no w qneHbi B aMnnll-

/2/ /3/ 
Tyae pacceHHIIH 6hinH nallaeHbl Jloy 11 fenn-MaHHOM 11 follha6eprepOM • On11 onpeaenH-

JOTCR. 38p51,UOM
1 

M8CCOfi H M8rHHTHblM MOM9HTOM 38p5DK9HHOi1 'IBCTHUbl. 0AH8KO nHHeftHbl9 

t.tn9Hbl Jl810T B ceq eHHe p8CC9SUUHI. · H8 H9TIOn51pH30B8HHOJi ti8 C THU9 BKnBll TIOpH.D.K8 W 
2 

• 803-

HHK89T BOTipOC 0 KB8Up8TH'!Hh!X 'ITI8H8X 8MnTIHTYilhl, KOTOpb18 IIHTe pcjJepepy !OT C TOMCOHOB-

2 
CKOti 8MllnHTynofl H A810T B C9'19HH9 BKnBD. TIOpSI..O.K8 (L) • 3TH qneHbi, ecn H ITOnb30B8TbCH 

aaanorHe:A: c KnaccuqecKoA aneKTpO.IlHHBMHKO:A, CB5138Hhi c nonnpH3yeMOCTh10 qa c THUbi,. MHr

aan141 TipOU8MOHCTpHpOB8TI nnOUOTBOpHOCTb o6o6meHHSI KTI8CCII'!8CKOI"'O TIOHSITHSI nOTIS!pH3y 8 -

MOCTH H8 cnyqaJl 8TOMHb!X Slll9p, 38T9M B pS!Il8 pa60T 8TO TIOHSITH9 6binO o6o6meHO H liTIS! 

HyKTIOHOB/S-S/• 0UH8KO B 8THX pa60T8 X p8CCM0Tp8HH8 npOBOUIITIOCb B HII3W8M npH6TIH~8HIIH 

no e 2 • B aaHHOil aaMeTKe Mhl paccMaTpHBaeM a -roT a on poe c yqeTo M qneHOB nopHaKa e 
4 

np11 aTOM 6TI8r'Oil8PSI HHcjJpaKp8CHbiM OC068HHOCTSIM nOHSITII8 CTpOI"'O ynpyroro paCC8SIHHSI H8 

H8HYTI8BOil yron T 8pS19T CMblCTI II He06XOUHMO paCCM8TpHB8Tb KB831!ynpyr'H8 npOU8CCbl, Conpo

BO~U810W118CSI H3Tiy'leHH8M HeaeTeKTHpye MbiX cjJoTOHOB, B nanbHei\meM Mbi paccMaTpHBaeM 

T8KH9 KB83Hynpyrll" npOU8CCbl, B KOTOphlX H9p81"'HC'TpllpyeMbl8 cjJOTOilbl YHOCSIT He 60TibW8 TIOTI<>-

BHHbl 9HeprHH ll8Jl8lOlU9I"'O 4JoTOH8. 0K83biB89TC5I, t.ITO rnaBHbl9 CpenH KB8Jlp8THqHhiX ITO t.I8CTOT9 

2 
qneHOB a ceqeHHH nponopuHOHBJlbHhr w fn tu • Ecn11 orpaHI.PHtTbCH yqeTOM TOJthKO a THX qneao~, 

T O U TI SI p8CCM 8 TpHB88MbiX npOU9CCOB MO~HO cjlopM8TibHO BB8CTH KOacjJ<jliiUH9HTbl nOTIS!pii3Y8MOCT>f, 

KOTOpbre OK83biB8IOTCH nponopuHOH8JlbHbiMH en (JJ • B 3TOM npH.6JlH }{<9 HHH f10JlH09 CetieHHe pac-

C9HHIHI TIOJIY1..f89TCB HHTerp11pOB8HH9M ITO yrna M !lH !.[Jcl>epeHUHBJlbHOrO CC1.J:9HJ1H KB83Hynpyroro 

npouecca. C TIOMOlUblO AHCnepCHOH HbiX COOTHOU19HHi-i Mbl HBWnH C T Ol)HOCTbiO UO 1..JJ19HOB nop51.0 .. 

2 
K8 W fn W Bb!p8~9HH8 UTIH llHcjJcjJepeHUH8TibHOI"'O Ce'!eHIISI ynpyl'Or'O paCC9SIHHSI Bnepen, 0HO 

cnpaaennHBO BO acex nopHnKax no e II COBTI81l89T C Bblp8~9HII8M O TIS! llHcjJcjJepeHUH8TibHOI"'O 

ceqeHHH KB8311ynpyroro pacceSIHHH snepen B e
6 -npH6nH~eHHH. 

2, llHcjJcjJepeHUH8TibH09 C9'18HH9 ynpyr'Or'O p8CC8SIHHSI ~OTOHOB H8 38pS1~<9HHOil '18C T IIU9 

CO CllHHOM 0 II 1/2, ycpenH9HH09 H npoCyMMHpOB8HH09 no TIOTIS!pH38UHSIM, C TO'IHOCT b!O UO 

2 
qneHoB nopSI.O.KB CO HM99T BHU: 

.:;z 2 2 2 

~ = Y. r2 [ I + :w ( I- cos 8) ] I (I + ·cos 0) ( I - 2 .!!!!!_w
2

) - 4 -~ w 2 
cosO+ c (0) 

d n ° 'o ' o 

3 

2 

'" ( I ) 



r']l9 W - 'i8CTOT8 fl8Q810Wero ~JOTOH8 B enHHHU8X M8CCbl paCCeHB8Tell51 m , e - yron 

pacceHHHH a na6opaTOpHoll CHCTeMe . Ko:.tjxjlHuHeHTbt a t< b onpeueMttOT :.nexTptPtecxytO 

H M8rHHTHYIO ITOllHpH3yeMOCTb tt8CTHUbl. c(O) - H3BeCTH8H aenHqHH8, 38BHCH1U8H OT MarHHT--

HOI'O MOMeHTB '18CTHUbl ( CM,, H8ITpHMep, /B/) , 

JlnH pacceHHHH anepeu cjlopMyna (I) HMeeT CMbtcn ao acex nop>l!lxax no e
2 

, a npH 

0,;, 0 - TOJlbKO a e
2 

-npH6nHJKeHHH, Mbt aocnonbayeMCH (I) unH o6o6meHHH noHHTHH nonH-

pHayeMOCTH 118 CJlyqal\ Ka83Hynpyroro pacceHHHH C y'leTOM abtCWHX npH6JlHJKeHHII no e2 

3. Ha-aa a03MOJKHOCTH H3ny<JeHHR npoHaaonbHoro 'IHCna MHrKHX cjloToHoa cTporo ynpy-

I' HI\ npoueCC a ab!CWHX npH6JlHJKeHH RX no e
2 

He HMeeT CMbtcna, Ha onbtTe perHCTpHpyto-

IUHll npH6op acerua o6nauaeT HexoTopol! paapewatOmel! cnoco6HOCTbtO !'J. E onpeueneHHH 

sHeprHI! pacceHHHoro H3ny<JeHHH, Hal!ueM T8KI!e orpaHH'IeHHH Ha !'. E , 'IT06bt npH acex 

3Hepr1HIX W IT8]l8101UHX ctJoTOHOB Mbl He MOPllH 6bi KHH9M8THqeCKH OTllHt{HTb HeynpyrHH 

npouecc OT ynpyroro, B cnyqae ynpyroro pacceHHHH np11 w ~ 0 ttaCTOTa pacceHHHoro 

cjlOTOH8 W '~ W+ O (w 2}, no3TOMy Mbl H9 MOlKBM OnbiTHblM nyTeM OTJlH'IHTb HeynpyrHJI npoueCC 

OT ynpyroro, ecnH w · 6yueT neJK8Tb a HHTepaane 

w- 6.E2 lLI' ~ . w . (2) 

C upyrol! CTOpOHbt , ace '18CTOTbl, perHCTpHpyeMbte a HeynpyrOM npouecce, yuoaneTaOpH!OT 

ycnOaHIO: 

I'J.E:':.w'<<u 

HeynpyrHe npoueccbt 6yuyT KHHeMaTH'!ecxH HeOTJlH'IHMbt OT ynpyroro paccesn<HH, ecnu 

HHTepaan (3) coueplKHTCH a HHTepaane (2), T.e. ecnH 

!hw::;t..E < w. 

(3) 

(4) 

EcnH JKe HHTepaanbt (2) H (3) coanauatOT, TO ace perHcTpHpyeMbte co6htTHH 6yuyT HeoTnH

'IHMbt oT ynpyrHx. B :.ToM cny<Jae 

6.E=%lLI. (5) 

npoUBCCb! pacCeHHIIH cjlOTOHOa, UJlH KOTOpbtX abtnOJlHHBTCH ycnOaHe (5), Mbl 6yueM H83bta8Tb 

Ka83HynpyrHMH , 

4 . Hal!ueM ce<JeHHe xaaauynpyroro pacceHHHH c TO'IHOCTbtO uo <JneHoa nopHUxa w2 H e8 

PanHBUHOHHbie nonpaBKH IT0pru:J.K8 e" K KOMITTOHOBOKOMy p8CC9SIHHIO H8 1.J:8CTHL(e CO cnHHOM 

/9/ 
0 H 1/2 6btJll! nony'IBHbt, COOTaeTCTaeHHO,KOpi!H8llbUB3H H HoCTOM H 6payi!OM H ¢>eAH-

MBHOM/IO/, B yxaaaHHbtX pa6oTax unH ycTpaHeHHH HHcjlpaxpacHbiX pacxouHMOCTel! a ce'!eiiHH 

H8PH!lY C ynpyrHM npoueCCOM pacCM8TpHaanCH uaol!HOII KOMnTOH-3~KT, npH'IBM npeunonara-

llOCb, l.J:TO 3HeprHSI He]leKTHpyeMoro 4>oTOH8 MHOrO M9Hblll9 W 

B H8W9M Cnyqae 3HBpi'liH o60HX cjlOTOHOa a KOHB'IHOM COCTOHHHH MOryT 6biTb Cp8aHHMbl 

C W , no:.ToMy, BOCnOllb30aaaWHCb abtpBlKBHHHMH llllH p8UH8UHOHHb!X nonpaaOK K ynpyrOMy 

4 



/9/ 
pacceHHHJO, nonytteHHhiMH a 

KOMllTOH-

a<jl<jleK Ta c y'leToM o!"'paHH'!eHH" (5) Ha senH'!HHy L\ E. Pac'!eT noKa3biBaeT, '!To ecnH o!"'pa -

HH1.f.HThC'H B C9'tJ.9HHH TOnbK O ttneHBMH rtOpHtlK8 w2 en £U (T.e. rnaBH biMH rtp1 1 w-+ 0 

cpe.o.H acex Kaa.o.paTH1.fHbiX no W '!neHoB), T O U H <jl<jlepeHUHBnbHOe Ce'!eHHe KB83Hynpyl"'Of' O 

paCCeHHHH Ha '!BCTHUBX Co CUHHOM 0 H l /2 HMeeT BHU: 

~ e Y, r
2 

( ( 1 + cos 
2 

0 ) ( 1 - 8 a 
d'1 0 -r;;- w 

2 
fn cv ) - oos 0 

16 a 2 
---'" 3 1T 

(6) 

3aMeTHM, l.f:TO OHO MO)KeT 6biTb n onytt.eHo ¢opManbHO~ 3aMeHoH ,1 E-+ w a cooTaeTCTBYIOWH X 

<jlopMynax pa6oT
19

• 
10 1

, CpaBHHBaH (6 ) c ( 1), Mbi BH JUI M , 'ITO B T aKOM nol"'apH<jlMH'!ecKoM 

rrpH6nH>K9HHH M O>KHO BB9CTH K03$QJHUH9HTbl .ll HH8 M HqeCKOH: rtOn5lpH3Y9M0C"'H 

4a 
a( w ) .. b( w)~ ~en w (7) 

KOTOpbr e H M9JOT flO OTHClll9HHlO K C9 '19HH10 I<B83Hyrrpyroro p8CC9HHIHI TOT >Ke CMbiCn, 1.JTO 

H UOCTO HHHbie K09<jl<jlHUHeHTbl a H b B ( 1) n o OTHOllleHHIO K Ce'!eHHIO ynpyl"'Of'O paCCe HHHH 

B e" - npH6nH>K9HHH . EcnH )f{9 B ceqeHHH OCTBBHTb flOM:HMO qneHOB rt0p51.QK8 w 2 en w TBK >Ke 

2 
H qneHbl IlOPSI.llKB W , TO OrtpeaeneHHe rtOnSipli3Y9MOCTH B 

CMbiCn, TBK KBK yrnoaoe pacnpe.neneaHe KBB3Hynpyroro pacceHHHH 5yneT HMeTD xapaKTep, 

OTnH'!HbiA OT (6) (HarrpHMep, UH<jl<jlepeHUHanbHOe Ce'!eHHe 6yaeT Coaep>KSTb '!neHbl C 

KOTOpbiX H eT B ( 6 ) ) , 

Mo>KHO noKa3aTb, 'ITO a nol"'apH <jlMH'!eCKOM npH6nH>KeHHH rr onHoe ceqeHue KBB3Hynpyl"'o

ro pacce~HH1, KOTopoe rronyqaeTc~ HHTerpHpoaaHH eM (6) no yrnaM , coanaaaeT c nonHbiM ce-

qe HHeM pacce~HH~, paBHbiM cyMMe ceqeHHSI ynpyroro pacce51HH~ H nonHoro ceqeHH~ a aoAHo

ro KOMITTOH-act><fJe KT8 1 Koraa K8)KAbiti H3 ¢0TOHOB B KOHe'l.fHOM COCTO~HHH MO>KeT HMeTb n~ 

OoKa>KeM Tenepb, 'ITO U H <jl<jlepeHuH a nbHO e ce'!eHHe KBB3Hynpyl"'of'o pacceHHHH anepeu 

da (0°) 

d!1 1-~ w 2 en w) 
3rr (8 ) 

s nol"'a pH<jlMH'!ecKoM rrpn6nH>KeHHH cosnaa aeT c U H <jl<jlepeHUHanbHbiM ce'!eHHeM ynpyl"'of'o pac-

CeSJHHSI BnepeA ... Lln~ H8X0)KJleHHSI ITOcneaHero Mbl MO>KeM BOCIIOJlb30B8TbCR AHCnepCHOHHbiMH 

COOTHOIUeHHHMH LlnSI BMUIIHTyLlbl ynpyl"'Of'O paCCeHHHR Bnepeu H OUTH'!eCKOJ! TeopeMOJ! 

2 

- ~'o + ....!'!__ P f 
2 "2 

ai. 1 (w'). 
Cl.l ,?_ ,w ~ 

2 

d w ' ) + ·( ~ a to 
1 

( w ) . ) : 
4rr 

5 
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C TO'IHOCTb iO UO qneHOB ITOp <UlK8 w
2 f n W B llHCnepCH OHHOM HHTerpa ne ll OCT8 TQqHQ y Ye CTb 

o 6nBCTb MBn bi X 3 He prH A H BOCTIOnh30B8TbC ~ T OMC OHOBCKH M npea e n OM npH W .. 0 

a 

"'' 
( w )= ~ r 2 ( 1- 2 w )+ o ( w ) 

3 0 

B p eaynbTaTe nonyqaeM 

'ITO cosnana eT c ( 8 ) . 

d a(O" ) 

d1l )
0
f = r~ ( 1 ~ w 

2 fn w ) + 0 ( w 
2

) , 
3rr 

(10 ) 

(1 1) 

n on qepKHeM, 'ITO ~OpMyna ( 11 ) n n H ynpy~O~O p 8CC9 HHHH Bnepen Cnp aaen nHB8 ITpH y 'leTe 

CHnbHOr O H a n eKTpOMBrHHTHOrO B38HM0ll.9HCTBHH BO BC9X TIOP RU K8X TI O KOHCT8HT8M CB Q3H . 

P aay MHO n ony c THTb, 'ITO H Bbtpa "'eHHSJ ( 7) n n >1 Koa#HUHeHTOB non >lpHaye MOCTH KB83H -

ynpyroro pacc e SIHHR, nonyq e HHbJ e a e
2 

- npH6nJoKeHHH, cnpasennH Bbi TBK >Ke npH y qeTe c Hnb-

HbiX B38HM0!19iiCTBHil H B l:.IC WHX n o n p 8 -BOK TI O e • 

B aaKn JO'IeHHe npHBeneM HeC KOnbKO 'IHCneHHbtX oueHoK aenH 'IHHbt KOa#uuHeHTOB a (w) 

H b(w) B (7) , KOTOp bte H830B9M KOa#HUH9HT8 MH " HHcppaKp8CHOH" ITOn51pH3yeMOCTH. 

T eopeTH'IeCKH npu w ... o OHH CTp9MHTCH K 6 e CKOHeqHQCT H H 38B9ll. OMO npe BOCXOJl HT 

ace npy~ue BKnanbt B KOa#uuH eHTbt non QPH3yeMOCTH. PaccMOTpH M Koa#uuueHTbt " HHcppaKpac

Ho fi' ' nons.pHaye M OC TH n pH T8KH X M 8 n biX W , KOT Opbte T e M He M e Hee y>~<9 H8XO.Il SIT CSI B n pe-

aen ax B03 MO>K H OCT eA 3 KC n e pH M9HT8, H Cp88HH M H X C BKn BJlOM C HnbH bl X B3 8H M OA9HC TBH A B no-. 

n SipHa yeMOC Tb Hy Kn OHB H !!UO HB ( aTOT BKnan 06bt'IHO H63 b! B89TCH M930HHOli IT OnQPH3yeMo-

CTb!O ) . 

}l n51 3 Ha 'le HH H w ~ 20 Mas oTHOIIJeHHe ' u Hcpp aKpacHoli " non >lpHayeM OCTH K Me30HHOii 

B c n yqae npOTOH8 npe He6pe "<HM O MBnO. 0HO COCT8Bn51eT OKOn O 0 ,1 %, ecnH a n >I M930HBOH 
15- 81 - 42 3 

n on QPHayeMOCTII npoToHa npHHSITb 3 Ha 'leHI!e nop >IUKB I 0 CM • 

Meao HHa>I n o n srp n ayeM OC T b nH o Ha He Ha s e c T Ha . K a q e c T s e HH bt e c oo6p a>Ke HJHI y Ka3bi BBIOT 

H 8 T O, '-ITO OH8 CyUleC T B€HHO M8HbW € M e 30HH O H n o n gpH3yeMOCT H H)'Kn OH8 • Ecn H BCe >K€ IIpH

- 42 3 
H HTb, qTQ M € 30H H85:1 fl Ol1 HpH3yeMOCTb flH OH8 COC T 8Bn steT IT O IIOpR!l.KY B € l1 H 1.fH H bi } Q CM 1 

TO nn H W =20 Mas OTHOIIJ9HHe ' uHcpp 8Kp8CHOH' nonHpH3 Y9MOCTH ITHOH8 K M930HHOli 6yneT 

c ocTaansrrb 10- 15 %. T aKHM o6paa oM a c ny qae nH OHOB acp<jJeKT bt BbtC IIJHX nop <mKOB n o e Mo-

~YT H~paTb Cy l!leCTB9HHy JO, 8 M0)!(9T 6btTb
0 

H UOMHHHpy !Ol!lYIO p Onb npH onpeneneHHII KOa#H-

U H € H T OB TI Ol151pH3y€MOCTH . 
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