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1. BBeJJ.eHI1e 

B HaeT051lllee BpeM51 oonbllle Beero 113y'leHbl KOl'epeHTHbie rrpoueeebi 

Ha HJJ.pax: TT __, 3 TT 11 77-->577 • 3Kerrepi1MeHranbHbie JJ.8HHbie Moryr ObiTb 

pa3JJ.eneHhl Ha rp11 rpyrrrrw: 

u 11-61 
1) KorepeHTHOe pO)KJJ.eHHe Ha JJ.e11TpoHax, p 0 = 4t-12 faBle, ; 

2) JJ.aHHhie, rrony'leHHhie B K8Mepax e TH)KenhiM HarronHeHI1eM (C2 F ~ CI , 
17-101 

C 22 F3 Br, C 4 F3 Br ), p 0 = 6t-18 faBle 

3) pe3ynbTaTbi, rrony'leHHbie B 51/J.epHoii: aMynbel111 p 0 = 6t-60 

(t-200) faBle lll-l 3 l 

CpaBHeHHe pe3ynbTaTOB ar11x rpyrrrr 3arpyJJ.HeHo oreyreTBHeM JJ.oero­

Be~Hoii: TeOpHI1 38B11ei1MOeTI1 ee'leHI151 OT aTOMHOl'O HOMepa (A) • Ha oe-

HOBe pa3ni1'1HbiX TeopeTI1'19eKI1X MO,lleneii: 11 aKerrepi1MeHTanbHbiX ,ll8HHbiX 38-

2/3 
BHei1MoeTb r11rra A MO)KHO e'II1T8Tb rrp11eMneMbiM rrp11on11)KeH11eM. Ha 

2/3 
p11e. I rrpe.oeraBneHa 3aBHei1MoeTb a h I A or aaepr1111 B 11HTepBane 

co 

6-200 faB .on£ rrpoueeeoB TT-->377 , 113y'leHHbiX B 51.llepaoii: aMynbel111. B 

aToii: 11111pOKOii: oonaeTI1 ee'I9H119 paeTeT e poeTOM 11MI1ynbea rrepBI1'1HOii: 'lae­

THUbi. 0TM9TI1M, 'ITO ee'leHI1e aHanOl'11'1HOii: .lll1tPP8KU110HHOii: ,lll1eeOU118UI111 H·3 

rrpo-roHe ( TT p --> p 3 TT ) ocraeTe51 rro'ITH rroeroHHHbiM. B .o114JpaKUI10HHOM rrpo-

ueeee TT .... 3 TT 5 1T 11p8BHna OTOOpa .llOITyeKaiOT TOnbKO OOMeH IlOMepOHOM 

( Jp = 0 +, 2+ ) 11, T8K11M oopa30M, B IlOniOCHOM 11pi10ni1)KeHI111 11MeeM: 

2a(0)-2 2a(0)-2 
a = s = p 

0 
= const • 
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B CBH3H c 9THM B03HHKaeT sorrpoc o rrpu"!uHax pocTa ce 

peHTHhiX rrpoueccos. B HaCTOHIUeii pa6oTe rroKa3aH0 1 "'TO poeT 

repeHTHOI'O pOMJl9HHH "!8CTHU H8 HJlp8X MOMeT 6b!Tb 06'hHCHeH 

KHMH <j>aKTOp8MU, 

BaauMOJleiicTsue HBnHeTCH KorepeHTHhiM 1 ecnu BhiiTOnHHe1 

q R ;;; l 1 r)le q - uMrrynbC1 rrepeJlaHHhiH HJlPY 1 R - paJluyc 

nOBHH KOrepeHTHOCTH cneJlyeT 1 "'TO 

M2 

qmln"'~' 

rJle M - a<j><j>eKTHBHaH Macca o6paaosaHHoii cucTeMhi "!aCTHU. I 

OTM9THTb 1 "'TO C pOCTOM p o qmln yMeHblllaeTCH, C JlPYI 

BepOHTHOCTb TOI'01 "'TO SIJJ.PO OCTaeTCR "uenhJM" 1 IIpOIIOpUHOHan: 

2-2 
<j>opM<j>aKTopa RJlpa ("' exp [- R q I 3 ]) , T aKHM o6paaoM, yMeHbrn 

IIpHBOJlHT K ysenH"l9HH~ C9"!9HHR • 

B JlanbHeiillleM Mhl Bhi"!HCnHM OMHJlaeMoe JleiicTsue KHHe! 

a<j><j>eKTa aa rronaoe ce"!eaue KorepeHTHOro poMJleHuR • 

2. k1 Mrrynhcaoe rrpu6nHMeHHe. <t>opMd!aKTop 

E cnu aaepruH rraJla~meii "!aCTHUhJ senuKa no cpasaeau~ c 

"!9CKOH H ITOT9HUUanbHOH aHeprHRMH HyKnOHOB RJlpa 1 TO B38HMO 

rrepBH"!HOH "!aCTHUbl C HJlpOM MOMeT 6biTb OITHCaHO KaK CyMMa 

/14/ 
CTBHii co cso6oJlHbJMH HyKnoHaMu SIJJ.pa , Ecnu npeae6pe"lb 

naJla~meii H BhJXOJlRIUeii sonHbJ BHyTpu AApa 1 To Ma Tpuua nepe: 

HMeeT BUJl: 

A 

M .. J¢,(r1 , ••• 1rA)(I 
f I I 

I q r I 
e t

1
(q))¢

1 
<f'1 , ... ,;)dr 1 ... drA • 

5 



B CBS13H C 9THM B03HHK88T BOIIpOC 0 IIpH'IHH8X pOCT8 Ce'leHHH KOI"'e­

peHTHbiX rrpouecCOB, B H8CTOS!lll8H pa6oTe IIOK838H01 'ITO pOCT Ce'leHHSI KO­

repeHTHOI"'O po>KneHHSI '18CTHU H8 SinpaX MO>KeT 6b!Tb 06'bSICHeH KHH8M8TH'I8C-

KHMH <fJaKTOp8MH. 

B3aHMoneHCTBHe SIBnSieTCSI KorepeHTHbiM 1 ecnH BbmonHSieTCSI ycnoBHe 

qR ~ 1 , rne q - HMrrynbc, nepenaHHbiH Sinpy, R - panHyc Sinpa. l13 yc-

nOBHSI KOI"'epeHTHOCTH cnenyeT, 'ITO 

Ma 
qmln"' -2--' 

Po 

rne M - a<P<PeKTHBH8SI Macca o6pa3oBaHHOH CHCTeMhi qacTHU. Ba>KHO snecb 

OTMeTHTb 1 'ITO c pocTOM p 0 q min yMeHblll88TCSI, C npyroH CTOp0Hbi 1 

BepOS!THOCTb TOI"'0
1 

'ITO SinpO OCT88TCSI "uenbiM
11 

1 rrporropUHOH8nbH8 KBanpaTy 

2 -a 
<fJopM<fJaKTopa gnpa (,.,exp[-R q /3]). TaKHM o6pa30M, yMeHbllleHHe qmln 

rrpHBOnHT K yaenH'I8HHID Ce'leHHSI, 

B nanbH8HllleM Mbl Bbi'IHCnHM O>KHnaeMOe neHCTBHe KHH8M8TH'IeCKOI"'O 

a<fJ<PeKTa aa rronHoe ceqeHHe KOrepeHTHOI"'O po>KneHHSI. 

2. l1 MrrynbCHOe rrpH6nH>KeHHe. cJ>opMdJaKTOp 

E cnH aHeprHSI nanaiDIUeH qacTHUbi aenHKa no cpaaHeHHID c KHHeMaTH­

qecKOH H IIOTeHUH8nbHOH 9Hepi"'HSIMH HyKnOHOB Slnpa, TO B38HMOneHCTBH8 

nepBH'IHOH '18CTHUbl C SlnpoM MO>KeT 6biTb OIIHC8HO K8K cyMM8 B38HMOneH­

/14/ 
CTBHH co cao6onHhiMH HyKnoHaMH S~npa • EcnH npeHe6pe'lb rrornorueHHeM 

rranaiDllleH H BbiXOnSIIUeH aonHbl BHYTPH S~npa 1 TO Ma TpHU8 rrepexona ( i -+ f) 

HMeeT BHn: 

A 
M -J..I.(- -)("C' lqrl 

rt- '~'r rt, ... ,rA "" e 
1 

t
1
(q))¢

1 
Cr

1
, ••• ,;A)dr1 ••• drA • 

5 



rae cp 
1 1 cp f - BOnHOBbie tjlyHKUHH 51apa, q = q 1 - qf - nepeaaHHhiH HM-

nynbc H T(iJ)=a+ba + C T 
8 

+ ( da) T 
3 

- Marpuua pacceHHHH Ha 

CBo6oaHoM HyKnoHe, C TO'IHOCTbJO ao qneHOB "'11 A TOnbKO nepBhlH 'lneH 

(a= a ( q)) , onHChiBaJOmHi!: aMnnuryay 6e3 nepeBopoTa CliHHa, aaeT BKnaa. 

EcnH B !Ipouecce pacceHHH51 gapo OCTaeTC51 B OCHOBHOM COCT051HHH ( i;;; f), 

TO nonHa51 Marpuua nepexoaa MO/KeT 6hiTb 3anucaHa B BHae: 

Mcoh(q)=Aa(q)<¢
1

1 elqrl¢
1
'>, 

rae 

i Q~ _ iq r - _ 
<¢

1
le I¢

1
>=Ip(r)e dr:F(q) 

H F (q) - tjlopM!jlaKTop Hapa. PacnpeaeneHHe HyKnOHOB B gape MOIKeT 6biTb 

llpH6nH/KeHHO O!IHCBHO pacrrpeaeneHHeM faycca, ( !IpH ManhiX q ) 1 

R
2 -2 

- < •> q 
F ( q ) "' exp [ - ] . 

6 

DH~~epeHUHanhHOe Ce'leHHe 6yaeT HMeTb BHa: 

(~) ,(~) A2 IF(dl 2 =(~) A2 

d t coh d t free dt free 

..... 2 

At e 
' . 

rae A=< R •> I 3, t "'- q 2 
da ) 

H (-- free 
dt 

- Ce'leHHe Ha CB06oaHOM HyKno-

He, 0TCJOaa BHaHo, 'ITO 38BHCHMOCTb !IOnHOro Ce'leHH51 OT 8TOMHOrO HOMepa 

51apa 6yaeT HMeTb BHil a ooh oc A 418 
, Ecnu y'leCTb nornomeHHe naaa10-

lllHX H BhiXOa51lllHX BOnH B gape, TO B 9TOM cny'lae MO/KHO 38liHC8Tb MaT­

/15/ 
pH'IHhill: gneMeHT : 

_ ( -) 1ci'"r 18 1 (;'") 18 1<;-) (-
Mooh"'aidrp r e e e =aN q,A, a1 ,a1 ), 

rae 

z 

8 1(r)= I dz'f 1 A1 p(x,y,z') 
-.oo 

6 

~ 
I 
j 

J =--

+00 
8 r <f'> = I d z ; f t A p (x, y , z ') , 

z 

i A f =- _l_ a {1- i aa ) , a = Re fIlm f . 
2 

3aeCb f I H f f - ycpellHeHHhie !IO H30C!IHH8M 8MllnHTyahi 

Bh!XOa51l!lelf 'IBCTHU llpH pacceHHHH Bllepea Ha OTaenhH0\1 H) 

6pol1neacKaH anuHa BonHhi, C apyroll: cropoHhi, rrornomeHHe 

HSieT o6my10 KapTHHY KorepeHTHoro B3aHMoaell:cTBHSI, Benn• 

"!jlopM!jlaKTOpa" N(q,A,a 1 ,a 1 ) H3MeHSieTCSI, HO 38BH 

!jlaKTopa oT nepeaaBaeMoro HMnynbca cymecTBeHHO He MeH! 

peHUHBnbHOe Ce'leHHe 6yaeT HMeTb BHa: 

(_i£._) ,(~) N 2(q ,A,a
1
,a

1 
), coh d free d l l 

rile N(q,A, a
1 

,a
1

) MOIKHO paCCMaTpHBBTb KaK C 

!jlaKTOp, XapaKTepH3YIO!IlHlf 9tjl!jleKTHBHOe 'IHCno HyKnOHOB, y~ 

repeHTHOM B3aHMoaell:cTBHH. Dpu y'leTe nornomeHHH 38BHCH 

Ce'leHHSI KOrepeHTHOrO poiKaeHHSI OT BTOMHOrO HOMepa Siapa 

418 ' 213 
'leM A • 3aBHCHMOCTb a coh oc A MOIKHO paccMaTpHE 

KaK llOCTaTO'IHO xopomee rrpu6nHIKeHHe, 

3. 8hi'IHcneHHe nonHoro ce'leHHH KorepeHTHbi: 

~3 CK838HHOI'O Bbi!Ile cnellyeT, 'ITO BMITnHTyAa KOrepe 

O'leHb 'IYBCTBHTenbHa K HMrrynbcy, nepe.r:taBaeMoMy SIJlpy, B 

"qyBCTBHTenbHOCTH" xapaKTepH3yeTCSI tjlopM!jlaKTOpOM SIApa 

nOIKHM1 'ITO Ce'leHHe B38HMOileHCTBHSI CHCT8Mbl Me30HOB 1 0 

KOrepeHTHOM rrpouecce C HyKnOH8MH HApa, Cf!nbHO He MeHSI 

liOnHoro Ce'leHHSI KOrepeHTHOrO pQ1Kil8HHSI MOIKHO 06'bSICHHTb 

pOHhi, pOCTOM tjla30BOrO 06'beMa C yBen!I'I8H!IeM p 0 ' II, 

pOHhl, yMeHbWeH!IeM 3Ha'leHHH q min • 

7 



·.~ 

+"" o 1 ( r) = f d z; f 1 A p (x, y, z ') , 
z 

I A f =- _l_ a (l - i aa ) , a = Re f/ lm f . 
2 

3AeCb f I II f f - ycpeAHeHHbie no 1130ClliiH8M 8MllniiTYAbl il8A8IO!l{efi II 

BbiXOASUUefi 'l8CTIIU llpll pacceSIHHII BnepeA Ha OTAenbH0'-1 HyKnOHe, A - Ae-

6pofineBCK8SI AnHH8 BOnHbl, C Apyrofi CTOpOHhi, rrornomeHIIe B SlApe He Me­

HS!eT o6my10 KapTHHY KorepeHTHoro B3aiiMOAeficTBIIH, BenH'liiHa o6o6meaaoro 

"cjlopMcjlaKTOpa" N(q,A,a1 ,a 1 ) 113MeHSieTCSI1 HO 38BHCIIMOCTb cjlopM-

cjlaKTOpa OT nepeA8BaeMOf'O HMITynbC8 cymeCTBeHHO He MeHSieTCSI, llHcjlcjle­

peHU118nbHOe Ce'!eHHe 6yAeT IIMeTb BHA! 

(~) ,(~) N 2(q ,A,a
1
,a

1 
), 

coh d free d l l 

rAe N(q,A, a
1 

,a
1

) MQ)I(HO p8CCM8TpiiB8Tb KaK o6o6meHHbiH cjlopM-

cjlaKTOp, XapaKTepH3YIO!l{HH acjlcjleKTHBHOe 'liiCno HyKnOHOB, Y'l8CTBYIO!l{HX B KO­

repeHTHOM B3811MoneficTBHH. Dp11 ytteTe nornomeHIIH aaBHCHMOCTb nonHoro 

Ce'leHHS! KOT'epeHTHOf'O pO)I(AeHIISI OT 8TOMHOT'O HOMepa S!Ap8 6yAeT Cna6ee, 

4h . 2h 
'!eM A . 3aBHCHMOCTb a coh "" A MO)I(HO paccMaTpHB8Tb np11 aToM 

K8K AOCTaTO'lHO XOpomee llp116nH)I(eHHe, 

3, Bbi'lHcneHHe nonaoro cetteHHH KorepeHTHhiX npoueccoB 

Ma CKaaaaaoro Bhrme cnenyeT, 'ITO aMnnHTyna KorepeHTHoro po)I(AeHHH 

otteHb ttyBCTBHTenbHa K HMnynbcy, nepenaBaeMoMy HAPY• BenH'lHHa 9Tofi 

"ttyBCTBIITenbHOCTH" xapaKTepH3yeTCSI cjlopMcjlaKTOpOM Hnpa F ( q) . npeAno-

nO)I(IIM, 'ITO Ce'leHIIe B38HMOnefiCTBIISI CIICTeMbl Me30HOB 1 o6pa30B8HHOH B 

KorepeHTHoM npouecce c HyKnoHaMH HApa, c11nbHO He MeHSieTC£, Torna poeT 

nonaoro Ce'!eH1151 KOT'epeHTHOf'O P0)1(AeHH51 MO)I(HO o6~5ICHHTb, C OAHOH CTO-

POHI>I, pocToM cjlaaoBoro o6~eMa c yBenlltteHHeM p o , H, C Apyrofi CTO-

p0Hhl 1 yMeHbllleHHeM 3Ha'leHHSI q min 

7 



nycTb noaToMy 

M h=const•F(t). 
00 

B raKOM cnyqae nonHoe ce'leHHe 6yaer HMeTb BHa: 

a 
cob 

const 

mnPo 

2 n d8- n n 

f F (t)'ll ..:2-J.B( I p -p
0

)8 (I E -E
0
') 

1 E1 I I 1 I 

( o6oaHa'leHHe CM, Ha pHc. 2). BnHs:tHHe !flyHKUHH F ( t) oco6eHHo CTaHo­

BHTCs:t Harns:raHhiM Ha aHarpaMMe qy-floy, ecnH or nepeMeHHhiX p ne-
2 n-1 2 n-1 

peiiTH K ¢ ,t, M 1=(IE 1) -(I p )2 
• HMes:r B BHay 

n n- 1 I I ' 

8 
d Pn 

2 
d t dM n-1d ¢ 

-~ 
4mnPO 

nony'IHM ceqeHHe: 

const 2 2 

acoh=, ,., JJF (t)Rn-I(Mn-l;m1''"'mn-1)dtdMn-1 
mn Po 

rae R n-1 - ljla30Bbiil: o6'beM CHCTeMbi Me30HOB. Cneayer OTMeTHTb, 'ITO 

ans:r Bbi'IHCneHHSl: a ooh HeT Heo6xoaHMOCTH B HCITOnb30B8HHH MeToaa MOH­

/16/ 
re-Kapno;. TaK KaK ra6nHUhi <flaaoBbiX o6'beMoB, npeano:ll<eHHhie B pa6oTe , 

aaiOT 3HaqeHHe R n- 1= Rn- I ( Mn- I ) C XOpoweil: TO'IHOCTbiO, ~HTerpHpo-

BSHHe Ha aHarpaMMe qy-floy B TSKOM Cnyqae CBOaHTCSl: K Bbi'IHCneHHIO 

UpOCTbiX HHTerpanOB. 

Ehma Bbi'IHCneHa aaBHCHMOCTb nonHoro ceqeHHs:r or nepBH'IHOro HM-

nynbca ans:r KorepeHTHoro o6paaoBaHHs:r CHCTeM H3 3 rr Ha s:rapax c paa-

nH'IHhiMH aTOMHhiMH BecaMH A B o6nacTH HMnynbca 4 •200 faBle, BenH­

'IHHhi HaKnoHoB (A) B F ( t ) <PYHKUHs:rx 6panHCb H3 aH<P4JepeHuHanbHbiX ce­

'leHHA, nony'leHHbiX B 3KCnepHMeHTe, EcnH TSKHX aaHHbiX He HMenOCb, TO 

2 
3Ha'leHHs:t A Bhi'IHCns:tnHCb no 4JopMyne A = < R '> I 3 , rae 

2 2 2/8 
<R '>=<r 0 '>A 

8 

:l; 
II: 

~·, 

i 

h 
I 

: 

IJ 
,j 
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J~ 
! 
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¢>yHKUHSI acoh (pO) ~HTHpOBanaCb ITO BC9M 9KCITepHM9HTanbHb!M 

aaHHb!M ( p 0 = 4t-12 f9B/c) peaKUHH 11d--> d 377 H ITOK83aHa Ha pHC, 3, 

8hi"lHCneHH8SI ~YHKUHSI a coh = acoh ( po) 1 KaK BHaHO, HaxoaHTCSI B XO-

poll!eM cornacnn c 9KcnepnMeHTanbHbiMH aaHHbiMH. To )i(e caMoe 3aKniO"le­

/18-21 I 
HHe crrpaaeannao H anSI npouecca K d __, d K 11 11 ( pnc. 4). B 

rrpouecce K -+K7777 TaK)!(e B03MO)!(eH o6MeH rroMepoHa. Ha pnc. 1 rrpHBOAHTCSI 
2/3 

38BHCHMOCTb a coh /A OT Po A= 60 • Kpnawe 6wnn ~HTHpoaaHw anSI 

no BC9M 9KCnepHM9HTanbHhlM TO"'K8M, 

2 
iln~~epeHunan&Hoe ce"leHne KorepeHTHhlX npoueccoa noM n-1 , Bhl"'HC-

neHHOe no rrpeanaraeMOH MOaenH, HeCKOnbKO OTnH"!aeTCSI OT 9KCrrepHM9HTanb­

HOrO, 0aHaKO Mbl C"lHTaeM, "'TO 9TO pa3nH"!H9 HeCyll!eCTB9HHO anSI BbiBOaOB 

o noaeAeHHH nonHoro ce"!eHHSI KorepeHTHbiX npoueccoa, 

T aKHM o6pa3oM, cyll!eCTBYIOll!He 9KcrrepuMeHran&Hbte aaHHbie no 3aan-

CHMOCTH C9"!9HHH KOrepeHTHhlX npOU9CCOB C 9HeprHeA MOryT 6hlTb B 3Ha­

"lUTenbHOH CTeneHH o6bSICH9Hhl KHHeMaTH"leCKHMH ~aKTOpaMH, 8 apyroA M0-

/17/ aenn aHanorn"!Hhle awaoaw nony"leHhl a pa6ore 

.. fl H T e p a T y p a 

1, B. Einsenstein and H. Gordon. Phys.Rev., 1D, 841 (1970). 

2. A. Farino et al. Phys.Lett., 12, 68 (1965). 

3. R. Vanderhaghen et al. Nucl,Phys., 813, 329 (1969). 

4, G, Vegni et al, Phys.Lett,, 12, 526 (1965), 

5, A.M. Cnops et al, Phys.Lett., 29B, 45 (1969), 

6, G. de Rosney et al, Conf, Interactions of Elementary Particles 

with Nuclei (1970, Trieste), 

7, J,E, Allard et al, Phys,Lett,, 12, 431 (1965); Nuovo Cim,, ~ 

737 (1966). 

B. G. Bellini et al, Nuovo Cirn., 40A, 949 (1965). 
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¢yHKUUH ~oh(p 0 ) ~urupoaanacb no BCeM aKcnepuMeHranhHhlM 

aHHbiM ( p o = 4 f- 12 faB/ C) peaKUUU 77 d -> d 3 77 If nOK838Ha Ha puc, 3, 

bl'-!lfCneHHaH ~YHKUUH a coh = aooh ( po) 1 KaK BUAH0 1 H8XOAUTCH B XO-

ollleM cornacuu c aKcnepuMeHranbHhiMif aaHHhiMU, To me caMoe 3aKmoqe-

118-21 I 
ue cnpaBeanHBO u anH rrpouecca K d -+ d K 11 11 (puc. 4), B 

pouecce K __,K7777 raKme B03MomeH o6MeH noMepoHa. Ha puc. 1 npuaoaurcH 
2/3 

aBHCUMOCTb a ooh I A or Po anH A= 60 • KpHBhie 6hinU ~lfTHPOBaHhi 

0 BC9M 8KCnepUMeHTanbHhlM TO'IK8M, 
2 

nu~~epeHuuanbHOe ce'leHue KorepeHTHhlX npouecCOB no M n-1 I Bhl'IHC-

eHHoe no npeanaraeMoH Moaenu 1 HecKonbKO ornuqaercH or aKcnepuMeHranb­

oro. OaHaKo Mhi cquraeMI 'ITO aro pa3nuque HecymecraeHHo anH BbiBOAOB 

noBeaeHuu nonHoro ce'!eHuH KorepeHTHhiX rrpoueccoa. 

T aKifM o6pa3oMI cymecrByiOll.llfe 8KcnepuMeHranbHhie aaHHhie no 3aBu-

HMOCTU C9'1BHUH KOrepeHTHhiX ITpOU9CCOB C 8HeprueH MOryT 6b!Tb B 3Ha­

UTenbHOH creneHif o6'bHCHeHhi KlfHeMaTl!'leCKl!Ml! ~aKropaMl!, B apyroH Mo­

/17/ enu aHanorl!'!Hhle BhlBOAhl nony'leHhl B pa6ore 
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