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Jlro6owm-1 B.11. 
Y3KHe napHble KoppeJI11UHH H reHepaQHII CB113aHHblX COCTOIIHHH 
B MO.D.E!JIH Oll.HO'laCTll'IHblX HCTO'IHHKOB 

P2-88-8 

B paMKax e,!I.HHoro no.nxo.na aHaJIH3HpyroTc11 npoueccbI o6pa3oBaHHII riayxt1aCTH'IHhIX 
CB113aHHblX COCTOIIHHH H CTpyKTypa Y3KHX. napHblX KOppeJUIUHH B3aHMO,lleHCTBYIOWHX 
qacTHU B HenpepblBHOM cneKTpe 3Hepnru. O6cyiK;-laeTCII q6ma11 CBJ13b MelK,!l.y HHKJIJ0311B· 
HblMH cet1eHHHMH pOJIGleHHII COCTaBHblX CHCTeM H llBOHHblMH HHKJ1I03HBHblMH cet1eHH1IMII 
rettepal.lHH nap COCTaBJIIIJOI.LtHX qacTHU, llBIDKYWHXCII c 0Jlll3KHMII 4-CKOpOCTIIMH. PaccMOT• 
peH nepexon K MOlleJIH O,l.\HOtlaCTll'IHblX HCTO'IHHKOB. Ha OCHOBe 3TOH MO,!I.E!Jlll nonyqeHbl 
KBaHTOBO-MexaHll'leCKHe qiopMyJibl, onHCbIBaJOI.LtHe 3aBHCHMOCTb BepoHTHOCTH o6pa:msa
HHJI neihpoHOB npH CTOJIKHOBeHHJIX a.!I.POHOB C IU-lpaMH OT npOCTpaHCTBeHHO·BpeMeHHblX 
p8.3Mepoa 06J1aCTH reHepa.\_\HH HYKJIOHOB H napaMeTpOB HH3K03Heprer11t1ecKoro TpHIIJieT
HOro pacceJIHHII HeiiTpOHa Ha npOTOHe. Ilpoae,l.\eHbI paCtleTbl K03qlqJHUHeHTa CJIHJIHHJI 
B cnyqae cqiepll'lecKH•CHMMeTpH'IHOI'.O rayccOBCKOro pacnpeneneHHJI HCTO'IHHKOB, a TalOKe 
ll,Jlll o6JiaCTH reHepawm HYKJIOHOB, HMeJOweii qJOPMY Y3KOH "Tpy6K11" B.D.OJib TpaeKT~pHH 
nepBH'IHoro a,!1.poHa a 11,!1.epHOM aewecTae. 

Pa6oTa BblnOJIHeHa B Jla6opaTopHH BblCOKHX 3HeprHH OHRH. 

IlpenpHIIT O6'be.!1.11HeHHOro HHCTHTYTa 11,!1.epHb!X HCCJie.D.OBamlA. Jly6Ha 1988 

Ilepeao.n JI.H.Bapa6aw 

Lyuboshitz V.L. 
Narrow Pair Correlations and Bound State Generation in the Model 
of One-Particle Sources 

P2-88-8 

Two-particle bound state production processes and the structure of narrow correlations 
in a continuous energy spectrum for interacting particles are analyzed in the framework 
of the united approach. A general connection between the inclusive cross sections of compo
und system production and the double inclusive cross sections of component particle pair 
generation with close 4-velocities is discussed. The transition to the model of one-particle 
sources is investigated. On the basis of this model, the quantum-mechanical formulae are 
obtained descriging the dependence of the probability of deuteron production in collisions 
of hadrons with nuclei on space-time dimensions of the nucleon generation region and on 
the parameters of low-energy triplet neutron-proton scattering. The coalescence coefficient 
has been calculated in the case of the spherical-symmetric Gaussian distribution of sources 
and also for the nucleon production region which takes the form of narrow "tube" length
ways the trajectory of a primary hadron in nuclear matter. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1988 



l13Becrno, t{TO napHbie KOppemnum qacn1u C MaJibIMH OTHOCHTenbHbl· 

MH HMnynhcaMH, o6ycnoBneHHbie 3<pcpeKTOM TO~ecTBeHHOCTH H B33.HMO

AeHCTBHeM B KOHet{HOM COCTORHHH, COAep)KaT Ba)KHYIO HHcpOpMauHIO O npo

CTpaHCTBeHHO-BpeMeHHOH KapmHe pa3BHTHR MHO)KeCTBeHHblX npouec

coB1 l • 7 1• MeTOA onpeAeneHHR npocTpaHCTBeHHO·BpeMeHHblX pa3MepoB 

o6naCTH MHO)KeCTBeHHOH reHepaUHH qacTHU, OCHOBaHHblH Ha H3yqeHHH Kop-. 

penHUHOHHblX CBOHCTB "y3KHX nap", Harnen B nocneAHee BpeMR lllHpOKOe 

npHMeHeHHe B 3KcnepHMeHTaJibHblX pa6oTax no <pH3HKe BblCOKHX 3Hep

rHH 
18

• 12
~ B CBR3H C 3THM HHTepecHO BepHyThCR K BOnpocy O reHepauHH 

cna6o CBR3aHHblX AByxqacTHllHblX COCTOHHHH (B qacTHOCTH, AeHTpOHOB) * . 
TaKHe COCTORHHR ecTeCTBeHHO paccMaTpHBaTb KaK qacTilbIH cnyqaii napHbIX 

KOppenRUHH B33.HMOAeHCTBYIOlllHX qacrnu, ABH)KYUlHXCR C OAHHaKOBbIMH 

CKOpOCTRMH (nopenu-cpaKTopaMH). Il03TOMY 3aBHCHMOCTb BepORTIIOCTH 

reHepauHH CBR3aHHOH CHCTeMhl OT npocTpaHCTBeHHO-BpeMeHHbIX napaMeT

poB H aHMOrHIIHaR 3aBHCHMOCTb Y3KHX napHbIX KOppenRUHH B HenpepbIB· 

HOM cneKTpe 3HeprHii MOryT 6bITb HccneAOBaHbl B paMKax eAHHoro nOAXO· 

Aa, CooTBeTCTBYIOlllHH aHMH3 npHMeHHTenbHO K ~6pa30BaHHIO AeiiTpOHOB 

HB11HeTCH UeIIbIO HaCTORUleii pa60Tbl. 06bit{H0 npH onHCaHHH y3KHX napHbIX 

KOppenRUHH Hcnonb3yeTCR MOAenb OAHOqacTHIIHblX HCTOt{HHKOB, pacnono

)KeHHblX Ha KOHet{HOM paccTORHHH Apyr OT Apyra / 
1 

-
41 • B AaHHOH pa6oTe 

Mbl paCCMOTpHM, K KaKHM cneACTBHRM npHBOAHT MOAeIIb OAffOt{aCTHt{HblX 

HCTOt{HHKOB B cnyqae reHepauHH CBH3aHHbIX COCTORHHH. 

1. CTPYKTYP A Y3Kl1X IlAPHhIX KOPPEJIHUl10 

l1 OBP A30BAHl1E CBH3AHHblX COCTOHHl10; 

OBIUHE COCTOHHHH 

IlOA Y3KHMH napHblMH KOppenRUHRMH , Mbl noHHMaeM KOppenRUHH 

ABYX qacTHU npH AOCTaTOt{HO MaJibIX, HepenRTHBHCTCKHX 3HaqeHHRX OTHO

CHTeIIbHOro HMny11bCa B c.u.H. napbl. 3To 03HaqaeT, t{TO 3cpcpeKTHBHaR Mac

ca CHCTeMhl noqm COBnaAaeT c cyMMOH Mace, a B na6opaTOpHOH CHCTeMe 

OTCt{eTa paccMaTpHBaeMhie qaCTHUbl HMeIOT 611H3KHe 4-CKOpOCTH 1211 (npH 

paBHblX Maccax - 6nH3KHe 4-HMnynbCbl). 

* Pa:JIIU'IHble MexaHU3Mbl poxoeHWI OeuTpOIW8 HeoOHOKpaTHO o6cyJICiJanucb 8 IIUTe-

parype (cM., Hanpw,ep/ 13-l7/ ). B pROe pa6or ucc11e008MUCb TQKXe npoqeCCbl 

06pa:1oeaHWl no3urpoHWl u opyzux aroMHblX cucreM 1 18-2~! -·,;; l 
'i l.1 to , , • • • .,, 'J ' ~ 
• •-1•·: ,. ' ', ,0n1mo1 4M ,},~'\tio;.'I "' 

N [~. ~· l'- 1-,--u l... 
~ ~~Ji;.!.:;:,~ ..::iv,:;._ .,___, __ ___ 
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B COOTBeTCTBHH C 001.I.UIMH npHHI.UIDaMH peJIHTHBHCTCKOH KBaJITOBOH 

TeopHH ABOHHOe HHKJ1103HBHOe ceqeHHe reHepaUHH .n;ayx HeTo)K.IJ;eCTBeHHhIX 

tJaCTHU c MaccaMH m 1 H m2 H 4-HMnyJILCaMH Pt H P2 ::: ( m2/ m 1> P 1 , 
npocyMMHpOBaJIHOe no cnHHOBblM KBaJITOBbIM IJHCJlaM, MO)KHO npe,11;cTa-

BHTb B BH.IJ;e 

d 3 ➔ d3 ➔ 
(S) (S) 4 4. P 1 P2 

da
1 2 

= II gsfMs P lx,x')v,, (x) i/1,* (x) d xd x' }------
' S ' ' p 1 p 2 pl p 2 ( 2 rr ) 6 y 

2 • (1) 

3.n;ech gs - CTaTHCTHIJecKHH aec, COOTBeTCTBYJOIUHH noJIHOMY cnHHy 

,tiayxtJaCTHIJHOH CHCTeMhl s ( I gs= l); Ms p E (x,x') =M;p E(x,x')-
s • ' ' • 

KOMnJieKCHaR CKaJIRpHaR cpyHKUHR OTHOCHTeJibHhIX KOOp.D;HHaT X = X1-X2 

H X, = x{ - X2 ' onpe.n;eJIHJOIUaR cetJeHHe reHepaUHH HeB3aHMO.n;eiicTBYJOIUHX 

P1 • P2 
tJaCTHU, ,Il;BH~IUHXCH c O.D;HOH H TOH )Ke 4-CKOpOCThlO u = - = - ( CM. 

ml m2 

HH)Ke cpopMyny (6)) H 3aBHCHIUaR, aoo6xue roaopn, OT nonHoro cnHHa S , 
cyMMapHoro 4-HMnyJibCa napbl p = P1 + Pi ::(ml +m2)UH noJIHOH 3HeprHH 

E B c.u.H. peaKUHH; y - nopeHUeBCKHH cpaKTop; Ip (SJ ( X ) - aMnJIH

Ty.n;a BeTe-Conmnepa 122, 23 1 , onHchmaroxuan oTHbbH¾enLHOe ,D;BH)KeHHe 

tJaCTHU. ECJIH ml = m 2 , TO -

/S) (x) = e"iqx + /S,q) (x) • (2) 
P1P

2 
83 

1 ➔ ➔ (S,q) ( ) ~ 
r.n;e q = -( p 

1 
-p 

2 
), q x = q t - q X , X x - tJJieH, OTBeTCTBeHHbIH 

2 0 B3 

3a B3aHMO,D;eHCTBHe B KOHetJHOM COCTOHHHH (HHTerpaJILHOe npe.n;cTaBrreHHe -

x~~q) (x) npHBe.n;eHO B CTaThe / 61 ) . IlpH m i m 
2 

4-aeKTOp q a (2) 
3aMeHReTCH Ha 

q 

* 

( qP) 
q-p-

p2 
q -

2 2 
m1 - m 2 

--2 
2M12 

P. 

JleZKO y6eOUTbCll 8 TOM, 1ITO BblnOJZHl!eTCll COOTHOZUenue 

- 'Pi x1 "'Pi x2 •iPR -i~x (p 1 P) Xl+ ( P2 P) X2 
e e =e e , R=-------2 p 

* (3) 

3oecb R - 4-Koopounara 14ewrl u11ep14uu, onpeoe,1e1111ow no OTHOllleHU/0 K CUCTeMe 
OTC'lera, 8 KOTOpou p = 0 12 I. 3KcnoHeHTa e - iPR' O'leBUOHO, onUCblBaer ceo600-

11oe OBUJJCenue CUCTeMbl ( 1,2) KaK 14e.now. . 

2 

3.n;ec1, Mi-2 - 3cpcpeKTHBHan Macca CHcTeMhl ( 1,2) . B cnyqae y3KHX nap, 

Kor.n;a M12- m1 + m2, 

q as q - m1 - m2 p 

2(m 1 + m2) 

m1 m2 Pt P2 
(u 1 - u2) _;;;...__ ~ "1 = - ' "2 = - • 

m1+ m2 m1 m2 

B_c.u.H. pacc~aTpHBaeMOH napbI tJaCTHU qo = 0 (3TO cne.n;yeT H3 paaeHCTBa 

qP = 0), a ij =4 = k 12 • Y3KHM napHhIM KoppenHUHHM, otJeBH,ztHo, 0Tae

qa10T MaJihie 3HatJeHHH q . .[via AaJILHeiiwero aJiaJIH3a Ba)KHO, 'ITO npH TaKHx 

3HatJeHHRX 3aBHCHMOCTL ABOHHbIX HHKJll03HBHhlX cetJeHHH OT q onpe.n;e

JIHeTCH TOJILKO aMOJlHTYA~H "1C:; P2 ( X) , a cpyHKUHH M ( X, X' ) B cpop

MyJie (1) He 3aBHCHT OT q . :-:ho YTBep)K.IJ;eHHe cnpaae.n;JIHBO, eCJIH OCHOB

HOH BKJla,D; B ABOHHOe HHKJ1103HBHOe ceqeHHe ,ll;aJOT KOHcpHrypaUHH, MR 

KOTOpbIX BhIOOJIHeHhl YCJIOBHR 

➔ ➔ ➔ 

lk12 J « jkli I, I k2i I' (4) 

r.n;e k11 , k 21 - HMnyn1,ch1 a <:.u.0:. nap (1, i ) 1I (2, i ) , coorneTcTayro

IUHX KOM6HHaI.UIHM tJaCTHUbl 1 n 2 c .n;pyrHMH qacTHUaMH ( i f- 1, i f- 2), 
yqacrnyJOIUHMH B peaKUHH • .[{eiicTBHTeJILHO, B 3TOM cnyqae MaJibie 3HatJe

HHH HMnynLca k12 npaKTHtJeCKH He BJIHHJOT Ha KHHeMaTHKY npouecca, 

H B CBH3H C 3THM cpyHKUHR Ms. p ,E (x,x,), OTBetJaJOIUaR reHepauHH He B3a

HMO,D;eHCTBYJOIUHX .n;pyr C JJ,pyroM 11aCTHU 1 H 2, HetJyBCTBHTeJILHa K H3MeHe

HHIO KoMnoHeHT <i a oKpecTHOCTH Hynn; 3aBHCHMOCTL OT q , -HJIH OT k12,-

06ycnoaneHa B3aHMO,D;eHCTBHeM B KOHetJHOM COCTOHHHH tJaCTHU 1 H 2 
(a TaK)Ke CHMMeTpH3auneH aMnJIHTYA rµ~~~2 ( X ) ' ecJIH 3TH tJaCTHUbl TO:>K-

.rteCTBeHHbl) • • 

I1HKJ1103HBHOe cetJeHHe o6pa30BaJIHH CBH3aHHOH CHCTeMbl (l + 2) C 

4-HMDYJILCOM p H nOJIHbIM cnHHOM s npH MaJibIX 3HeprHHX CBH3H, KOr.rta 

j m1 m 2'£ ca 

1D1 + m2 

➔ j 
« I ~1+2> 1 ' 

onHCbIBaeTCH CTpyKrypHOH cpopMyJIOH 

du ~, {M ( , (S) (S) , 4 4 da ➔ 
(1+2)-gS S,P,E x,x ),:/lea (x)if,ca (x }d xd x'l_f

(2 rr) 3 y 

(4') 

(5) 

B KOTopyro BXOAHT Ta )Ke cpyHKUHR Ms p E (x, X, ), 'ITO H B COOTHOWeHHe 

(1). HepeJIHTHBHCTCKOe npe,[tCTaBJieHHe aepOHTHOCTH reuepauHH ,D;eHTpO· 

HOB, aHanorHIJHOe ( 5), paccMaTpHBaJIOCI, a pa6oTe 1111 • 
Bae.ueM TenepL .UBOHHOe HHKJ1103HBHOe cetJeHHe pO)K.IJ;emm He B3aHMO

.rtel1cTBYIOillliX Me:>K,uy co6oii tJaCTHU, ,Il;BH)KYIUHXCH c O,l:tHHaKOBI,IMH 4-CKO-

3 



pOCTHMH. CornacHO (2)-(3)' npH OTCYTCTBHH B3aHMO,JJ.eHCTBHH H q = 0 
aMDJlHTy,u.a 1/' ~ J2 ( X ) = 1. IIo,u.cTaBJlHH 3TO 3HalleHHe B ( 1) , nonyqaeM 

6= 
d a1,2 

3 ➔ 3 ➔ 
d P1d P2 

1 
(2rr)6y2; gsJMS,P,E(x, x')d4•xd4x', (6) 

r.u.e p 1 / m 1 = p 2 / m2 
cpyHKUHIO 

P / ( m 
1 

+ m 
2

) • ECJIH BBeCTH HOpMHpOBaHHYIO 

(x x') = ----- 4 4 , 
Ps,P,E ' fM (x,x')d xd X 

· S,P,E · . 

MS,P,E (x, x') 
(7) 

TO c yqeTOM (6) cpopMYJibl (1) H (5) npeo6pa3yIOTCH K BH.U.Y 

6 d6 ""(S) 
d a ( J (S) · 4 4 a 1 2 
-:a~:}➔- =II f p (x,x ')if, 

8 
(x) 1/J* (x ') d xd x 'I -:a:~:§-=.-- ·, (8) 

dp
1
dp

2 
S S,P,E I\P2 P1P2 dp1dP2 

d 6; (S) 
3 4 4 3 1,2 

d a(1+2) =lfp (x,x')ip<s>(x)ip*(S)(x')d xd x'l(2rrJ y s ➔ 
3 
➔ 

d3p S,P,E CB CB d p1 d P2 

r,u.e 

d6 ;l\> 
' 7-:;- 3,...-➔--

d p 1 d P2 

6= (S) 
d ·a1 ,2 

- g ( S )' --3-=.-ds p 
- d p 

1 
2 

(9) 

(10) 

KaK y:>Ke roaopHJIOCh, ,JJ.JIH Y3KHX nap 3aBHCHMOCTb ,JJ.BOHHbIX HHKJll03HBHblX 

celleHHH OT 4-BeKTopa q '3a,u.aaaeMoro cpopMYJIOH (3)' cpaKTHlleCKH non

HOCTblO onpe,u.enHeTCH B3aHMO,JJ.eHCTBHeM B KOHellHOM COCTOfiHHH, B COOT-
6 - 3➔ 8 ➔ 

BeTCTBHH c 3THM "cpoHOBOe" ceqeHue d 01 2 / d P 1 d P 2 ( CM. cpop-

Myny (6)) cne,u.yeT oTo:>K,u.ecTBHTb c 3KcnepnMeHTaJihHbIM ,JJ.BOHHbIM HHKJII0-

3HBHbIM celleHHeM npH TaKHX, - ,JJ.OCTaTOllHO 6oJihlllHX, - 3HalleHH1IX q ' 
npH KOTOpbIX 3cpcpeKT B3aHMO,JJ.eHCTBHfi B KoHellHOM COCTOHHHH HClle3aeT. 

CooTHOllleHHR (8)-(9) y,u.o6uo paccMaTpHBaTh B c.u.H. napbI (1,2) 
HJIH B CHCTeMe noKOH CBH3aHHOro COCTOHHHH (1+2) cooTBeTCTBeHHo. Pa3-

HOCTH KOOp,U.HHaT H apeMeH H3JiylleHHfi B 3THX CHCTeMax OTClleTa CBH3aHbl 

C na6opaTOpHblMH 3HalleHHHMH ; H t npeo6pa30BaHH1IMH nopeHua 

; = ;* + 
➔ ➔ ➔ ➔ ➔➔ 

(y-l)n(r*n) +yvt*, t = y(t*+vr*), (11) 

r,u.e v 
➔ ➔ 

: , ·Y = (1 - v2
)-½ , n = -; 

0 

4 

KaK 6blJIO nOKa3aHO a pa6oTe161 , ecnH a C.Q.H. napbl (1,2) llaCTHUbl 

,JJ.BH:>KYTCH C HepenHTHBHCTCKHMH CKOpOCTHMH, aMDJIHTy,u.a BeTe-ConnHTepa 

npocTo Bblpa:>KaeTCH qepe3 pellleHHe HepenHTHBHCTCKoro ypaaHeHHH Illpe-

,JJ.HHrepa, <pt ( r* ) , HMeromee aCHMDTOTHKy IlJIOCKOH H pacceHHHOH 
12 · 

ccpepHllecKOH BOJIHbl, C nOMOIUhlO TpexMepHoro HHTerpana 

➔ ➔ ➔ ➔ 3 ➔ 

'Ppp (r*,t*)=J¢ ➔ (r)g(r*-r,t*)d r, 
1 2 k 12 . 

(12) 

r.u.e g (; * - ; , 0) = 83 (; * - ; ) • 

g(r*-r,t*)= 

2 . 2 
3/2. s k

12 
t* lr*-r I m 

!. ( ~-) (1-i) exp [ i (----~-- + - _ )]. (13) 
8 rrt* 2m 2t* 

2m 1m 2 - . m1 -m,2 
IIpn 3TOM m = ----, t*=lt*I +-----ti:B cnyqae CBH3aHHbIX cocTOHHHH 

m1 + m2 . ml+ m2 , . 

➔ ➔ - ➔ ➔ s ➔ 

i/r. (r*,t*) =f¢ (r)g(r*-r, t*)d r, 
CB CB (14) 

r,u.e 'Pee (t *) - 06bll1Hafi HepeJIHTHBHCTCKaH BOJlHOBafi q>yHKUHH. CorJiaC-

/6/ · mr* 2 · 
HO ' npH YCJIOBHH . >> 1 MO)KHO nOJih3OBaTbCH npH6mDKeHHeM 

It* I 
"paBHblX BpeMeH B C.Q.H.": 

➔ ➔ ➔ ➔ ➔ ➔ ... 
if, (r*,t*)-=-i/J (r*,0)=¢ ... (r*), if, (r*,t*)=if, (r*,0)=¢..(r*). (15) 

P1P-2 P1P2 k12 CB C!I ca 

EcnH npH 3TOM paccMaTpHBaeMbie qacTHUbl 1 II 2 po:>K,JJ.aIOTCH Ha paccTOH

HIIHX, MaJiblX no cpaBHeHHIO C xapaKTepHblM pa,u.IIycoM .u.eiicTBYIOIUHX Me:>K

.U.Y HIIMII CHJI,' Y3KIIe napHbie KOppeJIHUIIII II CelleHIIH reuepauIIII CBH3aHHblX 

COCTOHHIIH CTaHOBHTCH y:>Ke HellyBCTBIITeJibHblMII K npocTpaHCTBeHHO-Bpe

MeHHblM napaMeTpaM1251 . B 3TIIX YCJIOBHHX cpopMyJihI (8) II (9) C yqeTOM 

(15) ,JJ.aIOT 

6 
d al, 2 

---➔ 3 ➔ 
dspl d P2 

3 
d°(1+2) 

ds p 

6 = (S) 
. d a 

I I l.s> (0)1
2 

-:-s-.:;--3-=.- · 
S k12 d P1 d P 2 

' (211) 8 y 
d 6a (S) . 

~➔- -- 3 ➔ 

d p 1 d P2 

(S) 2 
I¢ CB (0) I , 

(16) 

(17) 

(paccMaTpIIBaIOTCH CBH3aHHble COCTOHHIIH C uyJieBbIM op6liTaJibHblM MOMeH

roM). CooTHOllleHIIe (17) ne:>KIIT a ocHOBe pacqern ceqeHIIH po:>K,JJ.eHHH fe

JIHTIIBIICTCKIIX aTOMOB 1181 ' B qacTHOCTII, no3HTpomrn II CHCTeMbI (µ + /l/
11 

•
2

~
1 

5 



2. MO)lEJib O)lHOqACTHqHhlX HCToqm1KOB 

BHe o6naCTU npnMeHUMOCTU npOCThIX cpopMyn (16) u (17) umono-
3UBHhie ceqeHU.II reHepauuu CB.II3aHHhlX COCTO.IIHUH, TaK me KaK U Y3KUe . 
napHhie 1<:oppenm.um a HenpephIBHOM cneKTpe, JIBnJIIOTCJI y6hmaromuMn 
cpyHKUU.IIMU npOCTpaHCTBeHHO-BpeMeHHhIX pa3Mep0B U3nyqaromeH CUCTe
Mhl, AHanU3 3aBUCUMOCTH KOppen.RUHH OT pa3Mepoa 06b1qHo npOB0,tUfTC.II 
B paMKax MO,ne.irn O,nHoqacTuqHhIX UCT0qHUK0B. B 3TOH MO,nenu no CYTH 
,nena ucnonh3yeTcJI npe.nnonomeHne 06 oTcyTcTanu UHTepcpepeHunn Me)K,l];y 
BKna,naMU pa3HhIX nap npocTpaHCTBeHH0-BpeMeHHbIX ToqeK ( Xi, X2) U. 

(x 1, x 2) . B .nyxe CTaTHCTnqecKnx npe.ncmaneHm1: TaKaJI runoTe3a-onpaa,na-
- Ha npu 6onhlllHX MHOmecTBeHH0CT.IIX BTopuqHhlX qaCTUU, oco6eHHO B cnyqae 

CTOflKHOBeHHH a.npoH0B " JI,nep C .R,npaMU. O,nHaKo aonpoc O. ee CTporoM 
o60CHOBaHHH OCTaeTC.II 0TKpbIThIM. . 

IlyCTh Mhl UMeeM C0B0KynH0CTb o,nHoqacTnqHhIX UCTOqHUK0B, 03.JIY
qaromux Henon.RpU30BaHHbie qacTUUhI. B CO0TBeTCTBUH C yKa3aHHOH runo
Te30H HeKorepeHTH0CTU Mem.ny pa3nUqffhIMH napaMU ToqeK cpyHKUU.II 
Ps,P,E (x. x') a cpopMynax (8) u (9) .non)Kffa UMeTb CTPYKTYPY. 

Ps,P,E(x,x') = WP,E(x)B
4 

(x -x'), (18) 

r,ne WP,E(X) = W (r, t) ~ H0pMUpoBaHHOe Ha -e,nUHHUY pacnpe,neneHHe 
pa3H0CTU 4-Koop.nuuaT ,nayx HCT0qHUKOB. YqnTbIBaJI, qTO a cnyqae Henon.lI
pU30BaHHhIX qacTUU CTaTUCTnqecKUH aec 

2S + 1 
G ( 2 j + 1 )(2 j + 1 ) 

1 2 

P1 P2 
r.ne Ji U i2 cnHHhl paccMaTpuaaeMbIX qacTUU, HaX0.IJ;HM npu - == -

m1 m2 
6 • . 8., 

d a1,2 d a1;2 
s ➔ s ➔ = s ➔ a ➔ 

d p1 d p2 d p 1d p2 

(S) 2 4 
( I. 28 + 1 f i, (x) I if, . (x) I d x) • 
S(2j+1)(2j+l) P,E P1P2 

1 2 

(19) 

)ln.R ceqeun.R reuepauuu caH3rurnoro cocT0HHHH nonyqaeM aHanoruquoe 
Bh1pameuue 

s 
d a(l+ 2) 

dsp 

d 3"' 
3 a = (277) y __ !..~-( 2S + 1 \\ (S) 2 4 

dsp1d3p2 (2j1+H(2j2+1) f P,Jx)jif,ca(x)I d x)(20) 

3aMeTUM, qTO ,nJIH napHblX KOppeJIHUUH T0)K,l];eCTBeHHhIX qacTUU C 6nU3KUMH 
HMnynbCaMU cne.nyeT npoaecTH CHMMeTpH3llUHIO aMmmry.n EeTe-ConnnTe
pa. 3To .naeT 16 , 251 

6 

6 6= 

_d a1,2_ = ~ G1{-n:. 2S + 1 JW ,(x) 1ls)(x) +(-1)sls\-x) 12d\) 
d3p d 3p d pd p S 2{2j + 1)2 P,E P1P2 P1P2 (21) 

1 2 1 2 

(a cpopMyne (21) P 1 "'P2 ) . Ecnu MO)KHO npeue6pe% B3aHMo,neiicTBneM· 
B KOHeqHQM C0CTO.IIHHU, TO if, (S) ( X ) = e- l q x , H Mhl npuxo,nUM K HHTep

P1P2 
cpepeHUUOHHhIM Koppemiun.RM Konbmoaa - Ilo.nropeu1<:oro, npe,ncTaan.1I10-
mnM co6oii qncTbIH 3cpcpeKT 6o3e- unu cpepMH-CTaTUCTUKU11 - 4, 6 1: 

6 6== 
d al 2 d a12 
3 ➔ • a ➔ = R 1 2 ( q ) 3 ➔ s ➔ ' ( 22) 

d P1 d P2 • d p 1 d p 2 

r.ne 2J 

(-1) 
( )-1+ . 

R1 2 . q - 2j + 1 . 4 f W ( x ) cos( 2 qx )d x , 
. P,~ (23) 

1 
q = r(pl -p 2)- nonypa3H0CTb 4-UMnynhCOB, • 

Bo3BpamaJICb K CO0TH0llleHH.IIM (19) H (20)' paccM0TpUM K03cpcpu
uneHThl npu q>OHOBOM ceqeHHH C00TBeTCTBeHH0 a c.u.u. napbl (1,2) u a 
CHCTeMe n0KO.II CB.II3aHH0ro C0CTO.IIHH.II. B npu6numeuuu "paBHhlX BpeMeH" 
(15) HMeeM 

6 
d 0 12 
--~-3 ➔ 

dspld P2 

6= 
d a12 

s:-a➔ 
d p1d P2 

----- fW C (S) 2 3 (
~ 28+1 ,. 
S(2j +1)(2j +1) P,E r*)I¢~ {r*)] d r*) 

1 2 12 , 

3 (S) 6== 
d ~l + 2) 3 d a 12 • 2S + 1 == ➔ (S) ➔ 2 s➔ 
-:----' = (277) y 3" __ '3 ___ (-----fW (r*)I¢ (r*)j d r*) 
d3 p d p d p (2j +1)(2j + 1) P,E CB 

1 

1 2 1 2 

r.ne 

(24) 

(25) 

== ➔ ➔ ➔ ➔ ➔ ➔ ➔➔ 
wP,E(r*) =fWp_Jr"+(y-On(r*n) + yvt*, y{t*+ vr*))dt*. (26) 

B cpopMyne (26) cpyHKUH.II 4-MepHoro pacnpe,neneHU.II 0THOCUTenbHhIX 
KO0p,nUHaT w p E ( X ) = w. p E (;. t ) ' apryMeHThl KOTOpOH 3a,naHbl B na6o
paTOpHOH cucieMe OTCqeTa', UHTerpupyeTCH no pa3H0CTU apeMeH t * B 
C,U,H, napbI ( t H t CBH3aHhl. C r* H t* npeo6pa30B~H.IIMU Jlopenua 
(11)). 
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3.HHKllID3HBHOE PO~llEHHE llE0TPOHOB H KOPPEllHQHH 
IlPOTOHA H HE0TPOHA C BllH3KHMH HMilYllhCAMH 

Ilepeu,neM K aonpocy O reHepaIJ;RH ,neuTpOHOB npH CTOJlKHOBeHH.IIX 

a,u;poHOB H H.n;ep c H,npaMH. Ilpe,nnono:>KHM cHaqana, qTo xapaKTepHhie pac

CTOHHHH Me)K,ny npOTOHOM H HeHTpOHOM MaJihl no cpaBHeHmo C "3cpcpeK

THBHhIM pa,nHyCOM B3aHMO,D;eHCTBHH" d = 1,7 cpM, onpe,neJIHIOI.QHM HH3KO-

3HepreTHqec1<:oe pacceHHHe HeifTpoHa Ha npoToHe 126•291 • Tor,na H3 cooTHo

rneHHH (16) H (17) _Henocpe,ncraeHHO cne,nyeT, qTo HHKJII03HBHoe ceqeHHe 

pO)K,D;eHHH ,neHTpOHOB nponopQHOHaJibHO ABOHHOMY HHKJ1l03HBHOMY ceqe

HHIO nap HeHTPOH-npOTOH c MaJihIMH OTHOCHTeJlbHhIMH HMnyJibCaMH, o6pa-

3Yl01.QHXCH B TpHnneTHOM COCTOHHHH (nOJlHhIH cnHH s = 1): 

3 
dad 

d3p d 

= (2rr)3yl ¢d(O) 
¢5_S=1) (O). 

k np 

6 (S=1) 
2 d anp 
I----. 

ds ➔ d3 ➔ 
pn pp 

(27) 

3,necb p ""Pp= pd /2 , cp § (t*) - BOJlHOBaH cpyHKQHH ,neifTpOHa, HOpMH· 

pOBaHHar:i Ha e,nHHHQy, cpJ = l) ( t * ) - BOJlHOBaH cpyHKQHH CHCTeMhl np 
B HenpephIBHOM cneKTpe, 'ffixHChIBaIOm;aH pacceHHHe HeHTpOHa Ha npOTOHe 

B TpHnJieTHOM cocTOHHHH npH HMnynbce k np B c.Q.H.; no onpe.neneHHIO 

6 (S=l) 3 ➔ 8➔ 6 3 ➔ 3 ➔ 
d anp /d Ppd Pn = gsd anp/d ppd pn' 

(ecnH HYKJIOHhl HenonHpH3OBaHhI, gs= 3/4). 
Cyw;ecrneHHo, qTo C yqeTOM MaJIOH 3HeprHH CBH3H HYKJIOHOB B ,neHT

poHe pe3yJlbTaT (27) HMeeT 6onee lllHPOKYIO o6naCTb npHMeHHMOCTH, qeM 

cpopMyJlhl (16) H (17). KaK 6hlJ10 noKa3aHO B pa6oTe 1131 ' eCJIH Ir* I < 
1 - --< ::.----:- H Ir* I < p , r,ne p = 1/ ,J ID£ ce = 4,31 cpM - pa,u;Hyc ,neifTpoHa, 

f knp I ➔ (S=1) ➔ ➔ 
OTHorneHHe 'Pd ( r *) / ¢ k np ( r *) cna6o 3aBHCHT OT r * , H ero MO)Kff~ 

oueHHTb, conOCTaBJlHH U3BeCTHhJe Bhipa)KeHHH ,nm, BOJlHOBhlX cpyHKQHH 

BHe o6naCTH ,neHCTBHH H,nepHhlX CHJl 121, 291 : 

-r* /p 
e - "' 

➔ 

¢/r*) 1 

,J2rr (p-d) r* 

(S = 1) , f 
¢ k Cr*) = 1 + __ t_Cknl?) -

np r* 

_1 __ .£.:~.;. 
y 211(p-d) pr* 

➔ ➔ 

k np = I k np I , r * = I r * I , 

(28) 

(29) 

r,ne ft - aMnJlHTy,na TpHDJleTHOrO S ·BOJlHOBOrO pacceHHHH HeHv~OHa 

Ha npoTOHe. IlpH MaJihIX k B npH6JlH)KeHRH 3cpcpeKTHBHOro pa,u;Hyca" 2 •291 

1 2 -1 r (k) = a (1-ikd + --k da ) , (30) 
t t t 2 t 

8 

1 d 
at = -p/(1 - -- - ) , 

2 p 
(31) 

me at - TpHDJleTHaH ,llJlHHa np -pacceHHHH ( a t = -5,36 cpM). B pe3YJ1b
*d 

TaTe C TOqffOCTblO AO qneuoB nopHAKa k 1' * H !.-,.- Mhl MO)KeM HanHCaTb 

I Y,d(x) 
1
2 

t/,(S=1)(x) 
Pn Pp 

➔ 

1-±.!1 (r *) 
,1- (S= 1) ( ..,,..,. r*) 

k12 

np p.c 

12 = 
1 --- ------2-

2 11 ( p - d } I ft ( k np H 
(32) 

C yqeTOM ( 32) H3 o6m;Hx coornorneHHH (8) H (9) cne,nyeT paaeHcTBo 

d
s 

4 
2 d 6 (S=1) 

ad TT y u np 

d3 ➔p- = ( -d) 
1 
f (k )\ 2 ~3-p-',;L-d-3_p__ (33) 

d P t t np n p 

3,necb p n ==pp "'{-Pd. B q~cTHOCTH, ecnH ABOHHOe HHKJll03HBHOe ceqeHHe 

paccMaTpHaaeTCH npH k np = 0 (HMnyJibChl npoTOHa H HeHTpoHa CTporo 

OAHHaKOBhl)' nonyqaeM p p 

3 ' 
d ad (Pd ) 

Sp , 
d d 

Ky 

rAeBCHJIY (30) H (31) 

d 6 a ( s = 1) ( _d_ _!_) 
np 2 ' 2 

s ➔ s ➔ ' 
d p d p 

P n 

K 

2 
4rr 

(p - d) a '2"t 

4/ 1 d
2 

-g-(1 + -- ----). 
p 4 p( p-d) 

(34) 

(35) 

qHcneHHOe 3HaqeHHe K03cpcpHQHeHrn K paBHo 0,52 cpM •
3 

• IloAqepKHeM 

6e3MOAeJlbHhIH xapaKTep COOTHOllleHHH ( 33) - ( 35) B o6nacTH HX npHMeHH

* MOCTH • 6 3 ➔ 3 ➔ 

3aMeTHM, qTO a cpopMyne ( 33) ceqeHHe d anp / d Pp d p n BKJIIOqaeT 

3cpcpeKT B3aHMo,neHCTBHH npoTOHa H HeHTpOHa C 6JIH3KHMH HMDYJlbCaMH. 

B CBH3H C 3THM B paccMaTpHBaeMOM npH6JlH)KeHHH K03cpcpHQHeHT npH cpOHO

BOM ceqeffHH B COOTHOllleHRH (9) MO)KffO npeACTaBHTb B BHAe npOH3Be,neHHH 

* " Bnep8ble C8.R3b Me:HCOY Ce'leHWIMU 06pa:10eaHWI oeurpoHa u ce'leHUeM o6pa3o8aHWI 
ceo6oiJHblX HYKIIOH08 C napMlle/lbHblMU cnuHaMU 6b1/la ycTaH08ll eHa Muzi)QlloM

113 
011.R 

nap peaKl,/UU pp ➔ np11+ u d11+, np ➔ np11° u d11°, pd ... pnp u dp. 0606U1enue 
na c11y11au unK11103uenb1x npol,/eccoe cooep:J1CuTc.R e pa6ore Anucoeu11a u op/

30
( e KOTO

pou UCnO/lb308Q/lC.R iJuazpa.MMHblU Meroo; <jjopMy.10 (3J) HaCTO.RUleU paOOTbl 3K8U8a
/leHTHa COOTHOUleHWIM (2)-(3) CTQTbU/3~.1 
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X = yKR(S=1) 
np • (36) 

(S=1) (S=1) 
rne Rnp = 1 + B np , B np - KoppemnnmHHruI cpyHK1.nrn napb1 np npn 
pa3HOCTH HMnynhCOB q = 0 H nonHOM cnnHe S = 1 (cM!6, 71 ) . IIpH no
CTaTOqHO 6om,nmx pa3Mepax o6naCTH reHepa.I..\HH ( <r 2 > ½ z p) paaeHCT
ao (36) HapywaeTc.11. CornacHo (25)-(26), a paMKax Mo,nenH Henon.11pn3o
BaHHhix O,D;HoqacniqHblX HCTOqHHKOB 

d 3 u d d 6 u np . 
= YX -------, daP o dap dap 

d p n 
(37) 

rne 

XO 
3 3 ➔ . ➔ 2 3 ➔ 
-(277) fW (r*)\¢ (r*)I d r* 
4 P,E d ' 

(38) 

( ecnH BhmonHHeTCH paaettcrno (35), TO X
O
= KR np ) . IIo,u;qep1CHe~, qTo 

ponb pa3J1HqffbIX MexaHH3MOB (CJlH.IIHHe, no,u;xaaT, npHMOe o6pa30BaHHe 
HYKJlOHHhIX nap) OTprui<aeTCH TOJlbKO Ha cpOHOBOM ceqeHHH d6u /d3ppd3 pn. 
Mbl MomeM HanHcaTb 

6"' 
d unp 1 

Q ----
3 ➔ 

d 3 p n d Pp 
np a 

tteynp 

d3 u<P) 

d 3 p 
p 

d3u(n) 

d3pn 
(39) 

rne Qnp - K03cpcpHUHeHT, onHCbIBaIOlltHH "wnpOICHe KoppenHQHH" 116', 
He CBH3aHHbie C B3aHMO,D;eiicTBHeM B KOHeqHoM COCTO.IIHHH. IlpH OTCYTCTBHH 
TaKHx Koppen.11unii ( Q = 1) cooTHowettne (37), nononHeHHoe cpopMynoiI 
(39), COOTBeTCTBYeT Mi.nenH KoanecueHQHH (cnHHHHH) 114•161 . B paMKax 
3TOH MO,D;enH K03cpcpHuHeHT XO ' HMeI011tHH pa3MepHOCTb o6paTHOro o6'be
Ma, OTO)K,D;ecTBJlHeTC.11 c K03q>cpHUHeHTOM "cnHHHHH"115•161 . B ,D;anbHeiiweM, 
a COOTBeTCTBHH c COOTHOWeHHHMH (37)-(38), Mbl 6y,u;eM ynoTpe6nHTb ,u;nR 
Xo TepMHH "Ko3cpcpHUHeHT CJlH.IIHH.11" B 6onee WHPOKOM CMbICJle, BHe CBH-

3H c o6blllHOH Mo,nenhro KoanecueHUHH. 

4. <I>OPMYJihl ,D,JIH BEPOHTHOCTM OEPA30BAHMH .D.EITTPOHOB 
~ 

a) O61,e1,rnoe pacnpe<'Je,1e11.ue ucrollH.UK0B 

B cnyqae ccpepITTeCKH-CHMMeTpITTHOH raycCOBCKOH cpopMbl o6nacTH r,e
Hepa.I..\HH pacnpe,u;e.11em1e paCCTO.RHHH Me)K,D;y HCTOqHHKaMH B CHCTeMe nOKO.fl 
,u;eiiTpOHa HMeeT BH.ll 16 , 7 /: 

10 

) 
) 
'I 

~ 
'/ 
I. 

- ➔ 1 
W(r*) = 312 2 2 2""lf:1) 72 

817 r 
0
y( r 

O 
+ V r 

0 

; * r ; · -) , ( 40) 
J. _ ~ --g 2 2) exp ( - --;--r 4(r + v r o 

4r o Y o 

rne ; 1 H r fi . - nepneH,D;HKyn.11pHru1 H napannenhHruI KoMnoHeHThI BeKTopa 
; * no OTHOWemno K HMnynhCY ,u;eiiTpOHa p Cpe,u;HeKBa.u;paTITTHblH pa
,u;Hyc o6naCTH HcnyCKaHH.11 CB.113aH C napaMeTpOM r O COOTHOWeHHeM r CKB = 
=V3ro , a non r O noHHMaeTc.11 cpe,u;HeKaa,u;paTnqHoe apeM.11 H3nyqeHHH. 
EcnH o6naCTh reHepainm COBna,u;aeT C ofrbeMOM .11,u;pa (no-BH,D;HJ~/~) 3TO 
cnpaae,u;nHBO ,D;Jl.11 ,D;OCTaToqHo Me.u;neHHhlX neiiTpOHOB)' TO rCKB = R ' 
r,u;e R - pa,u;nyc .11,u;pa. TaKHM o6pa3oM, c pa,u;eycoM H,D;pa cne,u;yeT cpaBHH
aaTb aennqnHy 

R =v'5r. 
0 

(41) 

Ilpn oqeHh 6onhwHx pa3Mepax o6nacTH reHepaunn ( R » p/ 2 ) cpopMyna 
(38) cyqeToM (40) ,u;aeT 

- 3/2 
3 3 -

XO= 4(217) W(O) 
3 (5,r) 

T yii ~2-;~;°) ½ 
(42) 

IIo,u;qepKHeM, qTo B ,D;aHHOM npiI6nH)KeHHH pe3yJlbTaT Boo6me He 3aBHCHT 
OT KOHKpeTHOro BH,D;a BOJlHOBOH cpyHKUHH ,lleHTpOHa (H napaMeTpOB np -
pacce.llHH.11) , OCTaeTCH TOnbKO 3aBHCHMOCTb OT napaMeTpH3a.I..\HH pacnpe,lle
JieHH.11 W • ,lJ,Jl.11 peanbHblX pa3MepoB TOqHOCTb cpopMyJlhl .( 42) HeBbICOKa 
(.llrui<e"npH n. = 10 cpM COOTBeTCTBYIOlltee 3HaqeHHe )(0 3aBhIWeHO npH-
MepHO Ha 10%, CM. HHme). _ d 

Eonee TOqHbie pacqeTbl MoryT 6hITb npose,lleHbl npH ycnoBHH R » ""2° 
B paMKax TeopHH 3cpcpeKTHBHOro pa,u;nyca 

126 
-

28 
/ no,u;o6Ho TOMY' KaK 3TO 

6binO c,u;enaHo ,D;JlH KOppenHUHOHHhIX cpyHKUHH HYKJIOHOB B P-a6oTru!6 •7•251 

( aHanornqHhIH nonxon ncnonb30B anCH paHee B CTaTb.llX 131 • 3 2 / ) . B 3TOM 
cnyqae K03cpcpHuHeHT cnHHHH.11 X O Bb!pamaeTC.11 q'epe3 npocTpaHCTBeHHO
BpeMeHHhie xapaKTepHCTHKH o6naCTH reHepaUHH n napaMeTpbI p n d , on
pe,D;enHIOlltHe HH3K03HepreTITTecKoe n P -pacceHHHe. ,D,eiicTeHTenhHo, npa
BHnbHOe acHMnTOTITTecKoe noeeneHHe eonHoaoii cpyHKUHH ,u;eiiTpoHa BHe 
,u;eiiCTBH.11 .11,u;epHbIX CHJl onHChl.~~aeTC.11 cpopMynoii (28). lfa ycnOBH.11 HOpMH
pOBKH J ( cpd ( r ) ) 2 d 3r = 1 che,nyeT paBeHCTBO 

d 
f[(¢d(r ))2 --: (c/J/r)) 2 ]d 3r = 

p - d ' (43) 

r,u;e cpd ( r ) - HCTHHHruI BOJlHOBruI cpyHKUHH ,u;eiiTpOHa, a cf, d ( r ) - aCHM-
• IlTOTtttleCKOe BblpameHHe (28). IIocKonbKy HHTerpan a (43) CXO,D;HTC.11 Ha 

paCCTOHHH.IIX nop.11,D;Ka d/ 2 , npH R » ( d/ 2) C yqeTOM ( 38) H ( 43) no
JiyqaeM npH6JlH)KeHHYIO cpopMyJiy 
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2r* 
"T 

3 (2rr)-
3 

1 - ➔* e 
X = - --1---JW(r ) 2 o 4 p-d· 211 r* 

d3 r* _ dw co> t. (44) 

Mcnom,3y11 (40) H ( 41). nonyqaeM 

1 - ~ 
16 17

2 . dx 2R y5d 
X = . .,,-----,,,.-,,-~-- I[ f-===;: L(- H---1(45) 

0 yli(R2 +6v2 r 2 )½(p-d) o-J1-bx 2 'J?rJ1-bx 2 2,f;R.' 

r,u.e 

b= 
2 - 2 2 v (R + 5r 

O
) 

- 2 2 1! 
R + 5v r

0 

0 

L(z} 
2 2 "" --ez r -y2 yrr z e dy. (46) 

2 - , FF 
IlpH v « 1 H Vro« (R/y 5) napaMeTp b << 1, H TOI',IJ.a c ytJeTOM llHC· 
JJeHHbIX 3HatJemrn p H d Mbl MO,KeM HaOHcaTb 

28 - 1 
X = -

2 
{ L (0,207 R) - 1,07 -::::--1. 

0 n R 
(47) 

rne R Bhipa,KaeTcH B cpM, a X
O 

- B q>M •3 . JierKo BH,u.eTh, tJTO Ko3cpcpmiH
eHT X o yMeHblllaeTCH npH yBeJJHtJemrn pa,u.Hyca n: , 

Ilo,u.qepKHeM, tJTO cpopMyJJhI ( 44)- ( 47) He 3aBHCHT OT KOHKpernoro 
BH,IJ.a BOJJHOBOH. cpyHKUHH nenTpoHa Ha MaJJbIX paccTOHHHHX, KOTOpbIH AO 
CHX nop HeH3BecTeH. B npeAeJJax CBOeH npHMeHHMOCTH OHH onHCbIBaIOT tJHC
TbIH 3cpcpeKT 3aBHCHMOCTH BepOHTHOCTH po,KAeHHH nenTpOHOB OT npocTpaH
CTBeHHO·BpeMeHHbIX pa3MepoB o6JJaCTH MHO,KeCTBeHHon' reHepaUHH HYKJJO
HOB H MOI'YT 6bITb HCnOJJb30BaHbI npH o6pa60TKe 3KcnepHMeHTaJJbHbIX AaH
HbIX. 3HatJeHHH Xo, BbltJHCJJeHHbie no cpopMyne (47)' 0Ka3bIBaJOTCH 3aHH· 
,KeHHbIMH no CpaBHeHHIO C Pe3YJJbTaTaMH pactJeTOB C BOJJHOBOH cpyHKUHeH 
XIDJJhTeHa 1331 , HMe10men npaBHJJhHYID acHMnToTHKy (28). IlpH IL3,5 cpM 
pa3HHUa CQCTaBJJHeT OKOJJO 10..%, HO OHa 6hICTpO yMeHblllaeTCH c YBeJJHtJe
HHeM pa3MepoB, H y,Ke npH R = 4,5 q>M He npeBbilllaeT 3% (CHTyaUHH 
3,u.ecb TaKaH ,Ke, KaK H B cnyqae KoppeJJHUHOHHOH <flHKUHH HYKJJOHOB c 
6JJH3;§HMH HMnyJJbCaMH, CM. cpopMyJJy (~l) CTaTbH /). B TO )Ke BpeMH 
npH R S 2,5 q>M COOTHOllleHHH ( 44) - ( 4 7) 3aBe,IJ.OMO HenpHMeHHMbI. 
B 3TOM cnyqae Pe3YJJbTaT UeJJHKOM onpe)J;eJJHeTCH noBe)J;eHHeM <pd ( f ) B 
o6JJaCTH ,a;eHCTBHH H,D;epHbIX CHJJ H ~BCTBHTeJJeH K cpopMe noTeHUHaJJa B3a
HMOAeHCTBHH npOTOHa H HeHTpoua / 51 • 

IlpH HCnOJJb30BaHHH B KatJeCTBe BOJJHOBOH cpyHKUHH ,a;eiITpOHa cpyHK· 
UHH XIOJJbTeua 

1 ef,d(r) .. 

12 

.L .!!..L 
p p 

e - _ _] (48) 

r 

* (3,D;ecb a = 6,26 ) Bblpa,KeHHe ,D;JJH K03(p(pHUHeHTa CJJHHHHH npHHHMaeT 
BH,IJ. ( 45) c 3aMeHOH 

y5d 
2 v'"°ii 

1 - -
➔ f ~ [2L ( ( 1 + a) R ) _ L ( 2aR )] . 

o yl -bx2 y5pyl - bx2 y5 p yl - "i>i2 (49) 

IlpH Y =1, Vr0 «R/y5- nonyqaeMtJHCJ1eHHy10cpopMyny,auanorHtJHy10(47):. 

XO= ~ [L(0,21 R) + L(l,3R.) -2L(0,75R)]. 
R (50) 

3HatJeHHH K03(p(pHUHeHTOB XOH ' = - 2- X ** 
mN o MOIIJ;blO ( 50) , npHBe,a;eHbI B Ta6JJHUe: 

' BbltJHCJJeHHbie C no-

Ta6nHua 

R ,cpM X ,cpM-3 103 (, (P3B/c). 2 
0 

1 4,22 68,8 
1,5 2,46 40 
2 1,71 28 
2,5 1,06 17,3 
3 0,74 12,1 
3,5 0,54 8,8 
4 0,4 6,5 
4,5 0,3 4,9 
5 0,23 3,8 
5,5 0,187 3 
6 0,15 2,4 

10 0,04 0,65 

* 
3HfJ'leHue a onpeoe.rmeTCJl U3 YCIIOBWI HOpMupOBKU, KOTOpoe npueoour K ypaeHeHUIO 

_:_4 __ 2_ = .J!.. = 0,395. 
a+l a p _ 

* Y3 COOTHOLUeHUU (37)-(39) c11eoyer CBJl3b MeJ/Coy Pe/lJITUBUCTCKU·UHBapuaHTHblMU 

crpyKrypHblMU fPYHKIJWIMU oeurpoHa U HYKIIOHOB :/ 16 / 
. ➔ • ➔ 

➔ pd pd 
f ( p ) = 'Q f (---) f (-)' 
d d np p 2 n 2 

➔ . ➔ d 3o 
zoe t(p) =E(p) --_r:;-- • 

d p 

2 . 
(=--- X • mN 

mN o 
- Macca HYKIIOHa. 
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Ilpn 6onLWHX z <pyHKUIDI L(z):: if;F ! . Ecnn 3aMeHHTL 3THM BbipIDKe

HHeM o6a tUieua B npaBon qacTn ( 49) , MbI npm:i;eM K pe3ynLTaTY ( 45) , 
a ecnn npoH3BecTH YKa3aHHyro 3aMeuy eme n B nepBoM qneue ( 45) , To no
nyquM npeAenLuoe cooTHoweune ( 42) . IlpH 3TOM qttcneuurui <popMyna 
nocnenoB_aTenLHO nepexo,nHT B (47) H acHMITTOTHq~CK~ <popMyny X 0 = 
= 46,6/R 8 , cnenyromyro H3 (42) npH ·Y == 1, Vr0 « R/y'5 . 

6) Mooen.b 1<oppellupoeamwii Tpy61<u 

B pR.ne pa6oT 3KcnepnMeHTanLHO Ha6nronancR 3<p<peKT ycttneHIDI y3-
KHX napHblX KOppenmu1u BTOpttqHblX HYKJIOHOB C pOCTOM HX HMnynLCOB 
(CM. / 34- 851). TaKoe ycttneHHe ,D;Ofl)K}JO, oqeBH,IJ;HO, conpOBO)l(,IJ;aTbCR yBeJm
qeuHeM OTHOCHTenLHoro BbIXO,na neuTpOHOB. IlpttqHHOM nauuoro 3<p<peKTa, 
MOiKeT cnyiKHTb yMeHLWeHHe nonepeqffbIX pa3MepoB o6naCTH reHepaQHH 
npH nepexone OT HCnapHTeJibHblX HyKJIOHOB K 6bICTpbIM HYKJIOHaM c HM
nyn&caMH 0,5 + 1 r3B/c, CBH3aHHOe C 3aMeTHbIM yBennqemrnM ,nJIHHbl CBO-
60.nuoro npo6era BTopnqubIx HYKJIOHOB B R,nepnoM BemecrBe npH yBenn
qeunn HX HMilYJibCOB / 86 '. Ilpn 3TOM npocTpaHCTBeHHO-BpeMeuuyro KapTHHy 
BbIJieTa HYKJIOHOB MOiKHO npe,ncTaBHTb cne,nylOII.(HM o6pa30M: uaneTalOII.(HM 
a.npoH, ,D;BHiKYII.(HMCH qepe3 H,D;epuoe BemecTBO co CKOpOCTblO U == C , nocne
noBaTeJibHO BhI6HBaeT HYKJIOHbl H3 Y3KOM "Tpy6KH"' npHneraromeu K ero 
TpaeKTOpHH. YKa3aHHbIM MeXaHH3M npHBO,IJ;HT K xapaKTepuou yrJIOBOM 
3aBHCHMOCTH KaK Y3KHX napHblX KOppenRUHM HYKJIOHOB C MaJiblMH OTHO
CHTeJibHbIMH HMnynLCaMH, TaK H BepORTHOCTH o6pa30BaHHH ,neMTpO
HOB136·161. B TO iKe apeMH, cornacuo -Q)OpMyJiaM (45)-(47), COOTBeTcmy
lOII.(HM c<pepnqecKH-CHMMeTpHqHOMY o6'beMHOMY pacnpeneneHHlO HCToqun
KOB, K03(p(pHUHeHT CJIIDIHIDI He 3aBHCHT OT yrna BbIJieTa nefupoHOB. IlO-BH
,nHMOMy, 3TH COOTHOWeHHH OTHOCRTCR K nenTpOHaM HH3KHX 3HeprHM, a 
3aTeM npn noBLIWeHHH 3ueprnu nponcxonnT cMeua peiKHMa. 

/16 :J6 1 
Cne,nyR pa6oTaM • ' ' Mb! paCCMOTpHM nneanH3HpOBaHHYlO MO-

nenb 6ecKOHequo TOHKOM Tpy6KH, a paMKax KOTOpou paCCTOHHHe Me)l(,IJ;y 
BbIJieTeawHMH HyKJIOHaMH H pa3HHUa BO BpeMeHH HX ncnycKaHHH CTporo 
KOppenHpOBaHbI: 
➔ ➔ 

r = ut. 

Torna c yqeToM npeo6pa3oBauttu nopeuua B c.u.n. naphI HYKnOHOB (T.e. B 
CHCTeMe TIOKOR neii:Tpoua) 

➔ ➔ ➔ v ➔ ➔ ➔ 

r * = r g , g = y ( cos 0 - - ) n + m · - n cos 0 • ( 51) 
u 

-½ 
3.necb V -CKOpOCTb nenTpOHa B na6opaTOpHOM CHCTeMe OTcqeTa, Y=(1-v

2
), 

n = {V/V) H ffi = (U/U) - e,nHHHqHbie BeKTOpbI B HaITpaBJieHHRX Hl\IDYJILCa 
nenTpoua H HMnyn&ca nepBnquoro a.npoua coomeTCTBeHHo, 0 - yron 

➔ ➔ 

MeiK,ny m H n . 0Tcrona paCCTORHHe Me)l(,IJ;y HYKnOHaMH B HX c.u.n. 
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➔ 2 2 V 2 ½ 
r*=rg(O), g(0l=lgl=lsin 0+y (cos0-u) 1. (52) 

IlpennoJIOiKHM, qTO Tpy6Ka HMeeT ,nJIHHy f , a BepoRTHOCTb BbI6HBaHHR 
HYKJIOHOB H3 BCex yqacTKOB Tpy6KH O,D;HHaK<~Ba. B CHCTeMe TIOKOR nenTpo
Ha Tpy6Ka opHeHTHpOBaHa B,D;OJib BeKTopa g , a ee ,D;JIHHa paeua f q ( 0) • 
B COOTBeTCTBHH C 3THM HOpMHpOBaHHOe ua ennmnzy pacnpeneneHHe paccro
RHHM Me)l()J;y HYKnOHaMH B HX c.u.H. 6yneT HMeTb BH,n 

W ( r*) = - 2- ( 1 - r * ) 8 2 (; *) , 
fq(0) · fq(8) J. (53) 

➔. 

rne 3HaqeuIDI r * 3aKJiroqeHbI B HHTepBane O < r * ~ f q( 0) , r ! - KOMTIO· 
➔ ➔ -

ueuTa r* , nepneunnKYJIRPHruI BeKTopy g . IloncTaBJIRR (53) B <popMyny 
(38), HaxO,D;Hl',~, qTQ B paCcMaTpHBaeMOM MO,nenH K03<p(pHUHeHT X

0
,( f 0) , 

onpenenRlOIUHH B COOTBeTCTBltH C (37) HHKJil03HBHOe ceqeHHe o6pa30BaHHR 
,neUTpOHOB, OTIHCbIBaeTCR <pOpMyJIOM 

xo(f,0) 
- 12 IT 8 f q ( 8 ) 
- fq(O) ! (c/,d(r* )/(1 _ r* ) dr": 

f q(0) 

B npenene fq(0) » p 
nenTpoua, 

, rne, KaK H npe)l(,IJ;e, p = 1/,J m, cs 

X
O 
(f , 8) 

3 IT 
2 

fq( 0) 

00 

1 
<--2->d, 

r 

(54) 

- pa.nnyc 

(55) 

rne <~ >d =417 r (cpd (r)) 
2 

dr . 3TOT pe3ynLTaT cornacyeTCR C yrno-
r o . 

-1/3 
BOU 3aBHCHMOCTblO H A-3aBHCHMOCTblO ( Xo - A ), YKa3aHHbIMH H Ha6-

. /16/ 
JllO,D;aBWHMHCR 3KCnepnMeHTanbHO B pa6oTe raepttnOBa H np. • CorJiac-
HO (55)' K03(p(pHUHeHT aCHMMeTpHH Bnepe,n-Ha3a,n 

X (f,O) -x (f,n) 
0 0 

X (f,O) + X (f,IT) 
0 0 

V 

u (56) 

Ilpn CTOJIKHOBeHHH a.npoua co c<pepnqeCKHM H,npoM pannyca R ,nJIHHa 
Tpy6KH, "BLipe3aeMon" anponoM, 3aBHCHT OT npnuen&uoro napaMeTpa · b : 

f = 2 J R2 
- b2 

• 

Ycpe,D;HHH (54) ITO npnuen&HOMY napaMeTpy, HaxO,D;HM 
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8 R 
X = 1217 . f 217bdb 

0 q(0)17 air- o 2v'R2 -V 
2,/R2. b

2
q{8) 2 1 r ) dr. 
f . (cfiir)) (1-2 yR2-b2q(O) 
0 

BBe,neM oepeMeHHyro z = 2,J R2 - b2 q ( 8) . Tor.na 

Xo = _!g178 
q(O)a2 

2Rq(8) 

I 
0 

ii 2 
d-z_ f (¢ir)) (1- ~-L}dr. 

2q(8) 0 z 

Ilocne HHTerpHpOBaIHUI no qaCT.IIM nonyqaeM OKOHqaTeJJbHO 

2Rq(8) 2R (0) x = ~ J (¢ (r-))2(1 - r - --L-_ ln · q ) dr. (57) 
0 q(8)R 

O 
d 2Rq(8-) 2Rq(O) r 

B cnyime T.llmeJJblX .11.nep MOmHO nOJJb30BaTbCH npH6JJID1CeH11eM 2Rq(&)· » p, 
H Tor.na 

317 2 1 
X =---<-..-> 0 q(0)R r ~ d 

{58) 

. 1 
Ilo,nqep1<HeM, qTo HHTerpan ( 57) H BeJJffqHHa <-2-> d onpe,neJJHIOTCH, . r 
B OCHOBHOM, noBe,neHHeM BOJJHOBOH cpyHKUHH .neHTpOHa Ha MaJJblX paCCTOH· 

HHHX, B o6nacTH .neHCTBHH H.nepHbIX CHJJ. Il03TOMY B paMI<aX MOAeJJH Kop

penHpOBaHHOH Tpy6~J:! ~OJJ)ICHO BbillOJJHHTbCH COOTHOllle_HHe ( 36) , cornacHo 
KOTopoMy X

O
= KR np- ) • IlpH 3TOM, e OTJJttqHe OT pe3ynLTaTOe (44)-(45), 

B paccMaTpHeaeMOH MOAeJJH l<03<pcfmuneHT CJJH.IIHHH eeCbMa qyecTBHTeneH 

I< cpopMe noTeHunana B3aHMo,neHCTBHH, ODHCbIBaromero AaHHbie no HH3KO· 
3HepreTttqeCKOMY np -pacceHHHIO. ,[{eHCTBHTeJJbHO, AJJH. XIOJJbTeHOBCKOH 

BOJJHOBOH cpyHKUHH (CM. (48)) 3JJeMeHTapHblH pacqeT ,naer 

1 (l) 4 _ 2a 1 + a -2 
<--> = ---(a ln -- -ln --) = 0,74 ¢M • (59) 

r2 d p(p-d) l+a 2 

(3,neCb no-npemHeMy p = 4,31 <pM, d = 1,7 <pM, a= 6,26). ECJJH me HCnOJJb-

30BaTb BOJIHOBYIO cpyHKUHIO .neHTpOHa, coomeTCTByromyro noTeHunany B 

cpopMe ccpepHqecKOH npHMoyrOJJbHOH HMbl * ' MO»cHO HaDHCaTb npH6JJHmeH
HOe paeeHCTBO 

* B 3T0M c11y11ae C yl/eTOM acwmroru11ec1<020 C00TH0UlellllJl {28) u Henpepbl6H0CTU 
60/IH060U rjjyHKl.lUU UMee.M 

1 -rip 1 -alp sin Qr 
</> ( r) = --====: e / r, r > a; ¢ j r) = -:::::=:=:-::;Je _...;__;,,___ , r $ a , 

d y2rr(p -d) - -.j217(p - d) r sin Q a 

ziJe napaMeTpbl a U Q onpeoe/lJIIOTCJI U3 yc11oeuu H0pMUp06KU U Henpepbl6H0CTU npoU3-
600HOU. </JvpMy11a (60) oree11aer npu6mocenu10 a=-d, Q =- (17/2d) • 
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2d 
2 --1 ( ) 2 P 2 d 17·n ] -2 <-> = --e [Ei(--)+~Si(17) = 0,325 ¢M 

r2 d p(p-d) ·p 2d . • 
(60) 

0Tcro.na, C yqeTOM (58)' npH 60JJbWHX R nonyqaeM 3HaqeHHH K03(p(pHUH
eHTa CJJH.IIHHH 

-(1) 
XO 

= 22 -3 
q(O)R q>M ' 

-(2) 9,6 
Xo = q(0)R 

-3 
<pM (61) 

OTJJffqaIDJUHecH .npyr OT .npyra 6onee qeM B ABa pa3a. BMeCTe c TeM npH OAH· 

HaKOBblX JJHHeHllblX pa3Mepax (T.e. AJJH OAHHX H Tex me H,nep) 3TH 3HaqeHHH 

Ha nopH,nOK BeJJffqHHbl 60JJbWe BbNHCJJeHHblX no cpopMyJJaM ( 44) - ( 4 7) H 

(50) AJJH o6oeMHOro pacnpe.neneHHH HCToqHHKOB (CM. Ta6JJHUY). 3To, KO· 

HeqffO, CBH3aHo C TeM, qTo Mbl paccMaTpHeaeM 6ec1<0HeqffO TOHKYIO Tpy6-

KY. Ta1<oe npH6JJHmeHHe cnpaee,nJJHBO ·npH nonepeqHhIX pa3Mepax, Me1lb· 

WHX 1 <pM. ECJJH nepeHTH K .nocTaToqHo WHpOKOH Tpy6Ke, coxpaHHB CBH3b 

r 11 = U t Me)K,l];y pa3HOCTblO npo,nOJJbHblX KOOpAHHaT H pa3HOCTblO BpeMeH 

H3JJyqeHHH, BeJJffqHHa K03<p<pHUHeHTa CJJHHHH.11 yMeHbWHTCH B HeCKOJJbKO 

pa3. IlpH 3TOM H3MeHHTCH H yrJJOBa.11 3aBHCHMOCTb K03(p<pHUHeHTa CJJH.IIHHH. 

CymecTBeHHO, o.nHaKO, qTo AIDI Tpy6KH KOHeqHoro pa.nHyca yrJJOBa.11 acHM· 

MeTpHH Bnepe,n-Ha3aA no-npe»cHeMy paeHa ( v/u) (cM. cpopMyny (56)), 
OTJJHqHe OT 3aBHCHMOCTH ( q ( (J )) - 1 OTHOCHTCH K yrnaM, He pa.BHblM 0 
H IT • Bonee no.npo6Hoe paCCMOTpeHHe 3TOro Bonpoca BbIXOAHT 3a paMKH 

HaCTOHIUeH pa60Tbl. 

·ABTop BbipamaeT rny6oKyro 6naro.napHOCTb M.H.Ilo.nropeu1<0MY 3a 

HHTepec I< pa6oTe H ueHHhie coBeThI, a TaKme B.B.raepHnoey, P.Jle,nHHUKO· 

MY, B.B.Jlro6HMOBY H C.MpyeqHHcKoMy 3a none3Hoe o6cy)K,l];eHHe OTAeJJb

HbIX BOnpOCOB, 3aTpOHYTblX B pa6oTe. 
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