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ilnH nccnenoBaHHH B3aHMO!leficTBHH aneMeHTapHb!X qacTHU C HefiTpOH8MH 

B KaqecTBe MHllleHn. nng KBa3HCB06onHb!X HefiTpOHOB B OCHOBHOM ncnonbayeTCH 

nefiTepneBall MHllleHb. TTpn aToM nnH oTneneHHll KBaanyrrpyroro pacceHHHH 

qacTHUbI Ha uefiTpOHe OT KBaanynpyroro pacceHHHH ee npoToHoM n OT nocne

noBaTenbHoro pacceHHHH ee npoTOHOM H H0ttTpOHOM CTaBHTCH 9KCnepHM0HTbl 

Ha COBnaneHne, B KOTOpb!X pacceHBaeMaH qacTnua H HefiTpOH OTnaqn neTeKTH

PYIOTCH non "conpmKeHHhIMH" yrnaMH, T.e. non T8KHMH yrnaMH, KOT0pb!0 

COOTB0TCTBYIOT ynpyroMy pacceHHHIO qacTHUhI Ha cao6onHoM H0MTpOHe. 

OnHaKO BB~llY HH3K0ll aqicpeKTHBHOCTH HefiTpOHHb!X cqeTqHKOB 3HaqJITenb

Hall qaCTb COOb!THll peaKUHH "na6eraeT" n~TeKTRpOB8HHH npn T8KOM nocTa

HOBKe onbITa. TToaToMy npencTaBnHeTCH HHTepeCHb!M H Heo6xonHMb!M H3Bne

qeHne HH<pOpM8UHH O B38HMonefiCTBHH qacTHU C HettTpoHaMH HenocpellCTBeHHO 

H3 H3MepeHHll, B KOTOphlX neTeKTHpyeTCH onHa 38PH*eHHaH qacTnua. CeqeHHe 

T8K0ll peaKUHH, noMHMO cyMMbl ce'!eHHll pacceHHHH Ha HettTpOHe H Ha npoTOHe 

H HHTepcpepeHUHH aMnnuTyn pacc,egmrn Ha Ka*nofi H3 9THX qacTHU B OTllenhHOC

TH, conep*HT TaK*e BKnan OT aMnnnTynhr nocnenoBaTenbHoro pacceHHHH Ha 

onHOll H3 HHX, a 3aTeM Ha npyrofi. TexHHKa yq~Ta BKnana TaKoro MeXaHH3Ma 

no HaCTOlllllero BpeMeHH 6bma paapa6oTaHa nHlllb B o6nacTH CBepXBb!COKHX 

aHeprnfi, rne xopolllo pa6oTaeT TeopnH rnay6epa111• ilnH npnMeHHMOCTH aTofi 

Teopnn Heo5xo/lllMO, qTOObl aHeprHll HaneTaromeil: '18CTHUhl Obma He TOnbKO 

MHoro 5onbllle KRHeTnqecKHX 9Heprnfi HyKnOHOB B Hnp~ HOH HaCTOnbKO Be

nnKa, qTo6b! OCHOBHOll BKnan B aMnnnTyny BaanMonefiCTBllH qacTHUbl C HyKno

H8MH naaann napunanbHbie aMnnnTynb1 C 5onblllllMll 3HaqeHHllMH op5nTanbHOro 

MOMeHTa. CymecTByeT, onHaKo, nocTaToqHo lllHpoKaH o5naCTb 9Heprnfi, B KO

Topofi BbllIOnHHeTCll nepBoe Ir HapylllaeTCH BTopoe ycnoBne npnMeHRMOCTll Te-, 

opnu rnay5epa. 
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0K83bIB89TCSI, '-!TO B 8TOii o6naCTH TBK)Ke MO)KHO rr_ony'-IHTh npoCTbIG 

Bb1pa)KeHHSI nmr cetJ:emrn paccesrn1rn tJ:acTHUbI ne:il:TpoHoM Ha orrpeneneHHhiii yron, 

BKmo'IaJOUIHe s<pq>eKTbl AByKpBTHOro B3aHMOLleiiCTBHSI ee C HyKnOHaMH SILlpa, 

KOTOPbie ll IIpllBOLlSITCSI Hm«:e. 

§ I. 06mee paccMoTpeane 

B nanbHeiillleM Mb! 6yaeM llHTepecoBaTbCSI nHlllb C9'-19HHeM BbineTa pac

cenBaeMoii tJ:aCTHUbI B orrpeneneHHOM 11arrpasne11nn, rrpocyMMnpooaHHbIM no 

BC9M 'KOH9'-1Hb!M COCTOSIHHSIM rrpoTOH-HeiiTpOHHOll CHCT0Mbl .. J,faBeCTHO, 'ITO B 

peaynhTBTe TaKoro cyMMllp0B8HllSI s<f><PeKTbI B3allMOLl0llCTBllSI rrpOTOHa C HeiiT

pOHOM B KOH9'IHOM COCTOSIHllll C xopollleii TO'IHOCTh!O KOMrreacnpy!OTCSI, TaK 

'-!TO C caMoro Ha'-!ana MO)KHO llMll rrpe11e6pe'Ib ll BOnHOBYIO qiyHKUll!O CllCT0MbI 

rrpoTOH-HeiiTpOH Bb16paTb B BHAe rrpoll3B9Ll9HllSI rrnoCKHX BOnH. 

B sToM rrpn6nn*eHnn aMrrnnTyLla pacceSIHHSI tJ:acTHUbI c nMrrynbcoM k 
nefiTpOHOM C rrepexOLlOM ee B COCTOSIHlle C llMIIynbCOM q , a HeiiTpoHa 

ll IIpOTOHa B COCTOSIHH0 C HMIIynbC8Mll n ll • p. COOTB0TCTB9HHO C Y'I~TOM 

rrepepacceHHHH 38IIHlll9TCH B n.c. nefiTpOHa B BHAe 

T=v 2Md<2")
3 ➔ ➔ ➔ ➔ ➔ 

I T (k, -n; q·, p) ¢ (n ) + 
p 

➔ 

➔ ➔ ➔ ➔ ➔ ¢,(I'\) di 
+Tn(k,-p ;q,n)ef>(p)- f •. ➔ x 

(2 ")
3 

2E (I'\) 
( 1) 

➔➔➔ -t ➔➔ ➔~ ➔ ➔➔ ➔ 

T n (k + D.. - p , - ~ ; q , n ) T P ( D.. , k ; k + D.. - p , p ) 

x[ .... ➔ ➔ ~ ➔ ~ ➔ ➔ ➔ - + 
2f ( k + D.. -p )[Md+ dk )-E (l1) - f (k + D.. -p )-E( p) + i O ) 

+ (n ➔ p ))I. 
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II T n - aMnnIITY_llbl pacceHHIIH "IaCTIIUbl ea npoToee II 

Heihpoee - HBnHIOTCH 'PYHKUHHMH HMnynbCOB eaneTa10uieu. 11acTHUbI, HyKnoea 

C KOTOpb!M OHa B3aHMOll8llCTByeT, pacceHHHOH "IaCTHUbl H HyKnoHa OT)la "Ill. 

Om1 HOpMHpoBaHbl ycnoBHeM B n.c. HyKnOHa 

1 z dq➔dp.. ➔ ➔ ➔ 
aP =--- f jTP I -----·------o(k-q-p)x 

4mk 2E(p)2dq)(2rr)~ 

( 2) 

xo[m+f(k)-dq) -E(p)] 

H aHanorIP!HblM B CJlytiae eei1:Tpoea. BonHOBbJe q>yHKUHH nei1:TpoHa cf, ( l'l) HOpMII

poBaHhl Ha enRHRUY 

( 3) 

Macey Jlei1:Tpoea B nanbHeumeM 6ylleM nonaraTb paBHou nByM MaccaM 

HyKnoua 2 m , rrpeHe6peraH aneprneu CBH3H neuTpoHa R pasnocTbIO Mace rrpo

TDH~_ II neuTpoHa, 

0TnocnTenbHO sHeprnn E (k) eaneTa10meu 11acTHUbI n ee nMnynbca k 

6yueM npe)lnonaraTb, "ITO OHH MHoro 6onbIIIe xapaKT8pllb!X 3H8"I0HIIH KHH0TH

qeCKOll SHeprHH E ( ~) - m H HMnynbca /'l HYKJIOIIOB B ll8HTpOHe, 8 STOM 

cny11ae 11acTnua "He "IYBCTByeT• llBH*eHHH HYKJIOHOB )leHTpoHa II paccegjn~ 

Ha HHX npoHCXOilHT, KaK na ITOKOHUIHXCH, 3To 03HaqaeT, "ITO B Bb!pa*eHHH ( 1) 

MO*HO rrpe11e6pe11b 3aBHCHMOCTb!O aMnnHTYll T p' n OT Bl!yTpIIll0HTpOHHhIX 

HMnyJibCOB, B nanbHeUIIIeM, yqHTb!BaH, "ITO BOnHoBaH q>yHKUIIH nei1:Tpona o6pe

saeT IIlITerpnpoBaHIIe no CBOeMy apryMeHTY npn ManbIX ( nopHllKa 100 M SB) 

ero_ seaiieHHHX BCIDllY' I')le STD He npHBO)lIIT K pacxO)lHMOCTH, oy)leM npeee-

6pera'.rb HMIIynbCaMn, no nopHllKY paBHb!MH BHyTpHll8HTpOH!lb!M ' no cpaBH8HIIIO 

C HMnynbCaMII paccenBaeMoll "IaCTIIUbl, HeTPYllHO yoe)lHTbCH, "ITO B STOM npn-

6nn*eHirn BKna)l rrepBb!X llBYX 11neHOB aMnnnTy'llhl ( 1) B . llHq>q>epeHunanbHOe 

ce11e11ne 

5 



da 1 2 ➔ ,. ➔ ➔ 
--= --- JI Tl o[2m+,(k )-dq)-E(n )-E(p)] x 

dO,t 4Mdk 

d ii dp q 2 d q 

xo(k-q-p--;;) (2rr)58E(n')E(p)dq) 

paBeH 

da da ➔ ➔ da 
___ P_+ n + 2s(k-q) pn 

dO ;j dO~ d O ;j 

rne 

da 1 ➔ ➔ ➔ ➔ 2 ➔ __ P_=--·-J IT (k,O; q,k--q) I o(m +dk) -
d n ➔ 4 mk P · 

q 

q2 dq 
-( (q)-E(k-q)) ' ➔ ➔ ➔ 

(2 11 )
2 4 E ( k - q) ( ( q ) 

(4) 

(5) 

( 6) 

ceqeane ynpyroro pacce.11HHSI qacTIIUhI Ha noKOSIIUeMcSI npoToHe; auanornquo 

dan 

d!1 ➔ 
- ceqeane pacce.11mrn qacTHUhI ueiiTpoHoM, a 

q 
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qz dq 
xo[m+l(k)-dq)-E(k-q)]--------·- -

. (4 n-) 2 E ck-q) c·(q) 

( 7) 

HHTep$epeHUHH aMnnHTYA pacceSIHHSI Ha noK0HIUHXCH npoToHe H HeilTpoHe. Be-
➔ ➔ 

nH'IHHa S(k-q) B (5) CBH3aHa C B0nH0B0il $yHKUHeil nefl:Tp0Ha C00TH0me-

HHeM 

➔ ➔ ➔ 

➔ ➔ . ➔ 2 i(k-q)r 
S (k -q) = fl cp ( r) I e · ( 8) 

H o6bI'IHO Ha3bIBaeTCSI $opM$aKTOpOM nefl:TpoHa ( s ( 0 ) = 1 ) . 

MeTOA Bbl"lHcneHHH HHTep$epeHUHH aMnnHTYA 0AH0KpaTHoro pacceHHHH 

C aMnnnTyAaMH AByKpaTHoro pacceHHHH ( T.e. Bblpa:>KeHHHMH, CTOHlllHMH non 

3HaK0M HHTerpana B ( 1)) TaKofl: :>Ke, KaK H B Hamett pa6oTe13I t H 3A8Cb Mbl 

nHillb BKpaTue Il0BTOpHM np0B0AHMbie TaM BbIKnanxn. 

PaccMoTpnM, aanpnMep, BKnan B ce11eune (4) HHTep$epeaunn nepBoro 

cnaraeMoro B (1) c TpeT&nM: 

➔ ➔ ➔ ➔ ➔ ➔ -➔ ➔ ➔ ➔ ➔ 

-2Refcp* (n)T* (k,-n;q,p)Tn (q+n+i\,-i\;q,n) x 
p 

➔➔➔➔ ➔➔➔➔ ➔ ➔ ➔ ➔ 

xT (k,~;q+~+ii,p )o(k-q -p-n)ol2m+dk)-dq)-E(p)-E(n)]x 
p . 
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X 
<p ( i) d K d; d~ q 2 dq 

----- --------- X 5 ➔ ➔➔➔ ➔ ➔ ➔ 

(211) 4kE(6.)2£(q+n+6.)2E{p)2E{n)2dq) 

1 ( 9) 
X 

➔ ➔ ➔ ➔ ➔ ➔ 

d q) + E { n) - E { 6.) - t { q + n +6.) + i 0 

_ TTpH HanucaHHH Bbipa>KeHHSI ( 9) BenH'IHHa k - p a HCXOnHoii aMnnHTyne nay

KpaTHoro pacceSIHHSI C Hcnonb3OB8HHeM 38KOH8 coxpaHeHHSI HMnynbca 38MeHeHa 

BenH'IHHoii q + n , a nponaraTop 

➔ ·➔ ➔➔➔ ➔ 

[2m + l{k )-E (6. )-dk + 6. +p )-E(p) + iO ]-
1 

cyq~TOM coxpaHeHHSI 8HeprHH - BenH'IHHOii 

➔ ~ ➔ ➔ ➔ ➔ 

[dq)+E(n)-E(6.)-dq+n+6.)+ iO 1-1 

. ➔ - ➔ 

Y'IHTbIBastTenepb, 'ITO aonHOBbte ipyHKUHH c;l>{n) H ¢(6.) 06pesa10T HHTerpu-
.. -➔ 

poaamre no nepeMeHHblM n H /j,. npH ManbIX HX 3Ha'leHHSlXt nonO>KHM 

Bc10ny, rne 8TO He npHBonHT K CHHrynHpHOCTH, B TOM 'IHCne H B 3aKoHax co-
➔ ➔ 

xpaHeHHSI, 6. = n = 0 H OCT8BHM nHWb HaHoonee CHHrynSipHbie no ManbIM 

aenK'IHHaM n H /j,. 'lneHbI B nponaraTope: 

➔ ➔ 1 
[dq) +E(ii")- dq .. +ii" + Li)-E(6.)+i0l- ... 

... [ _, 
cii+n><i --

dq} 
+ i O 1-1 • 
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Torna { 9) nepenHCbIBSeTCH B BHite: 

f 

➔ ➔~➔ 2 ➔ . ➔ ~ ➔ 2 
T (k,O;q;k-q) I -o[m-dq)+r (k)-E(k-q)]q dq 

p ~ . 

------------------------------ X 2· ➔ ➔ ➔ 
4mk(4rr) dq)E(k-q) 

➔ ➔ 
{ 10) 

Tn(q,O; q,0) 
x Re I ------ f.---~----1. 

. ➔ ➔ ➔ 

2m(2rr) 3 (~+n)q-iO 

ITocnenHHfi HHTerpan B {10) nerKo Bb1qncnsi:eTCH nepexonoM K KOOpllHHaTHOMY 

npencTaBneaHro H paBeH 

_i - f I ct, <i> 12 
4 IT ti 

dt 
t2 

( llOKaaaTenbCTBO CM., aanpHMep, B/ 2,3/). 

Hcnonbaysi: onTHqecKyro TeopeMy . 

i _ 1 
---<--> 

4rrq t 2 

( 11) 

rne B npaBofi qacTH (11) CTOHT nonaoe ceqeaHe BaaHMonettcTBHH paccMaT

pmiaeMofi qacTHUbl C aefiTpOHOM, KSK tpyHKUHH ee HMnynbca B n.c. aeiiTpoaa, 

nnsi: (10) nonyqHM: 

1 1 . 1 ➔ dap 
---<->a (q) -- . 

411 t 2 n dU ➔ 
q 

( 12) 

ITpoBonsi: aaanorHqHbie BbIKnanKH npH BblqHcneHHH npyrHX qneHOB HHTeptpepea

UHH aMnnHTYll onHoKpaTHoro H nByKpaTHoro pacceHHHH, nonyqHM nnsi: HX cyM

MapHoro BKnana Bblp8lK9HHe_ 

- _l_ <-L > I [a 1 (q) + a·1 (k)] 
4 IT t2 n n 
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t ➔ t ➔ 
+[u (q)+u (k)] 

p p 

➔ 

du (k) 
. n. -d n ➔ 

q 

I. 
(13) 

HaKoHeu, npHM8HSISI HCnon&syeMylO BbIWe TeXHHKY Y'l~Ta nHWb HaH6onee 

CHHrynsipHblX no ManbIM BHYTPHll8ATpOHHblM HMnynhC8M ti:neHOB, npH Bbl'IHCne

HHH BKnalla KB8llp8T8 aMnnHTYllbl llBYKP8THoro pacceSIHHSI B ceti:eHHe (17) no

ny'IHM, aanpuMep, .nm1 BKna.na TpeT&ero cnaraeMoro aMnnHTY.rtbI ( 1) 

da ➔ ➔ ➔ ➔ _1_ < _1_> f 
. 4 1T E2 .. 

.::.:;.a_ ( k' 0; s, k- s) dO: X 
dO ... 

X 

➔ 

s 

dan (s,O; q, i:-q) I 

dO<i' 

(14) 

r.ne S - HMDyn&C paCC8HBaeMOA 'ISCTHlibl nocne ·B38HMOJl81fCTBHSI ( KBa-

, suynpyroro) ee C ne pBblM HyKnOHOM ( B Jl8HHOM cnyqae npoTOHOM). B ( 14) 

SIBHO · BblilHCSHbl apryMeHTbl C8'18HHA: m,mynbCbl Il8.[ll:lIOiueA '18CTHllbl1 HyKnOHa 

MHWCHH1 paCCCSIHHOA '18CTHllbl H HyKnOHS · 10TJl8'1Ho ·npH noriyqeHHH ( 14) HCiIOnb-

30B8HO cneJlyromee COOTHOW8HHe: 

s 

d s) 
1 

(2 IT )3 f. 

cp * ( 11: ) cp ( l\~ ) d i 
1 

d ,i 
2 

2m+ dk)-E( K
1 
)-,E(;)-E(s➔+l 1 )+i0 

X 

1 
X 

2m +, (k)-E( K
2 
)- E(p)~E(;+Ll2 )-i0 

s 1 ➔ ➔ ... ➔ =-·-·--f c;t,*(l\)cf>(l\ )dl\ dl\ X 
d;) (2 IT) 3 . 2 I I 2 
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______ 1 _______ ll= 

2m + dk)- E <ii2)-E(p)-f(;+S2)-i 0 

( 15) 

= _l _ f cf,*(Li )cf,(i )d~ di 
3 2 l l 2 

(2 17) 

1 
X 

1 x[----------- 1 -----------]= 
➔ ➔ ➔ 

m+E(k)- f (s )-E(p)+iO m+dk)-l (;·)-E(p)-iO 

➔ ➔ ➔ 1 1 
=2rr8[m+E(k)-E(s)-E(p)]-- <---> 

4 IT I-~ 

Bonee rro.Qpo6.Ho rrony'le.HHe Bb1pa>Ke.HHS1 THIIa ( 15) paao6pa.Ho B pa6oTe141, B Ko

Topoft paccMaTpHBanHCb IIpouecChl THIIa .QBOftHoil: rrepeaapsi.QKH; aMIInHTy.Qa KOTO

pb!X B HH3llleM npH6nH>KE!HHH HMeeT CTpyKTypy aMnnHTY.Qbl .QByKpaT.Horo pac

cesi.HHSI. CoBeprne.HHo a.HanorH'IHO .Qnsi BKna.Qa qeTBepToro qneHa aMrrnHTy.Qhl (1) 

B ce'le.HHe ( 17) ( KOTOpbiil: SIB.HO He BbIDHCaH, a o6o3.H8'18H K8K ( p ➔ n ) • 

'ITO O3.Ha'laeT, 'ITO OH nonyqaeTCSI H3 npe.Qbl.QYIIIe_ro 3aMe.Hoil: npoTOHHbl~ xapaK

TepHCTHK Heil:TpOHHblMH H aao6opoT), OTB8't8IOlll88 pacceSIHHIO caattana Ha 

aeil:Tpo.He, a DOTOM npoTOHe, HM88M 

1 1 
-,<-> I 
4 IT I 2 

daP 
---"-- (k,O; s, k-s) dD8 -(s,O;s-q ). 

dos dO q 

da 
( 16) 
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IlfHTepcpepemurn TpeTbero II 'IeTBepToro qneaa ITO IIOpSIAKy, Benll'IIIHbl OT -

n111IaeTCSI OT Bblpa:l!<9Hl!H ( 14) 11 ( 18) MHO)KIITeneM (krd) -I . 11 BBIIAY ManoCTll 

rrocneaHero IIpll 5onblllllX k B OKOH'IaTenbHOe Bb!pa:lKeH11e ( 17) anSI Ce'IeHllSI 

He BKnIO'IeHa. 

TiosrnneHlle MHO:lKllTenSI IIOpSIJ:lKB (k rd) -I cpopManbHO CBSI38HO C TeM, 

'ITO IIpll Bbi"IllCnemrn yKasaHHoro IIHTepcpepeHUllOHHOro 'IneHa npeHe5peiKeHne 

Manb!MII BHYTPIIAefiTpOHHb!MII IIMIIynbCBMll BCIOAY B IIOAb!HTerpanbHOM Bb1pa:lKe

Hllll He Ilp!IBOUIIT K IIOSIBneHIIIO cnerynSipHOCTefi. 

CyMMHpySI Bb!pa:lKeHHSI ( 4)' ( 7)' ( 13)' ( 14)' rrony'Il!M OKOH'IBTenbHO nnSI 

ceqemrn: 

➔ ➔ ➔ ➔ 

da daP (k,q) dan (k,q) ➔➔ dapn ➔➔ 
--- = ----- + ~---- + 2 s (k- q ) --• - ( k, q ) 
an ➔ 

q 
an ➔ 

q 
an ➔ 

q an; 

_1_ < _1_ > d aP ➔ ➔ 1 ➔ t ➔ 
--- (k,q) [ a (q) + a (k) l + 

4 1T I 
2 

+ 

da 
- I ( __ P._ (k➔,;) 

dn; 

d n ➔ n n 
q 

d an ➔ ➔ t ➔ 
--(k,q)[a (q)+ 
d O ➔ P q 

d a (s, q) 
n 

➔ ➔ 

dan(k,s) 
----- + -----

d n~ d n; 

a
1 

( t)] 
p 

da (s,q) 
p 

an ➔ 
q 

)dn,:l. 

( 17) 

B ( 17) B All<p<pepeemrnnbHb!X ce'!eHIISIX OCTaBneHbl B KatteCTBe apryMeH

TOB nHllib HB'IBnbHbIH ll KOHe'IHbIH HMIIynbc paccellBaeMoil 'I8CTIIUbI. Bee ceii:e

HIUI B ( 17) OTHOCSITCSI K n.c. HyKnOHOB. 

Tipll rrony'IeHllll ( 17) He Y'IllTbIBanacb cmrnoBaSI 38BllCllMOCTb aMIInll':ryn 

pacceslHHSI, ll noaToMy sTa cpopMyna oTpaiKaeT nlllllb CTPYKTYPY ceqeHllSI B 
rrpI15nI1:lKeHHII y'IeTa JlBYKPBTHOro pacceSIHIISI. Bb1pa:lKeHI!SI nnH ceqem1lt pacceSI

HllSI Me3OHOB II HyKnOHOB JlefiTpOHBMll C y'IeTOM CIIHHOBOH ll ll3OCfllIHOBOH CTpyK

Typ aMrrnHTYJl MN - K N N -a3allMOJleficTBllH IIpll~OJlSITCSI B cneny10mefi qacTH 

sToro nccneaoBaHHSI. 12 
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neneHHblll yron, BKmoqa10mnx aqiqieKTbl AByKpaTHoro B381!M0AeHCTBIIH ee C HYK 
l!0H8MI! AettTpOH8o 

Coo611{8HHa O6~8AHH8HHOro HHCTHTyTa SA8PHYX HCC~8A0B8HHA 
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Quasielastic Scattering of Particles on Deuterons 

In the energy region, where the Glauber approximation cannot 
be applied, a number of simple expressions was obtained f9r_ th~~ 
cross section of a particle scattered by a deuteron at a certain 
angle. These expressions include the effects of the' double interac..: 
tion of the particle with the deuteron nucleons. 
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