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P4 - 10182 
803!SylK.Q8HH8 XOnnaX1'HBHblX COCl'ORHHA B c4lapH'I8CKHX R.apax npa 
B38HNOJ18IC1'BHH C npOl'OH8MH BbiCOXHX 3HapraA 

58 . 90 120 
llnR ccjlepH'Iacxax R.aap Nt , Zr a Sn pacC'IHl'aH&I HHrarpan&Hbie 

H llH«<HPepaHUH8n&Hb19 C6'16HHR B03!SylK.Q6HHR PR.a8 KOnneKTHBHblX COCTORHHI, 

BKnJO'I8R H30CK8nRpHb19 H H30B8KTOpHble rHraHl'CXHe pe30H8HCbl. nox838RO, 

'ITO HRl'eHcHaHocrH H3oaexropRbiX nepexo.aoa 3H8'1Hl'en&Ho no.aaaneH&I no 
Cp8BH9HHJO C H30CK8nHpHblMHo 

Pa!Sora BbtnonHeHa B na6oparopHH TeopeTH'IecxoA cjlH3HKH OH.RH. 

fipenpMHT 06beAHHeHHOro MHCTMTyTa B~epH~X 
,ay6Ha 1976 

MCCJle~OBaHMI 

Vdovin A. I. 
P4 - 10182 

Excitation of Collective States in Spherical 
Nuclei at High Energy Proton Interaction 

Integral and differential excitation cross ·sections 
for some collective states including isoscalar and iso­
vector giant resonances are calculated for spherical 
nuclei 

58
Ni ,

90
Zr and

120
Sn. The intensities of vector transi­

tions are shown to be strongly suppressed in contrast 
with isoscalar ones. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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BeeoeHue 

B nocneJJ.HHe roJJ.bi pe3I<O noBbicuncH HHTepec K H3y4e • 

HHIO ruraHTCI<HX pC30HaHCOB - I<OJlnCI<THBHbiX COCTOHHHH 

B HJ].pax npH 6onblliOH 3HeprHH B036y)l{)l.CHHH I . ruraHT • 

ci<ue peJoHaucw pa3nH4HOH MynbTHnonbHOCTH HJocKansp­

uoro H H30BCI<TOpHOrO THllOB Ha6niOJ].alOTCH B llOCnC)l.HCe 

apeMH npai<TH4CCI<H B HJ].pax C ni06biM aTOMHbiM BeCOM. 

3To cTano aoJMO)I{HWM 6naroJJ.apH nporpeccy a 3Kcnepu­

MeHTanbHOH TCXHHI<C H HanH4HIO "cnei<TpOCI<OllH4CCKHX" 

ny4I<OB qacTHU pa3nH4HOH 3HeprHH. 

An» H3Y4CHHH MynbTHnonbHWX ruraHTCI<HX peJoHaHcoa 

HCOOnb3YCTCH llJHpOI<HH Ha6op pa3nHtiHbiX HJ].CpHbiX peaK­

uuii - oT nornomeHHH y - I<BaHTOB u pacceHHHH :JneKTpouoa 

)].0 HeynpyrHX B3aHMO)l.CHCTBHH a)l.pOHOB annOTb )].0 3HeprHH 

1 F3B. B ~PoTOHJJ.epHbiX peai<UHHX c uau6onblliCH HHTeH­

cuauocTbiO B036y)I{J].aCTCH J].HOOnbHbJH pe30HaHC, C MCHb­

llJCH - I<Ba)l.pynonbHbJH. llpH pacceHHHH :Jnei<TpOHOB H a)l.po­

HOB MOryT B036y)l{)l.aTbCH pe30HaHCbl n1060H MynbTHllOnb­

HOCTH. BepOHTHOCTb HX B036y)l{)l.CHHH C)'lUCCTBCHHO JaBHCHT 

OT aenH4HHbl nepe)l.aaaeMoro HMnynbca. B TOH unu HHOH 

Mepe npu H3Y4CHHH ruraHTCI<HX pe30HaHCOB B pa3HbiX 

peai<UHHX B03HHI<aCT He06XO)l.HMOCTb BbJ)l.eneHHH pa3nH4HbiX 

THllOB ruraHTCI<HX pe30HaHCOB. 003TOMY OC06WH HHTepeC 

npe)l.CTaBnHIOT Tai<HC peai<UHH, B I<OTOpblX B cuny HX cne­

UH~i~HI<H CHnbHO B036y)l{)l.aeTCH onpe)l.eneHHWH BH)l. I<Onnei<­

THBHbiX COCTOHHHH. 
OnbiT, HaJ<onneHHbiH npu H3Y4CHHH pacceHHHH npoTOHOB 

BbiCOI<HX 3HeprHH Ha H.IJ.pax, roaopHT 0 TOM, 4TO npH B3aH­

MO)l.CHCTBHH C 4aCTHUaMH BWCOI<HX 3HeprHH B H.IJ.pax BOJ-

3 
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6y:>K.LJ;awTcn JIHWb orrpe.LJ;eJieHHb!e rpynnLI ypoaueu, cooT BeT­

CTBYIOI.l.{He rrepexo.LJ;aM C IIpaBHJiaMH OT6opa L\ TT = (-1)!\J H 

c\.T =00 llpuY:eM cpe.LJ;u Tai<oro po.LJ;a rrepexo.LJ;oa uau6onee HH­

TeucuanLI Te, B I<OTOpbiX B036Y:>K.LJ;alOTCH I<OJIJiei<THBHble 

COCTOHHHH H.LJ;ep
12

•
3

/o Tai<He OC06eHHOCTH MeXaHH3Ma pe­

ai<l.(HH II03BOJIHIOT Ha.LJ;eHTbCH Bbi.LJ;eJIHTb H30CI<aJIHpHble BeT­

BH MYJibTHIIOJibHblX peJOHaHCOB, OT.LJ;eJIHB, HaiipHMep, 830-

CI<aJIHpHblH I<Ba.LJ;pynOJibHbiH peJOHaHc OT .LJ;HIIOJibHOro H T olio 

3To 6LIJio rrpoHJIJIIOcTpupoaauo ua rrpnMepe H.LJ;pa SR Ni a 

paMI<ax IIO.LJ;XO.LJ;a, ocuoaauuoro ua rrpaaunax CYMM -' 2 ,:1, 0 

B .LJ;aHHOH pa6oTe HCCJie.LJ;yeTCH BeCb CIIei<Tp B036y:>K­

.LJ;eHHblX COCTOHHHH .LJ;HIIOJibHOrO H I<Ba.LJ;pyiiOJibHOrO THIIa 

a paMI<ax lli>JIYMHI<poci<orruY:eci<oro IIO.LJ;XO.LJ;ao KouueuTpauun 

CHJibi rrepexo.LJ;a Ha I<OJIJiei<THBHbiX COCTOHHHHX, eCJIH OHa 

HMeeT MeCTO, B .LJ;aHHOM CJiyY:ae .LJ;OJI:>KHa IIPOH30HTH aBTOMa­
TH4eCI<Ho 

~JIH OIIHCaHHH Heynpyroro B3aHMO.LJ;eHCTBHH IIpOTOHOB 

6onLmou 3Hepruu c H.LJ;paMu ucrronLJyeM B paMI<ax Teopuu 

rnay6epa 1IpH6JIH:>KeHue O.LJ;HOro Heynpyroro COY.LJ;apeHHH 

t -IOHCI, 'laC TO IIpHMeHHeMoe B IIOCJie.LJ;Hee BpeMH . o->. 0 T04-

uoc'ru rrpu6JIH:>Keuun OHC MO:>KHo CY.LJ;HTb, cpasuuaa.H pac-

· 4eTLI .LJ;H$$epeuunaJILHbiX ce'Ieuuu Bo36Y:>K.LJ;euu.~~ HH:>Kaiimux 

I<OJIJiei<THBHblX COCTOHHHH B paMJ<ax IIpHMoro rnay6epOBCI<o­

ro IIO.LJ;XO.LJ;a u OHCo Tai<ue pacY:eTbi 6LIJIH rrpoae)J,eHbi 

a pa6oTe /
6

/ .LJ;JIH Ji.LJ;pa 
12c o Ouu 'rroi<aJanu, 'ITo a o6nacTu 

rrepsoro .LJ;H$pai<l.(H0HHOro Mai<CHMyMa o6a IIO.LJ;XO.LJ;a OTJIH-

4alOTCH He 6oJILille 4eM ua lOo/oo llpu6nn:>Keuue OHC rrpu­

MeHHJIOCb a pacY:eTax ueynpyroro pacce.HHHH .LJ;JIH paJHb!X 

H.LJ;ep I<ai< B paMI<ax $opMaJIH3Ma rrepeXO.LJ;HOH IIJIOTHOCTH :J,:il) ·, 

Tal< H C HCIIOJib30BaHHeM IIOJIYMHI<pOCI<OIIH4eCI<HX BOJIHOBbiX 
'4/ <ilYHI<l.(HH HH:>KaHUlHX H)J,epHbiX COCTOHHHH 1 

0 JlyY:Ulee corna-

cue C 3I<CIIepHMeHTOM .LJ;OCTHraeTCJI B $OpMaJIH3MC rrepeXO.LJ;­

uou IIJIOTHOCTHo llpu6nn:>Keuue xopoUlo pa6oTaeT a cnyY:ae 

Jieri<HX H.LJ;ep B 06JiaCTH rrepaoro Mai<CHMyMa, a B 06JiaCTH 

BToporo- · .LJ;aeT· JaHu:>KeHHbie JHa'leHHH ceY:eHHHo B cJiyY:ae 

TJI:>KeJibiX H.LJ;ep 3I<CIIepHMeHT OIIHCbiBaeTCR ropaJ.LJ;O JIY4Ule 

BO BCeM HHTepaaJie H3MepeHHbiX yrJIOBo PacY:eTbi C IIOJiy­

MHI<pOCI<OIIH4eCI<HMH BOJIHOBbiMH <iJYHI<l.(HHMH .LJ;aiOT B He­

CI<OJibi<O pa3 3aHH:>KeHHYIO BeJIH4HHy Ce4eHHJI B IIepBOM Mal<­

CHMYMe no cpasueuuw c 3I<crrepuMeHTOMo 
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B )J,auuou pa6oTe .LJ;JIH Tpex c<iJepuY:eCI<HX R.LJ;ep I 58Ni, 
90 Zr u 120 Sn I rroJiyY:eHLI HHTerpaJibHLie u .LJ;H$$epeu-

uuaJILHble Ce'ICHHJI B036y:>K.LJ;eHHH HaH60Jiee I<OJIJiei<THBHbiX 
v J" 2 + v COCTOHHHH THIIa = B UlHpOI<OM HHTepBaJie 3HeprHH, 

BI<JIIO'IaJI H30CI<aJIHpHbiH H H30BeKTOpHbiH KBa.LJ;pyrrOJibHbiH 

peJOHaHCbl. ~JIJI R.LJ;pa 
90 Zr 6biJIO paCC'IHTaHO .LJ;H$$epeH­

l.(HaJibHOe CeY:eHHe B036y:>K.LJ;eHHJI .LJ;HIIOJibHOrO pe30HaHCao 

PacY:eTbi 6biJIH npoBe)J,eHbl C HCIIOJib30BaHHeM IIOJIYMHKpo­

CKOIIH'IeCKHX BOJIHOBbiX <iJyHI<l.(HH .LJ;JIH KOJIJieKTHBHbiX COCTOH­

HHH KBa)J,pyiiOJibHOrO H .LJ;HIIOJibHOrO THIIao 

llpo)J,eJiaHHble TeopeTH'IeCI<He pacY:eTbl HOCHT rrpe.LJ;cKa­

JaTeJILHbiH xapaKTep, TaK KaK B HaCTOHll.(ee BpeMR OTCyT­

CTBYIOT 3KCrrepHMeHTaJibHbie .LJ;aHHbie )J,JIH BCeX paCC4HTaHHbiX 

KOJIJICKTHBHbiX COCTOHHHH Ja HCKJII04eHHeM HH:>KaHUlero CO" 

CTOHHHH J" ~2+ B :ill Ni o ilOJiyY:eHHbie peJyJibTaTbl MoryT 

CTHMYJIHpOBaTb .LJ;aJibHeHUlee 3I<CrrepHMeHTaJibHOe HCCJie.LJ;o­

BaHHe ueynpyroro aJaHMO.LJ;eiicTBHH HYI<JIOHOB 6oJibillOH 

3HeprHH C H)J,paMH H CIIOC06CTBOBaTb IIOHHMaHHIO MeXaHH3-

Ma B036y:>K)J,eHHH H)J,ep B UlHpOKOM .LJ;HarraJOHe 3HeprHH rrpH 

3TOM B3aHMO)J,eHCTBHHo 

TeopuJI u Memoo pac'lema 

lo B MO)J,eJIH r Jiay6epa B npH6JIH:>KeHHH O.LJ;HOro ueynpy­

roro coy.LJ;apeHHH 1 4. aMIIJIHTy)J,a ueyrrpyroro pacce.HHHR 

HYKJIOHa Ha H)J,pe Bb!pa:>KaeTCH 4epe3 MaTpH4HbiH 3JieMeHT 

OT npo<iJHJibHOH <iJyHKI.(HH r'j (o'- s~i ) C HeKOTOpbiM HCKa­

:>KalOll.(HM $aKTOpOM fj : 
-) -) 

I d 2be i q b r c • i k fi q)= --
2rr 

A -• _, 
< f 1 ~ I'. ( b - s. > s (b > I i > "' 

.i=l .I l 

A . -• , 
=~<f I I. S( s. )e•qsj 

p j=l .I 
f.(q)li>, 

J 

--) -) ...... 

• -• 1 _, -iq(b-sj) 2 
I'. ( b - s . ) ~ ---:-- I f . ( q) e d q 

.I J 2rrtp ·1 

S(b) =[1- Ir
0
(b-s)p (1)d 3r]~-I 

() 

Ill 

121 

131 
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3.u,eeb i u I f , - aonuoBbie «i>YHKUHH uaqanLuoro u Ko­
uequoro eoero.RHH.R euereMLI, b'- npuuenbHbiH napaMerp, 

s'.i - npot;KUH~ pa!,\HYC - BeKTOpa j - ro .H.U,pa Ha nnoeKOeTb 
BeKTOpa b ; k H p - BOnHOBble BeKTOpa HyKnOHa eOOTBeT­
CTBeHHO B CHCTeMe ueurpa Mace HyKnou- .H.U,pO H HyKnou­
HyKnOH, ·t 1.{ ,. h ( ~· r - k •i ) - nepe.u,aaaeMbiH HMnynLe. 

<l>yHKU.HJI S(b ), y'IHTbiBaiOII..Ia.R 34>«l>eKTbi ynpyroro nepe­
paece.RHHJI, Bhlpa•aeTeJI qepe3 O.U,HO'IaeTH'IHYIO nnOTHOeTb 
HyKnOHOB Po (f) H eKan.RpHyiO qaeTb HyKnOHHOH npo$Hm.­
HOH «i>YHKU.HH 1 ~~ (h'- s ). HyKnou- uyKnouua.H aMnnuTy.u,a 
fj HMeeT eTaH.u,apTHbiH BH.U,: 

f.<<i>;:A+B(a'n>·<;. n)tC(;;+;. )n+E(am).(J.m)+ 
.I J J J 

~ ' . 
tF(;P)(o.P), 

J 
141 

r.u.e 

A=A0 tA 1 (/r~); B 
.I 

-) -) 

. p x P~l_: m 
n '= ~ p xp' I 

Bn+ 8 1(;/) u r . .u,., 
.I 

p ' - P . p = [ ni xn I . ---, 
I p'- P I 

3.u,eeb p H p' - HMnynLCbt uaneraiOII..Iero HyKnoua .u.o H 
noene paeee.RHHJI B cucreMe u.eurpa Mace .u,ayx uyKnouoa; 
(J H ;;j I r H rj I - cnHHOBbte luJoenHHOBbtel oneparo­

pbi, eOOTBeTCTBYIOII..IHe HaneTaiOII..IeMy HyKnouy H j -My HyK-
nouy .R.u,pa. 

HaqanbHOe H KOHe'IHOe eoeTOJIHHJI eHeTeMbl MO*HO 
Januea Tb a au.u.e 

li>=ifl Ill 
IIi .Hi 

lf>=ifl Ill , 
H f 5I f 151 

r.u,e lfJEi H lfJHf- Ha'lanbHbie H KOHe'IHble enHH-H30enu­
HOBbie BOnHOBble $yHKUHH HaneTaiOII..Iero HyKnOHa C yqeTOM 
enuua H HJocnuua, a ¢ 51 i H Ill 51 f - uaqanLHble H KOHe'IHLie 

6 

·"t·.· ... ·. 
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BOnHOBhle $yHKUHH JI.U,pa-MHWeHH. lfl 51 i OnHChlBaeT oe­
HOBHOe COCTO.IIHHe 'leTHO-'IeTHOrO JI.U,pa, BOnHOBaJI $yHKU.H.II 

,t, u '7 I 
KOTOpOrO TpaKTyeTCJI KaK 'l'OHOHHbiH BaKyyM 1 

• · 

Q(AJ1 )lfl51 i = 0, 161 

a lfJHf - o.u.uo.Pououuoe aoJ6y•.u.euuoe eoero.Ruue: 

+ 
<f> H f = Q (>., JL ) <fl 51 i ' 171 

r.u.e onepaTop po•.u.euu.R .Pououa MynLrunonLuoeru AIL 
I o6oJuaqeuu.R auanorH'IHbt npuae.u.euH•biM B /i 1 I: 

+ 1 A . A-11 A " 
Q (AJ1)=- I 11/1 .. - A(jj';AJl)-(·-1) ¢ .. ' A (jj';A-,dl. 

2 jj' JJ JJ 

IB/ 

HenonLJY.R reu3opuy10 JanueL .u,n.R uyKnou-uyKnouuoii aM­
nnury .U.LI u pa3nara.11 "ueKa•enuyiO aonuy" S (s' i ) c i il ro;~i 
no e$epH'IeCKHM $yHKU.HJIM, MO*HO. npe.u,eTaBHTb HyKnou­
JI.U,epHyiO aMnnury.u,y B au.u.e cne.u,yiOII..Iero Bbtpa•euu.R, r.u.e 
Bbt.U,eneHbl MaTpH'IHble JneMeHTbl, eBJI3aHHbte C .II.U,pOM H 

uaneTaiOII..IHM HyKnOHOM: 

' k 
Ffi (q) = P < Ill I K t, a I !I> / !I> I M t, a I !I> -' • 

llf s,u IIi Hf II s,u Hi 
I 

t,a 
s,u 

191 

3.u,ecb s = 0, I u t = 0, 1 - paur cnuuoaoro H HJocnuuoaoro 
oneparopoa, I(t,a - cnuu-HJc::.),IHHOBbiH oneparop, 

.... s,u -. t,a 
cooraercTBYIOII..IHH uaneraiOII..IeMy uyKnouy, a MH s,u -

oneparop, cooraercTBYIOII..IHH uyKnouaM .R.u,pa. B npe.u,craa­
neHHH BTOpH'IHOrO KBaHTOBaHHJI 

M = I < j I M I j ' > a~ a. ' , 
51 j,j' HOJIII J j 

llOI 

3.U,eCb eyMMHpOBaHHe no j,j ' no.u,pa3yMeBaeT eyMMHpoaa­
HHe no seeM, B TOM 'IHene H no H30CnHHOBbiM, KBaHTOBbiM 

'IHenaM, a 

7 
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~ t,a I 
M .H O.QH = r fm 

e k Rn ( r) I < ems u I k q > [ y X as ] . 
Lm kq q 

0TMeTHM, 'ITO B 3aBHCHMOCTH OT BH)J,a 'laCTHUbl DO BXO)J.HOM 

H BbiXO.LJ.HOM KaHane onepaTop M.H 6y.LJ.eT HMeTb paJHyro 

CTpyKTypy. ~nH paccMaTpHaaeMoro HaMH cny'laH If.eynpyro­

ro BJaHMO.LJ.eiicTBHH npoTOHOB c H.LJ.POM onepaTop M
11 

nocne 

npoBe)J,eHHH CYMMHpOBaHHH no H30CnHHOBblM KBaHTOBbiM 
'IHCnaM JanHIIIeTCH B BH)J,e 

~ l 
M =(-1) I 

H . . , 
Jp Jp 

I < ems u I k q > < j I R n (r) X 
fm P rm 
kq ~ 

X [ ye X as ] k I j , > a ~ 
q p JP 

jnj ~ 
a. , + I 

JP /11/ 

r)J,e nepaaH CYMMa OTHOCHTCH K npOTOHaM, BTOpaJI - K 
HeiiTpOHaM. 

Bhlpa)l(aH onepaTopbi PO*.LJ.eHHH H YHH'ITO)I(eHHH 'laCTHU 

• 'lepe3 onepaTOpbi cPOHOHOB H HCnOflb3YH HX npaBHna KOMMy­

TaUHH 1
7 
I, nyTeM .LJ.nHTenbHbiX npeo6pa3oBaHHii MO)I(HO nony- . 

'IHTb Bbipa)l(eHHe )].flH HyKnOH- H)J.epHOH aMnnHTY.LJ.bl, a laTeM 

H .LJ.nH .LJ.HcjlcjlepeHuuanbHoro ceqeHHH. llpH'IeM nocne.LJ.Hee, KaK 

06bl'IHO, nonyqaeTCH ycpe)J,HeHHeM KBa)J.paTa HYKflOH- H)J.epHOH 

aMnnHTY.LJ.bl no Ha'lanbHbiM CnHHOBbiM COCTOHHHHM H CYMMH­

poBaHHeM no KOHe'IHbiM COCTOHHHHM. 0KOH'IaTenbHOe Bbi­

pa)l(eHHe .LJ.HiblbepeHuuanbHoro ce'leHHH .LJ.nH clbepuqecKHx H.LJ.ep 
HMeeT cne)J,yiOJUHH BH)J,: 

8 

da0 -·A _ 
dQ ---

q2ro2 r kk' 2A 
-=-r e I ( A A *, + C C * p l,l, l l l l, 

~ s "'ol ~ s, = o l * x; e=A e',=A + 

m = 1.1. m =1.1. 

) X 

~ 

' 
.l. ., 

··r·' 

I 

1
.!· 

f 

•. 1* 
'1/ 
;\ll 
4l 

!,fo 

~.· 

• 

+ _l_ ( C C*, + B B *, + F F ~ ) I 
2 lt lt ttfm 

~ s=l ~~ s'=l ~* 

~~::-~ fm~~~(:~ ~ + 

r)J.e 

t I [ E E *, - L ( C C *, + B B '+; t- F F* , ) ] x 
1.1. ,f ,f, l l 2 l l t t t t 

X <f ,.dO !All'' f' 1110!A 11> X l s=l!!S~=1!* 
ffi=j.l. m =1.1. 

- ~(C C*, +B B*, -F F<~<,) X 
2 l I l I l t 

X I 
11;U' [

<fi1-111IAI1><P'I1dl -l!A11>1

8

=l ~~~~~ !* t 

m=11-1 m =!1+1 

+<P11+1 1-l!A11><f'11-1 11 

1 
s=1 \ ~ s'=l \*]] ! A 11 , , 

m=11 1 1 m ~11- I 

~ ~ ~ l 
=(-1) I 

in'i ~ 

nLj,n 'L 'j' 

I 
fm ( n) 

L'-L ------
\'' (2j I 1 }(2j 'tl) X 

xE' 
1/2 1
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-t-.L(o u+ 
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-o 
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)¢ 0 0, 

1
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A 
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1n J n 
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jpj ~ 

+ 

nLj , n' L 'oi' 
3)\_eCb I Pm ( n. p) - pa.n.HanbHhie HHTerpanbi, 'IHCna 

U fj ' npe.IJ.CTaBnJJIOT co6oif KOM6HHai..J;HH K03$$HI..J;HeHTOB 

KaHOHH'IecKoro npeo6paJoBaHHJJ HoHo6oroni06oaa OT 'lac­
THu; K KBa3H'IaCTHI..J;aMo 

~ 

20 TeopeTH'IeCKHH H 3KcnepHMeHTanLHhlH aHanH3 HYK­

noH-HyKnouuoif aMnnHTY.lJ.hi npH 6onhWHX 3HeprHJJX H Manwx 

nepe.n.aaaeMbiX MOMeHTax npHBO.IJ.HT K BbiBO.IJ.y, 'ITO OCHOB­

HOH BKna.n. a aMnnHTY.IJ.Y .n.aiOT 'lneHbi A H C IRI_ llo3TOMy 

B pacqeTax npHHHManHCb BO BHHMaHHe TOnbKO 3TH 'lneHhl. 

Mbi annpoKCHMHpoaanH HyKnou- HyKnouuyiO aMnnHTy .ll.Y cPYHK­
I..I;HJIMH BH.IJ.a 

fo{(i) = paj(a_L i) -l/ 2 q2(32 
1 4 11 e 

3Ha'leHHJJ napaMeTpoa a j /nonHoe ce'leHHe/, ai /oTuo­

weuHe Bel.l.(eCTBeHHOH H MHHMOH aMnnHTY.IJ./ H {J /3$$eKTHB­

HhlH pa.IJ.HYC B3aHMO.IJ.eHCTBHJJ/ no.n.6HpaiOTCJI Ha OCHOBe 

3KCnepHMeHTanbHhlX .IJ.aHHhiX no pacceJJHHIO Ha CB060.IJ.HhiX 

HYKnouax. 3Ha'leHHJJ 3THX napaMeTpoa 6LmH B3JJThi H3 19' pa6oTbi' ' 

3. CTPYKTypa aonHoaoif cPYHKI..J;HH B036Y)f(.IJ.eHHoro co­

CTOJJHHJJ R.IJ.pa paCCMaTpHBanacb B paMKaX nonyMHKpOCKO­

nH'IeCKOH CBepxTeKy'leH MO.IJ.enH aTOMHoro R.IJ.pa, B KOTO­

poif, KaK H3BeCTHO, Y'IHThlBaJOTCJI cnapHBaTenbHhie H Mynb­
THnOnb- MynbTHnOnbHhie OCT a TO'IHhle Me)f(HyKnOHHhle CHnhl. 

Tpa.IJ.HI..J;HOHHO caepxTeKy'laJJ Mo.n.enh npaMeHJJnacb npa onH­

caHHH cao:HcTa HH3Kone)l(ai.I.(HX R.IJ.epHhlX ypoaHeif. Ee an-· 

napaT, O.IJ.HaKo, MO)f(HO c ycnexoM HcnonLJOBaTh H .n.nR onH­

caHHR BbiCOKOne)l(ai.I.(HX COCTOJIHHH, B 'LfaCTHOCTH, COCTOJIHHH 

THna raraHTCKHX peJoHaHcoa. 3To 6wno noKaJaHo a pa6o-

10 
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' 'A 
!t 
~ ·I 

~, 

TaxiiO,ll/. B HaCTOJJI.I.(Hx pac'l.feTax aonuoawe cPYHKI..J;HH BJJJ­

Thi H3 pa6oT/JJ/.KonneKTHBHhie COCTOJIHHJI C } 17 =2+ reue­

pHpOBanHCb H30HHBapHaHTHhlMH KBa.n.pynOnb- KBa.n.pynonhHbi­

MH CHnaMH, a 1- -pe30HaHc - H30BeKTOpHbiMH .IJ.HnOnb­

.IJ.HnOnbHhlMH. Heo6xo.n.aMo OTMeTHTh, 'ITO T .K. Mhi He­

nonbJoaanu paJnH'LfHhle napaMeTphl npoTOHHoro H ueifTpou­

uoro cpe.IJ.HHX none:H H HeHJOHHBapuaHTHhle cunw cnapHaa­

HHJJ, nony'l.feHHhlM B036y)f(.IJ.eHHbiM COCTOJIHHJIM, CTporo ro­

BOpJJ, uenh3R npanacaTb onpe.n.eneuuoe JHa'l.feHHe HJocnHua. 

B 3TOM CMhlcne acnonhJyeMwe HaMH HaJBaHHJJ "H3ocKanJJp­

HhiH" H "H30BeKTOPHhiH" no OTHOWeHHIO K pe30HaHCaM He­
CKOnbKO YCnOBHbJ. 

4. Heo6xo.n.uMaJJ a pac'l.feTax R.n.epuaJJ nnoTHOCTh 6pa­

nacb B BH.IJ.e Tpa.IJ.HI..J;HOHHOH $epMH-nnOTHOCTH. llapaMeTpbi 
nnOTHOCTH 6hlnH B3JITbl H3 pa6oT/I 2 /. 

Pe3YAb1fiU1flbl 

1. Ha HH)f(Heif 'laCTH puc. 1-3 .n.nR c$epHtjeCKHx R.IJ.ep 511 
Ni , 

90
Zr H 

120
Sn npe.n.cTaaneHLI HHTerpanLHLie cetjeHHJJ 

ueynpyroro pacceJJHHJJ npoTouoa c B036Y)f(.IJ.eHHeM pR.n.a 

KonneKTHBHhlX cocTOJJHHH THna ] 17 = 2+ b T ""0, I, a TaK)f(e 

cocTOJJHHit c J" = 1-; T = I .n.nR R.n.pa 9 Zr . , B HHTepaane 

3HeprHH OT 0 .ll.O 30 M3B 6MnH OT06paHbl HaH6onee KOn­
neKTHBHhJe cocTOJJHHJJ. Mepoif KonneKTHBHOCTH cny)f(HnH 
aenH'LfHHhi npHae.n.eHHhiX aepoJJTHOcTeif E A - nepexo.n.oa ua 

3TH COCTOJIHHJI. 3TH BehH'IHHhl /H3MepeHHhle B O.ll.HO'Iac­

TH'IHbiX e.n.HHHu;ax/ - B(EA) s.pouo H3o6pa)f(eHbi a aepxueu 

tjaCTH puc. 1-3. bblnH OT06paHbl COCTOJIHHJI, .IJ.nR KOTOpbJX 

B(EA) SopoUo ~ 1. TaK KaK Mbl Hcnonh30BanH .ll.OCTaTO'IHO 

6onbWOH 6a3HC O.IJ.HO'LfaCTH'IHhlX COCTOJIHHH /CTai..J;HOHapHhle 

H KBa3HCTai..I;HOHapHhle COCTOJIHHJI C 3Heprueii OT .IJ.Ha noTeH­

I..J;HanbHOH RMhi .n.o - +25 M 3B/, To B (E A) pacC'LfHThlBanach 

c HyneawM 3cPcPeKTHBHhiM JapR.IJ.OM. KoHcTaHThl H30CKanRpHwx 

H H30BeKTOpHhlX CHn Bhl6HpanHCb H3 ycnOBHJI onucaHHJI 

3KcnepHMeHTanbHhlX 3HeprHH nepBhlX KOnneKTHBHhlX COCTOJJ­

HHH a H30BeKTOpHhlx rHrauTcKux pe3oHaHcoa. KaK BH.IJ.Ho 

H3 ma6AUI.Ibl, Ha6niO.n.aeTcR .n.ocTaTo'l.fuo xopowee cornacue 
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BE21 
sp 

5 

BIE2 
s.p 

I 

2.5 

; f 0.5 

"' I 0.3 

0.1 

Puc. 1. Ilpu8eoeHHble 8epoRmHocmu E2- nepexooo8 U3 oc­
H08Hozo cocmoRHUJI ~ 8036yJKoeHHoe 8 ooHotlacmu'lHbiX 
eOUHUijQX OAJI JIOpa 018 Ni. OmAOJICeHbl YP08HU a" . 2 ~) c 
B(E2) ;;:; 1 /8epxHRJI 'lacmb pucyHKa/. HHmezpaAbHble 

s.p.u. 
cetleHUJI 8036yJKoeHUJI mex JKe ypo8Heu npomoHaMu c .:mep­
zueu 1 F3B /HUJICHJIJI 'lQCmb pucyHKa/. 

~ 

SBN, 
J"·ZO 

J ,._.it 

J"•2" ' 

B(F:l) 

I lJ. 

' . ---... .... 

sp2 

BIE2 
S.p 

5 

I 

~~......_~-::-'::-'.......,. BIE2 
2 6 10• 14 18 22 26 JO s.~5 

E IMtVI 

I 
; 

I o.J 

1.2 .Qo. 
e 
too I 

~ 

J I, 
9Dzr 

J"·1-
' 

J"· z-

r r 
f.z-

I J . 
• 

·' I ..... 
2 6 10 14 18 22 26 30 

EIMeVI 

........ 
Puc. 2. Ilpu8eoeHHble eepoRmHocmu E1- u E2- nepexooo8 u3 
OCH08HOZO COCmOJIHUJI 8 8036YJKOeHHOe 8 OOHO'lQCmU'lHbiX 
eouHut~ax OAR Ropa 9°zr. OmAoJKeHbl ypoeHu (J" ·~ 1- u 
J" =2+) c B (E2) ... p.u. ~ 1 /eepxHRJI \lacmb pucyHKa/. HH· 
mezpaAbHble cetleHUJI eo36yJKoeHUJI mex JKe ypoeHeu npomo­
HaMu c 3Hepzueu 1 F3B /HUJICHJIJI tlacmb pucyHKa/. 

12 

Ta6Aut~a 

3anLU1JtaB_l B(Eils.p.u. ~CW.IJtR 
sa H.-po J" T 

I:J!tcnep•· Teop11a 3JtC08p1018HT T8opxa 3&cnepxwea1 .lleHT 
2+ 0 I,45 I,45 9,6 II I3 5HNi 2+ 0 I4,9 I6 7,2 I 

) -2+ I 29,6 27,2 5 - I4 
v' 

I 
2+ 0 2,I86 2,I86 9,4 6,0 I5 

6,2:0,70 
vuZr 

5,I;t 0,29 

3,I 
2•, 0 I2,6 I4 9,1 8,3;t 2,5 16 2+ I 27 28 2,8 -, 
r I 16 16 2,5 4,3: 1,3 

,, 

2+ 0 1,175 1,175 22 II,78 IJ 12U Sn 2+, 0 IJ 13 9 - I 
2~ I 24,3 j - 2,4 -

TeopeTH1.feCKHX 3Ha1.feHHH B(EA) s.p.u. c HMeiOJ..QHMHC.II 

3KcnepHMeuranLHhiMH 3Ha1.feHH.IIMH. Ha PHCYHI<ax 1.feTI<o 

BH~Ho, 'ITo HHTeHCHBHOCTH E2 -nepexo~oo cocpe~oTo1.feHhl 
o rpex o6nacr.11x. llepoa.11 o6nacrL BI<nJ01.faer xopowo HJy-

1.feHHLie HH)f{aHWHe I<OnneKTHBHhle COCTO.IIHH.II. Ko BTOpoif 

112·15 M3BI OTHOC.IITC.II COCTO.IIHH.II, o6paJyJOJ..QHe rHraHT· 

CKHH I<Ba~pynonLHhiH HJOCI<an.llpHhiH peJouauc, nono)f{eHHe 

KOTOporo 06hl1.fHO ODHChlBaeTC.II ~eHOMeHonorH1.feCKOH ~Op­
Mynoif: E 8 = 60 A -1/J M3B Ia ma6AU!Ie COCT011HH11 c ] 17 =2: , 
T =0 I. K TpeTLeH: 124-30 M3BI - OTHOC.IITC11 COCT011HH11, 

o6paJyiOJ..QHe rHraHTCKHH I<Ba~pynonLHhiH HJOBeKTOpHhlH pe­

Jouauc3 KOTopoMy npHnHChiBaercg nono)l(eHHe oKono 
120A -I/ 'M 3B Ia ma6Aut~e cocT011HH11 c ] 17 = 2 ~ , T = 1 1. 

13 
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Puc. 3. flpueeoeHHble eepoJimHocmu E2 - nepexoooe U3 oc­
HoeHozo cocmoJIHUJI e eo36yJKOeHHOe e oOHo<~acmu'IHblX eou­
HU!JUX OIIJI JIOpa 120 Sn. OmlloJKeHbl ypoeHU (Jrr =- 2 +-) c 
B(E2),_

11
.u. ~ 1 jeepXHJIJI <~acm& pucy!_!Ka/. HHmezpallbHble 

ce<~eHUJI eo36yJKOeHUJI mex JKe ypoeHeu npomoHaMu c 3Hep­
zueu I T3B /HUJKHJIJI 'IQCMb pucyHKa/. 

BIE2 
sp 

I 120sn 
16 

8 

BIE2 
sp 

5 

I 

0.8 

.ll 
e 
to 

0.4 

2 

.1 .. 2. 

~ .I 1 o'r~~---,--.---r-~~~~-

~ 
58Ni 

J"·2·E=1.1.5MeV -f.. eff=1 5 
-- J.. eft= 1 5• v 

J .. 2. 

1 

10 

.I 
6 10 14 18 22 26 30 

EIMeVI 

... 
C1l 
<;;:;1 
~ 
E 

~~ 

~ 
II 
\ 

1 
I 

~ 

'•'I 
I I 

I/'\ I 
I \ 
I \ 

Ill t 
i \ 

1 

5 6 7 8 10 11 12 

--A. eft= 25•V 

!til I 

tl /., 
I 

I 

15 16 17 

9ldegl 

Puc. 4. AuflifliepeHZJUallbHble ce<~eHUJI eo36yJKOeHUJI HuJKau­
wezo K0/1/Iei<MUBHOZO COCMOJIHUJ1(11T =2+) 6 JIOpe 58 Ni npomo­
HQMU c 3Hepzueii 1 T3B. s - pac<~em&l c y<~emoM u3ocKa­
IIJIPHblX ocmamo'IHbiX MYII&munoll&- MYII&munollbHblX cu11; stv -
pac<~embl c y<~emoM U30CKaiiJIPHbiX u u3oeeKmopHbiX ocma-

2 da . 
mo'IHbiX MYII&munoA&- MYII &munoii&HbiX cu11; -\. rh= ( dn-) /(-dadn), 

3't' u 'JKC ~,1eop 

- 31<CnepUMeHMQ/IbHble OQHHble U3 pa6ombl /l 7/. 

14 

BeJIH'IHHbl B(E2 >s.p.u. .LlJIJI COCTOJIHHH H30cKaJIJipHoro u 

H30BeKTOpHOrO THDa Ha pHCYHKaX H306pa~eHbl OT,lleJILHO. 

TaKaJI CTPYKTypa ruraHTCKHX pe3ouaucoo nonyqaeTCJI 

B rapMOHH'IeCKOM llO,llXO,lle, KOr,lla ruraHTCKHH pe30HaHC 

paCCMa TpHBaeTCJI KaK KOJIJieKTHBHOe O,llHOci>OHOHHOe COCTOJI· 

uue. EcTecToeuuo, 'ITO c ytieToM aurapMOHH'IHOCTH cne­
.nyeT o~u.naTL ycno~HeHHJI CTPYKTYPLI ruraHTCKHX pe3o­

uancoo. 

H3 auaJIH3a puc. 1-3 MO~Ho c.nenaTL cne.nyiOJJ.{He oqe­

BH.LlHLie BbiBO,llbl . 

11 Hau6oJILWHe 3HatieHHJI HHTerpaJILHLIX ceqeuuu nony­
tieHLI ,llJIJI HH~auwero KOJIJieKTHBHoro KBa.npynoJILHoro co­

CTOJIHHJI H ruraHTCKOrO KBa,llpynOJibHOrO H30CKaJIJipHoro 

pe3onauca. 

21 lfHTerpaJILHble Ce'IeHHJI ,llJIJI COCTOJIHHH H30BeKTOp­

HOrO THna IBKJIIO'IaJI ruraHTCKHH ,llHnOJibHLIH pe30HaHC 

B 
90 

Zr, J rr = 1- , T "'1 I HMeiOT oqenL MaJILie aeJIH'IHHLI. 

2. Ha puc. 4-7 H3o6pa~eHLI ,llJIJI Tex ~e ccl>epuqecKux 

Jl,llep 1511Ni , 90 Zr u 
120 Sn I .nucl>cl>epeuu.uanLHLJe ceqeuuJI 

B036y~,lleHHJI HH~aHWHX KOJIJieKTHBHbiX COCTOJIHHH C ]'7 =2 +-, 
KBa,llpynOJibHbiX ruraHTCKHX H30CKaJIJipHbiX H H30BeKTOpHbiX 

pe30HaHCOB H ,llHnOJibHOrO ruraHTCKOrO pe30HaHCa I.LlJIJI 

Jl,llpa 
90 Zr I. 

B cpe.nnux R.npax HMeeTCJI TOJILKO o.nno JKcnepnMeH­

TaJILHoe .nncl>cl>epenu.uaJILHoe ceqeuue aoJ6y~.nenuJI KOJIJieK­

THBHoro COCTOJIHHJI 2+ B Sf~Ni /l 7 (Ho3TOMY Ha puc. 4 
npoae.neno cpaaueuue JToro JKcnepuMeHTaJILHoro cetieHHJI 

c TeopeTH'IeCKHM. TeopeTH'IecKoe ceqenue pacctiHTLIBanocb 

c .LlBYMJI ou.naMH aoJIHOBLJX ci>YHKU.HH. B cnyqae, Kor.na 

npHHHMaJIHCb 80 BHHMaHHe TOJILKO H30CKaJIJipHble MYJILTH­

nOJib- MYJILTHnOJibHbie CHJibl Ina pHCYHKe OH 0603Ha'IeH 

qepe3 s I, pe3yJILTaT nonyqaeTcJI uecKOJILKO xy~e, 'IeM 

B CJiyqae C HCnOJib30BaHHeM H30CKaJIJipHbiX H H30BeK­

TOpHbiX, MYJILTHnOJIL- MYJILTHnOJILHLIX cun lo6o3uaqeuue ua 

pucyuKe s + v I. Ho u o cnyqae s + v TeopuJI .naeT Jauu­

~euuoe Juaqeuue ce'IeHHJI no cpaauenuw c JKcnepuMeu­

TOM. ECJIH BBeCTH OU.eHKy TeopeTH'IeCKHX pactieTOB Ce'IeHHJI 

no cpaBHeHHIO C 3KCnepHMeHTOM B BH,lle 

d / do 2 
( a ) (---) =,\ chrh, TO dO- 3KC d Q Teop 3't''t' 

6y.neT BH,llHO, 
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Puc. 5. ,l(u¢¢epeHliUOAbHble cet~eHWl eo36yJK:oeHUR U30CKa· 
ARpHozo (J" ,.2~ , T ,Q) u u3oeeKmopHozo (1 77 ~2;, T~l)Keao­
pynoAbHbiX zuzaHT!lCKux pe3oHaHcoe e ROpe 58 Ni npomoHaMu 
c :JHepzueu 1 F:JB. 

//, ... '\ 
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- 2SE =1L.902MeV 

-- 2~E=29875Mev 
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I I 
I I 

1 2 3 L 5 6 7 8 9 10 11 12 13 

91deg) 
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... 
Ql 

Ui 
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,a·• 

9Dzr 

- 2•E=2182MeV 
' \ -- 2$E=12 6L8MeV 

I 
I 

!(\\ - -2~E=2700 MeV 

I ' 
- -1~ E = 16 00 MeV 

I 

I' \ I 

/', I 

I I 
\ 

I :\ 
I :I 
I I I I 

I 1

1 
I 

I/'\\ 

I I I 

I 
I 1 \ I I 

I I I 

I 
I I 1 \ 
I I I 

.1.1.. -+ ~.a. ~ 

1 2 3 L 5 6 7 8 9 10 11 12 13 

8ldegl 

Puc. 6. Au¢¢epeHliUOAbHble cet~eHuR eo36yJK:oeHUR HUJK:au­
wezo IW.~VleKT!lUBHOZO COCT!lORHUR ( } 77 c' 2·+-), U30CI<QARpHOZO 
{J 77 =o2~,T -0) U U30Bel<1!10pHOZO (J 77 -2~,T=l) KeaopynoAb· 
HbiX zuzaHmc:Kux pe3oHaHcoe u ounoAbHozo (1 77 "l~,T=-1) 
zuzaHmcKozo pe3oHaHca e ROpe 90 Zr npomoHaMu c :JHep­
zueu 1 FJB. 
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8ldeql 
Puc. 7. Au¢¢epeHliUaAbHble cet~eHuR eo36YJK:OeHUJI Hu-
JK:auwezo I<OAAei<T!lU8H020 COCTflORHUR( J 77 :2 '1, U30CI<QAJIPH020 
(J" =2!, T = 0) u u3oeeKmopHozo (J" ~2:, Td) KeaopynoAb· 
HbiX iuzaHmcKux pe3oHaHcoe e ROpe 120 Sn npomoHaMu c 
:JHepzueu 1 F:JB. 
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'ITO npu .A~J<t$=2 TeopeTH'IeCKHe pac'leTbi xopowo cornacy­
IOTCJI C 3KCnepHMeHTOM B paHOHe nepaoro MaKCHMyMa H 
~aiOT 3auu~euuwe 3Ha'leHHJI ce'leHHJI B o6nacTH BToporo 
MaKCHMyMa. 3TH ~aHHble TaK~e He npOTHBOpe'laT npe~bi~y­
IUHM pac'leTaM ~H$$epeHIJ,HanbHOrO Ce'leHH.II B036y~~eHH.II 
HH~aliwe ro 2+ - COCTOJIHHJI SS1 Ni, BbiDOnHeHHbiM B auano-

18 
rH'IHOM no~xo~e a pa6oTe 1 

·• Hawn pe3ynbTaTbi cornacy-

IOTCJI ~a~e HeCKOnbKO ny'IWe C 3KCnepHMeHTOM, 'leM ~au­
Hble I Ill/. 

Ha puc. 5 ~nJI JI~pa all Ni noKa3aHbi ~nJI cpaauenHJI 
~u<t><t>epeuuii1InbHbie ce'leHHJI B036y~~eHHJI ruraHTCKHX H3o­
cKanJipHbiX H H30BeKTOpHbiX KBa~pynonbHbiX pe30HaHCOB. 
113 pucyHKa xopowo su~uo, KaK cunbuo no~aaneuo B036y~­
~euue rurauTcKoro u3oBeKTopuoro pe 3ouauca no cpasueHHIO 
c H30CKanJipHbiM. TaKaR >Ke KapTuua ua6niO~aeTcR ua 
puc. 7 ~n11 JI~pa 1 :w Sn . 

•HI. 
Ha puc. 6 ~nJI JI~pa Zr. KpoMe ~u<t><t>epeuuuanbHbiX 

ceqeuuli so36y>K~euuJI KBa~pynonbHbiX pe3ouaucos, npu­
ae~euo ceqeuue B036y~~eHHJI ~unonbuoro pe3ouauca. 11 
3TOT pucyuoK xopowo ~eMOHCTpupyeT, 'ITO B paccMaTpusae­
MOM cnyqae H30BeKTOpHbie MO~bl KOne6aHHH CHnbHO no­
~aaneHbl. 

3a K/lPO'le HUe 

Pe3ynbTaTw ~auuoil pa6oTbi no~TBep~~aiOT, 'ITO ue­
ynpyroe pacceJiuue npoTouoa c 3Heprueil oKono 1 F3B 
MO~eT 6biTb HCOOnb30BaHO ~ng B036y~~eHH11 ruraHTCKHX 
pe3ouaucoa H30CKanJipuoro Tuna. ~eilcTBHTenbuo, uanpu­
Mep B 11~pe 58 Ni, TeopeTH'IecKoe ~u<t><t>epeuuuanbuoe ce­
qeuue B036y~~eHHJI KBa~pynonbuoro rurauTcKoro pe3o­
uauca Toro ~e nopB~Ka, 'ITO u ceqeuue B036y>K~euuJI uu-

u J" 2 + c u :>Kauwero KOnnel<THBHOrO COCTORHH.II C = ·, ~pyroH CTO· 
pOHbl, pe3ynbTaTW pac'leTOB llOKa3biBalOT, 'ITO H30BeKTOp­
HWe MO~bi Kone6auuil cunbHO no~aaneuw no cpaaueuu10 
c B30CKanBpHbiMH. 11 no 3TOH npH'IHHe npoueccbi ueynpyro­
ro pacceRHB.II npOTOHOB 6onbWOH 3HeprHH O'leHb y~o6HW 
~nJI Bbi~eneHBR, cKa:>KeM, rurauTcKoro KBa~pynonbuoro 

H30CKanRpHoro pe30HaHCa, T .K. 06W'IHO MaCKBPYIOUJ,BH KBa~-
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pynonbnwe nepexo~w B peaKUBBX ( e, e ' ) B c npoToHaMB 
HeBWCOKBX 3HeprBH ~BnOnbHWH ruraHTCKBH pe30HaHC B 
3TOM cnyqae 6y~eT cunbuo no~aaneu. 
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