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BoaMO)I{HOCTb o6Hapy)l{eHHst r'Hr'BHTCKHX peaoHaHcoe Bhrcoxoll: 

MynbTHfiOnbHOCTH B Heynpyr'OM paccestHHH 6bJCTpb!X npOTOHOB 

Ha npHMepe aelj!opMHpoeaHHOr'o S!Opa 
154 Sm noKa3aHa eoaMolKHoCTb 

H861YloAaHHSI pa3nH'IHhlX H30CKBnS!pHblX r'Hr'SHTCKHX pe30H8HCOB npH Heynpyr'oM 

paccestHHH nporoHoB c aHepr'Hell: I faB. DnSI pac'lera AH¢¢epeHUHanbHhlX 

H HHTer'panbHhlX Ce'laHHH pacCeSIHHS! HCfiOnb3Y~TCS! MHKpOCKOfiH'IeCKHe 

nepeXOAHhle nnOTHOCTH H MOOenb fnay6epa. 

Pa6ora BhinOnHeHa B na6oparopHH reopeTif'leCKOH tPH3HKH OHHH. 

fipeDpBHT 061.eJl)IReHHOrO BHCTBTfT& a,qepBWX BCCJie.QOII&BBI • JlYC5R& 1977 

Akulinichev S.V., Shilov V.M. P4 - 10940 

Possibility of Discovering Giant Resonances 
of High Multipolarity in Inelastic Scattering 
of Fast Protons 

Taking a deformed nucleus 154 sm as an example, 
a possibility of observation of different isoscalar 
giant resonances in inelastic scattering of 1 GeV protons 
is shown. For calculation of differential and integral 
scattering cross sections microscopic transition densi~ 
ties and the Glauber model are used. 

.The investigation has been perftormed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BBEAEHHE 

Bonpoc cymecTBOBaHHX ruraHTCKHX pe3oHaHcoB MynLTH

nonLHOCTH (L > 3) ,D.O CHX nop OCTaeTCX, no cymeCTBY, OT

KpblTblM H3- 3a OTCYTCTBHX Ha,D.e)I(HbiX 3KCnepHMeHTallbHblX 
/ 1 2 I 

,D.aHHblX · · - BecLMa Mano H3yY:eHLI H ruraHTCKHe E 3 -
pe30HaHCbl, OC06eHHO B CllO)I(HblX Jl,D.pax. C ,D.pyroii: CTOpo

Hbl, x,D.epHble MO.D.enu npe.D.cKa3blBaroT cymecTBOBaHue ru

raHTCKHX pe3oHaHCOB BbiClliHX MYllLTHnonbHOCTeii, 6nH3KHX 

no cooeii npupo,D.e K xopomo H3BeCTHbiM El- H E2 -pe3o

HaHcaM lSI l1MeiDTC11 TaK)f(e HeKOTOpbie 3KCnepHMeHTanb

Hble y'Ka3aHHX Ha cymecTBOBaHHe, HanpuMep, E4 -pe3oHaH

coo'41. B uenoM, BblXCHeHHe cooiicTB cocToxHHH BblClliHx 

MynLTHnonLHOCTeii Heo6xo.D.HMO .D.nx noHHMaHHJI cTpyKTYPbi 

x,D.ep. B cax3H c 3THM npe,D.cTaanxeTcx oecLMa aa)f(HbiM 

KaK npoae,D.eHHe e,D.HHOrO MHKpOCKOnH'IeCKOrO OllHCaHHX 

pa3llH'IHblX rHraHTCKHX pe30HaHCOB, TaK H BblXBneHHe 803-

MO)KHOCTeH HX 3KCnepHMeHTallbHOrO OfiHapy)KeHHX. 

B ,D.aHHoii pa6oTe .D.nx onucaHHJI ruraHTCKHX pe30HaHcoa 

MynLTHnonLHOCTH .D.O L. 5 BKnro'IHT.enLHO ucnonh3yeTcx 
/5/ 

nonyMHKpOCKOllH'IeCKaJI CBepXTeKy'laX MO,D.ellh JI,D.pa ' 

B 3Toii MO.D.enu KpoMe napHbiX Koppenxuuii HyKnOHOB yqu

TblaaroTcx a paMKax RPA ocTaTo'IHble MynhTHnonb-MynL

THnonhHbie cunLL PaHee 6blno noKa3aHo, 'ITO 3Ta MO.D.enL 
161 

no3aonxeT onHCblBaTL KaK E1 -pe3oHaHCbl • TalC H HeKo-
v E E /7/ TOpble CBOHCTBa 2- H 3 -pe30HaHCOB 

MHKpocKonuqecKHe nepexo,D.Hble nnoTHOCTH, nony'leH

Hble B paMKaX yKa3aHHOH MO,D.enH, HCllOllh3YIDTCJI ,D.llJI pac

'leTa ce'leHHH Heynpyroro paccexHHX npoTOHOB c 3Heprueii 

1 T3B. l1HTepec K 3TOH peaKUHH 3Ha'IHTenLHo B03poc a 
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nocne~Hee BpCMH B CBH3H C npoBe~eHHCM 3KCnepHMCHTOB 
18/ 19! 

Ha ycKopuTen>~x B CaKne' H Jleuuurpa~e · . )J.n>~ onuca-

HHH paCCCHHHH npOTOHOB HCnOiiL3YCTCH MO~enL rnay6e

pa /tO/. IlpHMCHHCTCH, B 'laCTHOCTH, npH6iiH)I(CHHe O~HOrO 
Heynpyroro coy~apeHHH 11 1. 121 a paMKax 3Toii MO~enu, 
KOTOpOe BCCLMa XOpOWO pa6oTaeT ~j}JI Cpe~HHX H TH)I(CiiLIX 

H~ep. 

Ilpe~CTaBJICHHLIC pe3yJILTaTLI paC'ICTOB HOCHT npe~CKa-
3a TCJILHLIH xapaKTep H3- 3a OTCYTCTBHH COOTBCTCTBYIOU{HX 

3KcnepuMeHTanbHLIX ~aHHLIX. O~HaKo nony'leHHLie B ~auuoii 

pa60TC 3aKOHOMepHOCTH llpOHBiiCHHH ruraHTCKHX pe30HaH

COB B HeynpyrOM paCCC.IIHHH 6LICTpbiX llpOTOHOB MOryT 

CTHMynupoaaTb 3KcnepuMeHTaJILHoe uccne~oaauue 3Toii 

peaKuuu B wupoKoii o6nacTH H~ep. 

2. TEOPETHgECKOEOllHCAHHE 

B ucnonh3YeMoii nonyMHKpocKonuqecKoii: caepxTeKyqeii 
/5/ u 

MO~CJIH Jl~pa raMHJILTOHHaH HMCCT CJIC~YIOU{HH BH~: 

H .,. Ha v + Hpair + H Q • 
/1/ 

r~e Hav - cpe~uee none H~pa, Hpair - BJaHMO~eii:cTBHe, 
npuao~amee K napHLIM KoppenHUHHM caepxnpoao~Jimero Tu

na, II Q - ocTaTO'IHLie ~anhHO~eiicTBYJOmue MynhTHnonb

MynhTHllOnhHLie CHJILI. 

Ilpoue~ypa ~uaroHanuJauuu raMHnhTOHHaHa II O'ICHL 

no~p06HO OnHCaHa B pa6oTe /5/, n03TOMY MLI OCTaHOBHMCH 

iiHWb Ha HCKOTOpLIX OCHOBHLIX MOMCHTaX. 

Pac'leT napHblx KoppenHuuB: csepxnposo~Hmero THna 

npoao.IJ,HTCJI no MeTo~y XapTpu-~oKa-EoronJ06oaa. 3TOT 

MCTO~, KaK H3BCCTHO, CBO~HTCJI K ~HaroHaJIH3al.(HH 'laCTH 

nonuoro raMHnLTOHHaHa H av + Hpair B npocTpaHCTBe 

KBaJH'IaCTHU. Y'leT ocTaTO'IHLIX MynLTHnonh-MynhTHnonL

HLIX cun B paMKax RPA npuao~HT K noHsneHHJO KonneK

THBHLIX B036y)I(~CHHbiX COCTOJIHHH, OnHCLIBaCMLIX O~HO$o
HOHHLIMH BOiiHOBbiMH $yHKI.(HHMH. B ~aHHOH pa6oTe Mbl 

Y'IHTLIBaeM KaK H30CKaJIJIPHYJO, TaK H H30BCKTOpHyiO co

CTaBnJIJOU{He MynLTHnonL-MynLTHnonLHbiX cun. B 3TOM cny-

4 

qae CCKYJUlpHOC ypaBHCHHC ~JI>I 3HeprHH O~HO$OHOHHbiX 
I- 1 'J I 

COCTOJIHHll HMCCT BH~ ~. '' ' 

IL) ILJ . (L) (L). 
lz(K 

0 
Hl )(X(n)t-X(p))-4K 0 Kt X(n)X(p) /2/ 

(L) 
r.IJ,e K., H 

( L) 
K! - KOHCTaH l hl a 30CKa.THpHoro H H30-

BeKTOpHOrO BJaHMO~CHC IBHH M ]'Jib THTIOJlbHOCTH. L; 

N (f LJ1 (ss • )u • t ( • (s) +; (s • )) ss . 
X(n)z2 ~ 

ss ( ( (s) + ( ( s • )) 2 2 -w 
/3/ 

Jl - npoeKI.(HH MOMCHTa L 

llss' "'ll.,Vs· +lis' Vs ; Us 

npeo6pa30HaHHH 6oronro6oaa; 

ruH; 

Ha OCb CHMMCTpHH Jl~pa; 

H V s - K034>$HUHCHTLI 

r(S) -KBa3H'IaCTH'IHaH3Hep-

L 
, L 11 ! s 
' ' 

• 1 r ( 11 
S )z<' S 1 --· Y -:-(-1) 

';7) LJL 
'v ·~ 

u: - 3HepruH $ououa. 

y )!s'>~JIJI 
!rJI 

11~ 0; 

XapaKTepucTHKOH H.IJ,epuoro nepexo~a. KOTopyiO MO)I(HO 

HCllOCpe~CTBCHHO CBHJaTb C CC'ICHHJIMH HeynpyrorO pac

CCHHHH 'laCTHU B paMKaX ynOMJIHYTbiX orpaHH'ICHHH, HBnH-
112/ 

CTCJI nepeXO~HaH llJIOTHOCTb · Ilo onpe~eneHHIO, OHa 

Bbipa:>KaeTCJI CJIC.IJ,YIOU{HM MaTpH'IHblM 3i1CMCHTOM: 

n,p 
PL 

n. p 
(r)s<fi!M (r)lli>, 

LJ1 /4/ 

r.IJ,e I i > u If > - uaqanbuoe u Kouequoe cocTOHHHH H~pa; 

n N o (r- r s ) " 
M (r) = L ---~-- Y * (r ) . 

LJ1 s r2 LJ1 s 
s 

/5/ 

B ~aHHOM cnyqae I i > - aaKyyM $ououoa, a If> - o~uo
$ououuoe COCTOJIHHe. Bu~ nepexo~HOH nnOTHOCTH HeTpy~
HO nony'IHTh no auanoruu c TeM, KaK 3TO c~enauo B pa-

6oTe/5/ /cTp. 458/ ~nH MaTpH'IHOrO 3iiCMCHTa 3iiCKTpo

MarHHTHOrO nepexo~a /no~po6HbiH BbiBO~ ~au a pa6o

Te1141;. B peJynhTaTe HMeeM: 
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N L11 2 , 
f (ss')u ss'(f(S)+dS )) 

p n (r ) = L > s I M L ( r ) r s ' > 
L s s 11 . /6/ 

..j y (n) [ ( ( (s) + ( (s '))2 -w 2 ] 

r)l.e Y (n) - HOpMHpOBOqHbiH MHO:>KHTCJlb, KOTOpbiH npHBO-

)l.HTCJI B pa60TaX 
113

•141 

B KaqecTBe xapaKTepHCTHKH H30CKan.llpHoro nepexo.IJ.a 

MO:>KHO TaK:>Ke HCHOJlb30BaTb H30CKan.llpHYffi npHBC)l.CHHYID 
112 1 

BepOJITHOCTb. , KOTOpa.ll CBJI3aHa C nepeXO)l.HbiMH nnoT-

HOCTJIMH CJIC.ll.YIOIUHM o6pa30M: 

is "" n p L +2 . 2 
B. (E L) ~ t J ( (J (r) +- p ( r )) r dr I . 
l,f O L L /7/ 

B o6nacTK ruraHTCKHX peJOHaHcoa, r.IJ.e nnoTHOCTb co

CTOJIHHH qpe3BbJqaHHO BblCOKa, Y.IJ.06Hee BMCCTO npHBe

)l.CHHblX BepOJITHOCTCH )l.JIJI OT)l.CJlbHblX nepeXO)l.OB HCllOJib-

30BRTb ycpe)l.HCHHYID CHJIOBYIO $yHKU.HIO, KOTOpyiD B )l.aH

HOM cnyqae MO:>KHO JanucaTb TaK: 

is 
is ;\ 

B . (EL)- -'--
1 277 

~ f ___ 2 ____ 2_ 
((o-wf) I (t\/2) 

B i,f (EL) 
/8/ 

r)l.e .t\ - napaMeTp ycpe)l.HCHHJI, (•I - 3HeprHJI, npH KOTO-

pOH paccqHTbiBaeTCJI CHJIOBaJI tPYHKU.HJI. 

B pa6oTe
1131 

noKa3aHo, ~no cunoaaJI $yHKU.H.II /8/ Mo

:>KeT 6blTL paccqnTaHa Henocpe)l.CTBCHHO, 6e3 HaXO:>K)l.CHHJI 

OT)l.CJlbHbiX 3HaqeHHH B/.~ (EL). 
Heynpyroe pacceJIHHe npoToHoB BbiCOKOH 3HeprHH o6-

na.IJ.aeT P.II.IJ.OM npeHMymecTB no cpaaHeHHIO c pacceJIHHeM 

Me)l.JICHHbiX npOTOHOB. 0)l.HO H3 HHX 3aKniDqaeTCJI B TOM, 

qTO )].JIB 6blCTpbiX npOTOHOB aMnnHTY.IJ.Y npOTOH- Jl)l.CpHoro 

paCCCJIHHP. MO:>KHO CBJI3aTb Henocpe)l.CTBCHHO C 3JlCMCHTap

HOK npOTOH-HyKJIOHHOH aMnJIHTY.IJ.OH, KOTOpaJI JIBJIJICTCJI 3K

cnepHMeHTaJibHO onpe.IJ.enJieMo8 aenuquHoii. KpoMe Toro, 

npB. pacceKHHH 6biCTpbiX npOTOHOB B036Y:>K.IJ.a10TCJI npeH

MYIUeCTBCHHO KOJIJICKTHBHble COCTOJIHHJI .ll)l.pa, qTO BeCbMa 

cyweCTBCHHO )l.JIK HCCJIC)l.OBaHHK rHraHTCKHX pe30HaHCOB/l2 : 

B npH6JIH)I(CHHB O.IJ.Horo Heynpyroro coy.IJ.apeHHJI MO.IJ.enh 

rnay6epa )l.aeT )l.JIJI aMOJIHT!J.ll.bi nfEOTOH-JI)l.epHoro pacCeJI

HHJl CJIC.ll.YIOIUee Bblpa:>KeHBe lO,l1. 51 : 

6 

T ,., A_ R ( q) r exp (i q b) exp [i X (~) 1 X (iJ) d 2 b . 
L11 2 77 0 L11 

/9/ 

r.IJ.e 

_, A , . _, _, 2 -"> 

x (b);--1 exp(--Iqb)f(q) F (q)d q +x (b); 
0 277k 0 c 

X (b)=-~ { exp(-iqb)f(q)F (q)Y (~)d 2 q 
L11 2 ;r k L L 11 

2 2 R (q) "' exp ( q < r ..., I 6 A) - MHO:>KHTeJib, yqHTbiBaiOIUHH .IJ.BH-

:>KeHHe ueHTpa Mace; X c (ll) - $aJOBbiH C.IJ.BHr, o6ycnoa

neHHhlB B3aHMO.IJ.CHCTBHCM c KynoHOBCKHM noneM .II.IJ.pa; 
2 2 

. k 0 pN · fi N q 
t( q) = f N(q) ~ ~~--- (I+ a ) exp (- _ __p~·-~-~-) - aMnJIHTY.IJ.a 

p 477 pN 2 

npOTOH-HYKJIOHHOrO B3aHMO)l.CHCTBHJI, napaMeTpH30BaHHa.ll, 
I}' I 

KaK B pa6oTe "' 

HcKa:>KeHue npoToHHOH BOJIHhl yqHTblBanocb numb "3$

$eKTHBHoii" c¢epuqeCKH CHMMCTpHqHOH qaCTbiO nJIOTHOCTH 

pacnpe)l.CflCHHJI HYKJIOHOB B OCHOBHOM COCTOJIHHH .ll)l.pa. 3TO 

onpaB.IJ.biBaeTC.II TeM, qTo ceqeHHe Heynpyroro pacce.IIHH.II 

HeqyBCTBHTCJibHO K MaJlblM H3MCHCHHJIM pacnpe)l.CflCHHJI 
116· 

HYKflOHOB B OCHOBHOM COCTOJIHHH .ll)l.pa B CBJI3H C 

3THM napaMeTphl pacnpe.IJ.eneHH.II HeBTPOHOB H npoTOHOB 

B OCHOBHOM COCTOJIHHH cqHTaJIHCb O)l.HHaKOBblMH H H3BJie-
i17 I 

KaflHCb H3 pa60T no ynpyroMy paCCCJIHHIO 3JlCKTpOHOB 

IJepeXO)l.HblC :>Ke nJIOTHOCTH, OT KOTOpbiX CHJlbHO 3aBHCJIT 

ceqeHH.II ueynpyroro pacce.IIHH.II, paccqHTblBanuch no $op

Myne /6/ He3aBHCHMO .IJ.JI.II ueiiTpOHHOH H npoTOHHOH cucTeM. 

<l»opM$aKTOpbl CBJI3aHbl C llJIOTHOCTJIMH CJIC.ll.YIDIUHM o6pa-

30M: 

n n 2 
F

0 
(q)=47T f p 

0 
(r )j 0 (qr)r dr, /10/ 

n n 2 
F (q)=477 f p (r)j (qr)r dr, 

L . L L 
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r ,D,e p ~ (r )( p ~ (r )) - nnoTHOCTL pacnpe,D,eneHHJI HeiiTpo

HOB /npOTOHOB/ B OCHOBHOM COCTOJIHHH. llOJIHaJJ. aMnJIH

Ty,D,a pacceJIHHJI nonyqaeTcJI cno~eHHeM pe3yJILTaToB pac

qeToB ,D,JIJI HeBTpOHHOB H npOTOHHOB qacTeB. 

3. )J.ETAJIH PACl.JETOB 
H OECY)J()J.EHHE PE3YJI.bTATOB 

B KaqecTae cpe,D,Hero nonJJ. JJ.,D,pa ucnoJIL3oaancJI no

TeHuuan CaKcoHa-By,D,ca c napaMeTpaMH H3 pa6oTw118/. 

YquTwaanocL npHMepHo no 100 HeiiTpoHHLIX H npoToHHbiX 

O.D.HoqacTHqHwx ypoaHeii cpe,D,Hero nonJI. 

KaK H3BecTHO, npu BbiCOKHX 3HeprHJIX B aMnJIHTY.D.e 

HYKJIOH-HYKJIOHHOrO B3aHMO,D,eHCTBHJI ,D,OMHHHPYIDT H30CKa

JIJipHble KOMnOHeHTbl. 3TO npHBO,D,HT K TOMy, qTo npH He

ynpyroM pacceJIHHH 6biCTpbiX npOTOHOB B036y~,D,aiOTCJI B 

OCHOBHOM JIHUih H30CKaJIJipHble COCTOJIHHJI JI,D,pa ' 12 •19/. 

El - pe3ouauc H H30BeKTOPHLie aeTBH pe3oHaHcoa awe

UIHX MYJILTHnOJihHOCTeB CHJILHO no,D,aBJieHbl B ,D,aHHOH peaK

l.(HH H npaKTHqecKH He ,D,aiDT BKJia,D,a B ceqeHHJI pacceJIHHJI. 

B HaCTOJIII.(e:ii pa6oTe Mbl paccMoTpenu .D.JIJI JI,D,pa
154 

Sm 

ruraHTCKHe pe3oHaHCbl MYJILTHnOJILHOCTH .D.O L = 5 . Pe-

30HaHCbl B 3TOM JI,D,pe HeO,D,HOKpaTHO paCCMaTpHBaJIHCh B 

paMKax ucnoJIL3yeMoii MO.D.enu/ 6 •71 . HeKoTopwe H3 nony

qeHHbiX B ,D,aHHOB pa6oTe pe3yJILTaTOB MOryT 6b1Th noJie3-

HbiMH H npH HCCJie,D,OBaHHH A_PyrHX JI,D,ep H3 TOH ~e 06-

nacTH. qacTL pe3yJILTaToB .D.JIJI L = 1 ,2,3 ony6JIHKOBaHa 

a pa6oTax 
114

•201 . 

)l.nJI onucaHHJI H30CKaJIJJ.PHLIX E2- H E3 -pe3oHaHcoa 

KOHCTaHTbl K(2) H I< d3) Bbi6HpaJIHCb no 3KCnepHMeHTaJIL-
0 u 6 u H HOMY noJIO~eHHID HH~aHWHX BH pal.(HOHHbiX COCTOJIHHH. e-

H3BeCTHble KOHCTaHTbl K ~4 ) H K ~5) BapLHpOBaJIHCL B WH

pOKHX npe,D,eJiaX, H Bbi,D,eJIJJ.JlHCL Te pe3yJILTaTbl, KOTOpble 

CJia6o 3aBHCJIT OT Bbi60pa 3THX KOHCTaHT. KaK nOKa3aJIH 

pacqeTbl, 3HaqeHHJI H30BeKTOpHbiX KOHCTaHT K ~L) He 

Cyll.(eCTBeHHO BJIHJIIDT Ha CBOBCTBa H30CKaJIJJ.pHWX pe3o

HaHCOB. El -pe30HaHC, KOTOpbiB TaK~e 6WJI BKJDOqeH B 

paCCMOTpeHHe, paccqHTWBaJICJI C KOHCTaHTaMH, npHBe

,D,eHHWMB B pa6oTe /S/. 

8 

1 
\ 

\ 
I 

Mw He paccMaTpuaans apall.(aTeJILHble ypoBHH, nocTpo

eHHble Ha OCHOBHOM BJIB BH6pal.(HOHHbiX COCTOJIHHJIX JI,D,pa. 

BKJia.D. a ceqeHBe pacceJIHHJI oT nepexo,D,oB c yqacTHeM 

Bpall.(aTeJILHbiX ypOBHeH MHOrO MeHLUie, qeM BKJia,D, OT 

nepeXO,D,OB C B036y~,D,eHBeM O,D,HOI)JOHOHHLIX COCTOJIHHB /npH 

ycnoBHB awnonHeHHJI npaaun oT6opa no MOMeHTY I. 
He paccMaTpuaanocL H MHorocTyneHqaToe ao36Y~.D.e

HBe JI,D,pa, KOTopoe, no-BH.IJ.HMoMy, TaK~e ,D,aeT He3Haqu

TeJILHhiB BKJia,D, B ceqeHHe peaKI.(HH / 211 . 3aMeTHM, qTo 

pacqeT, HanpuMep, .D.ByxcTyneHqaToro ao36Y~.D.eHHJJ. JI.D.pa 

6blcTpbiMH npoToHaMH aecLMa TPY.D.HO npoaecTH ,D,a~e .D.JIJI 

nerqaiiUIHX JI,D,ep. 

Ha puc. 1 npe,D,cTaaneHLI .D.HI)JI)JepeHI.(HaJILHLie ceqeHHJI 

.D.JIJI B036Y~.D.eHHJI ypoBHe:ii pa3JIHquo:H MYJILTHnoJILHOCTH. 

fr 
r:-1-......... 

~ 

\olq 
"t:1t:J 

w· 

IO·ZI 

... 

15'-sm 

--1.:1 
2 
3 

* 5 

-J I I I "l,j I 10 I I I 1! I !:. I ! ·- 12 

eo 
Puc. 1. )J.udi¢epeHf4UOAbHble ce'leHUJI eoa6yxoeHUJI ypoeHeii 
pa3AU'IHOU MYAb111UnOAbHOCIIIU npOIIIOHQMU c 3Hepzueii 1 raB. 

TiocKOJILKy 3HeprBJJ. HaneTaiDII.(BX npoTOHOB oqeHL aeJIHKa 

no cpaaHeHHID c 3Heprue:H JJ..D.CPHWX cocTOJJ.HHB, yrnw, 

COOTBCTCTBYIDII.(Be MaKCHMyMaM HJIB MBHBMyMaM ceqeHHB, 

9 

.._ ... ~-



coana,D,aiDT .D.nx acex ypoaHeH onpe,D,eneHHOH MynLTHnonL

HOCTH. 3TH xapaKTepHMe yrnM H3MeHXIDTCX B 3aBHCHMO

CTH OT A B COOTBeTCTBHH C npaBHnOM 

qR = const, 
A /11/ 

r,D,e q - nepe,D,aHHMn HMnynLc, R A - pa.D.HYC X.D.pa. 

CooTHOIIIeHHe /11/ BLmonHxercx, KaK HJBeCTHO, a rex 

cnyqaxx, xor,D,a npeo6na,D,aer nepH~epHHHoe aoJ6Y~.D.eHHe 

x,D,pa. C yqeroM npaaana /11/, nonyqeHHMe HaMH yrno

awe pacnpe,D,eneHHX cornacywrcx c 3KCnepHMeHranLHMMH 

,D,aHHMMH /8,9/, a TaKiKe C ,D,pyrHMH pacqeTaMH B paMKaX 

MO,D,enH rnay6epa 
115

•
16

•
19

•
221

. CoaepiiieHHO oqeBH.D.HO, 

qTo xapaxrepHLie yrnw .D.H~epeHI.J,HanLHLIX ceqeHHH He 

3aBHCXT OT BM6opa KOHCTaHT X,D,epHOH MO,D,enH. 3aMeTHM, 

qro B pa6oTe
123 1 

C HCllOnb30BaHHeM TOrO ~e OllHCaHHX 

peaKUHH, qro H B ,D,aHHOH pa6ore, nonyqeHo xopoiiiee co

rnacHe C 3KCnepHMeHTOM ,D,nX B036y~,D,eHHX 2 t- ypOBHX B 
53 N' x,D,pe 1. 

llpH pacceXHHH 6MCTpMX llpOTOHOB llpOHCXO,D,HT B OC-
11 ') I 

HOBHOM nepH~epHHHOe B036y~,D,eHHe X,D,pa ~- HJ-Ja CHnL-

HOrO norno~eHHX npOTOHOB BO BHyTpeHHeH o6naCTH. llo3-

TOMY ceqeHHX Heynpyroro paccexHHx qyacTBHTenLHLI K 

llOBe,D,eHHID nepeXO,D,HOH nnOTHOCTH nHIIIb Ha rpaHHUe X,D,pa 

H, cne,D,oaarenLHO, npH6nH~eHHO nponopuHoHanLHM coor

BeTCTBYIDIUHM H30CKanxpHbiM IIpHBe,D,eHHbiM BepOHTHOCTRM. 

Ha puc. 2 rrpe,D,craaneHhl npoHHTerpHpoaaHHhie rro yrnaM 

~ 

OJ~ 31 :-:-· 
~ . 

OJ$ 2 

b ..... , 
~~ 

5 10 15 20 25 

15L.sm 

...... ~·· ••• L=L. .- L=5 

30 

· .. ~ ' 
;.;..~-: . ---· --.... 

35 

.. .. 
....... ····· 

L.O L. 5 
Ex( M.:JB) 

Puc. 2. JipouHmezpupoeaHHble no yzAaM ce'leHUJI eo36yJtC
oeHUJI zuzaHmcKux pe3oHaHcoe npomoHa.Mu c .:JHepzueii I F.:JB. 
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H ycpe,D,HeHHble no 3HeprHH ceqeHHJI aoJ6y)I(,D,eHHJI acex 

paccMoTpeHHhiX rHraHTCKHX peJoHaHcoa. ToqHhiH pacqer 

ceqeHHii: npOH3BO.D.Hncx nHIIIh .nnx caMwx CHnLHhiX ypoaHeu, 

a He,D,OCTaiD~aJI qaCTb ycpe,D,HeHHblX ceqeHHH BOCCTaHaB

nHBanacb C nOMOIUbffi CHnOBMX ~YHKUHH /8/ B COOTBeT

CTBHH C yi<a3aHHOH nponopnHoHanbHOCTbiD Me)I(,D,y ceqe

HHJIMH H npHBe,D,eHHMMH BepOHTHOCTJIMH. llo C,D,enaHHMM 

HaMH oneHKaM , norpeiiiHOCTh npH TaKOM pacqere ycpe.IJ.

HeHHMX ceqeHHH He npeBMIIIaeT 1 00/o-. llapaMeTp ycpe,D,He

HHJI :\ paaeH 1 M.:JB. 3ro JHaqeHHe '\ JHaqHrenLHo 

MeHLIIIe, qeM lliHpHHbl pe30HaHCOB, KOTOpMe COCTaBnJIIDT 

5-7 M3B H onpe.nenJIIDTcx pa36pocoM O.IJ.HO~OHOHHhiX co

CTO~HHH H3-3a ,D,e~OpMaUHH JI,D,pa. llo,D,qepi<HeM, qro 3Ha

qeHHe ;\ HHKaK He BnHJieT Ha HHTerpanhHYID CHny Ka~,D,O
ro H3 peJoHaHcoa. ,lJ;nJI E4-H E5 -peJoHaHcoa ceqeHHx pac

ceJIHHJI oqeHb Cna6o 3aBHCJIT OT HeH3BeCTHblX KOHCTaHT 

K\t) H K ~) B o6naCTH BMCOKOne)l(alQHX pe30HaHCHbiX 

nHKOB. 3TH llHKH COOTBeTCTBYIDT 3HeprHJIM Bhlllle 25 M.:JB 
.D.nJI E4 -peJoHaHca H Bbiiiie 32 M.:JB .nnJI E5 -peJoHaHca. 

llpH 6onee HH3KHX 3HeprHHX pe3ynLTaTM pacqeTOB ,D,nH 

E4- H E5 - peJoHaHcoa cHnLHo JaBHCJIT or KJ4> H K ~'>> H 

o6na,D,aloT 6onLIIIOH Heonpe.neneHHOCTLID. O.nHaKo a paMKax 

HCllOnLJyeMOH JI,D,epHOH MO,D,enH HHTerpan OT 3HepreTH

qecKH B3BeiiieHHOH CHnOBOH ~YHKUHH He 3aBHCHT OT KOH

CTaHT OCTaToqHoro B3aHMO,D,eHCTBHX. B qaCTHOCTH, ,IJ,nJI 

BCeX MynhTHnonLHOCTeH XOpOIIIO BMllOnHJieTCJI H30CI<anJip-
'lt 

HOe npaBHnO CYMM ' . " 

2 Ab2 2L--2 
~ (w -w. )l<f IQ li>l =--· L(2L+1)<r >. /12/ 
f f I LO 8rrm 

r.ne Q L/1 - MynLTHnonLHMH oneparop. 

Kax BH.D.HO H3 puc. 2, ace HJOCKanxpHMe peJoHaHcbl 

,D,aiDT cpaBHHMMH BKna,D, B HHTerpanbHOe CeqeHHe. llo

BH,D,HMOMY, 3TO 6y,D,eT cnpaBe,D,nHBO H ,D,nJI pe30HaHCOB C 

L>5. ll03TOMy MO)I(HO Ha6nw,D,aTb flO OT,D,enLHOCTH niD6oii: 

H30CKanJipHbiH pe30HaHC, HCllOnh3YJI pa3nHqHJI B COOTBeT

CTBYIDIUHX yrnOBbiX pacnpe,D,eneHHJIX. 

Ha puc.3 noxaJaHbl ycpe,D,HeHHhle no 3HeprHH ceqeHHJI 

pacceJIHHJI Ha pa3nHqHwe yrnw.Pacqer ycpe.nHeHHhlx ceqeHHii: 

npoHJBO.D.HncJI TaK )l(e, Kax H a npe.IJ.M.D.YIUeM cnyqae. KaK 

11 
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Pu.:.:. 3. J{urjjrjjepeH/lUa.llt-Hble ce"teHUJl 8036yJKiJeHUJI zucrJ.!ii;?
c~eux pe:.JoHaHcoe npu pacceJlHUU npomoHo8 :;:· :JHepzueii 
1 r3B Ha pa3/lU'lHble Y21lbl. 

H cne.nosano O)I(HFaT:t., ll,nx Ka)l(_noro H30CKaJu!pHoro pe3o
HaHca MOMHO llO.IJ,06paTb yrOJI pacceHHHH, ll03BOJIHIOll.\HH 
Ha6niO,naTb np~HMYII.\eCTBeHHu ~aHHbiH peJoHaHc. Coape
MeHHble 3KCnepHMeHTbl o6na,n:aiOT )J.OCTaTO'IHLIM paJpe
rneHHeM no yrny H 3HeprHH ,nnH npoae,neHHJI npe.nna
raeMoro Hccne,noaaHH.II rHraHTCKHx peJoHaHcoa. KaK 6wno 
CKaJaHO BhlWe, nony'leHHble JaKOHOMepHOCTH MOry f fihlTb 
HCllOJihJOBaHbl H )J.IIH ,npyniX H,nep TOH :IKe o6naCTH. 
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B JaKniD'IeHHe 6naro,napHM B.r .ConoaLeaa, Jl.A.Ma
noaa, B.O.HecTepeHKO H P .A.3paM)IOIHa Ja BeCLMa no
neJHble o6cy)l(_neHHH. 
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