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n)!rnnoc P .B. P4-5982 

0 C:ieHOMeHOJIOI'll'IeCKOM llO/lXO/le K orrncamno BpamaTeJibHblX 

B036ylK/leHHH SI/lep 

TToKa3aHo, qTo. pa:mnqHbie cpeHoMeHonornqecKne cpopMyJihI, orrncbIBaIOume 

8Heprm1 BpamaTeJibHbIX YPOBHeif, MOI'YT 6bITb IIOny'IeHbl B paMKax 0/lHOH II 

TOH )!{e Moaenn. C llOMOl!lbIO 3TOH MO/lenn ycTaHoBneHa CB513b Me}KllY {J..&2 ~ 
E(4 } . 1 

II __ 1_ Ha OCHOBe 3TOH CB513ll rrpoBeaeH aHanll:3 3KCllepnMeHTaJibHblX E( 2 
1

} 

aaHHbIX. 

Coo6~8RHS O6•eAKR8HHOro HHCTHTyTa •AepRYX HCC~8A0BBHHA 

~&la, 1971 

I 

.'.\ 

~,,,,,..:.:..:...._. 

3aaaqa orrncaHHH CBOHCTB Bpan:caTenbHhlX Bos6y>KaeHHH Haep HenaMeHHO 

rrpnBneKaeT BHHM8Hlle TeopeTHKOB. HHTepec K 9TOH aaaaqe oco6eHHO BO3poc 

B rrocneaane ro..':lbI, Koraa B peaKUHHX (HI , xn ) yaanocb Bos6yaHTh poTa

unoHHbie ypoBHH C 6onhlllllMH CITHH8Mll ( AO / =20) • TaKOH yCTOllqllBblll HHTe

pec CBH38H B OCHOBHOM C Haae>Kaon Ha TO, qTo yqeT He6onblIIOro qncna CTe

rreHeH cB06oah1 Hapa oKa)K.eTCH aocTaToqH'b1M anH pellleHHH saaaqn. 

llnH orrncaHHH crreKTpa aHeprnn Bpan:caTenhHbIX ypoBHen 6bmo rrpeano

>KeHo 6onbllloe qncno paannqHbIX Moaenen. B rrocneaHne aBa roda oco6eHHo 

rrorrynHpHa Moaenb rrepeMeHHoro MoMeHTa HHepuun / 11 • B aTon Moaenn aHep

rnH Bpan:caTenbHbIX ypOBllell 38IIIICbIBaeTCH B Bnae.J>yHKUlIH oaHOll anHaMnqec

KOll rrepeMeHHOll - MOMeHTa HHepunn: 

E (1)=/(l+l) +l..C(~ 
I 2~ 2 

- ~ )2 0 , 

rae C n 10 - rrapaMeTpb1 Moaenn. Hs ycnoBHH a~ 'g ( 1 ) = O 

cpyHKUHH ~(I) • Ecnn'. rrponaBeCTH aaMeHy rrepeM.eHHOH f,.3 B f3 2 

aam1llleTCH cneay10mnM o6paaqM: 

E ( f3) = I (l-t.1.l_ + 2._ CB 2 ( f3 2'_ f3 2 ),2 
I 6 8 f3 2· 2 o 

HaxoaHTCH 

I TO EI 

qTo coBrraaaeT, no KpanHen Mepe cpopManhHo, c cyMMon aHeprnn Bpan:ceHHH 

( B - MaCCOBblll KoacpqrnuneHT) aKCHanbHO-CHMMeTpllqHoro poTaTopa ll ITOTeH

unanhHOll aHeprnn f3 -Kone6am1n. Ponb rroTeHunanhHOH aHeprnn nrpaeT cpyHK

mrn V(f3)=~CB 2 ({3 2 -f3!) 2 
(pnc. 1). TaK KaK c Kone6aHHHMHf3 

O+ . 
OTHOCHTenbHO paBHOBecHoro 3HaqeHHH f3o CBH38HO ITOHBneHne BH6paunoH-

HbIX COCTOHHHH, a Mb! 3HaeM, 'ITO CTpyKTypa TaKHX COCTOHHllll orrpe,!lenHeTCH 
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KaK KOne6aHHHMH KBanpyrronbHOro MOMSHTa H)lpa, TaK H KoneoaHHHMH 9Hep

reTn'leCKOli menn 121 , a B03MO)KHO, H npyrnMH rrpH'IHHBMII 13 ;. TO MO)KHO 

CK838Th, 'ITO BB9Jl9HHaH HaMH rrepeMeHHBH {3 OTpa)KaeT H ¢nIDKTyaunn KBa)l-

pyrronhHOrO MoMeHTa, H ~nIDKTyaunn crrapHBaHHH. Bo BCHKOM cny'lae ee Henh-

3g CBH3bIBaTb TOnhKO C Il3MeHeHneM ¢opMb! smpa. 

Terrepb MO)KHO OOOOIUIITb Monenb Ha cny'lafi rrpOH3BOnhHOli ITOTe11unanb

HOli aaeprnn, aarrncaB E1 ( {3) B Bnne 

E ({3 )= 1(1+1) + V(f3) 
I 6B{32 I 

rne /3 HaXOJlHTCH II3 ycnoBIIH MIIlIHMyMa 

aE, ({3) 

a f3 
= 0. 

KoHKp9THblli BHJl aaBHCHMOCTH E OT I 6yneT orrpenenHTbCH Bb!OOpoM rroTeH-

unanhHOli aHeprnn. 

B TaKOli ¢opMynnpoBKe MO)lenb rrepeMeHHoro MOM9HTa HHepunn OTnH'la

eTCH OT Toro, 'ITO ObWO cnenaHO pauee B paooTax A.G • .llaBb!JlOBa C COTpyn

HHKaMH 141 nHIHb Bb!OOpOM rroTeaunanhHOli 9Heprnn f3 -KoneoaHHfi ( BMSCTO 
2 ' 

¢yHKUHH ( f3 2 -{3 ~ ) 2 6panacb ¢yHKUH5I ( {3 - f3o) ) H B03MO)KHOli HHTep-

rrpeTaunefi rrepeMeHHOli {3 • MO)KHO rroKa3aTb, 'ITO Il' npyrne Hllb!M rryTeM 

BB9Jl0HHb!0 9MITHpH'l0CKHe ¢opMynhI, OIIHCbIBaIOIIIHe BpaIIIaTenhllb!H crreKTp, 

TaK)Ke MoryT Ob!Tb rrony'leHbl B paMKax c¢opMynnpoBaHlIOli BbIIHe Monenn, HO 

rrpII HHOM, 'ISM B Monenn rrepeMSHHoro MOMeHTa IIHepmrn, Bb!OOpe ITDT9HUII81tb-

HOH 8HeprHH. IToKa)KeM aTO Ha rrpnMepe JlBYX 8MIIHPII'l0CKHX qiopMyn: 

EI = ! eu 2 10 ( ,J 1 + 4 - I( I + 1 ) 
c,)2 j 2 

0 

E =al+bl 2
• 

I 

/7/ 

/5,6/ 
- 1) I ( 1) 

( 2) 

B aTHX qiopMynax w , ~ 0 , a , b - rrapaMeTpbr Mon~neii:. 

1) TaK KaK rrpII JI, 0 , 6naronapH oTnH'IHOii: OT Hynsr aHeprnn BpaIIIe-

HHH, BepoHTHOCTb Haii:TII CHCTeMy rrpn /3= 0 Mana, TO MbI MO)K0M BB0CTII 

BMSCTO ITOT9HUIIana Monenn rrepeMeHHoro MOM9HTa IIHepunn Gonee YJlOOlibill 

IIOTSHUHan (pnc. 2) 

4 

I. 

j 
I 

· l 
I 

g2 eu2 
3 2 2 0 

V ( f3 ) = 8 B eu f3 + 24 B f3 2 ( 3) 

ITpaB~a, 9TOT rroTeHuHan HMeeT H9qlll3Il'l9CKYIO oco6eaHOCTb rrpn f3=0. 

Ho Il3-3a Manofi BepOHTHOCTll H8XO)KJl0HllSI CHCT0MbI B0llll3H f3 = 0 8TO He 

cyIIIeCTBelIHO. Torna 

E ( f3 ) = I ( I + 1 ) + ·L B w 2 /3 2 + 
I 6B(32 8 

_J/w2 
248 (32 

Hs ycnoBnsr aE,<f3J =o 
a /3 

rrony'laeM 

n· 

{3
2 (I)=~ v' 1 + 4 

3B · 
1(1+1) 

w2 ~2 
0 

1 2 1(1+1) 1) 
E - E = - w ~ 0 ( v 7 +4 ---rJ'-,-- - · 

I O 4 w iJ o 

2) B cqiopMy.nIIpOBaHHOll BbIWe Monen:a MO)K}IO IIOlIY'IHTb aHeprIIIO E 

,IIH!Hb KaK ¢yHKUIIIO rrepeMeHHOfi I( I + 1 ) • IToaTOMy BMSCTO Bb!p8)K9HHSI ( 2) 

MbI rrony'IIIM 6nnaKoe K He My ~Hc.ne1rno Bbipa)KeHHe E 
1 

= f ,JI (I+ lT + g I (I+ 1). 

Bo3bM0M IlOT0HUH81IblIYIO aHeprHIO B BHJle ( pnc. 3): 

2 

V(f3)= f 
4g(1-6 B g {3 2 ) 

Jil3 YClIOBHH 
aE I'( {3) = 0 

aa H8XO)lHM: 

II 

/32 (I)= 
38f 

1 yl(I+ 1) 

1+..1..!1.._y'l(l+lJ 
f 

E 1-E o= f y I (I+ 1) +g I( I+ 1). 

5 
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Haao OTM0Tl1Tb, 'ITO BbipallieHlle 11.mr IIOTeHullanbHOH SHepr1rn ( 4) Hey11.0BneT

BOpl1TenbHO C q:>Hall'l0CKOH TO'IKll apeHmr. Bo-nepBbIX, MllHllMYM pacnonollieH 

npll f3 = 0 ' 'ITO npoTllBOp0'1llT HalllllM aHaHllSIM O 11.ecpopMllpoBa:HHbIX SIIJ.pax. 

Bo-BTOpbIX, paBHOB0CHbI0 aHa'leHllSI f3 (I) orpaHlI'l0Hbl Benll'lllHOH __ l __ ' 
6Bg 

'ITO TaKllie TPYllHO llHTepnpeTHpOBaTb, ITosTOMy Ha cpopMyny (5) cne11.yeT CMOT-

peTb KaK Ha no11.roHO'IHYIO• 

Bb11I1e 6bmO noKa3aHo, 'ITO paanll'IHbI0 cpopMynbI, npe11.no,KeHHbie 11.nsi onll

caHllSI BpamaTenbHOI'O cneKTpa, MOI'YT 6bITb nonyqeHbl C 011.llHOH TO'IKll apetmsi. 

Bee STll cpopMynbI - IJ.ByxnapaMeTpll'10CKIIe. Bee OHll 11.aIOT 11.ocTaTO'IHO xopo-

1I1ee onllCaHlle SKcnepllM0HT8nbHblX 11.BHHbIX. Paanll'l8IOTCSI OHll nlllllb no TeM 

npe11.nonOlli0HllSIM O Bl!IJ.e noTeHirnanhHOH SHeprun f3 -Kone6aHllH, KOTOpble ae

naIOTCSI npll lIX BblBOIJ.e. Mo11.enb nepeMeHHOI'O MOM0HTa l!Hepumr npllMeHsrnaCb 

K onHC8HIIIO SHeprllH nocne11.0BaTenbHOCTll COCTOSIHllH co cmrnaMll / = 2,4,6 ... 

KaK B 11.ecpopMllpoBaHHbIX ll nepeXOIJ.HbIX, T8K B ccpeplI'l0CKllX 11 OKOnOM8I'll'l0C

KllX HIJ.pax. H BCIOIJ.Y 11.0CTIIranocb BnonHe YllOBneTBOpIITenbHOe cornac11e C 

SKcnepIIMeHTanhHbIMll 11.aHHbIMII. BoaHl!KaeT Bonpoc: 03HaqaeT nll STD, 'ITO npII 

onucaHIIII KBaaupOT8UIIOHHbIX nonoc 11.0CTaTO'IHO yqeCTh TOnbKO 011.HY 11.IIHaMu

qecKyIO nepeMeHHyIO {3 , IInll STD roBopl!T nIIlllb O TOM, 'ITO cneKTpbl SHep

I'lIH TaKlIX COCTOSIHlIH npoCTbl lI 11.Byx napaMeTpOB .QOCTaTO'IHO, . 'IT06br lIX omr

CaTb? K co>:<aneHll!O, ony6nllKOBaHHbie K HaCTosimeMy BpeMeHH pa6oTbl ITO 

o6oCHOBaHll!O Mo11.enll nepeMeHHOI'O MOMeHTa HHep~llll /Bl He 11.a10T OTBeTa 

Ha STOT Bonpoc, 0Hll nlllilh noKaabIBaIOT, 'ITO MOlliHO nocTpOlITb TaKHe paano

llieHlISI 11.nsi SHepnrn SIIJ.pa no CTeneHSIM cpn10KTyau11u 11.l!HaMH'leCKllX nepeMeH

HbIX, B KOTOpblX cpe11.1I npO'llIX qneHoB eCTb II Te, 'ITO paccMaTp1IB8IOTCSI B 

Mo11.enu nepeMeHHOI'O MOMeHTa lIHepUIIll. IToqeMy He Ba)l{Hbl 11.pyr1Ie qneHbI, 

OCTaeTCSI He SICHbIM. 

B TO )Ke BpeMsr B MOIJ.enu co11.epllil!TCSI l!Hq:>OpMaUl!H eme 06 011.HOH q:>l!alI

qecKoH BenlI'IIIHe 191• 3To IIHqJOpMauusr 06 SHepI'IIII nepBblX O + Boa6y,K,1leH

HbIX COCTOSIHllH. Ha BbrpallieHIIH ansi V ( f3) Mb! MO)KeM onpe11.en1ITh )KeCTKOCTb 

SIIJ.pa no OTHOllleHll!O K f3 -Kone6aHl!SIM - C . BaHB MaCCOBblH K08qJqJIIUlleHT 

8 na Bbip8llieHIISI 11.nsi 8Hepr1rn BpameHIISI, Mb! rpy6o onpe11.en1IM 8Hepr1IIO 

0 + Boa6y)KIJ.eHHbIX COCTOSIHl!H KaK E(0
2 

J = f; v C--
8 

6 

, TaK KaK BaSIB V(f3) 

,· 

i 

• 

B Bl!IJ.e (3), MbI nonyqaeM aH~m1THqecKoe Bbipallie~ue 11.nsr SHeprnu BpamaTenb

HbIX ypOBHeii:, a SKcnepl!MeHTanbHble SHepr1rn onllCbIBaIOTCSI xopOIIIO BCeMll na 

np1rne11.eHIIblX Bblllle cpopMyn, TO Hll)Ke Mb! 6y11.eM IICnOnh30B8Tb STY nocne11.H1010 

MOIJ.enb. KpoMe Toro, l!M0IOTCSI TeopeTII'l0CKlle yKa3aHIISI Ha TO, 'ITO npn 6onb

lllllX I BpamaTenhHbie cneKTpbr 11.omKIIbI 6bITh SKBllllllCTalITlibIMll I lO/. A K 

TaKOH aCI!MnTOTllKe 11 npllBOIJ.llT cpopMyna ( 1) • ( K SKBllllllCTaHTlIOH ac11MnTo

THKe, KpOMe STOH Moit_enn, npllBOIJ.llT Mo11.enb naBLil1.0Ba-t.Ja6aaa). B peaynh

TaTe 11.nsi )KeCTKOCTll no OTHOlllelill!O K f3 -Kone5aIIHSIM nonyqaeM aaa'leHne 

3B cu 2 , a 11.nsi E ( 0 2 ) - Benll'lllHy y 3 cu ·. • Ha Bhrpa:lKeHHSI nnsi E 1 

cne11.yeT, 'ITO 

2 E(41J ( E(4 1 ) 

E(02J=E(21J·\I 
E (2 1) E (2 1 ) 

- 1) 

_!!!,:__~ 
( 6) 

3 E(2 
1

) 

MolliHO npe11.nonOllillTh, 'ITO B TeX SIIJ.pax, B KOTOpbIX llieCTKOCTh no OT

lIOIIl0HlIIO' K y -Kone6aHIIHM 11.0CTaTO'IHO BenlIKa_, _,TaK 'ITO MO)KHO nplIHIIMaTb BO 

BHlIMaHlle nlllllb llaM0H0lilIH nepeMelilIOH {3 , cpopMyna ( 6) 11.0nlliHa naBaTb xo

polllee cornac1rn C SKCneplIMeHTanhHbIMll 11.aHHbIMll. K TaKllM HllpaM, BllllllMo, 

OTlIOCSITCSI nepeXOIJ.!Ibie HIJ.pa naqana o6naCTll pe11.KoaeMenblihIX sneMeUTOB 

Sm , · Gd • B STl!X H11.pax cTaTH'lecKasi J:tecpopMau11si Boaa11KaeT CKa'IKOM, II 

paC'l8Tbl noKaabIBaIOT, 'ITO SIIJ.pa cpaay CTaHOBSITCH , aKCllanblIO-CllMMeTpll'IHbl

Mll 
111 /. B TO )Ke BpeMsi B nepexo11.Hoii: 06nacT11 Pt 11 Os 11.ecpopMau11H Me-

HSI0TCSI nnaBHO, a sneprl!SI 11.ecpopM8Ullll cna6o aaBHCllT OT y • MsirKocTh 

Hl1.P8 no OTHOIIl0Hll!O K IIaMeH0lil!SIM y CaMa MOJK0T 6b!Tb nplI'IIllIOH OTKno

neHl!SI OTHOIIl0lll!H 8Heprnii: ypoBneii: BO BpamaTenbHOH nonoce OT Tl!Illl'IHO po-

T8UIIOHHhlX aHa'leHl!H B CTopoHy 'll!Cen, xapaKTeplibIX nmI ccpep11'1eCKllX SIIJ.ep. 

E(4 ) 
B STOM cnyqae, npe11.nonO)KllB, 'ITO OTHOIIl0lllle 7 

· E(2
1

) 
nonHoCTbIO onpene-

nHeTCSI MHI'KOCTb!O no OTHOIIl0llll!O K f3 -Kone6aHllSIM, Mb! HenpaBimblIO onpe-

11.ennM napaMeTpbr noTeau11anhHoii: sHepr1111 f3 -Kone6aa11ii:, a cne11.0BaTenhao, 

ll saeprllll O + Boa6y)KIJ.eHHhIX COCTOH}Il!H. PeaynhTaTb1,np11BeneHHhie B Ta6n. 1, 

no11.TBep)KIJ.aIOT 8Tll npe11.nono)KeH1rn. Ha Ta6n. 1 BlJllHO, 'ITO TeHIJ.0HUllSI 

Benll'll!Hbl 
E(02) 
E.(2 

1 
) 

C yBenll'18Hll8M necpopMaUllll B naoTonax Sm 

7 
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xoporno BOCIIpOll3BOllHTCH ¢opuynoil: ( 6). B TO )!{9 BpeMH TeopeTII'IeCKlle II 

9KCIIepIIMeHTBnhHb!0 pesynhTflTbl JlnH II30TOIIOB Pt He COBII8Jl8JOT. 

EcTeCTBeHHO rrpoaon)KHTb rrpoBepKy COOTHOIIIeHHH ( 6). paccMOTpeB Cl!nb

HOlle¢opMHpoBaHHbie Hllpa. B sTOM cnyqae rrpearronm1<e11ue 06 oaaoil: KonneK

TnBHOil: IIepeMeHHOll /3 llDmKHO COOTBeTCTBOBBTh aeil:CTBllTenhHOCTllo Ho y 

ae¢opM1IpOB8HHb!X Hllep ~enlI'IIIHB ~
0- - ! ~~ : ~ HBCTOnhKO Mana, 'ITO 

CTaHOBl!TCH 'IYBCTBIITenhHOll K 9KCIIepuMeHTanhHbIM OIIIJI6KaM. 3To IIpllBOlllIT 

K cnHIIIKOM 6onbllIOMY pa36pocy 3H8'181il!ll 
E(O ) . 
--2-- , rrony'IeHHbIX no ¢opMy
E (2 

1
) 

ne ( 6). 'ITO He II03BOnHeT caenaTb tJeTKH;x BblBOllOB. PesynhTBTbl pactJeToB 

JlnH l!30TOIIOB Dy IIpllB01leHbl B Ta6n. 2. 

B cnyqae c¢epu'IeCKl!X H/lep ll Hllep C 38MKHYTb!Ml! o6onotJK8MII rrpea

rrono>KeHl!e 06 0/lHOll lll!HaMl!tJeCKOll rrepMeHHOll He llOmKHO, Kasanocb 6b1, co

OTBeTCTBOBBTh aeil:CTBl!TenhHOCTII. TeM He Menee pesynhTBTbI, IIpl!BelleHHbie 

B Ta6n. 3 II 4, yKa3bIBaJOT Ha Ka'IeCTBeHHOe cornacIIe MeNmy TeopeTII'IeCKII

Ml! II SKcrrepuMeHTanhHb!Mll Benl!'IIIHBMII ( 3a IICKnJOtJeHJieM OT)lenbHblX H/lep) • 

BII/lIIMO, STD roBoplIT o TOM, 'ITO Bcerna MO)KHO TaK BbI5paTb OCHOBHyIO miHa

MII'I0CKYJO rrepeMeHHYJO, 'IT06b! C ee IIOMOlUhJO rrony'IIITb Ka'leCTBeHHoe OIIII

caaIIe 9KCIIepnMeHTanbHbIX llBHHbIX. Ho IIHTeprrpeTBUllH TaKoil: ¢eHoMeHono

rII'IeCKII BBelleHHOll /lllHBMJI'IeCKOll rrepeMeHHOll MO>KeT MeHHTbCH OT Hllpa K 

HllPY • 
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Ta6mn\a 2 

Taomu~a l EL41 ) E{OzJ E(02J 
3HaqeHHfl BenHqHH 

El~ .. ) Et 02 ) E l02 ) E(21) ~Ken. J Et21) ':il1<C1t, ) El 21) Wl£o/'' 
3HaqeHHH BSilHqHH 

El 21) :>-1<Ch.. ' E \ 21) :r1<ctt. ' E l21 ) .nil.Of'• ;n:Rfl H30TOilOB @:; 
. Sm. 

1 
G-ol H Pi ff;n:po 

,E(4-1} E(Ol) ElOz) 

.zvrn H30T0ilOB ££(21) :Jl<t.n, £{.2,) ?>Jc.tn, El 2 ,> 1'11.lbf, 

15~ 
H.n;po -- ''1" 

E. l02) £(02) 2,82+3,03 4,90 4,44+6,36 
--

E l21) ~KC11, E l21) :,1<c.n. E (2
1

) nWJ/1. rs~3 3,I4+3,27 IO,O 8,34+14 ,8 

I6~.¥ 3,26-t3,29 I4,6 I4,2+I8,9 

152Gd 2,19 1,79 2,15 I61Z),¥: 3,26+3,31 I4,0 I4,I+24,8 

154G-d 3,02 5,54 6,18 Ta6mu~a 3 

156 c;.o{ 3,24 II,8 12,4 3HaqeHHfl BeneqHH 
E. ( 4-1) E(Oz) £ (02) -

158Gd 3,29 18,2 19,4 
E (21) ~l<tn. I E (21) iJKtil. J E ( 21) WIIIJf', 

l46Sm 1,85 l,94 1,45 ,ll;Rfl H30TOilOB li, s~i, ~, Pt 
148Sm. 2,14 2,12 2,03 £ t41) E.(O1.) £(Oz) 

150Sm. 2,34 2,24 2,52 ff;n:po E (2
1

) fJK.cn.,. E ( 21) ~l<CII, £ t 2.,) >tWI/'· 

152 Sm 3,0I 5,45 6,10 

154~»1 3,24 12,4 12,8 f 8821. I,72 I,44 I,24 

. 184 P-1: 2,69 3,04 3,77 
902't. I,4I 0,80 0,78 
92 I,60 

186 Pt: 
l't I,49- I,05 

2,56 2,47 3,22 94zi I,60 I,4I I,05 
188pt 2,52 3,00 3,08 96z1. I,82 0,94 I,40 

190 Pt 2,49 3,II 2,97 II4511. I,68 I,22 I ,IS 

l92pt 2,48 3,78 2,94 II6511. I,84 I,53 I,44 

194 Pt 2,47 3,86 2,91 II85n I,87 I,43 I ,49 

I96pt 2,46 3,19 2,87 
120511. I,88 I,58 I,5I 
140~ I,30 I,I9 0,62 
206pg 2,IO I,43 I,93 

ii 
--
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£ l21) :Jl<Ch. I E (21) ~/(.Cl,1, ) 

;zvrn H30T0il0B RIA, Pd, Col 
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l02Ru 2,34 
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3Hepr1rn E ,< {3) B Moaenn nepeMeHHOI'O MOMeHTa l!HepUl!I!, 

t \ E/f3) 

J, 
Pnc. 2, TToTeHunanhHan 9HeprnH ~ -Kone6aanfi 11 9cpcpeKTl!BHan noTeaunanh-
Hall 9Heprl!H EI ({3) B MO}lenH 15,Bl, 

13 



frl_p) 
\ 
\ 
\ 
\ 
\ 
\ I ' / _.,,.. 

Yep) 

j 

Pnc. 3. IloTeaunanbHalI aaeprnll f3 -Kone6aa:1li 11 aqiqieKTI!BHalI rroTeaunanb
aalI aaepr1rn B Mo.nenn /7/ 

14 

£(0:J 
£(21), 

4.0 

l$ 

3.0 

2.5 

' \ \ 
\ 
\ 
\ 

184 

\ 
.\ 

\ 
\ 

' 

(fjj 

', ,..._ 
...... , .... __________ _ 

188 190 192 19ft 1g6 

Pnc. 4. TeopeTmteCKH8 (nyHKTllpHalI nHHH.II) ll 8KCII8pHM8HTam,Hbie (crrnowHalI 
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