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B nocnellaee BpeMH 6on&woe BBKMSHHe yllenHeTCH pacqeTy cnexTpa ypoBaeA 

8HOM8nbHOA qeTHOCTH 88 OCBOBe qaCTBqaO-Ilb!POqHorO ljlopM8nH3M8. 3Ta cxeM8 6bi-

na ycnewso npHMeseaa npx HccnellOBSHHH saep c aanonaeHHhiMH o6onoqxaMH -
12 

C, 

IS 0, 4CI Ca H Toll• EonbWOA HHTepec npellCTSBnSieT pacnpocTpasesHe ll8HHOA cxeMhi 

sa Hllpa c Heaanonaes&b!MB o6onoqxaMB, B qacTaoCTH 
15 

N H ISO. B sToM cnyqae, 

aecMOTpH 88 B03p8CT810WBe TexaaqeCKBe TpyllHOCTH, BCe JKe OK83biB8eTCH B03MOlK

Hb!M nocnelloBaTen&soe npaMeaeaae yKaaaasoro MeTolla 6ea aononsaTen&HbiX ynpoma

tomax npellnonoJKesaA. BnepBb!e TaKoA pao>~eT i•ut ••monaea Xan6epTOM H ctlpea-

/1/ qeM B paMKax o6onoqeqsoll: MollenH c npoMeJKyTo'!soA cBH3bto. PaccqaTaHHhiA 

IS 15 HMH cneKTp ypOB&eft lJ B 0 H npHB91l9HHbie HyKnOHBbi9 WHpHHhl OK838nHCb B 

yllOBneTBopaTen&HOM cornacaH c sKcnepHMeaTan&HhiMH llSBHhiMH, 01lH8KO B nocnell
/2-11/ 

see Bp9MH OOHBHnCH uen&lll: pHil HOBb!X pa6oT ; yToqHSIIOWHX cneKTp ypoaaeit, 

{3 -nepeXOilOB H T,ll, 
xapaKT9pHCTBKH sneKTpOM8rHHTHblX nepeXOilOB, BepOHTBOCTH 

8 CBH3H C STHM B03BHKn8 seo6XOilHMOCTb ll8n&seftwero HayqeHHSI CBOII:CTB Slllep 

15 IS • N B 0 , KOTOpOe H npellDPHHHTO B H8CTOS!Well: pa6oTe, 

IS 15 
1. CneKTp ypoBse!l a BonsOBb!e d!ysKUHH sllep N H 0 

LlnS! nocTpoeaas BonHOBbiX ljlysKua!l nonoJKHTen&solt qeTHOCTH Hllep 
15 

N H 
15 

0 

B KaqecTB9 6aaBC8 HCDOnb30B8nBCb COCTOHHBH TH08 llBe llb!PKH - OllH8 '!8CTHU8 

(p-22 S) H (p-2 1d) H COCTOSIHHe (ls-I). Hyneaoe npH6nalKeHHe/1
2

/ 

CTpOHnOCb no 9KCnepHM9HT8nbHhiM ll8HHhiM 06 ypOBHHX COC91lHHX Hll9p H no ll8HHhiM 
IS I 13/ 

!tB83Bynpyroro Bbi6HB8BHSI npOTOHOB ( p, 2p ) H8 Q • nolKHbl9 COCTOSIHHSI , CO-

OTBeTCTBYIOWH9 B036ylKil9HHIO U9HTp8 TS!lK9CTH S!llpa, 6binH HCKntoqeHbl nyTeM llH8-

-+ 2 
roaanaaauaa onepaTopa R • 
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DpoMe*yTO'IH8H CBH3b ocymeCTBi1Hi18C~ A068Bi18BH8M It r8M8ilbTOH88By By-

neooro npH6iiH*811BH B38BMOAelfCTBHI! '18CTHU8-.tlblpK8 V ph H ABYX AhlpOK V hb: 

V m V ph + V hh (1) 

Dp8 Vph = 0 llOilY'I8eTCSI llp86iiH*esHe Ci1860i! CBSI38, DpaBA8, aTO Be COBC9M 

o6bl'tH8SI Ci1868SI CBSI3b, T8K K8K 83-38 CM9WHB8H8SI KOHcJ>Hryp8~HII llpH HCKn10"19ifliH 

iiO*HbiX COCTOSIH811 B BOilHOBOII cJ>yHKUHH 6yAyT llp8CYTCTBOB8Tb K8K COCTOSIHHSI 

14 N c T = 0, T8K u c T• 1 , P8AH8ilbH8ll 38BHCHMOCTb a ( 1) 6panac& a Bll.lle no

Tesuaana faycca (exp (- r 2/ i )). AMnnHTYA8 B38HMOAellcTBHSI V0 aap&HpOB8nac& 

oT 0 .1:10 -50 Mas. P8cq:eT 6wn swnonses c p83BbiMH B8p88HT8M8 o6MeBBblX cun, 
I 141 

B3SITbiMH 83 pa60Tbl • D8paMeTpbl C8i1 npHB9):(9Hbl B T86n. 1. P8AH8il&Bbl9 BOil-

HOBble <jlyHKUHH 6pan8Cb ocusnnliTOpl!biMH; r o I b • 1 H r 0 • 1, 7 • )0 -u CN. 

Pac'leT noK838il, 'ITO nono*esse ypoasell c T"' 112 cn86o 38SHC8T oT o6-

Messoro B8pH8HT8, Pa3i18'189 Me*.tly B8p88HTaM8 M0*9T 6b!Tb Bll0i189 CKOMil8H

CHpoBaHO se6on&WHM H3M9HeH89M aMili18TY.tlbl ll8pHoro B38HM0):(91!CTSHSI, 3asHC8-

MOCTb OT V 
0 

-saa~onee CHilbS8SI. H8 psc. I noK83asa 38BHCHMOCTb nonoJKeBHH 

nepBbiX qeTbipex ypoaseli. c T = ~ oT aMnnHTyAhi V 0 AilS! o6Messoro aapuaBT8 

Poaes¢enh.t~a ( B8PH8ST 1 ) • 113 conocTaanesHB c 9KcnepsMesT8ilbHbiM8 A8BHbiMH 

Cile):(yeT, 'ITO OllTHM8ilhSOlf B9i18'1HSOli. HBnlleTCSI V D nopRAK8 - 50 Maa. 

nono)!(eSHe ypoasell c T = 3/2 , sao6opoT, O'leSb 'IYBCTBHT9ilbRO K o6Mes-

SOMY B8pHasTy, SO cna6o 3aBHCHT OT 8MililHTYAhl VG nocne.~:~see H8rnHAHO no-

··~ + 
K83aHo sa npHMepe ypoBHll J = Y, , T = 3/2 c E • 11,61 Msa (pac, 1). 

B aapsasTax, npaaeAeHShiX a Ta6n. 2,sasnyqwee cornacKe ncnyqeso AilS! o6Mes-

ShiX csn Po3es¢enbA8 ( F = 12,0 Maa; E =11,61 Maa). B B8psasTe D 
Teop. aKcn. 

nono*esae 9Toro ypOBSSI 3aBhiWeso sa I Mas, a B BapsasTe m - 88 s Msa •• 

3To, no-BHAHMOMY, CBSI3aStJ c TeM, 'ITO a B SlApe 
14 

N, BXOAHWeM B 
15 

N K8K 

0CTOB 1 sa6ni0):(8eTCSI llOA06Hall KapTHSa ):Iilli ypoasell C T = 1. 38BHC8MOCTb llOi10lK&S8SI 

sll3lllsx ypoBsell S!Ap8 
14 N c T "' 0 s T = I oT o6MeHShix B8pH8sToB I 8 

m noKa3aS8 S8 pac. 2. K8K BHAHO 83 p8cySK8 2, nonoJKeHHe ypoasell c T - 0 

cna6o 3aBI!CHT oT o6Messoro B8pHaHTa, nono*esse ypoasell c T • I OK83biB8eT

cg 6onee 'IYBCTBHT9ilbSbiM K B8p88STY o6MeSSbiX CHII, npH'IeM ny'!Wee cornacae C 

9KCnepi!MeSTOM AOCTHraeTCSI B aap88STe P039H<jlenb):(8, 3TO CBSI38SO C TeM, 'ITO B 

'leTSb!X nerKHX S1Ap8X ):IIlli nony•reSHSI rrpaBIIilbSOrO OTSOCHTenbSOrO p8CCTOSISHSI Me*-

4 

. 

! .i, ',~,! 

i~ 
I: ill 
,if{/• 

.··~ 

I 

ay ypoBJUINB c T • 0 a T • 1 Tpe6yeTcR 6onhW8H .~:~onH npocTp8RCTBesao- o6Nea-
/151 ' 

BbiX cu Malopaaa • B aapua&Te D , 8 oco6esso s m , STO ycnosue ae sw-

nonaeao. TaKBM o6paaoM, onTHMan&HbiM 51BiiH9TCll lil8PH8HT Po3eK+en~A8. 
15 

CneJtTP yposaa Slllpa N , p8CC'IHTaaawll: c yworoM c•n Pctaea+e.llh.tta npB 

V 
0 

• - 50 Mas, npH&eJleB sa puc. S • .Qns cpallseHHH TaM *e npaae.~tes aJtcnepB

NeaTea.BbiA cneJtTp. Yposau oTpuuaTen~aoA '!eTaocTH 11a pBcyaKe onymesbl, Kax 
111 

B II pafioT8 , O.RB03B8"1BO Y.l:t89TCH CODOCTABIIT~ C 91tCD8piM8HT8ilbBbiMB D.BBHbl-
+ 

NB aep11we ceM& yposseA, ypoaeBb J • 1/2 , T • 312 npll E • 11,6 Mas, a 
+ 1181 lJ 

TaJtlKe yposes& ' J • 512 , T • 812, •••nor KOToporo o6aapyJKea s a.ape C. 

.Qanee aJtcnepBMeaTan&BOMY yposa10 J • 7 I 2, I· 9, 8S M aa, ao.-BBD.B-
+ J• 712 np• F 10,9 M ... KpaMe TO-

Teop. + ~ 

ro, MOlKBO DODbiT&TJ>CSI npHSSI38Tb It SKCnepHN&IITA.IIbiiOMy ypOSBIO J •( 1/2,3/2 ) 

MOMy, C .. TBeTCTByeT ypo&eBb 

c E• 9,05 Me ypoaes& J • 1/2+, T. 112, E ,. 12,15 Maa. Ha pac.S 
TeOp. 

BRD.Bo, 'ITO sb!We 9 Mas SJtcnepBMeBTan&so saaecTso 6on&woe 'IIICno ypo11aeA, Tor-

J18 KU Teop9TB"'ecul cneJtTP s STOA o6nacTB ropa3D.o 6eaaee. no-aaaaMoMy, 

8TO CBH38BO C TeN, qTo S 9TOI o6nacTB y~e B8'1HH8~ npOSIBnHThCSI ypOIIBB C 

i)OQee CDOJKBOI IIPBPOD.OA, B 'qaCTBOCTB, THD.B P -
4 

(211, ld) 
3 

• Y'leT DOD.o6Bb1X 
1111 

COCTOBBRI o6orATBT T90p8TB"'9CitBA CDeltTp. KaJt cneayeT B3 pa60Tbl , a T8ItJK9 

R3 BAWHX upeD.BapBT8ilbBbiX OU9BOJt, ypOSBH T8JtOA npBpOD.bl p8CDonaraJOTCII B8'1BB811 

c 7 Mas. no-BHD.HMOMy, TOil&JtO aocne y"'eTa TaJtax cocTORBBA yaacTCR nony"'BT& 

cornacBe T80p11B C 9KCD9pBN9BTON B STOll o6naCTH. 

BonBOBbl8 cJ>yaJtUBB BB3IDBX ypoBaeA npBB9):(9Bbl B DpBnOJK9BIIB, .Qng 6a3BC-

,.....I'!i+l,2etl • 2T+1 li+ l 
BblX tjlyBJtUBA npBBBTbl CTeBD.ap'l'Bble o6oasaqeaus: p 1 1, L: ' L. OTN-

TIIN, 'ITO panaosble cJ>yBituBR ypossel c T • 1/2 B npoMeJKYTO"'BoA: CSH38 sec&Ma 

D.8D8JtB OT cJ>yJIItJtBI B cna6ol CBB3B, TOrD.a ltaJt llnll yposseA C 

D.AeTCB o6paTB8SI Jt8pTBU. 

2. {3-pacnaa 

T- S/2 aa6mo-

Xopomo Basec:Tao, 'ITO o69n0'18"1BAB Moaen& c npoMeJKyTO"'BOA csSI3&10 yc-

nemBO ODBCb!BaeT X8p8KT8pBCTHitH paapemeHBbiX (3 -nepexoD.OS 6on&WRBCTS8 
1181 

JI.Q9p p -o60DOUB • HM910MH8CB B9MBOro'IHCneBBb19 OTKnOB9BBH CBS38Bbl CO 

CD8DBtjlHJtOI nepeXOD.OB H 061>BCBSIIOTCH B p8Mit8X TOft lK9 MOD.9i1Ho no9TOMy sec&N8 
15 111 

BalKBO BCCi19D.OB8Tb (3 -p8CD8D. , C 88 pa3nB'!Hble COCTOSIBBSI N C TeN, 

"'T06bl BblBCBRTb, BACitO.IIbltO peanBCTB"'Bbl nony'leBBbl8 WB1tl1BB. Peayn&T&Tbl pac-
11 

q:eTa fat! r f {3 -pacnaaa C npll&eAeBbl s Ta6n. 2. 

5 
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Ill 
Kax 11 e pa6oTe ,eenii'IHHB ~gtf nepexo.a:a aa ypoeeab J z 112+, 

E = 5,299 OK838li8Cb .3aebiWeaaoit npll OllTI!ManbHOlt eenH'IIIHB aMlllii!TyAbl nap

HOrO eaaiiMOAeilcTelll!. Cornacllll Teopllll C SKcnepiiMBHTOM MOlKHO .!lOCTII'Ib lii!Wb 

npll MeHhWIIX (0 < V0 < 30 Mae) 3Ha'leHIIl!X Vo , o.a:aaxo npH aToM pacc'IIITaH

HbiH aaepreTII'IeCKIIA cnexTp 6y.a:eT npoTIIeope'IRTb aKcnepHM8HT8llbHOMy. Bnonae 

eoaMOlKHO, 'ITO p8CXOlKAeHRe Cel!3aHO C T9MH lKB llpii'IHHaMII, KOTOpb18 llpHCyWB 
H H . 

II fJ -pacna.a:y C .. N ; a RMeaao, c TOft '18CTbiD MaTpii'IHOrO aneMeBT8 

{:J -pacnaaa, KOTopa!l ce!l3aiia c ocTOBOM A • 14. A Anll nonyqeHR!l axe nepH-
I• I• 

MeHTBnbaoro epeMeHR JKII3BH f3 -pacna.a:a C.. N ueo6XOARMO npaBJieqeaRe 

6onee TOHKBX !leTaneit CTpyKTypbl 9THX !lAep, TaKIIX, KaK yqeT eKn8.!l8 ebiCWHX 

I 191 1201 
KOH<!JIIrypaUIIH lll!B TeH30pHbiX Cllll • no-eHAHMOMy, TaKB9 p8C'I9Tbl npeA-

CTaelll!IDT HHTepec B Allll l!Aep A • 15. lJTO KacaeTC!l nepeXOAOe H8 eTopoe II 

+ 
TpeTbe COCTOS!HIIll C J • T • 1/2 , 112, TO 3Ha'leHRll tog r f H8XO.[lllTCil e 

yAOBneTeopiiTenbHOM COrnaCHH C 9KCnep11MeBTOM ITpH v 0 - -50 Mae. npae.a:a, 

OOllbWall 9KCITepRMeHTanbHall OWHOK8 H9 IT03eOl!l!eT C.Qel!8Tb ebiBO.ll, HaCKOllbXO 

xopowo ual!.[leHHble eonaoebie <jlyBKUIIII OITHCbieaiDT 9TH COCTOl!BHll. AaanorB'IBall 
+ 

CHTyaUIIll ua6niD.a:aeTCll 11 e cnyqae nepexo.a:oe aa ypoeaR J a 3/2 , T a 1/2. 

npaB.a:a; aenoBHTHbiM l!enHeTCH pacxoJKAeBRe uamero pacqeTa c pe3ynhTaTOM pa-

1101 + 
OOTbl llllll cnyqa!l J a 3/2 • E- 7,30 Mae. 

3. Pa)lllaUIIOBBble nepexogbi 

8 nocne!lBee Bp9Mll ITOl!eRnOCb OOllbiiiOe 'IHCliO 3KCIIepi!MeHTal!bHbiX pa6oT, e 

KOTOpbiX IICCneAOeaHbl X8paKT9p11CTIIKII aneKTpOMarBHTHb!X IIepeXOAOe MeJKAy CBH3aH

BbiMH COCTOIIHIIIIMII HAep IS N II lfi 0 • PacqeT xapaKTepi!CTIIK paARa!lHOHHb!X ne

pexo.a:oe TaKlKe II03eOl!II9T nony'IHTb HB<jlOpM81liiiD 0 CTpyKType ypOBHei!. C STOlt 

uen&ID 6bmH Bbi'IIICneHbi mnpHBbi El 11 Ml nepexo.a:oa, a TaKJKe oTaome"l!Rl! ae-

pOIITBOCTelt napullallbHbiX nepeXOAOe. 

a) E I nepeXOAbl Ha OCBOBHOe COCTOSIBII9 p ~I lllBpHHbl 9TIIX nepeXO.!lOB 

BeCbMa qyecTBI!Tel!bBbl K aenii'IHHS aMIIl!HTYAbl napaoro e3ai!MOAeltCTBH!l 0 R, K8K 

BHAHO H3 pHCo 4, BHOr.[la OTliH'IaiDTCll Ha ABa ITOpiiAKa ITO cpaBHeHRID C TeM cny

qaeM, KOrAa B3aHMO.[l9llCTeRe eb!KliiD'IeHO ( V 0 "' 0) • 

6) E I nepexoAbi ua cocTOl!HRe P~i 
2 

• BepollTHOCTb TaKnx nepexo.a:oa Mana 

8 

fr 
i\ 

~I 

;\.~. 
'!~ 

DO Cp8BH8a11JO C 88pOliiTBOCTIIoJO nepeXO.I(OB B OCBOBB08 COCTOliiBB .. HCIUIJO'I8D8 COCT&Brul-
11 II 

eT nepexo.l( c ypoBas 8,Sl2MaB a N x E •7,680Maa B 0. Manalil aenx•xaa 

OTHOW&BBH 3aTpyAHH8T BaAB~OCT& Cp8BH8BHSI TeOpBR C sxcnepRMBHTQM. 

·II) CpaBaeaxe pacc'IIITaBRbiX mRpRa nepexo.a:oe c sJtcnepaMeaTaiii>HbiMB npoae.D:eao 

B Ta6n. 3. K COJKane&BID, e R8CTOHII(8B epeMlil sltCUepaMe&TallbRbl8 JlaRRbJ8 BeC&Ma 

aenon&bl, oco6eaao sTo Jtaca&Tcll a6conJOTRbiX aaaqeaRI mapaa. noaTOMy &To can&

ao 3aTpyABliiBT RRTepnpeTAUBJO peayn&T4TOB. 

Ql8 p y,BT9M uepeXQSOB &a ypOBBI 4. cuenP dloTOnMoaos s Moe 
UOnPlKITelllpiPI '"ROCTI 

CnexTp npoll}'XTOB cjiQTopacmenneua HJ:tep, caHTbll c xopomaM paapeweBaeM, 

BMaeT HCBO BblpalKa.IIHyJO TOBityJO CTpyll:Typy. Pac'leTbl, BbiDOliB8RRbiB B aac•,-...ee 

BpeMH B paMitaX '18CTR'IBO-JlblpO'IROro cjlopM8llH3M8, npaBRn&BO nepaJlAJOT o6maA XOJl 

CJI81tTpa, RO BB ero CTpyltTypy. 3TO CBlii38HO KaK C T&M, 'ITO JlRDOli&RbiB COCTOliiBHlil , 
paa6pACbiBAJOTCH JIO 09llbW8My 'IRcny COCTOHBRI, a 'laCTH'IBO-JlblpO'IHbiB B036yJKAa-

RHH cocTaBnaJOT nam& 'Jtap:a:ac' pe3oaaaca, Ta:a: a c TeM, 'ITO pacniUI o6paaoaaamax

Clil COCTOHRBI RJleT 88 TOll&XO DO 'JlblpO~HOMy' XaBany, BO II Ha ypOBHR 6onee CllOlK

BOI. npBpo.D:bl. nocneJ:tO,B8Tem.Rbil Y~eT 9TRX JlByX cjlaxTOpOB O'I&H& CliOXtBH, HO Jlllll 

11 
npoCTeftmero cnyqaa - cjloTOpacmenneua 0 •, no-BRLIHMOMy, enonae ocymecTBRM. 

0JlR8XO Mbl orpaBR'IRMCH 6onee ttpoCTOA 38LI8'1eA: He eblXOJlll 38 paMXll '18CTR'IIID-
18 r 

LlbiPO'IIIDrO B030ylKJlaBHH.f paCC'IRT8T& CJIBII:Tp DPOLIYKTOB paCU8Jla 0 Sa JlblpO'I-

Bbla ypG>BBR a aa ypoBRH nonolKRTen&aoa 'I&TROCTR HllBP 
15 N a 

15 0. nocne~:tne ne

pexo.a:bl coo1'e&TcTeyJOT BblneTy aayTpeaaero P -ayxnoaa, ae y'lacTeyiDmero ae-

/22/ 
nocpeLtcTeeaao B aoa6ylKJleaaa liiJ:tpa npa nornomeau y -xeaaTa • Y11eT STRX ne-

pexo.a:oa JlOlllK&H DpRB9CTH X CMHI''IBRRID CllBKTpa, T.K. caMR ypOBBH neXtaT JlOBOn&

RO llbiCOXG>. PeaynhTaTbl pac'I&Ta npHee~:teHbl e Ta6n. 5. 

H3 Ta6nRLibl BRJlHO, 'ITO Jl9ACTBRT9llbHO B03HRX88T Jl0llOliHHT8nbR8B CTpyKTypa 

B CllBKTp.e, CBH3aRHaH C Y'I9TOM TaKRX nepeXOJlOB, 0JlH8KO Cyii(&CTeeHHOr'C R3Ma

HBHRH He UpOB30llill0o no-eRJlRMOMy 1 6onee cymeCTB9HHO Y'18CT& T8KHe nepBXOLibl B 
/23/ 

HApax c aeaanonae&RbiMH o6ono'IKaMa • 

B aaiUIID'IBHae aBTopbl BblpaXtaJOT 6narosap&OCTb B.B. Banawoey 3a none3Rbie 

Ot5CylKABRRH. 

7 
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PRe. I. 3aBRCHMOCTh nonoJKeBHSI ypoaael nonolltRTenbaoA ~eTBOCTB SIApa 

15 
N 

OT 8MMIITYAhl napaoro B38HMOA8ICTBRSI V o 

1 - J '"' ~ +, T .. ~ ; 2 - J .. 3/2+, T·M 

3 - J .. S/2+, T•H 4-]=7/2+, T""~ 

5- J .. ~+. T .. 3/2 . 
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Pac. 2. 3aBHCHMOCTb iiOnOJK9HHSI BH3WHX ypOBHeA S1llp8 
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N c T - 0 H 

b -BBPH8BT M . OT o6Meaablx aapaaaroa: a -aapaaaT I 

c'!f 

T • 1 

n 

Teopu.n 

N(~ 

3Kcnepu1'1el-lm 

0'5" 

Puc. 3. CneKTP ypoBHeA nono>KnTenbaoH qeTHOCTH s:~aep 15 
N u 

15
0. 3xcnepu

MeHTanbHhtf:i cneKTp B3SIT H3 pa60Tb/6/ • 
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Pxc. 

Vo 
4. 3asucRMOCTb WRPRR E 1 nepexo~:~os Ra ocaosuoe COCTORHRe RApa 15 N 

OT aMnnRTYA~ napuoro 838RMOA9ACTBRR V
0 

12 

l· ···-···-·-····•»' ··-

TatSnana 

BapaaaTw ofSN&BBhiX can, acnonla3o&aH&ble npa pac'leTe saepreTawcs:oro 
cnexTpa 

w 11 8 fl 
I -0,!3 0,93 0,46 -0,26 

II O,IO 0,70 0,20 0 

III 0,35 0,35 -O,IO 0,40 

Tatinlf.a:a. 2 

3aBBC8MOCTb 88118-JRB fOJ t f fJ -pacna.aa RApa I & C OT 8MRnBTy-.Qbl napaoro 

88a8NO.D.8ACTBBR V O • 3KcnepWMfHlT8111oHbl8 .. 811Hble &aRTbl 83 pafSOTbl/ JO/ 

JX: T E (Mea) 
'11 v:-f 

V0=-eo M9e V0=-40 Mas V0=-SOM.aa V0• 0 3Kcnepawen 

I/2+ ,I/2 5,30 4,76 4,53 4,36 3,60 4,I 
I/2+ ,I/2 8,3I 4,66 4,30 3,96 3,60 4,8 :1: 0,3 
I/2+ ,I/2 9,05 4,02 4,02 4,IO 5,29 3,7 :1: 0,3 
3/2+ ,I/2 7,30 4,83 4,70 4,57 3,99 >6,I 
3/2+ ,i/2 8,57 5,34 5,04 4,89 9,65 > 4,0 

IS 



''"'"••----

Ta6n•ua S 
llJapHHbl p8.llH4IIROHBbtX nepeXOJlOB N&Jitlly CBR38.8BblMB COC'I'ORBBRN.B Rll.1e lSN 

a 'so . 3J:cnepaMeaTanbawe aauane 83ATbl: a- aa pa6oTw/S/ J a - a31 I, 
C - 83 9/ , 8 OCT8ll&Hb19 - 83/2/ , 

Ta6naaa 4 

3aBBCBMOC'I't. paawaa:aoaa~o~x map•• ocaoaawx E 1 a M 1 nepexonoa c ypoa.u: 
J • S/2+ , T • 1/2 , £ • 8,15 Msa OT a..:nn.BTYJibl napaoro 

838BNOli.8ACTBBR V 0 • 

f ( SB) r;~z:. r, B !I 

£, 
.... T 3&cnepRM8BT 3Jr.CR8p8M8BT 

7.· ... Ti ~ I ~ Ef Teo paR Taopaa: 

( "''5) NI5 0I5 (tl") "I5 0I5 

E r (oB)Teop. (tt'/ r, 1 E r, B ~ 

~I Tf 
( MoB ) 

Teopao (N~) SKcnepaMen V
0
=-40 MoB Yo=-50 MoB 

Vo =-40 MoB V0a-5CUSB N.L~ o.L~ 

5,299 I/2+, I/2 I/2-, r/2 0 0,055 O,Or53 :1: 0,0068 o,OCll28 IOO roo IOO 
I/2- , I/2 0 0,0365 0,820 I3 7I 32 :1: 4 55 

7,r54 5/2+ , r/2 5/2+ , r/2 5,27 0,078 0,0057 B roo 00 IOO 5/2+ , I/2 5,27 0,24I 0,339 87 29 65 :1: 4 40 
J.f~-, r/2 0 r,362 99,6. 98 :1: I IOO 

5/2+, r12 5,27 0,004 , 
}2±r 

<6 

7,30 3/2+ , r/2 r12+ , r/2 5,299 0,000 
I o,4 

<6 

-~~--

3/2-, r/2 6,32 0,000 < 0,25 <7 

7,563 7/2+, r/2 5/2+, I/2 5,27 0,016 O,U0$8B .100 00 IOO 

I/2-, J./2 0 0,195 83,0 78 :1: 3 ~3 :1: 0,3 Ta6n.ana 15 

l/2+, r12 5,299 0,032 13,8 II :1: 2 ~7 :1: I Kaaan1o1 pacnana .aanonbRbiX 'I&CTB'Iao-.a:&Ipo'l&blX J • 1-. T • 1 
COCTORBBA aa.pa 110 • 

8,$r2 1/2+. J./2 3/2- , I/2 6,32 O,OOI 0,2 8,8± 2 57 :1: I 

3/'t,+. 3/2 7,3u 0,007 3,0 2,2± o, 22,7 :1: I 
Ypoaaa SD.pa 15 N •a'o. 

E H.a;pa 110 B Maa 

I/2-, I/2 0 0,82I 0,53I0 70,67 32 :!: 4 55 

5/2+, I/2 5,27 0,339 0,405° 29,33 65 :1: 4 40 

p -I p-I D.y6neT E•6,3 MoB OcTan&&ble 
I/2 3/2 ypoBBB 

18,57 3/2+ , r/2 r/2+, I/2 5,299 0,000 o,oo <I2 

3/Z-, I/! ,,32 1,000 o,ozi0 0,00 3 :1: I 4 

25,8 23,4 ~ 72,8 ~ I,3 ~ 2,5 i' 
I 

23,4 32,6 % 65,7 !I I,7% 0 

I/2-, I/2 0 I,790 71,0 92 ± 3 

I/2+, I/2 5,29 0,712 28,2 3,8:1: I 67 
I 

19,052 I/2+, I/2 3/2-, I/2 6,32 0,004 0,2 3 :1: 2 33 

3/2+, I/2 ~.30 0;013 0,6 r,2:t o, 

10,4 9/2+ , I/2 7/2+, r/2 7,56 0,205 

11,61 I/2+. 3/2 I/2-, I/2 0 39,2 26,3 

14 
15 

~--



r nPHDO)f(EHffE: Bonsoawe cjtysxnaa BB3WHX ypoaaeA nonO)I(BTenJ::.aoll "'&THOCTB 
anpa 11 H ( c!IYBIUIHH naabl B S t -c&Haa). 

++· + 
E (Mea) ++· + E ( Mas ) 

6,03 9,3 12,12 7,1 8,65 

f++· + E (Mea) 
7 + + 

E ( Mea ) 

-r' 
5,0 8,II 5,9 10,9 

13$, ~: 22,1 0,481 -0,107 -u,529 13 .1, ,J: 22 2) -o,133 -D,609 

31,S, t: 22$ 0,557 -D,197 -D,103 31$, J,:22 :u -0,122 -o,255 

13:1), J,: 22,1 -D,.l95 0,053 0,196 13 1), $:22 :D 0,665 0,058 

31 i:l, tt: 223 -0,199 0,060 0,031 13 J), ,J.=l2 2) -D,230 0,384 

s·l; l2s -0,090 0,029 O,U72 31 J), t="-2 'ZJ 0,398 0,021 

131>, J._:22p 0,141 0,01l. o,uao 31 tJ, J.: 22 2) -u,107 0,075 

31 :I>, J,: 22p 01!43 0,002 0,!69 II P, J.= 22 2J -0,057 -o,052 

II P, :f ;22p 0,!99 0,166 0,041 33 p J.:22 J) -D,120 0,086 

II P, l :22p 
I 

0,005 0,002 -0,167 13.1) J.=22 p 0,090 -o,073 

33 P, s: 22p 0,431 -D,036 . 0,630 31i rL22 p 0,069 0,038 

33 PI J,: 22p 0,159 0,002 0,383 II P: 8 ,zz p 0,203 lii,I06 

I3 s, J,: 24.:D -o,010 -o,048 0,146 II P, J.'22 p -o,024 0,264 

I3 j) J $ : 24 :J) 0,194 0,946 -o,088 33 P, ,=22 p 0,205 -o,056 

I3 :D, J.,:24:JJ -0,013 -D,093 -D,147 33 P, r£22 p 0,093 -0,102 

33 p, J: 242J -0,010 O,OOI -0,017 13$, $:24$ -O,II3 -o,043 

I3 JJ, d.,: 24p 0,008 0,020 0,079 133), d.,' 24 $ -0,005 O,II8 

33 P, s : 24p 0,213 -0,087 0,013 Bs, J.=24 2J -0,015 -o,272 

33 p 'I d.- : 24 p 0,024 -o,009 0,009 132)1 s: 24 :1) 0,396 0,004 

I3 J) J.' 24 2) -0,080 0,352 I 
33 p

1 
a,:24]) 0,008 0,055 

I3 .v, t/.,:24 p 0,037 -D,227 

33 ~ ,=24 p -o,OII -o,OO? 

I3,S,J;22ZJ 0,321 -D,27I 13$, ,J: 24 2J -D,139 0,285 
31$, cL:22:!) 0,529 -o,327 !3.1), s: 24 :D o,ooo -o,006 
!3~, s:22 :J) -o,042 -o,004 13:1J I, .. 24 X> 0,105 -0,157 
131), cl(l21) 0,030 0,257 I3 JJ,J.:22F -o,282 0,297 
31:z>,s:221J -o,040 0,008 13 :1.)

1 
J.:24 F -'0,253 0,185 

31:J)
1

J,:22 ;J 0,012 0,122 13 J),J:226- 0,603 0,541 
II p

1 
J.:22 XJ -D,II8 -D,091 I3:IJIJ.:24r;. 0,344 0,234 

33p, J.--22 :D -o,278 0,066 31 :J), J: 22 F -D,261 0,434 
13 s, J:24 2J 0,062 -D,128 31 :D,rf:22G 0,328 0,188 

13 :D, s :24 1J -D,02I -o,027 IIp,J:22p 0,255 -D,I33 

I3 2), J:24;o 0,058 0,330 33p_rJ:24:lJ 0,024 -0,038 
33 pJ J: 24:0 -D,127 0,098 33~J:22p 0,317 -o,398 
I3$J,J.·24p -o,OI7 -0,127 33~J:24p. 0,048 -D,154 
33p, s=24p 0,009 -0,003 
33p)J.:24p 0,101 -D,106 

I3:IJJ·22F -o,289 -o,550 
313>,J.:22F -0,152 -o,200 
II P,J:22F 0,155 0,006 .. 

33p, J_:22F 0,542 O,OII 
I3 JJ,J.:24F -0,157 -o,446 
33 P,J.:24F 0,175 -0,054 

I3 .t>,J:24G 0,082 0,!36 

33 p [24 p 
I -0,003 -o,054 

B:o [24 r 0,004 -0,173 
I 

33 p J;24 F -0,024 -0,072 
I 

17 

16 



I 
r 

E (.Maa) I E (Mea) 

-f· + 10,4 12,0 

I3 $), J..:24f -0,142 31$, 5 :42$ 0,742 

I3 :D, rl ' 22G 0,561 31.IJJ:42.S -o,l05 

13 .1)
1 

,J,: 24G 0,386 31:J),J=42p 0,027 

31j)
1
,£:22r; 0,705 33p, s:42p 0,259 

33 p J,:24F -0,!39 33p, .s:44p 0,605 
I 

33p,J..:42p o,re8 
33P,J.:44p 0,044 

33p,J.:44]) -0,006 

-. 

18 

I 4· + I 

31j
1 

s :. 42$ 

31 .t>, s : 42 J) 

31J)
1 
,£: 42 JJ 

33p,J.: 42 ZJ 
33p,.s: 44 p 
33piJ., :44p 

33 P, rl : 44 .[) 

33p, J., :42F 

31 J) J_:42r 
I 

33p J,.:44F 
I 

E (Mn) 

12,38 

0,743 

-0,063 

-0,271 

-0,070 

0,01+0 

0,334 

-0,254 

0,2.82 

o,uao 

0,319 

"oi•<," 

.. ~.,-' 

4895/I np. 
>K -f31 lycynoB,I.A. • ,.p. 

YpOBHH fiOHOZH1'8HbHOI 
q81'HOCTH B N IS • 
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