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fl. 

J1sBeCTH0
1 

'ITO B aTOMHblX SU:tpax CIIHHOBbie B38HMOAeHCTBH51 

rrpaKTH'leCKH CTO!Ib JKe 8$cpeKTHBHbl1 KaK o6bi'IHbie JlBYXHYKIIOHHbie, 

II HrpaiOT BaJKHYID ponh KaK B cpopMIIpoBaHHH. cpenaero \caMocorna.,- · 

COB8HHOro) IIOJ151 SIApa, TaK II B scpcpeKT8X oc-raTO'IHbiX B38HMOAeHCT

:BHHo .CIIHHOBbie CHJlbl. orrpe)leJISIIOT rrpaBHJla CJlOliWHIISI .. yrnOBbiX MO

Mel!TOB B l!eqeTHO-He'leTI!blX SIApaX H CllHHOBOe pacmerrneHHe .B qeT-

·/ 1/ . . . . . 
HO-M8CCOBblX 51Ap8X · , 3TH CIIJlbl AaJOT. cymecTBeHHblH BKJ18A B 

- - . - . - . . . . . K .. 0 11,2/ 
.'IeTHO-He'leTHblH CABHr ypoBHeH B poTaUHOHHblX IIOJlOCaX C. = • o 

Xopomo. H3BeCTI!bl IIOJISipH38UHOHHbie scpcpeKTbl CIIHHOBbiX B38HMOAei1-. 
. /3/ . /4/ 

CTBHH B MarHHTHblX MOMeHTaX aeqeTHbiX: SIAep 1 , {3 .,-pacrraAe 

H ApyrHx ,cpH3H'leCKHX rrpoueccax. 3TH cHnbr TaKJKe reaepHpyroT B 
. . c /5-7/ 

'leTHO-: .'leTHbiX SIApaX KOJI!IeKTHBHbie, BeTBH B036yJKAeHHH. 1 KO- . 

TOpbie IIO . CBOeii CTpyKType cymeCTBel!HO 0TJ1H'l8IOTC51 OT KOIIJieKTHB

Hl'>IX COCT051HHH
1 

CBSI38HHblX C KOne6ilHHRMH .SIAepHOH IIOBepXHOCTH, 

HacToSimaSI JlHCcepTaUHSI rrocBSimeaa IlccnenoBal!HIO a<P¢eKTOB.' 

OCT8TO'IHblX CllHHOBb!X B38HMOJ:(eii:CTBHH B OAHO'l8CTH'tHOM H KOJIJleK

THBHOM .JlBHJKel!H5iX B !iecpopMHpOB8HHblX aTOMHbiX ~ApaX, B paMKRX. 

' . . 

MHKpOCKOllH'!eCKOrO IIOAXDAR paCCMOTpeHO BJlHS!HHe 8THX CHJl H8 

MarHHTHble. MOMeHTbi
1 

rrapaMeTpbl pa3B513b!B8HHSI l! 6eTa-rrepeXOJlbl 

B. He'leTHblX SIApaX, . a TRKJKe C.BOHCTBa renepl!pOB8Hl!OrO l!Mlr' MarHHT-

aoro JlHIIOJlhHOro pesoaaaca 
l + -B036yJKAeHH51) H KOJlJleKTHBHbiX 
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0 + -noa6y)Knennli ( cr{nn-KnanpynonhHhiX) n qeTno-'leTHhiX Sill-_ 

pax. IJncnennhre pacqeTbi npone.nenh! na 6aance o.nnoqacTII'lHOii Mo
l 8/' 

nenn Hnnhccona 

B nepnoii rnane lliiCcepTamm JlaeTcSI o6aop TeopeTH'leCKIIX n 

3KcnepnMenTanhnhiX nccneJloBannii, yKa3hiBaromnx na neo6xolliiMOCTh 

y'leTa ocTaTO'lHhix Cill!HOBbiX B3al!MOilelicTBllii B Slllpax:. PaccMOTpe

HO TaK)Ke MynhTnrronhnoe paano)Kenne ocTaToqnoro cnnnonoro BGan-

MollelicTBUSI u Bb!lleneHbi 'lnenbr; KOTOpbre cymecTnennhr B paann'l

.J 
HhiX SIBneniiSIXo 

BTopaH rnana llHCcepTauuu nocnflmena uccnelloBannro ::J<jJ<j>eK

. T~B CflliHOBOli IJOnS!pll3aUUH B IIe'!eTnbiX lle<fJopMIIpOBannhiX SI]lpax, 

IIpOSIBnSIIOllillXCSI B MariiiiTnbiX CBOliCTBaX,. IJapaMeTpax pa3BSI3biBaiiiiSI_ 

II B {3 -rrepeXOilax. TeopeTn'leCKlle nccneJloBannSI CIJIIIIOBOii nonSI
l8 4/ 

pnoaunn rrpoBOilnnnch nn6o rro Teopnn noaMymefinH · ' , nn6o B 

paMKax MeTOilll Mnr11ana
191

·• B § § t n 2 onncan rrpocToii MeTOJl 

. yqeTa 3<jlcpeKTOB crrnHonoii rronSipnaaunn B paMKax· rrpn6nn)Keni1SI 
.·. /1011/. ·. . . 

TaMMa:..nanKOBa . • • npenrronaraeTCSio 'ITO MOIIOIIOnhiiliSI qaCTh 

(no yr.rionhtM rrepeMenm.tM) cmmonoro B:JliiiMOilelicTBIISI renepnpyeT 
+ . . . 

KonneKTIIBHhte l -noofiylKTleHIISI c. npoeKuneii nonnoro MoMenTa 

K = 0 11. K = l n 'leTno-•Ii'THhtX Sill pax. 3<jlcpeKTbt cnnnonoii nom1-

pnoau1111 B neqeTm.tx Hllpnx pnccMaTpimnroTcSI KliK o6cynonnenHbie 

B3.3llMOileitCTlli!eM ~e'!eTHOii 'lnCTIIUhl C ] + -BO:JfiYlKilenHSIMll 'leTnoro 

OCTOBllo TaK!IM ofipli3DM0 YllllnOCh Bnepm.ie CBSI3l1Th s<jlcpeKTbl cnnno

BOli nomip113BUIIII B HeqeTnbiX SIJlpBX CO CBOliCTBliMll B036ylKJlenllli 

Tuna I " = l + ( K = 0 nnn · ) n 'leTHo-'leTnhrx Hllpax. Sea npo~ 

MelKyTO'lnOii CTllllllll liCCnellOBBHllSI 'OJlno<jlonoHnbiX COCTOSinnii B 'leTnO

'leTnbiX SlllpliX/ 
121 

naiiJlenbi. aMnnnTyllhl TpeXKB83ll'lliCTII'lnhiX IlpiiMe

ceii K OllnOKB83ll'lliCTII'lHbiM COCTOSII!llSIM ll rronyqeno JlllCIJepcnonHOe 

ypannenne 'JlnSI CJlBnra · OJl!IOKBaanqacTn'lnhrx yponneii, o6ycnonnennoro 

3TllMll IlpHMeCSIMllo 
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B §4 uccnelloBaHbi MarnnTJihre MoMeHThi '. ( gK -<jlaKTOpbt)/11/ 

cocToHnnii c K ·> I /2 •. noKaaano, 'ITO cnuJionoe naanMoneiicTnne 

neqeTJioii qacTnuhr c I+ -noa6yiKJlennHMn 'leTnoro' ·ocTona ( K ~ o) 
IlpUBOilliT K nepenopMI!pOBKe OJlllO'lliCTli'lHblX MaTpli'lllblX sneMel!TOB 

cnunonoro onepaTopa (npoJlonhHaSI crrnnonaSI nonHpnaaunH, u 
z 

KOTOpOii COOTBeTCTByeT s<jl<jJeKTIIBIIOe 3Ha'!ei!Ue CilliiiOBOrO riipOMar-

HliTHOrO OTI!Olliei!USI gz 
s 

). 

B §5 HccnellOBani.r MarnnTHbre cnoiicTna u rrapaMeTphr pa3BSI-
. /13,14/ 

3b!Blii!IISI cocToSinnii c rrpoeKuneii yrnonoro MoMenTa K = I/2 • 

noKaaano, 'ITO B 3Tl!X COCTOSI!IllSIX1 KpOMe IIepenopMHpOBKll OllnO'lliC

TII'lnbiX MliTpll'lllb!X sneMe!ITOB < ~= > 1 B03niiKaeT llOIIOnniiTenh-

" no rrepeiiOpMllpOBKll OJlnO'lliCTll'lllbiX MaTpii'lnbtX sneMenTOB < a+ ·> 

( IIOIIepe'l!lliSI Cllll!IOBBSI IIOnS!pli38UllSI 1 KOTOpOii COOTBeTCTByeT s<jl<jleK-
,f- . 

TI!Bnoe 3IIB'lenne < g > ) 0 nepenopMHpOBKa MliTpii'lnhiX sneMeiiTOB 
. . s . 

< ;+ > SIBnSieTCSI .cnellCTBHeM B3llllMOAeliCTBllSI He'leTI!Oii qaCTllUbl 

c I+ -noa6y)KJlennSIMn ocTona ( K = I ) • KaiiecTnenno nenn'!III!hi 

gz II g+ orrpellenSiroTcSI rrnoTnocThro ·I+ -:noo6y:ll{):lelx"nii qeT-
s 

noro ocTona c K = 0 n K =I , · cooTBeTCTnenno. Bnnny cymecT

nenno 6onhmeli rrnoTnocTn noa6y)!(Jlenuii c K = I · MO:Il{I!O OlK!IIlBTh, 

'ITO B COCTOSIHllSIX_He'leTHOrO Slllpa C K 1/:.! MaTpii'lllhiii sneMenT 

" < u + > 6yJleT rrepeHOpM!IpOBblBBTbCSI. CllllbHee, 'leM < ~' . ·> • T.e. 
z 

TeopnSI rrpeJlcKa3biBileT rrpannno g+ < 
R 

gz 
R 

• 3To rrpellCKaaaHne 

Teopnu, liCUMIITOTII'leCKll CTporoe TOilhKO B COCTOSII!llSIX1 UMeJO!UllX 

rrpoeKunro op6nTanhnoro yrnonoro. MoMenTa A =· 0 , xopomo co

rnacyeTcH c sKcrrepnMeHTanh!lhii,i~ JlanHbiMll. ( cM. puc. 16 n 1n). 

BhtSicneno, 'ITO rrorrepeqnaH crrnnonaSI rronSipnaaunH rrpunonnT K rrepe-

nopMllpOBKe OllnO'lliCTll'l!IOrO IJapaMeTpa. pa3BSI3biBllniiSI 

a =o y 2 < K = I/2 I j + I K :....:.I/2 >-, BXOJlSI!Uero B <jlopMyny. JlllSI ::Jnep

rnu npam.aTenhHbiX cocioHnnfi· na · OllH.o'lacT~tlnoM yponae·c K = I/ 2 
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( B qaCTfiOCTH, II3-3a IIOmipii3aUIIII MOJKeT llaJKe II3MeH!ITbCSI 3HaK 

rrapaMeTpa pa3BSI3b!BaHIIS1 1 ecnn . < ~ •> II < f + •> IIMeiOT 

pa3Hbie aHaKII). TaKIIM o6paaoM, oKa3bi~aiO~CSI c~SI3aHHhiMll MeJKllY 

co6oii Mai'HIITHbie CBOil:CTBa COCTOS!Hllil: _II BpaiUaTenhHbie crreKTpbl Ha 

IIJIX~ 

Hlm6onbrnnii nHTepec rrpeacTaBnSie_T rrapaMeTp pa3BSI3biBaHiur 

cocTOSIHIHI -T[ 5I0 t ] , IWSI KOTOporo MOllenb· HIInbCCOHa rrpea-:-

CK83biB8eT OTpHUaTenbHYIO BenH'lliHY ;e' o6naCTII peAK03eMenhHbiX 

Siaep. M IIOI'O'liiCIIeHHhle 3KCIIepHMe HTaiihHbie aaHHbie . IIOKa3b!BaiOT1 

'ITO 3HaK rrapaMeTpa~ pa3B513biBaH!ISI 3TOI'O COCTOSIH!ISI IIOIIOlKIITeneH. 

/13,14/ . 
HccneaonaHl!l! _ rroKaaann , 'ITO y'leT crrnHOBhiX rronSipuaauuoH-

m;Ix a4JqleKTOB flpl!BOAUT K 113MeHeHll10 3H'lKa OAHO'l8CTll'lHOI'O 3Ha

qeHJI51 rrapaMeTpn pa3BH3oiBamni (puc. 1a). ITponeaeHhi rronpo6HI,m-
. ' . ' ~ 

pac'!ElTui rrapaMeTpa pa3BSI3uiBaHH51 anSI 'cocToRHll~· ~- [ 510 t ] B 

paann'lHhiX Rapax. ITpaKTl!'lecKn no ncex RApax rrony'leHa rronoJKII

TenbiiaR nenl!'llllla rrapaMeTpa pa3BH3uiBaHH51 n yaonneTnopnTenbHoe 

cornacne c 3KCrrepnMenToM. 

113DCCTIIO, .'ITO D AeqlOpM!IpOBBHHblX 5illpax CKOpOCTb pa3pellleH-:

IIi>IX I'llMOD-TCnnepODCKIIX {j -rrepeXOAOD MelKAY He'lCTHh!Mll HA~ , 

paMn rro'!Tll na rropHAOK MeHbllle rrpc:mcKa3biBaeMoil: r.1oaenbiO Hnnbc- · 

- . ~/15/ 
COHa C y'leTOM rrapl!u!X KOppenHUl!H . • 

B §7 BTopoi"' rnaBui paccMoTpeHbi .a4J-cpeKTbi cmmonoii rronHpn
.J 

3aUIIII n pa3perneHHhiX raMoB-TenneponcKnx f3 -rrepexoaax, 

o6ycnoBneHHbie 3apSIA006MeHHOI"! 'lBCTbiO Cf!UHOBOI'O B38~MOAeiicT-
/16/ . - ' - . 

BUR • fl_oKaaauo, '!To Ha6niOAaeMoe 3aMeaneHne cKopocTn {3 -pac-

rraaa Bbi3BaHO B3811MOlleHCTBIIeM He'leTHOii 'lBCT!IUbl C HeiiTpOH;..llpO':"' 

TOHHb!Mll I+ B036ylK!leHU51Ml! He'leTHO-He'leTHOI'O OCTOBB (K= I). 

Teopii51 IIpeACK83b!BaeT1 . 'ITO OCHOBH851 cnna f3 -rrepexona pacrrpe-

aenHeTCSI IIO BbiCOKOB036yJKAei!HbiM COCTOSIH!ISIM. 

6 

',• ~ 

I 

I 

I 
\ 

TpeTbH rnaBa IIOCBRIUeHa UCCIIeAOB8HlliO CBOHCTB B036yJKlleHllii 

c 1" = I+(K=O ; K=I), . reHepHpOB8HHbiX M8I'HUTHbiMH llUIIOIIbHbiMII 
- - - - 17,17/ 

B38llMOAeHCTBHSIMU B qe_THO-'leTHbiX Ae¢JopMHpOB8HHbiX HApax • 

B § 1 c rroMoiUhiO MeToaa TaMMa-llaHKona rrony'leHo ceKynSipHoe 

ypanHeHne an11 aHepriiii I+ -no36yJKlleHnii.- floKaaauo, 'ITO aTn 

COCTOS!Hl!SI IIOSIBIISIIOTCSI B CIIeKTpax IIpU W > 2 fl. ( 2 /1. -aHepre-

Tl!'leCKa51 menh1 o6cynonneHH8SI rrapHbiMll OCT8TO'lHbiMll B3aHMOlleiicT

Blli1Ml!) •. AH8IIII3 IIOK838II1 >iTo. n CIIeKTpOCKOII!I'leCKOH o6naCTl! IIIIOT-

HOCTb I+ - B036yJKAeHl!H CQCTannReT IIpHMepHO 10-15 COCTOSIHIIH 

11a 1 Man. B _aioii o6nacTn o6hi'lHO Marro cocTOHHnii c K = 0 

no cpanHeHHIO c. K = I 

n f3 -pacrraae 11 (n, y 

;3Tn noa6yJKlleHHSI xoporno Ha6niOaaiOTCH 

) peaKUIIRX (n anccepTaunH nponeaeH 

·aRanll3 I'+ -no36yJKaeHHii1 o6RapylKeHHhiX n 
170 Yb 

HOH nenll'l!IHOH llii51 I+ -noa6yJKaeHllii SIBII51eTC51 

) • XapaKTep- _ 

_ MI -rrepexon 

liB OCHOBHOe COCTOS!Hlle. J:1ccneaonaHIISI 1 rrponeaeHHbie n §2 AII51 Ilpll

neaeHHOH nepoHTHOCTll aTnx rrepexoaon, rroKaaanH, 'ITO nee I+ -co

CTORHIIR c K = 0 nrrnOTb no alieprllfi IIOPSillKB 6-'! M3-B xapaKTepll.;.. 

ayiOTCR ManbJ:Mll aHa'leHnSIMll B ( M I, 0-> I ) - ; KaK rrpan11no, anSI Hl!X 

B (MI , 0 ... I) I B(MI) < 0,2 
s.p. =:: 

x/ 

Cpea11 HH3KoneJKamnx cocTOHHllii c K = I MOI'YT _ 6b!Tb. CO-

CTOSIHHH, l!MeiOmne 3Ha'lelll!SI B ( MI , 0-> l) IIOpSillKB OllHO'laCTll'lHOI'O. 

OHM cna6o KonneTnnnaHponaHhi, a t6onbllla51 nenl!'ll!Ha MaTpli'IHoro _ ane

MeRTa MI -rrepexoaa o6cerre~l!naeTC51 6on~ml!M nKIIBllOM COCTOHHIIH 

na oalioii ccjlepiiqecKoii rroao6ono'IKH. 

llnSI nhiSIBIIelll!SI_ o6naCTll: 3Heprnii1 n KOTOpOH MOI'YT IIOSIBIISITbC51 

CIIIIbHO KOnneKTIInH3HpOB8HHbie I + · -COCT011HHSI 1 'nhi'lHCII51IIOCb llli

IIOIIbHOe IIpanHIIO cyMM1 n3BeiUeHHOe IIO 3Hepi'HH (§3): 

- x/ B (MI) = I,79 (_J_ )2 

s.p. 2mc -
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_I_< ~ol [D p. • [II, D, ] lJ 'Po·> 
4 r. 

k l: ,WI 
3 I 

r.ne II 

paTop l\11 

MO!le.'IbHblll raMII.'IbTOHHaH·. S!!lpa, a 

-MynbTIIIJO.'IS!o 

B
1 

(l\U), 

1 
2 

D 

(I) 

-one-p. 

HaiiiH IICC.'Ie!lOBa!IIISI IJOKa3anii1 'ITO OCIIOBHOH: BKna.n B rrpaBII.'IO . 

cyMM .naiOT COCTOSIHIISI B o6naCTII 10-11 MaB (K = 0) II 12-13 MaB 

( K = 1) (p1Ic. 2). B:rma.n 1+ --!.cocTOSIHIIli: B o6nacTII pe3oaaac-

HOrO 3aXBaTa Heli:TpOHOB o6bi'liiO He rrpeBbiiiiaeT 10-15% IJO.'IIIOH Be

.'III'lliiibl rrpaBIIna cyMM. CIIna l\11 -peaoHaaca orrpe.nenSieTcSI B oc.;. 

HOBIIOM; O!liiO'laCTII'lHbiMII rrepeXO!laMII Me)KJ:ly- ypoBHS!MII CIJIIH-Op61I-

TanbHhiX .ny6neToB, a ero rrono~eHIIe '3aBIICIIT oT aiiepriiii cmm-op-

6nTanbHoro pacmerrneHIISI. I1oKa3aHo TaK)Ke, q_:ro li o6nac.TII aaepriili: 

pe30Ha!ICHOro 3aXBaTa Heli:TpOHOB MoryT IIOSIB.'IS!TbCSI OT!lenbHhie 

COCTOSIHIIH C B (l\11 , 0 I) = B (l\11). 
s.~. 

B 'leTBePTOli: rnaBe llCCneayeTCH Bni-IHHIIe ClliiH-KBaApyiiO.'IbHbiX 

- B33llMO}:leli:CTBllll Jia CBOHCTBa KonneKTIIBHbiX 0 + II 2+ -coc-
I -

TOHHIIli: B 'leTHO-'leTHhiX .neljlopMIIpoaaHHhiX m:tpax •. B § 1 B paMKax 

~e;oaa · rrpH6nii)KeHHoro BTOpH'lHoro KBaHTOBtlHIISr peiiiaeTcSI Gana'la 

coBMecTHoro yqeTa rrapHhiX, KBaapyrronbHhiX II. ciiHH-KBa.npyrronhHhiX 

OCT8TO'lllb!X B3aiiMO!leli:CTBllllo TioKa3aHo,· 'ITO CIIIIH-KBBLlPYIIO.'IbHbie 

B3aiiMoaeli:cTBIIH MoryT 6biTb OTBeTCTBeHHhi 3a rroHa'neHIIe HoBoli: 

BeTBH - O+ :II 2+ ~B036yx<_neHHH -HHJKe IIOpora ,LlBYXKB83II'l8CTII'l-

IIbiX Bo36YiKAeHIIli:. B § 2-4 paccMoTpeHbi pac~aLllihie .'cBoii:cTBa aTIIX · 

COCTOHHIIH c E2 II" EO -nepexoJi~i) 1 AEi!Ia KTiacCIItPHKaUIISI O+ -B03-

6y)KneHl!li: IIO Be.'Ill'lHHe OTHOIIIeH~H IIpiiB~!leH!IhiX B'epOHTHOCTeli: E 0 
. - · I 18/ ·- -. ·. - .· e2 R4 p 2(EO) · - . · 

n · E 2 -rrepexo.noB ·· ( rrapaMeTp X = · 0 , BBe.neHHbili: P ac-
,. · : .- /19/ ,·· _ - . ._ B(E2) , _- -• __ . , 
MycceHOM . . ) • TioKa3a!I01 'ITO 6e3 y'leTa Cill!II-KBBApyrronbHhiX 

B3aiiMO}:leli:CTBIIli: ae~03MO)KH0 o6-h~CHllT~ ITQHBneH~e ·.BTOpb!X o+ co~-

8 
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TOHIIHH !Ill)Ke menn. CBsi:3b f3 . -Bn6paunli: CO CfiiiH-KBBApyrronb-
. . . . -

HhiMH Boa6y)KncmnHMll rrpnBOLlllT K yMeHbiiieHnro p (EO ) , B (E2) 

II X - amr Hll)Kali:IIIni 'o+ -cocToHanli:. B pHae Haep nH-

Tep¢epeaunoHHhie aljlljleKTbi o'leHb cnnhHhi, n MoryT rrpnBO!lllTb K 

o6pa30BBH>IIO Hll3KO:Iemamnx ()+ -B036y)K}:leHIIH CO 3HB'leHHHMll 

X"' w-2
..:. 10-3 

) He}:laBHO TaKne.co,CTOHHIIR o6HapyiKeHbl B156Gd, 
1 6 •. ' -5 Er n 

17oyb ) , B TO BpeMH KaK anH 'liiCThiX f3 -Bn6paunli: 

II crrnH-KBa.npyrronbHhiX B3ani.waeli:cTBnli: xapaKTepHa Benn'liiHa 

X "' 0,3 II 0,1 , cooTBeTCTBeHHo.-- HccnenoaaHhi pacrraAHhie xapaK-

TepHCTIIKII 0+ -COCTOHIIIIH TIIIIB rrapHbiX BH6p~UIIH 1 HMe_IOIUIIX 

aHeprnro w ·:; 2 !'! • 0Ka3anocb, 'IT~ rrapHhie Bn6paunn MoryT nMeTb 

31IB'leHllSI X -> 1 • PHA TBKHX COCTOHIIllH TBK~e o6aapyiKE:lH B 3K-

= ' - - - ./20/ f3 ' 
crrepnMeHTanhHhiX nccne.noBaHHHX • CBH3b -Bn6paunli: c 

' ' ' 

IJapHbiMli BII6paUHHMli IIp1IBO;::tliT1 KaK llpBBII.'I0 1 K pe3KIIM CKB'!KaM 
- ' 

3Ha'leHnli: X B_6nn3H aaeprnli: rrapHhiX Bn6paunli:. Pac'leTbi rroKa~1a-

·iJii, 'ITO CBOli:CTBa 2+ -COCTOHHliH Mano B03MYIIIBIOTCH CllllH-KBa}:l

pyrronbHbiMII B381IMO}:leli:CTBllHMllo 

B . §5 nccne.noBaHo BnHHIIIIEp CIJIIH-KBa.npyrronh!IhiX cHn. i'ia cKo-

pocTII pa3pemeHHhiX raMoB-TennepoBcKnx. f3 -rrepexo.noB Tnrra 

'/21,22/ 
1 +-+ 0 + • l13BeCTII0 1 'ITO MOAenb C IIapHb!Mli ll KBBLl;:>YIIO.'Ib-

IIb!Mll B38llMO}:leli:CTBIIHM_ll' o6bi'IHO I!pe}:{CK83biBaeT TaKyiO }Ke .ciwpOCTb 

pa3pemeH!IbiX {3 -rrepeXO}:lOB HB {3 -Bn6paUllOHHb!e COCTOHilllH 0 

· KBK ll HB OCIIOBIIbleo 0AHBKO 9KCIIepnMeHT yKa3biBaeT1 ,'ITO IIepeXOLl 

liB o+ '-Boa6y)!(JleHl!SI '3aMeTHO 3aMeanea. Pac'leTbi, rrpoae.neHHhie r . 
B ,aTOM rraparpaljle, IIOK83biB8IOT1 'ITO: CIJIIH-KBBApyrronhHbie B331IMO-

}:leli:CTBIISI .IIpliBO.QHT K Cli.'IhiiOMY aaMe!lneHII.IO CKOpOCTII {3 -pacrra-

.'aa aa- O+ -Boa6yJi<.neHHH, 'ITO xopoiiio cornacyeTCH c aKcrrepHMea-
. ' -· . 

Ta.'IbHb!Mll }:lBHHbiMIIo TioKa3aHO , T8KiKe1 'ITO CllliH-KBaApyiiO.'IbHble 

B3aiiMO}:leli:CTBHH Cna6o B.'IliHIOT HB CKOpOCTb {3 ~paCIIBLlOB HB raM-

MB-BII6paUllOHHbie COCTOHHllSio 
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OcnoBHbie pe3YJibTaTbi )lnccepTaunn ony6nnKoBaHhi B pa6o-
!7,10,11,13,14,16-18,21,22/ · ·. XVIII , XX TaX · . · ll JlOJIOJKeHbl Ha - eJKe-

roJlHblX coBemaHHHX no HJlepnoii cneKTpocKonnn, na V Bcecoi03Hoii 

~Kone no HJlepii:oii !flnanKe B YJKropoJle, a TaKJKe npeJlcTaBriHnnch na 

MelKJlyHapoJlHbiH cnMnoanyM· no CTpyKType 5I)lpa B lly6He ll Ha KOH

¢epeHUlll0 no CBOHCTBaM 5l)lepHbiX. COCT05IHIIH B Monpeane. 

nnTepaTypa• 
,J . 

1. C::.J. Gallagher~ S.A. Moszkowski. Phys.Rev., 111, 1282 · 

(1958). 

2. H.H. n5ITOB. Ha·B. AH CCCP, cep.!flll:a., g 1436 ( 1963); 

N.D. Newby. Phys.Rev., 125, 2063 (1962). 

3. z. ·Bo~hnacki, S. Ogaza~ Nucl.Phys., §2, 186 (1965). . .. . ... ~ 

4. z. Bochnacki, S. ·ogaza. Nuc1.Phys., A102, 529 (1967). 

5. N.I. Pyatov. Proc. Lusekil Symp. Sweden, 1966. Ark. 

Phys., ~. 667 (1967). 

6. K.j'v\. )!(eneanoBa, H.H. n5ITOB; M.H. qepneii." l1aB. AH CCCP, 

cep.!fllla., ·;u, 1689 ( 1967). -

7. S.I. Gabrakov, A.A. Kuliev, N.I. Pyatov. Comtributions 

Int. Conf. Prop. Nucl. Str, Montreal, Canada, 1969, p.39. 

8. S.G. Nilsson. Kgl. Dan. Vid. Seisk.,. Mat.~.Medd.,.£2, 
No. 16 (:1955). ( CMo IIep_eBOJl B c6. , ne!f!o·pMauirsi. aTOMHb!X 

nJlep", Hn, 1958). 

9. n.n. ParronopT, A.C. qepHbimoB. H<t>, L 309 ( 1967). 

10. A.A. Kuliev, N.I. Pyatov. Proc. Intern. Symp. Nucl. Str. 

Dubna, USSR, 1968, p. 73. 

11. A.A. Kyn?eB, H.H. n5ITOB. H<t>, !!. 313 ( 1969); npenpllliT Ol1Hl1 

P4-:3934, lly6na 1968 •. 
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12. V.G. Soloviev. Phys.Lett., 1&, 308 (1965); 

"CTpyKTypa cnoJKHbiX .HJlep", cTp. 38. ATOMH3JlaT, MocKBa, 

1966 r. 

13. A.A. Kuliev, N.I. Pyatov. Phys.Lett., 28B,. 443 (1968). 

14. A.A. Kuliev, N.I. pYatov. H<t>, Q, 955 ( 1969). nperrpnuT 

Ol1Hl1 P4-4069, lly6na 1968. 

15.· E. H. 3axapbeB, H.H ... n5ITOB, B. H. <t>ypMau. )!(3T<t>, i1 1669 ( 1961). 

· 16 •. C.H. fa6paKoB, A.A. KynneB. Coo6mennH OHHH P4:..5003, 

· lly6Ha . 1970. 

17. C.H. fa6paKoB, A.A. KynneB1 H.H."nHTo~." H<t>, .!..£, 82 ( 1970); 

npenpnHT ,OHHH E4-4774, lly6Ha, 1969. 

18. A.A. KynneB, H.H~ nsiToB. HaB. AH CCCP I c~p.!fln3., !!b 831, 

( 1968). npenpnHT OHHH P4-3576, lly6na 1967. 

19. J.o. Rasmussen. Nucl.Phys., .12, 85 (1960). 

20. R. Graetzer, G.B. Hagemann, K.A. Hagemann and 

B. Elbek~ Nucl.Phys., .72, 1, 1966 •. 

21. A.A. Kynneri, H.H.; n5ITOB. npeiifJIIIIT OHHH P4-:3171, lly6Ha !'967. 

22. A.A.Kuliev, N.I. Pyatov~ Nucl. Phys., A106, 689 (1968). 

23. B.C. llJKenenoB, f.<t>. llpaununiia. HaB. AH CCCP, cep.!flna., 

!!b 66 ( 1968). 

24. D. Agresti, E. Kankeleif imd B. Pers!;;on. Phys.Rev., 155, . 

1342 (1967). 

)P,yKonncb IIOCTynnna Btii3Jl8TenbCKHii OT)len 

11 _JleKa6pH ·1970 rona; 
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Pnc. 2. 3HeprHH rrepexOAOB: w n • _3Ha"'eHrre n ( Ml, 0 .... l ) H . 
11 rrpaBHno cyMM Ami 1+ -cocToHHHii c K = 0 II K = 1 B HADe 
~ 170Yb • OueHKa neaoii cTopOHhi J1PaBnna cyMM rroKaaaaa rryHK-. 

THpHOii nHHHeif, CrrnOIUHbie KpHBbie COOTBeTCTByiOT IIpaBOii "'aCTH 
rrpaanna cyMM ( 1) • 
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