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06rn,a.H xapaKTepHCTHKa pa6oTbl 
· AKTYaJihHOCTb npo6JieMbI. 
HoBhre aKcrrepnMeHTaJihHhie ycTaH0BKH (DRIBs B JINR, SPIRAL B GANIL, 

FAIR B GSI n RIBF B RIKEN) cym;ecTBeHH0 pacump.HIOT B03M0,KH0CTH cnHTe3a 

.H,n:ep, y,n:aneHHblX OT ,n:oJIHHbl 6eTa-cTa6HJibHOCTH II crroco6cTBYIOT n3yqeHHIO K0p0T

K0)KHBym;nx .H,n:ep B Jia6opaTOpHbIX yCJIOBHHX. <!>H3nKa H,n;ep c CHJibH0il Heii:TpOHHO

rrpoT0HH0il acm,rMeTpneii: 0Ka3bIBaeTC.H CBk3aHHOil ·c IIIHp0KIIM Kpyrm,1 IIHTepeCHhIX 

3a,n:aq, cpe,n:II K0T0pblX rrpe,n:CKa3aHIIe 3B0JIIOUIIII CTpyKTYPbl H,n:pa rrpn H3MeHemm 

C00TH0IIIeHIIH Me)K,Zl;Y qIICJI0M rrp0T0H0B II Heii:Tp0H0B, qTQ oco6eHHO Ba)!(HQ )];JIH aCT

pOq>H3IIqecKIIX rrpIIJI0)KeHIIll, B qacTH0CTII, ,11;JIH n3yqeHHH CBH3II H,n;epHb!X rrpou;ec

C0B C HYKJie0CIIHTe30M 3JieMeHT0B, corrpmio)K,11;aIOm;IIM KOJIJianc MaCCHBHh!X 3Be3,n; . 

~.H C0BpeMeHHOil 3KCrrepnMeHTaJihH0ll H TeopeTIIqecKOll .H,n:epH0ll q>H3HKH CBOllCTBa 

.H,n:epHblX B036y)K,11;eHIIll B6JIII3II 6eTa-HeCTa6IIJihHblX ,n:Ba)K,11;hl MaruqecKIIX .H,n:ep ( 78Ni 

II 132Sn) IICKJIIOquTeJihH0 Ba:lKHhI ,n;JIH perneHH.H rrpo6JieMhI orruca1m.H r-rrpo11ecca, 

0TBeTCTBeHH0r0 3a o6pa30BaHIIe 6oJiee II0JI0BIIHhl TH)KeJiblX H,n;ep II3BeCTHh!X B rrpu

po,n:e. C ,n:pyroil: CT0p0Hhl, CB0llCTBa HellTpOHH0-,11;eq>IIIIIITHhIX ,n;Ba,K)];hl MarnqecKHX 

.H,n:ep ( 48Ni u 100Sn) CB.H3aHbI c acTpocpH3uqecKIIMII ycJI0BII.HMII 6bICTporo p-rrpo11ecca 

B CBepXH0BbIX II TIIIIa. <l>yH,n;aMeHTaJibHblll acrreKT ii:po6JieMhl CBH3aH C II3yqeHHeM 

3B0JIIOUIIII CTPYKTYPhI .H,n;pa C II3MeHeHIIeM KBaHT0B0ro qucJia II30CIIIIHa, qTQ Tpe-

6yeT pa3BIITH.H caMOCOrJiaCOBaHHbIX II0)];X0,11;0B C HCII0Jib30BaHI1eM peaJIIICTuqecKoro 

3q>q>eKTIIBHOr0 B3a:JIM0,1l;ellCTBHH HYKJI0H0B. 

Xoporno H3BeCTHhl ycrrexn MIIKp0CK0rrHqecKHX MeTo,n:0B B II3yqeHIIII HII,Kaii:urnx 

II BhIC0K0Jie)Kam;nx, TIIIIa rIIraHTCKIIX pe30HaHC0B, K0JIJieKTIIBHh!X BII6pa11nOHHh!X 

COCTO.HHIIll B aT0MHbIX .H,n:pax B6JIII3H JIIIHIIII 6eTa-CTa6HJihHOCTII. O,n;HHM II3 °0CHOB

HhIX 1fo,n:xo,n:0B rrpII 0IIHCaHIIII K0JIJieKTIIBHhlX B036y)K,11;eHIIll HBJIHeTCH rrpu6JIII)Ke

HHe cJiyqail:HhIX cpa3 (II C<I>). B paMKax II C<I> B0JIH0Bhre cpyHKIIIIII o,11;Hocpononnh1x 

COCTO.HHHll .HBJIHIOTC.H cyrreprr03IIIIHeil .n:BYXKBa3nqacTIIqHbIX KOHq>HrypaIIIIll. Pac

CMaTpIIBa.H T0JihK0 0,11;HOq>OHOHHhie B036y)K,11;eHH.H, y,n;aeTC.H II0Jiy<IHTh ,n:ocTaToqno 

T0qHoe II q>H3HqecKII HCH0e 0IIIICaHIIe B036y)K,Ll;eHIIll rrpu HII3KIIX, rrpoMe)KyToq~ 

HhIX II BhIC0KIIX 3Heprn.HX B -..ieTHo-qfanhIX .H,n;pax. O,n;HaKo aHrapMonuqnocTb ~neK

Tpa HH3K0Jie)Kam;Hx BH6paIIHOHHhlX C0CTO.HHIIll II npo6JieMa 0ITIICaHIIH .H,n:epHb!X xa

paKTepIICTIIK, CB.H3aHHbIX c cpparMeHTaIIIIeil O)];HOq>OHOHHh!X COCTOHHHll, TaKHX KaK 

Bep0.HTH0CTH 3JieKTp0MarHIITHbIX nepexo,11;0B Me)K,11;y HH3K0Jie)Kam;IIMII BII6paIIHOH

HhIMII COCTOHHIIBMII, ceqeHHH q>ClTOITOrJiom;eHII.H, IIIIIp!IHhl ruraHTCKHX pe30HaHC0B, 

npIIB0,n:HT °K Heo6X0,11;HMOCTII yqeCTh CB.H3b np0CTbIX qaCTH'IHO-)];h!pOqHh!X KOHq>H

rypaunil: (lplh) c 6oJiee CJI0)KHhIMH, npe)K,11;e Bcero ,n;Byxq>ononHhIMII HJIII 2p2h

KOHq>HrypaIIII.HMII. HarrpHMep, B pa3JlllqHbIX peaJIH3aIIII.HX MeTO,n:a 6030HHbIX pa3-

JIO)KeHIIll, KBa3IIqacTHqHO-q>OHOHHOll M0)];eJIII (K<I>M) !I Te0pHII .H,n:epHhlX IIOJieil: 3Ta 

npo6JieMa 6hma perneHa nyTeM · yqfaa qacTII ocTaToqHbIX B3am,m,n:eilcTBuil, oT6po

rneHHhIX npII BhiqIICJieHHH O)l;HOq>OHOHHbIX C0CTOHHHll. CJie,n:yeT TaK)Ke 0TMeTIITb 

0CH0BaHHhre Ha Te0pIIII K0HeqHhIX cpepM!I-CIICTeM II0,11;X0,11;bI: M0)];eJib yqfaa 2p2h

KOH<pnrypau;nil: II MHorocpoHoHHhiil BapnaHT MeTo,n:a CB.H3aHHhIX KaHaJI0B. 
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QqeHb rrorrymipHbIM B II0CJie,l],Hee Bper.isi CTaJI0 IICII0Jib30BaHII~ KBa3IIqaCTIIqHoro 

IICc:D c HepeJISITIIBIICTCKIIMII scpcpeKTIIBHbIMII ,ll,Hyx~acTIIqHbII-4II CIIJJa~rn: HJIII CIIJia

MII, II0JiyqeHHbIMII II3 peJISITIIBIICTCKIIX narpamK~a~6~. T~irne pacq~Tbl Iie T.pe6y

!OT BBe,D,~HHSI HOB~IX rr~paMeTp0B, TB.K iaK OCTaTO'IHOe B3am;o,n;eiiCTBIIe i:ionyqeHO 

caMOCOrJiaCOBa~HbIM o6p830M ;~ TeM )Ke caMb!M <PYHK:wJOHaJIOM IIJI0THO,CTII :mep

rIIII 'KaK II ,cpe,n;Hee IIOJie. Y'!eT C~SI3II M8)K)zy IIP,OCTbIMii II, C.ijO)KHbIMil KOHqJIIry

pan_IISIMJ1. npHB0,D,IIT K. 6-1:'rcipciMy. y:se.nII'IeHII!O Pa3Mepoa. KOHqJIIrypa:wioHHOrQ npo

CTpaHCTBa, C ,K0TQpbIM, TIPilX0,D,IITCSI ·. IIMeTb ,n;eJI0. B peaJIIICTII'I8CKIIX BbI'IIIC,JieHIISIX. 

C ,n;pyroii CT0p0HbI, IICTI0Jib30Ba:rme cenapa6eJibHOH cpopMbI 0CTaT0'IH0ro B3aIIM0~ 

,n;eiicTBIISI no3B0JISieT o6biiTII a~y Tpy,n;HOCTb II npciao,n;JITh 
0

BbI'IIICJieHIISI He3aa11cII

M0 OT pa3Mepa KOHqJIIrypan_IIOIIHOro IlpOCTpaHCTBil,. HarrpIIMep, Kc:DM Il03B0JISI8T 

,n;eJiaTb ,D,0CK0HaJibHbie npe,n;CKa3aIIIISI HII3K0~HepreTH'IeCK0ro cneKTpa COCTOSIHIIH· B 

SI,n;pax C pa3BIITb!M cmipIIBaHIIeM, HO npII 3T0M TPY,D,H0 3KCTparr0JIIIp0BaTb napaMeT

pb! M0,D,8JibH0ro raMIIJibTOHIIaHa B 3KCTiepIIM8H'l'~bH0 H8,D,0CTYTIHbie o6JiaCTII SI,D,ep. 

:::ha Tpy,n;H0CTb 6hIJia npeo,n;oJieHa C TI0M0ID;b!O npou_e,n;ypb! cenapa6eJIII3a:wJII 0CTa

T0'IH0ro B3aIIMo,n;eiicTBHSI, noJiy'IeHHoro II3 acp¢eKTIIBHbIX cII.n CKIIPM?,, B paMKax 

3T0r,o no,n;xo,n;a 0CTaT0"IH0e B3aIIM0,n;eiiCTBIIe npe,n;c,aBJISieTCSI B BII,D,e CIIJI JlaH,n;ay

MIIr,n;a.rra, r,n;e 'rrapaMeTpbI JlaH,n;ay Bbipa)KaJOTCSI '!epe3 rrapaMeTpbI CIIJI CKIIpMa. 

HcnOJib3YSI KBa,n;paTypHy!O cpopMyJiy rayccciBa TIITia ,D,JISI N T0'leK, i.'to~HO 0CTaT0'l

H0e B3aIIMb,n;eiicTBne cBeCTII K cyM~e II3 N cerrapa6eJibHhIX 'IJieH0B. B ,n;a.rrbHeiiIIIeM 

3T0T no,n;xo,n; 6bm o6o6iu.eH Ha CJiy'laii BKJI!O'l8HIISI napHbi; KOppeJI~U.IIH II ~cp¢eKTOB 

CBSI3II co CJI0)KHb!MII KOHqJIIrypa:wJSIMII. AKTIIBHO IICIIOJib3YIDTCSI II aJibTepHaTIIBHbie 

rryTII cpaKTOpII3aU.IIII B3aIIMO,n;eiicTBHSI CKIIpMa, pa3BIITbie B Mo,n;enII BII6pIIpyIOiu.e

ro II0T8HU.IIaJia IIJIII B Te0pIIII 3Hep~eTII~eCK0r~ <PYHKU.IIOHaJia IIJI0TH0CTII, OTM8TIIM, 

'ITO Pe3YJibTaTbI, II0Jiy'leHHbie C cermpa6eJibHb!M ~pII6JI.ll)K8Hll8M ,D,JISI CIIJI CKIIpMa, 

0'!8Hb 6JIII3KII K pe3yJibTaTaM paC'!eTOB C TIO~Hb!M B3a~MO,D,8HCTBIIeM CKIIpMa. 

IJ;eJibIO pa60TbI: SIB:7ISI8TCSI npIIMeHeHIIe 
0

qJ}'IIKQIIOHaJia TIJI0TH0CTII 3HeprIIII K 

IICCJie,n;oBaHII!O BJIIISIHIISI B3aIIM0,D,8HCTBIISI np0CTb!X II CJI0)KHblX KOHqJIIrypan_IIii na 

Mnoroo6pa3IIe ~BoiicTB B036y)K,n;ennbIX cocTOSIHIIii cpe~~~ II TSifK8JibIX ccpepII'Ie

CKIIX SI,D,ep C 60Jib!IIIIM HeiiTpOHHbIM II36b!TKOM B Illlip0K0M IIHTepBa.rre 3HeprIIii B03-

6y)K,D,8HIIH. 

Hayqinui: H0BH3Ha pa60Tbl. 

C TI0M0J½b!O IIO,D,XO,D,8. na 0CH0Be KBa3II'!aCTII'IH0r0 npII6JIII)K8HIIR CJiy<IaHHbIX 

cpa3 C HYKJI0H-HYKJI0HHbIMil CIIJiaMII CKIIpMa IICCJI8,D,0Bll,Ha cpparMeHTa:wJSI o,n;nocpo

HOHHb!X C0CT0SIHIIH cpe,n;nIIX II TSI)K8Jlb!X ccpepII'I8CKIIX SI,D,ep B nIIIp0K0M IIHTepBaJIC 

aneprIIii B036y)K,ll,_8HIIH., , , 

• IIoKa3aHo, 'ITO Y'leT CJI0)KHbIX KOHqJIIrypa:wiii no-pa3H0MY BJIIIsie-r na mrnca

nIIe xapaKTepIICTIIKII rIIraHTCKIIX pe3onancoB pa3noii MYJibTIIII0JibH0CTII. Y~eT 

anrapMOHII'l8CKIIX acpcpeKTOB CJia6o BJIIISI8T Ha IIIIIpIIHY rIIraHTCKOrO ,D,IIII0Jib

H0r0 pe30HaHca, B TO BpeMSI KaK TIPII OIIIICaHIIII IIIIIpIIHbl II30CKaJISipnoro rII

ranTCKoro ,KBa,n;pyrr0JibH0ro pe30HaHca 3T0T' acpcpeKT SIBJISieTCSI orrpe,n;e~SI!0-

!11.IIM. 
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• YcTaHOBJieno, 'ITO orrpe,n;emI!Olll.aSI p0Jib ,n;ayxcpOHOHHbIX K0MII0H8HT B pac

rrpe,n;eJieHIIII CIIJibl El-nepexo,n;oB B HII3K03HepreTII'l8CK0H o6JiaCTII II cyiu.e

CTBeHH0M YBeJIII"!eHIIII IIIIIPIIH TIIIrMII-,D,IIII0JibH0r0 pe30Hanca B neiiTp0HHO

II36bITO"IHb!X II30Tonax Sn. 

• Bnepable c CIIJiaMII CKIIpMa pacc'!IITanbI aeposiTH0CTII E2- II Ml-rrepexo,n;oa 

Me)K,ll;Y BII6pa:wJOHHbIMII KBa,D,pYJI0JibHb!MII C0CT0SIHIISIMII. Ha rrpIIMepe 
90

•
92 Zr 

II 92,94Mo II0Ka3aHo, 'ITO Y'leT BKJia,n;a ,l],HyxcponoHHb!X KOHqJIIrypau_IIii rrpIIBO

,l],HT K rrpaBIIJibH0MY 0TIIICaHII!O CB0HCTB HII3K03nepreTII'l8CK0r0 cneKTpa KBa,D,

pynoJibHbIX B036y)K,ll,eHIIH. 

IlpaKTH'leCKaH n;eHH0CTb pa60TbI. 

Pe3yJibTaTbl ,D,IICCepTan_IIII, 6a3IIPY!Olll.II8CSI Ha caMocornacoaaHH0M no,n;xo,n;e C IIC

TI0Jib30BaHII8M acpcpeKTIIBHOrO B3aIIM0,n;eiiCTBIISI CKIIpMa, MoryT npIIMeHSITbCSI IlpII 

IICCJie,n;oBaHIIII CB0HCTB K0JIJieKTIIBHbIX B036y)K,D,eHIIH B SI,n;pax, y,n;a.rreHHbIX OT ,D,0JIII

Hbl 6eTa-cTa6IIJibHOCTII. 

OcHOBHbJe pe3yJibTaTbI, BbI,!J,BttraeMbJe ,U,JIH 3ain;ttTb1: 

1. B paMKax caM0C0rJiaC0BaHH0r0 no,n;xo,n;a C IICTI0Jib30BaHIIeM CIIJI CKIIpMa, Y'III

Tb!BaSI B3aIIMO,n;eiiCTBIIe 0,1],HO- II ,n;ayxcpononHb!X KOHqJIIrypa:wiii, IICCJie,D,0Ba

Hbl I'IIranTCKIIe pe3onaHCbl sJieKTpII'IeCK0r0 TIITia (rIIraHTCKIIH El-pe30Hanc, 

nIIrMII El-pe3onaHc II II30CKaruipHbiii E2-pe3oHaHc), a TaK)Ke HII3K0Jie)Kai:wie 

2+ -C0CT0SIHIISI a ccpepII'IeCKIIX SI,n;pax. 

2. ITOKa3aHo, 'ITO B3aIIMO,D,eHCTBIIe C ,l],HyxcpononHb!MII C0CT0SIHIISIMII IIrpaeT onpe

,n;eJISI!Olll.Y!O p0Jib B cpopMIIpOBaHIIII pacrrpe,n;eJieHIISI El-CIIJibl IlpII 3HeprIISIX 

ao36y)K,n;eHIISI Ex < 11 MsB II cyiu.ecTBenno yBeJIII'IIIBaeT IIIIIpIIHY nIIrMII 

El-pe3oHanca. B TO )Ke apeMsi, ono cna6o BJIIISieT na mIIpIIny mranTcKoro 

El-pe30HaHca, K0T0paSI B 0CH0BH0M B0Cilp0II3B0,l],HTCSI y)Ke B o,n;nocpoHOHHOM 

(IICc:D) npII6JIII)KeHIIII. Pe3yJibTaThI pac'leTOB ,n;nsi SI,D,ep 
124

•
130

,
132Sn xopomo 

cornacy!OTCSI C 3KCrrepIIMeHTaJibHb!MII ,n;aHHbIMII. 

3. lllIIpIIHa II30CKaJISipHoro E2-pe30HaHca B 0CH0BH0M onpen;eruieTCSI B3aIIMO,n;eii

CTBIIeM 0,D,HO- II ,n;ayxcponOHHb!X COCTOSIHIIH. 

4. BnepBbie B car.mcorJiaC0BaHH0M rro,n;xo,n;e C CIIJiaMII CKIIpMa II Y'l8TOM CBSI3II 

0,1],HO- II ,ll,HyxcpononnbIX COCTOSIHIIH IICCJie,n;oaana HII3K0Jie)Kaiu.asi '!aCTb cneK

Tpa 2+ -yp0BHeii, a TOM "IIICJie C0CT0SIHIISI CMeIIIaHH0H CIIMMeTpIIII. B corJiaCIIII 

C 3KCTiepIIMeHT0M Te0pIISI YKa3bIBaeT Ha cyiu.ecTB0BaHIIe 2+ -ypoaneii CMeIIIaH

HOH CIIMMeTpIIII B 92Zr II 94Mo II IIX 0TCYTCTBIIe B 90Zr II 
92

Mo. TeopIISI y,n;0BJie

TB0pIITeJibH0 0TIIICbIBaeT 3KCrrepIIMeHTaJibHbie ,n;aHHbie 06 aneprIISIX ypoaneii 

II aeposiTH0CTSIX E2- ·II Ml-nepexo,n;oa. Be3 Y'feTa anrapM0HII'leCKIIX scpcpeK

T0B a,n;eKBaTH0 0TIIICaTb HII3K03HepreTII'leCKY!O '!aCTb cneKTpa KBa,n;pyII0Jib

Hb!X B036y)K,ll,eHIIH neB03M0)KH0. 
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Anpo6au;1rn pa6oTbI. 
OcHOBHhie pe3JJibTaTbl ,!l;lICCepTau;1rn HeO,n;HOKpaTHO ,!J;OKJia,l];hIBaJilICh lI o6cy)l(

,!l;MlICh Ha ceMHHapax Jia6opaTopuu TeopeTlI'IeCKoi!: {pII3lIKlI HM. H.H. Boromo6oBa 

OIUU1, 6bIJilI npe,n;cTaBJieHhI Ha Me)l(,!l;JHapo,n;HhIX coBeru;aHH.HX no .H,n;epHoi!: cneK

TpocKonuu u CTpJKType aTOMHOrO .H,!J;pa (l-le6oKcapbl 2009, CaHKT-I1eTep6ypr 2010, 
BopoHe* 2012), Ha Hay<rnoi!: ceccm1 Hl151Y MWI>l1 B 2010, 2011 u 2013, III Ha

u;uoHaJihHOi!: KOH<:pepeHD;lilI no TeopeTH'IeCKOi!: {plI3lIKe (ByIIITeHlI, PyMhIHlI.H, 10-13 
lIIOH.H 2008 r.), reJibMrOJihD;OBCKOll Me)l(,IIyHapo,n;Hoi!: JieTHei!: IIIKOJie "TeoplI.H .H,!J;pa u 

acTpO(pII3HtreCKHe npuJIO)l(eHH.H" (,[cy6Ha, 24 HIO.rrn - 2 aBrycTa 2011 r.), XVIII EB

ponei!:cKoi!: IIIKOJie no .H,n;epHoi!: cp11311Ke Ha nytrKax 3K30T11trecK11x .H,n;ep (IOBacKIOJI.H, 

<PIIHJI.HH,n;II.H, 20-26 aBrycTa 2011 r.), ?,!e)l(,!l;yHapo,n;HOi!: -!(OH<:pepeHD;IIII (<CTpJKTypa 

.H,n;pa lI cMe)l(Hhie npo6JieMhr" (,[cy6Ha, 2 IIIOJI.H - 7 IIIOJI.H 2()12 r.), Me)l(,!l;JHapo,n;HOM 

ceMIIHape no .H,n;epHoi!: cpu3IIKe JIT<I>-KLFTP (IIeKHH, Ku:Tai!:) 11 Ha ceM11Hape B 

J1HCTIITJTe .H,n;epHOll (pII3IIKII TexHII'IeCKOrO JHIIBepCIITeTa r. ,IJ;apMIIITa,l];Ta (repMa-

IIII.H). . 

IIy6JittKau;m1. IIo MaTepuanaM ,n;11ccepTau;IIII ony6JIIIKOBaHo ceMh pa6oT. lfa 
HIIX treThrpe BXO,!J;HT. B cnu.coK BAK 11 ,n;Be - c11cTeMy D;IITIIpoBaHH.H Web of Science. 

OfrbeM H CTPYKTypa ,l],HCCepTau;tttt. ,Il;11ccepTau;11.a COCTOIIT 113 BBe,n;eHII.H, tre

Tbipex rJiaB II 3aKJIIO'IeHII.H. 

4 

11) 

~. 

\ 
'V 

Co,n,ep)lrnHirn pa60T1>1 

Bo nne,n,eHHH o60CHOBbIBaeTC.H aKTJaJibHOCTh TeMhI, cpopMIIpyeTC.H npe,n;MeT II 

u;eJih ,n;11ccepTau;11u, a TaK)l(e ,n;aeTc.H KpaTKOe onucaHIIe co,n;ep)l(aHII.H ,n;11ccepTau;1111. 

Ilepna.a rJiana ~BJI.HeTC.H BBO,!J;HOi!: II•noCB.aru;eHa KpaTKOMY on11caH11IO no,n;xo,n;a, 

OCHOBaHHOrO Ha KBa3lI'IaCTII'IHOM npII6JIIJ)l(eHIIII CJIJtrai!:HbIX (pa3 c cenapa6eJibHhl

MlI c11JiaM11 CK11pMa. 9:ra cxeMa pactreTa npuMeH.aeTy.H ,II.JI.a IICcJie,n;oBaHIIfi cBoficTB 

B036y)l(,!l;eHHhIX COCTO~~Illl c¢ep11trec~IIX .H,n;ep B noc.Jie,izyIOIIl,IIX rJiaBax. Cpe,n;Hee 

noJie onpe,n;eJI.aeTc.a ny;~M peIIIemrn ypaBHeHII.H XapTpII-<i>oKa c crIJiaMH CKHpMa. 

CnapIIBa1rne TpaKTyeTc.a B np116JIII)l(eHIIII Bap,n;IIHa-Kynepa-llipIIcpcpepa. CneKTP 

O,!l;HO'IaCTII'IHbIX COCTO.HHIIU C ytreTOM KOHTIIHJyMa onpe,n;eJI.HeTC.H ,n;IIarOHaJIII3au;11ei!: 

raMIIJihTOHIIaHa XapTpII-<POKa Ha 6a3IICe co6CTBeHHhIX <PYHKD;IIU rapMOHlI'IeCKOro 

OCD;IIJIJI.HTOpa. OcTaTO'IHbie B3aIIMO,!l;eficTBII.H B KaHaJie traCTIIu;a-,n;hrpKa II traCTHu;a

traCTlID;a MOryT 6hITh noJiytrem,r KaK BTOpbre npOII3BO,!J;Hbie <PYHKIJµOHaJia nJIOTHOCTII 

3HeprIIII no HOpMaJihHOll lI napHOU nJIOTHOCTII HJKJIOHOB, COOTBeTCTBeHHO. OcTa

TO'IHOe B3aIIMO,!l;eficTBIIe npe,n;cTaBJI.HeTC.H B BlI,!l;e CJMMhl N .cenapa6eJibHhIX trJie

HOB. B 3TOM CJiytrae raMIIJihTOHIIaH no cpopMe COBna,n;aeT C raMIIJihTOHIIaHOM KBa3lI

traCTII'IHO-cpOHOHHOll MO,!l;eJIII .H,!J;pa, HO O,!l;HOKBa3II'IaCTlI'IHhlll cneKTP lI napaMeTpbl 

OCTaTO'IHOro B3aIIMo,n;ei!:CTBII.H Bhl'IIICJI.HIOTC.H C CIIJiaMII CKIIpMa. ,Il;JI.H ytreTa CJIO)l(

HhIX KOH{pIIrypau;IIfi BOJIHOBhie {pJHKD;IIII B036y)l(,!l;eHHhIX COCT0.HHIIll MOryT 6hITh 

3armcaHbl B BII,n;e cyrrepno'3IID;IIII 'IJieHOB C pa3JIII'IHhIM 'IIICJIOM (pOHOHHhIX onepaTO

pOB. TaKIIM o6pa30M, BOJIHOBa~ {pJHKD;II.H B0~6y)l(,!l;eHHOr0,COCTO.HHII.H 3anIICbIBaeTC.H 

B BII,n;e: 

'11v(Aµ) = [LRi(Av)Qfµi 
' ' 

+ L PJS;(Av) L c;;µ1A2µ2Qtµ1iiQtµ2i2] ID), 
.\1i1.\2i2 µ1µ2 

r,n;e Qt; - onepaTop po)l(,!l;eHn.a cponona MJJihTIInOJihHOCTh A. YtreT 3Toi!: CB.H3II He 

Tpe6yeT BBe,n;eHII.H HOBhIX napaMeTpOB. 3,n;ecb TaK)l(e noJiytreHbI ypaBHeHII.H ,II.JI.fl Ha

XO)l(,!l;eHII.H cneKTpOB B036y)l(,!l;eHHhIX COCTO.HHIIfi, onIICbIBaeMhIX 3TIIMII BOJIHOBhIMII 

<PYHKD;II.HMII, a TaK)l(e caMIIX BOJIHOBhIX <PYHKD;Illl. 

Bo BTOpoii rJiane aHaJIII3IIPYIOTC.H pe3JJibTaTbl pactreTOB 3JieKTpIItreCKIIX ru

raHTCKIIX MJJihTIInOJihHhIX pe30HaHCOB B ccpepIItreCKIIX .H,n;pax. I1oKa3aHO, 'ITO ytreT 

CJIO)l(HhIX KOH{pIIrypau;IIi!: no-pa3HOMY BJIII.HeT Ha onucaHIIe xapaKTepIICTIIK rIIraHT

CKIIX pe30HaHCOB. IIaparpacp 2.1 nOCB.aru;eH onpe,n;eJieHIIIO pa3JIII'IHOro TIIna npaBIIJI 

CJMM, KOTOpbre n03BOJI.HIOT ou;eHIITh CTeneHb KOJIJieKTIIBII3au;1111 r11raHTCKIIX MJJih

TIInOJihHhIX pe30HaHCOB II onpe,n;eJIIITh o6JiaCTb IIX JIOKaJIII3au;u11. B pa3,n;Me 2.2 
IICCJie,n;oBaHa TO'IHOCTh npou;e,n;yphl IICKJIIO'IeHII.H ,n;yxoaoro COCTO.HHII.H B pacnpe,n;e

JieHIIII CIIJihl El-nepexo,n;OB B np116JIIJ)l(eHIIII CJiytrai!:HbIX (pa3 C cenapa6eJIII30BaH

HhIM B3a11Mo,n;ei!:CTBIIeM CK11pMa. Ha np11Mepe ,n;Ba)l(,!l;hI Mar11trecK11x .H,n;ep 
100

,
13,

2
Sn 

u 208Pb npo,n;eMoncTp11poBaHC~, 'ITO IICKJIIOtreHne ,n;yxoBoro cocTO.HHII.H Ba)l(HO ,!l;JI.H 

5 



1,, 
N~ 8 

Js 
m 

14 
jjj 2 
'J, 

0 

124
Sn126 

5
"

128
sn130 

Sn 132Sn 

a) 1,, J 8 

Js 
m 
14 
~2 

0 

6) 

5 

PHc. 1: El-cmmBa.s: q>yHKI~mr ,n;mr 124- 132Sn. JleBa.H '!aCTh (a) - pac'leT B KB83H

'laCTH'IHOM ITC<I>; rrpaBaR '!aCTh (6) - pac'!eT c Y'leTOM CBR3H c ,n;Byxq>OHOHHhIMH 

COCTORHlrnMH. BecoBaR q>YHKIIHR - JIOpem~eBCKaR q>yHKIIH5I C rrapaMeTpOM ycpe,n;

HeHHR b.. = 1 M3B. 

KOppeKTHOrO OIIHCaHHR ,ll;HIIOJibHhIX B036y)K,n;enHii B HH3K03HepreTH'!eCKO.H o6JiaCTII. 

Pac'!eThl BhIIIOJIHeHbl B O,ll;HOq>OHOHHOM rrim6JIH)KeHmI. B p83,n;eJie 2.3 H3y'!aeTCR 

BJIHRHHe 2p2h-KOHq>HrypaIIHH Ha HHTerpMbHbie xapaKTepHCTHKH rHraHTCKHX ,ll;H

IIOJihllhIX pe3OHaHCOB (r,IJ,P) B HeiiTpOnHa-'H36hITO'!HhIX H3OTOIIax 
124-

132Sn. Pac'le

Thl BbIIIOJIHeHhl C CHJiaMH CKHpMa B KaHaJie '!aCTHIIa-,n;bipKa H 3aBHC5IIIIeM OT IIJIOT~ 

HOCTH KOHTaKTHhIM B3aHMO,n;e.iiCTBHeM B Ka.Hane '!aCTHIIa-'!aCTHIIa. ilOK83aHO, 'ITO 

y'leT B3aHrvIO,n;eiiCTBHR KB83H'laCTHII C q>OHOHaMH rrpHBO,ll;lIT K 3Ha'!HTeJibHOMY rrepe

pacrrpe,n;eJieHIUO CHJihl El-rrepexo,n;oB (pHC. 1). ITpH 3TOM paCC'IHTaHHbie HHTerpMb

Hbie xapaKTepHCTHKH r,IJ,P xoporno corJiacyroTCR C ~KcrrepHMeHTaJihHhIMH ,n;aHHhIMH. 

IToK83aHo, 'ITO cMeriinBaHHe rrpoc~hIX n CJIO)KHhIX KOHq>HrypaIIHii cJia6o BJIHReT Ha 

rnHpHHY r,IJ,P, r,n;e MaKCHMMhHOe ynrnpeHHe cocTaBHJIO 7% B 
124Sn. B p83,n;eJie 2.4 

aHaJIH3HpyIOTCR HHTerpMbHhie xapaKTepHCTHKH H3OCKMRpHbIX rnraHTCKHX KBa,n;

pyrrOJibHhIX pe3OHaHCOB (rKP) B HeiiTpOHHO-H36bITO'!HhIX 
132Sn H 

208
Pb. ,I],JIR 3THX 

R,n;ep rrpe,n;cK83aHa 3Ha'IHTeJihHaR q>parMeHTaIIHR CHJihI H3OCKMRpHoro rKP. YrnHs 

peHHe rKP cocTaBJIReT 230% B 132Sn n 430% B 
208

Pb. IT pH 3TOM noJiy'leHo xopornee 

OIIHCaHHe 3KCrrepnMeHTMhHhIX ,n;aHHhIX )];JIK 
208

Pb. ITOK83aHo, 'ITO 'paCC'IHTaHHB..8: 

3neprHR H3OCKMRpnoro rKP ,n;JIR 6eTa-Hecra6ttJihnoro 5!,ll;pa 
132Sn 6JIH3Ka K 3MIIH

pH'IecKoii CHCTeMa~nKe 63A-113 M3B. ProyJihTaThI ,n;anHoro p83,n;ena yK83hIBaIOT Ha 

TO, 'ITO CMeIIIHBaHHe O,ll;HO-. H ,n;Byxq>OHOHHhIX KOHq>Hrypa~.ii npHBO,ll;lIT K Kap,n;n

HaJihHOMY nepepacrrpe,n;eJieHHIOCHJihl E2-nepexo,n;OB H c~eCTBeHHOMY yBeJIH'leHHIO 

IIIHpHHhl H3OCKMRpnoro E2-pe30HaHca. 

ll,eJihlO TpeTheii rnaBbl RBJIReTCR onpe,n;eJieHHe pOJIH 2p2h-KOHq>HrypaIIH.H B 

OIIHCaHHH xapaKTepHCTHK IIHrMH-,ll;lIIIOJihHOrO pe3OHaHca (IT,IJ,P). BoJibillO.H ofrheM 

HOBhIX 3KcnepHMeHTaJibHhIX ,n;aHHhIX O CBO.HCTBax HH3K03HepreTH'!eCKOrO cneKTpa 

6 

1--Bo36y)K)];eH_n.ii B HeiiTpOHH0-1136hrTO'lHhIX H30Tonax OJIOBa 
124•130•

132Sn CTHMYJIH

poBan Bbr6op 3TO.H o6JiaCTH 5I,L1;ep ,n;JIR HCCJie,n;oBaHH.H. P83,n;eJI 3.1 HOCHT BBO,ll;Hhl.H 

xapaKTep II pacKpbrnaeT aKTYMhHOCTh TeMbl. B p83,n;eJie 3.2 paccMaTpHBaeTCR pac

npe,n;eJieHHe CHJibl El-rrepexo,n;OB ,n;JIR IIeIIO'IKH H3OTOIIOB OJIOBa ,n;o 3HeprHH BO3-

6y)K,ll;eHHR nop.a,w<a 10+ 11 M3B. PacC'IHTaHHbie xapaKTepHCTiIKH cpaBHHBaIOTCR C 

3KCrrepHMeHTaJib~bIMH ,n;aHHbIMH, H3BJie'{eHHhIMH H3 pa3JIH'IHiIX peaKIIllii. B 'laCT

HOCTH, npoamwn3HpoaaHhI 3KcnepHMenTMhHhre ,n;aHHhre'.rio HeyrtpyroMy pacceRHHIO 

q>OTOHOB Ha 
124Sn, qp~~oJI~ro~e :o6IIapy)KHTh TOHKYIO,}TPY~YPY IT,IJ,P .. CpaBHe

HHe c 3KcnepnMeHTOM'ITOK83hrn·aeT, 'ITO paC'leThI c BOJIHOBOfi <pyHKIIHeii B036y)K

,n;enHhIX COCTORHHii, co,n;ep*aIIIeii O,ll;HO- H ,n;Byxq>OHOHHbie K~MIIOH€HThI, IIO3BOJIRIOT 

Ka'!eCTBeHHO OIIHCbIBaTb 3KCIIepnMeHTaJibHbl.H cneKTp (pnc. 2). B p83,n;eJie 3.3 onpe

,n;eJieH HHTepBM 3HeprHii B036y)K,ll;eHHii, r,n;e JIOKaJIH3OBaH IT,IJ,P. 9TOT HHTepBM 

MO)KHO H)];eHTHq>HIIHPOBaTh no p83JIH'IHOMY IIOBe,n;eHHIO neiiTpOHHhIX H rrpOTOHHbIX 

nepexo,n;HhIX IIJIOTHOCTeii, TaK. KaK IIHrMH El-pe30Hanc OTJIH'laeT RpKO Bbipa)Kel!

Hbl.H MaKCHMYM 'lleiiTpOHHO.H nepexo,n;no.ii IIJIOTHOCTH BHe H,n;pa. TaKaR KapTHHa co

OTBeTCTByeT KOJie6aHHIO He.fiTpOHHOrO H36bITKa OTHOCHTeJibHO. OCTOBa, COCTORIIIero 

H3 paBnoro 'IHCJia HeiiTpOHOB H npOTOHOB. HeiiTpOHHhie H npOTOHHbie nepeXO)];Hbie 

IIJIOTHOCTH ,ll;JIR COCTOR,HH.H q>OpMHPYIOIIIHX r,IJ,P HaXO,n;HTCR B npoTIIBOq>83e. B p83-

,n;eJie 3.4 IIOK83aHo, 'ITO OCHOBHO.H BKJia,n; B BepORTHOCTb B036y)K,n;eHHR 1--COCTORHH.H 

B o6JiaCTH IT,IJ,P ,n;aIOT O,ll;HOq>OHOHHhie KOMIIOHeHTbl BOJIHOBO.H q>yHKIIHH, o,n;HaKO ,ll;JIR 

KOJIH'!eCTBeHHOrO OIIHCaHH5I q>parMeHTa~H CHJihI El-nepexo,n;OB, o6Hapy)KeHHO.H B 

3KCnepnMeHTe, J{eo6xo,n;HMO Y'J:HTbIBaTh B3aHMO,n;eiiCTBHe KB83H'laCTHII C q>OHOHaMH. 

ITpo,n;eMOHCTpHpOBano, 'ITO B3aHMO,n;eiiCTBIIe O,ll;HO- H ,n;ayxq>OHOHHhIX KOHq>nrypa

IIH.H OTBeTCTBeHHO 3a qmpMnpoiannn rnnpnnhr IT,IJ,P. 

qeTBepTaR rnaBa IIOCBRrn;eHa H3y'!eHHIO CBO.HCTB HH3KO3HepreTH'leCKOro crreK

Tpa KBa,n;pynOJibllhIX B036y)K,ll;eHH.H C 3Heprne.ii ,n;o 4 M3B. B '!aCTHOCTII, C CHJiaMH 

CKnpMa pacc'!HThIBaIOTCR BepoRTHOCTII E2-.n Ml-nepexo,n;oB Me)K)];Y Bn6pan;noHHhI

MH KBa,n;pynoJibHbIMH COCTORHHRMH. BepORTHOCTH Ml-nepexo,n;OB 'IYBCTBHTeJibHbl 

K OTHOilleHHIO BKJia,n;oB HeiiTpOHHbIX H npOTOHHhIX KOHq>HrypaIIHii, 'ITO IIO3BOJIReT 

onpe,n;eJIHTb H3OCKMRPHYIO HJIH H3OBeKTOPHYIO npnpo,n;y COCTORHH.H. CyIIIeCTBOBa

HHe H3OBeKTOpHbIX COCTORHHii, o6Jia,n;aIOIIIIIX CMernaHHO.H npOTOH-iieiiTpOHHO.H CHM

MeTpnn, npe,n;CK83aHO B MO)];eJIH B3aHMO,n;eiiCTBYIOIIIHX 6o30HOB, B KOTOpo.ii 3TH co

CTORHHR o6R3aHbl CBOHM rrpon~o)K,ll;eHHeM ,ll;BH)KeHHIO HYKJIOHOB TOJihKO B BaJieHT

HhIX no,n;o60JIO'!Kax. Han6oJiee xoporno n3y'leHhI KaK TeopeTn'lecKn, TaK n 3Kcnepn

MeHTMhHO °CBO.HCTBa COCTORHH.H CMernaHHOi1 npoTOH-HeiiTpOHHO.ii CHMMeTpHH B 92 Zr 
H 

94
Mo. l1cnOJih3YR e,n;HHhl.H Ha6op napaMeTpOB, IIpOH3B€,ll;eHbl paC'leThI ,n;JIR R,n;ep 

9o,92
zr H 

92•94
Mo. Pe3yJibTaTbl paC'leTOB ,n;eMOHCTpnpyIOT IIORBJieHiie HH3KOJie)KaIIIHX 

H3OBeKTOpHbIX KOJIJieKTHBHhIX COCTORHH.H B 92 Zr, 94Mo· H OTCYTCTBHe IIX B 90Z~, 92Mo. 

ITOK83ano, 'ITO )];JIR npaBHJlhHOrO OIIHCaHHR cneKTpa Heo6xO,n;HMO y'leCTh B3aHMO

,n;eiicTBHe Me)K,ll;y O,ll;HO- H ,n;Byxq>OHOHHhIMH KOHq>n'rypaIIHRMH BOJIHOBO.H <pyHKIIHH. 

ITpe,n;cTaBJieHHhiii aHaJIH3 CTPYKTYPhl HH;>i<a.iirnnx KBEi,n;pynoJihHhIX B036y)K)J;eHirii B 
92Zr. n 94Mo noK83M, 'ITO ona 6JIH3Ka K cTpyKType, noJiyqeHHoii: pa.Hee B K<I>M. ITpH 

3TOM ,ll;OCTHrHYTO xopornee cor.hacHe C 3KCIIepnMeHTaJihllhIMH ,n;aHHhIMH. 3aMeTHM, 
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Pnc. 2: Pacrrpe,n.eJiemre cIIJibI El-rrepexo,n.oB B 124Sn: II3BJie<JeHH0e II3 ('y, -y')-peaKu_nn 
- (a); pacrrpe,n.eJieHne CIIJibI B 0,ll,HOq>OHOHHOM rrpn6JIII:>R:eHIIII - (6); pe3yJihTaTbI pac
'IeTa C B0JIH0B0ii q>JHKIJ.IIeii, co,n.ep:>R:aru_eii 0,ll,H0- II ,ll,ByXq>OHOHHbie KOHq>nrypau_nn 
- (B). 

'ITO pe3yJI~TaTbI pac<JeTOB ,n.m:i H,11;ep II3 ,n.pyroii o6JiacTn, B <JaCTH0CTII 134Xe, TaK:>R:e 
rrpo,n.eM0HCTpIIp0BMII II0HBJieHIIe KBa,n.pyrr0JibHbIX COCTOHHIIii CMeIIIaHHOii rrp0T0H
HeiiTp0HH.0ii CIIMMeTpIIII. O,n.HaKO IIOJIJ'leH0 T0JibK0 Ka<JeCTBeHH0e corJiacne C 3KC
rrepnMeHTMbHbIMII ,n.aHHbIMII. 

B 3aKJIIO'leHHH IIpIIBe,n.eHbI OCHOBHbie pe3yJibTaTbI ,ll,IICCepTau_nn, BbI,ll,BIIraeMbie 
,ll,JIH 3aIIJ.IITbI. 
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