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OH!WI XAPAKTErnCTv!KA PAEOTH 

AKTya.n:1,Hocr1, npo6new, 3apsmoBo-o6MeHHllMH naaIIBaDTCfl smep1rae npo

oeccu, B KOTOp!DC aapsm smpa M6HH6TCH Ha e~RHmzy, a Ma.CCOBOe '!Hcno oc

raeTCfl 118H3M6HHHM, K HRM OTHOCHTCH n:,nepHHit 6era-pacna.n a peaKORR ne

peaapR,ICKll, TaKRe,KaK (p,n), (3He,t), ( 6Li, 6He) , B OTJIH'!Re OT 6eTa

pacna.na peaKORR nepeaapJJ;D;Ka Il03BOJ!Jll)T HCC~e~oBaTJ, CBOttCTBa aapJJ;D;OBO

o6MeHHIDC Boa6yx,n;eHaft B nmpoKOM RHT6p~e 3HeprHtt B036yl!,It6HHH. B Ha'!a

ne BOCl>MH,ll;6CHTIDC ro~OB B 3TWC peaKORHX 6wro YCTaHOM6HO CY1116CTBOBaHHe 

aapJJ;D;OB0-06M6HHHX pe30HaHCOB C nepenopoTOM cnnHa (raMOB-Te~epoBCKHft 

(CT) H cnaH-~Hnon1,HHtt pe30H8HCH).KoMeKTHBHH6 COCTOHHM TaKOro Tana 

6~ 06HapyllteHH BO MHOrWC·nerKWC, cre~HWC H T.RJ!6~ JJ;D;pax, B TOM 'IHC-. 

ne RB H6CKO~HX ~eqx:>pMHpOBaHHIDC ( 63 Dy, 169Tm, G3 8u). Ha 3KCnepHM6H

Ta H3B6CTHO no~Ollt6HH6 MaRCJl!MYMOB CTR CilHH-~HilO~J,HOro peaoHaHCOB ~JIJI 

· ~eqiopMRpoBaHHHX smep. TaKaJI rurqiopMaoHH II0;,:3BOJIJI6T qlHKCRpOBaTJ, KOHCTaH

TY OCTaTO'IHHX Baa,mo~ettcTBRtt, C IlOMOUILD KOTOpHlC renepHpyDTCH aapsmo

Bo-o6M6HHH6 COCTOJIHM, a B paMKaX KBa3R'IaCTR'IHO-<pcmoHHOft MO~eJIH smpa 

(K~MR) pacc'!RTaTJ, xapaKTepRCTRKR aapsmoBo-06MelllIIDC peaoHaHCOB J1,JIH. ma

poKott o6mcTH ~eqiopMHpo:eaH111DC smep A'> 150, 
npyrott o6mCTJ,J) 3KCII6pHMeHTan1,Hoft smepHoff qiR3RKH, KOTOpaH HHT6H

CHBHO pa3BRBa8TCH, OCTaeTCH HCMenoBaHRe HR3Konellt8.IIU'IX HepOT8.0ROHHHX 

COCTOHHRft B neqiopMRpOB8HHHX smpax B aapJJ;D;OBO-H6ttTpa.lll,HOM KaHMe. B 

K~MJI IlpaBMLHO OIIHCHBSJJTCH ruia,npynO~J,HH6 R OKTYIIO~J,Hbl6 KOM6KTRBHH6 H 

nyxKBa3Htta.CTR'IHH6 COCTORIIWI, B TO llt6 BpeMJI RM6DTCH MHOrO'!RCneHHH6 

3KCnepRM8HTaJIJ,HHe MHHHe IIO HH3Konelt8.I!U™ rexca.nexanon1,HHM COCTOHHH.RM 

C IrrK=4+3 H 4+4 (r - pnaH, K - npoeKORH MOM6HTa Ha OCI, CHMM6TpRH sr,npa, 

7f - '!6THOCTJ,) B smpax pe~oaeMenJ,HOtt o6mcTR. B IIOC~enHee BpeMJI IIOJIBH

nacI> 3KCIIepHM6HTa.7ILHH6 yxaaaHM Ha CYIIl6CTB6H!lyD ponI> reKC8,IJ;6RaIIOnJ,HHX 

CM B IlpaBRnl,HOM onacaHaa IIpRBe~eHHIDC BepoHTHOCTett E2-a E4-nepexonoB 

Ha COCTOHHM j-Ba6pa.IU!OHHOft nonocH. H3Y'!61ill6 reKca,nexanon1,HHX B036yllt

neHH! Heo6xo~RMO TaKllt6 J1,JIH. pemeHM npo6~eMH CYIIl6CTBOBaHM HR3KO~eim

mnx nyxqx:>HOHHHX COCTOHHHft B neqiopMitpOBaHIIHX smpax. 

Uen1, pa6oTH 

I. CoanaTI> B paMRaX K~ annapaT )1.JIH. onRcaHM aapsmoBo-o6MeHHHX 

B036pmeHaft B npH6nRllt6HRR xaoTH'I6CKRX <paa,(IIX~). 

2. HcMeno:eaTI> Ha ero OCHOB6 CBOftCTBa aapJJ;D;OB0-06MeHHIDC B036pme

HRff H T>-COCTOJIHRff (r.e. COCTOHHd, R30CilHH KOTOpHX Ha 8,IUllrnOy 6oJII,me 

R30CnRHa OCHOBHoro COCTOJIHM smpa) B '!6TH0-'!6THIDC ~eqx:>pW!pOBaHHHX sm
pax. 

Oln.tahnrnH!J.,9 tmcmryr 
G!l-ei1]fo!E m:C.'J!:l!Olllmnil 
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3. Pa3BRTI, anrrapaT K<'DWI, no3BOJIJIJJ!IlRlt onacHBaTl> HRl3KOJI8llialltR8 Hepo
Taa;RIOHHHe COCTOSIHIDI B ~eqiopMnpOBaHHHX smpax B c.nyqae, KOrM BOJIHOBM 
~M TaKIDC COCTO.FIHHl!.HB.psmy C O~HOqJOHOHHHMH co~eplltlIT nyxqioHOHHHe 
KOMIIOH8HTH, B KOTOpWC yqreHa MyxKBa3HtiaCTR'IH8Jl CTpyKTypa ~OHOHa 
(nprumHn IIayJIRI). C IlOMOllU,10 sroro (f>opMaJIR3Ma onHcaTI, OCHOBHHe CBOttCTBa 
rex~exanoJII,I!llX COCTO.FIHRff ~JIJI smep pe~KO38M8Jil>HOtt o6JiaCTH H HCCJI8~O
BaTl> B~e rexca.nexanOJil>Hl:DC CM Ha xapaKT8pHCTIDtH j-Ba6panaoHHWC 
COCTO.FIHHlt. , · 

HayqHBJI HOBH3Ha H npaKTRtI8CICruI ll8HHOCTl> 

B~Hccep~HH B pru.utaX K<'DMH IlOCTpOeH rumapaT ~ H3j"l8HHSI sapsmo
Bo-o6M8HHWC B036yl!Ol;eHHtt B ~eqiop~mpOBaHHWC ,mpax B npH6JIIDlteHHH xaoTH
qecxruc qa3. I'aMHm,roHIJ:aH. OCTaTOtIHOro B3aZMO'A8ftCTBM CTpoarcst H3 a:eHr
PaJil>HHX cerrapa68Jil>HliX MYJil>TIJ:IlOJil>HHX a CIIBH-MyJil>THnOJil>HHX CM. YpaBH8-
HH.ft llXil1 noJiyqeHH 'AJIJI CJiyqaeB, KOr'Aa OCTaroqHoe B3aID.10'A8fiCTBIJ:8 CO'A8P
lllliT cHJIH O'AHOtt H nyx MYJI1>TIDIOJI1>Hocrett c onpe'AeJieHHHM 3HatieHReM K". 
Ha OCHOBe IlOCTpoe1moro annapara BHtIRCJI8HH cne~TpH raMOB-T8JIJiepOBCKIJ:X, 
cmlH-:-'AHnOJil>Hl:DC R 'A,l!nOJil,Hl,IX 3ap.!I,Il;OBO-:-06MeHHHX COC!l'O.FIHRft .]I,JIJI 6OJI1>moro 
t{HCJia.tI8THO-t{8THHX smep p8'AKO38M8Jil>HOtt o6JiaCTH H aKTRH~OB c.HcnoJil>-
3OBaHH8M ypaBIIeHHtt IIX<'D ~ c.nyqaSI:O'AHOro H nyx THnoB OCTaTOtIIIHX CHJI. 
IlOKa3aHo, t{TO yqeT BHClllliX MYJil>THnOJil>HOCTett npaKTHiecK.H He BJIRJieT Ha 
llHTerpaJI1>HHe xapaKTepHCTIDtH.cneKTpOB aTHX COCTO.ffiil'lft. IlpOB8'A8HO onRca
HHe T>-COCTO.iµml!: rHraHTCKoro H3OB8KTOpHoro ~RnOJil>Horo pe3OHaHca. 

OnHcaHHe Heporaa:aoHHllX B036yir,zteHHlt B 3apsmoBo-HeftTpaJil>HOM KaHaJie 
npoBO'AHTCSI C noMOllU,10 BOJIHOBOtt ~HR, CO'A8Plliallt8fi O~HOqJOHOHHH8 H 
~ByxqioHOHHH8 ROMIIOH81ITH, B KOTOPHX TO'l!IO y-,IH!l'HBa8TC.ft npmia:Rn ITayJIR. 
Bnep:eHe noJiyqeHH BHpalll'.SHM 'AJIJI 31Ieprd 3THX COCTO.ftHHft, CTpyKTypH BOJI
HOBOtt ~Y,HRa:HH H B8POSITHOCTett 3JI8KTpHtI8CK.HX nep8XO'AOB M8llmY TaKHMH 
COC_TO.ftHRRMH ~ CJiyqaSI qJOHOHOB .mo6ott MYJil>TRnOJil,HOCTH •. C nOMOlJ1l,lO sroro 
anrrapara Ka'l8CTB8HHO npaBMl>HO OilRCaHH HR3KOJI8JKanµi8 Heporaa:noHHHe 
COCTOSIHRSI C, K,r=3+, 4+ ~JIJI peMO38M8Jil>HHX smep. lfocJie~OBaHO BJIRJIHHe 
rex~eKanOJil>HHX CM Ha xapaxTepHCTHKH KBa,npynOJil>H!:IX COCTO.fIHRff. IIoxa-
3aH.o, t{TO yqer 3TRX CM no3B,OJIJI8T corJiaCOBaHHO omtcaTl, .AM8IOl!Ut8,CS: 3KC
nepID48HTaJil>HHe MHHH8 no H3OCKaJISipHHM np.l'lBe~8HHHM BepoSITHOCTJIM ~ 
/-BR6panROHHHX COCTO.ftHRff smep p8MO38M8Jil>HOff o6JiaCTH. 

Anpo6anM pa.6OTH. PesyJI~TarH 'AOKJia,nHBaJIHCl, H o6Cyl!Ol;aJIRCl> Ha ceMH
Hapax .IIa6opaTopu reopeTRttecxott ~H3RKH 06'be'AHHeHHoro HHCTHTY'l'a'si:n;ep
HHX .11ccJie'AoBaHHtt, Ha XXXYII CoBeIItaHHH no smepHoff cnexrpocxomrn H · 
CTpyKType 'aroMHOro smpa' (IOpwura, 1987 r) H HB. ltOHqlepel!D:RH B reft.IteJil,-
6epre (moHl>, 1986 r.). ·-· , , . 
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IIy6.mtKaIIRR. Ilo pesyJI1>TaTaM 'ARCC8pTaa:HH onyOJIHltOBaHO meCTl> CTaTett 
H 'ABa T83Hca 'AOKJI8,I(OB XXXIY R XXXYil CoBemaHHtt no smepHolt cneKTpOCKO
nRR R CTpyKType aTOMHOro smpa (AJIMa-ATa, 1984 r. H IDpMaJia, 1987 r.). 

06~eM paOOTH. naccepTaa;M COCTORT R3 BB8'A8HHSI, TpeX rJiaB, 3rut.JID
'l8HM a npMOl!reHHSI. 06'b8M 'AHCcepraa:nn: 89 CTpaHlll( MaffiRHOilRCHOI'O T8K
CTa, 8 pRCYffKOB R 9 ra6mm. ER6JIRorpa~Ht{8CKHM CilHCOK JIBTeparypH Ha
CtIRTHBaeT 106 HaHM8HOBaHrui. 

conEPJirAillIB PAEOTU 

Bo BBeneHRH 06cyir,Ita8TCSI aKTYaJil>HOCTl, rrpoOJieM, CBSI3aHHHX C H3yqe
HR8M 3apsmoBo-06MeHHHX R rex~exanOJil>Hl:DC COCTO.FIHHtt B 'A81f>opMHpoBaHHHX 
smpax. C'AeJiaH o63op JIHTeparypH no STHM BonpocaM. 

B rmBe I np.l'lBe'AeH raMM1>ToHRaH K<'DMH. IloJiyqeHH ypaBH8HM IIX<'D 'AJISI 
onncaHRJI 3ap,moBo-o6M8HHHX BO36yir,It6HHlt, KOTOpHe reHepnpynTCSI OCTaTOtI
HHMR MYJil>TRllOJil,HHMR R CilRH-MYJil>TRllOJil>HWilli CMaMR. BHBe~eHH ypaBHeHRB 
C yqeTOM npmia:Hna IIayJIH }I,JIJ! OITRCaHM H8P.OTaa;Ro1111wc B036yir,neHHHX . coc
TOJllijtft B HeftTpaJII,HOM R8.HM8 ~ BOJIHOBOtt qJy!IICURR, co~epllt8ll(eft O~H$
HOHHH8 .11 'ABj'XqioHOHHHe KOMilOH8HTH. 

B § I R3 raMMl>TOHRaHa K<'DWI BH.J);8JI8Ha 3apsmoBo-o6M8HHM qacTl>, · 
Q'A6JiaH rtepexo~ OT oneparopoB POJ!m8HM R YHRtITOl!reHRH HYKJIOHOB K onepa
TOpaM KBa3HlJB.CTRa: cBepxnpoBo'ASimero rnna R onpe~eJ1em1 oneparopH aaps:
'AOBo-o6MeIIHllX ~HOHOB. 3apsmoBo-o6M8HHH8 COCTOSIHrut paccMa rpHBru:lTC.ft 
KaK O~HOqJOHOHHH8, y:IJ;OBJI8TBOpSIIOl!Ute ypaB!l8!1RBM IlX<Ii. IlOJiyq8HH ypaBH8HHSI 
~JISI onpe~eJieHRJI 3HeprRtt TaKRX COCTOSIHPltt. BWJRCJl8HH npRB8~8HHH8 Bepo
SITHOCTR nepeXO'AOB H3 OCHOBHOro COCTOSIHWI t{8TIIO-~8THOro smpa Ha COCTO
SIHHSI, KOTOpHe B03Oyl!Ol;a!lTCSI B (p,n)- R (n,p)- peaKUIJ:SIX (cwra (p,n)- H 
(n,p)- nepeXO'AOB). IlpHB8'A8HH RHTerpaJibHH8 npaBHJia CYMM ~ 3apsm0Bo-
06M8HHHX nepexo~OB. IToJiyqeHH ypaBH8HliSI M8TO~a CRJIOBOff q,y!IKilHR, Il03BO
JIJllO!l18I'O R368lltaT:& Henocpe'ACTB8HHOlt ~RarOHaJIR:iauHR raMMl>TOHIJ:aHa .11 no
JiytIRTl, ycpe~H8HHYJO saBHCRMOCTb CMH rrepexo~a OT 3HeprRR BO36yJ!i,I(8HM. 

B ~e(f>opMnpoBaHHHX smpax cocroHHRff c onpe~eJ1eHHHM 3·aaqeHR8M K:,r 
MoryT reHepHpOBaTbCSI pa3JIRt{HliMH ocTaTOt{HHMR MYJil>T.IUIOJil>HHMR RJIRI cnRH
MYJibT.IUIOJil>HHMR CMaMR .Ap c ;u=K H r, =(-1): B § 2 BnepBH8 noJiyqe
HH ypaBH8HM IIXil1 'AJISI onPICaHRII 3ap,moBo-o6MeHHHX B036Yllr,I(eHRff B cJiyqae 
O~HOBp8M8HHOrO yqera nyx MYJil>THllOJibHOCTett B raMRJil,TOHRaH8 ocraro'IHO
ro B3aHMO'A8ftCTBWI. 

B § 3 paCCMOTpeHH B086Y31neHRJI B 3apsmoBO-H8ffTpaJil>HOM KaHaJie. BoJI
HOBM qiyHRnwt HeporauHoHHOro COCTOIDIM CO'A8PlltRT O'AHOqJOHOHHHe H ~Byx
qJOHOHHH8 ROMilOH8H'1'H, B ltOTOp!:IX yqnrimaercs: llpRIID:Rn IIayJIR. BnepBH8 BH
tIRCJieHH SHepr.11.11 H BOJIHOBH6 qJyllKil.lW B036j'Jr,118HHHX COCTO.ftHHff .11 MaTpRtIHH8 
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3JieMeHTU 3JI8KTpoMarH.IITHl:lX rrepexo.noB .l{JIH CJiyt!M !p()HOHOB JI106ott MYJII,T.II
IIOJII,HOCT.11. B .naHHOM rraparpaqie Ta.KJKe IIOJiytieHH yprumemIJI IIX~ B CJiytiae 
ytieTa ,nByx T.IIIIOB OCTaToqHUX C.IIJI .l{JIH sapR,ItOBO-HeilTpaJII,Horo KaHaJia. 

r;ra:sa IT co.nepJKHr pesyJII,TaTu qnc;renttux pacqeTOB xapaKTep.11cTruc 
sapR,ItOBO-OelMeHHUX rr' CIH'IH-.l{.iUIOJII,HOro ll .l{.iUIOJII,HOro pesouancoB ]J,JIH p.!I
.na qeTHUX ,ne!p()pMHpOBaHHl:lX R,Itep, a TaK~e T> - qacT.11 r.11raHTCKoro .nH
IIOJII,Horo pesonanca. 

B § I IIpll13e,nenu pesyJII,TaTU pacqeTOB CIIBKTPOB raMOB-TeJIJiepOBCK.IIX 
COCTOJIHntt B IIXcf! Ha ,neqiopM.llpOBaHHl:lX qe THO-qe THl:lX R,Itpax. II pH 3 TOM HC
IIOJII,30BaJIHCI, Il8HTpaJII,HUe cerrapaeleJII,HUe OCTaToqnue C.IIJIU. IloKasaHo, tJTO 
pesyJII,TaTU pacqeTOB IIpaBlU!I,HO BOCIIpOH3BO.l{HT llOJIOlKSH.118 ll.l!Ka CT peso
Hanca, .113B8CTHOro .113 3KCll8pllM8HTaJII,HUX .naHHl:lX ,nJIJI (p,n)- peaKU.11.11. C.11-
Jia (p,n)- nepexo,noB pacnpe,ne;rena B HHTepBaJie 5-40 M3B. B oelJiacT.11 r.11-
ranTCKOro pesonanca cKoHUeHTp.11poBaHo OT 60% .no .70% Bcei1 cwrn nepexo
,noB, orrpe,neJIHeMott MO;IJ,BJII,HO-HesaB.IICHMUM npaBMOM CYf.1M. O.nnoBpeMBHHmi 
yt!ST.TI' .II Cll.llH-KBa;IJ,pynOJII,HOro B3ffi1M0,!{8RCTW llpaKT.lltJSCK.11 He BJI.11.IIST 
Ha xapaKTep.11cTruc.11 CT-pesonaHca~ B ,naHHOM naparpa.cpe pacctJHTaH MaTp.lltJ
nmi 3JieMeHT rr CleTa-nepexo,na n523t--p523t, KoTopmi na6JI10,naeTCH 3Kcne
pHM.eHTaJII,HO BO MHOr.llX R,Itpax pe,nK038M8JII,HOtt OelJI/;lCT.11. YtJeT OCTaTOtJHOro 
TI'-BsaHMo,nettcTB.IIH yMSHbmaeT KBa;IJ,paT MaTp.llqttOro aJieMewra B 3-5· pas no 
CpaBHenmo C 0.I(HOKBa3.lltJaCT.lltJHUMH oueHKaM.11. 0-!J:HaKO paccqI!ITaHHHe 3Haqe
H.IIH OCTaJOTC.II B 2-6 pas ClOJII,llie 3Kcnep.llM8HTaJII,HllX. 

B § 2 npll1le,neHU pesyJII,TaTU pacqeTOB sapR,ItoBo-oelMSHHIIX cn.llH-.n.11-
noJII,HUX .II .n.11nOJII,HUX O;IJ,H040UO!iHUX COCTOJIH.llli Ha qerHo-qeTHUX ,neqiopMHpo
BaHiiux R,Itpax. HccJie,noBano pacnpe,neJieH.11e cwru nepexo,noB no ClOJII,lli.llM 
(m.11p.llHOil He MSHee 5 MaB) .IIHTepBaJiaM 3Hepr.lltt B036y,K,neH.IIH, BlltJ.IICJI8HHOe 
B IIX~ ,nJIH COCTO.IIH.lltt co cn.llHOM .11 qeTHOC'fI,IO Ail" =0-, r H 2- RI npoeKUHett 
MOMeHTa I<=O I!I I. PacqeTU noKaSM.11, 'l:TO C.l!Jla cnI!IH-.nHnOJibHUX (p,n)
nepexo,noB pacnpe,neJieHa B oelJiaCTH 2-40 .MaB c m.llPOK.IIM MB.KCHMyMOM npH 
14-33 MaB, B KOTOPOM cocpe;IJ,OToqeHO OKOJIO 90% CHJill nepexo.noB. Pacnpe
,neJieHRe C.l!Jlll .I(HllOJII,Hl:lX (p,n)- nepexo.noB HM88T .!IpKO BllpalKSHHmi MaKCH
MYM npH 3HeprH.II 25-29 MaB, B KOTOPOM cocpe,nOTO'ISHO 75% CI!IJIU (p,n)-, 
nepexo,noB. PaccqzTamme xapaKT8p.llCTHKH ,nHnOJII,HOro H cnRIH-.l{.iUIOJII,HOro C 
,,\" =1- pesonaHCOB He .ll.3M8HJIIOTC.II ·np.11 O.l{HOBpeMSHHOM yt!8T8 ,I(.iUIOJII,HUX H 

ClllUI-.I(llllOJII,Hl:lX CM B ypaBHeHHHX ~. 
§ 3 llOCBR1!18H onHcaHmo T>-rHraHTCKWC .I(HllOJII,HUX pesoHaHCOB B IIX~. 

BoJIHOBM 4JYH1CU.IIH T>-COCTO.IIHHtt onpe,neJIHeTC.II .neftCTB.l!SM llOHHJrallllllero .1130-
CllHHOBoro onepaTopa T(-) Ha o,nHOqx)HOHHOe COCTO.IIHH8 T.lllla HeftTpOHHaH 
-.:raCTR[Ua - npOTOHHM ,nUpKa. Bll-.:rHCJI8Hll 3Hepr.m B036y,K,n8H.IIH r .II 0- T > -
COCTOJIH.lltt .II np.llBe,nenHHe BSpOHTHOCT.11 3JI8KTp.ll'I8CRRX i.11nOJII,HUX nepexo.noB 
,nJIH qeTHO-'l8THl:lX ,neqiopMHPOBaHHUX H;IJ,ep pe,nKo3eMeJII,HOli oelJiaCTH H aKT.IIHH-
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.noB. BeJI.lltJ.IIHa .1130B8KTOpHOft ,I(.llllOJII,HOil KOHCTaHTU ocmToqHUX CM onpe.ne
JIJI8TCH no noJioJKSHIDO nHKa oeluqnoro rnranrcKoro .n11noJII,HOro pesonanca. 
Pacc-.:r.11raHHll8 OTHOIDeHrut rrpne.nennux BepOHTHOCTeli EI-BoSClYJ!meH.11.II T~- H 
T< - COCTOJIH.lltt .nocTaTO'IHO xopomo COBIIa;IJ,aIOT C qJeHOM8HOJIOr.lltJ8CK.IIM.II ouen
KaMH. (T<-COCTO.IIHH.II - 3TO COCTO.IIHIDI H30BeKTopnoro rnraIITCKoro ,I(.IIIIOJII,
HOro pesouanca C H30Cll.llHOM, paBHUM I!l30Cmrny OC!!OBHOro COCTO.IIHH.II R,Itpa), 
IloKasaHo, tJTO C noMOfilI,IO o.nnoft .II Tott lK8 3@18KTH13HOil KOHCTaHTU B03MOJKHO 
OII.l'lcaH.118 .IIHTerpaJII,HUX xapaKT8p.l'ICT.IIB T.,- .l'I T<. - BBTBett r.l'lraHTCKo:r:o .1'130-
BSKTOpHoro ,n.lllloJII,HOro pesonanca. 

B rJiaBe ill npe,nCTaBJI8Hll pesyJII,TaTU pac-.:re TOB H.1'13KOJI8~ill.llX reKca;IJ,e
KaIIOJII,HUX COCTOHHHfi co CII.l'IHOM, rrpoeKUMett MOMenra Ha OCI, C.IIMMeTp.11.11 M
pa .11 -.:reTHOCTI,IO t"K=4+3 .l'I 4+4 ,nJIJI -.:reTHO-tJBTHl:lX R,Itep pe.nKoseMeJibHOtt 06-
JiaCTI!I. IIpoBe,neno cpaBHeH.118 C 3KCII8pHMeHTaJII,HUM.II ;IJ,aHHUM.11, BrrepBue .IIC
CJie,noBaHO BJI.IIJIH.08 reKCa;IJ,eKa.IIOJII,Hl:lX C.IIJI Ha xapaKTep.llCTIIB.l'I /-BI!lelpauR
OHHUX COCTOJIH.l!Jl:. 

B § I B rrp.06Jin~nI!l.11, Kbr~a BOJIHoBM lPYHKilMJI Bo36YJ!meHHUX cocToJI
H.l'lli co.nepl!U!T O;IJ,HOqx)HOHHUe li ,n.ByJC!p()HOHHHe KOMIIOHSHTH, BU'IRCJiellll 3Ha'le
Hli.lI anepr.l'lli H.ll8KOJie~m11x 3+-.11 4+-COCTO.lrn.llll: .II rrpnBe;IJ,eHHll8 BepOffTHOCTI!I 
B(E4)-3JI8KTpOM8.I'H.IITHl:lX rrepexo,noB Ha 4+3_.11 4+4.COCTOJIHHJI. IlOKa3aHO, 
'ITO paC'I8Tll KaqecTB8HHO rrpaBMI,HO BOCIIp0.113BO,I(.IIT 3Itcrrep.l!MeHT8.JII,Hll8 
,naHHH8. YtJe T rrp.llHUilIIa IlayJI.11 B BOJIHOBOll: 'llYHKJlll.11 llpllBO.l{.II_T K TOMY, 'ITO 
BKJia;IJ, .I(Byx (llOHOHHl:lX KOMnOHSHT B HOpM.l'lpOBKY' BOJIHOBOJl: (l)YlfKJl.11.l'I MaJI. 

B § 2 .l'ICCJie,nyeTC.II Borrpoc O BJI.IIHH.11.0 reKCa;IJ,8K8.IIOJII,HllX C.IIJI Ha COCTO
JIHHJI C I;T"K=4+G t-B.1'16pau.110HHOtt IIOJIOCU. Pac'<JeTll 3!!epr.l'ltt, CTPYKTYPU 
COCTO.IIHlitt .11 rrpRBe,neHHUX BepoffTHOCTett E4-rrepeXO;IJ,OB BHIIOJIHSHU Ha OCHOBe 
ypaBHSH.!li rrx~ C o.nuoBpeMSHl!llM ytieTOM KBa;IJ,pynOJII,IIUX ll reKca;IJ,eKaIIOJII,HllX 
CM ,nJIH pasJII!l'!HllX 3Ha'!eH.llli KOHCTaHT 3@18KTllBHOro B3a.11Mo,nell:CTB.l'lff. IlKJilO
'!eH.118 reKCa;IJ,8Ka.IIOJII,HUX CW! rrpll130,I(.IIT K YM8HI,lli8H.IIIO R30CKMHPIIOll: rrpRBe
,neHHOfi BepOJITHOCT.11 B(IS2) Ha I0-30% li yBeJI.11'!8Il.l'IIO B(IS4) B .I(Ba-Tpll pa
sa. 

IlOKa.3aHo, tJTO BBe,neH.118 reKca;IJ,eKa.IIOJIM!Oro B3aRMo.nettCTBI!I.II II03BOJIH8T 
Ka'l8CTB8!IHO IIpaBWII,HO orr.11can 3Heprllli .II rrpnBe;IJ,eHHUe BepO.!ITHOCT.11 E4-
nepexo.noB B pe,IUtoseMeJibHHX H;IJ,pax. 

B 3a.KJIIO'!eHRll ,nRccepTau.11..11 nepe'!RCJI8Illl OCHOBHHe Blmo.nu. 
B npMOJKSH.11.11 np1IBe,neHu·neo6xo,n.0MUe pac'!eTHue qiopMYJIU. 

OCHOBiillE PE3YJibTAlli ,!J.HCCEPTAWIB, IlPE,!J.CT.ABJIEHiillE HA 3AIIMTY: 
I. B paMKax K~MH pa3B.IIT MaT8MaT.11'!8CR.0tt arrrrapaT .I(JIH OII.l!CaH.IIH Hepo

TaJl.llOHHUX COCTOJIH.lltt 'l8THO-'l8THUX .neqiopMRpOBaHHUX R,Itep. BoJIHOBa.lI cpyHK
U.11.II TaKllX COCTOJIHntt•co~epimT 0.I(HOqx)HOHHHe ll ,n.ByxqJOHOHHHe ROMIIOHSHTH, 
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B KOTOpWC Y"ITeH npmmnn TiayJill. BnepBHe IlOJiy,:IeHli BllpaJKeHH.fI ,nJI.fI aHep
rnn, CTPYKTYPH COCTO.fIHHlt H ,nJI.fI MaTpH'lHWC aJieMeHTOB aJieKTpOMarHHTHWC 
nepexo.noB Melii,Jty B036ylii,JteHHHMH COCTO.fIHH.fIMH H Melii,Jty OCIIOBHHM H B036y,it
.neHHHM COCTO.fIHH.fIMH ,nJI.fI CJIY"la.fI <pOHOHOB JII06ott MYJILTHITOJILHOCTH. 

2. BnepBHe paapa6oTaH qiopMa.JIH3M K<l?MJI .nJI.fI onncaHH.fI aapR,noBo-o6MeH
HWC B036ylii,lteHfltt B npH6JIIDKeHHH xaoTnqecKRX qiB.3 C ytteTOM o.nHoro H ,nByx 
rnnoB ocraroqHWC cenapa6eJILHHX B3aRMo.nel!cTBHl!. 

3. BnepBHe .nJI.fI 60JILmoro ROJIH'teCTBa .neqiopMHpOBaHIIHX R,nep pe.nKoae
MeJILHOlt 06.nacTH aK'l'llHR.nOB paccqnraHH xapaKTepHCTHKH I'T (p,n)-H (n,p)
nepexo.noB. IloKa3aHo, ttTo BO Bcex paccMoTpeHHWC smpax npn !8-20 M::iB 
pacnoJIOlK8H I'T-peaoHaHc c OOJiaCUlO JIOKamrnaun:n 5-6 MaB, B KOTOpolt co
cpe.noToqeHo · 60%-70% cRJIH I'T (p,n)-nepexo.noB. CRJia (n,p)-nepexo.noB 
pacnpe,neJieHa B OOJiaCTH 2-35 MaB. DTHOmeHHe RHTerpaJILHOlt CRJIH (p,n)
nepexo.noB K HHTerpaJILHOlt CRJie (n,p)-nepexo.noB COCTaBJI.fieT O,Ol-0,03 H 

YM8HLmaeTC.fI C pOCTOM A. PacmenJieHne I'T-pesouaHca Ha KOMilOHeH'l'H 
K,r=O+ H l+ OTCYTCTByeT. 0,nHOBpeMeHHHft yqeT CT H Cilllll-KBa.npynOJILHHX 
CH.II He HSM8H.fI8T Bll'lHCJiemmx xapaKTepHCTHK CT-peaonaHca • 

4. IloKasaHo, ttTO cRJia cnHH-.nmtoJILHHX (p,n)-nepexo.noB pacnpe,neJieHa 
B o6JiaCTH 2-40 MaB c mnpoKRM MaKCRMYMOM npn 14-33 MaB, B KOTOpOM co
cpe.noToqeHO 90% CMH (p,n)-nepexo.noB, HHXe 14 M::iB Haxo.n.fITC.fI COCTO.fIHAA 
cA" =2-. CHJia (n,p)-nepexo.noB pacnpe_.neJieHa B oOJiaCTH 2-25 M::iB. OrHo
meHn:e HHTerpa.,ILHHX CHJI (n,p)-H (p,n)-nepexo.noB COCTaBJI.fieT 0,06-0,14 H 
YM8HLmaeTC.fI C pOCTOM A. _ 

5. BnepBHe BH1JHCJie1111 xapaKTepncTHKH .nnnoJILHHX (p,n)-nepexo.noB,. 
CRJia KOTOpWC pacnpe,neJieHa B OOJiaCTH 14-40 M::iB c .nByM.fI MaJ<CRMYMaMH · 
npn 25-27 ~bB H 29 ibB, COOTBeTCTByJOIIIRMH COC'l'O.fIHID!M K"=o- n r-, B KO
TOPHX cocpe.noroqeHO 75% CHJm. YcTaHOBJieHO, 'iTO o.nnoBpeMeHmrlt yqeT .nz
IlOJILHHX H cnHH-.nnnoJILHHX CHJI npaKTnqecKH He BJill.fieT Ha xapaKrepHCTHKH 
.nnnoJILHoro H cmrn-.nnnoJILHoro (cA" =D pesoHaHcoB. 

6. BnepBHe paccqnTaHH xapaKrepncTHKH T~-qacTH rnraHTCKoro .nnnoJIL
aoro H3oBeKropnoro peaoHanca B paMKaX K<l?M.H. IlpoBe.neno nx cpaB11eHne c 
xaprutrepncTIIKa.MH T < ttacTH rnraHTcKoro .nnnoJILnoro peaonanca. Uenrpon.n 
aneprHH ET,. JieJKHT Burne Er< na 8-14 M::iB. 0Tnomeune cettenntt qioro~o
rJiomeHH.fI c,_1(1'> l/u_l(T~) = 0,001-0,02. 

7. Yqer ocraToqHoro IT-BsanMo.nettcTBAA YMBHLmaeT BmnCJiemroe 3Ha-
1IBH.l'le KBa.npaTa MaTPH'IHoro ::iJieMeHTa rr J -nepexo.na p523t7/2-n523!5/2 
M8lii,Jty 't8THO-'l8THHMH H He'teTHO-HetteTHHMR R,npaMH pe.nKoSeMeJILHOlt OOJiaCTH 
B 3-5 pas no CpaBH8HIDO C o.nHOKBaSH'taCT.l'l'lHHMM oneHKaMH. PaCC'IHTaHHOe 
3HatteHHe.ocraeTC.fI B cpe.nHeM B 2-6 pas 6oJILme ::iKcnepRMeHTaJILHoro, H3-
BeCTHoro H3 6era-pacna.na. 
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8. BnepBHe IlOJiy'ieHo Ka'teCTBeHHO IlpaBHJILHoe onncaHHe HH3ROJI8l!lalllHX 
HepoTauHOHHHX COCTO.fIHfltt c K71"=3+ H 4+ ,nJI.fI H,nep pe.nito3eMeJILHOlt OOJiaCTH 

B paMKaX K.W:JI. CorJiaCHO pac1J8T8M B H30_Tonax Gd H Dy RM8lOTC.fI 4i-cocTo
.fIHH.fI C .noMHmlpyl!ll!IHMH .nByxRBa3H'taCTH'IIIHMH ROMilOHeHTaMH npH aHepr.rurx 
B030ylii,lt8HH.fI I, I-I, 9 MaB. B H30Tonax Er, Yb H Hf HM810TC.fI KOJIJieKTHBHlie 
31- COCTO.fIHH.fI C 3Heprrun.rn l,l-l,3 MaB. B H30Tonax Os ID.telOTC.fI KOJIJieK
THBHHe 41-COCTO.fIHH.fI npn 3HeprH.fIX I,0-I,4 MaB. B!i1iHCJI8HHHe xaprutTepHc
THRH reKca,neKaIIOJILHHX COCTO.fIHntt xopomo corJiaCYJOTC.fI C cymeCTByJOlllHMH 
3RcnepMM8HTaJILHHMH .naHIIllMM • .llJisI BC8X paCC'IHTaHHHX 41 H 4~ COCTO~ 
.nByx<pOHOHHHe KOMiloHeHTH MaJIH. 

9. lfocJie,noBa.Ho BJIIDIHHe reKca.neKanOJILHHX. C.l'!JI Ha i -BH6panHOHHHe 
COCTO.fIHH.fI. IloKaaano, 'ITO yqer 8THX CHJI .nJI.fI R,nep pe.nKoSeMeJILHOlt 06.n:ac
TH npHBO.nHT K YM8HLID8HIDO BBJIH'iHHli B(E2) Z B( IS2) Ha I0-30% H YBeJIZ
tteHmo B(IS4) B ,nBa-TpH pasa, 'iTO ll03BOJI.fieT Ka1i8CTB8HHO llpaBHJILHO OilH
caTL aHeprHH H npHBe.neHHHe BepoHTHOCTH ,nJI.fI COCTO.fIHfltt 4+2 /-BH6pan;HOH
Hott IlOJIOCH. 
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