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BBE,[(EHHE . .. 

H~epHbie peaK!1HH c paorrn'!HbiMn 6oM6apl\npyrow,nhln 'lacTnn8.!.m crry

)KaT Ba)KHbiM liCTO'qHIIKOM CBe;u,ea~:~H o CBoHcTBax Boi36y)K)l,"ea;,nux CocTo.H

anH noy~aeMhlX .s:,u.ep. 0JJ;BH~ HO a~paBJieHHi 3THX Hccrre]J;o~~Jrii .iB.M

eTc.s: H3MepeHHe HGOMepH:biX 0THOlll~IDI:ff, UO;IJ; KOTOpbi:M -llOHifMaCTC.11 _ OT

BOWCHHC CC"!CH:ai peax.u;RJl o6p~OBaHrui KOHC'IHbiX .H,IJ;Cp B HGOMepaoM li 

OCHOBHOM C~CTOHHIIJIX~. 8T<? 0THOWCHHC 3aBHCHT OT CllHHi Jip;pa MlllllCHli 

H BHOCHMOrO ~ .Hll.PO yrrroB0~Q- ~OMCHTa, KO.TOpbi:3:. onpe}J;CJlliCTC.11 :M:accoii II 

aaeprneil: 6oM6ap;u,npyJOw.eH- "!_acT~bl. BoJI:bwoe BJIIDiaHe aa· aero OKa3hi

Ba€T TaKJKC MCXaHH3M B.h!6pa.Hiro::B: pCaKII;HH. H CBOikTBa ypoBHeii KO~e-9:

HOfO .H}l,pa, Ka.K B 0 6nacTH HenpepbiBHOfO CDCKTpa IIpH Bl:JCOKHX 3Heprrurx 

B036y)K}J;CHHJI, TaK li HH3KOJIC)KaJ..I.UIX ,il;HCKpCTHbiX, '<iCpCG KOTOpbiC llpO

IICXO,ll.liT GacCITCHHC H30MCpHoro li OCHOBHOrO COCTOJIHHI'i. l103'l'OMy H3Me

peHne H30MepH:t:JX OTHOWeHiri! II03.BOJlil:eT C)'AHT:b 0 MeXaHH3Me peaKD;HH1 

onpe)l;e~n:Tb napa."1:eTpbi, OIIHChlBaiOW.He cTaTHCTn'CJ:ecxn:e cBoHcrBa ypo

BHexi ( 3aBMCHMQCTb HX mlOTHOCTH OT 3Heprnn B036J)K)l,eHIUI H yrJIOBOrO 

MOMeHTa) Ii IIOJIJ'9:HTb CBe)l,eHIDI 0 cneKTpOCKOIII!'9:eCHX XapaKTepi:ICTHKax 

ypOBI~e:fr, CDJI3aHHblX pa)l.l'laiJ;HOHHblMH nepeXO)l;aMH C H30MepOM., 

Tio;:ry't!eHHaJI naq>opMaii.IDI 6)'AeT TeM onpe)l;eneaaee, '~:!eM npolll.e noy

:<:raeMaJI pea.KUIUI. llpnMepOM TaK~X npOCTblX peaxn;HH JIBJIJilOTCJl q>oTo

JI~epHbie peaKnim c BhmeToM op;noi'I 'lacTH!1hi- C'r>r'), ('y,n) nnn (l,p) -

npu 3Heprnn: noo6y)K;:J;eHI:UI B o6nacrrr rnraaTcxoro )l.Hnonbaoro pe30HaHca 

15 - 20 MoB. B oTnx peaKnHJIX B Jif(pO BHOCHTCJI onpel\enenHbii'I yrnoBoi'I 

M0MeHT - BCero 1 h, a AllCIIepCHJI MOMeHTOB ITOC;'JC IiCrryCKaH:wi '9:aCTHIJ;bl 

aeBei111Ka:2 - 3 n. Tax)Ke Ma.TI 11 ;u.nanao:oa 3HeprnR B036y)K)l,eHllJl KOHC'CJ

HOro Jiil.Pa:3 - 5 !\13B. Bee 3TO yrrpow.aeT aaamm nnoMepabiX OTIIoweami 

n onpe)l.e:Ieane nn aero yl(ao:aHHhiX .a:p,epHbiX napa."1:eTpoB. 

Bon6y:JK)l,eHHe H30MepHbiX COCTO.HHiill: B q>oTOJl,Il.CpHbiX peaKU.HJlX aan-

6onee nonno Hccrre)IOBaHO B crry'lae peaKnnii (1', n) n ( /', 1'). IIepe'IeHh 

OTHX pa60T IIpep;cTaBUeH B 0600pe [1]. I!OK©aHO BniUIHI!e Ha HOOMepHOe 

ornoweHHe crpyKTYPhl HfDKHHX ypoBHe:ii KOHe"9:HhiX .a:.n.ep [2,3], BKrra~a no

nynpJIMbiX nponeccoB [4]. PeaKnnn (T,p) c Boo6y>Kf(enneM nooMepoB nc

cJie,JI.OBaHbi 3Ha"~:JnTerrbHO Meabwe [5-8}. OcaOBHhiMH npH"CJHaaMn 3Toro JIB

runorc.a: 6onee HII:JKHe ce"CJeBWI II 6orree BbiCOKHe noporH ( c yqeToM xyrroao

BCKoro 6apbepa 1\ilJ! Bbi.,eTeBWHX IlpOTOHOB) peaKni<i'I (/' ,p) IIO Cpa.BHeHI<IO 

c peaKnrurMn (l,n). IIooTOMY npn o6rryqeHnH .!I~ep TOpMoo;.biM crreKTpoM 

C rpaHR"'HO:ii 3Heprneft B paiioae rnraHTCKOrO ;!l,HITOJibHOrO peOOHaHCa (15-

20 MoB) BbiXOi\bi peaxnnii ( /',P) OK©biBaJOTC.!! a coTHn p© Menhwe, '!eM 

B peaKnnJIX (1', n). 



B TO lKe BpeMl! liGMepeHne nnoMepllb!x OTHO!lleHm'i B peaxu;H~X ('Y,p) 

npe)l;cTaBrureT onpefl,erreHHI:.Iii ImTepec no-:Ja nx cyl.l.l;eCTBeHHoro oTJIH'lRH 

OT peaJ{Il.Hli ( ')', n). 3TO OTJIH'9:H€ CB.HOaBO C TeM, 'ITO B HHX B036J)K,II.a

lOTC.H p;pyrHe HOOMCpHbiC COCTOKHRJI, "<facTO JlC)l;OCTJDHbl€ JI.rui peaKillU~ 

(7,n), a ~:Knap; np.HMhiX n nonynp.HMDIX npon;eccoB MO)KCT 6biTb ::ma<o.Jn

Tem.ao 6oru.we. 3To D03BO:IHT DOJIY''I:~lTb ;:J;ODOl'IHHTCJibHJIO HHipOpMaUIUO 

o cBolicTBax ypoBHeii H MexaHH3Me <f>oTo.s:.rr.epHbiX peaxn;nii. 

UenbiO }l;aHHo:ii: pa6oThl JIBn.seTC.a H3Mepean:e nooMepHbiX OTHoweaml B 

peaxu;~X (/,p) )\illi pxp;a ~~~ep. llpn OTOM BbJ6paHb! HGOMepHbJe COCTOX

HWI C O;:J;HHMII II TCMH :IKe KBaBTOBbiMH XapaKTCpHCTHKaMn - ]1r = 1/2-, 
a Ba""'a.JibHhiC ll)J,pa BO BCCX CJIJ"la.HX JIBllillOTC.H "lCTH0-'9:€THbiMH C J7r = Q+. 

TaKHM 0 6pa:3oM, ;.I.Jl& B036JJKfl.CHIDr H30MepHbiX COCTOJIHIIfl BO BCCX H'i3J'9:a

CMbiX JI)J.pax MO)KHO 06CCDC"lHTb H,ll.CHTH""l:Hbl€ YCJ'IOBrui - O!l.HHaKOBbUi: Tlill 

peaKD;llli ll ;meprHH B036y)K)l;€HHi£ 1 O,!l;HH H T€ )K€ CIIHHbl Ha'!a.lJ:bHOfO M 

KOH€'9:H0f0 COCTO.HHHfi. I!oaTOMy MO)KHO Q)KH)l;aTb, "<JTO M:JMCHeHmi norry

"i€HHbiX Ha OIIbiTe H30MepHbiX OTHOllleHirii npn: nepeXO;;:t;e OT O;I.HOrO K;a,pa 

K .JI.pyroMy 6Y.JI.YT OTipe;n;eJiilTbCi£ rJiaBHblM o6pa:JOM T€M1 KaK B 3THX .H,IJ.pax 

MeHJiroTCJI cBoiicTBa ypoBaeH, '9:epe3 KOTopble nponcxo;J;HT :Jaceneane H:JO

Mepa. 

H30MEPHhiE COCTORHMR 2p112 

O~aoKsa:_m"!aCTxrmoe coCTOilHHe c I.,. = 1/2- noKBiliJ:eTCH B il)l,pax c 

Z > 28 npH oanorrHeHIHI npoToaaoH o6ono"'KH 2?112. Oao .a:BnJieTc.a: H:Jo

MepHb!M C ~OCTaTO'!HO 60llbllii'JM rrepHO)\OM IIorrypaCIIa;t;a (T112 > 1 c) 

B T€X Jl)::t,pax, y KOTOpbiX OCHOBHO€ COCTO.l!HH€ HMeeT CIIHH H "<IeTHOCTb 

9 /2+ I'IllH 7 /2+ H MelK;zy HHM H HGOMCpOM ReT ypOBHCH C npoMelKJTO'!

Hb!MH cnHHaMFI (3/2 nrrn 5/2). Taxax CIIT)'a!1IIJI nMeeT MecTo B HHTepBa."e 

Z = 41- 49 (Nb, Tc, Rh, Ag n In), rp;e nnBeCTHO 6orree 30 TaKHX Hno

Mepos. B cepe)l;HHe aToH o6rracTn, B p.a:ll,e n::JoTonoB Rh n Ag, cocTO.llHHe 

2p112 HBJl.ll€TC.ll OCHOBHbiM, a HOOMepHbi€ ypoBHH HM€10T CIIMH H "<l€THOCTb 

9/2+ Hlll< 7 /2+. 

,U::r.H nccn:e;:~;oBaHIUI peaKu;nR ( f,p) 6bm:H Bb16paabl H}I,pa, rre)Kal.ll.He B aa

"'a."le, cepe.n;rme H KOHQe aToii o6rracTn (coOTBeTcTseaao nooTODhl Nb,· Rh 

n In). CneKTpocKonx,rqecKHe xapaKTepn:cTIIKR aTHX .HAep - cnn:a H "<JeT

HOCTb ocaosaoro COCTOJIHII.H I;, aaeprru~ Em n: nepnog rronypacnaga H30-

MepHoro ypOBHX T 112 - rrpe;t;cTaBrreHhl B n6rr.1 [8]. Bee oTH HnoMepbi 

( 3a HCKJIIO'!eHneM I05 Rh) pacna;rr.aroTC.H nyTeM pagnao;noHHhiX nepcxoAOB 

Tlma J..:f 4 C llpime,:a;eHHOll nepO.HTHOCTblO nop.H)l,Ka O}I,HO'!aCTU"'IHOi! C,il,UHUII;hl 

Baii:c:Kompa. IIpu: :JaCel'IeHHH IWOMepoB npn ,6-pacna)l,e c 6onee BhiCO:Kon:e

JKaUJ.nX yposaeii ae aa6mo;rr.aerc.H KaKnx-m6o 3anpeToB. Bee aTo yKa:Jhi-
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T ABJUUJ;A 1. 

Cn.eKTpoCKonH·'Iecxae xapaxTePHcTHKH Jip;e.p 

C ~::JO_MepabiMH COCTOJIHHJIMH __ Pl/2 

J!~po z N !L Em, KaB EJ.,MJ. B(J.),w.u. 
97 Nb 41 56 9W 743 M4 . 0,5 

to5Rh 45 60 7/2+ 130 E3' lQ-2 

IIi In 49 68 9/2+ 315 M4· 1,2 

J19Jn 49 70 9/2+ 311 M4 0.9 
l'llJn 49 72 9/2+ 314 M4 0,9 

BaeT Ha, H;:I,CHTH'!HOCTb cnollCTB. H30Mepon, ll03TOMY pa::nttf<JU:€ U30~H"p

HhlX OTHOill€HUii 6y)l;eT CB.HOaHO C panHbiMU CBOiiCTBaMII BbiCOKO:IC)KalliiiX 

yponae~-- Ta.toe pa3iiH'9:He MO)KCT HMeTh MecTo no-oa pa:Jaoii <.Tpy~~:rypnt 

Dbi6paHHbiX )l;:'I.H uccJeA,onaanH Jl)J,ep. Hooronhi In nMClOT 'iiiC:lO nporoaon 

6nHnxoe K MarH'!ecmMy (Z =50). B To :>Ke Bpeux t05Rh c ;V = 60 6rrnnoK 

K o6rracTH )IO<j>OpMHpoBaHHhiX .!!~ep (nnoTOIIhl Zr, Nb, M o c N > 60). 

8KCIIEPHMEHTAJihHA.ll METO,ll;HKA 

lifm..1CpCHliJI DblXO;:I.OB HCCITCji.)'CMbiX H;D;Cp B HGOMCpHO!II II OCHODHO!II l"O

CTOJlHII.llX npn paGiiii"<J:HblX rpaHH"IHbiX 3HC'prii.1IX TOpMOGHOfO II3:J;\"'I<'lilHI 

IIpOBOAMJ1HCb Ha DblBC}I;CHH0?-.1 ny~IKC 3JICKTpOHOB MHKpOTpOHct .\JT-25 .1a-

6opaTOpUH .H;:I,epHbiX pcaxn,mi OHRII. Onucaanc aToro MII:Kporpoaa n rro 

Ocaonahle xapaKrepncTHKH npegcTasncabi B pa6ore [9], a !llt."TO.J..U:Ka aKe

ncpHMeHTa- D HalllilX npC)KHHX pa60TaX flO II3MCpCHUIO IIOO:'\I<'J>HbiX OTHO

WCHIU'f B peaKII;IHlX (l:n) [2,3]. I<aK n n aTnX pa6oTax, ncno:n,aona:Jni m.;

THD~UHOHHbii-i MCTO)J;, OCHODi:lHHhiii Ha U3Mept'HHJI CTI<'KTJ>OD ') -li0:lS'H'HlUJ. 

o6pa:3.)'10lll,IiXCJI npo,rr,yKTOD pca:KU:HI1: D naBIH..'l:IM(_)CTII OT :3H<'prmi II IIHTt'H

CHBHOCTH TOpM03HOro HOJiy"'eHH.ll. 

Oco6eHHOCThlO npono)l.HMblX a:KcncpnMrHTOD 6bi:X HH:.1Knii DhiXo~ nay

'!aeMb!X peaxu;m1 ( ')',p) no cpaBHCHHJO c peaRD;IIXMII ( 1, 11) nnn (I· 2n ). 

.fl03TOMY npn o6rry~ICHHH Mlilll€He:ii: HaTypa."'bHOrO ll:JOTOllHOTO CO<"THDa 

f-!IHHHH. lliJOAJ'KTOD pcaKD,UJi ( ')' ,p) Ha6nro;a,aJIHCb, :KaK npaBII:lO, Hi\ Dhl<"O

KOM ypoDHC ¢oH<t ')'-Unn:y"'CHIU OT 3THX pcaxumi:. 3To orpilHII'IliD<l:lO Dhl-

6op n:ccrregyeMhiX JI;r,cp, naTpy,IJ.:S.Hl'IO H)l.CHTn<PnKanJIJO oGpanyJ<mmxcs nao

Tonos H HOOMCpOD U cylll,CCTDCHHO CHIDK<-tn:O TO'IHOCTh 110::--H'lH'HIIii. tl TO flbJ 

CHU'3UTh q)oH OT 'aTUX. pca"KI.J.Uil: BO DCC:X npOBO)l,UM:hiX :JK<TI<'pli!I.f<'HT<lX II<'

TIO:IM30DCl!Ilith pa.,'1)l.C'iiCHHbiC II30T0llbl (c o6oraW,C'HU<'!I.·1 H<' !I.J<'HN' 95'it·). y 

KOTopbiX p<'itKUllli (J, n) n ( ')', 2n) npnnogmm K JI;:r,pa~1 :m6o cTa6n.1hHbi::--t. 
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JH60 C 60JbWHMH BpeMeHaMH )J{HOH~. 06rry-qaeMhle Ha MHKpOTpoHe 06-

pa.DUhi IDJ.e::m: nee 50-200 Mr Ii TIJ'IOll.l,a]l;b IIOBepXHOCTH ,...., 1 CM2. 

06hl"'IHO B IlpOBO~llMbiX 3_KCIIepHMeHTax TOK ycxopeHHbiX 3Jie.KTpOHOB 

COCTaBIT.li:l 20.~iA, 3. npeM1i·.q6JlY,'9:eHH.ll- 3 nepno;a;a no3ypaclla;a;a g;:r.s KO

poTKOlKI<BY!I.\I<X {T112 < 1 '1) ·npop;yxToB peax11nii n 8;; Ailll :~orrro)!(J<BY!I.\RX 
(IO''Rh" II9,Jn). Cpa3y OKe nocne oxon'!aH!pl o6ny'!eHJ<JI o6paonhl nepe

aocn:nnch n noMew.eane, o~UJ,Hll.l,eaaoe OT B:oay-qeallil MH.KpoTpoaa, ;a;n.s no

Mepean.s HX ')'-CIIeKTpoB. B cny.:rae HaH6onee KOpOT.K02KHBYJl.l.HX HCOTOIIOB 

(119 In z. 121 In} '3TOT nepeaoc ocyl.l.l.eCTBlliincx. c noMOlll.blO nHeBMOIIO"'!Tbl n 

npeMH nepeaoca cocrann.sno ......, 2 c. 

CrreKTpbi "r-no:zyqeaa.s o6nyqeHHblX o6paouon Ho.Mep.sJJich 

Ge(Li)-:~eTenopoM; xoTopb!U IIMerr o6'beM 60 cM3 n pa3pewenne 2,8 xoB 

;(lH 'j-ITHHI<H C OHeprneii 1332 KOB 60Co. CJ<fJ<fJeKTHBHOCTb )\eTeKTOpa )l;ITJI 

')'-KBaHTOB pao::IH'9:HhiX 3Heprm1 onpe;u,emmach <: IIOMOlll.h~ aa6opa KaJIH-

6poBO'lHblX JJ.CTO'IHIDWB H Jl,1l.H Bb16paaaoil reoMeTpHH HBMepeHniJ. :HaxOJl,H

:IaCb n gHanaooae 2 -10%. l13Mep.seMbie ')'-cneKTPhi aaxannnnan:nch B na:. 

MHTH nepcoHa.1bHoro KOMIIhlOTepa )l,rr.a nocne.rr.yJOUJ.eH o6pa6oTKH. ,Un.H. o6-

pa6oTKJ< npnMeHJirracb nporpaMMa ACT IV [10], KoTopa.>r nooBorrJ!rra pao

;:xe::UITh C::IOi<HbU1: ')"-CIIeKTp C 6JIH3KHMH IIO 3HeprHH ')'-nlffiHJIMH Ha OT}l,€Jlb

Hble KOMIIOHeHTbl. BpeM.S Ka)K;u;OrO HOMepeHH.S orrpe;:x;eJIJIJIOCb_. CKOpOCTblO 

c"'!eTa gnx aa6opa aeo6xo;u,llMm1: CTaTHCTHKH (xaK rrpaBnno, aecxonhKO co

Tea HMIIY:JbCOB B IIHKe H01fep.s:eMOI1: ')'-nnmm:). ,ll;:r.s: KaJK:U,OrO o6rry'ieHHOfO 

o6panua rrpono;x.H;:rocb no 3 - 5 noMepeHHif -qepe3 paorrH'lHhle HHTepnan:hi 

npeMeHn: noc::re oxoH'laHn.s o6rry'9:eH:mr, '9:T06bi cyAHTh o rrepuo;u;ax non:y

pacnaiJ:a o6pa3yiO!I.\RXCJI npOiJ:YKTOB peaxu~<ii. !Io'!TH 1\ITJI Bcex o6pa3llOB 

(:Ja HCKJI10"9:€HH€M TeX, r)l;e IIOJIY'laJIHCb ~OJifQ)KHBYlll.H€ HO.OTOIIbi ( 1199Jn H 

l05g Rh) npono~uaoch no 3- 4 r:ouna o6rry"'leHnH-noMepeaaii, "'T06bl ncxrrro~ 

"9:llTb BO:JMO)J(Hble H€KOHTpOn:HpyeMbi€ llGMeHCHlU! YCJIOBl:lii: 3KCII€p:HM€HTa. 

Kax npann:Jo, nocnpononop;HMOCTh peoyn:hTaTOB 6h!rra n npeil_errax conMe

CTHbiX own6oK HO.Mepeam!. 

3Heprn.H ycxopeHHhiX aaeKTpOHOB onpe;:I,en.s:rrach no ne;:m:'9:HHe MarHJ-IT

Horo IIO)'].H Mli:KpOTpOHa, 1-IOMep.seMOrO MCTO)J;OM .S/l,€pHOTO MaTHHTHOTO pe

GOHaHCa1 n qacTOTbi ycxop.arow.ero an"exTpn-qecxwro rrorr.s. HecTa6n!lbHOCTh 

8HCpfHU ~:JeKTpOHOD oa BpCMJI 3KCIICpHMCHTa He npeBbiWarJa 50 K3B, H 3TO 

onpe;:xcJx::Io To~mocTb noMep.seMoH aaeprn:H. HoMcHeHHe aHeprHH anexTpo

Hon ocymecTn::I.s::Iocb ;~,nyM.a nyT.sMH: rrpn Ma.JihiX naMeHeHIL!IX (Ao 1,8 MaB) 
- pcry:mpOBKoii :!lmranTHOro nomr, rrpn 6o:IbWHX ~ rrepexogoM c op)J;HHaTbi 

Ha op6I<Ty. 

8KCITEPJi!MEHTAJibHbiE PE3YJibTATbl 
OnncaHHall :"3KcrrepnMeHTa..1hHaJI MeTO.Jl.nKa Hcnonho.onarracb gn.H HGMe

peHHii DbiXO;J;OD IIpO;:I,.)'KTOD pca.KIJ;HJ1: (f:p). J1pin.fCp O,TJ;HOrO HC H:JMC-
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peHHhlX cnexTpoB "(-nony'ieHHJI (npo)IYKTOB peax'~;nn I20Sn( "(, p ) 11
9m,g In) 

npe;t,cTanneH Ha pnc.l. B · cne:KTpe ~EiTKO BR;ri;Hhl -y-nn:Hnn, cn.s:oaHHble c 

pa11noaxTnBHhlM pacna)\oM JI)Iep ll9Jn B ocnoBHOM (c Er = 763 xoB) n 

llGOMepHOM ( C E
1 

= 311 xoB) COCTOl!HllJ!X. llo OTHOWelllill lliTO!I.\ai(eB 

N,HMn 

2000 

c 
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c 
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~ iii ~ 1500 
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Pnc.l. CneKTp "(-Hony'!eHHJI npo)IYKTOB peaxum< 120Sn("(,p)l 19m,g[n 

npn rpaHH"'lliOil aHeprnn TOpMooaoro nony"'eHHJI 24 MaB 

3THX ')'-ni-IHUii MO/KlW IIOJIY"''HTb HGOMepHOe OTHOW€llH€1 IIO:IbGY.HCb Bbi-

pa)KeHneM 
Ym _ Smt

19
(1 - e->mt,m )e->mt,m . Im. t 9 

Y9 - S
9
t1m(1- e->.,t2, )e >.,t3,. ! 9 . tm ' 

(1) 

ril,e Sm, S
9 

- miOI.I.I,a)l,li {-nnanH, Im, 19 - HHTeHCIIBHOCTH 3THX ')'-!lHIIHii 

B cnexTpax pap;rroaxTHBRoro pacna11a ( c y'<eTOM xoo<fJ<f!unneRTOB KORBep

cnH), Em, '•- o<f!<f!eKTHBHOCTn perncTpan= "(-KBaHTOB Ge(Li)-1\eTeKTopoM, 

..\m U ..\
9 

- KOHCTaHTbl pa)l,HOaKTHBHOrO pacna;u;a OCHOBHOrO COCTO.SHHJI R 

HGOMepa, t 1, t2, t3 - COOTB€TCTBCHHO npeMeHa ROMepeHn.s, o6rry"'ieHR.II ll 

Bbi;t,Cp)KKII IIOC!le o6ny""'€HWI (RH)l,eKCbl m li 9 OTHOCJITC.H K H30MepHOMY U 

OCHOBHOMY COCTO.SHllSM). XapaxTepnCTHKH pa;a,HOaKTHBHOTO pacna;I.a ncex 

Hccne)J;yeMbiX rrpo.!I.YKTOB pacnap;a npe;n,cTanneHbl B Ta6rr.2. 
Bee acc:reil.YeMhle ncoTOIIbi o6rry-qa..1RCb npu aaepnm anexTpoaon (a;:rn 

rpaHJ.Pm.oii aaeprnR TOpMO:JHoro cnexTpa) 24 MaB. Ha-na aenpepbiBHOro 
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TABJIHIJ;A 2. 

XapaKTepHCTHKH pacDaAa OCBOBHbiX H 

HOOMepabiX COCTOJIHHi HCCJieJI,yeMbiX .S:lJ.ep 

.ff}1p0 T!l2 E1, xoB I1, % 
97uNb 1,20 'I 658 98 
97mNb 60 c 743 98 

IosuRh 35,4 'I 319 19 
105mRh 45 c 130 20 

117uin 42 M 553 100 
160 87 

117mJn 1,93 'I 315 17 
160 14 

119g In 2,1 M 763 99 
119mJn 18M 311 2,5 

121• In 27 c 926 87 
121m In 3,8 M 314 0,6 

60 21 

xapaxTepa TopMooaoro cnexTpa .a)l;pa nocn:e naXBaTa ')'-KBaHTa o6paoo
BbiBa..~HCb B um:poxoM ,nnanaooae ::meprnll BOG6Y*A€HHI'I ( crrexTp ::meprnM 
BOG6yll<}1eH>tJ! COCTaBHhlX J!}1ep nop;p06HO 06Cy)!{p;aeTCJ! HIDKe). 'ho6h! cy
}J;HTb o pacnpe;:I,e;IeHim no 3Hepnm B036Y.JKJl.€HlliE 3TIIX .11;::1;ept. ,n;ru: o.naoii: no 
pea.ICr:~;u:H, 120 Sn( "f,p ) 119m,g In, HGMepJirracb 3aBHCHMOCTb BbiXO~a .Hp;ep 119 In 
B OCHOBHOM H H30M€pHOM COCTOJIHHH OT :meprmi 3Jl€KTpOHOB B }I;HaTia30He 

19- 24 MoB. llpn aTOM op;HoBpeMeHHO c o6paoqoM 120Sn o6nyqa;Jacb Me-
1\HaJI <j>orrbra TOlll!IHHOH 0,1 MM. BhlXop; o6paoyiOl!IRXCJI JI)Iep 119 In HopMn
poBancJI Ha Bhlxop; JI)Iep 64Cu (T112 = 12,7 q) n "Cu (T112 "'9, 74 MnH), 
06pao)'IOW,IIXCJI B peaKIJ;liH (f,n), Ce"'CHIDI KOTopoii XOpOlllO H3B€CTHhl 

[11,12J.ll::n,1epcaaaa: TaKHM Cnoco6oM :JaBXICHMocT:o oT rpaHIPIHOH JHep

nm TOpMO:JHOI'O II3Jiy"iCHWl: CYMMa BbiXOjl.OB JI)I,ep ll9 In B OCHOBJIOM II li30-

?11CpHOM COCTOJIHII.HX, a TalOKe R:JOM€pHOrO OTHOllleHlUI npe}l.CTaBJJ€Hbl Ha 

puc.2. BH,JJ;eH cpaBHHTC!IbHO crra6LIH poeT O'l'HOUJ€HHJI Ym/Yg c YMCHbWe

HHeM aaeprn:n E1 . 

H:JMcpeaa:aJI naDHCIIMOCTb n:otxo.n;a JI;:I.ep ll9 In oT rpaHii"iHO:ri: aaepnu:r 

TOpM03HOrO H3]1J"::€Hilil ITO:JBOJIIma IIOJIY"::liTb 3aDHCHMOCTb C€'tJCHIUI peaK-

6 

~100 
:r: 
b 
q 10 

§ 
.D 
Ill 1 

1.0 
~ 10 

(!) 
:s: 
:r: 1 (!)_ 
T 
(!) 
(.) 

:r: 
1-
0 

4 
L 
0 
C'l 
:s: 

2 

Eel', 
16 1a 20 22 24 M38 

i ! ! 

E~, 
16 18 20 22 24 M38 

PHc.2. 3anuci:IMOCTb oT rpaHIPrnm1: Jarprnn TOJ>M03Horo JJ:}:JS'l<'HIIR 

(£
1

) cyMMhl DbiXO,JJ;OD JI,JJ;Cp ll9In D OCHO~HOM II U30M<'}>HOM COCTOIJ.HJIHX D 

peaKI..J;HII 120$n(f,p), CC'<ICHWI 3T_oft peaKUUH II li30?1-I<'pHOI'O OTHOUJ('HJIIl 

umt I20Sn(f,p)l19m,g]n OT aaeprHn: 'Y-KnaaTa (nnn 3H<'prnn no36y)K.J.<'HIIS: 

COCTaBHOI'O SI}l.pa). ,IT.llil 3TOI'0 HCIIOJlb'<lOBa.JIC.S: II:JDCCTHbiii MPTO;J. ?llliHJI:'I1II

'<laUUil Hanpam:reaaoro pacxo)I(,JJ;CHWI [13,14]. IIony~IrHH<tH TaKII~l cnoco6o:-.1 

<P.YHKUR_JI no36yJK;J.CHH.S: TaKJKC npcncTanaeaa Ha pne.2. Dn.J.<'H <'r 6bH"Tpbiii 

p~cT npn MaJibiX 3HcprHJix. Ma.KCHMYM- npn E ~ 22 i\1:-JD 11 r:m6ot' mUI'HIH' 

npn 6onbwux aa<•pnUix. TaKoil: nn:,JJ; q>yaKu.nn no36yJK;J.('HIJH, a. TaJOKt' e;J.Dllf 

Ma.l\:CHMyMa. D CTOpOHY 60JibWUX 3H<'praii llO <..:paDHC'HlllO C p<'aKUilH~Ili (-:.II) 
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nmn:"!eH .ll)UI peaKunH (-y,p). Oli Bhl:JhiBaeTca M:JBeCTHhiMII rrp:a"!rma.Mn: 
:KJ::IOHOBCKHM 6apbepoM /I.l'I.H Bhl:teTaiO~HX ll3 .HJI;pa npOTOHOB ll 6odbWefi 

aHepnieir" COcTO.HHIIii- ~ n:JoTonn"!ecKHM cmrHoM To+ 1/2, G~eilJieMhiM n 
peaKUI!HX (J,p) [15). 
JI~,lepeHHaH <j>)"HKUil.< BOG6yJKp;eHI!.< IIOGBOil.<CT oupep;em<Tb o<j><j>eKTil

BHJ'IO aaepnuo BO:J6ym:;:x,~Hxnr _coc:ranaoro .s:p;pa, ycpep;aemcyro nO CneKTpy 
' TOpM03HOrO II3:I)'~IeHHJI. 3Ta 3Hep,~WI Onpep;e!I.HeTCJI BblpaJK€HH€M~t 

Jff,:;· E1 rJ(E1 )N(E1 ,Ef'"')dE1 ( 
E>M>. = Emo. > 2) 

fe' rJ(E,)N(E,,E;o••)dE, 
nop. 

r~e rJ(E,) - ce'!eHne peaKn:nn upa oHepnm 1-KBaHTa E,, N(E,,Ef'")
"mc:ro "'f-:KBaHTOB c aHepnrell E1 B TOpMO:JHOM crreKTpe c rpaHH'lHO:it 3Hep
nreii Er;ax. llpu HCllOl1h30BaiUUI B BhipaiKeHHH (2) cpopMbi TOpM03Horo 

CII€KTpa, paCC"iiiTaHHOrO ~ITJI )'CJIOBHI'f )l;aHHOrO 3KCnepHM€HTa [16], 6bmO 

no,y'IeHo GHa'ieHne E><M>~ =' 20,3 MoB upn Ef'"' = 24 MoB. !Ipe)IIIOila
ra10Ch,"'TO ;::(JlJI OCTanhHhiX HCCl1€.Jl.OBaHHbiX peaKIJ,HJ1: ¢opMa lJ?J'HKIJ,lUI B03-

6)'JK;:I,€HWI HM€€T CXO;lHhiii BH,il, H, CJ'C,iJ;OBaTCJhHO, 3cJ>4feKTRBHaJI .~HeprWI 

B036)'JK;lCHiiR COCTaBHOI'O .a~pa 611H3Ka K 3T0::-iJ 3Ha'9:CHHIO. 

B Ta6:t.3 npe;:xcTaBJ:eHhi nccn:e;I,oBaHHhle peaKn;mi, 3KcnepnMeHTa.:1hHbie 

:>Ha'<fCHH.H H30:-.1:CpHhiX OTHOWCHIU'i H HCKOTOpbiC XapaKTCpHCTHKH peaKnmf: 

TABJII11..\A 3. 

SxcnepHMeHTaJibHble oHa'<feHHJI 

H30MepHbiX OTHOWeHHR B peaKQH.BX ('y,p) 

Pea<na.!l Ep, E1-E2, Y,' 
MoB MoB 

98 M o( /,P )91m.g Nb 9,79 1,27- 8,2 0,68(5) 
1os Ru( /,P )105m., Rh 9,35 0,50 - 8,1 0,43(5) 
118Sn(/,p )117m,g In 10,00 0,88 - 7,0 3,8(3) 
120Sn(i,p )119m.g In 10,66 0,94 - 6,3 4,5(4) 
122Sn(i,p)121m,g In 11,39 (1,0)•- 5,6 2,9(7) 

• H<J CHCTeMaTHKH ypoBHeH c T = 5/2 

3Hepru.a CBX3H rrpoToHa Ha'<faJihHOro .a,II,pa ( Ep) H gHana:3oH 3Heprml B03-

6y>K~eHriJ! KOHC'IHOfO .!l)ljla (£1- £2), B KOTOpOM paGBC]lTb!BaCTCH KaCKa~ 
'"'(-KBaHTOB, :JaCCl'IHIOlliHX OCHOBHOC lf:JH H30Mepaoe COCTOHHHH. HHJKH.II.H 

rpaanua :JToro ;::~;nanaooaa ( E1) cooTBCTCTByeT 3Hepnm caMoro HH3Koro 

ypoDHli CO CIIHHOM 5/2, C KOTOpOI'O B03MOJKHhi f-IIepeXO,li,hl HCIIOCpC,l.

CTDCHHO II D H:>OMCpHOC, ll :i3 OCHODHOC COCTOHHHH. BepXHHH rpaHHUa (E2 ) 

8 
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Ollpe)l;CJlliCTCH MaKCHMaJibHO B03MO)KHOi 3HCprHe:ii B036)':JK,Il;CHIDr, KOTOprul 

ocTaeTCJI n9cn:e ncnycKaHHJI npoToHa. Qaa onpe,n;e1llleTcJI B_I:J:pruK~aneM 

E2 = E;az - Ep - EY(in, (3) 

I',!J,C EJtn - MHHHMaJihH8JI KHHCTH"ieCxaa 3Heprrur HCll)'CKaeMoro npOTOHa. 

3Ta :JHeprrur, 3aBn:c.aw.rur OT BhiCOTbi xyrroaoncxoro 6apbepa, picc'tfHTbi~a-· 
rracb IIO OIITH'ICCKOR MO)\OJ!ll .!!)lpa [17). . 

OBCY2K,!l;EHI1E PE3YJihTATOB 
llo Ta6rr.J BH)l;HO, ""9:TO BCC ;H3MepeHHbiC HGOMCpHbiC OTHOWCHWI MO:JK!lO. 

pao~e::niTb Ha ji,BC rpynnbi. B nepBO:ii l!\3 HHX, K KOTOpo:ii OTHOCJITCJI .a;a.pa 

97 Nb II lOS Rh, H30MepaLie oTaowea:wr MeHt.we C,li,HHHIJ,hi", II 3To onaa""9:aeT, 

"'TO C 60JihWeii BCpOJITHOCThlO llpOHCXO,lJ;HT aaceJICHHC OCHOBHOrO COCTOJI

HiiJI c I• = 9/2+. Bo BTopoii rpynue (nooToiibl In) aa6mo11aeTc.< o6pa-r
HaH Ic::I.PTnHa: C. 60l'IbWeii BepOJITHOCTLIO o6pa:3)reTCJI JI,t:J;pO B HCOMepHOM 

COCTO.HHllH C J7r = 1/2-. Taxoe :JKC COOTHOWCHIIC MC:JK,Jl.y H30MCpHbiMH 

OTHOWCHHHMil ;J;iiJI .!l/ICP 97Nb H 117Sn, o6paoyiOll\llXC.!l B peaxn:H.!!X (-y,p), 
6bliiO no:ry'ieHo n B pa6oTe [5). · 

,U::ur o6'bJICHCHH.H nony"'eHHh!X pe3yJihTa.TOB 6biJIH npone;u;eabl pac""9:eTPI 

II30M€pRhiX OTROWCHnii Ha OCH0Be CTaTHCTU""9:CCKO.ii MoAem,i Jigpa IIO Me

TO;J;y, onzcaHHOMY B pa6oTe [18). B aTOM MeTO/Ie npoi\eCc o6paooBaHz.< 
.li;:I,pa B OCHOBHOM HrlH H30MCpHOM COCTOJIHHH pao6n:BaeTCJI Ha TpH 3Tana: 

1 - 3aXBaT ')'-KBaHTa C o6pa30BaHHCM COCTaBHOrO H;r:t;pa, 2- 3MHCCHJ:r"npo:. 

TOH0:8, 3 - .3MIICCllii ')'-KBaHTOB C 3acCl'ICHHCM OCHOBHOI'O II!IH H30MepHOf0 

yponaeH. Ha KaJK;r:t;OM no 3THX 3TanoB pacc""9:HThiBanoct. pacnpep;eneane 

JI;::I.ep IIO 3Hepnm B036J.IK;IJ;CHHJI H yrnOBOMJ MOMeHT)' lJ,JIJI BC€X HCCi!C;:J;O

BaHHbiX peaKIJ,uli:. IIpuMepbi 3Tllx pacnpe;u;erreami npegcTam:reHbi aa pHc.3 

ll 4. 
Ha nepBoM aTane aaeprn.a B036y:JK;u;earur JI,II;pa cooTBCTCTByeT 3Hepnm: 

norrrow.eaaoro 1'-KBa.HTa, a yrnonoH MOMCHT paBeH 1 'h. Pacnpe)J;erreane 

JI,n;ep no 3Hepnrn B036y:JK;u;cawr onpe,u;en.a:eTc.a (;popMoH TopMo::>aoro cneJC

Tpa [16) H GaBHCiiMOCTbiO Ce'IeHn.< OT OHC]lrllH 'Y-KBaHTa (pnc.2). 8Hepre
TIPICCKOC H CIIHHOBOC pacnpep;eJICHHJI Ha BTOpOM 3Tane OITpC;:J;CJIJiiiiiCI:. cneK

TpOM IIcny~eHHhlX npoToHoB. IIocrre,u;am\1 pacc"<I.BThiBa."IJCJI H\3 rrpoaun;ae

MOCTH xyrroao"ncxoro H n;eaTpo 6e.JKaoro 6apbepoB II nrroTHOCTil yponaeii 

xoae-qaoro JI;r:t;pa. Hcnmn:.GoBanacb Mop,enh 4lepMn-rana c napaMeTpa.\11! a 
II a, onpe;r:t;CJllllOU.l,llMH 3aBllCIIMOCTb IT!IOTHOCTH ypOBHe.ii: OT 3HeprHU B00-

6y)Kji,€Hllil H ClliiHa1 H3 pa60Tbl [19]. 3Ha"9:CHllii 3THX napaMeTpOB IIpUB€

i\eBbl B Ta6rr.4. J.b pnc.3 H Ta6n.3 (oHa'<eHiiJI OHeprrm E2) MOJKHo Bl!i\CTb, 
"'TO H30TOIIhi In RMCIOT nocn:e ncnycxaaiDI npoToaa naMe THO MCHhrnyro 

oaeprmo, ;,eM 97 Nb " 105 Rh. B TO JKe BpeM.< pacupei\elleHIU! no yr;ro
BOMY MOMCHTY Ha 3TOM 3Tane il,Jl.H ncex UCCJIC,!J;OBaHHhiX ..a:,u;ep npaKTI:I"9:eCKll 
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N(E), OTH. e.Q. 

3 2 
1.0 

0,5 

o 5 10 15 20 25 E, M3B 
Pnc.3. Pacnpep;eneHHe .!!/lep n<i oHepmn Boo6y>Kp;eHl!.!! (E): 

1 - nocne noraoiJ..I.eHWI ')'-KBaHTa TopMo3aoro cneKTpa c rpaHJI"!HOR 3Hep-

rneii 24 MoB, 
2- nocne nciiycKaHI!.!! npoTOHa B peaxnnu 98Mo(?,p), 
3- nocne ucnycKaHli.!! npoTOHa B peaxnnn 

120
Sn("f,p) 

N(r-l, orH. e.Q. 

Im 

\ 1 2 3 

l lg 

1.0 

0.5 

I. I I I I' I I b I I I I 

0 2 4 6 8 10 1 
Pl<c.4. Pacnpe~J:enem<e .!!p;ep no yrnoBOMY MOMeHTY (I): 

1 - nocne nornomeHHH ')'-KnaHTa TopMo3HOro H3JIY"'eHH.S:, 
2 - noc;:re ncnycxaaWI npoToaa, 
3 - UOCJIC ncnycKaHWI npOTOHa H ~BYX JI.HTIOl'IbHhlX 'Y-KBaHTOB. 
CTpe'lKa.>..m noxa:JaHl:.l nonoJKeHIDJ crmaoB J13oMepaoro n ocaosaoro cocTORHMH 
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TABJIMIJ;A 4. 

Pac"'eTBble OHa'l:feHB.B HOOMepHbiX OTHOIUeBHi 

Koaeqaoe a, u '?,'" 
.!!)lpo MoB-1 

. 

97Nb 11,9 3,4 0,4 
'o'Rh 16,1 3,9 0,7 
117Jn . 17,4 3,9 3,5 
ll9Jn 17,4 3,9 3,8 
J21Jn 17,4_ 3,9 ~_4,0 

-

O;:t,Imaxonhi, cpe~aee tmaqeane cnHHa cocTaBJIHeT 3/2. Ha TpeThe:O.I 3Tan<> 
peaKUHH paCC"'::HTbiBa.'ICJI KaCKag ')'-KBaHTOB D npegTIO:IO)K<.>HIIJI 06 IIX .lli· 
IIO!lbHOM xapaRTepe l:l C HCTIOilh30BaJm:eM TE'X )KC napaMeTpOB a ll a. "'TO 
u Ha nTopoM t)Tane. Ha xa)J{goii cTynean xacxa;a;a onpe,lr:JR!IIICL OTHOCII
Ten:LHbie nepOJITHOCTH nepCXOJI.OB B OCHOBHOe R HOOMepHO(' ('0CT05lHIHl U 
Ha BhiCOKon:e)Kai..Une BO:J6y)K;:J;eHHhle yponan. Ilo Mepe pa3BIITIIJI xacxa::r.a 
nponcxo;a;nno ywnpeHne pacnpe}l,eJieHnJI no yr:IoBbiM MO~ICHTa:\1, a nx CJH'
;a;aee ::ma'tJeHHe Cll,BHra.'lOCL B cTopoay 6on:Lwnx nemrqnn (piir.4). lloc:J<' 
KaJKJloli CTYDCHH DpOll3BO;!l,HiiOCL CyMMHpODaHne BepORTHO<'Tdi nrpPXOl.OB 
Ha li30MCpHblii: H OCHOBHO:ii: ypOBHlf, H, KOr;!l,a HX CyMMa CTaHODJJJiaCb 60::1<'<' 
90%, pac1.JeT xacxaga oaxaa~mnancJI. lfn~)JO cTyneHeil (n:m '}-KDaHTOB n 
KaCKaJ1e) COCTaBnHJO 6 )\H.!! 97Nb I< l05Rh H 3 )lHH ll9Jn. 

Pacc"!HTaHHLie TaKHM cnoco6oM nooMepable OTHOWCHII.a n:-.IccTe r nc
IIO:ILOyeMblMII iiapaMeTpaMn npegcTanncHbi n Ta6.1J.4. Du;::~;Ho, ~ITo pac
"-lCT npaBllilbHO nepe}l,<tCT B<tfi:rilO}l,aCMOe pa3iiH'<J:Ue l:IGOM('pHblX OTHOlllC"HHii 
,u.;:ur yxa:JaHHblX DblWe gnyx rpynn JI)I,ep. OrHonaoxl: npiPiliHoii ~Toro pa:J
mr'tJIIH HB!lH<".TCR paGHIIUa D 3Hepri:In:X D036yiK,JJ,('HliH JI;::J;}><l TIQ('.1(' 3!1Ili<TIIII 

npoTOHa (p1<c.3). Bo>IbWa.!! >Heprn• D036y>K)lOHHH. D cny'r<H' ·~··p 97 .\"b 
H 105Rh npnno,u,HT x 6onee-,lJ.iiHHHOMY xacxa.u.y 1'-KnaHTOD. 8To yn<'::IIPJJI
naeT il.Hcnepcmo pacnpe~J;eJicHI-IH JI;o;ep no yrrronoMy Mo~rrHTY (pnc.-!). 'ITo 
6JiarOIIp1I.!ITCTDyeT 3acCiiCHlliO OCHOBHoro COCTOJIHUJI C 60JibWIIM <"TIIJHO~I 
H, Tal<HM o6pa:30M, yMeHblllaeT HGOMepHoe OTHOlllCHIIC'. D TO )iH' DJH')JH 
B CJiy'-Iae HOOTOIIOB Jn pea.JJUOyeTCJI 6onee Hli3KM :mC'pritJI Do::'I6;'1')K.l<'HIIH. 
~no npHDO]l,IfT I< KOJ>OTKOMY KacKa.u.y /-KBaHTOD, }';-JKO!o-1)' }>iH"nJ><'.J,C'.WHIIlO 
llO Cni1l.HY H TIOBhllllCHlUO DCpOJITHOCTU oaCC!IC'HliH II::'IO:'>H'pHOrO CO<'TOHHli H 
C MClo1hiM CllliHOM. 

CpanHeHJre 3KcncpuMcHTaJibHLIX n pacc•InTaHHblX naoM<'pHbiX <>THOW<'
Hnt'i ( Ta6n.3 H 4) llOKa.'1biDaCT, ~ITO HX pa..'1:.EH'IIIC HC np<'DbiW<tC'T 4Qc;{ .. 3To 
MO)KCT o::3Ha'IaTb, 'ITO npHH!lTaJI D p<tt'ICT<\X ~IO,J:C'Jb llJ><lDlJ:lbHO OTJ>iDK<H'T 
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).:l:exaHH3).:£ uCc:Jel)'CMbiX peaxm·nl (')",p) .. CpanHHTerr:oao He6o:t:owox1: xop

peKTHpOBKOll napaMeTpOB a H a" MQ)KHQ Jl.OCTHrHyTb llOJIHOrO COrJ:atU.H 

pe3pbTaTOB oKcnepHMeHTa n pac'<eTa. HanpHMep, )IJIH HiJ:pa 97 Nb coraa

cne ~OCTHraeTc~ npR yBenn"-!eHmi napa.MeTpa a 11.0 3,7, a )J.<Ul KJI.pa I05 Rh 

yMeHbWeHneM napaMe1'pa a iJ.O 13. 
Pa;:mn:"'!ne ;ucnepx:~MeHTa."'bHbiX H pac"'!eTHLix uGoMepHbiX OTHoweHnfr 

MO)K€T 6biTb CB113aHO H'C p.H,!I.OM gpyrE:X q>aKTOpOB: pea.TibHOfl CXeMOI'f HiDK

HI:£X ypOBHell KOHe"'!HbiX :.S:,!I.ep H BKJia,!I.OM llpKMhlX H no::rynpKMbiX npOll.CC

COB. HanpnMep, npeBb1WeHne 'incrra ypoBHen co cniiHOM 1/2 nrrn 3/2 Han; 

OJK.H,!I.aCMbiM H3 CTaTHCTll"''CCKOi MO):I;CI:rii BC,!I.€T K YBCiiH"''CHiiiO II30MCpHorO 

OTHOWeHHJI, a To "'• ;J:mi ypoBHen ~ I = 7/2 nrrH 9/2 - K ero yMeHbwe

HUIO. O;::~;aaKO CXCM:bl ypoBHefl HCCJie;zyeMhiX XJl.€p elll;e HC I'i3BCCTHbl CTOJib 

::s;eTa"'bHO, 'iT06bi MO)KHO 6biJIO y"'!ecTb 3TOT q>axTop • 

. IlpJIMbl€ H llO:'I)'llpHMbl€ TipOll.CCCbi, B KOTOpbiX 3MHCCiljl UpOTOHOB IIpo

IICXO;:::t.HT lO YCTaHOBJ:eHHH TCTIJIOBOrO paBHOBCCH.H B JI;:I,pe, YBCJIH"''HBaiOT 

:::1;0:.110 IIpOTOHOB C 6oJibWOil KHH€TH"'!eCKOH 3Heprll:e:H. 3TO IIpHBOJl.HT K 

yMeH:oweHmo aaepr1:1:11 B036y)K,Il,€HHH xoBe'9:Boro JI,!I.pa n, cr.re.n.oBaTeJihHO, 

K pOCTy l'i30Mepaoro OTHOWCHHH. KpoMe TOro, nonynp.HMbl€ npoll.€CCbl 

H3MCHJIIOT ll pacnpe;J;e!ICHI:£€ KOH€"'1HbiX .H)l;ep DO yr!IOBOMy MOMCHT)', KOTO

poe OIIpC;J;C:I.HeTCJI. Cll€KTp0CKOIIl:l'iCCKHMH q>aKTOpaMH yponHe:fr, 3aCCJIJie

).fbJX IIpH 3MHCCIU:I llpOTOHOB. 0]:(HaKO ,ll,€TaJibHbl€ CB€Jl.CHI:£JI 06 3THX 4>aKTO

pax B HCC:.re;::toBaHl:lbiX .H;t,pax OTCy"TCTBYIOT, II03TOMY KOppeKTHbi:i1: paC'leT 

H30).1epHbiX OTHOUlCID:IIi: ;il,JIJI TIOJI)'llp.HMhiX npon;ecCOB He llpC,ii,CTaBITHCTCH 

BO:J::-.fOiKHbiM. 

1bnecTHO, 'ITO BKna)J; noaynp.HMbiX npon.eccon noGpacTaeT c npn6n:n

:.KeHl-ICM A Da':-·1.KHYTb1M o6ono"!KaM. TiocKOnbxy oTu npoueccbl, xax YKa:Jbi

na."'OCb BbiWC, YBC:IH"!HBaiOT Il30M€pHOe OTHOWCHIIC, TO OHii Tal<:/KC MOfJ'T 

C:Iy:nmTb O;:::t.HOiJ 1:13 IIpH'IHH HafiJIIO)J;aeMOrO pa3llH'iHH 1:130M€pHbiX OTHO

WeHJ1H ~,. nooTOIIOD .Jn(N = 49) n nooTonoB Nb rr Rh. B TO "'e speMH 

cpaBHHTC:IbHO Ma"'biC paoJIH'11!.11 3KCUE'pi:IMCHTa."'bHbiX 1:130MCpHhl.X OTHOtue

HI:IiJ OT paCC"IHTaHHbiX Ha OCHOB€ CTaTHCTH"lCCKO:if MO;:I.CJIII ylCa:JbiBaiOT Ha 

TO, '9:To nKlla;:I; GTIIX npon.eccon ae .snrureTc.11 3Ha'inTeJibHbiM. Ponb nx, no

BJ.:S:;J.HMOMY, BblpacTaeT UpH 6onee BbiCOKHX aaeprrurx ')'-I:I3JI)''9:€HI:I.H. 

Ilpe;J;CTaB::rJJ.eT HHTepec cpaBHHTb IIOJY'1€HHble H30MCpHbi€ 0THOW€HJUI 

t aHa:'IOrJ.:I'!HbiMii 3Ha"!CHHHMH )J;JI.H H30!>iepHbiX O)l.HO'iaCTH"'HhiX HCiJTpOH

HbiX C.:OCTOHHHii 2p112, o6pa3YIOillHXC.11 B peaKII,H.HX ( ')'1 n). 'faKHe COCT0.11-

Hl:l1l Ha6niO;J;aJOTCH B H3oTonax Se, Sr, Zr H M o c 'iHCllOM :aeiiTpOHOB 39 

- 49. Han6o:.ree nonHbi€ ;u;aHHbl€ DO I:IGOMCpHhlM OTHOUICHIDIM B peaKll.IU!X 

({,n) i(:IH aTI<X g~ep npe)ICTaBrreHbl B pa6oTe [20]. 0Kaoa..,OCI>, 'iTO B OTHX 

pcaKII,H>lX Ha6JIIO;:J.fu"'C11 3Ha"lHT€JibHO MeHbWI:£:Ji: pao6poc Ii30M€pHbiX OTHO

W<'HHii- OT 0,55 ~~H 81Se(N = 47) p;o 1,5 ;J;JIH 89zr 11 91Mo(N = 49). 3To 
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06'1:..11ClUI€TC.H, DO-BH,ii,HMOMy, OTCyTCTBllCM K)'JIOHOBCKOrO 6ap:oepa }l;Jlll HC

TIJ'CKaeMbiX ll3 .H,ll;pa HeiiTpOHOB. Il03TOMy Oim YHOC11T Mellbuiyro aaePrmo, 

KOH€"'!Hoe .11gpo ocTaeTCJI c 6on:ornoii aaeprneii Bon6yJK;n;earur, '1TO rrpnno-
·. • I • 

ll,HT X ,ll;JlHHHOMJ KacKa]zy '}'-KBaHTOB BO BCCX pacCMOTpeBHblX .S:ilj)ax H, 

C11€}l;OBaT€1ThHO, K M€Hblll€MY pa311H'1Hl0 H30M€pHbiX OTHOWeHmJ. 

B oaKilJO'ieHHe aBTOpbi BblpaEaJOT 6rraro)lapHOCTb IO.l(.OraHeCHey H. 

M.r.lhKHCy na TIOCTO.KHHbiH HHTepec K pa6oTe, A.r.Berrosy 3a npoBe)le

HHe o6ny'1CHHH Ha MHKpOTpOHC. 
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