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AKTYMbHOCT:b npo6JieMH. CoBpeiv.eHHHe CBe.neIDUl O CTPYKTYP8 .lI.!l,8p

HllX ypOBHeft,rJiaBHl,IM o6pa30M,Il0.nytl8HH B MHOroJieTHliX IIICCJie.noBaID!RX 

CBOitCTB ':l8TH0-'18THHX U H8'18THHX · c(bep:.,:qecKHX Ill Qj,iJibHO.n,eclX)pMillpO

BaHH.llX Mep, paCllOJIOlteHHHX B6.ID13III IlOJIOC.ll }-cTa6wn,HoCTH. '!TO Ka

caeTC.lI HeqeTHo-HeqeTHHX Mep H R,nep, pacno~o1teHHUX B nepexo.rumx 

o6JiaCT.lIX, TO ld~3a CHJIEHoro YCJI0ltH8HRll WC CBORCTB OHH,113Y'{8HU 

KaK 8KCnep11M8HTaJibHO, TaK ll TeOp8TlN8CKIII KpaftHe CJia60. '!IIICJIO 

R,nep, OTHOC.lill!l1XC.lI K nepexo.rumM, peSKO BOSpacTaeT no Mepe y.n,aJieHWI 

OT IT0JIOCU J-cTa611J!bHOCTll H .IVUI_Mep, CHJlbH0 y.n,aJieHHUX OT 8T0H 

IT0JI0CH, OllW.!l,aeTC.!I CTPYKTYpa, l!M8Jall8,.lI cymeCTBeHHoe OTJI1NI1e OT 

CTpyKTyp.ll JI,nep, paCll0J!Olt8HHUX B Xopowo HSY'{eHHUX .06JiaCT.lIX. il0ST0MY 

nccJie.no:aa:ime CBORCTB R,nep,·BCe 6oJiee H 6oJiee y.n,aJieHH.llX OT" ITOJI0C.ll 

}-c_Ta6WibHOCTH, HBMeTCJi O,nH0il HS HaH60Jiee BalltH.llX sa.naq COBpe

I·,1eimoa R,nepHoil qmsmw. IIpa aToM· c;re,nyeT Y'{ecT:b, qTo H?I1160Jiee ueH

HYIO RH!pOpMaI..UilO 0 CB0HCTBaX R,nep ?,i0lltHO ll0JIY'qRT:b B liCCJie,noBa.HIDIX 

BepO.lITH0CTeil 8JI8KTp0MarHRTH.llX nepexo,noB. 

lleJlb pa60TH. 0CHOBH0H UCJiblO pa60T.ll HBJIHJIOCb nayqeHne 

CTPYKTYPH R,nepH.llX COCTOSiH.Wt li B8PO.lITH0CTett 8JI8KTpOMarHHTH.llX nepe

XO,It0B B H8':l8TH.llX H H8':l8THO-H8'q8TH.llX R.I(pax Tb ( fl = I48f.l53, 155, 
157), JJy .( JJ =153, 155, 157, I59, 161), Ho ( fl = 156, T58, IA2) 

Tm ( fl = IGO, ,162). Ha np.11Mepe aTnx Mep npocnel!CeHH- HSMeHe-

Hna R,nepH.llX·CB0HCTB npn nepexo.ne OT CHJibHo.n,eclX)pMllpOBaHH.llX R,nep 

K R,npa!,i co CJia60it .neclX)pMau11eit, a Ta.KJC8 Bll8BJI8Hll oco6eHH0CTU B xa

paKTepe B8PORTHOCTeii f-nepexo~OB B HeqeTHO-He'!eTH.llX R,npax, c~-

3aHHHX C BJHllllill8M OCTaT0'lHOro npoTOH-HeftTpOHHOr0 B3aldMO,neitCTBM. 

Hayg:HaR HOBl13Ha pa60TH. Cos.naH K0MIIJICKC ycTaHOB0K .IVUl RSMe

peHHa BpeMeH lKUSHH B036y:m;n;eHHHX COCTOJUU<llt R,nep,ef-, f(t -coBna

,neH!IB » yr;rooox 'ff-KoppeJI.lIUj,lli. Paspa6oTaHU MeTo,nu, no3BOJI.llmtae 

cymeCTB8.IU{0 J:!OBHCHTl, TO'qHOC'rb d 8qxlJeKTHBHOCTb ITOJ!Y'ICHM 8KcnepH

MeHTaJII,HOH .-!H!pOpl,ia.u,rn •. Ilpli P~•IOB.KTllBHOi,1 pacna.n.e KOpOTKOlKhBY[UJ,IX 

11soT0IIOB oonoJIHeH KOl,IIL/IeKC ··· acc;rc.n.orem no 11sY'{eID110 HaHo- .a cy6-

061.~:.s.. .. •. · · : ,,:.-.:1:..ryr 
smcp~.i ~-- .~-.;-;;,:ismml 
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H8J!OC8KYH,lUil,IX RSOMepoB B HJt.PSX, ymlJI8lilillX OT no.noes p-0Ta6w11,-
HOOTH. PesyJU,TSTli HCCJI8'AOBaH.Hl nOSBOMll'l': . 

- CYlI!8CTBeHHO 'AOllOJIHKTL CB8,It8HHSI O CBOICTBa.X CJia6o,IteqopMHpO
BaaHHX HeqeTHHX H Heqe'l'HO-H8"118THWC .R,Itep; 

- npoCJl;e~u sa ·:HSMeHeHHeM R,ItepHJ,IX OBOICTB llPH .nepexo,Ite OT 
cipepzqecROI R CW!J,HO'Aeqopw,:po;eaBHol o6JiaCTH; 

- BH/lll.HTL psJJt ooo6eHHOOTel H 38KOHOM8pHOOTel, llpOJIBJIJiDIIKXCJt 
B BepOJtTHOOTJ'lX 8JieRTpoMal'HH'l'HliX :nepeXO,ItOBj , . . 

- llORaSa'l'L npm.1ewwooTL Be~68'l'JNeCKOI-BpamaTe.nDH0~ MO'A8JI!rl; 
;u,,m onzcamm 011olcTB nepexo~ R,Itep c N = 88 a 89; 

- YRSSS'l'L 8gql8K'l'li, _yqeT KOTOPHX Heo6XO,ItHM JtJlJ! .nyqmero corJla~ 
OM-Teopo c axcnep.HMeHTOM. 

HayqH8Ji H npaKTliN8CRSJl U8HHOOTL pa6OTHo CO8,It9Jllll,l8-YC'l'aHQB~ 
R paspa6OTe.HHWe M8TO~ 8MIWITY~O-BpeMeHHOr0·8.HaJlllSS MOrYT ucnom,-
3OBaTLC.R B ,!CCJl~OBaHlrlJIX Hallo- ,t CY6HaHOC8eyH,,!UUi.X ,iso.14epoB B Il,IIa,

HHpyeMHX BitCneplllMeHTax no HSyqemlllCBOICTB .R,Itep, C:WU,HO y.wurelilll,IX 
O'l' llOJIOCli fa-cta6HJ1LHOC'l',t. -

PesyJU,TaTH npOB8'A8HHHX HCCJie,ItoBamtl cymeCTBe~o ,ItOllOJUilU)'l' 
CRCT8MaTlrllcy' B8pO.RTHOCTel 8Jl8RTPOMal'HHTHHX_nepexo~oB·BHeqeTHHX H 
H8"118THO-HeqeTHWt ~ nepeXOJtHol ll ,It8qlOpMHPOBaaHOI odJiaOTel, "llTO 
BaJIWO JtJlJ! paSBllTM TeopeTH'l8CKHX.npe'ACT8BJlemtlt O CTpynype CJia60-
Jt8qlOpMHpo~ .R,Itep. 

PadOTli, npe,ItCT8BJl8lilllie_ B ~ccepT~lii, OTKpH:aam nepcneKTMtB
HOe HBJlpal!JI8Hlll8, CBlisaHHOe O HCOJl8,ItOB8HWIMR _ -B8POJtTHOOTel _ 8JI8K'l'p0- • 
MarHHTHHX nepexo,ItoB B ~. y,JtaJieJ!HliX. OT IIOJIOCH J3 ..:cTadWHOCTH. 

3amHJDaeMJ,le noJI03:eHM. · 
I. IlpHMewwoc,::r, oos,1talijioro KoMIIJiexca BpeMeJ!HliX H oneKTpoMeT

pliNeCKKXYCTaBOBOK ,It.JUI HOCJie,ItOBaHHll"HaHO- H oy6aaaoceJcyH,1UlliX'HSO
MepoB, BO36YlQ8.e.MJ,IX npH PSJtJ108RTHBHOM pacnaJte KOpOT~OmmyiilHX HSO
'l'O:OOB. Me'l'O,It HaHOOeKYH,ItHoro aHaJIHSS Ha·JI:mnm c 3BM c· HOllOJIL3PB&
HH8M Ge(Li)-,1teTeK1:opa. 

2. 3KOnepDeHTBJlLHlie pesyJibTaTH zccJie.ItoBam He"11e'l'Ho-npo10H
HHX, He'leTHo-HelTpoHHHX H He'le'l'HO-He-qeTma .R.IteP Tb (,,Q =148+!53, 
155, 157), ])!/ (/1=!53, !55~ 157, !59~ I6I), Ho<A ::!56, 158, !62) 
z Tm (I/ =IGO, 162) • 

3. Pesym.TaTH asa.m,;sa oBoloTB He"lleTao-npoToHHHX, He"lleTHO- -
aelTpoJ!HliX H He'le'l'BO-He"lleTHWC .R,Itep, paonOJlO&eliBWC B nepexo~ol H 

,IteqopMHpOBaHHOI o6JIB.CT.RX: . 
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- BHBO,Itli ll npe,nnoJIOXeHll.ll O CTpyKType COCTORHHI llCCJI8,ItOBaHHHX 
rrepexo,ItHHx .R,Itep; 

- BHRBJI8lllill8 saKOHOMepHOCTll ll oco6eHHOCTll B .xapaKTepe SJleKTpo-

MarHll'l'HIU. nepexo,noB; 
-- npHMeIDIMOCTl, Hea,ItHa.68.Tll'leCKOii Bpama.TeJil>HOil MO,IteJIH ,ItJIR OITHCa

HIDi CBOiiCTB nepexo,ItHHX .R,Itep c N:: 88 u'89; 
- BJIHRHlle OCTaTOtJHOro npoTOH-HeiiTpOHHOro B3aHMO,neiiCTBIDl Ha 

CBOHCTB8. He-qeTHO-HetJeTHHX .R,Itep. 

06~eM pa60TH. ,ll;HccepTail,IDl COCTOHT H3 BBe,IteHWI, -qeTHpex rJiaB, 
3a.KJIIIH8HWI u co,nepXHT 270 cTpamm, BKJlllHa.R 43 Ta6Jllll.U:f Ha 46 CTpa
mmax. 94 pucyHKa Ha 69 CTparumax ll CITllCOK JIHTepaTypH li3 293 
HallM8HOB8.Hllii Ha I8 CTpammax. 

0CHOBHl:l8 pe3yJIDT8.TH, RSJIOXeHHHe B ,ItllCCepTal.Oill, ,ItOKJia,ItliB8.JIHC1, 
Ha cerm.mapax HaytJHO-SKCnepHMeHTBJlbHOrO OT,l\eJia .R,ItepHoii crreKTpOCKO
mm ll pa,ItHOXIDllllll JJil!I Ollifil, Kaql8,ItpH R,ItepHO:il g)ll3mtll Ca.MI'Y, Ha 
XXlll-XXYlil CoB81l18,HllRX no R,ItepHoil crreKTpOCKOITllll ll CTpyKType aTOMHOro 
R,Itpa (1973-1978 rr.), Ha XIY a XY CoBelll8.~ no .R,ItepHoii cneKTpo
cKonau u TeOpllH .R,Itpa (J.{y6Ha, I975 11 1978 rr.), Ha Mell!,lzyHapo,ItHOit 
KOHqiepe~llll no ll36paHHHM BOITpOCaM CTPYKTYPH R.ItP8. (J.{y6Ha, I976 r.), 
Ha l1!el!i,ztYHapO,ItHOii KOHqiepe~llll no CTpyKType R.ItP8. (TO!lliO, I977 r.) 
H orry6JIRKOB8.HH B 26 pa6oTax. 

Co,Itepxamrn pa60'!'ll• 

Bo BB888Hlill KpaTKO paCCM8TpllB8.!ClrCR BOnpoCH .R,ItepHOI CTpYKTYPH, 
llCCJ18,I\OB8.HWIM ROTOpHX IlOCBRm8Ha pa6oTa, li o60CHOBHB88TCR llX aKTY
B.IIDHOCTl, H Ba.JKHOCTl, ,ItJlR pa3BHTIDl TeopeTHtJeCKllX rrpe,ItcTaBJieHHI 0 
CTpoeHHH a.TOMHHX R,Itep. 

B nepBOii rJiaBe OllHCHB8.IOTCR coa,ItaHHID!: HaMll ,ItJlR llCCJie,ItOBS.Hllil 

='
08.KTijBHOro pacna,Ita KOpOTKOXHBYJJl!q HSqTOilOB KCWW}~KC ycTaijO:. / 
I-IO/ :. .. ..!I-3/ f /3-4/ J/q_'-f: /5-6 

B ,ItJlR H3Mepem BpeMeH Xll3~ , e - li / / 1 -

COBnMeHllil, yrJIOBHX ff _;KoppeJJIUJ,llil 7
-

8/, MeTO,Itli o6pa6oTIW aKcnepu
M8HT8Jll,HHX ,It8HHHX li M8TO,ItH noJiyqeHHR pa,ItH08.KTllBHllX HCTOtJHHKOB •. 

B SKcnepnMeHTa.Jil,HllX ycTaHOBRaX ncnOJID30B8JlllC1, dJIOKll 6HCTpoit 
li cneKTpoMeTpll"lleCKOii aJieKTpOHllKH, pa3pa6oTaHHH8 B .rum Ollill1; MHOro
RaH8.JJ.1,Hll8 a.HaJllisaTOpH llMIIYJlbCOB, SBM, paSJIH"llHHe CUHHTllJIJIRUliOHHll8 
li nonynpOBO,ItHllKOBHe A8T8KTOpH; paapa6oTaHHll8 ll coa,naHHHe H8MH: 
-qeTHpe KOMIIJ18KTa MarHllTHO-JillH30BHX J -cneKTpOMeTj)OB THila repXOJIIr
Ma C CHCTeMB,Mll ID1TaHHR H 8.BTOM8.Tll"lleCKOii perRcTpaI.01eil cneKTpOB 
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llJieKTPOHOB ' /IlJ Cl1CTeIwa CTa6l1Jil133I.UIB K03q$1Ult!eHTOB ycvJ1ernl.li 
cp:noyr.•,1oJKl1'J;eJieil I, 6JioKl1 aBT0MaTnro1 .IVUI KoppeJUU.l,l1oHHHX cneKTpo-
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0cHOBHHe xapaKTepl1CTl1Kl1 lllarIDITHO-Jil1H30BHX fa-cneKTpoMeTpOB 

cJie,nyI001ue: Aflf/f-lJ~0,6+4% npu CBeTOCUJie T~I+5,57o - .l{Jlll 1t1CTO'IH11Ka 

95:::I 1.:r,1 11 ti.lJJ/Hp~2+3,5% np11 T~3+41~ - .IVUI l1CTO'IH11Ka paa1,1epa11il1_ 

ox2 M!,i
2

; ,l{Jil1Ha TpaeKTopm,1 llJICKTpOHOB - 29 CM, pa36poc Ml1HH Tpa

eKTOpl1l1 A e ;'£ I CM; 3HepreTJitieCKlill: ,l{l1arra30H "' o+I!OO KaB. G11cTeMa 

CTa6l1JIU3aUl1l1 ycHJieHll./i (pclTOYMHOlltl1TeJiei1 o6ecne'l,iBaeT CTa6l1JibHOCTI, 

rroJiollteHll.li BpeMeHHoro pacnpe,1,4eJieHM coBna,nemtil B rrpe,1,4eJiax zIU nc. 

BpeMeHH!le 113MepeHl1ll 1: l!CCJJe,l(ODrurnll aMITJIIITJ,ll;HHX crreKTpOB 

COBIIa,l{eHlill: B 3aBl1Cl1MOCTl1 OT xapaKTepa 3a,l{a'IH npOBO,l{l1Jll1CI, MeT0.1{3Ml1 er -, e e - l1Jll1 f (-cOBI!a,l{CHlill: C 11CflOJJb30BaHl1eM MlrHIITHHX j -CUCKT
pOIIICTpOB, CI.\UHTHJIJIJil.lHOHHHX, G12(l;) - 11 Si( L,) -.l{eTeKTopoB. Oco6oe 

BlilllllaHl1e 6HJIO J,l{eJieHO l13MepeHl1Kl COBIIa,l{eHl1il C Hli3KOllHepreTl1'1eCKm,M 

nepeXO,l{aJ,ill,,l{Jlll per11cTpau111,1 I{OTOPHX, ITOl\1111110 CBeTOCUJibHHX MarHHTHHX 

CIICKTpo111eTpOB, l1CIIOJII,30BaJIUCI, TOHKHe UJiaCTl1'1ec1me CUHHTl1JIJIJITOpH. 

t!CcJie,l{OBaHll./i yrJIOBHX JY-Koppe.1lRII,ltil rrpOBO,l{l1Jil1CI, Ha aBTOl\laTli-

311pOBaHHHX KOppeJIJllU10HHHX crreKTpoMeTpax, co6paHHHX Ha 6a3e; 
- .l{Byx Ge( L;) -.l{eTeKTopoB Ha Jil1Hl1l1 c ::JI3M; 
- Ge ( li) - n .l{Byx CUHHTllJIJifiltliOHHHX ,l{eTeKTopoB (c O.l{HOBpe1,1eH-

Hoii perHcTpau1rnii COBna,neHlill: C 'ICTHPbMli OKHaMU) • 

::lTU ycTaHOBKl1 co6paHH ITO rrpHHl.\l1ny 6HcTpO-Me,l{JleHHHx COBIIa,ne

HUH. BpeMeHHHe xapaKTepHCTllKH ycTaHOBOK C pa3Jil1'1HHMl1 CO'leTaH11/il\il1 
,l{eTeKTOpOB npHBe,l{eHH B Ta6~. I. 

HaH60Jiee llOJIHJKl l1H(pclPMaul1Kl O HaHOCCKJH.nHHX :IJ30M7pax l,,O:limo 
ITOJIY'IUTb B MHoroMepHHx l13MepeHll./iX Ha JIHIDlll c 3B:l 5 • 6 • E.noK-cxer.ia 

ycTaHOBKl1 .lVUI T3Kl1X l13MepeHlill: npl1Be,l{eHa Ha p11c. I (I). YcTaHOBKa 

COCTOl1T 113 ,l{eTeKTOpOB l13JIY'ICHHH - ~. pa3BCTBl1TeJieil (npe,nyc11JI11TeJieii 

c .l{BYMll BHXO,l{aMH B CJIY'lae Gdli)-,l{eTeKTOpOB) - P, 6HCTpwc qiopr.mpo

BaTeJieil - <I>, cxer.ru COBrra.neHlill: - CC: CXeMH 6JIOKl1pOBKl1 - E, cxer.ru 

nponyCKalUl./i - err, yupaBJIHeMHx Y.ZVIUHUTeJieil l!MIIJJibCOB - y. BpCMll

aMIIJll1TY.l{HOro npeo6paaoroTeJIJI - BAIT, aHaJJoro-BpeMeHHHX upeo6paso

BaTeJieil - ABII, annapaTYPH CBJI3u c ::JBM HP2II6C. KaJlwnl aKT coBUa

,l{eHIDI aamteHBaCTCll B 3BM Ha MarHl1THJIO JieHTy B Bll,l{e C06HTl1ll 

"AI, A2, T, t ", r,l{e AI n A2 - aMllJ!l1TJ.l{H coBrra.nalll!wc llMilyJibCOB, 

T - BpeMeHHOil HHTep:aa.n: Melf,Izy HllMll, t - acTpOHOM11"1eCKOe 'BPCMll pe

rl1CTpaulll1 C06HTWI. 06pa6oTKa Ha6paHHoil HH(pclp~ ll03BOJilICT aHaJill-

3HpOBaTI, BpeMeHHHe pacnpe,l{eJiellll./i COBna.zteHHH Melf,Izy JIJ06HMl1 BH6pa:a-
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HHl\lll OKHal\fili B aMIIJlllTJ,l{HHX crreKTpax l1 a!.lIIJlliTy.l{HHe crreKTPH sa,ne_plltall

HHX COBrra,neHnil 113JIY'ICHlill:, cruraaHHHX C aaceJieID{eM l1Jlll C paCila,l{OM 
ll30MepHHX COCTOHID1H. 

Ta6mma I 

Bper.:eHHHC xapaKTCpl1CTRKl1 ycTaHOBOK 

~eTeKTOp!FJ (Tlill, pa3MepH {MM}) Et,Ee (1teB) 2 C
0 

(He) 

J,I. CU. - M. Gil. ~30 ~250 I,2 

e - €' ~I40 ~200 o.~ 
M.CII. - cu. (NEIII,¢25xIO) 20 600+900 I,5 

e -;7 250 600+90Q 0,4 

cu. (NEI04 ,¢25x25 )-cuWEI04 ,,S25x25) Oi-I330 O+I330 0,9 

fl' -7 40i-60 40i-60 U,8 

'?20i-I080 ?20i-I080 0,25 

cu(NEI04,i525x25)-cu(NEIII,¢I0x0,I) 50i-400 "-IOi-15 2,3 

;J'- B 

Ge (Li) ( V =40 cM8 )-cu( cT11JI1,6eH) IOO 30i-40 9 

7-7 50i-I330 30i-I330 5 

Si(li) ( V =0,8cM
3

)-cu(NEI04,,S25x25) ? IOi-I20 I4 

;r - ;r 

*\1.crr - MB.rHl1THO-JlliH30Bmi fa -cneKTpOMeTp (per11cTp11pyJ<lll8.,ll 
CHCTeMB.: CUHHTl1JIJIJITOp#EI04 - llOJIHfi KOHJC j$ 25, BHCOTOtt 25, T0.11-
l!lll:HOH 2 MM; qJOTOJMHOlltllTCJib XPI020) • 

cu. - CI.\HHTli1JI.1UIUHOHH!lli .n;eTeKTOp (cpoTOYMHOlll1TeJII, XPI020 11 
XPI02I). 

MliOrOMCpHHe :i13MepeHl1ll ll03BOJIHIOT llpOBO,l{l1TI, nporpB.lliMHJKl KONllleH

Cal.\l1!0 aMITJil1TJ,l{HHX C,l{Blil'OB BO BpeMCHHllX pacnpe.n;eJielUl./iX COBlla.l{CHl1li 

BBe,l{eHIIeM ,l{JilI KaJK,Jtoro BpeMeHHoro l1HTepBaJia T(AI,A2) MCJ!Qcr COBUa

~8.Kll!l11\ll1 llMllJJibCaMH AI 11 A2. rronpaBOK fl T (AI) 11 ~T(A2) a Tel11 caMHM 

cymecTBBHHO JJ!J'lilll1TI, BpeMeHHOe paspemeHHe. Ilpl1Hl.\l1ll llTOro MCTO,l{a 

l1JIJI!OCTpHpyeTCH Ha pl1C. 'I (II)• 
KpoMe Toro, MHoroMepHHe 113Mepellll./i ll03BOJilIIOT l1CIIOJib30BaTI, 

GeUJ-.l{eTeKTop .l{~/113MepeHIItt BpeMeH llR3Hl1 BITJIOTb .l{O uecKOJibKHX 

,ll;OJiett HaHOCCKJH,ll;I/ 
0 

• qTo npaKTll'ICCKl1 HCB03MOlltHO B o6H'!HllX O,l{HO-

5 



"[
1
.5:lod CT APT. Cn1Ab&EH 

:: 147EuJ 140•40"'" 

7 . ~: CTOO ~!~;lc~l 

"1 
'i I ~ 
~I ~ 

t 13 ; 
o I~ -s 1. 
1 1~· f. ~ 
~I ol, "' W 
et I~ ' m 

31-----!- 01~· ¥ I ~ 
f (-> :2.t ffi 

'o" ";( < 

ti ~ ---~ 1 ~~ ('.'! l-. 

1 t- .,. cosn. K}l_.-qioroni..1K 
O-COBl'l Kx-r't' □H 

100 170 240 
fi•>B 

@ 

P.110. I. I - 1.noR-CXeMa ycTaHOBRII MJI U3MepenIDi Tpe:xrv1ep1IHX COBila,I{e
HHtt .ml Jll1HlB1 C 3Bi.i. II_- KoMileHcaull.fl 8MTIJI11Ty,n1mx C,ll;BHrOB BO BpeMeH
HblX pacnpe.n;eJICHHR.X f fa -COBIIa,I{emui.111 -UeHTpH T.HlKGCTl1 BpeMeHHHX 
pacnpe,neJiellHH COBna.zt'eHHJ! /\:.. r , l13MepeHHHe np11 pacna,I(e l!i3G cJ. 
11 /',7£u. • 

MepHHX 1rnMepemmx. 1Ipl1HUlill aToro MeTo.n;a saRJIK1IaeTcR B onpe.n;eJieH1111 

BpeMeHH lKll3Hll no CMemenn10 ueHTpa T.IDKeCTll BpeMeHHHX pacnpe,lleJieHlll! 

38,I{epJKallllHX COBila,I{eHIDl OT "HYJieBoi1" BpeMeHHOll JlllHHll, npOXO.IJ.filllett 

'lepe3 UCHTPH TRJKGCTH "MrHOBeHHHX" BpeMeHHHX pacnpe,lleJieHHi1. ,U.7m 
Ilp11Mepa .ml pHc. I (III) npllBe,ll;eHH IlOJlOlKeHIDI ueHTpOB TRJKeCTU Bpe

MGHHHX pacnpe,neJiemui COBna,I{eHHn lpOTOillll{OB 11 y'!aCTROB ROlvlIITOHOBCRHX 

pacnpe,neffJIBil f-ll3Jly'!eID!.tt C KX-Jly'!aM,!, l13MepeHHHX ua l!CTO'llillKBX 
153

Gd 11 Eu. o.nH0Bper,1euno. iloJly'!eHHHe B aToM aRcnep11MenTe pe-
ayJI1,TaTH xopowo COBITa,llaIOT C ll3BeCTlll,IMll .Il8HIIHMH • 

CneRTpH f-Jiy'!eit. If 8JI8RTpOHOB BHyTpeHHeil ROHBepc1rn: l13y'!Ml1CL 

Ha Ilp8U113l10HHHX r - l1 j'>-cneRTpOMeTpax O'r,IJ;eJia JIC 11 PX .lIHII 0,lill1. 
8Rcnepm,1eHTaJI0Hue cneRTpH 06pa6aTHBaJI11c1, Ha 3BM no rrporpaM

Ma.M, C03,ll8HHHM B Jl.Hll OHIDI. HCCJI8.IlOB8Hl1R YCJIOBlW npHM8Hl1MOCTll 11 

TO'llIOCTU rrporpaMM m 06pa6oTKU BpeMeH!illX cneRTpOB npOBO.D;HJil1CI, 
IIpll Y'!aCTllU 8BTOpa II/~ 

Us1,,1epeH11R IIPOBO,IU1Jll1CI, C P8.Ill10aRTl!BH!lMl1 l!CTO'IHHK8Mll,IIOJIY'l8H

lillMH B peal{UHI! rJIY60KOro paC1ll8IIJieH11R TaHTaJia npOTOllclMH C aHepraeil 

660 MaB Ha cnuxpouHRJioTpoHe 011llli • .u.,m H3Y'!8Hl1R pacrra,v;a R,llep c 

Tt/2.:;;::; 20 Ml!H. 11CnOJII,3QB8Jll!CI, llCTO'IHHRH, IIOJly'!eHime P8.Illl0Xl1Mll'le

CK11M p83,lleJieHHeM npo,cy-KTOB peaKUmi no 8JJeMeHT81,I H C nocJie,IIYl(II!llM 

llX pas,lleJieHHeM no H30TOIIaM Ha aJieRTpoMarHllTHOM Macc-cerrapaTope, 

a .IlJlR ll3Y'!eHll.fl pacrra,na R,llep C Ti;2 ~ 20 Ml!H - l!CTO'lHHKl!, noJIY- ., 

6 

~ 
I 

I: 

r 
I, 

'leHHHe nerrocpe,v;cTBeHHHM Macc-cenapupoBaHReM npo,D;yKTOB peaKUHil, 

o6pasoBaBillllxc.a: B MHmeHR, no uao6apa.M. 

Bo BTOpoil rJiaBe npHBO,ll,llTCR BKcnepmteHT8Jll,lill8 ~HHHe,, 

IlOJ!Y'l8HHHe ~ Ha~ l!CCJie,noBaHRRX,O CBOJ.t.CTBaX He'l8THHX/I2- 21/11 He'leT

HO-He'!eTlillX" 22-25 neilTpono,ne@-!Ul!THHX R,llep. CJie,IIYeT OTMeTl!TI, O'l8HI, 

CJia6YIO H3y'!eHHOCTb 60JIJ,WllHCTB8 l!CCJie,cy-er.wx R,ll8p :II npOTHBOpe'll!BOCTb 

ll8B8CTHHX ,naHlillX ,nJIR PR.Ila CJly'!aeB. 0cHOBHH8 aKcnepl!M8HT8JIJ,HHe pe-

3YJII,T8TH, ITOJIY'l8Hlille B Hailll!X l!CCJie,nOBamtlIX, KpaTKO nepe'll!CJICHH B 

Ta6JI. 2. PesyJI1,TaTH, ITOJ!Y'leHlille BnepBHe, B Ta6Jinue no,ll;'lepKHj'TH. 

llaCTI, 1!3 ITOJIY'l6HHHX HIDffl HOBHX aKcnepl!MeHTaJII,HHX pe3yJIJ,TaTOB 

IlO,ll;TBepJK;IteHa B 6oJiee nos,nHl!X HCCJie,noB8Hll/IX .IlPYrllX aBTOpOB, nanpn

Mep pacna,I{ 1180Mepa lSfmTb - B pa6oTe KeMHRTWl n .IlP• , saceJieHRe 

I Ji / + , ) 155 ypOBHR I32 . KaB ( = 9 2 , . , ,;2. = 85 HC B 'JJ'f - B pa6oTe Xru.1Ma:-
peHa ll .IlP• 

IlOMIDJIO pesyJIJ,TaTOB, npnBe,D;eHHHX B Ta6JI. 2, B ,nnccepTaunu 06-
cyJK,!la!OTCR peayJII,TaTH BpeMeHHHX ll3Mepellllil B He'leTHO-He'leTHHX Mp8X 
1.60Tb, 1.62,16/i, i.66U0 , 178Ta. n 186,188 Re , BHITOJIHeHHHX B Ulliil'l, 
PocceH,Itopip, r~P. 3Tll pe3Y.JIJ,TaTH o6cyJK,ItaJil!CI, B Haillett COBMeCTHOil 

C llillJIJil!HrOM I! .D;p. pa6oTe724/. 

.llJm npnr~epa na pnc. 2 :11 3 cpaBHRBaIOTCR BpeMeHHHe'-8cnpejeJie

llliR ef - :11 ee -coBn8.Ilenntt, 11a1¥xepeHHHe npH pacIT8,I{e 1.s "JJ!f- 1 1Tb 
Ha ycTaHOBK8X, co6paHlll,IX Ha 6aae MarHHTHO-JlHH30BOro H CUHHTWIJUI

UROHHOro cneKTpOMeTpOB u Ha 6ase .D;BYX CUl!HTRlLlLIIUHOHlillX cneKTpo

MeTpOB. 

Ta6Jil!U8·2 

8KcnepHMeHTaJII,HHe pesyJI1,TaTH 

MeTo.D;':J:/ PeayJIJ,TaTH 

-f1t9nlJ --
661-' .8 3 

3BK: 

if9 ·b -
65'' M ( /1/2. = 4,6 Ml!H) 

pa6oT/I.2/ 

l1!yJII,TWIOJIJ,HOCTll (rm K8B (MI;.~25%E2) 1.ro6 K8B 

e( 

(MI+ ~33%E2); 

YRB.38HRe Ha c;ymecTBOBaHHe nepexo,na 

- -1f9a Tb c fr = 34 18 KaB; 

ypoBHR 844 n 9?2 KaB, 

i49mrb -

yTo'IHeHa cxeMa pacll8.Ila; 

7 
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1lpo,n;oJJlite1me Ta6JI. 2 

Pesy.1u,·rani 

14,_ (yo. IOI K::l13)-U,45(5) HG, 7-,1z. (yo.2U1 KaB)!cU,2 HG 

/5'/p --;, .fS7l · m .' , ... 
CG '.¼s {S 'J'6 \ lf/1..= fo,J .. ,l.11.) 

:ia6o·rn/I3/ 
, ' 

I72 t'-uepexo.na, ;13 mrx 6onee IUU nom,x; 
1'27 K3l3(113) 1 1'49 K313(i.!I+E2), 
1.i;y.1u,Tnrro.1Jb1IOCT11 II t'-rreocxo)!on; 

nnepmie npeMOJiteHa cxm.1a oacHa,p,a I co,gepJKaupsr 
30 yponHefi n IOI '1'-rrepexo)!on; 
cmum I! 'l8THOCTU omieii O KoB(I 2+ 22 K3ll 3 2+ 

72 K3i3 (5/2 ) 1 99 K3B (II/[l; 
11sor,1ep ,s,,..,Tb c E!li'• = 99 K3B

1 
T:; = II/2- ,1 ·77/4 L I 1.,vrn 

(II03,IJ;Hee T,,4 = 2:.i (3) C - Kel,IIIHU l! ,D;p.). 
racrra,g ' 5 '"'10 -,, '5 'Gcl ; 
/t/4 (yp.22 K3B(=4 105(7) HG, 71/4 (yp.72 K3B)=0/J2(3) HC, 
70- (yp, 248 K3B)~ U,25 HC 

fS3J) 1,,3 

66 'Y,r1 ~ •~];,& ( Tt/i. = G,3 qac) 

pa60T1/I4 • 15/ 

yTO'IH8ll!l lliYJII,TUITOJH,HOCTl! 'f' -nepeXO,IJ;OB B )(H.aIIa30lie 
60+450 KSB; 

Imppe.llili.J,,U! IU KaCKa,UOB I CIIHH!l 20 COCTO.fUH!H, 
c.f, ,UJUI 5 i1'-rrepeXO,UOB I BllBO.llll O 3H8K8X dj1 ; 
lt/2(yp.80 KSB)=U,49(2) uc,7'/z.(yp.I47 KSB)=U,84(3) HC, 
lt/2.(yp.213 K3B)~O,I5 Hc,7i;z.(yp.2I8 K3B) f: o,r3 He, 

7i/2.(yp.240 KaB).6 u,r5 HC,7i/z. (yp.254 K3B) ,f, 0,12 HG, 
7/z.(yp.2G2 KSB)=0 122(2) HC 1 i/4,(yp.324 KSB) .6- 0 1 IU HG, 

4/4(yp.529KaB)=U.60(3) uc,Tt/4(yp.537 KaB) < o,r5 HCz 

fS~ ~5t>-

•6 =lo - • 51 liso ~ 7'/4 =IO qac) 
pa6oTa/l I _ 

Koppe.llili.J,llli 7 KaCKa,UOBz CIIl1Hll 5 COCTOJIHIDI, 
Of; H SHaK d~ ,UJUI 5 1'-rrepeXO,UOB; 
1,,/2_ (yp.65 KSB)=0 125(3) HC 1 7i,/2. (yp.I55 KSB),; 0 120 HC, 
l,,/4. (yp.227 K3B)=0,29(3)HCz 7;/2_ (yp.250 KSB)=0,56{5)uc. 

8 

I 
<A.: 

!' 
ti 

I 

Ilpo,noJD1teH11e Ta6~. 2 

MeTo,n~ PeayJibTaTll 

151 1s1Tb 
661Jlf91 - 65 92 ( 1i/2. =8,I qac) 

pa60Ta/I5/ 

1-!B}K ( ee ): T,/2. (yp.60 K3B) ~ 0 142 HC 1 Tt/2 (yp.!43 K3B)~0 13 HC, 

T,/2 (yp. 326 KBB) ~ 0 125 HC; 

153 _ 1.53 
6iH0 se, 66'!1'f sr < T,/2 =9,3 Ml1H) 

f: 
e(: 

HBJK (e/ ): 

pa6oTa/I8/ 

noKaaaua npamun,HocTb ,n;amrnx 3y6ep u ,np. v, 01IIH-

6o'IHOCTb ,naHlillX lliMllJJ,T-OTTa l1 ,np. 
ypoBHl1 366 1 529 l1 727 xeB, He3aBliCir.MO npeMoJKeHa 

cxeMa pacrrMa; 
1i/2 (yp.I08 KSB)=I.35(IO) He, T,/z(yp.270 KSB)~0,3 HC, 

1'/!(YP• 500 KSB) $ q,_2 He; 

155 155 Ho - ,. lJLI ,,,9 ( Ti/2 =48 wm) 
67 88 06 J 0 

pa60Ta/I9/ 

( ,oBK,(/t: 6o~ee 20 HOBllX (-nepeX080B, YTO"iH8Hll HHT8HCHB
HOCTH H MY~THilO~bHOCTH /-nepeXO]J.OB B ,nl18na3oHe 

37+570 KaB; 
B036YJ!gteHl1e BUCOKOCilHHOBUX COCTOJIIDtil 9/2+. I3/2+, • 
9/2- H II/2-; 
YPOBHl1 35I H 399 K3B. B CXeMe YPOBHett paSMemeH!l 

20 f -nepexo,noB 1 orrpe8eJieHH cn!1Hll 5 yPOBHeii; 
o6uapyxeH aaoMep c T12 = 50(IO) He HM ypoBHeNI 
247 xaB; 

'l!Hfl,.cf/i,e'f>: T1J2(yp.39 K3B)=3,4(I) HC, T,J2(yp.I32KBB):;:85(I0)Hc, 
T,/2(yp.I36K3B) ~0,4 HC, 7i/2(yp.202KSB) ~ 0,4 HC, 

7,/2 (yp.224xaB) ~ 5 HC. 1i/2(yp.247 K3B) ~ I HC; 

9 



IlpO~OJilKemi.e Ta6JI. 2 

j51 J5'/ 
6+11°90-- 66D'/9i ( Ti12 =12,6 Ml1H) 

3BK, ef : 

rlR1Jt(e(>: 

pa6oT/20/ 

MYJII,TUil0JII,H0eTI, [61 K8B (M1+4 16%E2); 
B0s6yxg:i;eHUe BueoKoenliHOBllX'eOeT0.flHUH 9/2+ u 11/2-; 
yToqHeHae exeMH paen~a; 

Ti/2 (yp.61 K8B)=0130(:.i) He 1 T,/2(yp.147K8B) ~- 013 He, 
Ti/2 (yp.188 K8B)=I,I(I)He, T,/2(yp,341 K8B) ~ 0,3 .JtQ; 

1.59 . i59 
671-1092- f:hDl/ 93 ( T,J2 = 33 r,nm) 

;lfffi.(e(, f I>: 

pa6oT/21/ 

T,/2 (yp.56K8B)=0 12I(4) He, Ti/2 (yp .• 177 K8B)=9,2(1) He, 
T,J2 (yp.209 K8B)=l,35(9)He, Tik(yp,309KaB) 6-0,3 He; 

i6i 161 
6'lilo9~- 6b.Dy95 ( T,k,= 2,5 qae) 

-.1mcei,tf > : 

pa6oTa/2l/ 

7i/2 (yp.25Kail)=28, 6(1)He, li/2 (yp,43 K8B)=l, 0(2 )He, 

T1/2 (yp.I03 K8B)=0,64(3)He. 7i/2(yp.20IKaB) ~ o,3 He; 

.J.48 148 b 
66Dy 82 - 65T &'3 ( T,/2 =3, 5 Mllil) 

pa6oT/221 

HBlJ{(KX-j): Tt/2 (yp.620 K8B) ~ 0125 He; 

10 

j 

Ilpo~oJilltemrn Ta6JI. 2 

MeT~;c'J PesyJI1,TaTu 

d50 d.50 
66lJ'f84 - 65Tb85 ( °TJ/2 =7 •1 wrn) 

pa6oTa122/ 

HBiK(KX- f ) : T,/2 (yp.396 KaB) ~ 0 13 He; 

152 152 
66JJ1~6 - 65Tbn ( T/2 =2,5 qae) 

pa6oTa122/ 

l1BiK( e-KX): T~(yp. 257 KaB) = 0,39(8) He; 

1.56 156 
6gErgg- 6'1/10~9 ( ~/2 =19,5 MHH) 

. pa6oT/23,24/ 

HBl!t( e f): ypoBeHI, 87 KaB; 

Ti/2 (yp.82KaB)=l,25(20) He. h/2(87 K8B)=58.3(17) He; 

15~£ d58 -
68 rgo -- 6':,f/091. ( 11.2 =2,4 qae) 

pa60Ta/24/ 

kIBllt(e/): T1/2 {yp. 139 K8B) =1,85(10) He; 

i.62111 162 
llo --+ /lo ~ T,/2 = 68 wrn) 

pa6oTa/ 4/ 

rlBK ( e/): 1ih (yp. 38 KaB) = 112(2) He; 

i~bgo_ 1~~Tn191 ;£ 7j2 =4,8 Mllli) 
pa6oTa 5 · 

f,3BK, r( : 28 H0B!lX /-nepexo~OB, MYJII,TllIJ0JII,H0eTH /34K8B(Ml), 
{42 KaB(M1+9%E2) • / 132 KaB(El) ,/140 K8B(El), 

exeMa paena..rta (IlOJIY'leH!l B eoBMeeTH!lX .ieeJie~oBaHruIX)' 

l1BZ.(i/( e(): Ti/2 (yp.42 K8B)=I.6(3)He, T,/2 (Yp.174KaB)=l?(I) He, 

7i/j (yp. 215KaB)=0 165(15) He; 

II 



ilpOAOJIJKeHHe Ta6JI. 2 

162yb _ i62Ti -
'JO 92 69 tn 93 ( l,ja =19 I,UlH) 

pa60Ta/24/ 

v!BJK( ef): 7i/2(yp. 44 1taB)=I.40(I5) HC. 7i/2(yp.I63 KSB)=I.I2(IO) HC. 

~>l'icCJieAOBa.Hll.ll: aJieKTpOHOB BHYTpeHHeil KOHB8P.CID1 ( 3.BK); .f.-JJYtieil 
( f')• ee- ef- H f'/-COBITaAeHHil {ee ef, /j"); yrJIOBUXr'f-Koppe
MUMfi ( (/ {SJ ) ; BpeMeH lKH3HH (Blii}; jt- Tp'exr.1epH11x COBifaAeHllli Illl 

JillIDll1 C 3m <ttt) • 

? 
~~ 

r•100-J00nej-K176 15 

T11/0.26HC 

~ 

cnEKTP ]BK 

nPM PACnAaE 

1s1D1~1s1Tb 

151() 

(\ ,tJ' ; lr16tl,. 

\ L_M_N50-L.M.N22 2488 i-">tf G.z~,.c 

L,M,NSQ\ f\'ls41!01HC Ol"'-

LJ'-1.N27 '-/"l11nC/KUH ~ ~::;; 
.~ 995 11,'f 

'-f½:1.0!QJHC ',• 72<, ":Q* 0,9"( 

101.,ci(\ m " " j \:a 
~~ii il 

• s •· .A;, ~ 1·;: • 
• ',., < fl 10l ( \ ,_i V J ~"" j V\,.-,..,.,._.,.,,,.,,,,, •, 

I .. a 

.. , 26_5 ~:,;-~:( 
, ~ 151Tb 1, 

,"'-•10 ~..,.~ 
: ' fl~501ns)-LMN22 .• • .,,.,,.,t,;. 

0 

: '~- T½•Q~!01HC 

0

";1•~:: ... 

i
: (\''° --,,~~••••om,",--~~-~-, 

\ Tl•50rnl L~:,: ~~'i•·• ~ -::~ 

,o· 

413 1c, ~•·· •• 'l 
20

0 300 bl 

100 KAHAi\ ,o'j• - 10 "":.•_)'Q:Q92tQ.0:,H( :~•I 

, 
,0 

fr 
'jo 

r 
I 

130 170 

T,12 .,Q93!0.05 "' 

. :~ . .-. 

310 350 390 l<AHAAbl 

Pnc. 2. BpeMeHH!le pacITpeAeJieHIDI 
e(-COBITalleHllil, ll3MepeHHIIe ITp11 
pacITa,ne 151iJy- ' 51Tb mi ycTaHOBKe, 
co6pattttoil Ha 6ase w.arHHTHO-JIHH-
30Boro ll CUllHTWIJI.flUROHHOro 
cneKTpOMeTpOB. 

;; V. •• 106nc/1<aH ••.••:•••:--

101-: ~ri-,o,~,- \::.· •. ~ t:::::;:;;:· s"'"' 
:~ K.L,MN176 \-,:: i \ ... ~~ .. 

.... },1.1=Q25,..c •• t-u;sc 3B1< 

. 106nC/KOH 

,d~~-~--~-~ 
200 300 400 KAHAl\bl 

Puc. 3. BpeMeHH11e pacITpeAeJie
Hllil e f - 11 e e -COBITMCHHil, 
11sr.1epeHHHe ITpH pacna,ne 

150y- /S/Tb mi ycTaHOBKe, 
co6paHHoil mi 6ase ABYX CWlH
T~OHHllX CITeKTpOMeTpOB. 

TpeTM rJiaBa'AHCcepTlmHl1 ITOCB.IIIIl8Ha o6cy:ameHH!O B paMKaX COBpe

M8HlillX MneJinH1X ITpeACTaBJieHilll CBO,CTB H7'leTHl:lX smep Tb C JI= 
=I49+I57 2-r7 H J)y c ll=I53+I6I I8-2I. Ha ITpHMepe aTHX 

,uep YA06HO ITpOCJI8AllTb 3a ll3MeHeHlieM smeplillX CBOilCTB ITpll ITepeXOAe 
OT Cq>ep11'!eCKllX smep It CHJI1,HOA8qJOpMl1pOBaHHblM. 

12 

)j 

'>-

C 11CITQJII,30BaHIIeM 3Hff'18Hlll1 3Heprnil: OAHO'IUCTH'IHIIX COCTO.flHllli, 
ITOJJYt!8HllUX ITp11 pernemm ypaBH8Hlill IJ..ipeA~lHrBpa C ITOT8liUUaJIOM HyACa
CaKCOHa, ITO !JeTOAY 060JIO'l8'1HOil: IlOITpaBlm CTpY'l'llHCKOro pacctmTauu 

paBHOBecH11e sua'!eHM KBBAPYITOJiwuxt2 11 re1tca,neKauoJI1,11uxE,,. Aeq.opr,Ja
Ullli .IVUI HeKoTopux mUKruirnnx cocTo.muu1 B smpax Tb 1c: P'f il!l'IHcJiemm 
npOBO.l(HJil1CI, ITO ITporpaMMaM, C03A8HHb!M B JIT~ OllilH B.B.ITall.lK8Blf'!eM. 
PesyJibTaTH STY.X pac'!eTOB IT03BOJIHJIH ycTaHOBHTb, '!TO ITepeXOA OT 

cipepH'leCKOil qx>pMH (t2 f 0,05) It A8qJOpMHpOBaHHOil: <E2~ 0,20) B He'leT
HO-ITpoTOHlillX smpax Tb (pHc. 4), ITO cpaBHeHH!O c He'leTHO-HeiiTpOH
HllMll MJ)8Mli ]y , ITp011CXOAllT IIJiaBHee: 

- smpo 1 !~Tb 1111 B OCHOBHOM 11 HIDKa.illllHX COCTO.flHIUIX .flllJJ.fieTCJI I!paK
TH'leCKH cqiep!NeCKl1M ( t2 !:: 0,05); 

- smpo ii1Tb96. ITO-Bl!,D;l1MOMY. B OCHOBHOM COCTOHHl1ll H!,ieeT CIIJIJOO
HYTYKJ ( t2 ~ -0,I), a B B036y:ameHHux - cJia6o BHT.flHYTYIO ~ t2 f O,I) 
HJIH ccpepl1'lecey10 qiop1viJ; 

- B smpe 1fjrb e8 cocyl!leCTBym c;1a60Aeqiopimpooomme cocToJIHAA 
c pa3JIWIHOI cTeITeHnKJ Aeqiop1.iauH11 ( E2 ~ 0, I4+0, I7) ; 

- OT'leTJIHBO CBOilCTBa AecpopMHpOBaHHllX ,uep npO.flBJJ.HlOTCJI, Ha'll1HM 

c iupa 1!ffrb
90 

(E2~0,22); 

tll,1/1 
mTb 

·Dl -a, 0 QJ Q2 Ez 

'"Tb 

-11.z -11 o 0.1 oz Ez 

P11c. 4. 3aBHCl1MOCTI, ITOJJHHX a11eprHii 
smep Tb· oT ITapm,:eTpa KBa.nPYITOJib
Hoil Aeqx>p~iau1111 E2 • Pac'!eTu .IlJl.fl 
H8KOTOP¥X HID.Kaii@i1X COCTO.flHHU; 
I - I/2 [420}, 2 - 3/2+[4JIJ, 
3 - 5/2+[4021,4 - 5/2+[4I3J, 
5 - ?/2+(4041. • 

153 
- MIJO 66.l)y 81 MOJKHO pacCi,:aT-

pUBaTI, Kalt c~p1Nec1toe, a smpo 
1f[nrf9 Y7J.e nMeeT sm.ieTHYIO ~eqioP-,: 

Mat.{HlO ( Ee ::i: 0,2). 
Pattee TaKoe OTJIINHe B CBOli

CTBa.X He'leTHO-ITpOTOHHllX u HeqeT
HO-HeilTpOHlillX ,uep OTMe'laJIOCh 
3.E.EepJIOBWieM. 

M.fl smep Th u 1>r Ha OCl!OBe 
ycpeAttemrnx 3Ha'lemtli uapm.1eTpoB 

~o u f31to IDC HID.KalllllUX COCTOJIIDU1 
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f.53 - - · J55 - • -
( Th- ./320= O,I4, fi40= 0,025; Tb- }20= 0,22, .,.S+o=O,03; 

i57 - - J55 - -
Tb - .ho= 0,26, ./31,0= 0,05; lJy- ho= 0,24, ]3i,o = 0,035; 

i57 - - i59 - - -:161 
1Jy- )3,?0= 0,28, .J+o= 0,04; Py- .fi;;o= 0,30, .ft'to= 0,05; J)i;-

)20= 0,32, J'to= 0,05), B paMKa.X MO,lleJill HeSaBllCllMHX KBaSll'laCTllll; 

c HCilOJll,SOBaHlleM rroTeHIU1aJia By,11ca-CaKCOHa, no,11po6HO llCCJie,IIOBaHHHM 

B.r, COJIOBbeBUM C COTpy,IIHillial,lll, rrpoBe,lleiill pac'leTu O,IIHOKBaSll'l8CTll'l

H11X (1QP) COCTOSIHllM, 13u6op rrapaMeTpOB ITOTeHI_\Iill.Jla oco6eHHO Kpl1Tl'!'leH 
. -:I~ HS. 

~ OTHOCHTeJibHO CJia6O,11eqiopMl1pOBaHH11X R,llep Th ll 'JJy , . llMe.KlllllX 

BHCOicyl() ITJIOTHOCTI, JQP COCTO.lllnlit B6JIHSH ITOBepXHOCTH l'PepMll, TeM He 

t.JeHee ,llaJ!te ~ STH.X c~aeB rro~eHO BITO~e Y.IIOM8TBOpllT8JILHOe 

corJiacHe pac'leTHUX pesyJII,TaTOB C SKCnep,!M8HT8../IbH!ll,J;1 - pRc,5. 

'ill ~;r,,;:;,.,-'"~,;,,;;;,__----------~ 
"' ~ s,2•~021 o 512'1642k ',, ~D 
~ 512•14021 -;;- \. .......... ~ 
w 117t1,2a1 ,l ',, .......... 

i 
1
/ eo --,, -----.... _ 

~ '- --. 
9rr ,~r 4 1127521~ ........... 

\ ; I s,2·~ - -...... ~15211 

1CJ 

• 80 

60 
11rq_\j / , 1rrisn 112~~.-.::-,-.. .... -r {21 ........ :---.;. ____ .. S,~64Z1 

2" 0 I~~--·:-~-51T~2l 

11/~ii~ -=: ........... --........ ,, ~~ ......... 3'2~211 

'° 

~HS1 , _ ... ---...... .. ...... 
...... SIZ-ISJ21 hn~ .... .. .. _~.. ', 

; ~-s,n,11 1' 2~ 0·\ \ .. ~~r~t);: .. ,,2"'50'3 
,.o / ,,,_ __ .... \ \ 11215321 2"16511 

112•1,al,/I .,,, \ \ 
so .-'512•14131 5127'532 ', . \ 3,i- 15321 112151or 

-ao \ 11ns101 
84 86 88 90 92 94 96 N 89 91 93 95 

PHc. 5. P?C'I8THJ1e (nyHKTllpHUe JIRHHH) R SKcnep11MeHTaJII,HJ18 (CITJIOlll
HUe Jil1HID1) SHa'lemm aHeprM O,IIHOKB8.Sll'laCTll'lH11X COCTORHllM B He-
'l8THUX smpax Tb R 1Jy • -

Pac':leTu CTPYKTYPH cocTo.lilillll poTa.uHOHHUX noJioc ll BepoRTHOCTett 

SJI8KTpOMarHliTHl1X nepeXO,IIOB B 'liCCJie,IIYeMUX JI,llp8X Tb 11 JJy ITPOBO,llll

JIRCI, B paMKax Hea,I1Ha6aT:1N8CKOtt Bpa!llaTeJll,HOit MO,lleJI.11 C yqeTOM KOpll

OJIHCOBa BSam.10,11ettcTBM O,IIHOit'HJill HeCKOJll,JWX BH8llilll1X 'laCTllll; C Bpa

l!leIDieM 'leTHO-'l8THOI'O OCTOBa, paSBHTOtt B pa6oTax H.il.lliITOBa H COT

PY.IIHHKOB. Pac'leTu ITPOBO,IIWillCI, B 6asnce O,IIHO'laCTU'!HUX COCTO.mnnl 

ITOTeHUHa,7Ia By,11ca-CaRCOH8., Ilo,11O6H11e pac'!eTH paHee npOBO,lll1JIHCI, C 

HCITOJII,3OBaHll8M ITOT8HW18JUl Hwrl>CCOH8. ~ R,llep 155, 157r;,, -157,ts9,t61Py 
C 'leTKO BUpallteHHHMll pOTSl\liOHHUMH ITOJIOCaMH. B C~aRX iS.3Tb H -i57Jy 
ycHJieHHe POJIH KOpllOJIHCOB8. BSalll~O,llettcTBlifI npllBO,IIHT K ITORBJiellllD 

pOTa.uHOHHUX ITOJIOC C o-qem, CIT8L{llq)K'i8CKHMll CBOilCTBaMu, 'ITO saTpy,11-
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mier HX npam1111,eyro HHTepnpeTauRro. B JI,llpe 153 Th noJIHOCTl>IO l1C'le-

sam pOTa.L{l1OHHJ1e ITOJIOCH COCTOHHllM 5/2-[532] H 7/2- [523] , H8.-

6JIIQnaeMue B 
155Tb R 

157Tb , 11 ITORBJIReTCH "HpaCT"-noJIOCa H ,11pyrRe 

BprunaTeJibHUe ypOBHR, OCHOBHOil BKJla,ll B KOTOpue, B corJiaCHU C npoBe

,ll8HHl1Ml1 pac':leTru.rn, ,llaIDT COCTOHHHR I/2- [550] H 3/2-[54I] • 3Hepre

TH'l8CKRe l1HTepBaJIU MeJK,Dy poTa.L{ROHHHMll ypOBH/iMH ITOJIOJKl1T8Jll,HOit ':leT

HOCTl1 B 
153Tb CTaHOBSITCH ITO'ITll paBHUMR, 'ITO SaTpy.nHReT HX 11,n8HTH

!pl1Kal{lll0, 

CpaBH8HHe aKcnepHM8HTaJII,HJ1X ,11aHH11X C pesyJil>TaTaMH H8llll1X 

pac'leTOB ITOSBOJlHJIO H,ll8HTH!pllll;HpOBaTl, B 1.
53rb poT~OHHUe ITOJIOCH, 

OCHOBaHHUe Ha COCTOHIDIHX c Jll!,I1Upyrol!ll1MH KOMITOHeHTa.Mll· 5/2+ [ 402] , 

R 7 /2+ [404]. Hawn BHBO,IIH o CTPYKType poTB.UROHHUX noJioc B '
53Tb 

B ,llaJII,HeitweM 6UJill ITO,IITBep~eHU BliHTepOM R ,lip, 

B JI,llpax 155J)y R 
157J)y KOH/IJl-lrypau11OHHoe CM8lllUBaHlle COCTOHmrn 

RS no,11O6OJIO'IKR i I3/2 npllBO,llllT K CllJil,HOMY 11CKruKeHlll() BpaJllaTeJII,HHJc 

IlOJIOC ITOJIOlltRTeJII,HOtt -qeTHOCTH - OHR paCl!l8ITJillB)TCH Ha ,IIBe CMel!leHHUe 

OTHOCHT8Jll,HO ,llpyr ,llpyra ITOJIOCH C ':leTHUMU H H8'leTHmlll SHa'l8HllilMR 

I+1./2, OCHOBHO1i BKJia,ll B STH ITOJIOCH ,llaIOT COCTORHl1Ii I/2+[660] II 

3/2+[65I], npll'leM BKJla,ll KOMITOH8HTOB C 60Jil,llillMH J< YB8Jill'll1BaeTCSI 
155 i5'1 

npH nepexo.ne OT . .Dy K Vy , _ 
155 

B RHTepnpeTa.L{HR ITOJIOCH OCHOB1-mro COCTOJIHHR 4 llM8JlllCI, 

cep1,esH11e paSHOrJiaCM - rpoMOB l1 ,IIP,, a saTeM H aBTOpU HeCKOJll,JWX 

ITOCJ18,IIYJal!l{X pa60T paccMaTpllBaJIU ee KaK 3/2-[52I) , B TO BpeWI KaK 

XepT H lura.Mpa D CBOeit He,ll8BHett pa6oTe npe,IIJlara.IOT ea xapaKTepRCTH

Kll 3/2-[532]. PesyJ11>TaT11 Hawn.x pac'leTOB cTpyKTypu aToii ITOJIOCH 

ITOKaSaJIH, 'ITO xapaKTepHYID ,llJ1R Hee rpynrrupOBKY YPOBHeil MOlKHO BOC

npoHSBeCTH TOJII,KO ,IIJIR c~aeB, np11 KOTOpHX 6JI.wmfilllHM K ITOBepXHO

CTH ~epMll HBJIReTCH COCTOHHRe 3/2-[52I]. TeM He MeHee BKJia,ll 

KOMIIOHeHTa 3/2- [532] B STY ITOJIOCY RBJIReTCH CY111eCTBeHHUM, HallpllMep 

.nJIR ypoBHR 9/2- oH cocTaBJIReT~25%. Taxoro xe nopMKa BKJia,ll ,11aeT 

KOMIIOHeHT 5/2-[523], 

IlpliBe,lleHHoe Ha pnc. 6 cpaBHeHHe pac-qeTHUX 11 aKcnepHMeHTaJil>HUX 

SHa'l8HHtt 8HeprHll YPOBHeil pOT~OHHUX ITOJIOC ~ c~aeB 
153Tb l1 

155
J)y YKaSUBaeT Ha RX BITOJIH8 Y.IIOM8TBOpHTeJII,HOe corJiaClle, ,lJ,JIJi 

ocTaJII>HUX c~aeB ( 1.
55

, 157 Tb , 157, 159 ,i6i lJy ) no~eHHoe corJia

cne pac'leTHUX H 8KcnepmdeHTaJII,HJ1X ,11aHH11X CYlll8CTB8HHO .nytmle. 

Ha OCHOBe aKcnepllM8HTaJII,Hl1X SHa'lelllit BpeMeH lltl13HH, HHTeH

CllBHOCTeit H MYJil>THITOJII,HOCTeit f-ns~elllit 6Will onpe,11eJieH11 npR

Be,11eHH11e BepOJITHOCTH aJieKTpOMarHllTHHX nepeXO,IIOB /3(&1.,)aKrn,B RC-
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3KCnEPHMEHT T E O P H A 1KCnEP. TEOPMA 

Puc. 6. CpaBH8Hll8 8KCnepm,eH
TaJihlillX ll pacqeTlillX 3Hepruil 
pOTalUIOHHHX YPOBHeil B ,mpar 
mrb II 15sJJy_ • ( 'HTb :h. =I MaB, 

t./21 = 30 KaB - .l(JlH 11'= {-) l1 t,/27 = 
= 25 xaB .l(JlH 71 = (+-) • 1ssJ)y : D. = . 
= I MaB, t,/2J = D KaB- .rtJUI 7J=(-) 
11 t;/2':J =21 Kall .l(JlH 11'-= (+) • 

CJie.nye1.rux JI.npax Tb u »y . 0Ha

qeruur 8{6L) }l(Cll, cpaBH1:!BaJil1Ch 

c O.rtHoqacn1qHHMU or.ie~lli no 

Bailcxorrqiy 8(6'L}w, a .l(JlH cJiy
tJ:aeB f53,i55,f51Tbn 1ss,1s7,1s9,161~1/ _ 

ii C pe3yJihT8Ta1'1.lf pactJ:eTOB no He

~a6aTlltJ:8CKoil MO.I(8Jill 8(<lLJws. 
A.II/I 6oJinllillHCTBa nepexo,noB 

3HatJ:emur Bfsl)?Kc11 >1 8(<Sl)ws co

rJiacymca B rrpe.neJiax o.nHoro rro

pil.IlKa, tJ:TO CBH,l\eTeJinCTByeT 0 

xopomeM corJI8Clll1 TeOpllll C 3KCUe-

p}IMeHTOt.l. fi TOJihKO B OT,neJinHllX 

CJIYtJ:aH.X Ha6JIJQltamcR 6oJiee CYll!8CTBeHHIIe pacxo~em11I BeJilltJ:llH 8{G'l)Uf$ 
ll 8(6'L) ixcn. • B 8Truc C~aH.X 3HatJ:eH1:!H. f:3(<3'l)w$ • 110-BH,l\llM0MY, 

OtJ:8Hh Kp11TiltJ:Hll K He60JihlliliM H3MeHeHl1/IM rrapaMeTpOB, l!CII0JinayeMWC 

1l Mo,n-e.,m, llJIIl STO CBH.3aHo C BJIIDIHlleM H8YtJ:IlTliBal01jHXCH. B Heil SgxlieK

TOB (~HOHHHe B3a.lfMO,neiicTmur, .l{llHaMil'IeCKlle 8cppeKTll H T • .n.). 

3HaqeHlle f3(Mi).;,rcn = 2,2•I0-2
M ~ .l(JI.H MI-rrepexo.na IOI KaB 

io/9 . J'"' 
B . Tb COOTB8TCTByeT CliCTeMaTHKe Bep0H.THOCTeii f-aarrpell!8HHHX 

nepeXO,l\OB Tllrra p(ig1/2-2d5/2). Ha 0CHOBe SToro, C YtJ:eTOM Toro, qTo 

OCHOBHOe COCTORHHe 
119Tb liHTeprrpeTnpyeTCH. KOHcpllry~eii 2d 5/2 • 

a B crreKTpe HIDKalillillX C0CTOH.Hl'Ji O.lltll,l(aeTCH. B036y~emre COCTOH.H1:!H. 

i fl 7/e , YPOBHIO IOI KSB M0.lltHO rrpumrcan KOHqlHrypar.iruo i fj 1-/2 • 
K rrepexo,nar11 STOro .llte TWia MOlKHO OTHeCTll rrepexo.n I75 K3B - B(MJ)?J 
;;, If 6• IO-)'IH.

2
, CBH.3llBalO!Qllil B 

151
Tb C0CTOH.HilH. 248 KSB ll 72 KSB 

(I'= 5/2+), ll KaK rrpe.neJinHHii c~ait f-sarrpeTa - rrepexo.n 80 KSB -

!3(MJ)= 3 ,U• ro~j. CBH.3llBa!Oll!ltli B 
153Tb COCTOH.H1:!H. 712+[404} - no.rt

o6oJI0tJ:Kli iJ 'l/2 u 5/2+[404] - rro.no6oJIOtJ:KH 2d s/2. IIo~eHHaH. K 

HaCTOJill!8MY BpeMeHll HllqlOpMal.UIH. 0 e -aaupell!eHHllX MI-rrepexo.rtax B 

JI.npaX C JI~ IUO+I50 H 11~ 200 Il03BOJIR8T rrpocJie.nun BJHl.fIHHe o6oJio-
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tJ:eqHHX 8qqJ8KTOB Ha rue BepOH.THOCTll - pm:. 7. ECJIU rrpoBeCTll ycpe.rt

H8Hll8 3HatJ:eHHii B(Mt)JKCn. ,l(JI.H rrpoTOHHHX (HeiiTpOHHllX) rrepeXO,l\OB B .H.n

pax C 0.l{IlHaKOBllM tJ:UCJIOl\l NiJl , TO OTtJ:eTJillBO rrpocJielKlfB88TCH. TeH,neH

Ukl.fI yMeHnmeHilH. aHaqemm 8(Mi)1xm no Mepe npII6mmemm K H.,l\paM c 
sarroJIH8HHllMli o60JIOtJ:K8MH. 
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Pllc. 7 • BepOH.THOCTll e -aanpell!eHHllX MI-nepe-
XO.I(0B B H.,l\pax c JI~ IUO+I50 u .R z I90+2IO. · 

vis STOll 38KOH0MepH0CTH mma,naIOT TOJ!hKO 3Ha'ieHll.fI /3(Mf)3!{[!1. 
.I(JIJ'I e-3aJIP8ll!8HHliX rrepeX0,l\0B B Mpax ct/ =I26 11 Z=BI 1: 83. 13 HaCT0H.lJlee 

BpeMR: cqv,TaeTCH., tJ:T0 C8MUM Ba.lltHlll,I 8qxp8KTOM, OTBeTCTB8HH1U.1 sa · 

CHH.TUe e -sanpeTa, H.BJUieTCH. CilHHOBaH. noJIHpl1381\Ull JI.npl;l, IlpllBOMlllaH. 

K B03HIIBHOB8Hlll0 KOHqlllrypaUH0HHllX 1!pl1M8C8H C Ae =0 B HaqaJinHOM H • 

KOH8tJ:HOM COCTOH.HIDIX f-aanpell!8HHOrO nepexo,na. IIpli 3TDr,l Il0JIH.pll381\l1.ll 

B03pacTaeT C yBeJil1tJ:8Hli8M tJ:HCJia tJ:aCT~ (.nHpOK) B H838Il0JIHeHHllX • 

060JI0tJ:KaX. ~l1M Sqql8KTOM, CBH.38HHllM CO CHH.Tli8M ( -aanpeTa, H.BJUI

IOTCH. Ill10H-06MeHHHe TOKll, pOJih KOTOpllX rrpe,nIIOJIOJKllTeJinH0 B03pacTaeT 

rrpu A/ =I26 :irl~82, tJ:eM, B03M0lKHO, ll o6yCJIOBJieHo aHOMaJihHOe B03pac

TaHue 3HaqeHuil 8(Mi) B 8Tl1X JI.npax. 

B H.,l\pe :ts:tTb .l(JI.H f-rrepexo.noB, CBH.3IIBal!ll!IlX yp0Bm1 23 u 

72 KSB ( c2 ~ O+O, I) c ocHOBJllll\l cocT0H.HlleM ( f2 z -0, I) , He Ha6mo

.rtaeTca 3aM8THoro TOpMollteHllH. ( Fvc, (i.lI, 23 KaB)=60 u Fuc,(E2, 72 KaB)= 

= 0. I2). OTJIHqHoro OT T0pMOllt8HlUI rrepeXO,l\OB Me~ C0CTOH.HllH.Ml! C 
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O.ItHHaKOBOil .It$PM8.Ulleft (qx:>pr.10ll). AHanor.lNHM CHTY~K/1 Ha6JmJJ,aJiaCI, 

paHee H B ,npyrruc R.Iij)8X. 3TOli o6JI8.CTH. IlO-B,mID,IOMY. CHffTHe oinmaeMo_ro 

sanpeTa no qx:>pMe MR paccMaTp:r.rnaervIHX nepexo,noB CBR38.HO c "Mill'KO

CTI,l!l" 8Tl1X B;nep. 
IlpH onpe,neJieHllH CTpyKTypu COCTO.illllift 

153Tb Y'{HTUBaJIBCI, pesyJI:&

TaTu aHaJIHSa BepOJITHOCTett (-nepexo.1tOB H yrJIOBUX f'Y-,Koppe~. 
TaK, H3 cpaBH8HM BepORTHOCT8H nepeXO.ItOB, paap.f!lK8.Kl!lillC ypoBeHI, 

240 K3B, CJie,nyeT, '!TO MI- H E2-KOMilOHeHTU npe,nnoJiaraeMoro BHYTPH

poT~HOHHoro nepexo,na 93 K3B (5/2 3/2+[ 4II] - 3/2 3/2+[4II] ) 

ycKOpeHU OTHOCHTeJII,HO MeJKIIOJIOCHUX nepeXO.ItOB 159 K3B (5/2 3/2+[4l]J 

--7/2 7/2+(404]) l1 240 KaB (5/2 3/2+[4IIJ - 5/2 5/2+[402]) B IO-IOO 

pas. AHaJior.lNHa.R Cl1Tyau:M Ha6JIJQitaeTCJI H .ItM nepeXO.ItOB, pa3pJI3aIOO!liX 

ypOBHll 254 K3B (7/2 5/2+[402] ) .Ii 324 K3B {9/2 7/2+(404] ). 0.It.liHaKO

BUe SHa.KH OTHomelillft MaTp.lNHHX 3JieMeHTOB E2- J,I r,u..:1<0MITOHeHTOB 

( ~( > O) .ItM nepeXO,ItOB 93 H 149 K3B, onpe,neJieHHHe B ncc.ne,noBaHWIX 
yrJIOBHX KOppeMU:lift, JIBJifillTCJI .ItOITOJIHllTeJII,H.ElM aprYMeHTOM B IlOJII,Sy 

OTHeceHK/1 ypoBHeii 147 KSB (3/2+), 240 K3B (5/2+) H 389 K8B (7/2+), 

CBSI38.HHllX YKaSaHHHMH nepeXO.ItaMH, K O.ItHOft poT~HOHHOft IlOJIOCe 

3/2+[4II]. 
57 155 1 

B B;npax n 11 Tb o6palJl8.Rl'l' Ha ce6JI BIDlMaHHe El-nepeXO,ItU, 

CBSISUB8Kl!llle COCTO.iUIHJI 5/2 5/2-[532] C'YPOBHJIMH 3/2+, 5/2+ H 7/2+ 

pOT~HOHHOft ITOJIOCU 3/2+[4IIJ: nepexo,nu 5/2--► 3/2+ ycKopeHU OTHO

CHTeJII,HO nepeXO.ItOB 5/2--5/2+ H 5/2--7/2+ 6oJiee 'leM Ha .ItB8 nopB;n

Ka. KpoMe Toro, B CJIY'!8.e 155Tb nepexo,n 5/2-_ 5/2+ ycKopeH OTHOCli

TeJII,HO nepeXO.ItB. 5/2--7/2+. 8TOT qaKT HaxO.ItHTCJI B npOTHBOpe'lHH 

C YTBep~eHlieM BHHTepa H .IU>• 0 TOM, 'ITO El-nepexo,nu C J =0 

saTopMoJKeHU oTHOCHTeJI1,Ho nepexo,noB Mell;ZtY· cocTOJIHIDIMH c /t.I/ =l. 

ConocTaBJieHHe 3Heprllll, ·MYJil>THITOJil,HOro COCTaBa H SHa'leHlift 
8(£2)~/(cn. MR ·nepexo,noB, CBRSHBaKl!IHX B :11soT0Hax '"'lid <.!/ (7/2-_ 

,5/2-)=49 KaB, MI+(E2), B(E2),_;0), 1i,-:S1n( Et (5/2-- 7/27 = 22 KaB, 

MI+5,4•I0-5E2, B(E2)=0,.022 e282), 6 t;;d( fcr (5/2-- 7/2-) = I08 KaB, 
. 2 ~ 153 f, -

Ml+0,4E2, B(E2)=0,2e o ), 'J)y ( ( (?-7/2 )=I09 KaB, E2+(lllI), 

B(E2)=0,9e262 ) nepBHe B036y~eHHHe 11 OCHOBHHe COCTO.fUlliJI, IlOSBOJilil-
153 · T 1r I -JIO npe,ItJIOllrnTl, .IVUI YPOBHH I09 K3B JJg xapaKTepHCTHKH _ = 5 2 

l1 OTMeT.liTl, BOSpacTaHlle KOJIJieKTl,IBl:!S~l!H pacc.MaTpHB8.eli111X COCTO.illllift 

no Mepe npH6JIIDKeKWi K.o6JiaCTH ,neqx:>pMl:!pOBaHHUX B;nep (c yBeJil:!'le-

HHeM '"l_ ) • ISS . 
BpeMa lKHSHll ypoBHff I32 KaB gy onpe,neJieHo HaMH KaK T,/2. = 

= 85(IO) HC. B He,naBHeil pa6oTe Xru.1r.rapeHa H .IU>• 3TOl,zy' COCTO.illll!ID 

18 

npe.ItITOJIOJKl!TeJII,HO npHIIHCUBaeTCJI 3Ha'leHl1e Tl/2 = 5,4 HC. 0.I(HaKo B 

sToM CJIY:!ae (JflKTop TOpMolKeHHJI .IVUI Bl-nepexo,na 45 KaB ( Fw = 
= 5,8°Iif), pa3pJilK8Klllero paccMaTplIBaOl/iliH ypoBeHb, pe3KO BlmB.ItaeT 

113 ClWTer.:aTl1Kl1 no.no6HUX 9/2+ - 7 ;2- rrepeXO.ItOB B coce.ItHllX He'leTHO

HOilTpOHHUX R.JU)aX lf9;,Jd (fw= l,5•I04 ), 
1515m (fw = 2,9.IQ

3
), '

53Gd 
Fi , 3 /57 r 4 159 f 3 ( w=9,3•IO ), l)!l(r""=3,7•IO ),· Er( w=7,8•IO ), BTOBpeMR 

KaK BllTOKalOOl8Jl H3 3!Ia'leHl1J'i li/2 = 85 HC BeJIII'l11Ha qf!KTOpa TOJ)MOlKe-

Hl1J'i ( Fw = 9, I• 103) xopou10 corJiacyeTCJI c sToi1 c11cTeMaT1IKoii. ::JToT 

(laRT 
I 

napJUJY C anaJIJl301/l ycJIOBVll! 113MepeHHa BpeMeHll .l!U13Hll ypoBHJI 
155 I32 1tsB Dy ,cBJ1.1teTeJI1,CTByeT B noJI1,sy H8luero pesyJibTaTa. 

l1p11 pacc1.10Tpemm BepoaTHOC'l'ei1 (-nepexo,noB, paspJilKal0!!1HX yp0Beu1, 
202 KSB B 155.])y , o6pamaeT Ha ce6JI BIDlM8Hl1e CllJII,HOe YCKOpemw 1.11-

,1 2 2 
l1 E2-KOMITOH6HTOB nepexo,na !36 _KSB ( B(E.2hKctt 0,62e O - xapaKTepHO 

.ItM BffYTpllpOT~IIOHl!llX nepeXO.I(OB) OTHOCllTOJJI,llO COOTBOTCTBYIOl!lllX 

KOMITOHOHTOB nepexo.noB,,IG3 11 202 KSB • .Ue!1CTBJ1T6JII,HO, B COOTBeTCT

Bl111 C STIIM pac'leTH CTPYKTypu ypoBneil 
15 'y'f .ItaIOT ,!V!Jl H8'l8JII,HOro 

ll KOHe'lHOI'O COCTOJIHl1H :JTUX nepexo.non CJJ6.ItYI0!!11Ie a111nJI11Ty,n11 cr.;eunma

HIIB 1tonqinrypauni.i: 
0,994-3/2- [532] , • • • - YlJOBellb 202 KSB (3/2-), 

0,713-5/2- (523]; 0,596-3/2- [53~, ••• - ypOBOHb 136 KSB, 

O, 903-3/2- [52I] ; 0, 213-3/2- l532] , ••• - ypoBem, 80 KSB, 

0, 986-3/[ l52l] ; 0, 023-3/2- [:.332] , ••• - yponeH1, d 1tsB. 

B pll.ll,e cnyY:aeB corrocTaBJieHHe B(GL)cJxm c B(GlJvr1s nosBoJJJieT 

o,nH03H8'll!O B!l6paTL npaBMbHYIO KOHqJVirypau:irn ,ItJIJI B036yJK.IteH!IOro co

CTOJIHUII. llarrpm,1ep, pac'lCT!I CTPYKTypu COCTOJIHHft 11:.am .ItJIJI roJIOBHOrO 

COCTOJilll!.fl 9/2+ aHOl&iJII,HOli poTau;HOHHOli ITOJIOCH 
15 

lJlj .ItB8 B03MOlKII!1X 

BapHaHT8 BOJIHOBUX qiymmim, OTJill'l8Kl!ll!XCJI Mellt,ny co6oi1 JIJ1.I(l!PYKllllll,ili . + +r ,l KOMIIOHOHTar,w: 3/2 [65I] - B nepBOI,, H l/2 6601- BO BTOpOM CJIY'lae. 

Onpe,neJie!lllle .IVUI B2-nepexo,na 26 1tsB, cBRSUBaKl!lero ypoBeHL 9/2+ 

c ypoBHeM 188 Kall o/2 3/2+[65I] , sHaY:eHM F""s= 0,0078 n Fws= 0,48 

,IVUI nepBoro ii BTOporo CJIY'lM, COOTBOTCTBeHHO, IT03BOMm BH6paTI, 

,IVUI ypOBHJI 9/2+ BOJIHOBYIO iJW!IBW1IO C JI11.!(11PYKllll1M KOMITOHeHTOM 

l/2+ [G60]. · 
anTepecH8R. 38.KOHOMepHOCTb npomi.MeTCJI B ll3MeHeHllli BepOHTHOCTeil 

EI-nepeXO.ItOB, pa3pJllll8.JOOll1X COCTOJIHM II/2 II/2-[ 505] n roJIOBH.Ele 
+ COCTOJIHM 9/2 8.HOMaJJI,HUX pOT~l10HH.ElX ITOJIOC B He'leTHO-HeilTpOHHUX 

R.JU)ax - pnc. 8. 0Ha'leHHH B( E i)3Kcn. paccMa.Tp1IBaeM11X nepexo,noB nMeIOT 

'leTKO BUpaJKeHllllil MIIHHMYM B MJ)ax c N =9l. BospacTaHlle sHa'leHHil 

B(E1)'J1<cn. B o6JiaCTH N> 91 MoJKHo rroHHTl>. HS pacc1,10TpeHHa cTpYKTyp.u 

COCTOJIHlift 9/2+ B MP8X ])y , npHBe,neHHUX B T86JI. 3. 
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Plic. 8. 3KcnepHMeHT8JII,HllB 3HatJ:BHl111 
npHBB.IlBHHHX BBPORTHOCTeil 8JIBKTpH-. 
tJ:eclillX nepexo.nol} l)a:3.IJ.IDKaKIJU!X co
CTORHRR II/2 !I/2- [505] l1 9/2+ B 
HBtJ:BTHO-HeilTpOHHllX sr.npax. 

C pocToM N a.MIIJIHTY.IlH CMeWUBaHRR 

KOHcpll!'YpauJ.rli C BHCOKl1M 3HatJ:eHl1BM }{ 

B 8THX COCTORHIUlX YBBJil1tJ:HBaBJTCR, "ITO 

B llTOre npHBO.Ill1T K -yMeHI,WeHHD CTene-

Hll aanpeTa (yBeJIHtJ:BHHD BepORTHOCTeil) 

paccMaTpuBaeMHX nepexo,noB. BoapacTa

mrn lite 3Ha'!em B(El)iKcn npn nepexo

.ne OT sr.nep c N =9I K sr.npru,1 c N =89, 

ITO-BH,!(l1MOMY I CBR3aHO C pe3IUIM B03pacTa

HHBM KOHqJl1I'YpaQHOHHOro CMeWHBaHHR 

pa3JIH11HHX COCTOJllllrl!: B CJia6o.neqopMH

pOBaHHllX sr.npax. BepORTHOCTH E2-nepe

XO.ItOB II/2 II/2-[505]-7/2 3/2-(52!] 

TaRJKe pe3Ko yBeJI11tJ:HBB.BJTCR npn npn-

6JIHllteHHH K N =89. PactJ:eTu B(fil}w:; 
.IlJIR sr.nep DJ KatJ:eCTBBHHO BOC!IpOH3BO.ItRT noBe,nemie SHatJ:emut 

B{ol)3xcn. (cM. Ta6JIHIJY 4). 

Ta6mma 3 

CTPYKTYpa ypoBHeil 9/2+ B naoTonax JJy 

N ',J/2+ [624)-7 /2+ [633) 5/2+ [642f-a;2+[65:J:) 3/2+ [4.0I] · I/2+ [660] 

9I 0,006 

93 0,0IO 
95 0,0IO 

0,087 

O,I6I 

O,I77 

0,469 

0,847 

0,945 

0,587 
0,463 

0,!45 

0,02! 

0,057 

0,224 

Ta6JI~ 4 
BepORTHOCTH nepexo,noB B HSOTOnax ])y 

,0,653. 
O,I89 

O,OI6 

N 
B(EI; 9/2~7/2~)c?J B(EI;II/2~9/2+)e%° B(E2;II/2~7/2-Je2a2 

8KCil. '1/.-s. 
89 3,7-7 I,3-6 
9I 9,0-8 8,I-9 
93 

aKcn. w. - $. aKcn. w.- s. 
4,5-II 
I,4-I2 
5,4-12 
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I,0-II. · 5,4-7 
5,9-!2 8,0-8 
8,6-II 5,2-8 

6,I-6 
7,7-IO 
2,I-IO 

Ta.KHM o6pas0!.J, LOZHO saKJIK1!1!Tl,' "ITO KOJIJieKTHEl!SaUIIR sr.nepHHX 

ypOBHeil B03pacTaeT Ilpll rrpH6Jil!lKBHl:U1 K rrepexo,nHHM ,mpa!.1 KaK co CTO

pOHll cipeplf'I8CKl1X, TaK l1 co CTOpOHH .neipopr.mpoBaHHHX Mep. 

TeopeTlitJ:ec1rne pac-qeTH rrp0Bo,n1umc1, ua 3B/,l no nporpar,:r.:a111, 

C03.Ita11Hllt.l B Jia6opaTopm1 TeopeTU'l8CKOii cpH3l!Kll OHilil. 

B '18TB8pTOH I'JiaBe .nnccepTaUilll o6c~alOTCR CTPYKTypa COCTomuut 

ll oco6eHHOCTI! 8JI8KTpo111ar:nu'l'HI1X uepCXO.ItOB B H8tJ:8THO-H8'!8THUX M-
pax/23-25/. , 

Ha OCHOBe IJOJ!y'!8Hl!HX 8KCnepl!M8HTaJib!IHX .naunux B ECCJl8.D;OBaH

HI1X R,npax 6uJI11 orrpe,neJieHu np11Be,neHHI1e BepoRTHOCTl! B(Gl) JIKn. nm-1 

l1X HlllKHl!8 npe.nem1 6oJieO '!Chi .D;JUI 90 (-nepexo,noB' 'ITO CYlJlOCTB8HHO 

.ItOITOJIH.HeT 111J8Iffizy'IOCf1 Cl1CTeMaTIIKY BepOJITHOCTeil f-nepexo,noB B He

'18THO-l!C'l8THllX R,npax, BKJIIO'lalO!JlYIO B C86R OKOJIO 150 f-nepeXO.IlOB • 

0Ha'18HIUI 8/GL)JKfn. cpaBlllIBaJIHCh C O.ItHOtJ:aCTll'lH!ll,ll! ouemcar,'lll no 

.BaiicKorriw B(60w II no H1w1,cco1iy 8(6l),v • 3uatJ:emm B(GJJ.~xcn. 
corJiacymca c ouemmw1 8(G"i),v B npe,neJiax o.n;uoro rropR.ItKa,B TO 

BpeMJI KaK .rtJUI E2-nepexo.n;oB 3Ha'l8Hl1H B(E2),v sam1JKe1m oTuocuTeJihHO 

8(£2):>Krn. Ha 3-4 IlOpMKa. 

B H8'18THO-H8'18THI1X .n;eipop!.lllpoBaHHilX Mpax ITOl\IHMO 11paB1[J] OT

dopa no RBaHTOBUM 'IHCJI8M I{ , ,1/ , ni , .ii 11 L. .ItOIIOJll!HT8JlhHO BBe

,neHH npaBHJia, sanpemal0!111rn rrepeXO.Illl, CMSaHHHe c o.nuoBpe111emmM 

H3M8H8Hll8M COCTORmrn .IlBYX KBa3l!'laCTlfU ( f -sarrpeT) 11 HapyweHl!8M 

npaBUJia OT6opa ITO npOCKUHll cm1ua .Q KB8.3lf'I8.CTllUll, Y'l8.CTBYIOlll8fi B 

nepexo,ne. 

AHaJIH3 IIOJIY'18HHHX 8KCrrepHM8HTaJil,HHX pe3yJII,TaTOB Il03BOJIUJI: 

IlO.ItTBep.n;UTI, C.It8JI8.HHI18 paHee 38.KJIK1!8HHJI O TOM, 'ITO .neiiCTBl18 J- 11 

.Q. -sanpeTa c.na6ee ITO cpaBHCHUIO c npORBJI8HllBM I{ -sanpeTa, .nefiCTBl!e 

KOTOporo B H8'18THO-H8'18THHX sr.npax TaKoe ~e KaK ll B H8'18THllX 

Mpax; saKJIRl'U1TI,, 'ITO B H8'18THO-H8'18THUX Mpax, B OTJilf'Il!e OT 

H8tJ:8THllX MBP, He Ha6JIIQD;8.8TCR saMeTHoro pa3Jil1tJ:l1H B B8pORTHOCTRX 

EI-nepexo.n;oB c ll~=O l1 LIK=I; noKaSaTI,, '!TO EI-nepeXO.Illl c· LlK=I 

B H8'leTHO-H8'l8THHX sr.npax ycKopeHll OTHOCUT8JI1,HO o,nHOTllilliliX nepe

XO.ItOB B H8'l8THHX sr.npax (CM. Ta6JI. 5). 
3TH 8ipipeKTH MOlltHO 06'h!ICHl!TI, T8¥, "ITO B H8'l8THO-H8tJ:8THHX 

sr.npax IlOJ\1111110 B38.11MO.ItBHCTBRR KopHOJIHCa, npHBO.IlJIIIl8ro K CM8Wl!B8.Hl!D 

COCTOJlllJ.rli C Ii J< =I, npORBJIR8TCR MBX8Hl13M ClvlBWl!BaHRR COCTOJllllrl!: 

c Ll I< =0, o6yCJIOBJieHHuil OCTaTO'lHHM npOTOH-HefiTpOHHilM B38.HMO,neii

CTBH8M V p,n • 0.rtHOBpeMeHHOe .neilCTBH8 8TUX .IlBYX MexaHl13MOB CMe

lllHBaHUR npUBO.ItHT K pe3KOMY BO3pacTaHHD tJ:lICJia npHMBCHHX .IlBYXKBa3ll-
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Ta6JI:ima 5 
IIpime,neHHHe Bepo.fITHOCTH H MaTpwuwe 8JieMeHTll O,nHOTHIIHHX EI-rrepe
xo.noB c ll 1' =I B HeKOTOpHX H30TOHaX c N =95 l1 N =IOI 

H,npo 159 JW 161 171 m. 41~ 
64Gd9s 6sTb9s 66Dl/9s ,,/b1.01 1i'll..to1 12 10f 

B(BI)e2 x !01 2,2 43 3,5 0,28 2,I 0,14 

G31(rn.U.:r )xro2 I,85 5,80 1,93 2,92 7,56 I,57 

<ii ___.,.II> n(3/2-[52I]-5/2+ [942] n ( ti/2- [512)-7 ;2+ [63~ 

qacTIBIHHX KOHqmrypauiul B Ha'l8.ID,HOM H KOHeqHOM COCTO.fIHJ1.fIX rrepexo.na. 
Cpe,nH 8THX KOH~lU'YPru.urli Bcer.na eCTI, TaKHe, MeJK,ny KOTOpllMH B03IIB
Kam (-rrepexo,nH c ~K=O, y,noBJieTBOPHIOl.lllle rrpaim.,rau OT6opa rro_ f R .Q. • 

qTo KacaeTC.fI K-aarrpemeHHHX rrepexo.noB, TO HX CRJinHaJI aaTopMo~e&
HOCTn lI (1)1IYKTYB.UHH HX B6p0.fITHOCTett, ,noCTHI'aIOmHe 2-3 IIOpH,nKOB, He 
rroaBoJI.fim 06Hapy~T1, o~aeMoe ocJia6JieHHe H-aarrpeTa B He'leTHO
HeqeTHHX a.npax. 

BHCOKa.fI 'lYBCTBl1T6JI1,HOCT!, BepOHTHOCT6H EI-rrepexo,noB K KOHqili

rypau:110HllliM rrpm!.80.fIM ,neMOHCTpHpyeTC.fI Ha PHO. 9, Ha KOTOpOM IIPHBe
,neHH Bee H3BeCT!ille 3Ha'leHR.fI B(Ef/2Km . .nJI.fI EI-rrepexo,noB B o6JiacTH 
a,nep c 150 ~ J1 ~ 190. B o6JiaCTH CHJII,HO,neq:op111:11poBaHHHX a,nep 
160< JI<. IBO aHaqeHR.fI B(Ei)JKcn. ,nJI.fI sarrpemeHHHX rrepexo,noB Ha 

H8CKOJI1,KO IIOpJI,nKOB M8Hnme, '16M ,nJI.fI paapemeHHHX,. B TO Bpe!'1.fl. KaK 
Ha rpaHRuax 06JiaCTl1 ,neq:op11iau1m JI < 160 l1 JJ > IBO 3Ha'leHR.fI 13(Ef)J/frtl. 
,nJI.fI paapemeHHHX l1 aarrpemeHHHX nepexo.noB rrpaKTIBleCKH He oTJIHqamca. 
3TO CBJ,J,tteTeJinCTByeT 06 ycnJiemrn Hea,nHa6aTIBleCKHX 3qqi6KTOB C 
YM6HI.meHReM .neq:opMaU.HH a,nep l1 Haxo,nHTCH B corJiaCHl1 C 38KJIVl8HHeM, 
c.neJiaHHHM B lli rJiaBe Ha rrpHMepe o,nHoqacT;1qHHX BI- u E2-nepexo.noB 
B HeqeTHO-HefiTpOHHHX a,npax. . 

. fflTb AHTepeCHO OTMCTl1Tn, 'ITO B"He,neq:oprlillpOBaHHHX" a.npax 65 85 
-tso b -1s2 . 
6 5T 85 H 65Tb8'1 BepoJITHOCTu EI-rrepexo,noB MeJK.nY cocTo.fIHl1.fIMu 

t+,/p(ht1/2),n(l,9/2J}H 2-{p(d5/2),n{h9/2)}, aarrpemeHHHX B Mo,neJin 060-
Jio'leK, He OTJIIBl8K1l'C.fI OT BepO.fITHOCTeil pa3peweHHHX rrepexo,noB B .ne
ij:opMHpOBaHHHXJUUlaX. HaH60Jiee rrpOCTO B03HHKHOBeHHe 8Tl1X EI-rrepe
xo.noB MOllO 06'hlICHHTI, ij:oHOHHHMH B3811MO,neilcTBl1.fll,m. 0,nHaKO He 
HCKJIKl'I6Ha U ,npyr8..fl nx HHTeprrpeTa.QH.fI. Mollo .norryCTlITI., 'ITO B OTJil1-
'lH6 OT coce,nm1X Hff<IeTHHX H 'leTHO-tJ8THl:,IX a,nep, Hlll6I<ll!l.1X B OCHOBHHX 
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P»c. 9. 31wrrepm11eHT8JinHHe aHaqeHHJI 
npi,me,neHHHX BepO.fITHOCTeil EI-rrepe
xo.noB B OC>JiaCTJ-1 a,nep c I5U{ 1/ ~190. 

COCTO.fIHMX Crj)epuqecKyJO <fx)pr.ty, pacc1.:aTpl'.!Baer.,11:,1e si:,npa Tep6HJI, HMel(}

m11e no ,nBa Hecnapemmx HYKJI011a c BHCOKill\lli aHaqemtHMH op6aTaJJnHoro 
MOMCHTa, Hl.!CKII' CJiaC>yJO .ne<fx)p.Mal(liJO ( E2 ~ D, l), KOTOpM IIpHBO,nllT K 
pacmenJieHaJO cqiepWiec1<11x no,no6oJioqeK p ( J, ii/2) , n ( I, 9/2) u p ( d 5/2) • 
IIpu 3TOf.1 EI-nepexo,n1:,1 MOlKHO OCl'hlICHlITI, rrpeBp8.IJleHReM 1+ [p i/[f 550), 
n i/l[53DJ}~21p3/2f[',l/}htkf530] B rroJir,ay aToro rrpe.nrro.noxeHlI.fI CBJ,J,tteTeJII,-

, 0 / - f~9(' CTBzeT ,ne<fx)fJf POBaHHOCTI, COCTO.fIHl1l1 II 2 B 0008.lJ.HlIX n,npaX €,
2

.,y,,&V' 1
i,.Gcl8.., 11 ;-6J)y,7• qTo KacaeTc.fI paaperneHHoro .xapaKTepa )3-nepexo-

7 ~ ., 0 + 1~8 150 152 
.noB, CB.fI3HBaKII1HX ypoBHH I B a,npax , ' Tb o OCHOBHl:,llllli 
COCTO.fIHIDIMl1- COOTBeTCTBYIOOll!.X 'lCTHO-tJeTHHX a,nep J)y , fil\16I<ll!HX c~plI
qecKyJO ij:opMy, TO aHaJiorWJHa.fI Cl1TY8U.11.fl HaC>~aeTC.fI I! IlpH J3-pac-

156o 
na,ne c~epIBiecKoro a,npa 6 ° Er,,. Ha ,neifopMHpOBaHHHe cocTOJillliil 
1561/ 8 OD ,ii 
67no89 H, KaK aTo y'M.e OTMetJaJioc1, B rJiaBe Ill, .nJI.fI pa,na 

1
-nepexo,noB 

B ro:tpax 8TOH 06JI8CTU. 

Ho BepO.fITHOCTID,\ BHyTpnpoTaIJ.HOHHHX nepexo,noB ClHJil1 ou.eHeHH 
3HatJeHHJI BHyTpeHHHX 8JI8KTp11tJeCKl!X KBa,npYIIOJII.HHX H ,nHIIOJII.HHX 
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Mar'llliTHHX MOMeHTOB ,IVJJI pOTaUHOHHHX IlOJIOC 162• 166 llo , 16~ 162-,,,, ll 
138 Re • :JKCIIepIDlleHTaJIIiHHe 3HatJeIDUI Marmi:THHX MOMeHTOB CpaBHl1-

l;l3JlllC1, c ouemtru.ra IIo ffiur1,ccoHY. 
AHa.Jlll3 BepOJITHOCTeil f-nepeXOJJ,OB 11 q6KTOpOB TOpMOJKeHHJI no 

HWIIiCCOHY Il03BOJIWI ycTaHOBllTl, HYKJIOHHHe KO~ypauHH ,IVIJI COCTOJI
mm 52,82 11 87 ItaB 156Jlo, 0,174 11 215 K8B 

1 0r,.,. 
B 3aKJIDteHHH JJ,HCCepTaUHU np11BOMTCJI CJieJJ,y.iooiue OCHOBlille Bll

BO,lUl: 
l • Co3JJ,aH KOMilJleKC ycTaHOBOK JJ,JI!I l1CCJteJJ,OBallliH HaHO- 11 cy6-

HaHoceeyHJJ,HHX l130MepOB, B036y~aer.rux IIpl1 pa,nHOaKTllBHOM pacmme 
KOpOTKOlmBYJlll:IX ll30TOIIOB, BKJimaIOllllift B ceClJI crreKTpoMeTpll ,IVIJI 113Me
pemm BpeMeH lltH3IDI B03Cly~eHHHX COCTOJIHJtil: JIJJ,ep, e(- H fft-coBrra
JJ,eHVJi u yrJIOBll:X f(-1t0ppeJIJIUmi. 

PaapaCloTaHU MeTO,lUl, II03B0.1.UlICll1Ue cymeCTBeHHo IIOBllCl!Tl, TOtJHOCTl, 
H Ha,n8lKHOCT1, 3KCnepHMeHTaJil,HllX pe3yJI1>TaToB. f!apaMeTpll ycTaHOBOK 
ClJIU3Kli K rrpeJJ,eJI1>H1lM, JJ,OCTllrHyTllM B hllipOBOH rrpaKTHKe Bpel,!8HHllX 

1rnMepeHHil. 
2. IlpH pa,nnoaKTUBHOM pacna,ne KOPOTKOlltUBYJIIUX ll30TOIIOB (IO ll30-

TOIIOB c T,/2_ = 3,5+20 MllH., 5 H30TOIIOB c li/2.. = 0,5+2,5 'laca 
ll 3 ll30TOrra C 1i/2 = 6+IO '!aC) rrpoBeJJ,e.Hu 3KCrrep11MeHTaJil,HUe l1CCJie
JJ,ODaHl1R CBOHCTB He'IeTHHX n HetJeTHO-HetJeTlillX JIJJ,ep Tb ( fl = 149, 

151, 153, 155, 157), ])y ( .fJ = 153, 155, 157, 159, I6I), Th ( /I = 
= 148, 150, 152), llo ( JI =156, 158, I62) 11 Tm ( JI = I60, 162). 
PesyJI1>TaTJI 3T11X IICCJieJJ,OBamlii II03BOm1JIH: 

- orrpeJJ,eJIHTI, B YR:a3aHHHX JIJJ,pax 3H8.tJeHHJI BpeMeH llt113Hl1 ,IVIJI 

32 COCTORHHH, ll3 HliX 26 - BrrepBue, u oueHl1T1, BepXHlle-rrpeJJ,eJIH 
BpeMell lKU3Hl1 JJ,JifI 24 COCTOJIHJtil:; 

5 
- nocTpo11T1, cxeMy pacrra.na 151 J)y, 06HapyuT1> H30Mep 

1 1 mTh 
( 712 < l MIIH); JJ,9 153 , 155 

- JJ,OIIOJIHUTI, ll YTOtJHl1Tl, cxeMH pacrra.na JJy , 'Jlo , '!Ir, ll 
16111 . 

no • 
- ycTaHOBl1Tl, SHatJeHM CIIHHOB 11 tJeTHOCTeil CloJiee 'leM 40 COCTOJI

Hllit 11 MYJIIiTUIIOJil,lIOCTll ClOJiee IOO nepeXOJJ,OB B :H9,JSJ,JSH5¼, .ffS,JS~~-

3. B paMKaX COBpeMeHHHX MOJJ,eJII,HllX npeJJ,CTaBJieHU:li npoaHai.man
pOBaHII CBOiiCTBa HetJeTlillX 11soTorroB Thu D9, peayJIIiTaTH KoTopux 
II03BOJI11JIH: 

- IlOKa3aT1,, 'ITO nepeXOJJ, OT ccpep!NeCKOH qJOPMil ( tz { 0,05) 
K JJ,eqiopr,mpoBaHHOH ( f2 >r, 0,20) (,IVJJI OCHOBHHX 11 HlllKHIIIX COCTORHllil) 

153 
B HetJeTHO-HeilTpOHlillX JIJJ,paX npOllCXOJJ,llT npll rrepeXOJJ,e OT 661)1/ 87 
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155 b l'19 K 66[)!J'g9 , a B uetieT110-11voTOHH1IX JIJJ,pax T np11 nepexoJJ,e OT 
65

T!,g,. 
155 15I 153 7 

K 65T~0 , npu: aT011, a JIJJ,pax 65T686 11 65T6 89 B031,1o)K}fo cocylljeCTBO-
BaHtt:e COCTOJIHlW C pa3JJiltJIIOH CTenem,IO ll JJ,aJKe 3H3KOI,: .!{0q)Opi.;aum1; 

- Il0Ka33Tl> B03l,10liUIOCTl> OilliCamm CBOliCTB nepeXO.l{H1lX n.nep 
15!> _l 1551) ,< u ., 

65To89 li 66 :t'g9 B par.JKaX HeaJJ,liauaTutJeCKOH BP8Jl!8.TCJII,HOH l,IOJJ,eJilI; 
- pacCtJl!TaTb C'l'PYKTYPY poTaUUOHHW<. !I{)JIQC u BE:PORTHOCTeti 

( 
/53 /5!,- 157 155 15'1 159- 16I v 

-nepexoJJ,oB B ' • Th , ' , ' .l)y H ,meunI(fJI~1poBan 
p0Tau110Hlille rroJioc11 B 

153T6 11 155J)y • 

4. l!a OCHOBO CUCTer.;aTJIKll BCpOJITHOCTeti nepexo,noB 
.. /y9_ 153 l5lS. - l!HTepnpeT!IpOB8HU CTpyKTYDll HIDKHl!X COCTOJIHHll B Tl, , 1)11 Mo l&O • 71 

;1 Tm; 
- ycTaHOMOHO BJ!liJIHl:e oCloJio~e'!HllX 3qxlieKTOB Ha B~pOHTHOC'l'll 

e-sanpel!leHl!UX IIC1)0XOJJ,OD B "ueJJ,OqK)p!vUipOBaHH1lX11 JIJJ,pax; . 
- IIOKa3aHo B03pacTamrn KOJIJieKTliBll38UHU JIJJ,ep1111x COCTOHlldi 

no r.mpe IIpliOJilUK81Ulfl K oClJiaCTH rrepeXOJJ,HUX .f!JJ.CP KaK co CTOpOIIU 
cqiepl1'!8CKl!X, TaK ll JJ,ecpopw:pOBaHl!1lX .f!JJ,ep; 

- 06HapylKe110 Ml!HW!e OCT8TO'IHOro npoTOH-He.ii'l'pOllllOro B331\i1iO
JJ,eilcTBUJI Ha BCpOJITHOCTll (-nepeXOJJ,OB B uetJeTHO-H8'IeTHilX JIJJ,pax. 

PeayJI1>TaT!l JJ,J,fCCepTau1111 ony6Jill:KOBaH1l B CJICJJ.YJUlll!X Tpy,nax: 
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