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Pa6oTa BbHIOnHeHa B opneHa neHHHa HHCTHTyTe aTOMHOlt 

SHeprHH HM, H,B,KypqaTOB8 

HayqHbilt pyKoBonHTenh 

K8HAHA8T ~H3HKO-MaTeM8THqeCKHX HayK A.A.Orno6nHH 

O~HuHanhHhie orrrroHeHThi! 

AOKT0p ~H3HKO-M8TeM8THqeCKHX H8YK B.r.HeynaqHH 

KaHnHnaT ~H3HKo-MaTeMaTHqecKHX HayK B,B,BonKOB 

Benymee rrpenrrpHHTHe: HayqHo-~ccnenoBaTenhCKHlt HHCTHTYT 

gnepHolt ~HaHKH MfY HM. M.B.noMoHocoBa, 

AB~ope~epaT paaocnaH " 1969 r. 

3amHT8 AHCCepTaUHH COCTOHTCH ' 19 r. Ha aa-

cenaHHH 06oeAHHeHHOrO yq~HOrO COBeTa na6opaTOpHH aeltTpOHHOlt 

~H3HKH H na6opaTOpHH HnepHbiX peaKUHH OHHH. 

C nHccepTauHelt MOlKHO oaHaKOMHTbCH B 6H6nHoTeKe OHHH. 

yq~HhiH ceKpeTaph CoBeTa 
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l1HTepec K peaKUHRM nepena'IH MHOI"HX HyKnOHOB1 oco6eHHO 

CHnbHO llpORBnSJ:IDWHliCR B llOCnenHee BpeMR 1 CBR3aH 1 .rnaBHblM o6-

pa30M1 C B03MOlKHOCTbiD nony'leHHR HH<jJOpMallHH 0 MHOI"O'IaCTH'IHbiX 

COCTORHHRX RAep, KOTOpaR He MOJKeT 6b!Tb llOny'leHa npyi"HM CllOC0-

60Mo l1ayqeane peaKunn nepena'ln nsyx.HyKnoHoB MOJKeT naTb1 aa­

npnMep, CBeAeHHR 0 'xapaKTepHCTHKaX ABYX'IaCTH'IHbiX COCTORHHll, 

Rnep, o cxeMe Rnepaoi!: .CBR3H n noTeaunane ocTaTO'IHoro HyKnoH­

HyKnoairoro saanMonellcTBHR. l1ayqeane peaKunll, B KoTopbi~ nepe­

nasaeMoll qaqTHUei!: RBnReTCR AellTpOH1 llOMOJKeT,, KpOMe BCCI"0 1 

llpORCHHTb' CHTyauHID C aCCO!lHHpOBaHHeM B HApax, .B 'laCTHOCTH1 

BOilpOC 0 B03MOJKHOM CyWeCTBOBaHHH, B HApaX nellTpOHHbiX COCTOR­

HHfio 0nHaKO AnR TOI"0 1 'IT06bi llOHRTb1 KaKOI"O THila HH<jJopMaUHR. 

MoJKeT _6hlTb nonyqeaa B peaynbTaTe nccnenosaanR Toil: nnn naoi!: 

peaKunn, HylKHO .npeJKAe· scero H3Y'IHTb ee MexaanaM. 

Llo nocnenaero speMeHn. nepenaqa napbi aei!:Tpoir-npoToH 

aan6onee mnpoKo nccnenosanacb B peaKUHRX ( 
3
He,p)n (a,dl. 

Ho .aan6onbmnll naTe pee ~ .cBeTe non_y_qeaHbiX aa nocnenane I"OAbi 

naHHhlX o KnacTepaoi!: cTpyKType Rnep npencTaBnReT nayqeane 

peaKUHH ( 
6 

Li, a) • 

:113 MHOI"O'IHCneHHblX. TeopeTH'ieCKHX :II aKcnepnMeHTanbHblX 
/1/ 6 ' ' ' 

naHHbiX nasecTH01 'ITO Rnpo Li nMeeT RpKo BbipaJKeHHyiD 
6 ' ' 

KnacTepHyiD cTpyK.TYPY · ( Li = a+ .d ) . c o'leHb Manoi!: aaeprnei!: 

CBR3H llO OTHOWeHHID K paaBany RApa nHTHR Ha a -'laCTHilY H 

CB 
1,47 MaB). B CBR3H c aTHM MOJKHO OlK:I!Aa~b 1 c ·nei!:TpOH ( 

3 



'ITO np.u B3aHMO.QellCTSHH c npyrHMH H.r:lpaMH .
6 

Li 6yneT aecTH 

ce6H TO'IHO TaK )Ke1 KaK H .QellTpOH1 T.e. ·o.QHHM .113 OCHOSHbiX, np,oueCCOS 

liSHTCli peaKUHli Cpb!Sa1 C TOJ!: nHIIIb ·pa3HHUeJ!:1 'ITO_ SMeCTO llepe.Qa'IH 

HyKnoHa smpy M.uruen.u .npo.u3oAneT nepenaqa neliTponnol!: accou.ua,.. 
• . 6 . 

u.u.u. B aToM cnyqae s peaKUHH ( Li, a ) non)KHO npo.ucxonHTb 

np'e.uMyiiieCTSeHHoe S036y)K.QeHHe )lel!:TpOHHbiX COCTOliHHllo J1ccneno­

saHHe nel!:TpoHHbiX cocioliHHA c noMombro npyr.ux peaKu.ul!:, na-

npHMep (a, d) , 3aTpynneno, so-rrepsbrx, noToMy1 'ITO s a -'lac-

TH!le ManosepOliTHO cymecTSOSaHHe I'OTOSOI'O .QellTpOHHOI'O K~acTe­

pa1 so-sTopbiX, 3apanee HeHcen caM MexaHH3M nepeaa'IH Hel!:Tpona 
/2/ 

.u npoToHa. Ha H3biKe a.ucnepc.uoHHoA Teop.u.u aTo 03Ha'laeT, 'ITO 

s peaKu.u.u· (a, d ) ' TPYilHO SbiilenHTb KOHKpeTHyro a.uarpaMMy aaH._ 

( 
6 • 

noro rrpouecc&. B aTOM OTHOIIIeHHH peaKUHH . L1, a) MO)KeT 

HMeTb 6onbiiiOe npeHMymecTso. 113-3a .ManOCTH aaeprn'it CSli3H 

nel!:TpoHa s llllpe 
6 

Li rronrocnaH oco6eHHOCTb1 oTseqaromag 

IfPOCTel!:rueMy MeXaHH3MY Cpb!Ba1 MO)KeT ne)KaTb seCbMa 6nH3KO 

K ~H3H'ISCKOJ!: o6naCJH1 TaK· )Ke1 KaK H nonroca.s.peaKUHHX (d,p) 

H (d,n). 

.Uo nocnennero speMeH.u peaKUiili. ( 
6 

Li, a ) H3y'lanacb H& 

reHepaTopax· Ban..:.ae-rpaa~a rrpH aHepr.uHx nHTHli 2-6 Mas, cpas-
. 16 

HHMbiX C SbiCOTOll KynOHOSCKOI'O 6apbepa (Rallpl!Mep1 .QnH 0 
. . . . ·5· 5 M ) 131 · A. . ero SbiCOTa COCTasnl!eT · llpl!MepHO 1 as . o RanH3 peaKUHit 

llpll TaKHX aRepi'llliX CllnbHO OCnO)KHHeTCli cymeCTSeHHbiM SKnanoM 

MeXaHH3Ma o6pa30BaHHH COCTaSHOI'O llllpa. KpoMe scero1 ~anag 

aHeprllli nHTHSI OI'pBHli'IHSaeT KaK rrHalla30H . S03MO)KHbiX Hllep MHIIIe-

Heit, TaK ll llHaii830H aHeprHfi· S036y)K.QeHHli KOHe'IHhlX COCTOSIHHit 

l!Jlep •. IToaToMy crre.KTpOCKOIIH'IeCKall· ueHHOCTb pea~uHit cyrueciseHHO 

orpaHH'leRa. 

YcKopeH.ue HOH~s nHTHH no 6onbru.ux aHeprHit Ha UHKnoTpoHax 

H TaH:neMax c·SH3aHo c cepbe3HblMH TexHH'IeCKHMH TPY.r:IHOCTHMH. 
. ' 6 . . 

B pe3yni.TaTe aToro peaKUHH (- Li,a) rrpll' aneprHliX HoHos nnT.uli, 

3H8'1HTenbHO ·rrpeSbiiiiaiOIIIHX KynOHOSCKHit 6apbep1 H3y'leHa He 6brna. 
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OnbiTbi no ycKopen.uro .uoHos 'n.uTHR na ·u.uKnoTpoHe HHcTiiTyT~~ 

aTOMHOJ!: aHeprHH Ha'lanHCb S 1964 I' H llpHsenH K COa.QaJIHIO a$¢eK.:. 
. •' . . . . /4/ .... 

THSHOI'O HCTO'IHHKa .QSyX H TpexaapH.r:IHbiX HOHOS nHTHli • flepSbie 

aKcnep.uMeHThi no H3y'leH.uro peaKu.u.u ( 
6 

Li :a) · 6i.m.u rrposeneni.i 
. -·. .. . . /5,6/ . 

s KoHne 1965 r . • 

Uenbro' HacTcmmeA pa6oTbi 6bino .uccnenosan.ue peaKUHH (I Li,a) 

np.u anepr.u.u HOHos nHTHH oKono 25 Mas. OcHa'siioA 3a.QaqeJ!: 

aKcnep.uMeHTa 

Hccneaosan.ue 

12c ~ , 14 N 

Sisminocb nonyqen.ue naH.HbiX o .Mexan.u3Me peaKu.u.u .. 
• 6 7 9 

npo.u3son.unocb Ha liilpax•MHIIIemrx ·Li , : Li , Be, 
16 24 • -~ . . . : 
· 0 1 Mg • .UnH nony'leHHH S03MO)KHO 6onee nonnol!: 

HH~OpMaUHH 0 . MexaHH3MaX nepe.Qa'IH • HellTpOHa · H llpOTOHa rrapan- .. 
3 

.. __ nenbHO .uccnenorian.ucb peaKUHH ( · He, p) .11 ( a , d ) TaM,· rne 
-~----~--

omymancli neaocTaToK n.u'i'epaTypHbiX naHHbiX. 

P a6oTa SblllonnSinacb na SbisenenHoM .rry'IKe' IJOny:ropaMeTpo­

soro llHKnoTpoRa HncTnTyTa aToMHol!:.anepr.u.u HM. H.B.KypqaTosa. 
6 . . ' 3 

Hcnonb30san.ucb ny'IKH. Li c .a!Iepr.uel!: oKono 25 Mas, He ·-

16 Mas H a -'laCT.IIIl - . 36 Mas. fly'! OK. HOHOS1 ycKopeHHbiX Ha . 

UHKnoTpone, pa3sopaq.usancli MarHHTOM · . .u ~oKyc.uposancH c no-· . . 
MOIIIb!O KSallpyrrOnbHOll nHH3bl Rf; .MHIIIeHH1 HBXO.QliiiieJ!:cg S SlmyyM.:. 

Holt KaMepe pacceliHHlio .ITy'loK, ripo'iillli 'lepe3 MHIIIeRb1 norranan 

s UHnHH.r:lp' <Papa.QeH1 co_e.QHHeHHbiit~ C RHTerpaTopoM TOKa~. ITpoi:tyKTbi 
---...--------- ·-

pf'BKUHH1 SbineTaiOIIIHe 113 MHIIIeHH1 perHCTpHposanHCb JleTeKTOpOM1 

KpeiiHBWHMCH. Ha sepxHeit IIOilSH)KHOJ!: Kpb!IIIKe KaMepbi· pacceHHHllo 

KoncTpyKUHH KaMephl pacceHRHH rro3sonSina nnasao MeHSITb yron 

rreTeKTOp~· 110 OTHOIIleHHIO K IIY'lKY S rrpeaenax· OT. 0 ll~ 150° 6e3 

HapyiiieHHli saKyyMao flosopOT .QeTeKTOpa H CMeHa MHIIIeHH . ocy.:.. 

meCTBnlinHCb .QHCTaHUHOHHO. 

M.uruen.u, s .ocHosHoM, npencTaBnSinH 

yKpenneHHble~~MKax pa3Mep.oM 22x16 

co6ol!:.TOHKHe ~Onbi'H1 
2 . . 

MM 1 llnOCKOCTb ·KOTOpbiX 

Morna IIOSOp8'1HSaTbCli OTHOCHTenbHO.OCH ily'IKa! 

·. ITp~ perilcTpauim HHTepecyromnx Hac npoayKTos peaK~Ha 

HCIIOnb30SanCH-MeTO.Q H.QeHTll~l!KaUHH1 OCHOSaHHhlit Ha OllHOSpeMeH­

HOM H3Mepen.u.u nsyx napaMeTpos · neTeKTHpyeMciit •tacTHilbi /\En E. 

5 
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B Ka'!eCTBe 1'1. E -AeTeKTopa Hcnon&aosanac& npocTpen&H:ast HQHHaa-
·, .. 

UIIOHH8st Ji:aMepa C CeTKOft .. llnst II3MepeH!Ist .SHepriiii np!IMeHstnCst 

nonynpOBOAHIIKOBb!fi C'I~T'JIIK C lllllpiiHOfi 'IyBCTBii:Ten&HOfi 30Hbl OKO­

no 3 MM, ··llnst npose.neHllst aHanuaa ABY~MepHoro cneKTpa B Koop.nu­

aaTHOM npocTpaHCTBe "'E- E II BbiAeneHIIll liHTepecyromux Hac 

copTOB '!aCTIIU ucnonbaosanac& cucTeMa MHoroMepaoro aaanuaa, 

nocTpoeaaall Ha 6aae nsyx aHanHaaTopoB T!Ina AH-4096 ·II nporpaM-. 
171 .. 

MIIpyeMall C UOMOIIIb!O CBeTOBOro KapaHz:tallla , oHepreT!I'JeCKHe 

cneKTpbl n·pOAyKTOB peaKitlifi a -'IaCTHU1 .UpOTOHOB li z:teli:TpOHOB 
., d: . . 0. 

HaMepSinnc&.B mnpoKoM .nnanaaoae yrnoB oT.O .no 150 • To'!HOCTh 

onpeneneHHll nono~eH!Ill nHHlili B cneKTpe COCTaBnllna 150 KaB. 

oHepreTH'JeCKOe . paapellleHHe B peaKUlistX C nHTHeM1 .B . OCHOBHOM1 

onpe,nenllnOCb TOniiiHHOfi MlillleHH li COCTaBnstnO B 6onhlllliHCTBe cnyqa-

eB 600 KsB •. B peaKunstx ( 
3 He, p) n . (a , d ) paapellleaire 6brno 

200 KSB,. A6conroTHall .. BenH'IHHa Ce'!eHHst li3MepstnaCb C TO'IHOCTbiO 

i1e · xy~e 30%, HaMepeHHbie cneKTpbi1 KaK npasnno, OTBe'!anir:. 6om:,­

IIIOMY .QHana~oHy .· SHeprlili B036y~eHlill OCTaTO'IHbiX. stttep1 BnnoTb 

no aHepril:n soa6y~eHnst 20-25 ~as, HccnenosaBIIIHecst peaKunn 

cseneHbi .B Ta6nnuy. 

0CHOBHOfi ·peayn&TaT pa60Tbl COCTOIIT B TOM1 'ITt! BUepBble 
. 6 . 

nay'!eHa. nepe,naqa nell:Tpoaa B peaKunn (, Li, a) . npn aaeprnstx 

nHTlist1 3Ha'!!ITenbHO i:IpeBbiiiiaiOIIIliX KynOHOBCKHfi 6ap&ep,. nony'IeHbl 
. - 6 

HOBbie aKcne pHMeHTanhHbie naHHbie. o MexaanaMe peaKnnll: ( Li, a) , 

(
3 He,p). n (a, d) . 

nony'IeHHhifi aKcnepHMeHTan&Hbifi MaTepHan noasonlleT cnenaT& 
< • • ' ! • 

cnenyromne BhiBOz:thi o MexaHnaMe peaKunll:: . 

I. YrnoBbie pacnpe.neneanst a -'!aCTHU n npoToHoB B peaK-
. 6 3 

nnstx ( . Li, a) n (. He,p )nMeroT xapaKTepHyro ttnf[ npstMbiX nponec-

cos. HanpaBneHHOCTb B~epen, a z:tnst rpynn, COOTBeTCTByiOIIIIIX nepe­

XOz:taM B, OT.Qen&Hbie COCTOstHIIst KOHe'!HOrO stz:tpa 1-XOpO~O Bb!pa~eHHyiO 
z:tH¢paKunoHHyro cTpyKTypy.-nono~eHne rnaBHoro MaKcnMyMa's yr­

n?BbiX pacnpeneneHnstx o6Hapy~saeT aasncHMOCTh oT senn'IH~hl 

nepenasaeMoro op6nTan&Horo MoMeHTa L , ncrnycTnMoro npa­

snnaMn oT6opa B MexaanaMe npliMoll: nepenaqn nsyx HyKnoHOB; 
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a caM MaKCIIMYM MOlK9T. 6b!Tb npn6niiJK9HHO oni!CBH npocTOli !jlop-

pacnpeneneHIIli Mynoli, aaanorll'lHoli !jlopMy~e EaTnepa. YrnoBbte 
. 6 

3 . 
peaKUIIII ( He, p) a -'laCTIIU B peaKUIIII ( Li, a ) · 11 npo~OHOB B 

nono6Hblo Bee STO nOJlTBeplKJl89T npliMOli M9X8HII3M II IICKniO'l89T 
.. 6 . 3 

aaa'lnTenbHbtli BKnan KoMnayan-liilPB B peaKUIIliX ( Li,. a) 11 ( He,p). 

2. Boa6yJKJl9HII9 OJlHIIX II TeX JKe COCTOliHIIli OCTaTO'lHblX 

gnep B peaKUilliX ( 
6 Li, a ) 11 ( 

6 He ,p) c np11Mepaci onnHaKOBbi~II 

OTHOCIITenbHb!MII C9'l9HIIliMII yKa3b!B89T H8 T01 'ITO B o6eiiX peaK­

UIIliX ocymecTBnlieTCli 6n113KIIli MexaHII3M npliMOli nepena'lll ·napbt 

ayKnOHOBo llanbH9lilliiiM nOJlTB9plKJl9HII9M STOI'O liBnlieTCli 1!361!pa-

Tenbaoe· B036yJKil.9Hil9 JlBYX'lBCTII'lHblX COCTOliHIIli; npocneJKeHH09 

HB MHOI'IIX liJlp8Xo 

--3;--FoJibiiiiiec-e~e!i;;li -~~;-~p-;xonos a cBo6onayro < s d) -o6o-

no'lKY B peaKUIIliX ( 
6 Li,a).~ ( 

3 
He,p)., cpaBHIIMbte n6 Bennimae 

C ce'le,HIIliMII _peaKUIIli · OllHOHYKllOHHOli nepena'lH1 ro.BOpliT 0 6onbll!Oli 

ponll nepenaqll KOpp~nllpOBaHHOli naphl HyKnOHOB ll 0 cyiUeCTB9HHOM 

BKnane B peaKUIIII nonrocaoro MexaHil3Ma. 
. • 6 .. . 12 14 160, 

4. Cpasaeime peaKUIIli ( Li, a) 11 (a , d) aa C , N 

24 M~· o6aapylKIIBaeT cymecTBeHHbte paanll'lllli B BeponTHOCTliX 

nepeXOAOB B OJlHII.II Te .JKe COCTOliHIIli KOH9'lHblX ,HJl9p1 KOTOpb!9 

TpyJlHO o6~liCHI!Tb oco6eHHOCTliMII KIIH9MaTIIKII.STIIX peaKUillio no-

Bl!l:iiiMOMy, B npouecce (a, d) nonrocaoli Mexaii:II3M nepena'lll napbt .. . ' . -- a----c'----- ___.. ___ .. 
HyKnoaos naeT cymecTseaao _t.f~llbiUI!li-BKnan.--qelCCa--- ( Li, a ) 

--c-3 He;-pT,--n-~~;~;b;;:;:e-xaallaMoM SIBnlieTcli Mexaa~aM nocne-

llOBaTenbHOI'O 

'lTO·C9'l9HIIli 

3aXB8Tao Ha STO. yKa3b!B89T II TO o6cTOliT9nbCTB01 

(a ,d) OC'raiOTCli_ npi!MepHO OJli!HaKOBb!MII ·Jlnli lllllp0-
12 . 40 . ' 6 

Koro_nllanaaoaa liJlep oT C no Ca , Torn a KaK B ( Li, a) 

~- 3 ' ) 
11 B ( He, p OHII CllnbHO B03p8CT810T Jlnli liJl~p 1 IIM~IOIIliiX non­

P1;2 - 11 ( sd) -o6ono'lKII. HOCTblO CB060JlHbl9 
6 3 ' ) Li, a) 

1 
( ·He,p 

5. 0Jli!HaKOBb!ll xapaKTep cneKTpOB peaKUIIli 

II l a , d ) Ha 9'Be YK83b!B89T H8 T01 'ITO. nepeXOllbl B COC- ,. 

TOliHIIli c aaeprllliMII soa6ylKJleHIIli no 11-12 Mas so scex cny'laliX 

ocymecTBnliiOTCli nyTeM MexaanaMa nocnenosaTenbHoro aaxsaTa. 

8 

,-· 

. -~ ·I /) 

. -0CHOBHb!e 3KCnepi!M9HTanbHbie Jl8HHbie o 'neliTpOHHbiX coc­

TOliHIIliX liJlep MOlKHO pe3IOM11pOB8Tb cnenyiO!IliiM o6pa30M: . ' 

1. <l>opMIIpOBaHIIe neliT.OHHb!X KnacTepHb!X COCTOliHIIli B CB060Jl-

Hb!X .f 7; 2 - II 2p f 5; 2 - o6onO'lKSX II B 'lBCTII'lHO 38HHTOll 

( sd ) · ~o6ono'lKe aaaqnTem>Ho Meaee BepoliTH01 'leM !jlopMIIpo~aHiie 

nx B cso6onaoli (s d) - o6ono'!Ke; 

2. nony'l9Hbl. npensapiiTenbHbie 3KCnepiiMeHTanbHbl9 Jl8HHbte 
. . 6 " -

o B03MOJKHOM npoliBneHIIII B peaKUIIII ( Li, a ) . noporoBoro a#eK-

Ta1 'ITO BbtpaJKaeTcli B ycnnea1111 nepexonoB B coCTOliHIIli1 neJKam11e 

B6nll311 a!jl!jleKTIIBHbiX -neliTpOHHbiX nOP,.DI'OB. 
··,, 

6 . 
3. B peaKUIIII ( Li, a ) 06HapylKeHbl IIHT9HCIIBHbl9 'iJ:epeXOJlbl 

' ' 9 14 
B cnnbHO soa6yJKJl9HHbte cocTOliHIIli liJlep Be- 11 N ' , neJKa!Illl~ 

B o6naCTII ~~raHTCKoro nnnonbHoro peaoaaaca. 

llnccepTBUIIli cocT.OIIT 113 nliTII rnas.· B nepBoll rnase con_ep­

JKaTcli BB9Jl9HIIe1 nocTaHOBKa aana'lll II paccMaTpiiB8IOTCli oco6eH-

HOCTII pea.Kullli nepena'lll- nsyx HyKnoHoB. Bo BTopoli rna Be· on11caaa 

MeTOJliiKa. aKcnepn:MeHTa. B TpeTbeli rnaae· conepJKaTCli peaynbTaTbi 

11aMepeH11li: Tllnii~Hbte aaepreTII'l,OCKI!e cneKTpb! _a -'laCTIIU1 npo-

TOHOB1 nel!Tpoaos, yrnOBbi~ pacnpe~eneJing 11 Ta6niiUbi JllltPtPepeHull­

anbHbiX II nonHbiX C9'l9HIIllo 06cy)KJl9HIIlO peaynbTaTOB nO,CBli!IleHa 

qeTaepTali rnasa. B nliToli rnase. 11ariomeHbi peaynhTBTbi pa6oTbi. 

Ocaoaaoe conepJKalllle JliiCcepTaUIIII ony6nllKOBaHo 
.. /56 8/ . . 

B cTaTbliX ' ' 11 noKnanbtBanocb aa MeJKnyaaponaoll KoH!jlepeaunll 

no !jlna11Ke -x:liJKenhtX IIOHOB B lly6ae ( 1966 r), lia MelKJlyHaponaoM . 

CIIMnOallyMe~·-B nroceKIIne ( lliBeUIIli, 1966) II Ha XVII II . XIX see-

COI03HbiX COB91Il8HIIliX no- liJl9pHOli cneKTpOCKOnllll II CTPYK'J'Ype aTOM-

HOI'O liJlpa B XapbKOBe (1967) 11 Epesaae-(1969). 
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