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Cpe.I(H BeiqecTB, meyoxo iroCJie,eyeMf.lX B
1

IlOCJie.I(HHe I'O.D;l,l c no­
MODU>il Heynpyroro paccrurnrui: Me.I(Jleruwx HellTpoHOB, 3Ha'IJHTeJil>HOe Me­
CTO 3aHHM8llT BO.D;Opo.n;co.I(epl!tall!He C08.I(:HH8Hl1fl. HHTepec It lICCJie.no:sa­
llHll .D;IDlaMmtH BO.I(OpO.I(CO.I(epzantmc B81118CTB MeTo.n:ru.m HeATpOHHon ~HSH­
ltH nepBOBa'IJaJU,HO CTIDI.YJllfPOBaJICJi npaitTH'IJ8CRml HCllOJil,SOBanHell plI,It8. 

BO.I(OpO.I(CO.n;epxanimc coe.n:imem B perutTOp0CTp08HHH, r.l{e OIUI BS.XOMT 
mzpoxoe npm.1eHeHlfe B xa'IJecTBe MaTepHaJIOB ,n;m sa.Me.I(JIHTe.nen H 
TeIIJIOHOCHTeJiel. PemeBHe sa,na'IJH TepMaJIHsanxrn HellTpoBOB B yxasan­
Blll: coe.I(:HHearurx TpedyeT Henocpe.n;cTBeHHoro H8Y'IJCHR!I neynpyroro 
B3am!0.1{8iCTBID! HeliTpOHOB C B8l!l8CTBOH. o.n:naxo H3Y'IJ8HIIe neynpyro­
ro paccemnm nettTpOHOB npe,ncTaBJISI8T l! C8140CTOHTeJil>HHI HHTepec. 
~H3H'IJ8CRHe CBOllCTBa BO.l{Opo.n;co.I(ep.l!alltEX Bellt8CTl3 B 3Ha'IJHTeJil,HOll 
CT8II8Hl! onpe.n;8JII!llTCH .I(ml&mKO:li aTOJJOB lIJil! UOJI8ItyJI, COCTaBJlJlll!lll!X 
8TH B8lll8CTBa. TIOaTOMy HHTepec ltait npaRTlr'l'8Citmt, Tax H TeopeTn­
'IJ8CKJrli npe.n;CTaBJmeT mlqlOPMaltHSI O cneKTpe B036y1Z,It8HM B8lll80TBa B 
ne.n:01,1 H O SaBHClll.'OCTH CII8KTpa BOSdyl!Q{eBIJH OT CTpyitTypH lI re1me­
paTYPU B8l!l8CTBa. Mero.n: Heynpyroro pacceaHIDI neiTJ)OHOB II03BO.lilI8T 
nOJiytJaTl> Taeyt> IIHg)OpH8D;m>. Bo.nee roro,oH II03BOJllI8T HCCJI8.I(OBaTI, 
OIITH'IJ8ClUI8 ypoBHlI, sanpemeHHHe IIpaB.Wirum OT<Sopa ,lt7lH 8Jl8KTpoua.I'­
HHTm:IX nepexo,noB; HHSit08HepreTJNecue ypOBBlI, CMSaBm.18 C ·13pa­
uiemrer.i: »OJieeyJIHpma: rpymr; xapwtTep .rui:qxpysnoBHoro .nBDemm. rro­
JIY'IJ8Hll'.e '1'8KOI'O po,na Bm.POPMSIUm ,npyrmm H8TO,nw.m WU! O'IJ8Hl> SaT­
py,nneno, wm npmmmnranHo neBosuoJWo. 
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B .rurccepTa.IU{OHHOll paOOTe npHBe.I(eHl:l pesyJIJ,TaTH HCCJI~.I\OBa.Hru! 
C IIOMJllll>D Heynpyroro paccemum: XOJIO,IUWX HeliTpOHOB ~yx TimOB 
BO.I\OpO.I\CO.I\epilialqlllC Bel!J;lCTB - IIOJillq)eHWIOB H I'lf.Ill)Iuta llI .I(efiTepima 
Jll'!TM. 

B nepBofi I'JiaBe .I\llICcepmnnn ~eTCJI o6sop ocHOBirux TeopeTllI­
tJecrooc pa60T, paccMaTpHBaJDIJIHX: CBII3l, ~a.MmieCitl'!X xaprutTepllICTHK 
BO.I\OPO.I\CO.I\eplKa.llUlX BemecTB c cetJeHneM Heynpyroro pacce.a:H:rui: HefiT­
poHoB. OTMetJae-ro.R:, '!TO XOT.R: pacce.a:HJ/Ie HeHTpOHOB BO.I\OpO.I\CO.I(ep;m­
llj:llMl'l coe.iumeHMlIMll HOCliT npem!YllleCTBeHHO HeKorepeHTHl:lli xaprutTep, 
'o.I(HaKO BCJie,I\CTBlle CJIOlKHOll CTPYKTYPH STIDC coe.iumeH:l'lli ( B SJieMeH­
TapHOH .R:'!efiRe pacnOJIOJKeHO HeCROJIJ,I{O aTOMOB) HeT npocrofi CB.R:3J/I 
Me;iury cneRTpOM paccemnm:x: HefiTpOHOB n cpymmneii pacnpe.I\eJieH¥.JI 
'!ac'TOT KOJie6aH:l'lli ll0.I(06HO TOH, Ka.RM llMeeT MeCTO npllI HeKOI'epeH'l'­
HOM pacce.a:Hlili HefiTpOHOB KpliCT8JL7.181,fil C pemeTROH EpaBa. Ha6JIJD'Aae­
MOe aRcnep:irn:eHTaJ.IJ,HO cetJemie oitasHBaeTCJI nponopnnoHa.JIDHHM q>OHOH­
HOMY cneKTPY H q>ymmMl'l, 3aBll:C.R:Jll8ll OT ROM6nmm:m-I B8KTOpOB IIOJ1.R:l)l'l-
38Itl'll'l. BexTopa nomp:irnan;l'lll, B npmmmxe, MOcyT 6uT:r, onpe,I\eJieHl:l 
H3 H3MepeHnii KOrepeHTHOI'O O'AffDqlOHOHHOI'O pacce.R:HHII, Ra.R aTO 6WlO 

llORa3aHO TeopeT:l'l'!eCRH H RaK 8TO 6HJIO npo'AeMOHCTpRpOBa.HO aKcne­
pmmHTaJII,HO .n;.n:a: N« n Ge . O.I\HaRo .n;.n:a: BO.I\OpoAcoAepl!ta!Ilmc Be'.'" 
ll!eCTB 8KCIIepm1eHTaJI!,HOe Orrpe,I\eJieHlie BeKTOpOB IIOJilipU38Itlili rrpaKTH­
'!eCKll HeB03MOlKHO BCJieACTBHe MaJIOll a.MIIJIHTY;Ill:l KOrepeHTHoro pacce.a:­
HM HeHTpOHOBHa BO.I\OPOAe. OcTaeTC.R: 8AHHCTBOHHl:lll nyTJ, IIOJIY'!eHWI 
miq>OpMaU:rm o crreKTpe oos6yl!Q:{eHJ1I:ii ns aRcnepnMeHTaJIJ,ImX .I(amru:x: -
3TO nyT:r, M).I(eJ.II,HW{ paC"i8TOB H. cprumemm: pe3yJI1>TaTOB pactJeTa C 
8KCII8PllMeHTOM. IlpeAJIOJKeHO MHOI'O pa3JIINHl:lX MO'AeJI8H .n;mI od'hlICHe­
HruI pesyJIJ,TaTOB no HeynpyrOA1J pacce.a:Hmo HefiTpOHOB. Bee npeMO­
lltemrue MO.I\eJIH llCIIOJIJ,3yJDT .n;mI OIIJ/ICaHm, B OCHOBHOM, wm q>OpMa­
Jlli3M 3eMaxa H rJiaydepa,HJIH q>OpMa.JIH3M npOCTpaliCTBeHHO-BpeMeHHl:lX 
ROppeJIJITliBHHX q>ymm;lifi BaH-Xona. HccJieAOBa.HIDI C llOMOllll>D Heynpyro­
I'O pacce.a:mm M8'AJieHHHX Hei1TpOHOB Bl:lllOJIHelill .n;.n:a: 60JI:r,moro Kpyra 
BO.I\OPO.I\CO.I\8Pl!ta!IlMX B81.1l8CTB. B Ka'!eCTBe WlJIIlCTpaJ-llrn paccMaTpHBaKlT­
C.fI pesyJIJ,TaTll, nOJiytJemrue npn lICCJI8.I\OBaHim JieI'KOH li T.fflK8JIOi1 BO­
;Ill:l, I'II,npli,Il;OB MeTaJJJIOB, MeTaJia, I'aJIOI'eHH.I\OB aMMOHM H BO.I\OPO.I\a, 
q>epp0SJI8KTPHKOB, CJIOmru:x COJieH aMMOHli.R: H KpliCTaJIJIOI'll.I\PaTOB. n.,m 
Bcex YKa3aHHHX BemecTB c noMOllll>ro Heynpyroro pacce.a:HH.R: HefiTpoHoB 
liCCJI8'AOBaHilH 6HJIH Bl:lIIOJIHeHl:l npemzymecTBeHHO .JJ,Jill OllTil"IeCROH -qacTII 

4 

[ 

cneKTpa B030Yl!O{eHim, H Hli .n;.n:a: O.I\HOI'O ll3 HI!X He 6HJIO npoBe.I(eHO 
BOCCTaHOBJieHHe cneKTpa KOJiedrunm BO BCeM liHTepBaJie i:rncTOT. 

Bo BTOpoii rJiaBe M8TC.R: OilllCa.HHe aKcnepHMeHTa.Jil>HOli YCTaHOBKll 
.n;mI HCCJI8.I\OBaHilH 'AlirnaM.l!KH BemecTBa B KOHA8HCHpoBaIUIOM COCTO!lHJ,m 
C IIOM:)IJII,JO Heynpyroro pacCe.R:HllH XOJIO,IUWX H6llTpoHOB, 003,ll;a.HHOll 
COBMeCTHO C H.A.liepHOIIJieROBHM. YCTaHOBita CMOHTHpoBa.Ha Ha O'AffOM 
Rs ropll30HTaJIJ,Hl:lX RaHaJIOB peaRTopa MPT-IOOO IDicTHTYTa aTOMHOit 
8H8pI'IDI llM.H.B.Kyp'!aTOBa. MonoxpOMaTH3aitli.q·n8.lli9.llll!HX H8HTpOHOB 
ocymecTBJIJieTC.fI IJYT8M q>HJIJ,TpaitHH HCXO'AHOI'O cneKTpa peaRTOpa -qepes 
IlOJIHKpHCTaJIJIH'I6CK:l'lli 6epIWil'lli • .I{naMeTp q>HJII,Tpa 100 MM, MRHa OC­
HOBHOI'O q>WIJ,Tpa 250MM, a .I\OllOJIHJ/ITeJIJ,HOI'O 50 MM. BDe.I(eHne 'AOllOJI­
HHTeJIJ,HOI'O Heo~eMOI'O q>WIJ,Tpa, pacnOJIOX8HHOI'O BHyTpli 6HOJIO­
I'H'!eCKOii 3amHTH perutTOpa, IIOSBOJIIIJIO cymeCTB611HO YMeHJ,filliTJ, qic>H', 
o6yCJIOBJieHHl:lH npllM6CJ,JO 6HCTpHX H6llTpOHOB B llCXO.I\HOM IIytIKe. Ox­
Jial!Q:{eHne OCHOBHOI'O q>WI~Tpa .n:o TeMIIepazypu '1tlutKOI'O asoTa SHa'!n­
TeJ.IJ,HO YM6HJ,WaeT OCJiadJieHHe nOTOKa XOJIO.IlHHX HeiiTpOHOB sa C1I8T 

. npoueccoB Heynpyroro pacce.a:HI11I B Ma'J'.epm.ne q>MJ,Tpa. YrJIOBOe pac­
xol!Q:{em1e nytIKa nepBWUIHX HeiiTpOHO~ - 4°' nOTOK XOJIO.I\Hl:iX HefiTpo­
HOB B uecTe pacIIOJ102KeHlm o6pasna IIPll MOlllHOCTH perutTOpa I MBT co­
CTaBlli!eT 6 x I06H/cM2.cex; K8~Mlie:aoe OTHOmeHHe >7.I03• 8HepreTn­
'!eCKl'lll aHaJIH3 pacce.a:Hmrx: o6pasuoM HeiiTpOHOB npOBO.I\HTCJI no.n: yr­
JIOM 90° K IIMaKJmeMy nytrey no MeTo.ny BpeMeHH npoJiem. IlpepHBrume 

·nytIKa pacce.R:Hmrx: HeliTpOHOB OC~CTBJl.R:eTC.R: C IICMOllll>D O'AffOI'O H3 
Tpex CM8Hlllil Me:x:ruu111ec.KllX npepHBaTeJieii. /O~HaKO C npffMOJlllHeii­
mn.m ll!eJifIMH ( S =3 MM) H ~~ c napa60JII-I'!eCKI1Mll (S =0,8 MM H 
I MM)/. Ilp:llMeHeHne CMemmx npepHBaTeJiett II03BOJia:eT 06ecne1IHTJ, B 
mHpoKOM HHTepBaJie SHeprri paccemmux HeiiTpOHOB (I-200 M3B) 
paspemenne HefiTpoHHoro cneRTpOMeTpa 5-8% no aHeprim 6es cymecT­
BeHHOii IIOTepH HHTeHCHBHOCTlio POTOI)H BCex IIJ?t}PllBaTeJieii 06Jra,n;a:roT 
60JWllm.m: pasMepru.m llaReTa Ill8Jl8ll (I20:x:80 MNf), '!TO n03BOJia:8T nc­
IIOJILSOBaTJ, illRpOltlill IIY1JOK HeHTpOHOB •. IlpoJieTHruI 6asa H8liTpOHHOI'O 
cneKTpOMeTpa COCTaEJiffeT 494,5 CM. PeI'liCTpmtim: pacce.a:mm:x: HeiiTpo­
HOB ocymecTBJIJieTCJI .n;eTeRTOpoM, n:i;e.n;cTa:BJllDJmllM co6oit naKeT H3 20 
nponopltirOHaJIJ,HBX c11eT1:JmtOB Bt; • .I{HaMeTp C'lf8T'!I!Ka 35 w, Mmra 
!000 MM. CtreT'!HKH HaIIOJIH8Hl:l 8/J .I\O ,ll;aBJI6Him: 700 MM pT.CT. C 

10 · . 
o6orruqeHneM no nsoTony B ~ 'AO 85%. CtreT'!mtH pacnpe,I\eJieHll Ha 
rpyIIIIH, no -qerupe c11eT'!mta. B Ka,,r,iioii. Trutoe pacnpe.I(eJieHHe C.I\eJiaHO 
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c neJn,JD BBeAemm: BpeMeHHoii SMepimn ommli TiaCTl'I AeTeRTOpa ,omo­
cnTem,Ho m>YI'Oll A1IlI yMem,meHHll HeonpeAeJieHHOCTH, CBIISaHHOll C 
reoMe'l'!)H'!eCKllMH pasMepm.m AeTeKTOpa B HanpaBJieHl'!ll ~HlKeHHll HeliT­
pOHHOI'O n.a:ma ( yrJIOBruI pacxo~OCTI, nytma pacce.a:mmx HSH'l1)0HOB 
"' 10°) • 3Mep,ma m,myJil>COB O,IUIOH rpymw: C'leT'lmtOB:,·omocnTeJII,HO 

APYI'OH ocymeCTBJI!IeTCJI C nOMOlJtblO. cnenmJII>HOli c:rrc TeMll BPSMSHHUX 
SMSPl!teK Ha MaI'HHTOCTI)llKilllOHHHX JIHHWIX. IlpmaeHeHHe BpeMeHHUX 
SMSPl!teK YJIY'lillaST paspemeHHe HSHTIJOHHOI'O cneRTPOMeTpa no BpeMe­
HH npOJieTa YCTaHOBKH B 2,5 pasa 6es IlOTepu HHTSHCHBHOCTH pacce­
JIHHHX HellTIJOHOB. BpeMeHHruI COPTHPOBRa l!MIIyJII>COB AeTeKTOpa IIIJOBO­
AH'I'CJI c IlOMOmI>JD I28-KaHalll>HOI'O BPeMeHHOI'O aH8JlUSaTOpa. CTa6WIH­
S~Hll CKOpOCTH BpallleHIDI poTOpoB MexaHmecKmc·npepmiaTeJieH ocy­
mecTBJI!IeTCJI C IlOMOII!I>ID cne~Jll,HOH 8JI6KTIJOHHOll cxer.ru, OCHOBaHHOH 
Ha cpaBH8HHH (pa.SHH TiacTOTli m.myJII>COB onopHOI'O reHepaTOpa l'I 
CTapTOBOI'O YCTIJOHCT.Ba MSXaHWISCKOI'O npepHBaTeJI!I. ToTIHOCTI, aBTo­
MaTHtJeCKOI'O IlOMSPJKaHHH CKOpOCTH Ha SMaHHOM ypOBHe llOCJie I2 'l!a­
COB HenpepHBHOll pa60TH COCTallJIJieT O ,2%. YCTaHOBKa AOllYCKaeT npo­
BeAeHHe HSMepeHHli npH pacnOJIOJKeHlm MexaHH'lSCKIDC npepH:BaTeJieii Ka.Eq 
noCJie o6pasna, Tax n nepeA HHM. IloMemeHHe npepHBaTeJIB: nepeA 06-
pasnoM AaeT BOSMOXHOCTI>.nOJiy'laTI> 60Jiee YSRlle cneKTpaJII>Hlle Jimil'IH 
llMalOII\HX HSHTIJOHOB H, TeM Ca.MElM, o6ecneTIHBaTI> 60Jiee l!HCOKOe noJI­
HOe paspemeHHe YCTaHOBKl'I Mlt MaJmX nepeAa'l aHeprmi: HeHTpoHOB B. 
nponecce pacceJIHM • .IT,rur YBeJIJifll8HHll llOTORa XOJIO,mmx H8HTpoHOB B 
ncnoJII>syeMOM nyqKe rpaq>HTOBHii CJIOH OTpruliaTeJil! npoTmi ropnsoH­
TanI>Horo KaHaJia peaKTOpa SaMeHeH ' Ha OTIJEUtaTeJII, HS JISI'ltOit BO,ml 
TOJilllmIOll 23 MM H HCllOJII>SOBaHO llO,mtOB006pasHOe pacnOJIOX8HH8 Ten­
JIOBH.IteJIJlllmmc aJieMeHTOB. 3TH l'I3MeHemm npRBeJil'I R YJ3eJm1IeHH1D no­
TOKa XOJIO,mmx HeHTpOHOB B I,5 pasa. CBeTOCHJIY ycTaHOBKll YA06HO 
xaprutTepHSOBaTI, llHTeHCHBHOCTI,ID H8HTIJOHOB,YIIP,YI'O pacceJimmx BaHa­
AHSM, nplilXOAf!Ill8ilM Ha BpeMeHHoit ItaHaJI onpeAeJieHHoit miq>mm. BBe­
AeHHe Ta.KOH XapaRTepHCTHRH 06JieI"l!aeT CpaBHSHHe MSllUJY co6oll paa­
JIH'IBHX YCTaHOBOK no l3peMeHH npOJieTa, IIOCBOJII,KY rpa,uynpoBRa BCeX 
ycmHOBOR, Ka.K npaBHJIO, BWIOJIHfieTCJI no YIIIJYI'OMY pacceJIHHID HeliT­
pOHOB BaHMHeM. J1HTeHCllBHOCTI, ynpyro paCCeJIHHHX HSHTpoHOB Ha 06-
pasne BaHMWI pasMepru.m I5xI2xI cri cooTaBJIJieT ,_ IO oTcTI/wm. 
Ha 64MKCeK. Wiq>HBY KaHaJia aHaJIHSaTOpa npH qxme ~ 0,5 OTCTI/wm. 

OTHOCHTeJII>HO He60JII,WaJI TOJI!llHHa 6HOJIOI'li'leCKOll samHTH peaRTO-
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pa, BB8AeHHe yitasammx l'ISMeHeHHH B aKTilllHOH SOHe H OTI)a.JKa.TeJie 
perutTOpa, HCllOJII,30BaHHe CMemmx npepuBaTeJieii C 60JII>WHMH paaMepa­
MH naxeTa IlleJISll H CHCTeMN BpeMemmx SMepl!teK AeTeKTOpa HellTpo­
HOB nOSBOJIWIH COSAaTI, YCTaHOBKY I KOTOpaa: no CBOHM napa.MeTIJaM J 

HeCMO~ Ha HHSKHH llOTOK TellJIOBHX HellTIJOHOB B aRTHBHOH SOHe 
"' 2.IO 3H/c&fceR, JIBJllIJiaCI> O,IUIOil HS JIY'lllllilX CpeAH TaKOI'O Tl'!lla 
YCTaHOBOK. 

B TIJSTI>ell I'JiaBe AHCCepT~HOHHOit pa6om OllHCUB~IOTCH npo­
B8A8Hl'Ie l'ISMepeHHH Heynpyroro.pacce.a:HWI XOJIO,mmx HeilTpoHOB,06pa-
60TRa noJIYTieHHHX pesyJII>TaTOB H HX o6cyJE,IteHl'!e. M3MepeHHll Heynpy­
roro pacce.a:HM HeilTpoHOB 6wra mmoJWeHH A1IlI ~yx Tl'IllOB BO'AOPOA­
COAepJltalllHX BemecT.B-CJIOJ!tHHX (nOJiniJ)eHWIH: 6eHSOJI, A:Hq>eHHJI, MOHO­
HSOnpOnWJAniJ)eHWI) l'I npocTelilllmc (I'H,Iij)Jm H AeiiTep:im JIHTM) • 

a) IlOJinij)eH:wm. 

PM qmsH'l!eCRHX CBOHCTB llOJIJi(peHWIOB (nOBUlll8HH8JI PM~l'IOH­
H8JI H T6pMH'l!eCR8JI CTOHKOCTI>, BHCOK~ TeMIIepaTypa Rl'IlleHM H mi.) 
AeJiaeT 3TH BemecTBa nepcneRTKBH!lMH C TO'lRH speHHH HX HCilOJII,SO­
BaHM B peaRTOpocTpoeHRH B RaTiecT.Be.saMe,D;nHT8Jieii HeHTpoHOB H 
T8llJlOHOCl'!TeJieH. 

F.cTeCTB8HHO, TITO mITepec cymecT.ByeT l'I R H3Y'1!81UIID C nOMOilll,ID 
Heynpyroro pacCe.a:Hl'IH HSHTIJOHOB ;umaMHRH IIOJIEl})etmJIOB, ee HSMeHe­
Hl'IH B SaBHCEMOCTH OT CTIJYKTYPH MOJISKyJIH H (pa.30BOI'O COCTOJIHHll. 
Be~eCTBa. B CBHSH CST~ ueynpyroe pacceHHHe xonOAHHX HeHTpOHOB 
HccneAOBanoc1, Ha Tpex npeACTSBHTeJilIX Knacca nOJiaweuanoB (6euson, 
AHW8HHJI, MOHOH30llpOilWI,lt!iW8HHJI), cy~eCTB8HHO pasnaqam~HXCff CTpyK­
Typott MOJieKyJIH. TaKOe KOMilH8KCHOe HCCH8AOB8HH8 nonHW8HHJIOB 6HHO 
BWIOHH8HO BnepBue. 

.llHHaMl'!Ra 6eHsOJia n M:>HOHSOnpOnHJIAniJ)eHWia HCCJIS'AOBaJiaCl> 
TOJII,RO B XJmROM COCTOJIHl'Il'I ( T = 290°K), a Al'IqleHHJia KaR B TBep­
AOM, 'l'aR H B x:im&OM COCTOJIHIDIX ( T = 290°!{, 340°K, 343°K, 348°K, 
362°K). qT06H YMeHl>lllHTI, BJIMHl'!e nponecCOB MHOI'OltpaTHOI'O paccea­
HHHJ HSMepeHWI 6wn,: lllillOJIHe Hli Ha o6pasnax MaJIOii TOJIIllHHH ( nponyc- , 
ItaHHe 0,9 ,WlH XOJIO.IUWX HeHTpOHOB). B SKcnepHMeHTaJII,Hlie AaHHH8 
BBOAHJIHC~ MeTOAIN8CRHe nonpaBRl'I Ha OTRJIOHeHHe sqq>eRTHBHOOTH A8-
T8R'1'0pa H8HTpOHOB OT SrutOHa 1/v , llOI'JIOl!leHHe HeHTPOHOB B 
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B03.nyxe Ha npoJieTHOM nyTn Mel!U(y o6pa3D;OM H .neTeRTOpOM,,,pacceJI­

mrn Ha MaTepnaJie Raccem o6pasn:a, BJIIlJIH:r.e 4JYHRD;nn nponycRaHIDI 

Mexauw.ecRoro npep1rnaTe.IDI H BJIWIHHe IIOJIHOH qiyHKD;nH paspememm, 

npe,ncTailJllllOllleH co6oil CBepTey qiyHKD;HH paspemeuIDI cneRTPOMeTpa no 

BpeMemI. npoJieTa H nepBWIHOH JlliHIIlI XOJIO,I.U!HX HeHTpO~~B. Ilpn ytieTe 

BJHUIHIIB pasperueHY.JJ: npn6JIID!te1rnoe pemem1e HHTerpaJII,Horo. ypruniemm:, 

OIIHCHl3alJlllero pesyJIJ,TaTll 8RC1Iepm.ieHTa, ROHCTpynpOBaJIOCJ, H3 qiyHK­

n:mt pasperuemm. A.nropnTM pememm we.n BH.n; 

~ . 5"(£ .. J 
°'1+1 ( £) = bd. (E) 4 ih G;iriJ K ( f, E,,) 

Er,, K(£, £,.) ,. 
r.ne 

(I) 

~ (E')=j'l{ff,£.)~(E)dt: (2) 

K(f,E',,)- IIOJIHaH 4JYHKD:lill pa.spememm, if(E,,) - s1tcnepllMeH­

TaJII,HOe 3Ha'tleHne ce'tleHIDI, /h - CTaTHCTHlieCRmi Bee 8ltCIIepn­

MeHTaJII,HllX TO'tleK. Ilp11: of ~ IO IIOJJy'IaJIOCI, npn6JIHl't8HHe c;;, ( £), 
ltOTOpoe corJiacHO (2) .naeT ~ (£) , COBlla.I(aDlllee B npe.n~ax CTa­

THCTll'tleCKOll TO'tlHOCTH C 8RCllepnMeHT8JII,HHMH 3Ha'tleHHHMll 6'(E,.). 
B.nIDIHHe ,nByx(pOHOHHHX npon:ecCOB Ha 8KCII8pm..i0HTaJII,HO IIOJIYl!eHHOe 

ce'tleHne pacceRHilJI HeHTpOHOB IIOJiwjieHM&m He ytIHTHBaJIOCI,. 

3HepreTli'leCRM 3aBHCHMOCTJ, .nBal!\ll.H .n~peHD;JlaJII,HOrO ce-qe­

HM paCCeJIHM HellTpOHOB ,n.JI.ff Bcex HCCJie,l(OBaHHHX lIOJIU(p8Hl!.7IOB He 

MOl!teT 6HTJ, OllHCaHa MO'AeJII,ID 6,nHOaTOMHOro rasa C llOCTOliHHHM 3Ha'tle­

HH8M atppeKTHBHOH MaccH. ,lI,mI 6eH30Jia Ha6JIJl,l(aeTCJI Y'AOBJieTBOpHTeJII,­

HOe corJiac:ue pesyJir,TaTOB a1tcnepHMeHTa n pesyJii,TaTOB pac'tleTa, BH­

noJIHeHHoro c ytieTOM BlfYTpHMOJieKyJIBpHHX ROJie6aumi. B BH6prumoil 

MO,l(eJIH ,n.JI.iI 6eH30Jia BpameHne H TpaHCJmD;llfI ytIHTBBallTCJl B npH6JilI­

llteHHH cBo6o.I(Horo rasa, a BHyTpHMOJieey.rurpIDie 1tOJie6amm o6pa6am­

Bai>TCJI B npn6.nnllteHHH ey6li'!ec1toro KpHCTaJIJia c 0,l(HHM aTOMOM B 

sJieMeHTapHOH g,:rett1te~ Oiuaxo pesyJII,Tarn Tait:roc pac'tleTOB He corJia­

cyJOTCH C 8ltCllepilMeHTaJII,HliMU ,l{a.H!IllMH ,n.JI.ff .nmI>eHWia H MOHOI!'.80llp0llW}­

.nmpeuwia. )];mI Y'AOBJieTBOpnTeJII,HOro OIIHCaHM 8ltC118PBMeHTa.J.II,HOro 

ce'tleHM He06XO~ll:M 60Jiee KOppeKTHWi ytieT BJIIDIHM .npyrnx CTeneHeil 

CB060,IU:l, CM3aHHmC Kalt C BHyTpllMOJieKy.rurpHm.rn, TaK n C MeJKMo.neey-, 
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MpHHMli .nBliXeHilJIMH. 

Ms a1tcnepnMeHTallHO H3MepeHHoro .nBal!\ll.H .nnqqiepeHD;naJI1>Horo 

ce'tleHM pacceJIHW! HeilTpOHOB, Ka.K 6WIO llOKa.3aHO B ,nHccepTaD;Irn, 

CTporo, T.e. 6e3 npMBJieqeHilJI Ka.KHX:-JIH60 MO,neJII,Hl,IX npe.I(IIOJIOllteHHli, 

MOlKeT 6HT!, BOCCTaHOBJieHa 0.I(liHCTBeHHaa 4JYHKD;IDI 0{E)JHBJI!iKllllruICJl 

,nliHaMli'leCKOll xapa.KTepHCTHKOH KBa.npaTOB CMemeHM aTOMOB li3 IIOJIO­

lKeHM pa.BHOBeCM 

0{c).,.. Jfl) E 1f<fl~--e- 2
,/(1fO/.z (3> 

J . 
<PyHRD;:IIJI Ba) ,l(aeT .nocTaTO'tlHYJO HHqJOpMan;HIO ,n.JI.ff OllllCaHM 

B3aHMO.I(eHCTBIDI HeHTpoHOB C qJOHOHHOll BeTBI,ID B036y~erum:. ,lI,mI BOC­

CTaHOBJieHVJI ns a1tcnepm.1JeHTa cpyHiuu,m pacnpe.I(eJiemm -qacTOT KOJie6a­

Hmi, He06XO,IUIMOli ,n.JI.iI TepMO,nHHaMH'tlec1toro oinrcaumr qJOHOHHOH BeTBli 

B036y~emm:, Tpe6yeTCH 3HaHHe sHepreT1Nec1toii 3aBHCIDl!OCTH BeRTO­

pOB 110MpH3aD;Hli~ .Il,rur OllTH"ieCKOH 'tlacTli cneKTpa, B KOTOpOfi npemzy­

mecTBeHHo 1to.ne6.neTCH Bo.nopo.I( H r.I(e / CH (EJ/.t.:z-1, onpe.I(e.neHHaa H3 

a1tcnep:nueHTa 0(E) Ka'tleCTBeHHo nepe~aeT oco6eHHocTH·cne1tTpa B03-

6y~eH:im. 

3HepreTli'tlec1toe noJIOJteHHe oco6eHHOCTeil B 0/E) ,n.JI.iI 6eHso;ra 

H ,nHqJeHV.na, B OCHOBHOM, corJiacyeTCH C JJ;aHHHMH, llOJIYl!emmMH Hesa­

BHCHMO H3 OIITWieCKHX HCCJie,Il;OBaHli:ll:. KpoMe TOro, B 0(l) ,n.JI.iI u.n:­
KOro 6eH30Jia npoHBJUieTM Ma.KC:iwyM npn [ = 50 M8B ( "i =405 CM-I) 

n ,n.JI.iI .n11ipemma - CJia6HH Ma.KCHMYM B o6;racTn HH3Kll'.X -qacTOTC =3,5 

MSB ( ~ = 29 CM-I) , KOTOpHe Henocpe,ncTBeHHO B OllTH'tleCKll'.X H3Mepe­

HV..iIX He Ha.6.mo.na.nnci,. 8TH oco6eHHOCTH OTBe'tlaDT COOTBeTCTBeHHO 

OCHOBHOMY ROJie6aTeJII,HOMY COCTOHHHKl MOJieeyJIH 6eH30Jia H KOJie6aHlilllA 

MOJieeyJrn 'AliqJeHwra Ka.K ne.rroro BOKpyr oc:a, nepneH.nneymrpHoil: IIJioc­

itocTli MOJieKyJlH. IlOBHmemm TeMIIepazypH .nml>eHMa, a Taltl!te nepeXO,l( 

-qepes T()!IKY l!JlaBJieH:lm, He conpOBOilOl,aeTM Ka'tleCTBeHHHMH ll3MeHe­

HllfIMli B aHepreTWISCKOH saBHCHMOCTH 0(t} . 0,nHa.KO npH IIOBll!llemm 

TeMIIepazypu Ha6JIIO,ll;aeTM cMemeHne aHepreTmec1toro noJIOJKeHM oco-

6eHHOCTeil: 0(E} B CTOpoHy M8H1>mmc 'tlaCTOT. qlyHKitllfl 0(l)JJ;IH Bcex 

IIOJIHqJeHMOB nMeeT HenpepHBH!lli Bll,I\ B OTJIH'tlne OT pesyJII,TaTOB on­

THtieCKHX HCCJie,nOBaHIDI. r.ne cneKTP HOC UT ,JJ;HCKpeTHHil xapaRTep C 

o6pa.soBaHlieM aHepreTmecKll'.X meJieil Mexr,n;y JIHHH/IMJI cneKTpa. Ilepexo.n 

OT MOJieeyJI Tmia 6eH30Jia It 6oJiee CJIOJKHHM conpOBO~aeTM CYll!eCT-
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BeHHHM llSMeHeHneM me ,D;miaMmtH. I!JIOTHOCTh CMenteHmi, OTBe~al!lIIJIIX 
ll8.JIW4 HSKeHeHWUI aueprHH,yiteHhmaeTCR C pOCTOK KOJleKy.lll:lpHoro Beca. 
rroaTOMY Ha~m.m SB.Me.n;ru!lDmnMH CBOHCTB8.MJI B o6naCTll Ma.JWX aHep­
rnil ueHTPOHa o~MaeT 6eHsM • .TI.m MOHonsonponM,D;m_pemma ·B o6na­
cTn 6onhmmc nepeMq aHeprnn na~]Qll;aeTCSI saaqnTe.n:hmi:il poc~ MOT­
uocTH CMell'3Hmi. Ta.Itoe YBeJIH"l8HHe MOllteT 06'I>.fICHHThCJI BKJil(}q0HHeM 
,D;OIIMHHTeJihHHX CTeneHeil CB060.D;H HSOIJpOilHJIOBOH rpynxm~ 

6) I'H.Il;pH.D; n .n;eitTepH.D; nnT:rur 

n:imaMHKa I'H,lij)H.D;OB MeTaJIJIOB C IlOMO~lO Heynpyroro paCCe.fIHIDI 
Heil-rpoHOB ncMe.n;oBaJiach B pJI.IJ;e paOoT. 0.ItHa.KO aTH Hccne.rtOBaHIDI 
OrpaHHtIHBaJIHCh rH.D;pH.D;aMH co CTPY"KTYPOll THlla BHe.n;peHlm H MlK8 .IUIH 
8TllX rn.n;pH.n;OB nsyqaJiaCh TOJU,ltO o~aCTh OIITH"leCKJIIX qacTOT KOne6a­
HHH BO,D;OpOM B pemeTKe. HH B 0.I(HOH HS pa6oT He npoBO,ItMOCh KO­
nnqecTBeHHoro BOCCTaHOBJieHM qlOHOHHOro cneKTPa pemeTKH HS 8KCne­
pllMeHTaJihHHX .n;ammx. B CB.fISH C 8THM npe,ItCTaBJI.f!nOCh BeC:&Ma mtTe­
pecHHM ncc~e,ItOBaTh C na.10~10 Heynpyroro pacCe.fIH!iilI HeHTPOHOB ,D;H­
HaMHKY rn.n;pH,IJ;a co CTPYKTYIJOH SaMenteHmc BO BCeM :mITepBaJie qacTOT 
(OIITmta H aeycTmta) C neJihlO BOCCTaHOBJieHH.fI ero qlOHOHHOro cneKT­
pa. 'l'aKaH IlOIIHTKa Bne!)BH8 6:wra ocymecTBJieHa B ,ItaHHOH pa6oTe .n,3IJI 

rn.n;pH,Ita n .n;eiiTepH.n;a ~HTliilI. 
BMe.ztOTBH8 CKIIhHOro nornomeH!iJlI H8RTPOHOB ecTeCTlleHHOH 

CM8ChD HSOTOIIOB ~HTlllI' Bee HSMepeH!iilI c5wrn BWIOnHeHH Ha o6pasnax 
rn.n;pn.zta n .ztenTepH,Ita ~nTM-7. IlponycRaHne o6pasnoB .n;rur cpe.ItHeii 
aneprnn IIMalDntl!X H8HTpoHOB COCTaBJI.f!nO ~ 0' 8. HsMepeHmr npoBO.I{H­
nnch npn KOMHaTHOH TeMIIepafYPe. 

B 8KCnepHMeHTaJll,HH8 .n;aHHHe BBO.ItMHCh MeTO.rtmecKne nonpaBKH, 
aHaJIOrH"IHO no~m_peHMSM. YtlHTHBaJIOCh Ta.Rllte BJIHfIHll8 ,D;ByXqlOHOHHWC 
nponecCOB Ha pesyxhTaTH HSM8peHHH. B~ .ztByxqlOHOHHHX nponecCOB 
oxasaJic.fI oqem, cymecTBeHHHM B o~acTn 6Mld!IHX nepe,naq auepr:im. 
Ha pesynTaTOB axcnepm.teHTa 6:wra n~eua qiyHKnmI B(E) , KOTo-

_ paSi B .It~HeHmeM llCIIOJll,SOBaJiac» Mll BOCCTaHOBJI8HliilI (pyHm::nm pac­
npe,ne~eHHJI qacTOT KO~ec5amra. 8HepreTmeCK8JI SaBHCHMOCT» BeKTO­
poB no.impnsrunm 6:wra n~ena pacqeTHBM nyTeM. Ha.nwme npocTOii 
KPRCTaJIJIH"leCKOH pemeTRH Tnna Na Cf SHEl'IHTeJlI,HO oc5xerqaeT 
npoBe.neu:e:e Ta.Koro pacqere .n;rur rn.n;pn.zta n .n;eiiTepH.D;a ~RTHSI. PacqeT 
BeKTOp0B IIOJillpHSanHH npOBe.n;eH B MO,ll;eJIH JteCTICHX HOHOB (111),ll;eJI» 

IO 

1 
'~J 

KeJIJiepMaua) c yqeTOM·.ItaHHWC :ira<ppaxpacHoro cneKTPa. B aTJIIX pac­
qeTax onpe.n;e~em1e napB.MeTPa IioTennHaJia OTTaJIKHBaHHJI 6:wro npoBe.­
.n;eno He rum o6wmo HS HHTerpa.nhHO HSMepeHHOH BeJIITT:HHH ClltHMa0MO­
CTH, a HS SHatteHim rpaHH"IIWX OII'l'li'leCKllX ttaCTOT, noxyqemm:x: B 
HeSaBHCHMHX axcnepl!MeHTax. B yxasaHHHX MO.D;eJihHHX npe.n;nonoxemmx 
6:wr BWiHMeH T8.ltJ!te qJOHOHHlffl cneKTP n aHepreTmeCKa.fI SaBHCHMOC'l'h 
qiaKTOpa ne6asI-BaJIJiepa. 

3HaqeHWI rpaHH"IHHX OIITH"l0CKHX ttacTOT BOCCTaHOBneHHOrO HS 
HeHTpOHHOro aKcnepl!MeHTa J{W} y.n;oBJieTBOpHTeJihHO cornacyDTC.fI 
c ,lJ;aHHID,ffl onTmecKHX nsMepeHnil .n;rur L.- H n L, J • Ms cpaB­
HeHna: piCtJeTHOH ll BOCCTaHOBJI8HHOH HS HeHTPOHHOro aKcnepHMeHTa 
\PYHKnHH · pacnpe.n;e.n:emm: qacTo..r RO~e6aanii Me.n;yeT, qTo MO,!\eJII, He­
.n;eqiopMllPyeMHX HOHOB y.n;oBJieTBOpHTeJihHO OIIHPHBaeT aeycTHtieCKHe ll 
nonepettmi:e OllTHtJeCKHe BeTBH qlOHOHHOro cneKTpa, npo.n;onDH8.fI OIITH­
qecKaJI B0TBh 0Ka9HB80TCJI B MO,ll;eJihHHX pacqeTax S8.BHllleHHOH. 3TH 
pesy~»TaTH Haxo,D;R:TCSI B cor~acnn c MHHHMH, noxyqeHHHMH .n;rur .n;py­
rl!X: HOHHHX KpHCT~OB. Ococ5eHHOCTll ql()HOHHOI'O cneKTPa ~ rn.n;pn­
.n;a ll .n;eHTepH.D;a ~HT!iilI He BCer.n;a 0.n;H03Haquo CB.f!Sa.HH C oco6eHHOCT.fI­
MH .ztBa.llf.ICl,I ,D;Hgxpepennnam,HOro cetteHna: paCCe.fIHWI HettTPOHOB. B CB.fI­
Sll C STHM npe.n;CTaBn.fieTCJI HeOc50CHOBaHHHM IIOIIH'l'KH OTOJK,IleCTBneHH.fI 
oco6eHHOCTeH cneKTPa paCCe.fIHHHX H8liTPOHOB H <PYHKnllll J(W) .n;rui: 

cncTeM c c5o~oil pasHHnett Mace n ceqeH:im, KOTopue .I{e~alDTCSI B pa­
.n;e pa6oT noc~e.n;Hero BpeMeHH. Ilpn nepexo.n;e OT rn.n;pH.n;a K .n;ettTepll,Icy' 
nHTlliI HSMeHeHHlD no,ItBepraeTC.fI TO~hKO OIITHtJeCKa.fI o6MCT» ql()HOHHO­
ro cneKTPa, B TO BpeM.fI KaK aKYCTlitieCKa.fI OCTaeTCH HeHSMeHHOH.3TO 
eme pas KattecTBeHHO IlO.I(TBep~eT, tJTO T.IIlltenHH aTOM KMeMeTC.fI, 
rnaBHE,IM o6pasoM, B aeycTWieCKllX, a ~ernnii-B OIITHtJ8CKHX BeTB.fIX. 
XOTH B c~yqae ~eilTepH;l(a HHTl!ll HexorepeHTHOe pacceHHHe COCT8.13mie~ 
or<ono 20% OT nomoro pacce.fIHH.fI, o,ItHaKo ns cpaBHeHH.fI Me.lli,Ily co6oit 
xapa.Krepa BOCCTaHOBJieHHoro cpOHOHHoro cneKTpa .n;rur L, H n L,· '/) 
cne.n;yeT. qTo KOrepeHTHHe aqxlieKTH' BO BC.fIKOM cnyqae' He llCKazaJOT 
CB.f!Sh Me.lli,Ily CetteHHeM Heynpyroro pacCe.fIHHII H (pymtnll0H pacnpe.n;ene­
HH.fI l!aCTOT. OTC]Qll;a cne.n;yeT, qTO Mll neneil BOCCTaHOBneHHB: ql()HOH­
uoro cneKTPa ns axcnepllMeHTaJU,HHX .n;aHHHX no neynpyroMY pacce.fI­
HHlD XMO.n;HHX HeHTpoHOB Ha no~:impHCTaJIJIHtJeCKHX o6pasnax c y.n;oBJie'l!­
BOPHTMhHOH TOqHOCTDD)K)XeT c5HT» :oononhSOBaHO ~HexorepeHTHoe" 
npnMHllteHne. 
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HCXO,lT,fI H3 BOCCTaHOBJieHHHX 3Ha~eHHil <l>YHKilrID pacnpe'AeJieHY.sI 
~acTOT ,IJ,lllI Li H H Li$ , 6wia B!I'IHCJieHa sHepreTmecKM sa­
BHCHMOCTl> napn;m1.ir:&11oro ~Topa ,Ue6a.FI-BaJJJrnpa ,IT,JIH 11,"lJ ~ L ,· • 
Ilapi:r..raJil>HHe qiaKTOpll KaK ,lJ,JL'I JierKOH COCTaBJIHJOlllefi, Ta.K :ii . .rr,JIJI JIH-
TM pesxo 3aBHMT OT nepe'Aa.Baervmti sHeprHH. :• ;,. 

,lI,IDI KOJie6aH.rn Ha~ sTo HBJilleTCil cJie'ACTBHeM OTCYTCTBIDI 
napaMeTpa MaJIOCTH M/M (M - Macca HeilTpOHa, M - Macca pacceHBa­
TeJIH), KOTOpim IJMeeT MeCTO npH pacceHHHH HeHTpOHOB Ha TH~eJIHX 

Mpax. ,lI,IDI JIHTWI, XOTH 3TO OTHOWeHHe paBHO l/7, O'AHaKO CBOeo6-
pa3HOe noBe'A8HHe BeKTOpOB no.IDipHsan;:im, 38l3H]llaJOlllee pOJil, aKyCTH­
~eCKliX ~aCTOT, npHBO'AHT K TOMy, ~TO pasJIRtrne B B0JIWJHHax qiaKTO­
pa ,Ue6ruI-BaJIJiepa ,IJ,lllI Li n H He CTOJI1> BeJIHKO, KaK MOlliHO 6HJio 6u 
ol!tH,ll;aT1> HS OTHomeHM Mace. PesyJI1>Tam pac~eTa ~Topa .Uec5a.FI­
BaJIJiepa Ha OCHOBaHHH BOCCTa.HOBJieHHOH H3 HeilTpOHHOro 3KCnepl!MeH­
Ta (!IYHitn;HH y{w) Ka~eCTB0HHO corJiaCyIOTCH C pac~eTOM no MO'Ae­
JIH KeJIJiepMana H KOJIW!eCTBeHHO Y'AOBJieTBOPHTeJil>HO corJiaCyIDTCH C 
'AaHHllMH He3aBHC11MHX Hei1Tp0HOCTPYKTYPHHX H peHTreHOCTPYKTYPHHX 
li3MepeHHi1. 

.MaTepHaJIH ~liCCepTan;HOHHOH pa60TH 'AOK.~a.n;l,lBaJIHCl, Ha paite 
CHMn03}i:yMOB MAI'AT3 (1960, 1962, 1964 r.r.), KOH~peHD;HH no Tep­
MaJili3aD;HH HeHTpOHOB B EpyruceltBeHCICOfi Ha~HOHaJU>HOi1 Jia6opaTOpHH 
(1962 r.),_pi60~liX COBema.HruIX no <l>li3HKe MeMeHH!lX Heil-rpOHOB B 

]ly6He ( 1961, 1964 rr. ) n ony6JIHKOBaHH B Tpy'Aax yRa3aHHHX 
COBell.1a.Hlill H Hayt!HUX JtypHaJiax. 
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l. M.r .SeMJil!HOB, H.A.qepHOilJleKO~ n ,.Od'e Neu.:/,lol'/ /?eSetHcl, 
i11 P1,rs,·cJ "(.Pu,ceed o/ ~"'I"· /.Ht', We;,,,q) ✓AEA, Vt'e""", /§~/ 

2. M.r.SeMJIR:HOB, H.A.qepHOllJI8KOB Il'.1'3 Q, 40 (1962) 
s. A.E.roJioBH~~ M.r.SeMJIIIHOB, A.Il.UliToB~, H.A.qepHOIJJleKOB 

IIT3, .§. (19();::),77. 
4. M.r.SeMJI.R:HOB, H.A.qepHoIIJieKoB. MaTepmJil:l coBemaHrur no 

4)H3HKe HeH'rpOHOB MaJIHX eHeprHil, JJ:y6Ha, 1962 r. 

5. M.r.SeMJI.R:HOB, H.A.qepHOIIJieKOB. "Ptocettl. o/ -C,,,,.,.P· t:1'1 

Ne,dzon 7hei1r,af?t',{e,,,ft.'t:1~ ~ v.LV. BIVL,{IJ~.J),· ✓,,,e~Jtc·c 
Sc4tt.eib:1 "/ /lleutlo'1 ,·11 soe,,:,/s ,v,ol 2,,u,·ds ,, 
(l'toceet:!I. t:P/ {r"'.P· C/,a e,.,_ 11,·rez, /.9G.f) ,Y/IEA, Vt'enha., 

/!JU/ a: :J. L~ I: .J.(l9U./. 

6. M.r.SeMIDIHOB, H.A.qepHOllJieKOB, ID.Jl.illHTHKOB. 
MaTepHaJil:l COBemaHHff no 4)H3HKe HeRTpOHOB MaJillX sHeprHil, 
JJ:y6Ha,l965; ".7net'Qst,·c Jca..·Ueio,; o/ Ne,d~,.,s" 
( .Ploceed. o/ -(y~I'- /Jo1o.l't:1)', /!J(~J,:J/IEA, V,'eh""', /.9tfS: 

7. M.r.SeMJil!HOB, E.r.EpOBMaH, H.A.qepHOilJleROB, ID.Jl.illllTHKOB. 
Ma.TepHaJIH COBe~aHHH no ~H3HKe HeRTpOHOB MaJI!lX 3Hepr:im, 
,lly6Ha, 1965 ",7;,e&sta J'c 4 ltei.,:"',? o/ ;Ye,.,:(zo;,s ·· 

( t°loceet:!I. o/ fj-~/'· /io~l"'iY- /.S'trS-J,.7/IEA, y,·e,,,,,,a, /.9GS: 

Jl-2.39988.l1A3-996.8aK.8440.Tnp.200.I3.II.65r. 
---· 0TB. sa Bh!IIycx 3e!JJIBHOB M.I". ·-


