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PadoTa Bh!Il01IH.eHa ll JladopaTopHH TeopeTHqeCKOki qlH3HKH 

06~e.ztHHeHHoro HHCTHTyTa H.ztepHhlX Hccne.ztOllBHHR. 

HayqHhlil PYKOBO.ztHTenb: 

.ztOK~Op qlH3HKO-M8TeMBTHqeCKHX H8YK CTapmHR HayqHhlil 

COTPY.ztHHK B.K.JlyitbHHOB. 

0qJHUH81IhHh!e onnoHeHThl: 

.z!OKTOP qlH3HKO-M8TeMBTHqeCKHX HBYK IO.~.CMHpHOB, 

K8H.ztH.ztaT qJH3HKO-M8TeM8THqeCKHX HBYK B.H.PyI>MaH. 

.Be.zty~ee HayqHo-Hccne.ztoBaTenhcKoe yqpeg.zteHHe: 

llHCTHTYT TeopeTHqecKoll qiH3HKH AH YCCP, KHeB. 

3a~HT8 .z!HCCepT8UHH COCTOHTCH II II 1976 ro.zta 

Ha sace.ztaHHH cnenHaJIH3HpoBaHHoro 'coBeTa K-56 JIT<I> OIDIB, 

.nydaa,MocKOBCKOR odnacTH. 

C ,llHCCepT8UHea MOEHO 03H8KOMHTbCH B 6H61!HOTeKe Ollrlli. 

ABTope;epaT paaocnaH 11 II 1976 ro.zta~ 

YqeHhlll ceKpeT8pb COBeTa 

K8H,llH,ll8T qJH3HKO-M8T8M8THqeCKHX HBYK 

B. ll • .1!1.YP ABJIEB 
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0.ztHOll ~3 HHTepeCHHX H BaXHHX npodneu COBpeueHHOR H.ztepHoa 

qlH3HKH OCTaeTCH npoOneua an~a-KnacTepH3aUHH aTOMHHX a.ztep. 

HeCMOTpH H~ OoraryD HCTOpHD pa3BHTHH reopHH anbipa-KnacTepHsa

UHH, Haqaroa c paOoTH Yannepa 1937 ~o.zta, H .ztanbHeRmHe HCcne

.ztOBaHHH 3Toro BOIIpoca Ha Oase, B OCHOBHOM, $eHOW8HOnorHqecKHX 

MO.zteneR, qTo II03BOnHno IIOHHTh OCHOBHHe qepTH 3Toro HBneHHH, 

TOnhKO B nocne.ztHHe ro.zthl y.z1anOCb IIOCTaBHTb H pemHTh pa.zt BOIIpo

COB 3TOtt npoOneMH Ha OCHOBe nocne.ztoBatenbHHX MHKpOCKOIIHqec

KHX no.ztxo.ztoB K onHcaaHD crpyKTYPH raKHX Lt N - a.ztep. OcoOea

HOCTH pa3BHTHH 3TOro BOIIpoca B nocne.ztaHe ro.ztH CBHMHH, C 

O,llHOll CTOpOHH, C IIOHBneHHeM HOBHX,B8CbMa roqHHX 3KCIIepHMeH

ranbHHX .ztaHHNX (B qaCTHOCTH,C IIOHBneaHeM npeqH3HOHHNX H3Me

peHHll $Op!.1qlaKTOpOB pacceHHHH 3neKTpOHOB ,JtnH OCHOBHHX H B03-

0yX,lleHHNX COCTOJIHHa TaKHX H.ztep),a C .ztpyron - C B03pOCIIIHMH 

rexHaqeCKl{MH B03MOXHOCTJIMH reopHH: B03WOXHOCTJIMH npoBe.zteHHH 

pacqeTOB 3THX xapaKrepHCTHX Ha MO~HHX BHQHC1IHTenhHHX uauaax. 

Cettqac, IIO-BH.ztHMOMY, O,llHOa H3 HaH6onee nocne.ztOBarenhHHX 

MHKpOMO,D;enen raKHX H.zteo HBnHeTCJI MO.ztenh EpHHKa /I/. B OCHO

Be ee neXHT y,11;aqHOe nocrpoeHHe MHO~oqacTHQHh!X BapHaUHOHHHX 

qiyHKUHR CO~TOHHHR H,D;pa 1 KOTOpHe ,ll;OIIYCKaDT IlpOCTYJ) B03MOXHOCTb 

HyKnOHaM KnacrepH30BaTbC8 OTHOCHTenbHO BH6paHHhlX H3 coo6paze

HHll MaKcawanhHOll CHMMetpHH reouerpHqeCKHX neHTpOB B H.ztpe. 

Pacqer 3HeprHll Be.zterca Ha ocHoBe napaux NN- can. TaKHM 

oOpasou 110.ztenb coqeraer B ceoe nosuozaocrb paOorarb aenocpe,11;

CTBeHHO CNN - canauH, He npHBnexaa KOHU8IlUHH qieHOMeHono

rHqecKoro cpe.ztHero norrH, C B03MOZHOCThD mHpOKO BapbapoBaTb 

KnaccH MHOroqacrHqHHX aHTHCHMM8TpH30BaHHHX npoOHHX qiyHKUHR 

H.ztpa. 

C,61,;;;,t,im;,;m11:,1ii r.t'l.C'al!.:;~~--~ 
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Bwecre Crew CJIOUBll!Heca B 3TOM no,JtXO,Jte rpa,JtHUHH B 3HaQH

rem,HoR Mepe ceoa yxe HcqepnanH /2/ H .JtJIJi BHXOAa aa ypoBeHL 

cpaBHeHaa c coBpeweHHWH s1tcnep1u1eHraw.11 rpe6YJ)1' cy111ecrBeHH9X 

MO,ltH~HltaUKR. Ta1t,nOHBJl8HH8 HOBOR 3KCnepHMearaJILHOI HH~OpMaUHH 

o ~op~xropax 4N - a,1tep B oOnacrH 6on1,m.11x nepe,1taHHHX HMnynL

COB nocraBHJIO HOBHe 3a,JtaQH nepe,lt MO,lt8JILD. Oxasanoc1,, QTO Tpa,!tH

UHOHHO .11cnon1,syew1:,1e rayCCOBCKHe BOJIHOBHe ~YHKUHH HYK!OHOB He 

OITHC9BaDT ITOB8)48HHH ~op~KrOpOB B 3TOI o6naCTH. leran1,aoe 

.11syqeHHe sroro Bonpoca, a ra1txe npHMep pacqera 1o~xropoB 

~pa I 2c 131 no1ta3HBaDr, QTO yxasaHHl:,18 oco6eHBOCTK B 3Ha

QH1'8HLHOR uepe MOXHO HHrepnperKpOBarL, ecnH M0,1ten1, EpHHJta MO

,ltH~HUHpOBarL sa CQ8T BB8,lt8HHH npo6HYX ~YHKUHI peanHCTHQ8CKOR 

acmmror.111t.11. 

06YQHO B MHKpOCKOITHQeCKHX MO,Jtenax aTOMHOro a,1tpa rnaBHOe 

wecro 3aHHMaDr BapHaUHOHHHe pacqer1:,1 3HepI'HR CBH3H, aa OCHOBe 

KOTOpllX ,JtenaDr sa1tnDQ8HHB O BO!BOBYX ~YHKURHX H,ltepHHX cocroa

HHl.'B ,JtaHHOI xe ,JtHCCepraUHH ynop C,lt8JiaH Ha HCCJie,JtoBaHHe ~opu

~KTOpOB a,1tep, a HMeHHo,~opuqiaKTOpOB porauKOHHl:,IX COCTOHHHR 

a,1tep anL¢a-xnacrepaoro r.11na: I 6o, 20Ne, 24M.9, 28Si , 32.S 
40ca. Hx aHan.113 npHBO.JtHr x sa1tnDqea.11au o xapa1trepe 1tnacrepa

sau.11.11,B KOTOpHX orcyrCTByer 3!8M8HT Heonpe.1teneHHOCTH, CBHsaH

HHR C BH60p0M HYK!OH-HYKJIOHHHX can. PaccvarpHBaDrca BOllpOCY 

reoperHqecxoR HHrepnperaUHH s1tcnepHMearan1,ao Ha6nD.1taewx oco-

6eHHocreR B noBe,JteHHH ~OpM~ltTOpOB 4N - H,ltep. Hccne,JtOBaH raK

xe pa.It BonpocoB, CBasaHHHX c pacqeroM saeprHR anL¢a-1tnacrepa1:,1x 

H,1tep, B qaCTHOCTH,re MO,lt~HKaUHH reopHH ff pe3yn1,rar1:,1 COOTBer

CTBYDIIIHX Bl:,IQHCJl8HHR, 1torop1:,1e B1:,13BaHH BB8,lt8HH8M HOBOrO 6a3HCa 

npo6HHX ~YHKUHR, HMeDIIIHX peaJIHCTHQ8CKYJ) aCHWTOTHKy. 
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lHccepTaUHI COCTOHT H3 BBe,JteHHH, qerupex rnaB, saKnDqe

HHa H wa±ewrHQ8CltHX ,lt0flOJIH8HHR • 

Bo BBe.1tem11i ,1taH o6sop nHrepatypu no Hccne.1t0Bamrn 3CWJe1t

toii 1tnacrep.iiS8Wfa nerKHX H,!t8p mi 0CHOB8 aHamfoa 3HeprHit, . 
il;opM~ltTOpOB H 8JII,qJa-pacna,1tHLIX lllHpHH El.TOMHLIX Sl,!t8p p- H 

.sd -ooonoqeit t: qHcnoM HYKnoHoB, 1tpara1:,1u qerLipell. HsnaraDrcsi 

pesyn1,rar1:,1 aaan.11sa srax xapa1trepHcr.111t xax B an~-qacr.11qaoR 

uo.1tenH, rax H B 6onee 06111Hx anL¢a-1tnacrepm,x no,1txo.1tax, yqH

THBaDIIIHX CllHH-Op6HTanLHOe B3aHMO,JteitCTBHe, nonsipH3aUHD H 

."yrnoBae" 1tone6aa.11a anL~-s:nacrepoB. 

B nepBoit rnaBe o6cyl[Jl;aDrcsi ocHoBaue nonoxeHHSI ani:,¢a-1tnac

repaoR MO,lt8JIH EpHHKa C npoeKTHpOBKOR. 3,1tec1, xe ycraHaBJIHBa

DTCSI npaBH!a OT60pa ,ltJIH BH6paHHUX an~-CTpyKryp. Crporo 

roBopa, OCHOBOR BY60pa anL¢a-KOH~HrypauHR HBJISIDICH napH8UHOH

Hli8 pacqer1:,1 saeprHR cnasH. 0.1taa1to .1tna. a,1tep Sd -ooonoq1t.11 

npone,1teH.11e no,1to6HHX pacqeron B m.11po1tou:1tacmra6e sarpy,1tHeHo 

(no cpanHeHHD co cnyqaeu p -06onoq1t.11) ns-sa roro, qro qncno 

Bap.11au.110Ha1:,1x napauerpoB nospacraer. ITosrouy .1tna BH6opa anf4Ja

-crpy1tTJP a,1tep .sd -06onot11tH npHxo,1t11rca Hcnon1,s0Ban pa.I( APY

rHX coo6pazeHHR. B HamHX pa6orax 6HJIH BH6paHH crpy1tryp1:,1, 

ycraHOBJl8HHHe B an~-qaCTHQHOR M0,1(8JIH 141 , r,l(e rnaBHHM 

KpHrepHeM RBJ1Rnac1, B03MOD!OCTL KnaCCH~HKaUHH HaH60JILmero QHC

na 3KCnepHM8HT8IILHO Ha6nD,1tae1.rnx cocro1rn1Hl C l130CnHHOM T-0 

Kalt porauHOHHHX cepHll ' nocrpoeHHUX Ha COOTBCTCTBYDlllHX HOp

uanLHUX O KOl!eOaHHRX. TaKHM o6pa3oM,6UnH BH6paHH CJ18.ltYDIIIHC 

crpyKTyp1:,1: rerpaa,np ,ltJIR 11,ltpa 160, rpynna CHMMerpHH Ta 
HCJtalECHHHlt re.rpaa.l{p .1tna 11.l{pa 20Ne, rpynna CHMMerpHH "D;,d 
6Hrerpaa)(p .ltJIH 11,1tpa 24M9, rpynna CHMMerpHH <D2,h 
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"D3 d- crpyKTypa .lln.fI H.l{pa 28Si. ; 'D3h - crpyKrypa ,nnH 

H,npa · 325 11 ~ +Oh_ ·c11~erp1ui .nnH 40ca -Crerpa3,llp 

BHYTPH OKTa3,npa). 

Bonpocy BH.l{eneHH.fI )tBHlteHHR ueHTpa Mace B MHoroqaCTHQ

HOR K~acrepHOR qiyHKUHH IlOCB.finteH § 9. B nocne~MX ~BYX napa-
- -

rpa<I>ax 11snaraDTCH cxe1.m pa_cqera :meprHl! BpamaTenI,HHX cocro!I-

HHll Ii qiopuqiaKTOpOB pacce.fIHH.fI oneKTpOHOB. 

Bo Bropoa rnaBe odoCHODHBaercH BBe,neHae B Mo.l{enb npod

HHX 0.l{HOQBCTHQHHX CHMMeTpH30DaHHHX qiepMH-q;yHKnHl! HyKnOHOB 

u = (ch l<.,1.l ~ ch (ti: - ~ 1r 
SP . 8.1.l GrJ..i. ' (I) 

r.ne R i , R.J.l ' e.,t.i. onpe.l{en.fIDT coornercTBeHHO lleCTOilO

noxeHHe anbqla-Knacrepa, pa,llHyc H mHpHHY o6nacra nonycna,lla 

HYKHOHHOl! qiyHKUHH OTHOCHTenbHO ueHTpa·anbqla~KnacTepa. B or-

IllilJHe OT 06HlJHO HCilOnbsye.1rax rayccoBCKHX 4lYHKUHll 

7J = tKP[- (°ri - Rif j 
G - 2. &I i. (2) 

OHH odna,llal'.lT npaBHnbHOR, 3KCilOHeHuHanbHOR aCHMllTOTHKOR, lJTO 

BeCbMa cymeCTDeHHO B sa,naqax pacce.fIHH.fI. B CB!I3H C 3THM .l{aHH 

MaTeMaTHlJeCKHe paspa60TKH no BHQHCneHHl'.l O.l{HOlJaCTHlJHHX Ii .nnyx

qaCTHlJHHX MaTpHlJHHX 3IleMeHTOB COOTBeTCTBYl'.llllHX oneparopOB 

MHKpOCKOilHqecxoro raMHnbTOHHaHa H nnoTHOCTH sap!I.l{a. Orueqa

erca PR.ll ocodeHHOCTell, CBR3aHHHX C BHlJHCneHHeM .l{ByxqaCTHlJHHX 

M8TpHlJHHX sneMeHTOB C ~yHKUH.fIMH peanHCTHlJeCKOl! aCHMilTOTHKH. 

B srol! xe rnane npone.l{eHo o6o6meHHe uo.l{enH EpHHKa Ha ocHone 

npe.l{nonoxeHH.fI, lJTO pasuepH anb<I>a-xnacrepon, HaXO.llHlllHXCR B 

reoueTpHqeCKH He3KBHBaneHTHHX Il03HUH.fIX MoryT 6HTb pa3HHMH. 
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AHanas sKcnepaMeHranbHHX ¢opuqiaKropoB ynpyroro H Heynpy

roro pacce.fIHH.fI 3neKTpoHOB Ha 6ase anbqia-KnacTepHoll MO.l{enH .l{aH 

·n rnane m. B naparpa¢e I7 C.l{enaH nepexo.l{ K qacTHOMY cnyqaD 

a,l{HadaTHlJeCKOro npH6nHXeHHR, lJTO 3H8lJHTenbHO ynpomaeT pacqerH 

KaK 3HeprHR, rax H qiopuqiaxropon BpamarenbHHX cocTORHHl!, a 

raKxe nepexo.l{ K Ha116onee npoCTOMY qacrHouy cny1Jal'.l - anb¢a

-qacrHlJHoll MO)tenH. Henocpe.l{CTBeHHHMH pacqeraMH qiopuqiaKTOpOB 

BpamaTenI,HHX cocToaHHit o+, 2+ H.llpa 20Ne noKasaHo, lJTO Hea.l{ua-

6arHlJHOCTb BpameHH.fI sauerHo CKasHnaerclI nHmb npu uanoll KnacTe

pasauHH. B TO ,re npeu.fI.pacqer des yqera 31fiqieKTOB 8HTHCHMMeTpH

sauHH Mel[){y HYKnOHaMH H3 pasnHQHHX KnacrepOB (anbq)a-qaCTHlJH8R 

uo.l{enb) sHatiHrenbHO ornaqaerc.fI OT TOlJHoro pesynbTara, ocoOeH

HO B cnyqae O,llHOlJaCTHQHHX 4lYHKUHll 3KCllOHeHUH8nbHOit 8CHMilTOTH

KH. AHanH3 COBpeMeHHHX 3KCil8pHMeHTaHbHHX .l{aHHHX, llpOBe.l{eHHHR 

B padorax 151 ,161 , Il0Ka3HBaeT, lJTO HaHnyqma.fI IlO.l{rOHKa K 

3KCilepHMeHTanbHHM qiopM<l>aKTOpaM ocymecrnnHeTCH .l{nR npOClHHX 

qiyHKUHl! HYKilOHOB C 3KCilOHeHqHanbHOl! aCHMilTOTHKOll. B 3TOM cny

qae cornacae c sKcnepaueHTOM nonyqaeTca He ronbKO B 06nacTH 

uanHX nepe.l{aHHHX HMilYJlbCOB c;- < 2 <t>-1 , lJTO B03MOltHO C,llenan 

KaK .nna rayccOBCKHX qiyHKUHll, T8K H B paMKaX anb4>a-qaCTHlJHOll 

110.nenH, HOH B o6nacTH ClOilbillHX Cy , nnnOTb .no npe.l{eilbHOrO B 

H3BeCTHHX IlOKa 3KCnepHMeHTax q ,v J, 5 <[>-I. XapaKTep nonyqeH

HOro cornaCH.fI c sKcnepHMeHTOM noKasaH Ha pHc.I, r.ne B KaqecT

ne llpHMepa .l{aHH qJOpM<l>aKTOpH Sl,ltpa 28S, ." 
Ha ocHone aHanHsa qiopupaKTopon rpynna 4 N - H.Jtep ClHno, 

B qacrHOCTH ,noKasaHo, q70 a.npo 20Ne B ocHOBHOM cocro.fIHHH cna-

60 xnacrepH30Baao; Sl.l{pO 160 <l>aKTHQeCKH He KnacrepH30BaHo; 

H.llpO 24M9 OnHsKo K anbqla-qacTHlJHOMY, npiqe1.1 anbqia-KnacrepHaa 
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PHc.I. ~OMB,KTOpH H,ltpa 28St H COOTBercrBYDl!Ule 
pacnpe.iteneHHH nnorHocrH 3apa.ita H nepexo,Jta. 

KOH!pHrypaUHH HMHTHpyeT BHTHHyroe HeaKCHanbHOe H,ltpO; H,ltpO 
28St HMeer anbipa-KnacrepHyD npHpO.JtY, npH 3TOM anJ4)a-Knac

repH CHnbHO "pa3MHTH~ oco6eHHO ueHrpanbHHH; orHOCHTenLHO H,ltpa 
40ca no1ta uoxHo nHmL cKa38rL, qro npe~onoxeHHe o ero an~a

-KnacrepHoff npapo.ite He npOTHBopeqar B03MOXHOCTH COOTBeTCTBY

D~ero onHCaHHH 38pH,ltOBUX ipopMipaKTOpOB. qTO ItaCaeTCH H,ltpa 
32,s , TO HaR.iteHHHe .itnH Hero H3 cpaBHeHHH C 3KCnepaueHTOM 

pacnpe.iteneHHH nnOTHOCTH 3apH,lt8 H nnOTHOCTH nepexo~ H BHQHC

neHHUe Ha aron OCHOBe KOHTYPHHe nHHHH pacnpe.iteneHHH nnorHOOrH 

38pH,Jta HCHO nOKa3HB8DT, qro B B036y1C,l(eHHOM COCTOHRHH 3- OHO 

HMeer MoneKynapRo-no.it06HYD crpYKTYPY (.itBa paBHUX OCKon1ta). 

lnH BCeX H,ltep Olta3UB80TCH, qro B B036yx,JteHHUX cocrOHHHHX 

xnacrepH38nHH ycHnHB8eTCH, npHqeM anbqJa-Kll8CTepu craHOBHTCH 
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6onee KounaKTHNMH H qacro npH6nHmDrCH no CBOHM pa3Mepau K 

CB060,JtHOR anJ4)a-qacrene. B 3THX COCTOHHHHX ,JtOnXHU HrpaTb B8X

HYD ponb 34J<I)eKTH B38HWO.iteRCTBHH xone6aHHR anbipa-xnacrepoB H 

apa~eHHH a,npa 1tax uenoro. 

Pacqeru noxa3HB8DT, qro uo.itenL He uoxer .Jt8TL O.JtH03H8QHoro 

onHcaHHH ipopM¢8.xropoB HH:mttmHX COCTOHRHI! H,ltep p -060JIOQltH. 

lna B036Yl?.lteHHHX cocroaRHA c 'J = 3,4 a)(ep sd -o6onoqKH 

T81taH HeO,llH03H8QHOCTb HCqe3aer: y,Jtaerca HallTH nHmb no O,ltHOMY 

H86~py napauerpoB, o6~HCHHD~eMy COOTBercrBYDIIUl8 3KCnepHM8HTH no 

Heynpyrouy pacceHHHD 3JieKTpOHOB. 

3aaqHrenLHoe uecro B rnaBe m Y.iteneHo Bonpocaw HHrepnpera

UHH oco6eHHOCTeR noBe,JteHHH 38pH,ltOBHX ipOpM!p8KTOPOB anb!pa-Knac

repHUX a,nep. Y,nanOCb aaanHTHqecKH nolta38Tb, qro C raycCOBCKHMH 

npo6RUMH ipyHKUHHMH 60pHOBCKHR ipopM!paKTOp B MO,JtenH EpHHlta MOXHO 

ipaxropH3oBarL aa crpyxrypHHI! H ipopMtiiaxrop anJ4)a-xnacrepa: 

~(Cf,Rt,o)=F.,,_((J-,t) ~ (q,Ri,,8). (3) 

lnfl IPYHKUHI! peanHCTHqecKOR aCHMRTOTHKH no.it06H8H ipaxropH38UHH 

aweer uecro nHmL B npe.itene anLipa-qacrHqHoff uo.itenH, qro Re 

Il03BOnHeT HHTepnperHpOBaTb 3KCnepHM8RTanbHO Ra6nD,Jtaewue ,JtOnon

HHTenbHHe IIHHHJlYWH B 38.pH,ltOBHX ipopuipaxropax H.itep I 6o, 28 .Si , 
32 ,S , 40ca npH q ~ 3~4 ~-I Kalt roqnue "KOOHH" MHRHllj'JlOB B 

~opwipaKrope anJ4)a-qacrHuu, KaK aro .itenanocL B 171. 
Pe3D~Hpya 1rnnoxeHaue B § 20 peaynuaru /8/, no,nqepxaeu 

cne.ityD~ee: 

a) nepBue MHHHMYMH B ipopwitia,xropax BC8X H,ltep HBnHDTCH "pa3Mep

RHIIH": ORH QYBCTBHTenLHH K pa3uepaw Boero H,llpa ltaK nenoro 

H cna6o 3aBRCHT OT ero BHyrpeHRen CTPYKTYpH; 

6) Bropue WHHHMYMH B ipopwipaxropax H.itep sd -ooonoqxH wonio 
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CQlfTaTI, CTpyKTypH!,UJII, B am,qia-KJiaCTepHoll M0,1!8/III IIX nonoire

Hlle B8CLMa qyBCTBlfTenLHO It B3allMHOMY pacnonoxeHHD BHYTpeH

IlHX II BHemHHX KnacrepoB H,llpa; 

B) oco6eHHOCTH IIOB8,1!8HHH ci,opMipB.KTOPOB np11 60HLmHX nepe,ItaHHHX 

1nmynLcax f:::.. 3,I -t 3,4 q;-l MO,ItenL BpaHKa CBH3!,IBaeT C Ha

HIIQll8M B 3THX H,!!paX o6pa30B8HH~ anLqia-ItnacTepHoll np11po,1tu. 

qeTaepTaa rnaaa .1t11ccepTau1111 nocaa~ena aaanasy 3Hepr111t cas311 

apa~aTenLHHX COCTOHHHll B saaHCIIMOCTH or BH6opa anLqia-KOHcii11rypa

n11R, Hy~non-HyKnOHHHX Clln II O,l!HOQaCTHQHHX BOnHOBHX ¢YHKUHll. B 

§ ?1 BHIIOnHeHY 

COCTOHHHR S,Itep 

HyKnOHOB /9/. 

qacneHHHe pacqeru snepr11a cass11 poranaoHHHX 

sd -06onoq1t11 c rayccoacKHMH npo6nuu11 ¢YHKUHHMH 

0KasanocL, qro .1tns s,1tpa 20Ne 6onee npe.1tnoqr11-

renLHOll aanseTCH TpeyronLnas 611n11paM11.1tanLnas KOH~Hrypanus anLqia-

-Knacrepoa. Jlns c11n 1f! 2 Bon1toaa!101 pacqeru .1tns 0 2 h - oTpyx-

Typu 24M9 (611Terpas.1tp) np11ao.1tsr It 3aepr1111 CBH3H II cpe.1tae-

Kaa.1tpaT11qnouy pa.1tHYCY, 6nH3KHM K 3KCIIepaMenranLHIDI 3HaQ8HHHM. 

'06HapyxeHO MeTaCTa6HnLHOe COCTOHHHe '1)3h - crpyKrypu H,!!pa 
32 .) • MaTpHQHHll sneueHT nepeKpllTHH BOHHOBOlt ¢YHKUHH sroro 

COCTOHHHH c BOnHOBOll ¢YHKUHell OCHOBHOro COCTOHHRH paaeH 0,618. 

06mee xe saMettaHRe, KaCaDmeecs acex s.1tep,cocro11T a rou, qTo 

LIHHHMYM 3HeprHH peamrnyeTCH IIpH O,l!HHaKOBUX pasMepax anLqia

-KnacTepoa. B TO xe BpeLIS anan113 ci,op~KTOPOB 3THX H,Itep YKa3ll

aaeT Ha cy~eCTBeHHO pa3Hlle pa3Mepu nenTpanLHOro H nepe~epHllHUX 

KnacTepoa B CTpyKTypax · <1:>2d s.1tpa 20Ne 11 <'D3d s.1tpa 
28 .Si . Bos1.1oxno, 3TO pasn11q11e acqesne:r, ecn11 a pacqei'ax 

yqeCTL nonap11sau11D an~a-KnacTepoa. 

Jlna aaqacneHHH 3HeprHll Bpa~TenLHHX COCTOHHHlt C O,llHOQaC

THQHI:lllH ¢yHKUHHLIH peanHCTHQeCKOll aCHMIITOTHKH npaMenseTCH pas~ 

noxeH~e nocne,llHHX no Tpa,llHUHOHHO HCIIOnLsyeMW raycCOBCKHM 

¢yHKUHHM. 
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C IIOMOmLD 3TOro pasnoxeHHH 060CHOBaHO np116n11xen11e nony3YIIHPH-
. /5/ 

. Q8CKOll «liaKTOpH:38.UHH npH HCKnDQ8HHH .ltBHlr8HHH nenTpa 

-Mace aroMnoro s.1tpa 4He. OrMeTHM, qTo npe.1tnoxenHRll MeTo.1t 

yqera. ,llBHlt8HHH ~~Hrpa Mace H,llpa 4He B ~o.1ten11. C 4iYHKUH.lll!H 

peanHCTHQ8CltOll aCHMIITOTHltH B OTnHQHe ~T o6menpHHHTOrO /II/" . . 

ne rpe6yeT auq11cnen11a reueanor11qecit11x K03(1>qJ11n11eHTOB,. · Henocpe.1t-

craeanw11 pacqeraMH noitasano, qro 3Hepr1111 apamarenLHYX cocroa

HHll 6n11s1t11 K reM, qro 6un11 nonyqeHu paaee B rayccoBcltoM np116-

n111:ea1111 121, 191• IIapaMerpu aonaoaux ¢ya1tn11a, nall.1teaiiue 

B pesynLrare aap11an11onnux pacqeroa ,3Hepr11a, cornacyDrca c re-

1111, 1toropue 6un11 nonyqeau B airan11se ci,op~KTopoB pacceaa11si 

sneKTpOHOB. Iloita:38.HO, qro yqer 3ltCIIOHeHnHanLHOlt aCllllIITOTHKH 

0,llHOtlaCTHQHUX ¢YHltUHll· npHBO,llHT It ~eKTHBHOlt nonsp11san1111 anL¢a
-KJI8.CTepOB (puc.2) /121. 

B § 29 Mero.It reaeparopaux 1toop.1t11nar np11weaaercs .1tns pac-
. 12 /13/ 

c»orpea11s pa,1t11anLaux 1tone6aH11D anL¢a-1tnacrepoa a s.1tpe C • 

C IIOMO~LD aall.1t8HHUX pemeHHA ypaBH8HH8 X11nna-Y11nnepa 

J f <lf(r()/1-l{lf(R'i)>-E <?!(~)/ V(RJ >] c(;:') d R;, = 0 (4) 

ausaneno anffsaae 1tone6aH11D anLciia-1tnacrepoa pa,1t11anLHoro THna 

Ha saps.1toaue ¢opMipa1tropu paccesaas 3neKTponoa. Paccuarpaaaeuue 

HyKnon-HyKnOHBUe CHHU Bp11s1ta 114111 CHHU Jf! 2 BonKOBa np11-

B0,1!8T K 6onLmHll aMIIJIIITY.ltaM TaKHX KOne6aHHll, llTO He nosaonseT 

OIIHCaTL 3KcnepHM8HTMLHUe ¢opMtpaKTOpll paccesHHH 3HeKTpOHOB. 

IlO,llBO.ltS HTOr, HYXHO OTMeTHTL, QTO B nenou BHBO.ltll, nony

qenuue 06 anL¢a-Knacrepaoa CTpyKType a.1tep Ha ocaoae pacqeroa 

3HeprHll BpamarenLHUX COCTUHHHlt C HYKHOH-HyitnOHHUMH CHXBllH Jf! 2 

Bonxoaa, cornacYJ)Tca c pesynLrarau11, nonyqennuMH B rnaae m 
B pesynLrare aHanusa saps~oaux ~opMtpa1tropoB. 
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Pl'lc. 2. KOHTYPHble JIHHHH 

pacnpe'AeJieHHtt nJIOTHOCTH B 

.11,?tpe 12u, paccquTaHHue c 

HCnOJU,30B8HHeM K8K rayc

COBCKIDC, T8K H CmOieTpH30-

BaHHbllC qiepMH--gJYH~Hfi. Ilapa

MeTpbl BORHOBbllC qiyHtmHfi aa

qJHKCHpOB8Hbl pacqeT8MH 3Hep

I'HH CBH3H ~pa B 8'AH808TH

qecKOM npHOJIHmeHHH C HYKJIOH

HYRROHHLIMH CHJI8MH I 2 BOJIKO

Ba. E'AHHH~bl H3MepeHHH no 

OCHM - qiepMH. 

B 38J~]l]{}qeHHe KpaTKO OCiCYllt,1\8IOTCH nonyqeHHble B 'AHCcepTa~H.11 

peayJihTaTbl H 'A8Hbl BUBO'Abl. 

B MaTeMaTHl!eCKIDC 'AOnOJIHeHHHX H3JJaI'aeTCH T8XHl'!Ka paClUTbl C 

npoe~upyeMblMH MHOroqacTHqHbll,IH qiyHK~HlWH H P8CCM8TPHB86TCH Bbl

q11c,1eHHe MaTpHqHl,IX a_neMeHTOB nepeKpUTl'IH, O'AHOqaCTHqHoro H 'ABYX

qacTHqHoro onepaTupOB C qiyHK~HHMH am;qia-KJiaCTepHoii MO'A8i!H. 

0CHOBHbl8 MaTepHaJibl 'AHCcep1a~HH OblJIH npe'ACTanJieHbl l'I 'AOKJia

'AUB8JIHC1, Ha BC8C0I03Hb1X COBeDtaHHHX no ~epHOl'I cneK'.i'J.JOCKOilHH H 

CTpyKType aTOMHOI'O ~pa (XapI,KOB, 1974; JeHHHrpa'A, 1975; baKy, 

1976), Mellt,1lyHapO'AHOfi KOH\l.JepeH~l'IH no ~H3HK8 BblCOitHX 3Heprua H 

CTPYKType ~pa lCillA, LlaHTa➔e, HJOHI, 1975) H onyOJil'IKOBaHbl B pa
OOTaX /5-6/

1 
/8-9/

1 
/12-13/. 
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