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061l!A51 XAPAKTEPHCMA PA60Tbl' 

/ucIYODhffPC:Ib . I.e.t1.bl,.. ¢>yn,1t.aMe11TaJibl!hle ·· · 11 .· npHKJ1a,1t111,1e·· acrfeKT!.I 

H3y'leHHJJ ICOH,l(eHCl!pOBaHHOro·cocToJiHIIJi aemecTBa ace qe-;:-qe BWJJBJIJiDT .. ,-, 

:Ball:HYD pOJib BHyTpllaTOMHblX ICOppeJIJiUl!lt 3JieKTpOHOB _B Ta!CIIX' peaJibHbDI: 
. . . . . 

MaTep11anax .. KaK coe,1t11ue1111,r• 11 cnnaaLI · nepexo;i.HLIX · MeTa.:moa, ·" .•. ~ . ' .. 
BLICOKOT~MnepaTyp111,1e -~ caepicnpoBOAHHICII, KB33HO,ltHOMepu1,1e MarneTIIKII; 

,1touopuo-a1t1.1enTopu1,1e. Moneiym:1pu1,1e 1ep11cTaJ1Jibl H. ,1tp. · ManaJi o6nacTb 

JIO!CaJIH33UHII' . BOJIHOBbll( ·. q\yHKUlllt IIX · 3JieKTpOHOB_ • 06ecne'II1BaeT CIIJlbHble . .. , . , , ... 

.• BHYTJ>ll3TOMHl,le / KoppeJIJiUHII, noabTllleuuwe · .. 3Ha'leHHJi HOpMaJibHO["O 

conpOTUBJiellllJi MeTaiin11~ecKHX <lia3, Y30CTb 3HepreT11'1eCKU:{ . 30H · II 

MHOrHe. OTJIH'll!Ji OT lllllp01C030HHLIX _ MaTepnaJIOB C • 11ecymeCTB8HHl,IMII . 

3JieKTP,OH-3JieKTpOIIHl,IMII KoppeJIJiUIIIIMII. c· , •·.n;pyron 'CTOpOHIJ, 

Tpa,1tl!UHOH~an. <MOJ(eJib · Xa66apAa IIJIU . BepCllll ':,no.nJip~olt · . MO,Ae.nll 

xoppen_11poaa1m~x _ 3JieKTpOHOB· paccr.caTpl!BaDT, · JIHl!lb s-:;JieJ<Tpom,I' c 

ll30TpOnHLIM TYHHeJmposamleM.l•, B 'peaJlbHblX''. M3Tep11anax '. 3JieKTpOH1>1 
'. l '., 1 • 

dblBWllX He,ltOCTpOeHHblX .· odOJIO'leK aTOMOB 'HMeDT HeHyneaon . op611Ta.llbHhll1 
' ':. ,_ ' • • ·1- • 

MOMeHT. •l,. . llX ;;' xa66apAQBCKOe· : .;'OAHoop6i1TaJibHOe OTTa_J?KllBaHlle I 

ACnOJIHJie,TCJi .• Me1:op611TaJibHb1Mll KYJIOHOBCKllM U H ' ~YHAOBCKH~ J 

r B3al!M0,1teltcTBllllMH, a. yrnoBaJi CIIMMeTpl!Ji. BOJIHOBblX 9YHKUHlt '3neKTpOHOB 
,_,._ .. ' . - ' "' - ' - ...... , .. 

: o6ycnaBJIIIBaeT 3111130TpOmlD IIX' TyHHen1-1poaaHIIJi B KpHCTa.rtne: Ilo:noMy 
' .. ' .. L - .' . ' , - / ,; i . - ! . ..~ , 

. 803HHKaDT :• . 3a,11aq11 .. : n9_cTpoeHl!Ji : Teop1-111 : ICOH,lteHCHpoaaHHblX cpe,!t C 

. KOppe.nupoaaHHblMlf ' 3JieKTpoHaMH - l $ o. . AKTya.nbHOCTb 3TIIX ., '. 33,lta'I 

odycnoaneHa Ta1tlle. '.', OTKPLITlleM • >BblCOK~TeMnepaTypHOlt 

. CBepxnpoBOAHMOCTH: . '·. COCTOJlHHe . BTCII HaXOAIITCJi B6JI113lt i' Cj/330Bb!X 
., -. . ' '. _,- ., . 

nepeXO,ltOB MeTaJIJI-A113JleKTpHK ,II aHTniI,eppoMarHeTHK-napaMarHeTUK; '. ,· · 
' ._,, -,._. . . , ·- . . . . •\ - . \ 

BaUIO 00,lt'lepKHYTb. 'ITO KOppeJISIUIIOHHWe 3Cj/iI,eKTbl He ·MoryT 6b1Tb 
: ,_ . , ._, ,c . ·, . . . - ' - -

~3Y'!eHIJ_ B Knacs~qecKon OJtH03JIE:KTpo1111on .,TElop11a 6noxa-B1rnbco11a, · a 

paMKax,'.pactteTHblX cxeM MeTOA3. CIIJlbllOlt CBH::111:Tima CJI3ltTepa-KocTepa 
·:" ., - ;: ~- :,~,.. - - ._. ,. ~ . . ~ 

----- -\ m,ieaiiuetrnui\ nuC1'fl'f1i \ 
I un~~m.3.S [ltc .. 'leE\tlBl\UBil 
.I F;!,1SJlf,10TEK~ 



·,, 
JtJISl aeB3aHMOJtel!cTay1:>lllHX , 3nex-rpoHoa,·. a v.nor,11;a HX: Hccne.1toaaHHe 

. :Tpe6yeT TO'IHOI'O pememrn. :Tpa.1t11u~o1iHoe npH6JIH~eH;ie CHJlbHO~B~aHHLllC 

anex-rpo11oa Henccne.ztoBaTeJlbHo B . TOM · c1u.1cne, IITO oHo · C'IHTaeTCJI . TeM 

6onee npHrO.ztHLIM, .'!eM 6onhme :pacc-roSIHHe J~ii,11;y 110HaM11 a ~puc-ranne • 

. B ~TOI.I cnyt1ae' sw~eKTLI Tj'HH8JIHPOB3HH$1 : '- M3Jll,18 BeJIIIQHHbl. nepaor~ 

. nopS!JtKa, KOI',11;3 KaK I'JlaBHhle· QJl8Hhl raMHJlbTOHHaHOB, onHchlBaDll!H8 
. . . - . . 

BH)7PHaTOMHIJe .. B3alfMOJ,iel!CTBlfSl 3JleKTpOHOB . ' ( KOppeJIJiUHH), ;:' He 

: , np11H11Mao.;ca Ha.1u1eia!1111M 06pa301,1 so BH11MaHHe 11 11x Hen&3Sl ytiec-r& 

npu6JIUlX8HH8M cpe.xtHero . IIOJl$1, . llocne):loBaTen&iioe . · .. on11ca11He 

. KOppeJISIUHOHHIJX ,, 3WW8KTOB a'.: :/KoJt.neKTilBl1311pOBaHHi:m ··: Cl!CT8Mal( 

HeB03MOlXHO TaKlle 11 · B. paMKax· OJtH03Jl8KTpOHHLIX ·. onepaTOpOB, .'· ICOTOpWe 

. .flBJIRXJTC$1 c-qacJ1aM11. · Heo6XOJtHMOCTb BBe,lleHl1R · ·npH . . 3TOW · 

. ·. MHOI'03JieKTpOHHLIX "onepaTopoa C : nepecTirnOBOQl!l,11,IH COOTHOWeHHJIMll: 

, JlH~el!H~MIL no caMHM. onepa-i-bpa1,1,, O'I'MEIQaJiac~ 81118 . H; H. Eorono6oBWU . . . . . .. _ . ., ._, . . . ·. .. 
(1949) IIPlf ' on11caHHH ' IIM . IlOJIJIPHOlt 'MOJt8JIH ; MeTan.na; B MOJt8JlH 

. ·" . : .. . , ,· ·.: . -··.. ' , . . •. . 
ral!3eH6epra JtM psi.zta 3clJtall paccMaTpHaan~cb aHyTpeHHSl.R cTpyKTypa 

cmhra . ·. aToMa ··. ( D. A; lfa~MOB, 1957; '. · n: ll, l,fpx~H, 1966; )I. A. MaKCJUIOB, 

A.·JI. Ky3eMCKHll, 1969). B MOJtCJIH • Xa66ap,11;a y11eT BHYTPHaTOMHWC :·. . . ... . 

o6MeHHWX B33HMOJtel!c'J'.B.Hlt · no3BOJIJUI nony'laTb \ 3HepceTHtiecxyn 

BWI'O,ltHOCTb <lieppoMar'HliTHOii . <lia3bl C JCA. MaKCH~o~. K.A. Kmcol!H, 1969) i 

npe~npH!IHMaJIHCb • . n;m>ITK~ ·. . HCCJleJtOB~{{IUi. • . ~neK'rpa. . 2: op6HTilJlbHO 

21,1poueHHOtt MOA8Jlli Xa6e5ap}.\a C r.opp~JISlUHXMlf T, u. J ' (£. a. Ky3bMHH, 
- '-_ • • • , • > • -

1979) •. -O;tHaKO, '110CJleJtOSaTe.llbHLlft KB3HTOBO;.CT<lTHCTHll8CKHl! yqeT : · . - . . . . •' . . . . ~ ' -- ,. 

ICoppemJUHOHHWC a<li<lieK_TOB B CHCTelfO "~nex-rpo~oB ,· C };tQ 

OTCyTCTBOBan;, ,. . 

· · TaKHM . oCSpa30M, . Hacyl!U{olt •. ;rip,e,1tc;aB~ReTC.R aK-ryanbHa.lf'. 3aJta11a 

nocTpoeHHff · nepTy_p6aTHBHOlt · TeOpHH JXJIR :x;.onepaTopoa = c · y•teTOM 

op611TaJibHOro · ... BLlpoi.lieHHJI 1toppeimpoaa1im,1X ' 3~CKTp0HOB; pa3paCSoTxa 
- . ; -_ ... , . . 

pactieTllLIX., ueTOJtOB · .3JleKTpOHHOl! CTPYKTYPLI Y3K030HHJ;JX .. CHCTeu 
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:. • anex-rpoHoB, .. . <liopMynHposJCa H · pa3BliTHe pa3JIHIIHLIX :Mo~enett 

·, xoppenHpoBaHHLIX. 3JleKTpOHOB, B . TOM ~ 'lllCJle ", llHTerp11pyeMLr,C, 

HCCJ18JtOBaH11e . CBOltCTB .. ~oppenHpOBaliHl:IX. ~pMH-CHCTeM, . onpe.1teJlJ!DllUIX 
'• ., .• -,, ·•.· ... ·. '• . 

xapaxTep11cTH~H:IIIH!)OKoro zcnacca MaTep11anoa. 

• · OcHoBHalJ : ~ ·, ~ =cocTOHT · ~ · TeopeTHqecKoM Hccne.ztoaaHHH . 

1Coppen11UHOHHWX , 3<li<lieKTOB · : B .y3K030HHLIX CHCTeM3X 3JleKTpOHOB 
. . 

pa:rn.1'lHOII • pa3MepHOCTII: .. ; :· : 

. ".Pa:3pa6oTKa 'MeTO,lla: °CHJlbHOll, .CBR3H (KBa3HCBSl3aHHblX 3JleKTpOHO~): ' 

,llHarpaMMIIOlt TOXRHKH . H. 'TO'IHWC p~me;Hlt .. B cnyqae op6HTaJibHOI'O 

BWpo1:.tieti1111 II reT~po<lia3'Horo COCTOJIHHSI;' .. ' 

".'Hccne,11osaHHe : oocTOJ1H1dt. :'.' yriopS1,11;oq~{1Hol! ( COH3Mep11MOii BOJIHIJ 

· •. 3a. pli.1tosoll ri~oTHOCTHi .H :ci.ie111aH11olt aalieHTHOCTll;.H noc-rpoeHtte·Teopmt 
• • • J 

. cpa30SLIX nep·exoJtOB 

EllilpOllJt8lil!LllC _3Jl8KTpOHOB; . 

.• ".H3y'!8HH8 if,a:30BWX .·nepe-~o.itos 

. nJIOTHOCTH ,. B. pa3yriopiiJto4eH~oe ·. COCTORHlie;, 

-BWICHOHHe npH'lliH. '. : ,ll;H3JlE!KTpH3aUHH CHCTeM ; . 3d-::ine1CTpOHOB < C 

·:KY6H'l8CJC08 If .I'eKcaroHaJlbHOR. CHMMeTpn~Jt. (3a:ztaqa.P. llaRepnca. fain: 
. ,.-. - . . 

-pacci.io-rpeHHe . B03".!0llHOCTH. ;- , M(lTaJIJIHllecKoro ·. (l\eppoMarHeTH3Ma . s 

OJtH030HH08 '.. ·. CliCTeMe. <C 3Jle1frpoHOB ·• 

~. Enoxa; 1929 r ff: i3HTll¢)eppowarueT~3M~; 

". HC.CJleJtOBaHHe. _OTKJJHJCa . Ha . BHel!ntlle. 3JleKTPI11l8Cl(He II MarHliTHhle ' nOJIJl 

c11J1bHOKoppenttpoaaHHLIX. · ::1neKTpOHOB, liX ,.cxoJtCTBa ~, pa3Jll1QIIJI . .CO 

cnoltCTBal.lit ~ep~H.::llHJtK66TH; 

.-aHaJIH3 B03MOllHOCTII 

. CH~bHOKOppenupc,aaua~x .• ~JI_eKTpO~?B,_ •. BWSICHeJ_tlle • BJIH.SlHIIK KYJIQHOBCKoro 

B3aliMOAE!iiCTBHJl 3Jleifrponoa .. ,,Ha 
• ~.. • .. - :;,.:. • , •. ~ l. ' ' 

. •"'.'' ~ 

~aol!cTBa:·· ,.caepxnposoJtSl~ero 

·KOHJtellCSTa.; 

, Haytina.s> li.Qfiltllia. Ilonytie1i11'ue pe3y.ni.TaTU . COCTaBJIJIDT .OCHOBY 
• • ... ' - , • ·" • » • • • ~'. • 



Hoaoro ·. Hay,rnoro . HanpaBJieHIUl B TeopeTH<iec1ton <~n3HICe 

KOH)l.eHCHpOBaHHl,IX · cpe,ll,: TeOpHD Y3K030HH!.IX CHCTeM. XOppeJIHpOB3HHWC 

sneKTpouoa c op611TaJibH1>1MBIJPOXJ1.eHHeM. 

B pa6oTe snepa1,1e: npe)tJIOJteHa . .11narpaMMH3$1 Texmnca: aTOMHLIX x-
. onepaTOPOB )tJI.fl.• _,y3K030HHbll<' 'CHCTeM -,. opOHTaJ1bHO-BUpo:s.11eHH1,IX 

3JteKTpOHOB B (fa311ca~ · COOTBeTCTBYJ:>l!UIX <' cynepaJire6p; , .. pa3pa60TaH 
' . ' ·-· . . , . - . ' ·,· •- ' 

M8TOP. CHJlbHOU CB.fl3H {KB33HCB.fl3aHHl,IX) KOppennpoaaHHwt 3JieKTpOHOB; 

. p~ll)~Ha. 3a~aqa ;0 n'pll'lHHaX.-,JtH;;eKTpH3~l,IHH :cn~iel.i 3d-~JieKTpOHOB, B 

. HHX . noJiyqem,, .. ·wa30Bble ; .. nepeXOJt!,I · ,Jtll3JieKTpm,-MeTaJIJI pa3JIH'lHIJX 

Tttnos, s ra3osoM nptt6~·11l<emm s1,1<111cJieHbl xapalC'repncTHKH · 3JieK.Tpom-ioA . ' . . 

·. · CTpyKTYPbl All.fl: . npocwx . '· KpllcTaJIJIH'leCKHX · . pewe'ToK; H3y~eHll 

ICBa~l1'l3CT!lliHble so:::i6yx;.eau.fl' '. a '.·· Kopp'~m1poBaHHWC ·•·· IAO)t~Jl.fl)C peaJibHblX 

coe,.urnem1n pa3JIH'lll0l:t .. pa3MepHOCTil; , i: Hail)l.elll,1 . TOliHble peu:e1ll!Sl 8 
"' . , '' .,_ 

Ka~.itpaTypaX ,llllJt t1enOliKII xa66ap)I.OBC!CHX aTOI.IOB. C J1By1tpaTJIO 

aupoll(,U,e!IHLIM}! no- o~ouiam,HOMY · l,IOMeHTY. 1toppen11poaam11.11.111 3JI81CTpOHaMH 

· n ·auTnq\eppoiiarueTmca EeTe; B. -Mo,1tennx Xao<Saj,ia"C If '3Mep1i~Xepma 

· ewmc;umw Tei.mepa-rypbl_ Heeirn · · · H •." · noCTpoem.i ::' cooTseTcTBYDIIU!e 

aHTl!q>eppo1.1arHHTHble ~a:ioawe ; . .ttnarpal.lMl:l; pacCMOTpeua . '3a,1tatia, o. 

B03MOJl(H0CTH' Ml~TaJ?Jl!lli8CKOro ~eppoMar"HE!Tlt31.1a ·'B'. O,JtH030HHO.R iCHCTeMe 

3J1eKTpouo11; BhlllHCJieli no;u1p113auHomiwt · onepaTop ~pMH.;so:idya,1teHHR o 

ytie'rOM CIU:bHblX KOppe.ri111,111n: npe.1tci1ta:saHN HeMOHOTOHHaSI . baBHCl!MOCTl> . 

Tc OT ~l!CJl3 ·JIOCHT81l~ll'i!11',ue,1u1wc ~cnoe'B 'a BTCil.;,icynpaT:.X ll 

cymecTaoBaHH.!l '. • BTCil-nauaiaTOB;, ·· 
.. 

oueneHO ... BJIH.!IHH8 B03M0:.(HOCTb 

KYJlOHOB_CKoro . BOal!~tOJl.eflCTBliR. · 311eicTpo1ioa , : . Ha· . CBOltCTBa 

CBepxnpOBO,!lSl!ll8r"O·ICOH.1(eHC3T<i. 

· liay.!iua.a 3iJatJHMOCTb ll im,alfTlj<lecKaJJ µeHHOCTb, - BwtOJIHeHHble pa6oTi. 

cnv:caT CS~nee. rnyooKoMy no11u~an110 · .•· · ~11311q~cKHX SIBJieHun .. . . , 

06yc11oaneum,1x 1Coppen.11u11ou111Jim 3~~KTaMU 11 Heu.iteanbHUX , (!>ep1.1n

c1tcTeMax. U3noae11H1,1e a .imccepTaituH 11.11e11 u · ·pe3yJibTaTw nonyti11.iii1 
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npH3HaHlle; HcnOJtb3YDT<:SI B HCCJJe,JtOBaHHSIX HaytiuiJx l,leHTpOB CTpam,1 II 
l 

. 3a, py<Se:roM,. l,IHTllpyDTC1! B M0Hqrpa4IHS1X H' 0630pax, np11MeHSIDTCSI ,II.mt 

HHTepnpeTat1HK 3KcnepHMeaTaJibHLIX. faHHl>ix., Pa3Bl!TL1it_ -reopeT11tiec1t11n 

no.itXOJ; , n03BOJIReT. nocnep;oaaTeJibHO H Cl!CTeMaTH'leCKH_ yQIIT!,!BaTh 

OJlHOOpduTa1lbHLl8. IL , Me:sop6nTaJibHble BHYTPl!3TOMHble . Koppen.111,11m 
. . ~ . . . . 

aneKTpOHOB. B peanb_Hl>IX , MaTepuana~, Ere;> · .. n~HMeI1eH11e .no3son11no 

06t.JICHHTh p$1,!t 3KonepHM8HTaJtbliLIX )l.aHHb!X, ·. HanpHMep: ,ll1!3lleKTpHll8CKOe 
' • ·•,', + • "' • , 

cocTOxHlie, . 0Kc11AOB . nepexo_ AHblX .. : - MeTa.n.nos ' . . .. -. . -~-. - ~ .. C , - , pa3Jill'lHb!Mll 

KpHCTaJIJili'leCKll"!ll CTPYKTypaMll ;H Hx: ta30BLle _ nepe_XOJU,I JI.H3Jl8~TpUK-

MeTaJIJI ,M6TTa-Xa66ap,lla; 3Jl8KTpOHHYD -:CTpyKTYPY Mar:HeTl!Ta, . eI'o . . '. . ~-- ~ ' . 

COCTOSIHH.8 . ynopSI,ll0ll8HH08 '. If C)!emaHHOlt .. : aaneHTHOCTlf I! 

· n1,1co1toTeMnepaTyp111,1R, 3JI81tTpo11-4loHoHHi.rlt ··~a:3021,18 nepexo,ll .1111aJie1tTpnK:-:, 
.. ' ·- . . ·_··,, .. - ... .'. . . -. . ' - . 

M8T3JlJI, 3Jl8KTpOHHLle ~a30Bb18 ·nepeXO,llW cnnaBOB tiepexo,JtHblX MeTaJI]IOB' 

; ·. BJIHSIHHe HeMa~HHTHLIX ~~IIM~c~ii ~~ apeM~ ~eJI~Kcaium 3JleKTpOHOB B: 

. ~~ppoM~I"HHTHlix . · Mel'a~nax: .> TeMnepaTypbl •. a~Tu;eppoMarH.HTHo;o ' . 

ynoI)SIJI.O,lleHH.8 , HopMaJibHLIX. ·. ~~3. BT9Il: . .nnHeltHyD · .• 1 TeMnepaTYPHYD . 

331:l~CH~OCTJ, . IfopMani.~oi:-o conpOTl!BJleHHSI BTCil . H BJill$!H~e : Ha H.ero 

t.ianJx , ,;ll3Hc~a , 6bl~Tpblx • HeATp~~oa; . KpHs~e < Cn3tiTepa~Ilo~11ura 

. MeTaJIJIHtteCKIIX. : ieppoMarHeTl!;OB; ' ... ; BL!nJl8HHYD: ,' Y~HB~~c~~~Hy~ . 

3a~llCHM~C:Tb·_ .• Tc/T~aKc :a BT~n-.~y~;aTtlX or,:~.H~Jlr:HO~~Te:I~, <rOKa; 

pa3JIHti11e, caepxnpOBOAS!lllllX. 114eJiefl . l:l La-BTCn H B ,Bren , pa3JIHllH~ 
. . . -~- ·-,~, ·,· •., • .• ' ) ·:- ·._.: . ·, •• }-.• - " - . , .~. ·- <· ._ "- ' .. ,'> • • " 

K.iraC_COB,'.' • 

, ·, ·H: ;~~TY BLIHOCSITCJI CJI8.IXYD!Ulle. Qmlllil,te, nonoiemm li~ pe3YRbTaT!,J: , 

j. )Il!a;paMMHLI~ M~TOJI. 'AlISI: cncTe~ CllJlbHOKOppeJIHposaHH~, 3JI8KTpOHO!l, , 
-~-- ,~. -~.-~·~·J·, .. ,.,,. . . ·- ,, 

BblpOlt,lleHHhix no npoe1t11HH _op6uianbHOI'O MOM8HTa.. C ' 
t,, ·.,,";:~:--· . .::· .. ,-·~·: ·:, --~·-. ··,;.- . .-··".. - .· ·;_:·•·-~· ' 

2: MeTOJI. _, · c11111,1101i . :-.: csscin - . KoppenliposaHHblX 

KpHCTaJIJI;'leCKOtl '•:·;e~e~ice,:. o6oi~-~lllHR, ·p;cqe~~;~/·cx~~; Cn3ttTepa-

K~cT;pa ,11.'1.!1. HE1B3~;l~O.itetlCTBYD~X 3~~K;POHOB •. ~ . " •'' 

· ,. 3. T~<i;1~e:. pe~e~n~ ' ~it~6;e~~~ll· : :~o;e;11 ;~6~~pJ1.a c opd11TaJ1bHblM ,• 
• • • • ~ ' •• ,. "". • - • - • ' ' • f • • 

~-



Bblpox.:teHl!eM H CnllHOBOtt LtenO'lKH BeTe •. 
,,,,- .· 

4. 3a.:ta'lH O npH'll!HaX. )lH3.ll8KTpH'l8CKOro II IJieppoMarHHTHOro . COCTOJtHHII 

CHCTeM. CHJibHOKoppe.1n1poBal~HhlX. 3Jl8KTpOHOB. 

5. Teopua 9a30BhlX r1epeXOAOJ.! MeTaJIJI-)lH3JI8KTpHK B HeHJ,\eaJibHLIX (tiepMH~ 

cuc'_l'eMax c 3d-sJieKTpOHaMH. 

6." AHTH(tieppoMarHHTHaJt.: (tia30BaR )lHarpaMMa .· MO,!leJIH · Xa66ap,11a H ClfCT8Mbl 
. . •. 

2p-:3d sJieKTpoHoB, Mo)lenupyvmell BTCII.;.KynpaT1,1. 
·... . . ·' . 

7.IIOJIJtpH3aLtHOHHblll ·onepaTop CHCT8M CHJibHOKoppeJIHpoaaHH~ 

3JI9KTpOIIOB, o6ycJIOBJleHHLlt! npo~ecc_aini . HX Heynpyroro .• paccestHHSI.' : 

8. B!J'!Hcnemt!Je • · 

1CoppeJI1ipoaaHH1>1X 

CHMMeTpaelt ' 

B, ra30BOM • • : ,npH6JlHll:8HHH 

(tiepMH ... CHCTeM C • ~a3Ji11,mon 

•. 'xapaKTepHCTHICH 
. ' 

Kpm:Ta.JiJIH'leCJCOtt 

9. BJittiillHe ;:'npuMecel! • Ha BpeMst peJiaKcaUHH: B. Y::lK030HHhlX ··cHCTeMaX 
. ·- .· .... · •·.· .. · . ., . ' 

· 3JieKTpoHoB c MeiaJinitqecicon npoBo)lHMOCTbD.-· 

10. 9.ne~TpriHHue · (tia3oBh!e n~p~x~.iu,1 .· B lC~p;enupoBaHHblX (tiepuH::.cnciTeM~x; · 

·. 1 L UsytJeH~e 31!9K;poH-)lblpO~Ht>II ~H~M8TpHlf , KOppe;:HpOBaHHLIX 'Mo.iie~Jn , 

.· ·aatta)laTOB ~ : BTCII-:Kynpa.T~B :~ ·cTpOeH~j{ lfX 

Ilpe;tcka3aHHe lC1laC~OB B;Cl1~saH~,llaToB·: { 
•• • ' •• • • • • • •• < • • • ' • • 

12: Uccr.e)toaaHH9. BJiiHIHHJf Ky.nOHOBCKofo 133aHMO.ztellcTBHS! 3JieicTpOHOl3 Ha' 

CBOilcTBa •. CBepimpoBd)l$!ll(ero KOH.l{eHc~fa> 

o.= ~ '.lllillm' aBTopa'. .:.,lbJio~eHHUe. B 
• ' . ' -< : •• ' .. ~· . . . ' ,_ 

nonytJeHLI 

y'la~iHii.·~< , • .· 

Henocpe)lCTBeHHOM 

··e:rpy~ . ·'i{· ~ /'.'.nuccep:taumi', :.· ·~11ccepT<lUltSI ,COCTOHT'. '·u3 ,'. 

BB8,JlCHIUI,. 15 rJiaB, • o'5'b~AHHeHHblX /;nsrrb; qaCTeR, ~oC.nE/ IC3&)lbtt. H3: 
KOT~~b0(: 7CJle)lyDT' B~BOJtbl, ' . o6eter~ 3;~JID~eH~!Ji ~ coiep:IHT: 42 pile;·, H 

cnucoic' ~11;11poBaHnon · · nuiepaTyp1,1: H:3 287 HaHMeHoB;HHR: · · '06~~~ 
.1111ccep;a1.tlfOHHOI! pa6oTbl· coc;aBJllleT' 329 'c-rp. Mallll!HOnl!CHoro TelCCTa: 

l!c~oJtb3osami ·•· ~~B03HaJl HyMepaLtHll rJtas, ~pwyJ11,1 

6 

,i 

,. 
•{ 

':' 

rJtaaaM. 

:Anpodauua ~ R nydnKK8llHH. OcHOBHble pe3yJlbTaTbl-AHCCepTauuu 
.. - - • . ·-r- :~ 

• ,1to1CJta,n1,1BaJ11tCb H o6cyi::.ztanucb Ha scecoooHl,IX KOH(tiepem.tHl'!X, 
~ .. . , ·- ~ -. . 

CHMn~3HY!'faX H CeMHHapax_no ; ~H3H!Ce, . Mar1,mTHh1X RBJl8HHtf; <.Xapb!COB. -

1979, IIepMb - l981, ,Tyn,a::-, 1~83, , .ltoHel.{~ -;985)\ no aMopiliHOMY 

,, .Mar"~8TH3MY' H, aKTyaJibHblM BOnpocaM ~~3HKH. ·H. XHMHH COe)lHH8HHll .·.Ha 
- ~ ~'·.-: -{_ , . . . . ' . .. 

CKpai::~oJtpcK OCHOBe ... P3:f .llBYX3JleKTp0,~Hb!M 

npo1.tecca1.1 .. )l .. Heopr:-aHH'lecicux .. MaTepuanax C llepHoro11oaica - , 1986, . ,,- "_, ·->'-•' :·.· .. ::-··. ·--~·- ---, -',.\·<., .. ',•··' :. ·. .· 

•-.· 1978, 1989), no 

1989), 110 'cospe11.e11HLIM .. npo6JleMaM, CTaTHCTH'l8CKOI!, \liH3HKH (JlbBOB 

. '~1987), ·. no:npo61l~Ma~ 'arcn (3ape'lH~R : 1987, '~~~CUK·-~ ~~;8,' KH~ -
' • ·, ' • '" .¥ - ' • c· - . • • •. • ' . . ~ • 

.1989, xa·pb!COB' ~ .1991),': no \liH3HKO:.:XHMH'leCKHM ·oCHOBaM .TeXHOJIOrHH 
~ .' ~ .l , ., • • ,. \. ' , • . •, • • • . -- ' • . . ~ 

cerHeT03Jl8KTpH'leCKHX ';I! POACTBeHHhlX: MaTep11aJIOB,; (3BeHHropo.n -
: ,,,;,,..,.·•~"-- . • ·~· ;< ·., . '·.·· .... ·~•-__ :' ·- - ,,\.[~~---: ....... ,. ~ 

1988), no i»H3HKe .HH3KHX TeMnepaTyp (JleHHHrpaA -: _1988), no \liH3llKO-

XHMHH If TeXHOJIOr8H BTCII <MOCKBa; _: : 1988), n; KBa~TOBO; · X~M;!H H 
,· : . ; . '. -· ,· ·/-;-----·~,,,__ -. .·· . . . -

cneKTpOCKO!li!H TBep,ltblX 'Te JI. ( CBep,IIJIOBCIC -;- 1989) • :·, no. H80)lHOp0,11HblM 

. 3neKTpOHHblM ~OCTOJ'!HHJtM C HOBOCH6HpCK: -; 1989,/ 1991), Ha xiv 
MeH.itenee.nc.Ko~ C'!:ie3~e . do· ·o;~el!. · H . _npHK;a)lHol! XHMUI!. fTan:KeHT: .• -
~ : , ~ ¥ -·~ ~- ~ W',.. .. ,., ~ .!- ' ~ ~ <' 

1989); Ha acecoooiiblX lllKOJla'x no CTaTHCTH'l8CKOI! WH3RKe <BJia)lUBOCTOK 
t.•;..;. •,:•••• ~• ••';:;: •.•• :•••1,t ... ;:,,•~-~: .:, •.",••:•,•,:_, ':••:.; ••' ;,•;:: •: ';.•~:•:•• .,•,• c • 

-::-.. 1985, 1989). Ha.• BCeCOD3H!JX: lllKOJiaX-cHMn03llYMax. no, T~opeTH'leCJCOI! .... . . . . .· .. ·'··. . ... ·, 

, tH3H_Ke, t ·•~o~pOBKa ::XI~:· :.:., ):foypo~Ka;_ XXI I I" .. • ~e3y~h1'aW iltHC~epTal.{HU 

·• npeicT~BJI~~~~ u .11~~~a.ii~a~n~C1.·. ~a · ue~;~Hapo.ztH~ JC~H'1iep~~1.tu·n~ · .. H 

. Cl!Mn~311ywa~ .~~ lf36paHH:M 'np06JieM~M-'c;a;~CTH~ed~on. ~exaHIIKH .· .< /I.ydiia. 

. 7 



. . 
TeJIJiepa CKmnmies - 1989 l, Ha WKOJie-xoHq\epeH!l}!H c-rpaH · HATO no 

'TeopHH Bren (Kapiec - 1990); Pe3yJibTaTW llHCcepTaUH~HHOll pa60Tbl 

'o6cy;ic;aJIHCb Ha "HayttHb!X 'l(OHq\epeHUHJtx H- cewuaapax UOHX 
• • ,. • • • • • • '• ' •, > ~ •• : : ~ '••• - , ••• ' >• • •o•:• • • 

'ni.r: H. C. KypHaKOBa .AH CCCP, , ilT~ omm. win HM. n. JJ. Kamn.u,i C AH -CCCP, 

UA3. HM.H. B. Kyp~1Tosa> UXI%> HW'. :li: iL CeMe
0

HO.Ba , AH CCCP: ~u 'AH ·cccP. 

4iH3. /xHM.·4)-Tax MrY; ll~l(YpO AH CCCP, ID.II%> H ITT~ AH YCCP; Hilll> AH 

CCP!J ii :iip. 

no MaTeptta.naM .ll.HCCepTau1m ony6~ttico~aHC> '6onee .80 pa6oT, ,, 4 

,. n_penpimTa, 2 067opa.··•11eKOTOp1>:e pe3yJI&TaTU npe,ltc'J'aBJieHi.r.· B OTtteTaX 

no TeopeTHtJeCKOMY n,Poe'~TY N 342 .• ''Xa6op" rocy,1tapcTieH110M nporp'aMMW 

no .. Bl>ICOKOTeMnepaTypHOil . cse,pxnpOBO,IUIMOCTH. OcHOBHble pe3y~b~aTW 

Al!Ccep-rauuu· onyeiJIHKOBaHLI B, 24 pa6oTaX, cinHCOIC i0Topwc'no1,1e1:4~~ ·B 

KClHUe. ·asTope~epaTa. : ... 

• ocHoBHOE CO/lEPlKAHHE · a11ccEPT AUHH •., 
.;;.,,~•-,~-, -:-• ... .:;.~,.·1- :., .. _(_;'·>> ·'..··•:· .·,.: .~-, ·:.-. ·.:-- . ' . 

lli1 BBe11em1ti . 060CHOBaHa., aKTYaJlbHOCTb · T8lllil, 'c:q\opMy1111poBaHbl .. 1t8:IIH 

. HCC118,lt0B~~~j!, HO~H~~~- H 3a!IUUltaeMJe _· . 
• I- - ,, , ' "~ 

co.ilepllaHHe ,ltHCCepTa·uHJ!: •• 

B, ne,p.llQR ~' pa3BHT, o611Uilt t~TOA CH11bHOlt ·~~;~r '~ TeopHII 

, KOH,!t8HCHpOBaHHU~- cpe,11, C; ;:;KOppeJIHpOBaHHl,ll,Ot ·3J1.~KTpOHa~;/ ~ : H3ytteHW 

KBa3HtJaCTHt!~i:i'~, Bci36yl(,1teHHJ'I .· B . HeH.iteaJibHliix. 'wepM~;_CHCTeMaX. . . 

. . , RI. rnm: H31IO~~H Meio,{·B~6o~a. 6~~ii~i>~.f:~iwa£ix· oriepaTo~i; ,11,JIJI 

·;KO~pem1poa;Jm,1X 31181CTpOHOB, : Bl,lpO:&,lteH~~~'iio npoeXUHH 'op6~T311b~6~o 

~OM8HT~. -II~Ka3~H~; ~~~- TaKiie' X-onepaTOpi/ 'c'oana.ziaxrr, C Te~3op

~riepaiopaMI~ 0K~6o, ;li;if~a3H~- ,. :6~;~~ ~y11;:piinre~p~ s~l I'm;,/ .r.ite 

~·• Jt n . - l!HC110 OAHOH'l88'1HLIX TepMOB, 3aceJ1eHHlilX 1{8THblN i Heqe-ril~ 

'IHC.,;OM > tepMH~~aCTlllx: .• HcnOJlb~isaHHe - 'npHHUHna : 3Jl81CT})OllellTpaJlbH~CTH 
·iI8nmira:', 1/~p~~m1a'·x;a.1ta.:nciilao~iei ~6HH;HTb; p;,,.i~ H';do~i~yei..;;: '}Jlj! 

·s .· 

,, 

.. 

• 

pactJeTa KOHKpeTHb!X coe.itHHeHHlt cynepanredp' )tO 'll!CJia OCHOBHb!X 

ypoaael! 2kfi. :H:noilj!pffblX 2k2, 'r~e k - ~H;Jib 3Jl~KTpOHOB B OCHOBfIOM 

TepMe, . 06o6nta~~blll: .ir.~~~rpaMMHl,lij M8TOA OCHOBaH 'Ha peKyppe!!THon 
, • j: r • ',, :: • ,'• • • ' •,•• ,' • , 

npoue.itype Bili<a , no. o6pa3UY ( B.•r. Barcc, A. u. JlapKHll, C. A. niii<HH, 

·.1967). Hap:ii,lt{~ 3aKOHaMH. COXpaHeHH.ff 3HepreTH'l8CKOI"O napaMeTpa "'n• 

HMrIYJibCa. p . H K~piteit ·fl.'. ( P. 0. 3altues, , 1976) 6a3HCHblX. :ee~TOpOB 

cynepa11re6p1,1 ii ·~ep~Hita;· ·iuarpaM~, s npe,11,naraeMOM .ituarpaMMHOM 

MeTO){e KOH~aM · JIHHH!t B3aHMO,!teltcTBH$1. 'npHnHCh!BaDTC$1 reueanorHtJeCKHe 

•. "'Ko;ll)/jJHUHiuTJj g(X' pa3iOJ{eHH$1 ~Jtkci~11J~T;O~~i1~ :'g>epMq'..on~pai~pOB no 

X~orie~aicip~~- llpH ;itoi.t~~ ,!tO~a3a'H~·in Tecipe~1,1. iia~ieHo, tt;O ~epim
cn_e~TP ·. onpeie.11$1eTC$1. ClfCT8MOlt 

(1) 

nepeuoca .. · sneKTpOHOB •, Me;t,1ty 

,\~p6iiian-iMl!."a'';,H "s" ~OHOB KpHCTclJIJl~,a o< 0> . =(n +n }/(iw+c -c l 
·, .,. · ·. · ... .- ·•.•. · . ... · , .<X(r,s)·· r s .·, . r .. s 

'. -: · Hy~esa.ir g>yHKUH>t fpHua, omicwan~j! sayTpHaTOMHble nepex~.itbl Mex.ity 

;e;MaMH . r ~ · s. ;,, 3ac~~eHao6uMH ~C , u in • .-, 1'. e. . l - Mepaoe ,.'••'·,, :. ,.;. ·\'., . _.,.,,._ ••.: , .. · '. ·'<:c:· :' r._ • s · · · -, · 

/;ceKyJI$1pH08:; ypaEiHeHl!e C113nTepa-:KOCTepa Jl-:cTenem, op611TaJ1bHOI"O 
,.-.. _;-~,.. ., - -.· ·::_.'.->~, :._ ··,· ·- . .-: .. "' :~. . _ . .- ',." '*, '~ ,· • . C. , , .,. I - , -, 

. BUpox,1teHH$1) \KJlaCCHtJec~or9, ':{8WJla, CHJll,~Olt c~~3H AOilOJl!jJ!8TC$1 B_TOpblM 

1 U/ ; , YttHTblB3JJ!IUiM': Koppe1!$1UHOHHOe paI:1em1emie 

, 30H. L He,!lHar~~a11bHLI~ . 3118~~~Tu:·. ta8 ;tQ :, B~~Bat>T 
·: ·. . ' _.-,., : . . ..\:·;.; _;•?··-_\ :·_~.·:_:.< ._··: / . ·:, ·:· __ .· :·.: _ . ' .-· .. '. , 
/ pacnt~n,neaHe • 30H; -:96,~6llta_r:>lltee ·p,a~nten,neHHe: r: ~e,Tc? ·_AJIR. P::~ne.~TP?HO~. 

.. , .. B z.:cJiytJ~e'••. ·. Hec~OJlbKH~ ,; a TO MOB , ~:. 3Jl8M8HTapaclt /. j!tJeltKe KpllcTan11a 

'•:;p6µ6ioi~; ;pa6~en~eH1te
0

A: ~.JlaB~~Ba 3~:~~eiH~~CKH~ ~OH:• JloKa3aHa · 

; ;Te~p~M;, o~· ~oM; '. l!TO ,Kci~~~JI~p6saHHLle ·• •. 3Jl8KTpo~u .s , ,ltH3JleK;pu~:~Kol1 

,_:-~~3-~- ~;rioifiiDt~ ~,e~i,;~p·oe , tJ;icJI; K·;pp~11fi~~l~~H~
0

, 3~Iepr:TH~;CK~~ 30H 

·: ~o~a~dT~D. • 'Ilpe.itilcilKiH ' 0
} ~:~o~ , ·. oue11KH i;;Terpanos • •• n~~·euoca .. no 

,, . . ,· . - . . ,· .. ~ 



. 
napaMeTpy r B/a ( a;-riocTo.im~a.R pemeTKH, · r B -:-paAHY,C _B_opa);. no 

KOTOP?MY . aMITJIUTYA.!J HHTeX:-paJIOB. l3 l!aCTHUX cnytiaruc_ c ~g- H · 

t
2 

-3JieKTpOHOB 
'g ., .. ,, 

Bsl Il CJlime. 

_COBnaJtal)T c paHHUMH OTBeTaMH ~- B. AH.1tepco11a,: · 

paCCMOTpeHLI nonp_aBICH K cneKTpy (1 ) ~ : O~YCJIOBJieHH!ile 

npoueccaMH cneJtyDmux nop.RAKOB no riepecxoKyH 3q,q,eKTaMH pacce.RHH.R 
. . - . . - ' ' . 

MarHUTHoro, . KOH.:tOBCKoro H noTeHUHJihHoro, xyJioHoBcKoro · -runoB. <iia 
. ' : . -. '" ,, . . . ·_., .. - ~ .- _';. ' ' .. 

cnnHOBb!X . H. 3ap.R.:tOBL.'}t q,JIYK'I'.YaUH.RX >. · · ~acctiHTaHHile . B ra30BOM 

npn6mureHHH y Kpaes xa66aPJtOBCKOR 3()1{1,1 xapaKTepUCTHKH HeHJteaJibllOA 

q>E;~~~:CHCTeML! co B3aHMO.D;eildT;HeM BL!pal[aDTC.R_·~~~JlaCHO ra:ioBon ~,11ee 

.cc. T. Be.n.ReB, 1963; B. M.fanm,1Knn. 19(33) tiepe3 66p~oaciy~ ,a,mJIHTYAY 
~ . ' - -_ -- ,. :._ . -~ '· . ., . . . - ' ~ 

3JleKTpOH-3JleKTpOIIHOI'O. pacce.RHH.R, , KOTOpa.R. llOJ:eT MeHHTb 3HaK .. B 
. npeJtenax · Koppe;.l!UHOHHOR ·. 30HW.· . 3a~eT~~. l!TO . npu . noMO!llH 

. Henp1180,llHMUX <J,yHKl.,IHR rp1rna rn. ~ .. llJiaKHAa, 1970) B ~OJteJIH XaCS6op,zta 

yJtae;c;riOJIJtiaTb. 06!!(ee. a~a~HTHl!eCK~e '~peA6;a~.neHHe AJiit Ma.CCOB~r6 

onepaTopa. ' cnpaBeAJIHBOe ; ii B ' OTCYJ'CTBHH : 'Manora< napaMeTpa 
, ·,.' . . . .. ' ,, :') -. - -, . - -- . '. .. · '. . ,-- ·, .. - . -: 

ct,. n. Ky3eMcKnn, 1973 l., :: ·' IlonytieHHoe B npocTenweM: .. ·. ra_30BOM. 

: npii6JimKeHHH t 'q,epMH:-l[H,I\KOCTHOe ,' : noBe.ieHHEl ',',CHJlbHOKOppeJinpoi:ia11Hwx 

,tiaCTHl.,I· p~3KO. HapywaeTCJI npH ytieTe' HX :WJIYK;y1uH6H~Oro' pa'~~e~H.RO 
._ .· ,·, ' . . ·-·. . ·.- . . ' - --· ·- - ' 

' it.Ji.Ii. ·: !(OTciporo ···.· paCCl!HTaH: . ~aci:oal>in' onepaTop. ' 'Halt,zte~o;'' i l!TO 

'COO;BeTCTBYDIIUilt BKJiaA. B 'CITHHOBYD 'non1pH3yewo'cn. HMe'eT BH,ll : 
C. ' . ; .: .. , · , W . . ,: > . .:" .• , \I : .·, ' , ., .. 
;· ImPCp, 1.i>=-2~ignw; th~_-:-2s1gn wcr« Ill: li;"H,-:,=-:-(T>II> \<2t 

110 nOp.!iA!CY BeJIHl!HHbl TIOJIY'WHPHHf 3(>H'bl • \I 'paaita 'itna3MOHll02 tiacToTe. 

. Ilo:no11y; non.!lpH3~1,IHOHH~tt 'on~pa.Top '<2) 'coana~aeT. C ~oc-rymrpoaaiuiw 

11. Bap~o~ (1'9s9); 'Ana i OilH~~HHJl' HOpMaJI,~wic 'itcBepxnpoBOA.Rllt}l:t cson~TB' 
- . ·- . '"n;,:-J-~ . . 

Bren. 
. BQ. 0 ~-~ ~.-- H3ytiem,i 'ripHi{iuii.r .ilH3JieKTpntiecKoro · cocTciJ1HHJ1 

iieuiea.nbHhlX . cf,epMll.:ClfCTeM, • MOA8JIHpyDu:HX . ·•· KOHKpeTHLle '.· C08AHH~~~ 

'nepeXOAHh!X ' MeTaJIJIOB. M. ,.'.H ;'nocTpoeHa' Teopu.R 'HX nepexoda :.;a . 
Me;aJI~it~ecxyD wa3y B_. paMK~X pa3BHTOro A.leTO,lta CHJl~HOlt CBSl3H.~ 

I 

,~1 

i' 
) 

J? 

\ 
\t-" .. ~ 

. AH,arpaMMHOi!. TeXHHKH. , P_acCMOTJ:8Hl,1 MOAE;JIH ,,MaTepH3JI()B THna MP •. ~o 4 

•~···· M;o3 .'_.xpnc1:aJIJI~3YD~~CSi 'B coe)IHHeHU;. OCH6B~.ux Ky6H~eCKOlt 1Il1 11 
- • . . ' , . ~ - • ·-· -. . ,. - . , - • - . • . 1 

l . . tJiaalil) k reKcaroHaJibHon CU: I:JJ.aBal. CHMMeTpult. Bwmc.neHbl l!BHo ·. . .. - . ,. . . !... ·- . •. ' 
aHepreTntieCKHe cneKTpW .· H : cornacyD!llllecg c 3Kcnep11MeHTaJibHh!MH 

AH3JlE!K~~!tiec.~He _l!leJIH. KOppeJI.Rl,IHCl~H<?il . UJl!i CB.R3aHHOtt ·, C KoppeJI.Rltll.RMH

' · AHMepHon . npHpo.i(1,1; PacctiHTaHwe · KBa3utiaCTHl!Hble · cne!CTpbl awpaxeHbl 
• ·• ••• ' ., a • • ; ~ ,. • • •· -

tiepe3 . lfHBapHallTbl '' COOTBeTCTBYDlltlfX KpHcTaJIJIHl!eCKHX_ CTpyKTyp. 
• - , .. • • ,, ...• 'r•· . . •· . • ' • 

YcTaHoBneHo, ti-ro ':3a. peweHHe ripol1IeMbl P. llaltepnca oTBeTCTBeHHbl . , . ..-·· . . . "',-,:i ' . ' ,.c 

BHy-rpnaToMabie ·· · · •Koppen.RUHR. · 3JieKTpo110B: · 0,JZHOOp6HTaJibHble 
~ ~ 

xa66ap,1toI1CKHe H Mel[Op6HTa!lbHble . KYJIOHOBCKHE! · ll . XYHAOBCKHe. 
'" -:,_"' - -· 

Ha 

· OCHOBe · aHaJIH3a cxeMa 

3JieKTpOHHWX TepMOB MarHeTHTa Fe
3
04 HHie TOl!KH BepBe.R Ty,· OTJ!MtiHa.R 

OT ' 'paiiee cy!lleCT.SOBaB!IIHX ' <.!!. iI. KaMn~~·y;eH, J(ir: M. J(. Koy; 

B: B. llaKpaaepTH'. i972: ·-· l. 'A~ ~y;~~B. B. n. 3axaptieHs, <I>. A. llYAHoac~nn. 
. . . - ~'-,• .. ·- '·' ,.·. . ·_ .. , ·, , . ' - - . ' ; , -: _., 

1979) ytiei~>-1 ·: KOppensl,IHOHHOr"~ 
,,: .::·-,~---~,~: -;_~ 

pacl!{enneHH.R. _B · IlOJI.RpHO~ -MO,D;eJIH 

. 3apjlAOBoynopJi.llOlleimciro. 

: CMemaHHon aaneHTHOCTH 

noJiytieH q,330Bbln llepeXO,!l 

COCTO.RHH.li ' Fe3~F;2~/:i;O .. B 
. . A . . B .. · 4. 

foes( FetFe:'.. 5?4. c napa11eTpoM 

Fe30
4 

lf3 

COCTO.Rl!l!e 

nop.R,11Ka, 

00,lll!~H.RDII!UMC.R ycnos¥D BK!ll:,2A/Tv~3. 53:' 3aMeTllM, 'ITO TaKHe: nepexo,111,1 

lf3ytian~~h . i c. r. o~~~HHH~~a •. ·· 1 gs7 t' B · Mo~enu, aKcn;oHHoro 'AH3JieKTPHKa 

. C ytieTOM HeCT~H~~ : {l). B. Konaes, . 1975) ;~ R :f: ~ Hai!,rieHo, . l!TO 
. ,' .· . . ' -- . •' ~- . . . •·· ~ - -. - ' 

. ;'BHY,-pHaTOMHble .. Kcippe.ii~JiiH '- .d .·· ~~JieKTpOH~B ':JI;· 3HH30TpOIIH.R /J.', · IIX . 
. ·, ". ., . . .... · . . .. . .. : . . xy; . , . . .. . .. · '. , .. . 

HHTerpaJIOB. • repeH<>Ca: • C>6ecnetiHBaeT, ,!lH3,~eKTplI3al,ll!D JCBa3l!tiaCTU'IHOrO · 

COE!~T?a. B q,eppHTe. Fe304 ·BhJille Ty:·:· a. _ri.. -~aCTHOM H30TpOilHOM cnyqae . 

ri.r,rir~cJi~~~LIIl ··.: ,cneKT~', '. COBtia,!laet :':. C ; .· pe3yJibTaT3MH ,- . ( J(x. P. KyJIJieH, . 

'E. p; Ka.JIJieH,< -~-973) > 03H:il!~DllUIMH ,• MeTaJI1H3clll~~:;<CCB •' B. ,,fotiKe: TV 

,. BonpeK'tt_3KCll'epHM~HTy .._Pacce.RHHE! ~epMH-q,036yl[~eHHA Ha q>JiyKTyauH.RX 

·. b~6;1;a~1,~bn ,)i ~nmioa~n :~Jl~THOcTin:, 0606ll!eH11e ~on;~~OK: pacc~~Hl!.R If 
· .. --.' ... ·.~._:-· ,;·,:,"•-::.:,:.\--'.-_:•_·_, .. ~---" t~·,._.;'..".· '",:--~<-~····,. -·-·.:,; _--.-~ ',: .. '. 
pe30HaHCHO~O ·ywnpeHl!.R no. TepMifHOJIOI'IIH .Ila'. Xa66ap,!la ( 1964), - . Be,D;eT., . 
,,~•':'<-f··":".:~:<.>~',·:. ·' . . ' '::: " .. ,,.-,. -, 



' . X . 3axnom,1samm .U.113JleKTplflleCKHX lll~Jleit A B Cl!CT~kax. op6HTaJibHO 

BblpOI,U.eHHYX. 3JleKTpOHOB. . Toiiica' ¢a30BOI"O nepexo.u.a MoTTa' / MeTa.iiJI- . 

AH3Jie~TpH.i oiJpe.u.em,eTc:it 4.iopMi~olt Crnasa VI> 
., •. , 

2 
S+l ,, 

gCS)A =-g- (3) .· 

H3~BlfClfT_OT IlOJlHOI"O COH!la 5 OCHOBHOI"OCOCTOHHHSI.HOHa nepeXO,U.HOI"O 

MeTaJIJia B KOHKpeT~-~M coe,U.l!lieHHH (g(e2 )=8/3t2 ,g,(t~ l='=419t2 ; . 
. . g ·.· " .. g . 

gCs 1 l=l/4t2 ). B (3) co.u.epllmTCSI _; 11 H3Bec-r~i.nf pe3yJlbTaT O ?J,lUI 
.- ~ .. ,· -

HeBblpOllr.U.eHiton MO,U.eJIH 3Jl8KTpOHOB cs;,\12; 
,llI. Xa66ap,u., ' 1964 l ~ . ,,, 

B 3aKJl~~;;~JlbHOM naparpa<t~ •' VI I"JlaBW ·• · .. B raMHJlbTOHHaH 

•· CH.llbHOKOppenupoaaH~bii '"6eccnn~OB~ ·; g_iepMll~H~~ .. BKJID~i~b' 3Jl8KTpOH~ 

· g_ionoH~oe s3aHMo,11,ehcTaHe, ··. npH · • noMollll! . · •• KOToporo '. paccMoTpeHa · . 

. Tei1riepaTypHO. B03pacTaDuta~ pOJib pacceSIHH:s! 3JlE!KTpOHO~ ~a.·· ;~Jie6aHHSIX 
· r; .- . . : ,_.. . :·'\--__ ':·_ _ .. -.··,.:·: , · .:-:· .... :.--.->,- ;\ , , ~ ... ~ -~ .J:.•:ft:-;·:rt.-· :-·-.--.f. ;:; )!- ·, 
·· peweTKH, cymecTBeHHaa • a CCB .. Ii · · coe,11,Hiieiiuax • Tl!mi" ·' MarHeTHTa; 

TeM~epaTypa• \fla30Bora" : '';;~~~~o.u.a ; B . M8T~;1~'18CK08 ' COCTOJIHl!e. 
. -- .. • ~:--:,:"~- .. . . . -·- _··,,··:-"",.::.·· - .. -.;"•~·;··r~·'.:-·.~: __ ._:-._,.., . ·:-.,;-;·.::.;·:.~:-"'1 

orrpe.u.eneHa. 1!3 ycJ?osHa noaBJieH11si oco6em1ocrH · 2-qacTH'IHOI\, sepwmrnon 
. '>··,·: 

'laCTH npu 11ynesou nepe~asaeMoM HMnyn~~e: 

.. _.; Jt= _<A_l~I ,~12~-• ~·:.":;: . 

Ee3pa3Mepm,ie B8JIH'll!l!l,I HMeOT CMLICJI 3JleKTpOH-ipOHOHHl,IX KOHCTaHT EK!ll •.. · 

.· ~,llna·xapaKTe~HhllC'~Ha'le~~~ 'nap~MeT~bB (4) · cosn~;ae;, c ~a~nDA~~~~!l 
" • • , • , • ~ "· • , • • • - • , -· , > 

TeunepaTypo!t 4ia3osoro nep'exo.u.a MariieTHTa. B 1,iiha1111: 
.· ,, .. .. . ,:·._ 

B. :rpeTbell sam ;·,11,uccepTaum1 :pacc'l»Tam,1' cneKTpw · KBa311<iaCT11u'_ · 

peanHCTH'leCKIIX . c1icTeM Koppen11posaHHl,IX '31!81CTpOHOB ,,· 6 weTanllH'leCJCOR 

npoBOAIIMOCTl:,IJ •. : :B ,· K;UOM :c~ytta~ '. 33~0JIH8HH8'.: 3_0~1,1 . 'onpe,u.eJikeTC.R 
- . ··- ~ . ·" . ". . - . , . 

·. XllMOOTeHUl!aJioM. 1-13 caMocornacoaaHHOI"O. ypaBl!eHHJI · Ha .'IHCJIO .• 'laCTHU: .. 

R. vn c.naile• p~ccwo~eHa/:060~1I1eHHaS1:. ~~~A7~1lb .. X~66a~,i.i· ; C 
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,_,,~ 
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J 
~ 

·i 
I 

.1 
t 
I 

J 
/f 

+ 
' r 

TYHHeJlbHl,IMI! HHT·erpanaMH t II Kopp~n11posaHHW.Lci;if1'p1r I 1J>=0. 5 3j3 

(,ll;s:. Xa66ap.u.,' 1963: ,llz. Xa66ap.u.. h.'E: PUMMep, cl>. P.A. x~~~y,D;, 'i966; 

·JI. f ii~~;x, J.1. B. CTaCDK, 1968) .... -~; ... CSecneTeJll,HOII /np116111n•:e11111! ; 3bHLI . 
~ ', > ,~ ' 

HOpM_;.JlbHOlt pa3ynopll,U.O'leHHOlt 4>a31,1 c:t,opMttposam.i O.U.HO'laCTH'IHl,IMH 

3Heprmnm. 

+ f · .. . 2q . 
~;=1/2{ tp ( 1+2q +>+I-2µ±{ I I+_tir 2 ( l+~r+:-r 1 l 1

2+ 

q 
_+4f /2(1+ ~)2t!> 1/2} (5), 

: r.u.e· f 1=~/2. :: f 2=1;-n/2,: a: XHMnOT8HUHan µ 3a,u.aeTC.st. ypaBH8Hl!8M na 

'IHCJIO 'laCTHU· n: ; 

. f s;•f 1 I+µ_) nF( i~ )~ ( ~-f1 I~µ) nF( ~;) 

(6) 

CBOltCTE?a ·. MHOI"OKOMITOH8HTHldX , C08,ll,HH8HH!t 
.•_ . 4>H31!'18CKl!e nepeXO.U.HldX 

. MeTaiinos . 9np_e.u.enenhl 3JieKTpOHHon: cTpyxTypott, cipopunposa1mon·. 113 
; • •· 'A < • -·• • • •' • • • • •···• 

61,l'BWHJC_' 3JleKTpOHOB· H83?CTpoeHHhlX _o60JIO'leK 

,~pl!CTaJI~H30B3H~l,IX •' B -~0,D;~e~~;KH. -~, ~~83~ .. C. 3TllM 3P,eCb . paCC'IHTaHa 
./. • :·, . Co .l• ·. , 

aTOMOB p~3Hl,IX. po~OB, 

:.iieKTpOHHaSI °c:'TpyKTypa· .ABYX xa66app,oaCKHX nop,c1icTeM 3JleKTpOH0B· ."a" 
• • ' •. \. • • - -: .~ '• • • ' • J • ,• ; • • h. • , •' ; 

H !'s", JlOKaJll!30BaHHl,IX i!a. no.npeweTKax ,, C. KOHe'IHblMII 3Heprmum 

XaCS6apna· 1i.~-- ~ .pa3,D;~HJ:KO!t Ea-EB··~~J[~; ~Jf.HO'laCT~-;H~~ 3HeprU.stMlf, 

. HeKoppe1111poBaHHYlt 'aapl-!aHT 3TO!t : MOP,enn mHpOKO, . UCil0Jlb3JeTC.R B 

·;eopm1 csep~nposo,u.uMocTH·, 11a'l1111aa c, pa6oT <B.A. l.focKaJieHKo, 1959; 
. •.·'• ·_, '_. ·-" < • •. .• ,. ,,J_ ;· •• 

X. Cyn.1959; 5. T. rennuKt.i.aH, 1966). 
. - . ' '.~ ': -, ' ,'' "-· . ' : , . , ,_ '• 

A.11.eKBa'I'll1,1a Mo,u.enn OKCH,D;OB nepeXO.U.HYX MeTaJlllOB, . B . 'laCTHOCTll 
- .- - - . ' ' - . , ~ . , . ' : ,• - . . . . -. .. . :... - ' . " 

. MaTepHaJIOB BTCn,. JIBHO Y'IHTblB30T 2p•3JieKTpOHLI KltCJIOpo.na •. Ha OCHOB.e• 
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pa3nuToro no.11xo,11a 
..• ! '.'[/-;"· . ' .. · 

raM_llllbTOHl!aHa' ' C _nO,IICIICTeMof( 

B vn . riiaBe H3Y'leHa. • 3JJeK~~oHHan , cTpyKTypa 

op611TaJibH0-11eBUpOI,lleHHUX 

' 3d ( x 2.:'y2
) .:3;,e~rp~~~B lle,IIH, . OT;;ien~eim~x _TeTparoH3JlhHOP. KOMITOHeHTOR 

. -;". ""' ' 

ICpllCTcallllll'ICCKOl"O ITOJlR II r~6pH.l1U3oBaHHWC C no,llCll~TeMolt 

op611TallbHO-Bblpo1:.11eHHblX 2p '°'.3JICKTPOHOB Kl1CJiopo.11a .· (B. 3Mepll, · x,y . 

x. Xepl!l, · ti. B. fall,1111,llell, B. M. JIOKTeB. 1987); .· B Bb!IlOJIHClll,IX . pac'!~TaX 

pOllb BaKyyMHOX-0 COCT0$1HllK BhlITOJIH.!U)'l' 33MKHyTble odoJIO'lKll 3ct 10ccu+) 

II 2p
6
!0-

2). \• AHar.orl!'lHblM o6pa3o~ noJiy~eao· aHaJlllTll'le?KOe ·on11caime 

3JleKTpOIIHOl1 CTPYKTYP~- 3~MepHb1X ·c11cTe~. Ha ,np11Mepe /KY~ll~eCKIIX 

nepoBCKIITOB · A:Bal_XBi03. _ I',(!e pom, BaKyyMa. 11rpaeT COCTOKHHe 

4s 2 CBi 3 .. l,2p6 C02-l. · 

•, Ii YJ!!_ tJifill.e. -pa3B!1Tble MCTO;t CllJlbH08 CBJ!3H ll ,itll3I'p3MM~a.R -T8XHHKa 
_.. ' ' ·. . . . . . . . . . 

np111.1eHeH1,J • K 0606l!lellHblM 'MO,lleJJJ!M '- Xa6dap,11a ·.; I{' . 3Mepw,-Xepma , , C 

op611TailbHO-BblpOlK,lleHHblMII , · e2-3JieKTpoH~Mlf. ·. B 
g decneTeJibHOM 

np116n11xe·mm nonyqemf.30HHble1 cne1dpu, KOTOp!.!e MoryT MO.n;ennposaTb, 

Hanp11Mep, • 3JieKTpOHHI,le CTpyKTyp1,1 KB33ll.l1ByMep111,1x > H , _ TpexMepliux 

CllCTeM Tllna La2~~M)<N104u' La~:~M~u03 .. TaK;. npe,11noJioz~iiue, ~d 
op6l!T~JlbHOM BhlpOJP.,lleHHII 3JieKTpOHHblX yp6atten . ~· in 2+ ( 3d8 ) • o~iiatiaeT 

Bl,ICOK~cmrnosoe 'no npa~~;; Xy~~a COCT~~1me N1 2+ a' i.'a;:xsr ,iH04 11 

,llll3J!eKTpl!33UIIO c:neKTpa np~)?ell(eCTaa/ La~N10/'. ICOTopoe. B TaKOM 

CJiytiae $1BllJICTC$1 ,llll3JieKT;IIKOM Mo~a~Xa~apia· C -tanoJiOBllHY 

3anon11e111io11·· BLtpo:i.ir;eHHOll; 30H~lt· e2. 3TH. ¢a~~ii''1101tisep:i,ii,iriTCJI ·~at:- • 
. . .. : .• , ... '._,--~g-:,. ,,·-.. ·,._. _'_··.-··.,.:·--·.-~--'_~-.-r·-=·,- _· .:·, ... -.·-·· .. · 

Hl!THb!Mll ll pe31!CTllBHb!Ml! 3KCnepl!MeHTaJlbHUMll .l{aHHblMll ( r. A. CMoJieH.;. 

CKl!lt, B. M. D.I11i11; 

u. H.P. Pao.1980). 

)i~; ,B •. ry.ti1ma¢, 

B. · seIB"DI~U·· : sam:u. · ,i;;nccepT~U~·~•: : ycTa11osneua ,· se.1tyll13K : poJib 
\__ > - •• ' • - ' • :'"-:,·,-_ • ~,. ~· .- s: . . -

BHYTpll3TOMHUX 

ao36yueunfi:n 

KOppeJJRUnlt .llJIJI xapaKTepllCTl!K cneKTpOB :aJieMeHTaplJblX 

. cfl330Bb!X ·nepeiw_ios B • K•B~,i~O,IIHOMepHUX <pepMtt_:Cli~~~aX, 
• •' • • • > • • ,"':,, C •• 

a·rx:~'.:.illllt xa66apibacK~I~ :;TO MOB C. 'leTBepTb. 
,-1", 
i•:•r_..,• 
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3anoJIHCHHOlt 3C>Holl II anbTep1111posaHHblMll MeJ:aTOMHb!Mll CBK3$1MII 113yqeHo 

BJl~fKHHe' JtllMC~lf~qUIIII H KOppeJI.!!Ul!R Ha KB33ll"lac;;~lllilihle cne:<Tp!,!. B 

~a?m:r~de · .3Hepr11~ : ·I>t0 (sHyTpll.D;IIM_epHb18 RHT:=~pall nepe~o_ca)>. ·t 

ME!l'.AIU.iepHUit. l!HTerpa.n ., ii'epem:>ca) •. CTpOIITC.!I Teopll.!! B03MYU:E:HHll 
. . . . ,v . ' 

Q3KTI!l!E!CKll no napaMeTpy, _tit o;_ ~plltt~M rei-ieanora-qecirne K031p!pll!.llleHTbl 

pa:rno.lleHll.!I O,llH.03JleKTp011liblX onepaTopos no 6a3l!CY X-onepaTopos 

oKa3UBaOTC$1 q\y~~U~KMII 3Hepr-eTwiecKux . napaMeTpos ! , t~. Ilonyt:ie111111e 

. cneKTpbl KBa3l!qactm~. MOX-YT , OITIIC:blBaTb, . ~~-~;:H~;~. ~Jl~K~p~i;JyD 
; ~-~ l . ·, ': . . ,,_ - , . ~. . 

cTpyxTypy >co.lleR ·, TCNQ, )l11arpaMMliun MeTo.l{ no3BOJJReT s'htriucbtBaTb 

}lal!COHa ,llllK . .D;lll✓.epH!,IJ<. raMII.IlbTOHll3110B C Jll'.J6b1M 'll!CJIOM 

3Jl81CTPOHOB' Osk;4_ B .D;l!Mepe. 
:~'. ~ • • 1· ~ • ' ,· .~ -.' · .·•. i • 
Ii X ··J::.ll.aM .. H3ytJeHa uenotJKa. CIIJlbl!OKOppennpoBaHHblX 3.lleKTpOHOB, 

. ,;1< . >!•.:·:;'. . . _:_- ::::,."'·. ' . - •" ... ·~. \ . :-' . 

;tByKpaTHO\ BblPOlK.llCl!Hl,!X ,' no · npoeKUIIII op6HT3JlbHOro MOMellTa · ,, C 

Hl!Terpa.naMH · nepenoca •: ta=ts. HaR.n;~Ho,· ''!TO COOTS~TCT~YDU-.ee 

ypasHeH11e Wpe.n;1111repa ,l{onycKaeT·. pemeHHe s , ~sa.n;paTypax Ha Knacce 

.· 20.n;OBUX, QYHKU~II EeTe,: CIIMMeTplt'IH~X :, ~o cmrny, B :;>TOM cny-qae 
. :·:,···) ;.·,:\,i7:~• . - . . ' . _, ~· ,'t:<·.... -

. ( .. ; :..~ . 

· MaTplllla . pacce.!IHll.11 · YltOBJleTBOpaeT:· ypaBHCHIIO ' S!Hra:-EaKCTepa •. · 8 

OTJll!tii-fe, -~; .• ~HesJp~J:.1teHHOlt MO)teJI~ 'ia66ap]a .. ~lOTTOBCK:tll nepeX0,1!; 
"··., • '> "::,~, •• ,;~_ - • ;~-:-.f\ ·:; .... _·. 

· · B03MOZeH . 3Jl8Cb- • npll · HeHyJieBblX . BHyTpHaTOMH!,!X Koppell.!IUIIKX. Ilp11 J 

.· ·c' XyH.iil-2U ( Kyno11) _a~;i~nTO;~~~-: icoppei~u,11o;~~n !lleJIII HMe~; .. ~;o~~;.BO 

C'. .•. pe:3yJI&TaTOM , (A. A. O~t!HHHIIKOB,: ;,. l969i •. , ,!{JI.II. 'pemeHmt ' Jl116a-By 

H~~e;~H~~~~~;- ~~~bl;O~;:l;~~ll: M~.U:~;~_-~;66ap,1!;:: . , 
.~ ., . • "•:• . • .. • .-. ·.: l r·.:' 

-.; 8 . · . • · c: 2nt, ·,, 
A => T Ctc2U-Jll 112exp<-iiJ=f:-> • C7l 
.·. . ''. . ' :~ ~ . --

. '-'B. XI I:Ji.aiia. nonytJeHO TO~Hoe. pemeane ypanitef!ll.!I l!lpe,lll!ltrepa . J:.lIR 

. u~no'licii :. cnHH()B, , B , ICOT~pon ~"apK,lt/ ,'. c : y~~p$1;t~l!l!BaOI!ll~M • i>6MeHHblM 

B3311MO.D;eltcrimeM, J , : ',)iMeieTCR' ·. pa3yriopK.l{O'IJIBaomee KY.lIOHOBCKCe 

B33llMOAeltcTBl!e • . V ·.. COCC.llHUX_ · 3JleKTpOHO$ . , faHTar:>eppouarneTIIK 
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r. A. BeTe, 1931 ). . Ilpn Hanwrnn KOHlCypnpyDm;ux . · · B3aHMOP,efi~TBl!!t 8 
- ) . - , - . ' 

CTaTl!C'I'iltteCKOP. MeXaHl!Ke Ha OCHOBe 'oda;ero :M_eTo,!!.a ,Kaa::incpe,!!.Hl!X 

( H. H. 6oron1JOOB, 1971 l . pa3BIIT MIIKPOCKOnuqecKHll '' Me'rop,' onm::aHHH · 

r'~Tepowa:rn1,1x cocTo5!Hll!t CB.K KlKanos, · .. · 1977; 
• ; C ~• • • • ' ,,_ c <', 

A. C. IDyMOBCKH!t, 

B. H. Kl1tanoa, 1985; -• B. H. KlKanoa: 1989). C ere •• noMOll;bl),. s1,m11cam,1 
. 1/ · '· .. -- ., -·,_ 

~~W~KTIIBHbl!t ra~HJlbTOH~laH' ~ . yp~s~eHHe mpep,tmrep~ .• ~aJiaq11, KOTOpoe ,· 
., • ' • : • -- ~- •. "' ... _ •• f' • ' .•• • ::·· . ,, --=, . . . ., :, 

n))OllHTerp11poBaHO nO,llCTallOBKOI!' 6eTe. ' '' '' IlonyqeHO,' 
. ; . . ,_ . _- ·_.,;.,,::fi•,'. ~·- : 

. KynoHOBCKOI"O B3am.iop,e!tCTBii5! V;; He 
-~\- y

0
=-J521n2-~/2l~ ···. 

'.· aHTll~eppoMarHeT;IK. · . BeTe. HaxQ;IITCJt • B •. : cocToHHIIH, , : 0~11c1>1sae1.1e>M 

~YHKuuen BeTe;; XlJJlhTeHa. Ilpll V>V: p~ccMaTpl!BaeMaH u,e~o~~a COllHOB . 
• ,_ " '·, ,.. 7 -·· ••• _, 

11MeeT reTepo~a3Hoe cocT05!Hlle H c pocToi.t 'V .ilou ynopH.n;oqeHHott ~a31,1 

ysemtlJiIBaerc/ .n;o . 1/2. , Jlm1 cnyqaj{ J>O 's ,, odnacT~ Manwx V 
, , .1 -·,:' ., 

pean113yeTC5! ynop.ii.1totieHHOe ~eppoMa~HIITHOe C~CTCHIHl!e, ' a· 'nepeXOJ[' B ' 

·. r;;C~~iii3HOe ocy~~CTBJl5!8TC5! B TOlJKe . 
·t . ,;•; . -, ·'<"f, -:;: ~ . 
B. IL'ITQ.ll " ilin1 ' , .\·ii 

3J!eKTplttJeCKll8 CBOliCTBcl · CUCT8M KOppeJlllpOBaHHWX 3Jl8lCTpoHon; 

B. XI1 .. ·~ ·'·'paccuoTpe~·:.: ~;~~;IK ' <:llcTe-~ KoppenupoaaHHLIX 
•,·,, ', ' .. ,:' ' ' ' ' ' ' " ' ,:, ,,: ·,., 

'3Jl8KTpOHOB, , onucusaeMblX, 1.(0,ll;eJISIMII Xaooap.tta • ff ABYX30HHOI! MO,lteJib[) 

cnnaBOB nepeXO,ltHblX MeTaJIJloI:l; ,Ha BHeWHHe 3Jl8K;~ll'leCKHe H .MaI"HIITHl>le 
,,.' ·,'o'! • . ~ ' <>-'.-<<0

;· ,:5~·:::,~ 
nOJl5!. . ·· , 

B CaMQ~or;acoaaHHOM' ripH6JIHxe111111 'TJi'OnllK~sa-6or~1~oo;~;;nonyqena 

CTaTlllJ8CK35! ;, cmmosa,i~-Be>Cnpnl!M~l!B 

'KOl!ettHblX TeMnepaTyp~'.':, 

',h, 'r ',· • , .... ,.,;-·,,:' '' 
x<TJ=-2 po!_n;,c~~)+n;<(> )/5t . ,, .. , ••. P 

. ! nJ~- l -ri ., 

BqacTHOM cnyqae T=o·o11a cosna,1taeT c'pe3yJlhTaTOM (Jli«.Xa66ap.tt. 

\ K. n . .lizel!H;1968l. PacqeTnhie iPOPMYJibl · cril!HOBO!! . 11 '3ap!'l,1to'aoll 

socnpHHMlJl!B
0

0CTll m::nonb3YDTCJt npH ytteTe 3cpcpeKTO.S pacce5!HHH , 
_' - .·•' . ' ~·-·. ·,. _. "-... . . ., . . .. . ,.. ' . •'. . . ( 

3ne1CTpOHOB Ha·cnHHOBblX H 3apH,1tOBblX cpnyKTya~IIHX. 

•(5~,'paMKaX ; o.JiH030HHOI! MOAeJiH Xa66app,a C npMMeCJIMII OU8H8ll0 

BJIHHHHe cna6oro' pacce.liHl!.R o= •E~-:E~ «t 3.lleKTpOHoB' l! 1/HeMaI"IIIITllblX 

npHMecen Ha M8TanJIH'leCKYD ; i:tpOBO,!UlMOCTb. B ,, OTcyTCTBl!e . npm.tece!t 

nonyqen , pe3ynbTaT, aitanorlllJHl>IR s.:.d(fl Mo.1te.n11 (B.Kl: Mpx1111, 
, . . . '. ·~.. , '•'. . ~ . . . ' . ' . 

M. H. Ka~Heni.coa, 1983 l: • onpe.1teneHHaH 2-MarHOHHblMII npoueccaM11 

. ~mi:a~. tiacTb iia~coBoro onepaTopa' tr112 )t.11.R ICBa3l!HM~YJibCOB p~-<T/D 

rn..:zecTKOCTb ; ; i.iari-i'oita ). ' 3neKTpoa-npiii.«ecnoe' pa(?C8.RIIW;} ' YlJTel!O BO 

BTOPOM nop5!,1tKe no ; llHTeI"pany 'nepe,GKOKa 't C noM'outio "KpecTOBOll" 

T6l<HiIKH. ( A. A. AOpHKOCOB, 1958) B ' pai.!~ax ,11.Harpaw,rnbi-o MeTo,lta ' ,ltJlj{ 

x..:onepa-ropoll'',11,/;a3'oiioM. npll(~JIH~eHHl!, no ·MaJIOMY napaMeTpy apo 

< Po .:AWJ)OlJHIJ!t Jnll1YJlbC ~~p1,111; , a-na~aMeTp pemeTKlll. Ilpll noMOll!ll 

MeTOp,a ICOI"epeHri1oi-o noTeHUllaJia ua!t,1(8110,. iQTO , riplIME!Cl!Oe pacceRHl!e 

noHl!ll36T::;c:TEineHb TeMnepaTypHolt 3~BHCl!MOCTH,:' odpa~l!bro speMem1' 

3Jl8!CTpOH;.MarHoHfo:n ,•,•' pe,11aKcai.tn11 B ABYXMaI"HOl!HblX ~poueccax ',no 

T-1-Jmt..;-r512 's 66nacTll p~<T/D<xd;;,x)o2W/t (W;;ll~Terpan B~'TCOHa). 

' MeTOA KOrepeHTHoro noTE!HUl!aJia npHMeHeH TaKll:e B XII cmra.e.~ ,ltJl5! 

paclleTa CTaTH'leCKO!t· cmiHoliolt socnpl!HM'll!BOCTH pa:1yn~pH,!!.OQel1HO!t no 
·, '' . .·- . " ·. - .', . ' - ' ' ' . ' .· _.' ,,, -. ! ~ ' . ~ . ' 

Y3J1aM . pemeTKJf 'c11cTeMbl. Koppen11posaHHblX, 3Jl8KTPOHOB, rn6pHAH30Bamu,JX 

. C , CH(:Te~o!t ·: -~eB3a~koJ[i1tcny1JIIUIX · 3Jl~~TpOHOB. . ,k ,, nomJca 

~6ci:tp~~~q~~oc~11.:nonyqe~ ·fpuTepult; :~~ppo1,1a~He'.1"~3Ma' -raKolt 2-'3dH~O~ 
. . ... · . : i ~·,: :-,r.::- ::, ~ ' . -. - ' .:· -

~OJ[8JIH, KOTOpbllt B · CJly'!ae. lJHCTC>I"O ),(8TaJIJia cosnap,aeT C KpHTepneM 

teppoMaI"HeTH3Ma 'CTOHt~11a.:.Bonb<papTa; a B qacTHOM CJlylJae Mar.wx 

~~HU8lfTpau111!, 0,lt~Oft H3, KOMnoHeH; , coanaJ[aeT ~ !CpHTepueM Opn,nenn-
,. +" • ' • • • ~ ~ • - - , x,, -~ 

. AHp,epcoka-Bonb<pa· o6pa3oBaHl!ff JIOKaJtbHOI"O 'MaI"HilTHOr'O. MOMeni~ Ha 

npii~~~Jf. Pe3y~~taTIJ .~1°1cne~rioi~·-cq~,ci' co~~aci;~~~ 'C 'HaOUD,llaeMW,Gf' 

·, 17 
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0 

3JieKTpOH~blMII ipa::ic:>BL!Mll ·nep~xoAaMH B 611iiapm,ot , CIIJiasax nepexo.z1H1,1X 

, MeTaJIJIOB. , YqTetma;r , 1"1!6p11'Al13a1tm1 BLl3b!BaeT pa3Jil1ttHe JIOKaJil,HhlX 

cn11Honux socnp1111wmsocTen H~s::ia_uM0AettcTBYD$1x: _sneK-rpoHoB Ha 

pa3HL!X aToMax, '!TO· oducm;e~ pJ1.1t · 3Kcnepiil.ieHTaJibHLric ::.i1aH~~ . no 
• • , V ; ,, • • • • • < ' • •~ -.• • 

C,!11:lHl;Y · HanTa. B 3aKno•mTeJibHO~ pa3,teJie . xn l"JiaBbl '. : nonyqeJI~ 

: B3allMOCBJ13b cnni1oson BocnpmlM'lllBOCTII II npoBO,ltllMOCTII B H8H,tteaJibHOlt 

41epM11-;-c11cTeMe · , 3a ctteT, · npoueccos pena1Ccau1111: 3ne~TpoHOB · .. c 
, • ·•' ' y ~ • •-' •• ' ' .•; • , - • ..,. '• 

nepeB?POTOM cmma. PacCttl!TaHHcHI ' 3aBHCllMOCTb ,: nposc:>,!UtMOCTII 

)':3K030HH!,IX . cucTeM , OT ;:t~9e1CTHOCTH., odpa~lta cornacyeTCJI , . c 

, 3KcnepHMeHTaMI! . . no • '3KcnOHeH1tllaJ1bHOW :faBHCIIMOCTI! , , . HOpMaJibHOl"O 

. conpowaneil11J1: BTCil oT;Ma.Jth!X 4J~D3HC~B :6~cTpblX H~~~poil~s., no~,i~~k111t 
•. - ' • '. .;'.- ,-c ... ' , ! , -~··,. •' • • ... ·~ ·- •• ••·• 4 • < - • 1,-• 

34J4leKT, Bbl'IIICJIJIJICJI B ' paMKaX TeopHH , JIOKaJil!38ltllll ( JI, H. BynaesCKl!lt: 
. , . · .. ' , .... - .. , .. .. ' .· ··- . 

·M. B. Ca.itoac!rnn., 1985; , M. B. Ca.1tosc1Cttll:-,"1gg9); 

• B. Xlll ~: pacc1.10Tpem,1 aHT1141eppor.ial"iiHTHble '41a3i.l KOppenuposaNH!JX 
• - • • •• ' •• ~ ,. • • - > •• • ' •• : • • - _, ~ • ,- • • • _, • • • 

30HHblX _3JieKTpO!lOB Ha npl!Mepax MOAenen: Xa~6apAa H, 3Mep117 Xepma. 

. AHTl!lpeppc:>Mal"Hl!THaJI . HeCTa6/!llbHOC~I, IIapaMariiHTHOlt -~a::31,1 , Han,11,eHa ·• H3 
, - . , ~. ; "I., . , -. , . , _,. . ' , . ' '' ' . ~ . . •. ' 

. YCJIOB1!$l CIIHl"ynRpHOCTII aeplllllHHOlt ttaCTH ·' pacceJIHIIH 3JleKTpOHa . H. ,11,blpl(lf > , . I' "' ; _,,, ~ · t ,, • " , , , • _ . . ~! , · .. .. ., , • • , ~. .. ,., . ,'. e • • 

. C IIpOTIIBOOOJIO)l(lll,JMII . npoeKU!UlMII CIIIIHOB,, HJIII_ ,.,tt).yx ,pa3HOCOHHOBYX 
,- , , ' ' . ·. ; '. ". ;., . . .. , , .' ·- ' ; ' '. ~ 

3JleKTpOHOB Ha, npOTIIBOHanpaBJieHHblX .l"pl!HOBCl(IIX JIIIHHJIX: . '.'HeeJ?eBCKl!fl" . . . ' - . ' . . - ~ . . '• , . 

KanaJI pacceJ1H11J1.' B .·: Mo.1tenll , Xa66ap.ita • KPIIT1ttiecK11R : · .r.or.11pyDuu1ll 
. . . . . : .. ~' . . ~ - , - ' . "• . 

napaMeTp, IIIIJKe . KOTOpOl"O, .· B03HIIIC~eT . aHTHfeppOMal"HIITHhllt . nop.11,!IOK, 
. ! ':, • { ,:,::- - ' -· "'~- . 

COCTaBJIS!eT X =Fn '=t/5{: B IIpJIMOyI"OJibHOlt OJIOTHOCTII ·coCTOJlll~!t .(2,,-
, . . ~.-.:-_,-c_·_,:~\·,._·,,, _.;., __ ~\>. ·: ,;· - ·. ·- .. >;_·''.'!~~_-.::·"- .. ·--.· 

1,1epue l · 11n11 • t/8 I • a· nonY3JIJIHIIT11tieCKOlt IIJIOTHOCTII coCTOJIHHtt ( 3-· 

Mepnel •. HHJKe'. x• ·;:o~-o-ro~1;oe. ~o~~~c;aH~: ;'~~M~~pa;i;~· Heenir_ .. · 
•• C C . -~-,_ --· ·_; '. . . ,-:j· .:·_, __ > __ J .. ~-~-'.~ ·,-. __ -- .. _,..·:_·=· . :. '. _. ,' 
)tOCTUl"aeT ' Hal!BblCWeI"o ,'. 3HatieHIIJI. B ,!1113-l!~KTpll'leCKOtt ,· 41a3e ' npu .. 

, OOJIOBIIHHOM 3anonHeHIIII 3HepI"eTHqecKol1, 

T <x=Ol=2tx ' . • 
' , • . . " N -: -~·· •·,,-, C'•,. ·i· · .. ·!. . . . . . . 
~ 'JlJijJ. 'xapaKTepHLIX napai.ieTpOB' 3Jl8KTPOliHOU CTPYKTypbl -B1Cil7KynpaTOB '.' 

non~eHO COI"~ac:e , . C \Kcn~pl!M8HTOM , .II . ~~HaJIOl",H'I~~~~ -'?~e~Ka~~; . 
,,.; 

BblnOJIHf3HHblMH B t-J MO.lt8Jlll (~. Jiy, 1989) B . npe,1tcTasnemrnx 

1%>.B.AH.i1epc0Ha,a pe30HllPYD!lle.1saneHTHOI! CB~:311. Pe::iynbTaTbl pacqeTa 

a,iniweppo~al"HHTHbix ' '~a3 ' • .ltJIJ'l I",tMUJlbTOlil!aHa 3Mep11-Xepi;Ja 'ciIOJI 

B BTqfi~MaTepnanax npe,11,cTasnenu Ha Cti ~:ndo;2+np{ 3d 10:.~d~PB-npl 

Jll!C, -,~ef~pb~S! ;6JiaCTJIMII, Bbl,lleJieHHblMII l"OpH30HTaJibHOI! WTPHXOBKO!l,, 

KocblMH JlllHHJJMH 3alllTp11XOBaHl,I CBepxnpr::>B0,11,JlutJle o6nacw. • B03lll!Ka7J~8 
' -· ' 

no. Jtl!HeMaTU'leCKOMY MexaHl!3MY .· BTCil, KOTOpbltt B .ltllCCepTa1tl!H · He 
,., < • < • • ' 

06ciyx,ttaeTCJ1. IlonyttenHaJI 9a3oaaJ1 AHa!"paMMa .. : 1rneeT, HeKoTopyD 
- . ' . . 

npe,11,cKa:JaTeJibHyo cui':y, : B · aH_T11¢eppoMal"HIITHott, ·o6nacTH cnena-BHll3Y 

OKa3b!BaDTCJI npase~ecTBa BTCil-iynpaTOB C 3ap~~OM Q=2n +nd.;.3=-2 
' . '-.·.: . •, . ' ' . . . ' . p ; 

. K~MnireKca .. cuo~. •. rionyttaeMUM . 'H3 • ycnOBHJI .. 3JleKTpOHettTpaJlbHOCTII 
! . ' > 

. KOHicpeTHoro C08.ltl!HeH11J1; B03MOJ:eH a~T11weppoMaI"HeTH3M Bi - H Tl:-BTCil 

C, ttltCJIOM. MeAHblX CJIOeB, '. 60JiblllllM llBYX ~ Q=·-L . 

i B.,, XU: tJlaB.e. OO~Jle)tH~n ttaCT~ ,ll,~Ccep;altl;III pacc1,10Tpena npo6neMa 

p~aJIU3anHII .. < weppoMarHIITHOl"O . , COC:TOJIHUJI B OAH030Iino!t Cl!CTeMe .,, 

3~eKTpOHOB,, (fl.H,4)peHK~Jib:·~1928; ·1%>:Bnox,1929) c .. y<ieTOM HX .. 
l . - •' . . . I 

,11,JIJI' Mexy3eJibHOI"O.. ' o6~eHHOro •. B3aiiMoA'eltcTBHJI; - CY!llECTileHHOl"O 

~ppOM~I"~~TH~n lieyCTOff~HBOCTII (K. Xeppu~r> 1966; E.·11: KOH)tOpCKl!tt, 
' ' . -· -- . - ... .. "• . '" "., ., -.. .. . 

1976 l. B' OTJIHttlle ·, OT, aHTU4JeppoMal"HIITHO!t •. , OHa . pa3Bl!BaeTCJI np~ 

ayJieBOM ';~;ynbce nepeAatt11 11 .Hanc5oJiblllee :noHHieH11e oCSMeHHO!t· _3HepI"HH. 

-Jl:el(p1-p~l~: ,llOCTHra~T~Jl\npH p =0, p =lr', HJIII p =1{ p =o':':- ;T. e. 
: . · . . ""a:'.'". ','J, · · l 'w,2,,,.,,, v, 1 , 2 

lCOt',tta O,ltHH 3Jle!CT;OH OKa3b!Bae~CJI B CBJl3W~~7JI!(E!M, i(a APYl"OI! -- B 
. ·'"""'"-· ,, ·~- ,--··'. - - . ' . . . --, .. ~.:,." . . . .. i 

aHTIICBJ13l,IBaD;eM cocto.im1;11 ./x. Xepm, 1989). ': no Tlmy BKW . B IICXOJtHOM ' 

r~~llJlb;O~~aH~·-f , 6~JI~H~K~pp~;upoaaa;;blX -3JIE!KTpC>HO~ / C" oc5MeH!lblM ~=.. ~ ' . . . <'. ; , . • ·• -

B3aHMO,llenciiin'eM Bb!JteJieH ~KJ!a,ll ~ap. '. coc_TaiiJieHHbr,C 113 3JlelCTpOHOB C 
} . • " 1. ~: ,. • . ·' ~. . ., • ' - . • - . 

napanneJibHWII 11, a_HT1map~nnen&11w.111° cnHnaM11 B lteHTpe II y icpaeB 3onbl. 

N8TOJta CHJibHOR CBJl3H: <B pe3yJibTaie tiony-ieno ypaime11i1e COCTOJIBIIJI: , 

. t,, · •.··. · ·. •· n+m n-m 
· •-:rr =1+11-:n>< Z-:-~+m + -z-n-m· (11) ·~'-

19 

.. 



~ 

.. 

~-

r, L ...... 

0.2 

7\, --. ---
,' •, I I, . 

\ . , 

\
.-.-;"I 
; '' • ·:, - , ' • ~ ;, 1' 

.\ ., 
~.\;, 

:1CaBa2cu2o7 -~ • 

\,?3n2~~J07 __ 

~ 2cuo4 · 
Tl2Iln2Cu00 
1'Bu2Cuj06 • 5'?.6. 

C~o.s6sro.14c~9 
' , ' - ,,-.---, ,· 

2~ + nd , ~ _t . 
. Q "'-·.2 ·. ,. 

2~+nu• 

. 
-l 
:I 

0
2-1 ~--·. t t . '-'l · .,,, v ~--· -"1-c· ",1".:::--,;.,',J "' . .. . l . 

. cu.+ C.2 -~-0.6 .· 
. -

B · TaKolt · 11.zteonor1111 :ra83eH6eproscKor6 06Mena cnoHT8!-Ula.R 

HaMar1111tieHHOCTb m=n -n · · B03H11KaeT 113-3a 
+ -

pa:3Jlll'lHOr'O 3a110J1He1111it 

CB.R3LJBaDil(e!t '• ll aHTllCB,f!~b!B8Dil(elt 3QH C. npOTllBOnonOlltHbll.ill npoeKl.\lll'IMtt 

cnirnoa. IlpoMe:tyTotiHLJe HHTerpi1poaamrn .itnir suno.zta:'(11) auri~nnem:i a 

npsrM.oyrcinbHOlt nnOTHOCTll . 3neKTpOHHblX' COCTORHlllt, . T. e .. : 6e3 ytieTa . . . .. '•. . 

oco6eHHOCTelt n.noniocTelt . mi ' ypoane . cf>epMH, KOTOpb!M • 3aqacTyo 

. np11nHCb1BaJIOC:b YCHJleHHe· . ~aKTOpa 5noxa;.GTonepa .. B '30HHOll TeopHH 

MarneTll3Ma: . llall.zteHbl wa3.0BLJe rpaHlll.\LI ;cna6ott, iienach!ir:e~;10Pl ( m<n) ll 

CHJlbHOlt, . nacb1uie11nolt .. rm;n) . i.iarnHTHOlt .. non.!!pll3lll.lllil 'xoppenHpOBaHHOlt 

UOA:.'IOHU ·' Xa66ap.zta, B . ~oTopolt nonytie110 neM0110To1-moe · n0Be.zten11e 

. HaMarimtieHHOCTlF • Ill ( n) . ' OT lCOHl.\eHTpal.lllH 3JleKTPOHOB ' ' Q:sn:sL 
Pacc~HTaH

0

Hble . 38BIICl!MOCT11 1ll ( n) cornacyPTCSI . C KpitBLIMll :•; G.1138Tepa..: 

nomrnra . ; n ¢eppo1,1arHIITliblx cnnasa~ nepeXOAHhlX • MeTar.noB . u. 
,X,eppoi.iarHHTHblX ·. 60pll.itax . MB, M2B •. · ·; \IJoc~H)laX Ml . H, B03MOlltHO, B 

MeTannii•1eCICH)C . ~eppoMarHHTHl,IX COeAJllle!UUIX P33 C .. nepellci)tllb!Mll 

MeTaJIJl8MH. B' paMKaX ~peAJIOJl:81lHOlt 0~110:fo11non MOJlem-1;. KatieCTBeHHO 

.06'h~C.~~eT~.ll ~eppOMarHeTH3M ." ~-OCJl~A~~x . 3JleMeHTOB rpynnLJ ~eJle3a ll 

p33""H HeMarillfTHbl8 CBO!tC~B~ Sc; Ti, V II Pd, Pt', B 3TOM J:e O/.tll030HHOM 

ra1.mn1,Toa11a11e •·· Koppe~'11posaiinb!X 3Jl8KTPOHOB auti11cne111.1 TeMnepaTypa· 

KopH;:'• 'uarHHTHU!t MOMeHT 11aCb11!18Hll.R. • Ji 11ccne.zt0Ba11 p.11.a; 

Tept.iOAHH8MH'-IEICKHX xapaKTepHCTIIK. . 8 nocne,11neM p33AOJI; XIV rnaaw 
' . ~ 

paCCMOTpeHO BRll.llHHe 3JI8KTPOH-Marnou11oro pacce.!!HH.ll Ha_ CT86HJibHOCTb 

CHJlbHOA ~cll:'IIHTHOlt nonapH3auim xoppenupoBaH!tOA . 30HU> B napKeTH~~ 

npn6nli~einrn • no~ytiena "neycTOA'-IIIBOCTb : •.. Maruo1111oro ClleKTpa' nplf 

neK0Ti:ip1,1ic 
_, ... , 

KOHUeHTp3UHH 
.· ' ,·- ' 

3Jl8KTpOl!OB H 

. ' ; ~ ,, ~ 

o6MeHnoro _.napaMeTpe 
. . . 

B3aHMO.zteltcTBIISI, . BU!lle Ko-roporo· 3JteKTpo11-Mar11011aoe pacce.11une 

0IC83UB88TCff cynteCTBeHHbll!, · '-ITO B8JleT K . cyxelUUl 4>a3oson o6r.acTII 

dil1bHOr'O ,41eppor.1arne;H3M~:· 

; B. XV CJlali..e. ·11a' oci-io~e pais11Toroi MeToAa 
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1toppe~11posaHHIJX 3lleKTpOHOB_ - H :;311e_KTPOll:-,JU>IPO'lHOtt CHMMeTpHH 

npeAJIOlt_eHbl coe,1111HeH1ISI BaHaAHSI .JtBYX ceMe8CTB KaK .. 3ne1frp_OHH&1e .. 

aHaJIOI"H BTCil-r.ynpaTOB. 'B paMicax 2- H 3~i.lepiioti MO,Jteneit .Xa66ap,lla 

,JtJll'l Hein,ipox~eHHblX H opc!l!'raJibl!O : BhlP?J[AeHHUX ~JleKTpOH~B _B6JIH3H 

TO'lKH ·· nepe_xo,11a .. _MeTann:-.Jtl13J1e1tTp11K _r.pe,11;cKa3aHa ,BO3MOZHOCTb .. 

BblC~1:'cTeMnepaTypHon csepxnpOBOAHMOCTH, B, ~OCTciBaX La2~XA,(V04 . H_ 

La1_xA1+xvo2 s·: . B. no.irnpHOIL MOA8JIH ~c.n. myCSl!Hi' C. B. BoHCOBC~Hn; . . . ·. . .. 
1934; H. H. Eoroni:>60B, 1949) . ' npcial!aJill311poBaHhl 3KcnepHMeHTaJlbHhle . 

, ' ·• .... ~. • ·- •• ; - • '., • , •• ' ,,. f • 

.118,HHhie o. TO s,_BTCil co c;pyKTypon, <_:11O11cToro neposci<;11Ta HHa ocHoB~ 

KHHeMaTHtJecKoro MexaHH3Ma . BTCil : . noJtyqe!ia , , ymu~epcanbHa.ir . · 
• . . . .. - ~- . . . . . j . . , . . . . ' 

3~s-~c~1MocT_1;, t 0/T~~~c oT < •mcna . ;r;blpo~Hl>IX HOCHTenelt, Bb!S1B~em1a~ , ll3 

3KCnepuMeHTallbHhlX. ,11aHH1,1X... J5~30THOCIITeJibHO: K , .. t.lexaHH3Mj' :BTCil 
• <, • ,- • ._, A ' • ,• 0 '••~ • ' • ' •• ' .t • < ,- • • • 

pacC'lHTaHO. BJIHSIHl!e .. KYJIOHOBCKOI"O , a:ia11MO,llen·cTBll.!I., 3Jl8KTpOHOB Ha . . . . . , , .. , .. -,.. . 

csoRcTBa csepinpoao,ll.cruter-6. · . KOH.lleHCaTa... , IloJiytJeHo, · , · . 'lTO 
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