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06mM xaprusrepHCTHKa pa60T.bl 

AKryaJIDHOCTD npo6JieM.bl. MccJie~oBrume BemecTB, o6Jia.U.amtBX cer
HeToaneKTpR'!ecKHMH CBOil:CTBaMH, 3aimMaeT O,nHO H3 neHTpaJIDHHX MeCT 
B ~R3RKe KOH,l(0HCllpOBaHHOro COCTOJmllli. 3a IlOCJie,nHee 'A8CHTHJI8Tlle B 
IIOHHMalmH MHKpOCKOTIH'leCKOro M0:xaJlli3Ma cerHeT03Jl8KTpH'l8CTEa 6.blJI 

'AOCTHI'HYT onpe'AeJielUlliit nporpecc. K HaCTOHm8MY EpeMeHH YCTaHOEJie}Ia 
cymecTBeHHasr POJID 3JI8KTpoH-4JOHOHHOro (BH6poHHoro) E3a:l!MO'AeitcTEM 
KaR MHKpOCKOIIH'leCKOH npH'lllHl,l E03HHKHOE8Hrui cerneT03JI0KTpH'!eCKoro 
ynopsmo'!eHHJI B pH.Ile TIOJ.IYIIPOEO.ItHRKOE.bIX H ,IUl3JI0KTp~eCKHX coe.It1IBe
HRit C ql8.30EblM nepeXO'AOM (<lill) THna CMemeHM. lJJI1l ODRCaHM cernero-
3JI8KTp~ecKoro <lill E EH6pOHHOit T00pllll, npe;iurolleHHOH H.H.Kpncrm
JI0M n Il.ll.KoHcl:IH.blr./11, a TB.Kxe H.E.EepCJKepoM c corpy.llHHRaMH/ I, 
paccMaTpHEa!lTCH ,ItBe 6JIH3Klle 8JI0KTpOHH!le 30Hll DpOTHllODOJIOlEHOit '!8T
HOCTH (DOJIYDpOEO.ItHRK RJIH ,IUl8JI0KTpHK), KOTOp!,10 E3aHMO'A0il:CTEYJOT C 
DO'ACHCT0MOit aRTllllH!iX He'!eTHHX ODTM'l0CKHX KOJie6aHHit perneTKH {E CJCY
'!ae ,IUl8JI0KTp:HKOB B03HHKaeT Heo6xo~OCTD EKJI!Jt!HTD E raMRJIDTOHllaH 
aHrapMOHll'!0CK00 B3aHMO'A0il:CTEHe). EcJIH 3Heprna: 8JieKTpOH-qlOHOHHOro 
EsaHMO'AeitcTEllll M0Hbme DOJJYllillpHHH 30HH, HO 60JIDme H0KOTOporo Kpll
Tll'!0CK01'0 3Ha'!0HM, TO B pesyJIDTaTe 30HHOro aHaJiora ll3E0CTHOro 
a@>eKTa {nceB'A03@>0KTa) Ha:a - TeJIJiepa E03MOll!HO Hll3KOCHMMeTpll'!HOe 
HCKallleHHe pemeTKH no npe'A0JIDHllM ODTH'l0CKHM KOJie6aima:M { 'if ::0) C 
COOTEeTCTEYiJlllllM <lill. B paMKax TaROit MO'A0JIH MOI'YT,6.blTD orrncrum ll 
'Apyrae THIIbl <lill, Hanpmiep, aHTHcerHeToaneKTpH'!ecKHit H CTPYKTYPHHH 
<lill 6e3 B03HHKHOE0Hrui ,IU!IlOJll,H!,!X MOMeHTOE. 

B 60JIDOlliHCTEe pa6oT, DOCBHm0HHE,tX EH6poHHO! TeOpHR <lill B cer
H0T03JI0KTpHKax-noJJYDpOEO.ItHRKax, pac'!0Tbl COOTBeTCTEYET Dp1116JIHX0IDUO 
cpe,nHero IlO.llli {IlCil), T.e. Dpll Bbl'!JIICJiemm CB060,nHO! 3Hepr111111 Bra
MHJIDT0HllaH0 CJIICT0Mbl WOHOHH!,!0 HOpMaJIDElile KOOp,IU!HaTS 3aM0HHJIHCD Ha 
HX cpe,IUIHe 3Ha'!0HHH. imRTH'!eCKJ/1 B TaROM Il0'AXO'A0 J'lHTBEaercsr E3a
HMO'A0HCTEHe 3JI0KTPOHOB JiliillD co CTaTJll'l0CKHM CMemetmeM DO'APemeTOK, 
E3aHMO'Aettc~BH0 xe C ~JJY!tTYanrutMH 8Toro CMemeHM - ~OHOHaMH He 
Y'IHTSEaercsr. 0;:ntaRO . Jll3E8CTHO, '!TO 4\llYKTyanHJ/1 napaMeTpa DOpsmKa, 
B ,n.aHHOM CJIY'lae KOJllI0KTHEH.ble B036y~eHM - Mfil'KHe WOHOHS, Hl'pai!T 
Eal!IHYJO pOJID E. <lill, H RX y'!eT Heo6xo~ npH ODHCaHJIIH cerneT03JieK-'. 
Tpll'!8CKHX <1irl3/. IlOCKOJIDKY IlCil CnpaBe'AJIHEO TOJIDKO B,ItaJIH OT TO'!KJ/1 
<lill, TO EH6pOHHaR Teoprur, HCDOJID3YIDillaJi IlCil, MOXeT OKa3aTDCH HenpJII
MeHHMOH 'AJlH OTIJ/lc:alil!JI <lill JI! CBOHOTB CHCT8Mbl E OKpeCTHOCTJ/1 <lill. 0TMe-

OO'bo;mnemu.,Ut ~ I 
Sl.llt;:aiX ctt.lreJ).OE&lilll 

.~OTl!ttA __ 



, TZ!M B CBF.32 C 8TID.I, 'IJTO I!!,1'!:ZCJ!eP.P.a.?.: E IICII Te:.mepazypa <I>!I 6ozee -qeM 
Ha nopsI,ItOK npeEi.tr.aeT aKcnepl'!MeP.re.m,Ho :aa6~eNJ-.Ie a~t?e:IZ?.: JIJ'..i! ' 

cera:eiroa.r.:exrpm<a-no&.fIPO:SO,nm<.ata Sn Te /4/. Kpm.rn To.::10, recxas!:rne.
.r.:oc:i,. npe,nno.r.:o:zr.e:ira/07, '!TO y<:eT ROJll!eRTrulF.!lX iios6y~em np:!1 CTpyK
TYPfillX <I>TI .ItOY.J!eH npzBo~Tl> K <I>Il nepBoro po~. 

Ta::<:ZM o6pasoM, B:Z6pOHF.&P.'. MO,IteJ!b cerEeT08.l!eKTp2Ea Tpe6oEar.a 
,nam,He!ruero :zsygeP.7.a: c ~e.m,:ro Bt.12cHeID'.P. E Heil p().J!]! ~J!YKTYlm2,. napa
MeTpa nopsmita - Mlll'KHX ~OHOHOE. B 8T02 CMSH npe,ncTaBY.P.J!OCl> nep
cneKTHBF~M :zcc.r.:e.no:srurne BH6pOHHO:li MO,nem1 <I>Il C I!OMO!!!l:,ID ce.~ocorY.aco
BaHHOro MeTO,Ita BH'lHCJ!eli1¥,! w:x:speMeHHHX ~:z:li rp:zHa (~)/G/, 
npe;n.no:eHHoro B pa6oTax1 7•8 H npZMeHemroro, B -qacTP.ocr:z. B Teop:a:z 
a.HrapMOF.Jl.'l8CKEX Kp:ZCT8.J'.J!OB/s/. IlpHMeHeHHe 8Toro MeTo,na K CTpy::,ryp
HllM <I>Il Il03EOJmJ!O HattTH B ,Ita..'ll:10:li ,nHCCepT~ I!OllpaBKH K TICTI (cpJiyR
TY&lHOHP.Ue I!Oilpa!!KE) H npoBeCTH o~eP.K:z TO'lHOCTH noc.r.:e,ItHero. AHa
Jil!3 BHtJHCJ!eHHOi C ygeTOM TrutOit nonpaBrm CB060,llHOit 3R8PI'ID1 CI!CT8N3 
I!OSBO.}illJI nOJJYtJHTl> HOBYJO Y.H(l)OPM&tHlO o MeXrurnsMe <I>TI E EH6pOHHO:li Te
op:im. 0TMeT1™, ti To B noc.r.:e,ItHee :speMJI no,no6ru.e nonpaB15:a K ,en 6t.1Jm 

TaK7Jte paCCMOTpeHH MeTO,ItOM TeMnepaTYpH&X ®:' :s pa6oraxf 9,IO. 
Ue.nn pa6oTH - HsytJeHHe <I>TI B BH6poHHo:li reop:z:z c ygeTOM i!}JryR

TYaIU!:li napru.1eTpa nopsmita. 

Ha:V,Hall: HOBH3Ha H nprusTHtJeCRall: yeHHOCTb. B ,nHCCepTaIU!H Bllep
BHe noJzytJeHa ca.Mocor.naco:sa:a:aaJI cncTeMa ypaEHem M8'. <I>r B B:z6poH
Ho2 MO;neJm OTpyRTYPHHX \IIII. Tipo:se.neHO CpaEHeHHe 8TEX ypa:s:aeHH:li c 
YpaEHeHWIMH·IlCTI. '3Ta CHCTeMa YpaEHem MOaer 6HTb tJHCJI6HHO pemeHa 
B npEMeHemm R ROHRpeTHHM peaJII,HHM CHCTeMaM. 

BnepEHe C ytieTOM MlirRHX WOHOHOB BHtJHC.r.:eaa CB060,nHaJl 8Heprrui: 
BH6pOHHOi MO;neJm; noJzytJeHa HOBa.a: (py'HMHOHaJll,Hall: SaBHCHMOCTb TeMne
parypg \I>Il OT napaMeTpOB MO,IteJm, CYllleCTB6HHO OTJil!tJa.JaUa,llCli OT IICil; 
IlOJzytJeHO CHJibHOe IlOHBllteJme TeMneparypg \I>Il no CpaEH8HBll C IlCil; ycra
HOBJ!eHa pema:tallal:[ poJII, ~OHOHHO:li no;nCHCTeMH npH nepexo.ne ll3 Hll3RO
CHMMeTpHtJHOI B BBCOROCHMMeTpHt!HYJO ~3Y~ 

BnepBae npoBe,IteHO o6o6meHHe BH6pOHHOH Teop:z:z, YtJHTHEalDIIleil 
qll]YRTY~ napaMeTpa TIOpll:.It!ta, M8'. CHCTeM, co.nepl!aIIIHX CBo6o,nHHe HO
CHT8JIH aapima. Pa3BHBaeMa.a: TeOplill: npHMeHHMa R TaKHM peaJibHHM c:zc
TeMaM, RaK T0JJJIYPH.nB OJIOBa, CBmma, repMaHllli ll HX TBep,nBe paCTBOpH. 

HCTIOJII,3yeMHil B pa6oTe TeopeTHtJ8CKHil no,nxo;n·MOJteT Ha:liT:Z npm.ie
HeHHe np:z HCCJ!6,It0BaHHH .npyr:zx MO,nexe:li, B ROTOpHX HMeeTCJI wi:rRaJI 
MO,Ita. 
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Cxe.nyge pesyJinTaTB BH,JJ,EHraroTCJI ,nmr aanrura: 

I. Ilo;zyqen:ze CaMooor.nacoBaHHOH cHCTeMH ypaBHeHH:li .ItJill: ®:' :z na
paMeTpa nopsm1ta E:Z6pOHHOH MO,IteJill cerHeT08JI8RTpHRa. 

2. BlltJHCJI8HHe ll 8.Ha.r.:ll3 CB060:n;HOH 3Hepr:z:z B:Z6pOHHOH MO,IteJill C 
ytieTOM Mlll'RHX woHoHoB. 

3. IloJJYqeHne HOBHX BHpallteHHil M8'. TeMneparypg <l>Il :z yTO'lHeHHe 
poJ!ll woHoHHoil no,nc:zcreMH np:z \I>Il • 
. 4. CpaEH6HHe cra6HJil!3HpyIOIUero .neilCTBM, ORaSHBaeMoro Ha ROJie-

6aHM perueTRli aHrapMOHHtJeCRllM B3aHMO,It8HCTB:ZeM H B3a:ZMO;neilCTB:ZeM 
aJieRTpoHoB c MSirRHMH woHOHaMH. OUeHRa ROppeJI11UHommx nonpaBOK R 
reMneparype <I>II. 

5. 06o6meH:ze pa3B:ZEaeMo:li Teop:z:z ,nJill'. m:zpOR030HHllX C:ZCTeM, co
.nepl!!alllHX CB060,ll1We HOC:ZT~Jm aapima. 

Anpo6ag;m pa6oTH. OcHOBHHe pesyJibTaTH .nnccepTaan:z ;n;oRJiaroma
Jrnob Ha ceMHHapax Ra6opaTop:irn TeopeT:l'I'l8CKOH ~ll3:ZIW OIDIB, MaTeMaTH
~ecKoro HHCTHTyTa HM. B.A.CTeKJio:sa AH.CCCP H lllKoxe no :zs6paHHllM 
BonpocaM Teop:im TBep;n;oro Texa (r. qepHOBUH, I9??r.). 

IIy6JIHRagIIH. Ilo peayJibTaTaM .nnccep·TaIU!II ony6JIHKOBaHO tJempe 
CTaTbH, 

06~eM pa6oTH. ,llliccepT~ COCTOHT ll3.BB6l];6HM H rpex rJiaB, 
co;nepll!.HT III CTpaHHU MaW:ZHOTIBCHoro TeRCTa, 5 p:ZCYffROB·ll 6H6J!llorpa
WHtJeCR:ZH cnHCOR H3 99 HaaBaHH:li. B RO~e Rall!,lloil rJiaBa npHBe,nelfil 
EBEO,IlB • 

Co8eplllaHne pa6ora 

Bo BB886HHH .naH RpaTRHil HCTOpHqecR:z:li o6sop pa3EHTM BH6pOHHOH 
reop:z:z cerHeTOBJieRTpHtiecrBa, noKasaHa aRT'JaJibHocr:i, npo6JieMH, cwop
MYJ!llPOBaHa sa.natia H RpaTRO H3X0%8HH co.nepli!aH:Ze .nnccepTS.Ulin H TIOJJY
qeHHHe B Hett OCHOBHHe pesyJibTaTH. 

B nepBOH rJiaBe ,n:zcceprau~:z Ha OCHOBe M0TO;n;a .n:syXBpeMeHHOro 
pacuenJieHIDI MHorotiacr:zqHHx q;rt?,S/ paccMoTpeHa caMocor.na.coBaHHaJI 
8JI8RTpOH~OHOHHall: TeOpM BH6pOHHOii MO,IteJill cerneroaxeRTp:ZRa-noJJY
npoBO:n;HHRa. 

B § I.I npHBO,IU11~ raMHXbTOH:ZaH B:Z6poHHoii MO,IteJill cerHeToa.r.:eR
Tp:ZRa-noJzynpOBO.nHHKa I 

H = ~ l~; a.:k Qd + f ~ ( p;; P,fj + w;j 0;tofj) t-
'li 
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+ ,w1 ~ ~ Vj.,,(_/';;:_f) a.:._ a.,1._~ Qa;· , (I) 
VIY 'IJ toG'I< I I -" 

r.ne a.;;;: n a.,;z - onepaTop1,1 poJB,Itemm n ymrqTOlleHM BJISKTpoHa c 

C llMIIYJil>COM iZ. lI 8Hepr:aeil E .. ;;: B SOHe s =I,2. Q9i lI P;;i - HOpMaJil>

HUe KOOp,n:aHaTa lI COilpsllleHHW! ei llMnyJil>C ~OHOHa C qacTOTOtt ~qi·
r.ne q - BOJIHOBOil BSKTOp, a j - HOMep KOJie6aTeJil>HOil BST:SlI. v:~.(._ ti)
- MaTpnqirue 8JISM8HTH 8JI8KTpOH-qlOHOHHOro BSal!Mo,neilCTBM. B .IJ;aJil,HSH

meM :a raMMl>TOHliaHe (I) OCTaBJIIISTCJI TOJil>KO O,IJ;Ha "aKTlI:SHaJI" Mo,na 

j = j a. (lIH.IJ;SKC i. onycKaeTCJI) lI yqnTHBaeTCJI TOJil>KO M8llt30HHOe :aaa

llMO.IJ;ei1cTB1Ie: s:'=~, r.ne G=I,2 IIplI f:S=2,IcooTB8TCTBeHHo. JJ,na cer

H8T08JI8KTplIKO:S MaTpliqHHe 8JieMeHTH V 66 ( liZ-q) "'-Va} MaKCl!MaJil>HH IlplI 

q =£III. TaK KaK cerHeroaJieKTpnqecKIIil ~Il c:aasaH c KoH.IJ;eHcaQIIett aK

TlIBHHX ~OHOHOB :a ~eHTpe soiru EplIJIJIJD8Ha (q =0), ,na.Jiee B raMlIJil>TOHlI
aHe (I) nocpe,ncTBOM aaMeHH 

Q"f -,[fl 't .6.(f) + O; (2) 

BH.nemeTCJI napaMeTp nopa,n;Ka - cpe,IJ;Hee cMemeHlle no,npemeToK HB&e TeM

neparyp1,1 ~Il, 't = < o,.o >/,[Fl, r.ne <. ... > osHaqaeT craT1IcT11qecxoe 

ycpe,nHeHlle O raMlIJil>TOHliaHOM (I). 3aTeM IIplIBO.IJ;lITCJI ToqHoe YpaBHSHlie 

mm ~aP,aMeTpa noplJ.lllta, Hail,neHHoe ns ycJioBM pa.BHoBec:wi: clt < P, (t) > = 
::. 0 87, (r.ne ft (t) - oneparop :a npe.ncTaBJieHlilI reilseH6epra): 

w! 'f +: ~ vc;;~(ti) <a:;z Ct.:;;> :::0. (3) 

B § I.2 BBO,nlITCJI ,nsyXBpeMeHirue qjf/S/ mm 8JieKTpoHHHX lI ~OHOH-

HHX oneparopoB 

Go1+~,-,(t-t') =-i0(t-t:J<[a.~tltl a:.~,(t?J> ",ro It . ) • I( ~ ' (4a) 

D-" q• U-t') = -i 0(t-i') <[0-(t} Q~. (t'J] ) 
• 'I I 'I - ' 

(46) 

r.ne [ ... L - KOMMYTaTop lIJilI aHTlIROMMYTarop oooTBeTOTBeHHo. CooTaB

JIIIR ypaB~emm ,nBHeHM no .nBYM BpeMeHaM t lI l' / 7,8/ mm 8JI8KTpOH

HOil qE (4a), mm ee <pyp1,e-06paso:a nomrqeHo ypaBHeHlie B BII,ne MaT

pnqHoro ypaBHemm .IJ;:rlicoHa, B KOTOpOM "HYJISBHMlI" JlBJIIIJlTOR qjf ncrr. 
3JieKTpOHHM qjf sanncaHa B BlI,ne MaTplIUH 

G ff, w) = [dei ( G,0 -r_ M )( >< 
(5) 

( 

c..J - E1 ;;r - M11 (it,w) 

)( <t v!l.1 (;;:°;z) +Mu (il,w) 

'f V.2 (./-;) f f112 r:,w)) 
W - E1-; - M11 (i!.,CJ) • 
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~r G0 

.naeTCJI ~PMYJIOii (5), D KOTopon MaCCODilH onepaTop M - 0. 
IIplI 8Tor.1 det G0

-' = (<..J -[
1

-;_) (w - E~.r) , r.ne E.,,il - nepeHopr,mpoDaH

Hllfi B rrcrr aJieKTPOHiillll crreRTP 

f.1,1;:: =-fl E1;;: +E1;;;: ,/ (l2.;t -l1iZ)~ + L.i] Vo(~oi)/1l}. (6) 

Iloa.nnee no;n;o6mrn :m:e pe3yJil>TaT11 wm Ter,mepaTyp1mx <Ilr 6wm: no.rry-qeim 
D pa6oTe/ID/_ • 

B § I.3 paccMoTpeuo ypaBHeHlie Allfl rrapaMeTpa nopa.nrra (3) D IICII, 
D ROTOPOM <a~;; a;s;) Dll<IllCJUI8TCR O IIOMO!J{l>IO ~r HyJienoro npH6m~e

mm. Ilpu 8TOM IIOJIY<ISHil lI3DeCTHHe pe3yJil>TaTil nu6pOHHOii Teopm/1 : 
KPUTepHH BOSMOJKHOCTII cerHeT0~3Il, 1'. )' 1 ' u DllP81K8Hlie ;n;JIJI Temrepa

Typll ~Il 

T(o/ = ~ [RM 't'+ 1 J-1 '( = 2 v'{oJ A ""' E. - -l. ~ (7) 
C 2 't. - 1 ' W•l A b 1" • , 

B J I.j MSTO.IJ;OM .n;ByXBpeMeHHOro pacuenJieIIIDI KOppeJUil(llOHHilX 

qiyHKl(llfi 7 • 8 ,nJilI M , H n IIOJIY<ISHH ypanHemm 
<i,6 

M,;;i;' (iZ,w) = J.. L V _ {ii) \L,+_, (ii) (( dw, ~Wt 1 + f8 (w,) -fF (wa) ,,_ 
N q e,,r; G: £, _3~ . 7i w - w. - W9. 

x Jm D (ii, w,+it) Jrn G~~• (i-'if, w1 +il.), (S) 

flFi,w):::. j_ L V.,;;HJV-.: ,HJ rfdt.J,~Wi t{w,)-fr(c.J,) ,,_ 
# ,.,6,- Co G ) ) 7i <..J + W --w 

~ tc. -oo 1 :t. 

XJ/11 G, 6 ,"'(il,w,+ii.) 'Jm G- (itfd w +it) (9) 
S~' 1, 1. ' 

r.ne fr=,B Cxt= (e"I./T ±1f~ 3T:ir ypanHemm nr.iecTe o ypanHe1rnRM1I 

.TI:aiicona ;n;JIJI M 1I n H ypaDHBHlISM ,nJI.ff napaMeTpa IlOJ)JI.n:Ra npe,ncTaD

JIID:lT co6oii 38MKHYTYIO caMocorJiaCOB8HlryIO ClICTetzy ypanuemrtt, KOTOpaR 

MOlKST 6IITl> tmcJieHHO pemeua ,nJI.ff KOHKPSTHilX s11atieH1Iii napaMeTpoD sa

,natm. 
B § I. 5 Dll'llICJIIISTCJI cneKTP r&rrKOH ~OHOHIIOH MO,IU,I; npu 8TOM B 

IlOJIJiplISaQIIOHHilH onepaTop (9) no,ncTaBJiffJillOl> 8JI8KTPOHHile ~r eyJieDoro 

npH6.nmlteHIDI. B ~,HOBOJIHOBOM npe,neJie IIOJIY<ISHil lI8B8CTHile B!ip8JK8HIDI 

mI6poHHOii Teop:im I. 
B § I.6 np:ir IIOMO!llli MaCCOBOro onepaTopa (8), DWlliOJISHHOro c 

wr ey;reBoro np:ir6JIIDKeH1IR, :irccJie,nyeTCR nepeuopr.rn:ponxa sJieKTpoHHoro 

CIISKTpa H MBTpH<IHOro 8JISMeHTa MSlitSOHHOro 8JieKTpOH-q>OHOHHOrO BSali

MOJJ;eiiCTDlIR. C llOMOml>lO MaCCODOro onepaTopa n ~PMYJIH {3) uail,neuo 

ypanHeHlie wm napaMeTpa nopSI,IUCa. 
BTOpall rJiana IIOCBRmeHa BwmCJielll!D II BHaJIIISY OB060.IJ;HOH sueprn 
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m16pOHHOii MO,IteJlH, a Ta.Kll.e l!SytleHl!D EJll!SilIHlI Ha <liII aHrapMOHl!SMa KO-

Jie6aHl!ii pemeTKl!. ~-
B § 2.I ,Jl;J1li :e1,1q11cJieHM c:eodO,ItHOii 8Heprl!l! raMl!JlbTOHl!a.H (I) 

npeACTaBneH B Bl!A8 

1-1 (>i) = Ho + UJ>i) , (IO) 

r.ne f·t - ra.MMbTOHl!a.H IICII, ytll!THBa.mtllii 'B8al!MO,IteiiCTBl!e 9JI8KTpOHOB 

JlHillb co CTaTITT8CKl!M CMemeHl!eM no,npemeTOK 'f I a 1-1. (A) ytll!THBaeT :esa

l!MO,IteiicTBl!e 8JieKTPOHOB C (pOHOHaMl! - gJJ]yl(Ty-a.IUlf!Ml! 8T:HX CMemelillii. 

B:ee.neHHaa: :e (IO) 6espasMepHaa: ROHCTaHTa c:eas11 ;\ MeHHeTCH OT O .no 

I, qTo cooT:eeTCTByeT nepexo,Dy OT 1-/0 K H • ~aroHaJIB~ H0 nos:eo

MeT :e1,1ql!CJlHTb c:eo60,ItHyD 8HeprHD IICil, F0 /I • IloJIHaa: c:eo6o,ItHaa: SHep

r:aa: F-= F.. + AF , r.ne e:.. F :e1,1pamaeTCH qepes HHTerpaJI no KOHCTa.HTe 

CBJl3l! /I JB/ • C IlOMO!UbD IlOMpl!S~OHHoro onepaTOpa n i >. , BHqHc

JI8HHOro :e O,ItHOneTJieBOM Ilpl!6JlHJJ.eHl!l! C IlOMO!UblO <liI' IICII, B AF BHnOJI

HeHO mrterpHpo:ea.Hl!e no >i • .II.a.nee :e1,1q:ecJieHl!e AF npo:ee.neHo no aHa

JiorHB c TeoJ:eeft nnas1,1g, H ,Jl;J1li c:eo6o.ItHofl SHepr:HH noJJY'JeHo :eupaxe

HHe (cp. c 5/ ) 

F : - Z: £ti ( 1+ e.-~) + 'f w;~ + T ~~(Hit :fs) CII) 
Gti< ~ q 2.T , 

( )
f/1 

r,ne 1)_,f = w¼ + nij'(fil) - qaCTOTa MHrRoii MO.D1I, 8alll!cmnaJI OT 'J-. 
B § 2~2 HS YCJIOBWi M:HHHMa.Jll>HOCTl! c:eo6o,ItHoii 8HeprHH (II) OTHO

Cl!TeJibHO :eapl!~l! ~ IlOJJY'JeHO ypa:eHeHHe ,Jl;J1li paBHOB8CHoro SHaqeHM 

napa.MeTpa nop,l.llKa. MccJie,no:eaHHe aToro ypa:eHeHM np11 it-r O (:e cer

HeToqiase) ·nosBOJlHJIO :euq:HcJIHTb TeMnepaTy-py <liII, Tc. OueHRa ee :e 

,n:eyx npe,neJU,HHX CJJY'JM:X HMeeT :en.n 

T.,,.j_~D,. 
c. 9 't'l 

T.,_ ✓ · 't-'<c AW
0 ~ i 3 ,,s-z:s 

A >) Tc >) Wo 1 (I2a) 

T <.<. WO I C (126) 

r.ne :e:ee.neHO MHHl!MaJibHOe SHaqeHl!e KOHCT8.HTH CBJlSl! 7:' c , Hl!ll!.e KOTopoii , 

'Cc ~ 1 + ! 't'
1 t <liil HeBOSMOll!.eH 

(12:e) 

IIonpa:eRa K SHaqeHl!ll IICII T,,°',= 1 o6HqHo Mana: c..J. <<. A • Ms (12) CJie.uy

eT, qTQ TeMnepaTYpa ffl Tc «A H HaMHoro Hl!ll!.e Bl,fql!CJieHHOR B IICII. 
Ta.Koe ll!.8 noHHll!.8HEe Tc noJJY'JaeTCH HS ycJIOBM o6pameHM B eyn me.mi 

B ~OHOHHOM cneRTpe MHrROI MO,Iijl, ecJIH IlOJillpH~!?!!IJHfl onepaTop BH
"'D!CJIRTb c ~eTOM .nuarpaMM ~eTBepToro noPJl,ItKa 9,rr,. 
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.II.a.nee l!CCJie,DyeTCJl pasJIOll!.eHl!e Jia.H.nay ,Jl;J1li CB06O,ItHOH 8Heprn:e 
(II) 

f (T,x 1
) = i F(T,x 1

) = f)T) +<J.(T)x1 + /f(T) x11
+•··,(I3) 

r.ne x -= l V(O) ~IA • Koaqx1JnuHeHT d.. ==at , r.ne a - nocTOHHHaa:, 

t == (T -Tc)/ Tc • BTopoii R08qlll:HqHeHT npe.ncTaBJieH :e mi.ne 

f-> (T) =fol 1- ~CT)] , J. == ~ , cr4> 

H npo:ee.neHa oueHKa ql]IYKTY~OHHoft nonpa:eRH K ncn B .n:eyx npe.neJibHUX 

CJJY'JaHX: 

}(T):::::: 10 -r:- 1 .I A >.> T >> w 
"'t' Tc • c · o , (I5a) 

~(T)::::. 10-r:S + 10 '"l'--r. T
1 

t:.. i- T; , T. <.<. Wo (156) 

Ms (pOpMYJI (15) CJie,DyeT, qTo ql]IYRTY8.IUll Maml ( f(T) <.1. l! <l?II - BTO

poro po.mi) TOJibRO Ilpl! YCJIOBl!H: w O << A. l 'z: -1 << 1. 
B § 2.3 K raMRJibTOHHaH-y Cl!CTeM!l .no6aBJieH -vreH, y,mTl:lB81Clllllli 

~eT:eepHoe aHra!)MoHII'!eCKOe BSaHMO,IteiicTBHe, 

1-1= =--~~ Brci.,i.13,c;.,) AUi,+i+i+r,J O,; of 01 o; , 
'f,1/11 'f• • 2 l • 

(16) 

H HaH,IteHH llHprultemrn: ,1l;]Ill TeMIIepaTypH <liII, KOTOpHe MOl!l:10 Il~Tb l!S 
(pOpMYJI (12), eCJlH B Hl!X npo:eecTH SaMeH-y. rr:_ 1 ➔ 7: 1 +f/V ~ r.ne V = 
=W./A, )-I== B(o,o,o,o)/w~ • B 8TOM naparpacpe a.HrapMoHHqecRoe 

BSal!MO,IteHCTBl!e ytlTeHO B. nepBOM IlOpg.nKe TeopHH BOSMYIIteHHii ( j"' ~ 8 ) , 
a &JieRTpOH-qlOHOHHOe - B qeTBepTOM ( 'r 1 V ~ V" ( 0) >. BKJia,ll1l ~ B H 

~ V4(0) B nfii,w) nOBHmaDT (pOHOHHYll qacTOTY, T.e. OKaSHBaDT Ha KOJie-

6aHM pemeTKl! CTa6l!JlHSl!pyD!lee .neiiCTBHe. CJie'AOBaTeJibHO, no BeJil!qH

He .J' l! )I MOllHO CY.Itl!Tb 06 OTHOCl!TeJibHOM BK.na.u;e aHrapMOHl!qec1wro 

l! 8JieKTpOH-qlOHOHHOro BSal!MO,IteiiCTBltlt B 8TO CTa6HJIHSl!pyilllee .neftCTBl!e. 

Ilpo:ee.neHa oueHKa .I' H v ,ItJIH Ba. Ti 03 • 

B § 2.4 ,Jl;J1li HCCJie'AOBaHM ROppeJiliUlfOHHUX nonpa:eoR R Tc pac

CMOTpeH 9qll)eKTH:eHUft raMHJibTOHl!aH BH,Ita 

'H = ; ~ ( Pf P; + w¥ o; Or) + 
q {I?) 

+ l~N L 6.(q+?,+~ +¥,) Q~ Q;r Q. Q-
'1 :;r if a a 1 2 1 " 'f, 1, f3 1. , 

,. 1 13 ,., 

r.ne w.j- = -c1.! +c'y1 • T.e. :e:ee.neHa M!U!Maa: saTpa:eoqHaa qacToTafI/: 
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-o1.: = w! -.2v'(o)/21 ( F. =6.{1+xl), r.ne X ,= 1V{0)1j,/A), B KOTOpOH yq
TeHa nonpaBKa BTOporo noplI,!Uta no aneKTpOH--qlOHOHHOMY B3a:11MO,It8llCTBJIID. 
CTa6HJill3HpyeT KOJie6a.HlilH peweTKH aifilleKTHBHOe aHrapMOHH~ecKoe Baan
Mo,neiiCTBHe B = B + Lt Vq(O)/ [Al ( f +- x• )'1•] • IlpoBe,neaa oueHKa Koppe
JUII.tHOHHHX nonpaBOK K Tc, (12a) n (126), T.e. nonpaBOK, CBH38.HlillX 
C yqeTOM B noJUipH3al.{HOHHOM onepaTope H ypaBHeHHH ,llJifi napaMeTpa no
plI,IU(a aifilleKTHBHOro aHrapMOHH~ecKoro B38.lifM0,1teiicTBHR·(1?) BO BTOpOM 
noplI,IU(e CaMocormcoBaHHOH TeopHH B03MYfileHHil/8/. B BlICOKOTeMnepa

rypHOM npe,neJie (T. >> w.) 
{1} UJ [ T 2 o, OS1 T.''' 

Tc = Te 1 + 12 (7:-f) fh,, ( f + ('t'-t) (T.,'1) -T.''l) ) ] . (18) 

Ilonp~uma K TQ Mam npn 't' - 1 << 1. _ 
B rJiaBe 3 pacCMOTpeHa BH6poHHM TeopWI nmpoK030HHllX cerHeTO

aJieKTPUKOB-IlOJIYilpOBO,ltHHKOB, CO,Itep;itaIIIUX npH T:::O K CB060,ItHlle HOCHTe

Jill aapR,Ita. 
B § 3. l BBe;neH ypoBeHJ, ~epMU _}A , OT ROTOporo OTC'lliTlIBaIOTCH 

8JieRTPOHHll8 3HeprHH (npH 3TOM CB060,ItHaH 3Hepnm onpe,nenHeTCH WOP
MYJIOH (II), B I<OTopolii E.Gk ~ tesi2 -..)-' ). H II3 YCJIOBlI:i1 i3F la.t -=O II 
a Flo 't === 0 HafmeHII ypaBHeHIDI .r(JlfI paBHOBecHoro aHa'leHIDI j' llI ':I- • 

C y-qeTOM MMOCTII napaMeTpa )) (V « 1) 8TH ypaBHeHHH npe;ncTaMeHbt 

B BH;ne 

L f Fcl..: .. -J"> = JI+ n., 
(;';;: (19) 

l ; 2 ."V r (" )?,fr:;;: ] Q 't w. + N L Tr E.6;1 J' TT = , 
(20) : 

6il J 
r,ne f F (x) == (1 + e, X/T y--1_ J{ t rt - IlOJIHOe ~HCJIO 3JI8KTpOHOB B. 8:n;HHIUJ;e 
o6MMa (ecnn n <'.. 0 , TO In/ paBHO KOJmeHTpal.{HH ,I]plpOK B BMeHTHOlii 
80He npH T=O, a ecJill t'l. > 0 , TO OH~O npn T=O paBHO KOHI.{eHTpal.{HH 
3JieKTpOHOB B 80He npOBO,ll.HMOCTH). t~iZ - nepeHOpMHpoBruq_rui1 3JieK-
TpOHHlill cneKTp . 

E-..;7= l.:.z + ~ c6 iZ , (21) , 

r:ne E.:;:- - cneKTp, nepeHopMnpoBa.HHHil B ncn, a S Er:il - nonpaBKa aa 
c-qeT BJieKTpOH--qlOHOHHOro B8a.HMO,IteiiCTBM 

l ,l t b E - "' - V (01 ti;;: j_ "'""' .J_ cih ~ {22) 
2.1< 6.~ N ,-, n.<i 2T 

bE1iZ=-SEiil c,,.,.=E1.i1-L- ~-=[--£-
' I', r- , " j " !ti' 1t,:. • 
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§ 3.2 llOCBHllleH -qncneHHOMY pemeHJIIID YpaBHe:imtt (19)-(22) .r(JlfI 

llpOCTOtt MO,IteJIH IlOJIYilpOBO,ItHHRa C KBa.n;paTJII-qHlIM 8aKOHOM ;nncnepcnn 80H 
C ~eJILID HCCJie,ItoBaTL 8aBHCHMOCTL Tc OT n • 

B § 3.3 npoBe,neHo oocyimeHHe pesyJU,TaTOB -qncJieHHoro pemeHHH 
YpaBHeHHtt H CpaBH8HHe C 3KCile~t'eHTMlilillMH ,lta.HHlIMH .lt]III cerneroa
neRTpHKa-no.:nynpoBO,ItHHKa SnTe • PesynLTaTII pac-qera 8aBHCHMOCTH 
Tc OT n xopowo cor.nacyJOTCH c ,naHHlIMH Sn Te. 

Pc~OJ;tHHe pesy.m,TaTII. IlOJJYl!eHHHe B IDiccepT8.IJHH 

1. Ilpe~ol!eHa IlOCJie,noBaTenLHaH CXeMa BBe,neHM ,nByXBpeMeHHHX 
~r. npnro,IJ;HaH .lt]III OllHCa.HM CTpyKrypHHX \I>Il B MO,IteJIH ,nBYX 3JI8KTpOH
HHX 80H, B8a.HM0,1teliiCTBYDllHX qepes ~OHOHHYID IlO;D;ClICTeMY. Ilony-qeHH 
ypaBHeHM .lt]III <PI' B BH;ne MaTp~Horo ypaBHeHHH ,lJaiiCOHa, B IWTOpOM 
HYneBIIMH JrnJlfIIOTCH \I>r ncn. MeTO,ltOM ",nByXBpeMeHHoro" pac~enneHHH 
MHOro-qacrn-qHIIx ifirl?,S/ IlOJJYqeHB. CaMOCOrJiaCOBa.HHaH CHCTeMa YpaBHe
HHtt ,ItJUI <PI' H napaMeTpa IlOplI,IU(a BH6pOHHOtt MO,IteJIH cerHeToaneKTpHKa. 

2. BliqHCJieHB. CB060,ItHaH 3HeprM MO;D;eJIH, y<lHTlIBaxm!UI, B OTJill
qne OT IlCil, MllrKHe ~OHOHH. 

3. YcTaHOBneHo, -qTo TeMneparypa ~Il Hru.moro HH:!Ke, -qeM ,naeT 
ncn; OHa noplI,IU(a saTpaBO-qHott ~HeprnH aKTHBHHX ~OHOHOB, B TO BpeMll 
RaK B ncn - IlOplI,IU(a cpe,D;Hett pa8HOCTH BHeprnn 3JI8KTpOHHlIX 80H. IlpH 
IlOBHID8HHH TeMileparypl:l {HB.-qHHaH C 0°K) ~Il B BlICOROCHMM8TpHqHYID qasy 
ooycnoBJieH He CTOJThKO IlOBHmeHHeM 9HeprHH aneKTpOHHOtt llO,ItCllCTeMll 
H8-8a TeIIJIOBlIX nepeOpOCOB aneKTpOHOB B 80HY npOBO,ltHMOCTH, CKOJll,KO 
noBsmeHHeM cpe,D;Hett KOJie6aTeJll,HOtt 9Heprnn peweTKH na-sa yBenn-qeHWI 
qncm MllrKHX ~OHOHOB. 

4. IlpoBe,neHO CpaBH8HHe CTa6HJIH8HPYlllllero ,neiiCTBWI, OKa8HBaeMo
ro Ha KOJie6a.HM pemeTKH aHrapMOHHqecKHM B8a.HMO;nettcTBHeM H B8a.HMO
,nettcTBHeM 8JI0KTpOHOB c ~OHOHaMH: B WHpOKome.m,HIIX CHCTeMaX npeo6.na
,naeT BKJia,lt ~OHOHHoro aHrapMOHH8Ma B CTa6HJIH8al.{HIO KOJie6aHHtt pemeT
KH; B ysKomenLHHX CHCTeMax Ball!HO yqecTL BKm.It 8JI8KTpOH--qlOHOHHOro 
BsaHMO,ItettcTBHR:. Haii,neHH KOppeJUII.{HOHIIHe IlOilpaBKH R TeMneparype ~n 
H TIOJIY'l8HH YCJIOBM HX MaJIOCTH. 

5. PaccMoTpeHB. Teoprui: CTPYKTYPHHX ffl B wnpoKosoHHIIx ysKomeJII,
HHX CHCTeMax, co,neplEall1HX (npn T=O) CB06o.n:iwe HOCHT8Jill sapsma. Pe
sy.m,TaTH npoBe,IteHHoro pacqeTa 8aBHCHMOCTH TeMneparypl:l ~IT OT ROH
QeHTpal.{HH HOCHTenett xopomo corJiaCYIDTCH C 3RCnepHM8HTMLHlIMH MHHH
MH Sn Te. 
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