
23 Kon. 

Odh8AMH8HHblR 
MHCTMTYT 
AA8PRblX 

Me CI8A.DBaH MI 

AYdH8 

P17-87-487 

r .M.r8BpHJJeHKO 

HOBblO MHKPOCKOnHtlEcKHR nonxon 
B TEOPHH 

I/ A.llCOPBHPOBAHHLIX nOKPblTHR . 

I 

},l 

Hanp8BJteHO B *yp1UUJ "Physica A" 

PeulttOp E. K.~ceHoBa. MalCeT P •.ll.~MHHoA • ]l' 

nOAlDlcaHo. n..an i4.01.87. 
~pMaT6'0s90/16.QcbcenIu n~.Yta.·H3,1l.nHCTOB ) ,63.
 

THpuc '3"30. 3aK43 ,39360 •.
 
H34aTeJl.C~ OT.IleJI O61.eAHHeHHoro HIIC'I'JITYT& RnepHIdX HcCnenOBailHA. 
f; Jly6HaMocKoÍlcxoA o6naCTH. 1987· 



" ,I'~\
"'i .If

I' 

I 
I 

J 

r 

I 
't 

I 
~ 

., 

~ 

~, 

.J_ 

..
 

§r. BBe,IJ;eHHe 

B ITocne~ee BpeMH SHa~eHhHHe TeopeTR~eCRHe H 9KcnepmMeHTan»­

mze YCHJfRH. npuaraDTeR: R KSY1leHlIll CBO~CTB C1CSMOHOCJIOftHHX 8TOMHIiX'nOR­

pli't'Bft RpxCTBJJJIHlleCRHX nO,lVIOxeR TBep,nLIX TeJ! /. aTO oClMCHSleTCSI, e 0,1(­

HOft CTOpoHH, MHoroo6paslIeM lPIIS.JI1reCIQIIX nponecooa, npoTeRaDltHx B 9TIIX 

CXCTeMaX, OT~TenLHol ~epToA ROTOpHX ~eTCH OTCYTCTBHe TpaHcnBUH­

OHHoI ClIMMeTpO B HanpaBJIeHllB,n8pne~JIJipHOM R IlJIOCROCTII nOBepXHOC­

TH. ~ee, BOSM02HOCTh rrpRMeHeHHH R onJIcaHRD TaIQIIX CBCTeM M8TO,nOB, XO­

pomo S8peROMeH,D;OBaBIDHX ce6JI B Teopo TJ}er0I'O TeJIa, 8 Taue 3Ha1:JHTen­
2HWt nporpscc 9RcnepHMeHT8JIDHoft TeXHBror' , cIIoco6cTBOBaBDDdt H8ROnJIe­

HHD 9RCnepHMeHTaxDHHX ~HHHX , nplIBe~ R·pacTymeMY lIHTepecy R 9TOft 06­

JIacTJr HCCJIe,ltOBaHBA co CTOpoHH 4)HSiIROB. C .Iij>yrol CTOpoHH,9TH HOCJIe,ltO­

BaHIDI BB.ZHH C npaKTlI1:leCROI TOt[RlI speHBJI, TaR KaR yrJIy6JJHI1r aame no­

HHMaHHe tIlBsnecKKX nponeccoa, npolICXOJtRDnlX aa nOBepmOCTH IIPJI RaT8JIH­

se, ROppo3lJ!, rx.ztpOJIH39 II B ,1tpyI'HX BazHliX HanpaBJIeHHJIX IIPHKJIaJtHHX BC­

CJle,l(OBaHlrlY rir!. COBepmeHCTBOBaHllIe MeTO~OB pacxera SOHHoft CTPY1tTYpH no­

BepXHOCTH MeTO~ KB8HTOBOft MexaHKmr'3/ II oc06eHHO ~e1:leHBe B Te­

opo ITOBe~rOCTHHX SIBJIeHB! T8K11X nO,llXO.1l0B ~ K8K MeTO,n Y:>.1leJThHHX raMHJIh­

TO~iHO/ , MeTO,lt ~OH8JIa IUIOTHOCTH / / , Teopmt HHHe2Horo OTRJm­

R8 6 II ~x.no3Bo~ nOHHT» pan oco6eHHocTel ~SHRH·noBepXHOCTH. 
O,ItH8KO B odzacra ~eHT8JIDHHX lICCJIe.1l0Ba1p,!' 9RcnepDeHT, BooClnle ro­

7
BOPJI, noxa eae SH81DITeJIJ,HO onepesaer Teopm • HecMoTplI Ha oCSIIJJHe pa­
CSOT B 31'01 OClJI8CTH, CSOJl1lmoe ROJm1l9CTBO qaCTHHX peSYJIJ,TaTÓi' MHome 

~HT8JIDHHe $lBJIeRlUl !ImSHKl[ nOBepmOCTX ene se nOWlTsf
4 , a noss­

memme TpeCloBeHBR K CaMOCOrJIaCOBSHHOCTII OUHC8Hl1t.R:, no opaaaeaan c "061l­

eMHBY1l"s8,1la1ffiMiI lIS-S8 DOJIee RIISROI CDlMeTpmt CKCTelW, saTpy,1lHJlJ)'1' tIloP­
MYJIJIPOBRY lI:>.1lBJ!el II BHTepnpeTaIODJ ITOJIY'I8eMYX peSYJIJ,TaTOB. B 9TOI C'M­

311 IICCJle.1l0BaHl!le, oClo61Il81l1lee HeCROJIbKq lf8CTHllX MO.1leJIel: HJIH nonxo,JlOB B 

nOSBOJIRDIlee BWlBH'rlI HX orpamrqeHHOC'fla, HecormeHHo JlBJIJIeTCJI nOJIeSHHM. 

,~-~' _~ 

s.... , .. ·~l u,l"~·n \{,. k· ....... i': ·, ..... u ...lh..l.' J •
 

. tll':f;!tIlX ~H.C .~e-:ll()BIUIII
. 

."
 . 6U,~ f1L#o/"lli-CU A.
 
_ ._"l_:::J",r.v 1,I.,.nn
 



: 
I 

B~8HHOtt paÓOTS rrpe~ar8eTCH OéOÓmsHHHa no~o~ ~ OSMOoorno­

COBBHHOrO MHRPOCROTIH~ecxoro OOBCaHHR 3ReXTpoHHUX II TepMO~~eOttBX
 
CBO~CTB Cyé»OHOOROaHHX aTOMHHX nOKpHTH~ KPHCT~ecKlX IlO~O.eK
 
TBep~ Te~, paHee HCC~e~OBaBmHXCH COBepmeHHO ReS8BHCRMO ~ 0'1' ~_
 

ra B PaMKaX,I:l.arrpHMep,llMY\Í?9HOMeHMOr.J,Iq9CRIDC. MOJJ;aJIe~ THna .AH,ztepcOHs/4/
8 
li 113H.Hra/ / . OH OCHOBI:maeTCJi aa oõooaeaaa Mm<POCROillIlIecKIDC npen­

OTaMeJId, pa3J3l1THX ooroJm60BllM B reopaa nOJuqumx MeT8JIJIoI!9/. B §2
 
oéc~eHH OCHOBHHe MHxpoCROITKqeCRHe rrpe~CTaBneHRH, ÓaSHCHaE MO~e~
 
H Clle~a~eCRme oc06eHHOCTR, BOSHH~e Dpa onacaHKH ~COpéHPO~­

HHX KPRCTaJIJ!HlIeCK14X noaepxaocraã, nOCJIe,n;OBaTeJIDHOe paSBRTlIe H,n;el'9/
 
IIplIBO,ItUT R Heoéxo,2tRMOCTR oéo6nteHM npone,ttypH BTOPH~oro KBaHTOBaHml
 
Ha o~1 CHCTeM C Heonpe,n;e~eHHOCTbD GaCTH waSOBHX COCTOaHHft. rro~e~­

Hee aooõae xapaxrepao .D;JI.R: MHOI'HX npHMeCHHX npo6JIeM, Ror.na ROHlfm'ypa­

~ pacno~ozeHRH llPHMeceft B MaTpBUe ne ~CHpyeTCR. STOMy BOrrpOCY noc­

BameH §3. B §4 , HcnO~3YH no~ozeHHH,YCTaHOBHeHHHe B §2,3, paSBHBa­

eM oéll(YlD CX9MY,ItJl1I onacanaa xeMOCOpÓD,lm aTOMapHllX Bo.nOpo~ono~oéHHx
 
nOKpllTd Iq>lIOTa.zrJIlPIeCRHX nO,D;JIozeR rrpOCTIlX MeT8JL7.IOB. B §5 aHBJmsHpy­

IDTCH B03Hl'1KaDltHe S,IteC1> ooooaeaaae RBaH'l'OBO-CTa'l'llOTlflscKHe cocraaaas MO­

~e;m Tlma AH,n;epcoHa- HaDra. B §6 ~CCrTPHBam.'CSI HexoTopHe OTJIH1m­

Te~bHl:le qepTH TeXHHIG! WHIanIit rpma lO , caaaaasae O ocoõemrocrsn
 
13OsHHRaD1UIx 3,n;eC1> MO~e~ea. B §7 paCCMaTpnaeTCSI npooTeannrlt TIplIMep
 
To~opemaeMOa aocTaBRoI MO~e~. B 3a~eHBH RpaTRO o6cY~aDTCSI no­

~~eHHHe pesY~TaTH. 

§2. IIOOT8HOBRS SªAA'IlH 11 MlIRPOCROIIH1I8CRaR: éasHOHaJI MOlteJID 

.ITPHOTyIIm.f R Hsy-qemuo BSaBMo,n;eftcTlmJl aTO'OB npm.teOH c Iq)HCTM­
JIR'tJecxm.m nOBepxnOCTm.m MeTaJIJIOIl. CJIe,llySl /9/ II/, P8COMOTPO 9Ty 3a­
lJJ3.T:fY RSR npoÔJIePq MHOrRX BS8HMO~elcTBYDItHx rea, llpeJUle ncero, YTOlffili!M 
MlntpOcROImllecxym KapTXmy, KOTOpaa ~eTCSI B OCHOBY onacanaá, UB:pTeMj' 
npHMeCHHX aToMOB, :wm a;ltaTOMOB (a.ztCOpéHpOBSHHIDC aToMOB), éy.ueM Ha3H­
BaTI> B ,1t8.1.Il>HelmISM 8,1ICOp6aTOM. C TO'lIQl speHIDI npo<1JIew MIIOl'HX TeJI aTOM 
npe~CTaBJ1fIeT oo60it O~0mIYID ClrICTeMY, COCT0.BJItY!J HS HJij>8 11 3~SRTpoHOB. 
O,nH8RO HS nce SReR'l'poHH HI'pam O,ll,llHaROBym poas BO Bsam.ro~elcTmm 
ero c nOBepXHOCT1>ID TBep,ItOrO TeJIa. l!ocTaT01lHO BH,neJIllTlI :B8.1I6HTHHe 9JreR­
TPOHH 8Jt8TOMa, OCTaJIDHHa 9~eRTpoRli aTOMa BMecTa 'O JJ;lij>OM 06P8SYJ)T aOH­
HHft OCTaTOK, KOTOpWl. npoJtBJmeT ceoa BO Bs.aIDJIO,IteitoTIDm K8K enaaoe Ile­
JIoe. TaImM oépasoM, M2.Q.PéaT éy~e'l' npe~CTaBJrJlT:&ca: ~BJIee KaR CHCTeMa, 
COCTO~8R 118 HOHHHX OCTOBOB aia'l'OMOB H HX BaJIeHTHHX 3Jr8RTPOHOB. 

KPJlCTaJIJI co CB060.IUIoft nonepXHOC'l'lIIO, MQQP6eHT, éY,IteT OnaCHBaTb­
CSJ: 0IIPe,lteJIeHBBM peJI1l~M nO're~a.m.Hol 8Hepnm, COS,ItaBae1llOA nOJIOD­
TeJIl.H.HYIll HOH8Im, H8XO,1UIlItHM11[CR B YSJIaX ~ KpHCTaJIJIH1lecROit pemeTRH 

.~ 2 

II 
~ 

H nOKO~CSI n3-sa HX ~oJI1>mol MaCCH no cpaBHeHKD c s~eRTpOR8MH. 

BonpoCll, CBSI38HHHe c yqeToM WoHOHHl:lX CTeneHeft CBOéo~ KPXCT~8, pac­
CMaTpHBaTlICSI s~eCb He ÓY~T. B nOTeHUHanDHOM nOJIe HOHOB KPHCT~ 

HaXO.ItHTCSI BaJIeHTHHe 3~eKTpOHH MBTanRa, TaR ~O B Ile~OM CnCTeMa 3~eR­
TpOHe~PaJIDHa/9/. 

Ha cBo60~oft nOBepXHOCTH MeTaJLrra cymecTBYDT onpe~e~eHHHe TO'tJ­
RH, KOToplle B ~aJIbHeftmeM éy,n;yT H8SHBaTnCSI geHTp8MH aAcop6gHH.iTO paB­
HOBeCHHe noaoxerraa R1 ,ROTopIle MoryT SaHHM8T1> 8TOMl:l npllMeCH na 
nOBepXHOCTU. Boo6me, pac~eT BOSMOXHIDC nOJIolleHHl ueHTpoB a.ncopémm 
npe~CT8~eT c0601 C~OEHYD CaMOCOrJIaCOB8HHYD S~a1lY H SlBRReTCSI 0,1J;- . 
Hol HS OCHOBh~ npoó~eM B TeopHH ancopéUHR. llPH 3TOM caMO nOHHTlle 
neHTpa anoopénzm MOEeT cymecTBeHHo saBllceTb 0'1' xápaRTep8 BSaHMo~el­
CTBHJr 8,1IaTOMOB Mex.ny 0060i!7/ B J CJIe~OB8Te~HO, 0'1' ltOHUeUTpamm npz­
Meceit. O,D;HaRO OCTaHOBHMOSI aa cJIY'tJae npoceax peryJIJqnmx nOMOJleR, 
rne HS sKcnePlIMeHT8JIbHHX naHHHX HSBeCTHO, 'tITo'geHTpll a,n;copéxnm Haxo­
~TCR ~ TO'tJRSMH BHCOKOI CKMMeTPHR nOBepXHOCTH KpHCTanJIR'tleCRoft no,It­
JIOlUCH 12/, T8K 'tIT0 emmC,~BeHHmf cB060,1Uil:lM napaaerpox SIBJIJleTCJI BHCO­
Ta nOJIOZeHWI ~eHTpa a,n;copé~u Ha,n nOBepXHOCTI»D TBep~oro TeJla. TaR, 
RaK H B eJIY1Iae RPRCTaJJJmlieCKOI no,ItlIomm, r~e ROH<fmrYpamm pacrrOJIOJle­
HB.R: HOHOB RPBCTannB CqaTaJIH Sa,ItaHHol, no~oaeHHH neHTpoB 8,1IcopéUHR 
éYlIYT C1lHTaT1>CR 'laIOle HSBeCTHHJ4H. Ho B OTJIH'tIRe 0'1' KpHCTaJIJI8, rne Y3e~ 

pemeTKII 9éSlSa'l'eJIDHO S8HJ1T BOHOM, ~eHTP a,n;CopÓI.tIDI MOzeT ÓHT1> :wm saHHT 
~aTOMOM,RHH nycToBaTlI. 

Kor,na aToM HaXO,ItRTCSI aa nearpe a,n;copérom, BOJIHOBHe tPYJiKI1BH ero 
B8Jz'eHTHHX 3JIeKTpoHOB nepeIqlHBamCJI C BOJIHOBIlMIiI tPYHKD;:W!MH 9~eRTpoHHoft 

nO,ItCRCTeMH no,lt1IOZIQI IqlHCTaJIJIa, 1ITO IijDlBO,ItHT K oé06meCTMemm 9~eR-

TpoHHHX COCToSHHI- a,ItaTOMOB K no~oXRH • nAxee Hs-sa nepeoTPQIRB 9Hep­
reTHlIeORoro CneK'l'pa B ROAXeRTBBHSHpOBSHHoft 9~eKTpOHHol nO,ItOHCTeMe BOB­

mmaeT Cl!IJI])H8JI XIIMII1IecRaSl C~SD MeJr,lJy ~'l'OMJM B MeTairJIoM. 

HOHH a.naTOl&>B Jll)ryT KOReésTDCSI OKO~O paBHOBecHIlX rro~oJleHd nes­
TpoB 8.Itcop6~, S TaKBe, IIPH ~OCTaTO'tIHoft 3HepI'lDl, MHrpllpoBaTn no paa­
JIJr1IHIlM neHTpaM a,ncopéIJ;JD:I. 

H'l'aR,c '1'01UGI speHIDI npoMeMH MHOI'RX TeJI C~01tHaR CJlCTeMa a,n­
copéaT nxmo ~cop6eHT éy~eT OllBCKB8T1>CSI raMRH&TOHHaROM BR,It8 
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3,Itec:& Hz: - raMVIJ:,TOHHaH BJIeRTpoHliOit nO,ItC]I[CTeMa, BRJm"i8.llltldt 

B ceoa coaepaeaao panaonpanaaa oopaeoa nce 9JIeRTpoHH, Y"tlélCTByDInIe B 

oópasonamm: xeMOcopÓUHoHHoft CM8R, KaIC BaJIeHTHHe 8JIeRTpoHH JlIOHOB 

a.n;aTOMOB, T8R II BaJIeHTHHe 3JIeRTpOHH RpRC'l'aJI.7m1{ecROft no.n;JIomca MeTaJIJIa. 

tJ"(X; -~.) - I\VJIOHOBCKae B38HM0,ItelcTBile MeJr.DY 8JIeRTpoHaMH. u e ­
n0TeHIlHaJThHaR 8HepI'llJl 3JIeKTpoHa B nOJIe BOHOB KPlICT~, B ROTOpym 

BKJII)'lleHli rpaml1lHl:le YCJIOBIDI H8 rpaHJIUe paszsna Be~eC'l'BO - BaRyyM. 

~YHIQUlR: 'Ue (~) OÓJI8,1l8e'l' TpaHOJlJIIlJIIOHHoI cm.meTpBeA KP.cTaJIJIHlieCKo~ 
...,. ,,~ ~) -9 

rro,ItJIomm TBep,n;oro TeJIa, T. e. tle (~) = u.~ t ~ + ~ ,r;lle ~ eCT]) 

Jmóol aezrop Rpuc'1'8JIJnl1IeCKOI pemeTKII, JIezaJlleU B IIJIOCROOTB noaepxsoc-
TJII. raMHJI:&TOHH8H liA OmICHBaeT 1I0HHyl) IIO,ltcHCTeuy 8JtoOpÓaT8. ~ 
nOTeBmIa.Ji:&H9JI 3Hepm.a: 8JIeRTpoO'l'8THlIeCROrO B88BMO,D;elcTBmI napll BOmmx 

OCTOBOB B Ba!CYYMe. tl.r{:1C) - nOTeHIUmJI])HaJI 9Hepnm B3aD1>;llelo'1'BlDI 

BOHa 8,ll8TOIIa c nOJIeM BOHOB no,lt1IoZIm. lLJm perymqnJIa OOMoaeK UI 

o6J1a;llae'l' Te. ae CBOIC'1'BaMH CBMMeTPJIIB, 'llTO B U e • ~ ~-I 
OlIBClIBSe'l' 9HepI'lU) 8JIeXTpoCT8TlAeORoro BS8HMO,lteAoTmm Meam' BOBOM 

8,ltBTOMS B 3JIeR'l'poHOM. ti II M - ooaee 1IR0JI0 9JIeR'1'poHOB 1'I JlIOHOB 

a.ztaTOMOB OOOTBe'1'CTBeHHO. li ,ltB.JI])HelmeM, eOJIH OIIenHBJILHO ne oroaopeao, 
OHH ÔY}IJ"l' c-emTa'l'~csr lfl:e:RCupoB8HHIDm. raMHJIIJ'1'OHB8H (1) 6y;lle'l' paOOMa'1'­

plIBa'1':&WI RaK OCHOBH8SI MHKpocKOIJlI1IeCRaSI MO,neJID, a nOTeBIUIaJI B88BMO­

,nelcTBd lr , ~ ,#e-r ,oue ' U:r - RB.R a8TpaBO'nWe napaMElTpH 

lI>;lleJIB. 

lJ.aJIee, y,D;OOHO nepeitTB B (I) R Iij)e,ItO'1'8BJIeHBJ) BTOpU"CIHOI'O RBSH'l'o­

BSHBSI. IL1Isr 8'1'01'0 HeOOXO;llHMO ,1WI OIIJl[CaBKS:[ cl[q'l'er á.ttcop6aT JIJII)C a,n­
copoeBT BBeom KBa3J1I'tJ8C'1'lJ1mHe npe,ltC'1'aBJIemm'II nOope,ItC'1'BOM no,ltXo,wr­

lItHM oopaaoM BH6pSHHoro 0,lOi01l80'lnBoro oaeaca ~IRUd {~(1 ~ II 

{ ?f1Y' (1)} B mmOJIHHT:& npon;e.nypy BTOPlf'lH01'O KBSH'1'OBSmm 13. 
O,1tH8KO '1'PY.JUIOCTJ> npBJ.!eHeHWl oTaH,1lapTHoft npone,nypa BTOpJt1Ul0ro 

ImaRTOBSHBJI B HameM OJIYlU\e OOOTOJl['l' B TOM, '1ITO ~880BOe npOOTp8HO~:BO 

000l'O.mml 8JI8KTPOHHOA nO,ItOHOTeMli 8SBJlCB'1' 01' ltO~ paenoaoae­
HJIJI JIOBOB a,n;8TOIIOB no neHorpaM a.ncop6$B: I[ B OÓllteM o.nrme Heonpe,lte­

J1eHB B8-88 JIX H~OJlPOBáHHOOTB. O~OHBM 8'1'0 oozee nOJij)OOHO. J{,ng 

OmlOaus: 9JIeR'l'poHHHX OBOftO'l'B OJIQ'1'eMH 8.,1toopdaT IIJIIJC l\Ucop6eHT IIH 

.nOJJDH BBeC'1'lI JtBB JIPlU'IlB]DJ8-JI})HO paSJ.lB'lmBX MHOaeOTB8 O,D;H08JIexTJOBBHX 

cootroJlBll! • O~O ,;;,:. 1IH0aeOTBO ~yHltlJ;lttCl TllIIa IfÓJIOXOOOlCl!(X l1OJIH" , omr­

0JiB8DU[X BeJIOJt8J1HSOBSHHHe 8JI9RTpoRHHO OOOTOJlllilJI B nOAJIone uetraJIJIa. 

Bl'OPOO - MROxeO'fBO 8TOMDnOJtod~~ TIIII8 JtOIIOJIBB'f6JIl)HHX aHJtOp­

OOHOBODx op6JItr8JIel {~.r (5!)! ,ltJUI OImoamm OBJI8aHHHX OOOTOJmd 

8JIeXTPOBOB aa HPJDI80J1X. 3.n80:b BB.1t8XC ri.. 'OÓOSIUPl8eT nOJlozeIme nOH­
lfpa !iUloop6ItHH, H8 IroTOPOU JIOK8J!i[syeTCJI 3JIeRTpoa • a .f - coeeoaaae 
U8K'l'poHa B8 ,nmmOM n~Jr.l'pe.M 9JleRTpoH MOas'1' IIOUaOTJ> aa nearp a,n­

4.. 

~. 

cop6~ ri.. H, CJle,ItOBaTem.HO, B OOC'l'OJume ((I( ~ 5) TOJrbRO rorna, ROr­

,Ita aTO'1' ze LteHTp ancop6UKH yze saHHT HOHOM anaTOMa. TOJI:&RO BaTOM 

CJIY~e lia ~ - neH'1'pe cymecTByeT nO'l'eHUHanbHaH HMa, crrOC06HaH sax­

BaTJiIT:& 8JIeR'1'pOH B CBS:SaHHOe cocroaaae , B rrpOTHBHOM c.nyqae YCJIOBRA 

,nJIR: JIOK8JIl!lsamm 8JIeRTpoHa na oC - nearpe He'1'. TaKRM 06paSOM, MHO­

zecrso o,IOioSJIelt'l'pOHHHX COCTOmm1t 'tffi.CTH't{HO saBHCH'1' 0'1' ROHéPHrypamm 

pacnOJIOxeHHH IIOHOB ~aTOMOB, H BOSHHKae'1' He06xo~OCT:& o606meHHH 

npone.nypH BTOp~Oro KBaHTonaHHH Ha c~~aA CHCTeM c Heonpe,IteJIeHHOCT:&ID 

~CTB ~SOBHX COCTOHHHft. 

§3. IIpoIle.n.ypa BTOplrnlOro KBaHTOBamm /I5/ 
B ~aHHOM naparpa~MH xpaTRO BSJIOZHM 06mym cxeMY npone.nypl:l BTO­

pKqHoro RBaHTOBBHHa cBCTeM c Heonpe,IteJIeHHOCTbD ~BCTH ~as9BI:lX COC'1'OH­

mút. 
IIYCT:&.4>yHRAlm (?fo«:) 1 H { 'f;(t.)} 06paSYD'1' nO~1) OprOHOp­, ..... ;j ..... 

MilpoBaHHYD CUOTeMY O,ItROaJIeR'1'poHHHX cOCTOmnrlt: (01.1« > = <IC I~ >= <'" lIc>= O 

tl!CnOJI:&SOBaHH 060SHalleHHH ,If,RpaRa) , K~ 1:.' ; r:i. ~ cJ.' • A !PYJ!ro.tmI 
[~~ (l)) o6pasYDT noJIHHI OP'1'OHOpMHpoBaHHIDt HaÓOP O,ltHOHOHHHX coe-

TOJnnrlt (cl'l.loI.'~/> =:0; ri. fi: «.' HJm '1z.' ~ 2 • 
B:Be,IteM ~yw<rnm ~1Ota 

(2)~~ (x) = ~(~) Ll~, J ~1;(x) = ~(~) L1.;eé 

3.neo» CHMBOJI KpoHeKepa, A~6 BBe,IteH,a.IDI onacaaaa onasonoro
 
COCTOJIlU1IS{ 9JIeKTpOHa B Hepe.mrrBmICTCKOM npeneze ; (},)~ ;;: ± I, X=- {X,de}.
 

PaCCMOTpHM JImleboe MHorOOÓpasBe!fIyHItIUtrtÍ ':Ie#.M mma
 
~ M
 

1f(x,)...) X,,; ~, ..,RM) = r= lf(~) ...)v,v; 1',> .. )tM).r7t(~~f!,~.(f).(3)
 
~) ..) ~.~ • ..)l'M J-/ J - ~ 

liHJteRcH Ji npmmMaIOT 8HalleHIDI HS. MHOZeC'1'Ba :HH.;Ite~cOB {~,61 wm (;; 
~ ) ,a ~.' HS MHOXeCTBa {o(, t}	 . 0603HatmM xepea 9,11>11 JDrIHsIHoe 

no,mrmorooópaSHe '1f/l. M' 3JIeMeH'1'H zoroporo y,ItOBJIeTBOpJmT OJIe,nyDllHM yc­

JIOBHHM.
 

IIyCT» ~j - paar nepecraaoaxa lIH,II;eRCOB c HOMepmm (i. J) J rorna.
 
Fl· 

t) ~(t&) ... ){> ... )~ ....>~; dJ> .... )tM) =	 (-I) {f(1&) ..·)~· ..·)~·, ..·)~:Y,· ..·)6"I1) J 

p.. . 
'J 

I) ~(v,...·)J,,;~) ..·>'t;.)···)!J·)"')'(M) =: (--~ ~(tt) ... )P,y;~) ...,)~) ...)~,) ... )tM)' 

$) l(J(I&, ...,v" ~ ef,) ...)d"~) = o 

'EJCJnI Blldoplt8 mmeRCOB ( ~ • ... ) li'u	 ) ~I>'" ) t Iof) 

ae npHHB,AJIeDT MHOJKeCTBY ~ • 
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3~eMeHTaMH MHOZeCTBa ~ ~ca rrOC~e~OBaTe~HOCTU ~ 

..." --.	 I I (4)
( K.J. •'J; '" ; K,J:>I.J ; cl..1.",' ~ 61.",1 >... ; o/./tI) tp~ .. 01..1. • ~.l. , ... ,) 01. M )~.., ) , 

r.Ite I.. - nezoe lDI[CJIO, y,n;01lJIerrBOPKDItee YCJIomm, o~ N- '" ~ M ,
 
a lIIH.IteRCH (d~.,., .. )olN ) B (ol.~ •. ,.•d~) cor~aCO:BaHH MeJrJJY e060a B TOM
 

CMHc~e, ~o B ~oi nOCJIe,n;OBaTe~HOCTB (4) SHa~eHHg HH,1J;eRCOB B BH­


ÓOpRe ( ri/.""... • o/. AI ) 06HS8TeJIDHO co~ePJK8TCH cpena sHatIeIIHD HH,1J;eR­


COB B mr60pRe ( d~,... , d~ ).
 

BBe,n;eM oneparopase q,yH~ 9JIeKTpoHHHX cp"'. CjJ 1II Bo'HHHX r:p + •
 
cp nOJIeA':	 ~ 

1I/'1'(X) = L Q~ ~(x) r L. ~~ ~ ~c,(x) , 
y KG	 «6 

'I/(X) = ~ct;GCP;6(X) + ~8O(G'" ~6(X)'(5) 
+ ~6 + 1#'..,	 . ::1' cp (I':,) ::. z= CO('l. ~~ (R) cP(Ií~) ::: L cO('a ~~ (I<.)

al!t ) «."l. 
3~ec:& Q~6 ' Q~6·' 8~ • 6'0(6 - llJepo-onepaTopH poJIt;ll;eImH JII ymItITO-

JteHWI 8JIeRTpoHOB B COCTOJIHHmC("l.6) 11 (o< 6) COO'l'BeTC'l'BeHHO. A/« == 
= ~c;,,-t~ ~It." Oneparopx C:~ . Col."l.. y.n01lJIeTBOpsmT c.ne,1ij'DltBM ROMMyTa­

UHOHHWM COOTHOmeHKHM: 

[Crit •~\' 1+ = L101..,('.1 ~~' ; [CrJ,t, C~''l'].,. = [Col t , 
i" . (6) 

0 16 ] _ = [coI.t. 801.61_::: CO<~ CcI.'l..' == Co<'l,. Co<~' = O • . 

T Ilpx TaROM onpe,neJIeHIIIJII KOMMYTaIUtOHHHX coomomeHd ,nJIJI cwep.aTopoB 

~ 'l. , Ce( 'z. oneparop ~ npmnnmeT SH811elnUl: O,I. B pa60Te' - 67 rrORB­

S8HO, RaE T8RRe ROMMYTanROHHHe COOTHomemm MlryT 6H'1':& pe8JIHSOBSHH B 

KBHOM BHJte. 
.1LmI JIDdoit lWHKlU!JII H9 MHOzeCTBS '"Je1l;,M onpe,lleJIHM npeoopaaoaeaae 

7..f '" /ctp>. COrJI8CHO IflopMyJle 
/t' + M '1'~ • 

te. >.:: _1_ clXIf..J~1.11 tp(X,),,~XN; R,""JRM ) .rl</J(~.) (7ep(~.)Id'; (7)9Cf (,~..'H! ) ,	 J=-/ t.~1 ) 

r,1le HCnOJl:&~B8H1l 0608H8~eHml rJx,/4':: /1SJ~· ; SJ~·::: ?i Scl~ ,;
r' r ~	 "J

JJ~~Jf =',/J JJ~. :li (o> - :eaxyyMHHI BeR'l'Op. 3aMeTml, "I'l'0 nopH-

JtOR pacnOJIozeHJIJI onepa'l'opma uOJIel B (7) OYDl8C'l'BeHeH, 'l'.x. nou: tpr 
H cP+ He KOMNYTBPYJl'l' MeW' 00601.
 

Y'TBepueHBe. IIpeo6p830B8lm8 (6) ~~ I C!1p> pe8JDI8yerr npe,1loTaBJIeHHe
 

BTOPllUOro R:B8HTOBaHllSl. 
~ He06xo,1.l,1D4He ,llJIR 8TOro oBOlo!'Ba aKKYMY'JIlllpOB8HH B JlelAlBX l. - 3. 

:l 
~ 

~, 6 
~ 

JleMMB I. IIyClIr:& q>~ 't{/f,H , 'l'or,n;a 1~(j>:::./C<fG->' r,1le Cf&- - oproro­
HaJI1>HaH npoeznaa epyn~ tp aa no.ItIIP0cTpaHcTBo (}/Y',.11 
Jlew.sa 2. IlYCTb (PiE G'~H' Tor,1la cnp8Be;n;IDIBH CJIe.nyDItHe TOs,IteCTBa: 

,..y f'J0;J,lr/R./I-, lf(x:.x2 ) ..· ,Xlv; 12,....) RM) ff (jJ(~.) (j<:P(~.) /0)::: ,j#!H.' ~(X;) 10f!»
JCl / ) J--2, L-I M	 ' 

, IV +. 'f' 
M rIx, M JR 'H (P(X,.-:» XN ; R,.~2,'" •RH) (7 rp (X,.) [7 cp (~.) /0> = 

J'~. 2 )	 ,,)=1 ..., l.""2. 101" 

= rr/XI.I</c/RUI1~(X/) ...~X"v;R""'>!?M) ,lftp7JS)ep(Rf) (7 c1'r(~) /0>
~ I ,	 'fJ~ ~~ 

JIeMMa 3. .IJJm .JJJl601 !fJYHICUHH H3 lp6 ~)H CnpaBe.n;JIH:BH paBeHCTBa: 
N .".

rJx," lfO,....>'I >Ro ' ''> f?M) (7 <:pf()}..) epO~.) = 0x,)"v ({J(x,) ...,XN ; RI....~RM)J' , w L~	 J~ N 

[4""(R) L/J(X,) 'Prx2,) T IY8(Xh R) '1f '(X2 ) + N<A:,-I) 'A(X,.X.,?,R)]n JII"(X.)
e;. ,,)=.3"; } 

N t: }' IX ('D/v X· c> ) n4J/'X.) "'/f!?.) == JXI.A/<:f(XI) ..·)XN";~/;>"·»)?M)D
d ,,,,,TI..",) .. ·, #>"" ....>",..._ ~"<! ""'{I Y'~ >	 (.-1 .x /li -f

Lep(R)'-P(X,)LjJ(~2) - 118::i:(X,.r<)f./J'1(X2.) - #;:-1) A (X,.X2;>R)]fJ ~ OS) 

+ .+ ('f).l/: ... t'n* 
r,lte eo. R) :: L. '(,G ~t To(~ (R) '"Qc;(x) ~ 

.. a{~G 

'*" ~-f lo -.. ~/')'*8 (x/~) == ~ 00(6 CO(~ Toli (R) To/é cr: , 
o< ti; 

A(X~X',R) == s:': ~~8ol~ ~~ ~:(~)~:(X)~;(X), 
o(~, 

A*(X.x'.R) ::: s::' ~~ ~:6 Ool-i ~?(i) ~~(X)~~(x) 
cH' 

,l(ORaS8TeJI:DCTBa JIeMM 1-3 CBO,ttgTCH , YC'l'aHoBJIemm nocoryJIJlIpyeMHX pa.... 
BeHOTB nYTeM npJ'DI)ro pacxera /16 H s,nec:& ae rrpRBO,1tSITCH • 

Cn:e,ltCTBBB: JIeMM: 

I) , rI ~<% I~6-» =:. Jc(R~,.,JX~1I (f(X,) ... , XN>~"''':/Y'') t.t(X""')X"";~""'/~M) • <(1'6' (}I.I,,'> )/ y"/'	 r J.-lf:;	 J. 
r,ne <('<lI =:. _~ <:'0/ riXI.A/"RiMCp '(X" ..,)X,.",;~, ...., R~) f7 eI>(~.) n 'f/(X,) . 

-,#"M! ~.) , J.,/.zH oJ "".".. ~ , 

2) %(1.17", ,XN >~" ...,R.M) = J f/ , <ol[lck7-')/J'fI~-)la't6-> 
I/, M. J- M (.-1-1 

1/.' ~ N + M + 
3) ,(,. )' '/XKfI NJ~I.H ~(Xt;·..,X~ ..X/(#> ...>Xt/; RI;> ... )RM)(7 '/I(~Jf7~(~.)/o>:=. 

K.	 /t'-K. ..) oI"l~, "'I
 
I M/ 1'- I. ~I)- I I
=.,[i;!H! a'P(X.;!(Jt:p> ; '~/ JJXI.Nq'l!.t'~/:>H Y(X,•.,,)X,y'; R.J.~, ...R~.~K"h ..·J~·M\ 

,,:OI( J K.'(M-~.' 1/ I M r 'I 
,,/7'1'"(1..) r7q/{~)lo> = C;Xu~t/RI.M (f(x, ....)XII>RI....JeM) (1f/.J(~) /7c1<lt/)n4(~~)!o\ 
J:, .J i=1 J'f ~ ~	 "-=1 t.~1:. ~=/ /. 
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lúm Jm6oro onepaeopa A ,,neICTBYDJlero aa npocrpaacrae COCorOSl­

mIl C (A), onpep;e~ r,ltCTaBJ.leBlle B'l'OplAHOro RBaHTO:saHHII 
CTaH,It8pTHHM 06pasOl/I3 . 

C(A)/Cfp> = /CAlf>.	 (8) 

HCII0J.I1>8YSI peSYJIl,TaThI JIeMM 2-3 H onpe;o;eJIeH1!le (8), MODO npoaaaa­

'l'OBan 8JlI'e6py Ha6JIlutaeMIIX, onpe,lte.neKHYIl H8 G!. B o6DleM CJJ.Y­
'l8e l3HpSZeBBSl ~ C (A) BeKOTopra 'l'HIIOB oneparcpoa lIMem ;llOBOJI&BO 

rpoMOS;JtIQtl DJt I 61 1'1 n08TOMY IIJ>DO,1XR'1'L 3,tteCL npaBBJIa KB8HTOBaIDm 

onepa'l'opoB ae 6y,lteM. 

B OJIY1I8e JIcnO..JILSOBaHBJI ~ c'I'aTBCmêcRoro OlIJICaIUIII 60JILmoro sa-
BOJDlTlecROro aBC8M6Jm ( # li M ne lIBntCllPOBaHH), BMeCTO npocepaaceaa 
COCToSIHHI n~~ li (}~H BBO,1tJlTCSI npocepaacesa '}{ li Co , no.nyqae-

Mlie R8R peSY..JIL'1'aT JIPSIMOit CYMMH npoCTpaHCTB 1111.11 111 8/V) M COOTBeTCTBeB-

BO: JI= ff) 1eIl..M; r;. = f~ G!-I/. M' •
I'.M· ,.,.",. 

lIa 9'1'OM IIH SaKOH"DM BSJlOJleHHe WaPM8JIDHol cxeMH BTOPH1fHOro KBaR­

TOBamI.II li uepel,xteM R ROHIq>9THOIt ee peaJIB38IlO H8 npoepe onacaaaa 
xeMOcopdrom BO.n;opo,nono,D;06Hl:lX. 8,ltaTOMOB H8 KPlICTaJIJI:H1ieCR:HX nO,lUIoJmax 

npoC'1'HX lIeT8JlJI0B. llpB:-i 8'1'014 yorollHl!l!CSI tlUJ:s:neolG'dt CMHCJI paaee BBe,ltemmx 

li, sa nepBd BSrJIB;Jt, WaPMBJIJ.HHX MBTeMBTneOIalX ROHCTpymtd. 

§4.,AnOOpCSIWI BOJIopononOJlOCSHHX npoecel H8 IIpOCTHX ·MeT8JIJI8X 

npoeHIDI mmre pssBBTyl) cxel(Y RBaHTOB8mlSi NUt OIIBcaHIISlf..:x:eIl:>COpCS­
ItD:&O,lt0PO,ltouo;o;odma 8TOMOB H8 no,lt.1louax npoCTIlX 118'1'8JIJIOB. B 9TOM 

~e MH Blleell :O;OBOJlLHO 1Ie'1'IqIl R OTHOCllTsnHO npoCoryI) JmRPOCKOIDI­

'qec~ K8pftIBy, nosBOJUDIItYIl upoBeCTB .n;eT8JI])B09 paooMoorpeHBe. B R8'tl9c­

'1'Be 8,ltCop6aTs paCCMaTpoamM aTOMli c O;JUDDI B8JIeHTHHM 9JleK'l'pOHOM, 

HaxO~CJI B OCHOBBOM cooroaaaa li o<1lraWJDJU1!V OlDIMeTpueA 

OOOTOJ.IBJtsI aTOE BO,ltOpo;zta. B K811eOTBe nOA1l0JaClil paOCM8TpllB8IlTCJI 118­
'1'8JJJIK, 8JIeR'l'poIflld CIJeRjP ltOTOpUX xopomo OrmCHBaeTCH B zqmt'S.1lDemm 

OBo60.u;mnc 8J1eKTpoHoB"II • Jtmr oIIp9,lte.lemoc'l'II dy,ttell C'tlHTan, 'q'l'0 no­

BepX:S:OCft ue'l'8JJJI8 JleDT B !X!,ff - IIJIOCROOTB: li 'lft'O aa O;D;Hy nOBepx­

HOCTBYJ) 8JIeMeH'!"JPHy1) JAel:Ky KPJICTaJJ'.1IneOROI nOMOZR1J !IP1IIXO,lOlTCII 

owm ~eHTP 8JtoopdQiIJII. JlaJIee, paCCMO'1'po 0JlY1I8I Jl8CTROI OM8R zoae 
8,ll8TOE ( B CJJY1l8e BO,llOpo,lt8 - Dpo'l'OHa) c ItOA1l0JtKol, ltorJtB, ROJIeCSa­

TeJILBHMK CTeneamm CBOdo.1tY li MHI'PBIUlel npnmell na cooezaae ueB'i'Pll 

a.tlOOp(SUO npeHeCSperam. 3TH ~eRTU lemo y-qec!IJ B paMK8X BHBI8 pas­
BlllTOI cxeMH, O;u;HaRO OHH JIplIB9,l1yT R SB8'UT9J.IElBOyY ee YOJIozueHBll =t. R 

~	 '1'0111 ae OBlJ ae BJ'PUT SH81UtT8JIItBDIt: poJJB B o6pasOB8lDDl xellOoopdl1K­

omol OBB8Jt 121. B 8TOM OJIyUe r8llllJlDTOHB8H (I) nepemrmeTCJI B BB,1Xe: 
\ 

i	 8 

" 

H == HE..'" HA -t- Hr.A ~ (9) 

1I ..... ,t ,v -"'_ AI ... 

r.n;e 'l'eIIep:b 1-1 = L !L + :L L. v(~.-~) - L;- U~/:S) j 
L J"=I 2m tE! t'~f M J~I 

Iof "0 I ~ -'0)-J'f)/-I ==. L U (R",.) -r ~ L- V(~.-,E."~. 
A J;" I .I '" a: i#..l t 

,.v M ...,. ~ e2. 
H~/1 = -ç V(~.-~:) ; l/(~) = / ~I 

~ tJ~ J	 ~ 

BHCSepeM B R8~eCTBe 6a3Roa O~OB~eKTpoHHHX cOCToHHHl BOHHOEHe ~HR­

mm BJleRTpoHoB B 'D:ICTol no.wro~e MeTaJIJIa i <:.fi< (~)Jy,n;OBJIeTBoPffllJItHe 

CJIe.u;yunel CneRTpaJILHOI 3a,n;a~e: • 

- I/- -;:2 - P (~)J ~ (~) = Ei? t.& (~) , (Ia)[ 2111 ~ K~n ,n ",n 

r,ne P(~) - nep1lo:o;necm nOTe~aJI BOHOB pemeTKJI nO.lVIomaI, B ROTO­

pwt BRJIIJ1IeHH l1Ja~1IHHe YCJIormst 3/ lJJlJOC xapTpHeBcIarlt nOTeHftH8JI BaJIeHT-

HHX 8J1eRTponoB" 11 • N 

11 IV N I ~ 1..Jf_)
sz:U (~) + i:r: tJr{.-?-J :: Z;; P(~ +2'4- Ú(~'-'31(II) 

(.'=/	 e -, .2 i~.f' I. -"I IFJ 

...,. -.., -" I) ,J/ ~.71e2. 
B 't!r.x-~) = L L= ~1-f 19(:Jt.,.-:s,/ ,v(fJ.) > Vt') = IQi~ 

1 J ..Q ~'FO	 ( 

Q - OCS'LeM CBOTeMY:, -; - RBaamnm:ym.c BJIeRTpoHa B 30He no,ItJIoJl-

D, 12. - M8PKHPYe'l' paSJ]ll'qHHe SOmI. ,1.tJm onpe.n;e~eHHOCTH orp~ 

CJI paCCMOTpeHBeM O,IJ;Hof! 9JIeKTpoHHoI SOHH nO.J);JIomm ,_ C1DITaJI.e~ ,~ 

onpe,neJIHDUilM, B npeHe6peaeM BRJIa,lltum IIOBepXHOCTHIlX COCTO~ 3 .' ~ 
I 7/G'2,n - 9HepreTB:1IecKH! cneRTp 9JIeK'l'poHHol SOHH. B pacsoTel noxa­

saao,	 RaR pemeHRSI ~~n MOryT CSHTll nocrpoeau, HanplDIIep, H3 COOT­

BeTcTB~x pame:Hld " 06'LeMHol" Sa,n8tm. 

~ OIIHCaHKff JIOKSJIHSOBaBHHX 3JIeKTpoHHHx COCT~HHHft BBe.n;eM B 

(10) .n;onOJIm'ITeJIDHHe opTOrOB8..11DHHe 8H,1J;epcOl;l:OBCKHe Op6HTaJm CfcJ. (12)
 
nocepoeaaae H3 BaJIeHTHHX COC'l'osnm1t ~ (~) BJleKTpoHoB
 

?faTOMOB c y~eToM RX HeoPTOrOBanbHOCT~ ~ COCTORHHHM SOHH no,ItJIoXKH
 
81, <Cal ,-;> ~ O, a TaDe Mez;ItY co60W 9/, <.d.lp> ~ o . 

<fJ.. (~) ::: L.-S p C-;) ::: A-z:.g [?f!.(;') - L<KIJ3)~(~)7 (I2)
fi .ta}ij3 'fJ3 .13 õIfl 13 K :J ~ 

-ç- f.,," >/2.] ~2 .Jf r I~ ea~ ..., (f) ~ 
r.n;e A = [1.- ~"Kld. ) <K/rI.> = JrI:l:. TK(:J:.) T«(:C >-

MaTpnn~ Sd../3 ,COrJIaCHO 19/ , MoxeT 6I:lT:b npencrasaeaa B lm,Ite pHJ:la 
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no napaMeTpaM nepeKJ)HTU ~ == <Ip Ilrio.> 

Soll3 = Ll0ij3 - ~ (.L-Llo(j3) td,/3 + : ç r~ ~tY((-Ll~ )ft-.6cr~).13) t- : ' , 

<PYHKltlUl ~ (x) - BaJIeHTH8SI 1..$ -op6HTaJffi Bo~opo,D;ono,It06HOrO 
8,llaTOMB ~(~):: <;P(~-"l), Y,ItOBneTBOpmJtaH YpaBHemm illpe,1J;BHI'epa. 

[ -f;, ~t - 'lÍ(~) 1Cf(~) = E ~(~). (14) 

3JleCl» E - L,s-ypoBeHD, JIJm }l[OI!HSaIJ;BoHHHl nOTeRItRaJI a,n;STOMa. 

C MaTeNBTHlIeCROI T0100il spemm MHOaeOTljO ~ tpK(~) H ~(~) 
Ele oCSpasym IIOJIlmro OpTOHOpllIHpOBSHHoro CSa3Hca, B TO BpeMA: KaK B npe­

~eM naparpaée HCn?~SOB8JIQCl» CBOlcTBO nOJIHOTH. O.lUl8KO, RaR owro 

nORaSaHO EoroJIJJ6oBSM 9 , 9'1'0 ae BJlHJIeT Ha ~}>M8JIlIHYJ) cxeMY BTOpIPmO­

ro KBaHTOBSHHJI. KBaElTOBaTl» MomiO 1'1 no H8nOJIHorq, HO ,ItOCT8T01!H0 cora­

TO~ CSaSHOY, npH 8TOM HCTBHHOe npoCTpaHCTBO OOOTO~ B anreCSpa OBe­

paropca, ,Ite!CTByDlM aa HeM, SaMeHJmTCSI HeKOTOpHMH 8IIIIpORCHMBIJ;HOH­

BHMl! aH8JIOraJm, a HCXO,1tHaSI sa,n;a1l8 amxpoRCmmpy8TOSI B CWCJIe HeROTO­

po! BaPHaIlHOHHOI 38,Jt811H MeTO.It8 Plrrna. EaJIll H8JiIOJIHHI CSaSJIC BRCSpaH o 

TOllKH Sp8BJU1 paCCMSTpHBaeM:>rO SlEJIe~ ,ItOCTaT01Ul0 Y1t8l1HO, TOJ;')t8 non­

paBIGI, nOJIY1l8ellHe IIPJl ~o6aBJIemm JWYI'HX ~,CSy]I3T ~ H r.l)J[R0 

H8J:J;eJITl»OSI Ha xopomee OIlJ!CaHHe CHCTeMB. ~OpMBJl},HO BaTOM oJIY'l8e CSa­

3BO II>JmO nOnOJIHHTD , a nOTOU, IIPB ~PM1.mtpOBKe MO,D;eJIel, npeHeCSpe~ 

HeOYJQeCTBeHHHMII 1IB'fp:lAHBMH 8JIeMeHT8IIII, B08IDUl'J1JlDIH IIPB nOIIOJIHemm. 

aTa Ja;AeOJIorRJi COOTaBBJIa OOHOB)" MHOI'JIX xopomo sapeROlleH.nOB8BImIX ce­

dH ,JA8'l'O~OB IIpBC1JI:ueHHOI'O IICOJIe,ItOBaBU B P8SJIBl1H11X oó.áaOTJtt cPJmJlKJl[, 
Hanpuap 'lfTf1' ROBe1lH0paBTOBOA: 8IIJIPORcnawm B IEJIOHYRJIoHBol .-ep­

Hol (fIISD 19 li mrxe. 

lumOTBeHHOI mÇop~al 06 BOlmol no.n;OJIOT~1Ie 8,U.'1'OIlOB B MO­

.n;eJIll (9) OCTa8TCSI ROH~ paOnOJI0Z8H11J! BOBOB no neHorpaJI azcope­

IQIJI. n08TOJq 11JUI ODJIOaBJUI O,lUlOROmua cOCTOJmJdt .n;OOT8'f0-em0 BB80'l'B 

a~yHlU(Bll - ~(~)'= ~ (13) = .1.JJ! = L1~}.;. L1 R;.) ~fl - CJDIBOJI 

KpoHeRepa. HH,zteRo 01.. uaPImPY8T OOC'f0Bml8, a J3 npo6era8T 

BOe 1!08MOSHHe IleHTpa ~oopCSum Ha nOBepmoon. 

COrJIaOHO (5) BB8,ltell1 OII8pa'1'OPli8 nOJDl SV~ cp> r;pr> cp 
ep+(X) = L q&~~(X) -r: (,~t\/~;(x) ~ 
. K6 ~6
 

tp (X) .= L... q;,<f>K'& (X) t- L. &6 t%l ~6(X) ; (15)
 
.,. K& + o(G .,.
 

CP(fl) = ~ Co&. Lio{/!; CP(f3); 7~A0y3; ~ = CaL C'-t
 

Ol:r\P8'l'OpH C:.Co!- J«)ry!! 6H'1'D BHCSpamt R8K onepa'l'OPJi ~elJllll (B.1IJ[ nay­

laJl8e mmOJImIM npon;e,n;ypy BTOpM'tffiOrO KB8H'1'9BaHJ/1$1. B pesYJIDTaTe 

MO.n;eJID (9) nepeIIlmlEtTeJI B BB,1J;e: 
• -P ~1 ""0 

H-= L... tI..I (1;/) tV;,. .,. ~ ç vo::/- /213 ) MJ tVfl +­
J..'= I a: o(. ~J3 

• SJX 'P(x)tf;v; -u~(~l 'f/(X) + f Jrlx/x''1irx)'P(x? (16) 

I( Lp(x'J 'f/(X) lT(:;'-1l) - z': ~ jJX '11 (X) Lfl(x) lY(~-;) . 
. ai. 

~,
 3aMe'l'JIM, lI'1'O B CJlY1U!le nOJIel: (15) npamua KB8HTOBaHJfJt A~ c (A\
 
~.onepaTopoB SHa-cmTe.JIDHO ynpo!ll8MCH no cpaBHemm c o'" CJIy'tlaeM"16~ 
BHPaEeHHe (16) COCTaBnH9T OCHOB,1 RBBHToBO-cTaTHcT~eoRoro OnH­

oaHIDI cBOlcTB xeMÓcopCSllpoB8HHllX IIOxpHTd. llT06u no.nygn ROHlq)8TBHe 

MO;U;e.mr, HeOCSXo,ltlDl) 'l'enepl» OD;eHB'rD B (16) pasJIH1nlHe BOSHII1t8IIQHe S,D;8CD 

MBTPJAHHe 8JIeMeHTH B orpaHJ!'1mTDca: ~ODHHPYJJItHMH BSamI:>,IteloTmtJIMI[. 

B aaitJIi>lIemle aTOro naparpa«la IIOJlOHl!OlI qmsneclQte OOHOBSHBR: ,ttJIJI 

TaROro BBe.n;eBHJI nOJIel lfJ 1", 'fi' ,a Taue npocepaacrsa 19M: • 
Onpe~eJIeHJIe (5) IIOJIe! JfI OTJJna8TCSI OT CTaH,1t8P'l'Horo~"'13/ BBe­

.n;9lmel4 B OIIepaTOpHYD CTpyXrrypy oneparopoa Nd, • TaRoe onpe,lleJIeBlle IIO-

JIel 01l8HD ~s~o, T.R. T8nepD JIO~SOBaHHoe 8JIeK'rpOHH08 COo'l'OJIHHe 

4pcl~ ex) ,1t8eT B~ B oneparopace 9JIeR'l'poHHoe nOJIe L+J (X) TOJIltRO Tor,D;8, 

ROr,n8 0(.- n8HTp ~oop6no: yse sawrr HOHOM 8,lt8TOIIB II Ho(. = L 
qTo RScaeTOSI npocrpancraa <PYHKIUII G'h'>,4t (HJm C(6~.tr~, TO 8'1'0 

Rama lIBSJf1IeCR08 UPOOTpSHOTBO OOCTOmml CIICTeMil 8,ItCOpCSaT IIJII)() 8,1I;OOp­

<SeHT. JteftcTmtTeJlDHO, eCJIH l.fG' G'/t'>H , 8TO 01RB.1I88T HaJm1D[8 :B oynep­

n09:m::tBB (3) BRJIB,ltOB, B ROTOpHX 8JIeK'l'POH JII>&eT HaXO,lUlnes B JIOlt8JJBSoBaB­

HOM OOOToaHHB npB OTOYTCTBHH Ha 8TOM a8 ueHTpe a.QoPCSUBH ROHa anaTOMS. 

1IT0 ~1I1I8CKIl HeB08MOZHO. 

§5. KBaHTOBO-oTaTBCTHlIeCpe MOlIaJW 

MCIIOJI!lSYSl np8,llCT8BJI8HBe (I5) Jt,mI nOJIel 1fJ1" II I.fl ,raIlltJI!lTOBB8H 

(I6) MO&HO upe~oTaBHTD B ~8 ~V 

H - 1:=E:-' nt: + z::::.. ~ .TE;" nrj, -+ f n,;.-é 170(6 + L.dr~o(rJ.k. n,J., .. ~~) ~: Q~& 
- C~ 1= K~ o(~. l" K 

1- s.e. 71+ L I ~:a~ ~Ma '~qali~&,tra + II*"*"+ a (17)Jj «_~ /C1t'r .fY JV • 

~ (SI 

3.n;8Cl» BcnObsoBaHII 060SH8118BllJ1: r 
II~" = HnDA, -lo HJH~r. -+ Hf)(r. .; C.:: - f JJ~ ~(~~), p(il) ) 

r;U;8 

fi. = L.~ ['ifl.:) -L ~K'(oC)qI6qi~]r L: ~ 'li, [z=:) 
0('MI'.. Clt. kJr:'6 r : k~t' 

D) • 

10 11 
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x lfc(K;~ ctl61Qltl - tJo(a< -.PeJ.rJ. ] -t-L. lIr;. 1I(L.- it"i'ill;' Q'k~'q;II,1 ­
ot~6 L\ K'/(I'{/ 

- ~d;) ~~ Cf;'6 + .:u:.] r :J ~ rVrlJ I/f3 [tJr;; -~) - 2 ~ ~61 ~j3 (01) 

+ ~ -n,,~ ~' ~j3..j f- ~ Ar. '1J [ ~rQ;, (7:i "'fi,' ,j-4J>fi~ ­

- J{i;'((.i») 1- 9.C] r L. ~ A/13 [L-. r1d;;'A C/t/cr"l- r4JA -~1!.1 ~~ ~Aé ~ .... cXt'!6 k /{Ir;/ r ·;r:.r "ti 

H = L:::. M~ ,{,~ ~6 [ EJfi + ~fl ""-6 + ~.J3j3 ~-6 J ,.."~T. r/.:t}J' 

+ ~ ~ ~* ~~ ~~/(,,16fl6 ~~ »c: r/.-tfJ (61 

/I,,~ ==- t [JxIX I 
C/I;'(X) [~+('lJ~6,) -2~(~] ~L(X) - cf r 

+ E:: U;;c{~' ~ 8rJ.~ Ci~/t,("q;~ "f" z:= ~ Nfl [~tI,~j( 8/6 ~:,)( 
o("IC'6~'	 «:tfl ~661 IV ;, ­

~ ~,Iq;, t- tlctj3t1,(! 8"6 ~I it61qK6 + k~ ~~~~ 6;~ ~~/QK~lqR6 +3, c ] 

r .L E"::... [~ol~;1 ~~ ~o(~ C/K~ Q;~ + .9. C', ] ~ ~ 
2 ol K'/C'G 

11 BBe,D;eHH napaMeTpH: 

•	 ~ = _ lÇ~(ol) r l2.~, S~ S~, ~j3' 

E:J.j!> = - 'tÇp ed) - V~ Ç'!) + l2~II s:.,;, ~pN ~ppll ( ri. ~.fi) ~ 

~~ =	 <fJlrJ:~E - W,,&tCtl) - Lfi-<j311> 6; <;;,rJ.> ; 

lJ • fJxJ/fh(:xl/Yj/8J/trJ(; :i j ; f'.tJ3 = p.;~~.il ~(;; P(~. 
-t rI'" 10* -t H) -'I) ;:ô-'t)

(,Q(~) =:	 u.(/~) - .r(!1:.); iJ'1J.p~ = ~f(~ TrJ. (~}l!JC fJ( ~ -~ • 

KoSCTaSTU Bsam.«>,n;elcTBBJl ~flfl'j( , ~;'(ja) , (.()D/ ~ 11 ,1ij>yI'He .f!BJIH-' 

mCJi MaTPH~ 8JIeMeHT8Mil, BJ:I1m:CJIeHHHMH OT BSamIJ,nelcTBd ()-(X-i') 

'l) (/(;;_~) , (,Qrx) COOTBeTOTBeHHO no BOJIHOBHM ~~ , ~/(., 11 

'laR jt8J1ee. HanpHMeP: 
; (' ... ~)/.. J;t-/Z! (j).,~")/I ... ilJ." ~ .. Tr

~-;fl1.1 = ~J:x!J~ ~ !~ IK~~) (fi/j) TR,(X) l7(X-V) " VrlK (13) = 

,	 ".. ! 12o 

= JJ;1!J.t;)lf~(~ lT(~-i) ; ~i;: ~~(~)) fVKJ,:; J"~ ~}:J:j 'I-!t.(~)ItI(~ • 

~ 
~yHIt1lRH f(~) OIIHCYBaeT paBHOBecHYIJ IIJIOTHOO'l'D 8JIeRTpoHOB B aQ­

ae nO;rtJIODH 
ti CI: , ;t 

.f(~J =	 L ep~(XJ~f(.:l)
K'b /Ç , 

'I	 11 CYJdMHPQBaHlle Be~eTCSJ:1 TOJIllRO no saHHTHM COCTOHH:llOlM. EYKBH S.C. 060­


SHaqam 8pMl:TOBO-oonps:aeHHoe czaraeaoe. '/I; (x) ::: z:::.. qf6 c?P.!6 (x) .)
 

'/J~(7<) ;:: z= Qi6 tf,t"6(X) ,) 1'li6;: q~ Q?6 ; no«(, J:: ~or'~ ~G • 
~ K6I 

) 
IIepefbteM K xpaTROUY oocyueHJIl) paSJIH'q}{1lX BItr.a;n;OB B raMHJIDTOmr­

aH (I?). 
B SIlmOM Bue B BHpBJleHlDl (I?) mnmcaHH BSaHMO;n:elc'l'BIlfI, lIrpaJlllHe 

onpe;n:aJIJDlllYll pOJID B omIca~ 9JIeRTpoHHBx 11 TeplIO.InlHmnAeCltilX CBolcTB 

xeMocopoxPoBaHHHX noxpH'l'd' 20/. OHH OIOlCJlB8D'1' acMleRTH m6pH,lJ,lIsan;HH 

aTOMHHX Op6BTaJIel ~TOIlOB c BOJIHOmam: qlyHKInJjIMH 8JIeKTpoHoB nO,ll,JIomm, 

npHBO,ItRlltI[e R oOP.aSOBamm CltJIDHoit XHMJllIeCRol CBHSI/I Meu;y a,ncopóaTOM 

11 anCOp6eHTOM 147. 
CJraraeuoe HH BErJIJAaeTlJPOu.eOCH, OOfillHO ae paCCM8TpuBaDJt!leeJI 

B lIPOC'1'HX m,lteJIJIX xeMOCOpo~ , XOTJI H urpaDJUIe BaZHyI) pOJIl» ,Ir)IH ca-

MOCOr~COB8HHoro ODHOSHHH. 

BMa.zt H"DJI. CBJl8aR c OIDIC8HJlell nOJIJ!Pll8SIn1oHHHX CBOlcTB Me'l'8JLlIlil­

lIecRol nO.ItJIOmaI, ROTopHe B8ZHH ,ltJIJI OIDlCaHHSl HOHHOI xeuocopouo H8 M8­

TaJIJ.W.X, ROr,lta aa6JIlUtaeTCS: nepeaoo 9JIeR'1'pnecxoro sapH,D;a -"w EUlCOp­

OaTOM 11 a;u;oop6eHTOU. OH BRJIlJ1I8e'r Taue 8Hepl'D') lifHJJ.'YIUIPO!SSHHOro RpB­

MeCDI) J1BolHoI'O 8J1eltTPJIlIecRoro CJIO$l Ha IIOBepmOCTlt. 3aMeTlUl, 11'1'0 ,ItJIJI 

IIOCJIe.llOBaTenHolt 'l'paR'l'OBRJI DOJU!P1lS8IXKOHHHX CBOICTll no,1tjIo.mm MeTaJ1JI8 

He;n:OOTaTO'llHO B MO;n:eJISDC orpaHJAHBsncJI xapaRTepllC'i'lm01 ee 9J1eKT,POgma 

CBOloTB TOJIllRO lIepes napaMe'1'p E-; • HeoOxo,ltlDlO, KaR MHHm&yII, BBec'l'i[ 

~RTH, C.BfISaHHHe o )tJ.DIHHo,ltelcTByDIP.JlI RJ'JlOHOBCIQDf Bs~,elcTBlIaM 

Iie~ 9JleRTPOHaMIlI. .ltJIJt 8'1'01'0 HeOOXO.JUDIQ BBeCTII ~,..,ml6 , ~eJIaSl 
BTO B BlmIeR8JlOEeHHoit cxaMe oTaH,1l8pTHHM oopasow 11 • 

CJIaraslIOe HaPleT: OIDIOHBaeT &4WeKTH, CBJlSaHHHe c npmdHII nepe1tpH­

I TJl8M.BaXeH'rBHx Op6H'1'aJIel 8,ltaTOMOB, BBXO~XCH HaoooeXHBX ~eHTpax 

8,ltCOpOUD. B OJrY1I8e nepuOXINecKIIX DOXPH'rd 8'1'0 JIPllBO,ltIIT K BOamnmOBe­
I 
..t BJI» Y lIPDeOHoro YjlOBHS E ,1tHOnepClUI li oopasoBaBJll) BllpTy8JD»Hol 

npBM8cHol SOBH/2I/ . 
I
t\ 

~ CJIaraeJl)8 H~r. :aKJIlJ'l8eT B ceOR OOIl8HBo-ROppeJlJ'D.'O(OHHlie ~eR-
'lH MEm,Q ueR'lpoHaD nO,lPIOEIGl, He BOme.ItUJll[e B 0IIJlCSHJII8, S '1'aDe npo­
!leCCM ~oceJlH]JS{ 8J1eRTPOHOB BEl upoecsa OOJIee BUCOKOro noPJUtR8, CBa88H­
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.I 

HHe c nepeaoporou cmma 9JIeRTPOHOB, ,ItBYXaJIeXTpOHHHMR nponeccaaa li 

,IJ;pyrHe. 

KoHCTaHTY C Re06xo~0'BBeCTH,~T06H npaBHADRO OueHHTL SHep­

nm OCHOBHOro cocT~/MeT8JIJIlIqeCKOI nO,D;JIOXIal, ROr,na npeHe6peram 

BRJI8,lt8MH: Hoa, • 
EcJIB orpaHHtD/[TlIOJI CJ1YqaeM TOJIbRO 0,D;H01 lPHKClq)OBaHHoft npllMeCH , 

JIOKaJm30MHHOI aa IteHTpe o(, ,No(.. =I; .11/3 = O; riF: fl H npeaeo-
pe'tID IIepexpHTJ[eJA BOJIHOBHX ~, <KI ol.> = O, a 'l'alOlte /-IH, TO' 

NO.lteJID (17) IIepeXo,IlH'l' B xopomo H3BecTHYI> MO,neJIb AH,n;epcoHi 114/, 
BIIepBHe BBe,neHH,ym B TeopHD xeMOcop6nam 3.D;Bap,nCOM H flLmacoM 22/. 

H =L. E-;' n;, + r. EI1r1.G .,. (jIlrl.6 ""'~G + L[(V;,Jr/. K1'(;-6- ~I<) 8.<~q;G f3.c],
K6' K6 , 

(18) 

llOnOJIHHTeJlDHId BRJI8,D; mma 

~ v.;otol.~ nrJ.-6 8~ qK6 + &,C. 
o(K6 . 

no CpaEHeHllJ) co CMU.JtapTHoA MO,neJIDr!I4/,/221 yqHTllBseT B.71HfDDte Ha 
ndPJIJUIs8IUUl :R, CJIe,n;OBa'renHO, H8 xeftl)Cop6D;lIoHHYD CBS3l1, SaceJIeHHOC-

TU IIpBMeCHoro ypc>BRSl.3~ÕT BIt7Ia,D; BaEeR WLJl ~Hol oueHKH nepeaooa 
sSPJI.Ila Me3,1lY a,naTOMOM B IIo~OZKO:lt. 

§6. Texmma cInnnm!A !'pua 
?tt>.ne.nHHe I'8IIBJIItTOHJlaHH, n<>JJ:y1l8eMHe B npe.D;WII(Hx nsparpalpax B 

pmmax 1UIIIIe 'pa8BBTOro IIO;UOJt8, DeJn' HeCROJIDRO HeodJAHYIJ crrpyKrrypy. 

OT~OOJlTen,O/OHHBX uépell8HHHX ~, ~ OBJI HUeJn' <PoPIIY raMlLJll>TOHH­

8R8 HsJIHl'8 8 , no B onepaTOpHHIIB: KO~eH'rBIIIII, COC'M:B1I8J!H1B'H 113 

W6.PMJ11-aMWmTy,IJ; , 

.-> O'l'HOClITeJll»HO 8J1eR'l'pommx IIepelleRHIUI I~, q:G , ••• OHH npe.lt ­;
CT8lWID'l' codol ododDleRBR MO,ne.o mapCOR&' 4/. 14/: . 

A A. 

H = L~R"K' + L. ~ot~ + 5. L:. ~fl NotNj3. (19) . 
/(6 oL 01..4.13 

Onepa'1'OpK s: ,t,,(ft BKJID'l8D'1' B ce6JI TOJIlIltO 8JlaRTpOlUDle IIepeMeHHHe B 

lIX MODO onpe.n;eJIBTII , CpaBHlIBElR 1leG;1 co601 lUq)8EeHIIJI (17) .JI (19). B I 

.1t.a.nHelmell MO,lte.D BBJl8 (19) d)?J;ell H88HB8'6 o606DleHlDD8! COCTaBBHIIIl t 
W>.1te.lSDlll '1'JDIB. AB,nepooHa - HslIHl'8. OHB JI upe,1J;CTaBJIfIJ)T c060A OCHOEf ca­ '\ 
MOCOrJI8C(JBaHHOro OmIcamm 9JIeR'l'POBHHX B Tept.«>,1J;IIREUllAecDX OBolcTB xe­ ! 

T> MOcop6J1PQBaHHHX nORPKTBI:. npB 9TOM 8JleK"1'poiume CBolcTlI8 OJIBCKBamCSl 
'01- .-t. 

ROppeJUlTopalG, IIocTpoeHHIDIB H3 W9PJ111-81mJlHTyA (,6) Bj3~' ) Cflé6 , QK'61 
: 

t 

(20)<~6 > ) </fi"" I7pG' > > <cr;6 q;6> ,. " 
TePJIQ,1J;BHaMJ1IjeCIGIe CBOlcTBS nOKpHTB1t OIIBCIlBaM'Csr ROppemrropaMl! 

B3JmrOBcKoro TKlI8 8/: 

<~> ~ <~Nj3> > <M</113NtY> > '" (21) 

YrJIOBHe CRo6I<H B Bupazemmx (20) B (21) oooaaasaer C'l'8T110TB1Iec­

ROe ycpe,D;Hemre o raMHJIbTOHHaHOM BII'.,1J;8 (19), zoropoe B c.nyqae 60J1Dmoro 

K8HOHH1IeCltoro aHCaM6JI.fI .n;aeTCJI ifx>PMYJIaJm: 

<noJ.G> =: Q-! S'..eô- [flol.G exp{y3r)J
 
-I Q:: 3ft ~Xf(-pr) (22)
<Na{ >= Q Sfe [1Vot ~;<f(-jJr)] j G 

1 "", 
3.necL J3 - 06pa'l'HM TellJIepaTypa, o-» , í=- H-~tYe:rI~ - )
 
I',lte JJ-e ]I)'tz -~ec!OIe nOTeHlUl8J[H 9JIeKTpoHHoI B HOHHOI IIO,1J;CJlC'l'eM
 

COOTBeTCTBeHHO.. Nr H ~ - OIIepaTOpH nOJIHOrO "lII[CJI8 HOHOB B.Jt8TOMOB
 

]I 9JIeRTpoHOB B Cl/ICTeMe. lIUyp deperrc.a: DO BOeMY lIJH3l1'teCltOllY npocrpan-

CTBY COCTosmd r; (:vm C (f;) B cJlYtme npe,n;CTaBJIemm BTOpnHOro
 

RBSR'1'OBamm). l11m. pacxara KOppeJIJl'1'OpoB (aJ) 11 (2I) B>ZHO UOJIlt80BaTlI­


CSI 0,1tH01 B3 ~PM TeXHBKJl[ lPYHRItd I'plma. B ~HelmeM MIi 6y,nell OpHeHTiI­


poBa'l'DCJl aa <IJoPM8JIllI311, IIpeMoJlteHHlll B paoore 10/.
 
O,D;B8lto BCnOJTh80BaHB:e ~!'pBHa MJI pacseea ROppeJlJl'l'opoB, 

orrpe,1J;eJIeHHHX COrJIaCHO (22»ReY,lt06HO, TaR ~ ~ .8'1'oro Heodxo~ 

BBO,Itll'l'L (f}YHlOULH I'plma, nOCTpoeHBHe BS onepaeopoa, ROTopHe se saMKHY-

TH B lfm3B'eleCKOM npocepascrae COCTOsund: () (BJIH C (61) ). TaR, HBJIPH-

Mep , ,llJIH onpe,n;eJIemm ROppeJISlTOpa <nrj. G> M>JlHO BBeCTIf bH~ I'pHHa 

muta «8"6; 8/(,lf. Ho OIIep8'1'Ops: 80(6 , ioc'~ ae 3aMKHYTK ~ cIE8J111eCKOM 

npocrpeacese COCTOmnrlt B-. ,lIeAC'1'BH'l'eJILHO, eCJIJII no,ltelcTBOBaTL aa 

BeltTOp 1[3 (}.N,H BlIJt8 
L ~ + M fona...+ n 8.{ rt Cc<.' /0>

~.~, ~,~. J""~/ .... ~. t'=/ e (23) 

onepa'l'OpoM 8:6 , r,lte BH,D;eRC ~ ae COBU8,1t8e'l' HH C O,IVUIM 113 mmeR­

COB I rié J , '1'0 IIOJIy1DIBlllHlCJl B pesynT8Te BeRTOp yse ne npHH8,IT)IeUT 

UPOCTP8HC'l'BY ()N+', H • ABaJIOrHtmd pesynT8T MODO no.nrmTl> , eco 

lI,QJleICTBOI8TL H8 BeRTOp (23) onepaTopoM CDC. , r,ne d. COBlI8,1J;8eT 

o O,D;HHM BS l!H,1teKCOB l d;1 . 3T0 uplIBO,ItIIT K Torq, 'CITO JJ).UI ReKOjOPIlX 

<IJyHIOJ;H1t I'p08 II)ryT HapymaTLCR CneRTpaJlDHHe' COOTHOmeHJlS{ lIa . 
q'rodu BsdeaaTlI9TorO,pacmKpRM aame ~X8~eCROe npoCTpaHCTBO COO-

TOsnnll: @. TaR, 'flT06H OBO OTaJIO SaMKHyTHltf O'1'HOClI'l'aJll>RO anre6pl1 

15~ 14" . ;, 



oneparcpoa CtK6 , 1"'6 , O,j" , •••• HeTpy,IlHO 9aaeTlITlJ, 'lIT0 8'1'0 pao­

lIlJ4peoe eCTI, JIm{elHoe MHoro06paslIe "t-f ,r~e 8JIeMeHTH H8 ':1-PNJ/l1 

npe~CT8BJISII)T c0601: JIHHeihme KOM6HHaIUDI sexropoa mm8 (23), Y KOTOpHX 

yxe HeT Hl!KB.R0~ Koppe.1ISIUHH Me1IJJY lIH.neRCa.MI1I o!,' 11 de ,a T8ltZe 

tnICJIaWI N, M J t. • BRJIa,D; 0'1' He~Jd'tleCKHX COCTO.f.tHJdi :e KOppeJUITOpa 

BH,1Ui (20) (2I) MO!tHO HCKJII),'DITlJ , ]teJIaH 3T.H COCTOmntfI aHepreTlI'tIecR;PI 

sanpe1ll8HHHMl!. lI.1Isr 8Toro BBe)J;eM B r8MHJIlJTOHB8H (19) MaraeMoe mma 
VL:. (J.-tYat) nr/.G 11 nepeonpenenax oneparop .r B lPoPMYJIax (22) 

aa .,(GPu = r.,. v~(i-tV~) nrJ,fD, V~ 04 00 • B peSYJI:DTaTe 

cna» = Spc1f [nfl.G e><pff3 FlJ) ] Q'-.LlO 

,~ (U) 
(Na(.) = SfR[Ng(exp(-j3 FlI) }l Q ~ Q/ S I~)1 = FJ!e'l-f\-j3 r» 

.B BlipaJlteJmS!X (24) mnyp 6epeTCH yxe no rrpocTpaHcTBY;}f • IIoCJIe OROH­

~TaJI:DHoro nO)J;c-qeTa kOppeJIRTopoB ROHcTaHTY V He06xo~ YCTpeMHTlJ 

R nADe 6eCROHe'qHOCT.H. 

§? IIpocTebaJI COCTaBHasI MO,!teJI:D 

B aTOM naparpa~e H3 'tIHCTO MeTO.ltH,eCKHX co06pazeHRI paCCMOTPBM 

OJIY'qal npOcTeftmel COCT8BHOI: MO)J;eJIl! TmJa (19) 

H:: L. E'K nK6 1" E L ~na(G' (25)
K6 0(6 

HeCMOTpH Ha CBOD TpHBHax:DHOCTlJ, OHa npoHCHl!T B03HKK8~ s]teClJ ~3H­

lIecKYIl CHTYa.t.l,lm. B ,Ita.JI:DHe1.tmeM 6Y]teM noJI:D30BaTlJCH <I>oPMBJlH3MOM Te~~ 

~ I'pm18 B 6oJILmOM KaHOJlHlIeCKOM aHCaM6JIe, paaBJI'I'OM B pa60TeI'101 • 

BBe]teM oneparop Fj} BB.l1a 

F,I::' H - 1.1. L.~ -.., [L: -neG+L~"o(61 + vL:(í-~)'ll(~'(26) ~ 
v tI';z <I. / (! 1e6 0(6 0(6 

Xm.mtrecIGrlt nOTeHUlI8Jl 8JIeKTpoHHoft nO,llCHCTeM!l HaXO,ltHTCH H3 YCJIOBJUI 

L (rr;6> + ~ <~~a(d> =.tr ~ (2?) 
K6 O<b 

H, eCJIH npeHe6pe'qL TeMnepaTYpHHMH nonpaBRaNH, COBnanaeT c 8Haprueft 

~epMl! ~F • XmuKqec~ nOTe~an HOHHoft nO,1lCHCTeMH MOEHO HaXO~TlJ 

BJIH HS YOJIomm, anaaorasaoro (2:l) , ROr,lla @!RCBpye'l'c.s: KOHneHTpamra: 

npr.Mece~ Ha nOBepXHOCTH MeTanHa 

? ~(~> -= M , (28) 

.. 

HJm ae HS YCJIOBHJI TepyommaMH-qeCRoro pa:aROBeCIDI MeJr,IJy ancopcapoaaaas­
r..m aTOMaMH 11 aTOI/IB.MB: wm MOJIeKYJIaMK aToro xe BreCTBa B D,D;KoA wm 
rasoocpaaaoã (!>ase , as xoropoã H.lteT 8.ltcop6rnm/8 • B rrOCJIe,mIeM cJIy'q8e 

~.z.i!.f1 S!BJlf.[eTCH aexoropoã (fJyHK:nHeft BHermmx YCJIomrtt, aanpzsep .JtaBJIe­

l!IDl H TeMIlepaTYPH: /" = 1(8) P) • 
1l0JIHoe onacaaae clICTe.MIl (25) 
HOCHTeJI:DHO iPYHKUd I'pHHa: 

(IN-E.,.t=F) (~!r(6)8cl~» 
A/ fi 8+

(~ - E.,. EF ) « rv« C1c(''> C«(, '» 

(w - €';.,. €F) « t:1';"tl;t '» 

-I' . 

(UJ+.r) «cJ..;a,/,>,> = 117 +(E-éF-J)~<tno(c;C'c(.iC'.,(""~ 

(w+1' -E+'€F+J) « nai(;~; a,f'» =: }.11 (110(6> + 

l' (É-éF-V)« nJ.G 'll-6 ~ >c;~~9) 

[W+J4'-2(~-€F-V)1«"rJ.611d-6()rJ.~~/~ =. fj,<nC<6f1J.'> ~ 
+ ' ..,.

(~-€+6F)«"rJ...(,/~&;8~6'» = fn<n,,-&>.,. V«(J.-~)flr1.0&of6"!rJ6);. ~ 

(fN - E. é. r=) «~ 11.1-, (tG) &ct '» = h <tIrt. nri·6> 
EcJm ltOHIleHTpaInJJI a;o;aTONa B8 1I0BepXHOCTJI lf)mtcHpoBaHa, TOr,Ita 

<Alct? -= C! li nepsse 'l'pu ypaBHemm: CHCTeMli (29) .nam nOJIHoe ormorome 

B MO]teJIH (25). EoJIH ae ROHIJ;eJlTpatUISI a.n:aTOMOB S8BHOJl'l' 0'1' BHemJmX, YCJ10­

BHI, .'1'0, nOJIHoe onacaaae ,llae'!' BCR CJICT8ua ypaBHemtl (29). 
Ms CHCTeMB ypaBHelfd (29) M)Zl{O nOJIY1lHTlJ CJIe.nyJlllee BHPlm8HH8 

,n:IIJI q,YELttIUtI !'pua .c< '(JJ. >0ol+~ : 

(30)+ 

! p+ ::: <flJ.) = <1- ~n.t' + 17J, nJ~~'; 
P o == (P:'> = ( .L "tl.G (1. - nri-(~.)') .;

1 ..... 6 

e: = < F:t,.-):= < nd.6 11rJ,-'> . , 
HonOJI:Dsya CneR'l'paJI:DHH8 npe,u;O'l'SlUIeHHJI ,J(JIS' WYHKDJd rpmm /10~ noJij"t8ell 

.n:aeTCSl CJIe.nyDllett cHcTeMott ypaBHemrlt 0'1'­

= j71 t/«(i-~)&~6>tf"6~ofo 

,. <N1b = --.z;;­

.l.J7 

14 l c,x8JO'Dlee YpaBHelDle JWI JtoBIleH'i'Partm! a,uaTOMOB H8 nOBepmOCT:H: 
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.F-Po	 ,?+	 + J(E-éF- W)-,x+	 E·~F·V-.,I'f :J.. . (31)
<~> = -~/r; + 1. e~-9---#J. e ~ + 

e 
.,) YCTpeMHT:L R .,. DOB KOTOpoM Ma ~~H KOHCTaHTY 

B peSYADTaTe HMeeM 

p+ +	 F;; +R (32)
~>= ~ e 9+.1­

To eCT:L BepoHTHOCT:L 06HapyxHTb HOH Ha ueHTPe ~cop6nKH ~ C~~-

BaeTCH H8 cYMMIi Bepoji'l'HOCTel ReSaB]1[CmAHX C06IiTd: I) Haitri'I romrlt 

BOH Ra ri.. - U8RTpe; 2) HaitrB HOR 11 poBRO 0;ltHH 3JIeK'rpOH Ha rJ. ­

nearpe ; 3) HalTH MOH H pqBHO ,IIJ38 8JIeRTpoHB. lia ri. - nearpe • 
~~,... "-Oneparops ~ «P;r: ,Pf1/. 8CTh oneparopa npoeKTB:poBSHHH sa COCTOS{:" 

mIR, r.lle na oi - IleHTpe HeT aJIeKTpOHOB, poBHO p,ltPIH 8JIeK'rpoH , H 

~ 8JIeRTPQHa COOTBeTCTBeHHO. 
3aMeTHM, 1fr0 eCJIH YCTpeMHT:D V ~ IIJII)Q 6eCKOHetIHOCTIII cpasy B 

Bupazemm .1WI !WHKUHH I'pmlB (30), TO MIl npMeM R HenpaBHJI1,HOM;y ypaB­
HeHJID H8 <~> . GOOTHomemm (32) eCTII ypaBHeHHe, T8R 1CB.R P+ , 
Po ,p_ S8mtCJIT 0'1' (N:c>· 

PemaJ1 YpaBHeHHe (32) oTllOCJlTeJIDHO <MJ.), HMeeM 

i1 ,r,11e Q(&):::: ~ • (33)
 
(~> = d (~&- )
-JYG	 e +~ e 1(9).,.!L 

EcJm BaJIeHTHHI ypoBeR:D E JIeDT BHIJIe 8Hepnm' ~epMII 6 F SoBH 

nopODlil. / é-éF!» B ,Tor,ll8 9(()J~:L 1II <~) npBHJJ:MBe'l' ~ 

i. (34) 
<~>~ -~ 

e- 9-..,. 1. 

'1'.e. BaJIeHTHHe 3JIeK'rpoHH npmaeOll noKB,118lJ'1' 8Jt8'1'OMH li nepexo,ngT B non­
JIOZK9, a OC'1'8BlIaJlCJl lIOHHaJI 1IBCT:L 8,ltCopl:taT8 Be.lleT ceóJi mK lllleaJI:Dmd 

~ePJIH-ra8. 
EoJm ze ypoBeH:D JIeDT aoe 8HepI'D ~epMH li CROBS !~F·E/ '»8 J 

TO 

<~'> C% :!	 (35) 

BaTOM cJIYl.Ise CTaTl:ICTIUta l'lOHOE a.n;aTOMOBIIOJIHOCT:6D Onp8.1leJIJteTCK 9JIeR­

§8.SaKJID1leHHe 

PaSBBTHI BHme no~o.ll nOSBo~eT nOCTpoH'l':6 nOCJIe.llOBaTeJIDHYD MKR­

POCRO~8Cxym TeopHD ~ CaMOcor~COB8HHoro onmcaHBH aJI8RTPOHHHX H 

Tept4>,1tHHaDtIecIGOC CBoitCTB xeM)copdlq)013B.HHHX n01tpRTÕ. Paccsoepeirae 
~CT~oro C~qag Bo~oPo~orro~o6HHX~TOMOB,xeMocop6RpOBBHHHX Ha no~­

JI01íKY npocroro M8TaJIJIa, He orpamrsasaer ero OÓlllHOCTH. OH JIeI'Ro 060ó­

~aeTCH ~K ,a c~aa 6OJJ.ee CJIoznoft RO~ryPanKl! BBJIeHTHHX Op,ÓHTaJIel 

a.naToMOB' 23 , T8R 11 óOJIee CJIommx KPHCT~eCR1IX nO,lt,JIoxeR 724/ , 8 

TaKXB yqeT rrOBepXHOCTHHX oocToHHHl /3 H B036y.neHHHX COCTOHHHH 

8,llaTOMoB. 

PeSYJl:LT8TH §3 HOCJ!T ÓOJIee o6ma:1 xapaRTep , nC?3BOJIJ:J:][)lld BIt1IIl ­

~T:L B paCCMOTpeHHe BOnpoCH,CBHaaHHHe c yqeToM CTeneHe~ CB06o~ HOHOB 

8Jl8'1'.OMOB, T8RHX, RaR ROJIedaHH.H OROJIO paBHOBeCHHX qelJ~poB B.llcop6rnm/ 12/ 
II W'lI'parum IlpraMeCHl:lX 8TOMOB no nOBepXHOCTR/25/ IIpaB,'lla, npao 

aTOM neoóxo~ OTMeTHT:D BOSp8~ammyD cnOxaOCT:L no~xCH s~eC:D 

Mo,n;eJIet. HeCMOTpsi HB. TO, 'qTQ 9TH MO,IteJIllI ne r«>ryT 6IílT:D peaess rosao , 
cymecTBOBaHHe B HaCTogmee BpeMH MHOrKX npH~eHHHX MeTO~OB Rccr~e~o­

BaBHH pe~CTHtIeCRHX MO.lleJIel n03Bo~eT H~eg'l':LCH Ha HX a~KTHBHOe 

HCnOJlI:»SOBalme. KpOMe Toro, OHH MOryT CJIYD'l':D MHRPOCKOllHlI8CKOI OCHO­

1301: MHOnIX HCnOJI:DsyeMHX nO.ny(peHOMe'OiornlIecImX; MO.lleJIel: H MeTO~OB, Ta­

RlIX,RaR,Hanpoep: a) MO~eJlI:» M:nmra 8 , 8KTltBHO HCnOJI:DsyeMaR: .ltJU{ onzca­
HHJI '1'epMO,ltHH8WIUQl nOIq)HTKR:; ó) MeTO.n; sorepeamoro nOTeHmIBJI8, npHMe­

~CH ;D;JI.H: BCCJIe.llOBf}W 9JIeKTpoHHot CTPYKTypH B HeynoJUOtO'tIeIIHHX 

B,ltCOp6BpoB2HHHX CJIosu! 26 , H ,IQ;). 

B saK.JIJJ"lemre: aB'l'Op .BapaxaeT CSJIaro.ll8pHOCT:D rrpocI>. B.K.~e,nsnurny 

sa nOJIeSHHe o6cYJl,lleHRR: paccMoTpeHHol 38,ltallH •. 
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raBpHJIeHKO f.M. P17-87-487 
HOBbIH MHKpOCKOnHqeCKHH I10P;XOP; B r eopaa 
ancopõapoaaaasrx nOKpbITHH 

rrpe,IJ;JlO~eH I10Cnep;OBaTenbHbIH MHKpOCKOIlHqeCKHH nop;xog ,IJ;JlH 
caMOCOrJIaCOBaHHoro orracaana ::lJleKTpOHHbIX H TepMOp;HHaMINeC­
KHX CBOHCTB ancopõapoaamrsrx nOKpbITHH. OH OCHOBbIBaeTCH na 
o606~eHHH MHKpOCKOnHqeCKHX npep;CTaBJIeHHH BOrOJIID6oBa, pa3­
BHTbIX B TeopHH nOJIHpHbIX MeTaJ1JIOB H o606~eHHH npouenypsr 
BTOpHqHOrO KBaHTOBaHHH Ha CJIyqaH CHCTeM c HeOIlpep;eneHHO­
CTbID qaCTH lPa30BbIX COCTOHHHH. llpOaHaJIH3HpOBaHbI B03HHKalOlIUie 
3p;eCb COCTaBHWe oGo6~eHHwe MOp;eJIH THna AHp;epCOHa - H3HHra. 
PaCCMOTpeH cnyqaH CaMOCOrJIaCOBaHHOrO OnHCaHHH Ha npHMepe 
npOCTeHllieH COCTaBHOH MOp;eJIH. 

PaGoTa BWnOJIHeHa B DaGopaTopHH TeOpeTHqeCKOH lPH3HKH 
OrnH1. 

Ilpenpaar 06'beJJ:HHeHHOrO HHCTHTYTa anepasrx HCCJIe,nOBSHHH. )J;y6Ha 1987 

llepeBOp; O.C.BHHorpap;oBoH 

GavriIenko G.M. 
New Microscopic Approach 
of Adsorbed Layers 

in the Theory 
P17-87-487 

A microscopic approach is proposed for a self-consis­
tent description of eIectronic and thermodynamic~l pro­
perties of adlayers. It is based on generaIizations both 
of the Bogolubov microscopic picture deveIoped in the 
theory of polar metaIs and the second quantization proce­
dure to the system with uncertainty of some phase states. 
Composite generaIized modeIs of the Anderson - Ising type 
appearing here are analysed. The seIf-consistent descrip­
tion is demonstrated ·for the sim{>lest composite modelo 

The investigation has been performed at the Láboratory 
of Theoretical Physics, JINR. 
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