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BBelIeIme H nOCTaHOBKél 3a.,n;atrn 

B noane~ee BpeMH 3Ha~anbHHe TeOpeT~eCKHe H aKCnepRMeHT~

HHe YCBKRff npRHaraIDTCH K H3yqeHHID CBORCTB Cy6MOHOcnoRaHx nOKpHTH~
 

npacranaasecxax nonnoaex TBep.IUfX ren , ~O 06'bJiCHJleTeJl KaK MHoroo6pa

3BeM B03HHKaKII4HX snecs <pH3H'{eCKHX a<fxI>eK?OB, TaK H npaKTlPleCKnMB: HYÃ

.n.ar.m, CBJI3aHHUMH npeane ncero C IIpo6J1eMaMlil xaranaaa, I'H,Iij)OJll'I3a B KOp

p03HB. ~bmB:HCTBO pa3BRBaeMUX 3,neCb TeOpeTH~eCKKX MeTO.nOB HOCRT
 
rrOJIYll>eHOMeHOJIO:rnqeCImiÍ xaparcrep, HaIIpaBJIeHII.I:rl\: aa rpoP~JmpoBKY MO,JleJrb


HHX rrpe.nCTaBneHHH, B paMKaX KOTOpHX MOKHO 06'bJiCHHTb TOT RHR HHo2
 
Rpyr aRCnepRMeHTanbHO Ha~aeMHX ~eHRi. B HaCTORmee npeMH cymecT

ByeT HeCKOJIbKO He3aBnCnMHX HaTIpaBneHR2 B HCCX8,JlOBaHHR OBoRcTB cy6

MOHOCJIOHHHx nORpHTd. YanOBHO HX MOEllO Dll,I[eJmT:D D CJIem'mme.
 

l. OrrHC8HHe TepM0nrrH8MHq8CIO!X cBoAcTn cy6MOHoanolHHx nonpHTn2, 
CBJr.3aHHHX C oopaeoaanaea Onp8.JleJI~HHHX peryJIJIpHHX CTPYRTYP xa Itp1ICTaJ.!

."IlJtIecRoR nOB8p-~OCTlI nO,llJlO2ltltlI. l1lBaOBHMH nepexo,ItBMH MeaJtY 1UlMH, R3~e
mIaM TeMOT a.ncop6mm li ,lij). Talcoe onaoaaae .JlOOTm'A~'t'CSl npa nOMOII1B 
RCtIOJIL30BalIM: R1I1I: tnIOTO rropMO.ImHawA001aDC MeTo,no:e I{ M1J noo'1'poemm 
DOJrYlPeHOMoIlo.nom'llDCIaDC MO,ItOJI01t TmIB ,ltBYMepHoro pemeTo1Uloro rB3a/2f. 

2. OrotQromo OJIOmOOJlJ1I;:X 9BOAoTB xeMOoop6npoBamntt nonopmccreã, 
T.e.R3yqollH8 ~ponannoro npHMDOLD nepepaonpenaneHHn aa~on weR
1IJ anoop6aTJM (BJ100pOHPOBlllllUlM BTOMOM wm anaToMoM) l! a,noopdellToM 

,ol~ (no.n.noJlUcoll). IIpUMOOHllX o.nelt'I'pomwx 30H II T•n. C a'l'On I18JIllm paapa6a
q't",~ 'l'l.WllI11'0I1 MBTO.rt1i. onnaannae o pemelmeM COOTBe'l'CTBYKJItero ypamleImSl IDpe

,~nropu, Hcnanh30BaHBeM MeTona ~IumoHana nnOTHOOTH éHOftOTOpoa Ba-
JPRotmOmloQ Mo.rtmtmrcamm Totmoro YpaBH8HW1 Illpe,wmrepa/3/ ) wm se MeTO

(:~I~OD,CDR3aHnUX c IIony~HOMeHQnOrHqeCKRM KOHCTpynponanmeM MO~anDHHX 
.,J .'(U.mJI.DTOHR~lOB TIma XBlltIteJU1, Ilapasepa - Ilappa - IIOIlJIB. XnOdap~a II 

"'. :.\1UIOpcOHIJ. 4/, orrnCllBilhlIC!X B par.max rex wm HHHX npn:C11ImleItd B3EmMo
lnonoTBZ8 JIOK&Jm30B8HH0t! rrpm.tecaoll opoaraxa o aneK'rpoHaMlI nOMooum. 
: 3. Q!mcmme BHClpalmoHHllX cBoRcTB npRMeoHllX anOTOMOB, nammx 

.1, 
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• JoraTYJl HWPopMaImID o CllMMe!plm ancopõapoaaaaoã sttI8tum, TlJ118 B03InUtaD
,.lj:l..nmI 3.nOCL CBJI38ít H T.n. /0/. 

",,' 11. B nocnenaee apesot CTDJm H8ItaIJJIlIBaTbCJt 9Iconepm.wllTaJI1rlWe 

\~ •ttUUWO, 11 J10JIll!Yl'C.ft nOImTICl! nOCTpoeHIDI TeopeTlMeCltmC MOJl8JIen .It1IJI OIm

..i, )Q1UU1 ODoQOTD nOBopXHOCTHO" .rm:fxPY3Im IIPlIM8c~/aTOMOB no nO,IT)IoJltIt6, 
. :'.0. l13YQelme Mllrpnu;HoHHllX CBO"CTB 8,II8TOMOB 6. 
.i Jrli, nn nepnun B3rJUt.II., cosepnenno pa3JIRtlHHB OOnelt'1'll ancoponaaI 
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f ~ :r~ CllMOM nCJIC CMbllO CI\fl.3a.l.i1i M~ ,Cocoli.. B ':tB.O~ortoM MaHe .3TI)
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rrpOHBXHBTCff B TOM, qTO 3a~aCTYID ~ WaPMYXHpOBKR rronyweHoMeHonOrM
'tIeCKoit MO.neJIR B 'O~OM H3 YKa38HHHX HarrpaBJIeHHH: HCCJle.nOBaImH He06xo~ 

.n;nMa HHWOPM8D;WI O ~H3J11't{eCImX xapaKTepHCTHKaX .nPYI'HX. TaK, aarrpaaep, 
rrpH rrOCTpoeHHH Mo.neneit THIIa pemeTo~oro ri3a ~ OnECaHHH B03HHKaID
mKX 3.neCb CTPYKTYPHHX W830BHX rrepexo.noB/ 2 Heo6xo~o 3HaHHe KOH
CTaHT CBH3H' rrpHMeCH C IIo~oaKOH, a T8~e KoHCTaHTH B3aJIMO~eitcTBRH 

rrpKMeCHHX aTOMOB Me~ co6o!. 3TB xapaKTepHCTHKH rrOJlHOCTbID orrpe.neHRIDT
OH a.rreKTpoHHHMl'I CBOitCTB8MPJ: CHCTeMli ancopõer-encopoenr , 't!T06H Jfyqrne 
rrOHaTb xapaRTep B03HHKaDmRX TPY~OCTeH rrpH rrOrrHTKe pa3BRTHH 0606meH
HHX MHRpoCKOTIHqeCKHX MeTo.nOB ~ OTIHCaHHH CBOHCTB CyóMOHoenottRHx rrOK
PHTHH, 06paTHMCSI K ene.n:yIOIItHM MHKpOCKOrrH~eCImM rrpe.nCTaBJIeHIDlM, -qaCTO 
Hcrronb3yeMHM B TeopBH. ~LSI OIIpe.ne~eHHOCTH B .naJIbHeitmeM 6y.neM pac
CM8TpHB8Tb xeaocopõuan BO.nOpo.nOIIO.no6HHX a,n;aTOMOB na MeTaJIJIaX. MQQQ:: 
6eHT, KpECTanJI MeTanJIa, HMeromHH CBo6o~YID rrOBepXHOCTb, OÓgqHO OTIHCH
BaeTCH HeKOTOpHM peHbeWaM nOTeH~aJI:&HOH: 8HeprHH, C03.naBaeMHM rronoXH
Te~:&HO sapameHHHM WoHOM perYJIHpHO pacrrono~eHHHX HOHHUX OCTOBOB KpHC
TanJI8 H a.rreKTpoHHoil <PePMH-1tH,1J;KOCT:&ID, aaxonsneãca B aTOM rroreanaaas
HOM rrOJIe, TaR 'tITO B UeJIO~ CRCTeMa 8J1eKTpoHeHTpaJI:&Ha. HarrpRMep, B 
Mo.neJIH zeJle rrOTeHUHaJIbH8SI aHeprRR: rronoXHTe~bHO 3apSIXeHHoro nORRora 
tPc>Ha OIDHIHBaBTCSI B nane 

- é'9+ (z) = - é-'ç.,. npa z. ~ o ) npa Z » O ~ = o . 

3aPSI.1loBaSI IJJIOTHOCTb ~ napaaerpaayerca pa.InfYcpM c<pepH Zs 

conepaameã 0.n;HH BaneHTHWt 3JIeKTpoH na aTOM: '2's = V 3 ! f.Jl.P.;. 7. 

(OCb Z HarrpaBneHa rrepIIe~RYJIHpHO K rrOBepXHOCTH). Ha CB060~OH 
~ 

rrOBepXHOCTH M8TaJIJl8 HMemCH onpeneaeaaae IJ;eHTpH R~ ,Ha KOTopHe 
MOryT a.n;COp6HPOBaT:&CH IIplIIMeCHHe aTOMI:l.UeHTp ancopõnaa MOJlteT 6HTb HJm 

3aHJiTHM,BmI rryCTHM. Booone, pacxe-r rronoJltemdt B03MO.1K.HIDC nearpos azt
cop6UKR - CJ10JlW8Sl CSMOMOCOrJIaCOBaHHWi sanaxa.ocaoaaaaaa aa MHHKMH3a.Inm 
8HeprHH OCHOBHOro COCTOSIRRSI CHCTeMli a.n;cop6aT-a,ncop6eHT OTHOCHTanbHO 
IIonOJItEnmit a.n;aTOMOB .O,IJ;HaKO ~ peryJIJIPHIDC IIO~02lteK noaoaeaae UBHTpOB an
cop6naa COBrra,n8BT C TO'tlKaMH BHCOKOl CHMMeTpKH KpRCTanJI~ecKoit rrOBepx
HOCTH rro~oXKH, KOTppHe MO~O ~erKo orrpe.neJlHTb H3 reOMeTpH~ecKHX co06
paxeHHit. TaKHM 06paSOM, e.1lBHCTBeHHHM BapHa~OHHHM rrapaMeTpOM SIBJlHeTCH 
BHCOTa p8BHOBecHoro rrOJIOXeHHSI HOHa a,n8TOMa OTHOCHT8JlbHO IJJIOCKOCTH rro
BepXHOCTH no~oXKH. AnCop6aT, rrpHMeCHUn aTOM, rrpe.nCTaBJIReTCR B B~e 

rronoMETeHbHO 3apRXeHHoro HOHHOro OCTOBa H COOTBeTcTBymmero "tlHena Ba
JleHTHHX 3JIeKTpoHOB, rrpHHHMaIDmKX y~acTHe B 06pa30BaHHH CBH3H c rrOBepx
HOCT:&Il. Kor.na aToM HaxO,1lHTCR na nearpe ancopcnaa, BOJIHOBHe <PYHKI.l;lIR ero 
BaJIeHTHHX aJIe.KTpoHOB CMennmBJOTCff C BOJIHOBHMH WYlIK.IUtRMK an:8KTpoHHOH 
30HH. B peSYJI:&TaTe rH6p~38URH BJIeKTpOHHUX COCTOHHHH M3-3a rrepeCTpo!
RH 8HBpreT~ecRoro CIIeKTpa B KanJIeKTHBH3HpoBaHHOH an8KTpoHHoit rro.nCHC

3 I O~~eJ1fiiietUlLit\ gHC'mlJT \ 

ee~Bid1\ itC.lH~lDnanHt • 

61t15J1fr!CTEKA ' 



TeMe B03HnlmeT CRnnHaH XMMMqeCKafl CBH3b Me~ aTOMOM II rro~oXKO~. 

tlOHU a~aTOMOB MorYT Ko~e6aTnCH OKO~O paBHOBeCHll~ rr~oxeHH~ n8HTpOB 
~cop6~.a Ta~e, rrpH ~OCTaTO~OH 3HeprHn, MMrpHpOBaTb rro pa&rrH~ 

ueHTpaM~cop6UHH.]8rKO HallHcaTb ra~nTOHMaH TaKOH ClICTeMU: 

H = Hz: -r /-lA + Hl: A	 ( I) 
N "2 N N...., 

r~e l-J = L.-.!L r 2.{ L..17(~-~) -r-~ t(~) 
z:	 i=1 2h? ,''1.i 01. J=I 

_ "Y!2- .E -I'~ .... -. H --. 
NM 

H~A= L- l/(~;-R.)H - IL;- 2 In r 2"~ zi(R.-~.) + JE:... trf$) I .... , i ..I' "J.A ,,=1 A L;tJ 01. ';"1 

S~8Cn !-I E: ' /-IA - raMR1IbTOHnaHIi[ MeKTpoHHoit H HOHHO~ rrO~CHCTeM 

COOTBeTCTBeHHO. OHH B&1IDqaIDT B ce6H KHHeTHqeCKYID 8Heprnro, aHeprHID 
KY~OHOBCKOro MeKTpOCT8THqeCKOrO OTTanKEBaHHH H 8HeprnID B3aHMO~eAcT
BIDI c nonex, C03~aBae:MIDA HOHar.m KPHCT~HqeCKdH rro.n;JIOJKIW. 

t(~) = r= U~(x) , t(R) = ~ U.~(R) 
f E R+	 ';:e R.'" 

BYKBOH t OÓ03HaqeHU lÍlRKcRpOBaHHl:le rrOJIOJKeHIDi liIOHOB pemeTlaI KpnC:f'! 
T~a, pery~pHl:lM 06pa30M 3arrO~HRIDmHX rrnnyrrpoCTpaHCTBO R 

T
• 

CJIaraeMoe H~A YlffiThIBaeT 3HeprHID KY~OHOBCKOro B3aHMO.n;8ttCTBIDI M8JKJJ.Y 
L H A rrO~CRCTeMaMH. SaMeTHM, tI'l'O B raMWIbTOHHaH I-/:L. COB8p

llieHHO paBHOrrpaBHl:lM oópa30M BXO,IJ;HT Bce arre1~pOHl:l, yqaCTBYmmRe B oópa30
BaHHH xeMocopc5HpOBaHHOH CM3R, 1mK MeKTpoHI:l 30HIi rrO.n;JI02lUGI, TaI{ 11 Ba
~eHTHUe arreKTpOHhI. raMHJInTOIrnaH J-l A CO~eP1tHT 1I0HHI:l8 OOTOBH 8,llOOP6l1I
pOBaHHUX aTOMOB. N -oomee 1fiICJIO arreKTpOHOB s M - tmOJIO anarc
MOB na rrOBepXHOCTH MeT~a. B .n;MbH8Wn:eM N ,M ÓYlI3T OlJlITaTllOSl 
<PHKCHPoBaHHl:lMH. ,Ua.rree, cnenya B ;rryxe rro.nx~"pa3mrToro H.H.EorOJIlOÓOBHM 
rrpn lÍJOPMY~HpOBKe rranH.pHOH MO~enH MeT~a , 8CT8CTB8HHO rrpOB8CTlI 
nponenypy BTOpH~OI'O KBaH'l'OBaHIDI MO.n;e.n:H (1). B KaqeCTB8 O,IJ;HOqaCTKtIHoro 
ÓaSHCa MeKTpOHHIiX COCTOH.HHH MOJK.HO Bl:lÓpaTll O,IlHOa.n:8KTpOHHJi8 BOJIHOBHe 
lÍlYHKUIDI lffiCTOtt nonzoasa MeTaJIJIa {% ex)} li aaoop Ba1I8HTHHX COCTOH.
Irna aTOMO.B rrpHM8 CH {'e (x)J.. {t.fj (it°-~)J ' a B aaxeorse O.IrHOtI8CTK1ffiHX

f 
lIIOHHIiX COCTOREUiH a~aTOMOB.~~BH6paUHOHHHe COCTOHHHH. ROHHHX OCTOBOB ~
aTOMOB {lfl,JR) =4~~ e."K/IR.:~; (R) " paooxaraaaae B aenoropox I$IleK

.. ,:, K" 11 r.J 
THBHOM rroTeHunane rrOBepxHOCTH KpHCT~a. HHEe rrpHB8.n;eHH an8KTpanllHHe 

sanaqn aa 8TI-'I lÍlYHK:rnm: 

[-l:n~.e -t- 7l(õC)J 2ff (x) = 0 'Ij (~) J	 (2) 

l: ~n; ~.e Tt(x) -r e1Jxll~~=;~/ + ~-~h (i:.P(;'»)jifJ?(~J QEK~(3!(3)' 
... 1i 2 ..,,2 .... I -<o J In (-9) - II'J /..,)
[- ,e In ~ -t- t(R) -r- (R) ~, ~ R - f;;.K11 'z. ~/Iz. <R . (4) 

A 
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Sa.n;a~a (2) - crreKTpannHaH. 3a~aqa Ha co6CTBeHHue WYHKUMH BaneHTHHX 
aneKTpOHOB Bo.n;ópo.n;orro~o6HHX a.n;aToMoB; (3) - crreKTpanbHaH. sa.n;aqa 
na BOJIHOBUe <fJyHKUIDI arreKTpoHHoH soas rro,UJIC);!KKH, yqaCTBYK!I{eit B oopaao
BaHIDI xeMocopc5I-'IPOBaHHOH CMSR; (4) - cnexrpaxsaaa sanasa aa BH6pa
WiOHHHe COCTO.ff.Irn.ff. HOHOB a.n;aTOMOB. ~ - KBa3HHMITY~nC arreKTpoHoB 
SOHhI rrO,UJIOJKKH, f -HYMepyeT COCTOH.HHH BaJIeHTHHX MeKTpOHOB ~aTO-
MOB, XII - KBaSHHMITY~nC l-'IOHOB anaroaon /6/, .z - MapRHpyeT 
MO.n;U Ko~e6aHR~, saBHcmmHe OT THrra CKMMeTpHH xeMocop6HPOBaHHOH H.qe~
RI-'.I H KHaccHlÍlHUHpoBaHHHe rrOHerrpHBO~MhIM rrpe~CTaBneHHHM TOqe~OH rpyrr
III:l eê CHMMeTpIDI. MI:l ae óy~eM rrpHBO,IJ;HTb S,I(eCb aupaaenaa ~ aqxpeKTZB
aax rrOTeHIOianOB V(X: f>(~» ) t (x). SaMeTHM TO~bKO, qTO }IX MOJKHO onpene
~Tb caMocor~aCOBaHHHM OÓpaSOM B paMKaX Mo~e~M (I) rrOCHe BunonrleHHH 
nponsnypa BTOpll'tlliOro KBaHTOBaHIDI. O.n;HaKo Tr.rtHOCTn rrpHMeHeHHH. CTaH
~apTHO.H: rrpoue.n;ypu BTop~oro KBaH10BaHRH /8 COCTOHT B TOM, qTO lf>aso
Boe rrpOCTpaHCTBO COCTOH.HHH aneKTpoHHOH rrO~CHCTeMhI SaBHCHT OT KOHWHrY
panaa pacrrOJIOJKeHHH. HOHOB ~aTOMOB rro ueHTpaM: a,n;COp6IJ;K11 R: H B 06meM 
CJIyqae, npa ytIeTe rvmrpalum a.n;aTOMOB, se onpeneaeao , STOT lÍlaKT COCTaB
JIHeT OCHOBHYJO crreunepHKY paCCMaTpHBaeMo1tl sanava. ÀHanOITIHHe rrpo6ÍIew 
B03ImKaIOT He TOJIbKO B sa.n;atIe xeMocopómm, HO H rrpH rrOCTpoeHHH rroc
~e.rtOBaTe~bHoft MHKPOCKOITHqeCKott TeopHH cunaBoB H B ~YrHX rrpHMecHUX 
sa.n;a'tIax. 

B .n;anbHeHilleM OCHOBHoe BHHMaHHe óy~eT y~e~eHo o606meHHID rro.n;xo.n;a 
paanaroro EoroJIIOÓOBl:lM B reopza rrozapaoã MO~eJm MeTaJIJIa, aa CJIY'laH sa
.n;a'tlH xeMocop6UKH. aTo rrpHBO,IJ;HT K Heo6xo~OCTl1 OÓOÓmeHRH MeTo.n;a BTO
pHtIHOro KBaHTOBaHR.ff. Ha CHCTeMl:l, BRrrID'tIaIDmMe B ceÓH. CToxacT~ecKHtt ane
MeHT - waSOBYJO Heorrpe.n;e~eHHOCTb 'laCTM COCTORllMH. OTMeTHM, tITO nOCH6 
rrOCTpoeHHH rrpe.n;CTaBneHHH BTopH~oro KBaHTQBaHR.ff. ,1lJIH raMRnnTOHHaR8 (I) 
sanasa <PoPMYJIHPOBIGI Mo.n;eJIeit ,Ir,7lSI onacanaa CBOitcTB Cy6MOHOCJIoitHUX nos
puird B aexoropoa CM1iCJIe yrrpo~aTc.a:, TaR. KaK OHa CBO,IJ;HTCH K oueH-
Ke Me~ COÓOH MaTplr~HX aneMeHTOB raMRnbTOHHaHa (I) B rrpe,n;cTaBrreHHH 
nropaxaoro KBaHTOBamI.ff. H orpawrqaHIDD BRJIa.rtaMR TOJIblCO ,n;OMHIDI];>~ 

BSaE:MO~eHCTBd, OTBe'tffilOlltKX KOHKpeTHUM YCJIOBIDIM aanaxa, 3T3 onepanaa, 
XOTH H npe.n;CTaBHH.eTCH. RHor,a~OB~bHO rpoMOS~KOH, He co~e~T B cede 
rrpHH~aJInHHX TPY,IJ;HOCTeit 9 • 

Uoclpoe~e rrpenCTaBneHHH. BTOpH'tlHOro KBaHTOBaHRH. 

~To6H yqeCTn 3~KThI, CBH.3aHHl:le c rrepeKpliTM8M BO~HOBNX WYH~ 

<AI ~ f>' <~E / ~/f' > , (~~ / 'e/i' > :/: O , CHe;rryH. EorOJII06o
BY 7/, BH6epeM CHCT8Mli SKBHBMeHTHIDC O.n;HOqaCTH~hIX cocroaaaã, rrocrpo

-8HHUe MS 'wYHKD;H~ l.fj( , ~.f ' ~~ rro Me.n;yIOO\eMY penerrry: 

5 



f)R (X.) ~ (x) - ; ç ~ (x)fJx' 'e.*(~) $ (:5:)"fo o («)K» 

f9t:A (x) ~ (x) - ~ ~ t,~e(X)JcI:c're;(á:)· ~(X) 

- ~ ç ~(ã:)JdX/~It(~)~(~J -t- o «o<lld.> ~ <K/O{» 

In.... 1 t..n""'l rJ ...... lo .... r. I I ) (5)~t(R) = 7J./R ) -"2!%'~~t.~/t,(R)Jq~/~~,(R)~iR? + o ~O( '2/oI.~> • 

~HR~ (5) ~Y~T paccMaTpRBaTnCR B K8~eCTEe 6asRca o~o~acTR~Hx 

COCTORHR~, C nOjOinID ROTOporo 6y~eT CTpORTnCR npe~CTaBneHRe BTOp~O

ro KBaHTOBaHIDI 8. EaSRC (5) nocrpoen TOJInRO na S -COCTORHRHX 
BaneHTHUX aneRTpOHOB a~aTOMOB R BanHOBUX WYHRURRX O~O~ aneRTpoHHofi 
SOHIi MeTaJIJIa. BKJIa~OM Bos6y~eHHux cocroaaaã ~ R aneRTpOHHWe' COC-
Tomrnfi OCT8JInHUX SOH ~. '6 Mbl npeaeõperera, B peSYJInTaTe CHCTeMa 
<PYHR:rm~ (5) OK8S8JIaCn saBe~OMO HenOJIHO~. OMaRO, K8R aTO no~p06HO 

nOK8SaHO EorOJIID60B~7/, HenOJIHOTa 6aSRca OMb~aCTR~HX COCTORHH~ 
He RBJIReTCa npHHUMITHaJInHOH B MeTo~e BTOpR~Oro KBaHTOBaHRR, a saMe
HHeT TO~YIO aanaxy (I) na HeRoTopYID BapRaUI'IoHHYIO MO~WHK8:muo MeTo,n;a 
PHTna, nonpanza R ROTOpoi! M02KHO y~e CTn no reoplm BOSM,YlI{eHHfi. TaImM 
06paSOM, ~ ynpomeHHa sa~a~ Bcer,n;a M02KHO nOJInSOBaTnca HenOJIHIiM 6a
SlICOM, BKJIID~aa B Hero ~O~bRO WRs~eCKH CYlI{eCTBeHHlie COCTOHHHH. CYMMH
poBaHHe B (5) ~eT no BceM COCTORHHRM K ~3R~ecKH cYlI{eCTBeHHo~ so-
HIi nO,IJ)102ltKH H' no BCSM BOSM02KH1iM ueHTpaM ancoponaa d: • 

BBe~eM onepaTopHlie <PYHRUKH nOJIefi: 

I/\"t ..,." ~ 1/+ /o" ep+ ~ t,!')1l' ~ 
T(Xr ~ ~q.t:6 ~""G (X) ~ tr oolt; ~ ~G (x) (R) =fL-~t~t(R) , 

0('1. (6)

41 (X) =~Q~ 'li<6(x) r IL:.~~.~ ~d (X) ep(R)::Ç~~éY.t~(R) 
I< Il> o( (;, "'u 

J 

r,n;e nQJIR 'fi , ~ T OrmC!:lBaIOT anexrpoaa, cp . eJ?t -HOHIi 
a.n;aTOMOB. . de o: 6• ..*....	 {1. . .

~Z(X) := é9,,/X) ~~(). ~c;(><) =fk(~) âõU G • ~a-~ O; ó\!:'~ (;, Jc 

~& (X) =: ~(~) Llõ'e6, tfKG(X):: 8R(~) tJilf!'G, ~ ~ ç C:; Ca(1 

~Hlunm 6)01. ,Oi< , ed~ saeneas CorJlaCHO (5), e ~~d OIm-
CHBaeT CllHHOBoe coczoanae aneKTpOHa: õle, <$ =±I. Oneparops q!6 , QK6 '8:6 Bo((:, - onepaTopH po2K,IteImJi H YIm~OJIteHHR MeKTpoHOB B COCJ 

TOHHIDIX ( K , 6 ) li! ( ot ,6 ) cooTBeToTBeHHO,nO)4~eca 
~epMHeBCKBM ROMMYTauaoHHIiM COOTHOmeHRffM: 

[à;($ ) Q;~I J-r ~ â.j(."R' L16 , d,' , [Ô0(.6' Ô;I" 1~ 4:1~o(/ Ll GG' ,:J 
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[ C//(6 ) ClI<'6'] = [00(6, 8«'6'] = [Qk6 , óc(·iJ.l =0. (7) 
~	 -r + 

Oneparops C;" ,C~~ lIMelOT CJIe.n:.YKJIUlIe ROMMYTarmoHHHe COOTHOIlleIDIa: 

[ COIio' Co(,"*;lz.' ] :::. Ao(r:J.'6.I-z.Iz.' , [Col~' CoI.'Jz']. ==[ C~~. qih]
+	 + . + 

= [C",-?) Ó0l. 6 ] _ = O" Co<i C",,\I = C"'~ CC><~, = O. (8) 

Ilpa TaROM onpeneaeaaa c:z. , C.,(Jz. oneparop No( npHHHMaeT aaaxe
HHa 0,1. llOHHTHH ~R3R~ecKHe OCHOBaHHa nna ROMMYTarmOHHHX COOTHorneHRH 
(8). OIm OSHa~alOT, ~TO JlI060M ueHTp a~cop6unH ~ Mo~eT 6HTn O~HO
BpeMeHHo saHRT TOJInRO o~o~ npHMeCnID B COCTORH1m ~ wepMHeBcRoro TRna. 
B ,n;onOJIHemm 6y,n;eT nORasaHO, RaR pe8JIRSOBaTn ROMM,YTarmOHHHe COOTHO
merraa (8) B .R:BHOM B~e •. Orrpenanenae oneparopaax nOJIe~ 'fJ , lfJ T 

OTJIR~aeTCR OT cT~apTHoro BBe~eHHel~ B onepaTopHym CTPYRTYPY onepaTo
pOB Ncx.. • Taxoe onpeneaenae noneã oxens cIJPJ:SR~O. .lleHCTBRTeJInHO , 
aneKTpOHHOe COCTOHHRe ~li (X) naer BKJI~ B oneparopaoe aneRTpoHHoe 

·nOJIe 4J TOJInRO rorna, xorna c{ - IJ,eHTp aacopõuaa sanar ROHOM a,n;r

aTOMa, T.e. ~ = ri O~'RO aTO npRBO,I(HT R HapymeHHID CTaH,n;apTHOH 
npone,n;ypI:l KBaHTOBaImJi 8 . 

Onpe,n;eJillM npencranneaae aropaxaoro KBaHTOBaHIDI J·Ct.p> nna JIIO
60M epyHKUIDI COCTO.HHJm l.p(x".., Xiv; R/ J · .. ,R...)Cl1CTeMH (I) B nane 

p 1: /"f + 

te ) = .~ rjX~NJR'11 so:...~XN;RI> .... RM)aLJ1(~·)nep(R)/O>. ( ) 
'P 11 li.' M.' J (; ~ ~ w J-' '" ~" 9 

3~ecn nneneaa 060sHa~eHIDI: dX'>N ~ [.J clxJ ,d~,t? C" ncl~.; SJX,} = 
"" L. rcl~. • SJ~. :::JJf(/JI?/J.e"."I • /0> - BaKYYMH~' BeRTOp. Ilona l.fJt R 
~ J' J,,1' ~. ne ROMMYTHPYIOT MeJK,1JJ coooã, nOBToM,Y nopanox pacno.7IO~eHIDI me B 

(9) cymecTBeHeH. PaCCMOTpHM HeRoToplie B~lie B ~aJInHefimeM CBOHCTBa 
oroõpaaeaaa	 (9): tp ~ 1C'\fJ>. 

I JIeMMa r. DYCTn ip(X,. J'" ~ R" ... RM )"vIID6aR WYHRl.lRII, npencranasaa B BlI-I 

~e PJI,na: CfJ(X" ...~X,v;R" ,RM) = r== cp(JJ" ...Jv,v>.t" .... ~,...,) >\ 

IV N	 Vi ... ·• V/V

f110v (x) li 8;/, ({) .; '1.;: l~·'.· "~6JIJ"",yM' ; ~. = {cii , ~<!.~ • (IO) 
J&' J.J ,,-, ~ 

060sHatmM ~epes (). JIIDiefuroe npOCTpaHCTBO <fJYHRIJ,Hfi,Y~OBneTBOp.HIOl.IUiX 
CJIe,nyIOll(HM YCJIOBIDIM: rrycrs FL' - panr nepeCTaHOBKH i.,..j R 

i)lf(-A•...,g....,VN .; s., .... ((",,) =- (_I)P,'J <f(0..., ~., ...,~, ... ;~,v ~ J-;, ..., ~M) ; 
e.
in tp(tJ, V,vj J',J ... Jti .... ,~·, .... t,..,) ~ (--1) 'J'P(0, ... ~ ";,v> ó;, .... ~., ..., ~., ... ,~1'1) ;
 

ii;) t.p(J1 )v"'j't/.·.. )~M) = o ,eCJIR BH60pKa [J1, ... ,V/I/> ~J'''J~t1j-;-9r r,n;e 
~epe3 fJo 060SHaQeHO CJIe,n;yKJlI{ee MHO~eCTBO. 3JIeMeHTaMH ero RBnRIDTCa 
nOCJIe~OBaTeJInHOCTH BH;J;a: {~> 6, .... ) KAI• 6N • , ot..,,:, 6N~' .... J ~. G,v ; cx:; Iz., ,... , «~iz.}.,J, 

1<,: npo6eraBJT SHa~eHIDI MeRT poHHOH 30HH rrOMOJKKH, Gi = ± r, ~. HY
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MepyeT YSJHl a.ncop6mm.O*"IY-;V'"'I-~ H • Ha60p 3HatIeID'l~ HH,I(eRCOB olN~""" 

ol,v 06RSaTeJI:bHO CO.n;ePJiGiTCR B aaõope SHatIeHHi! lm.n;eKCOB 01.: .... •ol~. 

r ,e , (cXlt~, .....oi.N)C (oI.: .....ot~). Tor.n;a /Ctp> =:.jClpr;.>. rne '-Pr;. - OpTOroHaJI:b

Ha.H rrpoeRURfl WYHRDnH ~ Ha rrpOCTpaRCTBO ~ • 

JlORaSaTeJI:bC'.L'BO. YCJIOBH.H (i) ,ai) rrpnONIT K aHTHCHMMeTpHtI-

HOCTH q,YHRIUrn lf(x" ...• XN ; R" ·.··.'h)OTHOCHTeJI:bHO rrepeCTaHOBOK apryMeRToB 

( -\ > ~.) 11 (Ri.' 't) COOTBeTCTBeHHO. JIro6YIO WYHImmO MO)KHO npencrasaes 

B BlU(e cYMMIl eê ClfMMeTpl1QHoi1: lf aHTlfCl1MMeTpl1tIRoii tIaCTH 'fa.. •'1$ • Ho B 

cuy KOMMj'TamroHHwc cooraoueaaâ (7). (8) MOJKHO rroJIYtIHT:b. qTO / C~8> 
=-/Cl4> , OTKY,n;a CJIem'eT /CIfJs/ = O. MCrrOJI:bsYH opTorOHaJI:bHOCT:b oaaaca 

(5).rrpe,n;cTaBJIeHHe (9) MO~O sarrHCaT:b B BH,I(e 
IV M 

/C lfJ>=. _1~:r= lf'(~r.,VN;~)..·)tM) DB:Nl. flc;/o> ' 
71/.'/1'1.' v,.~,,'!v.~r"'~M J-I ;) .L~I ~ (lI)";J 

rne B+ _ {6'/6' ;~. =:(dJ.6.J.). ~ _ {~. ; tt =: (~.,t~) > 

~. - of..6~ ;~. (~.~-). /(;. - I;I; tIJ· = (~.)~)co . 
113 (10) BH,I(1ro. tITO" , TaR RaK H:/0> = O, ~. . = (o!,.• ~,,) , ,cYMMY

;; 

B (Ll ) MOJKHO OrpaImtrnT:b TOJI:bRO rro MeMeRTaM MHOJKeCTBa fjo. JIeMMB I no-

RaSaHa IIOJIHOCT:bIO. ORa rrOSBOJI.HeT B ,n;aJI:bRettllIeM OrpamrllHT:bCJi TOJI:bKO <pyRR-

lW.HM\II ~ E G . MMeHHO Ollli lfMeIOT Wl1SlftIecrodi CMHCJI. TaR KaK ecna 

<.p E (}. ,aTO 03RatIaeT HaJIl1trne B cyrrepnosmtaa (Ia) BK1Ia,n;OB. B ROTO

PJ:D( MeRTpoH M02KeT HaxO,IUfT:bCR B JIOKaJIlfSOB3HHHX COCTO.HHIDIX '-e..G.C X)
J ;J 

npa OTCYTCTBlm na (~'1 c:,-)-:ueHTPax ancopouaa HOROB a,n;aTOMOB, tITO qm:SH

qecIG'I ReB03MOJKHO. I 
I JIelYIMa 2. lLIDI JIIOCíoi1: WYRRI.J;lllf l.ft;g (9 cnpasennaau COOTHOIUeHHH:• 

/tIfclx2.N clR;)M tp(X,~ x2»::"XH ) R,....)RM)!lL.Jl~.)f!efr~)/o><r. JclX~tllRt,H If 
/ /Vll l r M T , r (I2)

(X,•...Jx/r';~) .../?M)'fl(XIJIJf(~.J[fep(~-)/o> 'N I1Jl~NIIf;"./f(x,....~X~d ~'. 
fr' r H r r + I M-+ 

~~ ...)R,.,)jJ'fJ(~.)!J.CP(~)/o> = J'l~KdR,.Mf!lf1(~)~~~":Jx"';~J ...)R,.,)P(!i~(fcjJf1)/O). 
)IOKaSaTeJI:bCTB0. JIoKmKeM nepsoe lIS COOTHOUIeRH~ (12), aropoe .llOKa

saaaerca aHaJIOI'WUlblM rrYTeM. )J,JrR JII06o~ l.p6 ~ cnpaaennzao paB8RcTBO 
IV -t H t ;

s.:': 2f(tJ,~·..)tI;'t,'·")~M) n Bv.tY:,DC,s:./O> =» ~ lp(v,~ 
~"':.VIt'.~J"'Jl("t 0/=1 IV J '!J4"1' (/l,..... illV;~.···./{~e~o
 

v, ....,VN:' ~""»){M) !JsI(JC~ /0) . (13)
 
ll08TOMY, RCrrOH:bsYR (13), pas~o~eHMe (10), OpTOroRaJI:bHOCT:b 6a3Hca (5). 

(7), (8) li npoeKIUIoHHble CBOHCTBa orrepaTopOB ~ = 11/ • MOJKHO rrpoCJIe

.n;liT:b"CJIe.nYIOIItYIO uerrotIK;y paBeHCTB: N l' M + ~ 

/c~~> = ;1/P~N/!T;,t1 tp(X,~Xtl? ...•XN~R, ...... Rnl!Jlfl(~J[JCP(~.)lo >= 1~~JJN;~) ...)~)é;o 

H 

•W4., v" J",~) %(~')1IltiB;lIl,. fJC~./ o> = /11p~ ?..,"'.K,,,~M: 
,II{(X,)IÇ~ (X,)~ jjB;;VJtJC;/o) = AI"PXJ~KJ~'1['fJ(X,'), 'P(x,J]; 

Ir T; +.M I;
7tt.p{X, .... ,XAI )RI' ....>RM)[f 'fJr~.)/Jep(~.)/o>= 'fl('1./J fJ~NjR;,11 'P(XI,·..)'1.,-{; R,•... ,Rn)k 

tY -t- M 1- \(J. I IV T M 
x[!1Lfl(~.)[11 cp(~)/o> 7'- (;v-j)Jd~IIc/~/.,t.p(x, .....c.«....)~)LfJ(X;)n 'f/(><")n K 
" '" v-I '-I 

'li' 
~ r -+ Ir 

H 

'+ M T

)( cP(R)/O> -r HJJX;,tlj~M ~(~....)XIV> IV...·)RM) 'f1(X,)L.f'(X/)J(J'P(~.)!Jep(I}.)/O). 

O,I(HaRO CYMMa nsyx rrOCJIe,I(HHX CJIaraeMWC pasna HYJIIO. 8T0 'MOJKHO noxa

3aTb. l1crrOJI:bsYH KOMMYTaIJ;HoHHble COOTHOUIeIDIR (7), cBoi1:cTBa clfMMeTpllli 

ÇpYHKlUlli I.fE 9 li CBoficTBO BaKYY~Oro sexropa /0> : ,B /0> = O. v 

N M T . ~ 
(N-t)fdXI,Nd~~,:, tp(xl.· .. 'XIV ; ~) ...• R!1)'fl(X:~(J1J(~.)~(jcp(~)/o> rJ~A~NJ~11 q; 

e, /11+ ~;; J(X"" .• X,.,.. >~ ....~RM)IV'P1xI)'fl(x;;f7Lfl(>~Jnep(~)/o> ==(#-1) ~,v ~"1 lfJ(0:X,e.... ,'X,v; 
,j~ ,.ai 

- /ti +,IV tM}d'
~..... ~)nLjJ1x.)n~·)/o\ r dXv.NJ~,., <P(X';''')XIol;~ .... J?M)'f1(~)'fJ(~/)nLfl(~)x

j=2 J ~:, e;/ 'J J=2I 

. M + ,rI I t1I' M f-t
~[JCP(I})lo>=(1I-2)Jd6,tlcI~f1 ~(~~~) ...)XH;~"'" f<n~!J.LjJ(5-~r:;W~.)/o> - j~.v)( 

~j~~ tp(x,) ...,XtV~~ ....J~H)tp(XI)';i(X.2)Ifl(Xt?f;'Ii(~.)ffc/r/?J/(J>::: .-. ~0'-1C1~Nj~H lf 
J:3 ~"I ~... I 

. I ,v..,. M r K.,.yr"/, I I< ..,.
(~, •••)X#j K,''''J 11:,.,)(71J(~.)(!c/J(2J /0> 4- (-~ qX;,,.,<I~/tftp~)..., ~.; f? .. J?", )(711('1..) 1J(x')x.

~:2 l-I ~ 0=1..J I 

fr' + M + 

xf! 'P(~';tt~ (~) /0> ==- O 
.t""K*1 M '''I

/7e::p."'IR.)/O> :::: O. JIeMMaI-, I: 

- CJIe.n;cTBIDi JIeMMI:l 2. 
H01lI8:rmJi : 

I ('i /. 
I) <l.f/40> = .Jçf~I1c1XI,I( YJ(XO"'JXNj~r..)RtY)9?(X,) ...,XNj R/ .... )Rn ) = <C!<p/Crp'>

oi -( J 

rne <(Irpj =Y;: M( (fJ/JJ!?,MJX;,f( /lep{~)t/] Ljl(~.) 'f(~ ...·,Xv; R/~ ..·,R",) • 

2) ,v.,. M 

#(II-I)·.....(tY-I(+1) rjxl(H/~1f 'P(XI:''''X~ 'XK+/:J ·...)XA/; I?; > ·")!?n){7'f1(X.) nep~)x . 'J"" . :.J-K+I i-I I 
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eCJIM llOJI01KlfT:b K=.LV TaR Kalt tj.1('/,').
' '"I 

2 llOJIROCT:blO noxasaaa. I 
U,yCT:b (Pé:: (] , Tor.rra CrrpaBe.n;JIHBbl COOT

.... I 

http:f1(X,)L.f'(X/)J(J'P(~.)!Jep(I}.)/O


---------- - ------------ --------

.1 tV + M+J
. 10'- == fi 'f(x~) dXu"j R;,11 'P(x1, ...,x", ;R'•... ;1RI1)D 'fl(~)n cp(~)/(j> ' 

/ J .. x, .:I , , .1"'1 (.=/ fr 

f1(I1-f)-· .. ·(I1-K+1) FdX, N dRx+' 11 t.p(xl , ... , xI(; R/~ ...~Rk, R/(+/ '''') RI1) n'Pfx.) J<,.c; ..r,. ~ , '/""'/ M ;.; 

Xl I ctl(~) /0> = ~ rJX'>/'IdR,.tf (jtf1~) )O(x"... ,XN;f<;,...,RM)!i cp(l<j) ''!7ct50)/o>,
{='K+I JG ./-=/ 1. 1 LeI< t=- t 

3) ~(X, ....,XN'>Rt)· ..:>RI1)::: -V ~M( <O!nrp(~)n'f(~)/O<p> · J
AI: 1.='1 .I-AI I 

g JIeMMa 3. ~ 1J(x" .... X,v'; Rt....)RM )&.. G- , Torna ,CrrpaBe,1J)IKBhI Me,I(yIOII4Me . t 

COOTHOlIleImJI: 

fJX~" /f(x,....,J<,,; R"., RM)JJ 'f.i(~)ep(R) ~ fJxl,N!(x" ...,X";R,, .. ,R,,) repbe)X 
N N ,7 L

}(/J'P(~) -t-NB(X,f<~./J.tp~) r NC:-/) A(x,X.p.~)Ja41'7x./~ ; 

SJX/,N ~(X" ...> Xiv; ~,)''')~I'1)ãLjl!>ft) P(R) = JJX/'N tp(XII...;>XAI ; ~/J' ..,RM)X
 
x rcp(t<)nLj.11~.) - NBr~/~)[JN 'Pr~) - Nr-I) A(X,X2.~)nJfl~) 7 .
 L' .1'/ J' .1-5 'j , 

B(XR) =fu 'Í~C:Jt tt'.,,(~)~:(X), 8(XR)::I;;;-Ó~~'l~'z(R)tf1:(X);> 
A ') ~Pf 2.+ +(j)* ')tP~A)t:J*/' fI-, +e.+ ", ~r;;-

AlXXI? =L- ~-6 Lltt!. Çi 'oIb(X &'6 lX q,.. cRj) A(xxR)'" ~6 Uoi'6~~ ~6('t)tJ)6(X)B. (R'
ol~6 ~ oC'l {,j.., «'1 'I. 

nORaSaTe~bCTBO. Heuocpe~CTBeHHO RcrrORb3YR KOMMYTa~OHHHe COOTHO-. 

lIIeHHJI ( 7), (8), MOJKHO YCTaHOBRTb Me.n:yIOIIn!e paseucraa : 

Lfl(X) CP{R) = ep(fl.J'IJ(X) -B*cXR.) , LfJ(x)cNR):. CP(R)'fifx) t-B(XR) , 
+. ." '" *.1. 1/\+ (14)

'f-\+(x)A(X•.iX,t(R) = A(~.XKR)Lfl(xi) ) 'fl(XJA~'lKR) == A(1:iX~R)"1""'(X,) , 
+ ..,.... ti' JI'+' 'I'

Lf!(X;) B(~.R) =. -B(~.R)t.p(~) +A(x.,·~·R) , ljJ(x;)8 r~'R) ::z: -8 ('6-R)-r(xi ) +A(~~R). 

}laJIee, 
Iv 

rdx",~ l{J(x/,...,x,y) R,....,RfWf) n'fJ(~.) cf'(R) :::: fjx~1I 'P(X/~"'~~; RI) .,. ;>RM) )(
J:v.., ) "'-2,J'/ 

)( nl.fi(~)[CP(R)'fJ(XIf) -B
4 

( XN IfJ]== f~\,II9rX, ...?XN).RI>";I~ '(7lfJ(X.)F;p(R)'fJ~,N.')x
~I J~ ~~ Jp 

+ ... "f; ~ +)" .\ 7 rI. 
x lfJ(xN) - B (Xw.,R)'P '(XN) ? B'(x",I<)'P(XIH -A (x"., XNfeJj = Jq'~./P(X;....,x,v;~'''''1Y}t
 

~-.<. + r:. i- + "" + 4' ,7 r I

~1.,/LJ3(Y~) LCP(R)tp(x,../)lfI(x",) -,2 B()(~.,R)4J(X.H)- A{Xw., X",R~ = JdXI)N lfJ(x')'''J 

XNi~h"" R,.,)Fi1fl(J)-)[ CP(R) LjJ+(X""2) L/J fXN-') lfJrx",) - 3 B(X,+'~R) Lfl7xH-,)Lf1rx,,)-3 i( 

xA"(1w-; x..., ;;~Ô<..)1· ... ~ SJx~N 'f(x" ..., XN;, R" •., R,,)[q:,(R)J6'P~.) - ] 

ti BrX,R){J'fI~.) - tVC:-1
) A'(x, ~Je)J] 'fi?'5J] , 

COBeplIleHHO aHanorn~o ~OKaSHBaeTCR R OCTaBlIIee~ COOTHOlIleHHe. JIeMMa 3 

~OKaSaHa rrOJIHOCTnIO. li 
.1J,JrsI zoooro oneparopa A ,~e~CTBYICJmero B rrpOCTpaHCTBe <f!YHKUl1:H 

G, npencraaaeaae BTOpR~Oro KBaHTOBaHIDI erA) orrpenenaa CTaI-I,JJ;apT

HUM o6pasorl8~ 
C(A)/Cv» =- /CAlf>. (15) 

3aMeTRM, qTO ecnH orrepaTop A He SaMKHYT B rrpoCTpaHCTBe ~YH~H ~, 
T. e. A<'.p e (; ,TO npa OTo6paseaaa A ~ C (A) , COrJIaCHO (I5), 
rrpoRCXO,URT ,IJ;OrrOJIImTeJIbHOe npoereraponarrae na rrpOCTpaHCTBO @1HKllHií (} • 

KaK YJK8 O~MeqaJIOCb, nopanox paCrrOJIOJKeHRJI oneparopos 'fl~ cpf B (9) CY

meCTBeHeH. ~CrrOJIbsYJI pesYJIbTaTH JIeMM 2 R 3,MOJKHO rrOlm3aTn, qTO ~PyrúH 

rrop~OK paCrrOJIOJKeHRff orrepaTopoB ~T R qbt Me~ C060H sKBRBaneHTeH 

~eHCTBHID Ha (9) HeKoToporo onepaTopa. TaK qTO B ~an:bHeHmeM MO*HO BhI6

paTn ~I060H nopanox pacrrOJIOJKeHIDI orreparopon 'fJ"f R cp'" R 3a@iKCRpo

BaTn ero B saxecrne orrpeneneaaa. MH. BII6RpaeM cfx>PMY (9). I1crrOJlbsYJI orr

pe.neaeaae (15), a TaIOlte p'3SYJInTaTH )leMo/! 2 R 3, MOJKHO rrOCTpOHT:b rrpen
CTaB1IeHHe BTOpH~oro KBaHTOBaHHH ,1J)IJI orrepaTopHoH aJIre6pH Ha6JIro~aeMHX, 

onpeneaeaaoã na 'PE",9 . AJm sac B ~aJlbHefuueM cymecTBeHHhIMM 6YJJ::IT

orrepa;!; BlI,lJ;a A ~L::a:o.~g. Ao! = f ~ a(I<;'~'; r ~/). e, ~ C- 8(!?; "(') , 
/ .1"'/ I~J .LJ..,,., N 

8:.=~ 8(~R.; R/R~) t C'= ~ Q(X,.~.; ~(x~) , ~eitcTBYKXUHe na qJyHK
c;;; ,... ,.:I>J J.., I. t· '" '" uma Me.zr.yIOIllRM 06paSOM: .s 

Alp(x" "')XII ; R, ..... RM) = çJjx/O(~.; ~:) tp(x,,, ':» X;.'....,XHj ~.... ) R,.,). (16)_____________ L. / _ 

RBaHTOB8HHe orr8paTopoB THIIa ~ 

PaCCMOTpHM pesYJIbTaT ~eHcTBIDI 'Ha qJyHKrun<> l.p oneparopa Bí : 

M ~ ~ . H
JC~ ...' =.~C JXI.NJ~MjK: B(~.;I?'}If(~ ....)x~; ÁÍ""',(>~'''' ~ ,n'P(x.JDep(R.)/o\.

I'r'/ ,,/.I!M.' j== I ., ,",.J.I/ J 'lt:..-I J .I""' oJ %" 
I1CTIOJInSYH aHTHCHMMeTpH~OCT:b <f!YHK~ <P OTHOCHTeJIbHO nepeCTaHOBOK 

apryMeHToB /?", ' R.J' ,KOMMYTarmOHHHe COOTHOlIleHIDI (8) R pe3YJIbTaT 

~eMMll 2..RMeeM: 

Ice,'1>=/;...., r:;X""jRI,~ tr1fJlx) QR,'8(R,.·f?'lf(Xt,...,x,,;~:t; .... ,~) f!w~) /0/ =n,,,,.Jc .1# UC "...., ... (17) 

SJ'Iv,~1H.;;tJtp!~iJf./~Jt,1 ct1(Ilt) 8{~ ~? Mj!Rc,n Wx"., K =N ; ~ :~, ...,1I,.2ff~) /0> 
rJ}.u,l~'1J..:L- tJWx,) (J~')I'#~~8(R,'R:Jcp(R,'? tp(x/,.... x,,)'?) ...)R,.,)nr:p~)I.' .S r ,. I. f1!ftI( J-I ., ~r ') ~'rl "I 'I 

T.IToÓH rrpRBeCTE: (17) K BlUIY C(~) ICIp~ HeOÓXO,URMo,-.) HCrrOJIb'SYH peSYJI:bTaT 

JIeMMH 3,rrpOTaIlWTb orrepaTopH CP-+(R;J, Cf:'((:1'-Iepes ti 'fJ+(~) . B pesY~bTa
Te IDdBeM: 
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il
lí
 
<~ 

/CStil'> =JjR,~" ep(~') B(~'~'CP(tf) /C'I{>>---V;NJ!P~j~'tj~ ePr~') B(~~'/B(Xl/?/')X 
Ir· M ~N 

jI. #JJX~IIJf\M ((J(XI,X,E,"') XN; ~~ ..., RM),.Ia LfJ(~.) [JCP(~.) /0>-]f;1 H! JcI~'JR," x 

I J + I t31. '"'A;l/"/ RI/I;V(N-/)~I J io . ) ~ i: f]M + 
jI. d'lyr/X2, ep(~) {~A;; eXI X.,2 I; 2:. ctXjNclR; M T (X/)'•..)x,..; R;r·)I?/1 I. / JjJ(x.J. cP(~)x I 

~ I v-s .J ("I L 

('IIL /0/ M 

y: lo) t:.r;#! pl)~t{V'ly 8(~~)g(~'I$' ep(~'') ~'4!1c1~H<P(X" ...)~~R,)"',RNt!JLfJ~·t(JCP(~.) /0)
11 

-~ IJR/RQjXJx.B(x R:)8(R,~/?B}~~'lfft-/)r;;X.$.Nd~Méf(X;) ...)Yw;R,~ .. )?",)fiLfJ7XI)f1ctfR.)/o\ - I
I. 

'tH!AI.'JCJ I 1 r» rt .:.o'" I ) .1"3 1.',,/ ~ '/. v 

2-~' r'JR,'c/R,'YXI,3 8(Xí~')B~~'A(x.?A3R)tV0'-/)(ÍV-2) r;;\lIcI~l1lp(xp ...)X/~:'~'J"') ~)f!41 (X)I(
vni». J ~r J"+ .J 

y.l.crep(~·)lo/ "'2~Pf)'J~YX~2A(X'XJ,??8rxt'R,'ep(I?';Y(ÍI-1.P~",c/'%~~(~..... XN~ R, •... »)., tá)C 
,,!jrx.,JdctY"í)/0> -.e.!",1<, fJ~ ',j~,'o'{!t('tY"R,') 6(1)'1)' E!('Ka/)'"*j(N-.2JP\.../~11 ?(~, 

''') XII; I?, ..·J?'1)fiLfJ(x)Õep(/}.)lo\ - /_~ r;;1?,~YXI.~1t (~1:J~?8{~/~ 'Ar~ Kt~'xV.I::I( J i-I Y "f1'11!M'! J'l 'J M 
N-f' + 

y. N(N-I)(1I-2)(tV-:5) JX5:/lcilil1 <f(x" ...,xIo/;' R" ...)tfH)n'PrX)!Jep(~)/o \. .} , J~ .Jt~ /
 

nanee rrpRMeHHM peSY~bTaT ~eMMH 2 R a~eRTpoHHHM rrepeMeHHHM, rrony~:
 

C(8J= Jell?JR 'B(RR){et/(R) CP(R') r JJX[B(XR)cf:>(RJ- cf>(R)B*(XR'Jj'P(X) + i PXI,2 X 

x~(X,YzR).ep(R.'J-28(XR)Br~R) - <t>Í"R)A<x,X2 RJ7fJLf1(x.) - ; (jx;'3'Ã(X,XeR)X (18)t '1 ~J~ J J~ L~ 

xBtxslÓ+ E(JI,R)A""(x. ....R'1IJ'fl(iS) - f P>Y,.A(~Xj~A·(X3'4R')Jtl1(~)} 
3'1'0 H ecrs RCKOMoe sapaaeaae ,1J,7IH npencraanenaa BTOpRlffiOro KBaHTOBaHIDi
 

oneparopa 8:1. • SaMeTliM, tITO "'lIl:l:CTO" HOHHl:lit oneparop B:J. conepzar
 
B C(B...:) MelCTpomrn:e oneparopa, 3'1'0 06YCJIororeHo TeM, lJTO B czcreae
 

a.n;copdaT-a.n;copóeHT M8RTpOHHHe COCTOHHHH saBHCHT OT ROHWHr,ypa~ pac


rrO~OJKeIDIH liOHOB a.n;aTOMOB TIO ueHTpaM a,ncopómm. HSMeHeHlIe lCOH~r,ypaI.Wl'I
 

paCrranOJKeHHH RX HH.n;yunpyeT COOTBeTCTBYromRe H3MeHeHRH B arreKTpoHHO~
 

lCOMIlOHeHTe.
 

AHaJIOI'Hq}IbIM 06paSOM KBaHTyeTcH oneparop B R : I 
/CB.!lf> =2.!M ' ÇjxllldRIJH~ ÍJI/JR./ B(~.~.;~/~!)I.p(Xt,· ..)~ j R,) ...)~.: ...)~~ ...)~) x}/ MHl/tl, JC I ,'-'F./ JC1 <!. ..J Ai' f) I~' 

y-nLfJr~)ç#1~)/o> = ; 11 ~,v. JJR;'I1c1xt.Nc/R/2J~~ (!'P(~) cj1(!?)q1(~cjJ(Rj') ctr"!fJ)< " P::I z I M.. M ..J i' l}, 
x8(1?'RJ; R.J"IS'? <orxl , · .. ) XN ; R,) ... ) RI-t)fJ<I/(!!;)lo> .,~ 

OT~Htrne COCTOHT B TOM, lITO reneps He06xo,IOllMO uporaurarr. tIeTl:lpe onepa-
Topa to' ct>1'R:), cpI"(R2) t CP(R{), CP(~/? xepes npoaasenenae oneparo
pOB liCP+("S) • CJIe.n;yH,.K8K II npz mzsone rrpe.n;CTaroreHHH,lJ.JIH B:t. t HC.;-, 
TIOJIbSYH aHTHCHMMeT'pHIO cIJYHKrurn ~(XfJ··).x,Al'; ~). ,,)1),) OTHOCHTeJIbHO nepecrano-
BOK apryMeHTOB()Ç·, ~. ) H (Ri I ~-) t 

lCOMMYTaunoHHI:lX CooTHoilleHH~ (7) 

B:(,('I-,R)ep(RJ = - e:p(l~~8't~R), 

q:/(R) B(XR') = - B(XR')q:lCI<)) 

CJIe,n-YIOume panencraa , BHTe.KaIOume lIS 

H (8): 
+ f'" 

A(X/t..zR)cj:J(Je'} = - CP(;~?A(XIX2R) ) 

ep(R) AJf(Xt'tJR~ = - A1x, X) R')f5(R) ~ 

ep(R.) cP(R~ ::; - <:p(R.) ep(R») tp(Yy) 'P(Xi) = - '!J(X) LfJ(x-) ~ 
.J :*(19) 

A(x,x).r<)B(X3R~= -8(X3R~A(x,X2/<.)> A*(X/~f<)I3'1(X3R~:-I3~{x.3RjAlX'X:lR), 

a TaKlKe panencraa (14) li .n;olIOJIHHTeJIbHO HaJIOJKeHHYIO na q,YHKIUiIO 8(~·.e.; 
, J 

-$' !{.'J CHMMeTpmo, 6'{LjIJ·;5'lç·'J= 6'(~·~:Jr~·'), lIOCJIe .n;OBOJIbHO rpoMOS,IIKIDe BhIK-


JIa.n;OlC rrOJI'YlfiIM CJIe.n;yIOmee npenceasaenae ,IJ,IDI C (8,2) :
 

C(B,) =; P~,JR/J. 6(R,"";4;;?{jtrR,)<P~)</>(4)<P(R1? r,2Jlx </iYR,J{8(X-12) x 

"CP(Rf) - <NP,,)8'{1t.RiJj<P(R/)'-/J{X) i-'pYv,lq1(R,)0~Yt!R..)<P(K-jJ - WA;,»A ~!Y"'a.l'f) ) x 
+ l '* * .,) r r iI ~I

xep(~J-2 ep(R,)B(XRj(ep(Rj)~(;<J~?+Br'e.Ri)ep{~'J; r e,b(~)ep(!?J)8(X/~)B(x.t~?-I-

r f3(X,R, )8rx..~)<P(RjY:P(R/) }JGLfl(~) r P~3{ef3(X/?{ePrA;,» 8"rx.~') - B(X. I?)x 

x<p(4~8~R,? r 4i (R,)F (R.z )A7x,x2 t?:.)- A(X, "'2.-12) <P(RlijB(Xaf?,j - <PrR, )~~ ~). 

xA "('I" XsR;): A(X''''aRt)B'*rX3I?lY<P(R/) r 8(X/?,)0(XZ X3R.e) #Ri) - <;ó(....)A'tI'.x3Ri)> 
~CP(R,IJ[l'f1(~) i- fJ!x~.{q1(Rtl#R,,)A't,""!?2) A(!.a'N, R,? + AÓltX2R, !A(K.V.) x 

y..ep(R;)ep(~?r 4~(~)B(X2~)+e:p7~),4(XtXtR2.J)B(!s!?J)8{~R,) -1B(x/~)B(~~)( 

~ <PrRl )lí'rXil." t{) +1cpfR,) Bá, ~) ~'r)(zl?l) A'rXS}Ç;R,') + A~.\z lá,,")8(""'<;?} - ;: cprI?) x
 

,A(x,xJ ....)~4)A(x.!<4~? + A'(X.~ 11;) <P(I??) - 'tB(X,R,)A(~2 X3R2)(CPtRjJ 8CV;J '
 

i- 87x,R})cj>(R,'))lá41(1$) + 1px~/3{x,,,,)( #R2 )A"rx" .,R;)A'(x.v/) 

_A(hX, RJ) [ep(1Ij)11*(4Ji;R,') -I- A(Xtx;-Aj) CP(Ji?,')1i- .2[Brx.tR,)A'('3."Ri) r A('x. x""2) 8'rK~~~ K 

'B('5R/~ + A(X,XJR,) (<P(~2)[a*(X3Rl ) l'(XvXsR,? i- AtX3V':)BrK5R,~]-A(X3"fR.)x 
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"<PrRj)8~~?)L1 'fl(~) +: Jj~,6 {([qf(~) A(x, X2R~) T B(X/?t) B(X,R.)jx 

}< A~(X3~Kj) 7- í2[B(X,~)A(x.tX3Rz)7- A(XI X2 RI)B(x3R.ell8(X~R.:) )A·(XsJYi~J + 

T At'xtx" R, )A(x3 x"R2)[B'rx,-~)8r1r>R/} - W~)~xs-x,;~if}lllfl(X.;) + f PXI,1 x 

"A(X,XI!R,J[B(x3'>2)A~(X. Xs-Ri) r A(J(,x" '>2)8(Xs-Ri )] A""rx. X1ii;J fÍlflt'!:,) + 

+ I~ fd'~BA()(IXj~/)A(Xjl(f~)A*(xsX(;~)A*(XjlX8~~ n1l(~) 7. ja ) ~8 1 
RBaHToBaHMe orrepaTopOB TMlIa A 

rrepe~eM K KBaHTOB8HRID orrepaTopOB, ~e~CTBYIDmHX TO~nRO Ha aneR

rponase rre peveHHhIe x,)'" , XII B lÍlYHKmm 2p('//Joo" XIV; R" .•. I RM) : 

JC A sP> = ~~AI fjXI.~J'Y.I1~ V~(a(~.() ~(~.).oo.)~~"'J X,v; Ki) ..·)RM)n l1Px )x 
M I ("I! Nf Jd) I "/=1 Jq J~I J
 

)([JCP~)/(» = 9xAltfJtXI)a.('I.'X/)~ fJx""/~H ~(~~~)' .. )X,v~ ~/r (2I)
 

.. RM ) t7Lf1P~)!}ep{~)I()> = Vxli~rx) a (x X? 'Il(x') /c'P>
 
) 'JJ:2. L-I ~r 

3~eCb Mli CHOBa MCIlOJInSOBaJUI ~eMM.Y 2. Ms (2I) BJ.'I,IUlO, qTO 

C (A;) = SlX/X'~rx) a(x x'] 'fJ(X? 
(22) 

Conepurenno aUMOI'liq}fh[M cnocoõox MO)KHO rrpOKBaHTOBaTb oneparop A2 • 

C (Az ) = :L rjx,,1. clXL~ 'fl(X,)'IJ( X2 )'-P(X~)4J(X~) {;t(XIX.!) xix:)
2 J" 7 (23)I 

KBaHToBaHHe onepaTopoB TRIIa C 

HaKOHeu, paCCMOTpHM nupaaeaae I CC fP>: 
/Ccrp> =- d.rHI JdX~NcI~,Af (.I~?~~~I CA·'5·;~/1-)'f(X"",) x/ ... )1.".> ~~ ...)~~ 

N . fr' N 

.. ' ~H) n'P('!;)(/cp('$.)lo> =:: "'~HI flX~It'J~If~P~·/clR.t' e(~'iEi)R/!í) 9'(X1,)" '/ 
r,!';=1 1.=1 A- /l1' . .l-I N K 

X;r" X#.> r<,~R~, ...)I?H)nt.jJrJ))(7<p(-~)ID -, = _~ r;;XI.I~c/I!~ D1Jrx) ~fx~ 
J"/ t:l /' IYM/N: JQ ~ ,..,';=1 .J Lt/ '" 

xJ/Ie/q'~/ ctf(IY')c/f,y' c(~·.e/;,e/~J 1f(X;, ..·) ~~.oo" 'N) 11, ... )Rn),/(f# "3) lo> . 

3~àcb MH CHOB3 HClIORbSOBarrH aHTMCKMMeTp~OCTb WY~ 1? OTHOCH

Te~bHo rrepeCTaHOBOR apryMeHToB ~i,~' H peSY~DTaT ~eMMH 2. n~ee, 
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t 
( ( 

MCrrOJIbSYH ~eMMY 3~npOTantMM oneparops ep(~') I cf(R/j xepea oneparopu

r( Lfli"(J<) • B peSY~bTaTe lIOJIY1JRM'
 
J=I 

ICcll» = lt.1 Qx,.l{j~l1r: VX:J/'jR.,11 cp(R,? CP{R,) C(~~/;~/~) 'f(Xt , ... ,) X/" 
Y' N/M!l:", ' {<oI J~ IV rJ v 

"'" x".,;R,....) RI1) f7'PrX)ncp(~.) /0> -r _~~JcI~/cI!}lj~''JX,c1x2,,,cI~H!v'1C 
J"I J ./."1 CIM! N.' .:1=1 ,v 

~ I I 11\ r; /Í I ri-. IJ, • r, * "7a:J1' I ) n + 
~ C,~·R;j~·R;)LB(xlR./}-r(R,J-ep(RtlB.rx/~}1 1{)(/.l .. · .. >s·, .. ·,,~; ~" ...)~11 J=2 'fJ(~.)x 

1013cI(~.)/o> ,..JJ, 1 ~ Vxol~JI)'c/t}lIjx,,2c1XJ.hcl~M C (~.~,; x.~bl r; /A(X/~~/) x 
'-=1 !-'IM! ti::/, J' ;> '.J;> ./ /Li. ~F (24') 

11 + I '* /I I *. Q I +,)l-CP(~') - ep(~)A(X,~Ie,/ - 8(X,~')B(X:2R,JJN(tv-~ 9J(X"' ..... ~'r:>)~; K,;> ...}R,..,)JJ'I1(~.)xV 
# 

1"1 Nj:
x(Jcp('5)/O> -;;_~ 1;2 dx":ciR,'c!K,'tjXI.3 cI~tljtf;M C(1iR,'; ~~ R,h)[lI(x, Xl,R'J'<

1."1 ~ v N,IM! .J =1 '» , ,. J I 

# 

'j.8(~~' - B(X,K/JACX.l X,3 R.:'JjIf{tV-I) (1I-2) Ip(X ...;> ~~ "') x,v;R,.".,~)fi Lf1(~.) x 
" 

,><f;ep(f(.)/o'> - 1-i/;;-;;-;~ r;;x~cI~'c/R,''c/x1.1 rJXI;II/R;n c(~x;; x.1fi//ll.A(x~:.L '/ N.'fr1! rI"'1. Ja ~ :> JQ ~) ai / I 

,v M 
x; R,I)A"(Xs X'.~ ~/? tV(,..r-1(tV-2)(N-3\ lf(x,) ...,> ~,~. ") XN>R,)",,)Rt1 )n cp(~,.l (7cfT(R.) /0>

'J '" 1J"J:5" '""""I ~ 

~oe ~araeMoe B (24), sa RCKnIDlIeHHeM rrepBoro,P8so6beM Ha ~e lIac

TR. Bo BTOpoM cnaraeaoa MS CYMMH: lIO J Bl:l,1J;eJmM BKJI~ C J = I, M 

oCTamuyIDCH lIaCTb "j:Fi. • B TpeTbeM - j= ~!l ; j 'I- .1,2 M T .n, Han

pmne'p,IIoMe~ee czaraeaoe B (24) SamnIJeTCR B mrne 

.,. ~ VX;j!)IJR,lIjXII1 j~tVJ~"1 C(;~>~~ ~:Ã/JA(X,X2~/)A*(X5X1~/1tV(N-11C
""/J,I '-:/. Jet t>I );>.) I't ~rl·/r • .1- jI/ M 11I 

-0-2) (#-3) If{x" ..., ~.~ ..., 'W; !?" ..., R,.,)/JlfJ0)IJCf9t~ )/0>. +~~ x 

,p~/d'itJ~~~f /X"K.,I~" C('S~~ ~!~'?A6çx.R,~ ,9"*(x. ~ R,' "'iWc)(,v-.z)(N-3) r(x" ..., 

N + tr1 + ; ~P/X;' ...}Xp;.R,".:J~\(1LjJ(x.)(7cp(~;)lo' =L-"~ d~~~/WXt.t~ d5 ~~.~~~.I,~J}(
'.J.J~!i .I t=1 / 7 (/M!N! ';~I'.J 

IV 

J<.A (X/~R,'A"(~~R,j N(N-tXN-.2.){tV~3)?I?I'7c1XS:AJ ?P(-), ..;. ~"~"'J'Xt1tJ f?;r"J,RM>f1 'ffx) X 
" ',.)'" ~=b .J 
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lct>?R,YO> r 4:MW! p~'.I'$'I!~s"./x;C(XsR/; X;R,JA(X,~R/)A"rx3J4"V' AI. 

N M+ 
X (~-I){N-2){tI-3)(N-'r) JXG,ulAj, LI c'f(Xt....) x~ X'6.:>"')X;t'; ~:> ...) R/t1)!I'/J(X)!7ep(~) /0"f .". )'-, i-r: oi l=1 "/ o 

Ecnn rrpeoópasonaTL TaKHM oópaSOM Dce OCTaBillHeCH anaraeMHe B (24), sa 
HCKJlIO'lleHHeM rrepnoro , H rrOTOM rrpHMeHHTL JIeMr1Y ~, TO MJI e(o) rrOJIY'llHM 
ane~mee BHp~eHHe: 

C(c) = JJ~~l5hclXí,2 C(x,R/;~/~)ep(/?/)çjJfRt''Jl.lfXt)tjJ(X4 + JJ~!JR/'c!xI,2JX:[B(x,~jx 

'/. epfRtj - ep(~')I3(x,~J][cf(Xt~) - tp(X)'fl(X,glf1(X;)C~I) xJ~) -I- ;.P~{(~lIj~2)< 

~(x/t:zfÇ/)ep(Rj?-2B(Xt~/)B(~R/)-c/r~?fl(x/'.1~'7rt= r;;~:C(~i~';X(R;VlftJl'(X) r
~ JL~~ JQ t~J ~ 

Sj~~C(xj.<y'; R,QXa)'lJ(xj)tIJI.l{x"Jj- ~ P~~~V~3 f!rx,Xt R,?8"(x3'?? ,. 

B(x/</Jl(~~ RI'Jp;~~ Ji(C(')R;;R;d~~cr-k'S),. fi.) 1.11/C(\'R,; (25) 
I 

Xr -<i) lfl!X:~!JIf/(i};)J- :.p~~R; Vj(~+!I(X,X2R;')A''(X3~'?' [dJ~ JI(C{5 '?~ 
~/'()r1-!J'f1(~) r !ix~xj C(X;.R,~R,~Xsl1JrxJ..) n iJ1(~.) 7 . ~-f JQ '/ J"'~ 'J 
B (25) BBe~eHO OÓOSHa'lleHHe
 

:t. (3) /
n 'P(Xl) = 'fl(~)'IJ(Xa)'P(X2.} tf!(X,), 
(''f ,-,{.j) 

Toe. In'I<ppa (.I) B {r YKaSHBaeT, B KaKOM apryMeHTe ~. nano saae
lUITL na ~. 

I 
o 

SaK7IIO'lleIDIe 

B rrpe~~~ paS~aHax óuno rrOCTpoeHO rrpe~CTaBneHne BTOp~Oro 

RBaHTOBaHRH ~ CHCTeM, co~e~amRX <paSOBYD Heorrpe~aneHHOCTL ~aCTH COC
TORRRM, a Ta~e rrpoKBaHTOBaHH B~eftmHe THITH orrepaTopoB. TaRHe rrpo6
JIeMH BOSHHImIOT B aanasax xeMOCOpÓmnI, Teopmr CIJJIaBOB XI np, ltaH.IIHit non
XO~ rr03BOJIHeT paSBHTL B HMX rrocne~OBaTanbHYID MHKpoCKOITHqeCKYID TeopHD; 
TaK, B TeopHH xeMocopóUW1 OH rr03BOJIHeT Ha e~o~ MeTO~'lleCKOa OCHO
ne onacssaer, TepMo,zomaMM'lleClGIe, 8.lIeKTpOHIW:e, MHrpaJlli[OHHHe XI BHópamr
QHHI::le CBÓitCTBa CyóMOHoanoilluDc rrOKpHTHH, paHee Rs~~a:BnmeCH COBeprneHHO 
He3aBHCHMO Ha rrOJIY<peHOMeHOJIOrn'lleCKHX MO~eJI.RX /1- /. B 06meM CJIY~ae 
BHP~eHIDl MJI oneparopon C (B1,2) , C (c) ,ItOBOJILHO rpoMoS~!G'I, ~TO npa
BO~T K ~OBOJI:bHO CJIOmIoM,y BIUJ;y ,IJ,lIH raMWILTOIllIaHa (I). O;ItHaRO OHH 

r 
t 

f 
~
 

CHJILHO yrrpomaIOTCH npH ~aJILHeIDne:H: ~eTaJIHSa:o;m'I TeopHHo TaR, B anyqae
 
~eCTKofi CBHSH a~aTOMOB Ha ueHTpax a~copó~, Toe. llpeHeÓp~eHRfl RO
JIeÓaHlffiMR HOHOB rrpHMec~ l! .n;HHaMl:l:Kotí MX rrepeCKOKOB rro ueHTpa~ &>Copó
I.J;m1, H30MOp<lJHSM f31t2 ~ () =Y C(81t.2)~ ... CTaHOBHTCH ococeaao npocner' 10 : 

C(B,)=~ 8 tU: .; e(a.?):.é L: 4;f'I.~~; Cté)= fdXlx~ çrx;xj ~K 
fI o{=/ ~ Ol d/j3 oi.- x'flrx)tfl(x]1I r: I~ 

'j-

r,"
ti rne .~I ~ - J4R./R ~(R)g(RK)éIx(~'); Aelal'~.f-o' ~ = Jc/Al.z/~~ x 

I 
I 

~-*(~)a;(~)~'(R;)t:<'(R/)g(,et~jRjRt'); ÇtXjX)401.':::: JI}!.Jt/s:rRj Cfx/?';!/xj t9",(R? o 

3'1'0 rrpHBO,IUiT R CJIe;n:ylOIIteMY BHJJ:Y ,IJ;]IJI raMHJILTOIrnaHa (I): 

H := r... t(iC)/i. + ~:t= zJ(?-~)""'NJ"I r L fJx/ltp(x)tfJ(xjNd! 
o( eL ~ IG 01."1<13 r: oL + 

J; l!(lO-1' 7- J/x 'f!(X)t~ {2 + t{~ 7'f(x) + i r;;xJx'L/lix)'IJ(x)/.}J(x') ( (26) 
OI. /' 2m 'j J" " LfJ(x) ?J(~-~? • 

Ms (26) MO)KHO B1ffieCT:H MO;nan:b MSHH.ra, llIHpOKO HCrrOJILsyeM,YID .If?ill onaca
HKH TepMo~a~~ecKnX CBO~CTB xeMocopóHpOBaHHHX rroKpHTH~,ll OÓOÓjeH
HYID MO~eJI:b A.H,r(epcoHa )J.JIH OImCaHHH :Ia a.n:eRTpOH.HlDC CBoiíCTB /10 o IIpIiI 
8TOM rrapaMeTpll 8TIDC Mo~eJIeil ÓYlJST B3aHMOCBH3aIDl. 

.llorrOJIHeIme o HnH8.fI peaJIMSamm KOMMYTarmOHHl:lX CooTHOllleHMfi (8) 

PaCCMOTpHM JIHHeHHOe rrpOCTPaHCTBO"@YH~H"ue~O'llHCJIeHHoro apryMeH
Ta -!it(n); n- O)j.o SHa'llOK 11 MapImpyeT <IJyHIUlIDO H TO.iKe pasen O,r. B Ita

'IeCTBe IN(IJ) MOJKHO BSHT:b)JWHKumo" ÂN.» • Orrpe~eJIHM na .fN{h) orrepa-
TOpH dt , Cf : . did fo{n):=I O ~ '/(17) = o; 

dT.fo( J1) = ~(n); d~(f7) =: /otn} o (UO 

I YTBePJK,1IeHHe I : d c/r + d+cf >= 1. «a: IN (h) 

Ilanee , onpenenaa <PYHKUID! BH,D;a g. = ~ ~ (n~) H orreparopa ~; c4t 
, ~ett

CTBYIO!I1He COrJIaCHO (IJO B KaJK,UO~ 2 - ~~..KaPTOBo:ti ROMIlOHeHTe fi} H jiB

.1IIIIOOV'18Cfl e~ aa OCTaJThH:llXo + 

I YTBep?K.IJ;eHHe 2:[c{P:l]"i~í~{/-2c{~] na fi. , t:e. dlz.,dlz.. - oneparopa 
TIaYJIH. CTaH.D:aPTHI:lM rrpHeMoM nepexonax K oneparopan ~epJVrn: /8/ 'Si , <z>I : 

?L:: M/ z=.. ~/
~'.;'i.z / T t'.c'i ~ Ir

~i ==f!J Oi. ; S')~ :.. (-) Giz. o (210 

orrpe~e~t <PYHKIUrn ..7 <= .Â~~,R' ç; , me f? == O, r. oneparops 
22, ., 2 2 .rrepeBoMT lVz B 1\+1 H N~ -I coo~BeT~~B':'HHO. .7 

I YTBep?KlIeHHe 3 : :2)t ~2' = t2) z ~ 2 - o N~ o 

HaKOHeu;, onpenezax QJ.YHKmill F -= C8l Já ,r~e g; = Ll~i'~ .Pot. Ç).Ã J 
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~=~~./f?a)R oneparopa <ãb:1z. , ~Jt ' ,UeitcTBY1OIIWe KaR oneparops S?J~ 
~ 2. B KaJK;!lOH o<. - .ueRapTOBOH ROMIIOHeHTe ,UeKaPTOBoro npOR3Be.ueHIDI 

B ~ R ~eCH e,IJ;EHHqHHMH OnepaTOpaMR B OCTanDHHX. 
I YTBeWKJIeIDIe 4 : /-la. F 

~;'1.2J:'z1 =: ~~'1 2).,(~1 =O ; [~.('l >c:2J",~/]_= O; ~e<'~/2~ + ~~2>.(i/::: L1~ZI • 

CHOBa c.uarraeM npe06pa30BaHHe TRna (2~): A/
 

z= ~.( sz: /~/
 
0('<01. + /. /1 o{'4:JI,. C7\+ M ::: ~~Jo

C.,(~ = (- I' . ;2)0{'2. j Col'1. :::: l- '/ OUot"z. j ~-!J	 i.. ~. 

' +I YTBeWKJIeIDIe 5. Oneparopa C~{, C"t12. Y,UOB1IeTB0.PJlIOT aa qJyHR
mmx F ROMM.,VTarmOHHblM COOTHOilleHIDiM (8) 

+	 +[Ca{'{.) ç~ 1+ = L1oletl .:1H I ; [Cd; ~ Q~I ] ~ o ç~ ~7.1 :: CO{'l. ~"l' = o. 
+ 
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faBpHJIeHKO f.M. PI7-86-544 
HeKoTopwe Borrpocw CTOXaCTHqHOCTH B TeopHH 
Cy6MOHOCJIOHHblX rroxpsrraã 

MeTOA BTOpHqHOrO KBaHTOBaHHH o606maeTcH Ha CHCTeMbI, COAep~a 

uure HeOrrpeAeJIeHHOCTh qaCTH tPa30Bblx COCTOHHHi:L Ilorryxeno rrpeA
CTaBJIeHHe BTOpHqHOrO KBaHTOBaHHH MH BéUKHeHlllHX THrrOB orrepaTO
pOB. AaHHblH nonxorr rr03BOJIHeT rrOCTpOHTh rrOCJIeAOBaTeJIhHYlO MHKpO
CKOrrHqeCKYIO TeopHIO MH ornrcaaaa TepMOAHHaMHqeCKHX, 3JIeKTpOHHbIX) 
BH6palJ,HOHHbIX H MHrpalJ,HOHHbIX CBOHCTB CYÕMOHOCJIOHHbIX nOKpbITHH 
KpHCTaJIJIHqeCKHX rrOMo~eK. 

Pa60Ta BbIllOJIHeHa B Jlaõoparopaa TeOpeTHqeCKOH tPH3HKH üIDII1.-

Ilpenpaar 06'beAIIHeHHoro aacrsrryra snepasrx accnenoaaaaâ. Ilyõua 1986 

IlepeBOA Ü.C.BHHOrpaAOBOH 

Gavrilenko G.M. PI7-86-544 
Some Stochastic Problems in the Theory 
of Subatomic Covers 

Second quantization method is generelízed on systems with 
the stochastisity of the some part of phase states. The se
cond quantization representation for main types of operators 
are obtained. In the framework of this approach the consistent 
microscopic theory for description of the thermodynamical, 
electronical, vibrational and migrational properties of the 
submonolayer covers may be developed. 

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