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OEIJWI XAPAIITEPHCTHKA PABOTI:l 

ARTYaJil>HOCT:& npoc!JreMH. IIpe.nueToM ,nHccepTBIUIH HBJimOTcs · KBaHTo

BHe CliCTeMH C DpOC'l'pSHCTBOM COCTOmm:i!, Dpe,JtCTSBm.mM B Blij(e Op'l'OI'o

HBJl:&HO~ 'cyw.m TIO.JtnpOC'l'pSHCTB, KO'l'Op~ MODO Dpll;ll;ST:& onpe,naneHH!li! 

~IISwqecKd CM!iCJI. rJiaBmtli HHTepec HanpaBJieH Ha ,JtliHSMWiec.KHe nepexo

.nu M~ STIIMH TIO.JtnpOC'l'pSHCTBBMli li CBHSSH!We C HRMH ~RsnqecKHe 

npon;eccu pacna,na, pacceHHHH II ·T.n. 

HaH60Jiee BB~HMH npHMepaMII CHCTeM C DpHBO,JtHMHM,DpOC'l'pSHC'l'BOM 

COCTOHHHti HBJISIIO'l'CH HeCTS~IL1I:&HHe KBSH'l'OBHe CliC'l'eLm, KOTOpHe BC'l'pe

~SIDTCH Ha BCeX YIJOBHHX OT ~HS.HKH SJieMeHTSp!WX ~aCTml; ,JtO ~H3HKH MO:_ 

Jie~JI. TeM He MeHee TeopHR HecTadHJil>HHX CHcTeM xax TaxoBtiX ,noJiroe 

BpeMH He cymeCTBOBSJIO, TSE RaE ,JtJIH_ DpaKTKqeCKHX n;eJie~ .JtOCTSTO~O 

6:wro TIOJI:&SOBaT:&CH DpOCTHMH MeTO,JtaMH, npe,JtJIOJitei!lmMH B nepBHe I'O,JtH 

cymeCTBOBBHRff EBaHTOBoj,j MeXBHHKH. CRC'l'eMaTKqeCK06 HSyqeHHe S'l'HX 

BODpOCOB Ha~aJIOC:& 'l'OJl:&EO B Ce~eCHTUe I'O,JtH1 KBK C 'l'O~ speHHH 

06~ CBO~C'l'B.HecTa6HJl:&HHX CHC'l'eM[I-3, II-IYJ ·,~a& H c TO~ spe

HHH pemaeuux ,nBHa~ecEHXMo,neJieti [3-8]:_ nepBBH cep:oesHaH nonuTxa 

OlJOPMYJIHpOBa'l':& OCHOBH TeOpHR HeCTSdHJl:&HHX EBaH'l'OBHX CHC'l'6M npe,JtDpH-

BHTa B MOHOI'pa~HII aB'l'Opa [I). . . 
ffiHpOTO~ 06JISC'l'R, OxBaTHBa~eA HeC'l'S6RJI:&HHe CHC'l'eMH, o6yCJIOBJie

HO TIOC'l'OHHHOe BOSHHEHOBeHHe Bee HOBHX HH'l'epecHHX npo6JieM. 3'1'0 xacae'l'

CH, HSDpHMep, BODpOCOB, CBHSaHHHX C pacna,JtOM DpOTOHa [9, IO) .WIH 

pacna,naMH. EBap&OHHH [14] , EOTOpHe Sa'l'pOBYTH B ,JtRCcepTa~. 
HeCTS6HJil>HHe CHC'l'eMH He HBJIHID'l'CH e,nBHC'l'BeHBHM DpHMepoM CHTy-BD;HH, 

KOI',Ita DpOC'l'pSHC'l'BO _COCTOHIJ:d MOJitHO paSJIODT:& Ha TIO~DpOC'l'pSHCTBa on- ' 

pe~aneHHoro ~IISmecxoro CM!iana: ~yrHe npHMepu MOJitHO Ha11m B ~sHxe 

'l'B8p,!(OI'O 'l'eJIB li Ml!KpOSJieK'l'pOHHKe, npnqeu HX ~CJIO C'l'SHOBHTCSI Bee 

dOJI:&me. ~a OTHOCH'l'CH, HanpHMep, SKcnepHMeHTH KOHTSKTH01!,cneK'l'pO

C.EOnHII [!2, I3] H s@ieKT AapoHOBa-BOMa B MJUtPOSJI6K'l'pOHHHX C'l'pYKTY- . 

. pax [I4-I8 J , MO~eJIH KOTOpHX 6YJIYT B ~HccepTan;HH riOC'l'pOe!W. !3m· 

-TeMH HecoMHeHHo HoBHe; B nepBoM anyqae sTo ~ano noCJI~ero ~eCH

TRneTHH, BO BTOpOM -.HeCKOJII,KHX TIOCJI~HHXJieT. 

MeTO~ CBMOCOnpR3eHHHX pacmapeHH1!, KOTOp~ HcnOJl:&syeTCH B ~HCCep

, TBIUIH -~JIH noc'l'poeHRII pR;Zta uo,ziane11, He HOB, l'l;lteH ero npHMeHeHRII ,1tJIIi 
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OnRcaHHH TO~SqHHX BSaRMO~S~CTBHfi 6uxa BHCKaSaHa yxe B Ha~a~e meCTH-

. ~eciiTHx. ro~OB (I9, 20J 1 O~HaKO TOJl1.KO B BOCI:.MH;Il;9C!I'l'l:l9 ro~H · OH8 
npOIDlRM ce6H RaK yp;o6m miCTpyr.tSHT H llOJ!y"mJJa 6ypH09 paSBHTH9 

(2I-25), 0TMSTRM, HaKOHe~, ~TO· S~a~a 06 onepaTopax ){Hp~Ka C KOHTaKT
HBM BSaRM0~9~CTBH9M Ha apepe TaKllte Bec:cMa aKTy-aJibHa, TaR KaK ~MO 

:wmaec'i'HHX TO~o pema~ M,O~~ei1· PMH,T~HCTCKO~ KBaHTOBOi1 MexaHHKH 
o~em. Ma~o •. · 

0CHOBHH9 ge~ pa60TH: 

. a)' ,PaC.cMO.fj,eT~ 06DtHe' ~Oi!CTBa KBaHTOBHX CHCTeM C npHBO~HMHM 
npoc~aHCTBoM· cocToiDmi!, npeJ~QJ;e Bcero c. TO~ speRM HX BpeMeHHoro 

paSBHTM .H npo~'i'paHC,TBeHHO BpeMeHHHX npeo6pasoBam?i. ' 

· 6) liOCTpOHT:& H. npoaHa~SHPOB8T:& .pemaeMHe MO~e~ TaKHX CHCTeM 

~M Cl.J.1Y"qaeB,· eye~cTaBJimllllHX !{JRs~ecm w:repec. 

B) HaMeTHT:& ~a~Hei!ml!e riy'l'l! paSBRTHH B aToft o6JiacTH R yxasaT:& 
OTRpRTHS npo~SMH c o~eliKOfi HX SHa~eHHH. . ... 

.. Ha Sall@'.l'Y BHHOC!ITC!I M9.I!.YJ!ll!R9 OCHOBHHS pesy~J>TaTH: 

I. AH~ od~ eaoficTB HecTa6KnbHHX KBaHTOBHX cHcTeM, CBHSH 

MeJ~QJ;Y npne~e1lHHM nponaraTopoM, pereHepa~e:B H cneKTPa~HHMH· 
CBOi!CTBaMH no~oro raMlm:&TOHHaHa.; . ' . 

2.: BHBo~ no:Be~eHHH HecTa6~HHX 'cRcTeM IIPH iipeo6pasoBaHHHx 

rpymm. IlyaHKapet' B ~aCTHOCTZ, ~OKaSaTeJiicTBO Toro, ·~TO HM9HHH 1 

CBHSaHHHe c npOC'i'p8HCTB9HHOi! ~cixa~sa~e~ He MOryT 6HT:& np~HHOfi 
no~aMeHHH pacn~a npoToHa. 

3.o"rro~lrl! H CTPcird · aHaJilis npocToi! IiepeMTZBHcTcKoi! z.io~~ 
~yxqac'li~oro pacn~a. · 

4. ~M9HH9 KOa(@~ReHTa npOXOJIQJ;SHHH mpe~HHrepOBCKOi! ~aCT~ 
CKBOS:b CZaryMpHHi! rioTe~a~:&HHil·6ap:&ep. 

·5,· AHMHS ~BWHM c:Bo6o~Ho:B KBaHTOBOi! ~acT~ Ha MHOroo6pasHH,' 
cocTomiteM xiS ··~Byx ~acTeii, KOTopHME: MoryT OHT:b noJlY!Il)JIMaa, · MOCKOCT:& 

· lWl: noJJYII:Poc'i'paHCTBo, ·· CBHsaHHHe ·. B o~Ho:li To~; H · npHMeHeime aTri 

pesy~TaToB ~.M: MO,Ite~oBaHHH aKcnepRMeHTOB KBEIHTOBOfi ROHTaKTHOi! · 
cneRTPOCROIDm, ' 

6, AHa~:3 ·~BmteW KBaHTOBOfi ~aCT~ Ha paSB9TBJI.Hl[III9MC!I rpa!IJHKe 
p ' . ·, . ' .• 

l! Ha·neT~e C ~BYMH OTBO~aMH, llOMemeHHO:IiBO BHSmHee 3~9KTp~9CR09 
no~e; 

?. IIpe~oxeHHe ~el! KBaHTOBHX HHTep!IJepe~oHHHX TPaHaHcTo~ 
poa~ 

8, -liOCTpOeHHe onepaTopa ,UHpaxa C KOHTaRTHHM BSaHM0~9~CTBH9M Ha 

c:!{Jepe, R. aHa~S ero CBOfiCTB. 
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9. ~PMY~POBKa OCHOBHHX no~OJKefiHn TeOpHH KBaHTOBHX B~OBO~OB. 
IO. ,I{oxasaTe~:&CTBO TOrO, 'ITO B HC.Kp~eHHOM KBaHTOBOM BO~OBO

~e ~OCTaTO~O Ma~o:li mHpHHH cymeCTByeT no .Kpa~Hei! Mepe 0~0 CBHSaH

H09 cocTOHHHe c aHeprnel! HEXe aHeprHH nepaoii nonepe~Ho~ MO~H •. H 
npe~cxasaHHe cymeCTBOBaHHH TOKOB ~0~ pe6ep l!SorayTHX no~OBO~
HHKOBHX MOSB, 

Hay;maa HOBHSHa pa60TH · 

. KaK MH yxe OTMST~, C'i'pOraH T90pHH H9CTa6~HHX KBaHTOBHX 
cHcTeM .aa~a~a paaananC!I B ce~eC!ITHe · ro~u [I-3, 2?]. ABTopy s~ecJ>: 
npHH~~eJKaT o6mee npEMeHeHHe TeOpHH YHHTapHwc pacmHpeHd (CM. (ll], 
COBMSCTHO C M.ra~eKOM), TeopeMH ;:!.8, 2.II H 2.I4 (CM,[ll-IY,' 

XXI])'H HeKOTOpHe ~PYrR9 pe3y~T8TH. PasHHe npe~cTaMeHHH rpynnH 

UyaHxape, npe~aasHa~eHHHe ~M onHcaHHH HecTa6an:&HHX cHcTeM, cTpoR~. · 
~c:& B ~e pa6oT, o~HaKo aaa~s noae~eHHH TaKHX cHcTeM npH npocT
paHCTBeHao-BpeMeHHHX npeo6pasoBaHHHx ~aH anepaue B pa6oTe [Y). Ho

BHM HBMeTcm TaKllte ee npo~oJDiteHHe [YI, Yll] (noMe~HHH pa6oTa BHnM
HeHa COBMeCTHO C .H,.I{HTTPHXDM), B '!aCTH~CTH;. !IJDPMY~ (3.3I) , (3,:33), 

nOKa3HBSDml!e HeCOCTOETS~HOCT:& npe~nO~OlteHKff (27] 0 ~HeMaT~~CKOM 
no~a~eHHH pacna~a npOTOHa. ~OPMY~POBKa OCHOB TSOpHH H9CTa6an:&HHX 
KBaHTOBHX CHCTeM, CO~epxamaaC!I. B MOHOrpa!IJHR (I j , EWmeTM ~0 CHX 
nop· B ~TepaTYPe e~RHCTBeHHoi!. , 

~TO KaCaSTM MO~e~, paCCMOTpeHHOi! B ~eTBSpTOi! R nETOi! r~Bax 
~zccepTa~. ee !l>Hs~ecxaa npHpo~a· He HoBa, TaR RaK oaa npe~cTaWeT 
C060i! B ~ei!CTBHTe~HOCTR ~B~aCT~ ceKTOp MO~~ ]H C KB~8T~~ 

HO HHTerpHpyeMHM !l>OPM!l>aKTOpOM. C ~pyroi! CTOpOHH, ee no~oro H CTPO
roro aHa~sa (CM. [YIII-XI] , COBMSCTHO C .H.,llaTTpHXOM) ~0 CHX nop B ~
TepaTYPe He 6~o. Co~e~mHeCE B STHX pa6oTax ~OK83aTe~cTBa npaao
MepHOCTR nOJIJOCHOrO npH6Jm.lit9HM R .cneKTpa~HO! KO~SHTpa~H np~CTaB- · 
. JiffiOT aJti,TepHaTHBY Me TO~, imno~SOBaHHOMY .I{SMYTOM (28] ~M MO~e~ 
i.PpH,ItpHxca. · • ' 

AHa~s npoxDJ~QJ;eHHH '!apes CHHryMpHHe noTe~Ha~aue 6ap:&epH . 
( CM,[XII ), COBMSCTHO C .H.,llaTTpHXOM) paHJ>me TaKEe He BCTpe~a~M B ~
TepaTYPe. ~ea RcnM:&soBaT:& B aTHX ~e~ caMoconpKEeHHHe pa6mHPeHHH 
rio~Mac:& Hesaancmo R npmepHo o~HoBpeMeHHo c pa6oTaMR rpynn C.Am.6e
BepHo l! B.C.na~oBa, pa6oTaMH n.me6H li ~pyrHX, r~e pacmHPeHHH npRMe

HJIJmC:& B ~pyrHX ~9MX; 3TO BpeMJI MOJltHO C'lliT8Tl> Ha~MOM mHPOROrO 
I!CnO~SOBaHHH ~aHHoro M9T0~8 ~M llOC'i'pOeHHH pemaeMHX MO~~e~. 

Pa60TH no mp~HHr9pOBCKHM onepaTOpaM Ha HSCTa~apTHHX MHOr006~ 
paSHHX H HX IIPHMeHeHHD ~M MO~e~OB8HHH 3KCnepHM9HTOB RBaHTOBOft 
KOHTaKTHOi! CnSK'i'pOCROnHH (CM, (XIII-XY!], COBMSCTHO C li,Ilie6o~) l! no . 
onepaTopy .I{RpaKa C.ROHTaRTHHM B3aHMO~ei!cTBHeM Ha c!l>epe (CM.(XXTI], 
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coBil!ecTHO c H.lLRTTPHxOM :ii II.Ille6oil) npe,74cTaBJJmOT .B JmTepazype .aoB.He 
TeM!:l. Pa6oTH IIO KBSHTOBO:R Mexamnte Ha H6KOMIISKTHHX rpa~RKaX ( Cl.f. 
[x:Yri.:.~],' co.m,iecTHO c II.Ille6oil ;n OT'!acTH c II.IllTOBIAe.KoM) TBKJKe .ao~e 
H ncupaBJIJl!OT .HeJICHOCTH, EMeDitHeCJ! palWI!e .B JmTepaTYPe IIO . BTOMY rio.Bo
;rry ;_ CM. ,.aanpBMep, [29). cmHo.BpeMeimo H .aesa.BHCEMO IIOJ!.BHJIOC:& pacCMOT
pe.HHe pacceJ!HEH .aa 6onee cxoEHHX ~H.Kax ~ ~acTHoro ~cca ra- ' 
MHn:&TOHHSHO.B [30]. K npe~omeHHD o co~aHHB K.BaHTOBHX HHTe~pe.a
IU!OIDWX TIJSHSHCTOpO.B (~X) fm. IIPEIIIJIH H6SS.BHCEMO OT pa60TH (I7 J 1 HO 
HeMHOro IIOSlte. C ,lU)YI'Oil CTOpOHH, MH npe;n:.rraraeM .HCIIOJI1,30BST:& · BJie.KTPH
~ecKan ~KT AapOHO.Ba~EoUa .He_Ha reTepOCTPYKTYPaX, _.KaK .B BTO~ pa6o
Te, a Ha IIOJIYIIPO.Bo.mm.KOBHX rpacpHKax, . ~To c TO~Im spemm .HaMe1ze.H.Horo ._ 
npllMe.He.HHJ! .aaM.Horo BHl'O,IUiee , [ XXXI!l]. · · 

Ha.KoH~, Teopna K.Ba~To.BHX .BonHODo~o.s, xooropym MH npe;n:.rraraeM 
paSBH.BaT:&, npe~cTannReT COOOil HO.BOe .aa~aBne.HHe, XOTJ! H6ROTOpHe 
pesy.m.TaTH Mo:atHo: sam&cor.so.saor:r. _._BS KJiacciAecxo:lii Teopn:H .soomo.so~o.s. Ca
ULJM y;ttm!HTe.n:&li!iM peay.n:r.Ta'l'OM J!BJlSi6TM, 110 ·BCeil .B~IDviOCTn, • TeOpeMa 
I6.I (eu. [lllllJ,-cowecTHO c-II.llieooA). HacxoJI:&Ro HaM ns.secTHO, aToro 
peay.m.TaTa .B JmTepaType He 6WIO H6CMOTP£I Ha TO, ~TO ypa.BHeHHe Jlaii
JiaCS na o6JiacTJIX. _B IR"". HSY'!SeTCJ! M.Horne ~eCJITim .neT; e~cT.BeHHHil 
HaMeR Ha C~eCT.BO.BaHHe,TaimX C.BJ!SSHHHX COCTOJ!HHil MOZUO,HSHTH .B cpop
MBID>BHX pacc~emooq)a6oTH [3I] • Hame npe~oxe.HHe o cymecTBo.BaHHH 
TOKO.B n:u;om, pe6ep HSOrBYTHX TOHIOOC IIOJJYIIPO.BO~OBHX II.neHOK ( CtJI. 

(XXIY], QO.BMeCTRO C Il.llle6oil H.Il.lllTOBnqeKOM).TaKEe paHLIDe .B .nHTepa~
pe He BCTPe~a.noc:r.. 

, HaY"!HSH Ji· npaKTIAeC.KaJi geHHOCT:& padoTHi Pesy.n:r.oraTH pa6oTH .BHo
CJ!T B~ .B paSBHTHe MaTeMa~eCKOil cpnsl!Im H.R.BaHTO.BOil Teopl!H HeCTa-
6~ CHCTeM. Opo:pMy.mx:Po.saHHHe B ~HccepTan;im MeT~H IIOSBOJIJmT 
IIOCTPOHT:& TO~O pemaeMHe MO~e.nH~ cpnsnqecRH HBTepecHHX JIB.neHHa .B 
odnacTR cpHSHRH. a.neMe.HTapBHX.~ac~, STOMO.B B TBe~oro Te.na. Pesy.n:r.
TSTH BS 06.naCTH KBaHTOBOil MeXS.HHim Ha rPacf!HKa~ MOryT OHT:& npBMe.HeHH 
.B MB.Kp03JI9.KTPQmute, .B ~SCTHOCTH, npe~OJKe.HHe 0 CO~amm K.BaHTO.BHX 
HBTel$!pe.Hm!OHBHX TPSHSHCTOpO.B liS .BOCWOil r.naBH ·,Itl!ccepTSIUm ociiOIN
JIJieTCJI .Kalt nso6peTeJme. 

.Amx:ioamm pa6oTH: OcHoBY ,Itl!ccepTSIU!H cocTa:ansmT Hai'ume pa6oTH, 
BHIIOJIHeHHHe a.BTOpOM .B I982-I988 r.r. B Jla6opaTOPBH TeOpeT,KqeOKOil 
cJ!B3Eill OMHlL M~ ~acT:& na o~ero o6~eua -nPe.74CTSBJISDT_peay.niTaTH, 
IIQnY'IeHRke a.BTOpoM .B I972-I975 r.r. B_Kap.nOBOM Yans8POHTeTe B Ilpare. 
Peay.n:r.TaTH ,Itl!ccepTSIU!H ~oltJTBwfflaJmc:r.: · ·· 

.:.. . Ha ceMH.Hapax B Jl'NI 011lill, 

l: 

t~ 

l :I 

- .Ha ceMH.HapaX B ,lU)yrHX COBeTCKHX RHCTH~TaX (Mocxaa - MMAH, 
MI'Y, RTSB; Jle~ - JII'Y, JI<:Mi; Kll:e.s - HTW), : 

- .aa ceMH.Hapax B :'ICCP (IIpara ":" Kap.no.s YJm.BepcnTeT; P.Eez - I1H~ · 
l!CAH), . 

- Ha ceMHHapax .B ,lU)yrHX CTPaHaX {r.zLP - JletlnJUlr, EepJIHH; 
~PI' - Bwl~e.n:&.!t, Eoxyu, KaHSepo.na~epH), ' 

- Ha MeWllapo,IUIBX KO$peHIOrJIX, OliMIIOS:eyMSX B IIIKOJiaX ( CCCP -
- J[y6.aa, Tam.KeHT; l!CCP - BpaTHo.na.Ba, JlB6JmD;e, EeDme, A.nmo.s~e; 
I',IJ;P - Jlei:!Imm'; IlHP - -Kapna~; ABCTPEH _; lllna:ztMIDU'; ~amtWI - Mapce.n:r.; 
BeJmKo6pnTa.HRa - 9BaHCH). · · 

IIy6JmitaW!lll: B ~ocepTmnn:> .somna ~aoor:r. MORorpacJiBH a.soropa [I], 
COCTa.BJiliRll!aJI npmiepHO O,IUiY ~T:& ee 06'LeMa. 3TH II .lWYI'He peay.n:r.Ta
TH .rtnccepTanmr co,n;epzaTCJI .B opnrRHa.II:&HHX pa6oorax [II - XXIY l ~ ·, . 
ony6JIH.KOBaHHinc B. 3YPHaJiaX (Czech.J.Phya. B - 9; Commun. 

Math.Phya. - 1, J.Math.Phya. - 5, J.Phya. A - 1, Lett. Math. Phya~ -

- 1, Phya. Lett. A - 2, .Phya. Rev. D - 2; Rep. Math. Phya. ~ 1 >, B 

B .BM;D;e npezlpEHTO.B, HaiipaBJie.HHHX B MelOJYHapO~e 21tY:PHSJIH~ Ilo MaTepna
.ny ~HccepTaD;lm TaRXe ony6.nnROBaHO .BOCeM:& ~O~OB [XXY - IXm] 
B TP~ax . .aaaBaHHHX .BHme ltO~epeBIJ;BI, CEMIIOSI!YMO.B H mROJI. 

06'1>eM pa6oTH: JlHccepTaiJ;HJ! ~OCTOJ<!T BS .rteCJI~ r.naB B 6n6Jmorpa
cpnn, Haiie1IaTaHHHX liS 21~ CTIJSinl.D;aX. ClmOOlt .nHTepaTYPH H8C"D''TH.BaeT 
I64 .aaa.salmil IIOMllMO pa6oT [I - :xx:xm). ' 

CQILEPJWOO: p AEO'lli 

IIep.saH ~acT:& HOCHT .BCTYIJl'!Te.m.HWi xapa.K'l'ep. 3;Itec:r. IIPRBo.n:BTCJ! 
O~aJI MOTH.Bl!pOB.Ka ,n;JIH H3Y'!6mm XBaltTO.BHX CBOT9M C npuo.rtm,wM npOCT
paHOT.BOM COCTOJ!HHil, cpopr.mpy.DTCJ! IJ;e.RH pa6oTH H IIJiaH HSJIOEe.HRa. 
Co6CTBe.HHO HSJIOJKeHHe .Ha~e'l'CJI CO BTOpoM.r.naBH, ROTOpaJI IIOCBHmeHa 
odmgM CBo~o'l'BBM .speMeBHoro paaBl!TRH .aecTa6HJI:&HHX KBaH'l'OBHX CHcTeM • 
CHa~a.na BBe.rteHH OCHO.BHHe IIOHHTRa. ~O:pMYJmpO.BaHa ·o6pa'l'HaH a~a~ 
paOII~a B IIpHB~eH OOHOBltO! RPBTepBtt C~eCT.BOBalmJ! B e,7.lHBCT.BeHHOCTB 
ee pemeHRa. Hai!.rte.ao .BHp&J~WJme npHBe,74eBHoro nponaraTopa ~epea npeo6-
paao.BaltHe ~:r.e HeKOTopo! onepaoropnoil Mepu F B .BH.Be~ena oooT.BeTOT
~. qiop&y.na OOpa!l{eHRa. B § 2.3 paoCMOTP6Ha C.BJ!S:& ME!J!Q1Y BpeMeHHHM 
paaBRTHeM B CIIeltWJI:&HHMB CBO!CT.BaMB raMHJI:&TOJmaHa. liORBSaHO, ~TO 

- lta~H CKOpOOT:& pa~a COCTOSHH.ii C ltOHe~o! SHeprneil pa.BHa Hy.XD. 
,UoRBsaHo, ~To npn ecTeOTBeHHOM yc.nomm MmmMa.n:&HOCTH cnexTP raMB.n:&
TOJmana colin~ae'l' c noonTe.neM MepH F • 06~alDTCS:[ BoaMo:atHocor:D oiiH
oaHRa HecTa~BJl:&HO! CBCTeMH HS 3HaHRa. SaltOHO.B pacn~a BceX ee OOOTOJ!-
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mrlf H nonpoo o ~nsm~ecxoM CMHCJie cocTO.mmfL c 6ecitoHe'lliofi aHeprneii. 

B 38.KJilD'DITeJWIOM pa3,1teJie o6cY1Q!;a'eTCf.I BapOJITHOCTI.. pereilep~ ' 
1<1 (i,si::;; II (ri v~ ~ '4 .. .r )1p 112. • iiecira6nJWio:!i cncirew~· ri:oitasaHo, 'iTo 

ec.m HS llJIOTHOM MHOlleCTBe B . .!fu , npoc-rpaHCTBe COCTOmmfi HeCTadn.m,-
HOii cncTer..ni~. mmomeHO HSpaBeHCTBO·.: .· . .. 

. 1. :·.·: ·•' . . 
l<y{~rs) '/z ~· Cy. :fli,,) 

r.rte 3 - H.eo-rpm.J;aTeJWia,g ~. onpe,lteJieHHa.!i .1tJlSl 0 ~iss , He y6H

_Ba~ag no S ', J(O,r) = 0 , T8Ra.!i, 'tJTO ~ H- /t.-g{-i,tS)/ MOJJWO ·MaXOpl'l

poBan JIORBJWIO HRTerp:apyeMofi ~Y'HJ,llO!eii )I,JL!I ,1t0CT8TO'IHO MaJmX t l:'l 

9a l-i:,.S)/a~:.f~ .... ~ , Tor.tta npne.tteffin.tli nponaraTop JmJIJieTcs no.nyrpyn

noii, T.e. pereHe~ OTCYTCTByeT BOO~e; 3TO 06o6~eT pesyJIDT8TH 
pa6oT [32, 33]. · 

TpeTM -rJiaBa .noCBimteHa cHMMeTPJrmM npon;eccoB pacna,tta. IIpR

Be.n;eHo HeCROJIDRO 06iJlmt YTBep:~QteJmii, o.mlaRO I'JiaBHOe .BIDwaHl:'le 

. COCp6,1tOTO"i6HO H8.nOBe,JJ;6Hl:'ln HeOT86BnAHHX Cl:'!CTeM npl:'l npOC'fP8HCTB6HHO-

. :BpeMemmx np~o6pasoBammx, onncHBaewx rpynnoii IJyaHRape ::P • IloRa~ 
3BH0 0 'iTO np:II 6CTeCTB6HHOM !rp660BaHl:'!H HRBapl:'laHTHOCTl:'l 38ROHOB paona

,1{8 no OTHOmeBl:'lmR eB~OBCREM npeo6pasoBa~, onepaTopH V(A 10), 
COOTBBTCTB~e Ha upOCTpaHCTBe .W11 npeo6paSOB8HWlM Jlope~a 0 He 
MOryT 6HTb YHl:'lTSpHW.m; 3TO OnpOBepraeT MHOI'O'q:IICJieHHHe nOIIHTRR 

CBH38TI. C HeCTS6R.lll.HHMR "iaOTl:'!D;BMR HeYHl:'lTSpHHe npe,JJ;CTSBJieHM rpyn-

llH 'jJ t TaR RBR B ImX Bcer.zta HeYHl:'lT8pHOCTI:. CO,ltepD:TCf.I TOJI:r:.RO B 

'fPSHCJ.WD;l:'!OHHOii "i80Tl'l. C\lu!OBpeMeHHO OTCilD:S BHTeRaeT, 'iTO nO,ltnpOCT

paHCTBO ~ll B npOC'fP8HCTBe COCTOJIHl:'lii )( 0 COOTB6TCTBYJ!lll6M H6CTS-

6RXLHOfi "i8CTRD;6 H ee npD,ltYRTaM pa~a, ,ltO~O 6HTI:. 6eCROH6'iHOMepHHM, 

TaR RBR npl:'l 6CTeCTB6HHOM BH6ope np6,11;CTaBJieHM rpynnH :lJ Ha npOCT-

paHCTBe ~ onepaTOpH mmyJIDCOB P;· HM6lDT 't!RCTO HenpepWlHllil. 

cnex-rp. . . . 

STo oanOJlWHeT onncaBl:'le no.ae.tteHHH.sax6HoB pacna,lta l:'l ,ttpyrHX .Be

.lllmiH npH npeo6paso~mimt JlopeHD;a. B § 3.3 o,ltHaRo ,ttoRasaHo, 'iTO ec.m 

H60Ta6l:'!JI:r:.H8g "i80Tm.J;a npoC'fPBHCTBeHHO He CXHmROM 3eOTRO JIOKSJIRSOBaHa, 

npOC'fPBHCTBO ~u I$PeRTH13HO o.JUiOMepHO, T.e. MOJJWO ero SaM6HHT.:r:. .. · 

• OJUroMepHHM n(),ltnpoCTPSHcTBOM, ,ttonyCRas MaJJYI> olllllrCS.I!Y l! aaKoHe pacna,lta. 
COOTB6TCTBYJ!lllee. yoJrOmie weeT IDm . . . 

( 
-1/z.' . 

A 'f >> ·~c 11r) · ~ j 

'iTo Ha npaxTHKe no"iTl:'l Bcer;n;a· mmOJIHeHo. B § 3.4 pacCMOTpeH 'IacTHHa 

-~ pacna;g:a' npoTOHa, .KoTOpwt npe.n;cRBSHBaJics Teopm!MH_ Bemoro .. 

06'IIe,1tlmeHH,g [9J, HO He Ha~eH BKcnepEMeHTaJIDHO; RBK WutO H8 BOSMOJI:-· 

.. HBX oel'.WICHelmi!. . CS~o npe.ttirO:llteHo no,ttaBJieime pacna,lta sa c"ieT romeMa-
. . . 

. 6 . f 
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Tl:'l'Iec.KHX ~KTOB (pacwnmamui BOJIBO.Boro naKBTa ni>oTciHa) [27j. IIOJID
sy,gc:r:. HeROTOp:w.m MO,lteJI:r:.HHMR np6,1tllCJIOZe~, 1m nORaSHB86M, 'iTO. 3TO 

npe.n;JIOZ6HH6 H6COCTO.!iTeJII:.HO: )I,JL!I .BepOHTHOCTR pacna,tta BHBO.ltllM ~JlMYJJY 

a1 ·~· rt (t- c. (ll'fr') 
. . ~ 

r;n;e C ~ I. 6 X I0-28 ~; 3TO. HcR.7li'RaeT no,ltaBJieHl:'le Bes,tte .KpOMe CJIY- ~ 
'iSH npOTOHOB B ~X, K ROTOpHM Halllllr pac~eHH,g He· npEMeHHMH. 

rJiaBH "i6TBepT8H l:'l nHTSH noCBHmeHH paCCMO'fP6HHlll npOCTO~ ~

~Tl:'!Bl:'!CTCRQfi MQ8enH 8By;qacTm~Horo pacngga.~xqecxan npl:'lpo~a MO.lteJin 

He Tpe6yeT ocoeloro onHcaHR,g,TSK oHa npe~cTaBnHeT co6o~ ~ByxqacT~ 
C6KTOp MQit6JIR .JIB 0 RBa,ltp8Tmi:HO HRTerPl:'!PYeMHM ~OpyflSRTOpoM; HOBm6CT

BOM 3,1teC:r:. JWIJI6TCH nOJI!llrl1 H C'fPOI'lrlt aHaJIRS. 3TO~ npo6JJ:eW. Mli noxa

:llteM, 'iTO MQiteJI:r:. raJIHJieeBO-rumapHSHTHa , eCJIH ~PMiJaKTOp oi>epm~:eCD 

cEMMeTPrieH. 3aTeM OT,11;eJIEM .ltBDe~ ueHTpa Mace H noRSJJteM, .'iTo (npH 

onpe,n;eJiemmx Tpe60BSHlmX BHSJI:IITl:'l'qHOCTR HS Wy'p:r:.e-oelpas 4JoPMiJaRTOpa) 

~ ,ltOCTBTO"iHO MaJDiX SHa"!emn! KOHCTSHTH CBHSl:'l 3 npl:'!Be.n;eHHag PB--: 
SOJI:r:.B6HTS . EM66T HS BTOpOM DOTe B TO'iHOCTR O.ltHH llOJilDC 2p ; Hail,1teM 

6I'O nOJIOJKeHl:'le C TOlmOCTI:.Xl ,ltO "'JJeHOB "ieT.BepTOrO nOP!mRa no J • 
HllTYl:'!Tl'lBHO HCHO, '!TO .1tJlSl . MaJmX fgJ nOJilDCHHf!. · "'JJ6H B paSJIOJl6HHR 

JiopaHa BHOCHT OCHOBHOfi BKn8,1t B peSOJI:r:.BeH'fY, O,ltHSKO ,ltOKaSSTI:. BTO 

Becwa HenpocTo. Ilpl'lBl'!MaH yCJioBim orpaHm~eHHocTl:'l Ha Wy'p:ne-oelpas 

~OPMPaRTopa H ero nepBHe ,lt.Be npol:'lsBO.ltHHe, MLI mmQitEM B § 4.4 ouemry. 

pasBED;H M~ npHBe,lteHHHM nponaraTOpOM H BKCnOHBHUHSJI:r:.HO~ ~YHRUHe~, 

COOTBeTCTB~eii nOJllOCHOMY' IIpl'l6Jlm!eHHlll, KOTOpaH BHI'.n.r;;IO!T CJie,IIyl!IIIHM 

oCSpasoM I u (i) c- A e -n .. e I < ~l. 

.1tJlSl HeKoToporo C ; npH aToM A cooTBeTCTBYJ!JilRi1 BHqeT , . A ~ 1 

.1tJlSl 3....,0 • .ILJm saxoHa pacna.tta 'Ptt) .. I u(t)/z., OTC.KtD;a BHTeKBeT 

)I,JL!I ,1tOCT8TO'lliO M8J1l1X /3/ OD;BHRB 

I 'PU:)- /A/z.e-2,;,.-~: I < ~f 3z. ' 

llORBSHBa~aH, 'iTO OH (sa HCltlilll'i6Im6M O"!e.H:& MSJIHX H . O"!eH:r:. . C!OJI:r:.IIIHX 

BpeMeH) MaJlO OTJimi:BeTCf.I OT 3KCllOH6HIUI8JI:r:.HOit ~pMli. ,lLJm MQiteJin o6oc

HOB8Ha npi.JMeJmMOCTI:. SCJIOToro .npaBHJia ~pM!ri, H paCCMOTpeHS BOSMOJI

HOOTI:. ~60TBOBa~ CBJi38HBHX COCTORBEI. ' 

. B ImTOit rJI8.Be TS :lite MO,lteJID paCCMa'fPl:'!B86TCf.I C TO'qlt:II spemm 

TeOpHH pacceEHEH.·YcTaHOBJleHO C~eCTBOBaime :II 8CEMnTOTmi9CKaH nOJI

.HOTa .1tJlSl paocemnm .lt.B'YX JierRl:'!X -qacTmJ; (npm~:eM CJI03HHM ~eTOJI 

ToxbKO ,1tOR898TeJI:r:.C'l'BO OTCY'fCTBHH CRaryJISpHO HenpepHBHOI'O CllBKTpa) 

l'l nORBSBHO HSJimil:'le peSOHSHca, TSKOI'O 'iTO . COOTB6TCTliYJIIOiil nOJIIlO 
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aMIIJmTY.ItH pa CCe.liHl'IR HaXO.ltRTCf.l B TOil JKe· TO "Ute , 2 p , 'ITO l! nOJIJOC, 

cooTBeTcT~ pacna,ey TmteJioi!'lacTmUl. YcTaHoBJieHo TaiOJte, 'ITo· 

Mo.D:eJID o6.7ra.IiaeT. RBa.ItpaTJmioi! cneKTJlSnHoi! KOBIJ;eHTJ>al{Rei! B ripe,IteJie 

3.:..,0 •. 
IDecTSH I'~Ba noCBHmeHa SHanl!BY T7Henn!pOBSHl!H mpegEHFepOBCKOi! 

'IJ:SCTl@l Ha Hp.aMO:fi CKBOS:b Ol!HIXJI!!t)I:Ilrli· noTegaJWII:Ill 6ap:&ep. llpe,Itn~

I'SH, 'ITO noTeBIJ;l!aJI V l!SMepl!M, H60TJlm:J;STeJleH nO'lTl! BC!Qey', OI'paJml!eH 

n.B. B IR. '[.,,,1 .ItM Jm6oro i >0 PI y6HBaeT Ha 6ec.KoHe'IJ:Hocrn 

6HcT!)ee 'leM · /)(J- 1-L , MH CHa'l~ BHBO.ItHM yCJioBPie Henpo~eMocrn 
6ap:&epa .ItJIH·onepaTopa ~ = -ttY«r1r V{x), onpe,ll;eJieHHoro B CMHCJie 

RBa,ItpSTl!'IHHX qJOJ;lMj OHO l!MeeT B:H,Il: 
c .· J V(r)/J elK i:r oo 

-c 
,ll;JlH HeKOTOpHX C>O l! pE(0,1]. C ,lJ;pyroi! OTOpoHH, 9CJil! ..i, Onp9,11;e-

Jl9H.KaK onepaTOPHaH·Cy.MMS R· 
c. 

~' .J Xz. V(x) th . = oo. . 
-c ·; 

,ll;JlH HeKOToporo . · c >O , TOI',ll;a ~ KOMMYTHPYBT o npoexTopmm aa 

. noJJYOCPI /R.r, • 0TCJQD;S BHTeKaeT, B 'IJ:SCTHOCTPI, HenpOHm:J;SeMOCT:b B CJJY
'IJ:Se, · xor,11;a · .lv, no cymecT.sy, cauoconpmteH. Hao6opoT, eCJil! STO YCJIOBPie 

He BHnOJIHBHO, .SHSH:I!H noTeBIJ;l!~ ~ onp9,11;eJieHEH ,ll;l!HID~Kll He XBaTS6T. 

Ha,ll;o ,It06SBPIT:b ~OPMBnP!D 0 TOM, 'ITO CJJY1IS9TCH C 'IJ:SC~ei! B OC06o:fi 

TO'l.Ke, T•e. mt6paT:&. caMOOOnpHJKeHHoe paCIIlP!peHP!e onepaTopa -4 , HI'

pammee poJID raMRJll>TOHP!aHa. llpoHm:J;aeMocT:& 6ap:&epa To~a cymecTBeHHo 

SaBl!Cl!T oT· mt6opa ,Itl!HaJmKH • .lf.lm E'.1IJD:lCTJlainm paCCMaTpl!BaeM B §§ 6.3, 

6.4 nO,ll;po6Ho npl!Mep noreBIJ;l!a~ /;(x)=ax-2 ~ ge(013/ft.) , H mt

'lP!anHeM KO~HnHBHT npOXO~eHP!H 'lepes 3TOT 6ap:&ep B SSBHCBMOCTl! OT 

napaMeTpOB, Onp9,11;eJilml!HX. BL16paHH09 caMOCOI!plDlteHHOe pa cnmpeHP!e. 

TeMa CeJU,MOit I'~BLI MOJKeT HS nepmtil BSI'Jl!l;II; nOKa3ST:bCf.l OTpaHHofi. 

MH pacCMSTJlHBaeM CB06~ mpe.ItRHI'epoBOBYD 'lac~, KOTopaH,o,ll;Haxo, 

CymecTBYBT HS HenpHBH'lHHX KOHqJHI'YP8~HOHHHX MHOI'006pasRHX •. B nepBOM 

cnyqae STO nOJJYnp.aMaH, npHCOB,ll;RHeHHSH K nnOCKOCTR, BO BTOpOM - ,ll;Be 

nJIOCKOCTH, caasaHHLte B TO'lKe R, HaKoHe~;B § 7.4 pacCMSTJ>RBSeM 

.D:BDeBEe B nape nOJIYnpo.CTPSHCTB c J:opaHP!1J:HHMH yCJioBimMD: He~aHHa, 
K9TOpHe OnHT:b C09,1l;P!HeHH 'lepes O,l1;Hy T01J:BY. KJlaCCLI ,ItOJlYCTm.WX I'SMP!Jib

TOBESHOB .ItM · TSKBX CPICTeM CTJlOHTCH cnoco6or.s, HsBeCTHHM mr TeopD 

.TO'le'llmX B3Sl!MO,ll;6:fiCTBd (2I-25]. llpawm Cyt;lMB CB060,ll;HHX I'ru.mJl:E,TOHHS

HOB CizaeTCHHa ~ afJleBLte B ORPeOTHOCTl! CBHBHBSDmeit TO'IXK. 

TaKBU o6paSOM nOJJY'lSB'l'Cf.l CEMMeTJlR'leCRH! onepaTOp C HeHYJI9BHMH 

l!B;lteKCBMl! .D:$KTa, B ,ItSHHHX CJJY'lS.f.tX (2, 2). COOTB6TCTBYJlllR6 

'l6TlipeXIISpaMeTJlP!'l6ClGie CeMe:fiCTBa CSMOCOnp.aEeBHWC pacnmpeHH:fi np9,11;

CT8BXHDT C06o:tt ,ll;OJlYCTl!MH6 I'aMl!Jll>TOHHSHLI. 
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,li.rui ~OI'O :1!3 Hl!X paCCMOTJleHO .pacceHHHe · Ha CBHSHBSDI!ei! TO'l.Ke, 

npH'leM I'~BHOe BH:I!Malme y;IteJIHeTCf.l BepOHTHOCTl! npOX~eHl!H MeJ!Qzy' 

,l1;ByMli 'l8CTJ!Ml! KOHlPH!'YPal{ROHHOI'O MHOI'006pasHH. ilOJJY'leHlme pesym:TaTH 

l!Cllan:&SymTCH ~ MO,ll;eg!pOBSHl!H SKcnepl!MeHTOB KBSHTOBO:fi.KOHTSKTHO:tt 

Cll9KTJ)OCKOnD, B KO'l'OpHX PISMep.Hil'l' OTltliOHeHl!H OT SSltOHa CJ4a Ha KOH

T8KT8X, pasMep ROTOPHX MelWIIe ,l1;JlRIDi CB060,7J;HOI'O npo6era, SJ16K'l'pOHOBo 

BH'll!CJIHH ·liS nOJJY'l6HHOI'O KO~eHTa npOXOlQteBEe ~peBIJ;J4aJl:&Hoe . 

conpoTRBJieHl!e, MH HaXO,ll;l!M, ,'ITO npl! nO,ll;X0,1UtllleM BH6ope I'aMl!Jl:b'l'OBESHS, 

T.e. napaMeTJlOB, .onp9,11;eJilml!HX caMoconpHJKeHHoe pacnmpeBEe, Mo:mo no

JJY'lHT:& a.KcnepHMeBTSJI:bHO HSMepemme RPl!BL!e, sa l!CltJWqeBEeM 6oJiee TOH

KBX a®/eKTOB, CBHSaHHHX co CTJlYKTYPOil .MeTa.zr.na. 3To CB:H.IteTeJIDcTBYeT 

0 TOM, 'ITO OCHOBHOe HeJ!l!Hei!Hoe OTltliOHeHHe ·OT SSKOHS ().sa B 'l'O'l81J:HLIX 

KOHTaKTax CBHSSHO c reouemnqecKO~ npHpOnon STBX CTPYKTYP· 

B Bocwon I'JUlBe . MLI npBMeHHeM 'J!Y ze qJWIOCoqJl1!lD ~ paoCMOTJleHHH 

He.KOTOp:WC: BOnPOCOB KBSB'l'OBOit MexBIDoor HS rpBilmxax. TaK KaK OCHOmmM 

npH aTOM HBJIHeTCH Bonpoc, EBK Be,ll;eT ce6JI.'lacTm:J;a aa. rpa!JJH- _ 

.Ke B 'l'O'IJ:KaX PaSB9'l'Mem, MH paCCMSTJlHBSeM .nO,ll;po6HO ,ll;BlilJKeHl!e CB060,ll;

HOi! 'IJ:SC'l'mtli HS rpai.Pmte t COCTOsmteM :1!3 TJl6X nOJJYliP.SMHX ( TSlt HSSHBaeMHit 

Y - KOHTSR'l'). ,IJ;onycTJii!IIHe I'aMl!Jll>TOHl!SHLI CTJlO.S:TCH 'l'SltHM JKe · nyTeM, 

KaK H B npe,ll;lWilleit l'~Be. B ,ll;SHHOM CJJY1Jae :mmeKCLI ,ll;eqJeltTS cyJKeHHOl'O 

onepaTopa (3,3) l! noaTOMY cymeCTBYST ,IteMTl!napaMeTJlP!'lElClt06 ceue:i!C'r

BO caMOCOnpHJKeHHLIX paCIIlP!pemdt; ~ orpammmaeMCH paCCMOTJl6lmeM ero · 

DO,ll;MBOXeCTB! (a) C Henpep:wmm,m BOJIHOBHM:I! ~' (6) C 'laCTH'UIO 

Henpep!mBm.m DOJIBOBLIMH !JJYRmntmm. ('l'OJI:blW ·~ napH nOJJYDll.aMHX) t ' 

(B) mmapl!SHTHHX no OTHOmeHmo lt nepeCTSHOB.Ke .JIPI:IId rpa~. ,If)m 3THX 

I'rum.Jil,'l'OBESHOB BH'mCJieHH Ma'l'pm{H pacceHHHH PI BLIHCH6BK H6KO'l'OpHe . 

:BM6lllltl!6CH .B Jll!TePSTY,Pe H9,11;0pSSYMeHl!H (29, 34, 35). 
B .KS'leCTBe npBMeHeHHH aTBX pesym.'l'a'l'OB pacCMoTJleHa s8,1l;a'la o .ItBH

JKeHP!l! 3JI6RTJlOHOB Ha neTJie C ,ll;BYMJ! npl!BO,ll;aMH, nOMelll6HHO:fi B · O,ll;H0po,ll;H06 

SJie.RTPH1J:6CK06 nOJie B nJIOCROCTl! ne'l'Jll!, nepneH,ll;HBYJIJipH06 OTBO,ll;aM. BH
'lP!CJieH KOI$Pm.nieHT npoxo~eHl!H ''lepes neTJDO~ PI OTCJQD;a no WOPMy-Jie 

na~ayepa npOBO,ll;EMOC'l'l> ne'l'Jll! B.SSBl!Cl!MOCTH 0'1' P!H'l'6HCEBHOCTl! 3Jl6.RTpK

'l6CKOl'O nOJIH. PesyJIDTaTH, KOHe'IJ:Ho, aaBnCHT OT fbop.m neTD lii BLI6opa 

!pSHH'lHHX Y"CJIOBd, Olll!CLIBSDllRX .ROHTSRTH (T.e. CSMOCOnpmtemnci: paCDm- . 

peHJrll) 1 HO PIX o6nte1it 'l6P'l'01it HBJIHeTM HSJIP!qJ'!6 OCTPHX HHTepPep6BD;HOH

HHX :t.mlnlMYMOB npl! He o'leH:& BLICOKHX HHTeHCHBHOCT.f.tX nOJIH. 3To nosBOJIHeT 

BLICEBSST:& nt?eJI,liOZ8Bll:6 0 C08JI8HHH · RBSHTOBLIX HHTepcliepemmomna: TJ)SH-

- SPIOTOpOB HS 6ase nOJIYnpOBo;zumROBLIX I'pSibHKOB, KOTOpLie C6I'O,ll;HH M03HO 

pe8Jll!soBaT:&[36]. Iio- oBoEM xapaitTepHCTKEBM o9 woryT 6HT:& sHa'lP!TeJIDHO 

JJY'DII6 HCllOJll>SfeMHX B HSOTO.antee l':lpeMH M~T TJlBBSl!OTOpOB, :BMe.a: 

paSMepH Ha nopH.ItOK Mem.me lii ynpall.ltlmliBe HanpmleBEe .D:m~te . Ha TPl! 
DOps;!l;KS. ilpEI,ll;JIOZSBEe 06 PICnOJI:bSOBSHP!l! aJI6lt'l'pH'l6CKOl'O *lt'l'S 
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AapOROBa-EoMa B 3Tl'IX ~eJISIX 6WIO BnepBHe BHCitaS8HO B pa60Te [17) .rtJlli 

noJJYTIPOBO,IUmKOBHX reTepOCTPYKTYJ>, O~H8KO, rpaqJHKR H8MHOrO .nytmie no~
XO~T.rtJ!li 3TO~ ~e~ B B~ npeHe6peERMO~ M8~0CTH l'IX nonepe~ pas-, 
MepoB; 3_TO nOSBOJll!eT ~06PITl>CSI T6XHPI'l6CKR JltM86MOrO K03~~6HT8 MO,ICT

~ TO Ita (~Ba nopa;zttta ~ 6o~me). · 
B ~eBHTO~ r~aBe paCCM8TPPIB86TCSI·, Ha OCHOBe TeXHPI.RR 

caMoconpmK.emmx pacnmpelmii, s~a'Ia ~yroro po.n;a, a EMeHHo ·-~
paTop ]!patta 0 KOHTSRTHHM BS8KMO~e~OTBH9M aa opepe. TipPI 3TOM orpaHPI

'IBBSeMCSI TeMR onepaTopaMR, KOTOpHe EHBapnaHTHH no OTHOmeBED K Bpa~e

Jmmll n npooTpaao:rBeimml! OTPaXe:mmM. TioMe paMoxemm no nap!U!~IWM 

BOJIHBM, 3~8'12 CBO~TCSI K 8HaJIRSY p~a~HBX onepaTOpOB 

J\ ( ~ -1; 
Hi~ = . " o 

d "'z ~l 
( 

J(·) 
d>z f- '¥ -:""' 

. f-l..,. f/z. ( 0 f. ) 
I')]; a atlt =. (- 1) . / ~o 'lz. , o no~o,nsnnm.m rpamrcmm.m yo-

~oBR.aMPI B TO'IK6 -2. = R. , Onp~eJIImltilMl![ B38:mJ!O;D;enoTBR6. r~Bm RR-
Tepeo OTHOORTCSI R cny'I8D ~e!Eofi ROM6HH~ OitaJll!pROrO R B6KTOpHOrO 

( SJI6KTPOMarHPITHOl:'O) d -o6paSHBX B38RMO;D;ei1CTBllil, qJOJlM~HO OIIROH-

B26MOfi noTetmHa~OM jsfo rf(ll-R.) + tfrd(ll-R) • ~e~eHH oaMocon-

pEJKeRHHe pacmmpemm, .rtJlli xoTopHX opapa cTaaoBRTCH aenpo~aeMon; 
B H23B8HHOM 'IOOTHOM CHY'J86 3TO npORCXO~T ~or~a, KOr~a BHnO~eHO 

YMOBI!e 
2. z. /. 

3~-31.-f-'+:=0 

PIS KO~Oporo B~HO, 'ITO ~sannpaHHe" HeBOSMOJKHO 6es npHCYTOTBPIH Oita~
HOfi KOMTIOHeHTH B38l!MO~encTBHH~ PaCCMOTpeHH cneKTpa~HHe ·oBoficTBa STHX 

onepaTopoB.' B oTpesxe f~t~t,,,.J oHH PIMeioT ae 6o~ee ~BYx co6cTBemmx saa
'Iemtli, ,~Jll! "sannpamtHX" rpaHR'IHBX yMomtit oy:mecTByDT ~Be 6ecxoae'IHHe 

· noMe~oBaTe~ooom oo6oTBemmx saa'IeHllil B fR. ,. [-tM,m.] o aaRoitiie-

HPieM B TO'IRBX .J:: oo • HenpepHBmrll oneRTP STRX onepaTopOB a6comOTHO 

aenpepHBea n paBeH IP.' [-tM1'111] • 
Ue~ 38KmD'IPITe~HOfi, 86CSITOfi r~aBH, . - HaMeTHTl> nyTR, KO

TOpHMPI.M6To.n;H, o!lJo~OBaHHHe n nono~syeMHe B ~ncoepTa~, MO:ryT 

pasBnanCSI ;n;a~e. CBMHM BaJKHHM ope,n:l'I HRX HBJll!eTCH, noxa.nyil, TeopRH · 

KBaHTOBHX BO~OB080B, T.e. l'ISY'J6mt9 Y}l8BH9HPIH illpe;n;HRrepa, B nepByD 
O'Iep~J>, 0 rpaHMHHMPI YMOBRHMR .llPipmcre, HS nMooax, TPY6ttax, MOHX, 

oeB,l(ilR'Iax, pasBeTBlilmiiPIXCSI OTPYKTYPBX li T.n. B § IO.I paoCMoTPeH, 
B 'Ia·oTaocom, npooTeiimllil CHY'Jafi ~BHJKeinm aa l'ISO:rayTofi nMooe nmpRHH 
d • B ni>e~MOJ!teHI!l'I, 'ITO nMoca aoRMnTOTPI'!eorur JIIiHMBH l'I ee rpaHH
~a 6eCKOH6'IHO r~~KBH, ~0Ra38HO, 'ITO npe;n;e~mrll cneKTP Ha'IliH86TCSI 

o nepBol nonepe'!Hofi MOJJ;H, Eres, = [E, 1oo) , r.rte E1 = *-~2.1 2.~tttolz.., ao .rtJlli 

~oro -d MeHJ>me aeKoToporo xpl'Imeoxoro· saa'Iemm· •. d0 oy:meoTBYeT, 
no xpa!ae~ Mepe, o,n:ao·oo6oTBeHHoe saa'IeHRe (CBHSaHHoe oooToHHHe 
a~eKTPOHa 0 SHeprnefi B OTpeSKe [01 'E1)) • Ha OCHOBe 3TOl:'O pesy~Ta.:_ 
Ta ~e~aeTCH npe~Cita38HI!e 0 O~eCTBOBaHI!PI TOKOB an~ pe6ep TOHltl'IX 
RSOrayTHX no.nynpoBOJJ;HHKOBHX It116HOK. , ·. ·. 

PacCMOTPeHH ~yrPie BOnpOCH, · OBHS~HHHe C JrORBnHHMPI paCiliPipeHPimm 
H p8SB6TB1I6HI!HMH KBaHTOBHX BOJIHOBO~OB, C pacceHHI!eM Ha HHX R C 

HI!SKOSHepreTPI'leCKPIM npR6nnzeHlieM, TIOSB~ 88M9HHTD TBKOI BOXHO
BO;D; COOTBeTCTB~ rpaqJHKOM. B § 10.2 oqJOPf~OBaHH R9KOTOpHe 

~yrPie OTKPHTHe npoMew, OBHSaHHHe c TeMBMH, od~aemJMH B .n:xccep-

Ta~. 
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