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Be.n;ymee HayqHo-nc~e.n;oBaTe~bCKoe yqpe~eHMe: 

MocKoBcKiln rocy.n;apcTBeHH!l:ii yrumepc:ra:TeT MM. M.B. JioMoHocoBa 

ABTope<flepaT paso~aH " " 1979 ro.n;a. 

3amRTa JlllCCepTa.r.nm COCTOHTCH " " 1979 ro.n;a 

Ha sace.n;aHHM CneURarrH3KPOBaHHoro yqeHoro coBeTa K047.01.01 

Jia6opaTOpHM TeopeTH~BCKO~ ~H3HKM 06~e.n;HHeHHOrD HHCTHTYTa R,n;ep­
HHX nc~e.n;oBaHMn, r. ny6Ha, MocKoBcKon o~acTn 

C ~ccepTauHe:ii MOEHO 03HaKOMHTbCH B 6:ra:~noTeKe OMHM 

Y~eH!l~ ceKpeTapb CoBeTa 

KaH.n;H,IJ;aT ~3HKO-MaTer~aTM'!8CKIDC HaYJt 

B .JI. JKYP ABJIEB 

06mag xapaKTepHCTHKa pa60T!l 

AKTYBJibHOCTb npo~eMH. McMe.n;oBaHME 

CHCTBM C 6eCKOH8~HllM ~~OM CT8II8He:ii CBC 

neHTpaJibH!lX ITYilKTOB nporpaMMH CTpororo 

.KBallTOBon TeopHM IIMR (KTII) l'I KBaHTOBO: 

JIJIBMO~ B IIOMB,l(H:IIB ,IJ;Ba ,ll;BCHTMBTM. 3TH 

Mep, H3 ~OK8JibHllX H HHBapHaHTHllX MO,IJ;e~e 

pery~RpHsauH:ii, .n~~ B3aMMo.n;encTBne 

npHBO~~M K npocTpaHCTBeHHHM H y~bTp~ 

l'I .n;onyCitaJ001ID.~ cymeCTBOBaHMe TaKIDC Ba.lKHll 

~ecKHe noJIJI n onepaTop pacceR!lM. 

~aM81IT8JibHOe 3Ha~eHMe Mil OIIMC 

BTOpH~HOrD KBaHTOBaHM MMeeT BOllpOC 0 I 

B HHX/I/; OHO 6~0 Ha~aTO B pa6oTax/2 '~ 
'# 

lJ18CTBOBaHMe acHMIITOTH~eCKIDC IIMei\ Q. ± 

TOBOM npocTpaHCTBe 7l COCTORHl'!:ii npH 

BOpR, llpHBO~MllX npe,ll;CTaBJIBHHR KaHOHM~I 

KOMl•.cy"TauHOHHllX) COOTHOillBHH:ii {KK(A)C( C 

MH ~S.. J3 CBH3H C 3THM Olta3HBaeTCH Be 

cTpyKTypH VJ*_ BJire6p .IJl:t:. raKHX np 

rm I<Ba3Hil>oKOBHMH; II~aeMHe HaMH pesy 

RBnRIDTCH, B qacTHOCTH, OCHOBOH ~R BBB 

~ H MCM8,ll;OBaHM ero 06~ CBO:iiCTI 

-KBaHTOBaHHHX CHCTBM. D paMKax pa3BHI 

BSEHHMH HeKOTOplle 06lJ1H8 BOllpOCH, Har 

na.n;eHMH 111+ -=.IJ.t_, St. .. = ~- , 2: 
Xaara (.J~H3~DHJtTHOCTH npe)ICTaBJieHHII m 
n Ha~BJibHHMH onepaTopaMH Q. *C h> oT 

~OKBJibHOCTM, HCIIO~b3yeMHX 06ll~O llpl'I . 



B :V!HcTHTyTe ~3HKH AKa.ner.mJI HayK 

-~~ 

JI.A. ~B 

M.K. I10.1Il1BAHOB 

r. JIACCHEP 

toBaTe~bCKoe yqpe~eHHe: 

leHF!blfi ymmepcRTeT m.t. M.B. JioMouocoBa 

11 I979 ro.n;a. 

11 " I979 ro.n;a 

.3JIIPOBaHHOro yqeuoro COBeTa I{Q47.0I.OI 

CKOH ~JII3JIIKH 06~e,n;JIIHeHHoro JIIHCTJIITYTa ~ep­

ny6ua, MOCKOBCKOH o~aCTJII 

oaHaKOMJIITbCff B 6R~RoTeKe OHITM 

CoBeTa 

-.aTH'I:ecrmx HaYFt 

B .II. JRYP ABJillB 

f1 

06mag·xapaKTepRCTJII~ pa60TU 

AKTYMbHOCTb npo~eMU. HcMe.n;oBamre BTopn'!Ho-KBaHTOBaru!biX 

CHCTSM C 6ecKOHeWA 'illMOM CTeneueii CB060.n;R JlBJIReTCff O.n;m'!M 113 

I{eHTpaJibHUX UYFIKTOB nporpaMM!l CTpororo paCCMOTpemm npo~eM • 

KBailTOBOH TeOpHH llOJ!Jl (IITil) JII KBaHTOBOH CTaTJIICTHKH, ocymecTB­

MSMOH B llOMe,u;HHe ,n;Ba .n;eCffTHJieTI{Jl, 3TH CJIICT8U!l B03HHKalOT, HanpR­

Mep, JII3 ~OKMbHUX JII rumapnaHTHUX MO.n;e~eft l\TIT njm BBe,n;eHHH B IIJIIX 

pery~Jipnaannfl:, .n;e~8JOll1JIIX B3aHMo.n;eficTBne .n;ocTaTO'liiO r~a,nKHM: ue• 

npHBO,wiUU1M K npocTpaHCTB8HHUM J1I y~bTpa@IO~eTOBUM paCXO)UIMOCTJlM 

H ,n;onyCI~ cymeCTBOBaime TaKHX BaJKiruX B8~H, ImK aCJIIMIITOTJII­

'l8CKJII8 noM n onepaTop pacceJIIDIJI, 

~alASIITM:bHOe 3Ha'leHHe ,nJIJl OTIJIICaiiJIIJl )U'!HaMllKI! CllCTeM . 

nTopn'!Horo KBaHTOBaiiRJl HMeeT Bonpoc o noc-:rpoemm TeopHH paccerumJI 

B HliX/I/; OHO 6WIO Ha'laTO B pa6oTax/2 ' 3/, r.n;e 6WIO YKa3aHO , cy­

l.IleCTBOB~e aciD.uiTOTH'leCKHX llOJieii a! (,t), 3a,ItaJOIIlHX B rMb6e:P­

TOBOM npOCTpaHCTBe ~ COCTOID!llH npll 't ___,. ± oo .n;Ba, B006~e ro­

BOPJI, npliBO)U1MUX npe,n;cT~eHllJl, KaHOIIH'l6CKIIX KO!~TB.UIIOHif!'lX (aHTH­

KOMl,qTB.UIIOHHUX) COOTHOilleHJIIft (KK(A)C( C HSO.n;HOMSpHIDAH aHf!YM'IOpa-

. rm ~:i:.. B c:M:an ·c aTmA ormsUBaeTCff necbMa BaJKHRM nayqe~e. • 
II - . 

CTPYKTYPH W - anre6p 1J1.:t TaKHX npe.n;cTarureiDift, uaaunaeMUX Ha-

rm,. rmaan~KOBllMli; nOJiyqamrue HaMil pesy~bTaT!l o6 anre6pax .Ill :t 
. ~ 

JlBnJIIDTCff, B 'laCTHOCTll, OCHOBOH ,nJIJl BBe.n;eHHJl onepaTopa pacceHHHJl 

s H llCMe.n;oBauiul ero 06l.IlliX CBOitCTB B ll3ytiaeMOM IOiaCC; BTOP:If'IHO 
! 

-ItBaHTOBaru!biX CliCTeM, ll pruAKax pa3BIIBaeMoro no.n;xo,na CTaHOBS!TCII . 

.B8.lltHHMli ueKoTopue o6l.IlHe Bonpocu, HanpHMep, -I) Iionpocu o coB-

na.n;eHHH 1)1+ -::~-
1 
~ ... : .Yi;_ , 2) 0 3aB:IICIDI!OCTll JlMeHllJl 

Xaara. (.riH3'l>DHltTHOCTH npe,II;CTaBJieHl1lt. l\I{(A)C;a~aBaeMI:llC:. a.! (f) * . . 
n Ha'lMblWAH onepaioopmm Q, (In oT r~o6anbHRX .cRMMeTpnil II 

~OKMbHOCTJII, llCTIOJ!b3yefA!IX 06U'lf!O npli .IJ:OKa3aTS~bCTBS TeopeM!l 

~;,;,:~!~~=1 
\ tDC":ilfii;OTi.Sii\ _- _____ ;mum,~~ 



Xaara B IITII, - II .npyrne (cu, § 2.I .nuccepTainnl) sal.!eTIIM, 'ITO 

BOrrpOCll I) OWIII ccfx>pMyJinpOBaJ!l1 pruiee B JICKIU'l1IX/ 4 • 5/ II OCTaBaJIUC:O 

oTRPHTHMU ;n;o nacTOillllero. npeuerm:. 

Peruerm:e 3TIDC BOIIpOCOB MO.litHO, ORa3HBaeTCJI, l)OJIY'IUT:O US .n;e­

TaJI:OHOI'O aurumsa OJJJIImefmUX BTOpU'IHO-KBaH'WBaJniUX UO,I(eJieii, 

ROTOplle B8C:O!.la IIHTepecHll Ta.EOKe B cEJi:sn C sa.n;a'Iill.III KBaHTOBOH CTa­

THCTUKU/6/.TaKHM o6pa30M 1 CTaHOBUTCR H806XO~UMUM OpODe~eHne cne­

~YDmUX nccne~ODaHUA: 

I)nsytreHne KBa3UIIJOKOBIDC npe~CTaBJieHnll l\K(A) c,nopollt,!J;eHHIDC 1I3 

(pOI\OBa rrpe,U:CTaBJieiiiiii JIUH8ID!l1M RaJIOHU'l8Citlil.!: (Heo6paTID.!W.I}. rrpeo6pa-

30Bairn8Mj 2) IISYtJerm:e cneR~pa 6nJiruiC:liH!IX rm.nm_:&TOf!aHOB . H 
C TIOMOII1:&10 UX ,I(liai'OHaJIH3ainillj 3) IlpiD.reHerm:e TIOJIY'I8IIHIDC pesyJII.Ta­

TOB ,!WI peruemm BliiileynoMIII!YTllX BOIIpOCOB 00111efi TeOpRll paccem!IIII 

KBaHTono-noJieBHX cncTeM. IlyHRT I) a Toil: rrporpmA~-m · osua'!aeT o6o6-

meime Teop>rn JIIIHe:liHux Rruromr'leciQIX rrpeodpasonrumfi, RBJIRromeil:CJI 

CYII18CTBCHHOH ti'acTI.IO M8TO,U:a DTOpH'll!OI'O RBaHTOBaJIM/?/; nyHRT 2), 

TIOCJie (pyu,n:ru,;eHTaJI:OiruX paoo·T H.H. EoroJIIOOOBa/S/, IlpHBJI·e~ R ;e6e . 

BHnMarme pasJIII'liiHX aBTopon (eM. , Harrp~mep / 9 • ?·, ID • IL), · o,n:rmRO 

.n:o cnx nop o6mM TeopM ,I(llaroHaJIU3ainUI H . c TI~MOII1I.IO aBTOMOp\lJIIs­

Ma Eoi'OJII06ona He owra nocTpoeua, aTo c,n:Mruro B rJiaBe 4 npe,n:cTaB­

JIReMoii ,I(liCCepT~. 

OcnonHHe geJIII pa6oTH 

IIIIII onepaTopa paccesmm S 
I) uaxo~enue yCJioBnfi c;vmecTBOBa­

H IICCJIC,U:OBaiDie ero CBOftCTB ,!WI 

RJiacca BTOpH'liiO-KBaHTOBaHHUX ~ CIICTeM C rJia,n:RIIMII B3aru.ro,n:eftCTBMMII; 

2) ,U:8TaJI:OHUft a.HaJIII3 ,I(lrnru.m:RII Oumme:liHux BTOPII'IHO-KBaHTO­

BaHli!IX CIICTeM; 

·3') TIOJIYtJ8Inie OTB8TOB Ha PRJJ: OOllUIX BOTipOCOB TeOpRll pacceRI!IIII 

KBaHTOBO-TIOJI8BllX CIICTeM, OCTaBaBIIliiXCJI pruree OT!tp!:lTID.!II. 

HaYsHM Honnaua pa6oTH • Bnepnue TIOJIY'IeHU pesyJI:oTaT!:l o 

2 
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cTpyRType W II' -rurredp KBasnw:>RDnux rrpe.n:cTaBJiemr:li KK(A)C II 

cooTnomeHl!liX MeJK,Uy JJ:BYMII Taitm.m rurredpru.m Jl.r1 , .lJ.X:l. u IIX rur-

Hynnropaun ~1 , q(D2. • 

Ha OCHOBaHRll 3TUX pesyJI:&TaTOB BnepBue l\0Ita3a.HII TeopeMU 

o ueodxo,I(UMllX R .n:ocTaTO'liiHX yCJI~BI~ (H.II .n;.y)' cymecTBOBaiiiiii 

onepaTopa pacceRIIIIII ~ II ero OCHOBHHX CBOfiCTBax BO BTOpR'IHO­

RBaliTOBaHIIUX Cl!CTeMax C rJia,I(Itlii.!II B3aJiMOJ1:8HCTBIIID,!II. 

Ua:li.n;eHH uonue yornepJK,IJ;emm o JIIIHefulllX ItaiiOI~t'IeCIOIX npeoopa­

sonammx, B 'IaCTHOCTII, TeopeMa a· H.II .n:.y. KBasnqxmonocTII npe.n:­

CTaBJiemm KI<(A)C, mrne:liHo nopoJK,IJ;eHHoro ns qJOROBa, II Ta.Etlil.~ oopa-

soM rrpoiisne.n:euo o6o6memre (popMrurnsMa r.mTo.n:a BTopn'liioro · irnrurTonrunm. 

Bnepnue .n:ottasruru 'reoperru o H.II .n;.y. ,I(!IaronruriisyeMocTII du­

JIIIHe:liH!Ix rru.mJI:OTOHHaiiOB C TIOMOII1:0!0 aBT01.10p<Ini3!.10B J3orOJI.Io00.Ba. B 

oomeu. CJIY'Iae. Bnepnue n~HOCTEIO ncCJie.n:onauu yCJioBM .n:uaronrurusa­

l.(UU nentecTneunux d:rr.mmefurux .rru.um:oToHUruron n acmmTOTII'lecRoe no­

ne,JWime nopoJIQ.J;eUHux ru.m reiisendepronux noJieil:, o6HapYJKeH6 nonoe 

RBJierm:e pacTa ~ nux nonett. 

BnepBHe TIOJIYtJSHH OTBSTU Ha pi!,!( OCTananrunxca pauee OTiq)HTH­

!.lJi BOTipOCOD 0 CBOfiCTBax paccemnm D IrnaHTOBO-TIOJieBUX CII9T8Max. 

Ilparttii'IecKaH gemiocT:o pa6oTH. PesyJI:oTaTu npone.n:ennux n 

,I(liCCCPTaini!I l!CCJI8,!(0Bairnfi TI03BOJIRIOT rJIYOlKe liOIUITl> ,I(III!aMn'leCROe 

none.n:erme BTOpii'liiO-KBaHTOBaH~ CIICTeM. AJJ:reOprut'leCitoe OTIIICaJ!lle 

CDOHCTB KBaSIIq)OROBUX aCID.ffiTOTII~eCit:IIX TIOJIC,H II s -onepaTopa 

MQ]K8T RBUT:OCJI IICXO,n:IIUM TIYHitTOM ,WIR ,U:aJI:OHeftruero TeOp8TII'18CROrO 

aJiaJIII3a CIICTeM BTOpii'lHOI'O RBaHTOBa.HM, B 'laCTHOCTII, ,!WI pa3BIITM 

HOBOI'O KBaHTOBO-TIOJICBOI'O TIOlJ,XO,U:a R TeOplrn !.II!OI'ORa.HaJI:OHOI'O pac­

CeJIIIIIII. 

Teope~ru o .mraronrurusainrn ,diiJiunefulllX rru.mJILTomrruroB, .n:orm-
, 

3aHHlle B paOOTC ROHCTPYRTIIBHO, MOryT ScixieitTHBIIO IlpllMSHRT:OCJI BO 

3 
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ncex CJIY'IaHX armpoRCRMarnm paccuaTpimaeMUX uo~eJieii 6Wil!HeiimlMH, 

eM. , HarrpnMep /
6/. Pa3BIITllil cpopMaJIH3M ormcamm: 6ronmefumx MO- . 

~eJiefi IIpiDA6IniM R 3~a'IaM BTOPH'IHO-RBaHTOBaHHHX ClfCTeM C BH61liHHM 

nOJiez../I2/. 

. CJie.It'{K.[I!lle pe3yJinTaT!l BllAAHrruoTCR: :wm 3anm;T!l 

I) IIOJiyqeHUe YTBSPiX,ll;eim:il o CTPYRType W 11-_ ru:rre6p RBa3n'iJo­

ROBHX rrpe~CTaEJieHnfi Kl{(A)C n COOTHOilleHnfi M9iX,JJ;Y napo:il TaRHX 

arrre6p H 1IX aHID.{JlfiTopon. 

2) Bne,n:erme onepaT.opa pacceJIImfr S BTOPHl!HO-RBaHToBammx 

CUCT9M li UCCJI9,ll;OBaHRe YCJIOBH:fi ero CYTil6CTBOBaHM U 06IIIHX CBOfiCTB. 

3) 06o6meHUe Teopmr JIUHeiiHHX RaHOHnl!eCRHX rrpeo6pa3oBaHHfi. 
. .. 

4) IIocTpoeHHe o6men TeopHH .n;naroHMH3aiUni 6HJIIrHeitmlx rpep-
MII- n 6039 - raMHJinTOHHaHOB C TIOMOil!b!O aBTOMOpPJI3Ma EoroJII060Ba. 

5) PemeHHe psma OT!tpllTllX BOIIpOCOB TeopHH pacceJimm: RBaH­

TOBO-TIOJI9BllX CHCT9M Ha OCHOBe ~9TaJinHOro aHaJIH3a ~HaMIIKII 6RnH­

He:fui!lX, BTOPII'IHO-IOlaHTOBa!IlillX CHCTeM. 
' ~ 

Arrpo6aung pa6oTll. Ocuonii!le pe3YJinTaTll .n;HccepTaJ.niH ~OKna.n;ll-

narrucn Ha ceMimapax Jfa6opaTopHH TeopeTmecRoii g)II3UKII 06'I>e,n:nHeHHo­

ra IIHCTHTyTa.~epHllX HCCJie~OBaJmit, 0T,I1;9JIOB RBaHTOBOit ~eOpHn TIO­

Jlfi H MaTeMaTH'IecRoii cJ,iH3HKII. ~!HA.II: CCCP HM. B.A. CTeiorona, Meii\,JJ,YHa­

po,ll;HllX mROJiax OllHH no cJ,iH3HRe aJieMeHTapHllX l!aCTKU. 

IIy6JIIIRamm. ITo pe3yJinTaTaM ,n:nccepTaJ.niH ony6JIIIRoBano IlfiTn 

CTaTeil:. 

06MM pa60Tll. ,lJ,nccepTarnm COCTOHT H3 BBe,n:emm:, IlfiTU rJiaB ,· 

.aaM!Ol!emm H mecTn rrpMoJKeHHil:, co,n:epmiT I45 cTpaHKU, BM!Ol!ali 6n6-

JIIIorpacJ,iwiecror:il CTIHCOR lf3 60 Ha3BaJm:ii. B Ha'!aJie RaiX,JJ;Oil: rJiaBll IIpH­

BO,ll;nTCII ee armoTarnm. 

Co.n;ep~tmme pa6oT!l 

Bo BBe.n;emm. ,n:aeTc.ir MOTimHpoBM H TIOCTaHOBRa OCHOBIIllX 3~8'! 
~HCCepr~UH H ROMM9HTHpyeTCR ee CO~epxaHHe. 
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B nepBOH rJiaBe BBO~TCIT BaEHOe ~ ~aJlnHefirnero TIOHHTIIe 

RBa3n1JoRona rrpe,n:cTaBJiemm: KK(A)C n u3yqa.IOTCrr ero arrre6pruitiecrme 

CBOiiCTBa • 

B § I. I <lx>PMYJIIIPYJOTCR: HeRoToplle ncnOJin3yerrue ,n:arree orrpe,n:eJie­

mm: U 0603Ha'Iemm:, B tiaCTHOCTH, TD!aTeJinHO OIIHCllBa.IOTCfi CBOfiCTBa 

OCHOBOITOJiara.I001e:i1 ROHCTPYRinm onepaTOpOB poiX,JJ;eiDUI-YHHl!TO:iK61IIDI . 
~ ~(f) 

Q. (.I), RaHOIDI'l6CKII peaJin30BaHHllX B IIpOCTpaiiCTBe ifuRa ·r;r & (!t) 
H~ IWin6epTOBllM IIpOCTpaHCTBOM !£ , C UHBOJI!Olijie:il C : /~-+fe;t'. 

B I.2 BBO,ll;nTCfi orrpe,n:eJieHHe: rrpe,n:CTaBJieHUe 1f Kl{(A)C II~ 

Je B IIpOCTpaHCTB9 ':1( Ha3llBa9TCfi RBa3R1JoROBllM, 6CJIII ~ COOT-
. # * OY BeTcTBY~ onepaTopoB a; U), W ..., ru:rrecSpll "'4 11 HerroTo-

poro no,n:rrpocTpaHcTBa ~ c:. ~"' c: 'J!, Ha3RBaeMoro rurnyJlfiTopoM, 

BllllOJIHHIOTCfi YCJIOBM ' 

I) o,(l)f/; ={0} V/rc:;e, 2) 1)L q{ -:::. 1f. (I) 

B '!aCTHOM CJIY'Iae tiUttSf= 1, ~ =-C.Q., Q. E: 'Jl , rrpe,n:-

cTaBJietme !I( 1JoROBO H H9IIplffiO,It!IMO, J)ll = c 1 · ; 
)J.1isr W*-anre6pll fJl RBa:m1JoROBa rrpe,n:cTaEJiemm KK(A)C, 

J 
ee ROMMYTaHTa 1li H npOCTpaHCTB ~ , ~ ,ll;ORa3llBaeTCII psi.n 

yTBepiX,JJ;eimii, B l!aCTHOCTH: 

'it.~ ~(~~(2') cZ f/i;,' 
J)I ~ IJ(~C~)(fe)) ® i, 

(2) 

(3) 

-'1X 1 ~ 1"~ £(~)., (4) 

r.ne W - nsoMeTpHJI '1f Ha Sf'if~J·~ 13fsi)- anre6pa ·Bcex ,. · 

orpaHWJ:eHH!lX onepaTopoB Ha.n; fl .' lls (3.4) CJie.n;yeT~ l!To-9IUN.£:C~ 
TO ecT:o RBaan<Ix>R~Bll anre6pu .IIBJlfiiOTCII cJ,iaRTop~ ( THna I_ 

.IJJ/ -Tima f.u,.,. ~o ) • 
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ll § I.3 paCCl!UTJlHDalOTCil COOTIIOIJClllUl, CYJIICCTB~Ie MCE,JJ,y 

.IIBYMfi pa3J!ImiHWI rrpe~CTnrutelllUlMJI afaJ, /.e ~ KK(A)C' me 

W:i-rurreelpru.m .1Jl;.c./3(':1t)Jt rurnyJLf!Topru.m ~ic:: ~~ i = 1
1
2. 

B 'IaCTJIOCTII, .IIOKa3HBaCTCJI, 'ITO I) H.u ~.y. ymrTapnoii 3KBHna.rrenT­

·!loCTII ..Ql1 "'~, 
a#1 UJ =Sa.*S* s~~s-1 

Z I ~ (5) 

JIBJIJICTCJI dc.in ~: Jcin ?St; 
2) 1!3 M,=~t= .@. CJie,eyeT c4M~1·::olcm~~ u (5), rrpntieM 

JIJOClofr OIIepaTop s , OCYJl(CCTDJIJIJOllUifi CDli3:0 ( 5) , JIM66T BII,II 

.S=So T, 
Jf-f ' S.=S. f?-aJ., T=T11 -1E.!f1.~ .. (6) 

no BTopoii rJianc nno;u;vrTCJI oelntee orrucrume paccemnm B IWaHTo­

no-HOJieno.li C:HCTCM6, KOTOpafi OIIpe,n;eJLfiCTCfl ITpOC'l'paiiCTDOM COCTOJiliiiH 
A{/) • # " 
<1?. , D KOTOPOM J(CHCTDYCT rrpe,n;CTaDJiemre I{I{(A)C a_ (-F) HatiaJI:O-

IIUX rroJien'; t E £e rru.mJI:oTormruroM H=H-fe CJ(~) n "saRoHOM 

.IIIICIICpCIIII" CBOClOJ(II~X tiUCTIII.{ fJJ :rife{!(~); <!>(s:z) - MIIOJKCCTBO 

saMimyTllx orrepaTopon na.n; fi: 
B § 2. I II3Y'IaJOTCJI cnoil:cTna anTouoiX])rrsuon 

~ ,~ iHt "#= .,Ht 1f. 
r~: rx. Cth-~ e a. (/)e = a.(H)(t,+), (7) 

;1~.: a#( f.)~ a.#(e-:;.i~t~.) . a. fo) (I, -t)' (8) 

!fJOpuyJIIIPYJDTCJI acmmTOTiltiCCI<HC yCJIOBIUI (nee' rrpl~O;u;v!Mlle 3,11;801> (pop­

MYJIUpODKII crrpane~mmu, cTporo ronopa 1 ,JJ,Jifi !flepuH-CJIY'Irui; n CJIY­

'Iae. Closc-cTaTIICTIUm ueoelxoron.to coelJim.n;eime .n;orrOJIHIITeJI:oHux TCXHH­

tiecKIIX YCJIOBH:il:, cr.r. §. 2. I ;u;vrccepTruum ) : 

3 # /). -1 0 ~ '#i. 1\ . ~ ,\ 
a,±.(l) = M'Utl-u.m f~f~\o;\'f.),=f-"*-(a. (IJ,; (9) 
. . t~±~ # 

YM3IIBaeTCJI/3/' 'ITO rrpu. H ~ Eo. 1 ,(iJ ~m·1 > 0 I as (I) ' 

6 

eCJin DlliiOJIIIcno ( 9), sa.r~ruOT )\Ea KBasn<})ormniiX rrpe.r~cTaDJiemm 

Iill(A)C. JLMee rrpliBO.IIIITCJI pa,n oelll(JIX norrpocon o cnoiicTnax BBc.neH­

HllX BeJIII'Illli, B tiaCTIIOCTII, BOI!poC!1 0 CODIIa,IICIDni~+:.QI_,<J'f+ =~­
/4•5/ wt:_ aJireelp II ail!fYJLfiTOpoD IIOJieii a! (f.) , 0 "JIBJiemm 

Xaara" -. B03MOJKHOCTH c~ecTnonamm !fJOICOBUX a."!(~) rrpn He<IJo-

KOBUX a* a> , II T.,n. . 

D § 2.2 • .r~aeTCJI KpaTKnfi oelsop pcsyJI:oTaToB pado~3 ,4,I3/, 
UCIIOJI:03Y6!.1!1X B .TI;aJI:OHeiUJieM. 

~ 

ll § 2, 3 pemacTCJI JiaiiClOJieC Ba.JKHM 3a,l'{atia rJiaB!1 ;~ : YCTaHaD­

JIIIBaiOTCfl II.H .n;.y. CYJ!IeCTBonrunm orrepaTopa pacceJimm, ocyutecTDJIJI-* # . 
100(61;\1 CDli3:0 s rJ.''!(f.) s ::a+ (I) , - IIMII OI,a3L!BaJOTCJI YCJIODIUl 

nemecTnemrocTn H = H , CU = W - n saTer.r ocYJrteCTDJIJICTCJI 

rrporpru.ma ucCJte,nonamLq cnoircTB S . l(ormsunaeTCJI, '!TO rrpn 

lJI.+ =-01_=~. rru.mJI:oTmmau H m.~eeT e;u;vmcTnemioc ac!rr.mToTnticcrcoe 

pa3JIOECI!He 

H =Ho-t.+ hr., H0+ = H0_ 1 h+ == h_ ,~ ( ro) 

r.ne Hot '7 1Jl , h:t ~ IJl 1 
( A 'VI .1)1 031la'IaCT, 'ITo neorpa-

HHtiemiLtii orrepaTop A accon;nnponan c alJreelpoii .I)J,. ) , u rrpn 

8TO!.! cyvtccTnyeT e~rmcTnemruii orrepaTop paccemnm .5;, G .1)1 , IW­

TOpLIH oelJia,.n.aoT cnoHcTnor.r [ S0,H J == 0 . 
3aTei.I !Tpii 1)1.._ =.al- BDO.~IITCJI"# aBTOl.!OIX~li!3l! 0"1 : f'+-1

o f- ' 
II ~oica3HnaeTCJI, 'ITO .lWl (Im::oDilx a,. (1.). 0"1 YHIITapno-npe.n;cTnnim, 

cr-;(A)=S1 As~' A E ld('Jt) ; S1-=s:,-1 
oelJin.naeT CBOllCTBa-

I'III orrepaTopa paccemnm B. noTerm;nrur:onoi! Teopnll pacce.flmm, B tiUCT-

HOCTIII· [S1,H0f = 0 , r~eH =a~~a. (=~f.J(k)~a,/k wm Ef~ft't(/Rs) 1 
. 0 

Cll <=> CU (k) ) ; BIIDOEIITCJI nupaiKeiiH.11 MIT ru.mmrTy~ paccemnm 

trep~s S rr S1 
3ancpmaeT § 2. 3 rroCJie.nonaTeJI:oHocT:o yTnep;K,n.mmii o cnoiicTnax 

1.!eJIJieponcrmx orrepaTopon ( ec.mr onn CYL1CCTDYJOT) ILJIII nx Cl.oJiee oel&l!IX 
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ana.rroroB MJI paccr.~aTp:n:Baeuoro KJiacca BTOPR'IHO-KBaHTOBamrux 

Cl!CT8M. 

B TpeT:&eft r;rane np:n:Bo;zntTCSI o6o6men:n:e Teopmr mefu!HX Ka.Ho­

uwrecKIIX npeo6pa3oBan:n::tt (JII{!I) • 

. ~ B § 3.I, BCJie~ sa/71, BBO;zntTCSI onepaTop AeiJ(:t'Q;t'), 3a,n~ 
:# o# . . . - '" m:n:ft .1IKli A : a. ~ b • lloKa3HBaeTCSI, '!To MHOJKeCTBa c;:;l'"'± 

orrepaTopoB It , 3B.nruart:n:X .1IKli B qiepMlt- :n: 6o3e-,.CJIY'Irurx:, m,~e!OT BH,It: 

- 'l *} e;U+ ={~E.8(~<P~A=I1~I11 A =ll I (II) 

{ - 'l * J Q/U_= JtE/3(f(!i~lll=~AI1,Jl =T3A I3 
. . ' (I2) 

r.n;e 

I 1 = ( ~ 5), I, -(1 0) 
3- 0-.1 I 

:n: It 'Z - npaBU:tt o6paTHHH K ~ orrepaTop: 

(I3) 

'ot 

Jtlf = 11 /;'Z./1:=~ (14) 

IIpo8KTOp ~ .IIBJmeTCSI OpTOI'OHM~HllM, f>:fJ* , B <PepMlt-CJIY'!ae 

li nceB.n;o-:- ~- opToron.a.rr:&HUM, 1>='4 tf* I 3 , B 6o3e - CJIY'Iae. ~ 
. . 11. 'l -1 

ECJI:n: JIKII, 3B,naBaer.me Jl , o6paTl!Mo, To .n; =I ; B Ta-

KOM CJIY'lae OHO HB3UBB8TCSI aBTOMOP<PH3MOM DoroJID60Ba. OrrepaTOpU 

.It , IIOPOil\ll;aiOOjl!e BBTOMOP<PH3Ml:l EoroJID6oBa, o6pa3YJOT rpynrru· 

~ c ~ :i: • .ll:Oita3UBaeTCSI' 'ITO eCJI:n: a# (I) _Henp~O.n;ID.!ll' It 
3a,naeT .mm, To u.:n: .n;.y. nenpHBo.n;HMOcTH j#(IJ , r.n;e I*=Jfa*, 
SIBJmeTCSI .It E ~± . ABTOMOP<Pl!3M EoroJID60Ba, IIOpoil\ll;eHHilii i E ~z , 
Ha3HBaeTCSI C06CTB8HHilM, 8CJI:n: OH ynRTapHO -IIpe,llCTaiH!ll, ,nmr IIpoli3-

BOJI:&HOI'O A € ~ .n;oKa3HBaeTCSI CYmeCTBOBrume TaKoro npe.n;c;an­

JieHli.II KAC a.*(I.J , 'ITO 4: a,#~:HQ,#.:.. co6cTBeHHu:li aBTOMOP<PH3M 

Eoro;rD6oBa. 

8 

)l r: 
' 

I 

·'i 
.1\ 

B §· 3.2 )J;OKa3UBaeTCSI BaJKHrui TeopeMa: H.II .n;.y •. ItBa3IIWOKOBOc­

Tli npe.n;cTaBJieHli.II KKG -f#(.f.), IIOJIYl!aeMoro l!3 WoKOBUX a,*(l.) 
B pe3yJI:&TaTe JIKli, gtF:J!Q.#, .fl€e/U_ SIBJmeTCSI (Jf,I3]EE:\(~$S!') 
(3.n;ecb,II .n;a.rree 6; (fi) o3Ha'IaeT Mace orrepaTopoB I'wr:r:.6epTa­

IIIMl!.IJ;Ta, npii i = 2 , liJili SI.n;epHUX, npn £ = 1 .• na.n ~ ) • 

B § 3. 3 paccr.~aTpimaeTCSI napa .1IKli c* ~ a,"f = 1/;i c =IF , r.n;e 

c#(l) - <PoKoBu, fh" a!U_ • i = 1,2 :n: n3yqaJOTCSI co~T-
nomeHli.II M8JK.TIY fl1 1 itt. ; .1Jl1, 1!2 ; o/o1 , o/o'2 , r.n;e lJ.;, - W~ 
a.nre6pu npe.n;cTaBJien:n:il af(t) K KC '' ~i -me rurnyJISITOPll (B 

# . 
CJiyqae, 8CJIII a;_{~)- KBMIIWoKOBll) • .lJ:OKa3UBaeTCSI, 'ITO H.R .n;.y. 

.11!1 : 11,. .IIBJI.II8T,CSI CYII18CTBOBaim8 "6JIO'IHO-.n;Hai'Ol;aJ.I:&HOI'O" onepa­

Topa ~€~- co CBOHCTBaMu .ft1 ='PJ,J!2 , [lj,'Vj]=O; H.n . .n;.y. 

.Q!1 ::: J}ll .IIBJI.IISTCSI ~ = ~ , np~eM 1!3 ~1 : q;;2 CJie.n;yeT 

J)l1 = ~Z ( B o6meM'CJIY'Iae ~napu KBa3II<Poito~ npe.n;cTaBJieHIIfi 

::ITO He TaR, COOTBSTCTBymui:fi KOHTpnpl!Mep npllBe.n;eH B § I.3). 

qeTBepTaSI r;rana .n;nccepTanHR rrocB.IIIllena o6mefi Teopl!li .n;IIarona­

J!li3~ 6~eiHHx qepMH- H 6o3e-raMHJI:&TOimaHOB 

H - 1 ( • ..,.. tl- T' *S s *) - l (l. It\: -t- tt, &\, +tt , 1tt. ± (;t. zGl. I (15) 

*' .. 
T = ± T; s, = S;. I ' -:: 1, 2 J (16) 

. . # # 
c noMOlll:&BJ aBTOMOP<PHSMOB EoroJID6oBa 'a = J/; c ' - TO ecT:& 

npne.n;emm (I5) no.n;cTaHOBKO.ft Q,#:ft £# K BH,Yzy' . 

H =I~ I+ kl Q=.Q*I \kl < 00.. (I7) 

r.n;e .C#(/) - <Po_KoBU; nocoranoBKa sa.na'IH .n;eTan:&Ho aHMK3Iq>yeTCSI 

B § 4.I~ 

B ·§ 4.2. ycTanaBJiliBaeTCSI , 'ITO B qep:r.m:-CJIY'lae (HDJme sna­

Im B (15,I6) rru.utll:&Tomtan H (I5) Bcer.n;a MOlleT 6LI'l':& BJire6paK'lec-
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mt .u;naroHamiaonau, TO ecT:r:. rrp:ane,n:eu It mmy H=C~1 8- CI221*, 
6.mmRor.w R ( I7) , no c HecJx>rtonm.m f# (.f.) ; o.n:narto y,n:aeTCll 

ITOCTPOHT:b Ito!ITpiTpm.mp, ITOI<a3HBaKIIUiii, 'ITO COclCTBCHI!M .u;naroHaJIII­

ayeUOCT:b H He ncer.n:a nMeeT uccTo. Br.1ccTe c TeopeMoii 4.3 na 

§ 4.3, r.n:e napaJIJieJr:oHO ,n:JI.fl cpcp:~.m-u 6oae-CJIY'IM rrpuno,WITCll nec:oua 

o6JJU1C ,n:ocTaTotrirne yCJiomm ,1J.liJI co6c1i'nemroii .n:uaroHami3yeMOCTU H , 
. 3Tll .PC3YJI:bT8Til .fiilJI.fiJOTCfl CYJll8CTBeHH!ll.( YCHJICilliCM pe3yJI:OTaTo:sfi0/. 

liTo rcacaeTCll 6o3e-CJIY'IM, To n 4.3 ,nor<aSilBaeTCll, 'ITO H.u ll,.y. 

aJire6pru1treCROll ,n:aaroi!aJIII3Y8MOCTll Jj .fiBJI.fiCTCll CitaJI.flpHOCT:b orrepa­

TOpa 1{-::. (_~_f)ee(:ttt~), r.n:e S-=S' ~ Sz , u aaTeM • .n:oRa­

aunacTcrr ynm.mnyTa.fl Bl1llle Teoperm §1.3 o · co6CTB~Hnoji .u;naroHaJiuaye­

uocTn H . 
!Ia!to!Ie~, B § 4.4 ,n:eTaJI:bHO pacCMUTpiiDaeTCll ItiiaCC DClJl8CTB8HHllX 

6UJIUHefumx 6osc-raMUJILTOHUariOB H = H I r = T I s-::: s . .UoRa..:. 

sunaeTcrr, 'ITO ,JJ,uarouamisycuocT:r:. H 3RBHDaJieHTlla paapenrn:MOCTll 

ypaBHCIIll.fl 

Za Z = ~, c<.: S+T1 p=.. S-T (IS) 

B . KJIUCCC orrepaTOpOB 2-:: Z 7 0
1 

z -1 € e, ( ~) ( IIpll CJIUcJOM ,I(OllOJI­

IlliTCJI~IIOU npe,n:ITOJIOlKCHllll 3 £~ r 1 E 1/J ( 5e) ) . ,llaJiee YCTaHaBJIIIBaeT­

Cll t 'ITO H.U ,n.y. paape!IDIMOCTU 3TOii aa,n:a'lli .fiBJI.fl!OTCll CitaJI.flp!IOCT:b 

orrepaTcipa S::: 0(.. ~ (n BimOJII{cmre CJia6oro .n:orrOJIHHTCJII>Horo ripe,nno­

JiollteHU.fl, npune.nemroro n cJx>pMyJiupomw TeopeMU 4. 5) ; TUKIIM o6pa­

sou, TIOJIY'IaeTCll o6o6lJle!lue pesyJI:oTaTonf7•II/. Teopeua 4.7 ycTa­

HaBJillnaeT .nuaronaJin:syer.tocTI> rrOJiyorparmtreHHUX 6ose-raMWII>TOHllaHOB 

H-:: H (!5) • § 4.4 saRart'lliBaeTcrr paccMoTpemteu HeRoTopux 

Itiiaccon ne,n:uaroHammyeMux 6ose-raunJII>TOHUarron, rrpn.ne,n:eHUeM nx R 

60Jiee OcllJlCll, "lCM ( I7) , "RaHOHH'ICCitO:ii qJOIJMe" ll YTDCP,.l\nCHU.fiMH 06 . . . 
liX CIICRTpe. 
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n II.fiTo :n rJI ane pesyJII>TaTU rrpe.nu.n:ynmx rJian IICIIOJI:03YJOTCll 

,n:JI.fi ,I(8TaJI:bHOro UCCJIC,I(OBaiiUli ,I(llHru,nutn cliiJI>meiiiiUX BTOPll'lHO-ItBari­

TODaHHllX CllCTCM. 

n § 5. I rrpune.n:ena nepecJlopL!YJIUponita sa,na'llt pacce.fiHit.fl acmmTo-. 

Tit"lCCRllX yCJIOBHH, Blq,allteHlt:ii ,n:JI.fi. s -MaTpUIUI D TCpMmtaX onepaTO­

poB Ha,n: 5e $ $t' . JWn: H nu,n:a ( I5) TIOJIYtraeTcrr 

r.n:e 

ft~: ( a#(f.)) = ( e -i ~o)i-a..*)U), 

~=(_}_~), ~=(~-~)I s:S1+Sz 
2 . ; 

acm,mTOTII'Iecroie yCJIOBIIli ( 9) nepexo,w:rT B 

I',ll;e 

3 #. ~(:P~\ # * a.;~:(J)=f-t.(tl 't-).1 1 tl.±::Vfa., 
' . 

. 'L . . ':/(. H/ 

'V"± :: ~ : S- ecm e' ".f e-i. .n,oi 
t-.1:00 ~ 

u npu.IJl+-:: -9J~=M., 

S()."!cns.v:=a.!c~) =Cia..!)(~)~ 
r.n:e 

:J-= ( s 9) 0 s , s = s*-1 e ld (Sf). 

(I9) 

(20) 

(2I) 

(22) 

(23) 

(24) 

ll § 5.2 C~pO.fiTCll clUJIHHe:iiHue MO,I(eJIH, ua: npm.mpe ROTOpUX 

TI~Y'JaiOTCll OTBCTU Ha BOI!pOCU It3 § 2. I. ll 'IUCTl!OCTH, JIOr<aSilBaeTCll, 

trTo H.~ ,n.y. orparm'leHHoCTH reil:seH6ep.roBHX noJie:ii flt (a.#(l.)) 

(I9) JIBJI.fiCTCll CRaJI.flpHOCTI> :JC (20), a n CJIYtJae H = H -cKaJI.flp­

HOCTI> 'Z) -::.0(,~ i ".fiBIIeHUe Xaara" He 3amtCHT OT HaJllllllil'i B CHCT8M8 

rJIOclaJil>HllX CID.!MeTpHii, ItCTIOJII>3ye~ I!plt ,I(Oita3aTeJibCTBC TeopeMU 

Xaara B IITII, n MOllteT B03HUitaT:O ,n:allte n CJIY'Iae S = 1 TpRBHaJII:.Horo 
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paccemma:; yCJioBRll lll+=.al_, ~*= ~- MoryT 6HT:&nenunOJIHeHH. 

B Ka'l6CTB6 K11JIIOCTpa,niDI K pa3miTOl<\Y" qxJPMMH31<\Y" B § 5.3 pac­

cMaTPRBaeTCSI 6wnmeiiHaJI MO.IJ:eJI:& BeHT~emi, ll03BOJISIJOOiaJI SIBHO npo -

CJI6,ll.llTb sa HeKOTOPilMll xapaKTepllllMll OC06eHHOCTIIMH paCC6S!HlUl B 

KBaHTOBO.-f!OJ!6BHX CRCTel&DC, B 'laCTHOCTR, HeaHaJIRTll'lHOCTR no KOH­

CTaHTe CBfl3R i\. , 3aBRCRMOCTR OT . .J Jl, npe,n;CTa.BJieimii acmUrrOTR­

'l6CroiX no.neil:,_nx CYIJ!eCTBOBaHR!l, pocTa reiiseudeproBHX no.neil: n 

T • .n;. 

B 3alt1I!O'I6HIDI eyaTito cl!JoPMYJlHPOBaHU JieKOTOplle OCHOBHUe pesyJI:r:.­

TaTil ~ccepT~. 

D npWioxetmmc co6paHH nexoTopue JieMMU TeXHR'!ecKOro xapax­
• • 

Tepa, RCTIOJ!b3yeMUe B TeKCTe. 

0CHOBH!le pesyJI:r:.TaTll, TIOJIY'leHHHe B nHCC6PTauMH 
. * I. Y CTaHOBJI6HU 06DtRe CBOHCTBa W - anre6p KBas:Hqx:,KOBllX 

npe,n;CTa.BJI6Imil: KK(A)C R COOTBe_TCTBYJOIItllX on~paTOpoB Q_# (~) • .IlJm 

.n;nyx paSJIR'lHHX TaKRX npe.n;cTa.BJieHHil:_nOJ!YlleHU ueo6xo~e n .n;oc­

TaTo'llwe YCJIOBWI (H.R .n;.y.) ymiTapHOil: 8KBRBaJI6HTHOCTR COOTB6T­

CTBYJlllHX Wlf- anre6p Jfi.1 , ./)12. , nx conna:.neHWI, .al1 =~2 
R COBna.n;eHWI HX aJIHYJiliTOpOB ~ = 9'{1 • 

2. Hai,n;eHU H.R .n;.y. CYIJ!6CTBOBaHR!l onepaTopa pacceJIHWI s 
~TOPR'lHQ-KBaHTOBaHHllX CRCT6M R RCCJI6.IJ:OBaJW ero OCHOBH!le CBOil:CT­

Ba. 

3 • .UoKasaJW u.n .n;.y. KBasnqx:,xonocTR npe.n;cTa.BJieHWI KKC, 
TIOJ!YllaeMOro JIRHeftHHM KaHOHR'!ecKRM (ueo6paTKMUM)npeo6pasoBBHReM ns 

qx:,KOBa. liOJ!YlleHU H.R .n;.y. COBTia.n;eHlUI rumyJIIiTOpoB R W ~aiiredp 
JJ.BYX TaroiX KBas$KOBllX npe.n;CTa.BJieJml. 

4. YcTaHOBJiemi B o6meM CJIYllae u.n .n;.y. anre6prut1lecKOI .n;na.;.. 

I'OHaJIRsyeMOCTB 6BJIBHeiiHI:lx ~pMH- B 6ose- rBMRnbTOHnaHOB c ITOMOIIIbD 

aBTOMopfJHsM<>n Eoi'OJII06ona. liOJ!YlleHU o6IIIHe .n;ocTaTo'lH!le yCJioBWI 

~ BX C06CTB6HHOii·~arOHSJIR3Y6MOOTB, 

12 

5. Hail.n;eHH H.H .n;.y. ~aroHSJIRsyeMOCTR B6lll6CTBeHIWX 6HJIRHeii­

HllX raMRJ'IbTOHHaHOB, ,Il;OKa3aHa ~ai'OHaJIR3Y~MOCTb TIOJIYO!'pamt'IeH-

HllX nemecTBeHIWX 6HJIRHeiiaux rru.!RJI:&TOimaHOB. MsYlJeHa aHT~aro­

HaJI:&HaJI H 6o.nee o6maJI "KaHoHR'!ecKaJI. l!JopMa" 6WIRHeiillux r&~RJI:r:.Toim-

aHOB, 

6 • .IteTaJibHO llCCJie)J.oDaua .n;RHru.m:Ka 6RJIRueiiuux BTopnl!Ho-KBaH­

TOBaHHUX CHCT6M, H _Ha STOii OCUOBe. TIOCTp06Hll ItOHTpnpm.mpll, .IJ:B.IOIIllll:6 

OTB6T Ha Pff.D: BOnpoCOB o6meii Teopnn paCCeJIJDaa B KBaHTOBO-TIOJI6BllX 

CHCT6Ma.X, 
• •".' o ~ .H' 

PesyJI:&TaTH nHccepTaqgH ony6JIHKOBaHH B pa6oTax: 

JI.A • .Ua.n;amen, B.D. KyJIReB, B KH. "CW:sHKa aJieMeHTapnux tiacT~" 

{lllKOJia-ceMRHap MOJIO,Il;WC yqeuux, Co'UI, I974)' I59, Ms.n;. owrn:, 
PI,2-8529, ,Uy6ua, I975. 

JI.A • .Ila.n;ameB, B.IO. I\VJIReB, TM<li, _gz, 297,1976. 

JI.A • .Ua.n;ameB, B.IO. KyJIReB, npenplD!T M<liM! Asep6. CCP, N! 52, 
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