
OB'bE,nHHEHHYA HHCTHTYT H.L{EPHYX HCCJIE,nOBAHHR 

f-3tb 
Y ~K 531.314,530.182 

' 

rEP~~HKOB 
BJia,nKMHp CTecpauoa 

2-87-60 

noPO~~AffimHE onEPATOPY 
HEnHHEHHYX 3BOnffiI.J,HOHHYX YPABHEHHR 

conHTOHHoro THnA, 
CBH3AHHYX C nonYnPOCTYMH AnrEBPAMH nH 

Cneu.HaJlbHOCTb : 01.04.02 - TeopeTKqecKall 
H MaTeMaTHqecKall cpK3HKa 

ABTOpe~epaT aHcc epTaUHH Ha COHCKBHHe yqeHoA 

CTeneHH aoKTOpa ~H3HKO-MBTeMBTHqeCKHX HBYK 

,Uy6Ha }987 



P.a6oTa BhlITOJIHeHa B ]a6opaTop:im TeopeTnqecKoft wasHKH 
06~e.n;rrHeHHoro HHCTHT2Ta SI,ll;8pHWC HCCJie~oBaHHft. 

OqiHUITMbHhle orrrroHeHThl: 

~ORTOP (1)1!3llRO-MaTeMaTHqecKHX HayK, 
~eH-KoppecrroH~eHT AH CCCP 

~OKTOp (IM3HKO-l:!aTOll8TilLl8CI:.J1X HayK, 
rrpoqieccop 

~OKTOp (l)H3HKO-MaTeMaTHqecKHX HaYK, 
cTapllllift HayqHuft coTpy~HK 

3AXAPOB 
BJia.n;rrMllp EBreHh8BHq 

]llJlI{OB 
EBreHHll IleTpOBHq 

CABFJThEB 
lvlllXaHJI BJia.n;rrMll po BHq 

Be~ma.H opraHHsauim - MaTeMaTHqecKHft ltHCTHTYT 
.w. B. A. CTeKJIOBa AH CCCP, Moc1uia • 

ABTopeqiepaT paaoCJiaH " " I987 r. 
3a111HTa COCTOHTCJI " " --------- I987 r. Ha . . 

sace~aHHH crreurrMnsnpoBaHHoro coBeTa ~047.0I.OI ]a6opaTop:im 
TeopeTHqecKOll q>H3HKH 06~e.n;rrHeHHOro llHCTHTyTa SI,ll;0PHWC HCCJie~OBaHHH, 

,lLy6Ha, MocKOBCKOll o6JiaCTH. 

C .n;rrccepTaurreft MOJKHO 03HaKOMllTbCJI/B 6H6JIHOTeKe 

06~e.n;rrHeHHoro HHCTMTyTa JI~epHhlX HCCJie~oBaHHft. 

YqeHllli ceKpeTapb COB0Ta 
.EtaH.n;rr~aT qJH3HKO-MaTeMaTHqecKHX HaYK ~-

B.H. JJrypaMeB 

·1 

I 

:j 

:1 

I 

i I 
I 

~.'.::..- .... _ 

OHJlAR XAPAKTEPHCTIIKA PAEOTH 

AKTVMbHOCTb T0MII orrpe~eJIJI0TCJI BaJKHhlM 3HaqeHH8M M0TO~a o6paTHOll 
3a~aqn paccemrn:JI (M03P) 'OTKphlTOro M. rap~epoM, ,UJK. rpHHOM, 
M. KpycKMOM, P. !vlllypoii H II. ]aKCOMW!JI IICCJie~oBaHIIJI HeJIIIHeftHwc 3BO
JIIDUITOHHWC YPaBH8HHll (HSY) MaTeMaT~8CKOll qJH3IIKH. CMbHhlll TOJiqoK R 
~MbHe:fuueMy pa3BIITIIID M03P II pacllllipeHRID cqiepu ero ITPIIM8HHMOCTH 'MII 
IllIOH_epCKll8 pa60Thl B.E.3axapoBa, ] • .l]:.<.!iaM98Ba Id A.E.llla6aTa, CM, r-4/. 

Omi He TOJibKO JdCqepllliBaKJll9 HCCJie~OBMII TaKHe BaJKHhle .IT,IIJI (l)II3HKH 
ypaBHeHHJI, KaK ypaBH0HRJI KoPTeBera - ~e <l>pIIaa, HeJIIIHefuioe ypaBHe-
HIIe Illpe.n;rrHrepa (HYlll) Id ypaBH9Hli8 CJdHYc-rop~oHa, HO II ~MII HX liHTep
rr_peTaurrro KaK 6eCKOHeqHoMepHhlX BITOJIH8 HHTerpnpyeMUX raMIIJ.lbTOHOBhlX 
CIICT8M. 

B ITOCJI8~IDIJllill, cpaBHIIT8JibHO KOPOTKHll rrepIIO~ 6wro Ha~eHO 60Jib

moe qnCJio ToqHo pemaeMUX H3Y COJIIITOHHOro TIIITa H YCT8HOBJI8H PM HX 
OCHOBHhlX CBOllCTB: a) B03MOlKHOCTb HX rrpe~cTaBJieHHJI B B~e YCJIOBIIJI 
coBMecTHOcTII ~yx JIIIHeftHux a~aq ( L , M J = 0 ( rrpe~cTaMeHIIe ]aK
ca); 6) B03MOJKHOCTb JIBHOro BhlqIICJieHHJI COJIHTOHHhlX perneHIIll, 06Jia~aio
lllHX ycToftqnBOCTbID H qacTIIU8IT0~06HUMH CBOllCTBaMH; B) HMIIqIIe 6eCKO
HeqHoro qnCJia 38KOHOB coxpaHeHRJI; r) cymecTBOB8HII0 raMIIJ.lbTOHOBOH 
(l)OPMYJIIIPOBKH, a .IT,IIJI MHOI'IIX II3 HHX H JIBHOe BhlpaJKeHHe .IT,IIJI rrepeMeHHUX 
~eftcTBIIe - yrOJI. B peayJibTaTe YCHJIIIH 60JiblliOro qncJia IICCJie~oBaTeJieft 
B HaCTOJilllee BpeMfl ltalK,I(Oe II3 3TIIX CBOllCTB MOJKHO BhlBBCTII MHOI'IIMll crroco-
68Mli. H3 Hl1X MII YITOMJIH9M HaH60Jiee ajxl)eKTliBH118: peKyppeHTHHH 
rro~o~. pa3BHTUH B pa6oTe 151 .IT,IIJI rrocTpoeHHJI rrpe~cTaMeHIIll ]aK
ca IICXOM IIa ~aHHoi1 JIIIHei1Hoi1 a~aqII L ; MeTo~ o~eBaHIIJI 3axapo
Ba - 11la6aTa .IT,IIJI BH'lIICJI0HRJI COJIIITOHHUX perneHIIi1; MeTo~. OCHOBaHHhli1 Ha 
WoPMYJiax CJI8~0B .IT,IIJI BliqIICJI8HIIJI saKOHOB coxpaHeHHJI,H ~p. 3TH M8TO~, 
paspa6oTaHHhle CHaqaJia Ha IIPHMepax CIICT8M TIIITa illTypMa - ]HyBWI.1IJI 
II 3axapoBa - llla6aTa, 6WIH 6ucTpO rrepeHeCeHli II Ha PM ~pyrHX BCIIOMO-
raTeJibHUX JIIIHei1Hux saMq L , B TOM qIICJie H paaHOCTHux; MepoMOpq>--
Hhle rryqKH o6mero B~a HCCJI8~0BMHCb B 161. 

BaJKHUM IIHCTpyMeHTOM .IT,IIJI CHCT8M8TH3aUHH 3TIIX H3Y JIBMOCb ITOHJI
THe KaJIII6poBo~oft aKBHBaJieHTHOCTR, BBe~eHHOe B.E.3axapoBblM, A.B.Mli
xawroBUM ll ].A. TaxTa,IJ)KJIHOM. OHO II03BOJIMO ycTaHOBHTb 3KBHBaJI8HT
HOCTb M8JK,l'zy U8JiliMH KJI8CCaMH H3Y, B TOM qnCJie II 3KBHBaJI8HTHOCTb 
HYID n ypaBHeHRJI qieppoMarneTH.Eta reftsea6epra (<I>r). B aacToJI1J1ee BpeMJI 
BCKpuTa rJiy60.1taJI BHYTP8HHJIJI CHMM8TpIIJI 3THX H3Y, IT03BOJIHBlli8JI CBJI38Tb 
HX C -08CKOH8~0M8PHliMH aJire6paMll THITa Kaua - My.n;rr, CM. / 3 ,4/ . 
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0co6oe MeCTO B 3TOM Rpyre H,D;eii 3aHRMaeT H,D;eH 06 HHTepITpeT'IWi 
M03P KaK o6o6meHHoro ITpeo6paaoBalil'!H wypne, KOTOPM BoaHl'!KJia B 5/ 
Ha ITPHMepe cncTeM11 3axapoBa - llia6aTa L0 • B aToii xe pa6oTe 6wrn 
ITOCTpoeHu WITerpoN11PPepeimHam,H11e oITepaTopu A: , I\~ , rropoJK,na-+- . 
rouure KJiacc COOTBeTCTBYJOiqIDC HSY, H rue co6CTBeHHue qiyHKmm: "[_-(x.;f) , 
~ - L o '+',- (X, M - "KBa.npaTu" pemeHnii HocTa O • .UaJJnHeffirree paaBHTHe 

aTa°ii H,D;eH CBH8aHO C do.nee rJiy60KllMMCCJie,noBalil'leM OT06pru1telil'!H fl: ~ 
J1 ~ <J: , r.ne Ji. 0 - KJiacc .norrycTHMl.iX rroTeHrw~oB h 0 , a 

0 

0g; -~HHMaJlnHHH Ha6op .naHHllX pacceHHHH. TaR, B 7/ BIIepBl.ie 
ITOJiy~eHo COO,THomeHlle IIOJIHOTl.i .n;mr CHCTeM { 'l_J{,±cv,1}:0:{ cp/(x. ~)} ; 
yJiy'IllleHHHH MeTo.n .noRaaaTeJinCTBa 3TOro COOTHomeHHH IIP,HBeJI R IIOCTpoe
HHIO crreKTPaJinHOH TeopHH orrepaTopoB A; , /\; 781 HR Bl.iHCHe
HHID Toro qJaRTa, qTo OT06paxeHHe CJ' Herrocpe.ncTBeHHO CBH8aHO co 
CITeKTPaJinHl.iMli paaJIOXeHnw ITOpoJK,na:~x OITepaTopoB At H A; . Ha 
6aae UMJ"I0HHHX B 18 • 9 paaJioxeHllii .n;mr rroTeHI.WaJia L O H ero Ba--+- ' 
pnamm ITO CHCTeMaM { 11';, -,t , { cp/ J y,naJIOCn Ha e.IJ;HHOti OCHOBe 
BllBeCTH pH.IJ; OCHOBHl.iX CBOHCTB HSY H Bl.iHCHllTn qiyH.naMeHTaJlnHYIO poJin rro
poJK,naJOiqIDC oITepaTopoB /1. ! B TeopHH aTrue ypaBHeHHii. TaR, oITepaTopu A! 
rropoJK,naIOT: I) KJiacc HSY n rue rrpe.ncTaBJieHnii RaRca; 2) aaRoHl.i coxpa
HeHHH HSY; 3) nepapXHIO raMWinTOHOBllX CTPYRTYP HSY; n, HaRoHeU, 
llpli 3TOM CTaHOBHTCH oqeBH.IJ;HOii HHTepITpeTaI.WH·Mo3P RaR o6o6meHHOro 
ITpeo6paaoBalil'!H w~ne, 

PaaBnTIDi B ,9/ MeTo.n paSJioxeHHii ITO "KBa.npaTaM" pemeHnii L0 , 
O.IJ;HaKO, He HBJI.lleTCH RaJIH6pOBOqttO-KOBapHaHTHl1M, CymecTBeHHO HCITOJin-
30BaJICH TaRXe TOT qiaKT. qTo L. 0 - JIHHeiiHIDi 2x2 MaTpHqttHH OITepaTop 
ITepBoro ITOPH.IJ;Ra ( T. e. cBHaaH c aJ1re6poii sl ( 2) ) H CJie.n;yrouure 
oTcro.na cBoiicTBa aHaJIHTH~o_cTH cTOJI6UoB · ~emeHllii .i-locTa L 0 

B To xe BpeMII 6wro ycTaHoMeHo /I, ,4,ID-!21, qTo pH.IJ; Baxttux 
HSY, TaRIDC, KaK ypaBHelil'!H n. - BOJIH, RHPaJlnHHX rrOJieii, PH.n o6o6me-
HHti HYlli H wr .norrycRaroT ITpe.ncTaBJieHHH RaRca [ L , M ] = 0 wrn 
[t , M] = 0 , r.ne L · - ecTecTBeHHoe o6o6meHHe c:0:cTeM11 3axapoBa -
llla6aTa Ha rrOJiyrrpocTue aJire6pu RH. OJ · . c paHroM . r > 1 , a ~ 
- cncTeM11,RaJ1n6poBo~o-aRBHBaJ1eHTH11e L (cM. <I><>PMYJIH (I) H (2) HH
xe). HaITpamnBaJ1acn MHCJin, qTo MeTo.n paSJioXeHllii ITO "RBa.npaTaM" peme
Hnii o6o6maeTCH n .n;mr aTHX CHCTeM.-

,npyroii Rpyr BOIIpoCOB CBH3aH C Bl.iHCHeHHeM Toro, HaCROJinRO CBOii
CTBa HSY aaBHCHT oT Bu6opa ROHRpeTHoro rrpe.ncTaBJieHHH V'"') aJire6pu 
"J . HeTPY.nHO y6e.IJ;HTnCH, HarrpHMep, qTo HBHllH,Bll.IJ; HSY HA 3aBHCllT 

OT vcw) . B TO xe :SpeMII rrp:ir aHaJIH38 o6paTHOii aa,na~ pacceHHHH 
(T.e. OT06paxemm y:- : ..1£ ~ Y) H rrpn BllBO,ne COJillTOHHl.iX pe
meHllii cymecTB0HHO HCITOJlbSOBaJIHCn TOJinRO ITpoCTeiimne rrpe.ncTaBJieHHH °if 

lleJin pa60T11: ncCJie.noBaT:r, II.PJIMYIO n o6paTHYIO sa.na~ pacceHHHH 
~ o6o6meHHux c:0:cTeM 3axapoBa - Illa6aTa L B aaBHcHMocTH oT B1160-
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pa ITpe,nCTaBJieHHH v(w) aJire6pu '>J , IlOCTpOllTn KaJlll6poBO~O-KO
BapnaHTHYIO <I><>PMYJIHpoBKY TeOPHH ITOpoJK.naxmmc oITepaTopoB /\ + H Ha ee 
OCHOBe BllBeCTH_e.IJ;HHl.iM o6paaoM CBOHCTBa I)-4) ,w!H HSY TllITa-HYlli, HH
Terpnpyem IIpH IIOMO~ L.., ; BH.IJ;eJIHTn HOBl.ie qJH3HqecRH HHTepecHl.ie 

I 

rrpnMepu HSY. IlOJin3YHCn HBHOii RoBapnaHTHOCTnIO <I><>PMYJIHpOBRH,IIOJIY~Tn 
peayJinT8Tl.i I)-4) ,ll;IIH HSY TllIIa wr, ,PBH3aHHUX C RaJin6poB0~0-3KBHBa
JieHTHl1Mli CHCT8MaMli L. . Hay~Tn B03MOXHOCTH .IJ;aJinHetimruc o6o6meHHti 
MeTo.na. 

HayqHaJI HOBH8Ha .IJ;HccepTamm: 38KJIIOqaeTCH B IIpllMeHeHHH CITBRTpaJin
HllX pa3JIOX8Hllti rropoJK,narouurx OITepaTOPOB .n;IDI HCCJie,noBaHHH qiyH.naMeH
TaJinHHX CBOtiCTB HSY COJIHTOHHoro THITa, CBH3aHHHX C ITOJiyITpoCTHMli aJl
re6paMH RH. IIpn 3TOM BITepBl.ie ITpe.wioxeHa RaJIH6poBO~O-ROBapnaHTHM 
<I><>PMYJIHPOBRa 3THX paaJio~elil'lii H HCCJIB.IJ;OBaHa 38BHCHMOCTn <I><>PMYJI~pOBRli 
06paTHOH aa,na~ pacceHHHH OT BU6opa rrpe.IJ;CT8BJIBHHH v<w) aJire6pH "J , 

IIocTpoeHH CHCTeM11 ITpHcoe.IJ;HHeHHl.iX pemeHHii i 'lJ' ~ H { cp J. CBH-
38HHHX c L n o6o6marouurx "RBa.npaTu" pemeHHii 1 ,P/ J , { cJ:1,±J. Bu
q:0:CJieHu rropoJK.naIOmne orrepaTopu /l !:. , .n;mr KoTopux I if J , ,{ cf) f HB
JIHIOTCH C06CTBeHHl.iMH WYHRIWHMH. 

.UoKa3aHO CBOHCTBO ITOJIHOTH ITPHCOe.IJ;HHeHHl.iX pemeHHii f ''Y:!} Il, { cp}, 
IIOJiyqeHu paSJioxeHHH .n;mr ITOTeHI.WaJia L H ero Bapnamm no cncTeMaM 
l 1:1:' J , { <PJ . Ha Hl'!X H Ha cooTBeTCTBYIOmHX <I><>PMYJI o6pameHHH CJie.n;y
eT o oqeBH.nHOCTnIO nHTeprrpeTaIWH M03P RSR o6o6meHHoro rrpeo6paaoBaHHH 
wypne. 

CneRTpaJinHl.ie paSJioxeHHH nopoJK,naromruc onepaTopoB HcnOJin30BaHu lI,1IH. 

Bl.iBO.IJ;a qiyH,naMeHTaJinHl.iX CBOHCTB HSY THna i't - B_OJIH ll HYlll, HHTerpHpye
MHX llpli ITOMOmll ~ • 

BrrepBue ITOCTpoeHU cneKTpaJinHUe pa3JIOXBHHR MR RaJin6poB0~0-3K
BHBaJieHTHW:: rropoJK.naxmmc onepaTopoB /\± Il C HX noMOIIU,JO CqJOPMYJIHpo
BaHu qiyH.naMeHTaJlnHUe CBOHCTBa HSY Tnna wr. 

IloKaaaHa rrpnMeHnMocTn MeTo.na paSJioxeHHii no npncoe.IJ;HHeHHl.iM peme
HHHM .n;mr nOJlliHOMHaJinHUX-.0606meHHil L , .wtR HeKoTopHX paaHoCTHUX 
aHaJIOroB , L. . a TaKJKe B CJiyqaHX. Kor.na °l RBJI.lIBTCH rrpoc-
TOH GyrrepaJire6pott RH. 

ITpaKTHqecKM ueHHOCTn, IIpoBe~eHo .neTaJinHoe ncCJie.noBaHHe WYH
.naMeHTaJinHW:: CBOtiCTB Il Hati,neHu HOBUe npHMepu HSY THila n. - BOJIH, 
HYlli n wr Ha o.IJ;Hopo.IJ;Hux n cHMMeTpn:qecRruc npocTpaHcTBax. E.IJ:IDU,IM o6pa
aoM, ncxo.nr:r na cneRTpaJinHoii TeopHH onepaTopoB A+- , 7f + , onnca-- -
HH IlX ITpe~cTaBJieHHH RaRca, 38ROHU coxpaHeHHH Il HepapXHH raMilJinTOHO-
BW:: CTPYKTYP, ~o noaBOJIHJIO rJIY6xe rroHHTn pH.IJ; cyry6o HeJinHeiiHux rrpo
ueccoB B onTHRe, qJH3IlR8 CBepxrrpoBO.IJ;llMOCTil, \PH8HK8 rura3MU Il T .rr., KO-
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Topue, KaR xoporno nsBeCTHO, OITHcllBaIOTCR Bll!IleyrroMHHyTUMJI ypaBHeHnR
MIJ; 3TH ~e ypaBH8HHR nrpa~ B~YID pOJII, H RaR MO~MH /IaccnqecROH 
Teopnn ITOJIR B ~@lepeH1l;IIMI,HOH reoMeTpnn HT.~ •• CM. I-4/. PesyJ1I,
T8Tll,BOille~e B ~ccepTarm:ro,:rm:TnpyIDTCR B 60J1ee qeM 60 pa6oTaX, 
ITOCB/Ill18HHUX H2Y CCJIHTOHHoro THITa, B TOM qnCJie H B MOHOrpa@nRX / 2 ,37. 

.!WR 3J\IIU'.!TU Bbl.UBHI'AlOTCR c.JIEN](llUIB PE3YJI1TAT!l,IIOJIYT.fillli!IB 
B ,lll1CCEPT AUIBI : 

I • .ll.JIR o6o6meHHUX cncTeM 3axapoBa - llia6aTa L , CBR3aHHUX c 
ITOJIYITPOCTUMJI Mre6paMn Jin,perneHU ITPRM3R H o6paTHM 3~aqn pacceR-
HIDl npn J1ro60M Bu6ope npe~cTaBJleHHR V''-') Mre6pu f>J . BrrepBIIe 
B~eJleH MllHHMaJII,Hllll Ha6op ~aHHIIX pacceRHHR g- . ID!.. 3aBHC.llllJHH OT 
BII6opa .npe~cTaMeHHR V'"'J . 

2. BnepBIIe ITpeMo~eH RMM6poBoqHo-RoBapnaHTHllfi ITo~o~ rrpn nsy
qeHnn oTo6pa.JKeHHR ff : .U. ➔Y, r~e .ll,-Macc ~orrycTlIMIIX noTeH-

~ 
I.WMOB B L . .UoRasaHo, qTo OTo6pa.JKeHne :Y 3KBH.BaJISHTHO ITOCTpoe-
HHID pasJl~eHnii no cncTeMaM { 'tJ! ½ Ir f cP l npncoe~eHHux perne-
HHH L. 

3. IlocTpoeHa @YHKI.WR rpnHa G(x, '/, J) , c ,rroMomI,ro RoTopofi ~oRa
saHo COOTHOilleHHe IIOJIHOTll MR CHCTeM f 1-1:' J n f c:p 1 HaMeqeHa 
cneKTpaJII,HM TeopnR nopolK,Il:aKIIU1X orrepaTOPOB /\+ Ir /\_ , MR RO-
TOPUX { 'lf J Ir f c:p J RBJIRIDTM co6CTBeHHIIMll WYHRlJlUIMll • 

4.BrrepBue crreRTpaJrI,HIIe pasJ1oxeHM ITopoJK.n:aJOlJU1X orrepaTopoB Ar 
HCITOJII,30BaHH MR BUBO~a TaKHX @y~aMeHTaJII,HllX CBOHCTB H3Y, KaR:a) OITH
caHHe RJ1acca H3Y, cMsaHHUX c ~aHHofi JIHHefiHOH s~aqefi L 
6) ITOCTpoeHHe ITJIOTHOCTefi HHTerpMOB ~Bll8HHR H3Y; B) ITOCTpOeHne ne
papxnfi raMHJII,TOHOBUX CTPYRTYP H3Y. TaKHM o6pa30M, ITpo~eMOHCTpnpoBa-
Ha @y~aMeHTMI,HaR pOJ1I, rropoJK.n:aJOlJU1X oITepaTopoB /\I ITpn oITHcaHnn 
Ir HCCJie~oBaHHH H3Y. 

5. Brrep~e ITOCTpoeHH crreRTpaJII,Hlle pa3~0~8HM MR nopolK,Il:8IOlllllX 
onepaTopoB /I 1: , cMsaHHUX c cncTeMaMH L , KMH6poBo~o-sKBHBa-
JleHTHUX. ~ • IIpeMoxeH crroco6 BHqnCJieHM oITepaTOpoB I\+ n c nx 
rroMomI,ro c@opMYJ1HpoBaHu @yH~aMeHTaJII,HIIe cBoficTBa KMn6poBotJHo-sKBHBa
J1eHTHUX HSY. 

6 • .UoRaSaHa ITPHM6HHMOCTI, MeTo~a pa3JI0~8Hllll ITO ITpncoe~eHHllM pe
rneHHRM MR ITOJIHHOMHMI,HUX o6o6meHHfi l , a TaKJKe MR HeKoTopux pas
HOCTHUX aHaJroroB G . BIIqnCJieHII cooTBeTCTByromne nopoJK.n:aK11111e, oITepaTo
pu Ir c@oPMYJIBPOBaHH ocHoBHIIe cBoficTBa cooTBeTcTBYIDmHX HeJIHHefiHux Ir 
pa3HOCTHUX 3BOJIID1l;IIOHHUX ypaBH8HHH. TaKHM o6pa30M, ycTaHOBJl8HO, qTo 
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HHTeprrpeTall;IIR M03P KaK o6o6meHHOro ITpeo6pasoBaHnR ~ypI,e HOCHT o6mnfi 
xapaKTep. 

Arrpo6amm .llll:CCepTamrn. OcHOBHHe pesyJII,TaTll ~ccepTa1l;IIH ~ORJl~
BaJIHCI, Ha ceMnHapax B Jia6opaTop:im TeopeTnqecRofi @nsnKH n ~a6opaTop:im 
BllqnCJIBTeJII,HOll T8XImKll Ir aBTOMaTHSaI.WH 06~e~eHHoro HHCTHTyTa MeP
HUX HCCJie~oBaHHH, ITpo6JleMHOH rpyrrrrll 'Teopnn 3Jl6MeHTapaux qacTHU 11H
CTHTYTa R~epHUX,HCCJie~oBaHHH Ir M8PH9ll 3HepreTHKH B Co@lllr, OT~eJla 
KBaHTOBOll Teopnn ITOJIB lvfilAH CCCP (MocKBa), OT~eJIOB TeopeTnqecKOH @n~ 
SHKH 11~B3 {IIpoTBHHO), JIOMvI AH CCCP (JieHnHrpa~). 11~ AH CCCP (MocKBa); 
Ha M6~Hapo~ KOH@epeHrm:RX ITO MaTeMaTnqecKofi @nsnKe B Jio3aHHe 
B I979 r. Ir "COJIHTOHII-82" B 3~H6ypre B 1982 r.; Ha Me~Hapo~ux 
coBemaHHRX ITO HeJIBHefiHIIM sBOJIIDI.WOHHIIM ypaBHeHHRM n ~HaMnqecKHM cnc
TeMaM B TpnecTe B I98I r. Ir B I'MHITCJIH B 1985 r. (HTaJIM); Ha Mex
~Hapo~ux C6MnHapax ITO rrpo6J1eMaM @H3HKH•BllCOKHX 3Heprnfi Ir KBaHTO
BOH Teoplllr ITOJIR B IIpoTBHHO B I979 n 1980 r.; Ha Me~Hapo~ux cnM
nosnyMax ITO CIT81l;IIaJII,HllM npo6JleMaM B KaJIH6pOBO~HX TeopnRX B ApeHCXO
rre B !984 (r.I{P) Ir no H36paHHllM rrpo6J1eMaM CTaTHCTHqecKofi MexaHHKH 
B ,Uy6He B I984 r. Ir~. 

IlYMHKamrn:ITo pesyJII,TaTaM ~nccepTamrn: oITy6J1nK0BaHo 20 pa6oT. 

06~eM pa60Tll. ,ll0:ccepTa1l;IIR COCTOHT H3 BBe~eHM, ITRTH rJlaB, saK
JlroqeHHR, ITRTH ITPR7.IOX6HHH H CIIHCKa JIHTepaTypll~ 0Ha co~epxnT 349 CTpa
HliU MaIIIl:IHOITHCHoro T6KCTa, 7 PHCYHKO~.CITHCOK JIHTepaTypll COCTOHT HS 242 
HaHMSHOBaHHH. 

CO,UEPJ[AfJ]1E PAEOT!l 

BBeneHHe co~epxnT KpaTKHH o6sop JIHTepaTypll, ITOCTaHOBKY n aK
TYaJII,HOCTI, 3a~aq,pacCMOTp8HHUX B ~ccepTaI.WH, a TaKJKe ee KpaTKOe 
co~epxaHHe no rJ1aBaM. 

IlepBM rJ1aBa ITOCB/Ill16Ha HCCJie~oBaHirro ITPRMOH H o6paTHOH 3~aq 
pacceRHHR MR ecTecTBeHHoro o6o6meHM cncTeMH 3axapoBa - llia6aTa: 

~ 'lf (X,,1) : [ ,i, :x +- 'f(X) -51 ]] '±'(X,,\) :: 0, 

1:: "wn,f , l,',m q(x) = 0 , J, 9 (xJ ~ cH, ( I) 
• t-"'.±oa Q 

r~e rroTeHI.WaJI qrx, rrpnHaMexnT rrpocTpaHCTBY KoMI1J1eKcHosHa~ux @YHK
rm:fi THITa IllBapua c.-;,j B~a C/(X) = [J,91(1C,] ' a J - IIOCTORH
Hlltt BemecTBeHHlltt MeMeHT ITO~aJlre6pll KapTaHa .n ITOJfyITpoCTOll Mre6pll 
Jin "J . B OCHOBHOM TeKcTe HCCJie~IOTCR OT~MI,HO Tpli pa3HUX CJiyqa,r: 
a) J - peryJ1RpHlltt MeMeHT fl, n L He HMeeT ~cKpeTHoro 
crreKTpa; 6) J - HeperyJ1RpHIIfi MeMeHT .fz , Ir L He HMeeT ~c
KpeTHoro cneKTpa; B) J - pery.lllipHllll MeMeHT Ji c:. °le:: rl(1tln L. nMe-
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eT ROHe'IHoe 'IBCJIO ITPOCTIDC ,IUICRP8THIIX co6CTB8HHIDC SHa'IeHHii • .Iirr.lI 
RpaTROCTlI HlI]K8 MII·orpaHH'IlIMCR TOJibRO c.:rryqaeM a). 

Ilaparpaqi I HOClIT BCITOMOraTe.irnHllli xapaiTep. B HeM BBO,wrTCR 

H806XO,IUIM!Ie 0603HaqeHHR lI co6paHH: OCHOBH!:le CBe~eHHR,lI3 T80pHH ITOJIY-

ITPOCTIDC aJire6p Jrn:. . (W) 

B § 2 ITpn JII06oM BH6ope HeITpnBo~oro ITpe.n;cTaMeHHR V ITOCT

poeHH cpy~aMeHTaJibH!:l8 pellleHHR J± (X ,A) ClICT8Mll ( 1) , 06.n:a.l(aIOll\1!8 

CBOUCTBaMH aHaJIHTlI'IHOCTlI ITO CIT8RTpaJibHOMy ITapaMeTpy ~ • CIToco6 

lIX ITOCTpoeHHR 8CT8CTB8HHHM o6pa30M o6o6maeT M8TO~ 3axapoBa - MaHa-

ROBa - IIla6aTa, ITpe,ll;Jlo]KeHHllli ,Il;JIR THITH'lloro ITpe~cTaBJieHHR V <wJ.) aJI-

re6pu s/(n), H OCHOBHBaeTCR Ha nsyqeHHH pa8JIO]K8HlIM raycca ,ll;JlR COOT

B8TCTBY!Olll8ll MaTPillU1 ITepexoja T7 {'Jr) • )loRa3aHo, qTo qiyHrunm K,./ {~) :: 
:: < w J / rw I w /) aHaJilITlI'IH!:l ITO JI ITPH Im J ~ 0 COOT-

B8TCTB8HHO, a llX HYXH OITP8~8JlmoT ,IUICRP8THHM CIT8RTP ClICT8Mll /_. • IlpH 

aToM MaTpn:rzy ITepexo.n;a Tt;u cxe~eT paccMaTpnBau B J
0 

- M 

V(W') 
qiy~aMeHTaJinHOM ITpe.n;cTaBJieHHH · i aJire6pu "l , a I w/ > 
( l Wj-> ) - cTapIIrnil (M7I~ii) BecoBoii BeRTop B 8TOM ITpe.n;cTaBJie

HHH, Bee ITOCTp08HHR 8TOI'O ITaparpaqia xerRO IT8P8HOCRTCR lI Ha ClICT8My: 

L 1£(l<,.l)-= [ ,;,:f}( - .;i S1x1] "f(x,~J == 0, 

S(x)-== "':1!
0

-
1r,0J'P.,(x} , 1-'c,<xJ = '!l'(}(,il=0),(2) 

RaJIH6pOBO'IH0-8RBlIB8JI8HTHYIO (I); ITPH 8TOM Ha S (X) HaRJia.n;HBaeTCR 

8CT8CTB8HH08 ,ll;JIR qieppoMarH8TlIROB yCJIOBHe e,-,,,,.,, S (Jc) = J. 
x ➔•-oP . 

B § 3 ITOcTpoeHo R.n;po pesOJinBeHT!:l cncTeMH (I). Bwmn:eH xapaRTep 

oco6eHHocTe.ii Jr. h<, il) B ORpecTHOCTRX ToqeR .IUICRpeTHoro cITeRTpa 

~ lI llX SaBHCHMOCTD OT Bl:l6opa ITp8.l(CTaMeHHR v{wJ • )loRaSaHO 

COOTHOIIleHHe ITOJIHOT!:l ,ll;JlR co6cTB8HHIDC qiyHRIJ;liii (I). 
B § 4 ITOCTpoeH MHHlIMaJipH!:lll Ha6op .l(aHHIDC pacceRHHR fl , .!!§. 

SaBHC.fllljllii OT Bl:l60pa ITpe.n;cTaMeHHR V{WJ • IlOJiyqeHH: ,IUICITSpClIOHHl:le 

COOTHOIIlSHHR ,ll;JlR .t)jx(A) 'ITpnqeM llX cRaqoR Ha BemecTBSHHOii OCH 

Bl:lpa]!teH JIBHO qepes MSMSHT!:l !1' , 3To ITOSBOJIJIST ITO 3~aHHOMy 

Y BOCCTaHOBlITb cpyHRIJ;lill _.8j z {lt) BO Bceii llX 06X8CTlI aHaJIH-

TlI'IHOCTII, )laJinHefulrn:il: aH8JIIl3 ITORaSHBaeT, qTo ITO Y 0~03Ha'IHO BOC

CTaH8BlilIB88TCR RaR T{A) , TaR n cooTBeTCTBYJOmIIil: ITOTeHUliaJI 9(xJ. 
BTopaR rnaBa ITOCBJIJIISHa 60Jiee IT0~6HOMJ JisyqeHIDO ·OT06pa]!teHHR:. 

Y: : .,fl --+ g" . B § 5 ITORa3aHO, qTo Y CBR3aHO c pas-

XO]KSilruIM,I ITO ITpncoe.l(lIHSHHHM pemeHIDIM ClICT8Mll (I): 

6 

f> 

,, 

f~J == { ~ e;;(JC,~) I 

{ <P J == f Pa e ~occx,;n, 

P., €_~ (X,JJ , ol. > 0, jt-/1.?}, 

Pae;<x,il), ot>o, JE-IR}, 

e;cx,J>-= rx~E"'-1:J:-1)fx,>.>, hf<x,-1>-= (.J-± l-ljJ±-1.)<x,;,J, c3> 

r.n;e ITpoeRTop Pa= a.dJ-! a.J.J. , a fc1., HJ , (X f- fl , j= J, ... ,r 
- 6asnc· KapTana - Be~ n cncTeMa RopHeil: a:n:re6pu OJ· IlocTpoeHa 

qiyHKillUl I'pIIHa G (x,d,A), c ITOMOmbIO ROTopoii ~oRasano cooTHollleHHe 

ITOJIHOT!:l ,IJ,IDI CIICTSM f 11! J n { rP J B ITpocTpaHCTBS c..;. 1 • 
HBHO Bl:l'IBCJieHu ITOpollt,I(ruooure·oITepaTopu I\~ 

(/\-t. 1:)(x) = a.d/ { ~ ~; + iR, [9vcJ, ·2-r10] .,. 
(4) 

f- it J;,1, -ti [qcxL (11-IP.,) {'cilJ [ -<f (iJ, l (jJ]j}, 
±oo 

,ll;JIR ROTO pmc { 1J! 1 II f cp t HBJlllJOT CR co6 CTBSHHHMH qiyHRll;I11IMH. 

B § 6 lIOJiyqeHH: paSJIOlKSHHR ,ll;JlR ITOT8Hll;li8JI8 q {)c) H ero BapHa-

Il;lill 09 f><J ITO CHCTSMS f tJ! J : · . 

cul/[&, 9<1(J]-= .z~ f :iJ OL~o 'if: { f';,_J"J e;(x,A) - 5'~,t,I) e~,p.,u J, (5) -- . 

cv1 -!dO(ll')-= - i. 1:-~ L,. !Pa{ a'r :rMe:rx.,u - d'y;r.1)€=.,/x,,>,J J 1 

J I o2Tt__ CX:?0 . (6) 

n aHaJIOI'H'IH!:le JIM paBJIO]KSHlIJI ITO cHcTeMe { q, J ; qe pes B· B ( 5) 
. o6osHaqeH peryAApHHii M8M8HT J1 • CITpaBS,l];JllIB!:l T8R]K8 qiopMyX!:l 06-

, , 

pameHHR: 

ni: (:>,)-= [od.J-
1
{B,q] e_±(~:~iJ I cff~ (A)-= l[o.d.J-

1
cf9(x) e: (x,A,j 

~ - , + 0( +ot. , + 0( •{'7) 
8, TO( ' 

::,0 

[X, y 1 = J dx<'X" [J, Y]> -- V x, y t v>;, J' (8) 

r~e <. , ') - qiopMa Kwr.mmra Ha "J . )loRasano, qTo Ha6op 
ROajlqiHIJ;lieHTOB pa8JIO]KSHHR YJ:. f fB,-fjl, f'e,, j-l> J 8RBHB8JI8HT8H Ha6o
py Y, IToxyqeHH CBOHCTBa 6HOPTOI'OH8JibHOCTH ITpncoe~eHH!:lX peme

HHil: {'Y:! J n { ¢} ITO OTHOIIleHHIO R ROCOCRaJIRpHOMy ITpoHsBe~eHHIO (8), 
HS ROTOpmc CJie~eT. XHHeiiHBR H838BHCHMOCTb CHCT8M f tJ! 1 H { cp} ◄ 

B § 7 ITOCTp08Hli OCHOB!:l CIT8KTpaJibHOH T80pllli nopOllt,I(81JllHX 

onepaTopoB /\ + • IloKasaHo, 'ITO BBe~eHHaa B· § 6 ip~ 
G- (1C1 j' I ~) T8CHO CBSI38Ha C H.lijl8MH P830JU,B8HT onepaTopoB /\ ... H 

/L ; T8RHM o6pasoM,P83JIO]KSHHJI (5) H (6) HMSIOT CMllCJI CITSRTpaJIDHIDC 
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paaJioxemrii WI.lI onepaTopa /\.. • Kococmm11pHoe npoHaBe,nemre (8) 
CHa6xaeT npocTpaHCTBO ✓,;.,I H8BllpolK,ll;eHHOll MeTpHKOH, OTHOCHT8JibHO 
KOTOpoii "f- ll /\_ conpJDKeHH .zu>yr .zu>yry: 

[ X,11 ... Yll = [ A_X, Y] . (9) 

TpeTM rJiaBa nocBJillleHa HCnOJib30B8HIDO pa3JIOJK8Hllll (5)H (6) WllI 

BUBO,na ~YH,naMeHTaJibHhlX CBOllCTB COOTBeTCTBYIDl!lHX HSY. HeCMOTPll Ha 
o6HJIHe pa3JIH'lllhlX cnoco6oB n no,nxo.n;oB K HX BHBO.ll;Y MH y6elK,I(aeMC/l, qTo 
B HX OCHOBY MOJKHO ITOJIODTb cneKTPaJibHYID Teopnro nopolK,I(aIOIIUDC onepa
TOPOB. IlpH 3TOM CTaHOBHTC/1 oqeBn.n;noii HHTepnpeTall;ll:/1 M03P KaK o6o6men
HOro npeo6paaoBaHM ~ypbe. 

B § 8 nOJiyqeHo OIIHcamre KZiacca HSY COJIHTOHHOI'O THna, CB/13aH-
HilX c L.. ~oKaaana TeopeMa: WI.lI Toro, qTo6u· 9tx,t) y,noBJieT-
BOPffJIO HSY: _

1 
r . [ v -1 

,i,o..d .Q + Z J .. (ll+) Hj, a.JJ. 9tJ1;,fJ] =O, 
J tt K~1 (IO) 

r.ne fk (i\) -MepOMO~Hhl~~YHRlUIB .::.i , He06XO.ll;HMO H .nocTaTO'il!O, 
qTo6u .n;aHHue pacce11HH11 y y,noBJieTBOPHJIH COOTB8TCTBYID~M JHHeiiH1:n4 
ypaBHeHll/lM no t . STO YTO~eT peayJibTaThl .npyrux aBTOpoB 2, 5,II/, 
ROTOpue MOrJIH .ll;OK838Tb TOJibKO He06XO.ll;HMOCTb 3TOI'O YCJIOBil/1. 

B CJie.ny~eM § 9 nOJiyqenu KOMIIaKTHHe Bhlpa;KeHll/1 ll,lI/1 IIJIOTHOCTeii 
(k.) ' 

nHTerpa;roB .n;BHJKeHH/1 ci.J· qepea nopolK,ll;~e onepaTopu; HX nopolK,ll;a-
~MH ~YHRimOHaJiaMH llBJI/lIDTC/1 ~YHKlUIB ~- :1:(..\) 

.... ..!:. .. {I<) J 
,<J--(A) = 6 d· ~-1< 

J J(d J . , .;/ >? i, 

- X 1 
-= /z J :fJ(] olj ( [I, 9r;J], 11: [ H;~ adJ- 'l{r>J?, '"' 2. d.· 

(~·~Olj) 
(II) --

-= -i l o.ci/ Jrrx) / 11 :-i [ l-lj ~ adJ-~ q,,o]] J :z.cf d/k) 
(tXj ,o<j) 

r,ne <Xj , j = I,2, ••• , - cHcTeMa npocTwc Ropneii a;rre6pu 
"J , a U{/J - 6aauc B Ji , conp11JKeHHhlll K I H; J : ( H ... H/1=-J;I(. 

B § IO BHBe,neHhl KOMII8KTHh!e ~PMYJihl ,lJ,7.111 npe.n;cTaBJieHllil laRca 
qepea nopolK,I(a~e onepaTopu. IlpHBO.ll;HTC/1 TaRllte npOCTOH BllBO.ll; 0606-
meHHhlX COOTHOllleHllii BP,O,CKoro, JieJKal!lHX B OCHOBe MeTo,na @. KaJio,nJKe
po HA. ~eracnepnca 72 • 

B § II .n;oKaaana raMHJibTOHoBocn HSY (ID). POJib ~aaoBoro npocT
pancTBa nrpaeT MHoroo6paaue .1l c.J;,,,,J Bcex .norrycTHMilX noTeHrma-
JIOB CJ (X) • IlOKaSaHo , qTo Ha Ji MOJKHO BB8CTH nepapXHID nonap-
HO COBM8CTHilX raMHJibTOHOBhlX CTpyRTyp: 

.fl,..,,-= { ad;
1
• cf9 (xJ ~ I\"" o.cJJ-! cfcJ (10} , /\ = ¾ { 11 + +IL), 

+ (I2) 

KOTopue TOJKe nopOJK,I(aJ(}TC/1 CTeneH/lMH /I. 
8 

-=0,-1, ... , 

~oKaaano, qTo rrOJiyqeHHHe 

' 

; 
I• 

1 ,, 
;i 

~ 
I 
I 

I 

B § 9 HHTerpaJill .n;BHJKeHil/1 HaxO.ll;/lTC/1 B HHBOJIIDlUIB no OTHOllleHnro R JIJ0-
6oil Ha 2-qiopM nepapXHH Jl ,...,, . Ha:tt.n;eHu BhlpaJKeHH/1 WI.lI J2 (m) B Tep-
MHHax ,naHHilX paccellHllll. 

IloCJie.n;mrn § I2 3TOH rJiaBu noCBHmeH npoCT8HlllHM pe.nyRim/lM n npH
MepaM HSY. HaH60Jiee BaJKHh!MH Hf:\ Halli B3rJI/l.ll; /lBJI/lIDTC/1 npHMepu HYilI Ha 
CHMMeTpnqecKHX npocTpaHCTBax /IO-I2/: 

• [ 3 • j l. = 11· , ( J, 9 t 1 + q XX - 9 (X,t) ~ 0 1 

(I3) 

Haii,n;eHH HOBHe npnMepll HYill, nOJiyqaIOIIUDCC/1 H3 (I3) .nonOJIHllTeJibHOll pe
.nJRrmeii no.n .neiiCTBHeM aBTOMO~H3MOB Il3 rpynITU BeHJI/1 aJire6pu DJ 
Haii,n;enu orpamrqemr11, KOTopue aTn pe.nyRmm: HaKJia.n;HBaroT Ha .naHHue pac
cel1Hll11, aaKOHll ,n;HcnepcHH H Ha raMHJibTOHOBhl CTPYKTYPH .J2 (rn) , 

B IY rJiaBe pesyJ!bTaTH, nOJiyqeHHHe Blllll9 WI.lI cncTeM L., nepe
~ptmpyroTc11 WI.lI RaJIH6poBo'illo,-aKBnBaJieHTHHX e:li cHcTeM L (2). Ka
JIH6poBO'il!O-KOBapnanTHM ~PMYJIBPOBKa, npell,lioJKeHHM B npe.nu.nymHX rJia-
Bax, cymecTBeHHo o6JierqaeT pememre aTo:ii aa,naqu, _ _ 

B § 13 nocTpoeHH CHCTeMH npucoe.n;HHeHHblX pelllSHllll f "±' } n' f cp } , 
CM3aHHhle c L , H ,noKa3aHo HX cBo:licTBO nOJIHOTH. IlOJiyqeHH wopMJJihl · 
pa3JIOlK8Hll/l ,lµllI noTeHJmaJia [ E,, $(7()] Il ero BapHalUIB cf.$ (X) : 

- ""I -.I • 1T) J cf.A ) { - + - -1- - - - - } ad~-[13,S(xi]-= ~,r; ~_LJ S'B-'"' 8o1(X,,'\)-fs''lJe_,x,.\J (14), ,_, • •· .l11. __ .;J ot;,o • o< ,o1 "' , 

r['.J-SrxJ -= ./ 1; f"° ch 2. { cfi,/t,\)e:rl(,~J - cf f,; f,o e_jx,~,J_ ) 
0. s Jr -- ~ OI. >O 1 ( I5 

r,ne e;(~,).J-= 'fct;e;(1<,J) V{, (1!) , npoeRTOp le-= o.c/ ;~ad$• ; a COOT-
B8TCTBJIDmH8 ~PMYJIH 06pameHH11 HMeIDT BH,n: 

1i .! (;.)-= J [ aJ;
1rB. SJ, e.: (X,AJ]rl J'j_'.!: (;iJ = A[ ~1JS'(K}, e ~x.,l)} (I6) 

P,, +DI + (J ,:> I <f'c( + o/ :s' 
' C>o - - - - .I 
[ f, Y_Jl S-: J cLx < X<xJ, [Soci, Yfo]>., X.Yt-{s-= AJo/:<K,{:J.(l?) 

-0"' 

CooTBeTCTBJIOO(IIe nopOlK,ll;~e onepaTopu /l :t n0JiyqaroTc11 na /I -± Ka
Jin6poBO'il!HM npeo6paaoBamreM 

I\ t... -= 'f'o-11(~ I\ ± '¾ ()(~ 
( I8) 

K coxaJieHHro, o.n;naRo, aTa ~PMYJia Henpnro.nna WI.lI Henocpe,ncTBeHHoro BH
Bo,na OCHOBHhlX peayJibTaTOB WI.lI KaJIH6poBO'il!0-3KBHBaJieHTHhlX HSY. ~eJio B 
TOM, qTo ecTecTBeHHHMH nepeMeHHw.m: WI.lI HSY, CM3aHHHX c L , 11MJieT-
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;'en: Stx, 
H '?,_ (IC) 

• B TO JKe BpeM!I B IlpaBYlO 'IaCTl:, (18) BXO.n;aT BeJIHtmHH: 9{X) 

, CB.ll:3ru!HH:e C $(Ir.) He.ll:BHO npH ITOMOil!ll COOTHomeHllH: 

. rJt .,, 
< dx + 'f {X) "o -(x) :. 0 , SrxJ::: '¾'1rx,I'¾rxJ. (I9) 

ITpeo~OJieHllID 3TOH TPY~OCTH ITOCB.lillleH § 14, r~e rrpe.w.roJKeH crroco6 
RBlforo BWmCJielfll.ll: onepaTopa A+- B Tep;.mJiax TOJil:>RO Stx> . 

B § I5 c_noMomiro A :t cqiopr.zy;rnpoBruiu ocHoBHH:e cBo:iicTBa HSY, 
cMaaHHIDC c L . .TI:oRaaruio, l!To Mace aTmc HSY HMeeT Bm:t 

ads
1
• St ... I(~ {1c (J±) ads-~ [H,,_v, Sr", b] -= o. 

(20) 

·ITpH 3TOM CTaIIOBHTC.ll: OlJ'.eBH~Oli 3RBHBaJieHTHOCTl:, HSY (20) H (10). 
·ITopo~aIDillllMll tpyHRIJ,liOHaJiaMll 38ROHOB coxpaHeHM HSY (20) .IIBJIJllOT

C.ll: ~ ~ (>,)-= ;a .-t(>.)/ ~ ~(o). ITOJiyl!eHll .ll:BHH:e BllpalKeHM WI.ll: cl/""1 lI d cl/'<) 
. J J ✓ I/ I/ 

B TepMllHax 7\± II S<xJ : 
2d·{I") • 00 IC -K·d -1[ V . 
~ -= - .1.. J c1,xf rJr < S , 11+ o.cls · Hj, Sr;1] >, 
cc1j ,c(j) . l( • - -- J 

f'./ (k) [ -1 . - j(+J ,-1 [ H V C' 711 (21) 
2_o_aj_ = ads. JS<xJ, I\-+ · O..Ois • i, ,J(ICI 11 S • 
(o<J,°'i> 

IToRaaaHo, l!To HSY ~orrycRaIDT HepapXHID raMWil>TOHOBIDC CTPYRTyp: 

- -i - -.... -1 - ,f - -12 c ... ,.,. fl a.ds. JStx) 1> 11 "'% . JS(ICJ 1 II = ; ( 11+ + IL), 
S ' {22) 

..., : -0, t 1, ± 2, -· 

Cnell;IIaJil:,HOe BHllMaHlle Y~eJieHo CB.ll:3lI Me~ HepapXll.ll:Mll (12) H (22): 
,. 

.fi'"'•ZJ_ 52.' .... '- St' L (Oft<,olf) J'ol,''"+'~1ti..~10) 
- · l(,e=, (ar.,,Of,,)(ott,"'e> e , (23) 

ROTOPM JIBJLJieTC.ll: ecTeCTBeHHUM o6o6meHJieM pe3yJil>TaTOB IT.IT. l{,y~llma H 
H.r. Pe:iiMaHa, YCTWIOM8HHIDC WI.ll: '7 ~ sf<z). 

B § I6 npHBe~eHll npIIMepll HSY, KaJIHOpOBO'lli0-3KBllBaJI8HTHllX ypaB~ 
HeHll.ll:M H3 § 12. Mll ynoM!IHeM TOJil:,RO 0~ H3 HlIX, a lIM0HHO: B CJiyqae 
"l ~slc,J H J : cli'V (I,O,-I) ypaBHeHHID Tpex BOJIH RaJill0poBOlJ'.H0-3KBH

BaJieHTHO ypaBH0Hlle : 

st + c (s 2J" = o , (' .: U)?t:S/. , 
(24) 

3 
C ~OnOJIHllTeJil:,HllM yCJIOBHeM Stx.tJ = S (,;,t) 
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B § 17 Ha npIIMepe cncTeMH: BKIBII: r 

J,1/-J' f /'J ( 0, 0a<t>) -Ji ~; 1i(lo(tJ~6"~)'1.;''r~.tJ>, u,/tJ= -Q/fa1, o , c25) 
npo~eMOHCTpHpoBruia B03MOlKHOCTl:, nocTpoeHH.ll: cneRTPaJil>HIDC pa3~0lKeHHH 
.w.rn: onepaTopoB ~ ±. , o6o6maIOlltlIX {\ 1: n noaBOJIJmllHX oITHcau npeo6-
paaoB~n: BaMy~a COOTBeTCTB,YlOUUDC HSY. STO Tpe6yeT MO~gJHRall;IIH no~
xo~a B Bl, CM3aHHo:ii C oco6eHHOCTSIMH CHCTeMH: (25) no cpaBHeHHID 
c aKBHBaJieHTHUMH eft cncTeMaMH L" n (2) c OJ ,;; da> . 

CJre~romn:il § I8 co~eplKl'IT OCHOBHH:e CBOHCTBa HSY, CB.ll:3aHHIDC C (25). 
IIocTpoeHHH:H B HeM ClIMITJieKTJiqecRJI:il 6a3HC { Yf'x.~), <Pr/(,~)} no3BOJI.ll:eT 
npoCTO H ajlq)eKTHBHO BWIBCJIHTl:, nepeMeHHH:e Tnna ~e:ilcTBHe - yrOJI .w.rn: 
3THX HSY, a T8IOlte rrpoaHaJilI3HpoBaTl:i CB.ll:3b Me~ COOTBeTCTBYKIDUIMH 
nepapXll.ll:Mll ClIMITJieKTnqecRHX qiopM. 

IToCJiemum r~aBa (Y) . IIMeeT UEJ~l:,ID BH:.ll:CH:l!Tl:, B03MOlKHOCTl:, nepeHOCa 
MeTo~a paMoJKeHllft no npncoe~HeHHllM pemelfll.ll:M n Ha ~pyrne BcnoMora
TeJil>HH:e ~e:iiHue a~aqn, TaKIIe, RaR n~HOMllaJimoe o6o6meHHe ( I) : 

of . 1,/-'1 

[< iT + L J K9K ('K) - .:l1J] "l'tx, ?,} = o 
X "--=o (26) 

H pa3HOCTHlle npnMHJKeHll.ll: R (I) BII~a 

t/1 _ (°?; 11 I 911) ,/J 
-r;, ·H ( °! J - t n , } 11 ..,-,,,. (?:) , (27) 

r~e r nrpaeT po~b cneKTpaJil:>Horo napaMeTpa, a 9 n , t 11 - npn:-
MoyrOJil:>HH:e MaTPHl!HH:e noCJie.n;oBaTeJibHOCTH. CTP0MlIIJlHeC.ll: K O IIPH n- :!: 00 • 

B § 19 Ha npnMepe cncTew (26) npn N = 2 II "1 ~ fl<z) npo
~eMOHcTpnpoBaHH oco6eHHocTH, B03HllRa!OOlHe npH onpe~eJiemm npncoe~
HeHHH:X pemeHll:il H rrpn BlllJ'.lICJiemm COOTB6TCTBYKlllHX rropo~aKIJ.lliX orrepa
TopoB. 3TH peay~l:>TaTH: ncnMl:>30BaHH: B § 20 .w.rn: OITHCaHM COOTB8TCTBYJO
mero Macca HSY, cpe,na·KoTopmc - PM H3B9CTHWC H HHT8p8CHWC MO.D;9JI8il 
Teopmi: ITOJIR. 

B § 2I rrpeo.n;OJieHH: TPY~OCTH npn nocTpoeHIIH B KOBapHaHTHOli Bm:te. 
cncTeM npncoe~HeHHmc pemeHllft n A- onepaTopoB .w.rn: c:acTew (27). 
ITpn aToM ecTecTBeHHo B03HllKaeT qiaKTOPH3all;II.ll: /\ - onepaTopoB. ITOJiy-
qeHll paMOllteHHR .w.rR Q l1 ~ ( ~ n 'I;) II J Q n , KOTO pue B § 22 
HCnMl:>30BaHll WI.ll: lICCJie~OBaHH.ll: COOTBeTCTBYIOIIlIDC pa3HOCTHllX 3B~Il;IIOH
HllX ypaBHeHllil:. ITocTpoeHo TaKJKe ~ peaOJil:>BeHTH: ( 27) n noRaaaHo, qTo 
ero "~aroHaJil>" nop~aeT rrpe.n;cTaMeHHR JlaRca aTmc ypaBHeHnil. 

B 3aMroqemm o6cylK,I(aJOTC.ll: B03MOlKHOCTH H TPY~OCTH rrpn o6o6memm 
pa3BlITOI'O B ~ccePTall;IIH MeTo~a Ha CJiyqaft CHCTeM (I) C HeHy~eBllMll 
rpaHHlJ'.HllMll YCJIOBl!HMH Ha C/(X) , a TaIOlte Ha CJiyllail, Kor~a "J RB-

. MeTcn: npocToil: cyrrepaJire6pott Jm. 
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B § 23 llCCJI8,!lOBaHa MHoroKOMIIOH8HTHaJI CllCT8Ma HYIIJ: 

i<ft -t- 'fx~ - 2.qc/q + 9<x.,tJf< -+'F9<x.,tJ :=.0, 

I . t f. -- f_ a f 
CtM 9(X, t) = ? 1:. , f:I "' 9+ '/+ ~ </- f/-, f - Cf+ 'J+ - CJ- 1-

"- -?t 00 

(28) 

C H8HYJI8B11Mll rpaHll'IlIUMII YCJIOBID!Wl:. B ::JTOM CJiy'!ae HerrpepIIBH!lli CII8KTP 
aa.n:a'Ill L,. YCJIO.lKH.R:eTCH: B03HllKaIOT rroporom,re ococleHHOCTll, KOTopue 
cymecTBeHHO MIDIIOT ~a CBOHCTBa COOTBeTCTBYIOUIIDC HSY, B TOM tm:CJie ll 
Ha RX raMWibTOHOBll CTPYKTypu. CJmeCTBeHHO M8HHIOTCH TaIOKe CBOHCTBa 
aHaJIHTH'IHOCTll pemeHHil: MocTa, a raMIJ:JIMOHllaH H lf:lllJ ypaBHBHllH {28) 
yJKe He CO,!l8plKllTCH B rJiaBHOH cepllll 3aKOHOB coxpaHeHnfi. KpaTKO oclcyx
.n:aroTCH BOIIpocu IIOCTpo8HllH Teopllll /I -orrepaTopoB, KOTOPaJI ,!lOJIXHa 
OCHOBiffiaTbCH Ha .n:eTaJibHOM H3Y'I8illm rroporoBl:lX ococleHHOCTeil: COOTBeT-
CTByromeil: iPYHKIUm lpHHa G <><,'{, ..:\) • 

B § 24 rrpnBe,!leH CIIllCOK (B03MOlKHO~H8IIOJIHIIB) BCIIOMoraTeJibHl:lX Jlll
H8HHl:lX 3~a'I, ,w!Jl .KOTOpHX ll3YlJ:8Hll, B TOH liJil1 llHOH CT8II8Hll , 
nop~aJa!Ui8 onepaTOpll. TiepcrreKTllBHO:ii,Ha Halli B3rJIH,D;, HMH8TCH 3~a'Ia 
06 o6o6meHllll pa3BHToro B .n:nccepTamm MeTo.n:a Ha rrpocTue cyrrepaJire6pu 
JIB. B Ka'I8CTB8 HHTepecHoro rrpHMepa IIPHBO.IlllTCH C8M8HCTBO cyrrepcnM
M8Tpll'IHl:lX o6o6meHHfi HYlll, CBH3aHHoe C llCK.1IIOtm:TeJibH1lMlI cyrrepaJireclpaMH 
D(z,t;oc.) • 

BaJKHoil: 3~a'Ieil: TaIOKe HMHBTCH o6~e.n:HHeHHe n.n:eil o rpyrrrre pe~K
ium, IIp8.I{JIOlf[8HHOH A.B.MHXruiJIOBHM C ll0,10(0,!lOM f\. -onepaTOpa. 
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