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OEIIlAH XAP.AKTEPHCTMKA-PAEOTH 

AltTYaJILHOCTL npo6~ew 

IloCJle pa60TH B.E.3axapoBa li n.n~~~eeBa /I/ 6~0 OC03HaHO, 
~TO M8TO,n o6paTHOi1 sa.:ri;a'Ul pacceSIHIDI (M03P) SIBJ!fl8TCSI BaJJtimM liCTO~liROM 
,ItJIH IlOOTp08HliSI R RCCJie,noB!llilISI BIIOJIH8 IDITerpnpyeMWC rBMWILTOHOBCRliX 
CRCTeM. B IIOCJle,zume ro)nl nsyqeHHe rBMRJILTOHOBOCTR He.mmethmx 8BOJIJO
UllOHHllX ypaBHBHd (HSY) CTMO aRTYMLHHM HaIIpaBJ18Hll8M; ~OCTlll'HYT 
SHa1mTe~~ nporpecc B pa3BHTRR 06111HX no.nxo.noB R aToil rrpo6~eMe (CM. 
0630pll B ) • . 

B TO ae BpeMSI IIOCTpoeHHe B SIBHOM BH,ne r&mJILTOHOBCRHX CTPYKTYP 
Tpe6yeT OT,I18~Horo paCCMOTpeHliSI ,ItJIH ItalK,Il;OrO ROHKp8THOro RJIB.CCa 8BO
JI!DintOHHlll ypaBHem. Oco6eHHo a@>eRTRBHHM .ItJIH pemeHlISI Trurnx sa.:ri;a~ 
ORa88JlCSI M8TO,n pa8~0llt8HliSI IIO "RBa.:ri;paTaMtl pememrlt BCIIOMOraTe/:6Hott 
.mmettHott sa.:ri;a'Ul, pa8BliTllit .ItJIH CliCT8Mbl 3axapoBa-llla6aTa J 3, 4 • 3TOT 
M8TO,n II08BOM8T e~ o6pasoM IIOCTPOliTl, lt8K Repapxmi CHMIIJieRTli- , 
.~ecimx cTpyxTy/5 , TaR z sa,xoHH coxpaneHHSI HSY. Ilpz aToM cTaHOBHTCSI 
o~eBH.nHott npeMozeHHaSI B /G/ IDITepnpeTaunsi MOSP lt8K o6o6meHHoro rrpe
o6paso~HSI ~yp1,e. UeHTpa.7I1,HYID po~ BO Bcex IIOCTP08HllSIX nrpaeT nopollt
~ orrepaTop A , accoUHRpoBaHHHtt c zcxo~oil .mmettHoil sa.:ri;a~ett. 

PacnpocTpaHeime MeTo,na paMoxem no tlRBa.:ri:PaTBMtl .ItJIH ,npyrmc 
RJIB.CCOB HSY, CBSISaHHHX c BCIIOMoraTe~HHMII mmettlisMR sa.:ri;a~aMli 6o~ee 
o6mero BH.na, B8lltHO 1t8K .ItJIH IIOCTpoeHliSI COOTB8TCTBYIJIIIHX rBMRJI1,TOHOBCRliX 
CTPYKTYP, TaR z no CJie.nyXJlllRM .nBYM nplI'IHHaM. Bo-rrepBWC,T8.IUJM o6pasoM 
ycTaHa:BJmBaeTCSI o6mHOCTL lIHTepnpeT~ MOSP RaR o6o6meHHoro npeo6-
pasoBaH1ISI ~yp1,e. Bo-BTopwc, aTo yr.ny6MeT npe.ncT~eHHe o cBcittcTBax 
nopo3,It8.Bl!Ilero onepaTOpa .J\. , ROTOpstt 8CT8CTB8HHHM o6pa80M B08H:lma8T 
T8Rllt8 B T80p8Tmto-rpynnoBWC IIO~lfX9 0~Il~ax-,1o-.----~----

0BbEJlWIEtt;-:c:}; i,;~1c:· ,,·.:.. 

~1.:t!"l·~htX ~~~_ .. ,,_./r·°'.t~J~1' \:-~ 

6~6!1MOTEKA 



Ilpm!epoM Tlllto:lt HHTepecHo:tt JmHettliott aa.n;a'lll: .fll3JmeTCJi RBa,Iij)B.TR'lHlitt 
IlY'{Olt 0611tero B1:l,ll;a. 06paTlIM BHHMaIDie, 'liTO C 8TlIM nyqKOM CBJl3aHH Ball:HH8 
JtJU[ qi11Ianecltl'lX npMMeHemrll: M~lliltB.lUIB HeJmHettlioro ypaBHeHIDI Illp~epa, 
O.IUia H3 KOTOPWC nOJIY1i8Ha B 7 , a TaRllte RCCJIBJtOBWill8JI paH88 B 8 

MaCCHBH8JI MOJt8Jll> TuppHHra, MOJt8Jll, MwraAnoBa H Jt.PYrHe. 
HecoMHewndl: JIIHTepec npe.nCTaBJ!Jl8T llI 6JIO"lll8JI JtHCKp8TH8JI CHCTeMa 

3axapoBa-llla.6aTa. B CJIY1iae MaTPHn 2x:2 aTa CHCT8Ma B3Y'{8H8. B / 9/, a 
r8MWI:E,TOHOBOCTl> errs~ C He:tt pa3HOCTHWC 8BOJ1XJIUIOHHHX YpaBHemrll: 
(PSY) noxaaaHa B IO. neTaJI:E,H08 JIICCJie,noBaHRe raMHJI:E,TOHOBCIODC CTpyit
TYP pay BWIUIO;ffl )taJil>Heilmero pa8BlITJIIJl KBaHTOBOro M8TOJta o6paTHOil 
3a)ta'lll: (KM03) II. 0TM8TRM, 'liTO npD8H8HH8 0611ll!X aJire6paneCKIDC 
no.nxo.noB, paapa60TaHHWC JtJU[ HSY, B pa3HOCTHOM CJIY'l8.8 noxa BCTp81ia-
8TCH O onpe.neJieHHHMH TPY.IUIOCTm.m. 

UeJI1> pa6om 

IlocTpoeHHe Kepapx:mt raMRJil>TOHOBCltllIX OTPYKTYP H8JIHH8:!llmx 3BOJIIJ
IJ;HOHHWC YPaBHeHd, OBJl3a.HHWC C RBaJtP8.TJAHHM llyqKOM o6mero B1:l,ll;a Ho 
6JIO'liHOtt JtHCKpeTHOtt OHCT8MOtt 3axapoBa-llla6aTa. IlocTpOeHHe llI R3Y'{8HH8 
cooTBBTCTBYIOIIIHX nopo~B.!lllUIX A -onepaTopoB •. 

Hay,m8J1 HOBJII3Ha llI np8ltTJII'q80lt8JI µeHHOCTl, 

IloxasaHa npm.1eH11IMOCT1> MeTo.na paSJioaeHd no "RBaJtPaTBM" pememrll: 
BcnoMoraTeJI1>Ho:tt JIHHettliott aa,na'lillI K KBBltpaTWUIOMY nyqity 0611tero B1:l,ll;a l) 
H K 6Jro"llloil JtHCKpeTHott CllICTeMe 3axapoBa-Illa6aTa l ( n, l). BaepBHe 
IlOCTpoeHH Hepapnm r8MllIJ!l>TOHOBCKJDC OTPYKTYP JtJU[ HSY, CBJISaHHWC C 
l A llI L (fl, 'l) • noxasaHO, 'liTO JtJU[ 8TJIIX ClICT8M MOSP EM88T CMHCJI 

o6o6meHHoro npeo6pasoBaHmi: ~yp1,e. 
IlOJIY'{BHH B JIBHOM B:H,Ite nopo~e onepaTOpLI i\ , npllI nOMOlllH 

KOTOpWC 8JtHHLIM o6pa30M CTpOS{T(lfl: KJiaCCH HSY, JDC SllltOHLI COXpaH8Hml lI 
rm.mJU,TOHOBCKJII8 CTPYKTYPLI- HCCJI8JtOBaHH8 OBOilCTB 8TJIIX•OnepaTOp0B oxa
E8TCJi noJieSHLIM npH nocTpOeHJIIJII 0611te:tt llI IlOJIHO:tt TeOpllIH r8MJII.l[l,TOHOBCKJDC 
CTPYKTYP HSY. 

.n,m HWCOMIIIHX npllIM8H8HllI8 B qJRSHite MOJtHWBita]lHtt H8JIJIIH8ih!Oro 
YpaBH8HIDl IDpeJtHHrepa nOJIY'i8HH rm.m:JIJ,TOHOBCRJIIe CTPYKTYPLI llI JtOitaaaHa 
nOJIH8JI 11IHTerp11IpyeMOCTl>. PaCCMOTpeHH Taitllt8 llI H8KOTOpLie Jt.Pyrllie BHTe
peCHLie Mo,ne.llllI. 

MeTOJtHita, npHMeHeHH8JI K RBaJtPaTJII'qHOMY nY'lltY l :\ , .nonycxaeT 
8CT8CTB8HH08 0606meH11Ie Ha CJIY'lail IlOJllIBOMH8.Jil>HOro ny-qxa • 

liSY'{8HllI8 r8MJIIJll,TOHOBCltlIX OTpyxTyp PSY, CBJISWIHLIX C JtHCltp8THD:tt 
2x:2 CHCT8MO:tt 3axapoBa-Illa6aTa, .nano B03MO!tHOCTl, npm48HllITl, It 8TRM 
YpaBH8Hm!M RBallTOBLI:11 M8TOJt o6paTHO:tt 8a,n;a1illI. 
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Anpo6arqm l011'.0C8pTamm 

PesyJil>TaTH, nOJIY'{8HHLI8 B .n:e:ocepT~. JtOKJIB,I(LIBBJllIC:E, }I o6cy~
JIHC:E, Ha ceMHHapax JIT\tl llI JIBTA OIDrn:, HM HM. JI.n • .!Ia.HMy, JIOMH AH CCCP, 
Ha II (I979) llI III (I980) M811!,IzyHapo.ItHHX ceMHHapax no npo6JI8MBM qJHSH
ltlI BHCORJIIX 8Heprd llI KBaHTOBO:tt T80plillI noJm (IlpOTBHHO), Ha Mell!,JzyHa
POJtHO:tt KOHqJepeimi,m no MaT8MaTJII'q8QKOtt qJJIISJIIKe (Jloaruma, I979), Ha 
Mell!,nyHapOJtHOM COBemamm no HBJIJIIH8ttliLIM 8BOJ.[][JqllOHHLIM ypaBHeHBHM (TpllI8CT, 
I98I) llI Ha Mell!,JzyHapoJtHO:tt ltOHqiepeimi,m "COJIJIITOHLI-82" (3JtBH6ypr, I982). 

llv6JmR8IlHH 

Ilo MaTepruuraM .n:e:ccepT~ ony6JIJ1IK0BaHo 7 pa6oT. 

06'I>eM pa60TLI 

~ocepT~ COCTOJIIT H3 BB8Jt8HIDI, Tpex rJiaB, 38RJI!Jq8Hrul lI np:wro
!t8HRI!, co.nepmtT I36 CT!)8Hlm MaJllllIHOllllICHOro TBKCTa, 2 PHCYHlta H 6H6-
.llllIOrpaipnecxH:tt CllllICOlt JIJIIT8paTypLI 1118 'I04 Ha3BaHd. 

CO,lLEP.lll'..AHH P AEOTH 

Bo BBegemm: ,naHa nocTaHOmta Sa)ta'qJII llI ee M8CTO cpe.n:e: OCTaJI:E,HWC 

pa60T B STOtt 06JiaCTJII. 

B nepBott rJiaBe (§I-§6) JII3Y'{8.8TCJi KJiaCC HeJmHe:!llmx SBOJDOlnIOHHWC 

ypaBHeHJII:tt; CBJISawmx C KBaJtpaTJifllHllM IlyqKOM 0611tero B:H,Ita 

L =iG !L+ ('lo,lfo) +A (D,lf,) -'}.2 
) 3 dx p0 , "lo P1 , D • 

f 
"to=-2lf1P1, ffc:i(X) ,Pc1.(x),TJ_!f., o(= 0,1, 

JtJU[ ROToporo COOTB8TCTBYlllllH8 HSY: I) 0~ H8BLipol!,lteHHLIMH r8MWI:E,

TOHOBC1UD01 oTpyxTypm,m; 2) JIOKaJll,HLI. IlepBoe Tpe6oBaH:e:e SKBHBaJieHTHO 

BLI6opy lt0Bltp8THO! op6KTH COOTBBTCTBYI111e:tt aJire6pLI TOKOB. BTopoe Tpe6o

BaHH8 o6eone,umaeTCJi no.nxo~ ~HKCHpOBaHJ118M Ita.Jm6poBKJ1I 111 npHBOJtHT 

1t BH6opy JtHarOH8Jll,Horo 'qJI8Ha noTemwura B B1:l,ll;e ! 0 = - f !f
1
p

1
• 

Ilep:ewt naparpaq, RM88T BCnOMoraT8Jil>mdt xapaxTep llI co.nepEHT OCHOB

HLI8 qiaKTLI O npm.ro:tt lI o6paTHO:tt sa,n;a-qax paccesmH11. IlOCJI8JtHHJI CBOJtllITCli 

K sa.n;a'lie Pm.!:B.Ha C ltBJIOHJII'q8CKOtt HOpMJl!pomtott. 
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B § 2 H §3 llORB.38.HO, 'IITO OB/iSl, M8Jr,Iij' llOT8lmH8JIOM 1.JJ- ( X ) = 

= c::f;)<x)(UJ.t=(9.,,p,J, o< = D, I) H ,ltSHFMm pa~o8JIHRI! ny,ma l '), ooy

lil8OTBJm8TCSi npH llOMOIItK \IJYmtnml fiJ"!: (x,il), cp:!: (x, A) , EOTOPli8 OTpo

JiTCSi xs no.IOCo~ EB8,IU)8.Tlil1lHWC 1to11d:rmmnrl1 pememnt llooTa RCXo,ItHoit Jm--.,. 
He~ott s~a'llB: • .nomsa.Ho, uo uua,zq,a.m" pemeHB:it { tp- ( x)} R 

[,pt: ( X)} odpaBYJ>T no.mme OROT8Mli \I)yma:tHit. IIooTpOeH TSlt Ha3lillae-

Mliit OmmJI8RTlA8cnmit das:ao { P (x) , Q (X} , RO'l'Opidt 'l'Olt8 Y.ltO:B-

~8TBOPJi8T OOOTHOmemm llOJIHOTli *: 

o rx-y)= J d J. { Q rx,;oP rr-y.}.)-Prx,},)Q 7ry,il) J w, w==-i ( ~; ~~), 
Im}.Z=O 

-+ ;¥;+ 
r.ite Prx,').) :a Qrx.i) - JIHHeitlme xoMd:rmSl:tlDI o/-rx,J.) H ':i:'-rx,~. 
Ha.ibteHH B JiBHOM B:IJ,Ite RHTerpo~epem:n,;e.JWme onepaTOPH A+ , A _ l'l 

I -., -+ 
A=2(A++IL). ~ltOTO})HXo/-rx,}.),'P-cx,'}.) R P(x,').) ,Qrx,}.) 

OOOTB8TOTB8HHO SB.llimTOJI oodoTB811BBMK q,~. 
HCXO,nt! RS OOOTHOmeHd no~OTli ~ noTe~MS UJ- ( X) l'l ero 

BSp~ no.ny-qeHH (§3) paSJiozemm: 

'UJ<x)= if dil { p•( A) o/cx,;>.)1-JnJi)o/rx:;n}=f d).Pf:c,J.), (I) 
Im}. 2:O Im'Ji 2=0 

~
3

QW-<xJ=j d'). {arx,J.)O po.>-Prx,).) 09, fil)} , 
ImJ.Z=D 

' d. I\ ft + - A ( " g1-L3 = lGj (6,,o,), pO,)=--;i n(t.,.pp ), lfO,)=z<-n g=- , 

r,ite pz( ii) =8 :! (ii)/ az ( A ) - OOOTB8TCTBY'Jllltli8. xoa<MB:nH8HTli OTP8Jl8-

HRII, a az (ii) - xos~eHTH npoxoJr,IteHM. 

Ha (I) lllf.ItHO, wro OTOdpazeHRe MHOZ80TBS nOT8lmH8.IIOB [ 1iJ- J Ha 

3i llTOdli He sarpOMOll,llSTl, li3JIOJlt8HWI, ~ B \IJOPMYJUlX OT ,ltRORpeT

Horo oneRTpa He mmnOHBaeTCJi. Ilo.nm,iit Blf,11; qiopuy~ npne.iteH B . .ltB:ooepTa-

IUm. 
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MHOZ8OTBO ,ltaHHHX paOO8JiHRII f pt} RM88T OMHOJI odo6111eHHoro npeo6-

pasoB8.HRII ~yp1,e - B Ita.1l80TBe 0606111e_¥WI 8KOllOH8HTli M:Ol!HO B!,16paTl, 

o:aoTeuy { ipt <x>} MR { P<x>, Q (x)} , pMli onefaTopa ~~eH

IUq>o:aa.mm-npn aTOM 6y.IJ;eT Hrpan onepaTop A+ : A .. tpzrx),)=) T.f 1(x;J,.) 

KJm A : <A-A)Prx,,:i.).:(A-J.>a rx. ii').,, D oooT:seToT:seHHo. 

,!J,anee B §3 ,IJ;ORB.38.HO, 'IITO ~co H8Y, ltOTOplie pemamTCJi M8TO,IJ;OM 

odpaTHott s~a'IIR paooemnm ~ llY1lRB. l ;>. , saxmoHBSeTCJI B BR.ne 

,i.3 :r +:f(A)lJJ=D, f(S)= L.'fp Sp. 
p 

(2) 

B §4 YOT8.HSBJIRB8.8TCJi OYJ!l8OTBOBB.Iill:8 68OROH81lHOro Ha6opa ooxpa

HJmllHXCJi B8Jm1IHH C p R no.7JY1lemi \IJOIJ,f.YJIH MB.IJ;OB ~ nY11Ka l :\ . 
IlopOSJJ;81JlllJN 'PYHKin!OHSJIOM 88.KOHOB OOXpa.H8mtli JiBJIII8TCJI en a+ ( A ) : 

oo n ,__ a--

lna+(}.)=L.f Cn,l'li/~f, &,a .. O)=-[.Anc_n, /'A/.!.< I. 
.ItJm: C p .. H ~ liX Bap~ 0 C p llO.7JY1l8Hli nlt~llmaRTHli8 mipazemm 

noope.IJ;CTBOM onepaTopa A . 
. IlOJIY'll8HH08 B!,lpal!8IDl:8 ,lJ;JlJl 8 C p 

~ lf00 

Q T P-1 uCp=- 2 dx(L3 UJ(x))wA W-rx) 
_c,0 

.IJ;aeT BOSMOlltHOOTl, ~8I'ltO ,IJ;Olt8.88Tl, (§5) rmmJil>TOHOBOCTl, HSY (2). ~eitoT

BRT8JII,HO, 80Jm 8~8.Ha l'!epapxmI rm.m.n.TOHOBOKRX OTPYKTYP, r,IJ;e r8.MRlll,

'1TOIDI8.HH H111, 1 R ~JJ,m fl m Ba,nallTCJI BHJ)U8HRIIMIII: 

Hm,; =if fp Cp+m+f 

• i oo T , 
flm=; J dx('E.

3
8W-(x)) uJA/1.m L.3 OlJJ(X), m= 0, :!: I, ... --

TO 8IUIHJ38.Jl8HTHOOTl, Mell,lly HSY (2) R rm.mJll,TOHOBOKliMR ypSBHemmMH 

.nmClJJ-1:, .) = 0 Hm,; 01l8lllWIS • .ItJm: Hm,F R .nm llOJIY'll8Hli B!,Ipa-

ZBHlIJ! 11epea ,ltaHHHB paooemma 

Hm,:1=-; fd). fO.)JimpO.),, 
Im'Ji 2=0 
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nm= if dJ.. }.mdp0.)1\,0~0.) 
Im). 1=0 

H TeM Cm.mM Hrulztemt JD3HO nepeMeHHHe THIIa 'AettCTBRe-yro~. B pesynTaTe 

nOJIHaJ! HHTerpzpyeMOCTb paCCMaTpmiaeMWC HSY ~ORa3aHa. 

B 1to~e §5 BBe'AeHo MHorooCSpasze Jlarpamm HSY n 1tpaTito oCScyx

'Aru:>TCJI ero CBottcT:aa. 

B §6 R3Y'{8.DTCH pe,eyitl:tlm llY'{Ita L" n npne'Aemt npm.i:epH HSY 

KS uacca ( 2). 

HHTepecmu.m ,nJlll ~H31N8CIUDC npmaeHeHd S!BJ!JllOTCJI c.ne.IU'J)lllRe MO~

~mummi: HeJimtettaoro ypaBHeHM lllpe.inmrepa 

ilJ,t+lfxx-ic(l9t29>x=D, Wo=D,. 1j, 1 =cp/ , 
(3) 

, , Z 2 Z ~.Q. If 
l~t+!Jxx-LE. 1 (191 IJ,)x-2/c:J./ c0 /il 9,=D, ll%=ot63 UF 1 , ~c<= ed. Pix 

Pe~. np:e: ltOTOpmc OHR no~eHH, npHBO,nliT lt 'AOnOJJlllITeJU,HHM CBJISHM 

Mell!,ey ~amnu.m pacceJUIIDI, B pesynTaTe 'llero Bee cm.m.JleK~eCltlfe ~PMH 
Sl ZK BHpo~amTCJI ( Dz1: =o, K = D, t I,,.,) • IIoaTOMY rm.mm,ToBOBOltHe 

CTpYJtTY PH ypB.BHeHHtt ( 3) MOJB:HO 3~Tb npz UOMOIIIH S2 f MR ,Q _ f , 

BanpHMep. 
' ,, 

OCScy~aeM!lii uacc HSY co~ep!tRT TEOOl8 148.CCmUIYJ> MO'Aen Tnpp:imra 

:e: BKBRB8JleBTBYD ett Mo~en Mmcat!.no:aa. 

rMM 2 ( §7-§IO) noCBm!leBa R3Y'{emm BeJimteitmll paSBOCTBHX BBO

~OHHHX ypaBHeHHtt (PSY), CBIIBaWIHX C o.no~oa ~CitpeTBOit OlilCTeMott 

'Saxapo:ea-lllaCSaTa: 

lp ( n + f, z) = ( 'l + a ( n J) 'f1 ( n, i) ' 

(4) 

( 
Z Ds, D) 

'l= a ..LfJ , 
• 'l p (

D, f/- rn)) 
Q(n)= r,rnJ,D 7 

r'Ae 9- < n J n i 7 t n) - IIpJWoyronmte s -p MB.Tpmi;a. 
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B §7 npe.It,JIOll8Ba 8ItBRB8JleBTBaJ! (4) c:e:cTeMEl Ba COOCTBeHBHe SBa'lleBM 

{( 
n+ , o) - } _ o, n_ +Q(nJ-'l ff(n,l)=D, 

(5) 

_ (D,-ij,JnJ) 
ntf(n)=f(ntf), Q(n)= 'r.rnJ,D 

( ~ (n) n Z (n) J1HPSDJJTCJ1 mmo 'llepes ~ r n J z Z / n J ) • !Io-

Ra38HO, 'IITO oCSpaTHM Sa,Ila'lla pacceJDmJI ,nJlll 3TOtt CROTeMH CBO~TCJI It 

sa.z1a-qe PmmHa c ItaHoBH'lleCitott ao,PMHPomtott *. 
B §8 HSJ'l{aeTCH CBIISb Mell!,ey noTeimza,,IOM R ,nrumm.m pacceHBRH. 

+ + 
IIocTpoeBH czcTeMH "ItB8,IlpaTOB" pemem. { Yi-✓ J n { "½j J .It,JIH 

88,Ila'II (4) lf (6) COOTBeTCTBeBHO H 'AORaBB.HO, 'IITO OHR Y'AOUBTBOpJDDT 

oooTaomeBlilfIM nOJIHoTH. HaarteBH B HBHOM • BH.Ite onepaTopH A :!: ( At. ) , 
KOTOpHe "~OHMHSYllTCJI" no "RBBJU)STSM" pemem Sa,Ila'IIH (4) (sa.z1a,m 

(5)). lIOJIY"leHJl COOTBeTCTBYlll!IHB paSJIOEBBRII no "~TSM" .It,JIH noTeH-
\ ( 'IT <nJ) - { JT (nJ) IUWIOB ?ff(nJ= 'Z <nJ , W-(n)= i <m H me :sap~. Koa~-

nHBBTH B BTHX paSJIOll8HWIX Bi,lpalltBJ)TOSI -qepes ~e paoceHBRH, ir.e. 

H B BTOM c.ny-qae HMeeT MBCTO HHTepnpeTann& M03P K8lt 060CS~eHHoro 

npeoCSpaso:aaHRH ~yp~e. 

B §9 onncaa KJiaCC PSY, OBHsaHBHtt c 88,Ila'IIQMH (4) H (6). Bli.IJ;e~e:aa 

cepu, co~epza!IIBJI pasaocTBHe BeJ!J!HettBHe ypaBHemm lllpe.inmrepa, 1t0To

PYD MOmiO aamtcaTb ~yw.i: 8RBD8JieBTBHMH cnocoCSma: 

·£ L ~(n)+ 1riL.J U)(n)=D, 

i [ uJI: < n) + f (A.) W- ( n) = 0 

(6) 

(7) 

* .HsBeOTBO, 'IITO pemeime oCSpaTHOit 88,IIQ'IIH paoceHBRH,,nJlll ~CR
pemoa OHCTeMH 3axapo:aa-lllaOaTa (4) CBO~TCJI It 88,Ila'IIB Pm.uma C He
ItaHOJDA8CKO! HO?,mpOBitOit. 
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( "i.=(!':-'l) , ! rs)= f JPS p-t ). B OTJmlme OT oc-

Tam.m pay, CBJISammx o ( 4) H ( 5) , ypaBHemm ( 6) :a: ( 7) JIORaJU,HH. 

IlopOJQ8.lllltID4 ~Y~OHaJIOM SSROHOB coxpaHemm SJteCL JU!JI!IeTCSI 

JJ('l)=!tndetat('l), I'll::: I , r,Ite G :t ( J! ) - COOTBeTCT-

BYJ)IIIRe MaTplI'nIHe ROB~eHTH npoxOJQemm • .Ivlll CO:JPSHIJDJtKXl'.fl BeJIIA:a:H 
oo 2K oo 

]p{DClJ=K~D_/l , l'1/<< t;nriJ=;!/lz2:m~I) H me :eap:imnmt nOJJy11e-

HH ROMIIBRTHHe BHpasemm nocpe,ItoTBOM onepaTopa A+ ( J + ) • B 11aoT-

HOCTH' ,JtJIJI O D p HMeeM 

oo T p 
DDp=-L. ('[OUJ(n)) WsM+A+W-fn)= 

n:-oa (8) 

= f (L..DW(n)/Ws Xt'wrn) 
n::-oe (

o, - Us) 
Ws = fls , o J ' 

r.1te M + - HeJio:ita.lWmtt onepaTop. 

HCXO.Itll HS (8) B §IO llOCTpoeHH :a:epapnm rm.m.iu.TOHOBCRHJC CTPYRTYP 

,JtJIJI pay (6), (7) • .IJ;effcTBHTe~o, r&mJIJ,TOHHSHH Hm,:1 = f fp Dp+m 

H CHMIIJI8RTJrll8CRHe ~J)MH 

D.m =if. ( LDUJ(n))7Ws 11M+Am+t26W-(n} 
n:-- + 

(9) 

nopoJQamT npH Bcex m= D, t: I,... pay (7). Hs-sa HSJllAlU[ onepaTopa M+ , 

o~o, BC8 4lOJlMH .Q m COJtepJtaT DO.It SHaXOM OYJ,!MS CJIOJmHe HeJIOKSJil,

HH8 :a: HeJIHHeme BHpaJtemm OT UJ ( n) • AHaJIOrR"lHO, H m, r BMeCT8 0 

cmm.n:eitTJ:Necxm.m: ~pumm 

lim=if. (z_oiiJ(n)/Cus1tfi.";-2.rSiiJ (n) 
n=-oo 

nop~T pay ( 6). Towlo, uo npocTeblwl HS nm ( m = o ) RaHoJDNHa. 
. -

)la.nee B §IO 06CY2Q88TCSI CBHSL M82QY .Q m H .Q m • 

B rJiaBe 3 (§II-§I4) pacCMOTpeHH no~o0H88 PSY, OBHSBHmte C CHO

TeMoff :3axapo:ea-llla6aTa (4) npH s -= p = I 

8 

l 

~ 

✓ 

B STOM CJIY11Se HaCTynaeT psm ynpo~eimtt R llOmlJISD)TCSI HOBHe BOSMOJ!t

HOCTH. Tait, B §II y.I(SBTCSI BBeOTH OHMIIJieRTH"leCltd 6as:ao f P<nJ,Q(nJJ, 

,JtJIJI ROToporo llOJIY"l8HO OOOTHonieHHe llOJIBOTH. BlmeJteHI:I paSJioxeHmI ,JtJIJI 

W ( m :a a 3 0 uJ ( n) no cm.mJieRTH"IB OROMY 6as:acy. 

HSJIOl!eHHe §I2 CO,Itepmrr BJI8MeHTH cneRTpaJILHOff Teop:a::a onepaTopoB 

A! . HcCJieJtoBaHa CBJlSL MelQY onepaTopOM A+ :a 4Jy~eff G (n, 111, z) 

HOXO.Itll HS KOTOpott BHB8Jt8HI:I M8TOJtOM ROHTYPHOro HHTerpHpOBaHWI ynor.m- . 

HYTH8 Bl:lJll8 OOOTHOmemmnOJIHOTH. IlOJIY"l8HO Cll8RTpaJILH08 paSJIOJlt8HH8 ,JtJIJI 

G ( n, m, '.I! ) H JtORasaHo, "ITO oaa .ID3Jm8TM 4lYHRiniett I'p:ima .ItJil! npe-

06pasoBaH1tJ1 Kan OT onepaTopa /1 + : 

2 -f 2 8 . (A++ 'l) (A.,.-Z )G(n,m,'l)= n,m 

c.ne~ §I3 nocBm11eH raM:IJJil,TOBOBCltl!M OTPYRTY.PSM pay (7) npH 

S = p = I • IlpOCTeitmsJI ~Ol)Ma HS ( 9) ·.n _ f B BTOM CJIY11a8 JIORSJILHa 

H HM88T BHJt (op. C /IO/): 
00 tf9:rnJ1i8i<nJ 

D._, -= 2 in~ ... . I-If ( n} 'l ( n J (IO) 

IIOJiy-qeHH mnme lmp8.llt8mm .JtJIJI Hm,.F :a Slm 11epes nepeMeHHHe nett

CTBHB-yrOJI, OTRY.I(a OJie,ItyeT nOJIHaa BHTerpHpyeMOOTL COOTB8TOTBYll!IIHX 

pay_ BBe,1teHo MHoroo6pas:ae JlarpalUIQ :a nepe"IHCJieHH ocaoBHHe ero cBott

CTBa.'HmtoHeit, paCCMOTP8HI:I H8ROTOpHe HHTepecHHe 118CTHH8 CJIY"laH, 

cpe.ItH ROTOJ)l,IX OTMeTHU pa8HOCTH08 H8JIHHettHoe ypaBHeHHe llipeJtHHrepa 

i 'h rnJ~-[f-t9'*(nJ1J<nJ][r;rn+f}+1Jfn-l)]+2!J rnJ, c = ! f, 
a Taltllt8 - pa3HOCTH08 MO.ln!II>~OBaHHOe ypaBHeHHe KopTeBera-Jte wp:asa. 

B noCJieJtHeM §I4 no1taSaHO' "ITO R pay ( 7) np:a s = p = I npn:e

HHM lUlaHTOlld MeTOJt o6paTBOit Sa,I(a"IH. C y-qeTOM (IO) H COOTB8TOTBYJl!IIRX 

B ltBaHTOBOM CJIY1188 ROMYyTart:a:OHHHX COOTHomeimtt 

£ 'f cnJ, 9+rmJJ_ = no-tfrnJ; en>) on,m 
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BH'mCJieHll RJiacc:ll:'lecitaJI -i -MaTP~ H RBaHTOBBJ.l R -uaTp~, 11:To .. , 
;naeT B03MO.llrHOCTL :mnmcau rurnam EeTe. !IoJIHoe pacCMOTpeHHe Bonpoca 

o KB8.HTOBa.HID! P3Y(?) co~epJmTCR B /I2/. 

B 38KJII01iBHllll ~ccepT8.Ullli nepe11RCJieHH OCHOBHl:le peayRLTaTU. 

B npMO.lKBHID! npRBe~eH RBHllit B~ nopOJKA8lOlllllX onepaTopoB, OBR-

38.HHllX C 6R011HOtt ~CRpeTHOtt CllCTBMOii 3axapo:aa-Illa6aTa ll 8RBllBaJ18HTHOii 

eii CllCTBMOii Ha co6CTBBHHlie 3Ha11BHllR. 

09HOBHbl8 pe3YRLTaTU, IlORV'IBHHlie B }UIICCepTruµm 

I. HcCJie~OBaHbl RJiaCCH H8RnH8iiHWC 8BO~OHHWC ypaBHeHHll:, CBR-
38.HHllX C ~Tll11HHM ny-qROM o6mero B~a ll C 6R011HOii ~CRPBTHOii CHC
TBMOii 3axapoBa-llla6aTa. Ha OCHOB0 M0TO~a paMOJK0Hlill no 11RBa,n;paTaM11 pe
meHllii llCXO~Oii RnHettHoii 3a.~a11:ll IlORa3aHO. 11:TO M03P llM80T CMHCJI 0606-
meHHoro npeo6paaoBaHHR ~yp1,e. 

2. B o6onx CJI111MX H~eHH B RBHOM B~e nopoJ1UtalOllllle onepaTopu 
A , ~ ROTopHX "RBa,n;parn" pemeHHll: RBJIJIIOTCR co6oTBeHHHMll qiy~

Mll. IloRa3aHO, 11:TO 8TH onepaTOpli n03BOJimOT e~ o6pa30M ll ROMilaRTHO 
OnHCaTL COOTB0TCTBYIOlllll8 HSY ll llX HHTerpaRH nHllteHHR. 

3. IIocTpOeHH nepapxnn r&mJII,TOHOBCRllX CTPYRTYP ~ llCCJie~eMHX 
RRaCCOB ypaBH8Hllii. B Ra'lleCTBe BalKHHX npHMepoB paCCMOTpeH p,m MO~
q>IIR.a.UHi! HBRnHettHoro ypaBHeHHR lllpe~epa RaR B HenpePliBffOM,TaR ll B 
~CRpeTHOM CJiy'llae. 

, 
4. IIpe~OlteHa RnHettliaR 3~a-qa Ha co6CTB8HHll8 3Ha11eHHR, 8RBHBa

RBHTHaJI 6R011HOtt ~CRp8THOii CllCTeMe 3axapoBa-llla6aTa. IloRy-qeHo, 11:TO 
npocTettmilJI Cll'.MllRBRTH118CRaR q>epMa, OBR3!lHHaJI c aToil s~a11ett, RaHOmAHa. 

5 • .UoRa3aHa noJmaJI HHTerp11py8MOCTI, HSY, CBRBaHHWC C ~Tll"CDWM 
ny-qROM o6mero B~a l ;\ . Ilo~eH RBHbltt ~ nepeMeHHWC THna ~ettcTBHB
-yroR ~ BCBX r&mJII,TOHOBCRllX CTPYRTYP llS nepapXllil, CBR8aHHWC-RaR 
c l f , TaR ll C ~CRp8THOil 2x2 CHCTeMoil. 

6. Ha npll'.Mepe O~OROMilOHBHTHOro paSHOCTHOrO HBRHHettHoro ypaB

H8HllR lllpe.znmr,epa nORa3aHO, 11:TO K llCCJie~eMHM pa3HOOTHHM BBOJIDnIOH
HHM'YpaBHBHIDIM npllMe~ RBaHTOBllit MBTO~ o6paTHOtt 3~atm, BWmCJieHa 
RBaHToBaJI R -MaTp~. 
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