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OHIWI XAPAKTEPIICTHKA PAIDTl:l 

AKTy:8Jll>HOCTl> TBMU. B J:tHCcepTam,IH pacCM8TpHB88TCJI KJI8CCH'IBCK8JI 
H KBaHTOBaJI J:tHHaMHK8 CHCTBM peJISITHBHCTCKIDC CTPYH• lfay'tJeHil'.e J:tHHBMHKH 
T8KIDC CllCTeM HMeeT 60JI1,11108 8H8'tJ8HHe, 'tJTO CBJI38HO B rrepeyro oqepe.I{l> C 
paccMOTpeHHeM HOBOfl qopqmrpoBKH Hea6eJieBllX K8JII{6p0BO'tJJIUX Teopntt B 
Tep.urnax CTpYJimtX rrepeMeHHUX. B rrpe,I{eJie CHJll,HOtt CDJI8H (rrpn M8JIUX rre
pe.I{aqax HMIIYJil>COB) TaKasi <IoPMYJII{p0BKa KaJIH6poBOqHJiX TeOpHtt (B qacT
HOCTH, KBaHTOBOtt xpoMOJ:tHH8MHKH) JIBJISIBTCJI 6oJiee a,neKBaTHoi,I RapTRHe 
qit1snqecKIDC srn.,~eHHil. 

C ,IUJYI'Off CTOpoHU, H3B8CTHO, qTo M0,!{8JIH peJIJITHBHCTCKHX CTPYH, 
TaKIDC,ItaK CTpy!Ia Hmi6y-roTO, CTpYJia HE:Be-llloopua H CTPYH8 PaMOH,!{8, 
IIP8'ACT8BJllIIOT co6off rrpocTpaHCTBBHHO-BpeMeHHYID OCHOBY ,JJ,JIJI orrepaTopaoro 
qX>pilamI8M8 'AY8Jll>HUX pe30H8HCHUX MO,I{eJieil, ,lJ,JIJI KOTopux paspa60T8H8 IIOC
JI8,!{0BaT8Jll>H8JI rrpone'AYPa ~CJieHHff 'AYBJil>HHX BMIIJIHTY'A pacceJIHIDI a.npo
noB. TaKHM. o6pa80M ,1rnyqeHHe TeOpHff ·peJIJITHBHCTCKHX CTPYH, KaK B08MOlK
HUX ajx'fieKTHBHUX TeOpHtt 'AJIII KBaHTOBOff xpoMOJ:tHH&IHKH, IIO-BH'AHMOMY, 
II08BOJIHT IIOCTpoHTl, KOppeKTHyID IIPOUB'AYPY BU'lJHCJI0HHtt aMIIJII{TY.I{ pacceJIHHJI 
~HOBB paMKBX KXJl ,lJ,JIJI rrpoueccoB C MaJIUMH rrepe'A8'tJ8MH HMIIYJil>COB, 

IIocTpoeHHe IIOCJI8,I{OB8TeJil>HOtt KBaHTOBOff Teopmr nea6eJieBUX K8JIH6po
BOqHUX UOJiett, nepeqopilyJIHpoBBHnott B TBPJIHHBX cTpYJIHHX nepeMeHnux; 
IIOTpe6yeT, O.u;Ha.KO, pa9BHTHJI HOBUX MOlllHUX M0TO.I{OB HCCJI8'AOB8HHJI sa.naq 
KB8HTOBOff TeOpIDI IIOJIJI, JiettcTBHT8Jll>HO, xopcmo H3B8CTHO, 'tJTO ,I{O CHX nop 
ne CYl!l0CTBY8T 38KOH'tJ0HHOtt KB8HTOBOtt Teop:im 'A8JK0 ,lJ,JIJI npocTeflmett peJIJI
THBHCTCKOff CTpYJIU ~ CTpyHu HaM6y-roTO. Bo MHOrOM T8KOe no~olKeHHe 'AOJI 
CBJI38HO TaKJKe C H0,I{OCT8TO'tJHO xopomo H3Y'tJ0HHOtt ltJI8CCH'tJ0CKOI ~IBMHKOI 
peJIJITHBHqTCKOff CTpYJI!l. IlOSTOMY flp0.I{CT8BJIJIOTCJI BOCl>M8 8KTY8Jll>HUM 60JI08 
r;ry6oKOe HCCJie~OBaHHe KJiacc~ecKott ~aMHKH peJIJITHBHCTCKOI CTJlYFm. 

0TMCTHM T8Kllt8, 'tJTO~HCCJI8,I{OB8HH0 MO~eJm KB8HTOBOtt peJIJITHBHCTCKOfl 
CTJlYHU B 4-MepHOM rrpocTpaHCTBO-BpeMeHH npe.I{CT8BJIJieT C8MOCTOJIT0Jll>
HUtt HHTepec, TBK KBK HM01l'l'CJI H8,!{0JK,Itll, 'tJTO 8T8 M0,!{0Jll> 6y'A0T TOqHO pe
maeMoff H 6y~eT UpHBO;nHTl, K H0TpHBH8Jil>HOtt p --M8TpHUe. 

UeJil> pa6oTH. UeJil>D HacTORl!leA pa6oTu JIBJIJIJIOCl> HCCJie.I{OBBHHe wrut
UHOH8Jll>HUX YJ)8BH0HHff, OIIHCHB8KIIIHX J:tHHBMHKy Hea6eJieBUX KBJIH6poBoqHl,IX 
ijOJiefl B TOp.!HHBX CTPYHHUX nepeM8HlIUX, 8 T8Kllte nsyqeHHe HBKOTOpux Bon-
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pocoB KJI8CCR'IeCKOil R KBallTOBOff TeOpIDI peJIJITlIBRCTCKOif CTpYHlil Hru.i6y
I'OTO. 

HaY;IHM HOBH3Ha. B pa60T9 BIT9pBU9 li3J'IeH pJI,D; CHHI'YJIJipHIIX 
o606l!leHHRX qiyHKIUill, B03HHKaXInllX ITpR pacCMOTpeHIIR <pyJIKUIIOHaJil,HllX ypaB
HeHH1l ,1T,1I1I KOHTypHUX cpe,n;HHX B Hea6eJieBHX KMK6poBOTJHHX TeOp!i.RX. ITpo
Be,n;eHo BR'IRCRelrn~ BJL7II,COHOBCKOro cpe~ero (,n;JIJI HeKOTOporo KJiacca 
KOHTYPOB) B ));Byi'JepHoil Hea6eReB01l KaJI1I6poBO"IH01l TeOpMH cyMMHpoB8HHeM 
Bcex rropJI,D;KOB TeopIDI B03MYUleHHii ITO KOHCTaHTe CBR:3JI 9' . .UaHHmi: 
pesym:,TaT corRacyeTCR C pesym:,TaTOM, ITMJ"IeHHl:lM pa.Hee* B p9Ill9TO'IHOM 
BepcRH ,n;eyMepuo:it Hea6eReBoff ltn.JJH6poBO"IHOff T80pHH. 

Brrepme 11an,n;e110 o6l!lee pellleH.He s~a'll! KolllH (B npo:aaooR1,11on 1mmi:6-

poBKe), orrpe,n;eJI.fIKlllee ,!UffiaMID:ty peJIJITHBHCTCKOii CTPYHR HaM6y-I'OTO. Cqiop
My-Rllp0BaH 06l!lHil reOM8TpH"I9CKliii rrpmnum ITOCTpo8HHH HHTerpaJIOB ));BIDK8HHH 
saMKuyToff peRHTHBHCTCK01l CTpyHll. BnepBhle llORJ'I9Hll 6eCKOH8"IHH8 COBO
eyITHOCTH TaRHX HHTerpaJIOB ));BIDK9HJIH. MeTO));OM KOJrJieKTHBHHX KOOp.!(HH8T 
H.H.lliroJIID6oBa ,n;oKaaana IlORHOTa ITOCTpoeHHl:lX COBOeyllHOCTefl mITerpaROB 
~IDKeH.HH • 

Brrepmrn mui.n;eH RB!Ilrtl mm JI,D;pa orrepaTopa SBOJIDUJIR SaMKHYTOff pe
Y.f!TJIBHCTCKofl CTpyHll no C06CTBeJIHOMY BpeMeHH. IlocTpOeHO HOBOe mITer
pam:,uoe rrpe,n;cTaMeHHe ;n;,m. rrponaraTopa aaMKuyTOil- CTJJYHH. IlORJ'ISHo 6ec
KoIIe"IHoe "IHCRO HOBIIX qzyHKUHOH8JII,HllX ypaBHeHHff. orrpe,n;eJIJmllHX CTpyxTypy, 
DTOro rrponaraTopa H OTpalli81!lltHX !paKT HamrtUIH B KBaHTOBOi! Teopmr 6eCKO
H9"IHOro "IHMa aaKOHOB coxpaHeHWI. IloRJ'IeH cneKTp Mace saMKuyTO:lt peJIJI
THBHCTCK01! CTpyHll, CTHuyTOil B TO"Iey. 

IlpaKTH"I9CKM U9HHOCTI,. PeayRJ,TaTll ));liCC9pT~-MoryT 6HTI, HCITM1,30BaHll! 

a)~ li8J'I9HHH Hea6e~eBHX KaJm6pOBO"IHHX Teopllff D TepMHHax CTpyH
HUX nepeM8HHHX, B TOM "IHMe ));M IIOCTpoemm KOppeKTHOff llpol.\9,n;ypll Bll"IHC
ReHHil (B P8MK8X KX,n) ,IJ;yaJU,HHX aMIIJlHTy;a; paccElHHlIH ~HOB, 

6) ;n;Jm ,n;aJII,HeillllHX HCCRe,n;oBaHHff B M8CCJ.11I9CKHX II KBaHTOBWC T90pMHX 
peJIJITlIBHCTCKHX CTpyH (HaIIpHMep, B Teopmr CTJJYHU C cpElp,!HOHHllMII CTene
HHMH CB06o,n;u); 

B) ITpH H3J'I9Hmr H9KOTOpllX TeOpeTHKO-IIM9BllX MO,IJ;eRefl, M8CCJ.11Iec-' 
IWe ypaBH8HID! KOTOPHX HM910T mncpeBHe pemeHJIH (TIIna mi:xpei! A6p!iKOCOBa 
B CBepxnpoBO~HKax BTOporo po.n;a) • • 

Anpo6amm pa60Tll. 0CHOBH!le peayJII,T8Tll ,n;n'.CC9PT8UHH HeO~OKpaTHO 
,n;o~c1, Ha H8J'IHHX ceMHHapax m OIDil1 H; O'Nl I@B3, a TaltlK~ Ha 

· ceccmr OT,n;eJieHHH JU{SPHOii qiaamm AH CCCP B I98,2 r. 

* OKCaK A.ll. Thl<fl, I980, T.44, J& 2, CTp.172-188. 
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Ily6.mmap;lm. Pesym,TaTU O~JmKOBaHU B IIHTII pa6oorax~ 

06'.1,eM pa6oTU • .ILHccePTaI(!Ul COCTOHT J:IS BBe,n;emm:, TpeX rJI8.B, TpeX 
npwlOllteHHfl. 8Blt1.lm81UJR H CIIHCita JIRTepaTYJ)U ( 63 HBHM8HOB8HIDI) :e: co,n;ep

_lmT II5 CTpaHHI\ MammIOIIHCHOro T8KCT8 ,H 3 pHcyHKa. 

CO,IlEl'lKAijHE PAIDT!i 

Bo BB8,lli8HmI 06Cyllt,IJ;88TCJI 8H8118HH9 BOllpoCOB, paccMOTp9HHllX B ,Itl!C

cepTannOHHOff pa6oTe, npoBe;n;eH oclsop JIHTepaTYPH n Bllllo.nHeH SHMHS coc
TOHHHH npo6JreMU KO BpeMeHH HCMe,n;oBaHHH. KpoMe Toro, s;n;ec1, co,n;epl!tJIT

CJI ItpaTm oclaop co,n;eplltBrnm: ,ItHccepTaDJm. 

IIepBB.H rJUUla nOCBHlllSHa o6cyx.newm qlOpMyJIRpoBKH Hea6eJI8BHX KMH6-

poB011HUX oreopd B·Te:i:wmax CTpJHHllX nepeMemrax. 
B § I'paoCMaTpn:BallTCH ~OH8Jll,Hll8 ypaBHeHHH.;n;JIR. KOHTJPHIDC 

cpe.ItHHX · · · +.t27r 

<VCd)> = <1J 1fi(c'1/ = <TJPe¥f~~ l"s ~(5)A'
1

Y~cs~). (I) 

/ ~ . A A4 q>'<t 
S;n;ec1, xi' ( s) - -is 7 Cs) ; Y' ( x.) = Y' I - KMH6poBO"IH08 llOJie. a 
1'74 - reHepaTopu KMH6J)OBO"IHOI. rpyIIIIH; B9KTO~ -:C/'(s:) onpe,n;e

JIIIST KOHTYP d B npocTpaHcTne-npeMeHH; t - napaMeTp, BH6pamml Ha 
ItOHTYPe C , a i - TO'IIK8 0Tc11eTa . napaMeTpa ff ; 8- - ito110TSHTa cBH
BH; CHMBOJI p o603H8"I88T ,n;aloOHOBCitOe yITOpJI,Il;O'leHHe B,ItOJII, nyTH C ; 
01to6KH < ) 06osua118.Jl'l' ycpe,ItHeHHe no· nOJIRM A;(:i:) • 

PacCMOTpeHHe B8,IJ;8TCR WIJ1 llpoHSBOJIJ,JIOI paBM9pHOCTlI n,_ npoCTpaH
CTBa-BpeMeHH. TSltHM o6paBOM,BC8 paCXO.ltJlJIIJ'[9CJI Bblpallt8HHH IDlJlfil)TCJI pas
MepHo-peryJUipHBOBamnam. 

lnsI roro, 11To611 nOJ:ty"IHT1, ·ipymal.nouam,HUe ypaBHSHHH, onpe;n;eJIRDlll{e 
,11,lIH8)IHKy RaJIH6poBO"IHllX nOJiel B T8JIWl8X·ll8peMeHHl:lX (I), H906XO,Il;HMO 
Bhl"IHCJiltTL BTOIJYI) Bap:e:an!!OHHYJ) llpoH3BO,IJ;Hyil S&.('ljr(c'.)> , ItOTOpyJ) 

. . .· sx..,...cs)Sx·'•tt-J . 
8CT8CTB9HHO Jl8CCM8TpHBaTL.Italt 06o61I19HHYJ) ('pylUw,lll), 8a,IJ;rumyJ) Ha RJiaCC8 
OCHOBHUX (pyHKitd ... '7/l(S;-i:.): . . 

J= fas] d~ Sa..('P'(d)) 'l/(S t) (2) 
· · $~(.S) d~(c) I 

0 

BupaxeHHe (2) MOmIO·paMOltlITL B KSE,ItOM nopsr,u;Ke no ItORCTaHT8 CBHSH g.· 
B pJI,D; J!opaHa j.,;. Z:: C..L j' , IIJ)R119M ItOaqqm,.RSHTl:l c'o(, mwmI'CJI pe

o'-6~ (tl.-4 .. ' 
ryJIHI)Hl:lMH npn h.- 4 ipyliltlijIOHaJiaMK, BaBJ:ICsmtm,m OT qlOp,nl ItOHTypa cf , 
JI'HM8lDT ItpaClll!Yll reoM8TpH118Cicyl) J/IHT8pnp8T~. 
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B 'AHOOepTaD;HK BWmoJie!W RO~eum ~ ,ItJIJI psma o6o6memrux 
qiyma:(Hff, oo,nepzalltlIXoJI B B!Ipruitemm j--blr(dJ>,,,{,'.) B mrsmeM nop.a;!(Ke no 
KOHOT8HT8 OBJISH g • 7-(5

).ra: '-t 

Ilpi!Be,neM ,ItJ1JI IIpHMepa O'AHU HS pesyJll,TaTOB. PaocMOTpm.! ~OHaJI 

jjrr n. !. · j = 1.J'l~ds:i. 8 (x(5£)-xlS:i.~1f(sL,~::i..) =~Co1.(n--4)"° .1.tJrJI rJIB,nIWX ltOHTYJlOB 

6es cBMonepece-qeimfl c'o<. == O, eCJIH ol~O • .1.tJrJI rJia,nKoro ROHTYJ)a o 
o,ItHHM caMonepeoe'lleHHeM x,,..<~) ,. ~t-;J,..,) ( 1f.1. 'I cJ:l, ) ~ = 0, eCJIH 

ol. > 0, a RO~eHT C"o. paB8H 

C. = .4.(i:..(vi11. _f.1<,'\+ _4_ LSf> St~) '!f(~J.>.1.)+4'(S,a.'>1)l '(3) 
o a- 4 t- 4 -/ i6 6 ~daitU~··ll ..,. 'i1 . . o~ ,-a, 

r.ne @tj -MeTpll'Ieom TeHsop, 52'~ - RoaipplunrenTH BTopoff Kll8.DJlElTH"IHOI 
qop.m, a R - OXMSlpHaJI RPiJBHSHa rJia,nKol noBepxHooTH rr-(sJ.,s.a) = 
'X,-.(S,t)- X,,..(S.t..) • 

ECJIH c'o(. -/: 0 IIJlH d.. > 0' TO H806XO'AHMa .nonOJIHHT8Jil,H8JI nepeHop
MHp0BKa COO'l'B8TOTBYDI18I o6o6uteHHoff ~-

.r.r.,m Toro, 'IIT06H CBJlllaTl> n<>.7.iy"qeHH!)8.~0HaJil>H08 ypaBH8HH8 ,ItJ1JI 

ROHTyplllDC: cpe.rumx C ypamiemim.m, OllHO!lBStmmOJ ,nHHSMHRy.peJIJlTHBHOTCltOi! 
CTpyHU, H806XO'AHMO paoCMOTpeTl> npe,neJI IIJlH s- i:. ~OHaJia 

S2
<:'1jr(d)> • ll:3-sa H8.JllrnrJr B 9TOM <J!yma];aOHaJI8 OHHryJIJiplmX 0606-

aa::.,..(s) .lSx"'(e) . . ... 
memrux ~ T8KOfl npe,neJI IIJ)HBO'AHT lt paCXO,ltSlillHMCJl BHpallt8HHm.1. Tait, 
B im:smeM nop.a;!(Ke no fj. HM88M (,ItJIJI. rJIB,nIWX KOHTYPQB 6es OBMonepeo,e
-qem) 

~ s/·t.1rcc;> rv @-tKii-llc<iel ~(t1Jf-#fo<~3J] <'?fee;> <4> 
$-.t. 87-[S)Sa::"{t) f 7#€. Jf ' 

r,ne £ = /~('7)-'? (6J/ • TBKHM o6pasoM,<PYHimHOHa.!ll,H08 ypaBH8HH8 ,ItJIJI 

ICOHTyl)HHX ope.rumx, IIpH nOllHTK8 llpOB80TH aHaJIOrliDl · 0 ,nHH8MH'i80Rmm . ypaB
H6HHJWH OTpyml, T8Itllt6 Tpe6yeT ,nono.mmTeJW!OI nepeHOp.mpoBKH. Biwto, 
O,nHaKO, 'IITO IIJlH n.? 2 OHHryJIJipHOOTH no e. B HHsmeM llOp.a;!(Ke T80ptm 
BOSMYllleHHi! B B!Ipalltemm (4) npona,nam. OKasimaeTCJI, 'IITO ,ItJIJI .JtBYMepuoro 
llpOOTpaHOTBa 9TO He~ pesy.m;TaT. 

B § 2 Hsy-qaeTCJI RBJm6poBO'IIHaJI T80PHJI B ,IU3YM8pHOM llpOOTpaHOTDe
BpeMeHH. Be.mrimaa <rir(c)) .,ItJIJI ROHTYJlOB 6es 08.MOHaJIOllteHRI TO'IIHO Bll

'IIHOJIJi8TOJl oyw.mpo:arumeM psma Teopim BOSMyllleHHA. Ilo~emmfl pesy.!ll,Ta'l' 

<ri;Cd>> = e4:'f ( Q.'-i(R) /f3/) , r,ne /ft/ - ILlIOlll8,lt'& o6JraoTH,orpaHH-

'lleHHoff ROHTypoM c' , oorJiaoyeTo.11 o Bll'IIHOJI8HRflMB:, npoBe,neHlll,IMH .ztPYI'R-

4 

'' l 
i 

I 

WI aB'l'OpaMH B pemeTO'IIHO! BepcllH T80pim. B ROHD;8,BTOporo naparpaqa 
npHBe,neHH ~OHaJil>HHe ypaBHeHHJI ,ItJIJI ROHTypHoro ope,nuero < l'\jr(d)> , 
ltOTOplle MOlltHO B!IB8CTH R8lt HOnOJII,SYJI mmoe Bllp8Jlt8HH8 ,ItJ1JI ~OHaJia 
<"P"Cd')) 1 TaK H paonyTHBaJI Xp0HOJIOrn'lleoruie onapHBBHHJl B COOTB8TOTBYJ>
Dt8M q,yHKil;l:tOHaJil>HOM ypaBHemm HS § I • 

BTOprul rJiaBa 'AHOCepTa:tnm nooBJIDteHa Hsy-qeHJiDl KJiaOOH'll80KOI ,nHHaMH

IW SBMIWyTOI OTpyH!l HaM6y-roTO B r8MHJil>TOHOBOM no,nxo,ne. CoOTOJIHl18 
OTpyml B TBKOM no,nxo,ne onpe,neJIJie'l'OJl B8KTOMYHlC1J;H81 0:J,. (!>;c) =' 

-::c.,..(s+2f,<t:) , 38,n8Jlll8fl (IIpH (pHROHpoBBHHOM 8Ha'll6HHH napaMeTpa lt'. ) 
nOJIOllt8HH8 OTpyml B 5e -MepHOM llpOOTpaHOTBe-BpeMeHH, H B8ltTOp-qiymtD,Hefl 

/j,(S,'C)~ fj. (s+2.:r, ?;:.) , sa.n8Jlllel llJIOTHOOTl, 8H8prllH-HMnYJII,Oa OTpy!W 
B TO'IIK8 $ ( S - napaMeTp Ha CTpyH8, CC: - napaMeTp 9B~ "Bpe-
wr") • Ha lt8.HOHH'll8CRH8 nepeM8HHll8 7 (-s,c) H /=j...(:s,T:) HaJIOllt8HH OBJISH: 

1C0 = a:(s,'1:) = ( h + x~/1
• = o;, 

I · ~ I (~ 

xi= ~:.cs,'t') = (P,. - o:-;..f = 0. 
I "4 , 

8TH OBJISH onpe,ne.rumT BOD 'AHU!OOIRy peJIJITHBHOTCKOit CTpyHll (PC), 
RaR rB.MHJII,'l'OHHBH 80TE> llpoCTO .mmelHaJI KOM6HH8IJ,HJI ~:It :X:.0 

H(<t)- s~$'( -£~-c) 0,.'J.(,;.'f-) - @~;c) ,€/-cs-;:.~ · 

~ fls.;c) H 0,(,,"C) eOTl, MHOlltHTeJIH .IIarpaHlltB.. 

TaK 
H Xi: 

(6) 

B § I ll<>.7.iy"q8HO o6mee pemeHHe sa.na1m KomH, Ha OOHOBamm KOToporo 
MOlltHO onpe,neJIHTl, OOO'l'OJIHH8 PCB Jll>6ofl noCJie.nyllitl!A MOM8HT BpeMeHH 't= 
=t , 3H8Jl OOOTomme PCB Ha'llaJIJ,HHff MOM8HT Bp0M8HH CC:= o. ECJIK 
EN80TO nepeMeHHHX- x.r ( s,-c) H f}. ( s, 7:.) BB8CTH :~BYD nepeMeHHyD 

X (s,1.,SaJ'C)=fC~(jf,,t:-)+7 (sa,'C)+ f f;..(A,t:)d;i.), (?) r ~ . 
TO B KOMII8KTHOI qJOp.18 pemeHHe sa,nal!H Konm: MOXHO saruroaTl> B BH,ne 

xf (s1) S,1.> -C.) "'- X)<-(cp(s.1., t) I r(sa,i:.) 
1 
o)' (8) 

r,Ite qiymanm q, H T7 SSBHOJI'l' OT MHOlltHTeJiel .IIarpaHJKa f('>,"C.) H ~('Sj'C.) 
H paBHH t 

¢ls,.;;)= 1' e.¥f [ Sd1: f(~;c).?s] S, 
0 

T7(-=,,.:,) = '"l"'e-,cp [ td<t gcs;c;):~l Et. 
0 

(9) 

B § 2 Ha OOHOBamm pemeHHJI sa,na'IIH KomH (8) ll<>.7.iy"q8HH ypaBH8HHJl 
B BapHail;l{OHHBX llp0H3BO,nHBX, orrpe.neJISm11He HHTerpaJIH ,nBU:eHHJI PC, H 
CqJOPJ,!YJIHp0B8H o6DtHI reOM8Tpi!'q80RHit npmmim llOOTp08HHJI TBKKX HHTerpa-
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~OB ,ItBHllteHHH. 8TOT npmnnm 689l!J)YeTCH Ha TPlllBHWll,HOM YTBepllr,Itemm, 
'ITO .mo6off qlYHIO.ijIOH8JI J" (X}'- (s1.,S~, t~ 1 lllHBB.PlllaHTHHff OTHOCIIITeJll,HO 
npeo6pasoBB.Hlllff s«- -cp(s«..) (r.n;e ~ts )>O 111 ¢ol(tf+27r) = 27fr <:/',1.(s)). 
He 6y,tteT 9aBIIICeTI, OT napaMeTpa 8BO~lll t. . 

B § 3,c 111cnOJII,SOB8.HllaM pasyJII,TaToB 111s § I 111 § 2,IIOJJY'lam. 6ac1t0-
Ha'IHl:la cape napB.l:llC IIIHTarpBJIOB ,ItBHlltaHIDI 98MKHY'l'Oil PC.STIii 6aC1t0Ha'IHl:la 
cape o6pa9YJ!)T 6aCKOHa"Il!OMapHHa aJII'a6pl:l J!H,onap~ail YMHOJitaHIIJI B ltOTO
P.l:llC JIB1IJiaTCH onap~ BSHTIIIH C1to601t IlyaccoHa.B ROHD;a § 3 odcYJK,ItaaTCH 
qM811ltJecRlllff CM!lCJI npocTe.lroimc 1118 IlOCTpOeHHHX 88lt0HOB COXpaHemm:. 

, HHTerpa.,m mmxemm, IlOJJY'leHHl:le B § 3, IIO IlOCTpoe~ ROMMYTBJ>Ym' 
co CBHSHMH (5). Taru!M odpasoM,OHll: HBJIHJOTCH ,n;effCTBIIITeJII,HHMIII .n;IIIH8Mlll'lec
Rl00{ IIOpeMeHHHMII! (HHB8.PlllaHTHHMIII IIepeMBHHHMIII) 1 ROTOpHe X8paRTBPlll8YJlT' 
COCTOHHIIIB PC - CIIICTeM!l C deCKOHO"IlIHM 'lHOJIOM,CTeneHeff CBOOO,n;l:l. BosHH
RaeT, o,n;na.Ro, oonpoc: Bee JnI HHB8.pll!8HTHl:le nepeMeHHue nepetJHCJieHH B 
IIOCTpoeHHHX Ha6opax IIIHTerpBJIOB ,Il;BlllXemm? 0TBeT Ha STOT BOilpOC ,n;aeTOJI 
B § 4 BTopoff rJiaBl:l, r.n;e MeTO,D;OM ROJIJieKTlllBHHX ROOp,n;mi8T H.H.EorOJIJ06oB8 
CTJlOIIITCH IlOJIHM CIIICTeMa ,n;IIIH8Mlll'leCKHX nepeMeHHHX SaMKHyTOff PC Ill Ha oc
HOBaHIIIH IIOJllIOTl:l 8TOff CIIICTeM!l lllCCJie,nyeTCH IIOJIHOT8 lllHB8.Plll8HTHHX nepeMeH-
HHX, npe,n;cTaBJieHHHX B § 2. . 

Bxpame cxeMa nocTpoemui BHI'JUJ;ItHT CJie,D;yJJitm,1 o6pasoM. HaJllll'lllle B 
Teope CBHaea (5) llplllBO,n;IIIT lt TOMy, 'ITO HMeeTOJI rpynna lllHBaPlllaHTHOCTK 
(RaJIH6poBOtJH8H rpynna) 1 reHePlllIJYeMM 8THMH CBHSHMH, ROTOpaH, ,n;e:IOTByJI 
Ha RaHOHlll'lecKKe nepeMeHHHe X.,"(-..,i::) 111 PrJ<S/t) . K KaMeHJIH me, TeM He 
MeHee He MeHJieT cooToJIHKe CTJJYHl:l. T8.RIIIM odpasoM, RWIUtOMY cooTOmmll , 
OTpyHH OOOTB8TCTBy8T H8ltOTOp8H op6111Ta B q:El90BOM IlpOCTpaHOTBe, ROTOpaH, 
B o:wxy onpe.zteJieHM l'm.mJU,TOHlllaHa ( 6) • 8f:l)ta8TCH COiJTHOmelllmMK (8). 

Kai!t,n;yD OpdKTy eoTeCTBeHHO xapaRTBPlll80B8.TI, HeltOTOpol TO'IJKOD, JI8Ea-
111ea Ha Hal. CoBOKylIHOCTI, 8TKX TO'lelt MOllHO BH6paTI, T8lt, 'IT061:l OHR o6-
pa80BHB8JIK IIOBepxHOOTI, (noBepxHOOTI, RaJI1116poBK111), nepeoe~ BCO Ra
JI1116poBO'IJHH8 OpdKTH TOJII,KO B o.n;noa TO'IJK8. Tenepi, B q:El80BOM IlpOCTpaHCT
Be MOJmo o,1teJiaT1, saMeay nepeMeHHux III nepelTIII OT xoop.n;IIIHaT x.."" K p11 
R lllHB8.PlllaHTHHM ROO:MKHaT8M 1 X8paRTapK8YJlltID,! Op0111TH 1 K R KOJIJieltTKBBHM ' 
ltOOIWWaTSM, xapaxTepn:SYJllll!M paccTOJIHKe ,ItO IIOBepxHOOTK RaJillldpoBlut. 
.Hel'RO IIOHJITI,, 'ITO HHB8.JlKaHTHHa KOOIWIHaTH odpasym IIOJllI!lff Hadop nepe
MeHHwc, KOMMy'l'llpyll$.X co OBHSm.m:. 

B § 4 BHdpana OJie,n;yllllaH IlOBepxHOCTI, RaJI1116poBK111, y;LtOBJieTBOpJmllaH 
BCeM TpedOBB.HWIM MeTo,n;a ltOJJJieKTHBHWC ltOOp,n;IIIHaT: 

SrJSuc~L;S.a./C:)=-ce-"-s-L)~, • 
(. ~ ca~ s~5a,(s,9et') ::o, 
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(IO) 

,, 
j 

, I 

l 
'! 
'11 

( ~ 
"t1 

'I 
! 
t 
I 

{} 

r.n;e 'If K G/4 - nocToJIHHHe Be1trope. HenapaJJJieJII,11!:le ,n;pyr ,n;pyry. 
IlplNeM q!P., = ~X ( g -noJllil:lff 1J -KMIIyJII,C PC). HHBB.pn:aHTHee nepe
MeHHHe, y,n;ciBneTBOpmqHe cooTHomeHKmd (IO) K odpaayJlllllle nOJIHllff nadop 
lllHTel'paJIOB ,ItBDBIOOI PC I KMellT BIil.It 

.x
1 

(sL,s;i.,~) ~ X,_ ( ¢/(~1.,1:), <13.-YsJ.,1:.), t:) . <11> 

lbymw;im¢.4-(s1.,'t) Ill '+';i.(-s~,'t) ,B ,It8HHOM .c.n:rme JIBJIRllTOJI KOJIJieKTIIIBlillMH 
ltOOp.n;HHaT&m K KMem BIil.It 

<Di.(sL1-c) = 9,~ ~
1 p/,.,-c)l-i:i\. + ':r.f< (s~)+ ~(JtJ, (12) 

0 

¢:i lS.1.,~"' 1(tp,.. (AjC)~~~ - -xrC.~:i,-c~ + a~ ox-1)' 
,a:-1 =Q14~&s~(s~up(..:i'([ )~(.l;t.)e<.:1. +x,µ(s~). 

0 0 

Ha ~Oll8JIOB (II) MOlltHO nOJIY'IHTI, Ha6ope IIIHTel'pBJIOB ,nmmemm PC, 
nooTpoeHHHe B § 3, 111 TeM CSMl:lM ,n;oitasaTI,, "ITO 9TH Hadopu odpasym nOJI
llYll COBOKyIIHOOTI, lllHB8pR8.HTllWC. nepeMeHHHX; KOMMYTKJlYD!tHX C B8JmlmH8.MH 

R· ~ 
B TpeT1,efl rJiaBe ,n;IIICOOPTa:a;ml pacCMOTpeH!l BOilpOCH, OBHSaHHll8 C 

KBaHTOBaHKeM PC. PaCOMOTpeHKe OY111eCTB8HHO OIIHpa8TCJI Ha pesyJII,TaTH, 
1t0Topue no.nyqelll:l B RJiaccKtJeo1tol Teope PC K xoTopue HsJI9xeHH BO mo
pofl rJiaBe • 

B § I nOK89aHO, 'ITO ,ItJUI IIPlll'llllHll0l'O nponaraTopa G(z!)'(!:.), 'M,y(:\.'>) 
88MKHyTOfl PC 8CT8CTB8HHO Bl:ldpan OJie,JzylJllee npe,n;cTaBJieHRe: 

G(~1M) = s~[f~'bl~l.6.TI ~~l7--:s~lf>r-~ 0xp(i.A), CI3> 
a'.ji ts,o)= z" ls) 

· ~(s,t.)-~,._ls) · 
2't 1i, ' 

r.zte ~eflOTBlll8 A= SJ<c.)ik(R i,::.~-¼a.~ f ~ e-i) K KHB8PlllaHTH0 OTHO-
. o o' t'- D.: }/_ L P.b) !) 

CKT8JII,HO npeodpasoBaHRI RaJillldpoBO'lHOfl rpymra ct:vw-(S ) as:iatw(s ; .. 
'!al-1 J ' 'll{ fjj • ~i ~r . 'l>ip,..3 - Mepe HHT8l'JlKpoB8.HKH no MHOltlllTO- . 
JIHM JJarpaBita "S H @- (IlplNOM MHOJl:8CTBO cpyimn1li ,T K ~ 1 no 
KOTOpoMy- Be,IteTOJI KHTerpn:poBaHRe I OrpamI'leHO YOJIOBllleM p-~ ct,( Sjt);t:.))6 ,v $) 
no BOOM noBOpxHOOTSIM CC)'(s,'t) • orpamrqeHHHM KOHTypeMIII ~(s) K'if,M(s). 
Ill no BOeM B08MOJml:lM IlJIOTllOOTSIM ~(S,'C) aueprmI-KMIIyJII,Oa PC. ~
~OH8JI!l £1 K IT OOOTB8TCTB8HHO. JIBJIJillTOJI ,D;8T8p,.mllaHTOM ~SJtitee:aa
Ilono:aa K 11Jl8HOM, qmtOIIIPYllltHM RaJI1116pomcy. &m ~Oll8Jll:l MOlltHO Bl:ldpan 
TaK, 'IT061:l OHR 88BIII08JllI TOJll,JtO OT MHOltlllTeJiefl .Harpamta. 

B · § 2 no.n;rteH JIBBl:ll BIil.It R.lijla k:<"J/s)IUtl~(~ onepaTopa aBOJIJJnm 
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~· 

3aMKHyTOfl PC : ~ R-11' 

k= <"a-~ls)\Ut\:Cv(.l.'t> = M '½(1,~ T!:) e,,(p[f )Jt(¼.(s)/S ~ Jj'1(¢)- . 
I O 115 'T (14) . 

-2:x:. (.s.)d ! ~-"'(.&) -t 'X..r(_$)b i soc.-"(-.:))] . 
;"- "f' A ,_ T . 

anec:r, onepaTOpll s H T -I;. paBHll l 

5 = ½CA+B) = ½(Tebirl~J~fc~-c),h1-t~~r[~"-~~csf)~i1), 
" -I;. t. :\ ~: i (A-P,)"' i (~0i'f[ ~~'C y.s;c)~1-'r~y,L~~-c~(s;c.)~Jj. 

(I5) 

tJ.'il/4.(J L_, -¾ S -~ / , -t29te 
neTep.unt8HT at,\. fit 'f"J. "' e q; 12 I.. 41 I q.. = e I e - ROH-
qop.umfl KHBSl)HaHJ: 0-: r~s/./z_(s,&), I',It8 qJyHRIJ;l!S{ -li.(s,t.) 'H88BHO Onpe,Ite-

J.UI8TCS1 H3 onepaTOpHOI'O o paB8HCTBS AB-J. = ~p(li.~,-l)'l.J • Q.(q.) ;~h.'1 n (!-'I,~ -
~S l'V•i 

qJyHRIJ;I!1J .Ite.rteRHH.Ita; 's - H8ROTOplltt IIapaMeTp, CBS138HHlltt C IlpORSBOJIOM B 
onpe.rteJiemm .rteTep.untaHTa. ~oHaJI (14) .f.lBJISleTcn: pemeHReM ypaBHemd! 

£(s,t.) l!;t) "' L+ ( <;.1-l:.) \< , f (s,-l) ;f~t) "' l- (s>t)k. . (IS) 

8,JJ;ec:r, onepaTopu C (s.,t) H L-(sit) JlllJIRllTCS! RBaHTOBIOOl'. aHaJiorm.m 
CBmleA (5) X 0 R X1. ; ol(s

1
t)= A ~·r={i.s) , ~(s.,t)~ 6~p(H) • 

YpaBIIemm (I6) BHT8R8l)T as cBoflcT:a rpymw J.iU-(~1) ®Jij-t(sf) , 
8JI8M8HTOM KOTOpofl (B npoeKTHBHOM llpe,ItCT8.BJieHHH) .8BJ!Sl8TCH onepaTOp U • 

B § 3 noxasaao, ~To ecTecTBeHHo cBSl:SaT:r, ~HaJI k=-<~\V~I~> 
c pesyJIT>TaToM ~CJieHM KOHTHeyaJIJ:,Horo HHTerpaJia ~~[7 )\tl~J '½'pOA) , 
I',Ite HHT8I'l)lipoBaHH8 B8,It8TCS1 no IIOB8pxHOCTJlM ,;;;.ts;t.) =er TOnOJIOI'HH. ~-
pa. ,llaJiee B § 3 noKa38HO, ~TO, BH6HpaH Ra7JH6p0BltY ~(.5t-i;) .. ~ , 

~c.c.,~) =--1.e ' BM8CTO KHT8I'paJIT>HOI'O npe.rtcTaB7.IeHWI (13). MOJ!tHO nOJIY-

~TT> paB8HCTBO ~ 
G-c~,~)., 1°ie e-3/;i. '}~ 2c2

~) C9,)~'i1Lct>1-l<e(q,uJ · 
0 

-~[½ ~~~(~,.l"->tsctl(J\e t)~ll(.5) - 2 ~rl~)fs ~i';eJ~) W4(s) + 
{I?) 

+~/"'ts)t ctli,(xefs)~,'((_s))1. 

anec:r, ~/'($)• 'ij,. (. q,i(~)) I ~,.(S)"- -2,,..( ¢'2,(l.)) I <F>1,(S.)'1 cl>2.C.':s) 
I<OJLll81tTRBH118 KOOp,nml8Tli, CBSl:SaHHlle C nepenap8M0Tl)HSaD;l{OHHOff HHBS!)liaHT-

HOCT1.,ll 4JYHltD,ROHaJia G,(=2 1 ~) • 

8 

B KOHD;8 § 3, HCXO.ItH HS HHT8I'paJIT>Horo llpe,ItCT8.BJI8HHSl {I?), nOJJY'I0H 
cneKTP Mace "m. " PC, CT.lnIYTOfl B TO1ffiY 

2, 

~ == ca1r(s + 2-~ + n..1 crn> M;!, . R-4 :l 
( M - napaMeTp pa3MepHOCTH Maccu, KOTopwl Bes.rte B npe,Il;ll,llYllleM HSJio~e
mm ,JtJIJl IlpOCTOTll llOJiaI'aJICH paBHllM 8.ItRHRD;er h.. - U8JlOO ~CJIO ¢ 0). 

B § 4 o6cpr,namca npo6JieMll, CBR:SaHHRe C Bl1Sl:CH8HH8M BOIIpOca 06 
8CRMIITOT~8CKOM noBe,tteHHH HHTeI'paJia (I?). B 8TOM naparpaqie n~eHa 
T8Rll8 6ecKOH8tJHM neno~ yp8BHeHHi! B Bal)li8UIIOHHl:llC npoRSBO.ltHl:llC, onpe
.It0J!Jllllt8R 'CTIJYRTYPY ~OHaJia G(=z!)~) • 

B npwroxeHHH x I'JiaBSM I, II H ill mHeceHH OT.rteJIT>1rue cneURaJI1.>Hl:le 
oonpocu MaTeMa~ecxoro xapaxTepa • 

'B 38KJJJD't!0HHH nepe~CJI8Hll OCHOBHH8 pesyJIT>T8Tll, nOJJY'I8HHlle B wrc
cepTaumt. 

WBO.Il}l 

I. HcCJie,ttoBaH ~ CHHI'YJ.UipliHX o6o6~eHHHX qiyHKD;RA, BOSHHKal!IllHX 
np:ra: paccMOTpeHHR qiyHKil;KOHaJIT>HUX ypaBHeliHA ,Jt)IJl KOHTypllliX cpe,ItHHX B He
a6e.neBOfl Ra7JH6p0BOtJHOff T8Ol)HH. 

2. Ilfl!mCJieHO BRJIT>COHOBCKO8 cpe.n:a:ee (,JtJIJl H8KOTOp0I'O RJiacca KOHTy
poB) B J:03YM8PHOI Hea6eJieBOff lt8JJR6p0BOtJHOfl T8Ol)HH cyw.mpoBaH:ra:8M Bcex 
noplJ.Il,kOB T8Ol)HH BOSMYJqeHHfl no KOHCTaHT8 CBSl:SR ~ • 

3. Hafl.rteHo o6~ee pemeH:e:e sa.rta~ KomH, onpe.rteJIJDJ11ee .ItKHSMHKY cTpy-
Hl:l HSM6y-roTo. . . 

4. Cqx):PMYJIHp0BSH O611t11ff I'8OM8T~8CW IIl)liHitHII IlOCTpo8HHH BllCmHX 
RHT8I'paJIOB 'A]3D0HHH PC. 

5 •. IIOCTpo8Hll 6ecxoHe~e COBOeyIIHOCTH Kalt JIOKaJIT>HWC, TaR R H8JIO
KaJIT>HUX HHT8I'paJIOB 'A]3D8HHJI 3aMRHYTOI PC. 

6. MeTO,ItOM KOJIJI8KTHBHl:llC KOOp,ItHHaT H.H.BorOJIIXSoBa ,ItOKaSaHO, no 
IlOCTpo8Hml8 6eCKOH8~e Ha6opll HHT8I'paJIOB 'A]3D8HHH .fIBJIJDlTCSl: IlOJIHHMH B 
HSB8CTHOM CMl:lCJie. 

7. Ha.A.IteH SlBHllA mm JmPa onepaTopa BBOJillO;Kl'I'. saMKHyToff PC no co6-
CTBeHHOMY BpeMeHH. 

8. IIocTpoeHo HHTeI'paJIT>HOe npe.rtcTaMeH:e:e ,JtJIJl ~oro nponara
Topa SaMRHYTOI PC. HaA.rteH cneKTp Mace PC, CTHHYTOI B T01ffiY. 
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