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Xopomo H3B6CTHO, qTO B KJiaccaqeCKOH MexaHRKe, a TaKJKe 

B KJiaccaqeCKO~ TeOplili IlOJIII ypaBHeHRe Harp8.HlKa-3HRepa HJIH 

YPaBHeHIDI Ta.MliJU,TOHa coxpaH.RIOT CBOID qJOPMY COOTBeTCTBeHHO npa 

TOqe'lllllX HJlll. K8.HOHRqecKHX npeo6pa30B8.HIDIX nepeMeHHIDC. lliruMa 

CROBaMl!1 B KJiaccHqec~OH TeopaH IlOBe~e1!lie WH3HqecKOH CHCTeMH 

He 3aBHCHT OT BH60pa nepeMeHHHX,C IlCNO~hID KOTopwc OHa OilHCH

Baerca. AHMOrHqHoe YTBepz,iteHae ~onXHO OHTb cnpa.Be~HHBHM H B 

KBaHTOBOR TeOpHH nonn, Trut Rrut llOH8BH8 nep8M6HHH8 HBHHDTCH 

HeHa6nD,JtaeMHMH BenHqHHaim. 

H3 OCHOBHliX nonoxeHHR RBaHTOBOR TeopHH cne~yeT, qTo 

HaOnD,Jtaewe BenHqHHH, T.e. cneRTpH H COOTHOmeHHH ~ez,ity HHW{ He 

3aBHCHT OT npeoOpa30BaHHR HeHa6nD,Jtae1WX BenaqaH. IT03TOMY ~H3M

qeCKH8 pe3ynbTaru, nonyqaeMHe c noMo~bD HaOnD~aeMNx BenaqaH, 

He 36BHCHT or npeoOpa30BaHHR noneBHX nepeMeHHHX. ITpoBepKy 3Toro 

~rutTa B panax HCilOHb3yeKoro B KBaHTOBOR TeOpHH nona MareMaTH

qecxoro annapara oOuqHo Ha3HBaDT ~oKa3aTenbCTBOM reopeuu 

3KBHBaneHTHOCTH. 

C~ecTBYJJT pasRaqHHe qiopMyJIRpOBKH TeopeMH 3KBHBaJieHT

HOCTH, ~o CM38.HO C pasJIRqHHMH no~O~aMli K KBaHTOBOH TeOpHH 

noM. B $•MaTpllqffOM no~o~e , B paMKax Rarp8.HlKena qiopMa

Jlll.3Ma TeopeMy 3KBHBaJieHTHOCTll MOJKHO CWC>PMYJIRPOBaTh CRe~~M 

o6pasoM: 

Ha MaCCOBOR nonepXHOCTH s -MaTp.0.rm, IlOCTpOeHHHe no 

RarpammauaM ,{{£) ll of ( lJ:) , CBSI3aHHHM ROIWJll,HHM npeo6paso

BaHlleM IlOReBIDC nepeMeHHHX,PaBHH 
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$ (1(11»= S'(L'('i:}}, 
r.ne 

~ {Y:) ~ L'(£(~ • t[~) = ~ + [(~) 

1'[3 .· pa3Jlll'IH!IX. qJOPMYJmPOBOK.-TeopeMH 3KB11BaJieHTHOCTR ·. B 

60Jll,weii CTeneHR Ba.JKHOil·,R aKTYaJII,HOi1 .fIBJUieTCJI qiopMyJmpOBKa Teo.:.. 

peMII 3KBRBaJI.eHTHOCTR B no.mco.nax, OCHOBaHHIIX Ha Teopmt B03MY111e

HHH. 3TO CBJISaHO, BO-;:llepBHX, c TeM, 'ITO .no noCJie.D;Hero BpeMe-

HR TeOpM BOSMY111eHRii JIBJIJieTCJI . OCHOBH.LM 'MeTO.D;OM ncmyqeHRJI ·KO-

Jm'leCTBeHHHX ,pesyJII,Ta'l;'OB B ·KBaHTQBOii TeOpRR •IlOJIJI, BO-:-B'!'OPHX, 

C ycnexa.Ma, .D;OCTRrHyTHMR B IlOCJie.D;Hee BpeMli npR II OCTpOeHRa .ca-. 

MocorJiacomurnoli HeJIRHeiiHoii TeopRR nOJIJI, KaJIR6poBO'IH!IX R. KR- . 

paru,HHX TeopRii, r.ne ,TeopeMa 3KBR)3aJieHTH?CTRRCnQJIJ,3yeTCJI.B 

paMKax Teop11R B(?~MY111eHRii. 
,·,' . '.,! - _. 

0.D;HaKO .D;OKa3aTL TeopeMJ:' SKB!i!BaJie~THO~TH B pru.max Teopim 

B03MYllleHRli Ka~ HeKOTopyx> MaTeMaTR'leCIGI CTI)Oryn TeopeMy, ,BIIJIOTL 

_.no HaCTOJilllero BpeMe~ He y,na~TCJI. . 

·;._IIOI<a eme He CY1I18CTByer r11y6oxo 060CHOB8.HHHX lL8TO,J;OB IlOCT- · 

poeHR.f:I, /J ·· -MaTpa~. no npoHsBOJII>HOMy. JiarpaHllRaHY BS.a.HMO- .. , 

,neacrimsi. _B 3TO!t CRTYartHR HM88T CIWCJI no-HHOMY po,i,;oltTH. x,. 4J()PlLY-

JIRPOBKe TeopeMII 3KBRBaJieHTHOC'J;'R •. ITO.II; TeopeMO!t 3KBRBaJieHTHOCTR 

CJie,nyeT IIOHHMaTL COBOKyTIHOCTL _HeKOTopwc rrpamJI,. n03BOJ.liIIO!llliX. 

no KJiaccHtieCKRM JiarpaH.JKaaHa.M , CM3aHHIIM npeo6pasoiaHReM rroJie

BHX rrep.eMeHHHX, . IIOCTpO~TL s -MaTpR~ , KOTOpue 'Ha MaCpOBO~ 

llOBepXHOCTR paBHH. 
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&ra COBOK3llHOCTL npaBM Blt7I!l'lla8T B ce6n: 

a) peryJLlij)llsauHOHHYI> npoue.nypy, nap8111eTpHSyD!ij'D YJILTpa

<pHOJieTOBHe pacxo;a.m,tOCTR HeKOTOPlM napa.MeTPCM A ; 
• 6) npoue.nypy CHJITRH peryJLlij)llS!UlD. 

TaK~B 06IRHIIl1 llYTL llOCTpoeHRH $ - MaTpHUII no Teop:im 

B03'cylll8Hd. ()qeBH.D;Ho, 'lTO ae BCJlRBJI pery.JMpHsarn,;OHBM npoue

.nypa, _a T~Kllte npoue.nypa CHHTRH peryJLlij)HsanHB 6y.nyT rrpHBO -

'A}!TL 1t paBeHCTBY S-MaTP:im- IlosTCMY BOSBHHaeT npo6JieMa 

llOCTpOeBRH TaKOI pery~Hsao;HOHHOI npoue.nypu H npoue.nypH 

OHJi'l'HH peryJLlij)HSamnt, HCllOJILSOBaHHe KOTOPHX npHBO.ll;RT K pa

B88CTBY s _; MaTP:RU Ha MaCOOBOI IIOBepXHOCTH. l{pyrol B0.lltHOI 

npo6Jlet1ol HBJIR:eTCH alMO',noHasaTeJILCTBO TeOpeMH 3KBHB8JI8HT -

HOCTH B paMm HCnOJIL9YEMOI peryJLlij)l!9ao;HH H IlPOUe,tzypH OHJl'l'JJJl 

peryJllll)l!Sattml. &rEM npo6Jle.lBM IlOCB/llll8Ha HaCTOJillf3JI .ll;HCCepTamm;. 

lutccepTao;HJI COCTOJl'l' HS BBe,neBRH, 'leTHPex rJJB.B H 9aKJil)'qe

BIIJI. Bo BBe.neau KpaTKO o6cyll,l!Jll1l'CH OYlll8CTBYlllllH8 y~e .nomsa

TeJILCTBa TeOpEMH 8KBHBaJI8HTHOCTH, Bll.ll;eJI8HH npo6JIE:MH .noxasa

T8JILCTBa STOI TeopEMH. 

B r.taBe I <POFf,IYJIHPYeTCH TeopEMB. 8KBHBaJI88THOCTH B Jiar-

paM8Btll 'ipopMSJIH~e KBaBTOBOI Teopo noJIJI B paMHaX S- MaT

pH'lfforo no.nxo;u,a EorOJill6oBa~KoBa/I/. l{JIJI rrpocTOTH Bee 

HSJIOJKeHHe Be,lteTCH aa npm.iepe H81TpBJILHOro CBB.llilpHOro nOJIJI C 

BsaJIMO.D;elCTBHEM, CO.D;ep;uilll}W JipOHSBO.D;HH8 Jio O -noPH,IUta. B §I 

paCCMa.TpHBaeTCH CXENa nocTpOeHJi!Ji s -MaTp~ no JipOHSBOJI~ 

HCMY Jial'PaHJtBB.HY BSaHMO.D;elCTBWI B p&IHaX no,nxo;u,a EoroJil)(loBa

lliHpKOBa. 
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$ - MaTp:ena B 8TOtt oxsre 88.IIlitOID38.8TCJI B BR,Ite 

$= Texp (,-Jrlx ir6)}. CI} 

06cyllr,ll,aeTO.ll: o6o61I(eHlite ( I } Ha OJiytJal Jiarpa.amraHOB B38D40-

,ItettOTBll'Jl: 0 npOlitSBOMElMJI. Hanpma:ep, B OJiytiae, 1t0r,1rli JJarpaHD

aH BsaEMO.ItettoTBWi wee'l' BR.It -f p ( 'i) ~'I~ tf = l. r ( i) , 
s -MaTp:ena yl!e CTPOHTCJI He IIO. J z , a IIO H8KO'l'Opc.vy sgJ

~KTHBHW.y Jia.rpaHUB.Hy 

.;{ ;. "= L - i ~{o) .B.i / I+ p (ti) 1
, C 2 } 

~r r /2/ 
qTo CJie,17JeT HS RaHOHB'l!eOKoro KBaHTOBaHM. 0MaKo B PJJ.IOI Teo-

Pim Boa:.cymeHmt .ItOIIOJIHlitT8JU,Hfie VIeHH, nponopitJitOHMl,HHe d(o) , 
OTOYTOTBYIOT, IIOCKOJlI,Icy. OHH coxpa~ll'l'CJI O COOTB8'l'OTBYlllll.tlllll 

VIeHaMll :1!8 • '- £ • IloaTc.vy. B ,ttaJil>HelmEM HCIIOnsy8'l'CJI ·~· I } 

lit TaKB..a: pery.1mp:1!8a!UiOHHM npone,11Jpa, B pau:mx ItOTOpOft r (o)~O. ,. 
B § 2 pacOMaTp:imaeTc.a: qioJ;J,cyJmpoBm TeopEliH &KBl!BaJleHT-

HOCTlit B .na.rpaHl!(8BCII qlOIN8JlllSM8 KBaHTOBOI Teopu IIOM, B paMxax 

$.- MaTplit'l!HOro IIO,ltX0,1rli EorMDCSo~-llh!pKoBa.· Ee l\lOllWO !Ip8,ItCTa

BHTl> B OJI8,11J!OtllEM BR,Ite: 

B KBaHTOBOtt Teopo IIOJl.ll: paocuaTp:imamc.a: ~e HesaBHOJaMHe 

TeopHH, HH.ItVItJitPYWHe MaOOiAeCRWH Jia.rpaHZBaH81lH !.(:£)11 
;/_

1('f:) ,' KOTOpHe oB.a:saHH npeoCSpasoBaHlHM noJieBux IIepEMeHma: 

;[ ('i) If!- ';t'-+ F(-r) L'(~): ' 
I} JiarpaHUaHH pas6ne.Moa · J(i)=.lf'l)-1 Jrfp) 

Ha 118.CTl>, OIIHCHBaJ)lltyll CBo6oMoe IIOJie, L'f ·'=;{_I,,) L' ( ,l 
H tiaCT:&, 0IlllCW3B.DlllYD BSWlMO.Ite!CTBHe. t; olt/"+ :r '}!/ 

. .l,,[lj: ff (a-mZ)f 

L0 (t)= f ~(o-1n2)t 

6 

2} CTpOHTCJI I'WI:&6epTOBO !IpOOT

paHC'l'BO ~Sll'l!eCIOIIX 000'1'0.ll:

Hd, COOTB8'l'OTBYD~ee . £ 0 • 

Cor.naCHO Bu6opy · .f Ji.p) H 

./,,('¥), npocTpaHOTBa 1-f H 1l' . 
COBIIa,11,liD'l'. 

3) CTpOHTO.a: ,$-MaTPHna corJiac

HO IIPJ!HIUi!IY OOOTBeTCTBM • 

4) BBO,IUlTC.ll: peryMpHsanHOHHM 

npone.11.Ypa !R_ ,3a,1rl:llll!PJI $-MaT

pmzy B RB.lr,ltCJ.l IIOPH,ItKe TeOpD 

B0::14Y1118Hd • .IlJI.a: IIepexo,1rl:l .. Ha 

MaCCOBYll IIOBepXHOOT:& BBO}Ul'l'O.ll: 

KOHrp-qneHw nepeHOJllOIPOBKH 

MaOCH II BOJIHOBOI qlyHKltlDI • 

5) PeryJl.ll:PllsanHOHaa.a: npone,eypa 

'te - 1-e' 

';tl= U' 

S = j_+ ;j<hlf~, s~1~;J«xl;(x) , 

~2 S UtJS
1 

IIO.It6HpaeTO.ll: Tax, irl'06H Ha Mac- . t 

COBOi IIOBepXHOCTJl ~ S = ~ s . 
6) CJI8,D;yD!lllf,f 9TaIICN ,ItOJIZHa 6HT:& 

· YKa38.Ha npo~eropa CH.a:TM pe

ryJ111p11sailW1 H IIOJIY'1!8Hlit.ll: KOHeq

aoil S -4aTPHUli, BupazeHHOI 

tiepes qlHSB'l!eCKR8 IIap81i18'l'PH ,Ta

m.a:, 'l!T06H s = 5'_ 
B § 3 ,ItaeTC.ll: (pOJNM:&HOe ,ItOK8.3aTeJI:&CTBO TeOpa.!H 8KBHBa

JI81iTHOOTit .1l,1I.a: .I.I: , CO,ItepllB.!IIHX npOHBBOM,lle ae BHllle IIepBoft OTe

IIeHH. Orpaal!'l!em1e Ha IIpbHSBOMH8 CB113aHO C Bll'l!litCJieHHa.! ,noIIOJI

liHTeJI:&HWC tIJieHOB ( 2 ) • .UomsaTeJI:&OTBO qiopMMJ:,HOe, IIOOKOJII:,Icy 

Mil RI'HOPHPYeM YJII:,Tpa!pllOJieTOBH8 pacxo,ItEMOCTH. 
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BToprut rJiaBa llOOBl!meHa·noCTpOeHlim peryJIJq)R3aUHOHHOI 

npone,cypa (npaBMO a) R o6oyJE.neHR!O MeTOJ!,OB OHJiTWI peryMpR-

3immi (npaBR.110 B), npID!OJ!,llllllilX K paBeBOTBY ·s-i6.aTp~ .Ha 118O

COBOi llOBepXHOCTR. 

B § I CTPORTCJi peryJIJq)R3~OHHaa npone,cypa. OcHoBHoe 

Tpe6OBaHRe, npe~EMOe K peryJIJq)RSat\.t{OHHOI npone,cype, -

;~.imaJieHTHOC~I, peryJIJq)H30~HBHlC s -MaTp:im. Ha MaCO~BOI no-

BepXHOCTR 

'te~ s = ~s: · ·' (. 3 ) 

lloJ!,•iepKHeM, qTO STO Tpe6OBaHRe . JiBJIJieTCJi BallH!M BBH,cy 

Toro, ~O 1 COBepmaa JIO.KaJIJ,HOe npeo6paSOBaHRe llOJieBHX nepeMeH

HlilX, MH O HeO6XO,IUlMOOTI,I) npzxo~ K HenepeHOPMKPYewM Te~pR

RM, R, eoJlll paBeHCTBO peryJIJq)HSOBaHHliX $-MB.Tp~ 6yJ!,eT Hapy

meHO, TO BOOCTaHOBRTI, paBeHOT~~.$-MaTPHn nocine OHJIT:ai p~ry

JmpR3anRR, BOJieJ!,OTBRe HeIIepeHOI:IIKPYEMOOTR Teopmt, nom He 

npeJ!,OTaBJIJieTCJi BOSMOJEHHM. 

HcnoJI:r,syeMaa peryJIJq)HsanHOHHaa npone,cypa eoT:r, O61RHM 

pery.rurplllsan:aa IIayJlll-B.MJiapca c .ItOllOJIHRTeJihHmm: yOJIOBRIDIR Ha 

KOa@)~eHTH peryJIJq)Hsa.ur,m C j : 

c2{(P)=i Cj C
0
=1\=i 

j=o m2A}- - p-z-i €. 

I 2-"' C "· . ., ,. r" 
-t- - /\ - -= 0 K- o i rt- n : · . l J - • ,··. , 
"' J:f 

. ( 4 ) 

?-C/\r&aAj = 0 m=1,:z., ... n+l. ( 5 ). 
J:f 

CymeOTBeHHl:al .llllJllleTOSI TO, qTo xa,r,iud nponaIBTOP peryJmp:a:ayeT-

oa OBOHM napaueTp<M /\ • npeJJ.eJihHHI nepexo.tt A..,. .. no ~ 

/\ COBepmaeTOSI aesaBl!OHIIO. BOJie,ltOTBlle ypaBHeHd ( 5 ) 

• 

l 
] 

I 
! 
l 
I 

,j 

.\ 

I 

i 
I 

-: 

ill 
.11, 

I 
} 
;t 

,;,, 

j 
{ 

:1 

peryJISipRSOBaHHaa npR'lliHHSJi WYffKI.Ul.R o6JI~aeT cJie,nyillllKMR o~oRcTBaMR: 

1> c0,,, (PJ ~rpV..v-" n/i" P?,~ oo , : 

2) am /1).. (x l = 0 m = q -~ . . . n. . 
r ,. :II X=O ·. , 

8TO npRBOJ!.RT K TOMY, qTO O6H'll!Oe nponsBeJ1,eHJ11e nOJieBHX onepaTO-

pOB COBna.u;aeT C HOpMaJII,HO ynop.f!J!.OqeHHHM. 

3) /i.(x) = - l (Q _ ml) J) ~) :: 0 ,qTO llOSBOJIReT ycT-
/. I J;:O " .. IX-=O 

Pam!TI, B P.f!J!.Y Teopru,. BOSMymeHRR qJleHH. nponopUHOHaJihHble . 

8 (o) . 
C nOMom:r,JO nocTpoeHHOH peryJIRpasaUHR B § 2 J1,aeTca JJ.OKasaTeJII,cT-

130 paBeHCTBa ( 3 ) Ha MaCCOBOli llOBepxHOCTR. 

,I1.m! nepexoJ!,a B ( 3 ) . Ha MaCCOBYKJ llOBepxHOCTI, BBOJ!.RTCR KOHTP

qJieHH nepeHOPMHPOBIW. Macca R BOJIHOBOR WYff:Klij!H 

0 h1? £'t('I.) -t-(i!L-1) '£ (-i) ( n11-f'n1)'£<.x) 
,IVlJl ~,s H 

0 nt"[ 'f~) -t i:-(f{i)~1+(z~.;1)[~(x)-t n~~))] (a-.JZ)[ f(x)-t~ (f(x))] 

,IVlJl 'U~ s I • 

IlOCTpOeHRe KOHTpqJieHOB J!.JlJi ~ _s I C llOMOlll.b!O SaMeHH nepeMeH-

HHX C He06XOJ!.RMOOTI,I) BHTeKaeT HS npeJJ.JIOllteHHoro Ha.MR MeTO,Ua J!.OKa-

saTeJII,CTBa paBeHCTBa s R s I • 

IlpeJ!,CTaBJ!JiR vz.:J. s I . B BM,ne . 

~ S' =exp{± ~Jid:1 ~(x-~) s6-t:> Sf('l)}exp {Sc1-,-[i;(-r®)- . 
_ c}~ 2('t~)+r(-£l•~t+(l:-9(tfi}tt(ttj(o .. -rriJ(-£t'J-+ F(~Cic)))]} , 

. ( 6 ) 

c llOIIOOU,D aJire6panqecIGU: npeo6paSOBamtk ( 6) npRBO.JU!TCR K rumy 

't&f/3':e~{;jch t~)(a1-tn;F(i~)} Teip {ijd1-[l;r_C#))- dtt?'i'~) + 

. } ( 7 ) 
+ (1I-,)'i'~)(a-1t1'')t~J]} e~p {JJzJ{r) A ('f(i)) J.= 0 , 
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r,ne A~Jy.noBJieTBop.1IeT yprumemuo 

A Ct-J= '£~J - F {Ali)) . 
JlerKO BI1,Il.eT:&' qTO BlipruKeIDle ,nJlff 'rP9 $ I QTJIHqaeTOSI OT 

1-'9 :J Ha 8KCIIOHeHTY, KOTOpaJI 'Ha MaOOOBOli IIOBepxHOOTH rrp:irno

.lU'lT 1( ,ll;OIIOJUIBTeJI:&HhIM co6oTBeHH0-8HepreTHqeoKRM B0Tfil3l{a!,i BO BHem

HRe JIRHHll ,1U'larpaMM. 

PaCCMOTpeIDle co6CTBeHH0-8HepreTHqeoKWC BOTa.I30K BO BHelliHlie 

H BHYTPeHHlie Jllllilili ;IU!arpaMM ~eliHMaHa IIPHBO,nllT K OJI8.nyIOJllll.M pe-

3YJI:&TaTaM! 
,t 2. 

,1) m • m , T.e. Ha6.mo,naeM8.Jl Maooa qaoTHUH He 

3UBHCHT OT npeo6pasOBa.HIDI IIOJieBHX nepeMeHHHX; 

2) nepeHOpM:11.pOBKa BOJIHOBOli'~YHrourn OOBepmaeTO.fI C IIOMOUU,ID 

BBe;neHH.fI KOHTp'llieHa 

(2z-t)fet,.J+P(~/7C)j ~-maJ[l'ft)-1F{!ffJ.J)], 

B KOTOpOM 
_,_=:; 
1:!z - z:-2 ' H ,D;OIIOJIHllT6JI:&HOli nepeHOPM:11.POBKli , 

BHe!lIHllX JmIDlli ,naarpa.MM <l>eliHi\llaHa. 

nonoJIHRT8JI:&HaJI rrepeHOpMRpOBKa BH8WHHX JIRHllli 3aKJIIDqaeTCSI 
r 

B yMHOJKeHllH rue Ha MHruKRTeJI:& , · l - F ; r,ne 

'F -sHaq~Ime Ha MaccoBOH rroBepxHOCTH co6cTBeHHO-aHepre

THqecKoro 6JIOKa, o6pasOB8.HHOro 8KOIIOH8HUllaJI:&HblM MHOlKllTeJieM 

e1< ~ { if o{i 'l:~J(a.-m2
) F (4J)} 

B BHpaJKeHllH ,nJlff ~ ,S I ( 7 ). 

10 

COBepmaJI rrepeHOPMHPOBKY Maces n OIIllCaHHYID BhIIIIe rrpmi;e,nypy nepeHop

MllPOBKR BOJIHOBOli WYHKU!lll,nOJiyqaeM Ha MaccoBoli rroBepxHOCTR 

~~=~s-' cs> 
B TeX CJIYqrurx:, Kor,na e/m '2P.IJ ,$ CYJll8CTByeT, q,opMyJia ( 8 ) II03-

A-. oo <I • 
BOJilJeT ,D;OKasaT:& paBeHCTBO s -MaTpmi IIOCJie OHSITHJI peryJISipnsamm: 

S = S'. ( 9 ) 

B § 3, o noMOm:&ro ( 8 ), Pa.I36HCTBO ( 9) ,D;OKa3b1BaeTCJI Will CJIY-
/ 

qaJI, Kor,n;a O;IU!H as JiarpaI!JKllaHOB Lit) nJIH '7, ( 'l:') OTHocuT-

oSI K nepeHopMRpyeMOMy Tarry. B KaqecTBe rrpoue,n;ypa CHRTHSI peryJIJipa-

3::UUrn ( npaBHJIO B) liCIIOJI:&3yeTCJI BhltIRTaTeJil,HaJI rrpoue,nypa EorOJll06o

Ba -IlapacDKa. 

B'§ 4 PaBeHCTBO ( 9) ,D;OKa3HBaeTCJI ,nJlff JiarpaIDJUHllIOB c HeJIOKaJI:&

HNM B3aHMo,neiioTmieM. / 3/ CYJlleCTBOBaHHe ~pe,neJia l·m uo S B 
A➔ - - , 

8TOM OJiyqae 06eorretIRBaeTOSI HeJIOKaJibHOOT:&ID B3a!lMO,nelioTBHSI. 

B ~ 5 paBeHCTBO ( 8 ) paccMaTpRBaeTCSI B"IIpli6JIIDKeHllR ,nepeBl,eB " 

IIooKOJI:&KY B 8TOM npa6JWKemm npe,neJI ~,.M ~ S cymecTByeT, CHH-
A➔- I 

Ma.II peryJIJipasauax> , IIOJiyqaeM paBeHCTBO S R S B " np116JIH)Ke-

HIU! ,n;epeB:&8B". 

B TpeT1>ea rJiaBe aocJie,n;yeTcSI poJI:& peryJISipnsauaa rrpa ,noKasa

TeJI:&CTBe TeopeMH 8KBHBaJieHTHOCTH. B PaMKax peryJISipHsamm, Hapywaio

meil ( 8) ( B KaqecTBe TaKoli pery,'IJipHSUUlill B3SITa HSBeCTHaJI UllKJill

qeoKaSI peryJIJipHSUUHSI IlayJIH - BliJIJiapca ), Ha rrpnMepe B3anMO,nelicTBHJI 

C BHell!HIDA IIOJieM' 

ofx = / ~ t'~J ~ t>(A) A txJ 
/.,' =[Jrn2

A{x) ... 10,,AfY.) + 9
2 1-, At9~1{x) 7fcx) . 

I oZ(t-,JAff)) f(l"'JA(xJ) a [!+JA('I.JL J ' 

II 



, . . I . . 

r,lle J R ~ CBH3aHH npeo6paaoBrumeM !£~)=-.~ , acCJie,ny-
z: · · 'f f-+Jnr9 

eTCJI B03MOlKHOCTh ,llOKaaaTeJII,CTBa 3KBliBaJieHTHOCTR KOHelJHliX $-MaT-

pm.\ •. KoHelJHlle ,s -MaTplil.Ul CTpOJITCJI C IlC:UOl!ll>D HaJIO.'K~ID1JI ,u;ono.mm.-

TeJII,HillC_YCJIOiilll1 

C· J 

Ha K03qqllill.ldeHT!,1 Il.ldKJinlJeCKOH peryJIJipli38UH.li . 
JI '"/) .. . z C. Ii• t:.oq I\ = Qhi m=o, 2, ~ , 

J• I J J (} 

r,ll,e a ... -npOli3BOJll>Hlle (J/liKClipOBaHHl,le nOCTOJIHHlle. B 60Jiee peaJIRc-: 

TRlJeC!W.X TeopWDC OHR onpe,u;eJIJIDTCJI li3 aKcnepRMeHTa. 

IIocJie cHJITRJI peryJIJipli3all.ldli ,S-MaTpRu1,1,nocTpoeHm1e no 
I ot; ( 'J!) li ""I ( '£), 3aBRCJIT OT napalleTpOB Q/1f 

IlOKa3aHO, lJTO HapyweHRe paBeHcTBa ( 8 ) B paMKax RCilOJll,-. . 

ayeMOll npoUe,llypll CHJITRJI peryJIJipli38UH.li npliBO,llliT K HapyweHli!O 3K-

BRBaJieHTHOCTli KOHelJHllX ,s -MaTpRU.. 

CJre.u;yeT OTMeTRTh, lJTO BCJie,llCTBRe 
11 

peryJIJipHOCTRV RCIIOJII,3ye-

MOH npoue,llypH CHJITRfl peryJifll)R3auHR HapymeHRe 3KBRBaJieHTHOOTR 

KOHelJHl,IX s -MaTpRU IlOJIHOCThlll onpe,lleJIJieTCJI HapyweHHeM 

0

3KBR

BaJICHTHOCTR peryJIHpR30B8.HHHX s -MaTpliu. 

BHlJRCJieID1JI BO BTOpOM nopfl,llKe Il0Ka31,1B8.JlT, lJTO U.,I!) ,s R 
di · (1 r_yµ OTJIRlJa.IOTCfl Ha MaCCOBOii IIOBepxHOCTli Ha IIOJIRHOM no BHeWHeMy 

RMIIYJihCY ,llliarpa.MMH, npR'leM CTeneHh IIOJIRHOMa paBHa"RH,lleKcy pacxo

,llliMOCTR ,llliarpaMl'v.H. ~TO yKa3!,IBaeT Ha B03KOZHOCTL BOCCTaHOBJieHHH 

paBeHCTBa KOHelJHl,IX $ -f,laTPHU, ecJIH B Ka-qecTBe n~oue,flYpli_ CHJI

Tlifl peryJifll)R38UH.R liCIIOJib30BaTh BlilJRTaTeJII,HYJ) npoue,u;ypy. 0,JJ;HaKO 

peaJIR30BaTh 3TY B03MOl!tHOCTh ,JJ,1IJI HenepeHOpMHpyeMHX TeOplill noKa 

He npe,n;cTaBJIJieTCJI B03MOlltHliM• 

B -qeTBepTOH rJiaBe peaym,TaTH, IIOJiylJeHHHe'Bllllle, npRMeHm>TCJI 

K 60Jiee peaJIRCTRlJeCKRM TeopRSIM. 

B ~ 1 paccMaTpRBaeTCJI TeopWI c KRpaJihHliM JiarpammaHOM. Ye-

12 

rrexn' ,llOCTHrHyTHe B ITOCJie,llHee Bpmwr, B TaICllX Teop1rnx B 6om,weh 

CTeneHR CBJI3aHli' C IIOCTpbeID1eiii1 ~oiia~naHTHOii Teopn~ ~03r,iy~e~iui. 

,Wt 6HJIO IIOita3aHO BO BTOpOJi rJiaBe Ha np11Mepe CltaJirrpHOro IIOJIW 

TeOp.l11<) B03MYI1!0HRH, .11;H:!l~Pl18HTHYIO OTHOCl1TeJibHO npeo6paaoBamrn 

IIOJieBillC nepeMeHHHX, MOJKHO _nocTpORTh TOJibKO C. yqeTQM nepeHOPMl1-

pOBO'IHOM npoue,llypli I a HM0HHO, IlP?Ue,llypu nepeHOPMl1POBltl1 BOJIHOBOH 

4JYHKUM• , 

IlO.Il'lepKHeM, 'ITO, rrpoue,llypa rrepeHopMnpoBKH BOJIHonoii .\IJYHKU!l.H 
-., .,,.. ' ' . 

OTJIH-qaeTCJI OT,06h!lJHOH R BK.JIJOtJaeT B ce6JI ,llOIIOJIHiiTeJibHYJO rrepeHOpMH

pOBKY _BHeilIHRX Jil1HHi1 ,llliarpawiM., 
,, ,_ _·, . . ' 

IIpnMeHJliI 3TOT peayJihTaT _K KlipaJII,HblM TeOpl1HM, !IOJIYqaeM 1 'ITO 

KOBa_p,IaHTHYJO Teopll.10 B03M:i-'1!13 Hlili MOJKHO IIOCTPOHTh TOJII,IW. C yqeTOM I . . . . . . 

rrpoue.u,ypu_, rrepeHOpltllipOBKl1 BOJIHOBOH (!JyHKil.ldH, OIIHCaHHOii_ Bhlllle. 

3,ll0Ch xe IIOKa3HBaeTCfl, 'ITO npH'lHHOll B03Hfi,KHOB0HRH ,llOITOJIHR

TeJII,HOii rrepeHOPMHPOBKR BH011!HHX JIRHRi-i JIBJIJieTCJI pa3JIR'IH0 B M0XUID13-

Me pe,llyKUIIB ,JJ,1IJI ·aHeuiHHX H IiHyTpefiHHX .irnHRfi ,llliarp~AM. 

ilHTepeCH!,!M 110~0Hl1~M .f!BJUI8TCJI SKCIIOHeHii.HaJII,Ha.f! nJpru.1eTpHaa

UHJI, B KOTOpO}t, ·BcJie,llCTiille' OTCyTCTBHR pe,llYKUll..11 ',llliarpaMM, OTCYTCTBY-

eT li ,llOilOJIHRT0Jll,HM rrepeHOPMHPOBKU BH0ilIHl1X Jll1Hll11. 

B § 2 paccMaTpllBaIOTCJI npeo6pasoBaHRJI rroJieBblX nepeMeHHh!X B 

Teopnn C rpa,n,rreHTHOM rpyrrrroH. o,ll0Cb RCC~e,llyeTCJI B03MOlKHOCTb 0606-

meHRfl IlOCTpoeHHOll BBme peryJifll)H3auHH,He Hapywmome11 HR 3KBl1BaJieHT

HOCT.11, ID1 rpa,n,rreHTHOtl llHBapllaHTHOCTR $ -MaTpnu. 

MCXO,lllillM JIBJIJieTCJI JiarpaHlllliaH CKUJiflPHOii aJieKTPOMHUMHKl1 

cf(£: 1iA") = J'0 ('f~f.) + J: {A,.) +fie) (J,.1 ff-'£ f1t)+ e2 A:£+f. 
C ITOMOil!blO rrpeo6paaOBaHHJI 

'.£(.1.)=ic~)[i + F(±\1-)±l1-))] '£l1-) = f(--.) [1 + F('kt~-r<~~J 
ITOJIYllaeM J. 1 ('±/, ':tJ A,,. ) ' 
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({alt d ('£; f, A,J . Tait H L'('i': ~, A,.) rpa,!Ol.eHTHO-HHBa-

p.118.HTHH. 

Aa.nee IlOKa3HBaeTCR, qTQ perymrpH3a.IUl.R, ITOCTpOeHHaR BO 

BTOpok rnaBe, ,JJ;onycKaeT o6o6meHHe, KOTopoe He HapymaeT paBeHCT-

Ba 

~ ,s (:f(1;1,1»=?RJ$~tt;tAYc 10 > , 

coxprumeT rpa,nHeH'rHYJO HHBap,rnHTHOCTl> ?1-0 ,5' 
- </ I I 

H, Bcne~cTBHe ( 10) , rpa,nHeHTHYID llHBap11.aHTHOCT1> 'ti;?$. 
IlOCKOJibKY CKaJIRpHaR aneKTpO,!UiHaMHKa nepeHOpMHpyeMa,rroc-

ne BBe~eHHR COOTB8TCTByIDl.lll1X KOHTpqneHOB B ( 10 ), npe,JJ;en cneBa 

B ( 10) cymecTByeT, TI03TOMY cymeCTByeT npe~en cnpaBa. CHHMM 

peryJIBpt!3amrn, TIOJiyqaeM ,S(.£}:$(o{') H KaK ,5' 
Trut H ,.S' - rpa,!UieHTHO-HHBapliaHTHH. 

B 3axnnqeHHH KpaTKO oOCYXJ4aDTCH nonyqeHHli8 B ~HCC8pTattHH 

peaynLTaTH, KOTOpHe ~OKHS,ltHBMHCL Ha M8lt,ll;YHapo,JJ;HOK C8KHHape no 

H8HHH8ttHoR, H8HOKMLHOtt KBaHTOBOR T80pHH nonn, Ha C8KHHapax 

JIT1> arum, H'M AH YCCP H onyOm!KOBaHH B paOoTax / 4,5,6, 7/. 
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