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Ba:KHh!M MeTO,!J;OM :l'lCCJle.D:OBailliit B .narpaHJKeBOH :irnaHTOBOH 

Teop:l'l:l'l ITOJIH JIBJIHeTCJI rrepeHOpMHpoBaHHaJI Teop:l'!JI B03MyllleH:l'lli 

:l'l, KaK ee COCTaBHaa tJaCTI,, Teopua rrepeHOpMHpoBOK. CoBpe

MeHHaJIMaTeMaT:l'ltJeCK:l'l KOppeKTHaa BepcM TeOP:l'l:l'l rrepeHopr.m

poBOK 6as.rpyeTca Ha li!HpoKo HSBeCTHOll R -orrepaIJ;!l!H Eoro

JIJ060Ba-ITapacroKa/I/, 

R -orrepaIJ;!l!a rrpe.n:cTaBJIHeT co6oll: nocJ1e,noBaTeJ11,Hmr pe

uerrT ycTpaHeHHfl YJII,TpaWHOJleTOBhlX paCXO.D:HMOCTeM B TeOp:l'l:l'l 

B03MyllleHHfi C TIOMO!UI,ID BL!tmTaTeJII,HOfi rrpoue,n:ypu, SKBHBaJleHT

HOll nepeHOpMHpoBKe rrapaMeTpOB TeOp:l'l:l'l. B ,I(aJII,HeitmeM rr:pe,JJ,Jia

raJIHCI, pasJIHtraue cxeMU rrpoBe.neHHJI nepeuopMHpoBK:l'l, o.D:HaKo 

.D:JIH HHX R -orreparnrn JIBJIHeTca 6asncHoll:, TaK KaK KoppeKT

HOCTI, Bcex STMX cxeM MOJKHO ,I(OKa3aTI, TOJlI,KQ rrpoBepKoii: MX 

SKBHBaJieHTHOCTM R -orrepall:l'l:l'l, 

ITepBoHatJaJII,Hun Bap.raHT Teop:l'l:l'l Eoro.mo6oBa-IlapacroKa oc

HOBUBaJica Ha ,!J;OBOJII,HO CJ101KHh!X peKyppeHTm.tX COOTHOllieHMX, 

orrpe,n:eJI!IlO!UMX aJireopan-qeceyro cTpyKTypy R -orrepall:l'l:l'l, 8To 

OOCTOJITeJlI,CTBO OT"l'aCTM c,n:epEHB8JlO ,I(8J1I,Heitlliee pa3BMTMe 

TeOp:l'l:l'l, 

CY.IUSCTBeHHh!M maroM Bnepe,n: 6uJio paspewe:ime peKyppeHT

Hux·cooTHomeHHit, rroSBOJIHBwee JIBHO BupasnT1, onepaTop rrepe

HOpMHpoBK:l'l ,IJ;!IarpaMMU R -qepes BU"l'HTBID!UMS orrepaTopu J 4,3/ • 

061lt.n1mem1p1 imCTil'i"fl 
nm:pm.m n :tr;·.· ,uoronrr'J 

.,..t ·!('.", j ,., ,A·-1,.f f. 
, t::: ,j,:;.vJ1H~,.;1i ~Ith 

,,,...-, • .!o:1 --~:~ 
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8TO ,JJ,a~O B03MOJKHOCTn ITOCTIJOHTn napaMeTpnqecKoe rrpe'ACTaB

~emrn ,ll.7IlI, rrpoli3BO~HOll nepeHOpM!!poBaHHOll .n;rrarpaMMH, OTKPIIB 

IIyTn K nrn:poKOMy li3~eHIDO aHa~Trrqecrorx CBOllCTB Taro'IX .n;rra

rpaMM li CMeJKHh!X BOilpoCOB. 

~pyron o6nrn:pHHM KPYr 3a,JJ,aq B TeOplili nepeHOpM!!poBOK -

ns~eHMe raiiseH6eprOBHX onepaTopoB He no.n;rrarpaMMHo, a B 

ue~OM, T • e • BJIBO'A ypaBHeHMii ~IDKeHIDI ,ll.7IlI nepeHOpM!!poBaHill,IX 
• - ~ l-, ,. 

rafiseH6eprOBHX onepaTOIJOB, ITOCTpOeHMe pas~~HX ypaBHeHMfi 

;IJ.Jm nepeHOpM!!poBaHHHX qlyHKUl!ll I'pHHa, li3~eHMe BJIIU!HIDI ne

peHOpM!!poBOK Ha CHMMeTp~ Teop.m li T.n. ,lJ.Jm: paCCMOTpeHIDI 

STHX BorrpocoB Heo6xo~o. _ITOJJY'Il'ITn mmoe BHpaJKeHMe ,ll.7IlI R -
. , 

onepaUl!ll Ha pa,ne Teoplili BOSMymeHMii B ue~oM • 

B ;mccepTaUl!ll paccMoTpeHH o6a Macca sa,JJ,aq. B nepBofi 
.,. 

qacT:rr, coc;O.fmleii :rrs r.mrn I :rr 2, :rrs~aIOTC.fI .n;rrarpaMMHHe ac

rreKTH Teop.m.nepeHopMrrpoBoK. B Heft paccMoTpeHH ~paMeTpn

qecro'Ie npe'AcTaMeHIDI ,ll.7IlI rrepeHopMrrpoBaHHHX .n;rrarpaMM rrpo:rrs-
. ' ' 

BO~HOH Teopim B ~pMe, yio6HOH ,ll.7IlI :rrs~eHIDI Tarorx CBOHCTB, 
' ' 

KaK IlOBe'AeHMe ITO.BHellIIDIM HMITY~CaM, li ,JJ,aHO rrpocToe 'A0Ka3a-

Te~CTBO TeopeMH Eoro.mo6oBa-tlapacIDKa O KOHeqHQCTli nepeHOI}-

MRIJOBaHHOll ·.n;rrarpaMMH. 

Bo BTOpoli qacTH - rmBH 3 :rr.4 - rrpe~aeTC.fI HOBHM 

qiop~sM, rrpe~asHaqeHm ,ll.7IlI :rrs~eHM.fI nepeHOpMl!poBaHHh!X 

06~eKTOB, TalaIX KaK s·~Tp:rrua B uemM, a He Ha YIJOBH6 

OT'Ae~~ .n;rrarpaMM. IIo~eHH RBHH_e BupaJKeHIDI ,ll.7IlI rrepeHOI}-

Ml!poBaHHOli S -MaTpHU!:l R cocTaBHHX no~eii, nocTpoeHH cB.R:~:rr 

MeJK.!]Y mn.m:. HOBHM MeTO~ ,JJ,aeT B03MOJKHOCTn IlpoCT!JM cnoco6oM 
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BHBO,Il;l!Tn pas~qHHe ypaBHeHMSI ,ll.7IlI nepeHOpMl!IJOBaHHHX (lly-HK

Ulili I'p:rrHa, Taro'Ie KaK ypaBHeHMSI ~HJKeHIDI, ypaBHeHI1.fI peHopM

rpyrrnu, ypaBHeHIDI Ka~Ha--CliM8.H3liKa :rr ~- 8TH BOilpoChl pac

CMOTpeHH B rmBe 4. 

)l:rrccepTaUl!SI COCTOHT li3 BBe'AeHHSI, qeTupex rmB, sa~ 

qeHIDI :rr rrp:rr~oJKeHIDI. 

Bo BBe'A6Hlili ,JJ,aH KpaTID!li o6aop liCTOplili paccMaTpliBaeMh!X 

sa,JJ,aq • 

rmBa I, B uemM HMe101I1aJI BBO~Hll xapaKTep, IlOCB.fmleHa 

no~eHMID napaMeTpnqecrou rrpe'ACTaB~eHMfi ,ll.7IlI .n;rrarpaMM. B 

§ I.I IlOCTpoeHo IIpe'ACTaMeHMe ,ll.7IlI Ilpoli3BO~HOH cxo~eficSI 

.n;rrarpaMMH 
, ( -~! l~t..,t)• 

'Ftr)=Jd~e ~f~t~) - . 
. Alt,t)~.LP.:>(f,},,n-l{t~.~) 

" n Pt(:.~) e. .tit~) 
tei.. 

(I) 

~=-0 

IIoJIB~ec.fI B STOM rrpe'AcTaMeHH:rr cTpyKTYPHhle WYHRUIIH A, 
.;D,~,:K :rrs~aIOTcSI B § I.2. B § I.3, c~e~SI paoorru,:12, 31, 

paspemaIOTC.fI peKy-ppeHTHHe COOTHOilleHM.fI, OIIpe'AeJimOII1lie R_ -

onepaUIIID • .UoKasaHa TeopeMa I.I, yTBepJK.naJOmaJI, qro 

R = : n Ci- M"' -t Pv): 
l'€ ~-

(2) 

S'Aecn S0 - COBOKyrrHOCTn Bcex o6o6meHHHX 6mKOB .n;rrarpaMMhl. 

Ilapru,:erpH'l8CKOe IIpe'ACTaB~eH:rre ;IJ.Jm Ilpoli3BO~HOH .n;rra

rpaMMH, nepeHOpMl!poBaHHOH C IlOMOmnID MliHHMa~HHX BuqrrTaHHfi, 

no~eHO Ha OCHOBe qiopMy~ (I) :rr (2) B § I.4 

I 3 



nee-€. ( --~l~t"'.;e) r -"'ir "¾,•I rs..:r Cf)= ~cl!!!_ e n ~d;t-,/i-;~/ I} \ ')<'lfw •• Hlf ~ 
0 

leS 0 i• l._:.><.ll") 

(3) 

"1 "~ . i Pi1. <-.i.,~\- .. ~1..tf,~l 1 

.OJ.+l:!"£ (Q_) ' 
,. 

• ~(f' ,r,) 
\.~ e ro(J:) 

f->e = n ~ \. o/l . 
C:,31(:;,f 

B 3TOM JKe rraparpall)e ,I(OKa.38Ha T00peMa I. 2 0 B03MOJKHOCTH 

pacllll'lp0HIDI KJiacca IIO.m'pall)OB $ , B KOTopmc ,ll;8JialOTC.II BH'lli

TaHIDI H ipaKTOpH3anmI R -oIIepanmI 

R-=l\lL-\"\ll'), S::,S 0 • 

YEaS 

(4) 

llMeHHO TaKa.lI ipaKTOpll381.l;IUI o6ycmBEHBa0T y.no6cTBO Ml'IHHMaJTh

HIDC BbftIHTaHHiJ: ll .n;aeT B031/IOJKHOCTI, IIOCTpollTI, IIpoCTOe IIapa

l/l0TplltJ0CKOe Ilp0,ll;CTaMeHHe (3). 

B rmBe 2 .naHo HOBoe .n;oKaaaTeJThcTBo/4 , 5/ Teopew Eo

ro.moc\oBa-IlapacIOKa. 3TO - TeopeMa 2.I, YTBep~alI, tJTO 

R cy\r) , OIIpe,ll;eMeMoe /popMyEOft (3), a6COEJOTHO CXO,ll;HTC.II. 

B § 2.2 o6cyxmaeTC.II BOIIpoC O B03MOJKHOCTH IIpoBe.n;emm H0Mllllli

MaJII,HJ1X BH'lliTaHHiJ:. IlpMB0,ll;0HO ycEOBHe cormcoBamm/6/ (Teo

peMa 2.2) 
s(, 

wl'lf) >,.\,.fto ..... J)+:Z:. we.¥,). 
,.,: ' (5) 

,s.-·...J .. ~ , o. n )\ ==- ft J 
1f, .. IJ 
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orpamr<rnBaIOmee Ilp0H3BOE B BH6ope CTeIIeHeH BbftIHTaHH.II BOT

.n;em,HJ:lX IIo.nrpa(pax. 

fmBa 3 OTKPHBaeT BTOpyro tmCTI, ,ll;HCCBpTawrn, B KOTOpoti 

CTpGHTC.II ll li3yt!a0TC.II HOBlill KOHTp'IE0HHlill 4)0pMaEH3I/? / • 3TOT 

IIJOPMaEH3M OCHOBaH Ha OTKa.3€ OT no.rm:arpaMMHoro pacCMOTpemm 

li pa6oTaeT C "rpllHOIIO,ll;06HHMH11 061.eKTaMH B u;eEOM. fpHHOIIO.I\06-

HHMH Ml1 Ha3HBaeM TaKHe 061.eKTH, ,ll;E.II KOTOPHX K03iWJHI.J;II0HTHli0 

ipyHKI.J;IIll pa3EOJK0HIDI IIO aCHMIITOTH'IeCKHM IIOJI.IIM IIpe.ncTaBMMII B 

BH,I(e p.lI.I(OB IIO ,ll;liarpaMMaM • 

B § 3.I paspeII1eHH P.eeyppeHTHHe cooTHomeHH.II R -oIIepa

Ullll ,ll;E.II IIepeHOpMHpoBaHHOH s -MaTpHl.l;l,l ll COCTaBHoro IIOM, 

,ll;M KOTOpmc IIOJIYtJ0Hli CJI0.IJYIOII!i10 BupaJK0Hli.lI 

S~ .. = Eo<..s,)= t 0 l<:.-M£1,('>-Mt.~t~- ... ))), (6) 

P.> 1 , Ci<)-= £.l!.,.) 1.. 61.,.,ti,) 
f i--1-t\£1,l<:.,.) 

(7) 

ll yKa.3aH peu;eIIT IIOCTpoemm COCTaBHHX IIOEefi BliCIIll'lX I!Op.lI.I(KOB. 

IlOKa.3aHo, tJTO BBO,ll;HMH0 B Teopll!O KOHTPtJE0HJ1 3pMHTOBH, tJ'l'O 

IIPMBO,ll;HT K yHHTapHOCTll S -MaTPHIJ;ll. IlpHB0,I(BHO TaKJKe BllpalK0-

HHe ,ll;E.II S -MaTpHIJ;ll ,IIepeHopMHpoBaHHofi c IIOMomr,ro R -oIIe-

pal.J;IIM, co.n;epJKameil KOH0tJHlill IIOEHHOMllaJThHHll Ilpoli3BOE 

£0 l':,,.)= to ts ... PE1,ts)-: M £1,(':. .. e £Lt~)-: ME,._tl>➔ ••• ))). (8) 

B § 3.2 ll3yt!aIOTC.II CBOHCTBa COCTaBHIDC IIOEei1. IlOEyt!0HH_ 

o6o6meHIDI TOJK.I(eCTB Uil:MMepMaHa, CB.II3HBaJOmHX cocTaBHHe IIOM 
'I l1" 

\l;) Ir, l><) v. ~~J\ '") , IIOCTpoeHHue C IIOMOmI,JO ,ll;Byx pa3EHtJHIDC 
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T' '! 
B~TalOIIlllx rrpoue.nyp, cooTBeTcTByIDIIIHX onepaTopaM M · ..... M 

! ii' "-" M M "-= M- ) (JieMMa 3.6) 

U ~ \l\ I 
\"":)\r')t")':. L-- - 'r<1r\ ~\;,.\lir). (9) 

o H•'I.l'-i\ !o. !. 

,lJ.Jm c.nyqruI, KOr.I(a MI ecTI> BWIBTaIOlIIHM onepaTOp, OTBeqa:ro

lIIHH BwrnTaHHIDII B HyJie B no,Ilrpaq>ax, co,n;epJKalIIHX Bepmrny x 

HBHO HarI,neHR KOSqqJHU118HTU B (9) 

\~) (:-~fli\il ~"IT ~n,) "-li\) · ~.-op _ 
\.( I '1 :: ---"~-. \ P.:>1 (o)·'£ to) ••• '£ to):) (IO) r t'l>-1-)! .•• ti,)! . ,.~ · - -

B rJiaBe 4 H3ytJaIDTCH H8KOTOpue IlpllJIO~eHHH KOHTpq~eHHO

ro q>epMaJIH3Ma. B § 4.I'B paMKaX MO,I(eJIH eg'I),. paccMOTpeHa 

B03MOJKHOCT1, ITOCTpo8HHH pasJIHqHUX ypaBaeHHiJ: ,Il;JIH nepeHOpMllpo

BaHHUX q>yHKuafi I'pHHa. ,Il.aH HOBR~ BUBO.II ypaBH8HHM ,ll;BU8HHH 
N , 

L. £ lx • l< l) G-N- \ (Xi.•:~.-, l< i_:, , Xi•, , • • • )c,.., ·) -::;. 
~~, . 

· ( ln · £ L I l ] (II) 
- L :I.(l<J .•• ~ll<,.;): 0 ls,-)L(p+.,..L)l_ftx)+t~ Cx) ) , 

ypaBH8HHH peHOpMrpynnu 

lY l. t .. -+ ~(:.\ ~ )~ - NG:(f~\} )1 G-,,,t~) = 0 (I2) 

H ypaBHeHHit KaJIJiaHa-CliMaHSHKa 

I 1.. ';:> t. ';) /":.l )d I .,.t )) """' i:.-- ... r ?rL .... Jb\r'~ ,t '11~ - Ne.'-? ,i G-,..,ti)= 
(I3) 

o</ .,_.\ ) L ( 0:: t· · lD -: V'''t' W\ l..li.(o)'..'J.(i<._) ••• ~()(,_.):). 

BUBO.II STHX ypaBH0HHM OCHOBaH Ha npaBHJiaX ,llll:qqJepeHuapoBaHHH 

6 
' 

·,"::....,....,. 

~ 
l 

nepeHOpMllpoBalllIOH S --MaTPHUU no napaMeTpaM TeopHH (sa-

p.f!,I(y, TOqKe HOpMllpoBKH H saTpaBoqHOH Macce) 

. ~ E r- i i'i, al~,.) -::. t: 0 C.~,.) -~-- ~ , 
-i.-1Kf:~l~r) '"} 

(I4) 

cl 1 oH 
d-L £.,ls,.") -: ~.,t!.,) ---";_...- ~ E,<s~') 
'f 1.➔ HE,ls,.) '/ 

(I5) 

: ·E.,u.,.")-: E.,t.£-;) i · \:1£\w):dx. 
0""t. 1. .. MEt.u,) 

(I6) 

BWIBCJI8HU KO~U118HTU ~ ypaBH8HHHX (I2) H (I3), B qacTHOCTH, 

. ,..1. L";) ~~,- ' " ' _!:'!-_, ' d tr... ti) . - ('r \ 

l ~;-..,11-) = f ¥6'-1 t~'4 ...... J') •.-l~r"--" 0 \'. r'-=,~(I7) 

. I ,,.,;1. ) ( l't'\_-;:-1. l t : .L .JI- 'I. ~r'--" 
'"cl?'., ...... t 'f'~) \ ' ' 
---- 1. L 

"d-tL "~r 
~~)- KOajl:flHU118HTHU8 q>yH~ 5 -MaTPHUU t;, <.s.r) 

OocyJK.naeTCH TaIOKe B03MOJKHOCTI, BUBO.Ila ,ll;pyrHX ypaBH8HHH. 

(I8) 

,lJ.Jm nocTpoeHHH pa3JIO~eHHH BllJII,COHa B § 4.2 CTpoHTCH 

MO.lllillJHKa~ R -onepaum/8/, OTJIHqaJOrnaHcH OT paHee BBe.IleH..:. 

Hoit BmHTalOIIlllM onepaTopoM JJ. ··, KOTopuit; B OTJIHqHe OT M, 
.neitcTByeT·Ha ,llll:arpaMMU HeJIOKaJII,HUM oopasoM. Bu6op ero o6y

cJIOBJieH TpeOOBaHHeM B03MOJKHOCTH nepexo.na B nepeHopMHpoBaH

HIDC oo~eKTax K npe.ne;ry COBITa.I(aIDlIIHX TOqeK. OTO IT03BOJIH8T 

ITO.nyqHTI, pa3JIOR8HH8 BllJII,COHa ,Il;JIH rrpoll3Be.neHHH rrpoH3BOJII,HO

ro -.mc;ra noJieii B EH.Ile 
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'c. 4 l!>,.): ~<v,)lll•T,t.) ••• ':£_Lv.,,\..)<-tl=,,,_)-=-

" .., I/ Pl Cl 

:: P::, \v\ C..1<+ ~ \ ->- L- r\ \"\ C1_) ~\~)tic) 
(-t~IA\ t Cl 

2 ~~.i:.O, 2..0_(:: i. 

( ~~'lltX-+l._, ..• ,)<+i..,) peryMpHa rro 1 
gHCJ!liTb K03(WJHWieHTll 3Toro pa3JlO~eIDIB 

p\ P\ 
K \~) l 1) '::. 'o 1~, T 

(;:: ~) '2: l).l \ 

t! O, )! .•. l"X t)) 

(I9) 

B HyJie) ll BU-

(20) 

< E \/) f.:""•' ~ll,) 't·pr-op 
,- O ts,.): l.tv,)l\,1.) .. • 'fl.,,.,)ls .. )·. >:r (O) .. • '-£. (~) ·.) .. 

B 3aRJIIOgeHHH CO'Aep;illiTCR CBO~Ra OCHOBHl:lX pe3JJIT,TaTOB 

~ccepTa~ H me 06cyJ1r.n;eHHe. 

B IlpHJIO~eHHH orrpe~MeHU H8KOTopue ll3 HCIIOJIT,3yeMh!X Ha

MH TBPMllHOB, KOTOpue B nHTeparype yrroTpe6.7IlI!OTCR B pa3JI0:gHl:lX 

Clvl1ICmx. BBe~eHU TaRJKe H8KOTOpue 0603HageHruI. 

0CHOBHU8 p83JJIT,TaTH, BOlli8,lij]]l'I8 B ~CC8PT8IJ;lll0, OIIy6JI0:KO

BaHU B pa6oTaxl3- 81. OHH ~o~~BaJJliCb Ha ceccHRX OT'AeJieHHR 

R~epHOM WH3llRH AH CCCP (1973 n 1975 rr.), Ha MeJ1r.n;yHapo'AHOM 

lliKOJle MOJIO'Al:IX ygeHl:lX no ~ll3HKe BUCORHX 3H8PI'llli (roMeJIT,, 

1973) n Ha Mellr.n;yHapo~HOM lliKOJle-CeMHHape.MOJlO~ ygeHl:lX no 

aKTyaJIT,H1JM BOnpocaM ~H3llRH 3Jl8M8HTapHl:lX gacTH~ (CogH, 1974). 
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