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Teopaa KO~pMHOI HKBapHaHTHOCTK CTana npKSHe~TD 6onbWoe 

BH:JriMaH1I8 CO Bp8M8HH OTiql.ll'rllfl "saKOHa MaCmTa6HOCTR" B npoueccax 
·- ' .. ;.- ' 

rJIY6oitoHeynpyroro BSaKMO.IJ;ei!cTBH.Il JienroHoB c ap;poHB.MH, xoT.fl oRa. 
~ao yae samna cBoe npKMeHeHKe B aeitOropux TeopeT~ecKHx Bon-

pocax. 

JleT ,IJ;eC.flT:& TOMY Ha58,Il; M.A. M:ipitOB/I/ BnepBHe. yitasaJI ~a BOB- . 

MOJ!HOC'l'D TOllellHOnOA06Horo noBe,IJ;eHR!l nonHHX celleHHit Heyilpyroro .. ;. 

BSSJIMO,IJ;e!CTBlJ.fi aeitTpRHO C HYMOHOM. 

Ha BeiHyD pOJil> MlicmTa6HHX npeo6pa~o:aaiid :a rJiydoKoH'eynpy­

rxx npoueccax o6~'WI B~e H.H. Eoro:l!JJ6o~;. nop;q~plt~B;. liTO. 
!;,." ' ~; '· • ... '. ~ .. -~ •• -

noBe,IJ;eHHe ~pMqaltTOpoB YitaSaHHHX npoU8CCOB.H8XO,Il;HTC.fl B 6~SKOit 

aHaJioru· co· cilolcTBaM.il iax· aasHBB.eMI:ri: a.BTOMO.iiem,Hiix peineHd sa.:. 

.n,aliH o' cmHOM "TolieliH_OM" BS}llBe .il itnaccHliecKol ra'ao~·K.;rH.npop;i.::.. 
• • - . ..,_ -~- - .,,. ' • : .... -. ' ... ·., -~ ..J - ~ ••••. , ,, • 

HaMHite. Hcxo.na HS · aToit aHaJIOI'iDI B.A.· MaTBeeB; · P .M.·lt\vpa.naH K · 

A.H. Tme~:e/2/ c~J>My.mlpolim~np~n al!Tot.10.iieJn,aocTir, cof­
JiaCHO itoi'opoily:: MacmTa6Haji" RHBaPJ!aHTHocii. nj,ep;cTaJ3JIReT co6ol_ , 

yUBepcairLRoe 
0 

· 'Mo.I(eJil,Ji(>.;.HeS8.BJ!CHMOe: CBQICTBO . :Bce:i rJiyeiOKOHeytJPy_:;~/-
~ . . . . 

rxx npoD;eccOB
0 

oripep;E!J:uieMOe saKOHaMK q,xsHllecKOrQ_ nop;o6M~H .. 

aHaJIHSOM pasMepHOCTelo '.· · · ' - ; · : .. ~ : . '· .•: 

·.B~6oTax-m~.,,_poroJm6o:Sa,B·.c.,Rn~Ba ~~~A.H~~Ta.Bxe.;. •. ;~ 
.nx.u;se{=;/"~~~s-~~~ea.:~~~¢a~ .. ~K()~~e~xo~~,-~oitiop;a·K.;JISY11e-:.·:_~~ 
Dll. 8.BTOMO,IJ;e.1Ibiuix · acHMnTOTKK KHBapeHTHmc, 4J()~TopOB·! ni:x>uecca -. ;;::;: 

...... .' t-',"'"" . ··- ·. ~-·~.' ~ ·····:·.· ... ·· . . . -· .. .. . ..,... •. 

rny6oKoHeyripyroro" 8.1xeRi'popo~eHR!l.:Ha HYMoiie; ~!in9..11.aao :CTporoe ,;: 

06()"C~~O~~.e-~C~l!i.~~~~o~~~H~!'O, ~~B-~ie~. CIKl~TopciB --~ X~~;1 

~epo~:Pl'H!"~~H~~!~"!}~M!!lY~U'Q~.;.,JJO~!>R~"~9ltaB:;.Ha: cBeofoBoM .> , .. -. ·:• 
iOiry,c.~,;-~:±·,,;j j-. i' ;. ·.!f~t;;;:;:;;:d.;.,a , !:.. " x·;T·,c, ~- .. · .: ii' !i 

.i--li:... -r;: ~; :· .... :r~:.::t~~~·~.:ri~ l·-~ 

3 



;B paOoTax ,R.B. IIJHpKOBa/ 4/ H,IJ;eH 0 BOSMOJtHOit B38HMOCBH3H 

wacTmTaOHO-HHBapHaHTHOI'O _ xapaxTepa ynTpaiPROJieTOBHX acHMIITo- . 

THK ·H rHITOTBSLI: 0 KOHB'IffiOCTH .nepeHOpMKpoBOK 3ap!UlOB 6WIB. OOOCHo­

Da!Ia HCXO,D;S{ H3 alla.JIH3a ypaDHBHHH peHOpJJaJIH3~HOHHO}t rpynnLI. 

B paMKBX npe~o~oxeHHH o KOHe'lffiOCTH nepenopMHpoBKH sa~ 

A.B •. E£PpeMOB_H H.~. Iims6yprfS/ C.IteJiaJ.IH BLIBO.It 0 BOSMOltHOCTll MaCm­

TaOHOro _. aCHMllTOTJ.I1leCKOI'O ITOBe.zteHli!'Ji . aMIJJlH'cy .It, onpe,zteJIHeMWC BCeit -

COB01cynHOCTbiD rp~OB TeOpl!H BOSMy~eHHHo 

Coo6paxeRHe 0 npMMeHHU~CTH MaCmTaOHOit HHBapHaHTHOCTH K OnH­

CaHHID nponeccoB pe~THBHCTCKHX H,Itep BHcRasaJl A.M. Ea.Jurp:H./61. HM 
6~ npe.n_cxasaH a®eKT, IcyMy~THBHoro po~eHHH liSCTHil. 

Oia3HBaeTcH, liTo B nepenopMHpyeMHX TeopliHX c BsaKMo,neil:cT;.. 

BHeu. -6es ·npoHsBO.ItHHX ·MacmTa6HaH HHBapl!aHTHOCTD (Hil.pa,u;V c peJIH.,;; 

TJ4BHCTCKOit HHBap148HTHOCTDD) MelieT sa COOO! _HH~pl!MTHOCTb OT...; 

HoclrTenHo OOJie_e lllllpOxoit rpynnu npeoopa.soBaHd ·- xoH!Jx>p.moit 

rpynnLI~· C Mre6paxtiecxoi TOliKH speHliH xolf4lopMHaH aJJI'Mpa HHTe­

pecaa 'reM,''ITO oHa. npe.Ii;cTSMHeT co6o:A pacm14penxe Mreop',t llyaH­

Rape Ha opTOI'OHaJil>HYilf aJireopy OO~ee BHCOKOI pSSMepHOCTll. lUm 

rpynna cHMN.e'l'pHH npocTpaHcTBa-BpeMeHll,oHa HBXaeTCJi caMoil: o6~el 

rpynncia, xoTopaH ocT8BJI!Ie'l" cBeToool I«>Hyc'HH.Ba:PJ:EffimHM. KpoMe 

roro t KaK dLiJ!o no:Kaatuio'B~H~ -OI'Heaenmn/7/, .ne~cTBHe o611tex~:Ba,.. ' .• : 
PHSHTHOI rpYimll' MOaHO CBeCTH K ITOBToJlHH).f .nelcT:B.Ri4 .neyx eij no,n.:.: 

rpynn i..·cneuHa.nl.H~A DHe!Hoa· rpymiH ·5/.:.~J?.,-) ll K'olf4lopwol 

rPYTillLI. HM' CsWio 'noltasimo. TWa; tiTo . i'paBil:T8IlliOHHOe . nOJie CBH3MO . 

C COBMeClTHHMH HemfHe!HllMJ( PeWs~ mm8MJ.I1lecm: Koi$lpMROi' ~­

ll ~HHHOI CHMMeTpd. B paOOTax A.M. llo~.Ba/8/ H A.A. JlTI.r,nU.a/9/ 
(1· 

0~0 ITOK838HO, liTO '1'pe6oBaHHe HH.BaPJiaH'l'HOCTll OTHOCliTMDHO rpyiiDH 
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KO$pMHHX npeo6pasOBaHHit ITOSBOJIHeT npaKTH:'i~CKH O,ItHOSHalJHO 

onpe,neDTD .ztBYXTOlielJHHe :11 TpexTOlie'lffiue xoppeJif!IliiOHHHe qJyHKill!ll. 
' . . . -

JVm HBXO~eHli!'H JJHOrOTOtJe'IHLIX cilYHKilllit I'pHHa r. Max ll H .T. To.no-

~B opopMyDJX>B8JIII "cxeJJ:e~HYil" ~~aMMJIY~ ~ex~~, cBo60.ItHy~ 
•. • • ~- . • • • • • ' • • ·~'=":., '... • '· ... : ••. ··- : ;'' • 

0'1' y~~o~eTOBHX }llCXO,ItHMOCTeft • 

Pesy~Ta;~ ~ pa~T, coc~~e OCHOBHOe co~epxaHlle 
,II.J4CCepTanmi, ··~THO~TCH. K -Kpyry BOITIX>CO~ 'l'eOpHH K~H({lo~HOlt ~:Bli~ 

. . -. ,,. . . ', . : ,- . ... . .. ·: .. ·, ... - ... · •·. '•'_· , ... 

pllaHTHOCTH. JJ:KccepTa.IJ;llii COCTOliT _liS mecTH r~. , · . . ' . . ,_ .- ; ~-. ' . .. . . . . - . . . 
I 

· B n~p~it r~ime /II-~/ M9 pacc~~~~BaeM H~Ko~opue oo~~ . . . ' . . ' . . . . . -. . ... . . ~ :. 

BOnpOCH, CMSaHHHe C SaKOHaMH KOHWoPMHHX np~o6})1isoBaHHi •. 
-llPJI. xsy~~~ x~~op~~a- ~HBapHa~THocT~, ~~s~aeTc~~ ropas.no 

y.no6H~e ~cno:m;soBaTb (,D.J4cxpe~Hit). oriePaTOp xoop.nmraTHol WBePcHH 
'·- i- •. • :"' ' :: '. • .• '-. .• .•·. ;_,; _,. . -. ·"' .•• '•.! " •. 

f?-z.JZ?_ · ~ L .. w.. h;.x~·+".'%~:,)·., __ ,·r·>·· " . . ·c:c.~· ......... . . . . c:c~-

Hexea clu.!. oneparop .cn,eilllaJil>HOioQ ROHIJ>opMHoro npeo6paso.BaHliJI. _ llPH 

&'l'OM aeo6xo~o sHaT~ BBHHI BK.It one:PaTopa IJ{/C) •. 3aKoH .nelcT-:-.. ·. ·- ~ •. ·•. . , ~ ' - - . . . --- ' 

BHH &'!'oro onepaTopa SaiiiicaH B Me.ny~eM -'o6~eM · BH.zte: . 

. · (o/)U{Il )if?,:) fJ f;l) W: .,)'~ $r~)'P~), ,2>. 

r,ne s -HeKOTO~,MaTpli!Ul, ROTOJ8H MOZBT OHTl>_,onpe,n~eJ!a liS• 

CBOlCTB /(, ":" np~Opa30BaHm X ll;:l CBH3ll Me~ STHM npeo6pa30BaHHeM 

·a npe~opasoBauJiMII ~o~pMHol'rpynnLI. E~o noxas~o, li~· (/(R_,) 
.no.u:e,a OH'l'b ~~HliTapHHM onepa'l'OpoM, a (/(/?.);.. YHHTapHw, ,1\JI~ 
KOTOJX>I'O s . ~ HMH8TCH O,ItHOJX>,ItHOI MaTpl!Ileii ·Hy~eBOA CTeneHll Jii 

Y.ItOMSTBOpl'leT ypaBH8HliBM 

. {1') .;e. f) (tf} - . jJ (~ 
S -~a~)~S fcJ= .2?ffz,~.Y /<a> 
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[ ' {ttJsr4'JJ - . (tj) .. 
. ,_ . 7/; ?t"JJ ~ -u{y~~~}a)S Cc/ -'<~>. 

~,Ile.~.~,.r-. CIIHHOBBJl YaTp~~. 8TK YpaBH. . 8HWI: llOSBOJIHm'. HB.M TIOJIHOC'l'bll 
...r" . srtf'/. t2:? 

onpe.neJIKT:& MaTpnzy ift) .IlJIH Jlll6oro no.neBoro onepaTop~ ? • 
· HanoxeHHHft MeTO.n saTeM npKMeHneTCH R Hsy~eHHD HexzHeftaoft 

peamsarum KOHqopMHoA rpymru •. H; rOJI.IldToHoB~ ~oJieft ~ ·• M b 
ClHJIK o6paso:sruiH ROBaJlHaHTHHe llpOKSBO,IlHHe :f:f f OT Jlll6oro .npy-

1'01'0 UOJIH tJ'. a Tm~ !f K .flb . Hx ROBapi!aHTHOCT:& COC'l'OKT 

B TOM, 'ITO UPH. npeo6paso:eamrnx Jiopea.o,a OHH Be,eyT ·ce6n,RaR o6H'IJ­

HHe nPOHSBO,IlHHe, ·~ llpJ MaCmTa6HOM H /(- npeo6paso:eammx -

KaR cooTBeTcTB~~e onepaTopH · c MacmTa6aoft pasMeprocT:&!J i?= ~ 
~ !Jtf H f.=tJ JlJIHJ2!f H. ~(J • Hs Haft.Il8HHHX SaKO­

HOB npeo6pasOBaHWI: no.neft K ROBapHaHTHHX llpOKSBO,IlHHX.CJie.IcyeT npa-

BHJIO llOCTpOeHMR ROHii>OpMHo-ROBaJlHaHTHOrO JiarpaHl!HaHa: HS llOJieft 

.H ROBaJlHaHTHllX llpC>mJBO.IlHllX o6paSOBaT:& JIOpeH~-KOBaJlHaHTH!lft Jiar­

. parumaa · c · noCJ1e,eylll!IIM ywoxeHHeM ItaX,Iloro ero 'IJJieHa · aa · . 

~~.;,.(f 4+-f )cc; j. r.ne lS npoderaeT Bee noJIH ;.. coMHODTeJIJr 

(RpoMe . ~ H E)" ) B STOM tfJieHe. . .· ·· 

BH'IJHCJIHm'CH O.IlHOBpeMeHHue ROM!/.YTaTOJii, BRJllltJaDI!He "YJiy'lmeH­

Hlll" T8HSOp BHepro KMIIyJII>ca ~j} / 14 ,15/ • Y'l'HTllBBJl JIORaJII>HOCT:& 

H MHRpOUJlH'IHHHOCT:&}MOmiO HX saiiHcaTL B CJIEl.Icyl.llleM.06J118M BH.ne: 

. . 7l. tfiJl ' .v b ~ • · · . r:r'/ · 'r .T.~: '-P ~ 

[~~q:~)~'% [o~Y,f/y-.f/JI);}{J():J# J~i 
Hs saRoHa MacmTa6aoro K cne~aoro.KoH~pMHoro npeo6paso:eaHHI 

ii;JR(l}JJIH. :f Hai,IleHH CJI8.Icyi.IIIHe COOTHomeHRR: .IlJIH onepaTOpoB . 

C;.J'I~f~ .. .Jt : £.(if) - t.t£ . 
~ ~h;.k -.??e. "( .· } (6) rv . .. (tp) . F (1') 

£; ~t!;A'£ = ~ / .:t' {tJ.R/A'~. = cx'.J tJ~kk 
6 

I 
J 

0: 
. I 

( 

8TH COOTHOWeHHR, a Tarot:e COOTHOW8HRR:, CJl8JlY!llllR8 H::l SaKOHa JIO­

pean-npeo6paSOBaHHft, llOSBOJIH!JT HB.M llOJIHOCTbll onpe,IleJIHT:& 

[~?0~--{.~c TO'IJHOCT:&!J .IlO WB~repoBCKKX 'IJJI8HOB BTOpol'O nop.~m-
Ka. . 

06cyx,namcn pasMepaue cBollcTBa yJiy'lmeHHoro TeHsopa sHepi'IDI:­

-m.myJI:&ca. lioKasaHO, 'IJTO KOMllOHeHTll &~ H ~?- He EMeiOT onpe­

,IleJieHHOii pasMepHOCTK, ROMnOH8HTa az: HMeeT onpe,IleJieHHyJO pasv.ep­

HOCT:&, PaBHY!l - 4, ItOMllOHeHTa Cj,- ft:-'li/) HMeeT onpe,IleJieHHy:ro 

paSMepHOCT:&, KOTOpaH paBHa- 4 B TOM K TOJl:&KO B TOM CJiy'lae, KOr,Ila 

(?) 
fo~c!{-[ ~ (!;); ~~J] =fJ. 

Hs Hai!,IleHHHX KOMMyTaTOpC>B KOMnOHElHT §v} Henocpe.ztCTBeHHO llOJiy­

trae'l'CH "BliPHaJII>HaH" Teop;Ma/IG/. 

II 

Bo BTOpoa rJiaBe/I?-!9/ M1l paCCMaTpeBaeM Kpyr BOllpOCOB, Ka­

ca~cn MaCWTa6HHX CBO!CTB llOJieft H TOKOB. 

BHBe.neHH TOl!,D;ecTBa Yop.na ,nJJH T npo:a:sBe.neHHii, BRJIJO'l'aD!lHX 

KOHiilopMHiie TOKH :1! llQJIEUllle onepaTopu •. B 'l'aCTHOCTK, STH TOl!,D;eCTBa 

nosBOJIJI~T CBJisau.~fJ'!f+ Bepwimy c cooTBeTCTBYJ0!11l~iJ rpei1HI.IaHOBCKHM 

nponaratOpOM: l (({'f'!J) . .f ,jl h ;J_/ ] ~ 
I f;--;J=- L [2lj>f/f+I;J/2P Ll;=-~7 

~rr~W1 1/ Z- / 

;;p-r 011
1_ ~ =-?[~J+4f" I /~r Jg,_0f'};f;; 1}8LJ>,......, . 

T Ji}l I + t 2_;r;~~ 'Fr/).. 
tl>c>J>MYJill (8) l!CllOJibSOBaHH .IlJIH KSy'l'eHIDI li'.S.CCOBOrO 4Jdpt.$lKTOpa 

..7[-MeSoHa, ROTOp~ onpe.zteJIReTCJi KaK MaTpK'IJHH~ MeMeHT OT ~eX-. 
.Icy O.IlHOIIKOHHllMH COCTOJiHHID.'H, 

&r)ijft)~ <(rftJ} ~J}J{f~) / i= 07J~ 
(9) 

7 



II xapaKTepHsyeT pacnpe.neJieime rvacca BHyTJlH 1l:acTJIQU (c_'lH:raell :r_eH-. 

sop s:l~pnm-m.myJILca ~;) HCT01l:HRROM rpaBHTa.nKOHHoro noJia). 

BHBe.neH pg,n COOTHOmeHR~, ROTopue IIOSBOJiffDT IIOJIY1l:HT» oneHRY cpe,nae-

KBa.npa~oro t~ccoBoro pa.nayca~ -Mesoaa: . . 

<t;) ~ 6tY~P}c?l;) ~ 3-V 
. ,, !l {~//?k)t?) -% (IO) 

~ STOro 6HJia npKMeHeHa TaRXe rHnOTesa qCAT, ROTOpaR HCIIOJIL3yeT-

CSl npH BHBO,ne IDISKOSHepreTK'ICCROit TeOpeMU .Mfi MaTp:ll1l:HOI'O SJieMim­

Ta C MHrKHM_nHOHOM. 

YKaSaHH HBKOTOpHe OCHOBHUe MaCmTa6HUe CBO~CTBa TOKOB. 

EHJio noKasaHo, 1l:TO B TO BpeMJI RaK BpeMeHHaJI xomoaeHT~ coxparum­

lllliXCSI TOKOB HMeeT paSMepHOCT» - 3, BpeMeHHaJI ROMnOHeHTa Hecoxpa­

HRlllllBXCSi TOROB HMeeT pasMepaOCT» - 03 fS) , r,ne S' ~OlleT C1l:H­

TaT»CSi paBHO~ HyJIXJ JIHm» B npR6Jmxemm ~-+tJ • TaR, aanpm.~ep, 
,WUi TpeT»e~ HSOTOfiK'IBCKOft KOMnOH6HTH aKCHaJIDHOI'O TOKa MU KMeeM: 

J' . ~·m'H k~ ~!1 2:_ S()?-y;· . 
GA Jf~oe (GJ'2ss Dr'f/1 (/z-

. ~(/zfi5J{_f(oJ}~ffJ)~tf) j~A~Jja~~-(~~?folf~II) 
qTO RacaeT~ npoCTpaHCTBBHHHX ROMnOHBHT TOKOB, TO HX pas~~HOCTl> 
B006!lle roBOpSi, MOlteT OTJmtiSTDCSl_ OT pasMep!iOC'l'll BpeMeHHO~ KOM.:.. 

IIOHeHTH, a HB06XO,nHMHM li ,nocTaTO"'IHHM YCJIOBHCM ,WUi TOI'O, 1l:'l'06H 

B'l'K pasMepHOCTR 6HJIR paBHU . .npyr p;pyry, SlBJISieTCSl 

J 4~~I6'/f~Jt0J-t1 
.:l;=/J 

J1JIR jd'z--+:z;_·~~jj=!J.(I2) 
..:t;=tJ 

Ha ocHoBe saxoaa MacmTa6aoro npeo6pasoBaHKH aKCHaJIDHoro 

Ka IIO'cy1l:BHQ llHpalteHKe ROHC'l'aH'fH CBSiSH (:7_/CJC : 
\1'- . . 

. -. G - ~#t (?/l'e-~-ff.fc-v 
6"_/{'JL. -

To-

{~-~-t-1)~ (I3) 

8 

.,; 

., 
i 

r 
l 

' 

llpR STOM 6HJIR HCIIOJI»SOBaHH HBROTOp!ie npe,niiOJIOlleHRSi , TaKHe, KaR 

qCAT, HSCUilleHKe IlpaBHJI CYMM Hm!iai!lnm.nt pesoHaHcaMR, a Taros:e 

npe,nnoJioxeHKe o TOM, 1l:TO (6).£) npeo6pasyeTcSI no npe.ncTaBJie­

IDIIl (I/2,1;2) KRpS.JIJ,Ho~ rpyniiHSIJ(.t)xSt(£). B!:lpaxea:ae (I3) xopo­

mo cor.mcyeTca c aRcnepl!MeHTOM Ilpll_ 4 z -/ , tf ~-3 . 
llOJIY1!eHa TaRXe oneHRa rpaBHTanHOHHO~ ROHCTSHTH CBSiSR ~­

-MBSOHa. 

Ha npHMepe aJieKTpor~HKTHHX cpopi~TOpoB noKasaHo, ItaK MOJK­

ao, ncxo.na liS saROaa MacmTa6Horo, npeo6pasoBalmSi TORS, ycTaHOBRT» 

CBSl3» Mex.ny aCHMIITOTlfCIBCKRMH IIOBe,neiiRIIMJI: cpopl$KTOpa ,$ -tABSOHa 

R cpopz.$1RTOpoD, COOTBBTC'l'BYDmi!X nepeXO,naM fl ~ 0( , a TaRJlte 

aHaJIOrH1l:Hyll CBSi3:& ,WUi cpopMq,aKTOpOB 6apll:OHOB. EoJiee ,neTaJI»HO 

S'l'OT Bonpoc paccMaTpnaeTca B rJia:ae Y Ha ocHoile ROI$lpMHo-KoBa~ 

~aHTHoro paSJio&eH:I!Si npoHsBe,neHRSI onepaTopoB B6JIHsx cBe'l'oBoro 

ROHyca. ,, 

m 
llpw onpe,neJieHHOM npe,nno~O&eHHH 0 IIOBe,neHKR DnOTHOCTH raMHJI:b­

TOHHaHa no.n.neMcTBHeM MacmTa6Horo H RHpaJILHoro'npeo6pasoBaHJI:A 

Y.nai3TCSl CBH3aTD MOJQzy C06ot1 CJie,nCTBRfl, Bll'i'ClCaKllllRe XS MaCmTa6Ho! 

li ltHpalffiiiOil liHBaJlKaHTHOCTefi. STOMj' BOnpocy UOCBSilll8eTCSl Tp9TDSl 

rJia:aafi3,20/. 

06CYJ!m8.IOTCSl HBRO'l'OpHe 06ll!HC IIOJIOl:tCHHSi ,RaCaDIIReCSl pasMep­

HOCTeft 1l:JleROB, COOT~ DnOTROCT» KllpaJILHOI'O raMRn»TOHRaHa • 

lloRasaHo·, 1l:To eCJIH nnomocT» rilMH.lr»Tommaa SV' MOlleT 6Hn 

npe.ncTaBJieaa B B:a,ne 
C::' 

~t7 =~ +S-+u-/ (I4) 
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rv 

r,ne ~ C~WleT O,IlliOBpeJV:eHHO H tatpa.Jll>~ll, H MaCmTa6Hyll HHBapJ!aHT­

HOCTI>, J' coxpaWieT TM:&KO KHpaJl:&JIYD HHBaJll!aHTHOCT:& H J:IMeeT 

onpe,JJ;eJiemcylri pasl.iepHOC'l':& 4 , u; aapymaeT zm~nyn mmapzaHT­

aoci:i, H HMBBT ~IIpe,Il;eJieHHyll pasMepHOCT:b ~ , TO B IIpli!6JIKJEeHlm 

HHBapi[aHTHocm BaicyylWi ornocHTeJI:&ao Sl/(g) - npeo6paso:eam w 
,JJ;OJJlltHH liMBT:b ~ = -Jo ECJm, KpoMe Toro, C'IHTaBTM, 'ITO B npe­

,JJ;eJie Kli!paJI:&HOft H MaClliiadHO~ HHBapHaHIHOCIH IICBB~OCKaRHpHUB MB30HH 

JIBJlllDTCH 6esMaccoJ3m.m, TO CJie.u;yeT Ta.IUre 4 :=-3 o 

. B CBllSH c am,. a Trutllte c pesyJILTaTOM pa6oTit'2II ,Il;OKasaHo 

CJIB,lzyKI!IBB YTBBJDmeHHe: _eCJIH pasMepHOCTH BCex ttnElHOB B 'qaCT_H 

raMRJILTOHHSHa, OTBBlJamteit sa Jiapymeaze MacmTa6ao11 lffiBaPJ!BHTHocni; 

paBHs - 3, To pasMepHocTL J!IJ6oro onepaTopa ·Ftz-)eCJIJI ~na 3Toro 

onepa'ropa oHa onpe,JJ;eMeTCSl) , ttoro:ratt HMeeT HeHclJesamtd MaTJll!'i..: 

HHl SJIBMeHT no COCTOIDrHil ttOKOSIIIIBroCSlJl'-Mesoaa HJill HyMOHa, ~aK­
Xe paBHa - 3o 3TO YTBBp!t,Il;eHHe HOCHT 06IIII!Ii!: xapaKTep, ,JJ;JIJI ero ,JJ;OM­

saTeJILCTBa He Tpe6yeTCH.KaKOro-HH6y,JJ;:& ,Il;ODOJIHHTeJI:&HOrO npe,JJ;IIOJIO-

JJtBHHHo _,. . ~··· 

IlOJiy'iBHll, ~HJia cyMM ,Il;JIIl cnettT~LHHX qiyHKUR! ~ , -*-- JI 

$&., ~OOTBBTCTBYKI!IHX npon~aTOpOB ,ItJill ,Il;ll:BepreHild aKCHaJI:&HHX 

TOROB H ,JJ;JIJI_ CJie,JJ;a Teasopa, saepr:e:H-HMIIyJILcaJ 

L1tZ {';)~ fc!~~ ~~tTf J;f(c) J:t~1 f~~crs>. 
LJ&0Y=:Jt11 e~z<f/Tt~)~foJ~/~,; 

'. . •. 

B HBKOTOpwt MO,Il;BJIIlX KHpiJII>HOro raMWI:&TOHHaHao Ewm pa?CMOTpeHH 
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CJIYlJa.H, KOr,JJ;a lJaCTL raM:e:JILTOHHSHa, HapymB.IJIII!UI KllpiJII>Hyll HHBa­

pHSHTHOCT:b, HMeeT Bii,Il; 

t£: =- {ltfC~ f}f)/ (16) 

&; = - (~+ Ct!&+ d>\, . 
. 1/v . o . '( // (I?) 

:wm .., 

r,JJ;e ~ ::e: ~ - CK.S.JIJlpHHe ROMIIOHBHTH ~,JJ;C~aBJieHim{0!{)f{03) 
KllpaJILHOtl rpynnH, h - CK~Hali KOMIIOHBHTcl npe,Il;CTaBJieHWI . 

(f~(J}I) / ¢=£z&U_j_ iz-z{Z;£se~ei ce6H KaK ttnea MYJILTH-
. ~-~ d?'=t ~ -r 

IJJIEiTa 2?·c T=l =o np:e: ol/{3) ·- ,npeo6p~oBBHMX, .rv~.t 
npeo6pasyeTCJl no npe,JJ;cTaBJiem (8,8) o 

•. IlOJ!y'teHHHe ripa.BMa CYMM IIOSBOJIIllOT B ;IIpl!:6JI:axemm llOJIIOCHOfi 

,JJ;oMKiiaHTHocTH cBllsaTi. itoacTa~'l's pa~na,JJ;a·X -Mesoaa· H.;f -Meso­

aa H rpammu:(Hoanyn 'ROHCT8.HTY CBllSH . (5" -Mesoaa c· pasMepHOCTH­

MK ttnBHOB B 4tl o TaK, Haiipl!:Mep, ,Il;JIIl MO,Il;eJIH ( !6) , KOr,JJ;a (tg ~c&;J 
CO:xpaHHeT O,Il;HOBpeMeHHO .H Kli!paJI:&Hyll

1
H MaCmTa6nyll HHBapll:aHTaOCT:&·, 

HMeeM: 

. . ., ~ r;:-£.- .e.-
( Jli' + c/ r6- me- = 

PaccMoTpeHH TaKJJte·npaBHJia cyMM ~ cHrMa-'iJieHoB B Mesoa-
. . 

HyKnOHHOM paCCeHHHHo 

· :3TJI pesyJILTaT!i HCllOJILSOBaHll ,ItJill llOJiylJBHH.II HBKOTOpliX 

CBe.!!eRJ!i! 0 pa3MBPaOCTJlX ttneHOB,. BXO,nJmtHX ,B • ~p ,ItJill TOii .HJIH 

HHOi!:.~CCMaTpl!:BaBMO~ MO,JJ;eJIHo 
;_j .. ~ 

' II 

... 



IY 

~eTBepTaH r~/!9, 22/ fiOCBRmaeTCH KO~pMHD-KOBaPHaHTHo­
MY :pasJIO.lKeHHXJ .npoxsBe.nemm oneparopoB. 

IlyCT:& W1!i fipoHSBe,D;e!mJI ,D;Byx Henjnmo,IJ,HMUX (T.e. CHMMeTpa<nUlX 

H 6ecCJie,D;HUX) TeH3<]8HHX on~TOpOBcw .. fi tZ) l1 ..!jj.,,f?._ ~ 
C pasMepHOCTJIMH ~ H . -tfi HMeeT Mec'?o ROH\flopMHO-RO~HaHT­
rtoe paSJIOXeHHe, ROTOpoe OTUCIG!BaCTCJl B CJIC.IzyialleM 06!11CM Bli,D;e ; 

A . 'II . 2_ {)J £ABC d;·fi 
./fJf('c)1·l1J-C r ./f7}zl·"'ff·-J/r;JP) ~ (rs> 

$··~ • 
r.ne C - TaiOKe He.npRBo,J:tHMIDl TeHsopaui!: onepaTop ( c pasMepHOCT:&XJ 

~ ). TeHSopmm qJyHRI:(Jm~_g~ ... :.C--:!./:Z;jJ:§);moBJieToopam 

onpe.neJieHHo~ cHcTev.e YJBBHC~BU~~~ ns Tpe6oBBHBJI Mac­

mTa6Ho~ H JZ ...; liHBaJli!aHTHocm. TaR, HanJlliMep, ,D;JIH c.ey'laJI 

Jz f(l.?z J/i-- w no.eyqaeM: 

AJ1C /~c Altflt . ~:: (1; .;£)= r {-(/ f?~Y. fij)/ (f-IJI 
'fi·Yjlf--Jf;·J't :%· ~-t z'!# f' 11 v· 
.[ 6rj')'-jlrft~+{ff'J'if-iJ.t/f!t r&-4l~l{ -/tpj)/-.hi 

. [?t-zf]j(-{+{-t-1-Pz+j-1}-K-t't£. 

. [ J r . J<m> . S ~IlL:.·}}; . IV.. A'rTfJ-RtT-.q~t:. ... Jftrf;f'J-R«--0-1 . !f') ::/"(;--<- ':77/-1_; ::t't J'2'ift Jj7 

. S tJ;.-z· . . ~. ;)_. [R0;9-R~:O],},~-~ .. [Rf-4-R~-41. 
(>>) [i:T· t1'~-l ~ J1 ' {;?' ~T'/ 7 

· S. ~P .. , j?f. p __ [RftzJ-A'k;;tl)]p ... [Rfr-x)-.R«;}'J]p / 
(J') c?'JI..J.t. ~~~ Jd+l ~ 
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r.ne i '/~ It npaHHMam ne.nue SHatie!mJI OT FfYJIH .no ;z.,4- , · 
~ , J7/.t, COOTBBTCTBeHHO, CHUBOJI!,I ·. s , 5 H s 
If;( T' . • · · . . c_;rc} , ch C.$/ 

03Hatiam CHMMCTpR3aniDJ no BCeM KH.ll;eKcaM _;zt , ,;) , _$ B OT-
,l.J;BJI:&HOCTK. 

·~- ~JI~zeHIDi: .npo~~Be.ne~ criHHOPfiuX o~epuopoB nocTynaeM 
aHaJiorH<nio. 

YxasaHU TaRXe. ~ OT60pa .Mil· paSJIOXBHM .!IpORSBe,D;eHWl 

coxp~cJI Terrsopaux onepaTopoB •• 

llo.eytieHHUe pesyJI:&TaTu Henocpe.ncTBeHHo nepeHeceHu saTeM 

Ha HBxOlt,D;eHRe RoHlflop.MHo-ROBaJlRaHTHUX JU3YXTotie'l:HHX H TpexToqeq Hux 

ROPPElJIJlnROHIWX WHRnmt. 

Ha OCHOBe KOH\flo}lMHO-KOBapHaHTHOro paSJIOXCIU!:Jl .!IpOiiSBe,D;e...; 

HRH onepaTopoB BdJIRsx cBeToBoro ROHyca BUBe.neHu \floPMYJiu .Mil 

aCEMIJTO'l'RtiecKOro nOBe,D;eHKJI: i;popM}ialtTOpoB, BOSimRB.IallRX. B MaTpaq-

HHX SJieMe~Tax od!llero B~ .<~(/~·fi /X)~ <8 ~~-~/AI), 
r.ne o<. - .m:laa .nonycTliMaJI tiaCTtma. A · 

.lVIJI MBSOHHHX \Ilo~TOpoB . Go( Cf-:J, ~r.?IJKPYilltmc .B YpaB-
HB!mK 

;fi ,_;;~ J ~)\. JJ--·~ . ,-A-;;.~) ;z .. ;/ "O(~:Jf~·fi(b)Jttz~=C w~ .. 4 ~~£1./_; 
6UJIO HalneHO : 

6 ~ . . ~ -Jrh?+~~o/rjm«x{MJ-J; 
Go( a9 ry C1t ) .. . . ~:L_ ( ) 

~~~ ~ 

r.ne { - pasMepaocrn onepaTopoB, BXO.Itfiii!HX. B paSJIOXeHRe 

T*C1f.fi {z)ri/g ~ e.;w. ·· - _, · ·· -. · · 
B 'llacnrocm, .Mil 1u= ~ , 0( ==.X «P<>PM;YJia 

(22) .naeT CJIB,D;JillilYil acm.mTouxy ~ SJieKTpoMarHRTHoro \flopM<Pax-

13 



Topa.,Jl: ~esoHa: 

. (;fi)~ (cXi(.trf,)+i""4r({+£) 
-t---7-oO (23} 

,IWi 6apxOHHHX clx>J>MlattTOpOB nOJiy'iaeM aHMOI'lmnlit pesym,­

TaT. B TiacTHocm, wm SJiettTp:Ht~ecttoro q,opP<$UtTopa npoToHa 

HMeeM: 

Gj(iJ/'J(tYi0~)+i"'"x({+£) 
.C~-oe 

3,ne:: :D {- pasMepHOCTH oneparopoB, 

(24) 

BXO.namHX B pas~oxeHHe 

T * { ;}e.m (X) t/jfd!} 
y 

B noHCitaX nyre~ HCTPHBRMbHOro 06~.D;HHeHHH BHyTpeHHel 

CHMMeTpnn· C nyaHKape-cHMMeTpHefi 6!i~ .D;OCTRI'HyT 3Ha'iHTeJibHHtl npor­

pecc C OTKp!iTHCM ROBOro THna CEMMCTpHH - cynepCHMMCTIJHaf23-26/. 

OrnnqnrenbHOa qeproa 3TOro HOBOrO THna CHMMCTpHH HBnHeTCH TO, qro 

OHa nOSBonHCT 06~.D;HHHT:b 6030HR C cllepMHOHSMH B HCDpHBO~e 

KOHe'iHRC My~bT~eTR. 

B nHTolt r~e/2?/ Ha ocHoBe cynepcnMMeTPKH H ttoHq,opMHolt HH­

BapxaHTHocrn MR nO~TiaeM COOTHOlliCHHC ~ ~XTO~e~HHX R TpCXTO­

~e'iHRX Koppe~oRHHX ~HKUnn n BHpaEeHHH ~ vacmra6Ho! pasuep­

Hocrn no~en ~epes KOHCTRHTR, B03HHKa~e B STRX ~HKURRX. E~ 

HCilOJII,30BaHa TCXHHtta, H3~0ltCHHaH B pa6oref2G/ 
1 

r,ne 6~0 BBC.D;P.HO 

noHHrne cynepnOJIJI o/ {;!'_; 6') 
Hs KOY.MyTaTopa reHepaTopa Macmra6Horo npeo6pasoBaHHH JC) 

:il' reHepaTopa cynepnpe_o6pasoBa.HKil S , [ f3 ~] = ? ~ 
'!l 0( ..z 
rlOli!HO nO~TiRT:b 
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... 

[l}tf01J] =-i~-yr. -1£2 )t}&ll)/ 
i? - 9~ (25) 

r.ne ~ - pasMepHocn noJJH fi!tJ e. tJi:J;tl) 
.IVm npocTOTR w pacmvarpHBaeM BemecrBeHHoe cKaJJHpHoe cynep­

no~e f(;l;tl) . Hs Tpe6oBaHWl cynepcPIMNeTp:mr PI uacmra6Holi lffiBa-

pnaHTHOCTH 6RJIH nOJiylJCHll COOTHOlliCHHH MC.D;yiOlllCI'O THna·: . 

L=- ~e =~I+ 1{;6·-~ ~-4~-~/ 
~ ~II . ~~ ~~ ~f ~~~2s> 

r.ne A ·, .f) , ~ , ... - o6HlJHlle noAA, cocTaBJ1HIOlllHe 

cynepno~e p~t9) ; Jff.A , ~f' , ••.. -KoHcraHT~ BOSHHKaiO­

m:m:e B Macmra6HO-KOBapPiaHTH11X DHpa;KC!IIDIX COOTBCTCTBY.KliiHX .D;ByXTOlJe'I-

HRX cl!YHKIUrli : . . d " . , 
<AfO/f!¥_)\ = · 4 r trcffl r · -· · 

:/-!/ ~A · / . l ! ~ 

<rfh1W> = Itr:ffi '1-~;;~f~r!J;J? 'J!. · 
EcnH HMCCT·MCCTO.TaKXe KOHcllopMHaH HHBapHaHTHOCTb, TO B no~lJeH~ 

HllX COOTHOlliCHHHX HylltHO llOJIO.lm. T~ =t/ , :4v=tJ , • .. 
(/J/J T j 

B 3TOM C~_lJae H3 . COOTHOllleHilll cynepCHMMCTIJHH WI1I TpeXTOtfC'IHHX .. 

~Hicrmli Mil no.ny-qael\l TaDe 

1' ~ ~~1{1' 
----) 

GAAA (28) 
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r.ne G-AA , GtJ'~A - ROHCTaHTll, BosinmaJ!li1Re B KOH!iX>PM­

HO-KOBapnaHTHllX Bupa%8HRRX COOTBSTCTBY~ TpeXTO~e~HllX ~HKUKfi: 

<AMAffit9) • ~ [tT~4~:ifJ'f" · 
<:i/MfpAPY) = [(:rj?~-9~41.1¢ <2•> 

· . i G .z-;~_ ~ G (;l:"-_.r;;J~x-_,~ · . ~ 
/{A / AA>£~) 

. . Wf1 ~iff WA!fr;j!T{to9fr-zf~· 
YI 

B· Te'leHHe noCJie.D.HHX JieT 6oJilmoe. BmwaiDie y.neJIRe'rcSI ·Taue 

Bonpocy .0 B03~0JKHOCTH. <Jx>PMYJlliPOBaHHSl TSOpHH CKJffiHllX B38lULO.ztei!­

CTBHii B TepMKHax TOKOB 0 KOTOplle paCCIVaTpHBa.DTCSl KaK o6o6meHHll8 

KOOp,ItHH8Tll ~H3~8CKOi CHCT8Mll, COCTOSIDlett H3 BCex ~OHOB.· 

Co,ztepmHHe llOCJie,ItHeft rJiaB~2B~29/ OTHOCHTCSl K T80pHH 

npe.ncTaMeHH~ ·aJire6pu TOROB S(J(bJx$1/(6) • BorJIH~e oT no~o­
.na, pac,~Y.OTPSHHoro B pa6oTaxl30•311, · MH peaJIHsyeM Henpno~ue 
npe.ztCTaBJieHHSI aJire6pH He B rHJib6epTOBOM npOCTpaHCTBe BSKTOpoB 

COCTOSIHHSI, a B JIHHei!HllX llpOC'!paHCTBax 8CHMllTOT~8CKHX llOJieBUX one-

~paTOpoB. no cymecTBy Ham MeTo.zt npe.ncTaBJIHeT co6ol o6o6meHHe npH­

coe.ItHHeHHoro npe.ztcTaBJieHHSI, a Hl!eHHo: npe.ncTa.BJieHH.!l pea.mrsymca B 

BH,Ite KOMMyTanHOHHllX COOTHOmeHKi MeX,Ity reHepaTOpaMH 

v _( y 
~tt ~Jd?;jvl A- f: A q,tt ~ J d? :Ja (30) H 

{; 

16 

H acHMnToTxqecKKMH nOJieBHMa onepaTopaM:i!. IIo.no6aHii Meio.n peaJIHsa­

nHR 6uJI np~eaea PaHee c. Ba.ia6epro,/32/, B.H. OrReBeJ:lltHM/33/ 

H .Iq). npH itsy~eHim KHpaJI:LHoti H ymTapaoti cHMN.e'!pldi. TaKol ile;,;. 

TO.It peaJIH3anmi: n03BOJISleT HaM OCB060,ItHTl>CSl OT Tpy.ItHOCTH. BC'!pS'liuJ:­

mettcSI npH peaJIK3~ aJire6pu B rHJib6epTOBOU npoC'!paHCTBe BSKTOpoB 

COCTOSlHHSl H Bll3Ba!IHOJi TSM qaKTOM, ~TO llplf ,zteiiCTB:Im Ha O.ItHO~ac­

TH'IHHe BSKTOpu COCTOSlHHSl TOKH nepeB~,ItaT liX B MHOI'0~8CT~Hlle • 

.lVISI 6aPHOHHoro MYJffiTHIJJieTa, a Ta!OKS Mesoaaoro MYJil>THllJieTa, 

OTJIH~Oro OT 35-IJJieTa, MH HMeeM: 

fq_,tt:;,I = a;f' (.j:Jy:s!' , fCi ,411=ir(1ilyh ._, 
. (3!) 

fc;";a~l= l>sf4~Ar;s1 / Tc:;4-1· aif;fdt:-<t · 
S.nec:o ~ep~s Gi o6osaa~aeTcSI P.?paTop. Q!. HJIH (j/u , G;:~ 
- onepaTop Q /f . HJIH. a. ~it 1 a"t:l. . . lt ,4.4 ..: onepaTO-

. tltt I . / 
PH po.-..neHHSI 'l'aCT~H II. Y~TO&eHHSl aHTH'IaCT~ B no ROe . CO CIIHHO-

. . (~)j;Sf-BHM cocTOSIHKeM S H :VHHTa:pHHM cocTomi:HeM f 
-MaTpH'l'HHe·aJieMeHTu, onpe.ne~e npe~cTaBJieHM. 

.lVIIl M8SOHHOI'O 3fi.:.IJJieTa Y.H HMeeM COOTBSTCTByillltHe ~PMYJIIi, 
OTJIKtl8JlliH8CSl OT (3!) JIKml> TeM, ~TO Tenep:o BMSCTO lt0MfvlYT8TOpoB + . . ·~ . 
[ L;Jtts1] . ... cToSIT "HopMaJI:o~uei· ioMMYTa~opu: 

[q)a:11 ==·L~;aql- ~} [L;)a:7J~.;c.~~> 
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· · Ewm BHBe.I(eHH ·:HeKoTopse ::mcne:pHMeHTSJIJ>HHe cJie.IlCTBHH ,IlaHHOii 

cxeMH peSJIKsanm~ aJire6.Pi Toito:a. 3TH CJie.IlcTBHH IlpOSiBJIJlDTCJI :a . 

aneKTpOYBrHHTHHX K cnR6HX no~JienTOHHHX nponeccax DpH H8KOTOpoi 

onpe,IleJieHHoi KHHeMaTmte. TaK, HanpKMep,- no~"ieHH sHa'lieiDUl .IWl 
~ ,_ ~ r . 

:aepoRTHOCTH SHHHrHJIRnHH HYKnOH-aHTHHYKJIOHHol naps B no~oe: 

. z..e-
~~e~~ .. · · f ~~e~- .. . ;£/Y · 

(33) 

no.izyt~eHo cooTaomeHHe .IlH!flilepeHmmJil>mzx ce"iemdi nponecco:a 
/'\.- . - + ):1! 

.Pe· +/:·-~ e + JLI" .. 
no.Il HYJieBHM yrJioM: 

!(;;f1t) I /f .. G-(LJ:) ;;J 1r .. 
/d--12 ~ ~ 

~ ... -.·· ·• ·, . -~_ :• :~~- ·· ... -... ~ ~ --: ';,'~;. ..;-. 

)'- ". 

''·,. (34) ';, 

•C ttoMOil!J>JJ KOMMY~anHoHHwc cooTHomesd (31) MoX!ro Tme 
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