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BBEAEHI1E 

np~MeHeHHe M8TO~OB KBaHTOBO-nonesoH peHOPMrpynnbl K peweHH~ 
3aAa4 CTOXaCTH4€CKOH TeOPHH Typ6yneHTHOCTH n03BOilHJ10 060CHO
BaTb PRA paHee H3BecTHbrx 1-13 $eHoMeHonon148CKHX npe,qcTasneHHill 
$H3Hl.I€CKHX peayJlbTaTOB H3 11 nepBbiX npHHU,V1nOB 11 , T. e. HCXOAR V13 
cToxacTH4eCKoro ypasHeHHR Hasbe-CToKca. TaK, Ha ocHose 3Toro 
nOAXOAa s 1979 r • 111 6•1na snepsble AOKa3aHa cnpase11n"socTb "a
aeCTHoro c 1941 r. KonMoroposcKoro CKeHnVIHra, aaTeM/3.5' Te
MH >K€ M8TO,qaMH 6bJila paCCMOTpeHa 6onee 061J.!aR 3a.Qa4a 0 CKeiiiJlHH
rOBOM noBe,qeHVH1 COCTaBHbiX onepaTOPOB, BXOARIJ.IHX B aaKOHbl CO
xpaHeHHR 3HeprHH-HMnYnbca. HaKoHeU., a pa6oTax: 4 ,6' Hccne,qosa
,qacb 3aAa4a 0 Typ6yneHTHOM nepeMeWHBaHHH CKdilRPHOH nacCHBHOH 
npHMeCH H CTOXaCTH48CKaR MarH~THaR r~APOA~HaM~Ka COOTaeTCTBeH
HO. B nepaoH AaHo TeopeTH~ecKoe o6ocHoaaHHe ~t~aaecTHoro ~eHoMe
HonorH48CKoro aaKoHa 4/3 p.,4aPACoHa, so BTopoi1 Hai1AeHbl rpaH"-
4bl np.,MeHeH"" T80P"" KonMoroposa - 06yxosa. noKa3aHO' 4TO KOn
MOropoBCKHH CKeHnHHr HapywaeTCR AilB $~3H~eCKHX Bei1H4HH, COAep
ma~HX cny4aHHoe MarHHTHoe none. 

H">Ke Mbl npoaHai1"3"PY8M CTOXaCT.,48CKYIO 3aAa4y 0 Typ6yneHT
HOM nepeMeWHBaHHH CKanBpHOH nacCHBHOH npHMeCH, KOTOPaR X~MH-
4eCKH saaHMoAeHcTsyeT c ocHoaHoH Typ6yneHTHoH cpeAoH. Cornac
HO o6~e~ TeopeMe 1 2.3/ TaKaB aaAa4a 3KBHaaneHTHa HeKoTopoH 
KsaHTosoH TeOpHH nonR c 3a.qaHHbrM AerllcTs~eM. B HaCTOR~eH pa6oTe 
AOKa3biBaeTCR, ~TO TaKaR TeopHR MYilbTHnilHKaTHBHO peHOPMHPYeMa, 
Cil€AOBaT€IlbHO, MO}I(HO np~M€HMTb B€Cb CTaHAaPTHbiH anna paT KBaH
TOBO-nOileBorll peHOpMrpynnbl, n03BOHRIO~HriJ BbiB€CTH ypaBH€HHe KpVI
TH4€CKOro CK€ri!IlHHra, peailH3Y€MOrO B OKP€CTHOCTH VIH$paKpaCHQ
ycTOH4HBOH $HKCHposaHHOH T04KH. TaKHX T04€K OKa3ailOCb ABe. 

MOAEflb 

PaccMaTpHBaeMaB MDAe.nb onHCbraaeTCR cToxacTH4eCKHM ypaaHe
HHeM Hasbe-CToKca/4/ ~ ypaaHeH~eM A~¢¢Y3HH AI1R XHMH4eCKH aK
T.,BHOi1 np.,MeC" /CM./7/, rn.Vll, §14.5, T.2/: 

V ¢=vl'!.¢-op+F¢, 
t 

- n e v,e=v'I'!.O-AO +F. 
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3geCb~Vt=at +</;a - KOBap~aHTHaR np0~3BOAHaR, <f;s<f;i (x) s 

= </; i (X, t ) - nonepe"HOe cny"a~Hoe none CKOPOCT~, e s e (X) 

CKanRpHoe none nPr.1MeCVI, P '- ,qaaneHvte, v, v" - K03¢l<IH1~VIeHTbl 
BR3KOCTVI Ill MOTI6KYTIRPHO~ ,Qr.1¢l$Y3111111, nocKOTibKY OH~ 111Me~T O,QHHaKo
BYIO paaMepHOCTb, ,QallbWe Mbl 6y,qeM I-1Cn01lb30BaTb 0603Ha46HV1e 

v" = u v c 6eapasMepHbiM K03¢l¢vt4Y1eHTOM u. KoHcTaHTa A a /1 I -
nPOr.13BOTibHaR, nOKa3aTeTJb CTeneHVI 0 MO~eT npHHHMaTb TJI06~e nOTJQ
}1(1.1TeTJbHble l..le!104!.1CJ1eHHble 3Ha46HIIIR. npH 0 = 1 npV!MeCb Ha3biBaiOT 

Xr.1Mt.14eCKvt aKTVIBHO~ npiiiMeCbiO nepaoro po,qa, np~-1 n = 2 - BToporo 
lo1 T. ,Q. Cny4aVIHble Clllnbl F ~Fe (,1MeiOT rayccoacKoe pacnpe,qeneHHe 
C 3a,QaHHOV! M8TPVI4ei1 KoppeJlRTOpoB WYMOB .<FF> = D /IIIX RBHbU~ BH,Q 

CM. HVUKe/. 

CornacHo o6Ll!e~ TeopeMe 12 • 3 ' aaga"a /1/ MO>KeT 6b1Tb nepe<!Jop
MYilltiPOBaHa B Bvt,Qe KBaHTOBOIIf TeOPI--1111 YABOeHHOrO 4HCila none!li '<IJ:: 
~ c/J, ~~ , 8 , 8~ C Ae~CTBHeM BHAa 

sc~>~..!..q;'D"'"'<P'+l-e-Dee e'+<P'[-a <P+v ~<P-<<Pa)<Pl+ 
2 2 t 0 

/2/ 

/see HY>KHble HHTerpHpOBaHJ.1FI &.1 CBepTKH no AHCKpeTHbiM 1-1HAeKCaM 

agecb ~ Aanee noApaayMeea~TCR/. B ge~CTB~e /2/ KOHCTaHTa X 
He BXOAI-1T B FIBHOM BI-1Ae, TaK KaK Ha CaMOM Aene OHa OKaaanacb 

"nJ.1wHe~ 1 1 : aaMeHo~ X== A n-l AnFI n > 1 /TpJ.1BHanbHbl~ cny4a~ 11Mac

CI-1BHO~JJ TeopVIJ.1 C fi == 1 paCCMaTpHBaTb He 6yAeM/ J.1 paCTFI}f(eHI-1eM 

none~ 8' ~ >.e' ' e ~ e I A Mbl y6pan~ ee ~3 BbiPa>KeHHR /2/' OgHO
epeMeHHO Mbl CI-1MM€TPIII30BanJ.1 aepWJ.1HY e~en. PaccMaTpHBaeMoe Ae~
CTBI-1€ FIBnFieTCFI HepeHOpMJ.1pOBaHH~M, KOHCTaHT~ B HeM 3aTpaB04H~e 

1t1 CHa6meHbl lt1HA€KCOM 1 1d 1, 4T06bl OT 11V14V1Tb VIX OT peHOPMHPOBaHHbiX 

aHanoroe. 

8epH€MCFI K BOnpocy 0 Bbi60pe FIBHOro BI-1Aa KOppenFITOPOB WYMOB. 

8 cny4ae 06bi4HO~ cKanFipHO~ npVIM€CH OTnH4HbiM OT HynFI 6bl11 TOnbKO 

KoppenRTop D </;</; 14{ BKn~4eHHe wyMa Dee He an~Rno Ha peaynbTa
Tbl, nony4eHHbl€ npl-1 Dee == 0, npOCTO H3-3a OTCYTCTBHFI ¢e~HMaHOB
CKV1X rpa¢oa, coAepma~Hx sToT KoppenFITop. B paccMaTpHaaeMo~ 
38A84e 3TO He TaK. no3TOMY Mbl 6epeM 2x2 M8TP~llY D C HeHyne
BbiMVl AVIaroHanbHb1Mit1 311€M€HTaMJ.1 oc/J¢111 088; OHa RBnFieTC.A &.1 CaMO~ 
06t1-'e~, nOCKOnbKY CMeWaHHble KoppenRTOp~ D¢8 4HCTO nPOAOnbHbl€ 

VI He ga~T BKnaAa B Ae~CTB~e /2/ ~3-3a nonepe4HOCT~ nonR .<f;', 
KoppenRTOPbl D</;</; /TeH30PHbl~ nonepe4Hbl~/ ~ Dee /cKanRPHbl~/ a 

~ 

HMnynbCHQ-4aCTOTHOM (k,w)-npeACTaB11€HV1V1 6epeM 8 BillA€ 

</;</; ~ 3 4-2~-2< 
Dis (k,o.>) ~ govo k pis /3/ 

Dee(k )~- 2/(n-l)+lk2+4/(n-l)-2~-2., 
.<LI govo 

/4/ 
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(b 11£.1). - nonepe4Hbl~ npoeKTOP, 
gO, g D - npOH3BOJlbHbJe nOI10>IH1TeJ1bHble KOHCTaHTbl, KOTOpble 8 Ha
wei:1 3a,Qa4e VlrpaiOT pOilb 3aTpaBOI.4HbiX KOHCTaHT, l , a - ~POH3BOJ1b
Hb¢¢ napaMeTpbl TeopHH, 2f.L - paaMepHOCTb npocTpaHCTaa k. B1-1,q 
D - CTaH,QapTHbl~, no,qpo6Hoe era o6ocHoaaHVle MO)I(HO Hai1TVI, Ha-
npHMep, a IS!. 3Ha4eH!-1e l = 2 cooTaeTCTeyeT, cor nacHo o5Ll.llllM ct>e
HOMeHonorHYeCKHM npe,QCTaBJleHHRM, peal1bHOi1 HaKa4Ke 3HeprHVI 8 
Typ5yneHTHYIO cpe,qy Vl3 0611aCTJ.1 MailbiX I-1MnyJlbCOB. 3aMeTJ.1M, 4TO 
napaMeTp € He 3aBHCHT OT pa3MepHOCTVI npOCTpaHCTBa, B OCTaJlb
HOM OH 8 peHOpM8JlH3a4HOHHOi1 CXeMe, KOTOpOi1 6y,QeM nOJlb30B8Tb
CR, COBepweHHO aHanorH4eH napaMeTpy OTKJlOHeHHR OT pa3MepHo
CTH npOCTpaHCTBa, paBHOi1 4 B ( 4 - 2( ) -pa3110»<eHVH1 8V!JlbCOHa, 
norapl.1¢MH4HOCTJ.1 TeOpl-11-1, T. e. 6e3pa3M8PHOCTJ.1 3aTpaB04HbiX KOH
CTaHT g

0
, gO' OTBe4aeT 3HaYeH~t~e ( = 0. noA4ePKHeM, 4TO nora

PI-1$MJ.14HOCTb Mbl Tpe6yeM no o6e~t~~t9KOHCTaHTaM CB.A3J.1. V'IMeHHO 1-13 
3TOrO coo6pameHJ.1.A Bbt6paH BJ.1A 0 ; TOrAa BO B3aJ.1MOAm1cTBJ.1J.1 OH 
6yAeT y4aCTBOBaTb Ha paBHblX npaeax CD¢¢. 3TOT CJ1y4a~ RBJ1.A8T
CR Ha~t~6onee J.1HTepeCHblM C T04KJ.1 3p8HJ.1.A KPJ.1TJ.148CKOrO nOB8A8HJ.1R 
Teop~t~~t~, a npoT~t~BHOM cny4ae nfJO ,qaean 6br n~t~Wb nonpaBKI-1 K Kp~t~
T~t~4eCKOMY CKei1.n~t~Hry. B 3TOM CMbiCJle raKo~ Bbt6op MaTp~t~u,br D 
coaepweHHO aHanorJ.14eH Bbt6opy BJ.1Aa KOPPellRTOPOB 8 CTOXaCTJ.14e
CKOi1 MarHJ.1THO~ rJ.1APQAI-1HaMJ.1Ke/6/. 

,Qn.A Aei1CTBJ.1.A /2/ CTaHAP.PTHbiM cnoco6oM CTPOJ.1TC.A QJe~HMaHOBC
Ka.A .Q~t~arpaMMHa.A TexHHKa. B A~t~arPaMMax 6y,qyT aepw~t~Hbr Tpex TH
nos: ¢' ¢¢, e' ¢8, 8'0 ° . no KBagpaT~4HOH 4aCT~ /2/, KOTOPYIO MO)I{
HO 3an~t~CaTb B CJ.1MMeTpi-14HOM no nOil.AM clJ =. ¢ , c/J ~ , f), 8 ' BJ.1A8 
-l.<!>K<I>/K - MaTp~~a/, onpegeJmeTc~ MaTp~~a csepTOK /nponara
Togos/ L\ ~ K - 1 : 

¢¢'~ ¢'¢ ~ 2-1 L\ (k,ru)=L\ (-k,-w)=(-iw+v
0 k) 

ee, ~ 8 '8 ~ 2 -1 L\ (k,ru)~L\ (-k,-w)=(-iw +U0 vok) , 

/ace ocranbHbte 3JleMeHTbl MaTP~t~U.br 1l paBHbt Hynro/. CaepTKI-1 ¢¢ ~, 
8 e~ 3ana3AblBaiOUJ,J.18, ¢ ~ ¢ , 8 ~e - onepemarow,~t~e. nonepe4Hbl8 npOeK
TOpbt, KOTOPbiM nponopU,ItiOHailbHbl nponaraTOPbl 88KTOPHbiX noneei ¢, 
¢', onycKaeM. 

PEHOPMHPOBKA 

,ll~t~arpaMMbl, nOpD>K,Qa8Mbl8 HepeHOPMHPOBaHHbiM ,qe~CTBHeM /2/, 
MoryT COA8P»<aTb YJlbTPaQJ~t~oneroabre /Y<P/ pacxo.QVIMOCTI-1. CornacHo 
06UJ,J.1M npaBJ.1JlaM, nOJ1H08 ycTpaH8HJ.1e 3TJ.1X paCXO.QJ.1MOCTei1 CBO.QJ.1T-
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Cfl K YCTpaHeH~IO T8K08biX 8 A~arpaMMaX 

rp~;~Ha. YA06HbiM MeTOAOM Knacci-1¢J..1K84J..1J..1 

I-HenpHBOAJ..1M~x ¢YHK41-1~ 

Y~-pacxoAHMOCTe~, npV~cyT-

CTBYIO~VIX 8 TaKHX A1-1arpaMMaX, K3K J..1388CTHO, f1Bnfi8TCR M8TOA 

nDAC4eTa K3HOHV~4eCKJ..1X paaMepHocTe~ none~ 1-1 napaMeTp08. Teop1-1R 

/2/ ABYXMacwTa6Ha. 3To 03Ha4aeT, 4TO Ka~AO~ een~4~He e /2/ 

MO>KHO npV~nJ..1caTb .He3a8HCVIMO ~MnynbCHYIO (d p) , 4aCTOT.HYIO (d ru), 

a TaK>Ke CYMM3PHYIO (d = dp + 2d (.t)) K3HOHW-!eCKWe paaMepHOCT~/3/. 

Jlnfl none~ V1 3aTpa804HbiX napaMeTp08 OHVI HaXOARTCfl J..13 ycnOBVIfl 

6eapaaMepHOCTVI Ae~cT8Vifl /2/, a Anfl peHOpM1-1POBaHHbiX - 1-13 

¢opMyn saMeHbl v0 -l> v , u 0 
-l> u , g 

0 
-l> gM dim go Anfl o6e1-1x g , i, 

nepeBOAR~VIX VICXOAHOe HepeHOPMV!poaaHHOe Ae~CTBHe 8 perynRPVI3Q

BaHHOe. npl-1 TaKO~ 3aMeHe nORBllfleTCR peHopMVIPOB04HaR Macca M

AOnonHI-'1TellbHbl~ napaMeTp peHOPMHpoaaHHo~ Teopvu.1. H~t~x<e npHBOAHM 

Ta6J1VI4Y K8HOHVI48CKVIX pa3MepHOCTe~ BC8X B8lll-'14VIH. 

--
¢ ¢' e e· v0 , v M go go g,g 

~l 0 

dp -I 211 + I 0 211 -2 I 2< 2&< 0 

ct"' I -1 
1 -l 

I 0 0 0 0 n:r n-::T" 

2 2 
d I 211- I n-1 211 - ....;:,_, 0 I 2, 23< 0 

n -1 

B pa3MepHo~ perynRp~3a~~~ see Y$-pacxoA~MocT~ 1-Henp~BoA~

MbiX A~arpaMM npORBJlRIOTC.A 8 BHAe nOJliOCOB napaMeTPOB OTKJlOHe

HH.A OT norapH¢MVI4HOCTVI € VI YCTpaHR~TCR A06aaneHJ..1eM COOTBeT

CTByiO~J..1X KOHTP4lleHOB B perynRPVI30B3HHOe Ae~CTBVIe, 

npoBeAeM 3H3llH3 peHOPMHpyeMQCTVI TeOPHH C npOH3BOnbHbiM n > 2. 

$OpManbHbl~ ynbTPa¢~oneTOBbl~ /Y$/ ~HAeKC 8, no KOTOpOMy Knac

CH¢H4HPYIOTCR paCXOAHMOCTVI 8 1-Henp~80AVIM~X AHarpaMMaX, paaeH 

2+211 -d<I?N<f?, rAe N<I?"'N¢, N¢'• Ne, NO'- 4~cno COOTBeTCTey

IOtqHX non10 ell aHeWHHX JlHHH~·. Ho 8 Ae~CTEU.1TeJlbHOCTH paCXOAHMOCT~;t 

onpeAe11RIOTCR He ctJopManbHbiM, a peanbHbiM VIHAeKCOM 8' = 0- N ~' 13( 

1\nR A~arpaMM 6e3 BHewH~X n~H~~ ¢' 8 = 8' . !13 Ta6n~~bl pa3Mep

HOcTe~ VIMeeM 
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AHarpaMMbl MoryT HM8Tb nPHMHTVIBHbre /noaepxHOCTHbre/ pacxo,qH
MOCTVI, ecnVI 0' ~ Q, KpOMe TOrO, 8 nPVIHRTO~ HBMVI CXeMe pa3Mep
HO~ perynRpV13B4VIH paCXO,QHMOCTH RBnR~TCR nOnHHOMaMH no BHeW
HHM VIMnYnbCBM VI 48CTOTBM, 4TO OTB8488T 48n04VICneHHbiM 0 VI 0'. 

4To6bl 3¢¢8KTVIBHO HCnOnb30BBTb BC~ MOU\b TeXHHKVI Pi, HY>KHO 
,QOKB38Tb MynbTHnnVIKBTVIBHy~ P8HOPMVIPY8MOCTb T80pVIY1 /2/, T,e. 
noKa3aTb, 4TO see pacXOAVIMOCTVI 8 ,qVIarpaMMax I -HenpV180AHMbiX 
¢YHK4VI~ lpHHa VIM810T TOT >K8 BillA, 4TO VI 4n8Hbl B VICXO,QHOM A8~CT
BVIVI. Tor,qa nepeHOPMHP08Ka cae,qeTCR npocTo K nepeonpe,qeneHH~ 
none~ VI 3aTpa804HbiX naPaMeTpoa. KaK Y8VI,QJ.1M ,qanee, TaKaR 6na
ronPHRTHBR CVITYa4J.1R ,qaneKO He 0488VI,QHa; K011Y148CTBO TVInOB pac
XO,QVIMOCTei1 /3aaVICRfllee OT n I 6onbwe, 48M 3To ,qonycKaeT BHA /2/. 
6nH>Kai1waR HaWa 4811b - nOKB38Tb, 4TO 60JlbWY1HCTBO 1-13 3TVIX paC-
XO,QVIMOCTeH Ha CBMOM ,qene OTCyTCTByeT, VI HaHTH TaKHe n, nPH 
KOTOpbiX TeOpVIR /2/ ,qeHcTBVIT8nbHO MynbTHnnVIKBTHBHO peHOpMHPY-
8MB. 3TY 3a,qa4y pa3o6beM Ha ,Q8a nyHKTa. CHa4ana paccMOTPHM 
TBKVI8 ,QHarpaMMbl, KOTOPbl8 HM8~T PBCXO,QVIMOCTVI npH n1060H pa3M8p
HOCTVI nPOCTPBHCTBB 2{l, a 3BT8M Te, paCXO,QHMOCTVI 8 KOTOPbiX no
fiBnfiiOTCfl TOJlbKO npH H8KOTOPbiX PB3M8PHOCTfiX 211- /Ha3bi888MbiX 
Y1CK11104VIT8nbHbiMVI/, 

K nepBOMY CI1y4al0 OTHOCfiTCfl ,Qr.1arpaMMbl, AilR KOTOpbiX BblnOnHR
eTCR ycnoa1-1e No'+ Nr/J" = 1. B ,qHarpaMMax 6ea BHeWHHX IlVIHHH 
0, 0' paCXO,QVIMOCTVI Te }t(e, 4TO VI 8 4VICTOH Typ6yneHTHOi1 H0.1,QKO

CTY1/3/, PeanbHO r.1MeeTCR TOJlbKO o,qHa pacxo,qHMOCTb a 1-HenpVIBO
A~Mo~ <I>YHK4~~ <¢' ¢ >, KOTOpaR YCTpaHReTCR KOHTP4JleHOM ¢'1'1</>. 
nepe4VICI1YIM ace OCTaJlbHble I -HenpHBOAYIMbJ8 ¢YHK4VII-1, KOTOPble MO
ryT HMeTb Y¢-pacxo,qi-1MOCTH. K HHM OTHOCRTCR cne,qyJOfl\He: 

<¢'8 ... 8> 

k 

(O<k$n-l, 8' ~ 2 

<¢'¢8:::_8> (O<k;>(n-l)/2, 
k 

/)' 

n- l- k 

n - l 
) ' 

n-l-2k 

n- l ) ' 

<8'8 ... 8> 
k 

n + l - 2k (0 s_k S (n + l)/2, B'~ ) , 
n -1 

<8'8¢¢> (ll' ~ 0), <8'¢¢ > ( 8' ~ 2/(n-l)), 

<8'¢¢¢> w~ 
3 -n 
---,n 
n - l 

s. 3) ' <8'¢¢¢¢ > (ll~ 0, n~ 2). 
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PaccMOTPVlM cnyl.la~ V1CKJ1104vtTeilbHbiX pa3MepHocre~ • .QonOJlHVITenb

Hble paCXO,Q!IIMOCTI-1 npl-1 TaKVlX pa3M8PHOCTRX MOryT npVICYTCTBOBaTb 

B ¢YHKU,VI.AX, y,qosnersopRIOL4VIX ycnOBVI!O Nc/J" + N fY = m, r,qe m ~ 2 
/ct.Hyau,l-110 c N4:/ + Ne" = 0 paccMaTpVIBaTb He HY}f(HO, nocKOllbKY 
Bee TaKI-18 ,QI-1arpaMMbl OTCYTCTBYIOT ' 3 '/, )lm=! HI-1X 0"=2-211(m-l)
-N¢-2(N¢'+N8-m)l(n-l) ~ N8'=ffi- N<b'. HHgeKC o' 6y
geT oTp~~aTenbHbiM, ecn~ m > (n- l) (2~ + 2), (2~ (n- l) -2 
Ailfl paaMepHocree1 2(.1- > 2/ (n - l). B npe,qene 2JL ~ oo npaaa.A L~aCTb 

HepaseHCTBa CTP8MVITCA K €,QVIHVIU,8, n03TOMY ,QQJl}f(Ha CYL48CTBOBaTb 

HeKOTOpa.A MVIHVIMaflbHa.A pa3M8PHOCTb npOCTpaHCTBa /3aBVIC.AL4a.A OT 

n I, BbJWe KOTopo!)i HVIKaKIIIX ,qononHVITeJlbHbJX pacxo,QI-1Mocre~ He 6y-
,qer. nerKO BVI,Q8Tb, 4TO OHa pasHa 2(n 1"" 1); (n -1 ). Bee npo-
CTpaHCTBa 3TO~ VI 6onee HVI3KVIX pa3M8pHOCTe~ RBnH~TCH ~CKD~~~

TenbHbiM~. TaK~M o6paaoM, AnH n 5 5 a V1CKni04V1TenbHble npocTpaH

CTBa nonaAaeT ~ npOCTpaHCTBO peanbHOil! pa3MepHOCTVI 2/1 =: 3. 
TonbKO ero Mbr V1 paccMOTP~M. PacxoA~MOCTVl MoryT npVlcyTcTaoaaTb 

gn~ n = 2 8 (jlyHK~~AX <0'8'$'0'8' > , <8'8 '¢¢¢>, <8'8'¢8 >, 
<0'8'8'0>, <8'8'8'¢¢>, <1!'0'8'8'¢>, <8'¢'¢>, <1!'8'¢'> lgnA 
acex &' = 01, <8'8'8'0'>, <0'8'0> , <0'0'¢¢>, <0'8'8'¢>, 
<8'¢'> I 8' = 11, <8'8'0'> , <8'8'¢> IS'= 21, <R'8'> I 8' = 31, 
AnA n = 3 a <8'¢'>, <8'8'¢>, <1!'8'8 > IIi'= 0/, <8'8)> /8'= 11, 
gn~ n = 4 s <8'8'> /8' = 1/3/ ~ s <0'8'> I 8' = 01 gn~ n = 5. 

B AeillcTBvtTenbHOCTI-1, B 6onbWV1HCTBe nepe~V!cneHHbrx Bbrwe I -He

nPV1BOAV1MbrX AV~arpaMMax a o60VIX cny4aHx ~CKJH04111TenbHOro 211 = 3 
111 HeiiiCKiliO~~Te!lbHbiX paaMepHocTe~ npocTpaHcTaa Y<l>-pacxOAV1MOCn1 

OTCyTCTByiOT. Mbr He 6YA€M no OTA€IlbHOCTV1 paccMaTp~aaTb Ka»<AYIO 

cj)yHKU,VIIO, a V13!10»<~M JH1Wb np~~~Hbl, KOTOpbl€ npVIBOART K OTCYTCT-

8~10 3T~x pacxoAI-1MocTe~. OH~ cneAYIO~~e: 
1. nonepe4HOcTb none~ ¢, ¢' . Hanp~Mep, gn~ <¢~ > 

n- 1 

/8' = 0, 8 = 1/ COOTB8TCTBYIO~VIH KOHTp~neH OAH03Ha~HO ~MeeT 
B~A (iJ¢') 8"-1, a iJ¢' = 0. 

2. KaHOHvt4eCKa.R paaMepHOCTb AvtarpaMMbr TaKoea, 4To He!lb3R 

V13 BH€WHIIIX IIIMnYilbCOB /aeKTOpoa/ ~ 4aCTOT /CKa!lHPOB/ nOCTpOIIITb 

TeHaop HY>I<HO~ CTPYKTYPbl. Hanp~Mep, gn~ <¢'¢..!Lv--fJ- In- He4eT-

(n-1) 12 
HO, 0' =0, 0= 1/ COOTB€TCTBYIO~aR paCXOAJ.1MOCTb $OpMa!lbHO 

nponopu,~oHa!lbHa BH€WH€My ~MnYilbCY, a CaMa cj)yHKU,~R RB!l.R€TC.R 

T€H30POM BTOPOrO paHra. 

3. He~eno4~cneHHOCTb 8' AnA n > 3. 
4. OTCYTCTBvte I -HenpV1BOAJ.1MbiX cj)yHKu,~H rpJ.1Ha c H84€THOH cyM

MO~ BH€WHVIX !1V1H~~ e, e', €CI1V1 0 H€4€THO, V13-3a VIHBapHaHTHOCTVI 

A€YICTB~R /2/ OTHOCJ.1T€!1bHO 3aM€Hbl e'--+- e', e--+- 0. HanpV1Mep, 

gnA ll = 3 (jJOpManbHO paCXOAAUlaACA (jlyHK~~A <8'¢¢> pasHa HyniO. 
5. ranvtneeaa V1HBapJ.1aHTHOCTb TeopvtVI, HanpJ.1Mep, AI1R n = 3 

OHa rapaHT~pyeT OTCYTCTB~e pacxog~MocTe~ s <8'0 q, ¢>I & = 0/. 
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3ra ¢YHK~~R y~oaneTaopReT ro~~ecray Yop~a, Koropoe Han~weM 6ea 
BbiBOf:\a: 

a 
aw 

a 1 __, ~ 
+ k: --] 10 , 8_, (k, uJ; k', o;'), 

lJw'"'" 

I . . 
rAe 18!800= <8'8¢¢>, 18

1
'8¢ = <8'80>. Tm~<AeCTso sepHo KaK a 

HepeHOpM~POBaHHO~, TaK ~ 8 peHOpM~poaaHHO~ Teop~~. nocKonbKY 
ero npaaaR 4aCTb KOHe4Ha, TO AOn~Ha 6~Tb KOHe4HO~ ~ neaaR 
4aCTb. 0TMeT~M, 4TO 8 OT~enbHbiX rpa¢~KaX B Ka~~OM nop.A~Ke Te
op~~ B03My~eH~~ Y$-pacxo~~MOCT~ np~cyrcray~T, HO oH~ aaa~MHO 
coKpaw,a~Tc.A. HaKOHe~, cnel.IVtanbHO paccMOTP~M aoaMo~Hble pacxo
~~MOCT~ 8 <(}'(}-;_-. ,l),n.A Hee ¢0PManbHbJ~ /VI peanbHbl~/ ~H,qeKC paaeH 
ABYM. 3TO 03Ha4aeT, 4TO KOHTP4neHbl MOryT ~MeTb B~A (}' fl(} ~ 
flat 8. Hanp~Mep, ~n.A n = 3 BTOPO~ KOHTp4neH Hy>t<eH lt13-3a paC
XOA~MOCT~ /ecnlt1 TaKa.A VtMeerc.A/ A1t1arpaMM~ 1 

e 

81 el 8 
8 

nponop~VIOHanbHO~ BHeWHe~ 48CTOTe /aepWV!Hbl ~ caepTKI-1 H8 pVtCyH
Ke nOMe4eHbl COOTBeTCTBYIOUJ,VIMVI nOn.AMV1/, 4TO >Ke npOVICXOAV1T Ha 
CaMOM ,qene? Bcne,qCTBVte raJlVIJleeao~ VIHBapV1aHTHOCTV1 BVIA KOBaPVI-

8HTHOi1 nPOir1380~HO~ at+ ¢d COXP8H.AeTC.A VI B peHOPMJ.1POB8HHO~ 
TeOpV1~, 8 nOCKOJlbKY KOHTp4JleH T~na ()'(¢a)() OTCyTCTByeT, TO 
HeT VI KOHTP41leHa ()'at(). 

Y41r1TbiB8.A nepe4VtCneHH~e cao~craa, MO~Ho no,qaecrvt VITOr. 
,l),n.A n = 2 OCTaiOTC.A P8CXOAI-1MOCTV1, nopm+<:AaiOUJ,VIe KOHTp4JleHbl, KOTO
pbiX HeT 8 I-1CXO,qHOM ,qe~CTBVIVI /HanpVIMeP, KOHTP41leHbl BVIA8 8' 5 , 
()' 3 () AflFI '41. = 31. 3ro 03Ha4aer, 4TO reopVt.A He .ABJl.AeTc.A MYJlb
r~nnHKaTVtBHO peHOPMit1pyeMot1. ,lln.A n = 5 npVt 4-t = 3 ecTb pacxo
AVIMOCTb T~na $'2 , a COOTBeTCTBYIOUJ,J.1t1 4JleH B ,qe~CTBVIYI /2/ OT

CyTCTByeT. Ho MO~HO C C8MOrO H848Jl8 BKJ1104V!Tb 3TOT 4JleH B VtC
XOAHOe ,qe~CTBVIe, 4TO CBO,qVITC.A npOCTO K nepeonpe,qeneHit110 KOppe
n.ATOP8 D()fJ. npVt 111060t1 pa3MepHOCTV1 npOCTpaHCTB8 ~ Jli060M U eCTb 
KOHTP4JleHbl BVI,qa ¢'/:!J.¢, (J'!:!J.(j, (J'() n , Bee T8KVte 4JleHbl npV!CYTCTBy

IOT 8 /2/ VI He H8PYW810T MYJlbT~nllYIK8T~BHO~ peHOpMV1pyeMOCTVI TeO
pV!VI, ,l),pyr~X JlOK8JlbHbiX /nOJlVIHOMV18JlbHbiX no VIMnynbC8M VI Y8CTOT8M/ 
pacxo,q~Mocre~ ,qn.A 2;1. = 3 ~ He!IICK11104~TellbHbiX paaMepHocre~ npVI 

n > 3 Her. 
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3~eCb Heo6xo~~MO CA€fi8Tb CI1€AY~~ee 3aMeYaH~e. npeAn~caH~fl 
VICnOflb3Y€MO~ HBMI-1 pa3M€PHO~ pery11FILJ.r.1VI - ni·1Wb Ha6op HeKOTOPblX 

YA06Hb1X ¢opMa!1bHbtX npaevtn, noaeonRIOL4V1X peaKo ynpoCTVITb aHanVI3 
KPVITV14€CKoro noeeAeHV!fl TeopV!VI. BBVIAY OTCYTCTBVIR B TaKO~ CX€M€ 
napaMeTpoe TVIna ynbTPa¢VIoneToeoro o6pesaHV!fl A a He~ He MOrfT 
nORBV!TbCR KOHTP4fl€Hbl C pa3M€PHbiMIII napaMeTpaMVI /B T€OPI,H1 ¢ 
nPI-1MepoM TaKoro KOHTP4IleHa RBnReTcR A2¢ 2/. 0AHaKo a o6bi4HOi1 
CXeMe C HOpMaJlbHbiM o6pe3aHIII€M T8KVI€ IIIH¢lpaKpaCHO-CY[4€CTB€HHbl€ 
KOHTP411€Hbl MOryT B03HJ.1K8Tb • .QnR MYflbTIIInJ1ItiK8H1BHOa:1 peHOPMV1POB

KV1 T€OPV1Y1 He06XOAIIIMO, "·H06bl Y>K€ 8 VICXOAHOM A€i1CTBitllll npvtcyT
CTBOB811 HY}f{Hbli1 11 MaCCOBbl~ 11 4fl€H. npl-1 BbiXOA€ TeO pill VI 8 KPVITJ..1Ll€

CKV111f peH<I-1M nepeHOPMI-1POBaHHbl€ K03¢l¢li-1LII-18HTbl npl-1 TBKI-1X Y.neHax 

,qo.nmHbl o6palltaTbCR a HO.nb. PaaMepHa.R cxeMa V1rHop¥1pyeT KaK TBKY1e 

3BTPaBOL!Hbl8 l.!J18Hbl, TaK Y1 COOTB€TCTBYI0~!.1€ KOHTpl.!.neHbl, T.e. C Ca

MOrO Hal.!a.na npe,qno.naraeTC.R, ~TO T€0PV1R HaXO,QJ..1TCfl 8 KPY1TY1~eCK0M 

peH<HM€, a 060CH08BHY18 MBJ10CTY1 11MBCC0BbiX 11 ~JleHOB Bbi.XO,QJ..1T 3a paM

KV1 TaKoilr cxeMbr. Xopowo 1.13BecTHO, 4TO aHa caMocornacoaaHHa 1-1 
,qaeT npa8Y1JlbHbre peaynbTBTbr ,qnR KPY1TV1llecKI.1X noKaaaTenellr. 

8 Hawellr Teop1.11-1 ,qnR n ~ 3 a pery.nRpY13BL.IY1!.1 c o6peaaHY1eM Tome 

noR8.n.RlOTCR 11 MaCC08bre11 t<OHTPL!JleHbl .... A a I a > OJ. Donee no,qpo6Ho 
0CTBHOBY1MCfl Ha c.ny~ae C n = 3. np¥1 TBKOM n ,QJlR 2JL = 3 eCTb 
KOHTpl.!neH 81r1,Qa C Av 28 '8,, r,Qe C - HeKOTOPblilr ~Y1CJ1eHHbl~ K03¢l<PVILIY1-

eHT, 3BBV1CRLltV1~ OT g V1 u. HeCMOTPR Ha TO, YTO aHaJll-13 TaKOfO Tl-1-

na KOHTPLIJleHa BbiXO,QY1T 3a paMK¥1 npVIH.RTOilr HBMVl CXeMbl, nonpo6yeM 

04eHV1Tb 3HB~8HY18 BeJ1V141.1Hbl C XOTR 6bl 8 HY13W€M npV16J1Y1H<8HVIY1. npe}!{
,qe Bcero 3BM8TVIM, 4TO 8 T€Op14RX THna /1, 3·5/ I-1H¢paKpaCHblr:1 KpH

TI-14eCKVIIIf pe>K.VIM I k .,. 0/ a ,qellrcTaV1Te.nbHOCTY1 peanVlayeTcR a HeKoTo-

POM npOM8H<YTOllHOM /Y1HePL.II-10HHOM/ VIHTepea.ne ID << k <<.A Vl3-3a 
HBJ1Y14Vl.R KOHel.!HOfO BHeWHerO MBCWTa6a Typ6yJleHTHOCTJ..1 m-

1. 8e.nH

~J..1Hbl m 1.1 A /o6paTHbJilr 8HYTPeHHHI1 MacwTa6 Typ6yneHTHOCTV1/ CB.R-

R -3/4A/9/ R p " 3BHbl COOTHOW8H148M m = e , r,qe e - llHCJlO eHHOJlb,QCa 

/a pa3B!.1TOIIf Typ6y.neHTHOCTI4 OHO 048Hb 60ilbWOe/. no3TOMY 8CJ114 

K03¢l¢l14UVI8HT C OKaH<eTC.R TOrO H<e nOPfi,QKB /VIIlH M€HbWe/, 4TO V1 
Re -3/4, TO paCCMBTPVIBaeMblllf BbiW8 11MaCCOBbll1 11 KOHTPLlJ18H He 6y,qeT 

nopTJ..1Tb KPVlTY1Ll8CKVIX CBOr:1CTB Teop~t~VI. HV13WVIIIf HeHylleBOr:1 BKJlB,Q B 

c ,qaeT ,qeyxneT.neaaR ,QJ..1arpaMMB 

o' o' 
0 
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Bbl4l-1CJ1eHIIIR np111 € = 0 AaiOT 3Ha4eHII!e c;;; i 3/150rr 4 u 4 • B KPIIITJ.14e

CKOM pe>Kl-1Me g VI U CTpeMRTCR K HeKOTOpbiM ¢liiiKCI-1POBaHHbiM 3Ha4e

HIIIRM g*' U *" HH>Ke YBIIIAHM·, 4TO U * 6yAeT nOPRAKa eAHHHL.Ibl, a 

g * ,f.. 0 3aBIIICI-1T OT CB060AHDro napaMeTpa a. 8bi60p0M a MOH<HO CAe

naTb g*CKOJlb yrOAHO MallO~ /HO OTJ1H4HO~ OT HYJlR/ H A0611!TbCR 

MaJlOCTH C. 

TaKIIIM o6pa3oM, ycnoa111e 11 HecyuteCTBeHHOCTH 11 KOHTP4JleHa .... A8 '8 ~ 
orpaHIII4111BaeT 3Ha4eHIIIR cao6oAHoro napaMeTpa a caepxy. 

I-1TaK, Mbl paCCMOTPIIIM CaMbl!li H1113WI-111i HeTpi-1BI-1aJlbHbl~ CJ1y4a~ -

TeOpl-110 C 0 = 3, KOTOpaR 8 peaJlbHOM npOCTpaHCTBe C 2~-£ = 3 1-1 AJlR 

ocTaJlbHbiX paaMepHocTeH, KPOMe I-1CKJl104V1TenbHbtX, MYilbTl-1nil!-1KaT!-1B

HO peHOPMI-1pyeMaR. Bee Y¢l-pacxoAI-1MOCTV1 a TaKoH TeOpVIl-1 ycTpaHR

IOTCR npl-1 nOMOlJ.tVI Tpex KOHCTaHT Z B peHOPMl-1POBaHHOM Aei1CTBI-11-1, KO

Topoe npi-1Hl-1MaeT BVIA 

8 peH (<ll) ~.!... gv 3 M 2£ ¢ 'o¢¢ ¢' + .lgv 2M2"' 
2 2 

&'D 88 e'+ 

+¢'(-a,¢ +Z 1v~¢-(¢a)¢] + !51 

+8'(-a,e + z 2 uvM-(¢a)e -z3 &3 /3']. 

8 KOppellRTOpax /3/, /4/ RBHO BbiAeJleHbl ace KOHCTaHTbl, HOBble D 
B /5/ Y>Ke 41-1CTble CTeneHVI I-1MnY1lbCa. ,llelllcTBVIe /5/ noJly4aeTCR 1113 

HepeHOpMI-1POBaHHOro CTaHAapTHOi1 ¢l0PMYJ10a1 MYJlbTI-1nJli-1KaTI-1BHOi1 pe

HOPMI-1POBKV1 SpeH (<ll, e) =S(Zwfll,e0 ), rAe e 0 , e- aaTpaao4Hble 1-1 pe

HOPMVIpoaaHHble napaMeTpbl, KOTOpbte CBR3aHbl COOTHOWeHI-1RMI-1 Uo =UZ U' 
2<.. - - 2a£ ' "o ~vZ 11 , g 0 ~ZgM ~. g 0 ~gM Z-, a Z<!J<Il=Z¢¢' Z¢,¢ ,z8 e, 

Ze~ e'. KoHCTaHTbl peHOPMV1POBKI-1g z e' z.lll BblpaH<aiOTCR 4epea 

KOHCTaHT~ Z B /5/: 

JlnR T80PV1V1 /5/ 1-1Me10T M8CTO ABa MaCWTa6HbiX ypaBHeHVIR /4/ 1-1 

ypaaHeH!-1e Pr, BbiPa>KaiOlllee He3aBV1Cl-1MOCTb nepeHOPMHPOBaHHOi1 TeO

pHVI oT peHOPMV1POB04HOIII Mace~ M. YAD6Ho VIX HanVICaTb a TePMI-1Hax 

np0!113BOARtllero ¢lYHK41-10Haila peHopMI-1POBaHHbiX CBR3HbiX ¢lYHK41-1i1 

lp~Ha 

rAe A - Ha6op aHewHIIIX HCT04HIIIKOB: 

(:DM- 2:Jl" -:Dit- d~:D<Ill WP""~o, 
( :Dv - :D, - ~:D<Il l WP""~ 0 • 

10 
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[:DM + (3 a + {3-a- + (3 a -y X +r~:D~JW eH =0. 
g g g g u u v ,, "' ...., p 

171 

31]eCb :D "ea, 11nR n106oro napaMeTpa e, :D(i',t.~) = (dxA(x)x 
x(a,; ,a,,I)o/oA(x). PeHOPMrpynnOBble <)JyHKY,~~ (3, y B /7/ Bb1Pa>«a

IOTC.A_,4epe3 KOH~Ta!:!Tbl peH~PMVIPOBKV!:_,yv= ~MlnZ v, Y¢ = :DMlnZqJ, 

f3g=XMg, f3g=~Mg, f3u =~Mu, r11e :DM o603Ha~aeT onepa~~IO 
Mt1M npV1 ¢lt1KCI-1posaHHbiX 3aTPaBOl.IHbtX napaMeTpax. Bee 3TVI ¢YHKU,V11.1 

MO>t<Ho Bb1Pa31-1Tb 1.1epe3 KoHcTaHTbt Z i I i = 1 ,2, 31, KoTopble Bbt4VIC

nB£TCR Henocpe.QCTaeHHo no .QVIarpaMMaM. B o6o3Ha48HV1RX yi = 

=~MJnZ 1 ~MeeM 

Y¢ =Yq,-=0, Ye=-Ye•=112y 3 , Yv =y 1 , 

f:lg = g[-2, +3y 1 ]. f3i=id-2a, +2y 1 -y 3 J. !8! 

f3u =U[yl -y2 ). 

OAHOnETnEBOE nP~6n~mEH~E 

An.A KOHKpeTHbiX pac4eTos YA06Hoi:1 VI npocToi1 RBJlFieTc.A cxeMa 
MV1H¥1M3Il!;>HbiX Bbii...!V1TaHV1i:1 /8/. B TSKOi:1 CX8M8 KOHCTSHTbl Z, Bbi4VIC-

Ilfi8Mbt8 no cooTBeTCTBYIOtl.IV1M I -Henpi-1BO.QVIMbtM .QVIarpaMMaM, co,Qep>KaT 

TOilbKO. nOJliOCHbte no ! BKila.Qbt 3TVIX .Qltla rpaMM. B O.QHOneT nee oM 

npV16.flVI>K8HVH1 KOHCTaHTbl Z l, Z 2 COBnaAa!OT C Bb14~t~CneHHbiMV1 paHee 

B pa60Tel 4 / • .[lnfl Bbl4~t~CneH~t~fl z
3 

8 TaKOM >Ke np~t~6m"'>KeHV1V1 HY>KHO 

HaiiiT~t~ non!OCHYIO 4aCTb A~t~arPaMMbl 

HV1>Ke Mbl npV1BOAV1M RBHblill B~t~A scex Tpex KOHCTaHT Z: 

~ (2~ - 1) 
2B, g' 

(~ + 1)(2~ -1) 
1 - g. 

u(u+l)B, 
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3;d 2/l + 2) 
Z 3 ~ l ~ 2u 2B a, g , 

11 
rge B ~ 21l(2J.l + 2) (4rr) r(J.l) I r- raMMa-<t>YHK4~RI. 

8 Bblpa>t<eH~RX ADR {3 -<!>YHK4~~ 181 ygo6HO nepe~T~ 
MeHHbtM nocpeACTBOM aaMeHbl g 1 = g/Bu, g 2 = gl Bu2. 
HOBbiX nepeM8HHbiX /3aPRAOB/ V1M810T BI-1A 

f3g
1 
~g1(-2, +2Y1+Y2 ), 

f3 g 
2 
~ g2 (-2a' + 2 Y2 - Y 3 ) • f3 u ~ u ( Y 1 - Y 2 ) · 

K HOBbiM nepe
f3-<!>YHK4~~ 

191 

0HV1 BblrOAHO OTilV1l.laKHCfl OT npe>KHV1X T8M, LlTO aHaflVITJ.14Hbl no BC8M 

TpeM 3apRAaM g 1, g 2 , g 3 =- U 8 ¢H13J.148CKOi1 06JlaCTV'! H80TpV1u,aT811b-
HbiX g . 3To ynpo1.4aeT aHanv.a Pl-ypaaHeHV1fl • 

.li.JlA HaXmKA8HI-1FI B€f1VII..IV1H y == :}'; lnZ. B OAHOn8TI18BOM npl.16JlJ.1-- M 1 
}1(8HvtV1 on epa U.l-110 T M HY)I{HO aaMeHJ.1T b Ha -2( ::Cg - 2af T g • B T a-
KOM npV16nvnKeHV11-1 a npocTpaHcTae peallbHOi1 p~aMepHoCT~ 2f.l = 3 
f3-<!>YHK4~~ paBHbl: 

f3 g 1 ~ g 1 [ -2' + 6 u g 1 + 10 g 
1 
I ( l + u) J. 

45 {3 g
2 

~ g 2 [ -2 a, + 20 g / (1 + u) + - 2 g 2]. 

{3" ~u[3ug 1 -10g 1 1(l+u)]. 

~3 ycnoaV!R o6pal48HVIR a HYilb acex ~-$YHKU,V1i1 HaXOAVIM ¢VIKCV1POBaH
Hbte T04KV1. B AaHHoi1 Teoplt1V1 l.1X wecTb: 

1. 3u(u + l) -10 ~o, 

2. 3u(u + l) -10 ~o, 

U- nPOV13BOilbHOe; 

U - npOV13BOilbHOe; 

5. u ~ o, g 2 ~ o, g 1 ~'I 5 ; 

6. u ~ 0, g 2 ~4r(a-2)/45, g 1 ~r/5. 

,llnR Taro 4T06bl ¢111KCIIIPOBaHHaR T04Ka 6btlla IIIH¢paKpaCHO YCTOi14111-
BOill, He06XOAIIIMO, '·IT06bl co6CTBeHHbte 3Ha4eHI-1R MaTPI-14bl a{3 / ag k :: 

(U ik 6btlll-1 HeOTP1114aTellbHbiMvt. B ¢vt3vt4eCKOill o6nacTvt HeOTPVI4a-
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TenbHbJX gJ' g
2 

1-1 u HK-ycToi:11..1"1BbiM"1 oKa3alli-!Cb TOI..IKI-1 1 1-1 2. Tol..I

Ka 1 YCTOI-11..11-!Ba np~-1 yCJlOBI-11-1 7 \..ITO a < 2/3, a TOl..IKa 2 - npl-1 

a> 2/3. B cy~H~ffTI-1, np~-1 yselll-!l..I€H"1~ a /yc1-1neHI-!I-1 "1H¢paKpacHo~ 
HBKBI...IKI-1 WYMOM D / TOI..IKa 1, B KOTOpoi:1 g

2 
= 0, He T€Pfi€T YCToi:1-

1..1"1BOCTI-1, npoCTO np~-1 a > 2/3 3BPfiA g 2 HenpepbiBHO CM€~a€TC.fl OT 

HYJl€BOro 3Hai..I€HI-IA. ( TBKOrO Yrna 3P€HI-!fl o6e TOI..IKI-1 MO~HO Cl..II-1-

TaTb eAI-!Ho~ HK-ycTOiii1..1"1BO~ TpaeKTOpl-leM co cneAY~~"1MI-1 sHal..leHI-!.fi

MI-1 3BPFIAOB: 

113 ) . u = ( v--1 ;2, 
3 

/10/ 

rAe 8(a- flpasHa 
CTB€HHbl€ 3HBI..I€HI-1fl 

HyniO np" a :S 2/3 " eA"H"~e np" a > 2/3. Co6-
MBTPVIU.bl wik /o6osHai..II-IM VIX 1..1epes cug I, KOTO-

- ! 
Pbl€ OnP€A€JlfiiOT nonpaBKI-1 K KPJ.1TI-1l..I€CKOMY CK€1-lm1Hry, Ha TpaeKTO-

P"" /10/ pasHbl: 

2( [ 10 
=- l+ ---]. 

3 3(1 + u) 2 

0TM€TI-IM, l..ITO np~-1 a~ 2/3 /10/ coanaAaeT c B~I..II-!ClleHHO~ paHee 

HK-ycTOMl..IIIIBOill ¢1-!KCI-lpoaaHHoill TOI..IKot:1 AllR o6bii..IHO naccii!BHOi:1 npVI

MeCIII /4/ 

KP~T~YECK~E PA3MEPHOCT~ 

~cKnl04aA "3 ypasHeH"~ /6/ " ypasHeH"A Pr /7/ s ~"Kc"posaH
HoM TOI..IKe onepau,VIIII TM, ~v' nony1..1aeM ypaaHeHV!e KPI-1TI-11..1€CKoro 

CKeiiim1Hra: 

Ko3¢¢VIU.I-1€HTbl, KOTOpbl€ CTORT nepeA onepai.J,VIfiMI-1 :l\, VIM€10T CMbiCJl 

KPI-1TY11..1€CKI-IX PB3M€pHOCTei1 8€111-11...11-!H e, 1-ix R8Hbli1 BI-!A Cll€AYIOW.VIi1: 

~t =-~"' =-2+Yv • ~<1) =d~ +~wd.f:+Y<l) • 

2< 
rAe y = -. KpiiiTVII..IecKI-le pasMepHOCTI-1 epeMeHI-1 1-1 noneill ¢, r/J' Te 

v 3 
~e, \..ITO 1-1 B Typ6yJleHTHOi1 CP€Ae 6e3 npi-!M€CI-1/3/. ~Jlfl nonei1 0, 
0' "1M€€M 

~e =(1-</3) -d• -2/3) e(a -2/3) 
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~>. 8 , ~ 2 + ,/3 +,(a -2/3) 8(a- 2/3) . 

0TM8H1M, L.JTO, KaK VI paHbW€ ' 4 ', B8111.1l.IVIHa y = y , Bbll.JVlCileHHa.A 8 
6 v ,1 O,QHOn8T118BOM nPI-1 J1VI~€HVIVI 1 COBnap,aeT C TOL.JHOVI, T.e. He VIM€8T 

nonpasoK (2, f3 1-1 T.p,. 3To yTsepmp,eHI-18 cnpasep,JH1BO 1.1 ,QJl.A se-
11V1Yl-1Hbl y . Jle~CTB"'T€1lbHO, npt.1paBHV18a.A K HYiliO BCe j3-¢YHKL.ll-1111 B 
19/, non~"aeM y 1 ~2c1 3, y 2 ~y 1 , y 3 ~2y 1 -2ar ~ -2,(a -2/3). 
Bee 3H1 3HaL.JeHI-1.A cosna,QatOT c BbP·H1Cil€HHbiMV1 a o,qHoneTneaoM npV1-
6nVI}I(8HVH1. no3TOMY, cor nacHo !B!, aHoMallbHble pa3MepHOCTI.1 YR, 
Ye~, a 3HaL.JVIT, 1.1 11 8, O.e,, TaKme He I-1MetOT nonpasoK (2, f

3 •.• 
Pe3tOMI-1PYeM nonyL.JeHHble pe3ynbTaTbl. 
JlnA ,Q8VI}I(Yllt8i:1C.A B Typ6yi1€HTHO,i:1 cpep,e XI-1MV148CKVI aKTVIBHO~ CKa

Il.ApHO~ npvrMecvt c n ""' 3 Cyll.leCTayeT act.1MnToTV!L.JecKI-1c:i 1.1H¢lPaKpac
Ho-ycToC14VIBblc:i Kp1.1TV!l.I€Ct(l..1c:i P€}1(VIM, peaJll.13Y€Mblc:i 8 OKpeCTHOCTVI 
$VIKCVIPOBaHHO~ TOYKVI /10/. KpvtTVIY8CKVI8 pa3M8PHOCTVI BC8X B811VI
YVIH B 3TOM pe}l{vtMe· BbiYVICJ1.AIOTC.A TOYHO. npvt f = 2 VI a :::; 2/3 OHVI 
COBnaAaiOT C KOnMoropOBCKVIMVI. npvt a > 2/3 pa3MePHOCTVI BpeMeHvt 
VI none~ cj;, cj;~ He M8H.AIOTC.A, a Anf'l npi-1MeCHbiX none~ OHI-1 HaYvtHa-
IOT 3aBVIC8Tb OT a. 0AHaKO aem.1YVIHa f1(J$'"= /1 (J + f1()' = 3 OT a 
He 3aBI-1CVIT 1-1 OCTaeTC.A KaHOHVIYeCKO~, KaK VI B 06biYHOi1 npVIM8CVI. 
TeM caMbtM /eM. / 4 / I TeopeTVIt..jecKIII o6ocHOBbtaaeTC.A cnpaBeAn!llaOcTb 
1113aecTHoro 3aKOHa 4/3 P1-1t..japACOHa vt Al1.A XvtMV~I..jecKV~ aKTVIBHoi1 CKa
ll.APHO~ npvtM8CVI. 
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