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H-MOJIEJIL KPUTUYECKON NUMHAMUKU:
JIOKA3ATEJILCTBO MYJILTUIIJIMKATUABHOMN
PEHOPMUPYEMOCTHU YIIPOIIEHHOMN Hyp-MOOEJIN

HpI/IBOI[I/ITCH JOKA3aTEJLCTBO MYJIbTUINIMKATUBHOCTY PEHOPMUPOBKU U €€ COTJIaCOBAH-
HOCTH €O CTATUKON mis Hy-Momenu KpuTudeckoil IMHAMUKY, IOJIyYaeMOi 13 OOBIYHON MO-
nesu H or6GpacoiBanren Bkiaazna ¢ mpousBonHoil ckopocru 0v. IIpu srom popmysmpyercs
71 ACIOJIB3YETCsl YHUBEPCAIbHAs 001mas cXeMa JOKa3aTeabCTBA YTBEPK AEHNI TaKoro TUna,
IPUrOIHAS A JIFOOBIX MOZEs el KPUTUIECKON MUHAMUKIL.

1. 2 OPMYJIMPOBKA 3AJTAYN 1N PE3YJILTATOB

Xopomo n3Becraag [1-3] monens H MCnOAb3yeTcs MUiA OMUCAHNS IVHAMUAKY (KIHETIYIeC-
Kr€ KO3()(PUIMEHTHI, BDEMEHA PEJIAKCALIMA U T.I1.) B OKPECTHOCTY KPUTUIECKON TOUKY (azo-
BOT'O IIEPEXOaa X KNAKOCTL—Ta3 1 APYTUX CUCTEM N3 TOI'O K€ KJlaCCa YHUBEPCAJILHOCTHY, B YaCT-
HOCTU KPUTUYECKOW TOUKU PACCIOEHN B OMHAPHLIX cMecax. Monenn H 3amaercsa criemyio-
mel CMCTeMOH CTOXaCTMYECKNX yPABHEHNI IS 3aBUCAIMX OT & = (¢, X) moaeit ¢ = (¢, v):

O = —Xo0*Hy, — (00)) + ny, (1a)
O P{n082v +a - O0Hy + nv}, (16)

(o (@) (') = —2200%3(x — o),
(1o ()0 (') = —2a~ "985 (& — o).

B ¢opmynax (1a)—(18) ¢ — ckasnspHOe moJ€e napamMerpa HOPSIKa, U — IONEPEYHOe (HEeCIKU-
MaeMOCTb) BEKTOPHOE II0JIe CKOPOCTH CPeILL, 1), € ¢ = (1), v) TayCCOBLI CIIyJaiHLIe CIUILL
(“mymer”) ¢ (ny) = 0 n ykasasaeivy B (1B) Koppenstopamu, P — nonepedHsii IpoeKTop mo
BEKTOPHBIM MHIEKCAM, Ag M 7)) 32TPABOYHLIE KO3() UIMEHTLI TETIONPOBOMHOCTY 1 BAZKOC-

T, @ — JONOJTHATELHBIA TAPAMETD CTATUIECKOrO NeMCTBUSA (CM. HUXKE) 1

057(p) , @)

H
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386 A.H. BACUJILEB

rae S5 () — craTmyeckoe meHcTBUE MWIA He 3aBUCAIIMX OT BpeMern noJeit ¢ = ¢(X), B man-
HOM CJIydae

)2 2 4 2
SSt(‘P) = ——( ;ZJ) - To% - 910% — a%. (3)

Bo Bcex crarnuecknx GyHKimonasax tuna (3) moapa3yMeBalOTCA HyKHBIE CyMMUPOBAHUS
[0 BEKTOPHLIM MHIEKCAM U MHTErPUPOBAHUE TI0 d-MEPHOMY APTYMEHTY X, & B AHAJIOTMYIHBIX
IMHAMUYECKUX 00bekTax —mo & = (¢, X).

3amch (3) cOOTBETCTBYET paBHOBECHOMY pacripeneenuio exp SS(p) Ges Munyca B mo-
Kazarese, PyHKIMOHAJ (3) CUMTAETCA HEPEHOPMUPOBAHHLIM, & €0 MapaMeTPL Tg U g19 —
3arpaBoudniMu (o cmpicany 7 ~ T — Te, a g1 cratuueckuit 3apsan). CroxacTuueckas
3anaua (1) skBuBasienTHA [3, 4] KBAHTOBO-NOJIEBOM MOLEIN C yABOEGHHLIM HAOOPOM MHOJEi
¢ = (p,¢") = (¥,v,9',v") (v Takxe momepeyHoe BEKTOPHOE MOJE) U (QYHKIAOHAIIOM

NEeACTBUSA

S(¢) = —XoW' 0% + ¢ [~0ph — Md? Hy — vdp] —
—a v’ 0% + v’ [—0v + n00%v + ailz/)an] . (4)

Caenas B (4) pactsxenue v/ — av’ BcnomoraTeanHOro 0 v/ 1 BB 0603HaueHNE
_ -1
g20 = (amoro) ™", (5)
TOJTy UMM CJIeyTONTee BLIPAsKeHNE 1718 HePeHOPMUPOBAHHOTO MMHAMIYECKOTO NeHCTBUS:

S(¢) = =AW/ 0%’ + ¢ [~0ptp — X0 Hyy — v0] —
— )\0_192_011)'621/ +v' [—aatv + /\0_192_01621; + z/)an} ) (6)

IMapameTp g2 B (5) MMEET CMDLICI 3aTPABOYHOIO 3aPANA MEKMOIOBOTO B3aUMOIEHCTBUSA, a
g10 B (3) — 3arpaBouHbii crarnyeckuit 3apsia. O6a B3anMOneicTBIs I0rapuMAYHLL B Pa3-
MepHOcTU d = 4, m MBI OyIeM pacCMaTpPUBATE 33124y B PA3MEPHOR perynspuzammm d = 4 — e
¢ OBLIMHON PEHOPMUPOBKOH B CXeMe MUHMMAILHBIX BorauTaauii (MS).

PenopmupoBka ocymmecTtisiercs npumernenrem R-onepanmu cxemsr MS k nmarpamvam 6a-
30BOI TEOpMM, KOTOPAS IOJIY YAETCsI 3AMEHON BCEX 3aTPABOYHBIX HapaMerpos B (3) u (6) ux
“BazoBoiMu” aHasoramu (s 7, A 6a30BbIE IAPAMETPLI COBIALAIOT ¢ PEHOPMUPOBAHHLIMU,
IS 3aPANOB CM. Hrke). B moapoOroi# 3ammcu nomyuaemoe u3 (2), (3), (6) mmamuaeckoe
0a30BOe IEHCTBUE UMEET CJIEIY IO BUI:

3
Se(¢) = —/\111/821/)/ + ¢’ {—c’w — A2 (321/1 — 7Y — 1B %) — uaw} —
— )\_lg2_131v/62v' +' [—aatv + )\_192_]31621) + 1/)8(621[))} , (7)

rne g;g = g;u€ ¢i = 1,2 — 6azoswie 3apsamt (d = 4 — €), 4 — PEHOPMUPOBOYHAA MACCA, T, A,
a1 gi2 PEHOPMUPOBAHHLIE NapaMerpel. B ciaaraemom v'¢p0H 5 OT NpPOU3BOIHOM (2) cTaTu-
YeCKOro HA30BOr0 MEHCTBUA OCTACTCS UL BKAAL 02t B H. 5 13-32 HOTIEPEYHOCTY O v’ .
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B kpurnueckoit amaamuke nsyvaercs uadpaxpacuas (UK-) acuvnrorvka ¢yskumit I'pu-
Ha mojelt ¢ mpu p — 0, w ~ p* — 0. CrammapTHLI AHAIM3 KAHOHIMYIECKUX PA3MEpPHOC-
Teit [5, 6] nokaswBaer, uTo B TakOM peskuMe BKaan av’ 0pv B (6), (7) seaserca UK-mecymect-
BEHHLIM 110 CDABHEHUIO C MIPOUKMMHU, T.€. TAeT JIVIIL MOMPABKYA K CKEAJIMHTY, U P AHAJIU3E
BENyIINX KPUTUYECKUX CUHIYIIAPHOCTER MOXKET OBITL OTOPOITEH. YpomenHyio monean H ¢
a = 0 6ynem HazbBaThL Hy-MOIEILIO.

Pernopmuposannoe nefictsue Sg(¢) nomsoit monenu H nonyuaerca nobaskoii k ee 6a30-
BoMy neficTBuio (7) Bcex HEOOXOMMMBIX ISl yCTPaHEeHUA yiabTpaduonetonx (Y P-) pacxo-
IIMOCTEH (TOJIIOCOB TO €) KOHTpuiIeHOB. IIpn atom Braan —av’'dyv B (7) moHMMaeTcs Kaxk
BcTaBka VK-HECYIECTBEHHONO COCTABHOTO OMEPATOPA, U BCE KOHTPUJIEHLI CTPOATCA B BU-
ne psinos 1o a. B pabore [3] ormeuanacs UK-necymecrBennocTs Braana ~ 0yv, HO cumnra-
JIOCHL HEBO3MOYKHBIM BLIIEJIUTD €0 ABHO B BUe BeTaBku VK-HecymecTBeHHOrO onepaTtopa B
¢pyurimonase neficreusa. VimeHHO miia obecredeHus TakOi BO3MOXKHOCTH MBI CIEJIAIN [EPe-
xom ot (4) x (6).

JInHeiiHbIEe TIO @ KOHTPYJIEHLI COOTBETCTBYIOT PEHOPMUPOBKE v’ Opv) — [v’ 6,51)] R HAHHOTO
COCTABHOI'O ONIEPATOPA, TIOITOMY

Sr(9) = S ($) — /8oy + -, 8)

rzue Sl({] ) (¢) BKJIIAILI HYIEBOrO NOPAIKA IO ¢, IPEACTABJAIIINE PEHOPMIPOBAHHOE NeACT-
Bue Hy-momemn, [v'0yv]r — PEHOPMUPOBAHHEIN COCTABHON OMEPATOD, MHOTOTOUME — [OMPAB-
KV IOPAMKA a2 U BBIME OT KOHTPYJICHOB IMATPAMM CO BCTABKAMY JABYX UK GOJIee TAKUX OTie-
PaTopOB.

Temnepn MbI MOXKeEM CHOPMYINPOBATL OCHOBHLIE PE3YILTATLI HAHHON PabDOTBI — mOKa3a-
TEJILCTBA CIEAYIOMMAX yTBEPIK NCHUH:

1. Penopmuposka Hp-Mozenu MyIbLTUILIMKATUBHA, T.€. ()yHKLIOHA ng )(¢) B (8) cBsi-
3aH ¢ ee Heperopmupoarabiv meiictarem S0 (¢) (hyrxmmonasn (6) ¢ a = 0) cTanAAPTHLIMEA

COOTHOIIIEHNAMY MYJILTUIIMKATUBHON PEHOPMUPOBKY TIOJIEN 11 TADAMETPOB:

S(9) = SO(2g9),  Zpd = {Zy, Zy', Zov, Zy'}
T0 = TZT7 Ao = AZ}N gio = giHEZgia i=1,2.

(9)

2. 9YTa peHOPMUPOBKA COMJIACOBAHA CO CTATUKOMN, T.€. IUIA BCEX (UIYPUPYIOMUX B CTA-
TrueckoM aeficteum (3) ¢ a = 0 Besvune F' IuHAMAYECKUE KOHCTAHTHL PEHOPMUIPOBKY B (9)
COBIIA AT C COOTBETCTBYOINMY CTATUYECKNMY KOHCTAHTAMMN!

Zp =Z5% VF € S%(¢) (8 Ho-momemu F =1, T,g1). (10)
3. Jlns KOHCTAHT PEHOPMUPOBKM 0JI€eH B (9) CIpaBenmBbI COOTHOMIEHMS
Zy=Zy =1, Zy=2;" (11)

XOTs 9TU yTBEPKACHUS CUATAIOTCS CIPABEIVIMBHIMU U (AKTUYECKU UCIOIb3YIOTCSA BO
Bcex paborax, MMEIOWMX OTHOEHVE K H-Moneau, ux (OpMasbHLIE NOKA3ATENLCTBA (Ha-
CKOJILKO M3BECTHO ABTODPY ) HUTIE HE IPUBOIATCA. [[09TOMY MBI M COUN Hy KHLIM BOCIIOJIHUTD
9TOT IPOOEJT.

3*
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OcranoBumcs noapobuee Ha cyTy npobiembl. C NOMOMIBLIO CTAHAAPTHOIO aHAIU3A PA3-
MepHOCTe# 1-HenpuBomMLIX (yHKImii ['praa HETPYyAHO MOKA3ATL [6], UTO BCE KOHTPUJIEHLI
6azosoro ¢yukuronasa (7) ¢ a = 0 cOBIAZAIOT N0 BULY C €0 CJIAraeMbIMU, T.€. MOI'yT OLITh
BOCTIPOM3BEIEHDI BBEIICHUEM TIPU HUX PA3JINYHLIX KOHCTAHT PEHOPMUPOBKU Z. Ilpu sToMm
BKJIAIBI, TPONOPIMOHaILHLIE 1)’ 041p u 1’ (vO), B (7) He peropmupyrotca (Z = 1): nepsoiit
HOTOMY, UTO B HEM HeT IefcTByIomero Ha 1)’ cuMBoJia d, 8 BTOPOI U3-3a OTCY TCTBUA PEHOPMU-
POBKM IIEPBOrO BKJIAAa U rannieeBolt masapuantaocty Ho-monenw. Iogcanmm (1 910 BaxHO
UL JaJbHelmero) nannoe o6cTosaTenncTBo. V3 Buma Bepumn B3aumonelicrsua B (7) cie-
LyeT, UYTO Ha BCE BHENIHME JIMHAM BCIOMOTATENLHLIX oJiel ¢’ = (¢, v") B 1-menpuBomMbIx
dysxmmax ', caenoBaTesbHO, ¥ Ha TOA ¢’ B COOTBETCTBYIONMX KOHTPUJICHAX 00A3aTEILHO
MOJKEH BLLACTATLCA, KAK MUHUMYM, OIMH “MHOXKUTEJL” 0, TAK UTO MOJIA (' MOTYT BXOIUTD
B KOHTPUIEHLI TOJILKO B Buze Oy’ . Tem caMbIM 3ampemaeTcsa KOHTpUIIeH ~ ' 0y1), He comep-
xammii 01’ . Dror Bkaan B Hy-monenu (7) ¢ a = 0 rpymmupyercsa Bmecte ¢ 1’ (v9)Y B ramm-
JIeeBO-MHBApUAHTHYT0 KoMOuHammio ¢’ Vi) ¢ Vi = 0y + (v0). [anmieeBa MHBADMAHTHOCTE
Hy-Monenu nomKHA COXPAHATLCS PEHOPMUPOBKOR B cxeme MS, T.. 1 B KOHTpUsieHAX One-
paToput 0y u (v0) MOIKHBI TPYNIXPOBATLCA B KOBAPUAHTHY IO IPOM3BOMHY0 V. [losTomy
Y3 OTCYTCTBUA PEHOPMUPOBKY BKJIama ¢’ 0y1) cnemyer, uro Braan ¢’ (v0)y) Takxke He pEHOP-
mMupyerca. OTMeTUM, UTO FaInIeeBa MHBAPUAHTHOCTL UMEET MECTO TOJNLKO B Ho-Monenu u
HapymaeTca Bkaaaom ~ av’dyv B (7).

Takum obpazom, aHAIN3 PA3MEPHOCTEN 1 TPUBEIEHHBIE BLIIMIE TOTOJHUTEILHLIE COO0OPa-
JKEHUSA NOKA3BIBAIOT CIPABEIIMBOCTD MPEACTABIICHUA

6
— ZsA L gop v/ 0%V + 0" [Ze AT gon 070 + Z79p0(0%))] (12)

3
%?:_ZMWW¢H4NP&¢—AW(@W¢—Zﬁ¢—Zwm£>—ﬂﬁ%—

€ HEKOTOPLIMY HEM3BECTHLIMYA KOHCTAHTAMU PEHOPMUPOBKH Z1, . . . , A7.

OTUX KOHCTAHT “CJIMIIKOM MHOIO” , IO3TOMY MYJILTUILIMKATUBHOCTL PEHOPMUPOBKY HE-
ouesnma. B Hop-monmenu nmerotcs dernipe mosa (¢, 1, v, v') u uetnipe mapamerpa (A,
T, g1, g2), 9TO COOTBETCTBYET BOCHMI KOHCTAHTAM MYJILTUTLIMKATUBHONA PEHOPMUPOBKA 7 .
Ho mexx my ByMu mOJIKHEL OLITD IBE CBA3W U3-3a OTCYTCTBUS PEHOPMUPOBKY IBYX BKJIAIOB
B (12), T.e. NPV MyNLTUIMINKATUBHON PEHOPMUPOBKE HE3ABUCUMBIX KOHCTAHT / NOJIAKHO OBITE
TOJILKO IIECTD, & HE CeMb, Kak B (12).

Herpymio npoBeputs, uto npeacrasiedue (12) coBmecTHO ¢ cooTHomernamu (9) Torna u
TOJILKO TOT 1A, KO A MEXK Iy KOHCTanTamu Z B (12) uveeTcs omHa CBA3L, a MMEHHO

12677 = Z27s. (13)

Mui 6ynem noKa3bBaThL CIPABEAIMBOCTE cOOTHOMmEeHUH (9)—(11), noan3ysich 00wy npuH-
[MANAMY COOTBETCTBIA MEXK Iy MMHAMUKON M CTATUKON U UX CJI€ACTBUAMY [T PEHOPMUPOBKI
B cxeme MS.
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2. YPABHEHUA $OKKEPA-IIJIAHKA N X CJIEONCTBUA
JJ1s1 PEHOPMVPOBAHHOM JUHAMMWMYECKOU TEOPUN

B obmiem cayuae mpon3BOILHAS MOIETEH KPUTAYECKON IMHAMUKY 715 HEKOTOPOM CUCTEMBI
noseii ¢ = {p,(z)} 3amaerca pyHKImoOHAIOM CTaTUUECKOTO neficteus S5 () mis ve 3aBuCH-
MMX OT BPEMEHU TIOJIEH ¢ (X) U Caenyomell CucTemMol IMHAMUYECKUX CTOXACTUIECKUX yPaB-
HEHUH (IO HOBTOPAIOMIAMCS NHIEKCAM 306Ch U JaJiee IOAPA3yMeBAeTCA CyMMUPOBAHIE):

Otpa = (aab + 6ab)Hb + Na, <7}a(-’ﬂ)7lb(-’l3')> = 2Olab(s(m - -T,): (14)

rne Hy = Hy, — npoussomsne Tvma (2) 3anasHoro ¢yrkmonana S (¢), o — me 3aBucamasn
OT moJIeH cuMMeTpUYHAS MAaTpria Kosd purmentos OHcarepa, a [/  AHTUCMMMETDIYHASL MAT-
puLa KO3 PULMEHTOB MEXKMOIOBLIX CBS3€H. D111 KOS() PUUMEHTLI, B OTINYNE OT (g, B O0IIEM
CJlydae MOT'YT COAEPIKATD JIOKAJILHY IO 3aBUCUMOCTD OT HOJIEH ¢ (B CTATUUECKOR 3aUCH  OT
p(x), B mHAMIYECKON — OT ¢(Z)) 1 UX IPOCTPAHCTBEHHLIX (HO HE BDEMEHHDIX ) IPOU3BOIHBIX
Y OJI3KHBI YIOBJIETBOPATD CJIEAYIOMAM COOTHOMEHUAM (CTATUUECKUI C1yyaii):

66ab(x; 90)

Bab = _Bgtm 6(,0(1()()

=0. (15)
CuMBOJI TPAHCTIOHUPOBAHUSA t OTHOCUTCSA K BO3MOXKHLIM OMEPAIMAM TUIA 0 B KOD () UITIEHTAX
B3, anepsoe paBeHcTBO (15) BRIpakaer CBOMCTBO AaHTUCUMMETPUYHOCTY MATPUIILE 3 B LIEJIOM.

Croxacruyeckoii 3anaue (14) cOOTBETCTBYET KBAHTOBO-IIOJIEBAS MOLEJD IUIA YABOEHHOTO
nabopa nonelt ¢ = (p, p’) ¢ PpyHKIMOHATIOM nEACTBUA

S(p) = ap’ + ' [-0rp + (a + B)H,] (16)

(urTerpupoBanue no & = (f,X) 1 HyKHLIE CyMMAPOBAHWA [0 MHIEKCAM, KAK OOLIYHO, OApa-
3yMEBAIOTCA).

Xopomo u3BectHoe [2, 3] ypaBuenune Pokkepa [lnamka mia GyHKIMMA pACIPENETEHUS
Pi () noneit p(x) (r.e. ¢(r) = ¢(t,x) B omue 0bmmit 115t Beex NOsei MOMEHT BpemeHu t)
1uia 3anaun (14) 3ammcnBaeTcs coemyommm 06pa3oM:

{&e + % [(aab + Bav)Hy — aabéi:| }Pt(w) =0. (17)
Pa Pb
Bripazenue B KBAIPATHON CKOOKe 1 MHOKATEND 0 /d@, Hepen Heli IMEIOT APryMeHT X, IO
KOTOPOMY IOAPA3yMEBACTCS MHTErPUPOBAHKE.
CrauroHapHEIM (He 3aBUCAIWAM OT t) pemeHneM ypasHenus (17) aBaserca oObIuHAsS CTa-
THYECKAA (YHKIVS PACIPENETICHIsT

P(p) = const - exp S* () (18)

¢ 3amanEbIM (cM. Bomme) dyskmoranom S5 (). [pu noncranosxe (18) B (17) Bruamb! ciia-
raeMbIX ¢ Koo uumenramu 3 uCYe3ar0T B CUILy COOTHOIEHM (15).
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Takurm 06pazom, pu CTaHAAPTHON MOCTAHOBKE, KOraa 3anada (14) paccmarpusaercs Ha
BCell ocu Bpemenu u (yHKumu ['puHa TPaHC/IANMOHHO-MHBAPUAHTHEI, ONHOBPEMEHHBIE V-
HAMIYECKVE KOPPEeIAmonabe QyEKmm (p(21) ... ¢(xy)) ¢ t1 =t = -+ = t,, = ¢ He 3a-
BUCAT OT OOIIEro IJIs BCEX MOJell BpeMeHu ¢ M COBHANAIOT CO CTATUYECKUMU ()YHKIMAMU
(p(x1) ... (xn))®" nna pasrOBecHOrO pactpenenesus (18) B 9TOM U COCTOUT OO TPUH-
[ COOTBETCTBUSI MEXKIY OMHAMUKON 1 cTaTtukoii. Bce 310 BepHO mis 000ro BapuaHTa,
Teopun (HEPEHOPMUPOBAHHOIO, PEHOPMUPOBAHHOIO, 6a30BOr0) MPU COOTBETCTBY IOIIEM BLI-
Bope dpyrxmonana S5 (¢). OTcrona MOXKHO MOIYYATH MHYOPMALIAIO O MMHAMIYECKOM DEHOD-
MUPOBAHHOM nefictsun Sg(¢), HO3BOJAKIY IOKA3LIBATL MYJILTULIUKATABHOCTL PEHOP-
MUPOBKU PA3JINYHLIX IUHAMUYECKUX MOIEEH, B TOM Uncie u 00CyKIaeMOH B 9Toi paboTe
monesu Hy.

IleficTBUTENILHO, €CIM HEPEHOPMUPOBAHHOE U 0A30BOE OEHCTBUS MOIEIN MMEIOT CTaH-
naptHyo Gopmy (16), To omHOBpeMeHHbIE muHAMIYecKUE (yHKIMK ['pUHA OCHOBHDLIX mOJIei
p onpeznensitorcs pacnpeneneruem (18) ¢ cooTBeTCTBYIOIIMM (HEPEHOPMUPOBAHHBIM MK Ga-
30BBEIM) (yHKIOHANOM S5 B MokazaTene. Ecau 3anannt 6a30BLIe pYHKIMM U CXeMa PEHOD-
vupoBku (y Hac MS), TO TeM caMBIM OIHO3HAYHO ONMPENEIEHEI COOTBETCTBYIOIME PEHOPMU-
poBansbie Gysaxmmu ['puaa (0o 6a30BbIM muarpaMvaM ¢ R-omeparmeif), Tak UTO OHU OIpe-
IenAroTCa TeM ke pacnpenesnerreM (18) ¢ (cumraronmMcs M3BECTHBIM) PEHOPMUPOBAHHBIM
CTATHYECKAM ()YHKIMOHAIOM Sfi B IOKa3aTese. DTO 3HAUWT, UTO (yHKIMOHAI exp S5 061~
3aTEJILHO [OJIKEH OLITHL CTAIMOHAPHLIM pemenveM ypasaerus Pokkepa—Ilnanka (17) mia
PEHOPMUPOBAHHON IMHAMUYECKON MOIE N IPYU OMMHAKOBOH (MS) B IMHAMUKE U CTATHKE CXe-
Me DEHOPMUPOBKM. DTO HAET MOJIE3HYIO NHOOPMALNIO O IMHAMAYECKOM PEHOPMUIPOBAHHOM
¢yHKITIOHANE SR.

LA oObIYHLIX MOmesIell KPUTUYECKON IMHAMUKY, B TOM YKCJie 1 i Hamelr Hy-momemnn,
cTaTUYecKuit ¢pyHKImMoHaI S5 peHOpMUpyeTcs My 1L TUIINKATUBHO. Ecim 6L MbI 6n11 yBe-
PEHBI B MYJILTUIIMKATUBHOCTY PEHOPMUPOBKY ¥ COOTBETCTBYIOMIEN MMHAMUYECKON MOIEIIH,
TO M3 CKA3aHHOIO BLIIIE CPa3y CJAEIOBAJIO OB, YTO 118 BCeX BXoaAmmx B S° Bemruns munamu-
UECKUe U CTATUYECKUE KOHCTAHTHI Z B cxeMe MS coBnanaior (aB 00ImeM ciyJae pa3indaroT-
CS1 JIIIL HEKOTOPOM Y $-KOHEUHOU PeHOPMUPOBKOIA), T.€. B cxeme MS cnpasemmmeer cOOTHO-
menusa (10). Kak npasuso, B IMHAMUYECKUAX MOIEJAX CTAHAAPTHLIA AHAJIU3 PA3MEPHOCTElH
MIO3BOJIAET JIETKO OO0Ka3aTh JIMIIL TO, YTO BCE KOHTPUWICHLI MOXKHO BOCIIPOM3BECTU BBEICHU-
€M Pa3JMYHBLIX KOHCTAHT Z IMIPU CJIAaraeMbIX 0a30Boro meticteus. Ho 9Tux KOHCTAHT 0OBIUHO
“CAUIITKOM MHOTO” | IO TOMY MYJILTUIINKATUBHOCTL PEHOPMUPOBKY 3apaHee HeoueBnaHa. B
TaKOW CUTYyalny UMEHHO C(HOPMYINPOBAHHOE BHIMIE YTBEPIK IEHNE O CBSI3U C PEHOPMUPOBAH-
HOI';‘I CTaTI/IKOﬁ IIO3BOJIAECT OJOKA3a4aTh HAJINYNE TEX CBH3€I7I MEX Oy OVHAMWUYECKMMM KOHCTaH-
TamMy PEHOPMUPOBKU 7, KOTOPBIE 0DECHIEUNBAIOT MYJIbTUINKATABHYIO PEHOPMUPYEMOCTh
MOOeJaun.

MMosicaum mompobuee.  omycTumM, UTO HEPEHOPMUPOBAHHLIA 1 6A30BBIM ()yHKIMIOHAIIBI
neficTBUA MMEIOT CTaHmapTHYIO Gopmy (16), a peropmmpoBanHOE neficTBrE SR TPEnCTaBUMO
B BUZIE

Sr(¢) = ¢’ a'o" + ' [-Z8ip + A(p)], (19)

rae A — HEKOTODPEIH BEKTOp, & o’ 1 Z — He 3aBUCAIIE OT TOJIeH MaTPUIIL IO MHACKCAM @, .
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O06LIUHO 10 CO0BPAKEHUSIM PAa3MEPHOCTY OUEBUIHO, UTO o’ 1 A conmepskaT Te ke BKJIaIbl, 9T0
u B 6a30BOM IEACTBUN, TOJBKO C JODABOYHBIMU KOB() purmenTamu Z mpu HUX. YToOBI HOJTY-
unth ypasaerue Pokkepa—Ilnanka (17) mia peropmMupoBaHHOR TEOpUM, HEOOXOAMMO CHAYA-
sa npusecTy QyHKImonad (19) k kanoHryeckoMmy Bumy (16). DTO MOXKHO CAEIATL PACTAKE-
mem ' — @' 771 = 771t/ senomorarensHLIX Hodtelt, koTopoe (Kax 1 1106hie pacT SKeHns
k03 prmenTos «, B B (16)) He BiMAET, OYUEBUAHO, HA ONHOBPEMEHHOE DACIPENEIICHNE TIOJIEH
. Torna Buipaxenue (19) npumer Bun

(plzflalzflt(p/ +()0/ [—at(,@+ Z*].A((p)] 7

OTKYyZa CIEMYET, UTO IJIsI PEHOPMUPOBAHHONM TEOPUN BLIMTOJIHAETCA 0OBIYHOE ypaBHeHne Pok-
kepa Ilnaska (17) ¢ 3amenamu

(a+B)Hy — Z7 A(p) n ozi — Z_lo/Z_lti.
o dp

Me1 3Ha6M (CM. BBIIIE), UTO 9TO yPABHEHUE IOJIXKHO UMETh CTAIIOHADHLIM DEIIeHNeM (yHK-
monan Pr(gp) ~ exp S§ (), T.€. DOMKHO BLIIOTHATLCSA PABEHCTBO

)

)
-1 =1 1,—1t st _
590{ [Z Alp)—Z d'Z &p] exp Sk (@)} 0

i B noapOOHO# 3ammcu

)
/dX &/T(X) [Ba(@) exp S?tt(@)] =0 (20)
(HAOMHMM, YTO IO TIOBTOPAIOIIMMCA MHIEKCAM BCErIa MOAPa3yMEBAETCA CyMMUPOBAHME),
rae 65 "
S
B(p) = Z Y A(yp) — Z_la’Z_lt#. (21)
¥

BekTop B nokasen 0THOCUTEILHO NEPEMEHHON nHTerpupoBanus X B (20), T.e. 3aBUCKT TOJL-
KO OT MOJIEHA (p U UX IPOU3BOIHLIX, B3ATLIX B OMHON TOUKe. 1109TOMY Npy BLINOJIHEHUN BAPUA-
roHHOro g depenimposanus B (20) Bee BKJIaAb! 0T 1pon3BoaHbix B OyayT kparhnt §(0), a
BKJIAZBI OT MPOU3BOIHBIX SKCIIOHEHTLI TAKOTO MHOXKUTEJIA He comepkar. [[0CKOILKY BKIA Db

®TUX ABYX TUIIOB ABHO HE3ABUCUMEL, PABEHCTBO (20) CBOIUTCA K IBYM Y DABHEHUSM:

/dx M =0, (22a)
dpq

st
/dx Ba(tp)M =0. (226)
0paq
C HOMOIIBIO 9TUX COOTHOIMEHNI U151 KOHKPETHBIX MOZEJIEH MOXKHO [0y YaTh UHOOPMALIIO O
KOHCTAQHTAX PEHOPMUPOBKHU B SR, MO3BOJIAIOIIYIO TOKA3ATh MYyJIbTUIINKATIBHOCTL PEHOD-
MUPOBKU IMHAMUYECKOR MOIeJu U, Kak ciaencrsue, pasenctsa (10). Mol Bocmosn3yemcs
STUM IPUEMOM IJIl NIOKA3ATEILCTBA CPOPMYIMPOBAHHLIX B pazznesie 1 yrBep:xk aenuii 1-3.
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3. PEHOPMUPOBKA COCTABHOI'O
OIIEPATOPA v'0v B Hy-MOIIEJIN

XoTs HAC MHTEPECYET TOJILKO peHOpMUPOBKa Hy-Monenu, T.e. IepBOe CIaraeMoe B yHK-
mmonaste (8), HaM MPUAETCA PACCMATPUBATL STOT (YHKIMOHAJ C TOUHOCTLI) [0 JIMHEAHBIX
10 G BKJIa,10B BKJIFOUNTEJILHO, HOCKO.HLKy MBI XOTUM BOCIIOJIL30BATLCA COOTHOIIIEHUAMN (22) .
Jleso B TOM, UTO ®TU COOTHOIIEHUA CJIEAYIOT 13 ypasHenua Pokkepa Ilmanka mia peHop-
MUPOBAHHOM TEOPUU, a VISl BLIBOAA STOTO YPABHEHMUA HEOOXOIMMO MPUCY TCTBUE B IUHAMU-
UYECKOM IefiCTBUM BKJIANOB Ot mis Beex mouieli (B Ho-momesu ¢ a = 0 Braanx 0pv ucuesa-
er). [losTOMY MBI NOKHBI PACCMATPUBATD M JIMHEMHDIE TIO0 @ BKJIAOLL B (8), T.€. peHOpMu-
poeky MK-HeCymecTBeHHOTO COCTABHOTO onepaTopa v’ 0yv = Fy B Hp-momemu. B norapud-
Muueckoit Teoprm (d = 4) 3TOT onepaTop MMeeT CyMMapHYIO KAHOHMYECKYIO PA3MEPHOCTL
dp = 10, Torna xax Ui BCeX IPOUMX cJIaraeMblx 6azoBoro neiictsus (7) dp = 8 (mpud = 4
nons ¥, ¢, v, v’ UMeroT cymmapsbie pazmepHocTu 1, 3, 3, 3, COOTBETCTBEHHO, a I “MHO-
xwuteneir” 0, 0, T umeem dp = 1,4,2).

Takrv 06pazoM, HaM Hy 2KHO TIPOAHAJIM3UPOBATL PEHOPMUPOBKY MOJIHON Monenu H ¢ Tou-
HOCTLIO IO YJICHOB MOPAIKA @ BKJIIOUNATEILHO, TEM CAMBIM U PEHOPMUPOBKY COCTABHOTO OTIE-
patopa v’ 0;v B pamrax Ho-Momenn.

B ofmeMm cayuae coCTABHLIE OMEPATOPLI PEHOPMUAPYIOTCA CO CMEMMBAHKEM, B YACTHOCTH,
K MHTEpeCyomeMy Hac onepatopy v’ 0yv = Fi (¢) MOry T IPpUMEmMBATL CA TPU PEHOPMUPOBKE
IpyTHUe OmepaTopHLIe MOHOMLL Fi (¢), k = 2,3, ..., c TOH %e (unu MeHbIneld) KaHOHIYECKOH
pasmeprocTh0. Ofmas Gopmysa PEHOPMUPOBKY UL COmEPKAmeEro onepatop Fi = v/ 0yv
3aMKHYTOTO (OTHOCUTEJLHO PEHOPMUPOBKY) CEMECTBA COCTABHLIX ONEPATOPOB UMEET BU

[Fi(®)]p = Y QunFr(¢), v/ = Fi(e), (23)
k

rae Fj (¢) HepeHOpMUpOBaHHLIE OepaTopLL, [Fi, (¢)]g  peHOpMUPOBaHHLIE, (), MAaTpuUIA
CMEIMBAHUSA.

Yro6nl BOCHOABL30BATLCS cooTHOmEHUsAMY (22) miusi dyHkumoHasa (8), HY»KHO cHavasa
ybemTnes, uTo o momyckaer npencrasiesue (19) ¢ TOUHOCTBIO [0 JIMHEAHDLIX [0 ¢ YJIEHOB
BKJIFOUMTENLHO, & UL 9TOr0 HeoOxoamMmo nMets nadopmManuio ob oneparopax Fi (¢) B (23).
Komneuno, 3ama4a yIpocTuaach Obl, €CJu OLI MBI 3HAJM, UTO onepatop Fi = v’ 0yv peropmu-
pyerca 6e3 cmemmBauus nan BOoOIe He peropmupyetcs. Ho sra mpobiema noka He uccaeno-
Bana. [losTomy npu onpenesnernu Buna onepatopos Fi (@), KOTOpbie MOI'y T IPUMENUBATLCSA
npU PEHOPMUPOBKE K onepatopy Fi (¢) = v’/ 0pv, MBI MOKEM PYKOBOICTBOBATLCSA JIUIIL CJIE-
MY IOIMY ODIIMY COODPAIKEHIIIMIU:

1. TIocKOMIBKY B IefiCTBUE BXOAAT OMEPATOPLI O 3HAKOM [ di . . ., MOXKHO HE PACCMATPHU-
BaTL onepaTopnl Tuna OF, Oy F' ¢ BHENTHUMYI TPOU3BOIHLIMYA, CUNTASA UX “SKBUBAJCHTHLIMUA
HYJIIO” .

2. Bce 1-HenpuBomMbIe IMArPAMMBI CO BCTABKOM OAHOTO onepaTtopa Fi v BHEMIHUMY JIA-
HUAME TOJILKO TOJIel ¢ = (), v) paBHLI HYJIIO M3-33 MPUCYTCTBUAA B HUX 3aMKHYTLIX 1K~
J10B 3anazapBaromux JHuit [4]. [osToMy Takye marpaMMbl He IOPOXK JAI0T ONEPATOPHBIX
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KOHTPUYJIEHOB, TaK YTO J'IIO6OI7[ "3 HUX OOJI2KEH COOEeP2KATh, KaK MUHVMYM, OOVH MHOXKUTEJIL
o = W', 0).

3. U3 Buma Bepmue B pyskmmonadse (7) (¢ yueTom nomepednocTy nosei v, v') caemyer,
YTO HA BHEIHVE JIMHUY BCIOMOTATENBLHLIX nodtelt ' = (¢’ v’) B 1-menpuBomveIx GyHKImax
I" co BeraBkoii omHOrO OnepaTopa Fi, a ciaenoBaTesLHO, U HA TI0JIA (o) B €r0 KOHTpUJIeHax 0J1-
’KEH BBLICJATLCA, KAK MUHUMYM, OWH CUMBOJI O, T.€. M0J1A (' MOTYT BXOIUTDL B KOHTPUJIEHBI
TOJILKO B BUze 0@’ .

4. Bce KOHTPUJIEHBI MOJIKHLI 001amaTL cuMMeTpuelt ¢, ) — —i, —’ monenm (7), T.e.
obmiee YncaI0 MHOXKUTENEH ¢ 1 1)’ B HUX MOKHO OBITEL YETHLIM.

N3 s1ux coobpazkennii ¢ yuetoMm pasmepHocTei Beex Beqmuva npu d = 4 (dp = 1,3,3,3
s noaneit ¢, ', v, v udp = 1,4,2 nna cumBonos 0, Oy, T) CIEMYeT, UTO KOHTPUJICHAMUI
F1 moryT 66T TomKO onepaTtopst Buzma, (J¢’ ) (0y’) ¢ me 3aBucammvuy ot nonel ¢’ nonoan-
TEJILHBIMI MHOXKUTEJIAMYA PA3MEPHOCTY 2 (HAIIPUMED, T, VIV IBA TOJIA ), MK IBA OIIEPATOPA
0, mnu mosie 1) u onepaTop J) Wim onepaTopnl BuAa 0@’ ¢ MONOIHATENLHLIMA MEOYKATEIAMA
pazmeprocT 6. Cpem HUX KOHTPUJIEHOB ¢ IByMA Wiy Gosee cuMBosiaMu Oy OBITL HE MO-
xer, a ¢ omEuM Oy nomycTuM s KouTpuser ~ (9Y')(0;0¢) ~ ¢’ (02041)). Cam oneparop
F1 = v/ 0;v KOHTpUJIeHOM OBITEL HE MOKET M3-34 OTCYTCTBUA B HEM AEHCTBYIONMEro Ha v’ CUM-
Bosia 0, moztomy B (23) Q11 = 1,Qi1 = 0Vi # 1.

DTOT KPATKMI KAUeCTBEHHLIA AHAJNS MOKA3LIBAET, KAKUE UMEHHO OepaTopsl Fj, MOryT
NPUMEMUBATLCA TIPU PEHOPMUPOBKE K onepatopy Fi = v'dpv B (23). Cefiuac BaxxHo sumn
10, uTO KO3 dhrment npu Fy we penopmupyercs (11 = 1) u yro Ppyukmmonasu (8) mocme
IOACTAHOBKM B Hero Buipaxenns (23) mwus [Fi]p = [v/0yv]R OkaspiBaeTCs npencraBuMbIM B
dopme (19), a nmerHO

Sr(¢) = @'a'" + ¢ [-Z0p + Ay ()] + v/ [—adw + Ay ()] . (24)

Bxoasmue crona BeTUUMHBI {0/, Z, A} = X 3ammchIBAIOTCA B BUIE CYMMbI xX© 4 X(l), rmae
X — onpenensiemoe u3z (12) mynesoe npubmkerre, X () — nonpasku nopsiaka a. pu
stomZ =1+ Z1 ¢ Z® = const 02, marpuna o B HYJIEBOM TIOPSAIKE [0 ¢ DMArOHAILHA
(a10 caenyer u3 (12)), a B mepBOM MOKET COAEPIKATL TIEPEKPECTHLIA YJIeH O‘;/w u, 9To Gosee
HEOOLIYHO, SIBHYIO 3aBMCUMOCTE OT TOJISA 1.

IMocsemmee cymecTBEHHO, T.K. OOLIYHO cuMTaeTcs (1 Ipemoaaraaocs B (19)), uro maTpu-
na k03 prrmentoB OHCcArepa Qqp, B OTIAYME OT KOSPPUIMEHTOB MEKMONOBLIX CBsizelt Sup,
HE COIEPKUT 3aBUCUMOCTHU OT moJieit . Ha s3nike croxactuueckoit 3anaun (14) momymenue
3aBUCUMOCTU (¢ OT (9 TIPEACTABJACTCA, KOHEUHO, HEECTECTBEHHBIM. () IHAKO €C/u 9Ta 3aBU-
CAMOCTE MPOABJISETCA JIMIIE B MONPABOYHBIX YWIEHAX KAKOK-JMO0 NTEPAIMOHHON MPOLEy Bl
(B mAHHOM CJTydae — pa3JI0XKEHUs IO CTEMEHAM TapaMeTpa ), TO 3anady ¢ & = a(p) MOXKHO
chOpMyIMPOBATL KOPPEKTHO. Ha A3LIKe ()yHKIMOHAILHOIO MHTErPUPOBAHUA 0000 e Ha,
cayuaii neficteusa tuma (16) ¢ a = a(y) BOOOImE HE TOPOK AAET MPUHIMIIAILHBIX TPOGIIEM.

Ho BO3HMKAaeT BOMpOC: OCTAHETCA JM B 9TOM CJIy4ae CIIPABEIUIMBLIM ypaBHeHne Poxke-
pa Ilnamka (17), Heobxomamoe miisi mosyyerus cooTHomenuti (22)7 OTBeT yTBepIMTENLHLIA.
IpoananusupoBas nponeaypy BuBona ypasrerusa (17), MOKHO MOKA34Th, YTO OHO OCTAETCA
BEPHLIM U [IPY 3aBUACAIIAX OT (0 KO QUIMEHTaX (v (I0KA3ATEILCTBO IPUBOINTCA B IPUIIOKE-

HYW).
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4. PEHOPMUWPOBKA Hy,-MOIEJIN

Wrak, paccMaTpuBaeTcs peHOPMUPOBKA MOJMHOR Momenn H ¢ TOYHOCTDLIO 10 JIMHEMHDLIX
10 @ BKJIAAOB B (8) BKAOUMTENLHO. MBI XOTMM BOCIOIL30BATHLCA COOTHOmEHAMY (22) mis
HOJIyYeHusa nHpopMaImy 0 peHopMuposke Ho-monesmu ¢ a = 0. U3BecTHO, uTo cTaTHdeckoe

neficteue (3) pEHOPMUPYETCA MyJILTUTLIMKATABHO, T.€.

_Z30y)?  zs'ty? Zgisyt av?
2 2 24 2

Sk (¢) = (25)

rze gip = g1p4° 6asoBbiii 3apan (d =4 — €), ¢ PEHOPMUPOBOYHAA MAcCa, g1, T, &  DPe-
HOPMUPOBAHHLIE HAPAMETPLI ([IPY TAKON HEPEHOPMUPOBKE @ HE MEHSETCS ) , BCE IIOCTOSHHLIE Z
BBIPAXKAIOTCSA YEPE3 CUNTAIOIIMNEC U3BECTHBIMY CTATUYECKUE KOHCTAHTEL PEHOPMUAPOBKH IO~
717 1) 1 mapaMeTpos Z5t = (Zf’/)t)Q7 VARES (Zfz}t)QZ?’rt7 75t = (Zf;)‘lZStl.

Oroxnecrsisis Boipaxkenus (19) u (24), 3akiarouaem, uro Besuuunna Z 8 popmyane (19) —
IIArOHAJILHASA MATPUIIA € 2JIEMEHTAMA

Z,L/) = 77 Zy = a. (26)

Orcrona mna “Bekropa” B, B (22) u3 onpenenerns (21) nomygaem

-1 -1 Z- 1R —-1R
By=7""Ay -7 " o}, 77 HE + o0 HE o
_ _ _ -1
By =a"l4, —a"! [a;va YHE 40l 7 H}ﬂ .

B dopmyiax (27) sesmunset Z u A, GepyTes us (24), a IpousBomHbIE HE (2) peropmupo-

BAHHOI'O CTATUYECKOIO (PYyHKUMOHAJA (25) 3a0aHBI COOTHOMEHUSIMY
Hy = c10%) + cp + esyp®,  Hy = —av, (28)

rzie Bce ¢; — U3BeCTHLIE u3 (25), He 3aBucAmme OT a KO3(PuureHTsl. YpasHerue (226) B
H-Moznen NpyHIMAET BAL
ByH} + ByHY =0 (29)

(mHTErpEpoBaHMe MO X mompasymenaercs) ¢ By uz (27) n HE n3 (28). Bce Benmumsb
[IPENOJIATAIOTCS BEIPAYKEHHBIMY B (JOPME DSANOB [0 @, ¥ MBI XOTUM OTOGPATH B COOTHOLIE-
Hyu (29) TONLKO BKIaAs! Hu3mmero (HysaeBoro) nopsiaka no a. s xomsmux 8 (27) Besnunn
X = {7, Acp} =X 4 ¢X® 4 ... B HyIEBOM NPUGIMIKEHNAN 1O @ U3 CONOCTABIICHNU C
BoipaxkenreM (12) noayuaem

—(0 1 —
Z( ) ]-7 algj?'?p - 21A627 algj?l)) - 0/522, - 07 O/'E)O’U) ZBA 19281827
7 3
45;})) A92<ZQ 921/} 237"(/) — 49%]31/} ) — ’1)81/17 (30)

AO) = 7oA "1 go 2020 + Zopd (%))
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¢ xoucranramu Z; u3 (12). M3 coornomenwnii (27), (28) u (30) carenyer, uro psiabl 0O G AI1st
BenuuvH (27) UMEOT BUL

By=BY +aB +.-., B,=a"" [Bgm +aBM + ... (31)
BKJIaIILI HM3MIETO NOPAOKaA OIpeneIarTCA COOTHOMEHUAMN

B = 4D o/ S, BO =AY + o'Wy, (32)
rue AEPO) u 0/500% B3sitel 13 (30), a Hflf' —u3 (28). Ioncrasmss Bennuunnt (31) u (28) B coor-
Homenue (29), B HyJ€BOM NPUOINKEHIN TI0 ¢ IIOJIYYaeM

v

A = /G HE] - HE — [AD 4 ] 0 =0 &

Coorromenus tTuna (22), (33) NOHMMAIOTCA KAK PABEHCTBA IUISI COCTABHBIX ONEPATOPOB.
ITosTOMY B HUX MOXKHO IPUPABHUBATL HYJII0 KO3(Q(QUUMEHT IpK KaiKIOM HE3aBUCHMOM CO-
CTAaBHOM OmnepaTope, B YaCTHOCTU IIPU BKJIaOaX C PA3HLIMU CTEIIEHAMU IOJA CKOPOCTU U
B (33). U3 coorHomennii (30) ciaemyer, 4To BEJIMUMHEL a’fpog u Hg B (33) or v He 3aBucHr,
a BEJIMYMHDI AEPU ) COIEPKAT BKJAILI HYJIEBOI'O U MEPBONO NOPAAKOB 110 v. Crapmeii crene-
HU © COOTBETCTBYIOT KBAIPATUUHBIE BKJIAAB BO BTOpOM ciaraeMoM (33). Ilpupasuusas nx

HYJIIO, C yYETOM IBHOTO BUIA COOTBETCTBYOmMX BeavduH (30) nomyuaem
—1_—142 —1_—142 _
[ng\ 955 0°v — ZsA\" " gon 0 v]-v—O,

OTKYyIla CJIenyeT PABEHCTBO

Zs = Zg (34)

UL DMHAMUYECKAX KOHCTAHT DEHOPMUPOBKU B (12).
Or6upas 3arem nzsectanie u3 (30) nuHeiinbie 1o v BKJIaas B (33), nonyuaem

[—v0y] - Hyf — [Z740(0%¢)] - v = 0. (35)

[oncraBaas cioma asHOE BLIpaxkenue (28) mia HY, ¢ yaeTom monepedrocTy mosis v 1 moz-
pasymeBaemoro (CM. BBINIE) MHTErPUPOBAHMA O ODMIEMY IUISl BCEX BEJIMUMH APTyMEHTY X
3AKJIIOUAEM, UTO BKIAT B (35) maer Toamko mepsoe caaraemoe ¢10%¢) 8 H 5} (mozm 3HAKOM VH-
Terpasa o X mveeM v - O - 3 ~ v - A(1h*) ~ Y* - Gv = 0 m amanormunO WA BKIADA ~ 1)
B H 5}) IosToMmy mBa caaraeMbix B (35) ABIAIOTCA HOTOOHLIMU UJIEHAMY, U PABEHCTBO (35)

9KBUBAJIECHTHO COOTHOIIIECHNIO

Zr = = (Z)) (36)

BBIPAKAIOMEMY IMHAMUAYECKY 0 KOHCTAHTY DEHOPMUPOBKU Z7 B (12) uepes u3BecTHYIO CTa-
TUYECKYIO KOHCTAHTY PEHOPMMWPOBKMU IIOJIA '(/)
Ocraercs paccMOTpeTh BKams! 6e3 o v B (33), amsa KoTopsix u3 (30) mveem

Zsgiy?

[—/\82 (ZQa%p — ZsT - = ) — (=Z1A0%) - Hy} | - Hj} = 0. (37)
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SAcHO, UTO 5TO PABEHCTBO BO3MOXKHO TOJILKO ITPY OOPAIIEHNN B HYJIL BLIPAYKEHWUS B KBAIPAT-
HOM cKOBKe, OTKyZIa MocJIe COKpameHua “obmero MEokuTens” AJ? momydaem

7 3
zZt (ZQa%p R 749%‘31[’ ) = HY (38)

c Hg u3 (28). I[pupasHuBaA KO3(YUIMEHTHI IPK TPEX HE3ABUCUMLIX oneparopax B (38) ¢
YYETOM M3BECTHOTO 13 (25) ABHOTO Braa BeanuuH ¢; B (28), npuxomm K Caenyomeil cucreme

COOTHOIICHUIA:
2707 = 75 = (73,
77175 = 75 = (73 73, (39)

7 7y = 75 = (Z) 75

Jlerko mpoBEpUTL, UTO STU COOTHOMICHUA I IMHAMUYECKUX KOHCTAHT PEHOPMUPOBKU Z;
B (12) Bmecre ¢ pasencrBamu (34) u (36) sxBuBaenTHL MCKOMBIM paBercTBaM (9)—(11), uro
U AIBJIAETCA MOKA3ATEILCTBOM CPOPMYIUPOBAHHLIX B pa3nese 1 yreepxk nenuii 1 3.

B s1OoM mokasarenncTBe MBI BOCHOJIL30BAJUCH TOJIBLKO COOTHOMmeHreM (226). Ypase-
mue (22a), npuanMaromee B H-vonemu Bun 0By, /0y + 6B, /6v = 0, DOTKHO BLIIOTHATL-
€51 ABTOMATUYECKU KK CJIEICTBUE YIKE NOKA3aHHLIX yTBep:kaennii 1-3. Husmmm nopsiakom,
IPOMOPIMOHATLHLIM @~ 1, B (22a) ABJIAETCA BKJIA ~ 6B1()0) /dv, ncuezaronmi B cuiy paBeH-
crBa (34).

B 3akatouenue oTMeTUM, UTO U1 IPUBEIEHHOTO BLIME MOKA3ATEILCTBA BAYKHLL JIUIID Ca-
Ma, BO3MOXKHOCTE HANVCATL L5l HOHUMAEMOro B jopMe psiga 1o a GpyHknmonasua (8) ypasae-
Hye (220) 1 ABHLIM B BKJIAAOB HYJIEBOIO MOPSAIKA TI0 ¢ B 9TOM yPABHEHNY, KOTOPLIA Ompe-
NEJIACTCA JIUIIE CIIATAEMBIM ng )(qﬁ) B (8) ¢ uzBecrroit u3 (12) obweit crpykTypoit u kod¢-
$pmmentom —a@Q11 = —anpu F = v/0;v B aTOM (yHKIMORANE (MIOCKOMBLKY B (23) Q11 = 1,
cm. pasmen 3). Ecsm Gor Mbl paccMoTpenu v nepBbhie IOMPaBKY 10 G B ypaBHEHUsAX (22), To
nostyunsy Gbl HEKOTOPYIO MH(YOPMALMK O PEHOPMUPOBKE COCTABHOIO onepaTtopa Fi B (23).
CyTb ee B TOM, UTO BKJIaIL NPUMECEH B PEHOPMUPOBKY uiieHa F = v’ 0yv B (8) He mOIKHBI
HAPYIIATL COMJIACOBAHHOCTY C PEHOPMUPOBAHHOW CTATUKOMN, T.€. NOJIKHLI CBOMATLCSA JIUII,
K HEKOTOPOMY M3MEHEHNIO KO3(QPUIIMEHTOB (yp U (34 ¥ BOSMOKHOMY DACTSIKEHNIO OIS )’
MHOKMTesIeM Tima, Z u3 (24). 9To Mo3B0IMI0 OLI, KOHEUHO, CYIIECTBEHHO COKPATHUTD UKCIIO
HEU3BECTHLIX K09 ¢rumentos B (23). Ho nonHoit nadpopmanmm 0 peHOpMUPOBKE OnepaTtopa
F} TakuM myTeM mOJIyudTDh HEJL3fA, XOTA ACCOIMUPOBAHHYIO C HAM KPUTUUECKYIO PA3Mep-
HOCTH MOYKHO HaiiTi TouHO B ety pasescts Q11 = 1, Q41 = 0 Vi # 1 u coorronrenmii (11)
IUTA KOHCTAHT PEHOPMUPOBKY MOJIEl v, v’ . ITO NO3BONAET BLIPAZUTL BBEIEHHLIN B pabore [3]
[IOIPABOYHBIA KPUTUYECKUI MHIEKC Wy, YePE3 APYTOM AMHAMUYECKN NHAEKC 2 — KPUTAYEC-

KYIO Pa3MepHOCTL YacTOTHI w [6].

Baaromapuaoctu. Pabora Bomosaena npu nognepxke PO P (npoek Ne 99-02-16783)
v KOHKYDCHOrO IieHTpa ()yHnaMeHTaaLHoro ectectso3nanusa Munobpaszosanusa P® (npoekt

Ne 97-0-14.1-30).
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IIPMJIO2KEHUE

BriBon ypaBuenus Pokkepa—Ilaanka s ciayyas
3aBUCANINX OT ToJiel ¢ ko3¢ dpunuearos Orcarepa o

O6o6wmennem ypasreruii (14) ABIseTCA CTOXACTUYECKAS 33,0a4a

Orp =Ulp) +n,  (m(x)n(a’)) = D(z,2") (IL.1)

IULA IPOU3BOJILHOTO [0 (cucTeMsl odielt) p(z) = (¢, X) ¢ IPOM3BOJILHBIM ()YHKIIMOHAIOM
U(y), He comeprKammM ABHOM 3aBUCUMOCTH OT ¢ 1 OT IPOM3BOIHBIX Ot U ¢ d-06PA3HBIM O

BPEMEHU KOPPEIATOPOM

D(z,2') = §(t —t')D(x,x"). (I1.2)

3anaua (14) wuacrabli cayyaiizanauu (IL1) c U = (a+ () H, nanpom D(x,x") = 2ad(x—
x), BO3BMOMKHBIE MHIEKCDI IOJICH U CYyMMUPOBAHUSA IO HUM TIOIPA3YMEBAIOTCA.
Croxactuueckoii 3agaue (I1.1) cooTBeTCTBYET IMHAMITIECK A KBAHTOBO-IIOJIEBAS MOAEIIb

¢ ananoruusnM (16) GyHKIMoHAIOM neficTBus

56) = £ 4 o' [-0p + U(e) (13

C MONPA3yMeBAEMBIMY HY JKHLIMU MHTEr PUPOBAHUAMI IO KOOpAMHATAM & = (t, X) 1 CyMMUpPO-
BAHVIAMY 10 MHIEKCAM HOJIEH.

Ypasuenue Poxkepa—Ilnanka mns Gpynkumm pacupenenenus Py (@) noneit p(z) = p(t,x) =
¢ (X) B 3anaHHLIA MOMeHT BpeMenu ¢ mis 3anauu (I1.1) umeer caenyronmii Bum:

{at + % [U((p) - lﬁi} }Pt(w) =0, (I1.4)

2 dp
rme ¢ = ¢(x). Ilo onpenenenuio Besuusa Py () CBA3aHA C TPOU3BOMAIIMM ()yHKIIMOHAIIOM
g¢(@) OIHOBPEMEHHLIX KOPPEJIAIMOHHLIX (yHKIMi noteit ¢ (x) = ¢(t, X) cooTHOMmeHreM

ge(a) = / D Py() explagp) (11.5)

€ MHTErPUPOBAHUEM TI0 HE 3aBUCALIIMM OT BPEMEHI MOJISAM @ = (X ) 1 COOTBETCTBY FOIIAM “UC-
TourmkoM” a = a(x), ga = [ dx p(x)a(x). Ypasaenue (I1.4) sKBUBATEHTHO CiemyOmeMy

ypasrenuro s Gpysxumonaa, (I1.5):

1
Ousn(a) = o[ U, g + 3D o). (1.
IMoncranoska (I1.5) B (I1.6) mocie mepesoca Bcex onepamwii mideperunposanus Ha Pr ()
npuBomuT K ypassenuio (I1.4).
Ypasuerus (I1.4), (I1.6) BEBOAATCA OBLIYHO B MPEITOIOKEHAN HE3ABUCUMOCTH simpa D

B (I1.2) or noseit ¢ = (p,¢’). Ceftuac MBI XOTUM OKA3ATH, YTO DTU yPABHEHUA OCTAIOTCH
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CIpaBETMBLIME 1 TOT A, Koraa B koppeaarope D (I1.1) ects 3aBucumocTs ot noseii ¢ (HO
e ¢'), koTopoit B aape D u3 (I1.2) cOOTBETCTBYET 3aBUCKMOCTL OT (0 C TEM JKe 3HAYCHIeM
t, uto u B §-pyrxman (11.2). Torma s sanpe D B (I1.4) MOABIAETCA 3aBUCAMOCTD OT TIOJIS 2,
nepexonamero B §/da B (IL.6). Ilpm sToM mpemnmonaraetcs, uto B D eCTh U He 3aBUCAIIMR
or ¢ Bkian. VmeHHO OH BxOmMT B CBOGOMHYIO (KBAOPATMYHYIO MO TOJAM) YaCTh ()yHKIV-
onaisa neiicteua (I1.3) u BMecTe ¢ IpounMy KBaApATUYHBIMY BKuazaMu S(¢) onpenenser
JIVHWY IUarpaMM TEOPHUM BO3MYIIEHHMH, a BCE 3aBUCAIINE OT (p TIONPABKU B 1) MHTEpIPeTH-
pytorca B (I1.3) kak 10OGaBOUHBIE B3auMOAERCTBIA ¢ ABYM (& He C OIHIM, KaK OOBIUHO) HO0-
navu ¢’ B Bepmmaax. Cpasy 0TMETHM, YTO NOSIBJIEHUE TAKUX “HECTaHAapPTHLIX” BEPIIAH HE
HAPYIIAET OOBIYHBIX CBOMCTB 3aMa3IbIBAHUA ()YHKIMI OTKJIMKA 1 TEM CAMBIM TeX CJIEICTBII
9TUX CBOﬁCTB, KOTOpPLIE 6yﬂyT NCIIOJIL30BATLCA B M3J1ar'd€MOM HMZKE BLIBOIE SKBUBAJIEHTHO-
ro (I1.4) ypasrenus (I1.6).

Ipusenem, cnenys pabore [4], BuBon ypasuenus (I1.6), KoHTpOIMpYst Te M3MEHEHMs, KO-
TOpLIE BHOCATCA AOMYIIEHUeM BO3MOXKHOI 3aBucumocty aapa D B (I1.2) or mona ¢(z) =
o(t,x) = ¢¢(x). B pamrax misammrdeckoil Teopuu ¢pyuxmmonan (I1.5) Boipaxaercs cootT-

HOIIEHEM

gi(a) = / D exp[S() + agr] = (explags)), (I7)

B KoTopoM S(¢)  mefictsue (I1.3), apy = [ dx a(x)p(t,x), a (F) aneco u nanee  ynoGHOe
oBo3zHaueHue uaTerpasa ot F no ¢ ¢ Becom exp S(¢).
Hupdepenmmpys paserctso (11.7) o ¢, monyuaem

Orgt(a) = (adipt - exp(apt)). (I.8)

Bocnonnzoasmmct Temepnh ypasreruweMm llIBuHTEpa ¢ mpom3BOMHON mo moaio ¢’ (x) =
@' (t,x) = p}(x) mna gyaxmmonassrOro maTerpana B (I1.7), ¢ yuerom ssroro Buma S(¢)
B (I1.3) monyuaem

0= /D¢ (WL(a:) exp [S(8) + api] = ([ Dy, — Oppr + Ulps)] - explagy)).  (I19)

Haxons orciona Bkaazn ¢ Oy rnonctasias ero B (I1.8), nveem

drgi(a) = a([U(pt) + Dgy] - explapt)) . (I1.10)

Muoxurens U(p:) MOXKHO BeHeCTH m3-1mox 3Haka (...) B (II.10) B Bume omepatopa
U(d/da), uro maer coorsercrByrommit Bkaan B ypasaenve (I1.6). Herpusnasen sun ana-
am3 Bknana ¢ ¢ B (11.10), mpudem ¢ y4eTOM B HAIIEM CJIydae ero BO3MOKHOM 3aBICAMOCTH
OT TOJIER Py.

J17151 €10 BHIUMCIIEHIA MOKHO BOCIIONIB30BATECA CIIELYIOMUM U3BECTHLIM [4] CBOMCTBOM O11-
HOBpeMeHHBIX (yHKuMi ['puna noseit ¢r = (p4, ¢}) B moboit monesmm tvna (I1.3): Braamsr
BCEX HETPUBUAJLHLIX, T.€. NMEIOMNX BEPIIMHDLI B3ANMOAEHCTBIA, IMArPAMM CBA3HBIX (yHK-
i [ prsa, coneprkammx XOTs Obl OIHO HOJIE ¢’ | ICUe3a10T U3-3a IPUCY TCTBUA B HUX 3AMKHY-

TBIX [IMKJIOB 3aNa3ILIBAIOIIMX JiHUH (') (MosBIeHNE 06ABOYHLIX BEPIIUH C ABYMA HOJIAMUA
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¢’ He HApyImaeT CIPABEIUTMBOCTY DTOTO YTBEPK IeHusA ). [[09TOMY €IMHCTBEHHLIM OTJINYHBIM
OT HyJI1f BKJAI0M B OTHOBPEMEHHBIE CBA3HLIEC (yHKIUM [ puHA ¢ MOJIAMU ' ABIAETCA BKJIAI
33aTPABOYHOMN IMArPAMMBL () YHKIIAN OTKJIMKA

(p(@)¢" (") |,_p= %5(x —-x'). (T1.11)

Koa¢dprment 1/2 8 (I1.11) coorBeTcTByeT cTanmapTHOMY noonpenenermio O(t —¢') = 1/2
npu ¢ = ¢’ nna pazposHOl pu ¢ = ¢’ Pymxkmvm orkamka (I1.11).

Beens npomsBomsmmii pyrkmmonan (exp [ay: + b)) omHoBpemennnix (ynkmmii 'puna
noseit oy = (g1, p}) ¢ mBymancrournkamu a(x) u b(x), n3 coorromenus (I1.11) sakmogaem,

4To

(exp [apy + byi]) = (exp(agpy)) - exp %b (I1.12)

C mOMOMIBIO 5TOTO COOTHOMEHUA JIETKO BLIUUCIIACTCA BKIAI CIATAEMOTrO C (0} B yPABHEHUN
(11.10): mpu HaIMUMY 3aBUCUMOCTH OT ¢ B D mmeem

(Do)} -explape) = Do - explag). (113)

751 0CTABIIEroCs B MPaBOi 9acTy cpensero (. . . ) ¢ momomnbio cootromenws (11.12) momywaem

)
(10t - exp(apy)) = (¢} - explagy + byt]) |, = %@XP[G% +bgi]) [, =

_ % (exp(agpy)) - exp (%b)] - %a<exp(asot)>-

Taxum obpazom, maoxuTess @) 8 (I1.10) MoxHO 3amennTs Ha a/2, a koshdumment D (p;)

b=0

nepen aum  #Ha D(§/da) cormacuo (I1.13). 9To u mpUBOMIT K MCKOMOMY 0GOGIIEHMTO ypaB-
nenwus (I1.6) u ero skBuBanenra — ypasuenus Pokkepa—Ilnanka (I11.4).
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