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1 Bsenenue

PaccmarpuBaercst 3aj1ada onTuMaibHOro yipasienus [1, 2, 3| st suneii-
HO{i CHCTEMBI C OCTOSIHHBIME KO3(hMUIMEHTAMI U HENIPSIMBIM OBICTPO CTabu-
JIU3UPYIONTUMCsI YIIPABICHUEM C NHTEIPATBHBIM BBIILYKJILIM KPUTEPHEM Ka-
YeCTBa B KJIACCE KYCOUYHO—HENPEPBIBHBIX YIPABJICHUI C IVIaIKIMI [€OMETPH-
YeCKUMHU OrpaHudeHusiMu. IIpu sTOM MHTErpaibHOE claraeMoe B KPUTEPUH
KadeCTBa COAEPKHUT B KadeCTBe MHOMKHUTENsI MaJiblii mapamerp. B paborax,
HOCBSIIIEHHBIX CHHIYJISIPHO BO3MYIIEHHBIM 3ajadaM yIpaBJIeHNs, TaKue 3a-
JIad¥ HA3bIBAIOTCS 3a/1a9aMH C JEIIEBbIM YIIPABICHUEM (CM., HAPUMep, 0630~
pst [4, 5, 6]). Ho, (cm., nanpumep, crarsn |7, 8]) B onyO/ImKOBaHHBIX paboTax
[PY aHAJII3E JIMHEHHO-KBA[PATHYHbIX 3314 C JEIIEBbIM YIIPABJICHHEM CTPO-
UTCS ACUMIITOTHKA PEIIEHHs TOJILKO [IPU YCJIOBUU OTCYTCTBUS OIPAHUICHUI
Ha ONTHMAJIbHOE yIIPABJICHUE.

IIpu cTpemsieHHH MAaJIOro HapaMerpa K HyJII0 HCXOJHAsS 3ajada C Jelle-
BBIM YIPABJICHIEM CBOJUTCS K 3a/1a9€ ONTUMAJIBHOIO YIPABICHUS C TEPMUA-
HAJILHBIM KpuTepueM KadectBa. OTMETHM, UTO B IPEIEIbHOI 3a/1a9e OITH-
MaJIbHOE YIIPABJICHHE MOXKET MMETb Pa3pbIBbI, B TO BPEMsI KaK y HMCXOJHO
38149l OLTUMAJIBHOE yIIPABJICHIE HEIPEPBIBHO BO BCEX TOYKAX. ACHMITOTH-
Ka OIITUMaJIbHOI'O YIPaBJIEHUA HaXOJIUTCA Yepe3 IMOCTpOoeHne aCUMIITOTUKU
OIIPE/IEJISIONIEr0 BEKTOPA.

2 IlocranoBka 3aja4M, ONPEeAeJISIONIE€ COOTHOIIIEHUS 1
OCHOBHbBIE ONpeaeJIeHUsI

PaccmorpuM citenyroniyo 3ajady ONTHMAJIBLHOIO YIPABJIEHUS B KJIACCE
KYCOYHO-HEIIPEPBIBHBIX yIIPABJIECHUIL:

t. = Av. + By, + Cu, x.(0)=2° t¢€][0;T),
. . (1)
EYe = —Ye +u, y&(O) =Y, ||’LL” < 17

e . € R", y. € R™, u € R™, A, B, C — mOCTOSTHHbIE MATPHUITBI COOTBET-
CTBYIOITEH PA3MEPHOCTH, ¢ WHTEPATBHBIM BBIMYKJIBLIM KPUTEPHEM KadeCcTBa

T
1 9 € 9 .
Je(u):=Sllze(Ts )| + 5 [ [lu(®)]”dt — min. (2)
0
Bxecs ||-|| — eBkIIHI0BA HOPMA B COOTBETCTBYIOIIEM KOHEIHOMEPHOM BEKTOD-

nom npocrpanctse, £’ u y° — U3BeCTHBIC BEKTODHI, T-(+;U) — pelleHue Cu-
crembl (1) npu 3agannoM yrnpassiennn u(-), a € > 0 — masbiit mapamerp. By-
JieM 0603HaYATh Yepes (-, +) — CKaJIsiPHOE TIPOU3BEJICHUE B COOTBETCTBYOIIEM
KOHEYHOMEPHOM BEKTOPHOM IPOCTPAHCTBE, & B KAYeCTBE CUMBOJIA TPAHCIIO-

HUPOBaHUsI MATPHIL UCIOJIb3yeTcs, Kak u B |3, c¢.132], snak *, mampumep,

B*.
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BamuiieM ynpasisieMyto cucreMy u3 (1) B MATpUIHOM BUJIE

Ze = Acze + B, (3)
2:(0) 0

:Z’

e 0 A B C
Z€:<§E>az0::<50>aA€:<O —6_2‘[)786:(8_2[). (4)

3nech u jajee, O—HyJieBast MaTpuUlia, I—mMaTpuiia TOXKJIECTBEHHOTO 0TOOPa-
2KEHHUsI COOTBETCTBYIONIEI0 KOHEYHOMEPHOT'O IIPOCTPAHCTBA.

IIpennoxenue 1. Cucmema uz (3) 6noane ynpasaiema, 4mo sK6USAAEHM-
no ecaedcmeue kpumepus Kaamana |2, c. 91, Teopema 5| ycaosuto

rank (B, A:Be, . . ., Affll’j’g) =n+m.

HemnocpeIcTBEHHBIM BBIYHCACHHEM MATPHYHON SKCIOHEHTHI U3 (4) moury-
qaeM, 4TO

et 2W(t,e) MO+ Wit,e)
eAet — , e“AEtBE —_ ,

O e UET e 20t/ ]

re W(t,e):=(I 4+ 2A)~ (e — @*t/(EQ)[)B
B cuy |9, dopmyast (23) u (27)], npuanMasi BO BHUMAaHUE COOTHOIIEHNE
V(|I¢]|?/2) = ¢, zamuaniem ypaBHerue Jisi ONPEIENSIONIETO BEKTOPA

lo = —2o(T;u) = =V (||2(T;u")|?/2),

T
— 1. = e + 2W(T,e)y° +/ V(t,e)ulP (T — t) dt, (5)
0
e ulPH(T —t) = — L Walle gy o) .= AtC 4+ W(t, ),
SV (L))’
£, € (0;¢),
so={ ¢ (50 ©)

Kaxk mokazano B |9, Teopema 1| npenensnoii 3agateit s (1)—(2) 6yaer
3a/aua

Zo = Agrg + Bou, te€ [O;T], Hu” <1
0 1 2 : (7)
x0(0) = 2°, Jo(uo) := 5||zo(T;w)||* — min,
rne Ag := A, Byp:=B + C.

IIpennoxenue 2. Cucmema u3 npedeavhoti 3adavwu (7) 6noane ynpasiiema
u ¥ maxoso, wmo ozpanuvenus na ynpacaenue 6 3adave (7) no cywecmey.
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[Tpu BbiosiHenun npeoxkenns 2 (em. [9, dopmyisr (24), (25) u Teopema
3]) menysesoit BekTop [y € R™, onpezensiomuii onTuMajibHOE yIPaBICHIE B

Opt(T B t) BS@A*tlo

samade (7): ug = B eA"T], ] YIOBJCTEOPSACT yPABHEHHIO
0

T
B* A*tl
—lg = AT 20 +/ eAtBo 0¢ _'0 dt (8)

[Bge o]l

U CIpaBeJInBO IIpeseabHoe cooTHomenue [ — [gnpue — 0. BmecTo Bek-
Topa l; yIoOHO paccMOTPETh BEKTOP

le:=(I + £2A*)*1fl;, i, aro Toxke camoe I = (I 4+ e2A*)l..

Ormernm, uro I, — lgupue — 0, u, 3HasE ACUMITOTUIECKOE PA3JIOKEHNUE
BEKTODA [, CTAHJIAPTHO TOJIy9aeTCsl ACUMITOTUIECKOE PA3JIOKEHUE BEKTOPa
le. Torpa ypasaenue (5) npumer Bu

0= (I+2A) I+ %Al + (I +&2A)er T2

T . 9

riue
V(t,e):=(I +2A)V(t,e) = (I +2A)eMC + (e — e /) )B. (10)

B pabore, kak u B [10] HCIOIB3YIOTCSI CTEIIEHHBIE Psifbl OT MHOIHMX CKAJIsipP-
HBIX IEPEMEHHBIX V1, ...,Un CO CKAJIAPHLIMU WX BEKTOPHBIMU KO3MUIIM-
eHTaMH, T. €. KazKJI0€e CJIaraeMoe TaKUX PsIOB UMeeT BUL Bkl,...,knvlfl ke
k; € NU{0},rme B,.... k, — CKAJSPHBIE HJIH BEKTOPHBIE KOHCTAHTEL.

Yepes R(v1,...,Vn;1) (BOBMOXKHO, ¢ MHJIECKCAMH, JIJIS PA3IHYINs CTEIICH-
HBIX PSIOB OJUHAKOBON CTPYKTYPBI B OOHOM (DOpMyJie, MK B IIPOIECCE Bbl-
KJIaJIOK Tpeobpa3oBamii) OymemM 0603HAYATH M3BECTHBIE HA MOMEHT PaCcCMOT-
PEHUsI CTENEeHHbIe PSIAbl OT BEJIMYUH V1, . . ., Up, MUHUMAJbHAS CTEIEHb CJa-
raeMbIX B KOTOPBLIX He MEHbIIE ¢, T. €. eCJIU ﬂkh__’knvlfl e -vfln — cJlaraeMoe
13 pacCMaTpUBaEMOro psima, To k1 + ...+ ky, >4

Yepes R(v1, .. .,vn;1;t) (BO3MOXKHO, ¢ HHJIEKCAME) OyieM 0603HAYATH U3~
BECTHbIE Ha MOMEHT PACCMOTPEHHUS CTEIEHHbIE PSIILI OT BEJIUYUH V1,. .., Uy
¢ kosbdurmentamu P, g, (t), 3aBUCSIIIME OT ¢ IIAJKIM 00Pa30M, MIHH-

MaJIbHasd CTEIIEHDb CJara€MbIX B KOTOPBIX HE€ MEHBbIIIE 7.

Sameuanne 1. Kozda 6 xauecmaee 001020 U3 GP2YMEHMOE CMENEHH020 PA-
0a YKasueaemca KOHEUHOMEPHDIT GEKMOD, IMO AUUD COKPAULEHUE 3AMUCY
HAOOPG €20 CKAAAPHBLT KOOPAUHAM 8 purcuposartom basuce.

3ameuanue 2. bydem 6 dannot pabome mpedcmasaamv cmenennvie Padvl
6 gude

R(v;1):=R(v1,...,0n;1) = ZPs(v),
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20e Py(v):=Ps(v1,...,0,) — 00HOPOOWBIE CMENEHU S NOAUHOMDL, OM U =
(V1,...,0p) CO CKANADHOIMU UAU BEKMOPHBLMU KOIPHUUUEHMAMU.

3ameuanue 3. Bce paccmampusaemovie 6 cmambve cmenerHvle padvt A6AA-
0MCA CTOOAUUMUCA NPU JOCMATOYHOT MANOCTNU UL APLYMERMOE, M. €. 8
HEKOMOPOTL OKPECMHOCTIU HYAS.

OrMeTuM ciaeayronime COOTHomeHud JAJidd CTEIIEHHBIX PAJIOB, IIPOBEPACMbIC
HEIIOCPEACTBEHHO 110 OIIPpEJAEJICHUIO!

Pi(w) = R(w; 1), R(wj;1) = R(w; 1),
R(w;i) + R(v; 1) = R(w,v3), R(w;i) = R(w:j), (j < i),
o0
R(w;i) - R(v;j) = R@w,vii+), - Rlwii+k) = Rw;), 1
k=0
R(R(w;i)aUQa s avk;j) = R(’U),’Ug, s ,Uk:;j)a ] > 0,71=21
YKazaHHble PABEHCTBA HAJ0 IOHUMATh B CJIEIYIOIIEM CMBICJIE: BbIpaXKe-
HIe, CTOsIIIee CJIeBa BCErjia UMeeT BUJ BBIPDAYKEHUs], CTOSIIEro crpasa (1pu
COOTBETCTBYIOINUX KOIDPUITHEHTAX, CPEIN KOTOPBIX MOXKET OBbITH MHOI'O HY-
JIEBBIX ), HO HE HAOOOPOT.

3ameuanue 4. 06 ucnoavszosanuu uHdexcos. bes donoanumenvbHvix nosc-
HEHUT OAA CKAAAPHVIL KOHCMAHM, SEKMOPHBIL KOHCMAHM, 00HOPOOHBIL NO-
AUHOMOG CMENEHU § U CMENEHHHT PAdos, bydem ucnosv3osamsv 0603Have-
nua: K, Kj, f, f, fj: Ps, Psj, R u Rj coomeemcmeentio. Jonosnumenvroili
undexc j ucnoavayemcs oaa “undusudyasvbrocmu” 0OHOMUNHBLT 006eKMO8.
Tem camovim, odnomunmoie 00BeKkmMBL 6€3 JONOAHUTNMEALHBLT UHIEKCO8, 8000UE
2060PA, PASAUMHDL.

B cumy Toro, 9To cymMmma CXOASIIErocs B OKPeCTHOCTH HyJIsT CTEIIEHHOTO Psi-
J1a ecThb (PYHKIUS aHAJIUTHIECKAS B 9TOH OKPECTHOCTH, TO B CUJTy (DOPMYJIBI
Teityiopa a1 TAKUX PSIOB CIPABEIINBA OIEHKA

|R(v1,...,v0;9)|| = O(]v]|)), v = 0, v:i=(v1,...,vn), |[v]| = |v1]| + ...+ |val.
Moy cTeneHHbIM ACUMIITOTHYECKUM Pa3/iozKeHneM (byHKIUE w(v) Ipu v —

o0
0 cTanZapTHO MOHUMAETCs CTeleHHON psax Y P, (v), Takoit, 1To

n=0
N
YNEN w) =Y Pu(v)=o(|o]|V).
n=0

[Mox acumnroTryeckuM pasioxkenneM GyHKImN w(v) (B cMbicie Dp/eiin)
npu v — 0 1O cTaHJAPTHO KaJuOpoBOYHON mocsepoBaresbHocTu {||v||*}
o
nornmaercst psi », Ws(v), Takoit, aro
5=0
S
VSEN w) =Y W) =o(|v]%).
s=0
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Ormerum, uro eciu Bece Ws(v) — OIHOPOJIHBIE OJTMHOMBI, TO ACUMIITOTH-
YECKOEe PA3/IOKEHUE B CMBIC/E IPJEHU COBIAJAET CO CTEIMEHHBIM aCHMIITO-
THIECKUM PA3JIO2KEHUEM.

Acumnrornueckoe paznoxkenne dyHkuun w(v) Oygem 0603HAYATH CJIeLy-
IOIIMM 00Pa30M:

w(v) = Z Ws(v) upu v — 0.
s=0

3ameuanue 5. Crodawulcs 6 OKPECMHOCU HYAA CMENEHHOT PAd ecmb
ACUMNIMOMUIECKOE DPASAOHCEHUE CBOCT CYMMDBL.

HOCTpOQHI/Ie ACUMIITOTUYIECKOI'O DPa3JIO?KECHHA BEKTOPa 6y,ZLeM OCymiecCTB-
JIATDH IIPU BBITIOJIHEHUN CJICAYIOIIETO IIPeAjIOzKeHM A

IIpennoxenue 3. /laa nexomopozo o > 0 npu scex t € [0; T] cnpasedauso
HEPABEHCNBO
1Bge* ol = (C* + BY)e || >

Harmra 1esie — ¢ momorpio ypaBaeHust (9) MOJyduTh CHCTEMY aCHMIITO-
TUYECKUX PaBEHCTB, COJAEPXKAIIMX MaJjible BequduHbl €, Al:=1. — g — 0
(1 BO3MOKHO JIpyTrHe MaJible ITapaMeTphl), U3 KOTOPBIX MOYXKHO Oy/eT HalTn
ACHMIITOTHYIECKOE Pa3JIOyKeHIe OIPEIEISIIOINEero BEKTOpa [ M TOYeK CMEHBI
BUJIA ONITUMAJIBHOTO YIIpaBJIeHHsl (€C/IM TAKOBbIE MOSIBITCS).

3 BaemHee acuMOTOTHYECKOE pa3JjioKeHunue n yCJIOBUusAd
HaJIn9ud UJIA OTCYTCTBUA TOYEK CMEHBbI BUJIA
OIITUMAQJIBHOI'O yYIIpaBJI€EHUA

[Mockombky (9) mMeer Bu,
T

O:R(sQ,Al;O)Jr/V(t,a) . VE(t o)L

(V= )il

dt, (12)

TO HEOOXOMMO ITOCTPOUTDH ACUMIITOTUYECKOE PA3JIOyKEHNEe HHTErpaJia U3 3To-
ro pasercrBa. OTMeTuM, YTO 3/1€CH R(&Q, Al;0) ecTb cyMMa YeTbIpex MOJIH-
HOMOB!

R(e2,Al;0) := Py(e2, Al) + P1(%, Al) + Py(e2, Al) 4+ P3(2, Al),

re
Py(e?, Al) == 1y + AT,
Pi(e%, Al) := 2 Alg + 2 A%l 4+ Al + 24T 20 4 24T By,
Py(e?, Al) := " AA g + 2 (A + A")AL,  Ps(e®, Al) := " AA* AL
[MockosibKy MoOfbIHTErpajibHOe BbhipaxkeHue B uHrerpajie us (12) umeer

CYIIECTBEHHO Pa3Hble aCUMITOTHYECKHUE PA3JIOKEHUs 110 € NP OOJbIUX ¢
(t > €% q € (0;1)) u Mmasmbix t € (0;€29), To I HAXOMKJIEHUA ACHMIITO-
KU uHTerpasa u3 (12) ecrecTBEHHO NPUMEHHUTH METOJ BCIOMOTaTEJILHOTO
napamerpa (cm., Hanpumep, [11, §30. I1]).
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PazobbeM sTOT MHTErpaJs Ha JIBE YacTh

T " T

/=/+/ = L+ I, npup=e*, qe(0;1). (13)

0 0 o

Pacemorpum cragasna uarerpas Ip. Ormernm, aro B cuty (13) mpu t > p

HMeeT MECTO aCHMIITOTHYUECKAs OleHKa et/ ) =0 mpu € — 0, tne O —
ACUMIITOTUYCCKUN HYJIb OTHOCUTEJIBHO CTEICHHON aCUMIITOTUYECKON I10CJIe-
josaresbHocty, T.e. Vy > 0: O = o(¢7) upu € — 0. ITosromy B cry (10)
pu € — 0

V(t,e) = Co(t) + 2 AeC + O,
VE(t,e)(lo + A) = Ci(t)lo + CE(H) Al + 2C* eVt Al + O,

riie Co(t) := et By,
B cny npemtoxenust 3 cripaseymBo HepasencTso ||V (t,e)(lp + Al)|| >
«/2 npu Bcex Manbix Al, mosToMy npu Beex Takux Al u npm Beex t >

Se(IVE(t,e)(lo + AD) = [V*(t, &) (lo + AD)]|.

TeMm caMbIM TOIBIHTErpabHOE BhIpaykeHue B (12) packiajpiBaeTcs B CTe-
neHHoi psia mo Al ¢ K03 OUIUEHTAME, IJIAIKO 3aBUCAIIIMA OT ¢

V(t,e)V*(t,e)(lo + Al) as Co(t)Cg(t)lo

as 2 2 Al: 2:
Vel + A0l it e O+ REALZDT

1G5 0RIPCotCo0AI - Co(t)C5(1)1o{C5 (1)lo, C5(HAL)
CHORE !
rie f(t) — usBecTHas ruaKast OYHKIMS:
 ApeCy(£)Ci (1)lo + Co(t)Cj (1) Ageotly
1C5 (Dol
Co(t)C3 (1)l (Ci (£)lo; C* (1) Age il
[SHORE

f(t)

B cuity gero u (8)

IG5 (1)lol1>Co(t)C () Al=Co (H) g (t)lo <06‘ (®)lo,C5 (t)Al>

RO di—

T Oag
L=[+[=
0k

~ 0 .
— lo _ eAT.fL'O + €2f + Rl(f':?, Al7 2) + f V(te)V*(te)(lo+Al) dt’
m

(14)

[V*(t.e)(lo+AD]]

roe f =

HBbI.

T
f@t)dt, Ri(g%,Al;2) := [ R(e%, Al;2,t)dt — u3BecTHBlE Bes4u-
0
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OrmeruM, 9TO JTMHEHHBIH ortepaTop D, OIpeie/IeHHbI PABEHCTBOM

/T |G (®)l*Co()CH(AL - Cot)Cs n{ Co (Bl C3(0AL)

DAl :=
1C5 (@)l

0

B cmity HepaBeHCTBa Komu—ByHSIKOBCKOTO sIBJISIETCSI HEOTPUIATEIBHBIM Ca-
MOCOIIPSIZKEHHBIM orieparopoM, T. e. (DAL, Al) > 0 upu Beex Al.
JIJ1st HAXOXK JIeHUsT ACUMIITOTHKY [IOCJIEIHEr0 cjiaraeMoro B (14) passioxum

.
et g Aot g psizbl Teitiopa B OKpecTHOCTH HyJIsd. B pesyabrare mpn MaJjIbIx

V(t,e)V* () (lo+Al) as
t, € m Al monyaum |(|t‘f*)(t 6gt(li))i2—;)|l ) 2 R(£2, Al;0,t). ITosromy

V t,e)V*(t,e)(lo + Al)
|V*(t,e)(lo + Al)||

dt = ,MRl (527 Al: s 0)7

u, TeM CaMbIM,
L2 —lg— e T2’ + DAL+ 2f + Ry (€2, AL; 2) 4+ pRy (2, AL, 1;0).  (15)

Paccmorpum Teneps I1. Crieas B Hem 3aMeny mepemenHoit 7 = t/(g2),
ITOJIY 9YUM

e B )
2 [ B 7,€)\00 + dt, 16
=2 [P0 it o 5 AT o
rue
zﬂﬂ@:41+§AkM%c+(awf—anB. (17)

Ormermm, uto npu 7 € [0; 1/ (e2)] cnpaseaymso coornomenne 27 € [0, ]
1 TeM caMbIM €27 Majsio. PacknagpiBas sxcronenty B (17) B pan Teitopa B
OKPECTHOCTH HYJIsi, TIOJIyIUM

E(t,e) = C+B—e "B+R(e%,&%r;1) = (1) +0(n) +0(£%), £ = 0, (18)
rue
Oy(1):=C+B—e "B, (19)
a B R(e%,6%7;1) comepxkarcsa B wacTHOCTH ciaraeMele ciaaraembie e2AC u
£27ABy. Tem campiM B cuty orpammuennocts dbynxmun $o(7) na [0; 4+00)

E*(1,¢)(lo + Al) = ®5(1)lo + O(Al) + O(p) + O(e%), € — 0. (20)

[TockosbKy B crly IpeJJIO2KeHusT 3

1Bololl = a, (21)
TO CYIIECTBYET T TAKOE, TITO
- o
V7€ [Ti400)  po(r):=[Po(7)ho]| = 5 (22)
Takum obpazom, eciin
min_ ¢o(7) > 0, (23)

T€[0;7]
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TO HalijieTcd ag > 0 Takoe, 9TO
V1720 QOQ( ) ag > 0. (24)

W3 (20) u (24) coremyer, 910 IpU BeeX MAIBIX € U Al Oy1eT BBIIOTHATHCS
uepasencTso ||[E*(1,e)(lo + Al)|| > % > 0 u, TeM caMbIM y OITHMAIBHOTO
yupasienust Ha [0; 4] Toxke He 6yﬂeT TO‘IEK CMEHBI €ro BUJIA.

4 Cuiyd4ait OTCyTCTBUSI TOUYEK CMEHBI BHJa ONITUMAJIBHOTO
yhnpasJeHus

[Tpu BbITOJIHEHNN HepaBeHCTBa (23) ONTHMAJIBLHOE yIIPABJICHUE HE UMEET
TOYEK CMEHBI BHUJIA, IIO3TOMY
2
w/(e*)

e / Bir,e) )l + AD

[1E*(7,e)(lo + Al

Torya B cuiny (18), (19), (24) nosyuaum

E*(r.e)(lo+ADT  —  ¢o(7)
= ((I)Q(T) + R1(€2, (527'); 1))

E(re)E*(1e)(lo+Al) _ Po(r)®G(r)lo + R(e2, (e27), Al; 1;7) =
2

c27)1)) (lo+Al) (25)
e2r)i1)) (lo+AD)]

(@5()+R1(2,(
I (@5 (r)+R3 (.(
rie ko3 PUIHEeHThI, 3aBUCdIe OT T B R, He yKa3aHHbIE sIBHO, UMEIOT BU/I
(0o(7))7*. Tosromy acummroTnka [; HOTYYHTCA CTAHIAPTHBIM CIOCOGOM
BBIJICJICHUs] HEMHTerpUpyeMbIx ocobenHocreii (cm., sarpumep [10]). Haiizem
B KauecTBe [IPUMepa aCUMIITOTHKY HHTerpaJia OT IepBOro cjaraeMoro B (25).
Tax xak €™ £ O npu T — +00 OTHOCHTEIBHO HOCTIEA0BaTEIbHOCTH {7 F},
TO
Do(7)P5(7)lo s BoBglo
wolr)  TBgl

U, TeM CaMbiM, (DPYHKIIHS

+0, 72+

Po(7)®5(7)lo  BoBglo

o(7) 1B5lol
uHTerpupyemasi Ha [0; 4+00) U ee aCUMITOTHKA IPU T — +00 paBHA HYJIIO.
[TosTomy

p1(7) =

WE oo
e [ 7%(252257”0 dr=¢e? [ @i(r)dr +¢&2 f 901 7)dr+
0 2 0 (26)
n/(e

)
2 BoBglo .2 BoBlg
+e f 4”3*[0 ” dr =: ¢ fl + 1% HB*? ” + @,
0 0'0 0%
rae fi1:= f ©1(7) dT — m3BecTHas BesqmunHa. Best yKe acHMITOTHKA MHTE-

rpaja 6yﬂeT UMETDH BUJT

L2 2f 4 R(e2, AL 2) + Ry (, AL 0). (27)
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Takum 0b6paszom, ¢ yuerom (15)
I 4 I = —ly — e 20 + DAL+ foe® + R(%, Al; 2),

e fo := f1 + f — u3BecTHas BeJUUIHHA.
[TosroMy acHMITOTHYECKOE PABEHCTBO, COOTBETCTBYOIIEe paBeHCTBY (9),
(¢ y4aeTom Toro, U4To cjaaraeMble C [ B3auMHO yHuUTOXKaTcst [11]) mpumer Bug

02 (D4 1AL+ f3e® + R(e?, Al; 2), (28)

rie f3 = fo + (A + A%)lg + AeAt2l + A By0.

[Tpu sTom onieparop nepsoro npubsmzkenusi (D + 1) > 0 obparum. [Tosro-
My, IpUMEHsIs K (28) aCUMITOTUYECKUI aHAJIOT TEOPEMbI O HESIBHO 3a/IaHHOI
dyukun [12, Teopema 1| mosyunm crnpaBeyInBOCTD CJICAYIONIECH TEOPEMbI

Teopema 1. I[Tycmwv svinoanenv, npedaosicenus 1 — 3 u (23). Toeda Al pac-
Kaadvieaemca 6 cmenennot no €2 acumnmomuyeckuds pad npu € — +0 u, 6
YACMHOCAU,

Al = -2 (D + )7 54+ O(eh).

5 Cuayuyaii HAJIMIUS TOYEK CMEHbI BA/IA ONTUMAJIBLHOTO
yhnpasJieHus

Hasee npennosnaraem, 9ro yciaosue (23) He BBILIOJHEHO, & CYIIECTBYET XOTsI
661 011HO Tp Takoe, 9To ¢o(7p) = 0, win, Iro TO ke camoe ¢ yderoM (19)

dry € [0, +OO) : @6(7’0)% =0. (29)

OrmerumM, uro ecau (29) Bbimosueno, To C*lg = —(1 — e~ ) B*ly u B cuity
(21)
1C%loll
[1B*lo]|

[Tosromy Ty eMHCTBEHHO 1 ycjoBue (29) SKBUBAJIEHTHO YCJIOBHIO

(7o 14 B0 ) A (0 < IC710ll < 11B*0o]1).

C*lg £0 # B*ly, (1—e ™) =

Vreepxaenue 1. [Tycmu svnoaneno yeaosue (29). Toeda Al = O(g2) npu
e — +0.

Hoxazameavemeo. Onerum [ B 9TOM cilydae, IPEJICTABUB €10 B BHUJIE

/()
/E DE(re)lo+ Al - / E(r,e)E*(1,)(lp + Al)
([ E*(

o) + A RN

T

B cuny (17) dyukuus E(7,¢) orpanndena, a ’ B (r.e)(lo+Al) H

Sg(|E* 7)ot ADT)
[osTomy mepsoe ciaraemoe B (30) mmeer nopsaok O(e2). Ha mpomeskyTie
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[7; 1/ (€2)] Bemommsercs nepasencrso ||E*(,e)(lo + Al)|| > ap/2, nosromy
pasznoxkenne (25) cupaBe/nBO Ipu T > T U, B cuity (26) mosrydaem, 9To

s BoByjlo
g
i, B3sB = ¢ (npu ¢ = 1/2), [ = ﬁ%?l l‘(‘) + O(e||All]) + O(£?).
Takum 06pa3oM B JaHHOM ciiydae (28) mpUHUMAET BT
0= (D + )AL+ O(||Al||? + ]| Al|| + £%). (31)

[Mockosbky D > 0, To oneparop (D + I) umeer orpaHnveHHbIN 06paTHbIIH
u (31) upuuMaer BuL

1ALl < K(IALP + el|AL| +€%),  mm A1~ K[JAl — Ke) < Ke?,

O(ullAll) + O(e?) + O(u?),

410 pH Masbx € u |Al|| gaer coornomemnne
|AL] = O(e?), & — +0. (32)
O
B cuity (32) yno6Ho nepeiitu ot Al K HOBOji MaJIoii BeJmauHe p:
p:=c 1Al =0(¢e), ¢ = +0. (33)

Temnepb paccMOTPHUM TOYKU MEPEKIIOUEHUS BUIA ONTUMAJIBLHOIO yIIPaBJIe-
HUS, T.€. PEIIEHNUs] YPaBHEHUS

SO(AT>57p) ::||E*(TO+A7_75)(ZO+EP)|| =& (TO+AT) € [O;ﬂ7 (34)

PU 38J[QHHBIX € U P, YJIOBJIETBOPSIONHUX YCIOBHIO (32).
B cuity (17) upu Beimossennu (29) nosydanm, uro npu AT € [—70; T — 7o)
CIIPABEJJINBO PABEHCTBO

E*(10 + AT, e)(lp +ep) = e ™(1 — e A7) B*ly + Ef (AT, ¢, p), (35)
rje
EX(At,e,p) = (62c*A*eA*a2(T0+AT) 1 B* (ATt rorar) I)) lo+ (36)
+E*(19 + AT, e)ep € C°(R*H7),
U BCE ee IIPOU3BOJIHBIC JIIOO0TO TOPSI/IKa OrPAHUYIEHDI IIPU
(0 + A7) € [0 0/(e%)], e €[0ie0), epl <1
B wactrOCTH

o(AT,e,p) € C(R2+”) N COO(R2+n \ No),
N, :={(At,e,p) : p(A7,e,p) = 0},

unpu 7 = 179 + A7 < T u Bcex p, yuosierBopsironmx (33), B cuiy (32)
CHIPABEINBO ACUMITOTHYECKOE IIph € — +(0 PaBeHCTBO

o(AT,e,p) = He*m (1 —e*AT)B*l +O( 2)“ = .
AT, + 0(ar) + 0 .

(37)
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YrBepxkaenue 2. [Tycmv sunoarenv. npedaoscenus 1 — 8 u (29), a 1 >
0 maxosa, wmo [re” || B*ly|| < 1/2. Toeda cywecmeyem £y makoe, wmo
npu ecex € € [0;e0] u p, ydosaemesoparowuzr (32) cnpasedausvi caedyrouue
COOMHOWLEHUSA,

1. Ecau |AT| < €B1, mo (AT, e,p) < €.

2. Ecau |AT| = ¢p1, mo p(AT,e,p) > 0.

Jlokazamenvemso. 1. B cuny (38) u yciioBuil yTBep:KieHUs ClpaBeinBa
HEeNOYKa HEPABEHCTB

1
©(AT,,p) < e |AT| - || B*lg|| + Ke? < 5(5 + K@) <e

upu 0 < 1/2+ Ke < 1.
2. Anajioruyno 1. 1 3TOro JoKa3are/hLCTBa,

(AT, e, p) = e (1= e 7| | B lo| — Ke? = e (6515—1) 1B o] — K2 =
Bie _q
= e(e_meiHB*loH - Ks).
g

Ho upu ¢ — 0 Bblpaxkenue B cKoOKax (I10CJIe PABEHCTBA) CTPEMUTHCS K
e~ 51| B*lp||, mosToMy 1pu Bcex JOCTATOUHO MAJIBIX £ 9TO BBIPAXKEHUE 10~
JIO2KUTEJIBHO. O

YrBepxkaenue 3. I[Tycmo evinoaneros npedaosicenus 1 — 3 u (29), a fa > 0
makosa, wmo fee” | B*ly|| < 2. Tozda cywecmeyem £y makoe, wmo npu
scex € € [0;e0] u p, ydosaemesopsrowur (32) SUNOAHACTNCA HEPABEHCMEO
o(Eefa, e, p) > €.

Jlokazamenvemeso. B cuny (38) u yciaoBuil yTBEp:KIAEHUs CIPABEJINBA 11e-
II0YKa HEPABEHCTB

o(xefa,e,p) = e efy - | B¥lg|| — Ke? > 5(2 — K@) > e
mpu 2 — Ke > 1. O

B cuny Teopembl 0 MPOMEXKYTOUYHOM 3HAYEHUM U3 yTBepxkKJeHwit 1 u 2
BBITEKAET CJIEJICTBUE

CaeacrBue 1. Ilycmov svinoarenst ycaosus ymeepoicoernuts 1 u 2.
Tozda cywecmsyrom ATy ¢, € (—Pag; —fi€) u AToc , € (Bi€; fag) makue,
wmo @(ATiep,€,p) =€, 1=1,2.

ITokazkeMm, uro kpome ATy, u ATy, , IPyIux pernennii ypasHenus (34)
HET.

Vreepxkaenue 4. [lycmo evinoarervt npediostcerus ymeepscoenuti 1 — 2.
Tozda cywecmeyem €y maxoe, wmo npu ecex € € [0;e0] u p, ydosaemso-
parowux (32) dynrkyus (-, €, p) cmpozo yowseaem na [—7o; —B1€] u cmpoeo
sospacmaem Ha [f1€;T — o).



156 A.P. JAHWJIVMH, A.A. IIIABYPOB

Jlokazamenvemeso. B cuiy (37) u yreepxkuenusi 1 dyukuust ¢(-, €, p) aud-
depennupyema Ha 060X yKazaHHBIX TpoMexKyTKax. B cuiy (35)

Op(ATe,p) 1 %
OAT T p(ATeEp)

X <e*70(1 — e*AT)B*lo + Ef (AT, ¢, p), e~ e ATATB*] + 78Eféi:€’p)> .
(39)
[Tpu srom B cuity (35) u (36)
OE (AT, ¢e,p)
OAT

[TosToMy BTOpO#T COMHOXKUTEb B (39)7 OLpeJIeJIAIIUI 3HaK IIPOU3BOHOIM,
uMeeT BUJL

= (e(1 = e By + O(e%), e e STATB y + O(e?)) =
Ki(1— e 27)e 2 4+ 0(?),

re Ky = e~ 27| B*lg||%.
Ecim AT > 0, To

Ef (AT, e, p) = O(£%), = 0(e%).

1 —e P

> Ki(1-— 67’818)67077-1 —Ke?=¢ (Kl e T _ KE) )

€
[Tpu sTOM, BRIpasKeHme B CKOOKax cTpeMuTbes ipu € — +0k K151~ > 0.
[HosTromy ® > 0 nmpu Bcex goCTATOYHO MaJBIX € > 0.

Ecmu AT <0, T0

|

d<—Ki(e—1)+ Ke? =¢ <—K1 + Ke) .

€
[Ipu sToM, BbIpaxkeHue B cKoOKax crpeMmuThbest npu € — +0 k —K 1581 < 0.
[Tosromy ® < 0 mpu Bcex ocTaTOIHO MaJbIX € > 0. O

Urak, kpome ATy, u ATy , Apyrux perrenuii ypasaenust (34) wer. IIpu
9TOM, B CHJIy CJeJICTBUS 1:

Aric,=O0(),i=1,2. (40)

Teopema 2. I[Tycmwv swvinoanens, npedaoocenus 1 — 8 u (29). Toeda dasn
ATicp, @ = 1,2 — mouex cmenvl 6uda ONMUMANDHOZ0 YNPAGAEHUA U NPU
(e +lpll) = 0 cnpasedausvi acumnmomuueckue pasioHcerus

as 7 eTO .
ATi,E,p = 5(7% + Ri(gap; 1))7 ede = (_1) Ma 1= 17 2. (41)

Aoxasamenvemso. Ilycrs 1; ., (1 = 1,2) onpenesieHbl paBeHCTBOM
ATi,s,p = ENie,p- (42)
1. B cumy (40) 7, OTPAHIYIEHBI U YIOBJIETBOPSIOT PABEHCTBAM

— e ik,
_7_01 e i,e,p

e Bly+0(e)|| =1, i =1,2. (43)




ACUMIITOTUKA PEHIEHNA 3AJAYN HEITPSAMOTIO 157

ITycTs n; — npousBosbHas 1pejebHas upu € — +0, p — 0 Touka 1; . ),
T. €. Niep,pp — Ni AJIs1 HEKOTOPBIX IOCTIEI0BaTeIbHOCTEN {€)} U {p)} Takux,
aro € — +0 u pp — 0 upu k — +oo. [lepexoust B (43) K mpejesny npu

k — 400 moayunm |le”n; B*lp|| = 1. OrKyna ¢ y4eToM 3HAKOB 7);
e’

i = _1Z ’
= U ]

i=1,2

N3 eqMHCTBEHHOCTH 3TUX YACTUYHLIX HIPEIEJIOB CAEILYeT, 4TO
emo

lim nicp,=(—1)—, i=1,2.
11’_1;10777,,5,[) ( ) HB*lou’ (3 )

&P

2. Tenepsb pacemorpum dyukimo (cm. (35) u (36))

b(n,e,p)=e""p(en,e,p) = 1= [le” ™™ (1 — e ") B*lp+
+ (EC*A*(BA*E2(TO+877) + 6—1B* (eA*g2(7-0+e77) o I)) ZO + E*(T(] + 677757P)H_

—1 = [[¥(n.e, p)]| — 1.

Hockombky £~ H(1 — ") = 5+ en?R((en); 0) — Geckoneuno mucdepen-
IpyeMa IIpH BCEX € U 1), U

g (eA*EQ(eren) _ 1) = eB*A* (19 +en)+

633* (A*)2
LT
— 6eckorevHO uddepenimpyema npu Beex € u 1, To 1 ¥ (1, £, p) 6eCKOHETHO
muddepennupyema Ipu BCEX 1), € U P, U
ov

on

(1o + 67})2 + 571R(52(7'0 +¢en);3)

V(n,0,0) = e ™nB*ly, (n,0,0) =€ ™B%lp, i =1,2. (44)
Takum obpasom, (1, e, p) 6eckoneuno auddepeHIrpyemMa BO BCEX TOYKAX
(n,e,p) Takux, aro W(n,e,p) # 0. B yacTHOCTH U B MAJIBIX OKPECTHOCTSIX
Touek (1;,0,0), i =1,2.

B cuity onpeiesienust ¥ (n, €, p) cipasepiiussl paseHctsa Y (n;, &, p) = 0,7 =
1,2. ITockosbky B cuity (44)

Ui, Y,y =(V s Uy U)y Y, =Tk || B* 3
o 5.0.0) = (%1.0.0), 57 01,0.0) ) = e B[P 0

TO IPUMEHNMa TeopeMa 0 DYHKIINH, 33/[AHHON HESIBHO M, TEM CAMBIM, CIIPa-
BEJJIUBBI aCUMIITOTUYECKUE PA3JIOzKEHNA

Nie,p = ni + Ri(€7 P 1)7 1= 1.2. (45>
U3 (45) B cuiy (42) cremyer (41). O
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6 AcumMmnToruvuecKoe pasJioKeHUWe MHTerpaJia [, mpu
BBITIOJIHEHUM ycjaoBus (29)

PaccMOTpuM acuMITOTHKY UHTErpasa I1 mpu BbinosHeHnn yeaosus (29).
B cuny (6) onpenesennsi dynkuuu S unrerpas (16) MOxKHO 3anucarh B
BUJIE CyMMBI 9eThIPEX MHTEIPaJIOB

TO+A7'1,e,p

B E*(1,2)(lo+Al)
I = &2 Of E(7,€) 15ty any 97 +

o AT B ) B () o A s 7 E*(r,e)(lo+Al)
T,E 7,)(lo 7,€)to
+e2 . dr+e* [ B(ne) mmiraneran 97+
7'0+A7'1,5,p TO+A7'2,£,p
1/ (e2)

+€2 f E(T,é?)%(ﬁ' = 11714-[1’24-[1’3—%[174.

7

Ormernm, 9ro B cuiy (22) mpu T > 7 CHPaBEJIMBO ACHMIITOTUIECKOE
pazioxenue (25). Ilosromy acumnrornka mHTerpasa Ij 4 uMeeT Takoil xKe
BUJ, Kak B (27), a HOCKOJBbKY acuMIToTuKa [o (BHEIIHEE DA3JIOKEHWE) He
3aBUCHUT OT HAJMYHUs TOYEK CMEHbI BHJIa yIIpaBJeHus Ha npoMexyTke [0; u),
To (¢ yuerom pasercTBa Al = £p) HOJLyIUM:

La+ L= —lg— e’ + Dep+ fie® + R(e%,2p; 2), (46)
: T BoB:l
rae foi=f+ [ ¢i(r)dr — ?ﬁ — U3BECTHLIIT BEKTOP.
= 0

p
Haiinem Temepb acMMIITOTHUKY OCTABIIUXCS TPEX HUHTETPAJIOB, CIEIaB B

HUX 3aMeHy [IePEeMEHHOIl MHTerpupoBaHust T Ha & :=T — T, U Hal/Id acuMII-
TOTUYECKOE PA3JIOZKEHHE TI0JIY IMBIIUXCsI TI0/[BIHTEIPATIbHBIX PA3JI0KEHNUIT 110
crereHsM €, p u &.

IMockosbky B cuity (17), (18) u (19)

E(t1,e) = ®o(1) + e2Ae " TC + <eA€27 — I) By =

= Pg(70) + (67 — e ) B+?AC + Ri(°7; 1) + *Ro(°731) =
= ®g(9) + (7™ — e ) B+ 2AC + Ry (2, €73 1),

TO
E(&,e):=B(mo+&,¢) = ®o(19) + e ™(1 — e ¢) B+
+&2AC + %(10 + €)R(* (10 + €);0),

wm ¢ ygerom (11)
E(¢2) = ®o(10) + $0(§) B + e*Ru(e%, °6;0) + % Ra (%, £76;0),  (48)
rae o(€):=e ™ (1 —e¢) =: &hi(§).

OrmeruM, uto 1o(&) u 11(§) — aHamurudeckue BCOLY DYyHKIUA U

P1(0) = e ™, min (&) =: v >0, (49)

E€[—T0;7—T0]

(47)
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e2R1(£2,(€%€);0) = e2(AC + 19ABy) + €2 Ro(e2,%6;1) =:
=: 2@ + 2 Ry(e%, €% 1),
rme d:= AC + T0ABy.
[Mockombky ®§(70)lp = 0 B cuity ycaosus (29), To
E*(&,€)(lo + ep) = 1o(€)B*lo + 28l + 1o (§) B*p + (51)
+e2Ri(e2,826;1) + e2€R3(e2,2¢;0) + e R3(e2,€2¢;0)p.

Ha orpeske [ATy . ,; ATo ] pasinoxum dysknmo ¢o(§) B psan Makiope-
na. Torna B cuty (48) u (51) mosy <M

E(&,2)E*(€,€)(lo + 2p) = R(%,€%¢,2p,&;1). (52)

[Tpu unTerpupoBanuu cjiaraeMoro psja (52), umeroniero obmuii mopsijoK
k

(50)

2k 2 \ko K k

Dk1,k27k3,k4€ 1(5 f) ’e 3Pk3(p)§ Yok ko + k3t kg =k,

110 OTPe3KY [ATi ¢ o3 AT, | HOMydnM cllaraeMoe B
1
2k1+2k2+ks ( ka+ka+1 ko+ka+1
€ P (p)———— A — AT
3(p) k2 + k4 + 1 2,e,p le,p

¢ MHUHUMAJLHBIH HOPSIKOM ciaraeMbix (mpm ki = ko = k3 = 0, kg = 1) &2
(cm. (41)). Tem caMBIM aCHMITOTHYECKOE DA3/IOXKeHHe HHTerpasa I o mMeer
B/

Dy kg ks ks

ATa e p
ha=s [ 6B )0+ A)dE = Recpl).  (53)
ATy e p
Ha muoxkecrse

[—70; ATi ¢ )] U[ATg@p; T — 79 (54)

upescraBuM ynkipo (51) B Buze

E*(&,e)(lo+ep) = 5<¢1(5)B*lo+ %Pu(& p)+e1(§)B*p+e°Ri(e%,e%¢;1) +

+ 2 R3(%,£%;0) + eR3 (%, %6 o),
rae Py i(e, p) == Q§(10)p + 5</13*l0 U, TeM CaMbIM

E*(¢,¢)(lo+ep) = f(%(ﬁ)B*lo + 1 (€)B¥ep+ R(e2,6%€,62 /¢ ep,ep)&; 1))7
(55)

rie
R(€2’52£752/£,6p,6p/£; 1) = €

§

OrmeruM, uyto Ha (54) cupaseyiiBa acuMITOTHYECKAsl OleHKA £/§ =
O(1). ITosromy Ha 9TOM MHOXKECTBE

1(6)Bep + R(e%,6%,€2/¢,2p,ep/E: 1) = O(e),

Pl,l(‘gng) + R(52752£a52/£75p35p/£; 2)
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a B cuy (49) [[v1(§)B*lo|| = 7ol B*lo||- Takum obpazom,
IE*(& )l +ep)|7H =
= Jepu(©I7" 1B 7 (1 4+ B(e%, €% 2%/€ ep,2p/651.6) ).

rje K03hUIuenTsl, 3aBucsme oT &, He YKa3aHHbIe sIBHO, IMEIOT BH/L
(¥1(€))7F (k > 0) — anammTnaeckne Beroxy OyHKIIL.

[Mosromy ma (54) B cumy (48) u (55) cIpaBeINBO ACHMIITOTHIECKOE Pa3-
JIOZKEHHEe

E*(&e)lo+ep) as . B*ly
B Clotenl SIgn(f)(HB*l H + Ry (%% e /576p,6p/£,1,£))

Takum obpazom B cuiny (47)

B(¢, ) picloren, —Slgn(f)(‘bo(m)+¢0(§)B+R(52 £2¢:1) ) x

(&e)(lo+ep)ll
(”B*l 0 + Ry (e%, €%, 2/§,Ep,ap/§,1,§)>

— sign(€) (2RO + Ra(e2 6%, €26, 2p,ep/651,€) ),

re Ko OUIMEHTHI, 3aBUCAIINE OT &, He yKa3aHHble SIBHO B Ry, mMeOT BUI

(Yo (&)Fr (11 (€))72, (k1 € {0,1}, kg > 0) — amammaTiaecKkne BCioLy dyHKIIM.
[TosTomy

AT e p

o E'(&,e)(lot2p) 5, o
/ B B e to + o)

—70
ATy e p
g (r0) Bl
2 o\70 0 2 9 9
g / ( HB*ZOH + 2(5 , € {78 /f,Ep,ap/g, ’é.)) E’

—70

0
as Dy (10)B*1
nazet [ (TE b R o651, ) ) de

AT2 e p
Paccmorpum nosipobnee acuMnTOTHKY nHTerpasa i 1:
as ) Bl
Ly = —5270“0*) 0
1 B*lo|
ATl cp
—e’ / (Rz(€2,€2§,€2/€78p,€p/€; 175)) de.

—T70

(ATl,e,p +70)—

IIponnTerpupyem omuo ciaaraemoe u3 Ry :
g(§) := Ge*ht2hathathaths P (p) Py (p)€" 778 (o (€))*0 (11(€)) 7,

3aMeTHB, YTO B OKPECTHOCTH TOYKH Ti ¢ , CHPABEJINBO PA3JIOKeHUe

gr2mRs ks (4 (€))% (11 (€))*7 = R(&; ko — k3 — ks + ko),
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ATie,p

g(£) df = G1 —+ G2 In (ATl,e,p) + R(ATLE,p; ko — k‘5 + k‘ﬁ + 1),
o
rie G u (G1 — HEKOTOpble KOHCTAHTHI.
ITpu sTrom G2 # 0 Torja U TOJBKO TOTA, Koraa ko — kg — ks + kg < 0.
C yuerom (41) u (11) nosmyunm:

ATiep

g(€) dé = R(e, p; 2(k1 + ko + k3 + ks + ks) + kg) X
.

X (Golne + R(e, p; 0) + e2k2=ksths R(2 p: 1)).

YunrbiBagd HEeOTpUIaTeJIbHOCTL BCEX ki IIOJIY9YUM aCHUMIITOTHKY HHTeErpaJia
11712

1 £ %Ry(e,ep; 1) + 2 IneRy(e%,ep; 1). (56)
AHaJIOFI/ItIHO IIOKA3bIBaETCA, ITO
I3 2 ®Ra(e,ep; 1) + ®IneRy(e%,ep; 1). (57)

Takum o6paszom, yuntsiBas (46), (53), (56) u (57), moaydnM acHMITOTH-
YECKOE PABEHCTBO, COOTBETCTBYIONIEE OCHOBHOMY ypaBHEHHIO (28):

02 (D+1Dep+efs+e®Rs(e,ep; 1) + €2 IneRg(e2,ep; 1), (58)

e f5 = fa+ (A+ A%+ (AeATa:O + eATByO) .
K sromy paBencTBy (110CsI€ COKpAIEHUsI Ha € U 3aMedaHusi 2) IPUMEeHIMA
[12, Teopema 1|, naroree pasjoxeHue BEKTOpa p:

+oo
1% = Zeka_l(ln 5), (59)
k=1
rae Qr_1 — mojmHOM crenenu k — 1 obmero Buga. Ilosrydennoe pasiioxke-
HIE BEKTOpa MOYKHO HEMHOIO yTOYHHTB. IlokaxkeM, 4To ciaraemsble ¢ lne
JeiicrBuresibHO npucyrcrByior B (58). U3 dopmyn (48), (50) u (51) nemo-
CPEJICTBEHHBIM BBIUUCICHUEM [IOJIYIUM, 9TO CPEJIN CJaraeMblx psiia Re ecTb
cylaraeMoe BUJIa

1(6) == S 7. Po(r0)Bly

B, Piie,p)), rae
e BRI 1€ )) 1B 0]

Torga ¢ yuerom pasznoxenust (40) u sign(§) momyunm cieyroiee ciaarae-
Moe

A7'1,6,p T—T0
- [ w@der [ a@d -
—70 ATQ,E,p
£ ~ s B
— WKB lo,PLl(E,,O» . (2ln€—|—ln\mngl —1n|—7'0\ —ln’T—T()D =

= Ry(e%,ep;1) + IneRg(e?,ep; 1),
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2@0(7’0)B*l0
[ B*lo][*e~70

Kpowme storo, uz (58) B crty obparumocTtn juHeiHOro onepatopa (D + 1)
CJIeJLyeT, 9TO

npudeM KoadpdurmeHT (B*lo; EI\)*Z()) nepest €2 In € oTaImYeH OT HyJIS.

p=cfe+O(*) mpu e— 0,

rie fo := — (D + I) f5. Bosspamiasick K BEKTOPY € y4ueToMm pasJioxkenusi (59),
HOJIy9aeM CJIeLyIONLyI0 TEOPeMy

Teopema 3. ITycmov evinoanerv, npedaoscerun 1 — 3 u (29). Toeda I pac-
xaadveaemes npu € — +0 6 acumnmomuveckuts psad euda

—+00
la £ l() + 52f6 + Zé‘k+2Qk_1(ln8).
k=1

7 3akJirouyeHue

Bekrop, onpeue/isiiomuii Buji HEIPsIMOrO OITUMAJILHOIO YIPABJICHHS B 3a-
Jlade ¢ MHTerpaJibHbIM BBIIYKJIBIM KPUTEPHEM KaueCTBa U JICIIEBBIM YIIPAB-
JIEHHEM HMeeT pasJiozkeHue B cMbicie [Tyankape 1o acUMITOTHYECKOI ocIe-
JIOBATEJILHOCTH COCTOSAIIEN U3 PAIMOHAIBHBIX (DYHKITUH OT g2y ekt2pkte
upu k € N. Takum obpaszom, 3amada (1)—(2) okasasach Gosiee CIIOXKHOIA,
geMm B crarbe [10]. Tlosromy orser Ha BoOmpoc, GymeT Jm BCerja acHMIITO-
THKA ONPEIEISIONEI0 BEKTOPa B 3a/adaX JENICBOr0 yIPABICHUS B CIlydae
MaTpull CUCTEMbI U YIIpaBJICHUA 0611[61“0 Bu/la JaBaTb pPa3J/IO2KEHUE B CMbIC-
e Ilyankape, Tpefyer JajbHEHAIIEr0 TEXHUIECKH CJIOXKHOIO UCCJICIOBAHUSA 1
BHUMAaHUNA.
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