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1. BBEAEHUE
Wzyuaercd 3anaya MUHUMHA3ALUN

J(x)%nxéigl (1)

HeIuHeiHoro ¢yHkunoHana J : H — R Ha BelllecTBEHHOM TMJIE0epTOBOM TIpocTpaHcTBe H . DTa 3a-
Jlaya 3aKJII0YaeTcsl B HAaXOXKICHUU TOUKU x* € H , TOCTaBJISIONIEH No0aabHbIA MUHUMYM (DYHKITMOHA-
ay J. CylliecTBoBaHME pellleHus x* HuKe npeamnosaraercs. IlorpedyeM, 4ToObl yHKIIMOHAT J OBLI
JIBaXKabl HermpepbiBHO auddepeHupyeM 1mo Opeliie 1 ero Bropas IIpou3BoaHas @peliie yaoBiIeTBOpsijia
ycaoBuio Jinmumiia

177 = IOy S Alx =], xye H, )

¢ HEKOTOPOIi KoHcTaHTol A > 0. Iox |- | 3meck u nanee nonnmaercst Hopma npocTpancTsa H . OTmMe-
TUM, 4TO U3 (2) c IpuMeHeHueM dhopMyibl Teitnopa st oToOpakeH!it B HOPMUPOBAHHBIX ITPOCTPaH-
ctBax [1, c. 658] ciaemyioT olleHKI

*, heH, (3)

7Gx + iy — () = T ey < %A||h|

J(x + h) = J(x) = (J'(x), ) — %(J"(x)h, h)‘ < éA||h||3 . heH, )

KOTOPbIC MOHAA00SITCI HaM HIUXKe.

3anaya ontuMmusanuu (1) B ob1IeM ciiyyae sBJIsieTCsl HEKOPPEKTHOM [2]. DTo 03HavaeT, 4YTo OHa He
MOXXET OBITh pellicHa KJIaCCUIECKUMU METOTaMI MUTHUMU3ALINHT: JaXKe eCJIM C UX TIOMOIIIBIO TToTydeHa

MWHUMU3UPYIOLIAsA NOCIeN0BaTeNbHOCTD {X,} — H , Takag 4yto lim J(x,) = J(x*), 3Ta mocnenoBareib-
n—oeo

HOCTb He 00513aTeJIbHO CXOAUTCSI K ICKOMOMY pellleHuIo x* B HopMe H . st penieHust HEKOPPEKTHBIX
BKCTpPEMaIbHBIX 337124 UCITOJb3YIOTCS METOMIBI PETYISIPU3allu, TaKhe KaK MeTon TUXOHOBa U METOIbI

DPa6ora Bbimonuena nipu buHaHcoBoii mopnepxkke PH® (npoekT 22-71-10070).

548



VYIYHIIEHHAA OOEHKA TOYHOCTHU METOIOA TUXOHOBA 549

UTEepaTUBHON peryisipu3anuu [2, 1. 2]. B ciyyae TouHo 3aganHOro ¢pyHkumoHana J Meron TuxoHoBa
3aKJII0YaeTCsl B MUHUMU3ALIMU PETYISIPU30BaHHOTO (PyHKIIMOHAJIA

T,:H —>R,  Tyx)=J) +ofx—¢f

¢ mapametrpoM o > 0. Eciim dpynkumonan J SBaseTcs ciadb0 MOJyHEIIPEPhIBHBIM CHU3Y, CYILIECTBYET
TOYKAa II0OAJIbHOro MUHUMYMA X, € H dyHkuuoHana 7;, [2, Teopema 1.3.2] 1 ee MOXHO OPUHSTh B Ka-
yecTBe MPUOJIMKeHUST K MCKOMOI Touke x*. Ciabasi MOJyHEeNpPEepbIBHOCTh CHM3Y (byHKIIMOHana J
03HAyaeT, YTo s J000il MocaenoBaTeabHOCTH {X,} C H, ci1abo cxomsiieiics K HEKOTOPOU TOYKE

X, € H, cipaBemuso lim J(x,) = J(x,). B obmeM cnyyae, ecnu cnabasi HOJTyHEOPEPBIBHOCT CHU3Y
n—yo0

¢dyHKIIMOHaa J He rapaHTUPYETCs, UCIIOJIb3YeTCs Cleayolas MOAU(UKaIIMs ONTMCAHHOM BbIIIIE TTPO-
nenypsl. Hapsioy ¢ mapameTpom o0 > 0, 3amaioT 3HadeHUe € > () ¥ B Ka4eCTBE MPUOIIVKSHUS K PEIICHIIO
x* BBIOMPAIOT TOYKY X, . TAKYIO, YTO

inf 7,(x) < Ty(xy,e) < inf T,(x) + & 5)

OlLieHKM TOYHOCTU MeToja TuxoHoBa U APYIrux ME€Tod0B PEryjadpu3aliu yCTaHaBJIMBAaIOTCsA OOBIYHO
IIp1 HEKOTOPBIX JOITOJJHUTEIBbHBIX YCJIOBHUAX HA UCKOMOE€ PCIICHUEC x*. Mp1 6y,Z[CM InmpearmnoJsararb, 4YTo
BBIIMTOJIHEHO YCJIOBUE NCTOKOMMPEACTABUMOCTHU

dwe H : x*—&=J"(x*w (6)

C HEKOTODPBIM anpuopy 3amaHHbiM aseMeHToM & € H . [lpu HOMOJIHUTETBHOM YCIOBUU BBITYKIOCTH
¢dyHkiMoHaa J u3BecTHa OlleHKa TOUHOCTU ||xa - x*” = O(a) (cM. [3, Teopema 3.9]). B [4] Takas ke 110

MTOPSIIKY 0L OLIEHKA YCTaHOBJICHA JIJIST HEBBITYKJIBIX (DYHKIIMOHAJIOB J , YIOBJIETBOPSIOIINX CTPYKTYPHO-
MY YCJIOBUIO

("G + by — T R = (xR (h, w). (7)

DTO paBEHCTBO AOIKHO BBIITOJIHSITHCS [IJIsI JTIOOBIX 3JIEMEHTOB A, w € H , 00J1amalonnx 10CTaTOYHO Ma-
JIOIf HOpMOIi, ¢ oToOpaxeHueM k: H X H — H , Ha KOTOpOe HaJIOXXKE€HbI HEKOTOPBIE TOIIOJTHUTEILHBIE
TpedboBanus. B [5] mpu anam3e cxembl JIaBpeHTheBa B IPMMEHEHUH K OTIEpaTOPHBIM YpaBHEHUSIM BUIA
F(x) = 0 ¢ MOHOTOHHBIM OIlEpaTOPOM F MPUMEHSIOCH CTPYKTYPHOE YCJIOBUE, KOTOPOE MOXKHO MOy~
yuThb U3 (7), eciu MojoxXuth F = J'. PakTuuecku, pacCMOTpeHHasl B [5] 3agava siBasieTcs 3agaveit (1)
C BBITYKJIBIM (DYHKIIMOHAIOM J , ynoBiaeTBopsomuM (7). OcodeHHOCThIO padoT [4], [S] saBasieTcs moity-
YyeHHe OLIEHOK TOYHOCTH M3Yy4aeMOTI'0 METO/Ia B 3aBUCMMOCTH OT IToKa3aTes IJ1aJKOCTU MCKOMOTIO pe-
meHus1. be3 ucnonb30BaHUS CTPYKTYPHbBIX YCI0BUM, mogo0HbIX (7), w1t MeToaa TuxoHOBa B IpUMEHE-
HUM K HEKOPPEKTHBIM 3a7adyaM ONTUMM3AalUM ¢ DIAAKMMU HEBBIMYKIBIMU GyHKIMOHaTaMu J B [6]

1/2 N
YCTAHOBJIEHA OlIeHKa ||xa —x*|| = 0(0" ). B HacTosIeil cTaThe BIEpBble YCTAHABJIMBAETCS OIIEHKA
||xa - x*” = O(01) 1151 MPOU3BOJIBHBIX IMIAJKUX HEBBIMYKIbIX (DYHKIIMOHAJIOB J .

M3yuaercst Takke caydaii, Koraa BMECTO TOUHOTO (pyHKIMOHAa J B MeToJie TUXOHOBA UCTIOIb3YeT-
¢ ero npuoaxeHue Jz. B mogoOHbIX McCIeA0BAHUSIX OOBIYHO MPEAIIOIAraeTCsl, YTO (PYHKLUMOHAIIBI Jg
u J CBSI3aHBI COOTHOIIIEHUEM

3(x) = J ()| < 5(1 + %"x - §||2), xe H, )

C U3BECTHBIM YPOBHEM ITOIPELIHOCTH O (CM., HanpuMep, [6], [7]), a mapaMeTphl O, ¥ € BEIOMPAIOTCS T10
OIIpele/IEHHBIM ITpaBUIaM B 3aBUCUMOCTH OT 0. B HacrosIeil crarbe MCCIeqyeTCs OPYyroil KpUTepuit
0IM30CTU TPUOIIKEHHOTO (DYHKIIMOHAJIA K TOYHOMY, KOTOPBIN TAKXKe UCITOIB30BaJIcs B [4] Hapsmy ¢ (8):

[J5(x) — J'(x)] < 8(1+||x—§), xe H. )

TakuMm oOpasom, mpenrnonaraercs, 4yto ¢dyHKUMOHAN Js Bcoay auddepeHuupyem no @Ppeme. [pu
MOAXOASIIEM BeIGOpE O = 0(d), € = €(d) MBI OJYYMM OLIEHKY TOYHOCTH MeToaa THXOHOBA ¢ MpUO/IM-
KEHHBIM (DYHKIIMOHAJIOM, YIOBJIECTBOPSIONINM YCI0BUIO (9).

OLEeHKH TOYHOCTU MeToJa TUXOHOBA U BLIYMCIUTEIBHBIX aAITOPUTMOB HA €r0 OCHOBE B IIpUMEHE-
HHU K 3a7a9aM B 0aHAXOBBIX MPOCTPAHCTBAX IIPUBEACHEBI, HarIpuMep, B [§—10]. B atux nccnemoBanmsx
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dyHkiMoHan J uMMmeeT cneluaibHbil BuA J(x) = ||F(x)||’, r > 1, ¢ HaJlOXEHUEM TOIOJHUTEIbHBIX
CTPYKTYPHBIX YCJIOBUI Ha HEJIMHEHHOCTb oniepaTopa F .

2. BCTIOMOTATEJIbHBIE ITOCTPOEHHMA

Ilycths dyHKIMOHAN J Ha TMJILOEPTOBOM MpPOCTpaHCTBE H MMeEeT TOUKY INT0OaTbHOro MUHMMYMa
Xx*, IpUYeM BBIITOJIHEHBI YCJIOBUE NIAAKOCTH (2) M yCIoBUe UCTOKOIpeAacTaBuMocTH (6). ITycTs BMecTo

J U3BecTeH NPUOIVKEHHBINA QYHKIIMOHAN J5 U 1U1s1 HETO CIIpaBelyIuBo cooTHoleHue (9). Paccmorpum
dyHKIIMOHAT

T, 5(x) = J5(x) +oufx = f .

Meron TuxoHoBa B IpUMEHEHUHM K 3a1ade (1) 3akiiroyaeTcss B HAXOXKIEHUM TOYKU X = X, .5 € H, Ta-
KOI 4TO

inf 7,,5(x) < Tys(%) < inf 7,500 + ¢ (10)

¢ mapameTpamu o,€ > (), BBIOpaHHBIMU ITOIXOASIINM 00pa3oM B 3aBUCUMOCTH OT . Takasi Touka X Bce-
raa cyuectByeT. KOHKpeTHBI cItoco6 BeIOOpa mapaMeTpoB o, = 0(0), € = €(d) OyIeT yTOUHEH ITO3XKE.

M3 (10) cnemgyeTt, 4To AJIsl IPOMU3BOJBHOTO 3JIeMeHTa 7 € H crpaBeIJIMBO HEPaBEHCTBO

Js®) + af g < I+ ol - & +e,

a 3Ha4ywuT, B cuiy (9),

J(®) + 0t " < J(2) + (J5(2) — Js(®) — (J() (D) + g — g + e =

1
=J(2)+ J(Jg(fc +Hz - %)~ JF+Hz— X)),z - Ddt +afg-Ef +e<
0

< 7@ +8(1+ max | + e~ )~ §l) o - 5 + ofe & +e = (1)

=J()+ 8(1 + g&ﬁn(l ~NE-E+ 1z~ §)||)||z ~ & +of-¢ +e<
<T@+ 31 +[T -+ e~ EPle — F[ + afe ~f +e.

B xone maapHeMIMX paccyXIeHWA MbI OyIeM ITOACTaBIsAITH BMECTO 7 B HepaBeHCTBO (11) u ero cien-
CTBMSI pa3Hble 2JIEMEHTHI MpOCTpaHcTBa H .

Cnenysi [6], wnst oueHKn BeuunHbl ||X — & sanmmem HepaBeHcTBo (11) ¢ 7 = x*:

JE) + o7 =& < T+ 8(1+ % — & + |x* — & — x| + ofx* & +e.

C yuetoMm HepaBeHcTBa J(x*) < J(X) oTciona ciieayer, uTo
=g <l g + 20 g+ e el g+ e g + 2
e-g((1-2Jle -8 - 2+ 2 ~E) < & + 21+ o g -8+ .
o o o o

HOTp€6y€M, YTOOBI BHITOJHSIJIMCH COOTHOILIICHUS

(12)

%il)ig od) = %igg% =0, ¢€0)= O(Oc4(5)) © — 0). (13)
Iyctsb 8, € (0,1] TakoBO, YTO
Ve (0,5,], a@ <1, o<l (14)
oo) 2

Hanee npeanonaraercs, yto O € (0,8,], Tak 4To HepaBeHCTBa (14) BBHIITOTHEHBI.
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3aMeTuM, 4TO B CJIydae, €CJIU BBHITTIOJTHEHO HEPaBEHCTBO
¥ -8l 22 +4]x-g,
st 1eBoit yactu (12) B cuty (14) cnpaBenyimBa oLieHKA

e -al((1-ZJte - - B afae ) > s

2
5

TaK 4TO B 3TOM CJiy4yac

Lig _gp «_gf 49 * _ * _ £
oot <o g+ S e e - g+ £
BnoBb ucnosnbays (13), moayyaem oLeHKY

-8 <C. e (0.5

551

(15)

(16)

IMosicHUM CMBICIT CACIAHHOTO BBIBOIA. 3IECh U Jajiee Mbl canTaeM (PUKCHPOBAaHHBIMU (OYHKIIMOHAI J,
KOHCTAHTY A , 3JIEMEHTBI § U w, 3aBUCUMOCTHU O, = 0U0) 1 € = €(3) (TOUHBII BUI 3TUX 3aBUCUMOCTEN OY-
net ykasaH nosxe). Yepes C), C,, ... MBI OyZeM 0603Ha4YaTh KOHCTAHTHI, HE 3aBUCSIINE OT O U J5 — B
YaCTHOCTH, OTO 3HAYUT, YTO OHU HE 3aBUCST TaKXKe OT Ol M €, XOTSI MOTYT pas3nyaTbCs ISl pa3HbIX
(byHKIIMOHAIOB J WK TIPU pa3HOM BbIOOpe Touku &. MbI oKa3aiu oieHKy (16) B mpeanosoxkeHun
(15), ogHaKo Jerko BUIETh, UTO OHA CIIpaBemluBa U 0€3 2TOro MpearnoyioKeHus, MTOCKOAbKY MpaBast
yacTh (15) sIBAsIETCS KOHCTAHTOM B yKa3aHHOM BhIllle cMbicie. OueHka (16) o3HavaeT, 4To npu JI000M
BbIOOpe O € (0,0,] n dyHKIMOHaNa J;, YIOBIETBOPSIONIETO HEpaBEeHCTBY (9), COOTBETCTBYIOIIAs

TOuKa X, onpeneiseMast coorHomeHussMu (10), He MOXeT IMOKUIaTh HEKOTOPOTo Kpyra.
B cuny (11) u (16), m1st IpOM3BOILHOTO 3JIEMeHTa 7 € H crpaBenIvBoO

J) +afg - & <J@) +afz—Ef +8(C, +|z - &Pl - & +&
[f-8f & s U@ s+ 2t -l -+ £
o o (04
I/ICHOJ'Ib3y5I JICTKO IMMPOBEPACMOC paBCHCTBO
-8~k -gf =[x - -26* &z -0~ Jg - x’
U YCJIOBUE UCTOKOMNPEACTABUMOCTH (6), ITOJTydaeM OTCIOAa

| - x4 < L@ - J@) + 20 & 2 — B + e - XA + S, +le-Ele—|+E& =
o (04 o

l(J(z) = J(%) + 2(J"(xF)w, 2 — X*) + 2(J "(xF)w, x* — %) + |« — x*||2 +
o
+2C +[e-gle -7+ £.
o o
3aMeTuM Terepsb, uTo B cuity (3) cripaBeIIMBO MpeacTaBIIeHUE
J(X) =T () +J"(xNE-x)+ S8, || < %A”fc - x*||2 )
3neck J'(x*) = 0, , mo3TOMY
(J"(xw, x* = %) = (W, J"(x*)(x* — X)) = W, S| — J'(X)).

IToncraBuM 1oydyeHHOE paBeHCTBO B (18):
|- < L@ - 7) + 207 Hw = 3+ 200,5) - 20,0 () +
o
o= x4 +2C + o~ Elle - 5] + £
(04 o

HoxaxeM, uto asemMeHT J'(X) B (20) nomyckaeTt cienyroliee rnpencTaBjieHUeE.

A7)

(18)

(19)

(20)

Jlemma 1. Ilycmo évinonnenst coomrnouenus (2), (9), (10), (13). Toeda cnpasedauso npedcmasierue

J'(X) = 20(F -8+, [S]<C(We+d).
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Jloka3aTenbcTBO. 3anumiieM HepaBeHCTBO (17) B Buae
T,(X) < T, () +C, +|z - gz — x| + & (22)

HanomHuM, 4TO 31€CH
2
T,:H >R, T, ()=Jx+alx-§ .
3ametum, uro T, (x) = J"(x) + 20.F, rne E — envHU4HBII onepaTtop B H , TO3TOMY BTOpasi IPOU3BO.I-
Has 7 ynosieTBopsieT yciaoBuio Jlumnuna (2) ¢ Toi xxe KOHCTaHToil A, uto u J"', U, 3HAYUT, CIIpaBe/I-
JuBa olieHka (4) ¢ 3ameHoii J Ha T,. [Tonoxum z = X — 6 Ty(X), 6 > 0, B (22) 1 ¢ y4eTOM 3TOi1 OLIEHKHU
MoJiyyaeM

To,(X) £ To(X) = (To(%), 0 T(X)) + %Z(T&'(f)T&(i),T&(i)) +

+ émﬁ ITUEDF +86(C, + % — 5Ty(%) — ENI T +&;
2
ol LR < %||T(;'<fc>||||T(;<X>||2 + éA&nTo:oz)u} +80(C, + o Ty (XD T ()] + &

2
ol Ty ®NTy(X)] - C,8) < %" T @ TN + éAcﬂl T, + 86’ | Ty +e.
B cuny (2), (3), (14) u (16), 30ech

1T, = I7'(X) + 204% = &) < [J'EI + " ©)ll|% - &| + %Alli —§f +20fz - ¢ < Cs,

175 @y = ") + 20E] 1y < " Ellerry + AllE = Ef[ + 200 < C.

O3TOMY
ol LN To (] - C,d) < G| Ty®)IF6’(1+0) + & (23)
Ec/ut BBITIOTHEHO HEPABEHCTBO
175l = 2C,3, (24)
10 Cy0 < || Ty (X)|/2 v 13 (23) cnenyer
6 < 2C,6%(1+G) + Lz
175l

Bribepem teneps napameTp 6 > 0 Tak, 4TOOBI
1
C,o(l+0)<-.
4
CrienaabHO OTMETHM, UTO BEIOpaHHOE 3HaUeHWE G He 3aBUCHT OT O wiu J;. [Tomyuaem

1P < %,
(¢)

IT@®l < 2@
(¢}

DTa olleHKa IToJydeHa HaMU B mpeamnoioxeHuu (24). [TostroMmy 0e3 maHHOTO MPEAIIOIOXEHUS OyIeT
crpaBelIMBa TaKasi OlleHKa:

1Tl < 2\/(5; +203,

NN, 4YTO TO K€ CaMOC€,
(%) + 200% — E)| < 2\% +2C,8.
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Ortcrona cpasy cienyet npencrasienue (21). Jlemma mokaszaHa.

IMonctaBum Tenepb nonaydeHHoe npeacrasiaeHue (21) B (20). Torna c ucronb3oBanueM (19) u (6) mmo-
JIyqaem

£ =21 < 202 = J®) + 207wz =6+ 2008 + dalw. £ =8 = 200.5) + |~ +
2, 4o le -3+ £ < Lu@ - s+ 207w = 2+ Al - +
+ dou(w, & — x*) + 40w, J"(x*w) + ||z — x| + 25w (Ve + 8) + g(c2 +lz - &Pz - F + i

crnpaBeIMBOM 115 J1oooro z € H . [Torpedyem Terephb, YTOOBI BHIMOIHSIIOCH JOIOJTHUTEILHOE YCIIOBUE
Alw| < 1. (25)
Torna

|z - x4 < G (é (J(2) = J(%) + 2(J"(xH)w, 2 — x*) + 4w, X — x*) +
+ dou(w, J"(x*)w) + [z = x| + 2C5w]| (Ve + ) + g(c2 +z =&z - & + i)
IMonoxum 3mech z = x* — 200w u ¢ yuetom (13), (16) monyuum
I - x4 < %(J(x* —20w) — J (X)) + C, (oc2 +8+ (a + g) I% - x*”). (26)

OueHuM BeauuuHy J(x* — 200w) — J(¥) B (26). CripaBeminBa
Jlemma 2. [Tycmo ebinoanenst coomuouenus (2), (6), (9), (10), (13). Toeda cnpasednrusa oyenxa

J(x* = 20m) — J(X) < Cyo(0” + &+ af|f — x*)). 27)
Joka3arenbcTBo. C HCIIOJB30BaHUEM COOTHOILIIEHUS (4) Moyyaem
J(x* = 20w) — J(X) = (J(x* = 20w) — J(x*)) + (J(x*) — J(X)) <

< (J'(x*),—20m) + %(J"(x*) (—200w), —200w) + éA(2oc||w||)3 + (J(x*) = J (%)) < (28)
<200 (" (xFyw, w) + (J(x*) — J (X)) + Cp 00

Ciienyrolye paccyXIeHus CrIpaBeIUBhI 15 JIIOOOTO CAMOCOIPSIKEHHOTO JTMHEINHOIO HEMPEPLIBHOTO
orneparopa B B npoctpancTtse H . KOHKpeTHBIN BHIOOP onepaTopa B OyIET OCYILIECTBIIEH MTO3XE U HE
Oyzer 3aBuceTh oT O. MMeeM

J(x*) = J(%) S J(X - BJ'(%)) - J(X) < —~(J (%), BJ'(%)) + %(J"()?)BJ'()Z),BJ'()E)) +
+ é/\||19||3 V@[ < ~'G), BIG)) + %(J"(x*)BJ'()Z), BJ'(X)) +
|- R | .

2 Al -8 ol + LA Lgf |

B cuny (13), (16) u (21),

J '(x)” < C},0., TTO3TOMY TTOJTy4aeM

J(x*) = J(X) < ~(J (%), BJ (X)) + %(J"(x*)BJ'(i),BJ'(Sc)) +Cpo’ (o + % — x*) =

- (J'(Sc),(—B + %BJ"(x*)B)J '(fc)) + 30’ (0 + |7 = x¥).

BHoBb ncrnons3yem rnpeacrtasieHue (21):
J(x*) - J(x) < (—20(()2 -8+ Sz,(—B + %BJ"(x*)B) (20(x-&) + Sz)) +

1

+ Cpo (o + |5 — x¥) = (—20c(x* - E_,),(—B 2 BJ"(x*)B) (—20(x* - g))) +

XKYPHAJT BBIYMCIIUTEIbHON MATEMATUKU U MATEMATUYECKOW ®U3UKU  Tom 63 Ne 4 2023



554 KOKYPUH
+ 2(—2a(x*— g),(—B + %BJ"(x*)B) (=20(% — x*) + Sz)) +
+ ((—2a(fc —x*)+35)), (—B + %BJ"(x*)B) (—200(% — x*) + Sz)) +
+ 0 (o |5 — x¥)) < 4o (x* —~ &,(—B + %BJ”(x*)B) (x* — &)) +
+ Cra(ouo[ — x4 + & + V) + (7 — x*| + 8 + V&)’ + o’ (o + [ — x*)) <
< 40 (x* - g,(—B + %BJ"(x*)B) (x* — &)) +Cps(e’ + o |7 — x¥| + 0d).

B nocnenHeM nepexone MBI UCIOIb30BaIu cooTHolneHus (13) u HepaBeHcTBO (16). KoMOMHUpYS MO-
JIy4EeHHYIO OLIEHKY C (28), Tmoaydyaem

J(x* = 20w) — J (%) < 20°(J "(x*)w, w) + 40 (x* =3 (—B + % BJ"(x*)B) (x* — g)) +

(29)
+ Cg0r (0 + 8+ % — %) = 20°A + Creou (0 + 8 + ot} — x*),
e
A= (J"(x*)w,w) + 2(x* - g,(—B + % BJ"(x*)B) (x* — g)) = ()P, () Pw) +
+2 (J"(x*)w,(—B +1 BJ"(x*)B)J"(x*)w) = (J"(x*w,(E = 2J"(x*)"* BJ"(x*)""* +
2 (30)

+ J(x®) BT (x*)BI " (x) )T (x%) P w) = (J"(x*)‘/ w,(E = J"(x*)"BJ"(x*) 2)2 J(x)Y 2w) =

=[(& = 77y 2B ) e ]| = [ = e 2B - B

Ecnu x* = &, To ycnoBue (6), a 3HAYUT, ¥ BCe NaIbHEIIIMe BBIBOIBI U3 HETO, CIIPaBEeATIUBBIC w = 0,
moatomy A = 0 B (30). [Ipennonoxum, uto x* # . OTMETHM, YTO BCE MOCIENHUE PACCYXKICHUS CIIpa-
BEIJTUBBI TSI JTIOOOTO caMoconpsikeHHoro onepatopa B € L(H). IlonbepeM ero tenepb Tak, 4TOOBI
B(x* — &) = w, uto omsaTh xe BiedeT A = 0 B (30). Ecin (x* — E,w) # 0, To momxoaut orepaTtop B, 3a-

JIaHHBIA popMyoil Bx = % w, aeciu (x* — &, w) = 0 — To 3anaHHbIii hopMyJIOii
x*=gw
(X, X* - E_: - W)
= —ﬁ(x* -E-w).
e - ¢

Tenepb us (29) cnenyer ouieHka (27). JleMma nokaszaHa.

3. OHEHKA TOYHOCTHU METOJA TUXOHOBA

IlepeitnemM Ternephb K MOIYYESHUIO MICKOMOI OIIEHKN TOYHOCTU MeToma TuxoHoBa. I[lomcraBum (27)
B (26):

- < € (02 + 8+ [+ 2 - 7). (1)
o
3amMeTuM, 4TO IJIs1 1100010 € > () cIipaBeaInBO HEPAaBEHCTBO

2
+9]

(oc
(oc +§)||;z L A
o 2

2~ 2
5 +€ ||x—x*|| .
€
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Komounupys ero ¢ (31) 1 BeIOUpast € Tak, YTOOBI %C”e2 <1, IpUXOINM K OIIeHKE

- 2 2 5’
I x4 SCm@x+8+—J. (32)
o
Haxkonen, BeioepeMm
ad) = K872, &) = K,& (33)

¢ Npou3BoJbHbIMU K|, K, > 0. OTMETUM, YTO 3TU 3aBUCMMOCTH YOOBJIETBOPSIOT COOTHOILIEHUSIM (13).
ITpuxonum K OKOHYATEIbHOI OLIEHKE

[ - x| < C,u82. (34)

Mg cpaBHeHUd, B [6], [7] ycTaHOBIIeHA OLIEHKA ||)? - x*” = 0(51/ 4) B CJIy4Yae, €CJIU CBSI3b MEXIY TOU-
HBIM ¥ TIPUOIKeHHBIM (DYHKIIMOHAJIAMU oTipenensaeTcs cooTHomenueM (8). I1pm aToM paccMmarpu-
BaJICs KaK allpUOPHBIIA, TaK U alTOCTEPUOPHBII CITOCO0 BRIOOpA ITapaMeTpa O B 3aBUCMMOCTHU OT YPOBHS
IOrPELIHOCTH .

MpbI moKa3anu CaeayolIyo TeopeMy.

Teopema 1. [lycmo émecmo mounoco @ynxyuonasra J uzeecmuo eco npubausiceHue Jg, 6biNOAHEHbL
yenosus (2), (6), (9), (25) u napamempor o, € 6 (10) eviouparomes no npasuny (33). Toeda das mounocmu
npubauxcenus X, docmaeasemozo memodom Tuxonosa (10) 6 npumenenuu k 3adaue (1), cnpagedausa
ouernka (34).

PaccMoTpuM Tenepsb ciyyaii, Koraa u3BeCTeH TOUHbIN (hyHKIIMOHaI J u MeToa TuXoHOBa UMEET BUIL
(5). HetpynHo BuneTh, uto Toraa BeimoiHeHo ycnosue (9) ¢ Jg = J, & = 0. I[Ipu orcyTcTBUM TTOTpet-
HOCTH B MUHUMU3UPYEeMOM (hyHKIIMOHAJIe MapaMeTp € B MeToAe TUXoHOBa clieayeT BbIOMpaTh B 3aBU-

4
CHUMOCTHU OT 3HaueHus1 o.. B coorBercTtBuu c ycnosueM (13) nmpumem g(0) = K500 ¢ IPOU3BOJIBHBIM

K5 > 0. Ilpu a3TOM BCe MPOBEAEHHBIE 31€Ch PACCYKAEHUS BILIOTh 10 (32) OCTaloTCsl CIpaBeIJIMBbIMU, a
caMma olieHKa (32) mpuHUMaeT BUI

||xa,s - x*” < Cyo. (35)

Ecnu xxe dpyHkumonan J cirabo molyHenpepbiBeH CHU3Y, MOXHO TTOJOXUTh € = 0 B (5) M MONIYIUTH
OIIEHKY

e, = x| < Cyt (36)

4 x,, = argmin 7, (x). Tem cambiM, JoKa3aHa

Xe

Teopema 2. [Tycmbw ebinoanenwt ycaosus (2), (6), (25). Toeda npu evibope napamempa € ¢ memode Tuxo-

4
Hoea (5) ¢ mouno 3a0annbim @ynkyuonasom J no npasuay () = K;a', K5 > 0 cnpasedausa oyenka (35).
Ecau, kpome moeo, gynkyuonan J carabononsyrnenpepwviger cHu3y, mo 04a mMOuKU X,, 00cmagasaouell eno-
OanvHblil munumym @ynxyuonany Tuxonosa T, , cnpasedausa oyernka (36).

IMomuepkHeM, 4YTO TeopeMa 2 OTHOCUTCS K CIydalo TOYHO 3aaHHOTO (OyHKIMOHAaIa J W He CBsI3aHa
C BBEICHHBIM B HaCTOsIIIeH cTaThe MpeanoioxkeHueM (9). YcTraHOBIEHHbBIE B 3TOM TeopeMe OLIEHKU pa-
Hee ObLIM M3BECTHBI TOJBKO IIPY YCIOBUY BBITYKJIOCTU (PYHKIIMOHAJA J WM IPU HAJIOXKEHUMN CTPYK-

TYPHOTO YCJIOBUSI HA €r0 HeJIMHEHHOCTDh. TeopemMa 2 yCUIMBaEeT OLIEHKY ||xu — x*" = O((xl/z), TOJIy4€EH -
HyIO B [6] 6e3 MCIoab30BaHUs MOTOOHBIX yeaoBuii. KpoMe Toro, TeopeMsl 1 1 2 yCHJIMBAIOT pe3ysibTa-
Thl, MOJIyYEeHHbIE B [4], B cIydyae, Korna rnmokasarejib MICTOKOTIPEACTaBUMOCTHU paBeH p = 1. A UMEHHO, B
[4] momy4eHbI Te Xe camble olleHKH (34) u (36), YTO M B HACTOSIIIIEH cTaThe, OMHAKO MbI TIPU JOKa3a-
TEJILCTBE TeOopeMbl | HaKJIaablBaeM Ha IOTPELIHOCTh (pyHKIIMOHAaNa J TonbKo yciaoBue (9), a B [4] uc-
MOJB3YIOTCS cpa3y oba yciaoBus (8), (9) u emie CTpyKTypHOE yCJIOBUE Ha HEMUHEMHOCTh. OTMETUM TaK-
Xe, 4To B [4] moKa3zaHa HEBO3MOXHOCTh CYIIECTBEHHOTIO YIYYIIEHUSI 00CYKIaeMbBIX OLIEHOK TOYHOCTH
MeTona TuxoHoBa.
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