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HepocTaTok rpagmeHTHOro cnycka

OueBnaHbiM 0Opa30M rpafiMeHTHbIR CNyck obnafaeT cneayrowmnm CBONCTBOM:

Xk € X()+Span{Vf(X0),...,Vf(Xk_]_)} (1)
TAK Kak
k—1
Xk = Xk—1 — Oéka(Xk) = ...= X0 — Za;Vf(x,-)
i=0
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HepocTaTok rpagmeHTHOro cnycka

OueBnaHbiM 0Opa30M rpafiMeHTHbIR CNyck obnafaeT cneayrowmnm CBONCTBOM:

Xk € XO+Span{Vf(X0)7'",vf(xk—l)} (1)
TaK Kak
k—1
Xk = Xk—1 — Oéka(Xk) = ...= X0 — Za;Vf(x,-)
i=0
Ecnn VF nunwwnues ¢ koHcTanTol M, TO rpagneHTHBIA CNYyCK JOCTUTaeT OLEHKM
N 1
f(xx)—f(x*)=0 (k)
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Ecnun npun aToM f cunbHO BbINyKAa C KOHCTaHTOl f, TO
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HepocTaTok rpagmeHTHOro cnycka

OueBnaHbiM 0Opa30M rpafiMeHTHbIR CNyck obnafaeT cneayrowmnm CBONCTBOM:

Xk € XO+Span{Vf(X0)7'",vf(xk—l)} (1)
TAK Kak
k—1
Xk = Xk—1 — aka(xk) = ...= X0 — Za;Vf(x,-)
i=0

Ecnn VF nunwwnues ¢ koHcTanTol M, TO rpagneHTHBIA CNYyCK JOCTUTaeT OLEHKM
. 1
f(xx)—f(x*)=0 T

Ecnun npun aToM f cunbHO BbINyKAa C KOHCTaHTOl f, TO

Fxi) — F(x*) = O ((Z;Z)k)

OkasblBaeTcsi, 4TO B 0DOMX CAyYasix rpafjMeHTHbIN CYyCK He sSBAsieTCs
ONTMMAaJIbHBIM aNrOpUTMOM Cpean yaosneTsopsitowmx (1).
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HuxxHne oueHKU ONna rpafleHTHbIX METOLO0B

Vk 3n, xo, f : R" — R, takue, uto V?f < MI, n1060ii MeTos, yHR0BAETBOPSIOLLMI
(1), npumenrenHbiii K f UMEET HUXKHIOD OLEHKY

BM]Ix — x|

f —f(x*) > ———

(9 = ) > BB

rge 5 > 0 — HeKOTOpasi KOHCTAaHTa, He 3asucsuas ot k,n, M, f xg.
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HuxxHne oueHKU ONna rpafleHTHbIX METOLO0B

Vk 3n, xo, f : R" — R, takue, uto V?f < MI, n1060ii MeTos, yHR0BAETBOPSIOLLMI
(1), npumenrenHbiii K f UMEET HUXKHIOD OLEHKY

BM]Ix — x|

f(Xk)_f(X*) > (k—|—1)2 )

rae B > 0 — HekoTopasi KOHCTaHTa, He 3asucswas ot k,n, M, f, xg.

Teopema

Vk dn, xp, f : R" — R, Takue, 4yto ml < V2f < MI, moboii meTog,
ygosaetsopsitowuii (1), npumeHeHHbIi K  UMEET HUXHIOK OLEHKY

* m (VM —/m : ]2
fx) = F(x*) > > <M> [Ix0 — x*||7.
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3aMeqaHns No HKHUM OuUEHKaM

B cnyudae Bbinyknoli chyHkuyum HKHAS oueHka paeT f(xx) — f(x*) = O(1/k?), u3
4ero cnenyet, 4TO HeODXOAMMOE KON-BO MTepauuii rpafneHTHOro METoaa Ans
JIOCTVDKEHUSA €-anNPOKCMMALMNA €CTb

k(e) = O(1/Ve),

B TO BPEMS KaK rpajueHTHbIl cnyck rapantupyet tonbko k(e) = O(1/e).
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B cnyudae Bbinyknoli chyHkuyum HKHAS oueHka paeT f(xx) — f(x*) = O(1/k?), u3
4ero cnenyet, 4TO HeODXOAMMOE KON-BO MTepauuii rpafneHTHOro METoaa Ans
JIOCTVDKEHUSA €-anNPOKCMMALMNA €CTb

k(e) = O(1/Ve),

B TO BPEMS KaK rpajueHTHbIi cnyck rapantupyet tonsko k(e) = O(1/e). B
CNly4Yae CUABLHO BbINYKION DYHKLMN N3 HUXKHER OLEHKW ClefyeT, 4To Heobxoanmoe
KOA-BO UTepaunii rpagMeHTHOro MeToaa Ans LOCTUXKEHUS €-annpOKCUMALMN eCTb

k(o) > z (2)

Kak 1 HMXHSS OUEHKa, TaK 1 CaM rPAfWNEHTHbINA CMYCK rapaHTUpyrT, 4TO
k(e) = O(log 1). Ecnn xe cmoTpeTb Ha k kak byHKLMIO He TOABKO €, HO U m, M,
10 npu 6onbwmnx M/m umeem

log M ~ =2 vm ~—2\/m
VM + /m VM + /m VM
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3aMeqaHns No HKHUM OuUEHKaM

Takum o6pa30M, ANA HWKHUX OUEHOK Mbl NOJIyHaeM, 41O

*112
lo m||xo—x"|| 1 /M X2
k(€7m7M)> g 2¢ 27 2 1 mHXO X H
) IO (\/M_\/E) 4 v m 26
& VM+y/m
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Takum o6pa30M, ANA HWKHUX OUEHOK Mbl NOJIyHaeM, 41O

| "’7HXO*X*H2 1 M X2
Ke.m ) > 187 % S L(YM ) g o — X112

= VM—ym\ 4 m 2¢
ZIOg(\/MW) vm

Bropoe HepaBeHcTBO nonyueHo u3 log(l + x) < x. Tak kak log(1 + x) ~g X, TO
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3aMeqaHns No HKHUM OuUEHKaM

Takum o6pa30M, ANA HWKHUX OUEHOK Mbl NOJIyHaeM, 41O

ml|xo—x*|

log —2 =1L 1 M ¥ ]2
k(€7 m, M) > og 2¢ > <\/> _ 1) Iog M

= _ VM—ym) = 4\ /m 2¢
ZIOg(\/mﬁ) vm

Bropoe HepaBeHcTBO nonyueHo u3 log(l + x) < x. Tak kak log(1 + x) ~g X, TO
HEPABEHCTBO ABNAETCA aCMMNTOTUYECKN ONTUMAJIbHbIM MpPU m/M — O

Vicnonb3ys aHanoru4Hoe paccy>kfeHue, nosy4yaem, HTo Ajsi rpafUeHTHOro Cnycka

1 /M M||xo — x*||2
> = P L . S 1
k(e, m, M) < 1) log e

YTO Xy>K€ OTHOCUTENbHO napameTpos m, M
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OueHunBatoLe NOCNef0BaATENBHOCTY

Onpegenexne

o0 o0
IMocneposatensroctu {P(-) 172y u { e}y, Ak > 0 HazeiBaroTCs
OL|eHVBAIOLYMMY NOCNER0BATENBHOCTAMU pyHkyun f(-), ecan gas moboro x € R"
n Bcex k > 0 BbINONHAETCA HEPABEHCTBO

Pr(x) < (1= A)f(x) + Akgo(x).
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OueHunBatoLe NOCNef0BaATENBHOCTY

Onpegenexne

o0 o0
IMocneposatensroctu {P(-) 172y u { e}y, Ak > 0 HazeiBaroTCs
OL|eHVBAIOLYMMY NOCNER0BATENBHOCTAMU pyHkyun f(-), ecan gas moboro x € R"
n Bcex k > 0 BbINONHAETCA HEPABEHCTBO

Pr(x) < (1= A)f(x) + Akgo(x).

Ecin ¢k (), Ak — oueHmBarowne nocnepaoBaTensHOCTH pyHKumu f 1 ans
MOCNe0BaTENIbHOCTN X) BbINOJHAETCS

Fxk) < ¢ = min dx(x),
T0
f(x) < Xn;]llg Dk (x)
< Qﬂeiﬁ(l = A)f(x) + Akdo(x)
< (1= A)F(XT) + Akdo(x7),
u3 vero cneayet f(xx) — F(x*) < Ak(go(x*) — F(x*)).
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OueHunBatoLe NOCNef0BaATENBHOCTY

Jlemma

Myctb f — augbcbepeHympyemas pyHKUMS, CUAbHO BblyKaasi C KOHCTaHToi m, Vf
mnwnyes ¢ koHctantoii M, ¢o(-) — npoussonbras pyrkums, {yi}e>, —

n oo
npon3sonbHas nocaegosatensHocts 8 R", ay € (0,1), > °,7 jaye =00, Ao =1, 10
n0CneA0BaTENbHOCTY, 33AaHHBIE PEKYPEHTHO MO MPaBUIy

A1 = (1 — ar) Ak
B (x) = (1 = a)ou(x) + an (F) + VAR (x = yid + S lIx =l ) (3)

06pa3yroT oueHNBaIOLNE MOCTEA0BATESILHOCTH.
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A1 = (1 — ar) Ak
B (x) = (1 = a)ou(x) + an (F) + VAR (x = yid + S lIx =l ) (3)

06pa3yroT oueHNBaIOLNE MOCTEA0BATESILHOCTH.

Ooxk-so. OuesugHbiM 06pazom ¢g(x) = (1 — Ag[= 1])F(x) + Ao[= 1]do(X).
Bocnonb3yemcst niaykumeii: nycTb BbINOMHSETCS
Drk(x) < (1= X)F(x) + Aecpo(x), Torga
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Ooxk-so. OuesugHbiM 06pazom ¢g(x) = (1 — Ag[= 1])F(x) + Ao[= 1]do(X).
Bocnonb3yemcst niaykumeii: nycTb BbINOMHSETCS
Drk(x) < (1= X)F(x) + Aecpo(x), Torga
Pr+1(x) < (1 — ak)pr(x) + auf(x)
< (1= ) (T = A (x) + Ado(x)) + cnf (x)
= (1 = A1) f(X) + Mq1do(x). W
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OueHunBatoLe NOCNef0BaATENBHOCTY

Jlemma

Ecnu oyenmnpatowyme nocnefoBatensHOCTU reHepupytotcs no npasusy (3) u npn
atoM Po(x) = ¢ + L||x — xo|? T0 yHKyMM i (-) UmetoT Bug
k(x) = ¢ + L||x — vi||* u BeImOAHSIOTCA CoOTHOWIEHNS

Vi1 = (1 — ax) vk + axem

1
Virr = — (1 — a)vevk + axmyx — oV (yk))
Vk+1

2
* * «
Bivs = (1 )i + () — 5ot V()|
Yik+1
ar(l — m
b L0 (T (v~ 1)) (@
Vik+1 2
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OueHunBatoLe NOCNef0BaATENBHOCTY

Dok-Bo. Bo-nepebix, V2¢o(x) = Yo/, Bokaxkem no nHaykyum, 410
V2pi(x) = vil:

V2us1(x) = (1 — ) V2o (x) + axeml = (1 — ov)vic + cxem)l = yye1l

crefoBaTenbHo ¢k (x) AECTBATENBHO NpeAcTaBasieTcs B Buae ¢y + Lf|x — vi[.

Manekoeckuii H. B. OnTumManeHble MeTOoAb!

9 /21



OueHunBatoLe NOCNef0BaATENBHOCTY

Dok-Bo. Bo-nepebix, V2¢o(x) = Yo/, Bokaxkem no nHaykyum, 410
V2pi(x) = vil:

V2¢ir1(x) = (1 — ) Vi (x) + axml = ((1 — )i + axem)l = yey1!
crefoBaTenbHo ¢k (x) AECTBATENBHO NpeAcTaBasieTcs B Buae ¢y + Lf|x — vi[.

[Janee, vi — epuHcTBeHHas (B cuny vk > 0) Touka MuHUMYMa @k (x), a 3HaUMT
YOOBETBOPSIET YCIOBUSIM ONTUMANIbHOCTU NMEPBOTO NOPsIAKa:

0, = Vorii(v)
=V [0 = ) (5 + SelIx — vl P)
o (F) + V0= ) + 5 e = P
= (1 — au)y(x = vie) + eV (yic) + arem(x — yic),

4YTO [AET PEKYPPEHTHOE COOTHOLUEHWE AN V.
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OueHunBatoLe NOCNef0BaATENBHOCTY

B cuny cootHoweHnii gns gns v, Yk

1
Vierr — Yk = —[(1 — as )y (v — yw) — ax VF(yi)]-
Vk+1
MopcTaBuB yi, B i nonyvaem
* Vk+1 * Tk
Bieer + L e = vical P = (1 = ) (5 + Sl — wil2) -

Ocranoch NOACTAaBUTL YKAa3aHHOE BbILLIE COOTHOLUEHUE ANS Vi1 — Yk ANS
nonyyeHns cooTHoweHmsa Ha v, W
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Bbigog, obuueli cxembl

Takum 0bpa3om Ha AaHHbIE MOMEHT, UCNOJb3ys OLEHUBAKOLLME
NOCNeA0BaTENLHOCTH, CreHepupoBaHHbie no npasuny (3) ¢

_ 2
do(x) =0 + ||x — xo||* nmeem
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o Ceobopy BbIbOpa Yo, ik, Yk
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@ [lna nonyyeHus paboyein cxembl HY>XHO Hay4UTbCS fenaTh BbIOOP Tak, YTOObI
rapaHTupoBaTb

f(xx) < Pk
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o Benuumnbl v (k > 0), Ak, vk, ¢} OAHO3HAYHO OMpefeseHbl 3TUM BbIBOPOM

@ [lna nonyyeHus paboyein cxembl HY>XHO Hay4UTbCS fenaTh BbIOOP Tak, YTOObI
rapaHTupoBaTb

f(xx) < Pk

Mpeanonoxum, 410 y Hac ecTb Xk : f(xk) < ¢5. U3 (4) nonyyaem
p >
V(yx
S [V ()|

(e = vl P + V() (v = 7))

(67

Prgr = (1 — an)f(xu) + auf(yic) —

ak(l — ak)’yk
Yk+1

+
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Bbigog, obuueli cxembl

VYNpocTuM 3TO HEPaBeHCTBO BOCMONb30BaBWMCH |[yx — Vk|[2 > 0 u
F(x) = f(yvi) + V(i) (X = yie):

2
ay

«
G 2 ) = 5 VAR + (1= @) V() (ﬁf(vk SORE —yk)

Vk+1
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Bbigog, obuueli cxembl

VYNpocTuM 3TO HEPaBeHCTBO BOCMONb30BaBWMCH |[yx — Vk|[2 > 0 u
F(x) = f(yvi) + V(i) (X = yie):

2

(8] 0]
Gror > ) — -2k ||w(yk)||2+<1—ak)w<yk)( Lol
+1 Vi+1

(Vi = yi) + Xk — )/k)

(Vk — Vi) + X — Y
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Bbigog, obuueli cxembl

VYNpocTuM 3TO HEPaBeHCTBO BOCMONb30BaBWMCH |[yx — Vk|[2 > 0 u
F(x) = f(yvi) + V(i) (X = yie):

2
« QYK
rea = £~ 5 VIR + (1~ ) V() (vk—mm—yk)
+1 Vi+1
(Vk — Vi) + Xk — Yk
@ (v MOXHO BbIOpaTb Tak, YTOObLI BbIMOJHANOCH of _ L

27k41 2M
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Bbigog, obuueli cxembl

VYNpocTuM 3TO HEPaBeHCTBO BOCMONb30BaBWMCH |[yx — Vk|[2 > 0 u
F(x) = f(yvi) + V(i) (X = yie):

2

« QYK
G = F0) — 52 VAR + (1 — ) VF () ( (4= 3+ 5= )
+1 Tk+1
(Vk — Vi) + Xk — Yk
@ (v MOXHO BbIOpaTb Tak, YTOObLI BbIMOJHANOCH % = ﬁ
@ Hakoneu, ecnu npun 3TOM BbIOpaTh Xx = Vi — —Vf(yk)
f(xk1) < F(y) — 57 IVF(v)[1?, wTo Bever ¢, > f(Xk+1)
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Bbigog, obuueli cxembl

Mpwn Ma,% = Ykt1 = (1 — a)yk + aem, o 3apaeTcs KBaApaTHbIM ypaBHEHUEM

Mx? + (yx — m)x — v, = 0.
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Bbigog, obuueli cxembl

Mpwn Ma,% = Ykt1 = (1 — a)yk + aem, o 3apaeTcs KBaApaTHbIM ypaBHEHUEM

Mx? + (yx — m)x — v, = 0.

OtmeTtum, 4TO 3Ha4eHme neeoli 4yact B 0 n 1 ectb —vy, 1 M — m cooTBETCTBEHHO,
4TO rapaHTupyeT Hanm4qne KopHsi Ha unTepsane (0,1) npu v, > 0.
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Bbigog, obuueli cxembl

Mpwn Ma,% = Ykt1 = (1 — a)yk + aem, o 3apaeTcs KBaApaTHbIM ypaBHEHUEM

Mx? + (yx — m)x — v, = 0.

OtmeTtum, 4TO 3Ha4eHme neeoli 4yact B 0 n 1 ectb —vy, 1 M — m cooTBETCTBEHHO,
4TO rapaHTupyeT Hanm4qne KopHsi Ha unTepsane (0,1) npu v, > 0.

Onsi yi nonyyaem

a a
Vi ( kVk +1> _ kVk Vi + Xe.
Vk+1

Takum obpazom

QY Vi + Yh+1Xk QY Vi + Yh+1Xk

Yk + Vk+1 Yk + ma
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Obuwias cxema ONTUMabHBIX METOLOB

Nuunumnanusaums.
BobibpaTh HauanbHOe npubnuxeHmne xg, KOHCTAHTY Yo > 0, B3sTb
Vo = X0-
Nrepaunmsa k > 0.
1. Bbtuncants ay € (0,1) us ypasHenus
Mx? + (yx — m)x — % = 0,
B3aTb Vi1 = (1 — k) vk + axm.

2. B3arte
QkVk Vi + Vh+1Xk

Y= Yk + Mo

n Bbidncantb f(yk), VI (yk)-
3. BbibpaTh xk11 Tak, 4TODbI BBINOAHANOCH

ki) < 7o) — o IV

4. B3aTb

1
Vi1 = ——[(1 — @)y vi + caemyr — a VF(yi)]
Yk+1
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CKOpOCTb CXOAUMOCTY A/ist ODLLel CxeMbl

Teopema

Obwas cxema reHepupyeT nocaeg0BaTeIbHOCTb OLEHOK Xk, AJ1S1 KOTOPOIl
BbIMOJIHSIETCS

Fxe) = F(x") < M () = F(x7) + 2l x0 = x°I)

Hox-go. Mo noctpoernio npn ¢g = f(x) + L [|xo — x*||°.

Teopema

Ecnn B obwyeii cxeme g = L, TO g1 NOCAER0BATENILHOCTU Xy BbIMOJIHSAETCS

x . m\ " aM -
fxe) — f(x*) < Lmln{(l— \/%> ,m} lIx0 — x*||

Ook-Bo. [anee (nocne nemmbl).
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CKOpOCTb CXOAMMOCTU 0DLLel CXeMbI

Ecnn B obuyeri cxeme B35Tb g > m, TO
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CKOpOCTb CXOAMMOCTU 0DLLel CXeMbI

Ecnn B obuyeri cxeme B35Tb g > m, TO

[Ook-Bo. Tak kak 79 > m, TO NO MHAYKLUM

Vk+1 = (1 - ak)’Yk +am > (1 - ak)m + am=m.
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CKOpOCTb CXOAMMOCTU 0DLLel CXeMbI

Ecnn B obuyeri cxeme B35Tb g > m, TO

[Ook-Bo. Tak kak 79 > m, TO NO MHAYKLUM

Vk+1 = (1 - ak)’Yk +am > (1 - ak)m + am=m.

Yk+1 m
= > ).
YN M =\ m

CnepoBaTenbHo
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CKOpOCTb CXOAUMOCTY A/ist ODLLel CxeMbl

Danee, oboznaunm wy = 1/4/Ak. U3 noctpoenns Ay ybbiBaet, a 3HauuT

West — i = V Ak = Akt _ A — Ak+1 S
V Ak A k41 VA1 (VA + VA1)
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CKOpOCTb CXOAUMOCTY A/ist ODLLel CxeMbl

Danee, oboznaunm wy = 1/4/Ak. U3 noctpoenns Ay ybbiBaet, a 3HauuT

Wi — Wk = VA — v/ )\k+1 Ak — A1
V Ak Ak VA1 (VA + VAki1)

Oék)\k 1 Yo

Aky/ )\k+1 M
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CKOpOCTb CXOAUMOCTY A/ist ODLLel CxeMbl

Danee, oboznaunm wy = 1/4/Ak. U3 noctpoenns Ay ybbiBaet, a 3HauuT

Wi — Wk = VA — v/ )\k+1 Ak — A1
V Ak Ak VA1 (VA + VAki1)

Oék)\k 1 E
Aky/ )\k+1 M

Cymmupys no 1 < i < k nony4aem

1+

k
Wk = 5

<]

1
_ >
VA
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CKOpOCTb CXOAUMOCTY A/ist ODLLel CxeMbl

Danee, oboznaunm wy = 1/4/Ak. U3 noctpoenns Ay ybbiBaet, a 3HauuT

Dt — o = VA _\/>\k+1 A — Ak+1
1
V Ak A k1 VMM (VA 4 V)
Oék)\k 1 70

Aky/ )\k+1

Cymmupys no 1 < i < k nony4aem

1 k|7
>1+—4/— 1
N 2\ m

Wk =

[ok-Bo. TeopeMbl NPUMEHNTb NeMMy € g = M 1 BOCNONbL30BaTLCA
f(x0) = f(x*) < Fllxo — x*[*.
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VnpoueHne cxembl

*[lanee cumTaem, 4TO Xy 1 FEHEPUPYETCS Kak LUar rPafNEHTHOrO METOAA U3 Yy,
1
Te Xky1 = Yk — 37 VI (k)
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VnpoueHne cxembl

*[lanee cumTaem, 4TO Xy 1 FEHEPUPYETCS Kak LUar rPafNEHTHOrO METOAA U3 Yy,
1
Te Xky1 = Yk — 37 VI (k)

QY VY1 Xk
VICrIOJ']b3OBaB Bblpa>XeHne ans Yk = etaxm

Yk = 2= [yi(k + axm) — i1xi], Takum obpazsom

MO>XHO MOJy4nThb

1
Vb1 = —[(1 — aw)vevie + cuemyre — oV (yie)]
Yk+1

1 l—«
{ k(v + akm) = pxi] + axmys — aka(yk)}

Vk+1 (67
1 l—-« 11—« «

B [( k)%)’k + myg | — “Xi — —Vf(y)

Vk+1 (675 Qg Vk+1

1 1
= 7)’!( — —Xx+k+x— 7Vf(y;<) (Vkt1 = (1 — )y + maw)

Qg Vk+1
1

2y o a2
Xk+ak(Yk Xk) akMVf(yk) (Va1 = Lo)

1 1
= N — — \V43
Xk + . (X1 —xk) (X1 = Yk M (vx))
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VnpoueHne cxembl

Hanee

1
Vir1 = ———————(Okp1Vk+1 V1 + Vk+2Xk+1)
Yk+1 + Qpp1m
g1k (Vi — Xkp1)
= Xk+1 = Xp41 + Bre(Xet1 — x«),
Yk+1 + Qgp1m
roe

apg1Vk+1(1 — o)
(Y41 + argrm)’

Bk =
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VnpoueHne cxembl

Hanee

1
Vir1 = ———————(Okp1Vk+1 V1 + Vk+2Xk+1)
Yk+1 + Qpp1m
OZk+1’Yk+1(Vk+1 - Xk+1)
= Xk+1 = Xp41 + Bre(Xet1 — x«),
Yk+1 + Qgp1m
rae

17kt (1 — ag)
k(Y1 + Qky1m)
Takum obpazom mbl n3b6aBUANCE OT vi. Tenepb n3baBUMCS OT k'

Bk =

By = a1yt (l— o) pr1Yk+1(1 — o)
ak(Vipr + pim)  ar(kr1 + ag M — (1 — uer1)yir1)
(I —ax) (1l —ay)

ak(Vks1 + ar1M) a2 4+ apsr

[ns BbIMNCNEHNA (rx 11 MOXKHO NCMONBL30BaTh YPaBHEHNE
2 _ 2 m
i1 = (1= auqr)ag + Fowqa.
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VnpoueHHas cxema

Vnnumannzauus Beibpats HavanbHoe npubnuxenune xg, g € (0,1). BasaTs
Yo = Xo-
Nrepayma kK <0

1. Botuncinte V£ (yk), B3Tb Xk+1 = Yk — %Vf(yk).
2. BuluncanTb a1 U3 ypaBHeHUs

2 2, m
g1 = (1 — aqa)ai + ke

3. B3arb

ak(l — Oék)
a2 + kg1

Bk =

o Ykt = Xkl + Be(Xp1 — xx)-
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IToroeblie 3amedanus

3ameuanmne 1. Ycnosue o > m 3KBUBANEHTHO Qg > /17
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IToroeblie 3amedanus

3ameuanmne 1. Ycnosue o > m 3KBUBANEHTHO Qg > /17

3ameuarne 2. Ecnv 8331 09 = /7, TO

ak—\/> Bk =

4TO JeNaeT CXemy eule npoLue:

1
Xkl = Yk — MVf(Yk), Yit1 = Xkl + ——=————=(Xk+1 — Xk)

-
——
VM~
VMt m
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IToroeblie 3amedanus

3ameuanmne 1. Ycnosue o > m 3KBUBANEHTHO Qg > /17

3ameuarne 2. Ecnv 8331 09 = /7, TO

_ VM- m
VM +/m’

Qe =

B

SE

4TO JeNaeT CXemy eule npoLue:

VM —/m
VM +m

3amedanue 3. Buibop ag = y/m/M e rogntcs npn m = 0.

1
Xkl = Yk — MVf(Yk), Yit1 = Xky1 + (X1 — Xk)
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