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BBeAaeHue

VY4ebHoe mocobue HamMcaHO Ha OCHOBE JIEKIWH MO Kypey «/luc-
KpPETHBIE MOJICTIN», YATAEMbIX HAa MareMaTHueckoM ¢axynbrere Yens-
OMHCKOTO TOCYIapCTBEHHOTO yHUBepcutera. [lompoOHo paccmoTpeHa
TEOpUs PEIICHUS 3a]ad Ha YCIOBHBIN SKcTpeMyM. OcoObIi aKIeHT
JIeJIaeTCcsl Ha TPUMEHEHHE YMCIIEHHBIX MeTonloB. M3noxeHue Teope-
TUYECKOTO MarepHasa JIOTOJIHEHO TpUMepaMy pelIeHUs MPUKIaIHbIX
3anau. [Ipeanonaraercs, 4To YMTATENN 3HAKOMBI C KypcaMH MaTeMaTH-
YEeCKOTO aHaji3a U JIMHEWHO! anreOphl.

B nmepBoii u Bropoil mIaBax MNPHUBOAATCS Oa30BbIE TOHATHS
U YTBEP)KJCHHUSI, CBI3aHHBIC C BBIMYKIBIMA (DYHKIUSIMH U BBITYKIBIMH
MHOECTBAMHU.

TpeTbst 1 ueTBEPTas TIIaBbI TOCBSAIIEHBI YHCIECHHBIM METO/IaM pellie-
HUSI 33124 0€3yCIIOBHOHM ONTUMH3AILIMK: TPAIUCHTHOMY METO/TY, METO/LY
HeroToHa 1 MeTOAY CONPS)KEHHBIX IPAIUEHTOB.

I'maBbl ¢ MATON MO JECATYIO MOCBSIIEHBI TEOPHH pEIIeHUs 3ajad
Ha YCJIOBHBIA 3KCTpEMYM: TNIQJIKME 3a/1a4i, 33/1a4M BBIIYKJIOr0, KBaJl-
paTUYHOTO U IMHEWHOTO MPOrpaMMHUPOBAHMUSL.

B opunHanaroy miaBe U3JI0KEH YHMCICHHBLIM METOJ IIOMCKAa MHUHU-
MyMma quddepeHuupyeMoi GyHKIMN TPU JTHHSHHBIX OTPaHUUCHHSIX.

JIBeHazmaras riaBa nocBsiieHa npobdiieMe MOMEHTOB | €€ TIPUIIOXKE-
HUSM B TEOPUH YIIPABIECHUS IBUKEHHUEM.

Hywmepanust Teopem, JIeMM, ONPEAECIICHUN B KX 10! ITIaBe CaMOCTO-
sirenbHas. Hymepanust opmyn nBoiiHast.




1. BbinykAble MHOXeECTBa
U UX CBOMCTBA

PaccmoTpum nMHEHHOE MPOCTPAaHCTBO R”, 31€MEHTaMu KOTOPOTO
SBJISIFOTCSL BEKTOP-CTPOKH X = (X,,...,x,) . CkaisipHOe Ipou3BeIeHUE
JIBYX BEKTOPOB X U y U3 R" 3amaércs popmymnoii <X,)/> =Xt XY

a CBKJINMJOBA HOpMa BCKTOpa X OIMpeaCIACTCA (bOpMyHOP'I
x| =~/x +. 4 X2 =< x,x >

Omnpenesienne 1. MHOxxecTBO X C R” Ha3bIBaeTCsl BBITYKIIBIM, €CITH
BMECTE C JIIOOBIMHU IByMSI CBOMMH TOUKAMH OHA COJICPKHUT BECh COCIH-
HAIOIIUKA UX OTPE30K, TO €CTh

xeX nyeX0<A<l=x=&x+(1-N)yeX

3anauya 1. Jlokazarh, 9TO BBITYKIBIMHE SIBJISIOTCS CICIYIONTHE MHO-
JKECTBA:

S={xeR": ||x|| <1} — miap eqMHUYHOTO paaryca ¢ IEHTPOM B HaYase
KOOP/IMHAT;

X ={xeR":(c,X)=a} — runepIoCKOCTS;

C

=

X={xeR":(c,

<a} — 3aMKHYTOE IOJTyIPOCTPAHCTBO;
2

=

a} — 3aMKHYTOE MOJYIIPOCTPAHCTBO;

5

X={xeR":(c

=

<@} — OTKPBITOE MOIYIPOCTPAHCTRO;

5

3
3
X={xeR”:<c
3
X={xeR”:<

)
)
)
)
€,X)>a} — OTKPHITOE MOTYIPOCTPAHCTEO.

31ech BEKTOp ¢ € R" W YHCIIO @ 3a/1aHBbl.

3agaua 2. Jlokasarh, 4TO HEMyCTOE MEepEeceUyeHUe BBIMYKIBIX MHO-
JKECTB SIBIISIETCS BBIITYKJIBIM MHOKECTBOM.

Hns muoxectBa A R" u s marpuupl G = {g,} pasMEpHOCTH

m X n ONPECIACIIMM MHOKECTBO

G(4) = {ye R y = Ga, Vae A}. (1.1)

YrBepxknenne 1. Ecnn MHOXKecTBO A < R” ABISETCS BBITYKIIBIM,




1. BbII'IyKAbIe MHOXeCTBa U UX CBOMCTBA

TO JUIsl J1t000H MaTpulel G Pa3sMEPHOCTU /M X 1 BBIITYKIIBIM SBIISETCS
MHOecTBO (1.1).

JoxkasarenabcrBo. [lycts Touku y, = G(4), i = 1,2. Torga y, = Ga, npu
HEKOTOpBIX a,€4. Bo3bMéM uncio 0 <A < 1. Torna

Ay, + (A =My, =rGa,+ (1 - N)Ga, =
=GMa,+ (1 —-Ma,), ka, + (1 —Na, € A.

CaenosarenbHo, Ay, + (1 = L)y, € G(A).

Onpenesienue 2. MHOrorpaHHbIM MHOXKECTBOM Ha30BEM MHOXKeE-
CTBO, KaXKIast TOYKa KOTOPOTO SIBISIETCS pPEIICHHEM JIMHEHHBIX Hepa-
BEHCTB

(ci,x>s a,,i=1,...,m.
W3 pemenns 3ama4 1 u 2 cnemyeT, 4T0, €CIM MHOTOTPAHHOE MHOYKECTBO
HEC ABJIACTCA IMYCTBIM, TO OHO BBIITYKJIO€ MHOXCECTBO.

Omnpenesienue 3. [0BOPAT, 4TO TOUKA X SIBISICTCS BBIMTYKJIONH KOMOU-
Haluel TOYeK X, X,, ..., X, €CJIM HaiinyTes uncna A, > 0, A, + A, + ...
+ A, =1rtakue, utox =1, x, + A, x, + ... + A, X,

YrBep:knenue 2. [Iycte MHOXKECTBO X < R" SBISETCS BBITYKIIBIM.
Torga, eciu TOUKH X,, X,, ..., X, IPUHAAJICIKAT MHOXKECTBY X, TO eMy
NPUHAIICKUT Jro0ast BBIITYKJIast KOM6I/IHaHI/I$I O9THUX TOYCK

Mx,Thx,+. Fhx, e X A>0,A+A+. FA =1

Joxka3zareibcerBo. [Ipu k = 2 TpeOyemoe BKIIIOUEHHE CIEAYET U3
OTIpeeNICHNs] BBIMYKJIOro MHOXecTBa. [lycTh OHO crpaBeannBo mpu
yucie k. Jlokaxem ero amnst uncna k + 1. O6o3HaunM A=A, + A, + ... +
A,. HyxHo paccmotpets ciydvail, korna 0 <A < 1. Torma ., =1—-A €
0,1)m
Ay A A

2 k
Tx]+—x2+... +Txk)+

Mx A x oA x, F AL X =A( 7

tA-Mx.,eX

Onmnpenesienne 4. [lepeceuenrie BcexX BBITYKIBIX MHOXECTB, COAEP-

JKAIMX JTAaHHOE MHOXKECTBO X C R", Ha3bIBaeTCsl BBHIMYKJIOW 000J104-
KoM MHOKecTBa X U 0003HayaeTcs co X.
YrBep:knenue 3. iMmeer MecTo paBeHCTBO

k k
coX={xeR'x =Z7u,-xl., 7»,-20,27% =1,x e X}
i=1 i=1

HoxazarenbcTBO. MHOXECTBO, CTOAIIEE B ITPABOM YaCTH JJOKa3bIBa-
e€MOTO0 paBeHCTBa, 00603HauMM Y. Torma X < Y. MHOXecTBO Y sBIIsIeTCS
BBITIYKJIBIM. ECiTH HEKOTOpOE BBIMTYKII0€ MHOJKECTBO Z COIECPXKHT B cede
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MHOECTBO X, TO OHO COAEpPXKUTCS B MHOXkecTBe Y. CieoBaTenpHo,
MHOKECTBO Y SIBJISIETCS IEPECEUEHNEM BCEX BBITYKIIBIX MHOXKECTB, CO-
JeprKalmux B cebe MHOKECTBO X.

Teopema 1 (Kapameodopu). Ilycts MEHOKecTBO X — R". Torna kax-
Jast TOUka X € co X sBJISETCs BBITYKJIOW KoMOMHanue He Oonee yem
n + 1 Touek u3 MHOXecTBa X.

Joka3zarenbcTBo. 13 npeasaymei TeopeMsl CIENyET, 4TO

x—ka X>OZ7» =lLxeX

i=l1

ITycts k> n+ 1. Torna Bexkropa (x;1), (x,; 1), ..., (x;;1) B mpocTpancTse
R"*! snsroTcs MTUHENHHO 3aBUCHMBIMA. CIIe0BATENIFHO, CYIIECTBYIOT
HE BCE PaBHbIE HYJIIO YUCia O, ..., 0, TAKHE, YTO

xto,x,+..+ox =00 +a,+...+0=0. (1.2)

W3 nocnennero paseHctsa (1.2) ciemyer, 4To Cpeu YUCeN o, UMEI0T-
cs monoxkutenbHeie. [lycts

0<a,...,0< 0, Oy < 0,...,0,, <0.

Cunraem, 4to (MHa4Ye IEPEHyMEpPyeM)

O0603HaYUM

" Ay ) A . A
A=A =, — =015 =h—0,— >0, ..., A5 =A —a — >0,
(04 (04

Torma

ik:‘ ZX ——ZOL =1, 27” x—ZX x—ZOL X, =X.

i=1 i=1 oy =1 i=1

Tak kak uucio X’{ = 0, TO BEKTOp X MPEACTABUM B BHUC BBITYKIION
KoMOuHanuu k — 1 Touku u3 MEOKeCcTBa X. [IpomomkuM 3TOT mporiece
Jansuie. [Ipuaém K ToMy, 4TO BEKTOP X MPEACTABUM B BUJIE BBIITYKJIOM
KoMOWHaIuy He 6omee yeM n + 1 Touek u3 MHOKeCTBa X.

OTMeTHM, 9TO KoMnakmom B R" SIBISICTCS 3aMKHYTOE W OTPaHHYICH-
HOE€ MHOKECTBO.
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YrBep:kaenue 4. Eciii MHOXKECTBO X SBIIIETCSI KOMIIAKTOM, TO KOM-
MAKTOM SIBJIIETCS €T0 BBIMYyKJIask 000J104Ka co X.

HoxkazareabcerBo. O603HaunM Habop A = (A, A,, ..., A, ;) € R"*.
Paccmorpum yHKIHIO /@ R" 1 X R" X R" X, . X R" — R", paBHYIO

SOxp % X)) =X Tt X

BBe}léM B paCCMOTPCHUEC MHOKCCTBA

A={leR™N+M+. .+, =L020i=1 .,n+1}

nAd=AxXxXx .. xX BKOTOpOM MHOXeCTBO X Oepércs n +1
pa3. Teopema Kapareonopu yrepxkaaet, uto co X = f(A). [lockoibky
(dyHKIWMS f SBISIETCS] HEMTPEPBIBHOM, 8 MHOXKECTBO A SIBJISETCS KOMITaK-
TOM, TO 00pa3 f (A4) Taxxke SBISETCS KOMITAKTOM.

YrBepxkaenne 5. J{ns mo6oro MHOKecTBa A  R" v i7st 000 Mat-
puisl G pa3MEpHOCTH M X 1 BHITIOJTHEHO PABEHCTBO

coG(A) = G(coA).
HoxkazarenbeTBo. [lycth Touka x € coG(A4). Torma, cormacHo

k k
YTBEPXKACHUIO 2, X = Zki X, A, >0, z%i =1, x, € G(A). Orciona n n3

i=1 i=1

k
dhopmymet (1.1) momyunM, 9to x = Zki Ga, a, € A. CnenosareibHoO,

i=1

X = G(Zklklai) € G(cod).

ITycth Touka x € G(coA). Torna x = Ga npu HEKOTOPOM @ € coA.
Otcrofa v U3 YTBEPKACHUS 2 CIEIYET, YTO

k k
a=Yha,>0> Ak =1ac¢€A
i=1

i=l1

k k
CrnenosarenbHo, x = G( in a )= leGai € coG(A).
i=1 =

Omnpenesienue 5. BpIMyKIbIM MHOTOTPAaHHUKOM B R" Ha3bIBACTCS
BBIITYKJIasi 000JI0YKA KOHEUHOTO YUCIIa TOYECK.

ITycTb 3amaHbl TOUKH X, X,, ..., X, B R". Torna, coracuo ¢opmyre
(1.1), BBIMYKJIBI MHOTOTPaHHHUK, ONPEAEIAEMbI 3TUMU TOYKaMH, pa-
BEH

k k
X={xeR:x= Zkixi, A =0, Zki =1} =co{x, x, ..., X, }.

i=1 i=1
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Tonoaornyeckmue cBoO¥icTBa BbIITYKAbIX MHOXKECTB

Omnpenenenue 6. Touka x Ha3bIBACTCS NPEACILHOM TOUKOM MHOXKECTBA
X, €CI CyIIECTBYET HOCIEe0BATEIBHOCTh TOUEK X, € X TaKasl, 4To X, — X.
COBOKYITHOCTb BCEX IPE/IETIbHBIX TOUEK MHOMKECTBA X Ha3bIBaeTCs €ro 3a-

MBIKAaHHEM U 0003HaYaeTcs X .

YTBep:kaenue 6. 3aMbIkaHue X BBIITYKJIOTO MHOXKECTBA X SIBJISIETCA
BBITTYKJIBIM MHOKECTBOM.

JlokaszareanbctBo. I[Tycth x € X uy € X. Torna cymecTByioT mo-
CJIEZIOBAaTENILHOCTH TOUEK X, € X, ¥, € X Takue, 4to x, — X, ¥, — . [Ipn

mobom 0 <A <1 Bpimonxeno BkmtoueHue A y, + (1 — 1) x, € X. Cneno-
BaTeJILHO, TIpeebHas Touka Ay + (1 —A)x € X.

Omnpenesienne 7. Touka x Ha3pIBaeTCAd BHYTPEHHENW TOUKOW MHOMKeE-
CTBa X, €CIIM CyLIECTBYET Takoe Yuciio € > 0, uTo x + €5 € X Juis m000-

ro BeKTopa s € R”, |s|| <l

COBOKYIHOCTb BCEX BHYTPEHHHX TOUEK MHOXKECTBA X HA3bIBACTCS
€ro BHYTPEHHOCTBIO 1 0003HauaeTcs int X.

Teopema 2. ITycte MHOKECTBO X SIBISETCS BBITYKIIbIM, TOUKA Z € int X,

aTouka x € X. Torna mwist mro6oro uncna 0 < A < 1 Touka
y=(1-L)z+ A € intX. (1.3)
[Moxazamenvcmeo. O4eBUAHO, YTO HYKHO paccMarpuBaTh Cllydai

A > 0. U3 BximtoueHus z € int X ciemyert, 4To CymecTByeT 4ucia € > 0
TaKoe, 4To

z+es, € Xupu nrobom s, € R”, |s.|<1. (1.4)

Ecnm mokaxkeM, 9T0

lstmes =02 e (1)

z+0 s € Xnpu moboMm s € R,

TO 3TO OyAeT O3HAyYaTh BHINIONHEHHE BKIIoUeHus (1.3).

X v . * 3
TTockonbky x € X, 10 Hailnércs Bektop s~ € R”, ||s | <1 Takoii, uto
b 2 2

x+[3s*eX,rzxeB:%s. (1.6)

Bo3sMméM 1100011 BEeKTOp 5 € R”, |s|| <1. Torma

y+0s =] comacHo (1.3)|=(1-A)z+Ax +ds =

= | cormacHo o6o3HaueHuro (1.5) |=(1—-A) (z + % €s)+Ax=

10




1. BbII'IyKAbIe MHOXeCTBa U UX CBOMCTBA

= | coracHo 00o03HayeHHO (1.6) | =

—(1- W) e+ bes+y e () +h Gt ps).

<lmu

O603Ha9MM s, = 15 s+ ;— (—s"). Torzall s,
y+8s=ﬂfkﬂﬁ+%a&)+k@+ﬁfl

Wcnonp3ys BrmodeHus (1.4), (1.6) 1 BBITYKIIOCTH MHOXKECTBA X, TT0-
myanM Tpebyemoe BriroueHue (1.5).

Caencrue 1. [Tycts MHOKECTBO X SIBIISIETCSI BBIMYKIIBIM U int X # .
Torna int X siBnsieTCs BBITYKIBIM MHOXKECTBOM.

YrBepxkaenue 7. [Tyctb MHOXKECTBO X SIBIISIETCS BBINTYKJIBIM U int X

+ . Torna intX = int X.
JlokazarenberBo. [lockonsky X O X, 1o intX o int X. Tlokaxkem

oOpatHoe BkItoueHue. BozpméMm o001t Bektop y € int X . 3adukcupy-
eM BekTop z € int X. Cuuraem, 4To z # y. PaccMOoTpuM TOUKY

x=1-viz+w=y+({1-v)(z—y). (1.7)

OTCI-O,I[a " U3 TOI'O, UTO Y € intX CJICAYCT, 4TO IIpU BCCX AOCTATOYHO

GIIM3KMX K IMHHIIE YHCIIAX V TOUKA X € X . PacCMOTpHM Takoe YHcIio
v> 1. Torna uz popmyasl (7) cnenyet, uto y = (1 —A) z+Axmpu A=v".
Ortcrofa u U3 TeOpeMbl 2 MOILYYUM, UTO ¥ € int X.

Teopema 3. [IycTs MHOXKECTBO X SIBIIIETCS BBRIMYKIIBIM. Torna iaubo
MHOXECTBO X HMeEET BHYTPEHHIOIO TOUKY, JHMOO OHO COIEPXKHTCS
B IOAINPOCTPAHCTBE MEHbBILEH Pa3MEPHOCTH, CABHUHYTOM Ha HEKOTO-
Ppblil BEKTOP.

JoxkazarenabcTBo. 3adukcupyem Touky y € X. PaccmMoTpum BekTopa
Buaa x —y,x € X. IlycTs MakcumanbHOE YMCII0 JMHEHHO HE3aBUCUMBbIX
BEKTOPOB CpeAr HUX paBHseTcs 7. SIcHo, uto r < n. IlycTb nuHEHHO
HE3aBUCUMBIMU BEKTOPaMH SABIAIOTCA X, — V, i =1, ..., I

Paccmotpum ciyuait, korna » = n. Torna 1uist Kaxaoro BeKTopax € R”
cucTeMa JIMHEHHBIX adreOpandeckux ypaBHEHHH OTHOCHTEINIBHO Iepe-
MEHHBIX A, i=1,...,7

X=y=hx =)@y A (X, )

MMeeT eJUHCTBEHHOE peleHue A (x), A,(x), ..., A, (x), KoTopoe JIUHEHHO
3aBUCHUT OT BekTopa x. [locnennee criemyer u3 gpopmyn Kpamepa ass
3aMUCH PEIICHUS] CUCTEMbl JIMHEHHBIX alreOpandecKuX ypaBHCHHI.
CnenoBarenbHo, (GyHKIMU A(X) HENPEPBIBHO 3aBUCSAT OT BEKTOpa X.
Mokem 3amnucarb

= (- E Ayt XA, (18)
11
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Baduxcupyem uncna A, >0,i=0, 1, ..., A) + A +A," + .. +A =1
ITOCKOIBKY MHOXECTBO X SIBIISICTCS BBIILYKJIBIM, TO TOYKA

z=hyt+tAx t X, +. thx X

Hanee, z—y=A"(x, —») + A, (x, —y) + ... + &, (x, — »). Cnenosa-

* .
TenbHO, A; =X, (2),i=1, ..., n. 3apuKCHPyeEM MOJOKUTEILHOE YUCIIO
& TaK, YTOObI

e<A mmiBcexi=1,...,n n ne<). (1.9)

Torna u3 HenpepblBHOCTH (QYHKIMIM A, (X) CIEeIyeT, 4TO CYLIECTBYET
gucno 0 > 0 Takoe, 4to A" — & < A, (x) < A" + € I Bcex HOMEPOB

i=1,...,nu 115 BceX BEKTOPOB X € R", || X — z|| < 8. Orcrona u U3 Hepa-

BeHCTB (1.9) momyunm, uro 0 <A, (x) msaBeex i=1,...,nu
n n
> A(x) < 21 MNAne=1-A"+ne<l.
i=1 i=

Orcrona u u3 (8) crmemyer, uto X € X IS BCEX BEKTOPOB X € R,

||x - z|| < 8. Crano ObITh, z € int X.

Paccmorpum ciyuaid, xorga » < n. IlocTpouMm JnmMHEHHOE NOAIIPO-
CTPaHCTBO

r

E={zeR'|z=2 b,(x.—y):V b, cR}. (1.10)

i=1

Jl1st kakmo¥ Touku X € X BBITIOJTHEHO BKIIoueHne x — y € E. Cie-
JIOBaTeIbHO,

Xcy+E={xeR|x=y+zVzeFE}

3ameuanne 1. [locrpoeHHoe JimHeliHOe moanpocTpancTo (1.10)
r-MepHO. MHOXeCTBO (— ¥) + X C E COAEpXKUT TOUKY, SBISIOIIYIOCS
BHYTpPEHHEI OTHOCHUTEIBHO MOANpPOCTpaHCTBA £. DTO J0Ka3bIBaeTcs,
KaK M BbIIIE U3JI0KEHHOM Cllydae » = A.

Teopema 4. Jluneitnoe noampoctpancTBo (1.10) ompenemnsiercs
TOJIBKO MHOKECTBOM X M HE 3aBUCHUT OT TOYKH ¥ € X U OT BEKTOpPOB
x, e X

Hoxa3arenbcTBo. [IycTh £+ — nUHEHHOE OANPOCTPAHCTBO, COAEP-
xKaree MHOXeCTBO (—)) + X. Toraa oHO COIEpKUT BCE BEKTOPA X; — ),
i=1, ..., r. Comacao dpopmyne (1.10), £ < E.. Crano ObITh, TOAIPO-
CTPaHCTBO E sBIIETCS MEpeceyeHreM BCeX IMOJINPOCTPAHCTB, COAEP-
JKaImx MHOXeCTBO (—)) + X. CaenoBaTenbHO, OHO HE 3aBUCHUT OT BEK-
TOpoB x; € X. [TokaxeM, 4TO MOAIPOCTPAHCTBO £ HE 3aBUCUT OT TOYKHU
yelX




1. BbII'IyKAbIe MHOXeCTBa U UX CBOMCTBA

Bo3pMéM Touky w € X 1 pacCMOTpPUM JIMHEHHOE MOAIIPOCTPAHCTBO
E”, kotopoe comepkut MHOKeCTBO (—w ) + X. Torna,

(3+%) =W+ )+ (whr)e £,

(W) == (y+w +(y+ye .

1t 110601 Touku x € X. Crano Obith, (—y) + X < E°, (-w ) + X € E..
Takum 00pa3oM, COBOKYITHOCThH MOIIPOCTPAHCTB, COIEPIKAIINX MHO-
XKeCTBO (—)) + X, ¥ COBOKYITHOCTh IOATIPOCTPAHCTB, COIEPIKAIIIX MHO-
XKecTBO (—w ) + X, COBIIANAKOT.

Omnpenenenne 8. Hecywum noonpocmpancmeom BBITYKIOTO MHO-
KecTBa X Ha3bIBaeTCA IepeceueHre BCeX JIMHEHHBIX MTOAIIPOCTPAHCTB,
coJlepKalIux MHOXECTBO (—)) + X, rme y — nrobas Touka U3 MHOXKe-
cTBa X.

Hecymee moanpocTpaHCTBO BBITYKIOTO MHOXECTBa X 0003HaYaeT-
cst Lim X. PaaMepHOCTB HECYIIETO MOAMPOCTPAHCTBA HA3BIBACTCS pa3-
MEPHOCTBIO BBIITYKJIOTO MHOKecTBa X 1 0o003Havaercs dim X.

TeopeMbl OTACAUMOCTH BbIITYKAbIX MHOXKECTB

Teopema 5 (o cmpozoii omoenumocmu mouxku om 6bINYKI020 MHO-
arcecmea). Ilycte MHOKECTBO X  R” SIBNSIeTCS BBIMYKJIBIM U 3aMKHY-
TBHIM, a TOUKa y € R" eMy He IPUHA IeKUT. Toraa CyuiecTByoT eAMHNY-
HBIM BeKTOp ¥ € R" 1 uncio € > 0 Takue, 4T0

<y,x><<wy,y>—¢ I BCEX TOUeK x € X. (1.11)

Hoxa3arenbcTBo. PaccMoTpuM 3agauy
e =3[ — min, x € x. (1.12)

Tak xax oeacBas q)YHKLII/ISI MMPUHUMACT HECOTPHULIATCIIbHBIC 3HAUCHU,
TO HWIKHSAS I'PAHb e€ 3HaYeHHI HAa MHOXKECTBE X SBIISICTCS KOHESYHBIM
YHCJIOM, KOTOPOC 0003HauuM b. U3 OIpeaACIICHUA HIDKHEH T'paHu CJic-
AYET, 4TO CYHICCTBYCT IOCICAOBATCIIbHOCTL TOYCK X, € XTaKafI, 4qTo

||xk - _)/'”2 b . OTCIOI[a CJICAYCT, 4TO IIOCJICAOBATCIIBHOCTD TOYCK X, SIB-
JIACTCA OI’paHH‘leHHOﬁ. CJ'Ie}_'[OBaTeJ'ILHO, 13 HE€ MOXKHO BBIJICIUTh CXO-
AAIYHOCA NOAIOCICAOBATCIBHOCTD. He BBOJs1 HOBBIX O603Ha‘ICHI/Iﬁ,
C4ruTacM, 4TO CaMa I10CJICA0BATCIIbHOCTDb TOYCK X; — Z. U3 3aMKHYTO-

2
CTU MHOXecCTBa X clieqlyeT, uto z € X. [anee, ||z — y|| =b . [lockombKy
TouKa y ¢ X, To uucio b > 0.
Bo3zpméMm mmo0yro Touky x € X. 13 BBITYKIIOCTH MHOXKECTBA X ClIeIy-

eT, uTo Touku Ax + (1 —A) z € X nipu Bcex 0 < A < 1. [lanee, GyHKIHS

FO) =[x+ 1=z -y =

13
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e—of <z zmy > e W eof

mpu 0 < A < I mocturaetr MuHIMYM B Touke A = 0. [ToaTomy

i L0)-110)
A

A—>0+

>0=><x-z,z-y>>0.

Orcroza cieayer, 4To JJIsl HeHYJIEBOTO BEKTOPA Y, =) — z BHITIOJIHEHO
HEPaBEHCTBO

2

<x9W*>S<Za\1u*>:<y:W*>_<y_zuw*>:<.)7ay*>_"\ll*

V.

CrnenoBarenbHO, €TUHUYHBIA BEKTOP Y = U 4HCIO €= ||\|/*
JETBOPAIOT HepaBeHCTBY (1.11). "W*

Teopema 6 (06 omoerumocmu mouKy Om GbINYKI020 MHONCECMBQ).
ITycte MHOXeECTBO X C R” ABISIETCS BBIMYKIIBIM, a TOUKA ¥ € R" eMy
HE IPUHAIEKUT. Torna CymecTByeT eAMHUYHBIN BEKTOP ¥ € R” Takoi,

qTOo

YIOB-

<y, x><<wy,y> Wi BceX TOUeK x € X. (1.13)

JokaszarenbcTBo. IlycTh MHOXKECTBO X HE CONEPKUT BHYTPEHHEH
touku. Bospmém w € X. Torma MHOXkecTBO (—w) + X JIEXUT B HeECy-
IIeM MOATIpocTpaHcTBe Lim X, pa3MepHOCTh KOTOporo MeHsie 7. Cy-
IIECTBYET €AMHUYHBIN BEKTOp ¥ € R" Takoii, uto <y, x > = 0 1J1s Bcex
Touek x € Lim X. MOXHO cuuTarh, 4to < \y, y > > 0 (MHaue BO3bMEM
BekTop (—)). Torna yciosue (1.13) OyaeT BBITOIHEHO.

IlycTh MHOXeCTBO X MMeeT BHYTPeHHIOW Touky. Eciu y ¢ X, To,

HCIIOJIB3YS BBIIYKIOCTh M 3aMKHYTOCTb 3aMbIKaHUsl X, U3 T€OpeMbl 1
MOJYYHMM CYILECTBOBAaHHE TPeOyeMOoro BEeKTopa .

Ilycts y € X, Ho y ¢ X. Bo3bMéM mobyro Touky z € int X. Tor-
na mpu mo6om umcne > 1 Touka x = (1 —t)z+ty ¢ X. B camom

JieNte, eciM 3TO He Tak, TO M3 yCJIOBHii x € X, z € int X U U3 paBeHCTBA
y=0-Az+Axnpu i =t'e (0, 1) cnenyer, uro Touka y € int X. Ilo-
JYYWIH TPOTHBOpEYHe. YCTpeMUM 4ucio ¢ — 0 M TIOCTPOMM TMOCIEI0-
BaTENBLHOCTh X, ¢ X 1 X, — . [1o TeopeMe 5 CyIIeCTBYIOT €IMHHYHbIE
BEKTOpa \y, TaKUE, YTO UL BCEX TOUEK X € X BBINOIHEHBI HEPABEHCTBA
<y, x> < <wy,, x, >. [lepexoss, ecinu Hy»KHO K CXOZIIelics TOANOCIe10Ba-
TEJBHOCTH, MOKEM CUMTATh, YTO Y, — . [lo3aToMy, mepexons K mpeznemny
B NIPEABIAYILEM HEPaBEHCTBE, MOIYInM TpeOyemoe HepaBeHCTBO (1.13).
Teopema 7 (06 omoerumocmu gvinykavix muoxcecms). Ilycts 3ama-
HBI IBa BBITYKJIBIX HEMEPECEKAIOLINXCS MHOXKECTBA X U Y B IpocTpaH-
ctBe R". Torna cymecTByeT eqUHUYHBINA BEKTOp ¥ € R" TaKOH, 4TO

<y, x><<\y,y> s Bcex TOUCK X € Xuy € Y. (1.14)




1. BbII'IyKAbIe MHOXeCTBa U UX CBOMCTBA

Joka3zarebcTBO. PaccMOTpUM MHOXXECTBO
Z={zeR'|z=x—-y:xeXuye/l}. (1.15)

[Tokaxkem, 4TO MHOXECTBO Z SIBIISICTCS BHIYKJIBIM. B camoMm nene,
IYCTb TOUKH Z, U z, IPUHAUIEXKAT MHOXKeCTBY Z. Torna z,=x,—y,, e x,
€ Xuny, € Y. Ilosromy nns uucna A € (0,1 ) Touka

z=(1=2)(x;=y) TR0, —yy) =
(I=-Mx;+Ax,— (1 -V y, +Ay)=x—y

13 BeimyKkit0CcTH MHOXKECTB X U Y ClIeyeT, 4YTO TOUKH

x=(1-MNx+Ax,eXny=1-Ny +Aiy,e¥

Craio ObITh, TOUKA Z € Z.

U3 Toro, uto X N Y # & cnenyer, uto HyieBoi Bekrop 0 ¢ Z. [Ipu-
MeHss TeopeMy 6, HalJEM €TMHUYHBIM BEKTOp Y € R" Takoi, 4To
<y, z><0 n1g Bcex Touek z € Z. OTcroAa U U3 ONpeieIeHNs MHOXKe-
ctBa Z (1.15) cnenyert, uto HepaBeHCTBO < \, X — ) > < () BBINOJHEHO
JUIs TI0OBIX ToueK x € X u y € Y. OTcrona nmoay4uM tpedyemoe Hepa-
BeHCTBO (1.14).

Teopema 8 (0 cmpocoii omoerumocmu GbLINYKALIX MHONCECMB).
[1ycTb 3a1aHbI ABa BBITYKIIBIX 3aMKHYTBIX HENIEPECEKAIOIINXCS MHOXKE-
ctBa X1 Y B ipocTpaHCcTBE R, MPUYEM OJHO U3 HUX OrpaHu4eHo. Torna
CYLIECTBYIOT €AMHUYHBIN BEKTOp y € R" 1 umncio € > 0 Takue, 4To

<y, x><<y,y>-—¢ muiBcex Touekx € Xuye Y. (1.16)

Joxka3zareabcTBo. Paccmorpum mHOXkecTBo Z (1.15) m mokaxem,
YTO OHO SIBJISIETCS 3aMKHYTBIM. PaccMOTpHM B 3TOM MHOXKECTBE CXOASI-
LIYIOCS [TOCIIEN0BATENBHOCTD TOUEK Z, = X, — V,, X, € Xu y, € Y. Ilycrs,
HalnpuMep, MHOXKECTBO Y siBNIsieTcs orpaHu4eHHbIM. Toraa u3 nociueno-
BaTEIbHOCTU TOYEK ), MOKHO BBIIEIUTDH CXOAALIYIOCS MOANOCIEN0BA-
TeIbHOCTh. He BBOAS HOBBIX 0003HAUYEHMH, CUUTAEM, UTO ), — ) € Y.
CrnenoBarenbHO, SBIASICH CyMMOH JABYX CXOISIIMXCS IOCJIEI0BATENb-
HOCTEH, MOCIIEN0BATEILHOCTh TOUEK X, CXOAUTCS K HEKOTOPOM TOYKE
x € X. CiiefioBareipHo, z, > X —y € Z.

o ycnoButo Teopemsl Touka 0 ¢ Z. OTcrofa u U3 TeopeMsl 6 cieny-
€T, CYIIECTBYIOT €IUHUYHBIN BEKTOp Y € R" 1 uucio € > 0 Takue, 4To
<\, z><-—¢g 1 Bcex Touek z € Z. OTcrofa 1 U3 oNpeIeNeHnuss MHO-
xectBa Z (1.15) caenyet, 4To HEPABEHCTBO < Y, X — ) > < — & BBINOJ-
HEHO JUIs IIOObIX Touek X € X u y € Y. OTciona nony4yumM Tpedyemoe
HepaBeHcTBO (1.16).

15




16

2. Boinykable ¢pyHKLIMM
U UX CBOMCTBA

Bynem paccmarpuBaTh JIMHEWHOE BELIECTBEHHOE IIPOCTPAHCTBO £
(me oOs3arenpbHO KOHEUHOMEpHOE). Kak u B cirydae KOHEYHOMEPHOTO
npocrpancTBa, R" MHOXecTBO X C E Ha3bpIBaeTCs BBIMYKIIBIM, €CIIH
u3 toro, uro Touku X€ X u y€ X, a uncno 0<A<1 cuemyer, 4to
1-Mx+ryeX.

Omnpenenenne 1. @yukuus f: X — R, onpenenéHHas Ha BBITYK-
som MHO)KecTBe X C E | Ha3bIBACTCS 6bINYKIO, €CIN JIJISI JTFOOBIX TO-

yek x € X uy € X u s mo6oro yrcia 0 <A <1 BBINOIHEHO HepaseH-
cmeo Hencena:

SA =M x+hy) <A =0 f()+Af (). 2.1

Badukcupyem Jiro0bie Touku X € X u p € E. PaccMorpum GyHKIHIO
OJTHOTO TIEPEMEHHOTO

o()=f(x+ttp),telLI={tc R x+tpeX}. (2.2)

Teopema 1. Eciin MHOXkecTBO X ABISETCS BBIMYKJIbIM, TO MHOMe-

ctBo [ — R, onpexneneHHoe Qopmymnoii (2.2), aBiuseTcss HEMyCThIM U
BBIITYKJIBIM.

HokaszarenbcTBo. Touka ¢ = 0 npuUHAAIEKUT MHOKECTBY I. Bo3b-
MéEM J1r00BI€ TOUKH ¢, € I, t,€ [. DTO 3HAUUT, UTO TOUKHU : X T 1, p € X,
i=1, 2. Bossméwm mroboe uncino 0 <A <1. Torma

xt((I-M(+r)p=1-MDx+tt,p)trh(x+tp)eX

CrnenosarenbHo, Touka (1 —A) ¢, + At, € L

OTMeTHM, YTO BBITYKJIBIM MHOKECTBOM Ha IPSIMOH SIBISETCS MPO-
MEXYTOK (OTPE30K, KOHEUHBIH MM OECKOHEUHBIH MHTEPBaJl, KOHCUHBIN
WM OECKOHEUHBIN TIOJTYUHTEPBaN).

Teopema 2. @yHKIMs /() BBITyKIa TOTJa ¥ TOJIBKO TOTAA, KOTJA IS
MOOBIX X € XU p € E Boinykion sBisercs ¢pyHkus (2.2).

JoxkazartenabceTBo. [lycts gyHkms f(x) Beimykina. Bo3pmEéM umnciio

A € (0,1) m Toukwm ¢,,t, € 1. Torma

oM+ (A-Mp)=fx+y+A-MNt)p)=
=fx+ap) (1= (x+4p))=




2. Bbinykable (pyHKLMM 1M MX CBOMCTBA

SME+tap)FA-Nfxtnp)=he )+ (1-1) o 1)
Takum oOpazom,

e (=M p)=ro )+ (1-2) 0 @) (2.3)

[Mycth anst m00bIX X € X U p € E Pynkuus (2.2) aBisieTcsi BBITyK-
no#. [Tokaxkem, uTo 1 hyHKIUS f(X) SIBISIETCS BBITYKIIOH. Bo3pMéEM mto-
Oble TOUKM X € X 1y € X, a taxke uncio A € (0,1). Torna, ucronb3ys
HepaBeHCTBO (2.3), OyaeM nMeTh

F=-VDx+)=fx+r@-x))=¢ Al +(1-2)0)<
St (D) +A =2 0)=1-1)fx)+Af).

W3yunM BHavase BBIMYKIIbIE (PYHKIIMH OHOTO IMEPEMEHHOTO, OIpe-
JIelIEHHbIE Ha MPOMEKYTKE. B 3TOM ciyyae reoOMEeTpUYECKHl CMBICI
HepaBeHcTBa MeHceHa

SA =2 x, +hx,) = (1= f(x) T Af(x,) (2.4)

3aKIIF0YaeTCs B TOM, YTO KYyCOK Tpaduka, COeIUHSIOMUI JIBe JTH00bIe
TOYKH Ha dTOM TpaduKe, JICKHUT HUKE XOPJIbI, COSTUHSIONIECH 3TH TOUKH
(puc. 2.1).

\]

Puc. 2.1

Teopema 2. [lycts dyHKIUS [ (X) ABIAAETCSA BBITYKIOW Ha TpoOMe-
xyTke. Toraa amst To0BIX TOUYEK X, < X, < X, U3 3TOTO MIPOMEKYTKA BBI-
MOJTHEHO HEPaBEHCTBO

SO)=f0) _ f()=f(%) _ f(a)=f(x) | 2.5)

X=X Xy =X Xy =X

. X,—X

JlokaszareabcTBo. Bo3sméM uncino A =—2—L¢[0,1]. Torna
X, —X
2 0

x,=(1-2)x,+Ax,
Ortcrona u U3 HepaBeHcTBa (2.4) TOIyYuM, 4TO

SO = (1 =2 f00) + Af(x) = f () —f1x0) = (1 = 4) (1) = f (x; )-

17
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HO,[[CTaBJ'DlSI B MMOCJICAHCC HEPABCHCTBO 3HAYCHUC YHUCJIa )u, noJIy4yumM

f(xl)_f(x0)< f(xz)_f(xo)

X =X Xy =X

Hanee, f(x,) = (1=4) f0x,) + Lf0x,) =1 (x,) =f0x) 2 A (f(x)) —f(x,). Tlon-

CTaBJIsIS CIOJIa 3HAYCHHE YUCTIA A, TIOJIyYHM BTOPOE HEPABEHCTRBO B (2.5)

S (%)= /(%) S [ (%)= f(x)

Xy =X X =X

3ameuanue 1. Ha puc. 2.2 maércs reomeTpudecKas WIUTIOCTPAITHS
HepaBeHCTB (2.5). g ymioB o, KOTOpble 00pa3yloT COOTBETCTBYIO-
LIME€ XOP/ibl, BBIIIOJHEHbl HEPAaBEHCTBA @, < o, < 0,. Cilez0BaTeNbHO,
tga, <tga, < tga,. C 1pyroi CTOpOHHL,

g, :M, g, :M, tgaL, :M_
X — X X, — X, X, —x,
Xo Xy X2 :x

Hpumep 1. Oynkms f(x) = |x| SIBIISIETCSI BBIITYKJIOW Ha BCEH YUCIO-
BOH ocH. B camom Jese, u3 cBoicTBa MOy ciaemyeT, ato mpu 0 <A <1
|7wc1 +(1—7\,)X2 | < |7»x1| + |(l—7»)x2 | = 7\,|X1 | + (1—7u)|x2 |

Teopema 3. Ilycts yukmws f: (a, b) — R sBnseTcs BRITyKI0M. Torma
B Ka)XXIIO# Touke x € (a, b) CyIEeCTBYIOT MpaBas U JeBasi IPOU3BOIHBIC

@)= jim LSy = SO =) o 6y
’ o h h

T—-0+ T —0-

¥ 17151 JII0OBIX TOYEK a < X; <X, < b BBIIIOITHEHbI HEPABEHCTBA
) <f00) < 00) Sfi). (2.7)

Joxka3areabcTBo. BozpméMm uncno x € (a, b). 3adukcupyem nsa
yucna a, € (a,x ) u b, € (x, b). lns 1ocraTouHo MajbIX yucen h, < h,
<0 <7, <7, BBIIOIHEHBI COOTHOINEHUS @, <X + h, <x+ h <x<x+71
<x+1,<b,. Orcrona u u3 HepaBeHCTB (2.5) cienyer, uTo

18




2. Bbinykable (pyHKLMM 1M MX CBOMCTBA

S =flx+h) < fOt1)= () -

_hl T

= S th)—f(x) < fxtT)-f(0).

T

h,

S —fxth) o fO)-f(x+h) -
—h,

_h2

— SOth) =) < fxth)=f(X)

h,

h,

Janee

S Oett) = f() < fOtn) = f(x)

T T

ITosTomy

S eth,) = f(x) < feth) - f(¥) <
I,

hl

fOAT) = f(0) < f ()= f(x) (2.8)

T T

CrnenoBarenbHo, (QyHKIUSL @(T)—M yObIBaeT mpH

T— 0+ u orpanuueHa cHusy. [Toaromy CyHlCCTByeT npasasi IPOU3BO-
nHas f,(x ) (2.6).

Oynkuusa g(h) = M Bo3pacraet npu 41— 0— u orpaHu-
yeHa cBepxy. [loaTomy cymeCTByeT neBast mpousBoHas f (x) (2.6).

W3 nepaseHcts (2.8) cnenyet f'(x) <f (x). [Tokaxem, uto f;(x,) <f(x,)
npu a <x, <x, <b. Bo3pméM uncna s < 0 <t TaK, 4ro0sl X, <X, + T <
X, + h <x,. Torna n3 HepaBeHCTB (2.5) noIy4nM, YTO

f(xﬂ) SO) <« fOuth)—f(+r) < f)=fo+h) -

Xy,+h-x-1 —h

S oth) = f(x) |
h

Ilepeiiném B 3TOM HepaBeHCTBe K mpereny npu ¢ — 0 + u mpu
h— 0—. ITonyuum TpebGyemoe HepaBeHCTBO f, (x,) <f ' (x,).

Teopema 4 (xpumepuii svinyxiocmu ougpepenyupyemoii hyHk-
yuu). Ilycte ¢ynkuus f: (a, b) — R sBisgercs muddepeHnnpyemMoi.
Torma oHa sIBIIsIETCA BBITYKIJION HA HHTEpBae (a, b) B TOM U TOIBKO TOM
cilyuae, eciii e€ IpOU3BOIHAs He yObIBaeT.

Joka3zare/ibcTBO. 3aduKcHpyeM ABe TOUKH a < X, <X, < b. Bo3bMéM
JOCTaTOYHO MaJible MOJIOKUTENIbHBIC YKcaa 4, u h, Takue, 9To0sl X, +

19




B. 1. Yxob60108, M. B. M3mecTbes. V136paHHble rAaBbl TEOPUM SKCTPEMAALHBIX 3aAay

h, <x,— h,. Torna u3 HepaBeHcTa (2.5) Oynem UMeThb

f(xl +h1)_f(x1) < f(xz)_f(xz _hz)
h, B h, '

Yerpemisisi B 3TOM HEpaBEHCTBE 4MCia /i, U A, K HyIIO, NOIyYUM

S ) <f(x).
Ilycte Temeph mpom3BomHas He yObIBaeT. Bo3bMEM JiBe TOUKH
a <x, <x,<bpaccmoTpum QyHKIHIO

oM = (1 =2 x, +hx)) = (1 =) f(x) = Af(x), 0=A = 1. (2.9)

Ecmm mokaxxem, uto ¢ (A) <0 ipu Bcex 0 <A < 1, To moxy4dnm Tpeody-
emoe HepaBeHCTBO (2.4). [Ipumenss Teopemy o muddepeHnnpyeMocTi
cnoxHOM QyHKImH, Oyaem umetb @ (A) =/ ((1 —A) x, + Ax,) (x, —x,) +

SGe)—f(x)=
= (xz—x] ) (_M"'f,((l_)‘)xﬁ'?“xz)j'

Xy =X

[Ipumenus reopemy Jlarpamxka, HaitnéM ToUKy ¢ € (x,, X,) TaKylo, 4TO

f(x)=f(x) = f'(c).

Xy =X

CnenoarenbHo, @ (A) = (x, —x,) (f ((1 —=A) x, + A x,) —f (¢)). Orcro-

c—X,

1a BUAHO, 9T0 ¢ (A,) =0 mpu A .= . Tak xak mpown3BoHasT (PYHK-

XX
uu f'(x) He yosiBaet, To @'(A) <0 mpu (1 —A)x, +Ax, <cu (L) >08B
OPOTHBHOM ciiydae. D10 3Ha4uT, 910 O'(L) <0 mpu 0 <A<A. u @'(A)>0
B mpotuBHOM ciyyae. Cramo ObITh, (yHKUIuS @(A) yObIBaeT mnpu

0 <A <A\, monaBo3pactaeT npu A, <A <L1. Jlanee, u3 popmyisr (2.9)

cienyet, ato ¢ (0) = ¢ (1) = 0. CaemoBatenbro, ¢ (A) < 0 pu Bcex
0<A<1 (puc. 2.3).

Teopema 5 (kpumeputi svinyxiocmu 08a paza oughgepenyupyemo
¢yuxyuu). Iycts yuakums £ (a, b) — R nBa paza quddepeHmupyema.
Torma oHa sBISIETCS BRITYKIJIOW HAa HHTEpBaANC (¢, b) B TOM M TOJBKO TOM
CITydae, ecti eé Bropas mpomsBoaHas f (x) > 0 st Bcex Touek x € (a, b).

Joxka3zareabcTBo. CormacHo TeopeMe 4 GpyHKIms f(X) IBIIETCS BBI-
ITyKJIOW TOTIa M TOJILKO TOTZA, KOTAa €€ Mpou3BomHas f (X) He yObIBaeT.
CrenoBatenbHO, (QYHKIHS f(x) SBIISETCS BBITYKJION TOTIA M TOJIBKO TOT-
Ia, Korma eé Bropas mpousBoaHas /' (x ) > 0 s Bcex Touek x € (a, b).

Hpumep 2. OyHKIWS f(x) = x> ABIAETCS BHITYKION Ha BCE YUCITO-
BOW OCH.
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2. Bbinykable (pyHKLMM 1M MX CBOMCTBA

o)A

—
\J
>

o) A

Puc. 2.3

Mpumep 3. Jluneiinas GyHKUUS SBISIETCS BBITYKJION Ha BCell umc-
JIOBOH OCH.

Teopema 6. [Tycts Ha unTepBae (a, b) hynkuus f(x) sBusercs aud-
(depeHIMpyeMOil W BBINYKIOH (BOTHYTOH) M MycTh B TOo4ke cE(a, b)
npousBonHas f(¢) = 0. Torna

fx)=f(a) (f(x) < f(a)) nns Beex xe (a, b). (2.10)

Joka3zareiabcTBO. PaccMoTpuM cityuaii Beimykiioi ¢pynkmuu. Torna
e€ nMpou3BOAHAS HE YOBIBACT. DTO 3HAYMT, YTO

f’(x)Sf'(c):O, Vxe(a,c);f’(x)zf'(c)zo, Vxe(c,b).

Crajo ObITh, ClIeBa OT TOYKHU ¢ (PYHKIUs yOBbIBAaeT, a CIpaBa OT ATOH
TOYKH OHA Bo3pactaet. OTcrofa noixyyaeM HepaBeHCTBO (2.10).

3ameuanmue. /{15 BRIMYKIBIX (YHKIUN TOYKA JIOKATBHOTO MUHHMY-
Ma SIBIISIETCSL M TOUKOU aOCOTIOMHO20 MUHUMYMA.

Apuchmernyeckme AeiicTeus
C BbIIYKAbIMM (BOTHYTbIMM) (DYHKLIMSIMM

[Tycte GyHKIWMS SBISICTCS BBITYKIOHN (BOTHYTOW) Ha MHTepBasie. Tor-
Ja TIpU YMHOXXECHHU €€ Ha HEOTPUIATEIFHOE YMCIIO IMOTy4YaeTCs BbI-
mykias (BorHyTast) pyHkims. B camom gene, mpu yMHOXXEHHH Hepa-
BeHCTB (2.1) u (2.4) Ha HEOTPHUIIATEIBHOE YUCIIO UX 3HAK COXPAHSETCH.

Ynpaxuenue. Vcronb3ys BBIIYKIOCTh MHOXKECTBA X, I10Ka3arh,

410 [ SBIACTCS MPOMEKYTKOM, TO €CTh €CIH TOYKH f,f, € I, TO Tipn
aro6om gncie A €[0,1] Ttouka L ¢, + (1 — )¢, el

3ameuanune. Ecnu dynkuus f onpeneneHa Ha BCEM HPOCTPAHCTBE
R, To mpoMeKkyTOK / IBIISIETCS BCEH YUCIOBOM OCBIO.
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Ynpaskuenue. [lokazare, uto ecimu QyHKIWs [ BLInyKJIa TO /ISt JTFOOBIX

X, e X\ >0, ZX = | BBINIOJIHEHO HEPABEHCTBO f(zl 1)< 27» S ().

i=l1 i=1

[ycrts F': E x E — R — OunuHeliHas cMMMETpUYHAs! PyHKIHS, TO €CTh
F,y)=F,x), F(ax+by,z)=aF(x,2)+bF(y,2)

JUIsL TIOOBIX TOYEK X, V, Z U3 IPOCTPAHCTBA £ M 17151 TIOOBIX YHCeN a U b.
[lycts g : E — R — nuHelHas QyHKIHSA.
Ynpaxuenue. [lokazars, 4to ecnu QyHKLMA f BOTHYTa, TO VIS TFOOBIX

k k k
X, € X\, 20,Y A, =1 semomneno nepasenctso /(O AX) 2 Y A, [(X,).
i=1

i=1 i=1

Vopaxuenue. I[Tokaszars, uro (ynkuus f(X) sBiasercss BOTHYTON
TOT/Ia ¥ TOJIBKO TOTa, Koraa GpyHKmms ¢ (7) (2.2) aBuseTcst BOTHYTOM T10

TIEPEMEHHOM ¢ 171 II00ObIX X € X, p e R" .

Teopema 7 (kpumeputi sbinykiocmu (6oenymocmu) oughghepenyupy-
emott hynkyuu). Ilycts GpyHkimsa f(X) uMeeT HeNpepIBHbIE YaCTHHIE
Mpou3BOAHbIC. Torma OHa SIBISICTCS BBIMYKIOH (BOTHYTO#) Torma u

TOJIBKO TOT/IA, KOT/Ia JUist JIo0bIX X € X, p € R" BopakeHue

Zf(x+tp) @.11)

BO3pacraeT (yObIBaer) 1o .

JoxkazarenbeTBo. DyHKIMS f BBIMyKiIa (BOTHYTa) TOTAA M TOJNb-
KO Torjma, korna ¢yHkuus ¢(¢) (2.2) Bemykina (Boruyta). Ilo Teopeme
o muddepeHnupyeMoctr ciaoxHor ¢ynknuu dynknus (2.2) audde-
peHunupyeMa U e€ Ipou3BOAHAs paBHA

I,

i

9=

®yHKIMA @ () BeITyKIa (BOTHYTa) TOTJIA M TOJBKO TOTNA, KOTjia eé
npou3BoaHas @ (7) Bo3pacraeT (yObIBaeT) 1o Z.

Teopema 8. ITycTh Boinykias (Boruyras) pyukius f(X) umeer He-

NPEPHIBHBIC YaCTHBIC MPOM3BOAHBIC. Torma it Io0bIX X,y € X BBI-
MOJTHEHO PAaBEHCTBO

10-1©= 2200 101 5@ 3100 - J@u)

JlokazaTejbCTBO TIPOBEAEM JIIsl BBIMYKIOCTH. M3 HepaBeHCTBa
(2.1) nmeem, aTO

SEHMY =X) - f(X)
A

<fO)-f).




2. Bbinykable (pyHKLMM 1M MX CBOMCTBA

Yerpemum A — 0. Torma B JIeBOM 4acTH MOCIEIHETO HEPaBEHCTBA

Oyner ctosite nipousBoaHast ¢'(0) dyukium (2) mpu p=y — X. Ora
MPOM3BOJIHAs onpeessieTcs popmysnoi (2.11). Orcrona moryduM Hepa-
BEHCTBO (2.12).

Teopema 9 (kpumepuii svinykiocmu (6ocnymocmu) 06a paza ough-

pepenyupyemoti gynxyuu). Iycts pynkusa f(X) uMmeeT HeNpepbIB-
HbIE YACTHBIE TIPOU3BO/IHBIC BTOPOTO Mopsiaka. Torma oHa sBIsleTCs Bbl-
MyKJIO# (BOTHYTO#) B TOM M TOJIBKO TOM CllydYae, KOTa JUis JFOOBIX

X €X,pe€R" BHINOIHEHO HEPABEHCTBO

n 2 eV n 2 X
Za f(x)p’_pjzo[zwpipjgo], (2.13)

[‘j:1 axiaxj i,j=1 ax,axj

JoxkazaresbcerBo. [ pynkuun (2.2) umeem

F0=3 0 ) o - ZZM(“”’) Pp, .

Jj=1 i=1

OyHKIMs f BbIMyKIa (BOTHYTa) TOTAA U TOJBKO TOIAa, Koraa QyHK-
st @(7) Beimykna (Boruyra) <> @"(1)20 (¢"(£)<0) nna mobbIX
xeX,peR", Vtel .Tlonaras t = 0, monyuum ycnosue (2.13).

Mpumep. Jluneitnas pyHkuus y = aq, + Zaixi SIBJISIETCS KaK BBIILY-

KJIOH, Tak U BoruyToil. KBaapar ot nuneitnoit pyukiun f(x,,...,x,) = (
2 o )
=(a,+ax +..+a,x,)" saenserca BbIMykIol (yHKuMeid. B camom

Jiee,

—azf()_c) =2a.a

af(x)_2(a0+a1x1+...+anxn)a,-:> idj

ax ’ Ox.0x .

i J

CrnenoBarenbHo, ycinoBue (2.13) npuHumaet Buj

iaiajp[pj >0.

i,j=1

3ameyanne. CyMMa KOHEYHOTO YHCIIA BBITYKIIBIX (BOTHYTHIX ) (pyHK-
Ui SIBJISIETCSI BBITYKJIOH (BOTHYTOH) (QDYHKITHCH.
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Kputepunii noroxureabHoOl (OTprLaTeAbHO)
OINPEACAEHHOCTU KBAAPATUYHONM CUMMETPUYHOM
MartpuLibl

O0603HaYNM

_OI®

o ox;

Torga us PaBEHCTBa CMCIIAaHHBIX YaCTHBIX MMPOU3BOAHBIX ITOJTYYUM, YTO

a;=a;.
CrnenoBarenbHO, MaTpHUIIA
a, 4ap a,,
A= ay ap a,
anl an2 ann

sBrsieTcst cummempuynou. Hepasenctsa (2.13) npumyT Bujg

2. 4;0.p; 20 (Z 4Pip; < OJ :

i,j=1 ij=1
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3. UTtepaumnoHHbIE METOAbDI
NMOoMCKa MMHUMYyMa
¢hbyHKUMM MHOTMX NepeMeHHbIX

PaCCManI/IBaeTCH 3aJa4a 0 HaXOXXACHUH TOYKHU a0COJIFOTHOTO MUHU-

myma quddepennupyemoit pynkuun f i R" — R
f(x) > min, x e R". (3)

J1s HaXOoKIaeHUsT TOYeK aOCONFOTHOTO MHUHUMyMa 3amadu (3) uc-
MOJIB3YIOTCSI HTEPAIIMOHHBIC TIPOLIECCHI

xk+l:xk_YkPks ’Yk>05PkER”' (31)

HauansHoe 3HaUEHHE X,, a TAKXKE YUCIIa Y, ¥ BeKTopa I, BBIOMpAroT-
sl TI0 KAKOMY-TO TIPAaBUITy. DTUM MPaBUWIOM U 337aéTC METO/.

Ecinu cyiectByer Touka X = absmin (3), T0 QyHKIHS [ OrpaHHUYeHa
camsy. IlosTomy Oynem paccmarpuBarh OrpaHUYCHHBIC CHU3Y (YHK-
LML

[lpumem cnenyromme oOo3HaueHus: s X = (x,, ..., x,) € R,
y=0,...,»y,) € R nonoxum

(x, y)=xy, + ... T x,y, — CKalsIpHOE IIPOU3BE/ICHHUE;

|Ix|| = {x, x)”* — HOpMa BeKTOpa X;

o) YW

f'(x)= (—,.. o,

J — TpagueHT QYHKIHH f.
ox,

Heo6xoaMMBIM ycnoBreM abCOMIOTHOIO MEHAMyMa X = absmin (3)

SABIISIETCS PABEHCTBO HYJIIO rpaguenTa f '()?) = 0. EcTecTBEeHHO BO3HH-
KaeT BONPOC, KOT/a ¢ IOMOIIbI0 npoueccopa (3.1) MOXKXHO MOCTPOUTH
MOCJIEJOBAaTEIBHOCTh TOYEK, Ha KOTOPBIX 3HAUCHHE TpajiueHTa (QyHK-

LUH f CTPEMHTCS K HYJ110. YaCTHUHBIN OTBET Ha 9TOT BOMPOC COACPIKHUT-
Csl B pEILICHUY Clleytoulel 3aJaun.

3agaya 1. [lycte ¢ynkuus f:R" > R — nuddepenuupyema,
OrpaHMYeHa CHHU3Y U 3aJIaHbl YUCiI0 O > 0 1 oCIe10BaTeIbHOCTh TOUYEK
X, € R" Takue, 4TO

2

F(x)=f () za|f (=), k=12... (3.2)
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Joxkasarsb, uto
|7/ (x)|—0. (3.3)

Ykazanue. OrpaHnuyueHHasi CHU3Y YHUCIIOBas MOCIEIOBATEILHOCTH

f(x,) He Bo3pacraer. CriezioBaTeIbHO, OHA UMEET TPEIET, U MO3TOMY
pa3HOCTh, cTOsIIIAs B JeBOi yacTH (3.2), CTpeMUTCSI K HYIIO.

ITpumep 1. Paccmorpum Qyukuuio f: R — R

x2,x>0

x3(x+l),x<0‘

)= (3.4)

I'padux sroii pyHKIMM N300pakeH Ha puc. 3.1.

Y

Puc. 3.1

Paccmotpum nipouecc (3.1), B kotopom Pk=x,, 1-y =06,0<d<]1.
B kauecTBe HAYAIBHON TOUKH Bo3bMEM X, =1 . Torma X, =8° — 0 npu
k — o0, a HepaBeHCTBO (3.2) mpuMeT B

82k _82k+2 >a '482k = 1_82

>,

TakuM 00pa3om, CyIECTBYET YUCIIO 0., IPH KOTOPOM BBITIOIHEHO He-
paBeHcTBo (3.2). CnemoBarenbHO, BBITIOTHEHO ycioBue (3.3). OnHako
Touka x = () He ABIsIETCA TOYKOM MUHUMYMa GyHKIHH (3.4).

Paccmotpum Teneph BoITykIyr0 QyHKIuio f:R" — R . OyHKIus
f:R" — R Ha3bIBaeTCs BBIMYKJION, €CIIH BBIIOJIHEHO CIICAYIOIICE yC-
nosue: VxeR",VyeR", VA e [0,1] =

f(rx+(1=2)y)<af (x)+(1-2) f(¥). (3.5)

Ecim ¢ynkuus f nBa paza nuddepeHuupyema, To 0003HAYUM TSI

x=(x,m00x,)
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3. VITepaLll/IOHHbIe METOAbI NOUCKAa MUHUMYMa prHKLll/IM MHOTMX nepemMeHHbIX

f(x) o’ f(x) & f(x)
ox’  Ox,0x,  Ox,0x,
(X)) =] oo (3.6)
O f(x) 3 f(x) f(x)
ox,0x, ox,0x,  Ox

Teopema 1 ([6], c. 21-23). ABaxnabl HenpepbiBHO AuddepeHIHpy-

emast pynkuust f :R" — R sBisieTcs BBITYKJION B TOM U TOJIBKO B TOM
cirydae, ecyii MaTpuia (3.6) monoKUTeNbHO ONpeAesieHa, TO eCTh

<f"(x)y,y>20, VxeR",VyeR". (3.7

Yupaxunenue 1. Jlokazars 3Ty TeopeMmy.
Bynem paccmarpuBarh JBaXabl HENPEPBHIBHO AU(QPEPEHIIPYEMYIO

¢yukumio f:R" — R, yIOBISTBOPSIOUIYIO YCIOBHIO CHIIBHOM BBITYK-
JOCTH

Elm>01<f"(x)y,y>2m||yZ,VxeR”,VyeR". (3.8)

Yupa:xkuenue 2. /lokazarb, uTo eciu QyHKIUS f(X) yIOBIECTBOPSET
ycnoButo (3.7), To pu moo6oM m > 0 yCIOBHIO CHIIBHOH BBITYKIIOCTH

2
(3.8) ynosrnerBopsiet pyHKIms | (x) + m||x|| .
3apaua 2. [lokasaTb, 4TO €CIM JABaX/bl HEMPEPHIBHO U PepeHIIn-

pyemas ¢pyHkius f:R" — R yJIOBIETBOPSIET YCIOBUIO CHIBHOM BbI-
mykinoctH (3.8), To

1@< ()= =A< 2 ()] 69)

Yka3anme. CormmacHo popmyne Teitnmopa, JA € [0,1]

S =1 ()= (£ () ox =)+ {17 (e (1=2)3) (5= 3). (=),

Orcrona, ucnone3ys HepaBeHCTBO Komm — ByHsikoBckoro u ycino-
BHE CHJIBHOM BBHIMYKJIOCTH (3.8), HOIydnm

, m
7)1 ()2l ) b=l 2o
U3 sToro HepaBeHCTBa cienyeT yrBepxaeHue (3.9).

3apaua 3. [lycte gBaskabl HempepbIBHO TuddepeHunpyemMas GyHK-
1y f yIOBJIETBOPSIET YCIOBUIO CHIIBHOM BhIMyKocTH (3.8). Jlokaszars,
YTO CYHIECTBYET TOUKa absmin(3) u, cienoBaTenbHo, QYHKIUS [ orpa-
HUYEHA CHU3Y.
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VYka3zanne. 3apukcupyeM TOUKy y € R" U paccCMOTPUM MHOKECTBO

Y= {x eR" :f(x) < f(y)} . VI3 nenpepwiBHOCTH (pyHKINHU f clenyeT
3aMKHYTOCTh MHOXKecTBa Y. CortacHo (3.9), MHOXeCTBO Y siBisercs
orpannueHHbIM. ClieioBaTebHO, HenpepbiBHAS (QYHKIUS f TOCTUTAET

CBOEH HIKHEN IPaHU Ha MHOXKECTBE ¥ B HEKOTOPOH Touke X €Y . Dra
ToYKa siBIsieTcs absmin (3).
Teopema 2 ([6], c. 21-23). HenpepsiBHO nuddepenuupyemast GyHK-

s f:R" — R sABIIsETCs BBITYKIJIOH TOIA M TOJIBKO TOI/A, KOIzia

S(x)=f(»)2(f'(9),x-y),VxeR", ¥yeR".  (3.10)

Yupaxuenue 3. Jlokazars, 4TO €cii HEPEPBIBHO TuddepeHunpye-

Masi QYHKIHSA f TBISIETCS BBITYKIION, TO

X =absmin (3) < f'(£)=0. (3.11)

3anaua 4. [lycts nBaskapl HenpepbIBHO TuddepeHunpyemas GyHK-

musa f:R" — R YIOBIIETBOPSET YCIOBHIO CUIILHOM BBITYKIIOCTH (3.8).
Torga amst mocnen0BaTeIbHOCTH X, YAOBIETBOPSIIOIIEH ycnoButo (3.2),
BBITIOJIHEHO

x, = X =absmin (3). (3.12)

Vkazanue. U3 (3.2) cnenyer, uto f (xk)z f (xi) pu i > k . [loaro-
My, corsacHo (3.9),
290 . ,
||x,. - xk” < ;”f (x, )”,Vz > k.
Ortcrona u u3 (3.3) cinefyer, uTo MOCIeA0BaTENbHOCTS X, YAOBIETBO-
pset kputepuro Komm. Crano 6bith, X, — X . 13 (3.3) u u3 HenpepsIs-

Hoctu rpajmenta f'(x) cnemyer, uto f'(£)=0.
Cornacao (3.2)

X =absmin (3).

I paaneHTHbIe MeTOADI
I'panrieHTHBIE METOMBI XapaKTePU3YIOTCs TeM, 9To B dopmyre (3.1)

oepéres P, = f '(xk) U, CTAJIO OBITh,
Xs1 :xk_’ka'(xk)ﬂyk >0. (3.13)

3amaua 5. Ilycts rpaauent f '(x) YIAOBIIETBOPSIET YCIOBUIO JInm-
M1 C KOHCTAHTOMU L.
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3. VITepaLll/IOHHbIe METOAbI NOUCKAa MUHUMYMa prHKLll/IM MHOTMX nepemMeHHbIX

()= s ()| <Llx=s . vxe R wyeR".  (3.14)

Torma nns mpomecca (3.13) BepHa orleHKa
f(xk+1 ) - f(xk ) <Y (1 - LYk) ||f/(xk )”2 . (3.15)

Yka3zanme. CormmacHo Teopeme Jlarpamka o KOHEYHOM MTPHUPAIIECHUN
bynxunm f(xk+1 ) - f(xk ) = f(xk - kal(xk )) - f(xk ) =
(7" (o =2 f " (3))o =7, S (30)) 2 € [0,1]

Ortcroaa u u3 ycnosust Jlunmmua (3.14) cnenyert, 4ro
f(xk+1 ) - f(xk ) = <f,(xk - )"ka’(xk )) - f'(xk )’_ka'(xk )>
R ATACONACN EI7Vl VAN A TAEN |

MeTtoA ¢ NOCTOSAHHbLIM Warom

Ecnu yncneHHoe 3HaueHHUE KOHCTAHTHI L HU3BECTHO, TO B IpoLECCe

(3.13) moxHO Oparb Y, =7, O<y<%. Torma u3 (3.15) cnenyer (3.2)
ca=y(1-Ly)>0.

MeTtoa ApobOAenns wara
HpI/IMeHHeTCH TOrJga, KOoraa 4ucCJICHHOC 3HAUYCHHEC KOHCTAHThI JIum-
muna L Heu3BeCTHO.

Onucanue Mmetona. Beidbnpaem 3nauenus y>0,0<e<1,0<A <1.
[TycTp 3Ha4YeHHE X, BBIYUCIICHO.

1. ITomaraem y, =7.

2. Beraucnsiem x =x, —v, f(x,)
3. IIpoBepsieM HEPABEHCTBO

F(x)=f () <—er ] () (3.16)

3.1. Ecniu HepaBeHCTBO (3.16) BBHIMONHEHO, TO TIOJIAaraeM X, =X |
uaéM Kk 1.

3.2. Eciu HepaBeHCTBO (3.16) He BBINOIHEHO, TO MOJIAraeM Y, =AY,
U UAOEM K 2.

O6ocHoBanue MeTora. [TycTh B rporecce cuéTa MpuxoarM K ITyHKTY 3.2.

Ilycts muki

Puc. 3.2

npocunthiBaercs i +1 pa3s. Torna v, =A'y u
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x=x, —Myf'(x,).
Cornacho (3.15)
F(x)= £ () <=y (1=-27) | ()
Craino ObITh, HepaBeHCTBO (3.16) OyaeT BBITTOIHEHO PH
ey <-My(1-Ay) e ry < I_Tg .
TTo5TOMY LMK ¢ pHc. 3.2 3aKOHYUTCS HA KOHEUHOM IIare, MPUUEM

1-¢ ) l-¢ l-¢ 1-¢
A—— <Ay < = <y, <
L L) Te=77

L

Beon x,,0,y

w=y—yz

BriBog y

Brixon

Puc. 3.3. Brok-cxema memooa ¢ nOCMOSAHHbIM WA2OM
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3. VITepaLll/IOHHbIe METOAbI NOUCKAa MUHUMYMa prHKLll/IM MHOTMX nepemMeHHbIX

Bsox x,,7,6,4,0

U=7,¥=X,
]
z=f'(»), a=[4]
BoiBon y —[ Beixon ]
¢
xX=y—-uz
m=/(x)-/(»)
|
v=gua’
|

é

u=Au

Puc. 3.4. Brok-cxema memoda ¢ Opoonenuem waza

Orcrona n u3 HepaBeHcTBa (3.16) cinemyet ycnoBue (3.2) ¢ YuCIOM

azgxl_—8>0.
L

Metoa HptoTOoHa ¢ ApobAeHnem wara

Bynem BeiOupars Bektop P, € R B popmyne (3.1) u3 ycnoBus mu-
HUMyMa QyHKIMH f B TOuke X, ,. Cuuraem, 4To QyHKUUSA ABAXKABI HE-
npepeiBHO muddepentupyema. [Ipumenss Gopmymy Teitmopa, Oymem
UMETh

2

F ()= (5) = =0 (£ () R )+ 277 (5) BB )+ O(1).

Bebruncnss npous3BogHyto 1o P, B IpaBoil 4acTu U NpupaBHUBAs €€
K HyIIo, OyzieM UMeTh

v S () B =f"(x,). (3.17)
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Jlomyctnm, uro marpuna f”(x) e Bhiposkena. Torna, BruCss
u3 (3.17) Bexrop P, u noxcrasisis ero B (3.1), nonyuum meton Hero-
TOHA

KXis1 = X _(f”(xk))_l f’(xk)'

Bynem paccmarpuBath Meton HploToHa ¢ perymupoBKoil mara 7y,
a IMEHHO

Xt =X = Vs (./M(xk))_l f'(xk) , V>0, (3.18)

Onucanue merona. BeiGupaem 3nagenus ¥ >0, 0<e<l1, 0<Ai<lI.
ITycTh 3HaueHHE X, BBIYMCIICHO.

1. Ilonaraem y, =Y.
-1

2. Boraucnsiem B, = (f"(xk ))
3. IIpoBepsieM HEPABEHCTBO

f’(xk)n x=x, -7 F .

S (x)=f(x)<=ev (B S (%)) (3.19)

3.1. Ecnu HepaBeHCTBO (3.19) BBIIIONHEHO, TO TIOJAaraeM X,,, =X H
uném K 1.

3.2. Eciu HepaBeHCTBO (3.19) He BBINOIHEHO, TO MOJAraeM Y, =AY,
U UIEM K 2.

OO6ocHOBaHHE METOAA TIPOBEAEM TS ABAXKIBI HEMPEPhIBHO Audde-
PEHIMPYEMBIX (PYHKITHH, YAOBIETBOPSIOMINX YCIOBHIO

;Vx,yeR". (3.20)

AM >m>0 : m||y||2S<f"(x)y,y>SM||y|

JleBoe HepaBeHCTBO B (3.20) 03HAYaET YCIIOBUE CHIIBHOM BBITYKJIO-
ctH (3.8).

Yupaxuenue 4. /loka3zats, 9To mpaBoe HepaBeHCTBO B (3.20) BBI-
MOJTHEHO, €CITH BCE YACTHBIC MPOU3BOIHBIC BTOPOTO MOPSIKa (PyHKIIUN

f orpaHrYeHbl OHUM YHMCIIOM JUIs BCex X € R
3anauya 6. [Iycts BemomHeHO ycmoBue (3.20). Torma mans oOparHOi

MaTPHIIBI ( f "(x))_l BBITIOJIHEHO

*Vx,peR".  (321)

1 ” -1 1
ol <((" () pop) <l
VYikazanue. JI1s1 IOJI0KUTEITBLHO ONPeeTEHHON MaTpuIbl A = f "(x)

MOYXHO TIOCTPOHUTH OPTOTOHANBHYIO MaTpuily T Takyto, uro 17T* = E
(E — enuHW4Has MaTpuIa) u
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A 0

T*AT=A= . . (3.22)

3neck A, >0 cobcTBeHHbIE 3HaYeHUs MaTpullbl A. Bospmém y = Tx,
VxeR" . Torna ||y||2 = <Tx,Tx> = <T*Tx,x> = ||x||2 .
Ortcrona u u3 popmynst (3.21) cnenyer

mlaff <> <M > m<n, <M |
i=l1

Bosbmém p = Tx, Vxe R" . Torna
<A" P, p> =(T*4 ' Tx,x) = <A*1x,x> =" A, x2.
CiieoBatesbHO,
sl =2 2w (4 pop) < 5 3= Ll
Ormerum, uto 3 (3.21) CIemyeT HEBBIPOXKICHHOCTH MATPHIBI
(/"(x))™"

ObocHoBanue anroputma. OLeHUM BHavaje JIEBYIO 4acTh HEPaBEH-
ctBa (3.19). [Ipumensis popmyny Telinopa, moaydum

f(x)_f(xk):f(xk_YkP/f)_f(xk)z
~(f () =1B) + 5 ()01

3mech z — HeKoTopas Touka u3 R". Orcroga u u3 HepaBeHcTBa (3.20)
CJIE/TYET, 4TO

f(x)_f(xk)S_Yk <f’(xk)’1)k>+%’)/k2<1)k’])k>;

(7/)-B)= (/" ()RR)2m(B.R).

M3 3TUX ABYX HEPABEHCTB MOJIYYUM OLIEHKY

f(x)_f(xk)S_yk(l_%%(j<f,(xk)vpk>‘ (3‘23)
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Ilycts B mponecce cueta npuxoauM K myHKTy 3.2. IlycTh nuki

Puc. 3.5

npocunthiBaercs i+1 pas. Torma v, =A'y u, kak ciaexyer u3 (3.23),

HepaBeHCTBO (3.19) OyneT BHINOIHEHO, eCin
M 1=

-y > e My <—Som=3.
2m M

Crano ObITh, IUKJ C PUCYHKA (3.5) 3aKOHYMTCS Ha KOHEYHOM Iare
i, IpUYEM

AM<Ay<d=A5<y, <3.

O0603HaYUM
B =min(ey;eld).

Torma B mporiecce cuéra BHITOITHEHO HEPABEHCTBO
f('xkﬂ)_f(xk)s _B<P f’('xk )> =
= (")) () () <)
31eck UCIoIb30BaHO HepaBeHCTBO (3.19).

IMpumep. PaccmorpuMm 3aauy 0 HaXOKICHUM MUHHMYMa KBajapa-
TUYHON (QYHKIIUU

F0)= ) e = 4%, (45,5)>0 i ¥0.

Torna f'(x) = Ax +c, f"(x) = A. T'panuentHeiit Meton (3.13) mpu-
MET BUIL

X =X =Y, Ax, =y, :(E_YkA)xk —ViC -

Merton Heiotona (3.17) 3anmceiBaeTcs B BUIIE

X =% — Y, A7 (Ax, +¢)=(1-v, )x, —y,47c.
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4. MuHumusaums
KBAApPaTMYHOM (PyHKLIMM

Ilycts E siBnfeTcs TMHEWHBIM MPOCTPAHCTBOM, a F:EXE—R — 0Ou-
JMHEWHas CHMMeTpUIHas GyHKIWSA, TO €CTh

F(x,y)=F@, x), Flax + by, z) = aF(x, z) + bF(y, z)
JUIs TIOOBIX TOYEK X, V, Z U3 IPOCTPAHCTBA £ M /17151 TIOOBIX YHCen a U b.
[lyctp g:E—R — nuHeiHas QyHKIHA.
YrBepaxnenue 1. Kaaparnunast QyHkuums

1
Jx) =5 Fx, x) + g(x) (4.1)

SIBIISACTCS BLIHYKHOﬁ TOorga M TOJIBKO TOTrJa, KOorjJga

F(p, p) > 0 nns ro6oro BekTopa p € E. (4.2)

JokazareiabcTBo. Bo3bMéM mo0oil BekTop peF M paccMOTpUM
(byHKIHIIO

1
o) =f(x+1p)= EIZF(P, p) T t(Flx, p) + gp) +f(x).  (4.3)

Orta kBagparnyHas (QyHKUNS IEPEMEHHOTO ¢ SIBJISIETCSI BBITYKJION TOra
1 TOJIBKO TOT/a, Koraa ¢ (¢) = F(p, p) > 0.

YrBepaxnenue 2. [Iycts BoinonneHo ycinosue (4.2). Touka x. € E 8-
JISIETCSI TOYKOH aOCOMOTHOTO MHHUMYMa KBaApaTuaHOU QyHKIuH (4.1)
TOTa U TOJBKO TOT/a, KOrjia

F(x., p) + g(p) = 0 nns moboro BekTopa pek. (4.4)

JoxazarenabcerBo. [lycts Touka x,€FE sBIIETCS TOUYKOM abCOIIOT-
Horo MuHUMYyMa (yHKUuH f(x). BospméM moboii Bekrop peE. Torna
B Touke ¢ = 0 GyHKums ¢(¢) = f(x.+ tp) HocTUTaeT adCOMOTHBI MUHH-
myM. CrienoBarenbHo, @'(0) = 0. Otcrona noiaydnm yciosue (4.4).

[lycts B TOuke X,€E BhimonHeHo ycnosue (4.4). Bo3pméM molyio
TOUKY X€E ¥ mojaoxuMm p = x — X,. Jast aToro Bexropa p (QyHKUus
o(f) = f(x,+ tp) aBngerca BeimyKIoi. 13 ycnosus (4.4) caegyer, uto
¢'(0) =0. Crano ObITb,

S =0(1) = 9(0) = f(x,).
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YrBepxaenne 3. [lycts kBaaparuunas ¢pyHkuus (4.1) orpannyena
camsy. Torna, ecnu BekTop p € E ynoieTBopsieT paBeHCTBY F(p, p)=0,
To F(x, p) + g(p) = 0 mis moGoi Touku xeE.

JoxkazareabcerBo. CymectByeT yuciao N Takoe, uro fix) > N s
Bcex xeE. Orcrona u u3 (4.3) cnenyer, uto ¢(f) > N nns Bcex teR.
B paccmarpuBaeMoM ciyyae 3TO HEpPaBEHCTBO NPHHHUMAET BHI
o(t) = t(F(x, p) + g(p)) + flx) > N nns Bcex teR. Orcroa cieayer Tpe-
OyeMoe paBeHCTRO.

YrBepxnenne 4. [lycts kBaaparuunas ¢pyHkuus (4.1) orpannyena
camzy uucioM N. Toraa, ecnu BeKTOp peE ynoBIETBOPSET HEpaBEH-
ctBy F(p, p) >0, TO

(F(x,p)+g(p))
2F(p,p)

JUIA JIF000H TOUKM xeE.

fx)=N+

Joka3zarejabcTBo. MuHUMaNbHOE 3HaUeHUE QyHKIHH (4.3) mocTu-
raetcs B Touke t = —(F(x, p) + g(p)) / (F(p, p)) u paBHO f(x) — 0,5(F(x, p)
+g(p))?*/ (F(p, p)). Otcrona u u3 HepaBeHCcTBa f(x + tp) > N 17151 1106010
ymcina t€ R cnenyet TpedyeMoe HepaBeHCTRO.

IIpumep 1. PaccMOTpuM mpuMep, KOTOPBIM MOKa3bIBAET, YTO W3
OTPaHWYEHHOCTH CHHU3Y BBITYKJIOH KBaJpaTHIHOW (DYHKINH HE CIEIy-
€T, YTO OHAa JIOCTUTraeT CBoeu HikHel rpanu. I[lycts £ — mpocTpaH-
CTBO HETIPEPBIBHBIX QyHKIHH x:[—1, 1] =R

1 1
F(x(), ()= Jl xX(0)y(0)dt , g(x()) = Il x(t)e(t)dt , e(t) = sign 1.

Tornma gyHKIIMOHAT

1 1
Jo() = 0,5F(x(-), x(-)) + g(x(-))= % lez(f)dt + IIX(f)e(t)dt =

1 1 1
%j (x(t) +e(t)) dt——je(z)dz %j (x(t)+e(0)) dt —1>-1.
_1 —

orpanuueH cHu3y. OJJHaKO TOYKHM aOCOJIIOTHOTO MHHHMYMa HE Cylle-
CTBYET, MOCKOJIbKY (DYHKUMS X(f) = e(f) sIBISETCS Pa3pbIBHON B TOUKE
¢t = 0. HwxHsa rpanb 3Ha4eHu# 3Toro yHkunonana pasaa (—1) u go-
CTHUTaeTCs Ha TIOCIIEA0BaTEIbHOCTH HEMIPEPBIBHBIX (DYHKIIUH
— -1 —
x()=1lnpu—-1<t<-n',x,(t)=-nt

npu |t| <nLx@®=-lnpun'<t<1.

B camowm perre,
0

1
505 [ (e i 1= ] (o1 ar o

1

n
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4. MUHUMM3aUMS KBAAPATUUHOM YyHKLIMK

(—nt+1)" dt :g 1 —>-1
n

+
N | —
O —— | —

IpU H—0.
Paccmotrpum ciyyaii, korga npoctpaiHcTBo £ = R". B aToM ciyuae
BBINTyKJIasl KBaApaTuuHas GpyHKuus

Ax)= % <FX,X>+<g,X >. (4.5)

31[60]) F— CUMMETpPHUYHAasA, IMMOJIOKHUTECIBbHO ONIPCACIICHHAA KBaApaTru4-

Hast MaTpula, & — (QUKCUPOBAHHBINA BEKTOp B R".

I'paguent 310#1 PyHKUNHU paBeH

f(X)=Fx +g. (4.6)

[MockonbKy QyHKIHS (4.5) sSIBIISIETCS BBITYKIION, TO TOUKA X. €R" B-
JISIeTCSl TOUKOW a0COMIOTHOTO MUHUMYMa (hyHKIHH (4.5) ToTHa 1 TONb-

Ko Torza, Koraa €€ rpaaueHt f(X.) = 0. Takum 0Opa3oM, st HAXO0K-
JICHUS] TOYKH MUHUMYMa KBaJPaTUIHON QYHKIUH (4.5) HY)KHO PElIHTh
CUCTEMY YpPaBHEHUI

Fx+g=0. (4.7)

Teopema 1. Ilyctp ¢ynkums (4.5) orpannuena cHusy. Torga y Heé
CYIIECTBYET TOYKa aOCOJIIOTHOTO MUHUMYMA.

Joka3zaresbceTBo. JlomycTuM, 9T0 abCOIIOTHOTO MUHHMYyMa HE Cy-
wectyeT. Torna us (4.7) nonyuum, uro FX + g # 0 nna mo6oii Tou-
ki X € R". CiieZ10BaTeNIbHO, BEKTOP (—& ) HE MPUHAJICKHUT JTUHECHHOMY

MOANPOCTpaHcTBY X ={Z =FX: X €R"}. 3 TeopeMbl OTACTUMOCTH
TOYKH OT BBIMYKJIIOTO 3aMKHYTOI'O MHOXKECTBA CJICIyeT, YTO CYIIEeCTBY-

FOT BEKTOP W €R" U NOJOKUTEIBHOE YUCIIO € TAKUE, YTO

<FXx, w><<-g, w>—¢

JUTs I000# Toukn X €R". OTcrona, YUUThIBas paBeHCTBO <FX, wW> =

< X, Fw>, nonyunm, 4to Fw = Ou <g, w > <—¢. Torna u3 Gopmybl
(4.5) 6ynem umetpb

f@wW)=<Ftw,tw>+<g,tw>=(<g, w > <—¢t.
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CneoBatenbHo, f{(tW) — —oo ipH t—-+oo. [lomydnim npoTuBopedre
C YCJIOBHEM OTpaHUYCHHOCTH CHU3Y (pyHKIMH (4.5).

Teopema 2. Eciu cymniecTByeT Touka X € R" U BeKTOp p €R" Takue,
qTOo

<Fp, p>=0u<f(x), p>#0, (4.8)

TO QyHKIMs (4.5) HE OrpaHHYECHA CHU3Y.
Hoxa3areiabcTBo. U3 hopmysn (4.5) u (4.6) cinenyer, 4to

2

AX +aB)=%) + o0 <f (), p>+ “7 <Fp.p>  (49)

Orcrona u u3 yciosui (4.8) cieayer, uro AX + ap) — —oo nubo npu
o — —00, JINOO TPH 0— +00,
OtMernM emié, 9To BepHa GpopMyia

S(xX +ap)=f(X)+aFp. (4.10)

W3 nuneiHO# anreOpbl W3BECTHO, YTO €CIM Marpuma F sBIs-
€TCs CHUMMETPUYHOW, TO CYLIECTBYKOT 7 IIONAPHO OPTOTOHAJIb-
HBIX COOCTBEHHBIX BEKTOPOB JTOW MATPUIBL. DTO 3HAYHT, YTO

Fy,=AVy,;,A, € R — cobcrBenHble 3Ha4eHuss MaTpuisl F. Ciemosa-

TenbHO, < FY,, Y, >=A, <y, y, >=0 npu i #;.
B cBsi3u ¢ 3TUM HaauM cienyromiee onpeencHue.

Omnpenenenne 1. Bekropsl p; eR", i =1,n Ha3bIBAIOTCS COMPSIKEH-
HBIM OTHOCHUTENILHO MaTpHLbl £ 6a3ucoM B R, €Clii OHU JIMHEHHO He-
3aBUCUMBI U

<Fp,p;>=0 mpui+#j. (4.11)

Ecnm m3BecTeH CONpsHKEHHBIA OTHOCUTEIBHO MaTPHIIBI £ 0a3uc, TO
3a/1aua 0 HaXOKJIEHUH TOUYKH a0COJIOTHOTO MUHUMyMa GyHKIuH (4.5)

JIeTKo perraetcst. B camom fene, 3apuKcHpyeM 00y TOUKYy X €R".
Torma myst 1000 TOUYKH Y € R" BEPHO Pa3IOKEHHE
n
y=X+ ) a,p,0eR"
i=1
IToxcraBum 310 paznoxkenue B hopmyiry (4.5). Iomyanm

_ _ < S — 1 & _
AT) =A%) + leai<f(x),pi> +EZ<FT’”1’/ >0L0L .

i,j=1

Ortcrona 1 U3 ycioBus conpsukéaHocty (4.11) cnenyert, 9to




4. MUHUMM3aUMS KBAAPATUUHOM YyHKLIMK

_ _ n S 1 n _
SP)=AF) + 20, < f(®),5,> + 22 <FP.p, >0 (4.12)
i=1 i=1

IIpupaBHsAeM K HyII0 IIPOM3BOAHBIE IO NEPEMEHHBIM 0, bymem
HUMETh

o, <Fp,p, >+<f'(x),p,>=0. (4.13)

1

Cayuaii 1. Ilycts npu HEKOTOpOM HOMEpE ; =1,n BBIOJHEHBI YC-
JIOBUS

<Fp,p,>=0,< f'(x),p,>*0.

1

Toraa u3 Teopemsl 2 cieayer, 4yTo GyHKIu (4.5) He OrpaHUYEeHA CHU3Y.

Cayuaii 2. [lycts npu HEKOTOpOM HOMepe i =1,7 BBINTOJHEHBI yC-
JIOBUS

<Fp,.p,>=0, < f'(x),p, >=0.

Toraa nr00oe 4nCIIo 0, yIOBIETBOPSIET paBeHCTBY (4.13).

Cay4aii 3. Ilycte < Fp,,p, ># 0 npu HekoTopoM HOoMepe i=1Ln.
Torma u3 (4.13) momyuum, 4To

<f'(x),p, >
o, =L C:D > (4.14)
Cneocmeue 1. UtoOnbl kBagparnunas QyHkuus (4.5) Oblia orpaHuye-

Ha CHH3Y, HE0OXOIMMO U JOCTaTouHO, uTo0bl < f'(X), p, >=0 nna Bcex

TOYCK X €R" U TeX BEKTOPOB p;,i =1,n, mis kotopeix < Fp,,p, >=0.

MeTtoAa conpsxkéHHbIX HanpaBAeHHi
OTbICKaHMsl TOYKM AaDCOAIOTHOIO MUHUMYMa
BbIITYKAOH KBAAPATMYHOH hyHKLMM

Bepém B KauecTBe HAYaIbLHOW TOUKH JIHOOYIO TOuKy X, € R”. Eciu
S'(x;) =0, 10 Hamm TouKy abcomoTHOrOo MuHMMyMa pyHkuun f(X) .

Iycts f'(x))# 0 . [onaraem
p=-f(x). (4.15)

[ycts < Fp,, p, >= 0. TTocKoIbKy

<f' @B >=-|f'®| =0,
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10 10 TeopeMe 2 pyukuus f(X) He orpaHuYeHa CHUZY.

Mycts < Fp,p,>>0 u f'(x;)# 0 . [lonaraem
X, =X +o,p, (4.16)

[JIe YHCIO 0, BBIOMPAETCSl M3 YCIOBHS MHHHUMYMa MO O (yHKIUH
f (%, +ap,) . [lpupaBHUBAs K HYJIO TIPOU3BOJHYIO TI0 0L OTOM (PYHKIIUH,

nonyunm ypasuenne < f'(X +0p,),p, >=0 nns onpenenenus napa-
Metpa a. Orciona, ucnonbssys ¢popmyay (4.10), Haxoaum, 4To

_ <@ el

- - (4.17)
<F‘ﬁ]ap]> <F’ﬁlapl>
OTMCTI/IM, YTO BBIITIOJIHCHO paBeHCTBO
<p.f'(x,)>=0. (4.18)
ITomaraem
D, :_.f,()_cz)+Bll_7] . (4.19)
HOTp€6yeM, ‘ITO6LI BBITTOJIHAJIOCH PABCHCTBO
<Fp.,p,>=0. (4.20)

Ortcrona, ucnonb3ys popmyiy (4.19), HaxoquM 3HaYCHHE YnCIa P,

:<j"()?2)ﬂFﬁl> (4 21)
] < F'ﬁl s ﬁl >
IToxaxkeMm, 4TO
<f'®).p =& - (422)

B camowm piere,
< f,(fz)a p, >=< fl(fz )a_fl()_cz) + Blﬁl >=
= | f G +B < f1®). By >

Ortcrona, ucronsiys popmyny (4.18), momyunm TpeOyemMoe paBeH-
cTBO (4.22).

Ecmu f'(X,) =0, TO Hauum TOYKy aOCONFOTHOTO MUHHUMYMa (yHK-

mn f(X).
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Iycts f'(X,)# 0. Torma BeKTOpHL P, U P, ABISIOTCA JUHEHHO He-
3aBHCHMBIMH. B camom xene, mycth ¢, p, + ¢, P, = 0. YMHOXUM 3TO

paBenctBo Ha Bektop f'(¥,). Torma, ucronb3ys pasenctsa (4.18) u
(4.22), nomyuum, uto c,= 0. CnegoBarensHo, ¢, = 0.
IIponomxaem npouecc aanplue. PaccMOTpUM NOCTPOEHHYIO TOUKY

X, € R", s xoropoii f'(%,)# 0. Orcrona u u3 popmynsr (4.22) cre-
nyer, uto < f'(X,), p, ># 0. Ilostomy, ecu < Fp,, p, >=0, 10 110 Teo-
peme 2 ¢ynkims f(X) He orpaHUYEHA CHU3Y.

Iycts < Fp,,p, >0 u f'(xX,) # 0 . IMonaraem

X=X, +0,p,, (4.23)

IJie 4MCIO O, BBIOMpaeTcs M3 YCIOBHS MHHUMYyMa IO 0 (DyHKLIHH
f (%, +ap,). [pupaBHUBas K HYJIIO TPOU3BOIHYIO IO O 3TOU (yHK-

uuu, nonydum ypasaenue < f(X, +0p,),p, >=0 mua onpeneneHus
napametpa o. Orcrona, ucnomnb3ys popmyiy (4.10), HaxomuM, 4TO

=\ = 1= \|I?
__<S&)py > |Gl 0. (4.24)
<Fp,,p,> <Ip,,p,>

OTMCTI/IM, YTO BBIIIOJIHEHO PaBCHCTBO

<Dy f'(x)>=0. (4.25)

Tlomaraem
133 = _f,(f3) + Bzﬁz . (4-26)

ITorpebyem, 9TOOBI BBITIONHSIOCH PABEHCTBO

<Fp,,p;>=0. (4.27)

Orcrona, ucroib3ys Gopmyiy (4.26), HaXOAUM, 4TO

B, = <f (%):fﬁz > ) (4.28)
<Fp,,p,>
ITokaxem, uTo
<p,f'(x)>=0. (4.29)

B camom nene, u3 popmyi (4.10) u (4.23) cnenyer, uto
< ]_)l’f’()_c3) >= < ﬁl’f,(EZ) +0“2Fﬁz >= < ﬁl’f,()_c2) > +(X,2 < ]_Jl’Fﬁ2 >
41
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Ortcrona, ucnons3ys popmyasl (4.18) u (4.20), monyuum Tpedyemoe
paBeHcTBO (4.29).
ITokaxem, uTo

<f'&)p>=— /@) (4.30)

B camowm nente, uctionssyst popmyaty (4.26), moaydum, 4To
<S'(x%)py>= < ['(%),~f'(%)+B,p, >

Orcrona, ucnonb3ys Gopmyny (4.25), noayuum TpeOyeMoe paBeH-
cTBO (4.30).
JlokaxxeMm paBeHCTBO

<Fp,,p;>=0. (4.31)

U3 popmyasl (4.26) mosmyuum, 4To
<Ip,,p,>= <Ip,—f'(x)+B,p, >.

Orcrona u u3 paBeHcTsa (4.20) ciemyer, 4To

<Fﬁ]zﬁ3 >:_<Fﬁl’f(()?3)>- (432)

Hanee, u3 popmyn (4.16) u (4.19) cnenyer, uto
D, =—f'(x + o,py)+ PP

Otcrona u u3 hopmyist (4.10) momyyum, 94To
p,=—f"(x)- o, Fp + Bip

U3 dopmyasl (4.17) cnenyer, uro unucino o, >0. [TosTomy, yuurtsiBas
(4.15), momyuum

Fp =2((B + D7 - 7).

Ortcrona u u3 paBeHcTsa (4.32) Oynem uMeTh

_ 1 —
—<Fp,,ps >:0,_<(B1 +Dp, — P, (%) >.

1

CoracHo paBeHcTBaM (4.25) u (4.29) BeIpaxkeHHe, CTOSIIEE B IPaBOit

4acTH 3ToM (GopMyJIBL, paBHO HyIHO. ITockonbky < Fp,, py >=< p,, Fp, >,
TO paBeHCTBO (4.31) mokazaHo.

Ilycte  f'(X;)#0. Tlokaxkem, 4TO B 3TOM Cilyd4ae BEKTOPHI

Di»Dy» D3 SIBISIOTCS] JIMHEHHO HE3aBHCUMBIMU. YMHOXHM PaBEHCTBO
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D, +Cy P,y +Cy Dy =0 ma sexkrop f'(X;). Torma, yuursiBas (opmy-
b1 (4.25), (4.29) u (4.30), moay4um, 4To C4 ||f'(f3)||2 =0 . ITockoabKy

f'(%)#0, 10 ¢;= 0. U3 nuHeiiHOI HE3aBUCUMOCTHU BEKTOPOB P U D,
CIIETYET, YTO OCTABIIHMECS YUCIIA ¢, U ¢, TAKKE PABHBI HYIIO.

Homyctum, uto ans uncna i =3,n—1 nocTpoeHsl BEKTOPHI X, € R,

vl n - n - n
., L, E€R" peR", .. peR  uncnaa,...,o0._,p,..., P, Takue,
4TO

f'(x)#0, <Fp,,p,>>0, s=Li; <Fp,,p, >=0
npu s #j, 8,j =L (4.33)

<]_7S,f/()_cj)>=0,j<s, j=Li-2,s=1i-1;
— = T
<pi.f (x[)>:_||f(xi) 5

(4.34)

'?A‘Jrl = 3&' + a’x[_)x ’ ﬁwl = _f”(zvﬂ) + le_jx s §= l’l - 1 5 (435)

2

_ <fEp>_ &)
<Fﬁv’]_)s> <Fﬁs"]_?x>’

<Fp.f'(x,)> 17
PoS )> 7 (4.36)

B‘V__ <Fﬁs"px>

Bekropsl p,,..., P; SBISIOTCS JTUHEHHO HE3aBUCHMBIMH.

PaccMOTpHM MOCTPOCHHYIO TOUKY X, € R, ju1st kotopoit f'(X)#0 .
Ortcrona u u3 BTopoii popmyisl B (4.34) cnenyet, uro < f'(X;), p; >#0.

[Mostomy, eciiu < Fp,,p, >=0, 10 mo teopeme 2 ¢pynkums f(X) He
OrpaHHYEHa CHU3Y.

[ycts < Fp,,p, >>0 u f'(X;) # 0 . [lonaraem

X =X +0,p;, (4.37)
IIe YUCIIO 0O, BBIOMpAETCS M3 YCIOBHS MHHHMyMa IO o (DYHKIHH
J(x; +ap,). [IpupaBHUBas K HYJIIO IPOU3BOIHYIO T10 0, 3TOM (PYHKIIUH,
nonyuumM ypaBHenue < f'(X;,+0p,),p, >=0 n1sa onpenenenus mnapa-
metpa o. Otcrona, ucronb3ys opmyny (4.10), HaxomuM, 4TO
. — o — 12
IRTACHY 2 VAC)) I

(4.38)
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3nech Takke yureHa Bropas ¢opmyna B (4.34). OTMeTHM, YTO BbI-
IIOJIHEHO PABEHCTBO

< ﬁi’.f,()_ciﬂ) >=0. (4.39)

ITomaraem

Din = _f,()_cm) +B.p;. (4.40)

[Torpebyem, 4T0ObI BBITIOIHSIIOCH PABEHCTBO

<Fp,.p,, >=0. (4.41)

Otcrona, ucronb3ys hopmyiy (4.40), HAXOAUM, YTO

p, =L ) FP. > (4.42)
< Fﬁ[: 1_7,' >
TTokaxkem, 4aTO
<P, f'(X,,)>=0 npuBcex s=1i—1. (4.43)

B camom nene, u3 popmyi (4.10) u (4.37) cnemyert, 91O
<l_7s’f,(fi+l) >= < ﬁv’f'(fi)+aiFﬁi >= <l_757f'(fi)>+a2 <1_)S’F‘ﬁi >.

Otcrona, ucnonb3yst TpeTbio Gopmyny (4.33) u nepByro Gopmyiy
(4.34), momyuum Tpebyemoe paBeHCTBO (4.43).
TTokaxkem, 4TO
|2

< f,()_CiH )5 1_?1'+] >= _"(f'(fiﬂ)

(4.44)

B camom nene, ncronsiyst hopmyny (4.40), momydaum, 9To
< fl(fiﬂ )’ﬁiﬂ >= < f,(fiﬂ)’_f'(fiﬂ) +Biﬁi >

Orcrona u u3 paBeHcTa (4.39) cnemyer Tpedyemas popmyna (4.44).
JlokaxxeM paBeHCTBO

<Fp.,p,,,>=0 mpuscex s=1i-1. (4.45)

i+1

U3 popmynst (4.40) momyuum, 94To
<Fp,, P >= <Fp,,—f'(X,)+B.p, >.

OTcrona 1 U3 MoCIeTHUX paBeHCTB B (4.33) ciemyeT, 4yTo
<Fp, P, >=—<Fp,,[(x.)>. (4.46)
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Hanee, u3 popmyn (4.35) u (4.10) cnenyer, uto
ﬁj+1 = _f,()_CS + a,YﬁY)+B,YﬁY = _f((fi‘)—‘r(xYFﬁY +BS5§ N (4‘47)

IMycteb 1 <s <i—1. Torma u3 Bropoi Gpopmyisl B (4.35) ciemyert, 4to
_f,()?s) = l_)s _Bsfll_)sfl .
[MoncraBum To paBeHcTBO B hopmymy (4.47). [lomyuum

l_js-#l =(1+Bs)ﬁs _Bs—lﬁs—l +(x’sFﬁs .

VMHOXHM 5TO paBeHCTBO Ha Bektop [ (X,,). Torma, yuuteiBas pa-
BencTBa (4.29) u (4.43), nonyuum, utro 0=o, < Fp,, f'(x,,)>. Co-

racHo (4.33) u (4.36) uucio o,> 0. Crano 6bite, < Fp,, f'(¥X,,)>=0.
Ortcrona u u3 popmynst (4.46) momyunm Tpedyemoe paBeHCTBO (4.45).
[Tycte s = 1. Torma u3 popmynsr (4.47) cnemyert, 4To

1_72 :_f’(fl)+alFﬁ1 +B11_71 = ]_92 =0LlFﬁl +(1+Bl)ﬁl '

3nmeck yureHa dopmyna (4.15). YMHOXKHAM 3TO PaBEHCTBO Ha BEKTOP

S'(%.,) . Homyuum, uro 0 =0, < Fp,, f'(X,,,) > . Yucno o, > 0. IToaro-
My, yuuThiBasi popmyny (4.46), momyuum Tpedyemoe paBeHCTBO (4.45).

Ecmn f'(X,,,) =0, To HalLIK TOYKy aGCOMOTHOrO MHHUMYMa (yHK-
mun f'(x). Iycers f'(X,,) # 0 . TTokaskeM, 4TO B 3TOM Clly4ae BEKTOPbI
Di»-ws Dy SBISIIOTCS IMHEWHO HE3aBUCHMBIMH. YMHOXHM PaBEHCTBO
P +-¥¢, D=0 Ha sexrop f'(X,,,). Torna, yuuTsiBas GopMyIIbl
(4.39), (4.43) u (4.44), nonyunm, uto ¢, |/,

ky f'(%,))#0, 10 ¢ .= 0. 3 nuHEHHON HE3aBUCUMOCTH BEKTOPOB

2
| =0. ITockomab-

DPiseees l_)i CJICAYCT, 4TO OCTaBIIXUECA YUCJia ¢, ..., ¢; TAKIKC PaBHbI HYJIIO.
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5. lNpumeHeHne Metoaa
MHOXXMTEeAeH AarpaHka
Npy1 peweHnn SKCTPEeMaAbHbIX
3aAa4 CO CBSI3AIMM

Hauunas ¢ 1755 rona Jlarpamx paccmarpuail 3KCTpeMaJIbHbIE 3a-
Ja4M C OTPAaHUUYCHUSMH M JUISI UX PEIICHHs IPUMEHSI CBOE MPaBUIIo,
COIVIACHO KOTOPOMY C IIOMOLIBIO HEONPeIeIEHHBIX KO3 (UIINEHTOB 3a-
Jlada ¢ OrpaHNYEHUSIMH CBOJUTCS K HAXOXKACHUIO CTALIMOHAPHBIX TOUCK
B HOBOM 3aj7iaue 0e3 BCAKUX OTPaHUYCHUM.

3agaHo MHOXXECTBO X IPOU3BOJILHON NPUPOABI U PyHKIMH f:: X—R,

s=0,n. PaccmoTpum 3anauy

fof@) — min, f(0)<0, i=Lk;f(x)=0, j=k+Lm;xeX. (5.1)

Omnpenenenue 1. Touka x.€X, ynoBieTBopstonas CBsI3IM B 3aJa-
ge (5.1), Ha3pIBaCTCS TOUKOM abCONFOTHOTO MUHUMYMa B 3amade (5.1)
(x.= absmin (5.1)), ecnu ms 000U TOYKH X €X, YIOBICTBOPSIOIMICH
CBs135M B 3a7a4e (5.1), BBIOIHEHO HEPABEHCTBO fy(X.) < f ().

Jl1st HaxoxK IeHusI Touek abCOMFOTHOTO MHHIMYMa B 3amade (5.1) nc-
MOJIb3yETCA MpaBUiIo MHOXKUTENeH Jlarpanxa. Jljig mpor3BOJIbHBIX I1a-

pamerpoB A, € R,s =0,m cocrasnsercs pynkius Jlarpanxa

Lo =30 1. (). (5.2)

s=0
OTH uKcna A, Ha3bIBAKOTCS MHOdcumenamu Jlazpanoica.
Teopema 1 (mocTarodHbIe YCIOBHUS aOCONMIOTHOTO MUHAMYyMa B 3a-
nade co cBsa3siMu). [1ycTh CymiecTByIOT ToUKa X, €.X, yAOBICTBOPSIIOIIAs

cBs13sM B 3az1aue (5.1), u Habop muoxkutenel Jlarpamxka A, € R,s =0,m
TaKue, 4To

)A,>0,A,>0mpu i= 1,_k (ycmoBus coryiacoBaHMs 3HAKOB);

2) Mfi(x.) =0, i=1,k (ycroBust mononHsomeil HEXECTKOCTH);

3) L(x., A) < L(x, A) st mro6oro x X (ycinoBue MUHUMYMa (DyHKITHH
Jlarpamxa).

Torma »Ta TouKa X, ABIAETCS TOUKOW aOCOIIOTHOTO MHHUMYMa B 3a-
made (5.1).

Joxka3aTreabecTB0. Bo3pMéEM mo0yt0 TOUKY XE€X, YIOBIETBOPSIO-
1yto cBsA3aM B 3aaa4e (5.1). Torna, ucmonbs3ys yCIoBHS AOMOTHSIOMISH
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HEXECTKOCTH U CBS3M TUIA paBEHCTB B 3ajaue (5.1), momyyum paBeH-
CTBO A, fo(x.) = L(x., A). OTcroga u U3 ycnoBus MUHHMyMa (DYHKLHUU
Jlarpanxa cieanyer, uto A, f(x.) < L(x, A). [IockonbKy To4ka x yI0BIET-
BOpsieT CBs3sM B 3agaue (5.1), a MHOkuTenun Jlarpanxka ymaoBIeTBODPS-
I0T YCJIOBUIO COIIACOBAHMs 3HAKOB, TO L(x,A) < A, fi(x). Tax xak A >0,
TO NOJIy4aeM TpeOyeMoe HEpaBEeHCTBO fy(x.) < f(x).

Hpumep 1. Pactipenenuts Maccy B n-CTyIeHYaTOH pakeTe Tak, 4To-
Obl IpU 3aJJaHHOI Ha4YaJIbHOU Macce m, U 3aJaHHON KOHEUHO cKkopoc-
TH V PaKeTHI MOJIe3Hasi Macca PaKeThl Obljla MAaKCUMAIbHOM.

BriBenem BHauane ypasnenue Meujepckoeo, KOTOPOE OIMUCHIBAET
JBIDKEHHE pakeThl. PakeTa siBIsieTcss MEXaHUYEeCKOW CUCTEMOH C mepe-
MEHHOM Maccoil. bynem cuurtarh €€ MaTepuUaabHOM TOYKON NEpPEeMEH-
HOH MacCCBhlL.

B MOMEHT BpeMeHH ¢ pakeTa HMEET BEKTOp CKOPOCTU V (f) M Maccy

m(f). CreioBaTeIbHO, €8 BEKTOp KOIMYECTBA ABIKCHHS paBeH K (f)
=m(t)v (f). B MOMeHT BpeMeHH ¢ + Af BEKTOp CKOPOCTH pakeThl u e
Macca COOTBETCTBEHHO paBHBI V (¢ + Af) u m(t + Af). 3a Bpemst Af OT pa-
KeThI OTACIIUIACH MACCa, KOIMISCTBO KOTOPOH paBHO m(t) — m(t + At),
CO CKOPOCTBIO W OTHOCHUTEJBHO KOpITyca pakeThl. Bekrop konnvecTsa
JIBUJKEHUS DTON CUCTEMBI B MOMEHT BPEMEHH ¢ + Af paBHsETCS

K (t+ Af) = m(t + AYV (£ + Ab) + (V (¢ + A1) + W)(m(2) — m(t + A?)).

M3MeHeHne KoaM4ecTBa ABMXKEHUS PABHAETCSI UMITYJIbCY BHELIHEH
CHWJIBI, KOTOPOW SIBISIETCSI CHila TshKecTh. TakuMm oOpaszom,
K (t+A)-K ()=m()gAt.
31ech BEKTOp g ONpPEeIIsieTCsl BHEIITHUMU CUIIAMU, IPUII0KEHHBIMU

K pakere. [ToacTaBisist B 9TO paBeHCTBO 3Ha4eHUs BEKTOpoB K (7 + At)

u K (7), momyaum

m(O)(V (t + Aty — ¥ (1) + (m(t) — m(t + At)) W = m()ALZ.

Paznenum 310 paBeHCTBO Ha Af U niepeitém k npeneny npu At—0.
ITonyuum ypaBHeHue Mewepckoeo

v =wmO+ g (5.3)

Beeném BekTop

KOTOpBIN Ha3bIBaeTcs peakmugHou cunou. Torna ypaBHeHue Merep-
CKOTO 3aIHCHIBAETCS B CIETYIOIIEM BUE:

Y =7 ()+g.
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HyCTL pakeTa IBUKCTCA 110 HpHMOfI IIpyu OTCYTCTBHUU BHCUHIHUX CUIT U
BCJIMYMHA CKOPOCTHU OTACIICHUA peaKTPIBHOfI MAacCChbl OTHOCHUTECJIIBHO KOP-
Imyca paKeThl ABJIACTCA IMIOCTOSIHHOM W. Tor/:[a eé YpaBHCHUC NBUKCHUS
OpUHUMACT BU/L

r— m’(t) _ m(O)
A WWDV(I) v(0)+wlnm.

Hanee, macca paketsl m(f) = m,(t) + m,. 30ech NOCPEACTBOM . (f)
0003HA4YEHO OCTAaBIIEeCs KOJTHYECTBO MACChl TOILUTMBA B MOMEHT BpeMe-
HH 1, @ m,— HEeU3MEHsAeMasl 4acTh Macchl pakeTsl. [loaToMy Makcumab-
Hasi CKOPOCTh, KOTOPYIO JOCTHTHET paKeTa, paBHA

. mptm <
V= Vet w n———, (5.4)

k

rae v,= v(0) — HauaypHas CKOPOCTb paKeThl, m,= m,(0) — HadaabHBII
3anac TorumBa. @opmymna (5.4) asisiercst opmynoit L{uonkosckozo.

Iepeiiném k permenuto 3aaaun. OO03HAUMM Yepes3 71, CyMMapHYIO Ha-
YJaJIbHYI0 Maccy TOIIMBA U KOpIyca i-i cTyneHu pakeTsl. Toraa e€ mac-
ca KoplIlyca paBHa ¢,m,, a HadajbHas Macca ToILiMBa paBHa (1 — g,) m,,
rge yucno 0 < g, < 1.

Ilycts m,— none3Has Macca pakeTsl. Torna HadanbHas Macca Bcel
pakeTsl paBHa my=m,+ m,+ m,+ ... + m,. BHauane paGoTaeT n1Burareib
niepBoii ctynenu. [locne Toro kak TOIMBO NepBOi CTyNEeHU BCE u3pac-
XOJI0BaHO, OCTABILAsCA Macca pPaKeThl paBHa m.+ g m,+m,+ ... T m,.
U3 dopmynsl LIMOIKOBCKOrO MOMYYHM, YTO MPUOOPETEHHASI CKOPOCTh
pakeThbl paBHA

m
v,=v,Tw, n 0 .
m +q,m+m,+....+m,
3arem oTaenseTcs KOpITyC MEepBOi CTYMEHW W BKIIIOYAETCS JIBHTa-
TeJh BTOPOH CTymeHu. B pesynmbrare paboThI IBUTATENST BTOPOH CTyTIe-
HU JIOCTUTAETCS CKOPOCTh
m+m +m+..+m,

v,=v,+w,ln - —
m+q,m,+...+m,

3areM OT/eIIAETCS KOPIYC BTOPOM CTYIEHU U BKIIFOYAETCS JIBUTATE b
TpPEeThel CTYNEHU W Tak jaajee. B pesynbrare paOoThl ABUraTess n-u
CTYIIEHH JIOCTHTaeTCsl CKOPOCTh
m,+m
V,=V,_ ]+ w, In m .

* n n
Takum oOpa3om,

y =y +wln7*+ n_4yo In_ - n-l no
n 0 n n—1
m*+q m m +q m +m
n
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m+m +m +...+m m,
+w,In 23 twln
m +q,m,+...+m, g mmy e m
O0603HaYM
m m._+m._+m +....+m m. +m
X, = 0 jx, =23 L. ox=—"—n1_(55)
m -i-l”l’lz-i-....-i-n’l}7 m +m3+....+mn n m
* * *

OTH 4KcIa yIOBIETBOPSIOT HepaBeHCTBaM x,> 1, i =1, ..., n. O1™me-
THM, YTO, 33JaB YKCla X;>] U BEIMUUHY MOJE3HON Macchl m,, U3 Gop-
My (5.5) MOXKeM BOCCTAaHOBUTH MacChl CTETICHEH PaKeThl

m,=(x,— Dm.,m,_,=(x,,—1)(m.+m), ...,
m,=(x,—-1)(m.+m, +m,_,+ .. +m,).

U3 dpopmyn (5.5) cnenyer, uto

"y
XXy X, = (5.6)
JHanee,
m.+m, _ X, m.+m,+m,+...+m,
m+qgm 144,177 m+m+.+m,
x2
1+Q2(x2_1)
m, - X
m+my+..+m - 1+q(x-1)
CraemoBaTeiibHO,
Ko
v=v,+w, In ., In n= +...+

X
n 1 + W
1+qn(xn—1) 1+qn71(xn71—1)

I T (5.7)
" 1+q2(x2_1) " 1+q1(x1_1)' ’

Hamra nens 3akimouaeTcd B MAKCMMM3aLMKU TOJIE3HOM Maccsl m,. OT-
Crofia, UCTIONB3ys popmyy (5.6), mepeopMynupyeM Hally Lelb B BUJE
MHUHUMM3AIUU QYHKIMU X X,...X,. DTa LIeJlb PAaBHOCUIIbHA MUHUMH3a-

n
mu In(x,x,...x,) = Zlnxi,
=1

Takum 00pa3zom, IMEeM CIIEAYIOUIYIO 3a/1aqy:
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n n
Z:l]nx’. —min, Za, In 1=0, (xl,xz, ...,xn)eX. (5.8)
1=

I R
=1 1+gq (x-1)
l
3necs 0003HaYEHO
a,= Wi >0, X={(x;,xy, ....x):x,>1,i=1, ..., n}.
v-v,

Haiiném ycnoBue Ha mapaMeTphl paKeThl, IPU BBHITOJHEHUN KOTOPBIX
CYILIECTBYET TAKOE paclpenesieHue Macchl Cpeau e€ CTyneHel, uro 3a-
JaHHAsl KOHEYHAsI CKOPOCTh V TIOCTUTaeTCsl. DTO paBHOCUIIBHO TOMY, UTO
Ha HEKOTOpPOM Habope yucen x,> 1, i =1, ..., n yIOBIETBOPSIETCS CBA3b
B 3anaue (5.8). OyHKIHA

g()=In ,0<g<1,

X
1+q (x-1)

1—
CTPOTO BO3pacTaeT, NOCKOJIbKY €€ mpou3BonHast g'(x) = W&—l)) >0.

Hamnee, g(1) =0 u g(x) — —Ing npu x— + oo. OTCrO/A OITyYnM Tpe-
OyeMoe yCIoBHe pa3pelinMOCTH CBs3H B 3aj1aue (5.8):

n
-> alng,>1. (5.9)
=1

3anmmem s 3anadu (5.8) dynkuuro Jlarpamka c A,=1, A, =—A

L, %5 o0 %y M) = 3 (Inx,— A In Y+A (5.10)

i
£~ 1+qi(xl.—1)

UroObl HalTH MUHUMaJIbHOE 3HaYeHne QyHKiuH (5.10) Ha MHOXe-
cTBe X, HaliAEM MUHUMAIBbHOE 3HaYeHNE TIpH X > | y KaXKA0H U3 PyHK-
i

)=Inx—haln—> .
J®) “ n1+ql. (x-1)

Eé npousBojHas paBHa

| I-q, (1=ha )= )+q>x
S = —fo(nqi -1D) " x(I+q (x-1))
l

IIpu x > 1 3HaK 3TOM NPOU3BOAHON OIPENEIAETCS 3HAKOM BBIPAXKCHHUSI
¢,(x)=(1—2Aa)(1 —g,) + gx. IlockonbKy @,(x) BO3pacTaer ¢ pOCTOM X
@,(x) — +oo mpu x — +oo, 10, eciu (1) >0, To @,(x) >0 npux > 1. D10
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1
BBITTOJTHEHO TOT/A U TOJILKO TOT/A, Korjaa A < ﬁ . B aTom ciiyuae
a(l—gq,
1 1

f;'(x)> 0 mpu x > | u, cnenoBaresbHO, MUHUMAJIbHOE 3HaUeHUE (yHK-

st f(x) mocruraer B touke x(A) = 1. Ilycts A > Torna

o
a; (1 -9, ) ‘
(1) <0. U3 ycnosus ¢,(x) = 0 Haxoaum, 4To

(}\‘ai — 1)(1 - qi)

i

x (L) = >1.

TakumM 00pazoM, MUHUMAaNbHOE 3HauUeHUE (PYHKIMHU f(X) JOCTUTAETCS
B Touke x,(A), rae

(ha.=D(1-q,) 1
x.(A)= p >1 Hpﬂk>@,

i

1

x(AM=1lmgpuri< — — .
(A) p ai(l_qi)

(5.11)

IToncraBum ¢yskuuro x(A) B cBa3b B 3aaaue (5.8). Ilomyduum ypas-
Henue G(A) = | ans onpeneneHus: MHOXKHTEIS A. 31ech 0003HAYCHO

W= $am i)
¢ Z [+ (00D

Ota QyHKIMS HEMPEPHIBHO 3aBHCUT OT MHOXKHTENS A. 13 dopmyrbl
(5.10) cnemyer, uto
1 u ra —1
oA)=0npu A< min————u (L) = Zai In__ i
Pa (1=¢) &

Aag.
11

1<i<n

1
npu A> maxﬁ_qi).

n
Ortcrona u u3 ycnoBus (5.9) cnenyer, uto @(A) — — Z alng>1 npu
=l

A—+oo. CrieoBarenbHO, MPH HEKOTOPOM A Tpedyemoe paBeHCTBO
¢(\) = 1 Oymer nocrurarscsi.
Paccmotpum cityyaii, korna a,=au q,= g ma Beex i = 1, ..., n. Torna
u3 gopmyin (5.11) cnenyert, uto x(A) = x(A) 41 Bcex i = I,_n , TIe
- Re=-0)

>1 npu A > ux(A) =1 mpu A <

a(l-q) T a(l-q)’
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Hanee,

ra—1 1
Tag PTGy

CrenoBarenbHO, paBEHCTBO @ (A) = 1 OyJeT JoCTHraThCsl MpH

1
(p(X)IOHpMKSmH(p(X)Znaln

a(l-gene)
YcnoBue pazpermmmMoctd (5.9) B paccMaTpuBaeMoM CITydae MpUHUMAET
Bup (—nalng)> 1 umm

1

Y 5.12
e " —q>0. (>-12)

OTcrofia MOy9IrM JIJIsl OIICHKH HEOOXOAMMOTO YHCIIa CTYTICHEH PaKeThI

n>-—

alng’
1
U3 uepasenctsa (5.12) cnexyet, uto 1>ge”? . Tlostomy a(l — ¢)>
1
a(1—qeﬁ) > (0. Crano OBITh,
1 1

> )
1 a(l-q)
a(l-gena)

A=

CraemoBaTeiibHO,

- a=bi=g) ena1 L1
q

l-gena e na _g

Ortcrona u u3 GopMyisl (5.6) HAXOIUM ONTUMAIEHOE 3HAUYEHUE T10-
JIE3HOM MaccChl

n

my= m, 1_17‘1 . (5.13)

e na _ q
N3 dpopmyn (5.6) ciaemyeT, 9TO ONTUMATHHOE PacCIIpeeICHIEe MaCcChl
CpeJ/Iv CTYIEHEeH PaKeThl YIOBIETBOPSET CICAYIOIINM PABCHCTBAM:
m, _ m.+m,+m+..+m, _ m,+m,
m +m2+....+mn m +m3+....+mn m

* *

*

Brerurcnum 3HaueHue mpesena Beipaxenus (5.13) npu uncie cryre-
Hel n—oo. O003HAYUNM
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r
o1y €14
n
[TosTomy, lim [ Sk AN IR TR U= —
e 1 70 o(T) *
e_ﬁ—q
limIng(T) =1i In( “—)—1(1_) _19
limIng —T1m n(e * —g)~In(l~q) | = || =
_T
; e 4(- ) .
T g
e a -q
n
! 1
CriefioBarebHO, lim qu _ =)
e_ﬁ—q

PaccmoTrpum 3agady o 3amycke ciyTHHKA Ha opouty 3emmu. st ato-
ro HeoOXOAWMO, YTOOBI 3allyCKaeMblii Ha OpPOMTY CIyTHHK MPUOOpEN
CKOpOCTh v > 7,9 xM/c (TepBas KOCMHYECKasi CKOpocTh). PaccmoTpum
cllyyaii, koraa TpedyemMas KoHeuHasi ckopocts v = 10,5 km/c. Hauanbhas
ckopocTb v,= 0. [l11s1 COBpeMEHHBIX BUIOB TOILIMBA XapaKTepHas BEIIH-

1 v
ypga w = 3 kM/c. Torma a =—=—=3,5.Cunuraem, uto 90 % Maccel
a w

Ka)K}IOI\/‘I CTYIICHU PAKEThI COCTABJIACT MaccCa TOILIMBA. 9T0 3HA4YUT, 4YTO
n
0,9
g =0,1. Torna dopmyrna (5.12) npumer Bug m.=nm, —=——| . Bo3b-

e " -0l
MéE&M m., paBHYI0 onHON ToHHe. Torga Tpebyemast Macca 7 CTyleHYaTon

n

0,9
PaKeTbl paBHa m=| —35

e n —o1
CocTaBuM TabMIly 3aBUCHMOCTU TPEOyeMOU MacChl OT YHCHA CTY-
TeHen:

Uucno crynenei, n 2 3 4 5
Macca, m, 149 77 65 60

Otcroma BHAHO, YTO MENecO00pa3HO MMETh TPH CTYIIEHH BMECTO
IByX. Mcmoms3oBaHne 4eThIpéx W Oollee CTyNEHeW 3aTpyaHHUTENHHO
B CHITy CJIIO)KHOCTH M OONBIIMX 3aTpaT Ha CO3/laHhe Ooiee CIOKHBIX
JIBUTATEJIEH.
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6. [NpaBuAro MHOXMUTEAeH AarpaHika
B TAAAKOM KOHEYHOMEPHOM
3aAa4e Ha YCAOBHbIN IKCTPEMYM

B sTom maparpade paccmarpuBaeTcs npruMeHEHHE MTPaBHiia MHOXKH-
Tenel Jlarpanxka Juisi penieHrs MIaJIKUX 3a/1ad Ha YCJIOBHBIN JKCTpe-
MyM B KOHEYHOMEPHBIX ITPOCTpaHCcTBax. J[oka3piBaeTcst Teopema o He-
00XOZMMOM YCIIOBHH JIOKAIbHOTO MUHUMYMa JIJTsl 9TOTO Kilacca 3ajaad.

PaccMoTpiM KOHEYHOMEPHYTO 33/1a9y C OTPaHHYEHISIMH

fo(X) > min, £,(¥)=0,i=Lv, f,(¥)<0, j=v+LmX e X .(6.1)

3neck muoxkectBo X < R" | a pynkuun f,: X >R, s=1,m.

OOBIYHO UIIYTCS TOYKU JOKAIbHO20 Munumyma B 3amade (6.1), a 3a-
TEM Cpe/i HUX OThICKMBAeTcs pemieHue 3aaadu (6.1).

Omnpenesenne 1. Touka X" € X SABISCTCS TOUKOM IOKAbHO20 MUHU-
Mmyma B 3aaa4e (6.1), eciiv OHa YJIOBJIETBOPSIET BCEM CBS3SIM ITOH 3aj1a-
Yl U y He€ CYUIECTBYET Takas OKPECTHOCTbH S, 4TO sl JTF000H TOUKH
XeX NS, TaKKe yIOBIETBOPSAIONIEH BCEM CBs3sAM B 3aaade (6.1), BbI-

TIOJIHEHO HEPABEHCTBO f, (¥7)< £, (%).

3armmem QyHKIHIO Jlaepanca s 3ampadn (6.1)

L(x.%)= fo (x). (6.2)

Teopema 1. TlycTh TOYka X € X JOKaJbHOrO MHHHMYyMa B 3aja-
ye (6.1) sBsieTcs BHyTpEHHEH TOYKOM MHOXKECTBa X, a Bce (PyHKIUU
HMMEIOT HENpPEephIBHbIE YAaCTHBIE NMPOU3BOAHBIE MO BCEM MEPEMEHHBIM
B OKPECTHOCTH 3TOH ToukH. Toraa CyliecTByeT Henyiesol Habop MHO-
s)kurtenied Jlarpan:ka Takoil, 4TO BBITIOJHEHBI CIAEAYIOUIUE YCIIOBHS:

1) A 20,..,&,,,20,...,A, =20 (ycrosue coenacosanus 31akos);
2) A, (x*)=0, Jj=v+L...m (ycrosus Oonomnsoweii ne-
Jlcécmkocmiu);
3) 6L(gf‘j) —0,9=1L....n (ycnosus cmayuonapnocmu).
X,
q
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3ameuanmne 1. Kak cnenyer u3 Buaa gpynkuuu Jlarpanxa (6.2) B Bex-
TOPHOH (hopMe, YCIIOBHSI CTALIMOHAPHOCTH MOYKHO 3aIHCaTh B CIEIYIO-
LIEM BH/JE:

— . Pa
Jloka3zarejabcTBO Teopembl. [lycTe BekTOpBI f,.'(x ), i=lLv —

JMHEWHO 3aBMCUMEL. Torma cymiecTByeT HEHyIeBOM HAGOp ymcen A,

i=1,v Takoii, yTo
> .f(F)=0.
i=1

Bo3bméM 31 uncna B kauecTBe MHOKHTEINEH Jlarpanxka ripu i =1,v,
a ocTajbHble Bce€ MHOXUTenu JlarpaHka BO3bMEM pPAaBHBIMHU HYIIO.
Torma momydeHHBIH HAOOP OyIeT YIOBIETBOPITH JOKA3bIBAEMBIM yC-
JIOBUSIM.

—* .7 o
ITycTh BEKTOPHI fl.'(x ), i=1v SBIAIOTCS JTMHEWHO HE3aBUCHMBbI-

mu. Torza MOXHO MOCTPOUTH BeKTOphl d, € R", p=L1v, xotopsie
YIOBJIETBOPSIOT CIIEAYIOLIUM PaBEHCTBAM:
1 opu i = p, o
(£(x).a,)=8, = ipelve o (63)
i P ip OHpI/I l-_:'fp,

IlycTh B HEKOTOPHIX CBS3AX THITA HEPABEHCTBA B TOUKE X JTOCTHTa-
I0TCS paBeHCTBA. MeHss, eClT Hy)KHO, HyMEpaIfio, CAuTaeM, 4To

S (X770, f(X7)70, 11 (X7)<0,.... f,(X7)<0. (6.4)

PaccmorpuM B pocTpanctBe R 1Ba MHOKecTBa:
7T =gz nz) 2= (X)), Dhs=0,1, . L VB €RY,

U={U =,0,...0,u, ..,u): u<0,u ,<0,..,u<0}.

OTHU MHOXECTBA SIBIISIIOTCS BBIITYKJIBIMH. HOKa)KeM, 4TO UX HIepece-

yenne mycto. Jlomyctum mpotuBHOe. Torma Halngrcs BeKTop b € R
TaKOM, 9TO

<f0'(f*),1§>< 0; <f,,'(f*),1§>:o,i=ﬁ<ﬂ(f*),5><o, j=v+Ll.(6.5)
Paccmotpum yHKIIMHN

\If,-(ta)’n---,yv):f,- )?*+tl_:+2ypc7p ,izl,_v,

p=l
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Beimonuenst pasernctsa (0,0, ..., 0)=0, i =1,v . ITo ycrnoButo Teope-
MbI Bce (QYHKIMH f{( X ) MIMEIOT HENPEPhIBHbIC YaCTHBIC MPOU3BOJIHbIC
I10 BCEM [IEPEMEHHBIM X, B OKPECTHOCTH TOYKH X . [TosTomy, 110 Teope-
Me o auddepeHuupyeMOCTH CIOXKHONH (QyHKIUH, Bce (YHKLHU VY,
(t », ..., y,) IMEIOT HENpPEpbIBHbIE YAaCTHBIE IPOU3BOAHBIE 110 BCEM
IIEpEMEHHBIM B OKpECTHOCTH HyneBoi Touku t =0, y,=0, ...,y = 0. U3
paBeHcTB (6.3) MOMy4rMM, YTO MaTpHUlld, COCTABJICHHAs U3 YaCTHBIX

oy, (0,0,...,0)
o,

TEJILHO, HEBBIPOXKAEHHOH. CoracHO TeopeMe O HEesIBHOH (yHKIMH Ha
HEKOTOPOM HHTepBalie (—¢, ¢) onpeneneHs! puddepeHuupyembie GyHK-

uu y, (1), p=1,V, KOTOpbIe yI0BIETBOPAIOT PABEHCTBAM

MPOU3BOJIHBIX = dl.p SIBIISICTCS COAUHUYHOM U, CJICI0Ba-

W, (2,3,(0),.. 0, (1)) =f{7c* +tl;+zvlyp(t)5pj =0,i=1,v. (6.6)

Hduddepenupys 3T paBeHCTBA IO TIEpeMeHHOH / B Touke ¢ = 0, 1mo-
TyIUM

<fI(® )b >+ < f(F )@, >=0,i=Tv.
p=1

Orcrona, mucnois3ys Gopmynsl (6.3) U paBeHCTBa B COOTHOIICHHSX

(6.5), mosy4nm, 9TO BCE y,-'(O) =0,i=1,v.
O06o03HaUNM

x(t)=x +tl;+ZV:yp(t)Ep .
p=1
Torna Y(O)zf* H 7(0)=b .

U3 pasencts (6.6) cienyer, uto f(X (¢))=0,i=1v. Ilycts unnexc s
MPUHUMAET OJIHO M3 3HaveHui 0, v+ 1, ..., . Bepna popmyna
£.(x@®) = f,(x(0)) +1 < f/(x(0)),X'(0) > +o(t) =
=£(X)+t< fI(x7).b > +o(0).

3necy o(t) >0 mpu ¢t — 0. OTcrona ¥ U3 HEPABEHCTB B COOTHOIIIE-
HUSAX (6.5), MOTy4YHM, YTO TPU BCEX JOCTATOYHO MAJIBIX TOJOXKH-

TENBHBIX YHCJIaX ¢ BBITIONHEHBI HEPaBEHCTBA fo()_c(t))< ﬁ(f*) u

f.(x¥(t))<0,s=v+1/. Eciu e MHJEKC s TPUHUMAET OJHO U3 3Ha-
YeHM, paBHOE [ + 1, ..., m, TO IPEABIAYIIEEe HEPABEHCTRBO OY/IET TAKKE
BBITIOJIHCHO IPU BCEX JOCTATOYHO MaAJIBIX Z, IMMOCKOJIBKY IJIA 3THUX WH-
JIEKCOB BBITIOJTHEHBI HEpaBeHCTRA (6.4).
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Takum 00pa3om, TOUKH X (¢) TIPU BCEX JIOCTaTOYHO MAJbIX I10JIO-
JKUTENBHBIX YHMCIIaX  YAOBICTBOPSIOT BCEM CBSI3IM H fo( X (#))<fo( X~
CrnenoBarenbHO, TOYKA X HE SBISETCS TOYKOH JOKaThbHOTO MUHUMYMa
B 3ajaue (6.1).

Urak, Beinykible MHOXKeCTBa Z U U He nepecekarorces. [lo Teopeme
OTIECITMMOCTH BBITTYKIIBIX MHOXECTB CYIIECTBYET HEHYJIEBOH BEKTOP

=(l,, ..., ]) Taxoit, uro (¢ ,u )<(¢ ,z ) nus Bcex BekTOopoB U €U n
ez
OTcrona, MCIOJb3ysl BUJ] 3TUX MHOXKECTB, ITOJIyUYUM

!

N|

1 —_—
lyugtl, qu, ot Aus Z IWNEN

s=0

A1 moOkIX b € R" 1 mobbIX u,> 0, u,,, >0, ..., u,> 0. Orcrona nomy-
YUM, 9TO

! —
[, 200,20, ..., ,>0, YA fI(x")=0.
s=0

IMonoxum /,,,=0, ..., [, = 0. Torga ycnosus 1-3, chpopMyarpoBaHHbIE B
JOKa3bIBaeMOl Teopeme, OyIyT BHIIONHEHBI. TakuM 00pa3zoM, TeopeMa
JIOKa3aHa.

Paccmotpum 3anauy npu Haauuuu monsko JUHEUHbIX C8A3ell muna
PAaseHCme U Hepagencms

f,(X¥)—> min,< g,,x >-b, <0,
_ - (6.7)
i=Lk,< g,,x> —b/. =0,j=k+1,mXxeR".
Kak BunHO 13 3anmcu 3agaun (6.7), CBS3M TUIA PaBEHCTB/HEPABEHCTB
nepecTaBieHbl MECTaMH. JTO CAeNaHo B LeJsX Oosiee y10OHOro U3Jo-
JKEHUS anbHeHIero Mmarepuana.

Teopema 2 (0 HepaBEHCTBE HyJII0 MHOXKUTES A, B [V1aAKOI KOHEYHO-
MEpHOM 3aj1aue ¢ JIMHERHBIMU CBsi3siMu). [TycTh TouKa X sBIsSETCS pe-
menueM 3aga4u (6.8). Toraa cymectByeT Habop MHOKuUTeel Jlarpan-
&Ka Ay, A, ...y Ay, ..., A, TAKOH, UTO BBIINOJIHEHBI CIEAYIOLIHE YCIOBUS:

1)A,>0,A,>0,....,4,>0;

2) &, (<g.X >-b)=0,i=1k;
3) fo’(f*)+iksg =0.
s=1

I[OKaC%aTeJI]:CTBO. I[OHyCTI/IM, YTO CBA3HU TUIIA PABCHCTB SABJIAIOTCA
3aBUCHUMBIMMU. OcyHICCTBHHH UX IICPEHYMCPOBKY, MOXHO CUHUTATh, YTO
Kaxzaasi CBA3b

<§j,f*>—bj:0,j=k+q+l,m

SBIACTCA CIICACTBUEM CBsI3CH

<g, X >=b,=0,j=k+Lk+q.
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Torna 3amaya (6.7) paBHOCHIIBHO 3ajlaue, B KOTOPOM CTOST CBS3U THIIA

pasenctB nipu j =k +1Lk+g. Tlo Teopeme 1 st 9T0M 3amauu Cyiie-
CTBYET HEHYJIEBOW HaOOp MHOKUTENEeH Jlarparka Ay, A, ..., Ay ooy A
YIOBIETBOPSIONIUI ycimoBusaM 1-3 B Teopeme 2 aiist 3Toi 3aaaun. Oye-
BHJIHO, YTO 3TOT K€ HAOOP MHOXKHUTENEH BMeCTe ¢ uncnamu A, =0, ...,
A,,= 0 ynoBnerBopsieT ycnosusiM 1-3 B Teopeme 2 s 3aga4u (6.7).
Bynem cuurtarh, 4TO CBSI3UM TUIA PABSHCTB SIBIISIOTCS HE3aBUCUMBI-
mu. CornacHo Teopeme 1 cymiecTByeT HEHYNEBOW HaOOp MHOXKHTENEH

Jlarpamxa A, > 0, A, 20, i=1Lk, A, €R, j=k+1,m Taxoii, 4T0 BBI-
MIOJTHEHBI yCI0BUA 2 U 3.

BHauaye pacCMOTPHM CITydaii, KOTa CBsI3H THITA HEPABEHCTB OTCYT-
cTByIOT. JlommycTtum, uto MHOXHTENb A, = 0. Toraa ycnosue 3 npuHuMa-

eT BUI z A gj

Z A, (<§j,)_c>—b.)=const s moGoii Toukn X € R". Touka X

0. Orcrona cienyer, 4ro  (yHKUus

YIAOBJCTBOPSIET CBsI3sM B 3a1aue (6.7). [Tostomy Z A (<§j,f> —b, ) =
J=k+

0 s o601t Toukn X € R" . Crasno ObITh, CBA3U TI/IHa PaBEHCTB 3aBH-

cumbl. [lonyuuau nporuBopeyne.

Jloka3arenbCTBO HepaBeHCTBA A, >0 mpu HajIuuUK JTUHEHHBIX CBS-
3€i TUIla HEPABEHCTB MPOBEIEM HWHIYKIIMEH MO YUCIY ITHUX CBA3EH.
Korna uncio Takux cBsi3eil paBHO HYIIIO, YTBEPKICHHE OBLIO JIOKa3aHO

Beime. [1ycTh yTBEpKIeHHE BEPHO ISk YUCiIa CBsi3el, paBHoro k—1.
JloxaxkeMm ero s yucha k.
ITo Teopeme 1 mist 3amaum (6.7) cyecTByeT HEHYIEBO HAOOP MHO-

xureneit Jlarpamxka A, s =0,m Takoii, 4TO BHINOIHEHBI yCIOBUS 1-3.

Jonyctum, uto A, =0 . Torma u3 yciuoBus 3 mogydum, 4yTo

ixsg—s =0. (6.8)
s=1

W3 3TOTO paBEeHCTBA CIEAYET, YTO iks ((gy,ﬂ -b, ) =const . Jlanee,

s=1

m m

>, ((g-%)-5,)=0. osromy Y, ((g,.¥)=h,)=0 s moGoii
s=1 s=1 —_—
toukn X € R" . Crano 6bITh, uT0 cpennm uncen A, 20, i =1,k umeercs
MOJIOKHUTEIIbHOE. B MPOTHBHOM CiTydae CBSI3U THITA PABEHCTB SABIISIOTCS
3aBUCHMBIMH.

ITycts, Hanpumep, A, > 0. PaccmoTpum 3a1auy
fo( )—)mln <§1,)?>—b1=0,<g,a > b <0,
i=2, k <gj, >—bj =0,j=k+l,m.
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o I — —
W3 ycnosuii A, (<g, , X > -b, ) =0 u A, >0 cuenyer, uto Touka X
YIIOBJIETBOPSIET CBA3SIM B 3TOM 3ajlaue U siBJsieTcs e€ pereHueM. B atoi

3aga4€ 4uciio CBsI3eH THUIA HEPAaBCHCTB PAaBHO k-1 . 1o UHAYKIOUOH-

. J—
HOMY IIPCAMNOJOKCHUIO CYIICCTBYIOT YUCIa 7\.S , 8= l,m TaKH€, 4YTO BbI-
TOJIHCHBI CICAYIOIIHNEC YCIIOBUSA!

A, >0,..., A, >0;
2) 7‘:(<§i9f*>_bi):07i:2a_k;

m
12 R L — b
3) fo(*¥7)+ 2 1g, =0.
s=1 * o o
Orcroma BuaHO, 4to ecnu A, =0, 10 HalileHHBI HAOOp dYHCEN

A,,s=1,m sgBIgeTCA HCKOMBIM.
x*
* 0 *
Mycts A, <0. Paccmotpum umcma A, = A, —x—lks, s=1Lm. Tor-
1

ma A} =0. Iockombky A,> 0, A, <0 u 1> 0, A, 20 mpu i=2,k, 10
A 20 npu i=2,k .

IIpu i=2,k umeem

M (<g.X >-b)=h(<g.x > —b,.)—i—:xi(< g.,x >—bi) =0.

1

CoorHoureHne A, (<§1 ,)?*> —-b, ) =0cneyer u3 paBencra A, =0.

Jaree,

5

m o oa( . N ) el ML & .
> Mg =), A=k, gﬁzlsgs—k—'ZMgﬁZ?»Sgs-
s=1 1 s=1

s=1 s=1 1 s=1

3nech UCMoNb30BaHO paBeHCTBO (6.9). OrTcrona, UCHONB3ys YCIOBUE
ONTUMABHOCTH 3, MOJIy4UM TPeOyeMOoe PaBeHCTBO

f;(z")+fx§gs =f0'(f*)+ixjgs =0.
s=1 s=1

Hpumep 1 (3adaua nompedumensckozo evibopa). PaccMorpum 3a-
Jlavqy O TMOBEICHUY TIOTPEOUTENS HA PHIHKE, HA KOTOPOM UMeeTCsl Habop
7 BUJIOB TOBApOB U yciyr. [Ipeamnonoxum, 4To npruoOpeTéHHOE KOJIH-
YECTBO KAXKIOTO TOBapa M KaXIOW YCIYTH MOXKHO OXapaKTePH30BaTh
HEOTPUIATEILHBIM YKciIoM. Torma Habop yCayr MOXKHO 3a/1aBaTh BEK-
TOPOM X =(X,,X,,...,X, ), [Zl€ HEOTPULIATEIILHOE YHCIIO X; OTIPEEIISET KO-
JIMYECTBO I-TO BH/IA TOBApa MK YCIYTH.

Korma motpebuTens HaéT Ha pEIHOK IPHOOPECTH HEOOXOMNMBIC EMY
TOBapbI, TO OJMH HAOOP TOBAPOB JJIsi HErO MPEANOYTUTEILHES IPYTO-
ro. bynem cumrare, 4to 3amana QyHKuus u(X), KOTOpas OMpeaeseT
TaKoe MPE/NIOUTCHHE, & IMEHHO: HA0Op X npeonoumumensvHee HabOpPa
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60

y TOIZA ¥ TOJNBKO TOINA, Koraa u(x)=u(y). OTa QyHKIUS HAa3bIBACTCSA
@yuryuell nonesnocmu.

CBoiicTBa (hyHKLUMM MTOA€3HOCTH

DKOHOMUCTHI TPeOyIOT, 4TOOBI (DYHKIIHSI TTOJIE3HOCTH OBLIa «IIpa-
BWJIBHOI1», TO €CTh YTOOBI OHA YJIOBJIECTBOPSUIA Sy YCIOBHI.

Yenosue nenacviuyaemocmu. HenacolmaeMocTb COOTBETCTBYET He-
CIIOCOOHOCTH MHIIMBH/IA OBITH TIOTHOCTBIO YIOBIETBOPEHHBIM. DKOHO-
MHCTHI 3TO (GOPMYIHPYIOT CIIETYIOIINM 00pa30M: «He umeem 3HA4eHUs,
KAK MHO20 MOBAPO8 U YCIIy2 HAXOOUMCS 8 UHOUBUOYATIbHBIX 81A0EHUSIX,
U3 HOBBIX MOBAPOS U YCIIY2 YEN0BEK 8Ce20d cymMeen Uussnedb OONONHU-

MeNbHYI0 Noab3y». ITO O3HAYAET, YTO u(xl,...,x,,)>u(y1,.-.,yn) npu

x; 2y, i=Ln, npuuém xoTa OBl U1 OTHOTO HOMepa j=1,7 cTOHT

CTPOrO€ HEPABEHCTBO X; > V; . I3 yCIIOBHS HEHACHIIIAEMOCTH CIIEMYET,
YTO IIPU JII00OM A, BBIIIOJIHEHO HEPABEHCTBO

u(xl""’xiflﬂxi +Axiﬁxi+13""xn)_u(xl""’xifl5‘xi3xi+l")"'7xn) >O
Ax,

i

Ora BeNMYMHA PAaBHSETCS JIOJIe MPUPANIEHHON MTOJIE3HOCTH, TTPUXOJIS-
ieics Ha KaKTyro HOBYIO €IMHUITY i-TO BHJIa ToBapa. [[penensHoe 3Ha-
YeHHE 9TOro OTHOIIEHUs Ipu Ax, —(0 Ha3bIBAETCS npedenbHOl NONE3HO-
cmbio I-TO BUAA ToBapa. TakuMm 00pa3oMm, MpeenbHas MoJIe3HOCTh I-TO
BHUJIa TOBapa SIBIISIETCS YACTHOM NIPOM3BOTHON (PYHKITUH TIOJIE3HOCTH 110
HnepeMeHHoM x,. M3 ycioBus HEHACHIIAEMOCTHU CIEIYET, 4TO 3Ta 4acT-
Hasl IPOM3BOHAS HeOoTpHuIareiabHa. OOBIYHO MONIATaro0T, YTO

OU(X,yeees X, X, X, ey X)) L0, Q= 1,_” ) (6.9)
Ox,

i

Ycnoesue yovisarouieit npedenvnoii noneznocmu. 310 COOTBETCTBY-
€T TOMY OOCTOSITEIILCTRY, YTO C MPUOOPETEHUEM BCE OOIBIIIETO KOTUYe-
CTBa KaKOTO-TMOO MOTPEOUTEIICKOTO TOBapa KaXkJas HOBas CAMHHUIIA
ATOrO TOBapa O0ecreYrBaeT BCE MEHBIIHN JIOTIOJIHUTEILHBIA BKIIA]T
B OOIIIYIO MTOJIE3HOCTh. DTO YCIOBHE HA3BIBACTCS nEpEbiM 3akoHoM 1 0c-
ceHa 1o UMeHU Hemenkoro skoHomucta XIX B. 'occena, Ha mpakTuke
HU3YYUBLIETO JEHCTBUE 3TOTO 3aKOHA. DTO YCJIOBHE HA3BIBAIOT U 3AKO-
HOM YOblearowell npedevbHol noe3HOCmU — TPeAeTbHAs TI0Ie3HOCTh
i-To ToBapa yObIBACT C yBEIMYCHUEM 00bEMA 3TOTO TOBapa MPH IMOCTO-
SITHHBIX KOJIMYECTBAX JAPYTUX BUJOB TOBAPOB. DTO 03HAYALT, YTO

OU(X, 5oy X5 X, H AN, X, e X,)  OU(X s XX, X0 X,,)
Ox, ox,
Ax,

<0

pu ar00oM Ax,. IIpenen 3Toro oTHoOLIEHUS SBIIETCSI BTOPOH YacTHON
IIPOM3BOAHOM U, CII€0BATEIIBHO,

azu(xl,...,xH,x,.,x,.ﬂ,...,x,,) < 0
ox? -

i

i=ln.
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3ameuanue 2. B ciyyae 0HOTO NIEPEMEHHOTO U3 YCIOBUS yObIBa-
IOIIEH MPeAeTbHOM MOJIE3HOCTH CIEAYeT BOTHYTOCTh (DYHKLUH IOJIE3-
HOCTH.

3ameuanne 3. MHorna ot (QyHKIMU MOJNE3HOCTH TPEOYIOT, YTOOBI
OHa OTpaXkasia CIeIYIOLIee CBOMCTBO: Iyyiue umems KOMOUHAYUIO mo-
8apo6 nycmv 0adice 8 MEHbUIUX KOTUYeCmeax, yem OOUH U3 Smux mo-
6apog HaumeHvutell noneznocmu. YtoOsl GOpMaNn3oBaTh 3TO YCIOBHE,
paccMOTpUM BEKTOP € , y KOTOPOI0 €IMHUIA CTOUT HA i-M MECTE, a BCE
ocTajbHbIe KOOPAWHATHI PaBHBI Hym0. Torma o060l Habop mpezacTa-

BHM B BHJE X = er O6o3HaunM uepes 9= Zx ob1iee KOJIMYECTBO
toBapos. Toraa C(bopMyanOBaHHoe yCJIOBHE MPUHUMAET CIETYHOLINii
BUJ: u(x)ZIIn_mu(Q €).

IMokaxem, 4To, eciiu (QyHKILHUs MOJNE3HOCTH BOTHYTA, TO TO Hepa-

BEHCTBO BBIIIOJIHEHO. B camMoMm ziene, Moyoxkum ), :%zo,ixi =1. Torma
¥ = ZK (0 e)- lostomy
u(®)=u($1,Q @252, u(Q ) 2 minu(Q?).

IIycTe MHOXKECTBO X TOCTYNHBIX TOBaPOB UMEET BHU/]
X={Xx=(,...,x):x,>a,i=1, ..., n}.

3nech a,— 3ajaHHbIC HEoTpULaTenbHble uncia. Hanpumep, ux Ha-
00p 3a1aéT moTpeOUTENBbCKYIO KOp3uHy. Ha MHOXKeCTBe X ompe/enena
¢byHnkuus nonesnoctu u(x). Cuurtaem, 4to

u(x) >0, eciu x,>a, Ipu Beex [ = Ln , (6.10)

a Ha I'paHUIC 3TOro0 MHOXCCTBaA (I)YHKI_II/IH IIOJIE3HOCTHU 06pa1uaeTc;1
B HYJIb, TO €CTb

U(Xyyerrs@yyeesX,) =0, i=1,n. (6.11)

i

Hanee, cunuraem, 4T0 (hYHKLHUS MOJE3HOCTHU SIBISIETCS HENPEPBIBHON
(hyHKIIMEW Ha MHOXKECTBE X, UMEIOIIel B KaXK/I0M BHYTPEHHEH TOUuke
9TOT0 MHOYKECTBA HEMPEPBIBHBIE YaCTHBIE IPOM3BOAHBIC 110 BCEM IIEpe-
MEHHBIM, YIOBJIETBOPSIOIINE YCIOBHSIM HEHAChIaeMocTH (6.9).
Ilepeiiném k 3amade MOTpeOUTENHCKOTO BhIOOpa. Ha priHKe cytie-

cTByeT 1ieHa p,> 0 Ha i-ii Bux ToBapa, i =1,n . [Torpebutens, uMest Cym-
My JIeHEr

Q > a]pl + a2p2 + +anpn’ (612)

CTPEMHUTCA BI:I6paTI> Ha60p TOBApOB CTOMMOCTBIO, HE npeBocxozqueﬁ
JTOH CYMMBI, 1 HanOoJIbIICH TTONIe3HOCTH. iMeeM 3agavyy
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—u(X) — min, x,p, + x,p,+ ... +x,p,—0<0,—x+a,<0, i=1n.(6.13)

MHOXeCTBO TOUYEK X , KOTOpOE 3aJaéTcsl OrpaHUYCHUSIMU B 3a/a4e
(6.13), sBrsieTcss 3aMKHYTBHIM U OTpaHWYeHHBIM. DYHKIHS TTOJNe3HOC-

TH siBIsieTcsl HernpepbiBHOM. [lo Teopeme Beliepiirpacca pemenne X
B 3anaue (6.13) cymiecTByer.

Cesi3u B 3amaue (6.13) spnsrorcs nuHeHbIMU. [loaTOMy cocTaBuM
¢bynxuuto Jlarpanxa c A,= 1

L(F 7)== (%) + 1, (Zx p —Q)ixm (-x+a)  (6.14)

" 3arymeM yCJI0oBUA OIITUMAJIbBHOCTHU:
A,>0,4,>0, .., A, >0;

2) k](ix;pi—szoa A(ox +a)=0, i=Ln;

3) — a”(x ) 13 p—h, =0,i=Tn-

i

"3 YCJ'IOBI/II/I (6.10) u (6.11) cnenyer, uto Bce X >a,. [loaTomy u3 yc-
JIOBUI1 OTIONHSIOWEH HEXKECTKOCTH 2) MOMydYHuM, uTo A, = 0 1pu Bcex

i=1,n. C yuérom storo 3amedanus nepenuiiem yciosus 1)-3). Bynem
HMETh

1) A,>0;
2, ($xp-0)=0:

3) %zkln, i=Ln.

[oxkaxem, uto A, > 0. Jomyctum, uro A, = 0. Torga u3 ycnosus 3)
MIPOTHBOpEYAT YCIOBHUIM HeHackIaeMocTtH (6.9).

O603HaunM A, = A. Takum 00pa3oM, OKOHYATEIEHO UMEEM CIIEAYIO-
LIME YCIOBHSL:

$xp=0; @:m, i=Tn; >0,  (6.15)
= X

i

Touka X" HazpIBaeTCs mouxou cnpoca. OTCIOIa MOXKHO C/IeNaTh CIEy-
FOII€E BBIBOJGI:
1. B Touke cripoca moTpeOUTENb PacXoIyeT BCE CBOU JICHBIH.
2. Bropeie paBeHcTBa (6.15) NpUOMU3KUTENEHO MOXHO 3aIlMCaTh
B CJIEYOIIIEM BHUJIC:
u(x x l’x +Axxﬂxz+l’ ) u(‘xID s 1]9 13 x+l’ x)N}\‘
pl-Ax-

i

B gucnurene nqpodu, CTOAIICH cieBa B 9TOM PaBEHCTBE, CTOUT TIpHpa-
[IeHHe TOJIE3HOCTH, a B 3HAMEHaTelle — IIeHa MPUPAIEHHOTO KOJInYe-
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cTBa ToBapa. TakuM oOpa3om, 1O NpUPAIEHHON MOJIE3HOCTH, NpH-
XozsuIelica Ha eTMHUILY AEHEXKHBIX 3aTpaT B TOUKE CIpOca, OIMHAKOBA
10 BCEM BHJIaM TOBApOB.

3. PaccMoTpuM ciyyvaid, Korna QpyHKIKsS OJIE3HOCTH u( X ) SBISAETCS
BOrHyTOH. Bo3bMéM Habop X° € X, KOTOPBII UMEET Ty XK€ IOJIE3HOCTb,
YTO M To4Ka crpoca. OneHuM ero cTonMocTs. OyHKIus

0 (F) = u(T) - ML 5p-0)

KaK CyMMa BOTHYTBHIX (YHKIHH SIBISE€TCS BOTHYTOH. M3 paBeHCTB
(6.15) cnenyer, uToO

OQ(X") _ou(x") ,  _
ox,  Ox Ap,=0.

DTH yCIIOBHS SBISIOTCS YCIOBHAMHE ITI00AIbHOI'O MAaKCUMyMa BOTHY -
Tol QyHKIMU ¢ (X ) Ha MHOKecTBe X. CienoBaresibHo, O (X ) < ¢ (X7)
mpu Bcex X €X. 3Hauur,

u(fo)fk(ix?pi —Q)Su(f*)—x(zn:xfp,- -0).

n n
IMockoneky u(X°)=u(X"), nony4um fo) )2 ZZx: ;.
i=1 i=1

Takum o00Opazom, J1r000# HAOOP TOBAPOB TOM JKE MOJIC3HOCTH, YTO U
B TOUKE CIIPOCa, UMEET OOJBIIYI0 CTOMMOCTb. JIpyruMu ClIOBaMH, UH-
JIMBUIyyMY HEBBITOJTHO H3MEHSTh CTPYKTYPY MOTPEOICHHS, TOCKOIBKY
BCSIKOE€ TaKO€ M3MEHEHHE YXYALIAeT ero 01arococTosHue (6mopoi 3a-
xon lToccena).

Ipumep 2. Brisenem ¢opmyny uis QyHKIHU MOJE3HOCTH, MpeN-
roJarasi, 4To MPOLEHTHBIH MPUPOCT MOJE3HOCTH JIMHEHHO 3aBUCUT OT
MIPOLICHTHBIX MPUPOCTOB KOIUUECTB ToBapoB. C 9TOH 1enpto 0003Ha-

4uM z, =X, —a, 1Ipu Bcex i =1,n . Torna umeem

Au(z) & Az
ﬁ~2k, k>0

i=1 i

3aduxcupyem Homep i =1,n u nonoxum Bee Az;= 0 st j # i. Torna,
nepexozs K npeneiy npu Az—0, nonyuum

au(E):kV@ —
'z

npu Beex i =171,

621’ i
Pemas 310 ypaBHenue npu i = 1 u yuursiBas, uto u(0, z,, ..., z,) = 0,
MOJIyYUM, YTO

uz, ....z,)=fz, ..., z,) zZl".

@Oyukuys f(z,, ..., z,) yIOBIETBOPSET yPABHECHUIO

af(ZZ7""Zn):k_ f(ZZ7"'7Zn) HpI/I BCEX 122,_]1 .
oz, l z,

i i
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Orcrona Haxonum, 410 f(z,, ..., z,) = Mz, ..., 2, )zzkz . IIpomomxas sty
HPOLENYPY, B UTOTE HOIY4IUM
U(Xyyris Xy x,)=c(x, —a,) ... (x, —a)"...(x, —a,)" .

3mech uncno ¢ > 0. Ora Gpyaknus Ha3siBaeTcs gynryueti Cmoyua.

Oynknust CToyHa yIOBIETBOPSET cHOPMYITUPOBAHHBIM BBILIE Tpe-
6oBanmsM (6.9)—(6.11). Hatiném mis ve€ Touky cripoca. [ aToro 3a-
nameM paBeHcTBa (6.15)

i(xf—a,)p,:g—ia,p,, (6.16)

k(x —a).(x—a) . .(x—a) =kp,i=1n. (6.17)

YMHOXHB Ka)kJ10€ i-€ paBeHCTBO (6.17) Ha X —a,, MOTyduM

¥ —a, =5 1E) 7 (6.18)
IS

YMHOXKXUM Kaxpoe i-¢ paBeHCTBO (6.17) Ha x; —a, U IPOCYMMHPYEM.
VYuureiBas paBeHCTBO (6.16), moaydnm

u(x") Zn:kz = ?\,[Q—iajpj} :
j=1 =1
Otcrona u u3 hopmyin (6.18) momydum TouKy crpoca

V(00— ia,]?,) k
X =a +—— 7, 1€ 0003HAYEHO ¥, =~
P Yk,

Jj=1

(6.19)

JpyruMu cioBamu, OTpeOUTeNh BHAYalle MPHOOpeTaeT HeoOXoaH-
MO€ KOJIMYECTBO @; KAKIOrO0 i-r0 BUJa ToBapa. 13 ocTaBiueincs CymMmsl

JCHET Q—Zajpj OH BBIACIACT Ha JOIIOJIHHUTCIBbHOC HpI/IO6p€T€HI/IC

[-TO BUJA TOBAapa CyMMY, PaBHYIO vi(Q—Zn:a_,pjj. Ha sty cymmy 1o
Yi(Q_Zn;ajp/]

4

HCHC p;0H U an06peTaeT JOITIOJTHUTEIBbHOC KOTMYECCTBO

I-Iro BUJa ToBapa.
3ameuanue 4. 3ajaya nOTPEOUTEIBCKOTO CIIPOCA UMEET PELICHHUE.
Heo0xonuMpIM ycoBHSM ONTHMAJIBHOCTH B 3TOHM 3a/adye YIOBJIETBO-
pSieT eIMHCTBEHHAs TOUKa, onpeaessieMas paencTsamu (6.19). ITosto-
My OHa M OyIeT TOUYKOH crpoca.
3nauenue ¢pyHkuuu CTOyHA B TOUKE CIIPOCA PAaBHO
n k
k K k k, Q—Zp/.a, ;
U(Q)_W*)_[plj [ ~ j I k=Sk. (620
1

J=1

pﬂ
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OnHUM M3 MOAXOIO0B K MOCTPOSHHUIO HAJOTOBOM MOJIUTHKH MOXKET
CIy’)KUTb TPUHLHUI «PAGEHCINEA JiCEpmey), KOTOPBIA 3aKITI0YaeTCst
B TOM, YTO MOTEpsIHHAA 3a c4ET cOOpa Hayora MOJIE3HOCTb OJUHAKO-
Ba 17151 Bcex. Ecim 0003HaunTh yepe3 7(()) KOTUUECTBO CyMMBbI HAJIOTa
C TOAI0BOTO 710X01a (), TO U3 MPUHIINIIA «PABEHCMEA HCEPME» TIOTYUNM
ypaBHEHHUE JUIA onpeaeneHus QYHKIUH Halora

UQ)-U(Q-T(Q))=C =const .

IIpumenuTenpHO K GyHKIHH (6.20) 3TO paBEHCTBO MPUMET CIICITYIO-
AN BU:
k

(Q—gpja,j [Q—T(Q)—ﬁp,a,]k—c

Orcrona HaxoauM (YHKIIMIO HAJIora

k

1@=0-Y pa, -4 0-Y pa, | ~C.

PaCCMOTpI/IM cnyqaﬁ, Korjga BCJIMYHMHA

C
W="——""

- ij“j
j=1

. H
spyisieTcs HebonbInoi. Torma, monb3ysack pasnoxkenuem /1 —p ~1 e
TTOTyYNM

1-k

7(0) :% Q—ip,aj
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7. Teopna ABOMCTBEHHOCTH

3agaHo MHOXKECTBO X MPOM3BOJIBHOW TNPHUPOABI W (DYHKIUH

fiiX>R, 5= O,_n . Pacemotpum 3amaay

fo(x)—nnin, f.(x)SO, i=1k; f_l.(x)zO, j=k+1m; xeX.(7.1)

1

B npoctpancTBe R paccMOTpUM MHOXKECTBO

R =7 =i Vi Viwrso 5 V) 11 200,32 0,3, €R,.L Y, €RY

IIpu kaxxoom Y €R! szanumem (dyskmmro Jlarpamka Uit 3amaqu

(7.1)
LGT) = £+ 20,0, (72)

C CIUHUYIHBIM MHOXKHTENIeM Jlarpamka mpu 1ieneBoi GpyHkmwm. [lomo-
KUM

(P(?)ﬂg{[ﬁ)(X)Jriysﬁ(X)]. (7.3)

Oyukuus Q(Y) HazbBaeTCs Osoticmeennoil gynkyuetl Jlazpanica,
a 3a7a4a

o(F) > max, 3, 20,3, 20y, €R....y, R (14)

Ha3BIBaeTCs dsoticmeenkoll 3adayet K 3anade (7.1). 3amada (7.1) Ha3bI-
BaeTCs MpsAMOK 3a7a4ueH.

Teopema 1. [l mr000#t TOUKH X, € X, yAOBIETBOPAIONIEH CBSA3SIM
B 3amade (7.1), u 11 Jro6oro Habopa gucesn

yeR'={yeR":y,20,...,y,20,y,,,€R,...,y, €R}
BBITMIOJTHEHO HEPABEHCTBO

o)< fo(x,) . (7.5)

Joka3arejabcTBo.  Ilycth  Touka  x, € X YIOBJIETBOPSI-

er cBasaM B 3amade (7.1), a mabop wumcen Yy e<R]. Torma

D2 )+ 02 0).




7. Teopnst ABOACTBEHHOCTM

Caeacrue 1. O00o3HaunM
D={xeX:f(x)<0,i=Lk f,(x)=0,j=k+1m}.

Torna u3 HepaBeHcTBa (7.5) clieayeT, 4To

sup o(y) <inf f,(x). (7.6)

VeRY

IMpumep 1. [Tycte £ = R . PaccmarpuBaercs 3a1aua
—x — min , x’<0, x>0.

IMonoxum X = {xeR: x > 0}, fi(x) = —x, f,(x) = x%. lonyunm 3agaqy
Buza (7.1) mpu OTCYTCTBUM CBs3€H THITa paBeHCTB. Toraa mpu mooomM
y,=y >0 ¢ynkuus (7.3) paBasercs
—o0,y=0
0 () = inf [,(0) +pfi(0)] = inf [x + =]
x2 x> _E’y>0

B paccmarpusaemom mpumepe MHOkecTBO D = {0}. [TosrTomy
U ¢ () = 0. =/,(0) = inf £i(x).
yZ xXe

CrnieioBaresibHO, B pACCMOTPEHHOM TIpUMEpPe B COOTHOIIEHUU (7.6)
CTOMT PaBEHCTBO.
Ipumep 2. [lycts E = R. PaccmarpuBaercs 3aja4da

—2x,+ x,— min, x, +x,— 3 <0, (x,, x,)€X,
rme mHOKecTBO X = {(0,0); (0,4); (4,4); (4,0); (1,2); (2,1)}. [Ipu mrobom
yucie y =0

= inf [=2x+x+y0n+x,-3)]=

(x,x)eX
=min(-3y; y+4;5y—4;y—8;0;-3;) =
=min(-3y; y +4; 5y —4;y — 8, =3) =min(-3y; 5y — 4;y — 8; —3).

Orcrona, ucnomb3ys HepaBeHCTBO 5y —4 >y — 8 mpu y > 0, momyuum,
4TO

¢ (y) =min(-3y; y — 8 -3) =
IMoatomy sup ¢ () = —6.

=0
Mmuoxecto D = {(0,0); (1,2); (2,1)}. CnenoBarensHo,
ing fo(x)=min(0;-3)=-3.

y=8, mpu 0<y<2,
-3y, mupu 2<y.

B nannom npumepe B cooTHoLIeHHH (7.6) CTOUT CTPOroe HEPaBEHCTBO.
Ecnu B cooTHOmIEeHNH (7.6) CTOUT CTPOroe HEPaBEHCTBO, TO TOBOPAT,
YTO MIPOUCXOIUT PA3pPble 08OUCEEHHOCTIU.
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Teopema 2 (o nBoiictBenHocTH). [lycts B 3amaue (7.1) cymecTByeT
TOUKa X,E.X, yIOBIETBOPAIOIIAS CBA3AM B 3TOH 3a/1a4ye, U CyLIECTBYET
Habop MHOXHTeneH Jlarpamka A, ..., A, A, |, ..., A, TaKoW, 4To

HA>0,...,4,>0;

2) M flx) =0, i=Lk;

3) fo(x,) + iksfs (X)) <folx)+ iksfs () nns 06O ToukM x€X.

Toraa uncnay =\, s =1,m sBIAIOTCS pelICHHEM JBOWCTBEHHOM 3a,/1a-
uu (7.4) 1 B cooTHOIIEHUH (7.6) CTOUT PABEHCTBO.
Hoxa3arenncTBo. lMeem

0 (F)=inE| o000+ 20 fi ) = fo50) + 20, () i inf o).

Orcrona u u3 HepaBeHcTBa (7.6) CleNyeT, 4To TOYKa A SBJISETCS pe-
HIEHUEM JBOMCTBEHHOM 3a1a4U.

OTtMeTnM emié, 9To IBONCTBEHHAS 3a/1a4a SIBJISIETCS KOHEUHOMEPHOM.

Ipumep 3. Paccmorpum 3ajauy O MOABbEME PAaKEThl HA BBICOTY
HE HIDKE 3aJaHHOM MpU YCIOBUM MHHHMMAIBHOTO PACXO/Aa TOIUIMBA.
YpaBHeHue MemepeKoro, ONMChIBAIOIIEE BEPTUKAIBHBIN NOIBEM pa-
KEThI, Ha KOTOPYIO IEUCTBYIOT TOJIBKO PEaKTUBHAS CUJIA U CHJIA TSKEC-
TH, UMEET BU

yr:v’ v’:u_g’u:_wm_(t)' (77)
m(t)

3}1605 Y — KOoOpAuHaTa paKCThI. C‘{I/ITaeM, YTO CKOPOCTb W OTACJIICHUA
TOIIMBAa OT KOPITyCa PAKCThl NMMOCTOSAHHA. HpezmonaraeM TAaKXE€, 4TO
BCJIMYHMHA peaKTHBHOﬁ TATW OrpaHUYCHA

0<u<a. (7.8)

BriBenem dopmyiry U1 BETHYHHBI TOTUINBA, H3PACX0J0BAHHOTO TPH

dbopmupoBanuu peakTuBHON TSrU U(t), 0<¢t<T . U3 dpopmynsi (7.7)

HUMEECM, 4TO
T T
+
Iu(t)dt :_Iwm_(t)dt: Wlnw — WZ}’Z mTOl‘[J‘lHBa mKopnyca )
0 m(t) m(T) mKopnyca

CJ'IG,I[OBaTeJ'II:HO, 3agad4a O MHHHMMH3AIIUKW MACChbl TOIIZIMBA CBOAUTCS

A

K 3a7a4e 0 MUHAMU3AINHN HHTETpaia j u(t)dt .
0
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Cunraem, 4TO Ha4YaIbHOE TOJOKEHNE PAKeThl 331aéTCsl paBEHCTBA-
mu Y(0) = 0, v(0) = 0. Torna u3 Gopmyn (7.7) moay4um, 4To MpH 3a-

nansoM ynpasinenun u(t) Boicora y(T) u ckopocth V(T) OnpenensoTes
CIEeIYIOMUMHU (HOPMYyIaMHU:

e T
WD) = [ (T=t) (u(t) ~g)d t, W) = [ (u(t)—g)at.
0 0

[To yciioButo 3a7a4u JODKHO BBITIOIHITHECS HepaBeHcTBO W(T) > A,
rae 4 — 3aganHas Beicota. [loaToMy nMeercst orpaHHYeHNE Ha BEIOOP
PEaKTUBHOU TATU

T 7
I(t—T)u(t)dt—bSO,b=—h—g7.
0

MaxkcuMabHO BO3MOXKHAsI BBICOTA JOCTUTACTCS IPU YNPaBICHUU
2

u(f) = a u paBHa (a — g)— . IloaTOMy OJ>KHO BBIIIOJIHSTHCS HEPABEH-
R 2

crBo (a— g); > h . Eciii B 9TOM HEPaBEHCTBE CTOMT 3HAK PABEHCTBA,

TO CYHICCTBYCT TOJIBKO OAHO YIIPAaBJICHUC u(t) = a, IOJHUMArolIce pake-
TY Ha BBICOTY HC HUIKE 3aI[aHHOI>i. OTo0 YHpaBJICHUC U 6y/:[eT O THMAJIb-
HBIM. HOSTOMy CHUTacM, 4TO

2 2

T T
(afg)T >h<:>fa77b<0. (7.9)

WNmem ympaBieHne B KiIacce KyCOUHO-HENPEPBHIBHBIX (DYHKINH.
B kauectBe nMHEHHOrO NMpocTpaHcTBa F BO3bMEM MHOXKECTBO KyCOY-
Ho-HernpepblBHBIX (yHKuuit u:[0, 7] — R. BBeném B paccMoTpeHue
¢bynxuny f: E—R, onpenenéHubie hopMmyniamMu
T T
fiu() = [ude ufiw) = [ (=T )ut)d t - b.
0 0
VYuuteiBas orpannuenue (7.8), MoI0KuM
X={u(-)eE: 0<u(f)<anpuscex 0<¢t<T}.

TakuM 00pa3zoM, MOTYUHITH 3329y

T T
[udt > min, [(t=T)u@dr—b<0,u¢)ex.  (7.10)
0 0

Brimmumem aBoiicTBeHHy0 QyHKIMIO Jlarpamka
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T T
o ()= inf [ j u(t)dt + j (t=T) u(r)dt - b)] =
0 0

u(-)eX

u(-)eX

T
inf [ [(1+y(— D) u(tyde — yb]. (7.11)
0

1
Ecm 0<y< 710 1 +y(—T)> 0 npu Bcex 0 < ¢ < T. IloaTomy
MUHHMMAJIbHOE 3HaU€HHE y UHTerpana B Beipaxkenuu (7.11) nocruraer-
cst Ha QyHkuun u(f) = 0. CaegoBareibHO, B pacCCMaTpHUBAEMOM Cllydyae

¢ (v) =-yb.
1
Ilycts T<y. Torma l +y(t—T)<0mpu 0<¢t<t,m1+yt—-7)>0

npu t,<t< T, tme t,.= T— —. CrenoBare1bHO, MUHUMAIHHOE 3HAYCHHC

y uHTerpajna B BeipaxkeHuu (7.11) mocruraercst Ha GyHKMH u(f) = a
npu 0 < ¢ <t umu(t)=0npu t.< ¢t < T. [loacrapnss 3Ty QyHKIUIO B
dopmyny (7.11), momy4uuMm BuI 3HaUCHHE ABOHCTBEHHOHN QyHKIMHU Jla-
rpaHXxa MpH dTHX 3HAYCHUSIX epeMeHHoi y. Takum o0pazom,

1
(pO/):fyprHOSyST i

1 yT° 1
=a(T- — — “~—=—)—-ybupu =< 7.12
oW el o = Sy ) b gy (712)
Brrancsas npowsBonuyto GyHkmwm (7.12), HaXoaWM, YTO MaKCH-
MaJbHOE 3HaUYeHHUEe dTON (PYHKIINU JOCTUTAETCS B TOUKE ) = A, T/

S (7.13)
r>+2b
a

OTMeTHM, 4TO COTIIACHO yCIOBHIO (7.9), MOIKOPEHHOE BBIpAKEHHUE

B 9TOH (popmyrte Oosbine Hys. [anee,
1 AT?
oMN=a(T— =————F5—)—A\b.
260 2

Hcnonb3ys noiayyeHHOE pellieHre B JBOMCTBEHHON 3aaue, Hallaém
ONTUMAJIPHOE PEellIeHne B UCXOAHOM 3a1ade. [lokakem, 4To onTuMalb-
HBIM pellleHUueM SBISETCS QPyHKITUSL

1
uy(t)=anpu0<¢<t,mu,(t)=0 npu t,<t<T,tne t.=T— X.(7.14)
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B camom gene, muoxkurens A > 0. Jlanee,
1
T I=
[(t=T)usodt—b=a [ (+-T)dt-b=
0 0

1 1, 1 _ 1 1 _
3neck ObuTa Ucionb3oBaHa Gopmyna (7.13). Jlanee, cornacuo (7.11)

T T T T
[uordt +2( [ (t=T)uy(ydt —b) < [u(®dt +n( [ (¢=T) u(tyde ~ b)
0 0 0 0

s 6o Gynkiuu u(-) € X . ITo TeopeMe 0 JOCTATOYHBIX YCIOBH-
X aOCOIFOTHOTO MHHUMYMa B 3a/1a4€ CO CBSI3SIMU HaiiieHHas QY HKIIHS

uy(f) SIBISIETCS pEIICHHEM B PaCCMaTPHBACMON 3aj1a4e.
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8. 3aaaua BbINyKAOTO
nporpaMmMmMpoBaHus
u TeopemMa KyHa — Takkepa

PaccMmoTpuM 3amady 6binykioco npocpamMmupo8aHus npu HAIUYUU
JUHEUHBIX C8A3el MUna paseHcms

fox) = min, f,(x)<0,....f,(x)<0,f.,x)=0,....f (x)=0,xeX. (8.1)

3necb X — BBIIYKJIOE MHOXECTBO B JMHEHHOM IPOCTpPAaHCTBE E;

fi: X >R — memykisie dynkuuu, i =0,k , a kaxnas u3 QyHKIMA

frE—R, j= k+1,m ssnsercs apuHHOIA, TO €CTh

fix) = g(x) = b, (8.2)

3nech bj — 3aJIaHHbBIC YHCJIIa, a gj:E — R — nuHeiHble QPyHKIUH. Ycio-
BHE JIMHEUHOCTH QYHKUMHA g :E — R 03HAYaet, 4To s JIFOOBIX TOYEK
x,€Eu juist mo0bIX uncen ¢, €R, s = 1, 2 BBINOIHEHO PABEHCTBO g(¢ X, +
0,X,) = ¢,g(x)) t ¢,g(x,). Otcrona creayer, 4ro kaxnas Gpynxuus (8.2)
VIOBJIETBOPSIET YCIOBHIO

S0x+ (1= M)x) = M(x) + (1 = f(x,)
st moObIX AeRu x €E, s =1, 2. (8.3)
@yuxyus Jlaepanoca 3amaun (8.1) uMeeT BUIT
L, Ay Ny ooy Ay oo A) =N fo(X) T Af1(0) + A, f(x)+ ...+ A S (%),

LA€ uucha Ay, Ay, ..., Ay, ..., A, ABIAIOTCA MHOMCumenamu Jlaspamnoica.
Teopema 1 (teopema Kyna — Takkepa). [TycTh TOUKa X, sIBIsI€TCS pe-
menueM 3aga4u (8.1). Torna cymecTByeT HEHYIEeBOM HAOOp MHOKHUTE-

neit Jlarpamxka Ay, A, ..., Ay, ..., A, TAKOI, YTO BBIIOIHEHBI CIIEAYIOLINE
YCIOBUS:

1)2,>0,A,>0, ..., A, >0 (ycaoBus COIIacOBaHUs 3HAKOB);

2) A fi(x) =0, ..., A, f,(x.) = 0 (ycrnoBHs 1OMONHAIOIIEH HEXKECTKOC-
TH);

3) L Mgy Ay o Mgy o ) = mi)r(IL(x,ko,Kl,...,kk,...,Km) (ycnoBue

MuHUMyMa GyHKknuu Jlarpanxa).

OTMeTuM, 4TO C yYETOM YCIIOBHH JOTOJIHSIOMIEH HEXKECTKOCTH U
CBsI3€H THIIa PaBEHCTBA ycaoBUE MUHUMYMa (QyHKumH Jlarpamxka npu-
HUMAaeT BH]




8. 3aaaua BbINYKAOro NporpammmpoBaHns 1 Teopema KyHa — Takkepa

Mo Jo) + 1A o A NS ) F R (0 2 K fo(x)
JUTST TFOOBIX X € X, (8.4)

Jloka3zarejibcTBO. B mpoctpancTBe R” ! pacCMOTPUM MHOKECTBO

Y={(g V1> -0 V) [32€X1 f((2) < fo(x.) + o, fl2) < s
i=Lk,f(@)=y,j=k+Lm}. (8.5)

Touka (1, 0, ..., 0)eY (B hopmyne (8.5) Hyx)HO B3sTh z = X.). [loka-
JKEM, YTO MHOXKECTBO Y sIBJIsIeTCs BBITYKJIbIM. Bo3bMéEM 1Ba Habopa (y,,
Vis e V)EYU (W, », s ..., p, )€Y. Torna HaligyTest ToUkM zeX u z" € X
TaKue, 4To

fo@ <fox) tyu D)<y, i= Lk S @)=y, = k+1,m;

Jo@) /&) 2 SE) sy 1= LKL (@) =y, )= k+1m.

YMHOXHUM COOTHOIIEHHS TepBoi rpynmsl Ha yucio A€(0, 1), a coot-
HOIIICHUSI BTOPOH TPYNIBI — Ha YUCIo | — A W CIHOKUM. YUHTBIBAs

BBIITYKJIOCTh paccMarpuBaeMbix (yHKmi f(x) npu i = 1,k , a taxxe

paBenctBa (8.3) mas QyHKITHI ];(x), j= k+1,m, Gynem umern
S0z (=22 SUE) + (=0 /() <foe) + A+ (1= W)y,
fOz+(A-NM)<A 2+ (1 =-Nfie) <+ (1 -Ny ', i= Lk,
Sz + (1~ INA Miz) + (1 - X)ﬁ(z*) =My, + (1~ K)yj*,j =k+1,m,

Cnenosarensro, (Av,+ (1 =My, W, + (1 =My, ..., Ay, + (1 =Ly, )eY.
Hynegroii wadop (0, 0, ..., 0)¢ Y. B camom Jiene, B IPOTUBHOM CIIy-

yae HaWaETes Touka zeX Takas, 4to fi(z) < f (x.), flz) <0, i = Lk,

f(2)<0,j=k+Lm.

9TO HpOTI/IBOpe‘H/IT TOMy, YTO TOYKA X, ABJIACTCA pe]_[IeHI/IeM 3aJa4u
(8.1).

CormacHO TeopeMe OTACITMMOCTH TOYKHM OT BBITYKJIOTO MHOXECTBA
Halnércs nenynesou Habop uuced (Ay, A, ..., A, ..., A, ) TaKOH, 4TO

AYot Ay, + ...+, y,>0 mig modsix (v, V)5 ---, V,) €Y. (8.6)

Habop (1, 0, ..., 0) npuHauIe)KUT MHOKECTBY Y (Hy)XHO B (hopmyIe
(8.5) B3atp TOuKy z = x.).IlogcraBum ero B HepaBeHCTBO (8.6) ITomy-

4UM HepaBeHCTBO Ay =0 .

I mo6oro uncna € >0 mabop (¢, 0, ..., 0, 1, 0, ..., 0), y KoTO-

poro i-m mecte, i =1,k cTouT eauuuLa, TPUHALIEKAT MHOKECTBY Y
(ayxHO B opmyne (8.5) B3ATh TOUKy z = x,). [logcraBum 3T0T HabOp
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B HepaBeHCTBO (8.6). bynem umets A€ + A,> 0 st iro6o0ro yncina € > 0.
VYeTpemitsist YMCIIO € K HYIIO, IOJYYHUM yCJIOBHE COINIACOBAHMUS 3HAKOB

=0, i=Lk.
Jst mo6oro uncna € >0 wabop (e, 0, ..., 0, f;(x.), 0, ..., 0), y KoTo-

poro Ha i-M mecre, i =1,k | crout umcio f{(x.), IPUHAUICHKUT MHOXKE-
cTBy Y (HyX)HO B opmyie (8.5) B34Th z = x.). [logcraBum 3toT HabOp
B HepaBeHCTBO (8.6). [Tonyunm HepaBeHCTBO A€ + A, f,(x.) > 0 amst mro-

Obix urcen € >0 . Yerpemiisist 9UCII0 € K HYJIIO, TOJTYyYUM HEPABEHCTBO
A.f{(x.) > 0. Otcrona, yuutsiBas, uto A,>0 u f(x,) <0, moay4um ycnosue
JOTOJHSIONIEH HexXECTKOCTH A, f(x.) = 0.

Jst mo6oit Touku xeX u s aroboro yuncna € >0 Habop (f(x) —
folx) + &, fi(x), ..., [(X), [ (X), ..., £, (X)) IPUHAIIEKUT MHOKECTBY Y
(ayxHO B dhopmyrte (8.5) B3aTh z = x). [loncTaBum sToT Habop B Hepa-
BeHCTBO (8.6). [lomyunm

Mfol) T A [0 F o R fi00) F A o () F
+ A foX) = Ao fo(.) + 4 (8 >0

st 00X € >0 . YeTpemitsist 4iciio € K HYITIO, MPUAEM K Tpebyemo-
My HepaBeHCTBY (8.4).

3ameuanme 1. Kak cinenyer U3 TeopeMbl O JOCTATOUHBIX YCIIOBHU-
X a0COJIIOTHOTO MMHHUMYMa B 3a/1au€ CO CBSI35IMH, €CII CYLIECTBYIOT
TOYKa X.€X, yIOBIETBOPSIONIas CBsI3sM B 3anaue (8.1), u Habop MHO-

xuteneit Jlarpamka A, s =0,m Takue, 4TO BBINOIHEHBI ycioBUs 1-3

B Teopeme Kyna — Taxkepa, npuuém A, >0, TO 3Ta TOUKA X, SBJSIETCS
pemenuem 3anauu (8.1). [losTomy moCTaTOUHBI YCIOBHSA, IPH BHITION-

HEHWH KOTOPBIX MHOKHUTEND Jlarpamka A, >0 .

Paccmotpum ciydaid, korma B 3a1aue (8.1) OTCyTCTBYIOT CBSA3U THIIA
paBeHCTRA.

Teopema 2. ITycTb cymiecTByeT TOuKa Xx,EX Takas, YTO BBIIOIHEHEI
yenosus Cnetimepa f,(x,) <0, ..., f,(x,) <0. Torna B 1000M HEHYIEBOM

Habope uncen A,>0u A, >0, i= 1,k , ynoBneTBopsromrx HepaBEHCTBY
(8.4), muoxuTENB Ay > 0.

Joxka3zareabcrBo. Jlonyctum, uto A,= 0. Torna HepaBeHCTBO (8.4)
OpuHUMaeT BUI A, f,(xX) + ... + &, f,(x) > 0 1 mr06bIX x €.X. MOXKHO cun-
TaTh, 4TO, Hatpumep, A, > 0. Torma A f,(x,) + ... + A, f,(x,) <A fi(x,) <O.
[onyunnu npoTuBOpeyHe.

Ipumep 1. Ilycts E = R, f(x) = —x, f,(x) = x%, X = {xeR: x>0}. 3a-
Jaqa

—x — min, x*’<0, xeX

ABJIACTCA BBIHYKHOﬁ. O‘-ICBI/IIIHO, YTO TOYKA X, = 0 sBisieTCs peHICHUEM
atoit 3amaun. CormacHo Teopeme KyHa — Takkepa cyIliecTByeT HEHy-
neBoit Habop MHOXHUTENEH A,> 0, A, > 0 Takoif, 4rto (—A,x + A,x?) >0

npu Beex x > 0. Tomyctum, uto A, >0 . Torna npu 10CTaTOYHO MAJIBIX
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yucnax x > 0 gpynkmus (—A,x + Ax?) < 0. [lomyyennoe nporuBopedne
MOKa3bIBAET, uTOo A,= 0.

Onpenesenne 1. Hazosém aduunpie dynxumu f, 1 E >R, s =1q,

3amaBaeMbie popmyiaamu (8.2) fr(x)=g.(x)=b., nezasucumvimu,

€CJIM U3 TOTO, 4TO I HeKOToporo Habopa uucen c,€R, s =1,q Bbimon-
HEHBI paBEeHCTBA

q
D ¢, f)(x)=0 nns moGoro xeE, (8.7)

s=1

cieayer, 4to Bee otH uucna ¢, =0, s =1,q.

U3 popmyn £, (x)=g.(x)—b, ciuenyer, 4o ToXxIeCTBO (8.7) paBHO-
CHJIBHO CJICITYIOIINAM YCIOBHSIM:

q q
chg:(x) =0 gng nmoboro xeF u chbj =0. (8.8)

s=1 s=1

Jemma 1. Iycrs apunnsie Gpynxupn f, :E —R,s :ﬁ, TaKOBBI,

4TO JUIsl HEKOTOPOTo Habopa uucen c,eR, s =1,q BBINOIHEHO HEPaBEH-

q
CTBO ch f. (x)=2b pna moboro xeE. 3neck b Hekotopoe uucio. Tor-

s=1
q
.

na chfs (x) =const nus nodoro xek.

s=1

* * *
JHokaszareabcrBo. Mcnonssys Gopmynsl f, (x) =g, (x)—b, , nepe-

MHIIEM 3aJaHHOE HEPABEHCTBO B CIIEIYIOIIEM BUJIE:

q . q X
D c.g.(x)=) cb +b s moboro xeE. (8.9)

s=1 s=1

q
* v
Jomyctum, 4to ch g,(x,) #0 B HexoTOpoO# Touke X, € E . Torma

s=1

q q
chgs (1xy) = fzcsgs (xy) = =0 1pwu t — —o0 WK TIpHU ¢ — +00.

s=1 s=1

Crano ObITb, HepaBeHcTBO (8.9) He BbImonHeHo. Takum 00-

q
* ~
pasom, chgs (x)=0 B xaxmoit Touke x€E. CrnemosarensHo,

=1
q . ’ q .
D e fl(x)==) ¢, =const.
s=1 s=1

CaencrBue 1. Ilycts B 3amade (8.1) MakcuManbHOE YMCIIO He3a-
BUCHUMBIX JIMHEHHBIX CBS3CH THUIA paBEeHCTB paBHO ¢. OCyIecTBIss
IepEeHYMEPOBKY 3THX CBs3ell, cumraeM, 4ro cBsi3H f,,,(x) = O, ...,
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Jirgx) = 0 ABISIOTCS. HE3aBUCHMBIMH, & JIOOBIE g + 1 CBSI3HM ABIISIOTCA

3aBucuMbiME. OTCIOZI@ CIelyeT, uTo CyluecTBytoT ynucna F/, s=1g,

s

Jj=1,m—k—q rtaxue, 4ro a5 m000H TOYKH X € E BBINOIHEHHI pa-
BEHCTBA

Jergn@=E fia )+ A F fi (0,0 £, (0) =
=" fn )+ A F S ().

ITosTomy 3amaua (8.1) paBHOCHIIBHA 3a7a4e

fo(x)—min, fi(x) <0, ..., £,(x)<0,f.,(x)=0, ...,f;w(x) =0,xeX. (8.10)

ITo teopeme Kyna — Taxkepa ms 3agaqum (8.10) cymecTByeT He-
HyneBoi Habop MHOxuTenel Jlarpamwxa Ay, A, ..., A, ..., ?»kw, YIIOB-
neTBopsromui ycnosusiM 1-3 B Teopeme Kyna — Takkepa ist 3agaqn
(8.10). O4eBuaHO, 9TO ITOT K& HAOOP MHOKHUTEIICH BMECTE C YHCIaAMU
Mg =0, ..., &, = 0 ynosuersopsier ycnousm 1-3 B Teopeme Kyna —
Taxkepa mis 3amaan (8.1).

Paccmotpum ciyuaii, koraa B 3amade (8.10) MHOXKecTBO X = E.

Teopema 3. ITycTs cymecTByer Touka x, € £ takas, 4o f,(x,) <0, ...,
Jix0) <0, f.,(x) =0, ..., f,,,(x;) = 0. Torna B m060M HeHYIEBOM HabO-
pe uncen A, >0,1,>0,7= Lk u MeR,j= k+1k+q, ynosnersopsio-
mux HepaBeHCTBY (8.4) st 3agaun (8.10) mpu X = E' 4, f(x) + A fi(x) +

M)+ e A S () 2 A fo(X) st TH0OBIX x € E, MHOKHTEND A > 0.

Joxka3areabcrso. [lonmyctum, uto A,= 0. Torna npensinyiee Hepa-
BEHCTBO MPUHUMAET BUA A, f1(X) + ... + A, fi(x) + ... A f,, (x) =0 nos
nr000it Toukn x€E. [TockoabKy cBs3u THIa paBeHCTB B 3anaue (8.10)

HE3aBHUCUMBI, TO cpean uucen A, > 0, i = 1,k , umeercst Henynepoe.
[TycTs, Hanpumep, A, > 0. Toraa momy4um nNpoTuBOpedne

0<Afi(x)) + .o T A fixp) + o kk+qfk+q(xo) =
M fixg) F s T A fi(x) S A f(xp) < 0.

Caencrsue 2. [Tycte Touka x, sBIsICTCS penieHreM 3aaaqu (8.1) mpu

X = E u cymecTtByeT Touka x,€E Takas, uto f(x,)) <0, ..., f,(x,) <0,
Jri(x)) =0, ..., f.(x,) = 0 Torma cymectByer Habop MHOKHUTenel Jla-
rpanmxa A,>0,4,>0,...,A,>0,A,,,€R, ..., A, €R TaKoii, 4YTO BBIIOJIHE-

HBI ycnioBus TeopeMbl Kyna — Takkepa.
PaccMotpum 3anauy ewinykio02o npocpamMmuposanus npu HAIUYUU
MONLKO TUHEUHbIX CBA3CU MUNA PAGEHCIE U HEPABEHCNE

fox) = min, fi(x) <0, ..., £,(x)<0,f.,x)=0, ....f (x) =0, xeE.(8.11)

3neck kaxaas u3 GyHkuuii f:E—R, s =1,m spusercst ahuHHOI.




8. 3aaaua BbINYKAOro NporpammmpoBaHns 1 Teopema KyHa — Takkepa

Teopema 4 (0 HepaBEeHCTBE HYJIIO MHOXKUTEIS A, B BBITYKJION 3a/1a4ue
C JIMHEWHBIMH CBSI35[MI/I). HYCTI) TOYKaA X, ABJIACTCA PCUICHHUEM 3alauu
(8.11). Torna cymectByeT Habop MHOkuUTenei Jlarpanxa Ay, A, ..., A,,
...y A, TAKOH, YTO BBITIOJIHEHBI CICAYIOLINE YCIOBUSL:

DA,>0,1>0,...,2,>0;

DAfi(x)=0, .., fi(x)=0;

3)L(Xiy gy Ay oy Mgy oy A = I}lei}:’lL(x, Rogs My ey Ny ooy A,

Jloka3zaTejbcTBO. B COOTBETCTBUU CO CIIEICTBHEM 1 MOXKEM CUH-
TaTb, YTO CBsA3U THIIA PABCHCTB ABJIAIOTCA HE3aBUCHUMBIMU. ComtacHo
teopeme Kyna — Takkepa CyliecTByeT HEHyJIEBOM HaOOp MHOKUTENICH

Jlarpamxa A, >0, A, 20,1’:1,_1(,7»]. €R, j=k+1,m Taxoii, 4TO BEHI-
TIOJTHEHBI yCIIoBuUsA 2 U 3.

PaccmoTpum BHauase cirydaii, KOrja CBSI3W THIIA HEPABEHCTB OTCYT-
CTBYIOT. JlormycTuM, uto MHOXUTENb A, = 0. Torna ycnosue 3 npuanma-

m
€T BH] Z A, f;(x)20 nns no6oit Toukn xeE. Ipumenss aemmy 1,
J=k+1 ) m
MOJYYHUM, YTO (PYyHKIIHS z A, f;(x)=const nna mo6oit Touku xek.
J=k+1 ‘ m
Touxka x, ynosierBopsiet cBs3siM B 3agaue (8.1). [Tostomy z A S (x)
J=k+1 )

= 0 nys mo0oit Touku x € E. Ctano ObITh, CBSI3U TUIIA PABCHCTB 3aBUCH-
Mbl. [Tonmy4uny mpoTuBopeyue.

Jloka3aTenbCcTBO HepaBeHCTBa A, > 0 IpU HaJTMYMH JIMHEHHBIX CBA3CH
THIIA HEPABEHCTB IIPOBEIEM MHAYKIHUEH MO yucity 3TuX cBsasei. Kor-
Jla YMCII0 TaKWX CBSI3€H paBHO HYIIO, YTBEPKICHUE OBLIO TOKa3aHO.

[Tycth yTBepK/ICHHE BEPHO, KOTJIa YKMCIO TaKWX CBsizedl paBHO Kk —1.
Jokaxkem ero juist yucia k.

ITo Teopeme Kyna — Takkepa st 3apaun (8.11) cymecTByeT HeHy-
neBoit HaOop MHoxkuTenei Jlarpamxka Ay, A, ..., A, ..., A, TakoH, 4TO
BBINTOJIHEHBI CJICAYIOIINE YCIOBHS:

) A=0,4,2>0,...,A>0;

2) M fi0r) = 0, ooy Ay fi() = 0;

3)L(Xus Mgy Ay oy Mgy oy A = rPEiEL(x, Ros My vy Ny ooy X)),

Honyctum, uto A,= 0. Torna u3 ycnosus 3, npuMeHsist JeMMy 1, mo-
JTyIUM

kafx (x) =0 ana mo6oii Touku xek. (8.12)

s=1

Orcrona cnemyert, uto cpeau uucen A, > 0, i =1,k umeercst monoxwu-
TenbHOE. B IPOTHBHOM CiTydae CBSI3W THIIA PABEHCTB SIBIISIOTCS 3aBH-
cuMbIMH. Ilycts, Hanpumep, A, > 0. PaccMorpuM 3anauy

fo(x) — min,
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Six)=0,£(x)<0,...,/x)=<0,f,x)=0,..,fx)=0xeE. (8.13)

U3 ycnosuii A, f(x.) = 0 u A, > 0 ciexyet, 4yToO X, yAOBIETBOPSIET
CBsI35IM B 3TOM 3a1aue. [loaToMy TOUKa X, SBISIETCS PELICHUEM 3a1au

(8.13). B ar0ii 3aa4e ymcIio cBs3eit Thna HepaBeHCTB paBHo k —1. Tlo

.
WH/YKIIMOHHOMY TIPEATOIIOKEHHUIO CYIIECTBYOT uncna A ,s =1,m rta-
KHUE, YTO BBITIOJIHEHBI CIIEIYIOIINE YCIOBUS:

1) A, >0, ..., A, >0;
2) kaz(x*) =0,..., k:fk(x*) =0;
m * m *
fle) T 2 ML) <f 0+ Y RS
JUIst JII000H ToUKH xEE. (8.14)

* v 3
Orcrona BuaHO, uto ecnmu A, >0, T0 HalifieHHBIH HAOOp 4YHCEN

.
A,,8=1,m sBIgETCA HCKOMBIM.

s

s

* * 7\4
[ycts A, <0. Paccmorpum umcna A\ =\, —l—lks,s =1,m . Tor-
1

ma A} =0. ITockombky A, > 0, A, <0 uA>0, A >0 mpu i=2,_k,To
A >0 mpu i=2k.

Ipu i =2,k umeem

M) =0 =T () =0,

0
Coorromenne A!f,(x.)=0 crueayer u3 paserctsa A, =0. Jlaree,

JUTs JTEI000H TOYKH X € E BBITIONHEHO PABEHCTBO

5

m.o m. AL m
S+ ML) =f)+ 2 ML) - = X[,
s=1 s=1 As=l
Ortcrona, ucnomnb3ys ToxaecTBo (8.12), momydnM, 9To

m m
folx) + lemx) = fi(x) + Zlmm.
S= S=

Jutst o0oi Touku x € E . Otcrona u u3 (8.14) momyuum Tpedyemoe He-
PaBEHCTBO

SRS Y HACSEISED WWACSETTORD WAL

i+ 2R

JUTA JTF0O0O0H TOUKHU xeE.
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9. 3aaaya KBaApPaTMYHOIO
nporpamMm1poBaHus
C AMHEMHBbIMM CBSI3AIMM

PaccmoTpum 00mryro 3amady KBaJpaTWYHOTO MPOTPAMMHPOBAHUS
B IpocTpaHcTBe R”

%<F)_c,)_c>+<§,)? >—min, <g,,X >-b=0, i=l,_k. 9.1)

3nech g; € R"— 3aJaHHbIC BEKTOPBI, a b,— 3aaHHbIC YUCIIA.

3ameuanue 1. Kaxxnas nuHeitHas CBsI3b THIA PABEHCTB < g. , X >—b,= ()
MOJKET OBITh 3aIMCaHa C MOMOIIBIO IBYX JTMHEWHBIX CBsI3€H THIIA Hepa-

BCHCTB < g+, X >—b,.<0u<—g.,Xx >—(—b,)<0.Tosromy K 3amaue (9.1)
CBOJUTCS 3a/1a4a ¥ MPH HAJMYNH JIMHEHHBIX CBA3EH THUIIA PABEHCTB.

Teopema 1. IlycTs B 3amaue KBaJpaTHYHOTO MPOTPAMMHUPOBAHHS
(9.1) cBs3m SABNISAIOTCA COBMECTHBIMH. Torma mubo CyIIecTByeT TOUYKa
abCONIOTHOTO MHHUMYMA Y TIeTIEBON (QYHKIINH, JTHOO 1esieBast PyHKIUI
HE OrpaHMYeHa CHHU3Y Ha MHOXKECTBE, OTIPENIEISIEMOM CBSA3SIMH B 3TOU
3aaqe.

Joka3zarenabcTBo. Eciin B 3amade (9.1) cymecTByeT Touka abCOIOT-
HOTO MHUHUMYMa, TO, OYEBHIHO, UTO IejeBas (PyHKIMS OrpaHUYeHa
CHHU3Yy Ha MHOJKECTBE, ONPEICNIIEMOM CBSI3SIMHU B ATOM 3a/1a4e.

Ilyctp neneBas ¢pynkuus B 3amade (9.1) orpannyueHa CHU3y Ha MHO-
JKECTBE, ONPENEIIEMOM CBA3SIMHU B 3TOH 3anade. [lokaxkeM, 4To cymie-
CTBYeT TOYKa aOCOJIOTHOTO MHHHUMyMa. JloKa3aTeiahCTBO MpOBENEM
WHAYKOHeH 1o anciy ces3eit. [Ipu k = 0 aTo yTBepkaeHne Obu10 10Ka-
3aHO paHee.

ITycTs yTBEepKACHIE BEepHO M1 IF000# 3aaa4u (9.1) mpu gucie cBs-
3¢, paBHOM k. JlokaskeM ero JJis 3a/1aun

%<Ff,)?>+<g,)_c >—min,<g;,,X >-b<0,i=1Lk+1. (9.2)

Ecnu, Hanpumep, MOCHEAHSS CBS3b SIBISICTCS CICICTBUEM MEPBBIX
k cBs13elt, To 3amada (9.2) skBuBajeHTHA 3amaye (9.2) ¢ k cBI3IMH W,
CJIC/IOBATENLHO, /TSl He€ BEPHO YTBEPIKICHUE TOKA3bIBACMOI TEOPEMBI.

Paccmotpum ciyuaii, Korja CyIiecTByeT TOYKa X. €R”, yIOBICTBO-

psiIoIast MepBbIM k CBA3SIM, HO < g, ,X. > — b, > 0. Ilockonbky cuu-
TaeTcsl, YTo CBA3M B 3aaade (9.2) COBMECTHBI, TO CYIIECTBYET TOYKa
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X €R", yIOBIETBOPSIOINIAS BCEM STHM CBsi3siM. Torna mpu JIFoOOM uuc-
e Ae[0, 1] Touka X, =AX + (1 — X)X, ymOBIECTBOPSET IEPBHIM Kk CBsI-
3sM B 3a1aue (9.2). [Mokaxkewm, uro npu Hekotopom uucie Ae(0,1) ata
TOYKA YIOBIETBOPSET PABEHCTBY < g, ,X, > —b,,, = 0. C 370l 1enbio

paccmorpum dynkimio [(A) =<g,,,, X, >—b,,,. Torna

(0)=<gk1,% >=b>0, [(1)=<g,, X >-b.,=0.

Ortcrona cienyer, 4To TpedyeMoe YUCIIO A CYLIECTBYET.
TakuMm 0Opa3om, CBS3U B 3a/1a4e

=l

<F

% ,X>+<g,X>— min,
>_b<0,i=1k

<gi s )_C <§k+1 a)? >_b/(+1: O (93)

ABJIAKOTCSA COBMCCTHBIMMU.

B paccmarpuBaemMoMm citydae 3Ha4eHUs 1eIeBOH (YHKIIMU OTpaHu-
YEeHBl CHU3Y Ha MHOXKECTBE X, OIpeesIieMOM CBsI3sMU B 3as1aue (9.2).
ITockonbky cBs3u B 3amade (9.3) ompenemnsioT MHOXKECTBO, COEpXkKa-
1eecst BO MHOXKECTBE X, TO 3HaUYCHUs 1ieJieBoi (yHKIMHU B 3aaaue (9.3)
TaKk)ke orpaHuueHsl cHu3zy. [lokaxem, uto B 3anaue (9.3) cymecTByer
TOYKa a0COTIOTHOTO MUHUMYMa. Bo3bMEM 11100yI0 TOUKY X, , YOBIIET-

BOPSIONIYIO CBsA3IM B 3anade (9.3). Crnenaem 3aMeHy EPEMEHHBIX Z =

X — x, . Torna
—<FX,X>+<g,X >=<Fz,z>+<FX,+g,z >
+<FX, ,X,>+<g,x,>
ITomyunm 3KBUBAJIEHTHYIO 3a7a4y

| S - - = .
E<FZ’Z>+<FX++g’Z > — min,

<g.Z>A(b-<Z.,%>)<0,i=1k;<Z,,,2>=0. (94

Y4uThIiBasi MOCIEAHIO JTUHEHHYIO CBS3h B 3a7a4e (9.4), MBI MOXEM
paccMmarpuBath 3Ty 3ajady B JUHEHHOM MOJIPOCTPAHCTBE pa3MepHO-

CTU n — 1, OPTOrOHAJIILHOM BEKTOpPY &;,;. B 9TOM MOANPOCTPaHCTBE
3agada (9.3) umeet k cBszeit. 1lo MHAYKIMOHHOMY MPEIOIOKEHUIO
y Heé cymiectByeT peuienue. CienosarenbHo, U 3agada (9.3) umeer

—=0
TOYKY aOCOJIOTHOTO MUHHUMYMa, KOTOPYIO 00o3HauuM X . Jlanee pac-
CMOTPHM [IBa CIIy4asl.




9. 3anava KBAAPATMYHOIO NporpammnpoBaHus C AUMHENHBIMU CBA3AMMU

Cayuaii 1. B 3agade (9.1) 3HaueHue neneBoi QyHKIIMNA OrpaHUICHO
cam3y. Toraa cymecTByeT Touka aOCONOTHOTO MHUHHMYMa, KOTOPYIO

obozHaunM X, . Ecmm < g, X,>—-b,, < 0, To 3Ta TOUKA ABISAETCS TOU-
KOM aOCOFOTHOTO MUHUMYMa B 3a1a4e (2).

Iycte < g, ,%,>—b,,,> 0. [Tokaxem, 4TO TOYKOH aOCOIFOTHOTO MHU-
HuMyMa 3afaqn (9.2) sBiserca pemeHue 3ana4du (9.3), TO eCcTh TOUKa

X" . DTa TouKa YIOBIETBOPSET BCEM CB3AM B 3a1ade (9.2).

Bo3pMéM mr00yr0 TOUKY X, YIOBJIETBOPSIOIIYIO CBS3SIM B 3ajade
(9.5). ITpu ar060M uncie Ae[0, 1] paccMoTpum Touky X, =A X, +(1 =)
X . ITockoJIbKY TOYKH X, U X YIOBJIETBOPSIOT HEPABEHCTBAM B 3314
(9.1), To 5TUM HEpaBEHCTBAM YJIOBJIECTBOPSIET TOUKa X, . [lokaxkeM, 4To
npu HekoTopoM yucie A.€[0, 1] Touka X, yIOBJIETBOPSET PAaBEHCTBY
<&iw1» %, > —b,,,= 0. C sr0il Hensto paccmorpuM QyHKIHIO /(L) =

< g,m N )_C;L > _bk+19 KOTOpas y,HOBJ'ICTBOpHeT CJICAYIOIINM YCIIOBHUAM:
Z(O) = <§k+] af > _bk+1 S O: l(l) = <§k+1 > )_CO > _bk+l > 0

Orcroma cienyer, 4to TpedyeMoe 4yucio A. cymecTtByeT. Jlanee, uc-
MOJIb3YSI BBIMYKIOCTh 1EJIEBON (DYHKIIHH, TTIOJYYHUM HEPABESHCTBO

|

- — — |
E<Fx°,x°>+<g,x° >§§<FxM X, >+

<EF, > D(FT, F+<F,H2) ()5 FT T

— — | — —
+<g, x>)§x*(5<Fx,x>+<g,x>)+

+(1 x*)(%<F>?, X>+<g.,xX >)=%<F)?,)T>+<§,f >,

Cayuaii 2. B 3agade (9.1) 3HaueHme 11e1€BON (QYHKITMHN HE OTpaHU-

4yeHo cHu3y. Tornma cymiecTByeT moCieI0BaTeNbHOCTh TOUYEK X, , YIOB-
1 _

JeTBOpsIFOIIast CBs3sM B 3amade (1), Takas, d9TO E<F X, ,X,> +
+<g,x,>—>—00. [loCcKoIbKY 3HAUCHUS 1IEICBON (DYHKIIMM OrpaHUYe-
HBI CHU3Y Ha MHOKECTBE X, OTIpeneIieMOM CBI3IMH B 3anade (9.2), To
Cpe/ir TOUEK X,, HE MOXET ObITh OECKOHEYHOTO YKCIa TOUEK, YAOBIET-
BOPAIOIINX HEPAaBEHCTBY <g,.,,X, > —b,,, < 0. Urak, cuuraem, 4to

<8415 %, >—b,,,> 0 114 Bcex 10cTaTOYHO OONBIINX HOMEPOB 71. B03b-
MEM NIO0YI0 TOYKY X, VAOBIETBOPSIONIYIO CBs3siM B 3amade (9.2).

Bo3bpMéM nocTatodHOo OONBIION HOMEp m TakoH, 9To0bI < g, , X, > —
bk+l >0mn

1 — _ | —
E<Fxm,xm>+<g,xm>§E<Fx,x>+<g,x>-
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Kak u BbIllie, MOKa3bIBaeTCs, 4TO ToUka X, = A X, + (1 —A)X mpu
HekoropoM uucie A0, 1] ynoBneTBopsieT cBsa3siM B 3aaue (9.3). Cre-
JIOBATEIILHO,

E<F’_CO»’70>+<§,50>S%<F?7x,3_%>+
— _ |
<g,xk>s}“(5<Fxm7xm>+
— _ | R _ I _
+<g,xm>)+(1—}»)(E<Fx,x>+<g,x>)§x(§<Fx,x>+
— _ 1 _ _ 1 _ — _
<g.,x >)+(1—X*)(5<Fx,x>+<g,x>):E<Fx,x>+<g,x>_

Crano GbITh, TOYKA X' SBISIETCS TOUKON aGCONIOTHOTO MHHEMYyMA B
3anaue (9.2).

BeimuieM 3aiady KBaJpaTHYHOTO mporpammupoBanus (9.1) npu
HAJNYHUU CBS3CH THIA PABCHCTB

—<FX,x>+<g,X >—min,
<8,X >-b<0,i=Lk;<g,,x>-h<0, j=k+Lm. (9.5)

IIpu nonoxurenbHO onpenenéHHON MaTpule F 3Ta 3ajada sBIIsieT-
csl 3aj7la4ell BBIYKIIOTO TporpamMMupoBanwus. [y Hee BepHa TeopeMa
Kyna — Takkepa ¢ MHO)uTeseM A, = 1. @yHkus Jlarpanxka

L(X, Ay oo A) = %<F}?,f>+<§, X >+ixi(<§i,)—c>—bi)

i=1
SIBJISIETCSL BBITYKITON MO mepeMenHoit X . ITostomy Teopema Kyma —
Takkepa NpUHUMAET CIEIYOLINN BU.

Teopema 2. /Iy TOro 4TOObI TOYKA X., YAOBICTBOPSIOLIAS CBS3SIM
B 3aj1a4e (5), ABJSUIACH PELICHUEM JTOU 3aJlaud, HEOOXOIUMO H JIOCTa-
TOYHO, 4TOOBI CylIecTBOBAI Habop MHOXUTenel Jlarpamxka A, ..., A,
..., A, TAKOM, YTO BBINOJIHEHBI CIIEAYIOLINE YCIOBUSL:
DA>0,...,4>0;

2) }\’l(<§1 ,)?*>_b]):0a ceey }\‘k(<§k5)?*>_bk)20;
3)FX. + g +M8 +...+% 8, =0.

3armmieM BOMCTBEHHYIO 3amady uid 3aaadu (9.1). JIBoricTBeHHAs
(yskmms Jlarpanka paBHa

— | — - < — —
o(y)= glRtZ(E<Fx,x>+<g,x >+ ny(<gi,x>—bi)),

i=1

IMockonbky mpu sirobom Habope uucen ¥y = (v, ..., v,) QyHKuus
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Jlarpamxka sBISETCS BBIMYKIONW (YHKIIUCH MO MepeMeHHON X, To eé
MUHHUMYM JOCTHUIAaETCs B TOUKE X,, IJI€ TPAJMEHT PAaBEH HYJIIO, TO €CTh
m —
FX,+g+>.»g =0.
i=1
HomyctuM, yTo Marpuua F aBiisieTcs HEeBbIpOKIeHHOU. Torna
m
- = _
X, =—F'( + 2 08).
i=1
CrenoBarebHO,

OT) =3 <F (208 (208 ) -

i=1 i=1

—<Z,FUE+Y 08 ) —y(<&,F (E+D. 08 )>+b)—...—

i=1 i=1

(<8 FUE+D 1.8 )>+b,)).
i=1

Marpuna F! sBiseTcs MOI0KHUTENRHO ONpeaeIéHHoi. B camom nerne,
s moboro Bektopa p € R" Bpmonneno <F'p,p> = <F(F'p),

F'p>2>0. Crano ObITh, nBOMCcTBeHHAs pyHKIMs Jlarpamka () )
SIBJISICTCSI KBapaTHYHON (DyHKIIMEH, a TBOMCTBEHHAs 3a/1a4a

o(y)—max,y,>0,..,1,>0,y,,€R, ...,y ER

ABIIETCS 3a7a4eil KBapaTUYHOrO MPOrpaMMUPOBAHHUS C JIMHEHHBIMU
CBA3SIMU.
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10. 3aaaya AMHEHHOTO
nporpamMmMmMpoBaHus
U UCCAEAOBaHHE
AUHENHbIX HEepPaBEHCTB

Paccmorpum 3anauy nmHeitHOTO TiporpammupoBanus (JII1) B mpo-
CTpaHCTBE R”

(g.X) > min, (g.%¥)-b <0, i=1k;
(8, %)=b,=0, j=k+Lm. (10.1)

Ota 3aa4a sBJIIETCs YaCTHBIM CIIy4aeM PacCMOTPEHHOH paHee 3a/lauul
KBaJIpaTUYHOI'O IIPOrPAMMUPOBAHUS C HYJIEBOM MaTpULEH F, I03TOMY
JUIs1 He€ BEPHBI CIICIYOLIIE TEOPEMBI.

Teopema 1 (xputepuii cymectBoBaHus pemeHus B 3amaue JIIT).
[lycts B 3agave nuHeiHoro nporpammuposanus (10.1) cBs3u ABIAIOT-
cst coBMecTHbIMU. Torna nmbo CyImecTByeT TOUKa aOCOMIOTHOTO MH-
HUMYyMa y TIeTIeBOH (QYHKIMH, JTHOO0 1eneBas GyHKIHs He OrpaHuveHa
CHM3Y Ha MHOXECTBE, OIIPE/IE/IIEMOM CBS3sIMU B 3TOH 3aj1aue.

3amaua (10.1) sBrsercs 3amadell BBITYKJIOTO MPOrPaMMHUPOBAHHUS

¢ IMHeHHbIMU CBsi3siMU. DyHkims Jlarpamka ¢ MHOXHTETEM A, =1
B 9TOM CJIy4ae paBHAETCS

LET) :<§+i7»‘vg_s,)_c>—iksbx .
S=1 S=1

Teopema 2 (ycmoBusi ontuManbHOCTH B 3aaade JIIT). UToOsr Touka

X., yAOBIETBOpsONas cBsa3siM B 3amaue (10.1), siBisach perieHueM
B 3TOMH 3aj1aue, HeOOXOAMMO U JOCTATOUYHO, YTOOBI CYIIIECTBOBAIN MHO-

xurenn Jlarpamxka A, s =1,...,m Takue, 4To0

1) 7\‘1'20, lzl,—k:
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Teopema 3 (kputepuii cymiecTBoBaHusi pemienus: B 3amade JIIT).
[Tycte cBsi3u B 3anaue (10.1) sBisiroTcst cOBMecTHBIMU. Pernienue B 3a-
nade (10.1) cymiecTByeT TOraa ¥ TOIBKO TOT/IA, KOT/Ia CYIIECTBYIOT YHC-

ma A, 20, i=1,_k " kj €R, j=k+1,m Takue, uto

m

g+> 15 =0. (10.2)
S=1

JoxkazartenabceTBo. Ilycte pemenne B 3amade (10.1) cymecTtsyer.
Torna n3 Teopembl 2 cienyeT CymecTBOBaHME TPEOyEMBIX YMCEN A,
VIOBIIETBOPSIONTUX paBeHCTBY (10.2).

ITycTs cymiecTByOT uncia A, IePBbIE kK U3 KOTOPHIX HEOTPULIATEIb-

HBI, yaoBJieTBopsromue paBeHcTBy (10.2). Torma mis mr0060# TOUKH X ,
YAOBJIETBOPSIFOIIEH cBs3sM B 3azade (10.1), BeImoaHEHO

m

(g.x)=->(1g,.X)=-> LD, .
S=1

S=1

TaxuMm 00paszom, 3HadeHH 1eneBoi ¢hyHkIuy B 3amade (10.1) orpann-
4yeHbl cHu3y. ClleZIoBaTeIbHO, PEIICHNE CYIIIECTBYET.

Teopema 3 (KpuTepwii COBMECTHOCTH CHUCTEMBI JTMHEHHBIX HeEpa-
BEHCTB). UTOOBI CHICTeMa THHEHHBIX HEPABCHCTB

(g.%)-b<0,i=Lk (10.3)

OBLIa Hecoemecmtoll, HEOOXOIUMO U JOCTATOYHO, YTOOBI CyIIeCTBOBA-

au uucia A; 20, i:1,_k TaKue, 4To
k &k
D g =0, b =-1. (10.4)
i=1 i=1

Joka3zarenabeTBo. JlomycTrM, 9TO BEIOMHEHBI paBeHcTBa (10.4)
11 HEKOTOPBIX HEOTPHULIATENIbHBIX YHUCEN A,;, HO CHCTEMAa HEPABEHCTB
(10.3) mmeer pemenue X . YMHOXxas HepaBeHctsa (10.3) Ha >TH He-

k
OTpHULIATENBHBIC YNCIA A, ¥ CKJIA/bIBAsI, MOIYIHM Zkibi 2 0. Tomy-
i=1
YEHHOE HEPABEHCTBO MPOTHBOPEYUT BTOPOMY paBeHCTBY B (10.4).
JloKa3aTelbcTBO HEOOXOAUMOCTH TPOBEAEM HHAYKIMEH MO YUCITy

HCPAaBCHCTB. B CJIy4dac OAHOr0 HEpaBCHCTBA YCIIOBUC HECOBMECTHOCTHU

- = 1
o3Hayaet, uto g, =0 u b, <0 . Torma mis uncna A, = e >0 ycnoBus
1

(10.4) BEITIOTHEHBI.

ITyctsb yTBepsKIeHHE BepHO st ciydasi k —1 uepaBencts. Paccmort-
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puM k HecoBMmecTHbIX HepaBeHCTB (10.3). Ecnu ux nepseie k£ —1 Hepa-

BEHCTB SIBJIAIOTCS] HECOBMECTHBIMH, TO 10 MHIYKIIMOHHOMY ITPEATIONO-
k-1 _

KeHHIo cymiecTByror yucna A; 20, i=1,k—1 takue, yro ing =0,

i=1
k-1

Zkib,. =-1.Bo3bmém A, =0. Torma paBencrsa (10.4) BBINOJIHECHBI.
i=1

Cuwnraem, uto mepBbie kK —1 HepaBEHCTB ABISIOTCS COBMECTHBIMU.
U3 ycnoBust HECOBMECTHOCTH cucTeMbl HepaBeHcTB (10.3) cruenyer,

9TO [UIst JIF000M TOUKK X , yIOBIETBOPSAIOLIEN nepBbiM k —1 HepaBeH-

CTBaM, BBITTOJIHECHO <§k,)_c> > b, . Crajio ObITh, 3aJa4a JMHEHHOIO TIPO-
rpaMMHPOBaHHUS

(g,,x)—>min, (g,x)-b<0,i=1k-1

uMeer pemeHue X.. [lo Teopeme 2 cymectByorT umcia A, =0,

i=1,k—1 takue, uro

k

-1
(%) -b)=0,i=Lk-1u g +>1g=0.
1

Takum oOpasom, niepBoe paBeHcTBO (10.4) BhimonHeHo. CyMMUPYS yC-

k-1
JIOBHSI TOTIOHSIOIIEH HEXKECTKOCTH, TIOyYUM, UTO <§ ' ,J?*> = —z Ab,.
i=1

Orcrona, HUCHOIB3Ys HEPaBEHCTBO <§k,3?*> >b,, momy4ynm, d9TO
k-1
Zlib,- +b, <0. YMHOKas Bce yucaa A; Ha OJHO M TO XK€ IOJOKH-
i=1
TEJILHOE YHCIIO, JI0ObEMCS TOTO, YTOOBI HOBBIE YKCIA A, YIOBICTBOPS-
mu TpedyeMbiM ycnoBusiM (10.4). Teopema nokazaHa.

PaccmoTpum HepaBeHCTBa

(g, x)-b<0, (10.5)
(g.%)-b<0,i=1k. (10.6)

Omnpenenenue 1. HepasenactBo (10.5) nHaspBaeTcs Hepagen-
cmeom-creocmeuem CUCTEMBbl COBMeCTHBIX HepaseHCTB (10.6), ecnu
Kax10€ perieHue cucteMsl HepaBeHCTB (10.6) siBisercs perieHneM He-
paBenctna (10.5).

Teopema 5 (o HepaBeHcTBe-cnencTBuu). Hepasencrso (10.5) sBmus-
eTCsl HEepaBEHCTBOM-CJIEICTBUEM CHCTEMbl COBMECTHBIX HEpPaBEHCTB

(10.6) Torma 1 TONBKO TOIA, KOra CylecTByroT uncna A, 20, i=1,k
TaKue, 4To

k
g=> Mg, b=2D b, (10.7)
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I[OKa3aTeJILCTBO. HYCTL 1L HEKOTOPOIo Ha6opa HEOTpHULATCIIb-

HBIX 4ucen A, BbINONHEHbI cooTHomeHus (10.7). Bo3bMméM Touky X,
KOTOpasi ymoBieTBopsieT cucteme HepaBeHCTB (10.6). Torna, ymHOXKas

HepaseHcTBa (10.6) Ha HeoTpHLIATENIbHBIE YNCIA A; U CKIaAbIBas HX,
k k

MOy YHM Zx,g,.,f - Zkibi <0. Orcrona u u3 cootHomenwii (10.7)
i=1

i=1

CJEIyeT, YTO OTa TOUKA X YIOBJIETBOPsieT HepaBeHCTRBY (10.5).

Jomyctum Temepb, YTO TOYKA X, YIAOBICTBOPSIONIAs CHUCTEME
HepaBeHcTB (10.6), ymoBmerBopsier m HepaBeHcTBY (10.5). Torma

<—§,)_c> >—b na mobom pemennn cucreMbl HepaBeHCTB (10.6). Cire-
JI0BaTeNbHO, 33/1a9a

(-g,¥) > min, (-g,3)~h <0, i=Lk

uMeer pelenue X, . [1o Teopeme 2 cymiectBytot uncina A, 20, i=1k
TaKue, 4To

— k —
A(8%)=b)=0,i=Lk u (-g)+ Y 1,g =0.
i=1

Craino 0bITh, IepBOE paBeHCTBO B (10.7) BBINOIHEHO. YUYUTHIBAsK 3TO
PaBEHCTBO U MPOCYMMHPOBAB YCJIOBHSI JOIMOJHSIONIEH HEXKECTKOCTH,
MOy YUM

k
(8x)=2 1b,.

OTcrona u U3 HEpPaBEHCTBA <§,)?*> —b<0 cremyer Bropoe ycioBue
B (10.7).

3anuieM ABOMCTBEHHYIO 3a/ady K 3aJaye JIMHEWHOIO MporpaMMu-
posanus (10.1). Ucnons3ys By pynkmun Jlarpamka

LED =g+ 0z 7)-Snb,,
§=1 S=1

3aIuIIeM JBOUCTBEHHYIO (yHKUuIo Jlarpamnxka
o(y)=_nf L(x,y).
XErR
OHa paBHa

¢(y)=— mpu g+ Zysgv =0,

s=1

¢(¥)=-_y.b, npn g+ »g =0. (10.8)
s=1

s=1

Crajo ObITh, JBOMCTBEHHAS 3a/1a4a
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m
—Zyxbx —max, y, 20,..,y, 20, y,,,€R,...,y, €R,
s=1 m _
g+>. 3,8 =0 (10.9)
s=1

TaKXKe SBIIAETCS 3aJia4eil IMHEHHOTO TPOTrpaMMHUPOBAHMUS.

3ameuanmue 1. Ecim B 3amaue (10.1) cymectByer pemieHue, T0O pu-
meHuMa Teopema 2. Ilo TeopeMe ABOMCTBEHHOCTH MHOXUTenu Jla-
rpamka B 3amade (10.1) sBisrorcs pemrenreM B 3amade (10.9), mpuaém
3HAYEHUS 1eNIeBbIX (PYHKINH Ha ONITHUMAIBHBIX JIEMEHTAX COBIIA/IAIOT.

Ilycte B 3amade (10.9) cymectByer pemierne. Torma mo KpuTepuro
CYIIECTBOBAaHHUS PEIIEHUS B 3ajade JIMHEHHOTO MPOTPaMMHUPOBAHUS
pemrenue B 3amade (10.1) cymecTByerT.

3anuieM ABOMCTBEHHYIO 3a/1ady K 3aJaye JIMHEWHOIO MporpaMMu-
posanus (10.9). Jlns atoro 3anummem e€ B Buzae (10.1)

Zy_\,bs —min, -y, <0,...,-y, <0, y,,,€R,....y, €R,
s=1

m

g+> 7,8 =0. (10.10)
s=1

O603HaynM uepe3 g; KOOPAMHATHI BEKTOpa g , a 4epe3 g, — KO-

opauHatel BekTopa g, . Torna dynkims Jlarpamka st 3agaqn (10.10)
paBHa

_ m k n m
LEAN) =2 3b 4D (v A )+ D 0, (84D 7.8,) .
s=1 s=1 i=1 s=1

JlBoiicTBeHHas 3a/1a4a UMEET BUJT
o(h)= inf L(¥,1).
yER"
Dra ¢ynkuus paBHa @(A)=—oo, ecimm b, — A, + Zliw g,#20
i=1

- n
XOTst ObI mpu oxHOM HWHAekce §=1,k wmm b, +z7»i+m g,#0 xors
i=1

- _ n
Obl mpu oxHoM wuHAekce S=k+1Lm; )= Z?»Hm g, , eciu
i=1

bs_x’s_'_z}\’iﬂngsi:o HpH BCCX Szl’_k u bs+z}\’i+m gsizo HPH
i=1 i=1

Beex S=k+1,m.
CrnenoBareibHO, IBOMCTBeHHAs 3a1a4a K 3anade (10.10) umeer Bua

Z?mmgi—)max, A 20,..,A, 20, A,,,€R,....,N, . €R,

> m+n
i=1
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bS _7\‘s +Z7\’i+m gsi: 0 HpH BCCX § :L_k, bs +Z}\’i+m gsi:0 HpH BCEX
i=1 i=1

s=k+1,m.

O6o3naunM X, =—A,,, . Toraa npeapIayILyO 3a1a4y MOKHO 3allH-
carb B CIEIYIOLIEM BUJIE:

i‘xi g —>min, ixi g,—b <0, S:L_k; ix[ g,—b =0
izl i1 i1

npu Bcex S=k+1,m .
TTomyummm 3amaqy (10.1), 3amucanHyio B KOOPAUHATHOHW opme.

Paccmotpum xiaccuueckyro 3a0ayy TAHEHHOTO MPOTPAMMHUPOBAHUS

Zc,x,. — max , Zaﬁxi -b, <0, j=1,_m; x20,...,x,20. (10.11)
i=1

i=1

BBeném B paccMoTpeHue Bektopa g = (—¢,,...,—¢,), & =(d,15-.,a;,),

j=1,_m; g =(0,...,—1,...,0), s=l,_n. 3neck yucio (—1) crouT Ha
s-M mecre. Toraa 3amaqa (10.11) npumer Bux

(g.x)>min , (g,,¥)-b,<0, j=Lm; (g,,.X)<0, s=1Ln.
JBoiictBenHas 3aga4a (10.9) npuHUMaeT cieayromuil BUI:

zyjbj_)mina ylzoﬂ""ymzoa ym+120""’ym+n209
=l m+n
g+ qugq =0.

q=1

m
CBs131 THITa paBEHCTB 3aITHUIIIEM B IBHOM BHEC —C; + Zy Qi T Vmei = 0,
— j=1

i=1,n . VaurbBas, 4o urciaa y,,; =0, moaydnM OKOHUATEIBHBIH BHT
JIBOMCTBEHHOH 3aJ1a4H

Myb —min, > ya,-c¢20,i=Ln; y20,...,,20. (10.12)

j=1 j=1

3ameuanue 2. M3 Teopembl 3 momydMM, 4TO peHIEHHWE B 3aja-
ge (10.11) cymecTByeT Torma W TOJNBKO TOTA, KOTJA CYIIECTBYIOT

m+n

gucna y, 20,...,y,,, >0 Takue, yro g+ Z?»ng =0. Pacnucer-
q=1
Bas, KaK M BbILIE, 3TH PAaBEHCTBA, MOJy4YHUM, YTO PEUICHHE B 3ajade

(10.11) cymecTByeT Torna M TOJIBLKO TOTZA, KOTJa CYLIECTBYIOT YUCia

» 20,...,y, 20 Takue, uTo
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lejaﬂ >c,, i=lLn. (10.13)
=

3ameuanmne 3. [IpuBeaéM MaTpUyUHBIE 3aMIUCH NPSIMON U IBOWCTBEH-
HOW 3aJa4M IMHEHHOT0 MporpaMMHUpoBaHus. [ 3Toro BBEAEM MaTpHILy

all aln
A=| :
aml amn
158 BeKTOpBI
X G N b,
X = , CcC= , y = , b =
‘xn cn Y m bm

Torga 3agaun (10.11) u (10.12) nprHUMAIOT CIETYIOUIMNA BUI:

(e,X) > max, Ax<bh : (10.14)

(b,y)>min, 45>, y>0. (10.15)

3nech mocpeacTBoM A 0603HaYeHa TPAHCITOHUPOBAHHAS MaTPHIIA.
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11. MeTtoA AMHeapM3aumu
AASl HAXOXKA€HUSI MUHUMAAbHOTO
3HauUeHUs (PyHKLMK
MPHU AMHERHbIX OrPaHHYEHUAX

PaCCManI/IBaCTCH 3aJa4a O HaXOXJACHHUMW MUHHUMYMa HENPEPLIBHO

mubdepenmupyemoit pynkuun f :R" — R Ha MHOXECTBE, KOTOpOE
3a71a€TCA CUCTEMOM JIMHEHHBIX HEPABEHCTB U PABEHCTB:

f(¥)— min, (g,¥)-b <0,i=Lk,
<§j”_€>_bj=0,]=k+1,m;)_ceR”. (11.1)

3necy gy €R",bgeR, s=1,m.
IIpeamomnaraem, uto cBs3u B 3amade (11.1) copmecTHsl. Heobxomu-
MbIe yCIIOBHSI MUHUMYMa B 3aa4e (11.1) 3amumiem ¢ moMoIipo mpaBu-

Jla MHOKUTeNel Jlarpanka ¢ MHOXKHTENEM A, =1.

Teopema 1. ITycth Touka X sBusercss pemenuem 3amadu (11.1).
Torga cymecTByloT yncia A,,..., A, TaKue, 4To

(*) A, 20,...,A, 20;

) A ((g.x")-b)=0,i=Lk

(¥ f'(f*)+fxsg—s =0.

o s=1 —
Beeném BcromoratensHyo ¢yskimoo p:R" — R" Ttakyro, uTo

eclin 1_9(?):6, TO B TOYKE X BBIIIOJHEHBI HEOOXOAMMBIC YCIOBUSI

(*)—(***) munumyma GyHkuua f (f) . C 5TOl 1IeNbI0 B KaXKIOM TOUKE
X € R" paccmarpuBaeTcs 3aja4a KBaJApaTHIHOTO MPOTPAMMUPOBAHUS

_<17’]—9> +<f'()_c),]_9> — min ,
(2.0+%)=b,<0,i=1k,(g,.p+%)—b; =0, j=k+Lm.(11.2)
JlemMma 1. B kaxxoii Touke X € R" nuHeiiHble OTHOCUTEIHHO BEKTO-
pa p €R" cBsasu (11.2) ABIAOTCA COBMECTHBIMU.

Joka3zarenbcrBo. CymiecTByer Touka X, € R" | kotopast yaoBieTBo-

psiet cBsa3sM B 3amade (11.1). CnenoBatenbHo, ToUKa p =X, —X YIOB-
neTBopsieT cBs3aM (11.2).
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OtmetnM, uto 3anaua (11.2) siBrseTcs 3aaa4eii KBapaTUIHOTO TPO-
rPaMMHUPOBAHUS.

Jlemma 2. B kaxnoi Touke X € R" 3amaua (11.2) umeer penieHue

7(x).

HokaszarenbcTBo. 13 HepaBeHCTBa
1,_ _ vy —\ Ly N Ly =
S@.5)+ {7 ®@.5)= ol - @zl ®f

cilemyeT, uTo 1eiieBass (GyHKIuS B 3amade (11.2) orpaHnyeHa CHU3Y.

CrnenoBaresbHo, B 3a1a4e (11.2) perienue 1_7()_6) CYIIECTBYET.
IIpumensst k 3amade (2) mpaBuino MHOXUTenel Jlarpanxa, MOXXHO

YTBEPIKIATh, UTO B KAKA0H X € R" cyImiecTByIOT uncna U, ()?) ,s=Lm
TaKue, 4YTo

u,(x)>0,i=1k; (11.3)

u,(x)((Z.P(X))+(8.X)—b)=0, i =1k (11.4)

p(x)+f(x)+ > u,(x)g, =0. (11.5)

— o
Orcrona cienyer, uTo, eciau B Touke X € R" Bektop p(x*)zo,

— T
TO wmcna Ay =u, (X ), s=1,m ynoBnerBopstoT ycioBusim (*)—(*¥**),
a cama 3Ta TOYKa X YIOBIETBOpsieT cBs3sM B 3amaue (11.1). Crano

OBITh, TOYKA X YIOBIETBOPSET HEOOXOJUMBIM YCIOBHSIM MHUHUMYMa
B OTOH 3amade. Takum 00pa3oM, HYXKHO TOCTPOUTH TOCIEIOBATEb-

HOCTb TOYEK X, , YIOBICTBOPAIOIIMX CBA3AM B 3amade (11.1), 4TobmI

ﬁ(fq)—>0 npu ¢ —>oo. Jljus 3TOro MpUMEHSIETCS HUTEPALIMOHHBIN
porecc

%, =%,+7,p(%,). 0<y, <1. (11.6)

Jlemma 3. ITycTh TOuKka X, yHZOBIETBOPSET CBA3AM B 3afade (11.1).

Torna touka x,,, (11.6) ynosnersopser cBs3am B 3axade (11.1).
Jloka3zaTeJbCTBO. YMHOXKUM KaXIylo cBs3b B 3amade (11.1) mpm

X = fq Ha HCOTPULATCIBHOC YUCIIO I_Yq , 4 K&KAYIO CBA3b B 3aJa4¢

(11.2) mpu p = ﬁ(fq) , X =X, YMHOXHM Ha Y, M PE3yIbTaThl CIOKHM.
ITomyuum
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Takum 06pa30M, €CJIM Ha4daJIbHas TO4YKa )_CO YAOBJICTBOPACT CBA3AM

B 3ajaue (11.1), To mocnenoBaTenbLHOCTh TOYEK X, OyneT yHAOBIETBO-
pATH cBs3saM B 3amade (11.1).
Crenmyromias seMma JaéT T0CTaTOYHBIE YCIOBUS CTPEMIICHHS K HYITIO

MOCIEA0BATEIBHOCTH ﬁ(fq) .
Jlemma 4. [Tycts GpyHkuus f (f) OTpaHWYCHA CHU3Y Ha MTOCIIeI0BA-

TeNbHOCTH X, € R" 1 mycTs cymiecTByeT uncio o > 0 Takoe, uTo

£(5)-7(5)zalp(z ). a>1. (11.7)

Torna BBIMTOTHEHO YCIOBHE ﬁ(fq ) — 0 npu g > 0.
Joxa3zareabcTBo. OrpanryeHHasi CHA3Y YUCIIOBas OCIIEI0BATEIb-

HOCTh f (fq) He Bo3pacTaeT. Cie10BaTeNbHO, OHA UMEET Mpejie U Mo-
3TOMY Pa3HOCTh, CTOALIAs B JIEBOM YaCTH JOKA3bIBAEMOI'0 HEPABEHCTBA
(11.7), ctpemutes K HyIIO.

B nanpHeiimem notpedyercs 3Ha4eHUE MPOSKIUH I'paaneHTa QyHK-

i f (J_C) Ha HaIlpaBIICHUE ﬁ(f) , @ UMEHHO

(F(®).5(3) =2 (®)(@5)-0) - . a1y

s=1
B camom nene, yMHOXXUM BeKTOpHOE paBeHCTBO (11.6) ckamspHo Ha
]_9()7 ) ITosryunm
' — L m _ _ o . 2
(r'(®).pF)=-2u, @) E.pE)-[PE] . @19

s=1

Janee, yMHOXXHM Ka)JIyIO j-FO CBs3b THIA paBeHCTBa B 3amade (11.2)

Ha U; ()_c) U TIPOCYMMHPYEM HX BMecTe ¢ paBeHcTBamu (11.4). bynem
UMETh

2 (#)(E 7)) = 2o (F)(E.7)-b.).

IToncraBum mocnennee Boipaxkenune B dopmymny (11.9). [Homyunm
TpeOyemoe paBercTBo (11.8).

ObocHoBaHHe aaropuTma

Bynem mpeamosiarars, 4To rpagueHt f ’(f) YIIOBIIETBOPSIET YCIJIO-
BHIO Jlunmuna ¢ koHctanTou L > 0

|lF"(®)- ' (F)|<L|x-7].vxe R, vyer". (11.10)

93




B. 1. Yxob60108, M. B. M3mecTbes. V136paHHble rAaBbl TEOPUM SKCTPEMAALHBIX 3aAay

IMpumep 1. ITycts f()_C) = <A)7, )7> + <§, )7> .3nece 4=(a;) — cum-
MeTpHYHas MaTpuia, & — BekTop. Torma

f'(f)=2Af+§:>||f’(f)—f’(y)|| =
=2|4(x-y)|<L|x-¥|.L =2(i a,f} :

Jlemma 5. [Tycte Gynkuust f (f) yaosiaeTrBopsieT ycaosuio (11.10),
a TouKa )?q yAOBIeTBOpsieT cBs3siM B 3amade (11.1). Torma mis moboro

gmcna 0<y, <1 BepHO HepaBeHCTBO
i 2
p (xq ) .

Joka3arejabcTBo. [lo Teopeme O cCpeaHeM CyHIECTBYET YHCIIO

f()_cq +Vql—7(fq))gf()_cq)_yq (I_Lyq)

(11.11)

0 <A <1 Takoe, uro
/(& +1,5(%) =/ (%) +7, (1 (7).5(%,)), 7 =%, - ,5(%, ). (11.12)

Wcnons3ys HepaBeHcTBO Komm — ByHsikoBCkoro u ycnosue Jlnm-
mma (11.10), momyaum

(7)) -(7(%,)-5(%,)) <
<|r@)-r &) pE -5 ()

Ortcrona u u3 Bropoit popmynel B (11.12) cnenyert, uro
— 1 — —— —— 2
<f (y),p(xq)>ﬁ<f (xq)’p(xq)>+yq p(xq) :
IToxcraBum 310 HepaBeHCTBO B TiepByto hopmyiry (11.12). ITomyanm

F(7 1P ()= £ (5) 41, (7(5):5(5,)) + 2o (%)

Touka X, ynmosnerBopsieT cBsa3am B 3anade (11.1), a uncna u; (x¥)=0,

" a113)

i= l,_k . [TosTomy u3 hopmyier (11.10) momyaum, 9To
<f'(fq )’l_y(fq )> < _Hﬁ(fq )HZ :

Orcrona u u3 (11.13) cienyer TpeOyemoe HepaBencTBo (11.11).
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11. Metoa AMHEAPU3aLNN AN HAXOXAEHUA MUMHMMAABHOTO 3Ha4€HUA prHKLll/II/I...

MeTtoA ¢ NOCTOSIHHbIM Warom

Ilyctp uncnennoe 3HaueHne koHcTaHTH! Jlummmma L B (11.10) u3-
BeCTHO. Bo3pMéM

Y, =y,0<y<min(1;%] .

Torma u3 (11.11) cnexyer nepasenctso (11.7) ¢ a=y(1—Ly)>0.

HauansHoe 3HaueHHEe X, BBIOMpACTCS Tak, YTOOBI BHITOTHSIHNCH OTpa-
Hu4eHus B 3anade (11.1).

Mertoa c Apoboaennem wara

Ilyctes uncnennoe 3Hauenne KoHCTaHTHI Jlummmma L B (11.10) ne-
M3BECTHO.

HauanbHoe 3Ha4YeHHE X, BBIOMpAETCSA TaK, YTOOBI BBITONHSIINCH
orpannyeHus B 3anaue (11.1).
Onucanue memooa:

Beioupaem uncna 0<e<1,0<y<1,0<A <.
ITycTb 3HaueHHE X, BBIYMCIICHO.

1. Tlonaraem vy, =7v.

2. Beyucnisem X =X, + yqﬁ(fq ) .
3. IIpoBepsieM HEpaBEHCTBO

@ f(®)-f(5)<-er,|p(x,)

3.1. Ecnu HepaBeHCTBO (A) BBINOIHEHO, TO IIOJIaraeM X, =X U UAEM

2

K 1.
3.2. Ecnu HepaBeHCTBO (A) He BBITIOIHEHO, TO MojaraeM Y, =AY,

U UIéM K 2.

ObocHoBaHMe meToaa

Ilycts B mpouecce cuéra mpuxoauMm K myHKTy 3.2. B aTom ciyuae
IIUKIT

R T S B e B

IPOCUMTHIBACTCA Hekotopoe i + 1 pas. Torma 7y, =AY u

x=x, -\ yp(xk ) W3 mepasenctsa (11.11) momyunm, 4to
1)1 (5) <> r(i-)p(E )

Otcrona BUHO, 4TO HEPaBEHCTBO (A) OyaeT BHIIIOJHEHO MPH
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i i i i l-¢
8Xysky(1—ka)<:>kyST.

[Tostomy ki (b) 3akoHYUTCST HA KOHEYHOM IIIare, MpUIEM

1- 1- 1- 1-
A 8<MS o 8<y <-—¢
L L L 1 L

Otcrona u U3 HepaBeHCTBa (A) ceqyeT, YTO B IIPOLecce CueTa BhIMOJI-
HsieTcs HepaBeHcTBoO (11.7) ¢

azsmin(y;ll_Tsj,
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12. INpob6AeMa MOMEHTOB
U €€ NPUAOXKEHUs B 3aAa4ax
yrnpaBA€HHUsI ABMXKEHUEM

3amaga 0 BBEIBOIE PAKETHl B 3aJJaHHBIE MOMEHT BPEMEHHU Ha 3aJ1aH-
HYIO BBICOTY TIPH JOCTIDKCHUH 3aIaHHON CKOPOCTH M MUHUMHU3AIHH
pacxoja TOTUIMBa B (hOpMaTN30BAaHHOM BHIIC UMEET

T

qu(t)dt — min, j-(T —Hu)dt =c,, ].u(z)dl =c,. (12.1)

31ech ¢, ¥ ¢, — 3aJaHHbIE YUCIIA.
O6o03naunm uvepe3 L,[0,7] nuHeiHOE MPOCTPAHCTBO H3MEPUMBIX

¢byukimii £:[0,7]—> R ¢ Hopmoit

p(h())= /J'OThZ(t)dt .

W3BecTHO, 4To 00ImIuit B TnHEHHOTO DyHKIMOoHana @, : L,[0,7]— R
CIIEAYIOITHI:

<@, h()>= ].h(t)u(t)dt .

p.(9,)= [ ()t

3amaay (12.1) MOXKHO paccMaTpuBaTh B CIEAYIOMICH (hopMaTnu3alliu:

Ero Hopma paBHa

samanbl Qyukuun A (1)=T —t, h,(t)=1 kax osnemeHTB TPOCTpaH-
crBa L,[0,T] u uucna ¢, u ¢,. Cpenn Bcex JTHHEWHBIX (DYHKLIHOHAIOB
®, : L,[0,T]1— R, ynoeneTBopsromux orpannaenusm < ¢, 4 (-) >=¢,,

<@,,h,(-)>=c,, Tpebyercsa Haiiti Takoi, HopmMa P.(P,) KOTOpOro
SIBISIETCS. MUHUMAJILHOM.
CdopmynupyeM Terepb paccMaTpHBaeMyro 3a1ady B OOIIEM BHIIE.

3amaHo JTUHEHHOE HOPMHPOBAHHOE MPOCTPAHCTBO E ¢ HOpMOH ||h||,

heE . 3anaunsl onementsl i, € E,i=1,m wuucna ¢, € R,i=1,m, cpe-
J1 KOTOPBIX XOTsI OBl OZIHO OTIIMYHO OT HYJIS.
IIpoonema momenmos. Cpemu BceX IUHEHHBIX (DyHKIIMOHAIOB

¢@:E — R | ynoBIeTBOPSIOIINX OrPAHHYCHUSIM
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o(h)=c,...0(h,)=c, (12.2)

TpeOyeTcss HalTH Takoi, HopMa ||(p
HOH.

+ KOTOpPOTO ABJIACTCA MHUHUMAJIb-

3ameuanne 1. Oyuknuonan ¢:FE —> R HaspBaeTCs JIMHEHHBIM,
ecnu

1) ooyl +0,hy) = 0,0(h) + 0,@(h,) st moObIX Ay,hy € Ej0y,0, €R;
2) cymectByet yuciio M > () takoe, 4To |(p(h)| < M||h|| s VheE .

Hopmoii nuneitoro ¢ynknnoHama ¢@:FE —> R HaspBaeTCs YUCIO

||(p . , KOTOpOE OIpeJIeIIsieTCs] PABEHCTBOM

o ()
4

., =sup|o(h)| =sup ”

<1 720

W3 storo OorpeacyeHus CJICAYCT, UTO

lo(h) <o

h|| nns VheE . (12.3)

s

[IpoBeném oreHKy HOPMbI THHEHHOTO YHKIIMOHATA, YIOBIETBOPSI-
fomero orpanudeHsAM (12.2). C 3To# 11enpi0 BO3bMEM JTt000# HabOP

gucen A;,i=1,m, yIoBIETBOPAIONUINI PABEHCTBY
D ke =1. (12.4)
i=l1

VMHOXUM Kak0€ i-¢ orpannuetue B (12.2) Ha 4uCIO A, U CIOKHM.
Ionyuum

(p(ikihijzl.
i=1

Ortcrona u u3 HepaBeHcTBa (12.3) cienyer, 4yTo

Sah, ‘
i=1

IS"(p

B

O0603HaYUM

m

D b,

i=1

f, =inf

(o

e =1. (12.5)
i=1

Torz[a U3 NpCAbIAYIICTO HEPABCHCTBA ITOJIYyYHUM, UYTO

o]l £, =1. (12.6)
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12. HpOGAEMa MOMEHTOB U eé NPUAOXKEHNA B 3aAa4daX yNpaBAEHNSA ABMXKEHNEM

CrnenosarenbHo, eciti fy =0, To He CylIecTByeT TMHEHHOTO QYHKIHO-
Hana @:E — R, yaoBieTBOpsIOLIero orpanuyeHusm (12.2).
Bgeném B paccmoTpenne QyHKIHIO

FOpAgsah,) =D A h . (12.7)
i=1

Teopema 1. Oynxkmus (12.7) yaoBIeTBOpseT yCIoBUIO JIumuima

.

1<i<m

| SRyl = S (VYo VIS LY A = v, |, L =max
i=1

JokaszarenbcTBo. 13 HepaBeHCTBa

1]l [1 < e = .

Lhh eE

CIIEIYET, YTO
| f(x‘l,;\‘za'--:?\’m) _f(Vl,Vz,---;Vm) |S 2(7“1 _vi)hiH .
i=1
OTCIO}la, HpI/IMeHHSI HepaBeHCTBO TpeyFOHBHI/IKa

ZO";‘ —Vh| < Z| A=V |||ht|| ’
i=1 i=1

MIOJTy4uM TpebyeMoe HepaBeHCTBO

[ Oshsseesd )= [ (Vi VsV, ) E DT =,

hi

<L h v, |
i=1

Teopema 2. Ilycts BekTop h, € E,i=1,m sBnsdeTcsa IMHEHHO He3a-
BUCHMBIM. Torma HHXKHSSA TpaHb B 3amade (12.5) qocturaercs u e€ 3Ha-

gyenue f, >0.

Jloka3zareJbCcTBO. M3 TMHENHOM HE3aBUCHMOCTH BEKTOPOB /1, Ciie-

Jy€eT, 4To JIs 1F000ro HeHyneBoro Habopa uucen A,;,i =1,m 3HaueHUe
¢ynkun (12.7) crporo Oonbiue Hy1st. B camom aere,

FO ek, ) =0 > Ak =0 A, =0 aus Beex i =1,m.
i=1
B npoctpanctee R” paccMOTpHM MHOKECTBO
S={(AAy,.uh, ) ER" :max | X, |=1} .

1<i<m

DTO MHOXXECTBO SIBISIETCA 3aMKHYTHIM M OTpaHn4YeHHbBIM. [lockomb-
Ky pyHKIHS f yIOBIETBOPSAET yCIOBHIO JIMMIiIia, To OHa SBIsIeTCS He-

npepbiBHOi. Orcrona u u3 uepasencrsa f (A, A,,....A, ) >0 crenyer,
4T0 €€ MUHUMAalIbHOE 3HaYeHUE HA MHOXECTBE S CTPOro OOJIbIIE HYIIS.
Crajio ObITh, CylecTByeT uuciio 4 > 0 Takoe, 4To

inhi > A>0 npu Iln_axlll. =1
e <i<m
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Ilycte Aj,A,,...,A,, — TIPOU3BOIBHBIA HEHYJEBO HAOOp dHCEIL.

i

A

* * *

O6o3HaunM A =max|A, |, A, =—. Torma maxA, =1. Cinenosaresn-
1<i<m A 1<i<m

HO,

m m

A,
D Lh|= A= > M= Amax |}, | (12.8)
y 7\‘ y 1<i<m
i=1 i=1
O4eBHUIHO, YTO TIOCIIE/IHEE HEPABEHCTBO BBHITIOIHEHO U /ISl HYJIEBO-
ro Habopa uucen A, .

Bo3bméM ymciio € >0 u paccMOTpUM MHOKECTBO

X ={(hphgsh, ) ER™ D e, =L M A < £ + 8}
i=1 i=1

W3 Hepasenctsa (12.8) ciemyert, 9To 3TO MHOXKECTBO OTPaHUYEHO, a U3
HENPEPHIBHOCTH (YHKIHH f CIIETYeT €ro 3aMKHYTOCTb. OUeBHIIHO, YTO

o =inf O hsesho ) o= O )

MHokecTBO X sIBIIsieTCS 3aMKHYTBIM M OTPaHUYEHHBIM, a QyHKIUS f
SIBIISIETCsI HenpepbIBHOM. [ToaToMy (hyHKIIUS f HOCTHTaeT HAa MHOKECTBE

X CBOEro HaMMEHBIIIETO 3HAUCHHUS HAa HEKOTOPOM Habope 7\,?, i=lm.
DTO 3HAYHUT, YTO

m

fo =D A0h, ,ix?c;y
i=1

i=1

[MockonbKy 3HaueHne GyHKIUH [ cTporo Gonbiie Hyms, o u f, > 0.
Paccmotpum 3angauy

lo]. = min, (k) =c,,i=1,m (12.9)

Teopema 3. ITycTs Bektop A, € E,i=1,m sABngercsa IMHEHO-HE3a-
BucHMBIM. Torma pemenne B 3amade (12.9) cymecTByeT u HOpMa OINTH-

-1
MaJIbHOTO (pyHKIMOHAA paBHa f, .
Joka3zarenbcTBo. 13 paBenctsa (12.6) cnemyet, uyto as 1060r0

auHEeHHOro QyHKIHOHANa ¢: F — R, yIOBJIECTBOPSIOIIEIO OrpaHuye-
HusM (12.2), BBITIOTHAETCS] HEPABEHCTBO ||(p||* > £, Tloctponm dyHK-
moHan @, :E — R, ynosnerBopstomuii orpanndenusM (12.2), Hop-
MOt ||(p||* > f(;l .

C 970if 11epI0 pacCMOTPHUM JIMHEIHOE TpocTpancTBo E,, C B | Ha-

TSHYTOE Ha BEKTOPHI /1,1 =1,m . B 5TOM NpOCTpaHCTBE CTPOUM JIHHET-
HBIA QYHKIIMOHAI
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(P(Zkihi) = Zkici .
i=1 i=1

Torma @(h)=c,,i= 1,m . Ero HOpMa paBHa

th

()

i=1
m

2
i=1

||(p =sup

En g

Cnenaewm B 910t Gopmye 3ameny V, =———— [loxyuum
szcs
i=1
1 1

2 1
m H ; ZCI f

lo

2 i}
inf
Vv

i

Zvihi 0

i=1

[Tpumensist eopemy Xana — banaxa, mpogoHKUM 3TOT (GYHKLIHOHAI @
Ha Bc€ MpOCTpaHCTBO £ ¢ coxpaHeHneMm HOpMBI. [lomydunm TpeOyemblit
(byHKLIUOHAT (.

Paccmotpum ciyudail, koraa BexkTopa A, i =1,m SBIAOTCA TMHEHHO
3aBUCUMBIMH. CUnTaeM, 4TO MEpBbIe kK BEKTOPOB JINHEWHO HE3aBUCH-
MBI, a 111 OCTaJIbHBIX BEPHO PA3JIOKEHHE

k -
hjzzaﬁhl_,_j:kJrl,m;aﬁeR. (12.10)
i=1

Teopema 4. Uto0s! 3ama4a (12.9) umena pemierne, HEOOXOAUMO H
JIOCTAaTOYHO, YTOOBI BHIMTOTHSITHCH PABEHCTBA

k -
¢, = ac, j=ktlm. (12.11)
i=1

JokazaTreabcTBo. Heobxooumocms. llycts 3amaua (12.9) nmeer

pemenne @, :E — R. CnenoBarenbHo, npu j =k +1,m BbimonHeHs!
paBeHCTBa

k k k
¢, = (Po(hj) :|(12-10)| = (PO(Z(x’jih[) = Z(x‘ji(po(h[) = Za‘jici'
P i-1 i-1

Jlocmamounocmes. 1lycth BbinonHeHsl HepaBeHcTBa (12.11). Tornma
Habop uucen ¢;,i =1,k Henynepoii. B npoTHBHOM Cilydae BCe 4ucia
cg=0,s=1m.

Ilyctp  ¢dysKIIIOHAN ¢:E—>R VIAOBJIETBOPSIET  CBS3H

o(h,) =C,-,i=1,_k. Tormampu j=k+1,m
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(p(hj)=|(12.10)|:(p(20tﬂ h)= Zaﬂ(p(h) Z(x c =c;.

CrnenoBarenbHo, 3ana4a (12.9) skBuBaneHTHA 3a/1a4e

el — min, p(h)=c,.i=1k. (12.12)

3agaua (12.12) umeer pewenue. [lostomy 3amaua (12.9) taxke nme-
€T pelICHHE U ONITUMaJbHbIE (DYHKIIMOHAJIBI B 9THX 331a4aX COBMAIAIOT.

Kak ObL10 MoKa3aHo paHblie, HOpMa ||(p0||* ONTUMAJILHOTO (DyHKLHU-

onana ¢, :E —> R pasma f; ', e

1’1111’1

Zk,h,“,Zkfcizl. (12.13)
1
O0603HaYM

= min ,_ﬁxc =1, (12.14)

Zk,h,

Teopema 5. ITycth BoinonHeHsl paBenctsa (12.11). Torna f, = fo*.

Jokaszareabcrso. Eciu 6pars B (12.14) Habopsl uncen A,,i=1,m,
y KoTophix uncaa A; =0, j=k+1,m, 10, cornacuo dopmyiue (12.13),

.
HOJTyYUM HEpaBeHCTBO f, < f .

[lycte uncna A, i=1,m ssustorcs pemenvem 3amadn (12.14).

TTomoxum

A, k+Zajl =1,

J=k+1

m

i Z Z(Zaﬂ 1)0_27" +Z(Zaﬂl J’

k+1 i=l  j=k+1

Orcrona, ucronb3ys pasenctsa (12.11), moxydum, 4To

y chl. =Zklkici + i kjcj =1.
= i=1

J=k+1

Hanee,

zk;ij Zx,h,+z(z oAk = Z?\.lhl+2(2aﬂhl)7\,j,

i=l  j=k+1 J=k+1 i=1
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[oncrasnsas crona hopmynst (12.10), Oynem umeTsb

ko k m k
;xihi =;xihi + > Ak =§kshs.

Jj=k+1

U3 stux paBeHcTB U u3 dopmynsl (12.14) momyunM HepaBeHCTBO
f<ty.
Teopema 6. Uto0s! 3ama4a (12.9) umena pemieHrne, HEOOXOAUMO U

J0CTaTo4HO, 4T00BI B 3a1a4e (12.14) gucno f, >0.
Joka3zareiabeTBo. Heotxooumocms. Ilycts 3amada (12.9) umeet pe-
menue. Torma, cormacHo Teopeme 4, BRITTIOTHEHBI paBeHcTsa (12.11). U3

TeopeMsl 5 crenyer, uro f, > 0.

Hocmamounocms. Ilycts  fy >0, HO st HEKOTOPOro HOMEpa

Jj=k+1,m pasencrso (12.11) ue BeImonHeHo. IlycTh, Hampumep,

k
c, =y a,c.
i=1
Bo3pMéM moka MMPOU3BOJIBHOC YHUCIIO A € R ¥ OJIOKUM
A =—A, mpui=Lk; A, ,=0,.,A, =0 =\.

Torma

Zklkshs = Zk:(—amihi)k +Ah, =(h, —Zk:amihi)k =0,
S=1 i=1

i-1
Zk:kscs = Zk:(—ocmici)K +Aie, =(c, —Zk: a,,ch.
s=1 i=1 i-1

IToatomy, eciu B3SITh YUCIIO
1

A=
Cm - Za‘mici
i—1

1

2

TO IIOJIYYUM, YTO

S hohs =0, hsey =1,
s=1 s=1

Orcrona u u3 Gpopmyse (12.15) cnenyer pasencrso f, =0.

Mycts A,i=1,m — pemenue B 3aaue (12.14). Honoxum

By =00, (12.15)
i=1

Torna fo = HhOH .

Teopema 7 (npunyun maxcumyma). ONTUMAIBbHBIA (YHKIIHO-

Han @,:E — R B 3amaue (12.9) BoigenseTcs cpean BCEX JMHEHHBIX
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1
¢dyukimonanos @ :E — R, HopMa KOTOPBIX ||(p , =—, CIEIYIOIUM
CBOWMCTBOM: fo

@, (1) = max o(h,) =1. (12.16)

Ioh—

Hoka3zarenanbcTBo. MeeM

@y (%) = @, (Z?\.?hiJZZX?(p(hl)ZZK?C[ =1 (12.17)
i1 i1

i=1
Hanee, muist mo0oro nuHEHOro GyHKIMOHana ¢ : £ — R ¢ HopMoii

1
« — —— BBIIIOJIHCHO HEPABCHCTBO
0 1 i
o(h) <. |/ =7 fo=1. (12.18)

PaccmoTpum citydaif, Korma MPOCTPAHCTBO E SIBISACTCS euibOep-
moswim. O003HAYUM Uepe3 <,> CKaJsIpHOE Mpou3BeneHue B £. Torga

E=E"u,cnenosarensio, (h) =< @,h >, h" =J<hh>,|h|, =~/<hh>.

3anmaga (12.16) mpuHUMaET CIIEAYIONIHA BU;

o

1
<@y, >=max <@, h, >=1,{/<@,0>=—-. (12.19)
0 o
[Tokaxxem, uto 3amaya (12.19) uMeeT enMHCTBEHHOE pEIIEHHE W OHO
paBHO
1
0, :?ho. (12.20)
0

B camom perte,
<Q,,h, >:iz< hy,h, >:i2ﬂ)2 =1, <o,,, >:i4< hy,h, >:i2-
s S /o S
HomyctuM, 4To MeeTcs elé (¢ TAKOH, 4To
<@l >=1, <, >=% .
Torga, o6o3Hauas y =@ —@,, OyaeMm uMeTh, uTo ¢ =@, +\ . [lanee,
1=<@,,h, >=<Q—\,h, >=<Q,h, >—<y,h, >=1-<y,h, >.
CaenosarenbHo, <\, h, >=0. Orciona u u3 hopmynst (12.20) nomy-
qum, 4T0 < ¢,y >=0. JTanee,

1
S ERO>=O g Y >=
=<0y, P, >+2<(P07\V>+<W,W>=%_<\Va\lf>-
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Orcrona nomyduM, 9to <\, >=0 u, ciegosarensio, Y =0,

Takum obOpazom, pemenune 3amauu (12.19) 3amaércs dopmynoit
(12.20).

3armmiem 3anady (12.15), ¢ MOMOMIBIO KOTOPOH HAXOAUTCS DIIEMEHT
h,,. TlockoabKy MMHUMH3AlMs HOPMbI BEKTOPA SKBUBAJIECHTHA 3ajaue
MUHUMH3AIUH KBaJIpara HOPMBI, TO TOYYIUM CICAYIONIYIO 3a/1ady:

<Zx, ,,th >—> min, ZM =1.
= i=1

O06o03HaYNM

a; =< h,.,hj > Lj=1lm. (12.21)
Torma OymeM UMETh CIICAYIOILYIO 3a/1ady:

—mfZa e ZM =1. (12.22)

i,j=1

Leneas GpyHKIMS B 3TOH 3a1a4e sIBISETCS HEOTPULATEILHON KBaJI-
parnuHoi QyHkuuel. Eciau sxe BeKTOpsl A, i =1,m SBIAIOTCS JINHEH-
HO HE3aBHCHMBIMH, TO dTa IieJieBasi (DYHKIIUS SIBJISICTCS TTOJIOKUTEIIb-
HO ompenesiéHHON KBaapatuuHol QyHKuuei. B aTom ciyuae marpuna
A= {aij} SIBJISIETCA HEBBIPOKIEHHOM. [I0CKOIBKY B 3TOM 3a/1aue UMEET-
Cs1 TOJIBKO JIMHEWHAs CBA3b, TO 3anumieM QyHkuuro Jlarpamka ¢ A, =1

L= i ay.kikj +A ilicl. -1

i,j=l1 i=1

Oto Beimykias GyHKuus. [losTomMy ycinoBust MUHUMYMa MOTY4atOTCs
13 yCIIOBHM paBEHCTBA HYJIO €€ YaCTHBIX IPOU3BOIHBIX. 3alHILIEM 3TH
YCIIOBUSI:

22%-7“]-4'7“01-:05 izl,_m.

J=1

B ciiyuae ecnu Marpuiia 4 He SBISETCS BRIPOXKICHHOH, TIOTyYUM
A ¢

e, A= .|, c=
A c

m m

- A
A=——A
2

O003HaYMM CKaJISIPHOE TPOU3BEJCHUE BEKTOPOB ® U Y u3z R”
nocpeactBoM (Q,y). Torma ceszb (12.22) MOKHO 3amucarh B BHJIE
(A,c)=1. IloncraBuM HaliIEHHBIE BHIPAKEHHS U1 A B 3Ty CBA3b. [1o-

JTy4UM
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1

1=(h,c)= —%(A‘IE,E): r=-2(4"cc) .

CiietoBaTesbHO,

r =%. (12.23)

U3 dpopmyn (12.22) u (12.23) noxyuum, 4To

2 470 70} E AqE _ 1
1= ) e e e

CraJo ObITh, HOPMA ONTUMAJIBHOTO JTMHEHHOTO (PyHKIIMOHAIA PaBHA

o, =L (47c.c). (12.24)

o

—1 A
O6o3naunm memMenTs! Matpuiel 4 uepes a; . Torna

Ortcrona, ucnone3sys popmynst (12.20) u (12.24), noxydnm, 4TO ONTHU-
MaJIbHBIN TMHEHHBIN (YHKIIMOHAT paBEeH

0 = Z[Z&y_cj]hi. (12.25)
i=1 \_j=1

YnpaBaeumne ¢ MUHUMAaAbLHOM SHepPruei

ChopmynupoBannas 3afaqa (12.1) aBnsgeTcs 4aCTHBIM CITy4aeM 3a-
Jlaud yIpaBJe€HUs] ¢ MUHUMAIbHOW SHEpruen

T p T »n
[>ul e > min, [> b (e ()dt=c,, i=1,m.  (12.26)

1 s=1 T s=I

3nech T<T — ¢uKCHpOBaHHBIC HAYaIbHBII M KOHEYHBIH MOMEHTBI

BpEeMEHU; ¢, §=1,m — 3aJaHHbI HeHyIeBOI HabOp uucen; Kaxaas

U3 33/IaHHBIX QYHKIUH /1 : [r,T ] — R sBisieTcss ©3BMEPUMOii ¢ CyMMH-
PYEMBIM Ha 3TOM OTPE3KE KBaJIPaTOM.

O603Ha4nM uepes L) [r,T ] JTUHEHHOE TPOCTPAHCTBO M3MEPHUMBIX
Ha [1,T] Bekrop — (yHKimii h(t) = (A (),....h,(t)) ¢ HOpMOIA

o] -{ [ |

TS

L
2
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910 MMPOCTPAHCTBO ABJIACTCA FI/IJ'IL66pTOBI>IM CO CKaJISIPHBIM ITPOU3BC-
JCHUECM

(FO30) =[S 0w, @)t

T s=1

Kaxaprit THHEWHBI OrpaHUYeHHBIA (YHKIIMOHAT 3a1aéTcst hopmy-
(0)8

<<puﬁ(-)>=fihs (O, (1),

T s=l1

37ECh ;(t)=(u1(t),...,un(t)) — BEKTOP-QYHKIMS W3 TMPOCTPAHCTBA

L [%,T]. Hopma dynkimonana ¢, 3amaéres hopmymoit

*=(12u3(r>dt) :

T s=1

@,

Yucna a;, onpenensemsie Gopmynoii (12.21), B paccmarpusaemMom
CIly4ae UMEIOT BU/JL

a; = Izh (Dh;, (r)dr. (12.27)

7 s=1

Us bopmyIbl (12.25) HalaéM BEKTOP-(QYHKLHUIO

—(0) (0) —(0)
u ()=\ur (),...,un (t)), KOTOpasi OTPEIC/IsICT ONTUMAIbHBIA (PyHK-
LIMOHAJ

u® ()= Z[Zaycj J ho (1), s=Ln. (12.28)
i=1 \_j=1
Hpumep 2. Paccmorpum 3anauay (12.1). Umeem
h(t)=T-t,h,(t)=1.
U3 dpopmynst (12.27) cnenyer, uto

T T T3 T
a, = [ (t)dt = [ (T~ dt =5 an = [ 1 @yde=T;
0 0 0

a,, :j‘hl (t)hz(t)dt:].(T—t)dt:%zzazr (12.29)
0 0
OrnpenenuTenb MaTPHUITHI
T
A — [all a12 J — ? 7
ay Ay T_2 T
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4
paBeH g #0, npu T #0. OGparHas MarpuIia paBHa

12 6
6 4
T

[ostomy dopmyna (12.28) mpuHUMAaET BH]T

uio)(t) _ i[iaijchhi(I) = (iaijcj](T—t)nLZz:azjcj.

Ortcrona n u3 (12.29) momyuum, 9to
12 6 6 4
uio)(t)z(Fc] —Fczj(T—t)+[—Fcl +?c2j=

2(3 6 2
:? ?C‘I—C2 +F c, —?Cl t.

YnpaBarenne ¢ MUHUMAaAbHOM CHUAO#

IIpumep 3. PaccMoTpuM 3az1auy O BEPTUKAIBHOM B3JIETE PAKETHI B
3aJaHHBI MOMEHT BpeMeHH 7 Ha 3aJaHHYIO BBICOTY H C JOCTHKEHUEM

HYJIEBOH CKOPOCTH. YpaBHeHUEe MelepcKoro uMeeT BU
()

m(t)

XZV,\;’:U, Fﬂeu:—g—w

B nauanpubiii MmomeHT Bpemern x(0)=0 u v(0) =0. Bennuuna |u(t)|
OTIpe/IeIIsiCT BEIMUHNHY TIEPErPy30K, UCIBITBIBAEMBIX Tpubopamu. ITo-
9TOMY IEJIbIO BBIOOpa yIpaBICHHs HAPSAY C BbIle cHOpMYITHPOBAH-

HBIMH SIBJISICTCSI MUHUMU3AIUS] HAUOOJIbIIICH BEIIMYMHBI |u(t)|.
TakuMm 00pa3zoM, UMeeM 3a1ady

0<t<T

sup [u(#)| — min, j (T —tu(t)dt = H, j u(t)dt=0. (12.30)

B kauectBe npoctpancTsa £ Bo3bMEM npoctpanctso L, [0,7], koto-
poe sBiseTcst mpoctpanctBoM dynkimit £:[0,7]— R, cymmupyembIx

o JleGery, ¢ HOpMOi

[#O)]|= [l at.

OOmuit B nuHEeHOTO (DyHKIHOHANA @: L, [O,T ] — R 3amaércs dop-

MyJI0i
¢,(h() = [ (o),

rae #(f) — MOYTH BCIOAY OrpaHuYeHHast u3Mepumast GyHKIHS 1
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@,/l.=vrai I[I(}?](|u(t)|.

[Hocnennsist popmyna o3Hadaet cienytomiee. CymiecTByeT MHOXKECTBO
Ic [O,T ], Mepa KOTOPOTrO paBHA HYIIO, U YUCIO0 M >0 Takue, 4To

lu(t)| <M nmsBeex te[0,T],re1.
Hopwma crpouTtcs tak: 6epércst muoxkectBo Y' [0, 7] < u(Y) = 0 (mepa
JlebGera ero paBHa HyI0). Beraucnsercs

. glrt; OtE[SOuTR Y|u(t)| vrai max|u(t)|

Paccmotpum 3aadqy B 0011eid TOCTaHOBKE

sup [u(#)| — min, J.h (Du@)dt=c,, i=],

7<t<T

Pemaem 3amauy (12.15)

=inf
Jo o)

dt, Y ke =1. (12.31)
i=l1

ITycts A”,i=1,m — petueHue 31oii 3amaun u f, >0. O603HaINM

RO @)=Y MOh (1), (12.32)
i=1

Torz[a U3 IIpUHOHUIIa MAKCUMYMa IMOJYYUM, 4TO

j O (A (¢)dt = max ju(r)h“”(t)dt sup fu(1)] = —

T T T<t<T 0

OTCI-O,I[a noJIy4uM, 410

u® ()= y; szgnh(o)(t) (12.33)

0

IIpumep 4. Perunm nipumep 3. ImeeM f (1) =T — ¢, b, (¢) = 1. 1looTOMY

3anmada (12.31) npuHuMaeT BUa
T
f, =i{gt}"j|zq(7"—t)+zq|dz, AH=1.
OTcrofia moMy4nM, 4TO

[[a(T =0+ At = —0)+4,

1 T

dt =—j|t +ad|dt
H 0

3nechk 0003HAYEHO

a=-T—\H. (12.34)

Hrak, paccMoTpuM 3a1a4y
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T
J(a) :_‘-|t+a|dt — min,a € R.
0
2 2

Hmeem J(0) =T7, Ecimma> 0,10 J(a) =T?+aT_
IMycte a<0 u —a<T (puc. 12.1).

At +4a|

\

a —a T
Puc. 12.1
Torma
T 2 2 2 2 2 2
J(a)=j|t+a|dt:a—+(T+a) :a—+T—+Ta+a—:a2+Ta+T—.
) 2 2 22 2 2

Ilycts a<0 u —a>T (puc. 12.2).

ﬂ|t+a|

\

a T —a
Puc. 12.2

Torma
T T TZ
J@)=|t+aldt=|(-a—t)dt=—aT ——.
el =] (a1 :
Taxum obpazowm, (puc. 12.3)
2
7+aT, npu a=0
2

J(a)= a2+Ta+T7, npu —T<a<0

2
—aT—T, opu g <-T
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A J(a@)
<

MunuManbHoe 3HadeHne Gynkuun J(a) gocruraercs npu a'” = ——

1
3naunt A =—,

© 5
0 _ — -
A =— =- =—

Haee,

T 1 T’
1y =[]0 @ -6+ 47|t =EJ(a(°))=—>0,
0

4H
1 T ¢

h(o)l — (O)T—l + (0): - =
()=A"(T ~0)+ 4 ) m

U3 ¢popmynst (12.33) nonyuum, 4to

(0)(t) = Slgn(— —1).
I'padux ynpasnenus nzodpaxer Ha puc. 12.4.
A W6
4H/T? ——
a 2 7l g
—4H/T?
Puc. 12.4
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