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MareMarnveckoe NMpOrpaMMUPOBAHHE — 3TO COBOKYITHOCTh Me-
TOAOB PEUICHUS MIMPOKOTO Kpyra ONTHMHU3AIMOHHBIX 3aj1ad, WMEI0-
NIUX BAXHOE TPHKIAJHOE 3HAUCHHE. TpajMIMOHHBIC METOMbI MaTe-
MaTHUYECKOTO aHaln3a, OCHOBAaHHBIC HA M3BECTHBIX NMPH3HAKaX TOYEK
sKcTpeMyMa [5], okassiBaroTCs 3/eCh MaI03(pPEKTUBHEIMHE. MBI H3110-
YKMM HEKOTOPBIE TIOIXO/IbI K 3THM 331a4aM (rpaduuecKuii MeTo1, METOJ
Kyna—Takkepa, METO IWHAMHUYECKOTO TporpamMupoBanus [1, 2, 3])
C WUIIOCTPUPYIOIUMH TPUMEpaMH. DTUX CBEACHHH TOCTATOYHO AJIS
pelieHus 3aja4d TUIOBOro pacyeTa. Bompockl, CBSI3aHHBIE C IMHEWHBIM
MpPOrpaMMHPOBaHUEM, B TAHHOHN paboTe JUIb 3aTPOHYTHI, U JUIS pelie-
HUS 33129 Ha 9Ty TEMY YUTaTellb TOJDKeH 00paTuThes K yueOHOH JuTe-
parype [6, 9, 10].ITone3Ho npeaBapUTEIHHO O3HAKOMUTHCS (HApUMED,
mo yuebHoMy mocobwuro [6], mi. 16, 8§ 3, 4,a taxxke [1]) ¢ OCHOBHBIMHU
MOHATHSAMH, CBSI3AHHBIMHU C MAaTEMaTHYECKUM MTPOTPAMMHUPOBAHHUEM.

1. TPAOMYECKHI METOJ JJTSI 3AJTAUM
MATEMATHYECKOT'O TPOT PAMMHUPOBAHMS

ITocTaHoBKa 3aKayM MaTeMaTH4eCKOro MpOorpaMMHPOBAHUS.
[IpuBeneM OCHOBHBIE OIPEIECICHUS, CBSI3aHHBIE C MaTEMaTUYECKUM
nporpammupoBanueM. [Iycte R" ={zx=(z1,...,2y), =; € (—00,00),
i =1,...,n} — MHOXECTBO BCEX N-KOMIIOHEHTHBIX BEKTOPOB. 3a/ia-
Yyeld MaTeMaTHYeCcKOro MpOrpaMMHPOBAHHMs SBJISIETCS MOUCK TII00alb-
HOTO 3KCTpeMyMa (T. €. MUHIMYyMa M MaKCUMyMa) [1eJIeBoi (QyHKIMH
Ha JOMyCTUMOM MHOXECTBE!

f(x) — extr, x e D. (1.1)

Lenesoui ¢hynryueii naspiBator Gyskiuio f(x), © € D, tne D C
C R™ — mpou3BOJIbHOE 3aMKHYTOE MOJMHOXKECTBO MHOXecTBa R"™;
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MHOXXeCTBO D Ha3BIBAIOT donycmumbsim. JI0ITyCTHMOE MHOXKECTBO D 3a-
JTAeTCsl Pa3IMIHBIMU CIIOCOOAMM; 94acToO TOJarawT, 4to x € D, xoraa
BBITIOJIHEHBI YCIOBUS

gi(w):bi, i=1,...,k, gz(m)gbl, i=k+1,...,1, (12)

e g;(x) — 3agannbie GyHKIMU U b; — KOHCTaHThL, ¢ = 1,...,[. 3ana-
9F MAaTEMaTHYECKOTO MPOrPaMMUPOBAHHS PA3JCISIOTCS Ha PasIHYHbIC
THIIBI B 3aBHCUMOCTH OT Buaa GyHkuuit f(x), g;(x), s = 1,...,1 [1].

3amaua (1.1)—(1.2)Ha3sIBacTes 3amaueit HEIUHEUHO20 NPOPAMMUPO-
eanus, ecu cpeau ¢yukumit f(x), g;(z), i = 1,...,1, nmeercs Henu-
HelHas QYHKITHS.

VickoMblIii SKCTpeMyM (T. €. TOUKY, B KOTOPO# 11eneBast QyHKIUS pHu-
HHMaeT MaKCUMaJIbHOE WJIM MUHUMAIbHOE 3Ha4YCHHE), 0003HAYAOT Ye-
pe3 z*, a sKcTpeManpHOe 3HadeHHe QyHKIHH (T. €. Benuuuny f(x*)) —
yepes f*.

B 3amaue Henuueinoro nporpammuposanus (1.1)—(1.2),rne GpyHk-
i f(z), gi(x),7 =1,...,1 onpenenensl Ha MHOXecTBe D C R"™, kak
HPaBHJIO, MPEANONIAraeTCsl, YTO ITU (YHKIUH HETIPEPHIBHBI HA MHOXKE-
crBe D. Paspemmmocts 3amaun (1.1)—(1.2)o6ecmeunBaeTcs Caeayo-
el TeopeMon.

Teopema 1. Henpepuviguas ¢pynxyus, onpedeiennas Ha o2pa-
HUYEHHOM 3aMKHYMOoM MHodcecmee u3z npocmparncmea R, docmucaem
HA HeM C8OUX MAKCUMYMA U MUHUMYMA.

MHOXeCTBO, 3aJlaHHOe cucTeMoii orpanndeHuii (1.2) ¢ HenpepbIB-
HbIMU (QyHKUMSIME g; (), BCceraa 3aMKHYTO (T. €. COAEP)KUT BCE TOU-
KM CBOE# rpaHuiibl). OrpaHUYEHHOCTH JOMYCTHMOTO MHOXKECTBA B TIPH-
KJIJHBIX 3a/1a4aX 00€CIEeUNBACTCS €CTECTBCHHBIMU COOOPaKECHUSMH.

Mpumep 1.1 ([5],3ana4a 5.143).Haiiti Haubombiice 1 HAUMEHbB-
mIee 3Ha4eHne (GyHKIMN HA YKa3aHHOM OTpe3Ke:

f(x) = —a}4 =+ 2.’1}2 — extr, T € D, D= [_272]

Pemenue W3 ypasuenus f'(z) = —423 + 4z = 0 nHaxo-
MM TOYKHU cTanmoHapHocTH ¢yHkmmu: —1, 0, 1. Onpenenus naTEpBa-
JIbl YOBIBaHUS 1 MHTEPBAJIBI BO3pacTaHusl QyHKLIUH, CTPOUM ee Tpaduk
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(puc. 1). DxcTpeMyM HenpepbIBHON QYHKITUH JOCTUTACTCS HITH B TOUKES
CTAITMOHAPHOCTH, WJIM HA KOHIIAX OTpe3ka D:

fain = min{f(=2), f(=1), £(0), f(1), F(2)} = =6,  ipin = 2,
finax = max{f(=2), f(=1), f(0), F(1), f(2)} =1, @pax = L.

f(x)

ANVA

—6

Puc. 1

[pumep 1.1 uamocTpupyeT OCHOBHYIO 0COOEHHOCTD 3aJa4i Mare-
MaTHYECKOTO MPOTPAMMHUPOBAHUS . SKCTPeMyM DYHKIIMUA MOKET JOCTHU-
raThCs B TOYKE, JISKAIICH Ha rPpaHUIE TOMYyCTHMOTO MHOXecTBa. JIiis
HAXOXKICHUS TOUKH =¥ B MAaTeMaTHIECKOM ITPOTPaMMHUPOBAHUN UMEFOT-
Csl CHIEUATLHBIE METOIBI.

I'papuyeckuii meron. Eciu nomyctumoe mMHoxecTBO D gBmsier-
¢S IOZIMHOXKECTBOM OfHOTO 13 MHOKkecTB R!, R? numn R3, To BO3MOX-
HO peIICHHE 3a/1aud MaTeMaTH4YeCKOro MpOorpaMMHpPOBaHUs Tpadude-
ckuM MetonoM. Ilycts mns onpenenennoctu D C R? (puc. 2). Jlns
neneBoit GpyHkuun f (1, x2) n300pa3uM Ha KOOPAMHATHOM IIOCKOCTH
2109 IMHUK YPOBHSI, 3a1aBaeMble ypaBHeHUsIME [ (11, 22) = Cj nipu
Ppas3IUYHBIX 3HaquH;1x Co < C1 < Oy < . Bekrop rpanuen-
ta grad f = (f}

1> f4,) YKA3BIBACT HATPABICHHUE HaI/I6OHBH.[CFO pocrta

5



byukuuu f (371, :zcg) B JIaHHOW TOYKE W OPTOTOHAJIEH K JIMHUU YPOBHA,
MPOXOJAUIEH Yepe3 3Ty TOUKY.

)
Cs Cy
N
Co
77 ) Y TV 1,
Puc. 2

JIitst OTBICKaHHsl, HATPUMEP MUHUMYyMa (QYHKIMH HAa MHOXeCTBe D
CIIeIyeT HAWTH TaKyko JIUHUIO ypoBHS f(x1,22) = C1, 4TO OHA TEpe-
cekaetcs ¢ obmacteio D, HO mis moboro 3HaueHus Cy < C) nuHHS
yposHsl f(z1,x2) = Cy yxe He mepecekaercs ¢ D. Tlo puc. 2 3akmoua-
€M, YTO MHHHMYM LeJIeBON (yHKIUH HA MHOXeCTBe D mocTuraercs B

* * _ 9
Touke ;. , fo:, = C1. MakcuMyM 1ieneBoit pyHKIIMU TOCTUIaeTCs B
* * _
TOUKE Xy avs frax = Ca.

Jlomyctum, 9to rpannna obnactu D u muHus ypoBHS f(z1,T2) =
= (1 ABIAIOTCA INIAJKHMMH KPHBBIMU B OKPECTHOCTH TOUKH . . He-
TPYJHO MTOKa3aTh, YTO OHU KAacaloTCs APYT Ipyra B TOUKE T, ,

T. €. UMe-
0T OOIIyI0 KacaTenpHyo npsMyo. B mpuMepe 1.2 3ToT hakT ucmonsb-

3yeTcs IPU HaX0XJIEHUU TOYKH MUHUMYyMa. Kpome Toro, B Touke ),
IIPU yKa3aHHBIX BhIIIE YCIOBUAX BEKTOp grad f OpTOroHaseH K rpaHuLe
obnactu D.

IIpumep 1.2. Pemmm rpaduuecknM METOIOM 3a7aqdy HETHHEH-

HOTO NPOrpaMMUPOBAHUSL

flx1,20) = — (21 — 5)2 — (zo — 4)2 — extr, (z1,z2) € D,



€ JO0IMyCTUMOEC MHOKECTBO D OmnpeacisICTCA HEPAaBCHCTBAMU

4
——3.’L‘2<1, :L'1<6,5, 0<:L‘2<5.
T
Pemwenue. MuoxectBo D u3obpaxkeHo Ha puc. 3 — 310 Qury-
pa ABEF ¢ xoopaunaramu sepuut A(0, 25;5), B(6,5;5), E(6,5;0),
F(4;0). Jlunuu ypoBHS 11e/1eBON (QDYHKIIUH SIBISFOTCS OKPYKHOCTSIMH C
uentpom B Touke O'(5;4): —(z1 — 5)% — (29 — 4)? = C.

Ouesuano, C < 0wu f . = 0B Touke z} . = (5;4).

Lo

Puc. 3

U3 puc. 33axmodaem, 4To Touka 2 ;  (Hambosee ynaneHHas OT TO4-

ki O’ Touka MHOXecTBa D) nexxut Ha kpuBoil AF — rpaduke QyHK-
i xg = 4/(3x1)—1/3,z1 € [0, 25; 4]. JIuaus ypoBHs BOIN3H KPUBOH
AF 3anaercst ypaBHEHHEM To = 4 — \/ —C — (z1 — 5)2. Haiinem Touky
G (29, 23) — nepeceuenue kpusoit AF 1 Takoit IMHAM YPOBHS 11eJ1€BOI
(GYHKIMH, 9TO MX KacarelbHbIe NpsMble B Touke G coBnanarot. [lomy-
Y4aeM CHCTEMY M3 TPEX yPaBHEHUH C TpeMs HeN3BECTHBIMU:

4 1
0—___
$2—30 37

Ty
:rg:4—\/—0—(w(1)—5)2,




0.
T Ty

4 1N/ /
— -], = (4= V== (@ -5p)
( 3x1 3) 9 ( \/ ( )

Pewas cucremy, nonyuaem C' = —25, (z9,29) = (1;1). Heobxo-
JIUMO TaK)Ke CPAaBHUTH 3HAYEHUS 11eJIeBOM (yHKIMH B Toukax G u A, F':
£(0,25;5) = —4,752—1 > —25, f(4;0) = —1—4% > —25.lonyuaem

Itlin = —25, x;knin = (1; 1)

3amaua (1.1) HasbIBaeTCS YenouUCIeHHOU 3a0ayell MAaTeMaTHYEeCKO-
T'O IPOTPaMMHUPOBAHHUSI, €CITH IOTYCTUMOE MHOXKECTBO [ SBIISIETCS TIOA-
MHOXXECTBOM MHOXECTBa Z" BCEX M-MEPHBIX BEKTOPOB C IIEIIOYHCIICH-
HbIMH KoMmIoHeHTamMu: 2" = {(z1,...,2Tp), ; = 0,£1,£2, ..., i =
=1,...,n}.

HDpumep 1.3. Pemm rpadudeckum MeTooM 3a1aqy

1
f(z1,22,73) = =3+ 1 — extr,

]+ e+ a3<2,5, x>0, 12>0, 23>0, (21,22,73)€ Z°

Pem e nwue. Hapuc. 4 u300paxeHo IOMyCTUMOE MHOXECTBO

D, cocrosiiiee U3 gecaty Touek. [IoBepXHOCTh YPOBHSI 11eNeBOU (HyHK-

MU TPEACTABIAET COO0M IUIOCKOCTh C BEKTOpOM Hopmaiu grad f =
! ! !/ -N-

= (fays fay> f2s) = (0;0;1/5), HanpaBneHHBIM BIOTB OCH 3. [Ipu

C = 1 noBepXHOCTHh YPOBHsI COBIAAET C KOOPIAUHATHON IJIOCKOCTHIO

xz10xg: fr,, = 1, 2, = (0;0;0). U3 puc. 4 3axmodaeM TaKxe, 4To
fivax = T/5, Thax = (0;052).
T3

Puc. 4



JInneiinoe nporpammupoBanme. 3agada (1.1)—(1.2)Ha3biBaercs
3aaueit iunelino2o npocpammuposanus, ecnu oyakumu f(x), gi(x),
i =1,...,] IBAAIOTCS IMHCHHBIMH.

Hpumep 1.4. Permum rpadmueckum METOAOM 3a1a4y JTMHEHHOTO

MIpOrpaMMHPOBAHUSA
f($1,$2) = -1 — T2 — 1— min,
x1 + 222 < 6,

Pemenue. JonycTuMoe MHOXKECTBO D H300paXKeHO Ha puc. 5 —
9T0 MHOTOyroNbHUK ¢ koopauuaramu Bepimmu (0; 0), (3; 0), (2; 2),
(4/3; 7/3), (0; 1).Jluanu ypoBHA HeNeBON (QYHKIIUM — DTO TPSMEIE
—x1 — 22 — 1 = C,tae C — xoHcTaHTa. Bekrop rpaauenta grad f =
= (—1;—1). Jlerko BuIeTH, Y4TO pEIICHHE 3aJa4l — TOUYKA T . =
=(2;2), fr. = —b.

min

L2

Tq

Puc.5

S3ameganue 1 Ilpumep 1.4 mnmocTpupyeT OCHOBHBIE 0CO-
OCHHOCTH 3a/1auMl JIMHEHHOTO mporpammupoBanus [1, 6]: momycTiMoe
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MHOXECTBO [) SIBIISICTCS BBIMTYKJIBIM MHOTOIPaHHHKOM B IPOCTpaH-
ctBe R™ (BO3MOXKHO, HEOrpaHHYCHHBIM); TIOBEPXHOCTh YPOBHS IiejIe-
BOIl (DyHKIMM SBJISETCS NUMHEHHBIM MHOrooOpasueM (mpsmas B R?,
miockocTs B R3  T. 11.); okcTpeMyM LieneBoit ynkuuu (B crydae ero
CYILIECTBOBAHUSI) IOCTUTACTCS B YIIOBO# Touke MHOXkecTBa D. MHoro-
MEpHbIC 3312491 JIHHSHHOTO POrPAMMHUPOBAHUSI PEIIAOTCS C TIOMOIIBIO
cumIuiekc-anropurma 1, 4, 6].

2. METOJ] JIATPAHIKA JIJISI 3AIAUH
HA YCJIOBHBII DKCTPEMYM

YaCTHBIM CIIydaeM 337a4yd HEITUHEHNHOrO IPOrpaMMHUPOBAHUS SIBJIS -
eTcsl 3a0aud Ha YCI08HbII IKCIPEeMYM

f(z) — extr, (2.1)

gi(x)=b;, i=1,...,1, z=€R", (2.2)

rne b, i = 1,...,1 — xoncrautel. [Janee ¢ynkunn f(z), gi(z),
1 =1,...,] npeanomnararorcs aquddepeHnrpyeMbIMH.

Teopema 2 (HeoOXOAUMOE YCIOBHE YCIOBHOTO DKCTPEMYyMA).
Ilycmob x* — mouxa ycnogno2o sxempemyma ons 3adauu (2.1)—2.2) u
sexmopul grad g;(x*), i = 1,...,l auneiino nezasucumoi. Toeoa cyue-
cmeylom yucna A, ..., \j, maxue, umo

l
grad f(z*) = Z)\;‘ grad g;(x™).
=1

BexropHoe ypaBHEHME

l
grad f(z) = > \igrad g;() (2:3)
i=1

HA3BIBAIOT YpABHeHUeM 2PAOUEHIN08, ATUCTA A1, . . . , A\] HA3BIBAIOT MHO-
arcumenamu Jlaepawoica.
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B3ameuanue 1. Bcayuyae [ = 1 ypaBaenue (2.3) cBOOUTCS K
paBenctBy grad f(z) = Agrad ¢g1(z), T. e. Bexrop grad f(z) oprorona-
JIeH K MOBEPXHOCTH ypoBHs (yHKImH g1 (). Takum oOGpa3zom, B TOUKe
x* moBepxHOCTH ypoBHs yHKuuil f (), g1(x) KacarTcs Apyr apyra.

AJITOPHTM MOMCKA YCJIOBHOTO IKCTPEMyMa.

1. Peuth cuctemy ypaBaeHuit (2.2)—(2.3).

2.Cpenn Bcex pelieHnid CHCTEMBI BEIOPATh TO, Ha KOTOPOM (PyHKLIUS
f(z) npuHIMaeT 3KCTpeMaIbHOE 3HAYCHHE.

Hpumep 2.1. Pemum meronom Jlarpanska 3agady Ha yCIOBHBIH
IKCTPEMYM

f(x) = 41 + 322 — max,

g(z) = x] + 23 = 25.

Pemenue. VYpaBHeHue rpaaueHToB (2.3)3amumeM MOKOOPIH-
HaTtHO. MiMeeM cucteMy W3 Tpex YpaBHEHUH C TpeMs HEN3BECTHBIMU

4= 2)\331,
3= 2)\1’2,

x3 4 23 = 25.

CucreMa JISTKO PEIIaeTesi: U3 MEPBBIX IBYX YPaBHEHHIA BhIpaKaeM
Z1,T2 4epe3 A M MOACTABIAEM B TpeThe ypaBHEHHE. M3 momydeHHOrO
YpaBHEHUS MOTy4aeM 3HauUCHHE A, [TOCTIe Yero HaXoauM 1, xo. CHucre-
Ma UMeeT [Ba pemreHus: 1 = +4, xo = +£3, A\ = £1/2 (onHOBpe-
MEHHO OepyTcsl BCE ILTFOCHI WIIM BCe MUHYCHI). O4EBUIIHO, TIEPBOE pe-
HIEHHEe — TOYKa YCIOBHOTO MaKCHMyMa, a BTOPOE pelIeHHe — TOYKa
YCJIOBHOTO MUHUMYMA.

Bameuanue 2. Paznuune MexIy TOYKaMH JIOKATLHOTO MaKCH-
MyMa 1 JIOKQJIbHOTO MUHHMYMa MOKHO IIPOBECTH, aHAIU3UPYSI MaTPUILY
Tecce st 3ama4n Ha yCIOBHBIN dKcTpeMyM [1]. OnHako Takoi aHamn3
HE sBIISIETCSl 00s13aTeNbHBIM, €CIIH CYIECTBOBAaHUE ONTHMAIBHOTO pe-
HICHHUS CIIEYeT U3 Teopemsbl 1.

11



3. METOJ KYHA—TAKKEPA JUUISI CTAHJIAPTHOIA
3AJJAYM HEJIMHEWHOTO IIPOTPAMMMWPOBAHHUS

YacTHBIM ciTydaeM 3aaqi HETMHEWHOTO IPOTpaMMHUPOBAHHS SIBJIS -
eTcsl cmanoapmuas 3a0a4a IporpaMMHUPOBaHUS

f(z) — max, (3.1)

gi(x) <b;, i=1,...,l, z€R" (3.2)

e f(x), gi(x), i = 1,...,l, — nuddepenunpyemsre GyHKIMH n 1e-
peMeHHBIX M b;, 1 = 1,...,], — KOHCTaHTHI.

Orpannyenue g;(z) < b; Ha3pIBaeTCS 2phexkmusHbiM s JAHHOTO
ONTHUMAJIBHOTO PEIICHHs ™, €CIIM OHO 00paIaeTCsl B PAaBEHCTBO HAa 3TOM
pewenuu (1. €. g;(z*) = b;) u Heagppexmusnvim, ecnu g;(x*) < b;.

Teopema 3 (HeoOXOMUMBIE YCIOBHUS JTOKAIBHOTO MaKCHMyMa).
Ilycme ©* —onmumansroe pewenue 3aoauu (3.1)—(3.2) u ona s¢hghex-
musnbix oepanudenuti éekmopul grad g;(z*), ¢ = 1,... 1 quneino He-
sasucumvl. To2oa cywecmeyiom maxue yucia Ai, ..., \;, 4mo evbinon-
HSIOMC3L CLedyiowue COOMHOULEHUSL.

1. Vpasuenue epaouenmos

l
grad f(z*) = Z A; grad g;(x™). (3.3)
i=1

2. Yenosus oononnsioweit Hexcecmrocmu (yenosuss Kyna—Takke-

pa)
A(gi(z*) — b)) =0, i=1,...,L (3.4)

3. YCJIO6Z/I}Z HeompuyamelbHoCcmu
N0, i=1,...,1 (3.5)

Opumep 3.1. [Ipumenum teopemy 3 k npumepy 1.2. [Tokaxkem,
uto Touka F'(4;0) He sSBJIsSeTCs PEIIeHHEM 3a/1a91 ONTHMU3ALNH:

f(z1,m2) = (1 — 5)2 + (g — 4)2 — max,

12



4
——3$2<1, 33]_<6,5, 0<332<5
Z1
Pewmenue. Ilocnennee nBoiiHOE HEPABEHCTBO PABHOCUIILHO HE-

paBeHCTBaM x2 < 5, —z2 < 0. BBemeM o6o3HaueHus A1t QyHKITHI

glzx——?wz, g2 =T1, §3=2T2, Gi= —To.
1

Ecnu 661 Touka F'(4; 0) 6bU1a ONTUMAIBHOM, TO TSl HEKOTOPBIX YH-
cen A}, ..., A} BeIONHUIHCH ObI cooTHOMEHN (3.3)—(3.5).ITonpo0y-
€M HallTH Takue 4ucia. Beraucisem rpaiueHTsl

4
grad f = (2(x1 — 5);2(xz2 — 4)), gradg :( — 3 —3>,
1

grad go = (1;0), gradgs = (0;1), gradgs = (0;—1).

[Toxcrasum Bee 310 B (3.3)—(3.5)u mpumem =7 = 4, x5 = 0 (MbI He
WIIIeM HEW3BECTHOE YHUCIIO x*, a MpOoBepseM JaHHYIO B YCIOBUH TOUKY
F(4;0)). [Tomy4unm cucteMy ypaBHEHHI 1 HEPaBEHCTB

— 2= —0,25)\F + A%,
— 8= =3\ + A — AL

i1-1)=0,

A5(4 — 6, 5) =0,
A3(0-5) =

A3(0-0) =

AF >0, z:1,2 3,4

TpeThe U iecToe ypaBHEHHs HE HecyT nHpopManuu. M3 ocTanbHbIX
ypaBHeHui HaxonuM: \j = A5 = 0, A\] = 8, A} = —16, T. . HapyIIeHO
ycioBre HeotpuuarensHocTu A > 0. Takum obpasom, touka F'(4;0)
HE ONTHMaJIbHa.

3ameuanue 1. [Ipamoii cmocod mpumMeHeHus TeopeMsbl 3 K pe-
menuto 3aga4n (3.1)—(3.2)cocrout B cieayromieM. CHayala HaXOIUM
BCE JOMYCTUMBbIE TOYKH, JJISl YeT0 peniaeM cucteMy ypaBHeHui (3.3)—
(3.4) c HemsBecTHRIMHU ¥, A, ..., \] ¥ OTOpachIBaeM Te PEIIECHHU, s
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KOTOPBIX HE BBIMOJHIIOTCS HepaBeHcTBa (3.5) min HepaBeHcTBa (3.2).
Cpeu HaliIeHHBIX JIOIYCTUMBIX TOYSK BEIOUpAEM Ty, Ha KOTOPOH 1ierie-
Bast (DYHKITUS TPUHUMAET HanOOJbIlee 3HaYeHUe (TaKUX TOUEK MOXKET
OBITh HECKOIBKO).

Tako#t cioco0 peleHus TpyA0eMOK: aHamu3upyst ypaBHenus (3.4),
HEOOXOIMMO TOCTIEIOBATEILHO PACCMATPHUBATh CIIy4au, KOT/Ia HEKOTO-
phIE U3 YHCET \] TIOJIOKUTENIBHEI, @ OCTAJIbHBIC PABHEI HYJIIO, 4TO TpeOy-
eT nepedopa MHOTUX BapHaHTOB. [ pOMO3/1KOI MOXKET 0Ka3aThCs | MPo-
BEpKa Ha ONITUMAJIbHOCTh KOHKPETHOM A0IyCTUMOM TOUKH. [ToaTomy Te-
opemMa 3 — CKOpee WHCTPYMEHT TeOPETHUECKOTO aHallu3a, YeM OCHOBa
MPaKTUYECKUX pacyeToB. Teopema 3 npuMeHNMa Ha ITPAKTUKE B CIyYae,
KOTJ]a Cpely BO3HHKAIOIINX BAPUAHTOB ylaeTcs 0TOOparh HeOOIbIIoe
YHCIIO IEPCIIEKTUBHEBIX, OTOPOCUB OCTAILHEIE BAPUAHTHI KaK 3aBEIOMO
He TPUBOASIINE K ONTHUMAIBHON TOUKE.

B pazn. 4 nan npuMep NpuMEHEHHUS TEOPEMBI 3 K 3a/1a4¢ ONTHUMU3a-
LIUH, CBSI3aHHOM ¢ MaTeMaTU4E€CKOH S3KOHOMUKOM.

4. 3AJAYA O TIOTPEBUTEJIBCKOM BbBIBOPE

IMycte moTpebuTeNp pacroiiaracT HEKOTOPOH cymMMol jaeHer S.
Ha 5T neHbru oH MOXKET MPUOOPECTH 1 Pa3IWYHBIX TOBApOB IO Iie-

HaM a1, . .., Q,. ECITH 2; — KOJINYECTBO MPUOOPETEHHOTO -T'0 TOBapa,
i =1,...,n, To pe3yIbTar OKYIKH XapaKTepH3yeTCsi HEKOTOPOl HellH-
HeitHol (muddepenuupyemoit) bynkimeit U (1, . . ., ) — OyHKIHCH

MOJIE3HOCTU. B MaTeMaruyeckoil SKOHOMHUKE HCIIOJIB3YIOTCS pa3iny-
Hble (DYHKIIMY MOJIE3HOCTH [7]; 3Ty QYHKIHMIO MOTPEOUTENb CTPEMHUTCS
MaKCHMH3HPOBATh.

B ¢opmanmzoBanHOM BHIE 3a/1a4a O TIOTPEOUTEIHCKOM BBIOOpE 3a-
MUCBIBACTCS KaK CTaHAapTHAs 3a/1a4a HEIMHEWHOTO TPOrpaMMHUPOBaHUS

U(zy,...,2,) — max, (4.1)
a1zl + ...+ apzTy <5, (4.2)
—; <0, i=1,...,n (4.3)
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3necs a; > 0,7 = 1,...,n; Beipaxenue (4.2) npeacrasiser coboi
OIOKETHOE OTpaHuueHHue, a (4.3) yInTHBaeT HEOTPUIATEIFHOCTE KO-
JIMYECTBA TOBAPOB.

OTMeTHM, YTO MPEAMTOCHUTKH TEOPEMBI 1 BBITOTHEHBI; CIIeI0BATEIb-
HO, pemienue 3amaun (4.1)—(4.3)cymiecTByer.

MMpumep 4.1. Paccmorpum 3amaqy (4.1)—(4.3)8 cnyuae GyHKImu
MOJIE3HOCTH

U(.’Bl,LEQ,LEg) = (1 + LE1)(1 + 1172)(1 + xg)

W 1pH 3Ha4YeHusX napameTpoB S = 10, a3 =5, a2 = 3, a3 = 2.
Peurenue. [Ipumenenne coorHomienuii (3.3)—(3.5)npusoaur k
cHCTeMe YPaBHCHUH W HEPaBEHCTB

(14 z2)(1 + x3) = Xoar — A1,
(1+21)(1 + 23) = Aoaz — Az,
14+ 21)(1+2x2) = Apag — Az,
( 1)( 2) 0d3 3 (44)
)\o(alazl + a2x2 + azxrs — S) =0,
)\1.%'1 = )\2%2 = /\3333 = O,

N >0, i=0,1,2,3.

Be3 orpannueHnss OOLIHOCTH NPENNONOKHUM, UYTO a1 > G2 > a3.
Ilycts * = (x7, x5, £3) — oNTHMaIbHEII BekTOp. BromkeTHoe orpa-
HUYEHHE 3aBeIoMO 3P PEKTHBHO (Ha JIF0OOM ONTHMAILHOM BEKTOPE) —
MOTPEeOUTEIIO HET CMBICIIA OCTABIIATE YacTh JCHET HeroTpadeHHOH. [1o-
Ka)K€M, YTO ONTUMAJIbHBIH BEKTOP MOXKHO BBHIOPATh «HEYOBIBAIOIINMY,

* * *
T. €. YJOBJIETBOPSIOIIUM YCIOBUAM x] < x5 < x3. s aToro paccmor-
PHUM CHadvaja ero mepBble 1Be KoopauHaTel. Eciu a; = ag, TO Hy)XHOE
yCloBHE £] < X5 JOCTHIAeTCsl MPOCTO MEPECTaHOBKOM ITUX KOOPUHAT;
SCHO, 4TO IIPU TAKOH NIepecTaHOBKE HE MEHAIOTCA 1IeHa a1T] + agxs +
* ko kK
+ azxs = S n 3Hadenue Qpynkimu nonesHoctu U (x], x5, x5). Ecin xe
ap > ag, T0 x] < T5. JIeHCTBUTENBHO, NOMYCTUB, YTO T] > T3, MBI
MOXKEM IEePEeCTaBUTh yYKa3aHHbIC KOOPAWHATHI, T. €. PACCMOTPETh BEK-
* ok ok * * *
top (3, z7,x3). Torna nena a1z} + agxy + asxs = S 3aMeHseTCS HA
a1z5 + asx] + asx;. IlocnenHss cyMma MeHbIIe MepBOii (T. €. MEHbIIeE,
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gem S), n60 ux pasHocTh (a1 — az)(x] — x3) > 0; mpu 3TOM 3HaYCHHE
(YHKIMY OJIE3HOCTH He U3MEHMIIOCH. CIie0BaTeIbHO, MBI MOYKEM yBe-
JIMYUTH KaKyI0-TH00 KOOPIUHATY BeKTOpa (x5, ], 5) TakuM 00pasoM,
4TO OIOIDKETHOE OTPaHUYCHUE COXPAHHTCS; MPU 3TOM 3HaueHHE (DyHK-
UM TIOJIE3HOCTH YBENMUUUTCS. HO 3TO MPOTHBOPEUUT ONTHMATBHOCTH
BEKTOpa (], T3, 3); TAKUM 00pa30M, HEPABEHCTBO L] > 3 HEBO3MOXK-
HO. MITaK, MO)KHO CUMTaTh £] < 5 < T3, 4TO U yTBEPKIAJIOCh.

Taxum 06pa3oM, y TOTpeOUTENS OCTAIOTCS TPU EPCIIEKTUBHBIE BO3-
MOKHOCTH:

1. Ecmm 2] = 25 = 0, 3 > 0, To npuoOpeTaercs TONbKO caMblit
JEIIEBbII TOBAp.

2.Ecmu 2] = 0, 0 < x5 < 23, To nproOperaroTcs 1Ba Hanboee
JICTIIEBBIX TOBapA.

3.Ecmm 0 < 2] < 25 < 73, To NpHoOpeTaloTCs BCE TPH TOBapa.

Pacuer xa)kioro M3 3TUX BapHaHTOB HPUBOAUT JMOO K MPOTHBO-
peunto (3TO O3HAYAET, YTO CHCIAHHOE MPEANONIOKEHHE O CTPYKTYpe
ONTUMAIIBHOTO TOTPEOICHHs 0Ka3aI0Ch HEBEPHBIM), JIMOO K JOMyCTH-
Mol Touke 3agaun. Cpeau AOMyCTUMBIX TOYEK MMEETCsl ONTUMaJIbHa,
TaK KakK BBINOJHEHBI MPEANoIoKeHHs TeopeMbl 1. Bribop ontumarb-
HOH TOYKH JeNaeTCs IMyTeM CPaBHEHUS 3HAYCHUM 11eIeBOM (DYHKITHH Ha
JIOTTYCTHUMBIX TOYKAX.

ITpu 3HaveHusix mapamerpoB 3agaun S = 10, a3 = 5, ax = 3,
a3 = 2 pacyeT NPOUCXOIUT CIESIYIOLUIUM 00pa3oM.

1.Ecmm z1 = 29 = 0, z3 > 0, T0 A3 = 0. [logcranoBka Hymnei B
ypaBueHus (4.4) IPUBOIHT K CIIEAYIOIIAM YITPOIICHHSM:

14+ 23 =5 — Ay,
1+ xz3 =3 — Ao,
1 =2\,
2x3 = 10.

Orcroma \g = 1/2, z3 = 5, \; = —7/2, Ay = —9/2. Touxka (0;0;5)

HC OIITUMaJIbHA.
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2.Ecmmxz; =0, zo2 > 0, 3 > 0, 70 A2 = A3 = 0. YnporieHHbIe
ypaBuenus (4.4) UMEIOT BHI

(1 +$2)(1 -f—fl?g) = 5)\0 - )\1,

1+ x3 =3\,
1 + 9 = 2)\0,
3x9 + 223 = 10.

Peruast cuctemy, HaxomuM: o = 3/2, x3 = 11/4, g = 5/4, A\ = —25/8.
Touka (0;3/2;11/4) He onTuMaibHa.

3.Ecimuxy >0, o >0, z3 > 0,10 \; = Ay = A3 = 0. YpaBHeHus
(4.4) npurUMarOT BT

(14 2z2)(1 + z3) = 5o,
(1 +x1)(1+ x3) = 3o,
(1 4+ 21)(1+ x2) = 2,
5x1 + 32 + 2x3 = 10.

OueBuaHO, uto A9 > 0. Jlens mepBoe ypaBHEHHE Ha BTOpPOE WIIMA Ha
TpeTbe, MOTydaeM

14z, 5} 14+z3 5

1—|-l‘1 37 1+$1 2.

IMocrnenuue Ba ypaBHEHHs CBOIATCSA K JIMHEHHBIM ypPABHEHHUSIM.
Bro/pKeTHOE ypaBHEHHE TaKXKe JMHEHHO. Pelas MmoiydyeHHyr CHCTe-
My M3 TPEX ypaBHEHHH C TPEMs HEM3BECTHBIMH, HAXOMUM 1 = 1/3,
xe = 11/9, z3 = 7/3. llonyuaem A\g = 40/27. Takum oGpazom,
ONTHMAJIBHON MOXeT OBITh eMHCTBeHHAst Touka (1/3;11/9;7/3). Cre-

JI0BATENBHO, PEIICHHEeM sIBIsieTcs Touka xh.. = (1/3;11/9;7/3),
U .x = 800/81.
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5. METOJ JMHAMHYECKOT' O
MPOTPAMMMPOBAHUS

Meton TUHAMUYECKOTO MPOTPAMMHUPOBAHHS TPUMEHSETCS K JHC-
KPETHBIM ONITHUMH3AIMOHHBIM 3a7[a4aM crienansHoro Buaa [3, 10].

OnrumaibHbIi yTh B ciioucToM rpadge. Haunem ¢ onpeneneHus
cnoucroro rpada. Jlan opuenruposanusiii rpad (V, X), rne V — mHo-
’KEeCTBO BeplinH, X — MHOXXECTBO OPHUEHTHPOBaHHBIX pedep [8]. [Tycth
MHOXecTBO V' pa3burto Ha mogMHOXecTBa V7, . . ., V,, 11 TakuM oOpazoM,
yro V = ViU...UV,y1, ViNV;, = @ npui # j, ¥ eCliu Havaso
JI000TO0 OPUEHTHPOBAHHOTO pedpa x € X NPUHAMIC)KUT MHOKECTBY
Vi, 1 < 4 < n, TO ero KOHeI IPUHAIIC)KUT MHOXKECTBY V1. MHOXe-
ctBa V;, 1 < ¢ < n+ 1, Ha3pIBarOTCA C10AMYU TAHHOTO OPUEHTHPOBAH-
HOTro rpada, a caM OpUEHTHUPOBAHbIH Ipad) HA3BIBACTCS CIOUCHIbLM.

Crouctslii Tpad n300paxkaroT Ha TUIOCKOCTH CIENYIOIINM 00pa3oM
(puc. 6). Beprmmnsr kaxaoro ciost V;, 1 < ¢ < n + 1, mexar Ha OTHOM
BEPTUKAJIBHOM OTPE3Ke, IpU4eM ciior V; 1 pacroaraercs rmpasee cios
V;; Kakaoe OpUeHTUPOBAHHOE PeOpO — 3TO OTPE30K, KOHIIBI KOTOPOTO
nexar B coceqaux cnosix Vi, V11 (Ha pebpax HEeT CTPenoK, 3aIar0InX
OpHEHTAaINI0; pedpa OpUEHTHPOBAHBI CJIeBa HAMPaBo). Beenem iBa 060-
3HadeHus. Eciu opueHTupoBaHHOE pedpo x € X BBIXOIUT U3 BEPIIUHBI
v € V| To BepuInHy, B KOTOPYIO BXOIHT 3TO peOpo, 0003HAYNM depe3
v < z. s mo6oit BepirHbl v 0603Ha4MM Yepe3 X (v) MHOKECTBO pe-
0ep, BBIXOAAIINX U3 V.

Onmmem ocHOBHY!0 3amady pasmena. [Tycts (V, X) — cnouctsrii
rpad; Vi, 1 < i < n+ 1, — ero ciou, mpudem cior V7 coctout us
€IMHCTBEHHOH BepmuHbI ov. Kaxknomy pebpy x € X mocTaBieHo B CO-
orBerctBue uucino f(x) > 0; ymoOHO cumrarh, 4to f(x) — 3T0 UTH-
Ha pedpa = (B 3aBUCUMOCTH OT XapaKTepa KOHKPETHOM 3a/1a41 BO3MOXK-
HbI JIpyTe HHTEPIPETANK BeTMUKMHbI f(2): uiara 3a mpoes[ o pedpy
2; BBIMTPBIII, TTOTYYaEMBIi TP MPOXOXKICHUH 110 pebpy « u T. a.). Ha
pucynke rpada ymcio f(x) numercs psaoM ¢ pedpom x. PaccMoTpum
BCEBO3MOXKHBIC ITyTH U3 BEPIIUHBI (v B HEKOTOPYIO BEPIIUHY ITOCIICHE-
10 cIost Vi, 1 1; KOKJIBIN MyTh MOXKHO 33/1aTh JIN0O KaK ICTIOYKY BEPIINH
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Puc. 6

VlyewoyUntl, THE V] = U v; € V;, 2 <4 < n+ 1, tubo Kak nenod-
Ky pebep x1,...,Zn, 00e T; = (v;, Vi+1). JuuHA 3TOTO MyTH — CyMMa
F@1) + ..+ flan).

MBI pacCMOTPHUM CIEAYIONIUE ONTUMU3ALMOHHBIE 3aa49H:

3a/1a4y HaXOXICHHS KpaTJdanIero u3 yKa3aHHbBIX ITyTeH

f(x1) + ...+ f(xn) — min
Y JUIMHHENIIEro U3 yKa3aHHbIX MyTeu
flx1)+...+ f(zy) — max.

OueBHIHO, TO POJCTBEHHBIE 33aa4i. MBI pelIM BTOPYIO U3 9THX
3a/1a4 ¥ 3aTeM yKa)KeM H3MECHEHHS, HeOOXOIMMBIE ISl pELIEHHs IIEPBOH.

Wrax, TpeOyeTcs HailTh caMblil JTMHHBIN YTk U3 BEPIIUHBI (v B HE-
KoTopyto (0e3pa3nyHoO KaKyro) BepiiuHy ciosi V;,41. [IpoBenem ciemy-
roliee nocrpoenue. BospMem B k-M cioe BepumHy v € Vi u paccMmo-
TPHUM BCE BO3MOXKHBIE ITYTH, BEIYIIHE U3 U B HEKOTOPYIO BEPIIHHY CJIOS
Vit1. O603HaunM yepe3 By (v) HanOONBIIYIO U3 AJIHH yKa3aHHbIX ITy-
Tel; My Th, nMeroInuii JutnHy By (v), HazoBeM onmumanshvim. [lomydeH-
Hyto QyHKIHIO v — By (v), v € Vj HassBaoT QyHKImel bemana Ha
k-m croe. lanee 0603HaumnM uepe3 x(v) mepBoe BBIXOAsIIEE U3 v pedpo
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ONTUMAJIBHOTO MYTH; MOXKET OKa3aThCs, YTO UMEETCS HECKOJIBKO ONTH-
MAaJIBHBIX ITyTeH, ToT/Ia 6epeM nepBoe pedpo M0O0ro U3 HUX. YKazaHHOe
peOpo Ha3BIBACTCS ONMUMALLHBIM.

OnumieM anropuT™, MO3BOJSIOMAN HAWUTH TSI TIOOOW BEPITHHBI
v € Vi, 1 < k < n, Bemuunny By(v) n ontumanbsHOe peGpo
x(v). TTocTpoeHre BemeTCs MOCIIENOBATENIBHO TSl BEPIINH U3 CIIOCB
Vs V—1,..., V1.

Haunewm co cnos V,,. Bossmem Bepuiuny v € V,,. O4eBUIHO, YTO

B, (v) =max{f(z):x € X(v)}, veV,, (5.1)

a peOpo, Ha KOTOPOM JOCTHIAeTCs ATOT MaKCUMyM, OyleT ONTHMAIlb-
HBIM; 9T0 pebpo obo3Hauaercs uepe3 x(v). Pabora co cinoem V;, 3aKoH-
YeHa.

Ipexnosnoxum, uto Gpyrkimu bennmana B, (v) 1 onTuMaibHbIe pe-
6pa z(v) yxe moctpoens! 1is BepuH v € V;, k < ¢ < n+1. Toctponm
BeIMYUHBI By,_1(v) 1 onTUMaInbHble pebpa (v) s BepuH v € V1.
Bosemem BepummHy v € Vj_q. Beriinem u3 Hee o pedpy © € X (v)
(oHo mpuBener Hac Kk BepumHe u € Vi, KOTOPYI MbI 0003HaYaeM de-
pe3 v < x), a 3aTeM MpoMAeM U3 u 10 CIos Vj41 MO ONTUMAIbHOMY
(T. €. caMOMy UTHHHOMY) ITyTH. B pe3ynbrare Mbl HOIYYHIH MyTh U3 ¥
B BEPIIHHY CJ1051 V;,y 1, uMetommii ummHy f(x) + By (u). YtoObl HallTH
ONTHUMAJIBHBII TyTh U3 ¥ [0 BEPLIMHBI CIOSL V11, CIACAYET BBIATH U3
v o TakoMy pebpy = € X (v), uToObI yKa3aHHas BeJIUYHHA HPHHSLIA
HauOoIbIlIee 3HAYCHHE.

ComtacHO 3TOMY pacCyXI€HHUIO0, Ha MHOXeCTBe BepIuH Vi1 QyHK-
st BesiMaHa onpenensiercs paBeHCTBOM

Bi_1(v) =max{f(z) + Bx(v<z):z € X(v)}, ve&Vi_1; (5.2)

pedpo, Ha KOTOPOM JOCTUTAETCS HAMMCAHHBIA MAaKCHUMyM, €CTh OIITH-
MasbHOe pebpo z(v).

®opmymna (5.2) onpenensier anroput™ noctpoenus pyukuun By (v)
U onTUMAaNbHBIX pebep x(v), 1 < k < n.
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Ha pucynke rpada suadenune By (v) 3aIHChIBAIOT BO3IIC BEPLINHBI V),
a onTHMaITbHOE peOpo (V) BBILIEISIOT )KUPHOIT uHuel. [Tocne mpume-
HEHUsI 3TOTO AJITOPUTMA K CIIOUCTOMY Tpady ONTUMATbHBIHN Ty Th U3 BEP-
IIMHBI (v B BEPIIMHY TOCIETHETO CI0A Vj, 1 JIErKO YKa3aTh: BBIXOJS U3
BEPIIHMHEI (v, HAEM I10 OIITUMATIBHBIM (’KHPHBIM) pebpaM 10 OCIIETHETO
ciost. [Tpu 5ToM Benmunna Bi () €CTh MAKCHMYM JJTHH BCEBO3MOXHBIX
MyTed U3 v B BEPIIUHY CIIOS Vi, 1 1.

ITpuwmep 5.1 Ha puc. 6 m3obpakeH CIOUCTBIA Tpad ¢ 3a-
JMaHHBIMH JjHHaMu pebep. Bosse Bepuinn rpada ykasaHbl 3HAYCHHUS
¢yukuuu bermnMana, a onTUMabHBIE peOpa BBIICICHBI JKUPHBIMU JIH-
HussMH. ONTUMANBHBIA ITyTh W3 BEPUIMHBI (¢ MAKCUMAaJbHOW JTHHBI
Bj(a) = 19 orMedeH MTPUXOBKOIL.

3ameuyaHue 1. AHAJIOTHYHBIM CITIOCOOOM pEIIAIOT 33/1a49y MHU-
HUMH3AIMH: JOCTATOYHO 3aMEHHUTH B OITMCAHHBIX IOCTPOCHUSIX MaKCH-
MyM Ha MuHEMYM. Yucia f(z) npeamonaratoTcst HEOTPULIATEIBHBIMU
¥ HHTEPIPETHPYIOTCS KaK JUTHHBI pedep; ecin f(x) — Mpon3BOIbHbIE
BEIIECTBEHHBIC YNCIIA, TO IOCTAHOBKA 3a/1aud M CIIOCO0 e¢ PeIICHUsI He
MEHSIOTCS.

OO0uras 3a1a4a AMHAMHYECKOT0 MPOrpaMMHUpPOBanus (3a1a4a 00
ynpaiasieMoM 00beKTe). [IperonoKiumM, 9T0 MBI YITPaBIIsieM HEKOTO-
PBIM O0BEKTOM, MOJ[aBast Ha HEr0 CUTHAIBI, TPHYEM KaX bl TIOaHHBIN
CHUTHAJI MEHSET COCTOSHHE OOBEKTa W MPHHOCUT HaM HEKOTOPHIA BHI-
urpeir. TpeOyercs monodpare ynpasieHue (T. €. MOCIen0BaTeIbHOCTh
CUTHAJIOB) TAKUM 00pa3oM, 4TOOBI CyMMapHBIi BRIMTPHIII, MOy IEHHBIH
B KOHIIE TIpoIiecca yIpaBieHus, Obu1 MakcuMaieH. OnuineM popMaabHO
BCE YIIOMSIHYThI€ TIPOIIECCHI ¥ CPOPMYIIHPYEM MaTeMaTHIeCKyIO 3aady.

1. Cocmosnusa obvexma. IlycTh I KaXXI0TO MOMEHTa BPEMEHH
k=1,...,n+ 1 1aHO MHOXXECTBO COCTOSIHUI 00beKTa, 0003HaYaeMOe
yepe3 Vi, Ipu4eM MHOXECTBO V] COCTOHT W3 €JUHCTBEHHOTO COCTO-
saus o (HagaapHOE COCTOsIHME O00OBbekTa). TakuM 00pa3oM, B MOMEHT
BpeMeHU k 00bEKT MOXKET HAXOAUTHCS B TIOOOM U3 COCTOSTHUM v € V.

2. Ynpasnaowue cuenanvt u usmenenue cocmosanutl. Ilycts 1iis mo-
ooro cocrostHus v € Vi, tae 1 < k < n 1aHO MHOXXECTBO CUTHAJIOB
X (v); curnan z € X (v) HazoBeM donycmumuim (B cOCTOSIHUH v). [Ipen-
ITOJI0KKM, YTO €CITK B MOMEHT k 0OBEKT HAXOAUTCS B COCTOSIHUH v € V,
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¥ MBI IOJAJIM Ha Hero curHan @ € X (v), To K MOMeHTY k + 1 00bekT
nepexoauT (1Mo AeiicTBHEM CHIHala =) B HOBOE COCTOSIHUE, IPUHA/IIIC-
XKaree MHOXKECTBY Vi 1; 9TO COCTOsSTHHE 0003HAYMM 4Yepe3 v < z. 3a-
METHM, YTO B MOMEHT 7 + 1 CUTHAJIOB HET, OO B 3TOT MOMEHT O0OBEKT
yKe HaXOJHUTCS B OTHOM M3 3aKJTFOUYUTEILHBIX COCTOSHHUN U paboTa 1o
YIPaBICHUIO 3aKOHYEHA.

3. Vnpaenenue obvexmom. YrpapieHue — 3TO LETIOYKa CUTHAJIOB
Tly..., Ty, Takas, 910 Ty € X (vg) M Vg < xp = vg11, 1 < k < n.

4. Boiuepviui 3a 00un wiaz u cymmapHulil viuepbiud. Ilycts xaxmo-
My curHainy ¢ € X (v) MOCTaBICHO B COOTBETCTBHE 4ucio f(x) —
BBIMTPHIL, TTOJy9aeMblil OT mogaHHoro curHana. Hakonen, cymMmmapHsbIit
BBIUTPBILI, IPUHOCUMBIN YIIPABICHUEM X1, . . . , Tp, ONPEIEIAETCI KaK
f@) + oo+ fl@n):

CdhopmynrpyeM 0CHOBHYIO 3aady: IOA00parTh yIpaBieHue T, . . . ,
Zp, TAaKUM 00pa3oM, YTOOB! IPUHOCUMBIN UM BBIMIPBILI OBbIT MaKCHUMa-
nieH. MBI CBe/IeM 3Ty 3a/1a9y K 3a7a4e 00 ONTUMaIbEHOM Ty TH B CIIONCTOM
rpade.

Jist aToro crpoum ciouctsiii rpad (V, X'). Ero Bepiuuasl — 310 co-
CTOSIHHSA HaIIero o0beKTa; TakuM obpazom, V = Vi U... UV, 1. [lamee
st mroboro curHana x € X (v) mpoBeseM OPUEHTHPOBAHHOE PeOpo U3
¥ B U <X U IOCTaBHM B COOTBETCTBHE 3TOMY peOpy Benuuuny f(x); 3Ty
BEJIMYMHY OyJeM cuuTarh JUIMHON pedpa . B pesynprare momydeH cio-
WCTHIN Tpad C 3aJaHHBIMU JyIMHAMHU pedep. Takum 00pa3oM, OCHOBHAS
3aj1a4a mog0opa yrpasiIeHus CBEICHA K 3a/1a4€ HaX0XKJICHUS B CIIOHUCTOM
rpade camMoro [UIMHHOTO IIyTH M3 BEPLIMHBI v B HEKOTOPYIO BEPIINHY
nocieaHero cios Vi, 4. Pemaem takyro 3aaqy ¢ OMOIIBIO OIUCAHHO-
ro anroput™a. Jpyrumu cjIoBamMu, Ui KaKIOTo COCTOsHUs (T. €. Bep-
mIKHBI rpada) HaxoAUM 3HaYeHHe GyHKIMK belimana 1 onTUManbHbINR
cursa (T. . onTuMaiabHOe pedpo B rpade, BHIXOIIIEE U3 3TOM BEpILH-
HBI); 3aT€M HaXOIUM HUCKOMBII MyTh M, TEM CAMBIM, HCKOMOE YIIpaBIic-
HHUE 0OBEKTOM, JAIOIIee MAKCUMATbHBIA BHIUTPHILL.

3ameuanue 2. [Ipu nocTpoeHUH prucyHKa OPHEHTHPOBAHHO-
ro rpada Juis ONTMCAaHHOH 3a/lauy Ha YIpaBJIeHUE MbI H300paXkaeM Bep-
mKHBI rpada (BEpIIMHBI KKI0TO CJI0sI PACHOIAral0TCsl Ha OHOM BEp-
THKaJIBHOM OTpe3Ke U Cliod V4] HaxomuTcs mpasee ciost V;) u 3artem
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cTpouM pedpa rpada. OmHako Hemenecoodpa3Ho H300pakaTh Bee pedpa
rpada, Tak Kak 9TO IIPUBEET K CIIO)KHOMY PUCYHKY; IOCTATOYHO HANTH
M TIOCTPOWTE JIUTSI KaXKIOW BEPIIMHEI (MCKITIOYast BEPUIMHBI TOCIIECTHETO
11051 Vp41) TONBKO UCXOJSIIIEE U3 HEee ONTUMaIbHOE pedpo x(v).

OnucaHHBIA METOJ] PEelIeHHs 3a/1a4 ONTHUMH3anuu co3nad P. bermt-
MaHOM.

3agaua o prok3ake. meercs prokzak oosemom W 1 n rpyIm npen-
meToB 'y, 1 < k < n. Kaxnas rpynna ['y, cOCTOUT U3 7, OMHAKOBBIX
MPEMETOB, IIPUYEM OJIUH IPEAMET ITOH TPYIIIBI UMEET 00BEM Wi, U BEC
pi- llpeanonaraercs, uto riwi +- - -+rpwy, > W Tak 4T0 HEBO3MOXKHO
MOJIO’KUTD B PIOK3aK BCE OTH TPEIMETHI. 3a/1a4a — IMOJIOKHUTH B PIOK3aK
HEKOTOpBIE PeMETHI YKa3aHHOTO Habopa, 0TOOpaB UX TaK, YTOOBI CyM-
MapHBIi 00bEM HE MPEBOCXOUII BeIUUUHBI W, a cyMMapHBIi BeC ObLT
MaKCHMaJIeH.

Ecmu 0003Ha4NTh 2}, depe3 KOTMUECTBO MPeaMeToB u3 rpynmsl [y,
KOTOpPBIE MbI HAMEPEHBI ITOJIOKUTH B PIOK3aK, TO 3a/1a4a 3aliCchIBACTCS
Kak 3a/1a4a ONTUMH3ALIUH:

p1T1 + ... + ppx,y, — max,

w1y + ... Fwpxy, <KW, x,€40,...,7%}, k=1,...,n.

CaezeM 5Ty 3afady K 3azade o0 ymnpasisieMoM 00bekTe. YIpaBisi-
eMbIii 00BEKT — 3TO pIOK3ak. bynem 3amonHATH ero, momenias B He-
TO B KX MOMEHT BpeMeHH k = 1,...,7n HEKOTOPOE KOIUIECCTBO
npeameToB rpymnmnsl 1'y. Takum obpa3oM, ymnpaBieHHE — 3TO LENO0Y-
Ka 4HuCeN Ty, ...,Tn, YKa3bIBAIOIIAsl, CKOJIBKO MPEAMETOB U3 KaXKIOH
IPYIIBI MBI KJIaIeM B prok3ak. COCTOSIHHEM PIOK3aKa B MOMEHT k Ha-
30BeM 00bEM 3allOJIHCHHOW 4acTH PIOK3aKa Iepe] MOMEHTOM k, T. €.
BEIIMYUHY W = wW1T1 + ... + Wg_1Tk_1. YCIOBUMCS 3aIllMCHIBATh
3TO COCTOSIHHE HE B BHJE YHcia w, a B BuAe mapsl (k,w) u n3obpa-
’Karhb ero Toukoit v = (k,w) Ha KOOPIAHMHATHON IIOCKOCTH. SICHO, 4TO
0 < w< min{W,wiry + ...+ wg_17,—1}. lpu k = 1 umeem eaun-
crBeHHOe cocrosiaue (1,0): prok3ak myct. Bemrpsin, moxydaeMslii oT
CHUTHAJIa T, TIOJAHHOTO B MOMEHT k, — 9TO BEIIUUUHA Py T); APYTUMH
CIIOBaMH, 3TO €CTh BEC MPEAMETOB U3 IPYIbI Iy, MONOXKEHHBIX HAMH
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B PIOK3aK B MOMEHT k. HakoHemn, cyMMapHBIH BBIMIDBIII, JaBaeMBbIi
YIIpaBJICHHEM — 3TO BEJIMYHMHA, PaBHAS BECy PIOK3aKa B 3aKIIIOUUTEIIb-
HBIH MOMEHT . + 1 (3aMeTuM, UTO MOCISTHUN YIPABISIOIINI CHUTHAT
OBbLT MmojaH B MOMEHT n). Mrak, 3aja4a 0 prok3ake CBeAEHa K 3ajaue
00 ympaBnsieMOM 00BEKTe, a IIOTOMY MOXKET OBITh pelIeHa OIMCaHHBIM
METOJIOM.

®yuxiuio bemuvana By, (v), v = (k, w), 3annceiBaeM uisi KPaTKo-
CTH B BHJIE

Bi(w), w < min{W,rjwy + ...+ rg_qwg_1}

(warromumMm, uto (k, w) — 370 cocTostHEE B MOMEHT k). ®opmyist (5.1),
(5.2),3amaromrue 3Ty QYHKIHIO, IPUMYT CIIETYFONTHIA BT

B, (w) = max{ppz : x € {0,...,m}, w+ wpz < W},

By _1(w) =
= max{px_12 + Brp(w + wi_12) : & < rp_1, W + wp_12 < W},
1<k<n.

IIpumep 5.2. Umeercsa prok3ak oobemoM W = 5, maTe rpymm
MPEeIMETOB U YUCIIA Tk, Wk, Pk 3a4aHbl B Tabn. 1. BeiOpaTs mpeaMeTsl
IUIS1 YKJTaZKH B PIOK3aK, YTOOBI HX CYMMAapHBIN BeC ObUT MaKCUMAaJIeH.

Tabnuya 1
1| Ty |3 | Ty |5
re | 21312
wp| 2211|112
pel 213|121

PemeHue AITOpuTM AMHAMHYECKOTO MPOrPaMMHPOBAHUS
OPHUBOAUT K rpady, H300pakeHHOMY Ha puc. 7. Jlns kaxmoil Bepuiu-
ool v = (k,w) M3006paeHO TONBKO ONTHMAIbHOE PeOPO, BHIXOIS-
IIee U3 Hee; BO3jie pebep ONTHMAIbHOTO MYyTH 3amucaH (IOTYePKHYT)
YIPaBIAIONUINA CUTHAM, T. €. YUCIIO MIPEAMETOB U3 Irpynmsl 'y, KoTopsle
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CIIeIyeT MOJIOKUTh B PIOK3aK. UHCII0Bast METKA BO3JIE KaX 01 BEPILIHHEI
v = (k, w) — 910 3Ha4eHus PpyHkuuu bermmana By (w). OnTuMabHbIi
ITyTh 3aIITPUXOBaH. TakuM 00pa3oM, pelIeH e 3a1a4l — ITO yIIpaBJie-
uue 1o curtagam 0, 1, 2, 1, 0.JIpyrumu cI0oBaMu, B PIOK3aK CICAyeT
IOJNIOXKHUTB [0 OXHOMY mpeamery u3 rpyni 'y, I'y u gBa npeamera us3
rpynnsl ['s; ux o0l BeC paBeH ceMH.

w

[

— ¢ -

Puc. 7

YuTareino cieayer NpoBepUTh, YTOOBI rpad Ha pUc. 7 COOTBETCTBO-
BaJI AJITOPUTMY JMHAMHYIECKOTO IPOrpaMMupoBanus. [IossCHUM, Hampu-
Mep, KakiuM 00pa3oM BO3HHKIM MeTKa 4 y BepiuuHsl (3;2) u pebpo ¢
MeTKoit 2 (momuepkuyTa), uaymiee u3 (3;2) B (4;4). Cocrosiaue (3;2)
03HAYaeT, YTO B MPEbIAYIIHe MOMCHTHI k = 1,2 B PIOK3aK yke ObLIH
MOJIO’KEHBI HEKOTOpbIe IpenmeTsl u3 rpynn 'y, 'y u 3ansaim oovem 3.
CrnieZlyeT BBISICHUTB, CKOJIBKO MPEIMETOB U3 I'3 Ha/l0 MOJI0KUTH B PIOK-
3aK; HICKOMOE KOJIMYECTBO 0003HAYNM Yepe3 x3. DTa BEJIMYMHA TOJKHA
YIOBJICTBOPATD CIEAYIONIMM YCIOBHAM IOMYCTHMOCTH: T3 < T3 (T. €.
23 < 3),u2+ wsxs < W(re 2+ 1-2x3 < 5). Urak, 10myCTUMBI
3Hauenust w3 = 0, 1, 2, 3. IIpu momave 3THX CUTHAJIOB PIOK3aK MEPEX0-
mut B coctosinus (4;2), (4;3), (4;4), (4;5) cOOTBETCTBEHHO, a BEJIHYH-
Ha P33+ By (2+wsx3) = 1-x3+ By(2+ 1 23) npuHUMAaeT 3HaYCHUSA
3, 3, 4, 3. MakcuMyM STUX BEITUYHH — 3TO 4, IPUYEM OH JIOCTUTACT-
cst ipu 3 = 2. COTacCHO aNropuTMYy, YKCIIO 4 MUIIeM BO3JIe BEPIIHHBI
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(3;2), mpoBoaum onrumanbHoe pebpo u3 (3;2) B (4;4) u Bo3ne Hero
MUIIEeM CHrHa 2 (I0MYepKHYTHIH).

3agaua o pacnpeneiennn cpeactB. Cymma cpeacTs S pacrpee-
asieTest Mexay npeanpustusamu Iy, . . ., I1,. YernoBuMmes, 4To BelnnYHHA
S, a TaKKe CyMMBbI, IPEIOCTABISIEMbIE KaXIOMY MPEINPHUSITHIO, BbIpa-
JKAIOTCSI LIENBIMU YHciIaMu. M3BecTHO, uto npeanpustue [, nomy4us
CyMMY z, AaeT npuobutb Ji (). 3amaya — pacnpenenuTs cymmy S Ta-
KM 00pa3oM, 4To0bl cyMMapHast NpUObUIL Oblla MakcuManbHoi. O60-
3HAYUB Yepe3 Ty CYMMY, IPEJOCTaBIsIEMyt0 IpeanpusaTuio [1j,, MbI Mo-
’KeM 3aIKcarh 3a/a4y ONTHMH3AIHH

Jl(:L‘l) +...+ Jn(xn) — max,

1+ ... +z, =S8, z,€{0,1,...}, k=1,...,n

CBeznieM paccMaTpuBaeMylo 3aady K 3a/1ade 00 yIpaBisieMoM 00b-
exTe. B kauecTBe 00beKTa BHICTYMaeT Kacca, U3 KOTOPOW MBI BBITaeM

cyMMBI nipennpusaTasm Iy, ..., I1,, B MoMeHTBI BpeMenu k = 1,...,n
coorBeTcTBeHHO. CocTOsIHME 00BeKTa (KacChl) B MOMEHT k& — 3TO COBO-
KyIHasi cymMma S, BelgaHHas npenmpusitusim Il ..., Il B mpensiay-
e MOMeHTHI 1, ..., k — 1; apyrumu cioBamu, s = -1 + ... + Tg_1.

VCIoBHMCS 3alMCHIBATH 3TO COCTOsIHKE B BUjie (K, $) 1 M300paxarhb ero
B Bujie Touku v = (k, $) Ha KOOPJMHATHOM [IOCKOCTH. 3aMETHM, YTO B
MoMeHT k = 1 umeem emuHCTBeHHOE cocrosiaue (1;0) (M3 Kaccsl emie
HE BBIJIAHO HUYET0), a B MOMEHT k = n+ 1 — eJMHCTBEHHOE COCTOSIHUE
(n+1,5) (Bce cpencTBa OTAAHBI IPESANPHATHSIM). YIIPABICHHE — ITO
[ENOoYKa X1, ..., T,, TOKA3BIBAIONIAs, KAKasi CyMMa JaHa KakIOMY W3
NpeAnpUsITHil. BIMTpBIl, JaBaeMblil CHTHAJIOM Xk, 3TO BEIUYMHA MPHU-
obutH Ji, () ). TpeOyercst momodpars ynpasieHHe TaKUM 00pa3oM, 4To-
061 cyMMapHasi MpUOBLTH ObIITa MAaKCHMATBHOM. MBI NIPHUIIUTA K 3a/1a4de
00 yrpaBiisieMoOM 00bEKTE, KOTOpPast PEIIAETCS OMMCAHHBIM METO/IOM.

®yukuio benvana By (v), v = (k, s), OyaeM 3amuceiBath IJIst
KpatkocTH B Bune By (s). Uurareno ciemyer yOeauThes B TOM, YTO 9TH
(GbyHKITHH 3a1ar0TCs popMyraMu

By (s) = Jn(S — s),
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Bi_1(s) = max{Jx—1(z) + Bp(s+ ) : s+ 2 < S}, 1<k<n.

ITpuwmep 5.3. Umeercs cymma cpenctB S = 5, 4eThipe Mpe-
npusitus [y, Iy, I3, Iy u Gynkunu npubsum Ji(x) 3agans B Ta0I. 2.
TpeOyeTcs pacnpenenuTs CpeACcTBa MEX Ty IPEANPHUITHIMH TaK, YTOOBI
CyMMapHasi IpUObLIL OblJIa MAKCUMAIILHOH.

Tabnuya 2
xz |0 1|2 |3 ]|4]5
Ji(z)|0[1,5] 2 |3,5[5,5( 9
Jo(z) | 0 4,515,5|6,5|7,5
J3(z)|0] 4 | 5 |55 6 | 9
Jy(z)|O| 2 | 3 | 4 [6,5| 8

Pemenwue. ['pad, natommii penienne 3agaan, n300pakeH Ha puc. 8;
YUTATEIIO CIIETYET MPOBEPUTH €T0 COOTBETCTBUE AITOPUTMY THHAMUIC-
CKOTO TIporpaMMHUpOBaHus. ONTHMAaTLHBIA YTh B rpade 3aTpHXOBaH.
OtBer: cnenyet nath npeanpustusm I, Iy, I3, [Ty cymmsr B 1,2, 1,1
€IMHUIIBI COOTBETCTBEHHO. CyMMapHasi MaKCUMAaIIbHAs TPUOBLIb, J1aBa-
eMasi BCEMU MPEIPUITUSIMHE, paBHa 12.

S
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CenapateanHoe mporpaMmMmupoBanue. [1o oOpasiy npenmecTBy-
IOIIMX 33134 COCTaBUM OoJiee OOIIyI0 3a/1auy:

fi(z1) + ...+ fo(zn) — max,

o) +...+e(x,) <W, z,€{0,...,7}, k=1,...,n

3nech fi, ¢r — (yHkmu, onpenenenssie Ha MHOKecTBe {0,1,...},
T}, — LeJble HeOTpULATeNbHbIe yncia, k = 1,...,n. OyHKunn He-
CKONIBKUX TepeMeHHbIX Buna fi(x1) + ... + fn(x,) Ha3sBatOT cena-
pabenvhbimu, a 3a1a9y yKa3aHHOTO BUIa — cenapabensbrou. Ynurarento
CIIeyeT CBECTH 9Ty 3a/a4y K 3a1ade o0 ynpaBisieMOM OOBEKTE H IMO-
JTy4uThb HopMyIIbl, 3agatronne GyHKInH beriMana 1 ONTHMAaIbHBIC CHT'-
HAJIBI.



Ipunoowcenue

TUIIOBOM PACUET
MO MATEMATHYECKOMY ITIPOT'PAMMUPOBAHUIO

3anaua 1. Haiitu rpaduyeckuM MeToOM MHHMMYM f). , Makcu-

MYM f. ¥ TOYKH SKCTPEMYMOB T} ., Tpy .. JUIS 33/1a4H:

a) HETMHEHHOTO POTrPaMMHUPOBAHNS;
6) 1eI04HCIIEHHOr0 porpamMmuposanus ((z1,12) € Z2).

L[eJ'IeBaS[ CI)yHK]_[I/IH " YCJIOBHA HA AOIMYCTUMOC MHOKCECTBO MMCIOT

BH/I
2 1 — 3
1. — 27 + 2 + 621 — extr, 2. - — extr,
y —
2x1 + 3xo < 24, 321 + 229 > 7,
T + 229 < 15, 1021 — 9 < 8,
3z1 + 222 < 24, —18x; + 4wy < 12,
x2 < 4,5, 1120, 22 > 0. 21 >0, 29 > 0.
3. x% + x% — Tx1 — Txo — extr, 4.3x1 + 4x9 — extr,
221 + 3z2 > 6, x3 4+ 22 < 25,
3x1 — 2x9 < 18, T1x9 = 4,
—x1 + 229 < 8§, 1 < 4,
120, 22 2 0. z1 20, 22 2 0.
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5. 2129 — extr,

6x1 +4xo > 12,
2x1 + 3xo < 24,
—3x1 +4xo < 12,

2120, 22 20.

7.323 +

x? — 2z + 23 — 220

8xy — extr,
< 23,

9.2% + 23 — 1 + 2z — extr,
x1 + w2 2 18,
1+ x2 < 22,

120, 22 20.

11.2% + 22 4 23 — 29 — extr,
x1 + 22 + 23 < 4,
I +3$2 +3$3 < 6,5,

1207 .%'220,37320.

13.2% + 22 + 221 + 2z9 — extr,

T + 229 < 8,

2x1 —xo < 12,
T+ x9 = 3,5,
120, z9 2 0.

30

6.9(x1 — 5)%+
+ 4(z9 — 6)? — extr,
3x1 + 220 > 12,
T — 29 < 6,
z2 < 3,5,
1 20, zo 2 0.

8. 119 — extr,
2x1 + xo < 10,5,
xl +3:2 + 2z — 229 > 14,
z1 20,9,
x1 20, 22 2 0.

10.21 — 23 + 1429 — extr,

5x1 + x2 < 10,
2x1 + 4xo < 5,
120, 22 20.

12.2% + 22 4+ 21 — 29 — extr,

x%+2x% =8,

T + 9 < 10,5,

120, z9 2 0.

14. — % — 22 4+ 321+
+ 3xo — extr,
T + 229 < 12,
3x1 + a2 < 15,
1+ 29 2> 1,5,
120, zo > 0.



15.

17.

19.

21.

23.

x%+$§+x§—

— Lo — T3 — extr,
T + 9 + a3 < 18,5,
z3 < 12,
120, 2020, 3 > 0.
—m%—az%—x§+

+ x1 + 2 — extr,
x1 + 229 + 23 < 6,
2x1 + x2 + 3 < 6,

>0, 2020, 3 > 0.

<
<

sinx] — xo — extr,
x1 +x2 < 4,

z2 < 1,9,

1 20, zo > 0.

- :v% + 6x1 + 9 — extr,

1 +x9 = 0,5,

2x1 + x2 < 6,

2z1 + 312 < 12,
>

>0, 20 > 0.

16. arctgx; — x92 — extr,

x1 + 212 < 5,
T1T2 2 2,
P 07 Z2 P> 0.

18. —xl—x%—xléextr

xl + x2 — 13371—
— 141’2
= 07 €2 = 0.

20. 2229 — extr,
2z1 4+ 322 < 5,
x1 + Txy <6,

>0, 20 = 0.

22, - :B% — a:% — extr,
3x1 + 4xo < 25,

24. 222 + x5 — extr,
T — 22 < 2,

—r1x2 + 21 + X2 2

—82,25,

2,
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1
25, 22

— extr,
T1

T+ T = 2,
2z1 + 5o < 10,
1 < 4,5,

z1 20, 22 =2 0.

27. 21 + 23 + 971 + 5z — extr,
a2+ ad—x— a9 =5,
z1 >0,
z9 = 0.
29. L0753 et
T2 +1
x1+ a2 2 3,5,

T1+ 22 < 6,5,
z1 20, z2 = 0.

26.

28.

30. ——

ﬁ + CIJ% + 3x1 — extr,

122 < 1,

T122 — extr,
2z, + xg < 5,
z? + 2l > 1,21,
120, z9 2> 0.

3apaua 2. [IpsaunbHas Gabpuka Ui MPOM3BOACTBA JIBYX BHJIOB
NPSDKU UCTIONB3YET TPH THIIA CHIPhS: YHCTYIO MIEPCTh, KAIPOH U aKPHIIL.
3aaHbl HOPMBI pacxojia ChIpbs, €ro 00Iee KOINYECTBO U NPUOBLIb OT
peanu3aiyy TOHHBI IPsDKK Kaxkaoro Buza (tadm. I11).

Tabnuya 111
Hopwma pacxoma Ha 1T
Tun ceipbs HPSDKA K(éJ:gieﬂc‘:TTBo
Buj 1 BH 2
IepcTs 0,5 0.2 600
Kamnpon a 0,6
Axpuin 05—a 0.2
[Tpu6buI OT peanu3anuu 1100 900 —
1T, pyO.
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CocTtaBuTh 3a71a4y MaTeMaTHYECKOr0 IIPOrpaMMUPOBAHUS ISl OIIpe-
JieTIeHS TUTaHa TTPOM3BOJICTBA TPSIKH C LSO MAKCHMHU3AINH CyMMap-
HO#t mpuObLIH [4, 6]. Petuts 3ama4y rpagudeckuM MeTooM. BapuanTsl

napamMeTpoB JiaHbl B Ta0. [13.

3anaua 3. Haiitu cumruiekc-metonom [6, 9] onTumasbHbie 3HAYCHUSI

* * ~ ~
Ty iy foin JUIS 3371244 JIMHEHHOTO MPOrPaMMHUPOBAHMs, HAl/IA HaYallb-
HYIO YITIOBYIO TOYKY (momyctumoe GasucHoe peiieHue) nubo nepebo-

pOM 0a3UCHBIX PEMICHHH, THOO0 METOIOM HCKYCCTBEHHOTO Oasmnca.

L[CJIeBaSI (byHK]_[I/ISI " YCJIOBHA Ha AJOIMYCTUMOC MHOKCCTBO MMCHOT

BU/I

f(x)=c1z1 + cowa + c3x3 + caxy + c55 — min,
a1171 + 1272 + 1373 + a14%4 + a1525 = by,
(2171 + 222 + a23%3 + 2474 + az5T5 = bo,
a3171 + a32T2 + 3373 + a34%4 + a35T5 = b3,
I 2 0,3}2 } 0,$3 2 0,:E4 2 0,335 2 0.
Bekrop (c1, 2, €3, €4, c5), MaTpuna (aij)?jzl u Bektop (b1, b, b3)

3a7aHbl B BUJE

cp ¢ 3 ¢4 C3

ail a2 a3 a4 ais by
a1 az a3z az a | by’
as1 azz asz az4 ass | b3

1. 4 -3 -5 -5 -1 2. 4-1-1-1-1
-1 2 3 1 0]5 -6 1 1 3 0| 7
-3 2 2 1 1|6 -7 3 1 2 3|10
-1 3 3 2 1]9 0 1 1-3-6] 1

3300 -4-1 0 4. 0-40-10
52 1-1-2|13 -2 12 -15]13
10 4-2 2| 5 -4 -32 14| 8
21 -1 1-1| 5 -1 -11 12| 5
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3anava 4. KaHoHn4eckas 3ajjaqa JMHEHHOTO POrpaMMHUPOBAHUS

121 + coxo + c3x3 + c4x4 — min,

f(z)

a1121 + a12x2 + a13T3 + a14x4 = b1,

b,

a21T1 + a22%2 + a23T3 + A24T4

z1 >07‘T2 >O,$3 = 0,1’4

A
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3aJlaHa B BUJIE

a1 @12 a3 a4 b1
a1 G2 G23 Q24 by
C1 C9 C3 C4 ‘ 0

. =3 * *
TpebGyercsa: a) HalTH ONTUMANBHBIE 3HAYEHHA T, , f. Tpaduye-
CKHM METOMOM; 0) HAWTH HaYaIbHYIO YIIIOBYIO TOYKY 3a7a4d METOIOM
HCKYCCTBEHHOTO 0a3uca; B) PEIIUTh 3a1a9y CUMILIEKC-METOIOM; T) TIPO-

BEPHUTH NPABUIHHOCTH PEIISHIS ITPH TTOMOIIN IBOMCTBEHHOH 3a/1a4H.

1. -2 21 1|7 2. 0 2 1 -3]3
-4 21 -1 |5 2 2 1 -1]5
010 1[0 -1 =5 -1 0] 0

3.101 -2 | 2 4.5 12 115
321 0] 12 152 -1 |7
6 01 —1] 0 220 1]0

5. -1 2 1 -2 |8 6. 0 1 -1 1| —2
2 -11 1|2 -2 -1 11 4
-1 11 | 0 1 1 11] 0

7.3 -1 =210 8.0 1 1 1]°6
0 2 116 1 1 21|38
2 0 1210 1 -1 1010

9.1 -1 1 -2 | -1 10. 2 0 -1 1 4
1 21 8 13 -2 -1 | -1

31 0 12 -1

1. 1 02 1] 2 122 -2 3 1 0 | 12
-4 31 -1 |10 131 -3 ] 21
4 -4 0 1] 0 121 0] 0
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3agaua 5. Pemmuth 3a1aqy o morpeduTensckom Beioope. [lycts z; —
KOJITYECTBO MPHOOPETaEMOro0 ¢-TO MPOIYKTa, a; — IeHa EAHHUIIBI {-TO
MPOAyKTa, ¢ = 1,2, 3. MakcuMu3nupoBarb (GyHKIHIO TIOIE3HOCTH

Ulw1, g, 23) = (1 + 21)(1 + 22)(1 + 23) — max

MPH OTPAHUYEHUAX a1X1 + aoTs + azxs < 1,21 2 0,29 > 0,23 > 0.
Bapuantsl napamerpoB nassl B Tabmn. 113.

3agaua 6. B ciouctom opueHTHpOBaHHOM Tpade HailTh Kpardaii-
IV ITyTh U3 BEPIIMHBI ¢ B BepIIUHY w. J[miHa pebpa 3amaHa 9ucioM,

3alMCaHHbIM psizioM ¢ pedpom (puc. I11). BapuanTsl mapamMeTpoB AaHbI
B Tabm. I13.

Puc. 111

3apgaua 7. MiMeroTcs mATh TPYIIT MPEAMETOB. 3aJaHbI KOJIHYECTBO,
00BbeM U BeC PEIMETOB B Kax10i rpymie (tao. I12).

Tabruya 112
prnr[a Fl Fg Fg F4 F5
KompuectBo | 1 | I | 3 |1 | 2
Bec 213 | m|4]1
O0beMm 11213 1

IIpenmeTsl yKiIanbIBaroTCs B proK3ak oobema V' = 7. Makcumusu-
poBath 00LIMii BeC prok3aka. BapuanTel mapaMeTpoB AaHsl B Ta0m. [13.
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Tabnuya 113

Homep a b c || ay | ag |ag |[dle|fll|m]|n
BapuaHTa
1 [0,1]620]500] 2 |1,5|L,5]3[t[1|1[13
2 0,11730(500( 5 | 4 | 3 ||[4]1|3]3|1]|4
3 0,1[840(500( 5 | 4 | 2 ||[4]|6|5(2|2 |4
4 0,11650(510(1,5[1,2{0,1||7(6|6]|3|2 |2
5 0,11760 (510 1 [0,8{0,19(1|7|3|1]|1
6 0,1[870|510| 2 2 |1,5(4(14|12|2|4 |4
7 0,1|790 520 2 [1,6| 1 |[1(2]|3|3|2|1
8 0,21920(400| 2 [1,5/0,4|21|1|1|1]2
9 10,2/850(400| 2 |1,6[1,4]5|1[4]2]|1 |4
10 0,21780(400| 2 [1,8{1,5(3|7|6(3|3|3
11 0,2|710(400| 3 | 2 1 (2|3|4(4]3 |2
12 0,2]880 (410 3 3 2 (3211213
13 0,2|810(410| 2 [1,5|0,7||7|7|7|3]2 |4
14 0,2]740 (410 6 | 5 1 (8282213
15 0,31660(300(0,6[0,5(0,1|1|1|1|1|1]|1
16 0,3[690(300| 3 | 2 [0,9(3[4|5(24]3
17 0,3]1720(300(0,8[0,6{0,5(3[2|2]|1|2]2
18 0,3[750(300| 2 [1,5]/0,5(6[2|5(3|2]|3
19 0,3[780(300| 6 | 3 | 3 ||1|6]|7]2|6|1
20 0,31800(300(1,4[0,9({0,9(8[5|6]2]|2]|2
21 0,11620(200( 3 | 2 |1,5(|7(3|9(2|3 |3
22 0,1|730(200(1,6(1,3|1,2|2[5[2|2|5 ]2
23 0,1]840(200(0,9/0,8(0,1(4|5|6(2|1]|3
24 0,4|1480(300| 2 (1,6|1,4|1(6]1|1|3 |1
25 0,4[720(300| 4 [3,5] 3 ||5(3|9]2]|3|2
26 0,4[720(200 1 [0,9(0,2(4(7|3|3|1]|2
27 0,5[720(300(1,5[1,2]0,2(3[3|4(4|3|3
28 0,5[720(200( 0.5]0,4(0,3(|4[5|2(2|5|3
29 0,5[720(100| 3 | 3 | 3 ||1|2]|6|1|2|1
30 0,5|750 (400 3 | 3 |2,5|| 741|141
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