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BBE/JIEHHE

[IpemiaraeMbple METOAMYECKHE yKa3aHHUs COCTABJICHBI B COOTBETCTBUH C pabouel mpo-
rpaMMoil nucuUIIMHbBl «OCHOBBI T€OPUHU U METOJIbI ONTUMU3ALUNY, U3Y4aeMON CTyJIEeHTaMH 3
Kypca o4Hoi 1 3a04uHOU Gopm 00ydeHuss CK® MTYCHU. JlanHple METOIUYECKHE YKa3aHUs T10-
CBSAIICHBI PEIICHUIO 33Ja4l JMHEHHOTr0 MPOrpaMMUPOBAHUS CUMILIEKC-MEeTOA0M. M3mosxeH Teo-
pEeTHUYECKUN MaTepual, MOJKPEIICHHBIH MOAPOOHBIM pelieHreM NpuMepoB. B koHlle meToanye-
CKHX YKa3aHWH MpeaaraoTcs 3a1a4u sl CAMOCTOSITEIbHOTO PELICHNUS.

PEIIIEHME 3AJAYU JJUHEWHOI'O ITPOTPAMMUPOBAHN A
CUMIUIEKC-METOAOM

3amaueit nuHeHOro nporpammupoBanus (nanee — 3JII1) Ha3pIBaeTcs 3a7aua HAXOXKJIe-
HHS MaKCHMyMa WJIM MHUHUMyMa JuHeiHoM ¢yukiun f(X) = ¢ -X + d ¢ JMHEHHBIMH OTpaHu-
YCHUSIMH Ha BEKTOpP X B N-MEPHOM apuPMETHUECKOM POCTpaHCTBE. B KOHTpoIbHOI paboTre Ta-
Kas 3a/1a4a Ipe/icTaBicHa 3a1anuemM Ne4,

3nech X = (x4, Xy, .., Xp), € = (€1, Cp, ..., Cy), MOITOMY pyHKIHIO f(X) MOXKHO TpencTa-
BUTH B BUJIE f(X) = c1X1 + CoXxy + .. + Cpxy, + d.

®Oyuknuio f(x) npuHATO Ha3bpiBaTh QyHKIMEH 1enu. B hopmynupoBkax 3a1ad Ha Mak-
cuMyM (rau MUHEMYM) GyHKIUE f(X) 00bIYHO KpaTKo 3amuckiBatoT f (X) — max (wiu min).

JIuHeiHbIe OrpaHUYCHUS] HA BEKTOP X SIBISIIOTCS JIMHCHHBIMU YPAaBHCHUSIMH U HEPaBCH-
CTBaMH C HEU3BECTHBIMU X1, X3, ..., Xy. DTH OTPAHUYCHHUS OIPEIEIISAIOT HEKOTOPhI MHOTOTpaH-
HUK, Ha3bIBAEMbIi MHOTOTPAHHUKOM JIOIYCTHMBIX pEIleHUH. B 3amauax 3KOHOMHYECKOTO HJIH
(U3UUECKOT0 COJIEpIKAHMSI ECTECTBEHHBIM OTPAaHMYCHHEM MOXET ObITh HEOTPHIIATEIIbHOCTD IIe-
PEMEHHEBIX Xy, X5, ..., X, (KPaTKO 3arichiBaeTcs X = 0).

Touka MHOTOTpAaHHHKA JOMYCTUMBIX PEIICHHUH, B KOTOpo# (hyHKIms nenu f (X) nocrura-
€T CBOM MaKCHMYyM MJIM MUHUMYM, Ha3bIBaeTCsa ONTUMalIbHBIM pemienuem 3J1I1.

Pemenue 3JII1 ocHOBaHO Ha MOHATUU OMOPHOTO PEIIEHUSI CUCTEMBbI JIMHEHHBIX ypaBHE-
HUI 1 0OPMIISIETCSI C TIOMOIIBIO CIICIIHATBHBIX CUMITICKCHBIX TaOJIHII.

[TycTb cucrema nuHEHHBIX ypaBHeHuit (nanee — CJIY) npexacrasnena B Buae U + Av = b,

rie Matpuia A u BeKTop b u3BecTHbl. BeKTOp U M ero KOOpAMHATHI Ha3bIBAIOTCS 0a3UCHBIMH, a
BEKTOP V M €ro KOOPJMHATBHI — CBOOOJHBIMH. [109TOMY cHCTeMa JMHEWHBIX ypaBHCHHH BHIA

u + Av = b naszeiBaetcsa CJIY ¢ BbyieneHHbIM 0azucom. MHdopmarus 06 stoii CJIY 3anmuceiBa-
€TCs B CIICAYIONIYIO TaOIHUIly, Ha3bIBAEMYIO CUMIUIEKCHOMN TaOJIUIICH:

1
b

bas.

CB00. ‘ — H
v
e | o4

OMnopHBIM PEIICHUEM CHCTEMbI JINHEWHBIX ypaBHEHHI U + AV = b Ha3bIBaeTCs €€ 4acT-

HOE pellleHne U = b, v = 0. Eciiu MbI XOTHM HaTH Jpyroe OMopHOE pelIeHue, TO HYKHO Iie-
peliti xk paBHOocHibHOU CJIY, 0OMEHSB OIHY KOOpAMHATY BEKTOpa U Ha OJHY KOOPIHHATY BEK-
Topa v. [Ipu aToM m3MeHsTCs MaTpuia A U BEKTOP b. Takue H3MEHEHHs HA3BIBAKOTCS Mo uGu-
LUPOBAHHBIMH KOPAaHOBBIMU HCKI0UeHUsMH (nanee — MOXKU) u opopMisitoTcss B CUMILIEKC-
HBIX TaOJIUIAX M0 CIEAYIOIIUM IpaBUIIaM:



1. U3 snemenToB Marpullbl A BbIOpaTh reHepaibHbId 3memenT MOKU @ U 10 HEMY
OIPEJICTNTh, KAKKEe UMEHHO KOOPMHATHI BEKTOpA U M BEKTOpA U MMOMEHSIFOTCS MECTaMHU B HOBOM
CUMILJIEKCHOW Ta0uIle (OTMEYECHBI CTPEIIKAMHu ):

CB00.
BaS vl vz eee v] e vk l
Uy
Uy
< U; @
uT

["'enepainbhbiil anemenT MXXU He paBen Hymo! CTpoka U cTO0€1] T€HEPaTbHOTO AJIEMEHTA TaK-
K€ Ha3bIBAIOTCS I'eHEePaIbHBIMH.
2. B HOBOH CUMIIIEKCHOM TalJIMIIE TIOMEHATH MECTAMHU YKA3aHHbIE U; U V!
CB00.
bas.
Uy
Uz

Ul vz coe ul coe "]k 1

uT
3. HoBblif 6a3uc yMHOXKUTB Ha reHepaibHbIi snemeHnT MOKI:

CB00. 1
Eag "]1 vz cee ul cee vk

a'u1
a'uZ

4. B HOBOW CUMILIIEKCHOM Ta6J'II/II_Ie Ha MECTC TCHCPAJIbHOT'O 3JICMCHTA 3aIlIUCATh 1:

CB00. 1
Ba3. vl vz cee ul cee vk
a: u1
a:- uZ
a- v 1
a-u,

5. OcraibHbIe 31eMEHTHl TeHEPANIbHOM CTPOKU OCTaBUTh 0€3 U3MEHEHHUSI.
6. OcranbHbIE AIEMEHTHI TeHEPATBHOTO CTOJIOIa YMHOKHUTH Ha —1.



7. Bce ocTanbHBIC 3JIEMEHTBI TaOJUIIBI IEPECYUTATH MO TPABIITY IPSIMOYTOIBHUKOB: €C-
JIM B KICXOJTHOM CUMITJICKCHOM TabnuIe umeercs pparMeHt

j) p

o5 e

TO B HOBOI CHMIIJIEKCHOHM TaOJMIIe HA MECTE JIEMEHTa P CJEIyeT 3alucaTh Yucio a - p — A - w.

®opmyna a*p — A w ocraeTcsi HEM3MEHHOMU MpH JII0ObIX MepecTaHOBKaX CTPOK WA CTOJIOLIOB
3TOTO (hparMeHTa.
[IpaBuna 4. — 7. MO>XHO OOBETMHUTH HA OJTHOM PHUCYHKE:

2‘ e p _A ves a-p_l.w
MKHU
—

@ e w 1 cen w

Ipumep 1. [Tycts umeercs CJIIY
3x, + 4x; — 6x3 +5x, =9
{ 4xs — 8xy + 2x3 +7xy = 4
Oro CJIY ¢ BeyaeneHHbIM OasucoM U = (3x,, 4X5), CBOOOAHBIM BEKTOpOM U = (X1, X3, X4),
4 —6 5
-8 2 7
CHUMILJICKCHYIO TaOIHILy

MaTpuleid A = ( ) 1 BektopoM b = (9, 4). I1pu 3TUX yCIOBHUSIX MOXKHO COCTaBUTh

CB00.
Bas. ‘ X1 X3 X4 H 1
3x, 4 -6 5 9
4xs -8 2 7 4

u HaiiTh onopHoe pemenue CJIY: 6asucHbie 3x, =9, 4x5 = 4 = x, = 3, x5 = 1, cBOOOIHBIE
X, = X3 = x4 = 0. Takum o6pazom, x = (0,3,0,0,1). JonycTum, 4TO Mbl XOTHM HAWTH eIIe
oaHo onopHoe pemenne CJIY u B kauecTBe renepaibHoro anementa MKW BeiOpanu uncio 2:

T
bas. H 1
3x, 4 6 5 9
7 4

—  Axs -8 (2

Torma o IpaBUJIaM 2.-17. MOJIY4acTCd HOBasd CUMIIJICKCHAA Ta6J'II/II_[a

X1 X3 X

S

CB06. ‘

CBo0.
Bas. g ‘ X1 4xs X4 H 1
2-3x, | 40 6 52 42
2-x3 | 8 1 7 4

u HoBOe omnopHoe pemenue CJIY: Gasucueie 6x, = 42, 2x3 =4 = x, = 7, x3 = 2, cB00OA-
Hele x; = 0, 4x5 = 0 = x5 = 0, x, = 0. Takum o6pazom, x = (0,7,2,0,0).
Ecnu u3HavanbHO Oa3uc He BBIJCICH, T.€. UMeeTcs mpousBosbHas CJIY Ax = b, To npu-

MEHSIETCSI METOJ JIoskHOTO Oasuca: mannyto CJIY 3amuceiBator B Buge 0 + Ax = b, rne u = 0



Oyzaer wurpath poJib 0A3UCHOTO BEKTOpA, a V = X — CBOOOJHOTO, U COCTABJISCTCS CHMILICKCHASI

TabauIa

bas.

CBO6.‘ g H 1
| b

o | 4

W3 Takoii cuMILIEKCHOM TaOIUIIbl HEBO3MOKHO IMOJIYYUTh OMOPHOE PELIeHHE, I0ATOMY HYJIEBOH

6asuc 0 Ha3HIBACTCS JIOKHBIM GaszucoM. OIHAKO [OCIIEe HECKOIBKHX npeobpazoBanniit MXXU Bce
0a3ucHbIC HYJIM MEpPerayT B pa3psll CBOOOIHBIX 3JIEMEHTOB, @ UX MECTO 3alMyT KOOpPIWHATHI
BEKTOpa X, ¥ MbI MOJIYUUM CHUMIUICKCHYIO0 Tabmuity, coorBeTcTByomy0 CJIY ¢ BbIIEICHHBIM
6a3mcom, a BMeCTe ¢ Hell U mepBoe onopHoe pemenue. [Ipu 3ToM cTonOupl Hynnel, nepemeanmx
B pa3psii CBOOOIHBIX 3JIEMEHTOB, U3 CUMILICKCHOUN TaOIHIIBI YIANISIOTCS.

IIpakTHyeckue 3aMeYaHUA:

1) YucnoBoit kodduimeHT cBOOOTHOTO 3JIEMEHTAa MOXKET OBITh IEPEBEACH B CTOJIOCII
3TOTO 3JIEMEHTA:

CBo00. CB00.
o T o Lox |1

Cc a-c

2) CTpoKy CHMILIEKCHO# TaOJMIBI MOKHO pPa3/IeuTh Ha OOIIUI MHOXKHUTEIb dJIEMEHTOB
ITOM CTPOKH (€CJIM TAKOBOM MHOYKHTENb UIMEETCS M HE PaBEH HYJIIO):

CB00. CB00.
]t i TR

ax; lara a*b ... a-cla-d X; a b ... ¢ d

IIpumep 2. Haiitu onopusie pemenust CJIY
le+5xZ_x3+2x4 =1
3x1 +4x; +x; — 2x4 = 47

3,[[60]9 0a3uc He BBIJICJICH, IO3TOMY IMIPUMEHUM METO/ JIOKHOI'O Oasmca:

CBO6.‘ X X X 1
0 +2x;+5x, —x3+2x, =1 _ bas. 1 2 3 4 VOKI
0+3x1+4x2+x3—2x4=4 0 2 5 —1 2 1 —
« 0 4 @ 24
T
Ba3CB06-‘ 1 * 0 *a ! Ba3CBO6.‘ X1 X2 X 1
' : MKH
0 |5 9 1 0|5 = « 0 |(® 9 0|5 =
X3 3 4 1 —2 4 x3 3 _2 4



A CBO6.‘ 0 x, x 1 0306.‘ . % 1
as. basz

M>XHU
5, |1 9 0|5 = « 54 |[(9 0|5 —
5x; | -3 -7 -10| 5 5x; | -7 -10| 5

Onopuxoe pemrenue x = (1,0,1,0)

BOO.

BOO. 5x. x
Bas. 1 24 Bas. Bas.

1 X, x4 1 1
9%, |1 0|5 = 9, |51 0|5 = 9x, |5 0|5
x5 7T -

X1 Xy

45x5; | 7 90| 80 45x; | 5-7 90| 80 18| 16
_ 5 16
Omnopuoe pemenne x = (0, i 0)

— 16 5 — 1 — 5 8
OcTtajibHbIE OMOPHBIC PEIICHUS X = (7, —= 0,0), x =(1,0,0, _E) ax= (0'3' 0,— 3) npe-
JlaraeM HalTH CaMOCTOSATENLHO.

Ecnu Hy)XHO HalWTH HEOTpPHILATEIbHbBIE ONMOPHBIC pemieHus (x = 0), To B KaxI0# CHUM-
TUICKCHOW TaOJIUIe YUCIIOBBIC KOA(PPHUITUESHTHI HEM3BECTHBIX X; JIOJDKHBI OBITH TOJBKO IOJIOXKH-

TEJIbHBIMU, @ YHUCJIA B IOCJIEJHEM CTOJIOLE — TOJNBKO HEOTpULATEIbHBIMU (B > 0). Jlnsa Toro,
4yTOOBI HE YTPAaTUTh ATU CBOWCTBA NpH nepexoje no MXKU k ouepenHoi cuMILIeKCHOH TalmuIle,
HY>KHO IIPUAEP/KUBATHCS CIECIYIOLIIUX IPABUIL:

1) renepanbhbiii 3neMeHT MKW MOKET OBITh TOJIBKO TOJOKUTEIBHBIM,

2) CUMIUIEKCHOE OTHOILICHUE TeHepaibHOro aneMenTa MK 10/mKHO ObITh HAMMEHBIITUM
10 €ro cToyioNy (MPUHLUI MMUHUMAJIBHOTO CUMIUIEKCHOTO OTHOIIEHUS). 371eCh Ha0 MOSCHUTS!
MYCTh @ — TIOJIOKHUTEIBHBIN AJIEMEHT MaTPUIIBI A, a b — TocieIHee YICII0 B CTPOKE JIEMEHTa A

CB00.

bas. vj 1

ul. e a e b

b
Torna cHMILIEKCHBIM OTHOLICHHEM YJIEMEHTA G Ha3bIBACTCA YMCIO — . JUI HEMONOKHUTENBHBIX
AJIEMEHTOB MAaTPHUIbl A CUMIUIEKCHBIE OTHOIIEHHUS HE ONPEAEISIOTCS.
ITpumep 3. IlycTs MBI HilleM HeoTpuLaTenbHble onopHble pemennus CJIY u yxe umeer-

¢S CUMIUIEKCHAA Ta0ImIa;

CB00.
Bas. v, v, V3 1
Uy -2 3 -10 6
U, 0 -8 21 0
Us -1 5 0 7
Uy -4 2 -1 9

[Tpoananusupyem BO3MOKHOCTh BbIOOpa renepainbHoro anementa MKW mo kaxaomy cronOiy
MaTpHIbl A:

1) B cronllie v; HET MOJOKUTEIBHBIX YHCEI, IOATOMY B JJAHHOM CTOJIOIC HENb3s BbI-
Opath reHepanbHbIil 3nemenT MXKU;



2) B cTONOIE V, €CTh TPU MOJOXKHUTEIBHBIX YKCa 3, 5 U 2; UX CUMIUICKCHBIC OTHOIICHHUS

6 7 9 7
3= 2, s = 1,4 un 5= 4,5 COOTBETCTBEHHO, HAWMEHBIIUM SBJISIETCS > MOATOMY YHCIO S5 U3

cTOJIOIA ¥, MOKHO BBIOPATh reHepanbHbIM deMeHToM MOXKU;

3) B cTos0IIe V3 MMEETCS TOJIBKO OJHO IMOJIOKUTEIbHOE YUCIO0 21; ero MOXKHO BBIOpATh
resepanabHbIM d51eMeHToM MOKH.
TakuM 00pa3zom, CyIIECTBYET TOJBKO JBa Crocoda BBIOpaTh reHepanbHbIA d1emeHT MOKU B
JIAHHOM CUMIUIEKCHOH Ta0JIHIIE:

CB00.
bas.

w, | 2 ] 3 |10

U, 0o | 8 |[@
Uz -1 @ 0

u, | 4| 2 | 1

© N O o -

Pemenne kanoanueckoi 3JII1 cuMmiiekc-MeToa0M.

Kanonundeckoii 3a1aueli JTUHEHHOTO TPOrPpaMMHUPOBAHKS HA3bIBACTCS 3a/1aya JIUHEHHOTO
MPOrpaMMHUPOBAHUS C OTPAHUYCHUSMHU-PABEHCTBAMU M YCJIOBHEM HEOTPHUIATENHOCTU HEU3-
BCCTHBIX:

f(x)=¢-x+d — max (wm min) npu AX = b, ¥ > 0.

Hanomuum, uto ontumanbsHbiM pemieHueM 3JII1 Ha3biBaeTcs Touka MakcumyMma (WiId
TOYKa MHHHMYMa COOTBETCTBEHHO) (QYHKIMHU menu f(X) Ha MHOTOTPaHHUKE JOMYCTHMBIX pe-

HICHHH (B JAHHOM CJIy4ae 3TO MHOTOTpaHHUK AX = b, X = 0).
Wnes pemenns kanonnyeckoi 3JII1 cogepkutes B cieayomieit Teopeme:
Teopema. Ecniu kanHonnueckas 3JII1 umeer ontuManbHOE pelIeHHE, TO €0 MOKHO HAUTH

Cpe/u HeOTpHLATEIbHBIX ONOPHBIX pemenuit CJIY Ax = b.
Cy1ecTByeT crenuaibHblil CUMIUIEKC-METO/, KOTOPBIN M03BOJISIET BECTH HAIPABJICHHBIN

nepebop HEOTPHIATENbHBIX OMOpHBIX perrenuit CJIIY Ax = b ¢ HOCTOSHHBIM YAYYIIEHAEM
byuxmun nemn f(x) (¢ yBenuuenueM f(X) B 3amauax Ha MakKCUMyM U ¢ yMeHbiienueM f(x) B
3a/la4yax Ha MUHMMYM ), YTO 3HAUUTEJBHO COKpAIIAET PEeLIeHUE 3a1auu.

Jig Toro, 4To6bl pemnTh kKaHoHWYecKyt0 3JIII cuMIekc-MeTo oM, HYy’KHO Nepenucarb

CJIY Ax=b B Buge CJIY ¢ noxusM Gasucom O + AX = b, mepenmcars (YHKIMIO LeIH
f(x) =c-x+d B Bue ellle 0OJHOTO JIMHEWHOTO ypaBHEHHs f — C - X = d, pacueHuBas f Kak
0a3MCHYIO IEPEMEHHYIO, U COCTABUTh CUMILUICKCHYIO TaOIHUILy:

CB00. —

Bbas. X 1
0 A b
f - d

Hwxnss cTtpoka TaOmuipl Ha3biBaeTcsl f-CTPOKOHM, a BEKTOP —C Ha3bIBACTCS CTPOKOH OIICHOK.
VIMEeHHO 3HaKM 4YMCeNl CTPOKM OLEHOK OyAyT B JAJbHEHIIEM YKa3bIBaThb BHIOOp I€HEpaIbHOTO
anemenTa MXKU u curHanm3upoBaTh 00 OKOHYaHUU PEIIEeHUS 3a/1auH.

Crenyer HEYKOCHUTENIBHO COOIOIATh Cieyolue TpeOOBaHuUs:

1) renepanbHbIii 37eMeHT MKW MOKHO BBIOMPATH TOJIBKO U3 3JICMEHTOB MATPHIIBI A,



2) mpH 1epexoje K OYepeaHON CHUMILICKCHON TabmuIe aneMeHThl f-cTpoku mpeobpasy-
I0TCS 110 TeM ke TpaBmiaM MXKU, uto u apyrue CTpOKH TaOJIUIIB,
3) TOCKOJIBKY 3ajjaua pelIaeTcs C JIOMOJHHUTEIbHBIM YCIOBHEM HEOTPHULATEIBHOCTH

X > 0, TO BO BCEX CHMIUICKCHBIX TAOJIHIAX TOJDKHO BBIOTHSITHCS YCIOBHE b =0, IIO3TOMY Ie-
HepaybHbINA 371eMeHT MOKU crienyer BeIOMpaTh M3 MOJIOKHUTEIBHBIX JIEMEHTOB MATPHILI A 110
NPUHIAITY MUHUMAJIBHOTO CUMILIEKCHOTO OTHOIIICHHS, U3JI0’KEHHOTO BhIIIE (37eMeHThI f-cTpoku
B CUMIUICKCHBIX OTHOIIICHHUSX HE YYaCTBYIOT).

Pemras 3amady, Mbl JOJKHBI, B IIEPBYIO o4epenb, ¢ nomoupo MJ)KH BeiBecTH Bce HyIU

u3 Oasuca. Torjga MBI MojTy4aeM HavyajbHOE HEOTpHUIaTelIbHOe onopHoe pemenue CJIY Ax = b
U 3HaueHre QyHkuuu nenr f(x) B aroil Touke. C 3TOr0 MOMEHTa BCTYIAIOT B CHJIY MPaBHUIIA,

3aIyCKaloIue HalpaBJICHHbIH epe0op HeOTpUIaTeIbHBIX ONOpHbBIX petenuit CJIY Ax = b:

1) ecnu BbIOpaTh renepanbHblil sneMenT MKW B cTonOue Haj OTpHLATENEHBIM YUCIOM
CTPOKH OIIEHOK, TO 3HaueHrne (QyHKuuH 1eau f(X) yBEIMYUTCS; KOrJa B CTPOKE OICHOK HE
OCTaHETCSl OTPUILATEIbHBIX YHCEN, 3a/1a4a Ha MaKCUMyM OYZET pellieHa,

2) ecnu BbIOpaTh TreHepaibHbIi 35eMeHT MKW B cTonO1ie Ha MOI0KUTEIIbHBIM YUCIIOM
CTPOKH OLICHOK, TO 3HaueHue (yHKUuU nend f(X) yMEHBILIMTCS; KOrJa B CTPOKE OLCHOK HE
OCTaHeTCs MOJIO0KUTENbHBIX YHCE, 33/1a4a HA MUHUMYM OyJleT pelleHa.

[IponemoncTpupyem pemienue kanonnueckoit 3JII1 cummiexkc-mMeTo10M Ha pUMepax.

IIpumep 4. Pemuts cumiexc-merogom 3JII1

X1 —3x; +4x3 — x4 =1
f(X) =3x; —xy3+x3+2x, —1 — max mpu {2x; + X, +x3 +x,=5,%>0.
X1 +4x, —3x3 +2x4 = 4
Beenem sosHblii 0a3uc u3 Hysei u nepenuiieM GyHKuo 1ein f(X) B BHIE €Ile 0THOro

JTUHEHHOTO ypaBHeHUs [ — 3x; + X, — X3 — 2x, = —1:
CB00.
Bas. Xy Xy x3 X4 | 1
O +x1_3xZ+4‘X3_x4=1 O 1 3 1 1
0 +2x;+x, +x3 +x4,=5 — B B
0 +x;+4x, —3x;+2x, =4 0 2 1 1 1.5
f_3x1+xZ — X3 _ZX4=_1 O 1 4 —3 4
f -3 1 -1 -2)|-1

B CTOJ'I6I.I€ HepeMeHHOﬁ X1 €CTh TPHU IMOJTOKHUTEIIbHBIX YUCIIA. Hx cuMmiekcHbIE OTHOIIEHUS

ol R
N

4
u I HanMmenbmum gBisieTcs NEpBOC OTHOLICHHUC. B cooTBeTcTBHU C 3TUM IepBOC YUCIIO yKa-

3aHHOI'O CTO.II6]_Ia MOXKHO BLI6paTL TCHCPAJIbHBIM 3JICMCHTOM MXMU:

EafBOG Xy Xy X3 x4 | 1 Ba3'306' 0 x;, x3 x4 1

« 0 |@© -3 A1y w103 4 )
0 2 1 5 — 0 |-2 7 3|3 =

0 1 4 -3 2|4 0o |1 7 -7 3|3

f |3 1 1 2|4 f 3 8 11 5|2




CB00.
bas.

-\ o o
~N
L4
w w
NW W Rk -

[ToBTOPUBLIYIOCS CTPOKY yJAJISIEM:

T

CBo00. CBo00.

Bas. 2o X, X3 X4 | 1 Bas. £o x, x3 O 1
xy |8 4 11 MKH 3 |2 5 1|6 _
—
— 0 7 7 ®] 3 3%, | 7 -7 1

-8 11 -5 2 3f 11 -2 5 21

CBo00. 1

Bas. X2 X3

3x; | 2 5 6
3x, 7 -7 3
3f |11 2|21

[Tockonbky Hysel B 6a3uce OOJIbIIE HET, TO MBI IIOJy4aeM HadallbHOEC HEOTPHUIATEIBLHOE OMOP-
_ 6 3 21 .
HOC PElICHHE X = (E' 0,0, 5) = (2,0,0,1) u 3HaueHue QyHKIUHU e f = 5= 7 B 3TOM TOYKE.

B cTpoke O1ieHOK €CcTh OTPUIIATEIFHOE YMCIIO0 —2, TI0ITOMY 3Ha4eHHE (PYHKIMH LETH f MOYKHO
YBEJTUYHUTh, €CIIM BHIOPATh reHepaibHbIi d7emMeHT MOXKU B cTos01ie Hay 3TUM YHUCTIOM:

CBo00.
Bas.

« 3¢ |2 (B)| 6 MKA b5x; |2 1|6
3x, | 7 -7 3 : 15x, |21 7 |57
3f |11 2|21 15f |51 2 |117

X, x| 1

B cTpoke OLIEHOK HET OTPUUATENBHBIX YHUCE, MO3TOMY JajbHEHIIEE YBEIMYEHHE 3HAUYCHUS
GyHKIMY 1Ienu f HEeBO3MOXKHO. JTO 0O3HAYaET, YTO 3aJa4a Ha MAaKCUMYyM pelieHa. Ee ontumansb-

— 6 57 6 19
Hoe pemeHue (Touka makcumyma) x = (0, O'E’E) = (0, O’E'?)’ a MakCUMAalIbHO€ 3HaueHHE
117 39
GYHKUINY HETH [y = ==

IIpumep S. Pemuts cuminexc-meronom 3JII1

Xy +2x, +x3+5x4, =9
X1 +3x, —x3 +x4=4"
Beenem sokHbIi 0a3uc u3 Hysei u nepenuiineM GyHKiuo 1en f(X) B BHIE €Ile 0HOro

f(x) = xq + 4x, + 2x3 + x, — min HpI/I{ x> 0.

JWHEHHOTO ypaBHEHHS [ — X1 — 4X, — 2x3 — x4 = 0:
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BOO.
Eas X, Xy X3 X4 | 1
0 +x1+2x2 +x3+SX4:9 -
0 +x1+3x2 _X3 +X4:4 ﬁ 0 l 2 1 5 9 M>KI/I
f—x1—4xz—2X3 _X4_=O — O @ —1 1 4
-1 4 -2 1|0
T
Ea3.CBO6' 0 x; x3 x4 1 Ba&BOG' X X3 x4 || 1
0 |1 -1 2 4|5 _, <« 0 |1 2 (@5 Mxu
X1 3 -1 1 4 X1 3 -1 1| 4
f -1 -3 4 f -1 -3 0 4
Ea3(.31306. X, X3 0 1 Ea3’1306. X, X3 1
dx, | -1 2 1 5 4x, | -1 2 )
4x4 13 6 -1 11 4xy 13 6|11
Af -4 12 0 16 4f -4 121 16

[Tockonbky HyIelt B 6a3uce OOJIbIIE HET, TO MBI MIOJy4aeM HayallbHOEC HEOTPUIATEIBLHOE OTOP-
— 11 5 16 N
HOE PEeIlICHUE X = (T’ 0, O’Z) U 3HaYeHue QYHKIUH 1enu [ = - = 4 B oToH Touke. [Ipu aTOM B

CTPOKE OLIEHOK HET IOJIOKUTEJbHBIX YHCEeJ, MO3TOMY JajbHEWIee yMEHbLICHUE 3HAYCHUs
GyHKIMY 1Ied f HEBO3MOXKHO. DTO O3HAYAET, UTO 3a/laya HA MUHUMYM peIlleHa, T.€. HaliJICHHOe

- 11 5
HA4aJIbHOE HEOTPHUILIATEIBHOE ONOPHOE PEUICHHE X = (T' 0, O’Z) y’Ke SIBJISIETCS ONTUMAIbHBIM

pelieHrueM (TOYKOM MUHUMYMA) U fin = 4.

Pemenne nponsBoabubix 3JIII cummiexkc-meTogom.

Bee 3JIII ¢ orpaHn4yeHMsIMH-HEpaBEHCTBAMHM CBOAATCS K KaHOoHMuYeckuM 3JIII B mpo-
CTpaHCTBE OOJIbIIEH pPa3MEPHOCTH IyTEM BBEACHHUS JOMOJIHUTENIBHBIX NTEPEMEHHBIX, TO3BOJISIO-
IIUX MEPEUTH K OrpaHuYeHUsIM-paBeHCTBaM. [IpogeMoHCTpupyeM METO TONOJHUTENbHBIX I1e-
PEMEHHBIX Ha IPUMEpPax.

IIpumep 6. Peuts cummnexc-merogom 3JII1

X1 +x, +2x3< 4
f(x) = 2x, 4+ 4x, + x3 + 3 — max npu {—x; + 5%, —x3 =3 ,% > 0.
31 + x5 —2x3 =2

Hannast 3agada chopMynupoBaHa B 3-MEPHOM INPOCTPAHCTBE U HE SIBJISETCS KaHOHHUYE-
ckoit 3JII1, mockonbKy MepBBIC IBA OTPAaHUYCHUS — HepaBeHCTBA. JlJis TOro, YTOOBI ATH OTpaHU-
YEHUs CTAJU PaBEHCTBAMM, HYXKHO B IIEPBOM U3 HUX YBEIUYMTH JIEBYIO 4aCTh HA HEKOTOPYIO He-
OTPHULIATENIBHYIO BEIMYHHY X4, @ BO BTOPOM — YMEHBIINTH JIEBYIO YAaCTh HA HEKOTOPYIO HEOTPH-
LATEIbHYIO BEIUYHMHY X5. Torja cuctemMa OrpaHu4eHUu IPUMET BU

X1+ Xy +2x3 + x4 =4
—X1 + 5%, — x3 — x5 =3.
3x1+xZ_ZX3 =2

Orto orpanunuenuss kaHonuuyeckoil 3JIII B 5-mepHoM mpoctpancTBe. HeoTpuuareiabHbie
BEJINYMHBI X4, X5 U €CTh JONOJIHUTENbHbIE IepeMeHHbIe. Jlanee, kak B npumepax 4 u 5, BBOAUM

11



JIOKHBIHA 0a3uc U3 Hyiel u nepenucbiBaeM QyHKIHIO 1enu f(X) B BUjE eie 0JJHOTO JTMHEHHOTO
ypaBHEHUS [ — 2x; — 4xy — X3 = 3

CBo0.
Bas. Xy Xy X3 X4 X5 | 1
0 —X1 + 5x; — x3 —x5 =3
0 +3x; + %, — 25 =2 — 0 |1 5 -1 0 -1]3
f—2x; —4x, —x; =3 0 3 1 -2 0 0 2
f -2 4 -1 0 0 3

B cronbue nepeMeHHOH X, €IWHCTBEHHBIH MOJOXKUTENbHBIA 37eMeHT 1. Ero BeiOepem
reHepanbHbIM 35ieMeHToM MOKU:

T

BOO. BOO.

Bas. Xy Xp X3 X4 Xxg | 1 Bas. X1 X x3 0 x5 1
« 0 |1 1 2 @ o]4 vy % |11 2 1 04
0o |-1 5 1 0 13 — 0 |1 1 0 1|3 =
0 [3 1 2 0 0]2 0 |3 1 2 0 02
f |2 4 1 0 o0]3 f |2 4 1 0 0]3
BOO.
Baz. X1 Xz X3 Xs

X4 1 1 2 0
o |-1 5 -1 -1
0 3 1 -2 0
f |2 4 -1 0| 3

N W A~ -

B cronbiie mepeMeHHOM X; €CTh J1Ba MOJIOKUTENBHBIX uncia 1 u 3. X cCUMIUIEKCHBIE OTHOIIIE-

4 2
HUA I u 5 Hanmenpmmm sgBaseTcs BTOPOC OTHOIICHMUE. B COOTBETCTBUH C 3THM YHUCIIO 3 YKa-

3aHHOT'O CTOJI0I11a MOYXHO BBIOpaTh TeHepalibHbIM 31emMeHnToM MK :

T
Ba3.BO6' X, X, X3 xg| 1 Ea;O6' 0 x, x3 x5 1
xx |1 1 2 o4 . 3 |1 2 8 0]10
0 -1 5 -1 1 3 — 0 16 -5 -3 11 =
« 0 |[® 1 = 2 3% |1 1 -2 0|2
Ffl=2 4 2 3 3f | 2 -10 -7 0 |13
BOO. 1
ba3 X2 X3 X5

0 16 -5 3|11

3f [-10 7 0 |13

12



B cTonbiie mepeMeHHOM X, €CTh TPU MOJOKHUTEIbHBIX uncia 2, 16 u 1. VIX cuMIIJIeKCHBIE OTHO-

10 11 2
HHICHUA 7 y R 158 I . HaI/IMeHBH_II/IM ABJIACTCA BTOpOC OTHOILICHHUC. B COOTBCTCTBUHU C 3TUM BTOpOG
YUCJIO YKA3aHHOI'O CTOJ'I6I_[a MOKHO BBI6paTB T'CHCPAJIbHBIM 3JIEMCHTOM MOKU:
T
§) 0.
Ba&BO X, x3 x5 | 1 Ba:O 0 x3 x5 1
v, [2 8 o010 48x,[-2 138 6 |138
- 0 5 3|11 — 16, |1 -5 -3[11 =
3%, |1 2 02 48x, | -1 271 3 |21
3f |[-10 -7 0 |13 48f | 10 -162 -30] 318
Ba3.B06. x3 x5 |1 Ba3].306. x3 x5 |1
48x, | 138 6 |138 8x, | 23 1 |23
16x, | -5 -3|11 = 16x,| -5 -3 11
48x, | 27 3 |21 16x, | -9 1| 7
48f |-162 30318 8f |27 5|53

[Tockonpky Hynel B 0a3uce OOJbIIE HET, TO Mbl IIOJy4aeéM HayaJIbHOE HEOTPULIATEIbHOE ONOP-

7 11
HOE PEIICHHE X1 = —, Xz = T~

HeM. B cTpoke O1eHOK ecTh OTpHUIaTeIbHbIe Yncia —27 U —5, TOATOMY 3HaYeHHE (DYHKIUH LIeIH

23 53
y X3 =0, x4 = 5 X5 = 0 u 3HayeHue PyHKUUU LETH [ = 5 Ha

f MOXXHO yBENWYHTH, €CIM BbIOpaTh TeHepanbHblid memenT MK B crtonbie Haa ogHUM W3

STUX YHUCEIL:
T
0. 0.
BaS.BO X3 x5 | 1 Ba;_?'o x3 16x;| 1
8x, [23 1 |23 8x, | 32 -1 |16
MXHU
16x, | 5 3|11 — 16x, |32 3 |32 =
« 16x; | -9 @ 7 x5 | 9 7
8f |27 5|53 8f |12 88
0. 0.
Ea3.B 2 x3 x| 1 Ea3].30 X3 X1 1
8x, |32 -16| 16 X4 4 2| 2
16x, |-32 48|32 = x, | 2 3|2
Xsg *9 16 7 Xs *9 16 7
8f |-72 80 | 88 f -9 10 [ 11

MpbI onnydaeMm ouepeHOe HEOTpULIATENIbHOE OnopHoe pemenue x; = 0, x, = 2, x3 = 0, x4, = 2,
X5 = 7 u 3HaueHue ¢pyHkiuu uenn f = 11 Ha HeM. B cTpoke O1eHOK eCTh OTPHUIIATEILHOE YHC-
70 -9, mo3ToMy 3HaueHrue (PYHKIUU LeTH f MOXKHO €Ile YBEIHYUTh, €CIIU BHIOPATh TeHEPAIb-
HbBIHA 3eMeHT MOKU B cTo01Ie HAZ 3TUM YUCIOM:
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0. 0.
Bas.B 2 X3 x| 1 Ba:o Xe X 1
« x |@ 2] 2 ey s |1 22
X, |2 3|2 —> 4x, 2 8 | 12
f -9 10|11 af 9 22 | 62

B cTpoke OLICHOK HET OTPULIATENIbHBIX YHCEJ, [MOATOMY AAJIbHEHIEe YBEIMYECHHE 3HAYCHUS
GbyHKIUY 11eNU f HEBO3MOXKHO, T.€. KAHOHWYECKas 3a/la4a Ha MAKCUMYM B 5-MEpHOM IPOCTpaH-

12 2 1

cTBe pemieHa. Ee ontumanbHOe pemeHne (Touka Makcumyma) x; = 0, x, = Vil 3, x3 = it
46 _ 23 62 1

X4 =0, x5 = % = 5 & MaKCHMaibHOE 3HAYCHUE GYHKINU TETH fray = i 15 . Ecnu wuc-

KIIFOYUTH JOHNOJHUTEIbHBIC IEPEMEHHBIE X4 U X5, TO MBI IIOJIYy4a€M PCUHICHUE HWCXOJHOM 3aJauu
Ha MaKCUMYM B 3'MepHOM IIpOCTPAHCTBC:

1
ONTUMAJIbHOE pelieHue (Touka MakcumyMa) x; = 0, x, = 3, x3 = >

1
MaKCUMaJIbHOE 3HAYeHUE PYHKIUH LEH frq, = 15 7

IIpumep 7. Pemuts cuminexc-merogom 3JII1
Xp+4x, +2x3 +x, =5
2x1 — X, +x3+2x,=4"
Jlannas 3amgada copMmynupoBaHa B 4-MEPHOM NPOCTPAHCTBE W HE SBISETCS KaHOHUYE-
ckoit 3JII1, mocKkoNbKY TIEpBOE OTPaHUYCHUE — HEPABEHCTBO. J[JIs1 TOTO, YTOOBI 3TO OrpaHUYCHUC
CTaJIO paBCHCTBOM, HYKXHO YMCHBIIUTH €T0 JICBYIO YaCTh Ha HCKOTOPYIO HCOTPHUUATCIBHYIO BC-
JUYUHY X5, KOTOpast OyJIeT Urpath pojb JOMOTHUTEIBHON epeMeHHoi. Torna cucremMa orpanu-

f(x) =3x; + x, + 2x3 + x, — min npn{ X = 0.

YEHUH MPUMET BU]L
X1 +4x, +2x3 +x4—x5=05
{le — Xy +x3+2x, =4
Oto orpannuenus kaHonnueckoit 3JII1 B 5-mepHOM mpoctpancTse. [lanee, kak B mpume-
pax 4 u 5, BBOJAMM JIOKHBIN 0a3uC U3 HyJel U mepenuceiBaeM GyHKImio nenn f(X) B BUIE ere
OJIHOTO JINHEHHOTO ypaBHEeHUS [ — 3X; + X, — 2x3 — x4 = O:

CB00.

Bas X1 Xy, X3 X4 Xxg | 1

0 +x1+4xz+2X3 +X4_XS=5
O + 2x1 - xz + X3 + ZX4 =4 - 0 1 4 2 1 _1 5
f_3x1 _x2_2x3 —x4 :O 0 2 —1 1 2 O 4
0

f 13 1 2 1 o

B cronbiie mepemMeHHON X, €IMHCTBEHHBIN MOJIOKUTEIBHBIN d1eMeHT 4. Ero BriOepem
reHepanbHbIM 351ieMeHToM MOKI:

T
B0O. BOO.
Bas. X1 Xo X3 X4 Xg 1 Bas. X1 O X3 X4 X5 1
« 0 |1 @® 2 1 1|5 MKM 4r, |1 1 2 1 1|5 _
—
-1 1 2 0] 4 0 9 1 6 9 -1]21
f -3 -1 -2 -1 0] O 4f |-11 1 -6 -3 -1 5
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BOO.
Bas. 1

4, |1 2 1 -1|5
0 |9 6 9 -1]21
4 |11 6 3 -1 5

B CTOJ'I6I_IC nepeMeHHoﬁ X1 €CThb JBa IIOJIOXKHUTCIBbHBIX YHUCIIa 1 u 9. X cuMmieKcHBIE OTHOIIIE-

5 21
HUA I n ? HanmenbmuM sgBIsICTCA BTOPOE€ OTHOLICHHUCE. B cooTBeTcTBHU ¢ 3THM 4HCIO 9 YKa-

3aHHOTO CTOJ'I6I_Ia MOXHO BBI6paTB T'CHCPAJIIbHBIM 3JIEMCHTOM M2JKU:

BOO. BOO.
bas. 1 0

4x, | 1 2 1 1|5 MKM 36x,| -1 12 0 8|24
« 0 /@ 6 9 1|21 = 9y |1 6 9 1|21

4f |-11 6 -3 -1| 5 36f |11 12 72 -20|276
BOO BOO

Bas X3 X4 x5 | 1 Eay X3 X4 x5 | 1

36x, |12 0 -8 24 — 9%, | 3 0 2| 6

9%, | 6 9 1|21 9%, | 6 9 1|21

36f | 12 72 -20(276 of 3 18 5|69
[Tockonbky Hyneil B 6a3uce OOJBIIE HET, TO MBI MIOJy4aeM HAayaJIbHOE HEOTPUIIATEIbHOE OIMOP-
HOE pelICHHE X = 2971 = g, X, = g = g, x3 =0, x4 =0, x5 = 0 u 3HaueHue GyHKIUU LETU

69 2
f= 5= 7 3 Ha Hem. B cTpoxke o1eHOK ecTh MoIoXuTeNbHbIe uncia 3 U 18, mosToMy 3HaueHue

GyHKIMY 1enu f MOXKHO YMEHBIIUTH, €CIIH BBHIOpaTh reHepanbHbid ameMeHT MOKU B cTonbue
HaJ{ OJTHUM M3 DTUX YHUCEIIL:

T

BOO. 1 BOO.

X3 Xz Xsg x3 9% xg || 1

bas.
9%, | 3 0 2|6 MKH 8lx, |27 0 -18]54
e o |6 @ 1|21 T o9, |6 1 1|21

of 3 18 -5 69 81f |81 -18 27243

BOO.
bas.

9%, | 3 0 2|6
ox, | 6 1 -1]21
of | 9 2 3|27

X3 9x1 Xsg 1

B cTpoke OLEHOK HET IOJIOKUTENBHBIX YHUCEII, ITOITOMY AAJIbHEWIEE YMEHBIICHUE 3HAYCHUS
GyHKIMY e f HEeBO3MOXKHO, T.€. KAHOHWYECKas 3a/1ada Ha MUHHMYM B 5-MEPHOM TPOCTpaH-

6 2
cTBe pemieHa. Ee onTtmmanbHOe pemieHue (Touka MUHHMyMa) Xx; = 0, x, = 5=3 X3 = 0,

217 27
X4 =5 =3, X5 = 0, a MEUHHMaJTbHOE 3HA4YeHHWE (QYHKIUU METH frnin = 5= 3. Ecim uckito-
YUTH JIONOJHUTENIbHYIO NIEPEMEHHYIO X5, TO MbI MOJTy4aeM peIIeHHe WCXOJHOM 3aJauu Ha MU-
HUMYM B 4-MEpHOM MPOCTPAHCTBE:

15



2 7
ONTUMAJIbHOE pelleHne (Touka MUHUMYMa) X, = 0, x, = 30 X3 = 0,x, = 3

MUHHMAaJIbHOE 3HaUCHHE QYHKIUU ETH frnin = 3.

SAJAYN U CAMOCTOATEJIBHOI'O PEIIEHNW A

Pemnts 3amady IMHEWHOrO IPOTPAMMHUPOBAHUS CUMILIEKC-METOIOM.

X1 +x, +x3 <2 B
f(x) =2x; + x, + x3 > max npu {2x; +2x, +x3 =2, x = 0.
x1+x2—X3=0

X1+ x, +x3 <2 3
f(X)=x;+2x, +x3 o>max mpu {x; +x,—x3=0 , x > 0.
2x1 +2x; +x3 =2

X1 +3x, =24

o5
2%, +x, 237 ¥ 20

x|

f(x) =2x; + x, + 3 > min npn{

X1+ 2x, +3x3 56
le+x3:3 ’

x|
\Y
ol

f(x) = x; + 3x, — x3 > max mnpu {

X1+ x, +x3 <2 :
f(X) = 2x;, + x, + x3 > max npu {2x1+x2+2x322, % > 0.
xl—x2+x3=0

X, +4x, =6

=3
X, +2x, 24" 2 0.

x|

f(x) = 2x; + 5x, » min npu {

f(x) = 2x; + 3x, + x3 > max npu {;;:_i_x;;; )_7_353 i 5 X2 0.
f(x) = 2x; + x3 > max npu {;;:_Fx;;_x;xf i 30 X2 0.

f(x) =3x; + 4x, — 1 > min npu {;;l-l__l_x;xzz i 5 x = 0.

f(x) = x; + x, + 2x3 - max mnpu {;;l-l__x;:_l_x;x:s i 3 x = 0.



