MaTtemaTtnyeckne metoabl
(MccneposaHue onepaunn, Metoabl onTuMmusaumnmn)
JIluHenHoe nporpammupoBaHue
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MOCTAHOBKA 3AJAYN JIMHEMHOIO
[MPOIr PAMMUPOBAHUA

1.1.1. @opMmEl 3aJa4H JJHHeHHOT 0 NPOrPAMMHPOB AHHSA.

B obmem e 3aJada JHHEHHOTO Iporpa: oBaHMA™ (B JaidpHeHImeM 3 MOJKET OBITH
chopMVIHPOEaHA KaK 33Ja9a HaX0KJEHHA HaHOOBIIEro 3Ha9eH A THHEHHOH QVHKIIHH

fx)=Y cx =cx (1.1)

Ha HekoTopoM MHokecTee D I R”, rae x I D yaOBIETEOPSIOT CHCTEME OTDaHHYEHHIA

a, X +a, %+..+a, X, <bh,
Gy, X +0yy X+t X, S

Ay X +Gp s x,4...+aM x,$b,, (1.2)
[ INRYE A8 1 TRPS 0 OO - B A =0pa,

Qo1 %)+ BpyyoXg et Ay o Xy =0

m4+ln’'n m+l

H, BO3MOJKHO. OTPaHHYIeHHAM
x120, x220...., x; =0..... X, =0. (1.3)

- * Hamoympng, 9TO HacTHEIE OPHMEDEL, CEO €CA K 33a7aue THHeHHOIO Mpo OBaHMA, OBLTH OMHCAHE! EQ
BE€IeHHH.
SAAAAAAAAAAANS



OrpaHun4yeHuns

* He ymanas obWHOCTU, MOXHO cuMTaTb, YTO B cucteme (1.2) nep Bble m
orpaHn4YeHnn ABNSTCS HepaBeHCTBaMM, a nocneaywwme —
l-ypaBHeHnaAMKU. O4eBNOHO, 3TOro BCerga MOXHO JODUTLCS 3a CYET
NPOCTOro rnepeynopsagovyeHmns orpaHUYeHnn.

« OTHOCKTENBLHO Harnpae NeHns 3Haka HepaBeHCTBa byaem npegnosnararh,
YTO NeBasi YaCTb MEHbLLE UM paBHa rnpaBon. [JobUTbLCs 3TOro MOXHO,
YMHOXMB Ha (-1) obe 4acTn Tex HEpPaBEHCTB, KOTOPLIE UMEIOT MPOTUBOMO-
FNTOXXHbIN 3HaK.

* OrpaHunyenmns (1.3), BoobLle roBops, MOryT 6biTb paCCMOTPEHbBI Kak
YacCTHbIN cry4dan orpaHnyYeHnin B opmMe HepaBEHCTB, HO B CUny ocoboun
CTPYKTYPbl X ODbIYHO BbIAENAKT OTAENBHO N HAa3bIBAlOT YCIIOBUAMMU
HeoTpuUaTesribHOCTU (MM TPMBUANbHBIMU OrPaHUYEHUSIMN).



YcnoBus 3agadv NMMHENHOro NporpaMmMmpoBaHuns

« Yacto ycnosusa 3agaym (1.1)-(1.3), cogepxallen orpaHUYeHns TonNbKO Tuna
HepaBeHCTB, ObIBaeT yaoOHO 3anncbiBaTb B COKpaLLEHHON MaTPUYHOMN
doopme

e f(x)=cx — extr, Ax<b,x20, (1.6)

* re Cc N X — BEKTOPbI N3 NpocTpaHcTBa R*n, b — BEKTOP N3 NPOCTPaHCTBA
R"m, a A — maTpuua pasmepHoOCT m X n.

« 3agavy NIMHEWHOro nporpamMmmmpoBaHus, 3anucaHHyo B goopme (1.1)-(1.3),
Ha3blBalOT OOLWen 3agavyen nMHeunHoro nporpammupoBaHua (O3J11N).

« Ecnu Bce orpaHnyeHuns B 3agavye JIMHENHOIO NMporpaMMmupoBaHus IBNAKOTCS
YPaBHEHUSIMU N HA BCE NEPEMEHHbIE X] HANOXEHbI YCI10 BUS
HEOTPULIATENBLHOCTU, TO OHA Ha3blBaeTCH 3ada4vYen NMUHENHOIO
nporpaMmMnpoBaHns B KaHOHNU4YeCcKon dopmMme, Ui KaHOHUYEeCKOU 3aada4vyen
nuHeunHoro nporpammupoBaHusa (K3J1I1).




OCHOBHbIE onpeaenexHns

B maTtpuyHon popme K3J1I1 MoKHO 3anucaTb B crieqyrowem Bmae:
[(x)=cx—>max, D={xeR"| Ax=b, x>0}. (1.7)
 [Nockonbky nobasa onTMuMmnsaunoHHas 3agadvya ogHO3Ha4YHO onpenensieTcy

ueneBou pyHkumeu f n obnactbro D, Ha KOTOPON OTLICKMBAETCA ONTUMYM
(makcumym), byaem obo3Havatb 3Ty 3agadvy napou (D, f).

* YCnoBuMCHA OTHOCUTENBLHO TEPMUHOMNOIMKN, KOTOPAaA UCMOSb3YEeTCA B
OanbHenLweM 1 aBrnsaeTcs obLWENPUHATON B TEOPUN NTIUHENHOTO
nporpaMmmMnpoBaHuUA.

e [lnanom 3J1I1 Ha3bIBaeTCA BCAKUN BEKTOP X U3 NpocTpaHcTBa R n.

e [lonycTUMbIM MnfiaHOM HasblBaeTcd Takown nnaH 311, KoTopbin
yaoBnetTBopsaeT orpaHnyeHmam (1.2)-(1.3). T. e. coaepxutca B oonactu D.
Cama obnactb D HasbiBaeTcs npu 3TOM 06nacTb AONYCTUMbIX MITAHOB.




OCHOBHbIE onpeaenexHns

e OnTUManbHbIM NfaHOM X* Ha3biBaeTCsl Takou AONYCTUMbIN
nriaH, Npu KOTopom uenesasd PyHKUNUA OoCTUraeT onTuManbHOro
(B HaweMm cnyvyae — MakCUManbHOro) 3HayeHus, T. €. NnaH,
yOOBMETBOPSAIOLLNA YCNOBUIO

max f(x) = f(x*).
* BenunuuHa f* =f(x*) Ha3bIBaeTCA oNTUManNbHbIM 3HAa4YeHNEM
LerieBou PyHKUUM.

* PeweHnem 3agayvn HasbiBaeTcs napa (x*, f*), coctosawan ms
ONTUMAasibHOro nrfiaHa u oNTUMaribHOro 3Ha4eHusA ueneBoun
doyHKLMM, a NpoLECC peLLUEeHNs 3aKiovaeTCcsa B OTbICKaHUN

MHO>XECTBa BCEX PELLUEHU



[lepexon kK kaHoHU4Yeckon dpopme 3J1M

* OrpaHNYEeHNsA B BUOE HEPABEHCTB NpeobpasyoTcs B
ypaBHEHUS 3a cyeT AobaBneHnss PUKTUBHBLIX
HeoTpuLUaTenbHbIX NEPeMeEHHbIX Xi, (i€1:m), KOoTopble
OAHOBPEMEHHO BXOAAT B LeneByto PyHKLUIO C

KoadodunymeHTom O, T. €. He OKa3bIBaloOT BNUSHUSA Ha ee
3HA4YeHMue;

* NepeMeHHble, Ha KOTOpble HEe HanoXeHo ycrioBue
HeoTpuLUaTeNbHOCTN, NPeacTaBnsalTCa B BUAE pasHOCTH
[BYX HOBbIX HEOTPULATENTbHbIX NEPEMEHHbIX

B



[Tpumep

[TponnnocTprupyem NnpMMeHEHNE ONMNCaHHbIX BbiLLE PEKOMEHOALNI
Ha npumepe. ycTb 3agaHa 3agadvya NMHENHOro NpPorpaMmmMnpoBaHuns
(D, f) B 00Lwwen dpopme ¢ ueneson yHKLNEN

f(x) = 5x1 + 3x2 + x3 + 2x4 -2x5 — max

N MHOXECTBOM OONYCTUMbIX nnaHoB D, onpeneneHHbIM CUCTEMON
YypaBHEHUN N HEPABEHCTB

2x; +4x; + 5x3 =7.
- 3x2 +4x3 —OSxs—4xs <2
3x; - 3x3 +6xs—2xs <4,

x1= 0, x3 =0.




KaHoHun4eckasa dpopma 3J1I'

Torga E COOTBEICTEHH QAON CQOB&XQ%QOB&HHBD\IH ggasmal\m angmmaneHrHax KAaHOHHYECKaA
3agada oyger myets e (D), rze:

f'(x') =5x, +3%, 3%, +x, +2%, -2X, -2%; +2%; +0x; +0x; - max,
a MHOKecTBO D' ompegeneno Kak:
2x, +4%, —4%, +5x, =1,
-3%, +3X, +4x, -5%, +5X, —4%, +4x, +x, =2,
3x, -5x, +6X, —6X, 2%, +2x,  +x; =4,
%20, %20, %20, x,20, %,20, X,20, 5,20, X, >0,
x20;:x20.

m 3aMEeTHTb, 49T0 «ILJIATOH» 3da IIEpEX0od OT 06[[18171 QOBMIBI 3aJa"TH JTHHEHHOTO

(S) OBAHHA K KAHOHHYECKOH ABIAeTICA POCT €€ PA3MEPHOCTH. 9YTO. IIDH IIPDOYHX DABHBIX

I VCIOBHAX. ABJIACTCA TOPOM. VCIORHAKOIIHM TTPOLECC PEIICHHA.



OCHOBHbIE CBOWNCTBA 3/1M U EE NMEPBAA
[EOMETPUHECKAA NHTEPTNPETALNA

OCHOBHbIE MOHATUA JIMHEUHOW anNredpbl U BbINYK JIOro aHanumsa,
NpUMeHsieMble B TEOPUU MaTEMATUYECKOro NporpaMmmMupoBaHuUs

JIlnHenHoe (BewecTBEHHOE) NPOCTPAHCTBO

MHO>XECTBO HEKOTOPLIX 3NEMEHTOB (MMEHYEMbIX BEKTOPA MU UK
TOYKaMW), NS KOTOPbIX 3adaHbl ornepauuy CroXeHUsa 1 YMHOXEHUS Ha
BeLLeCTBEHHOE YMCIIO (CcKanap), NpuyeM afieMeHThI, SBMAILWNecH
pe3yrnsTaTtoM BbIMOSIHEHUA onepaLun, Takke B COOT BETCTBUM C
onpeneneHnemM OOSTKHbI NpMHaaneXaTtb UCXoOQHOMY MPO CTPAHCTBY.

YHacTHbIMKU cnydaaMn NMMHEUHbLIX NPOCTPAHCTB ABNAKOTCA Bellle
CTBEHHad npamagd, NII0CKOCTb, rEOMETPUYECKOE TPEXMEPHOE NPOo
CTPAHCTBO




OCHOBHbIE MOHATUSA JIMHENHOW anredpbl

Ko3dbduuneHTaMH A1, A2, Am.
9

CucreMa BeKTOpPOE JHMHEHHOIO NPOCTPaHCTEA al a*..... @™ HaA3BIBACTCA TUHEIIHO 3Q8ICIMOIL,

TN

€CTH CYIIECTBVIOT TaKHe 9HCIA Aj. Ay An HE PaBHEIE OJHOBDEMEHHO HVIIIO, 9TO HX JIHHEHHad
' 3, o WVAAAAAS  SAAAS
KOMOHHaIma Aia’ + haa® + ...+ Ama®™ PaBHAETCA HYIEBOMY BEKTOPY (BEKTOpPY. BCE KOMIIOHEHTEI

KOTOpOro paBHEI HYIO). B IpoTHEHOM ciIygae CHCTEMY a. a..... @™ Has3BIBAKOT TUHEIHO

?-IQ.S’(IBHCILWOl‘i= T. €. JJHHeHHad KOMGKH&HHH SJaHHBIX BEKTOPDOE MOJKET OBITH PAEHA HVJICBOMY

WVWAAAAAAAAAAAAANNY  VWAANAAAAAAAAAAAANANAANANA

BEKTOpPY TOJIBKO ITPH HY/IEBBIX Ko3hdHuIuenTax A1, A2, ..., Am

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

HC3ABHCHMVEO CHCTCMY E JdaHHOM JTHHEHHOM IIDOCTPAHCTEC. HA3BIBAKOT DA3VMEPDHOCTIbIO
SARAAAAAAAAANA, WVWAAAAAAAAAAAAAAN WWAAAAAAAAAAAAAAAN

npocmpascmsa. a JTFOOVIO CHCTCEMY JHHEHHO HEe3aBHCHMBIX BEKTOPDOE B KO/JHYECTEC. DABHOM

Pa3MCPDHOCTH. — baziicoM npocmpascmeq.

JInneiHOE MPOCTPaHCTEO OOBITHO 0003HAYAKOT KaK R”, rae 77 — €ro pasMepHOCTE.

Jr000e NOOMHOKECTEO JaHHOIO JHHEHHOTO IIPOCTPAHCTIBAa. KOTOpOEe CaMo 00jJagaer
CBOMCTEAMH JHHEHHOIO IPOCTPAHCTEA, HA3BIBACTCHA . JUHElHbLM nodngocmgaucmeo.w.




OCHOBHbIE MOHATUSA JIMHENHOW anredpbl
Ecou R&CCM&:EBHB&CTCX HCKOTOROC THHEeHHOoe m Rn, m SEBHH%!C}KQIIIHC m

acbdHUHHEIE MHOXKECTBA pa3MEpHOCTH | HAa3BIBAIOTCA NpAMBLMI, a pasMepHocTH (n-1)—
cunepniockocmavu. Tak, 0OBITHAA IJIOCKOCTL ABIAETCA THIIEPILIOCKOCTBIO A14 TPEXMEPHOTO
reOMeTPHIECKOTr 0 IPOCTpaHCcTEa R 3 a IpAMad — THIEPILIOCKOCTEIO 1A INIOCKOCTH R, Besakas
THIIEPIVIOCKOCTE JeTHT JJHHEHHOE IPOCTPAHCTEO Ha JBA NOIVIPDOCIPAHCINEQ.

Msuoxecteo V BEKTOPOB (To9exk) MMHEeHHOoro IIPOCTPaHCTEa R" Ha3BIBAETCA EbINVKTILLY, ECIIH

e ~ ~r =
OHO COZEpPIKHT OTPez0K NPAMOMH. coe mefl JBe ero TOORIC TOTKH, MU, ADVIIME CTOBANIL
ustoro. 9ro a IVu bIV , cieaver. atox=(1- A)xa+ AxDIV rge 0 A=< 1.
JIuHeliHag KOMOMHAIHA

> ha

iwl

BEKTOPOB a.a... q™ Ha3bIBaeTCA guinyKIolL, ecmu A: =0, iIlom

$'a, =1,

i=l



OCHOBHbIE MOHATUSA JIMHENHOW anredpbl

* MHOXeCTBO, coagepkallee Bce BO3MOXHbIE BbIMyKIible KOMOUHaLUUn
TOYEK HEKOTOPOro MHoXecTBa M, Ha3bIBakOT BbIMYKI1OM
oboro4ykou gaHHoro MHoxectBa. MoXHO nokasaTb, YTO BbiNyKnas
obonoyka MHoXecTBa M saBnsgeTca HaMMeHbLLMM BbIMYKI1bIM

MHOXECTBOM, CO Aepxawimm M.

* To4Kka Vv BbINYKNOro MHOXecTBa V Ha3blBaeTCs ero yrrnosou
(KpanHen) TO4KOU, ECN OHa He ABMHAETCA BHYTPEHHEN TOYKOWU HU
019 KaKoro oTpeska, KOHLbl KOTOPOro npuHaanexar MHOXeCTBY V.
YrnoBble TOYKM BbIMYKNOro MHOrorpaHHMKa siBrnsOTCA ero
BepLUMHaMM, a caM OH — BbINYKIION 060/T04YKON CBOUX BEPLUUH.



[lepBasg reomeTpuyeckada nHtepnpetauma 3J1N wn
roadony4eckn MeToq peLleHund

PaccmoTtpum cneaywowmn npumep. Ilycte gaHa 3agada
MaKcumMmusaunum nMHenHon ueneson yHKL N

f(x)= x1 + 3x2 — max
Ha MHOXECTBE

| X, - X, <2,
X, <3,




[lepBasg reomeTpuyeckada nHtepnpetauma 3J1N wn

roadony4eckn MeToq peLleHund

 Tak KaK KOJIMYECTBO NEepEMEHHbIX B HEpaBEeHCTBaX, 3a0a0LLNX

obnacTb AONYCTUMbIX NS1aHOB 33434y, paBHO ABYM, TO €e MOXXHO
N300pa3nuTb Ha KOOpPAUHATHOMW MNJIOCKOCTM.

* Ha puc. 1.1 nokaszaHo, 4TO Kakaoe HepaBeHCTBO onpepensier
HEeKOTOpYyI nonynrnockoctb. CooTBeTCcTBYHOLWME ObnacTu ons
KaXgoro orpaHn4yeHusi otMmeydyeHbl WwWtpuxamu. [epeceyveHue D
OAaHHbIX NONYMNIOCKOCTEN (T. €. MHOXECTBO TOYEK, KOTopble
OOHOBPEMEHHO NpuHaanexar KaXXgou ux HUX) asnsaercsa
obnacTbL AonycTUMbIX NraHoB 3aaa4vn. [loBegeHmne Lenesou
dyHKkumm f(x) = x1 + 3x2 B pamkax gByMepHOU UNNOCTPpaLnUn MOXET
ObITb OXapakTepn3oBaHO C MOMOLLLIO JIMHUU YPOBHEN




[lepBasg reomeTpuyeckada nHtepnpetauma 3J1N wn
roadony4eckn MeToq peLleHund

* HanoMHMM, 4TO SIMHUEN YPOBHA DYHKLINK HA3bIBAETCH
MHOXECTBO TOYEK N3 ee obracTu onpeaeneHusi, B KOTOpbIX
bYHKLMA NPUHUMAET OAHO U TO K& DUKCUPOBAHHOE
3HayeHue. NpapueHTom dpyHKUMM f(X) Ha3bIBaeTCA BEKTOD,
yKasblBaloLWni HanpaerneHne Hanbornee BbICTPOro
BO3pacTaHusa OYHKLIMW U OPUEHTUPOBAHHbIN
NepneHavKynapHO NUHUAM YPOBHA ¢ =V(cx, +¢,x,)=(c,,¢,)

« [Ina nuHenHon pyHKUMN OBYX NepeMeHHbIX NMTIMHUA YPOBHS
npen crtaBnaeT cobon NpaAmyto, NneprneHanKyrnapHyro

BEKTOPY C, KOTOPbIU Ciiﬁi i Fiail/leHTOM OAaHHOWN oYHKUUN.




[lepBasg reomeTpuyeckada nHtepnpetauma 3J1N wn
roadony4eckn MeToq peLleHund

%* 1
X C




BbiBOObI

* C reoMeTpnyecKkon TOYKMN 3pEHNS 3ada4a MakCMMmM3auumm cBoANTCS K
onpeperieHN0 Takou To4Ykn obrnactu D, yepe3 KOTOpyro NpoOXoauT
FIVHNA YPOBHSA, COOTBETCTBYHOLLAA HaNbonbLWeMy U3 BO3MOXHbIX
3HaYeHuu

* 1. [NoCcTpOnUTb NNHMIO YPOBHA OANA HEKOTOPOro NPOU3BOSILHOIO
3HayeHusa ueneson yHKLUUN.

« 2. OcywecTBnsATL €e napannenbHoe nepeasmxeHne (Tak, 4yTodbl oHa
ocTaBaracb neprneHauKyrnapHoOW BEKTOPY C) 4O TeX rnop, noka He
OOCTUrHEM TakKoW TOYKM obracTn gonycTuMblx nnaHoB D, n3 kotopoun
CMeLLEHMNE B HarnpaBreHnn BeKTopa ¢ ObIno 66l HEBO3MOXHO.

 Takon meToZ peLueHnst nony4ynn Ha3BaHue rpacnyeckKoro



HacTHble cnydan

.x2

IB - ]
T % e T ®)

> X,

a) PyHKUMA He orpaHu4yeHa; 6) 0eCKOHEYHO MHOIMo peLleHumn



[lpumeHeHune rpadmnyeckoro Metoaa

* HecmMoOTpA Ha CBOK OYEBUAHYHO OrPaHUYEHHOCTD,
rpadoundeckun metop pewenns 3J1IN yacTto okasbiBaeTcs
norne3HbIM. B 4yacTHOCTU, OH MOXeT ObITb MPUMEHEH He
TONbKO K 3agadYam ¢ ABYyMSA NepeMeHHbIMU
OrpaHN4YeHnaAMmn B BUOE HEPABEHCTB, HO N K KAHOHUYECKUM
3agavyam Bmga (1.7), y kotopbiXx n-m =2, rae n —
KOJINYEeCTBO NepeMeHHbIX, a m — paHr maTpuubl A.

 [lencTBNTENBHO, MOXHO BbIOpaTh ABE NMPOU3BOSIbHbIE

nepemMeHHble Xj1,Xj2 U, UCNosib3ysi CUCTEMY YpaBHEHUMN,
BbIPa3nTb Yepes3 HUX ocTalrbHble NepeMeHHble



OCHOBHblE TEOPEMBI JIMHEMHOIO NPOrpaMMmMpPOBaHUS
(QoKasaTenbcTBa B y4ebHUKE)

e Teopema 1.1. Ecnun uenesaga pyHKUna f npuHUMaeT
MaKcuMasribHoe 3Ha4yeHne B HEKOTOPOU TOYKE MHOXECTBA
OonycTumMblX nnaHos D, To oHa NnpuHMMaeT 3TO 3HaYeHue
N B HEKOTOPOMW YIrIOBOW TOYKE AaHHOro MHOXECTBaA.

e Teopema 1.2. Ecnu uenesas pyHKkums f npuHUMaeT
MaKcumMalnbHOe 3Ha4yeHne B HECKOMNbKUX TOYKaX
MHoOXecTBa D, To oHa NnpUHMMAaET 3TO Xe 3Ha4YeHne B
noboun ToUKe, ABMAILWENCA UX BbIMYKITON KOMOUHaUMen.

RS-



BAS/CHbIE PELWWEHWNA N1 BTOPAA

[EOMETPNYECKAA MHTEPMNPETAUWNA 31T
BekTopHasa cpopma 3anucu K3JII

*Kanonnueckas 3N f(x)=cx—>max, D={xeR"| Ax=b, x>0} .
*OB03HaunM Yepes aj ctonbubl matpuubl A n byaem
paccmMaTpuBaTtb UX KaK BEKTOPbI NpocTpaHcTBa R *m. Toraa

Kaxgomy gonyctumomy nnaHy K3J1I'T — n-mepHOMY BEKTOPY X
— COOTBETCTBYET HeoTpuuaTenbHasa nMMHenHasa KoMoMHauUus

CcTONOLUOB aj, paBHas ctonouy b R *m:

wd +x,0° +.4x0"=b, 20, ielin.  (1.14)
*Takoe npeacrtasneHne orpanmnyeHnm K3J1IN obbI4HO

Ha3blBAlOT BEKTOPHOU (DODMOM_2ALIUCUN

-KTODRH QU




BekTopHasa 3anunchb

BekTopbl aj, j € n byaem HasblBaTb A

BeKTopamu TpeboBaHun 3agaum (D,
f), a BEKTOp b — BeKTOpOM
orpaHu4yeHnn. MHOXeCTBO BCEX
HeoTpuLuaTeNbHbIX NMMHENHBIX
KOMOMHaUU cTonbuos aj C
reEOMETPUYECKOU TOYKN 3PEHUA MOXKET
ObITb NpeacTaBneHo Kak MHOrorpaHHbIn
BbINYKNbIA KOHYC, HATAHYTLIN Ha
CUCTEMY BEKTOPOB aj B NPOCTpaHCTBE
R m




BekTtopHaga 3anmcb. Camoe BaxHoe

» COOTBETCTBEHHO, BOMPOC O CYLLEeCTBOBaHUN
ponyctumoro nnada 3agaym (D, f) paBHo3Ha4yeH Bonpocy
O NPUHaANeXXHOCTU BeKTopa b naHHOMY KOHYCY, a
KOMMOHEHTLI X] HEKOTOPOro 4onycTUMoro nnaHa xeD
SABMAOTCA HE YEM UHbIM, KakK Ko3dhdUuLmeHTaMmu
pa3noXxeHUsa BEKTOpa orpaHnyYeHun sagaduv b no
BEKTOpaM TpeboBaHUM aj.

» Takoe npeacrtasneHne K3J1 nony4ynno Ha3BaHNE BTOPOWU
reoMmeTpn4yeckou UHTepnpeTauuu.




basnc n paamepHOCTb NPOCTPAHCTBA PeLLEHNN

* B nanbHenwem 6e3 orpaHn4YeHna obLLHOCTM MOXEM rnpearnosaraThb,
4YTO YMCNO YpaBHEHUN, 3agaroLWnX MHOXecTBO D, MeHbLle unu
paBHO YMCNy NepeMeHHbIX 3agayum (m < n). lenctemutenbHo, ecnu
9TO He TakK, To NMbo cuctema ypaBHeHMN AX = b HecoBMeCTHa (W,
3Ha4uT, MHOXeCTBO D nycToe), nnbo coaepXnT n3dbITOYHbIE (JIMHEWHO
3aBUCUMbIE) YPaBHEHMS.

« Ecnun HekoTopble U3 ctonbuos aj1 ,aj2 ,...,ajm maTpuubl A ABMAKOTCS
NIMHENHO HE3aBUCUMbLIMUN, TO OHU OOpa3yroT Da3uc B NpoCcTpaHCcTBe
Rm, n nx, BoobLie roBops, oyaeT oocTaToOuHO AJA NpeacTaBneHus
BeKTopa b_B Buae nMHeMHon KOMOMHaUMU YKa3aHHbIX CTONOLIOB.
OTO 0O3HayYaeT, YTO ocTallbHble CTONOLLI BONMAYT B JaHHOE Pa3fioXeHune
C HyneBbiMU KOS PULIMEHTAMM.




basuncHbi nnaH. OnpegeneHue

 [lycTb 3agaHa HekoTopas kaHoHu4yeckas 3J1IM1 (D,f), A —maTtpuua
CUCTEMbI OrpaHnvyeHun 3agaum, n = {aj1, aj2,..., am} —nNMUHENHO
He3aBMcumasi cuctema ctonouos matpuubl A, obpasyroliasa basmc
Rm. O60o3Ha4YMmMm MHOXXE CTBO HOMEPOB CTOMBOLOB, BXOAALLMX B
cuctemy b, yepes N (B) = {j1, j2,..., jm}. [lnaH X Ha3bIBaeTCcH
6a3ucHbIM nnaHom 3apaym (D,f), ecnu ero KOMNOHEHTHI,
COOTBETCTBYHOLIMNE DAa3UCHbLIM cTONOLIAM N Ha3blBaeMble
0a3nCHbLIMU KOMMNOHEeHTaMu,00nbLlle UNn paBHbl HYNKO (xj 2 0,
N (B)}, a Bce ocTanbHbI€ KOMMNOHEHTbI (HEOa3UCHbIE) — paBHbI
Hynto (xj =0, j N (B)).

* basucHbIN NNaH X Ha3biBaeTCA HEBbLIPOXOEHHbIM, €CITN BCE €ro

0a3vcHble KOMAOHEHTEECTPOTOIMONC jibHbl, 1 Bbl POXXOEHHbIM B




CeounctBa 6a3ncHbIX NnaHoOB

» Teopema 1.3. Kaxabln gonycTumMbi Oa3nCHbIN NaH ABNAETCS
YrnoBOW TOYKOU MHOXeCTBa 4OMNYyCTUMbIX nnaHoB D.

* 1 obpaTHoe: ecnn X — yrnoBas To4ka MHoXecTBa D, To OHa
ABNSAETCS OoNyCTUMbIM 6a3ucHbIM nnaHom 3agaydn (D, f).

* 3Ha4YeHne yCTaHOBNEHHOWN CBA3N MeXay YrNoBbIMU TOYKaMMN U
O0NYCTUMbIMWN Oa3NUCHLIMWU PELLEHNAMN. OHa No3BonseT
dopmanumsoBatb (M TeM cCaMbIM CYLLECTBEHHO YNPOCTUTD)
npouecc nepexona otr 04HOU YrroBON TOYKU K OPYroun.



NOEA N AITTOPUTM CUMITTIEKC-METOLA
(be3 gokasaTenbCcTBa)



OCHOBHbIE 3aTanbl cCUMNNeKc-meToaa

* icxoaoa n3 cBOUCTB JNIMHEMHbIX 3KCTpeMarbHbIX 3a4a4, PaCCMOTPEHHLIX B
npeabiayLmx naparpadgax, MOXXHO 3aKio4YnTb, YTO HA NpUHUMUNNANbLHOM
YPOBHE NMOUCK UX peLleHUn CBOOAUTCSA K nocriegoBaTefibHOMY
nepedopy yrnoBbIX TOYEK MHOXeCTBa AO0NYCTUMbIX NMAHOB UMK, YTO
TO Xe caMoe, nepedbopy COOTBETCTBYHOLUIUX AONYCTUMbIX ODAa3UCHbIX
NJaHoB.

« Cnenyet nogyepkHyTb, YTO Takou nepedop Ana peanbHbIX
MHOIOMepHbIX 3aa4 BO3MOXEH TOSIbKO B TeOPeTUYeCKOM MNfiaHe U Ha
NpakTuKe HeoCyLeCcTBUM (U KpanHe HEIOdEKTUBEH) aaxe npu
YCITOBUU UCMNOMNb30BaHNSA MOLLIHOW BbIYUCNUTENBLHON TEXHMKU. CpeacTBOM

pelleHna gaHHoM npobnemMbl ABUNCL NPUKNagHble onTUMU3aLUUOHHbIE

MeTOoAbl, OCHOBaHHbIE Ha NocnegoBaTefibHOM, LeneHanpasneHHOM

nepebope 6a3nCHbIX




Cumnekc-meTton

« Knaccunyeckum metoaom pewueHus 3J1T1
cTan cumnnekc-mertopn, NonyymBLLNU
TaKXXe B nutepaType Ha3BaHMe MeToga
nocnenoBaTtenbHOro yrnydleHus nnaHa,
pa3paboTaHHbIn B 1947T. aMepunKaHCKUM
MaTtemaTtukom xopaxem OaHumurom.

* /lnes Takoro nepexona oT oAHOro
©a3uCHOro nnaHa K opyromy, rnpu
KOTOPOM MNPOUCXOOAUT «yny4dLlEeHUeE»
3Ha4YeHus ueneson PyHKUUN, MOXET ObITb
npoaeMOHCTPUpoOBaHa Angd cnydyasa m = 2




Bbibop 6a3mncHoro nnaHa

« Ecnu BeKTOp orpaHnyeHnn b npnHagnexuT KOHYCY, HaTAHYTOMY Ha HEKOTOpble
OBa ba3ncHbIX BekTopa ycrnosun {aj1,aj2}, To cywiecTByeT Takon 6a3nCHbIN
nnaH X ¢ 6a3ancHbIMMN KOMNOHeHTaMM Xj1, Xj2, 4To
b= xj1*aj1 + xj2*aj2 . PazymeeTcsl, makux rnjaHoe Mmoxxem 6bimb HECKOJILKO
8 3asucuMocmu om 8bibopa cucmemMbl 6a3UCHbLIX 8EKMOPO8S.

* UT0bbI pasnuyaTtb UX N0 COOTBETCTBYIO LWWEW BENNYNHE LeneBon yHKLNN
f(x)=cj1xj1 +Cj2xj2, BBOOATCS TaK Ha3blBaeMble pacCLUMPEHHbIE BEKTOPbLI YCIOBUN
N orpaHNyYeHnmn
a' =(c,ad)=(c, a;, ay,,..., a,;), (1.18)
* B obuiem criyvyae paclimpeHHbIn cTornbel, yCnoBun aj nosiyvyaeTcs
coeanHeHnem KoadppuumeHTa ueneson pyHkUMKM cj n ctonbua a

5=(0, by, by, ..., b,) - - (1.19)



PacLunpeHHbIN BEKTOP

* PaccMmoTpuM Takke BEKTOP

5=xf15f1 +xj25f2 +...+xjm5f'“, (1,20)

* [eomeTpuyecKkn onpeaeneHme BeKkTopa b o3Ha4yaerT, 4YTo
OH NPUHAANEeXUT KOHYCY, HAaTAHYTOMY Ha
pacllupeHHble BEKTOPbI, @ BEKTOP CITYXMUT ero

npoekuven. Hynesasa koopanHarta BeKTopa b nmeet BUA:

bo=x; 0y + X0, +...+X; Qo ; =

'—")910]1 +’§’20j2 b +)9mcjm=ﬂx)’ ( 1.21 )



[ eomMmeTpuyeckas nHTepnpeTayms

* /13 reomeTpuryeckon nnsocTpauum creqyer, 4To
Ons peleHna 3agadm Mbl AOIMKHbI cpeaun
BEKTOPOB aj BbiopaTb Takon Habop {aj1,aj2},
4yTOOLI, NpsiMas, NpoBeAeHHAs Yepes3 KoHeL
BEKTOpaA naparsiesibHO OCu annnukaT, nepecekana
KOHYC, HaTAAHYTbIN Ha CUCTEeMY
COOTBETCTBYHLUNX paClUMPEHHbIX CTONOLOB
{ aj1, aj2}, B «<HanBbICLLUEN» TOUKE.

* Ha puc. 1.4 BblgeneH KOHYC, HaTAHYTbIN Ha
CUCTEMY pacCLUNPEH HbIX CTONOLOB a2 1 a3,
OTBeYaloLLMX TEKYLLEMY OOMYyCTUMOMY Dasuncy.
HeTpyOHO 3aMETUTL, YTO AaHHbIN 6a3nc He
SIBMAETCA onTUMarbHbIM, HAnpumep, anga 6asunca

{a3, a4} =

STCTBYIOLIEro KoHyca U npsiMou 6yaet

HaXOOUTBLCS BblLUe.




Obuwaa nagea cuMmnnekc-mertoaa

« O6LWan nagesa KpuTepus, KOTOPbIA NCMNOSb3YEeTCA B CUMIMIIEKC-
MeToae Ans onpeaeneHns onTumManbHOCTU (MK
HEeoNnTUManbHOCTWN) TEKYLLIEro NfiaHa: ecriv CyLecTBYIOT
BEKTOPbI-CTONOLbI, fiIeXxaliue Bbille NOCKOCTH,
npoxoasiLien Yepes BeKTOpPbl TeKyLlero 6asmca, To oH He
SIBNSieTCA ONTUMANbHbLIM U MOXET ObITb «yny4LleH».

* C BblYNCIIUTENBHON TOYKN 3PEHNA KPUTEPUN ONTUMASTbHOCTU
B CUMMJIEKC-METOoAe pearnnsyeTcd Yepes HaxoxaeHue
cneunanbHbIX OLUEHOK AN Heba3nCHbIX BEKTOPOB-CTOMNOLOB,
OTHOCUTENbHO TeKyLllero basunca.



O0bo3Ha4YeHud

« Habop 6asncHbIX cToNbLUoB, NonyvyaemMolx Ha d-u
nTepauun, oyget obosHavaTbcs Kak 3(q):

B(q) ={a" a2, am}. - (1.22)
* Homepa cTonbuos, Bxoasawmx B 6a3mc, o06o3HaumMm yepes
N(B(q)) NBY={jys s} - (1.23)

» Torga Tekywmnm 6asncHbIN NaH X UMeeT BUA;:

x=(x,%,,..., x,), rne x,=0 mﬂjeN(B(“’).



O0bo3Ha4YeHud

ObosHaunm 4epe3 A(R(g)) maTpuuy, COCTaBEHHYO U3
ctonouos {aj1, aj2,..., ajm}, obpa3yrowmx 6asuc, yepes A
(3(q)) maTtpuLly, 0OpasoBaHHYK U3 COOTBETCTBYIOLLIMX
pacLUMpPEHHbIX CTONOLIOB N AONONHEHHYIO crieBa CTOSIOLIOM
cneumanbHOro Bnaa:.

—11 C. .
Ll G G - Cim
A@D)<| O 1B Ap - G, -
iy 8 4 F (1.24)
| .
f
K 0 | A 1) a’”vi? G Im

a Jyepe3 A-1(B(q))=u=A=tB(ap; =aMaIDNLIbI, OOpaTHbIE MO

| B} A




BbiBOAObI

 HyneBas cTtpoka gaHHou maTtpuubl a0(B(q)) coaepXnT KoopauHaThbI
pacLUMpEeHHbIX BEKTOPOB YCrioBMUK no ocu annnukaTt. CorfiacHo NocTpoeHuto,
3fIEMEHTbI JAaHHON CTPOKN MMEIDT CrieayoLme 3HaKu

e a0.j (B(d)) <0 — ons paclMpEeHHbIX BEKTOPOB YCNOBUM, PAcNONIOXEHHbIX
BblLUE NJIOCKOCTU, HATAHYTOW HAa CUCTEMY pPacLUUPEHHbIX 0a3UCHbIX
BEKTOPOB; // B anroputmMe peLieHus uaeTt nNonck oTpuuaTenbHbIX
CUMMJIEKC-KOMMOHEHT

« a0,j (B(q)) = 0 — ans pacwmnpeHHbIX BasNCHbIX BEKTOPOB.

« [logBoaa utor ckazaHHOMY, CPOPMYINMPYEM KPpUTEPUU ONTUMATIbHOCTU
OonycTUMoro 6asmcHoro nriaHa B CUMMIIeKC-MeToe:

° MJiaH ABnfAeTCcHA onTUManbHbIM, ecnu anga Bcex je1: n a0,j (B(q)) 20, n
HeonTMMarnbHbIM B NPOTUBHOM Clly4yae




Noea cumnnekc-metoaa ¢ y4eToMm 0003Ha4YeHNN

* 1. Bblbop TekyLiero 6asuca.

« 2. B cnyyae HeonTuManbHOCTU TekyLllero 6basuca B anroputme
CUMMNEKC-METoAA OCYLLECTBNAETCS Nepexo K cneayrowemy
6a3uncy. 3To genaeTcs 3a CYET BbiBOAA ogHOro cronodbua na 6asunca

1 BBOAA OpYroro.

« 3. [1na BBOAa HOBOro cronbua B 6asnc pekomeHayeTcs BbibmnpaTth
cTonbey, MMeLNN MaKCUManNbHYI MO MOAYMIO OLIEHKY.
4. BblBoOMTCS cTONGEL C OUEHKaMMU b(B“”)

* 5. KOMNOHEHT bO(B( )) B COOTBETCTBUU C MOCTPOEHUEM COAEPKUT
3Ha4YeHVEe LIENSBOMMYHKHRIEEROCIMIASMAE €10 Ha TEKYLLIEM




ANropuTtM cuMnnekc-metToaa

« 0-aTan. HaxoxaeHne gonyctumoro 6asmMcHOro nnaHa

o |-aTan. CtaHgapTHaga ntepauust anroputma —
BbIMOMHAETCA Anda ovyepegHoro 6a3ncHoOro nnaHa
[TpoBepka onTMManbHOCTU TEKYLLLEro 6asncHOro nnaHa.

o ||-aTan. Ecnu ecTb oTpuuaTernbHble OUEHKU - Ba3nc He
onTUMarneH, BbiIoMpaemM MakcumarnbHYy no MOAYSIto
OLIEHKY.

* |lI-oatan. OnpeneneHne ctonbua, BbIBOAMMOIro U3 dbasuca.

[TlepecyeT anemeHTOB MaTpuubl A n ctondua b
OTHOCUTENbHO HOBOIO Hba3uca.




[lpumep pelleHna 3agadm CUMNIeKc-MeToaom
f(x) =50x,~ 10x,+ 6x,+40x,— 30x,— max, (1.34)

X, +x, +3x.=12,
9%, +x,  +3x=14, ~ (1.35)
=2x,  +3x, —4x,=17, '

x,20, x,>0, x>0, x,>0, x>0 }.

« Kak BugHo, cton6bubl maTpuubl ¢ Homepamu {5, 2, 3} ABNAOTCA NIMHEUHO
He3aBUCUMbIMU. I MOXXHO NONYy4YnUTb pasnoXeHue rno gaH HeiM ctonouam
BEKTOpa OrpaHnNYeHnin ¢ NONOXNTENbHLIMU KO3 duUneHTamu.

* [NlocnegHee o3Havaert, 4To cTonoubl {5, 2, 3} oO6pa3yrT AONYCTUMbIW
6a3unc, c KOTOPOro MOXXHO Ha4yaTb pelleHue 3aaaymn.



[lpumep pelleHna 3agadm CUMNIeKc-MeToaom

N3 ctonbuoB, BxogsLmx B 6a3nc, ¢ y4eTOM HyneBbIX

anemeHToB popmupyetca matpuua A(B(1)) n obpatHas no
OTHOLeHUO K Hen A-1(B(1)):

-1]-30 -10 6 S [-11-10 -10 2

< 073 0 0| -, . | 011/3 0 0
My _ E s A—l My _ 1 | |
AB™) o o 1 of (B™) of 0 1 o
0! 0 0 3 0, 0 0 1/3




[lpumep pelleHna 3agadm CUMNIeKc-MeToaom

=Li=80 =10, ] -11-10 10 2 e 10, ] o) [
A(RW 0 3 00 = _1/al) _61?1753—--—6—--m(—) B(E)=A"(8")xb = 0E1/3 0 0 5 12 i 4
A(‘”-0:0 IO'A(B)=0:0 1 ol 0 0 I O0f (14 14
: : | 0, 0 o0 1/3] (17| |17/3
0] 0 0 3 0] 0 0 1/3 L O3 /3] 17] [17/3]
Henomezys ux. mo dopmyae (1.26) momydaem
| Ap")=2"@")A=
(-11-10 -10 2] [50 -10 6 40 -30°
011/370 0| |1 00 T 3
0i 0 1 off2 10 3 0
0; 0 01/3)|-2 03 4 0
gL O Q9 HE D
13 0 0 13 1
1 0 0|:
0 1 0




PelleHne 3agayn ntepatmBHO NPOOOIKaeTcs, noka
OLEHKN HE DyaeT NONMOXNUTENbHbIMK NN paBHbIMK O

-226 -84 0 0o [ -8 | o
5 4 1/3 0 0 1/3 1
TO _ | 2 14 2 | 0 0
3 | 17/3 -2/3 0 1 | -4/3 ] 0
554/3 -76 /3 88/3 0 0 0 Kak BugHo n3s T(3), cTpoka OLeHOK
CoAEepPXUT TOSTbKO
| 22/9( 1/9 |-1/9 0 0 1 HeoTpuuaTesribHble 3Ha4YeHus,
. noaToMy gocTturHyThin 6asuc N(B(3)) =
T = 14/3 @ 1/3 0 1 0 {5. 1, 3} AB nNAeTCA oNTUManbLHbIM. B
;o 107/9|1 2/9 4/9 1 0 0 nTore Mbl Nosyvyaem, YTo BEKTOP
2 . x*= (7,0, 31/3, 0, 5/3) aBnaetca
362 0 49 0 38 0 ONTUMasibHbIM MAAaHOM (TOYKOM
' e _ 3 . Makcumyma) 3agaum (1.34)-(1.35),
1 B 5/3 | _.»_0 -1/6 0 -1/6 1 MaKCuUMaribHoe 3HayeHue LerneBou
1 ~ - dyHKummn paBHo f* =f(x*)=362, a
T il 1 7 1 1/2 0 3/2 0 I pewieHune K3JIMN nmeet BUA
| 3 31/3] o0 1/3 1 -1/3 0 31/3, 0, 5/3); 362).




| -226 -84 0 0 | -8 |0

5 4 1/3 0 0 1@% 1
T(l)= 2 14 2 | 0 0
3| 17/3 -2/3 0 1 | -4/3 | 0
Pa3bsicHeHUSA: BbIDMpaemM max no moaynto ctonodeu, 3To -88.

PaccuunTe xrzm.m{xi}=4:1/3;14:3;17/3:(-4/3)=12;14/3;-17/4.

Bbibnpaem min nonoxutenbHbin = 14/3. Onpegensiem BeayLL NN
anemeHT=3, BeKTopNe4 Beoanm B Ba3nc, a BeKTopNe2 BbIBOAUM.

[TponaBognm npeobpasoBaHuda. Ctonbeu, -84,1/3,3,-4/3
Heobxoaumo npespatutb B 0,0,1,0

UToObI 3apaboTaTthb 1, Aenum BblOENEHHYIO CTPOKY Ha 3, nony4yaem
14/3,2/3,1/3,0,1,0

e




UT0o0ObI 3apaboTtatb Hynu:

UTobbl -88 npespatutb B 0 no metogam laycca: -88+x*3=0.
3HaynT, x=88/3.

Utobbl -4/3 npeBpaTtutb B 0: -4/3+x*3=0=>x=4/9
Yto0bl 1/3 npeBpatutb B 0: 1/3+x*3=0=>x=-1/9

[1na ocTaBLuMxca npeobpasoBaHU OEpeM COOTBETCTBYHOLLINA
Ka)XOoW CTpo4YKe X U nNo metoay [laycca AOMHOXaeM:

-226+ 88/3*14=554/3; -84+88/3*2=-76/3; 0+88/3*1=88/3.
17/3+ 4/9%14=107/9; -2/3+4/9*2=2/9; 0+4/9*1=4/9
4+ (-1/9)*14=22/9; 1/3+(-1/9)*2=1/9; 0+(-1/9)*1=-1/9



554/3|[-76/3] 88/3 0
92/9(l 1/9 |-1/9 0
—
1

T(2)= 4 14/3 @ 1/3
;o 3 ' ¥

107/9] 2/9 | 4/9

ol—=lo o©
olo|—- o

[To aHanornu Beoanm ctonodeu (Ne1) B 6asuc, y KOTOpPOro oTpuuaTenbHbIN
KOMMOHEHT NnepBon CTPOKN. Paccuntaem A, =min{\,} Paem min
NONOXWUTENbHBINA (22,7,107/2)=7. 3HaUUT, BLIBOAKM 13 0a3unca
BekTopNe4, BBoanm BektopNe1

-76/3+x*2/3=0=>x=38; 554/3+38*14/3=362; 88/3+38*1/3=42; 0+38*1=38
2/9+x*2/3=0=>x=-1/3; 107/9+(-1/3)*14/3=93/9=31/3
1/9+x*2/3=0=>x=-1/6; 22/9+(-1/6)*14/3=5/3

14/3:2/3=7



N 362 | 0
5 | 5/3| 0 -1/6 .0 -1/6
| |
0

™= | 1 | 7
1 3 31/3

Bce KOMMNOHEHTHLI CTPOKK LieneBon oyHKL NN
NONMOXXUTENbHbIE.

OTBeT: onTUManbHbIN NnaH 3agauum x*=(7,0,31/3,0,5/3);
f*=362

e



