Tema Ne6 «AJIreOpanyecKue ypaBHEeHUs U ONTHUMHU3ALM D)

Jexuus 2 «J/IuHeHHOE MPOrpaMMHUPOBAHUE, CUMBOJIbHOE
peleHune»

1. JInneiiHoe mporpaMMupoBaHue

3aayn MOMCKa YCIOBHOIO 3KCTpeMyMa (DYHKIIMM MHOTHX NMEPEMEHHBIX YacTO
BCTPEYAIOTCS B SKOHOMHYECKHX pacueTax i MHUHAMH3ALUA HU3JEPKEK,
(MHAHCOBBIX pHUCKOB, MakKCMMH3aluMu OpuObuM u T. 1. Lemprii kacc
PKOHOMHUYECKMX 337a4 ONTHUMHU3ALMH OINHUCHIBAETCA CUCTEMaMH JIMHEHHBIX
ypaBHEHUH U  HepaBeHCTB. OHM  Ha3bIBAIOTCS  3aJadyaMd  JIMHEHHOTO
IPOrpaMMUPOBAHMUS.

[IpuBenem XapakTepHbIl IpUMeEp T. H. TPAHCIIOPTHOM 3a/auu, KOTOpasi peliaer
OJIHY W3 MpoOJIeM ONTUMAaIbHON OpraHU3aIMK JTOCTABKU TOBapa MOTPEOUTEISIM C
TOYKH 3pEHHSI IKOHOMUH TPAHCIIOPTHBIX CPEACTB (JIUCTHHT 1).

Jlucrunr 1 Pemenue 3a1aun TMHEIHOTO MPOrpaMMUPOBAHUS:

160
Za: 515 Zb: 515
M = rows(a) N = rows(b)
M=3 N=2
115 7 12
C =
6.2 10 9.0
N-1 M-1
=3 S ain;
i=0 j=o0
CTOL = 0.5

XN-1,M-1:=0

Given

X,0+X1,0=4ap x,020 x1,020
¥,1+%1,1 =9 x,1=0 x,1=0
¥,2+x1,2=a2 x,220 x1,220
% ,0+%0,1+%0,2 = bo

x,0+X1,1+%1,2=Db;

gol := Minimize (f, x)



Mopens TUNIUYHON TpaHCIOPTHOM 3amaun cienayromas. Ilycte umeercs N
NPEANPUATAN-IPOU3BOAUTENEH, BBITYCTUBIINX MTPOIYKIIHIO B KOJTUYECTBE
bo,...,0n1, TOHH. DTy mnpomykiuioo TpedyeTcs A0CTaBUTh M IMOTPEOUTEIISIM B
KOJIMYECTBE Ay, ..., dy-1 TOHH KaxaoMy. YUCIIEHHOE ompesesieHue BEeKTOPOB a U b
HaxXOJUTCA B MepBOW cTpoke auctuHra. CymMma BCeX 3aKa3oB IOTpeOUTenei
i paBHA CyMMe ITPOM3BEICHHON MPOAYKIIHH, T. €. BceX Dj (mpoBepka paBeHCTBA BO
BTOpOM cTpoke). Eciy n3BecTHa CTOMMOCTh NEPEBO3KH TOHHBI MTPOIYKLIHH OT 1-TO
TPOM3BOAUTEIS K |-My MOTPEOUTENIO Cjj TO PEUICHUE 3a7aul 33JaeT ONTUMAIbHOE
pacupenesieHne  COOTBETCTBYIOIIETO — TOBAPOIOTOKA  XjjC  TOYKH  3PEHHUS
MHUHUMU3AIUU CYMMBI TPAHCIIOPTHBIX PacxoJ0B. MaTpunia ¢ 1 MUHUMH3UpYyEMas
¢byskuus f (x) MaTpYHOrO apryMeHTa X HaXOATCS B CepeIMHE TUCTUHTA | .

VYcnoBus, BBIpaXKAOUIME HEOTPHUIATEIBHOCTH TOBApONOTOKA, W PABEHCTBA,
3aIaI0IME CYMMY IPOU3BEICHHON KAXKIIBIM MPEINPUATHEM MPOAYKIUA U CyMMY
3aKa30B KaXIOIO IOTPEOUTENs, HAXOAATCSA IOcle KirodeBoro ciosa Given.
Penrenue, mpucBOEHHOE MATPUYHOM MEepeMEeHHOW SOl, BBIBeleHO B TMOCIEIHEH
CTPOKE JIMCTUHTa BMECT€ C COOTBETCTBYIOLIEH cyMmmoil 3artpar. OOpaTtute
BHUMaHHE, 4YTO JUJII  TOJYy4YEeHHs  pe3yJbTaTa NPHUILIIOCh  YBEJIUYUTh
norpemHocTh CTOL, 3amaromyro  MakCMMajibHYIO — JOMYCTUMYIO  HEBSI3KY
JONOJIHUTENBHBIX ~ yCIOBUM. B CTpoke, NPEIIECTBYIOMIEW  KIOYEBOMY
coBy Given, omnpenensioTcss HyJIeBble HavalbHbIE 3HAUCHUS JUISI X TMPOCTHIM
CO3JaHUEM HYJIEBOTO MIEMEHTA MATPULIBI Xn-1, y-1.

Ecnu B34Th Apyryue HadallbHbIE 3HAUEHUS IS X, pEeLIeHUEe, CKOpee BCero, Oyaer
apyrum! Bo3moxHO, Bbl cymeere OTBICKaThb APYrod JIOKAIbHBIA MHHHMYM,
KOTOpBIH emie OoJibllle MUHUMHU3UPYET TPAHCIOPTHBIE 3aTpaTbl. JTO €lle pa3
JOKa3bIBa€T, UTO 3aJaul Ha II100aJIbHbIII MUHUMYM, K KJIACCY KOTOPBIX OTHOCHUTCS
JUHEMHOE MpOrpaMMHUpPOBAaHHE, TPEOYIOT aKKypaTHOIO OTHOLIEHHUS B CMBICIE
BHIOOpA HauYalIbHBIX 3HaueHW. YacTo HUYEro Apyroro He OCTaeTCs, KpoMe
CKaHMpPOBaHUsI Bcel OOJACTHM HAuYaJbHBIX 3HAYEHUN, 4YTOOBI M3 MHOXXECTBA
JIOKaJIbHBIX MUHUMYMOB BbIOpaTh HanOoJiee TiryOOoKHil.

CuMBoOJIbHOE pellieHue YPaBHEHUil

Hekoropele ypaBHEHHS MOXHO PEIIATh TOYHO C TIOMOIINBID CHMBOJBHOTO
nporieccopa Mathcad. Jlemaercss 3ToO OueHb MOXOXKE HA YHUCIECHHOE pEIICHUE
ypaBHEHUM C TPUMEHEHUEM BBIYHCIUTEIHLHOTO Osi0Ka. [IprucBanBaTh HEM3BECTHHIM
HayajJgbHbIE 3HAYCHMSI HET HeoOxoaumocTH. JluctuHrm 2 u 3 JEeMOHCTPUPYIOT
CUMBOJIHOE PEIICHHE YpaBHEHUS C OJJHUM HEU3BECTHBIM M CHUCTEMBI JBYX
ypaBHEHUH C IBYMsI HEU3BECTHBIMU COOTBETCTBEHHO.

Jluctunr 2. CUMBOJIBHOE pEIICHHUE aNre0pandyeckoro ypaBHEHUS C OJHUM
HEU3BECTHBIM:

Given

L4 2x—4=0

Find(x) — (ﬁ -1 -1 —ﬁ)



Jluctunr 3 CUMBOIBHOE PEIICHUE CHCTEMBI alreOpandecKux ypaBHCHHI:
Given

x4+ 3?)'—.i= 0

bt | bt

/ 1
-1 | 2
—l-2+2193
. 4
Find(x,v) —

bt | =
b | bt
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| -7 = -:_193)'_) _El'lx':_ 2-1937 )

1 1
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Kak BuaHO, BMeCTO 3HaKa paBeHCTBa mocie (yHkuuu Find B nuctuHrax
ClelyeT 3HAaK CHMBOJIBHBIX BBIYHCIICHHH, KOTOPBIH MOXKHO BBECTH C
na"enu Symbolic (CumBoninka) wiam, HakaB kiapum CTRL +.. He 3a0biBaiite,
YTO CaMU YpaBHEHUS JOJKHBI MMETh BHUJ JIOTHUECKUX BBIPRXECHHH, T. €. 3HAKU
paBEHCTBA HYXHO BBOJUTH ¢ mMomolisio manenu Booleans (Bynessl omeparopsi).
OOpartuTe BHMMaHWE, YTO B JIMCTUHTE 3 BBIYACICHBI KakK JBa TIEPBBIX
JEHCTBUTEIHLHBIX KOPHSI, KOTOPHIC MbI YK€ HAXOIWIA YHCICHHBIM METOJIOM, TaK H
JBa JIPYTUX MHHUMBIX KOPHSA. DTH JBa MOCIACAHUX KOPHS YHCTO MHHUMBIC, T. K.
MHOKHUTEITb, BXOJISIIANA B HAX.

C mOMOINIBI0O CHMBOJIBHOTO TPOIECCOpa PEIINTh YypaBHEHHE C OJHHUM
HEH3BECTHBIM MOYKHO H TTO-APYTOMY:

Beenure ypaBHeHUe, MOJb3ysach naHelbio Booleans (Bynessr onepatopsl) wim
HaxaB kiaBum CTRL +, s mosjydeHus JIOTMYECKOTO 3Haka pPaBEHCTBA,
Hanpumep x° +2(x-4)=0.

[IlemyxkoM MBIIIA BBHIOEPUTE TEPEMEHHYIO, OTHOCHUTEIBHO KOTOpOil Bai
cOOMpaeTEeCh PEIINTh YpaBHEHHE.

Bri6epuTe B menro Symbolics (CumBosuka) nyHKT Variable >
Solve (ITepemennast » PemuTs).

[Tocne cTpoku ¢ ypaBHEHHWEM TIOSIBUTCSI CTPOKA C PEIICHUEM WM COOOIICHUE O
HEBO3MOYKHOCTH CHMBOJIBHOT'O PEIICHUS 3TOT0 YPaBHEHHUS.

B manHOM mpumepe mociie OCYIIeCTBICHUS OMUCAHHBIX TEHCTBUM MOSBIISICTCS
BEKTOP, COCTOSAIINI U3 IBYX KOPHEW YpaBHECHMUS.

CHUMBOJIBHBIE BBIYUCIICHHS MOTYT TPOW3BOAUTHCA W HaJ YypPaBHCHHSIMU, B
KOTOpbIE, IOMUMO HEU3BECTHBIX, BXOJAT pa3IMUHbIC MapaMeTpel. B nmmctunre 4
MIPUBE/CH MIPUMEpP PEIICHUS YPaBHEHUS Y€TBEPTOM CTEIeHH C mapameTpoM a. Kak
BUJIUTE, PE3YyJIbTAT MOJIYYCH B AHAIUTUYECKON (hopMme.

Jluctunr 4 . CUMBOJLHOE pellieHUE YPABHEHMSI, 3aBUCAIIETO OT MapaMeTpa:

Given
X4 — a4 =0

Find(x) +(a —a i-a —i-a)



3. Ilouck 3xkcrpemyma GyHKIUU. IKCTPeMYM (PYHKIIMHA OHOM MepeMeHHOI.

B kadectBe 3aBepiieHus TeMbl Ne6 pacCMOTPHUM BapUaHThI IPOTPAMMHUPOBAHUS
IKCTpeMyMa (yHKITHH.

3agaun moucka 3KkcTpeMyMa (YHKIIMU O3HAYAIOT HAXO0XKJICHUE €€ MaKCUMyMa
(HanOOJIBIIIETO 3HAYEHUS) UM MUHUMYMa (HAaUMEHBIIIETO 3HaYEHUSI) B HEKOTOPOil
oOnacTu ompeneneHuss e¢ apryMeHToB. OrpaHWYeHHs] 3HAUYCHUU apryMEHTOB,
3aJIafOIIMX 3Ty 00JacTh, KaK W IIPOUYNE JOMOJHUTEIBHBIE YCIOBUS, TOKHBI OBITh
OMpeJiesieHbl B BUJIE CUCTEMbl HEPABEHCTB W (WJIM) ypaBHEHUU. B Takom ciiyyae
TOBOPST O 33/1aU€ Ha YCIOBHBIN 3KCTPEMYM.

s perieHus 3a7ad MOMCKa MakcuMyma W MuHUMyMa B Mathcad mmerorcs
BcTpoeHHbIe PyHKIMKM Minerr, Minimize u Maximize. Bce oHU HCTIONB3YIOT TE Ke
rpaJeHTHBIC YUCICHHBIE METOIBI, UTO U pyHKIMs Find ams pemenus: ypaBHEHUH.
[ToaTomy Bbl MoOkeTe BBIOMpATh YUCICHHBIA AITOPUTM MHHHMH3AIUUA U3 YKe
PacCCMOTPEHHBIX HAMH YK CIIEHHBIX METO/IOB B JIeKIHUH 6.1.

Ixempemym yHKyuu 00HOU nepemeHHOl

[Touck »skcTtpemMyma (YHKIMM BKJIIOYACT B ce0s 3adadydl  HAXOXKICHUS
JOKaJbHOTO U TiobanbHOro 3kcrpemyma. [locneaHue Ha3pIBaloOT emle 3ajadamu
ontuMm3auu. PaccMoTpuMm KOHKpeTHBIH npumep ¢yHkmum f(X), mokasanHoi
rpagukoM Ha puc. 1 Ha untepBane (-2.5). OHa uMeeT rI100aTbHBIA MaKCUMYM Ha
JeBOM TpaHUWIC WHTEpBalia, TJI00ATBHBI MUHUMYM, JIOKAJIbHBIA MaKCHMYM,
JOKaJIbHBI MUHUMYM H JIOKQJIBHBI MaKCHMYM Ha MPaBOW TpaHUIC WHTEpBaia (B
HOpPSI/IKE CIIeBa HAIPaBO).

B Mathcad ¢ momompbio BCTPOCHHBIX (YHKIMM pemaeTcss TOJIBKO 3ajgada
MOMCKA JIOKATLHOTO ASKCTpemyMa. UToObl HaWTH ri100aibHBI MaKCUMyM (WU
MUHUMYM), TpeOyeTcsi MO0 CHavajla BBIYUCIUTh BCE MX JIOKAJIbHBIC 3HAYCHUS U
MOTOM BBIOpaTh M3 HUX HAWOONBIIMK (HAUMEHBINHIA), JHOO TpPEeIBAPUTEITHLHO
MPOCKAaHUPOBATh C HEKOTOPHIM IIIarOM paccMaTpUBAEMy 00J1acTh, YTOOBI
BBIJICJIUTh U3 HEE M0J1001aCTh HAUOOIBIINX (HAUMEHBIINX) 3HAYECHUNU (PYHKIUU U
OCYUIECTBUTH MOUCK II100aJTBbHOTO AKCTPEMYMA, YK€ HAXOASICh B €r0 OKPECTHOCTH.
[locnennuii myTh TauT B ceO€ HEKOTOPYIO OMACHOCTh YWTH B 30HY JPYroro
JIOKaJAbHOTO 3KCTPEMyMa, HO YacTO MOXKET ObITh MNPEANOYTUTEIIbHEE U3
COOOpaKEHUI SKOHOMUU BPEMEHHU.



f(x)

Puc. 1. I'paduk pynkun f(x)=x: +5x: -10x

Jlis moucka JIOKaJdbHBIX IKCTPEMYMOB MMEIOTCS JIB€ BCTPOCHHBIE (DYHKIIUH,
KOTOpPbIE MOTYT NPUMEHATHCS KaK B Mpeleiax BBIUMCIUTENBHOrO OJIOKA, Tak U
aBTOHOMHO.

. Minimize (f, Xi,...,x,) — BEKTOp 3HAYEHUH apryMEHTOB, IPH KOTOPBIX
¢byskius f tocTuracT MUHIMYyMa;
. Maximize (f, xi,...,x,) — BEKTOp 3HAUCHHH apryMEHTOB, IMpPH KOTOPBIX
¢bynkius f mocTuraeT MakCUMyMa;
o f(X,..., Xppr...) — QYHKIIHS,
o X1,..., Xy — APTYMEHTBHI, [0 KOTOPBIM IMPOU3BOAWTCS MHHUMHU3AIUS
(MakcUMuU3aIus).

Bcewm aprymentam ¢ynkimm f mpenBaputenbHO clieayeT MPUCBOUTH HEKOTOPHIS
3HAYCHHs, TpUYeM [UIsI TeX TMEPEeMEHHBIX, IO KOTOPbIM IPOU3BOJIUTCS
MUHUMH3ALMSA, OHH OyIyT BOCIPHHMMATHCA KaK HadaJdbHBIE MPHOIMKECHUS.
[Ipumepsl BBIYUCIHEHUS AKCTpeMyMa (DYHKIMM OJIHOM mnepemeHHoul (puc. 1) 6e3
JIOTIOTHUTEIBHBIX YCIOBUI TOKa3aHbl B JUCTHHTaX 5 - 6 . [lockonbky HHKakux
JIOTIOJTHUTEIBHBIX YCIOBHM B HUX HE BBOJUTCS, TIOUCK 3KCTPEMYMOB BBIIIOJIHAETCS
JUTS JTFOOBIX 3HAYEHUH.

JIuctunr 5 . MuHuMyM GyHKIHUN OJJHOM IepeMEHHOM:
f(x) = X4 + 5-X3 —10-x
x:=-1
Minimize(f,x) = —3.552
x=1

Mimimize(f,x) = 0.746



Jluctunr 6 Makcumym GyHKIIMH OHOM ITEPEMEHHOM:
f(x) = X4 + 5-X3 - 10-x
x=1
Maximize(f.x) = —0.944
x:=-10
Maximize(f,x) =

Kak BUAHO M3 JUCTHHIOB, CYLUIECTBEHHOE BJIMSHHE HAa PE3yJIbTAaT OKa3bIBACT
BbIOOP HAYaJbHOTO NPUOIMIKEHUS, B 3aBUCHMOCTH OT YEro B KauyeCTBE OTBETa
BBIJIAIOTCS Pa3JINYHbIE JIOKAJIBHBIE SKCTPEMYMBI. B mocieaHem ciyyae YMCIeHHbIN
METO/]I BOOOIIIE HE CIPABIAETCS C 3a/1a4€il, IOCKOJIBKY Ha4aJIbHOE NMPUOIKEHHE

x =-10 BeIOpaHO Janeko OT 00JIACTH JIOKAJTbHOTO MAKCUMYyMa, U TIOMCK PELICHHS
YXOIUT B CTOPOHY YBEIUYEHHUS f (X).



