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BBEOEHUE

UYro Xe Takoe JHMHEMHOE MpOorpaMMHUpOBaHHE? DTO OJWH U3 NEPBBIX U
HanOoJIee MOAPOOHO U3YUEHHBIX Pa3/ieIOB MATEMAaTUYECKOTO MPOrpaMMHUPOBAHUSI.
NMeHHO JNMHEWHOE NPOTrpaMMHUPOBAHUE SBUJIIOCH TEM PAa3lEiioM, C KOTOPOTO
Hayajga pa3BUBATHCS CaMa AMCUUIUIMHA «MaT€MaTUYECKOE MPOrPAMMUPOBAHUE.
TepMuH «mIporpaMMUpOBaHUE» B Ha3BaHWU JUCHUIUIMHBI HUYETO OOIIETO C
TEPMUHOM «IIPOrpaMMHUpOBaHKe (T.e. cocTaBiieHHe mporpamm) st D9BM» He
MMEET, TaK KaK JMCUUIUIMHA «IMHEHHOE MPOrpaMMHPOBAHUE» BO3HUKJIA €IIE 10
TOr0 BpeMeHH, Korna OBM cramm mUpPOKO NPHUMEHATHCS NPHU PELICHUN
MaTEMaTUYECKUX, WHKEHEPHbIX, 3KOHOMHUYECKHX W JpYrux 3ajad. [epMuH
«JIMHEWHOE MNPOrpaMMHUPOBAaHUE» BO3HUK B pe3ylbTaTe€ HETOYHOIO IEepeBOja
aHrnuickoro «linear programming». OQHO U3 3HAUYEHM CJIOBA «programmingy -
COCTABJICHHE IUIAHOB, IJIaHUpoBaHUe. CieaoBaTellbHO, MPaBUIBHBIM MEPEBOIOM
«linear programming» ObUIO OBl HE <«JIMHEHHOE MPOTPAMMHUPOBAHUEY, a
«JIMHENHOe IUIaHUPOBAaHHE», YTO 0OO0Jee TOYHO OTPAKAET COJACpKaHUE
JucuuIUiMHbel.  OQHAKO, TEPMHH JIMHEHHOE IPOrpaMMHpOBAHUE, HEJIMHEWHOE
IPOrpaMMHUPOBAHUE U T.J. B HAIlIEH JIMTEpAType CTAIN OOLIEIPUHATHIMHU.

Urak, nuHEHHOE MPOrpaMMHUPOBAHUE BO3HUKIIO Iocie BTopol mMupoBou
BOMHBI W cTajg OBICTPO pa3BUBAThCS, MpPHUBJIEKAas BHUMAaHUE MaTEMaTHKOB,
HPKOHOMMCTOB U MHXEHEPOB 0OJiarojiapsi BO3MOXKHOCTU IIUPOKOTO MPAKTHYECKOTO
MIPUMEHEHMUS, a TAK )K€ MATEMATUYECKON «CTPOMHOCTI.

MoXHO cKa3aTh, YTO JHMHEHMHOE NPOrpaMMHUPOBAHME TPUMEHUMO JIs
MOCTPOEHUSI MaTEMaTHUYECKUX MOJIeNIEH Te€X MPOLIECCOB, B OCHOBY KOTOPBIX MOKET
ObITh MOJIOKEHA THUIIOTE3a JIMHEMHOro TMPEACTABICHUS pPEAJbHOIO MHpA:
PKOHOMMYECKMX 3a]ad, 3aJad YNpaBJI€HWS M IUIAHUPOBAHUSA, OINTUMAJIBHOIO
pa3MenieHruss 000pyI0BaHUS U TIP.

3ajayaMu TMHEHHOTO MPOrpaMMHUPOBAHUS Ha3bIBAKOTCS 3a/1a4¥, B KOTOPBIX
JUHEWHbl Kak ueneBas (YHKUMs, TaK W OrPAaHUYEHHUs] B BHJE DPABEHCTB U
HepaBeHCTB. Kparko  3amady  JIMHEWHOTO  IPOTPAMMHUPOBAHUS ~ MOKHO

chOpMyIMPOBATH CIEIYIOUIUM 00pa30M: HAWTH BEKTOpP 3HAYEHUN MEPEMEHHBIX,

3



JOCTABJISIIOLIUX SKCTPEMYM JIMHEWHOM 11e/IeBOM (PYHKUIMU MPU M OFPAHUYEHUSIX B
BH/JIC JINHEWHBIX PABEHCTB WUJIM HEPABEHCTB.

JIuneitHOe TpPOrpaMMHUpPOBAHME TPENICTaBIsAeT cO0OM Hambosiee YacTo
UCIONB3YyEeMbIM  MeToA  ontumu3anuu. K uymceny  3agady JIMHEHHOTO
MIPOTPaMMHUPOBAHUS MOYKHO OTHECTH 33/IAUU:

PAlMOHAIBHOTO  MCIHOJIb30BAaHUSL  CBIPbS W MaTEpHaloOB;  3aJadd
ONTUMM3ALUU PACKPOST;

ONTUMHU3AIMU TPOU3BOICTBEHHON MTPOTrpaMMBbl IPEANPUSATHIA;

ONTHUMAJIBHOIO PA3MEIIECHUS U KOHIIEHTPALIMU TPOU3BOACTBA;

COCTaBJICHUSI ONITUMAJILHOTO IIJIaHa MEPEBO30K, PaOOTHI TPAHCIIOPTA;

YIIPaBJIEHUS] IPOU3BOJICTBEHHBIMH 3aI1aCaMU;

U MHOTHUE JpyTHe, MpUHaJyIexkaime chepe OnTUMaAIbHOTO TIaHUPOBAHUS.

Tax, Mo olleHKaM aMEepUKAHCKUX IKCIIEPTOB, 0KOJI0 75% OT 001iero yucia
MPUMEHSIEMBIX  ONTUMHU3ALUMOHHBIX METOJOB MPUXOAUTCA HA  JIMHEWHOE
nporpamMmupoBanue. OKOJO YETBEPTH MAIIMHHOTO BPEMEHH, 3aTPAYCHHOTO B
MOCJIETHUE TOJbl HA TMPOBEJACHUE HAYYHBIX HCCIEAOBAHMM, OBLIO OTBEICHO
pElIEHNIO 3aJlad  JIMHEHHOIO MPOrPAMMHUPOBAHUS M HMX MHOTOYHMCIEHHBIX
MoIU(DUKALTAN.

IlepBpie TMOCTAHOBKM 3ajlad JIMHEHHOTO MPOTPpaMMHUpPOBaHUS ObLIN
chopMyIHpOBaHbl HM3BECTHBIM cOBeTckuM MaTteMatukoMm JI.B.Kantopouuewm,
KOTOpPOMY 3a 3TH paboThl ObLIa NpucyxaecHa HobeneBckas mpeMust Mo SJKOHOMHKE.

B HacTosiliee Bpemsi JIMHEWHOE MPOTPAMMHUPOBAHUE SBJISICTCS OJIHUM W3
HanOoJiee yNOTPEOUTENbHBIX alapaToB MAaTEMAaTUYECKONH TEOPUU ONTHUMAIBHOTO
MPUHATHS PEIICHHUS.

Urak, nuHENHHOE MNpPOrpaMMUPOBAHME - OTO HAayKa O METOoJax
WCCJICIOBAHMSI U OTBICKAHWS HAMOOIBIIMX W HAUMEHBIUX 3HAYEHWUW JIMHEWHOUN
GyHKIIUMA, HAa HEU3BECTHBIE KOTOPOM HAJIOKEHBI JTUHEHHBIC OTpaHUYCHHS. Takum
oOpa3oM, 3aJaud JWHEWHOTO MPOTPAMMUPOBAHUS OTHOCATCA K 3a7adaM Ha

YCIIOBHBIN AKCTPEMYM (PYHKIIUU.



NIABOPATOPHAA PABOTA Nel

I'pajduyeckoe pemieHne 3aJa4 JUHEHHOT0 NPOrpaMMHUPOBAHUSA

Heab padoThl: HAYUUTHCS PEIIaTh 33Ja4d JUHEHHOTO MPOrpPaMMHUPOBAHUS

C IBYMsI IEPEMEHHBIMU T'paruecKuM CIIOCOOOM.

KpaTKMe cBegeHunAa u3 Teopun

['paduueckuit crocoO® pemieHus 3anad JMHEHHOTO MPOrPaMMHPOBAHUS I1€JIeCO00pa3HO
UCIIONIb30BAaTh IS
® pcCamiCcHUA 3adad C JABYyMs IICPEMCHHBIMHU, KOIrJJa OIpaHU4YCHHA BbIPAKCHBI
HEPAaBECHCTBaMU;
® pelIeHue 3a/1a4 CO MHOTMMH MEPEMEHHBIMU MPHU YCIOBHH, YTO B UX KAHOHHYECKOMN
3aIKCU COJIEPKUTCS He Ooliee ABYX MEepEMEHHBIX.
3anuiuem 3a7a4dy JUHEHHOTo IPOrpaMMHUPOBAHMUS C BYMsI IEPEMEHHBIMHU:
neneBast QyHKIUS:

Zmax =G X, +C,X, (1)
OFpaHI/I‘-IeHI/IFII
a X, +a,X, <b;
a. X, +a,. X, <b,;
T @)
A X, +a,,X, <b;
X, 20;x, 20. (3)
Kaxxnoe wu3 HepaBeHcTB (2) — (3) cucTeMbl OrpaHMYEHUM 3aJaud TEeOMETPUYECKH

OIpesesieT IMOJTYIUIOCKOCTh COOTBETCTBEHHO C TPAaHUYHBIMU HPSIMBIMH @, X, +8,X, =b,;

(i =l,m); X =0; X, =0. B Tom cny4ae, ecin cucrema HepaBeHCTB (2) — (3) coBMmecTHa,
o0nactb €€ peleHu ecTh MHOXECTBO TOYeK, MPUHAUIekKAIUX BCEM YKa3aHHBIM
MOJIYIIOCKOCTSAM. Tak Kak MHOXECTBO TOYEK IIEPECEUCHHUs IaHHBIX IOJIYMJIOCKOCTEN —
BBIMYKJIOE, TO O0JIACTHIO JIONYCTUMBIX PEHICHUN SBISETCS BBIMYKIOE MHOXECTBO, KOTOPOE
Ha3bIBAETCSI MHOTOYTOJIbHUKOM pelieHnid. CTOPOHBI TOT0 MHOTOYTOJIbHUKA JIEXKAT Ha MPSIMBIX,
YpaBHEHUS KOTOPBIX MOJYYAIOTCS M3 UCXOAHOW CHUCTEMbl OTPAHWMYEHUN C 3aMEHOW 3HAKOB
HEPABEHCTB HA 3HAKHU PaBEHCTB.

O061acThIO JOMYCTUMBIX PEIIEHNUN CUCTEMbI HEpaBEHCTB (2) — (3) MOKET ObITh:
BBIMYKJIBIII MHOTOYTOJIBHUK;
BBINYKJIasi MHOT'OYTOJIbHAsi HEOTPAaHWYEHHAs 00J1acTbh;
mycTasi 00J1acTh;
Ty4,
OTpE30K;

® CIUHCTBEHHAs TOYKA.

IleneBas ¢ynkmus (1) ompenenser Ha IUIOCKOCTH CEMEHCTBO MapaUIeIbHBIX MPSMBIX,

KaKIO0H U3 KOTOPBIX COOTBETCTBYET OIPENEIEHHOE 3HaUEHHE Z.



Bektop C = (Cl, Cz) C KoopAuHaTaMM C, U C,, HNEPHEHAMUKYISIPHBIA 3THUM MPSIMBIM,
yKa3blBAE€T HalpaBJICHUE HAUCKOpeHIlero Bo3pacTaHus Z, a NPOTHUBONOJIOXKHBIM BEKTOp —
HarpasieHue yobBanus Z.

Ecnu B oHOM U TOH e cucTeMe KOOpAMHAT U300pa3uTh 001acTh OMYCTUMBIX PELICHUH
cucTeMbl HepaBeHCTB (2) — (3) U ceMelcTBO MapasuieNbHbIX NpaMbIX (1), TO 3a1aua onpenencHus
MakcuMyMa (QyHKUMM Z CBENETCS K HaXOXKICHUIO B JIONMYCTUMOM OOJIACTH TOYKH, dYepe3
KOTOPYIO IIPOXOJUT MpsiMas U3 ceMeicTBa Z = CONSt, U KOoTopasi COOTBETCTBYET HanOOIbILIEMY
3HAUEHUIO apaMerpa Z.

OTa TOYKa CyIIECTBYET TOTAA, KOTAa MHOTOYTOJIBHUK PELICHUI HE IYCT U Ha HEM LIeJIeBas
¢GyHkuus orpanuyeHa ceepxy. [Ipu yka3aHHBIX YCIOBHSX B OAHOHM M3 BEPIIMH MHOTOYTOJbHHUKA
peleHui 1eseBas GyHKLIUS IPUHUMAET MAKCUMaIbHOE 3HAYCHHUE.

JUnst ompeneneHHs JAQHHOW BEPIIMHBI IIOCTPOMM JIMHHUIO YpoBHS Z =C X, +C,X, =0,
OPOXOJAIIyI0 4Yepe3 Hadajlo KOOPAMHAT U IEPHCHAUKYILIPHYIO BEKTOPY C =(Cl,02), u Oyne
MEpEABATATh €€ B HANPaBICHWHU BEKTOPA C = (Cl,CZ) JI0 TeX IOp, MOKa OHA HE KOCHETCS
nocjieAHed KpaiiHe (YrJioBoi) TOYKM MHOIOYrOJIbHMKAa pPELIEHUH. KOOpAMHATHl YKa3aHHOM
TOYKH U ONPEIEIIAIOT ONTUMAJIBHBIN IIJ1aH JTAHHOW 3aa4H.

3akaHuMBasi pacCMOTPEHHE IreoMeTpUYecKor uHTeprperauuu 3anauu (1) — (3), ormeuy,
YTO MPH HAXO0XKJICHUU €€ pellieHHs] MOTYT BCTPETUTCA Cilydau, U300pakeHHble Ha puc. 1 — 4.

Puc. 1 xapakrepusyeT Takol ciaydaid, Korja eneBasi QyHKIUS TPUHIMAET MaKCUMAIIbHOE
3HAYCHUE B €IMHCTBEHHOW TOuke A. M3 puc. 2 BUAHO, YTO MaKCUMaJbHOE 3HAYCHUE LIEICBast
(GyHKIMS IPUHUMAET B JII000M TOUKe OTpe3ka AB.

X,
i *2
A A
Zma_: B
lelﬂ:
B
A
— (C ’(" ) mir
v > C N
0 =0 Xy 0 7-0 T,
Puc. 1. Ontumym Puc. 2. Ontumym pynkuu Z
byHKIMH Z TOCTHKUM B TOUKE A. JOCTHraeTcs B J1000it Touke [AB].
X, X,
A A
C »
X X
0 Z=0 ! 0 Z=0 !
Puc. 3. Ontumym Puc. 4. Obnacte 10MyCTUMBIX



byHKIMN Z HETOCTHKUM. pelIeHuii — mycrasi 00J1acTh.

Ha puc. 3 u3o0paxeH ciydaii, Korja MakCUMyM HEJIOCTHKHM, a Ha pUc. 4 — ciy4aii, Korjaa
cucTeMa OrpaHMYeHUH 3azaud HecoBMecTHa. OTMeuy, YTO HaxOXJE€HHE MHUHHMAaJIbHOI'O
3HaueHusd Z npu I[ElHHOfI CHUCTEMC OI‘paHI/I‘-IeHI/Iﬁ OTJINYAaCTCA OT HaXOXKACHUA ¢€ MaKCHUMaJILHOTO
3HAYEHUs NPU TEX K€ OrpaHMYEHMSX JIMIIb TEM, YTO JIMHUS YpPOBHSA Z NEpEIBUracTcs HE B

HanpaBieHuu BekTopa C :(Cl,cz), a B MPOTHBOIIOJIO)KHOM HampaplieHUU. Takum 00pazowm,

OTMEUEHHBIEC BBIIIEC CIyYyau, BCTpEYalOUIMecss MpPU HAXOXKICHUM MaKCUMAJIbHOTO 3HAueHUs
1[eJIeBON (DYHKITUHU, UMEIOT MECTO U TIPH ONPEICIICHNN €€ MUHIMAIILHOTO 3HAYCHUSI.

JI1s mpakTU4YeCcKOro pelieHus 3a1a4u JMHEeHHOTo mporpammupoBanud (1) — (3) Ha ocHOBe
e€ reoMeTpUIeCKON HHTEPIIPETAIIMHA HEOOXOIUMO CIICIYIOIIEE:

1. Tloctpouth mnpsiMble, ypaBHEHHUS KOTOPBIX IIOJIy4aeTcs B pe3ylbTaTeé 3aMEHbl B
orpannyeHusx (1) — (3) 3HaKOB HEPaBEHCTB HA 3HAKH PABEHCTB.

2. HaliTi moIymiiocKOCTH, ONpeIesieMbIe KaXKIbIM U3 OTPaHUYCHHUN 3a/1a4H.

3. Onpenenutb MHOTOYT'OJIbHUK PELIEHUN.

4. Tloctpouts Bextop C = (Cl, Cz)-

5. Iloctpouts mpsimyto Z =C X, +C,X, =0, mpoxoasmryro yepe3 Ha4yajao KOOPAMHAT U
nepreHIUKyIApHYIo BekTopy C .

6. IepeBurath IpsaMyto Z = C,X, +C,X, B HalpaBIeHHH BekTopa C , B pe3y/IbTaTe 4ero-

anb0 HAXOAAT TOYKY (TOUKHM), B KOTOpOH 1eneBas (QYHKIMS NPUHUMAET MaKCHMalbHOE
3HaueHue, MO0 yCTaHABIMBAIOT HEOIPAHUYEHHOCTh (PYHKIIMM B 3TOM TOUKE.

NPUMEP

IIpousBoacTBeHHas 3axayda

[lex MokeT MpOW3BOAUTH CTYNbsi M CTOJBL. Ha mpom3BOACTBO cTyna MIET 5 €AUHMIL
MmarepHaia, Ha Ipou3BOJCTBO cToia - 20 exunun (pyroB kpacHoro nepesa). Ctyn tpeGyer 10
yesioBeKo-uacoB, ctol - 15. Nmeercs 400 enunun marepuana u 450 yenoexo-uacoB. [TpuObuib
IIpYU IPOU3BOACTBE cTyna - 45 nosnapos CHIA, mpu npousBoactse crona - 80 nomnapos CIIA.
CKoOJIBbKO Ha/l0 clieaTh CTYJIbEB U CTOJIOB, YTOOBI MOJIYYUTh MAaKCUMaIbHYIO IPUObLIH?

O6o3HaunM: Xj; - YUCIO HM3TOTOBJIEHHBIX CTYJbEB, X2 - UUCIO CAETAHHBIX CTOJIOB.
3amaya ONTUMHU3ALUNA UMEET BUI:

45 X;+ 80 X, — max ,

5X1+20X; <400,

10 X3 +15X, <450,

X1 20,

X2 20.

B niepBoii cTpoke BbinucaHa 1eneBas QyHKIUS - TpUObLIb IPU BBITyCKe X1 CTYJIBEB U X2
ctonoB. Ee TpebyeTcs MakCUMU3HPOBATh, BEIOMPAsi ONTHUMAaJIbHBIC 3HAUEHUS MTEPEMEHHBIX X1 H
X2 . IIpu 3TOM AOMKHBI OBITH BBINOJHEHBI OIPaHUYEHMs O MaTepuany (BTOpas CTpOuKa) -
uctpaueHo He 6onee 400 ¢yToB KpacHOrO JepeBa. A TakkKe U OTpaHUYEHUs MO TPyLy (TpeThbs
CTpouKa) - 3arpadeHo He Oonee 450 gacoB. Kpome Toro, Henb3sl 3a0BIBaTh, YTO YHCIIO CTOJIOB U
YHCIIO0 CTYJIbEB HeoTpuuaTenbHbl. Ecin X1 = 0, TO 3TO 3HAYUT, 4TO CTYJbs HE BBIITYCKAIOTCA.
Ecnu ke XOTh OJUH CTyN clenaH, To Xi MoJokuTeabHo. Ho HEBO3MOXXHO MpencTaBuTh cede
OTPHILIATENIbHBIN BBIITYCK - X1 HE MOXKET OBITh OTPHUILIATENILHBIM C SKOHOMUYECKOI TOUKH 3pEHHUS,
XOTS C MAaTeMaTUYECKON TOUKH 3pEHHs] TAKOTO OTpaHUYEHHUs YCMOTPETh Helb3d. B yeTBepToil u
IATON CTPOYKAX 3aJaud U KOHCTaTUPYETCsl, YTO IEPEMEHHBIE HEOTPULIATENIbHBI.
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VYciioBuUsl TPOU3BOACTBEHHON 33aJ]aul MOXHO M300pa3UTh Ha KOOPAMHATHON IUIOCKOCTH.
Bynem mo ropusoHTanbHON ocH abCIKMCC OTKIIAIbIBATh 3HAYCHHUS X1 , a M0 BEPTUKAIHHOW OCH
opauHaT - 3HadeHuss Xp . Torga orpaHuYeHus MO MaTepualy M IIOCIEIHUE JBE CTPOUYKU
ONTUMU3ALMOHHOM 3aJ]auyl BBIJIEJIAIOT BO3MOKHBIE 3HaueHUs (X1 X2) 00beMOB BBIIYCKa B BHJIE
TpeyrojiabHHuKa (cM. puc. 1).

4 3 Cromml

T

53+ 20 Xy=400

X, Crymea

(30,07

Puc. 1. Orpannyenust mo Mmarepuany.

Takum oOpa3om, OrpaHHuYeHHUs] 1O MaTepuany H300pakaroTcsi B BHJIE BBITYKIOTO
MHOT'OYTI'OJIbHUKA, KOHKPETHO, TPEYToJbHUKA. JTOT TPEYroJbHUK MOJYYaeTCsl IyTEM OTCEUECHMUSI
OT IEpPBOI0 KBAJPaHTA MPUMBIKAIOIIEH K Hayaly KOOpAMHAT 30HbIL. OTceyeHue MpOBOIUTCS
IIPSIMOM, COOTBETCTBYIOIIEW BTOPOM CTPOKE MCXOJHOW 3aJady, C 3aMEHOM HEpaBEeHCTBA Ha
paBeHcTBO. [Ipsimas mepecekaeT och Xj, COOTBETCTBYIOIIYIO CTyJbsiM, B Touke (80,0). DT0
03HAYaET, YTO €CJIU BECh MaTepuall MyCTUTh HAa U3FOTOBJIEHUE CTYJbEB, TO OYJET MU3rOTOBJIEHO
80 ctynneB. Ta ke mpsMas nmepecekaeT och Xz, COOTBETCTBYIOIIYIO cTojiaM, B Touke (0,20). Oto
03HAYaET, YTO €CJIM BECh MaTepHajl MyCTUTh HAa U3TOTOBJIEHUE CTOJIOB, TO OyAeT U3rotosyeHo 20
CTOJIOB. [l BceX TOYEK BHYTPU TPEYrOJbHUKA BBIIOJHEHO HEPABEHCTBO, & HE PABEHCTBO -
MaTepuail OCTaHEeTCH.

AHaJIOTHYHBIM 00pa30M MOXHO M300pa3uTh U OTpaHUYEHUS IO TPYY (CM. puc. 2).

X5 Crane!

103+ 15 3=450

X, Crymea

Puc. 2. Orpanuuenus no Tpyay.
Taxkum 00pa3oM, OrpaHUYEHHUs MO TPYAY TaKkKe M300pa)xaroTcs B BUJE TpPEyrojbHHKA.
OTOT TPEYroJIbHUK TaKXKe MOJy4yaeTcsl MyTeM OTCEYEHMsI OT MEPBOT0 KBaJpaHTa MPUMbIKAOIIEH
K HayaJly KOOpJAMHAT 30Hbl. OTCeueHNe MPOBOIUTCS MPSAMOM, COOTBETCTBYIOIIEH TPEThEN CTPOKE
WUCXOJIHOM 3ajauM, C 3aMEHOM HEpaBeHCTBAa Ha paBeHCTBO. lIpsmas nepecekaer och Xi,
COOTBETCTBYIOILYIO CTYJbAM, B Touke (45,0). OT0 03HA4aeT, YTO €CIM BCE TPYAOBBIE PECYPCHI
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NYCTUTh HAa U3TOTOBJICHHE CTYJbEB, TO OyneT cremano 45 crynabeB. Ta ke mpsMas mepecekaer
0Ch X2, COOTBETCTBYIOIIYIO cTojiaM, B Touke (0,30). DTO 03HauyaeT, 4TO €Cilu BCEeX paboumx
MOCTaBUTh HA M3TOTOBJEHUE CTOJIOB, TO Oyaer caenano 30 crosyoB. [ Bcex TOYEK BHYTPH
TPEeYroJbHUKa BHIMOJIHEHO HEPABEHCTBO, @ HE PAaBEHCTBO - YacTh pabo4ux OyAeT MPOCTauBaTh.

Mzu1 BUIUM, YTO OYCBUAHOI'O PCHICHUA HCET - JId HU3TOTOBJICHUA 80 CTYJIBLCB €CTb
MaTepuai, HO He XBaTaeT pabo4yux pyk, a Ay npousBojcTBa 30 cTOJIOB ecTh paboyas cuia, HO
HCT MaTcpualia, 3Ha‘-II/IT, Haao0 U3roTaBJIMBATh U TO, U APYTOC. Ho B xakoMm cooTHOLIEHUH?

YToObl OTBETUTH HA 3TOT BOINPOC, HAAO "coBMecTuTh" puc.l u puc.2, nomyduB o0IacTb
BO3MOXHBIX pemeHHﬁ, a 3aTcM MpOCICANTb, KaKMC 3HAYCHUSA IMPUHUMACT LCJIICBAsd q)yHKI_[I/ISI Ha
3TOM MHOXecCTBe (puc.3).

X

CTOMIEBI

5+ 20X=400

45 %, + 80 F= 2200

v

(45.0) X1 Crvmea

103, + 15X, =450

45 +802, =10

Puc. 3. OcHoBHas unes TMHEHHOTO NPOTPaMMHUPOBAHUSI.

Takum 00pa3oM, MHOXECTBO BO3MOXHBIX 3HAUYCHMH OOBEMOB BBIYCKa CTYJIbEB HU
ctonoB (Xi; , Xo ), win, B JAPYrUX TEpPMUHAX, MHOXKECTBO A, 3ajarolllee OTpaHUYEHUs Ha
napameTp ympasieHHs B oOlIel ONTHMHU3AIMOHHON 3ajaye, MpecTaBiseT co0oil nepeceyeHue
JIBYX TPEYrOJIbHUKOB, T.€. BBINYKJIbIA YETBIPEXYTOJIbHUK, MOKa3aHHbIM Ha puc. 3. Tpu ero
BepIrHbI 04eBUIHEI - 3T0 (0,0), (45,0) u (0,20). UeTBepras - 3T0O mepeceueHue IByX MPSIMbBIX -
IPaHULl TPEYTOJIbHUKOB Ha puc.l U puC.2, T.e. pelIeHre CUCTEMb] YpaBHEHU

5X;+20X,; =400,

10 X3 + 15X, =450.

U3 mepBoro ypaBuenus: 5 X3 =400 - 20 X, , X; = 80 - 4 X, . [loacrasnsiem BO BTOpoe
ypaBaenue: 10 (80 - 4 X5) + 15 X, =800 - 40X, + 15 X, =800 - 25 X, =450, cinemoBarensHO,
25 X5 =350, X; =14, otkyna X3 = 80 - 4 x 14 = 80 -56 = 24. Urak, yeTBepTas BeplInHA
YETBIPEXYTOJIbHUKA - 3TO (24, 14).

Hano naiitn MakcuMyM JIMHEHHON (QYHKIIMHM Ha BBITYKJIOM MHOTroyrojisHuke. (B oOmem
cly4yae JMHEHHOTO MPOTPaMMHUPOBAHUS - MAKCUMyM JIMHEHHOW (QYHKIMH Ha BBIMYKIOM
MHOTOTPaHHMKE, JIEKAIIEM B KOHEYHOMEPHOM JIMHEHHOM HpocTpaHcTBe.) OCHOBHas wuues
JMHEHHOr0 MPOrpaMMHUPOBAHUS COCTOUT B TOM, YTO MAKCUMyM JIOCTHTaeTCsi B BepIIMHAX
MHOTOyrojibHHKA. B o0mem cinyyae - B OAHOM BeplIMHE, M 3TO - €IMHCTBEHHAas TOYKa
MakcuMyma. B 4acTHOM - B JIByX, M TOrJja OTPE30K, UX COECTUHSIOUINHN, TOKE COCTOUT U3 TOUYEK
MakcUMyMa.

Henesast ¢pynknusa 45 X; + 80 X, mpuHMMaeT MUHMMaJIbHOE 3HadeHwe, paBHoe (, B
Bepumae (0,0). Ilpu yBenuueHun apryMeHToB 3Ta GyHKIMA yBenuuuBaercs. B Bepumne (24,14)
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ona npuHuMaetr 3HaueHue 2200. [Ipu stom npsimas 45 X; + 80 X = 2200 mpoxoaut Mexay
npsiMbIMu orpannueHuid 5 X1+ 20 X; =400 u 10 X; + 15 X, = 450, nepecekaronuMucs B TOU
xe Touke. OTcroola, KaKk M U3 HENOCPEICTBEHHOM IPOBEPKU JBYX OCTABIIMXCS BEPILHH,
BBITEKAET, YTO MAKCUMYM IIesIeBoi PpyHKIMHU, paBHbIA 2200, nocturaeTcs B BepiiuHe (24,14).

Takum 00pazoMm, ONTHMAaJIbHBINA BBHIMYCK TakoB: 24 ctyna u 14 cronos. Ilpu stom
UCIIONIB3YETCSI BECh MaTepuall M BCe TPYIOBBIE pecypchl, a mpuObuib paBHa 2200 mosiapam
CIIIA.

JIBoiicTBeHHas 3aaa4a. Kaxioii 3a1aue JUHEHHOTO MPOrpaMMHUPOBAHUS COOTBETCTBYET
TaK Ha3blBacMas JBOWCTBEHHAas 3ajada. B Hel IO CpPaBHEHHUIO C MCXOIHOW 3aJa4yeil CTPOKHU
NEPEXOJIAT B CTOJIOIbI, HEPABEHCTBA MEHSAIOT 3HAK, BMECTO MAaKCUMyMa HIIETCS MUHUMYM (MU
HAao0OpOT, BMECTO MUHUMYMa - MakCHUMyM). 3ajaua, ABOWCTBEHHAs K JABOWCTBEHHOM - 3Ta cama
ucxoaHas 3aaa4a. CpaBHUM HCXOJHYIO 3a/1a4y (CjieBa) U IBOMCTBEHHYIO K Hell (crpaBa):

45 X;+ 80 X, — max , 400 W, + 450 W, — min,
5X1+20X, £400, 5W;+10W;,>45,

10 X1+ 15X, <450, 20 W, + 15 W, >80,

X; >0, W; > 0,

X2 >0. W, > 0.

MoXHO [0Ka3aTh, YTO ONTHUMAlbHbIE 3HAYCHUS LEJEBBIX (YHKIMI B HCXOAHON H
JBOMCTBEHHOM 3aJjayax CoOBHaJaloT (T.e. MaKCUMyM B MHCXOJHOHM 3ajaue coBHalaeT C
MUHUMYMOM B JBoiicTBeHHOH). [Ipu 3TOM omtumanbHble 3HaueHUss Wi u W, MOKa3bIBalOT
CTOMMOCTb MaTepuana U TpyJa COOTBETCTBEHHO, €CIM UX OLEHUBATh MO BKJIaay B LEIEBYIO
byuknuio. YtoObl HE MyTaTh C PHIHOYHBIMU II€HAMHU 3THX (DaKTOpPOB MPOU3BOJCTBA, Wi U
W; Ha3biBaioT "00BEKTUBHO 00YCIOBICHHBIMH OLICHKAMU'" CBIPBS U pab0OYeil CHIIBI.

3aganusa

3apaua 1. Konxo3 uMeeT BO3MOKHOCTh TpHOOpecTH He Oosiee 19 TpeXTOHHBIX
aBTOMAIIUH U He O6osee 17 naTuToHHbIX. OTHYCKHAsI LIEHA TPEXTOHHOTO IPY30BUKA
- 4000 py6., narutonHoro - 5000 py6. Koyixo3 MOKeT BBIACIHUTD JJIs
npuoOpeTeHust aBromamivd 141 teicsy pyoseid. CKoJIbKO HYyKHO puoOpecTu
aBTOMAIIINH, YTOOBI X CyMMapHasi Tpy30I0IbeMHOCTh OblJIa MAaKCUMAJIbHOM ?
3anmavy pemuTh rpadUueCKUMH U aHATUTHIECKUMU METOIAMH.

3anaua 2. Pemnts 3a1auy rpadpuyecKuM METOAOM Ha MUHUMYM U Ha MaKCUMYM

x— 2y — mif, max
Sx43y = a0,
-y =3,
—3x+oy =15,

x=0, y=0
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3agaya 3. Pemuth 3a1auy rpaguueckuM METOI0M HA MUHUMYM U HA MaKCUMYM
Z(X)=x+x,+3x +4x —min,
{5;{1 —br, +x—2x, =2,
Tl —1dx, +2x;, - 5x, = 2,
20, 5=12354

3amaua 4. Cpenu yucen X U 'y, yJIOBJIETBOPSIOIIUX YCIOBHAM
yz0,

i+ v =1,
x—dv=-2,

HAWTH TaKkue, MPU KOTOPBIX PA3HOCTh ATUX YHUCEN Y-X MPUHUMAET HAauOoJIbIee
3HAYECHHE.
3anaua S. Pemuts rpadudeckum metonom 3JII1, 3amannyto ykazaHHOM
MaTeMaTHYECKOU MOJIETBIO.
F=4x—x —»max,

X3,

Xl 2 - ].,

3anaua 6. Pemmre rpaduuecku crieayroniye 3agauu JHHEHHOTO
pOorpaMMHUPOBaHUS
F=x+2x —max,

M tEin, =6,

ax tx, =8,

=2

=i}

3anaua 7. Pemuts rpadudeckumM MeTo10M
J=x+zx = max,
X —2x, 230,
{5):1 —x, =25,
x =0,

x =0
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