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NMPEAUCNOBUE KO BTOPOMY U3AAHUIO

Hannoe yue6HOe ocobue HAIMCAHO B IIOJHOM COOTBETCT-
BUU ¢ geicTByIOIell nporpaMMoi no gucnunianae « MareMma-
THYECKOe IPOrPAMMUPOBAHNE» U ITPEAHASHAUCHO AJIs CTYIeH-
TOB SKOHOMHYECKHUX CIIeIHaNLHOCTeH By30B. OHO corjsacosa-
HO C BBIIIYIITEHHLIM paHee yueOHUKOM «BrIciiaa MareMaTHUKA:
MareMaTHuecKoe NPOrpaMMHIPOBAHKE» HOL O0IIel peAaKiueit
A. B. Kyauemnosa (2-e usz., nepepab. u gom. MH.: Bernr. mx.,
2001) u cocTaBaAeT ¢ HUM €JUHEII KOMILIeKC. Pacnonoxedue
OPUMEPOB U 3aJaY B MMOCOOHH COOTBETCTBYET IOCJIEN0BATENb-
HOCTH U3JIOMKEHUS TEOPETHUUYECKOr'd Marepuayia B yyeOHHUKe.
B nocobuu mpuBoaATCA IPHUMEDHI M 3aJaUH IO BCEM OCHOBHBIM
pasjgesaM AUCIUILIWHEL: 3aJaYd JUHEHHOTO IPOTrpaMMUpO-
BaHUA; 3aJaYM Ha IPHUMEHEHUEe TEeOPHH IBONCTBEHHOCTH,
pemiaeMble MTPOBBIMH METOZaMM; Ha rpadsl M IIOTOKM Ha
ceTAX, BRJIYaAA TPAHCHOPTHBIE 3aJa4yl; BOZHHKAIOUINEe IIPDH
CeTeBOM IJIAHWPOBAHMWH; C YCIOBUAMH I1€JIOUNCIECHHOCTH Iepe-
MeHHBIX; HeJIMHeHHble, pentaeMble KJIACCHYECKUMU M COBpe-
MEHHBLIMHM METOJAMM; IPOU3BOJACTBEHHBIE NTUHAMHUYECKOTO
xapaxrepa u Ap. BoJIbIIMHCTBO 3a/1ay NPAKTHYECKOro ILJIaHa,
a [IOTOMY NpedIIoNaramT IPeIBAPUTENLHOE COCTABICEHNE 9KO-
HOMUKO-MaTEeMaTHIYECKUX MOJEJeH.

B mavasie xasx0¥# riasel JaHBI KPaTKKUE, HO MCYEPIILIBA-
I0Ill1ie TEOPEeTUYECKUE CBeIeHN S, HeOOXOAMbIe [Jis pellleHu st
BCeX IIOCHeAYIOIIMX NPUMEPOR U 3amadu. llamee paccMarpu-
BAIOTCsI MPUMEPHI TUIIOBBIX IPAKTHUYECKHUX 3afay ¢ IOLpos-
HBIMU HOACHEHUAMH, & HEPEAKO U C 9KOHOMUKO-MATEMATHYEC-
KUM aHAaJI30M IIOJIVIeHHBIX Pe3yJabTaToB. ['Ie 9TO BOBMOKHO,
pelleHns CONPOBOMKAAITCA IFeOMEeTPHYECKHUMU HHTepIIpeTra-
umuaAMu. Bee 3agaum OJIA CaMOCTOSTEJBHOIO pelnieHusa cHab-
JKeHBl OTBETaMM, & K HEeKOTODBHIM JAIOTCH YKABaHWUA II0 UX
pelteHnio. Bo MHOTMX COIEP)KATENBHBIX 3a1adax YMCJIOBhIE
JaHHBIE HOCST YCJIOBHBIN XapakKTep U nmogobpadsl Tak, YTOOGHI
B IIpOliecCce PeIlleHWs BCTPETHJIOCh KAK MOXXHO MEHBIIEe py-
TUHHON BLIYUCJINTEJILHOH paboThl, OTBIEKAIONEeH OT 9KOHOMH-
YeCKOM CyTH 3ajaui.
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IIpenmosnaraercs, uro B yue6mom npomnecce GyAyT IIMPOKO
HUCOONBb30BATHCS NAKETH! IPUKJIANHEIX IPOTPAMM, PeaIu3yio-
II¥X u3yyaeMble MeTOABI onTuMuaanuu. OfHAKO U3 IPAKTHKH
NpenojaBaHus JUCIUINNEBI « MaTeMaTnyecKkoe MporpaMMu-
pOBaHUE» He CIeAyeT UCKIIYATH ONTUMHUIATMOHHEIE 33/1a9U
HeGONBIION PasMEepHOCTH, IpeJHASHAYEHHBIE NJIA peHICHHS
BpyuRy0. Pelltenre BpyuHy0 M03BOJISeT 00yIaOMIUMCA TIIY6-
K€ O3HAKOMHUTBLCHA € YHCTO MaTEMATHUYECKMM CMBICJIOM pac-
CMaTpUBaeMbIX METOZOB 1 CO3HATENbHO OCBAMBATL MATEMATH-
YeCcKHe HIeHr 3THX MeTONO0B, UTO HMEeT BAXKHOE TO3HABATENb-
HOe 3HAUYeHIe.

Bo BTOopoe usnanue nmocobua BKJIIOYEH HOBBIA MaTepHaJ.
B rimase 9 oGocHOBBIBaeTCH IeIeCOO0OpPa3HOCTE CHUCTEMHOIO
MOAX04a LUPW HCIONL30BAHHN MATEMATHYECKUX MOejledl B
IKOHOMHUYECKOH npakTuke. Marepuan raassr 10 6yger nose-
3eH TeM, KTO HHTepecyeTcs nmpobjieMaMu IporpaMMHOro obec-
NeYeHU s N3y4aeMON NHUCIUIIINHBI.

OCHOBHBIM BBIYUCIHUTEIBHBLIM ANINIAPDATOM B KHHUI€ SBJIS-
IOTCS TayCCOBBI HCKIIOYeHnA. IIocKONLEKY B YueOHOM IIpaKkTHKe
BY30B B HACTOAIIlee BPEMS MCIIOJIb3YIOTCA TOCOOUSA, B KOTOPBIX
B KaueCTBe BHIUNCIUTEIbHOIO IPUMEHAETCS ATIIIAPAT »KOpAa-
HOBBIX HCKJIIOUEHU, BO BTOpOe U3JJaHue JAHHOM KHUTK BKJIIO-
ueno IIpmioskenme, B KOTOPOM MaHEI MOAPOGHEIE CBEIEHUSA O
JKOPJAHOBBIX MCKJAIYEHUAX B chepax uX IPUMEHEeHHn.

ABTOpPSI BEIPAXKAIOT HCKPEHHIOIO 6IarofapHOCTh COTPYL-
HAKaM KadeApsl IPUKIAAHON MATEMAaTHKW H 3KOHOMMYEC-
Ko# KnbepHeTmku BejiopyccKoro rocyapCTBeHHOrO 3KOHO-
MHUYECKOr0 YHUBEPCUTETA 3a 3aMEYAHUA M IOMEJIaHHUS, BhI-
CKa3aHHBIE NPU 3aUHTEPECOBAHHOM OOCYXKJIEHUU BTOPOTO
u3naHUA HocobusAa. ABTOpPHI IiIy0OKO NPM3HATENBHBI TAKMKe
DPELEH3eHTY — KOJLIEKTHBY KadeApHl BBICIIEH MaTeMaTHKH
Nt 2 BesropycCcKoOro HAIIMOHANLHOT'O TEXHHYECKOT0 YHUBEPCH -
TeTa, OCO0EHHO ee 3aBeAyIONIEeMYy KaHAUAATY (UBUKO-MATe-
MaTudeckux BHayk, fgonenty A. JI.-Kopsaunxony.

Aasmopbt



BBEOEHUE

MaremaTHyeCKOe IPOrPAMMHPOBAHUE B IPUMEHEHHUH K
aHaJu3y M YIPaBJeHNI0 3KOHOMHKOHN IIipeicTaBiger coboil
TeOpUI0 3PPeKTUBHOrO MCNONb30BaHUS pecypcoB. Ona mpu-
MEHAETCA AJIs OIPEeXeJICHU S OINTUMANBHBIX I1IJIGHOB, PEIIeHN A
1pobeMsl HAMJTYYIIIETO COYETAHMUS JKeJIaeMOro ¥ BO3MOMHOTIO.

MaremaTryeckoe IpOrpaMMHUPOBAHNE KK 9KOHOMUYECKAR
Teopus OblIO BOCTPeOOBAHO JIOTHKON HAYUYHO-TEXHUYECKOI'O
Pas3BUTUS Ha OPOTSKEHEHU N0 KpalHeil Mepe mocaemnux
50 ner. Kak camocrosaTenbHad HAYYHAA NJUCHUIINHEA 3Ta TEO-
pua chopMHpOBanNach B TeYEHHE ACCATUNETUS, HAYUHAS C
IepBo¥ nybauKanuu coBerckoro maremaruka JI. B. Kautopo-
Buya M KoHYas paboramu amepukanna J:x. Jlamnura, oTHo-
camumucsa K 1948 r. B nanepHefimeM MareMaTudecKoe Ipo-
rpaMMUPOBAHME DA3BHBAJIOCH IIOJ MONIHLIM BO3LelcTBUEM
YCIIEXOB B CO3JaHUU cpencTB 06paboTKu MH(ODMAIIY.

Bes BoruncaurebHOM TEXHUKY IPUKJIANHOE 3HAUECHIE Ma-
TEMATUYeCKOro OporpaMMupoBasus O6bLio 661 HeGonbmum. Ho
¥ caMa BBIYMCJIUTEJbHAA TeXHWKa PasBUBasach Giaromaps
MacCOBOMY MOABAECHHUIO TAKHUX MPUKJIALHBIX ONTUMHU3ANUOH-
HBIX 3a/a4, pellleHne KOTOPHIX ObLI0 aO6COMIOTHO HEMBICIUMbIM
IPH OTCYTCTBHY BOSMOXKHOCTH BBINIOJIHATH THTAHTCKUI 00'beM
BeIuucienuii. UMeHHO UyyHOBHIMHOE OBICTPOLEHCTBHE, IO BEI-
paxxenuo H. H. MouceeBa, 3JIeKTPOHHBIX BHIYUCIHTEIbHBIX
MAaIlIMH [I03BOJISET CTABUTh IPUKJIATHBIEC ONTHMHUSAINOHHBIE
3a7a4y ¥ [OJYYaTh UX pelieHye. JTa XapaKTepUCTHKA ObLia
nana B Hayagae 70-x rr. XX B., xorga 6picTpojieficTBue JJOCTYII-
HBIX JJIS HIMPOKOTO nIpuMeHeHHst OBM maMepsasioch necsaTKa-
MH TBICAY, B JYYIIEM CJIyYae COTHAMH THICAY OIEpamnuil B
cexyHny. IMEHHO B 9TO BpeMs Ha BOJIHE IIOPa3UTEJILHBIX AOC-
THYKEHUM BLIYUCIUTENHHON TEXHUKH U HIPUKJIAIHON MaTeMa-
TUKH OYX ONTHMU3AIUY IPOHUK U B 9KOHOMHYECKYIO HAYKY.
Hocrarouno BcrnoMHUTL anonero cozaanusd B CCCP meckonbrux
Teicsy ACY. Hecmorps Ha rpoMajHbie 3aTpaThl M CPaBHU-
TeJbHO HeOONBINON TpaKTHYecKu 3P HEeKT OT UCIOIb30BAHMA
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cosnanabix ACY, TeOpus ONTUMANBHEIX PeIleHUH B 00/1acTH
9KOHOMHUKH 3aHAJA CBOE IToUeTHOEe MecTO. OCHOBOIONOKHUKHI
MaTEeMATUYECKOTO NPOrpaMMMPOBAHUS HOJNYUNJIH MHPOBOE
npusHaHue u 6p11u ynocroers: HobeseBCKoH TpeMu 1O 3KO-
HOMHKE «3a pasBUTHe TeopuH 3GPEeKTUBHOTO UCIO0Ib30BAHUT
pecypcos». IlonyTHO 3ameTuM, UTO mocaegHee JIOGOIBITHO B
AByx orHomeruax. C ognoi cropons, JI. B. KanToposuu —
€IMHCTReHHBIN! B HCTODUU BHIJAIOIIUNCA MATEMATHK, YAO-
CTOEHHBIN CTOJIb BBICOKOH YeCTH, ¢ JPYIOH — 3TO e AUHCTBEH-
HbIN CAy4Yall OPpUCYKIeHNUSA IPECTHKHON HAarpaasl B o6IacTu
3KOHOMHUKMU IIPEJICTABUTENIO COBETCKOMA HayKku. Kak usBecTHO,
B obnactu marematuxu HobeneBckas nmpeMus He NPUCYK-
IaeTcs.

BricTponeficTBIIE COBPEMEHHLIX KOMIIBIOTEPOB YBEJIHYH-
JIOCh HE€ MeHee 4YeM B HEeCATKH ThICAY Pas 10 CPAaBHEHWIO C
6ricrpozelicteueM OBM 70-x rr. Kpome Toro, eciiu «perpo-
I9BM» zaHuUMaJa OOMelleHNe, CPaBHUMOe ¢ OOJIBILINM CIIOPT-
3aJI0M, & OT CUCTEMEI ee OXJaKaAeHua Morna paborars 6aHs,
TO gake BONBINHUMA IO BREIYMCINUTEIbHON MOIIHOCTH IPOrpaM-
MUPYEeMbBIA KalbKYJIATOD MOMEIAeTCsa Ha JaJOHU H paboTaeT
OT MUHHuATIOpHOH 6arapeiiku. HanexHocrs paGorer OBM enre
cepennnbl 70-x rr. 66118 HACTOJBKO HU3KOM, UTO PEIKO yAa-
BaJIoch KOOUThCA ee paborer Oe3 cGoeB B TeueHUWe XOTH ObI
HOJy4Yaca B YCJIOBUSX KOHAUIMOHHDOBAHHA, CPABHMMBIX
pasBe uTo C peaHMMAaLMOHHON majsaToil, U o HabioneHueM
6purajipl CIeNUaINCTOB-3JIEKTPOHIIIUKOB. OTOT IIePUOA pas-
BUTHUA U UCIOJIL30BAaHNA OBM, KOTODBIA MOKHO Ha3BaTh po-
MAaHTHUECKHUM, 3aBepiuinics B Hadasie 80-x rr. ¢ mOABJIeHHEM
HOCTATOYHO MOIIHOI'O HACTOJLHOTO KOMIBIOTEDA.

CoBpeMeHHbBIe KOMIIbIOTEPHI B MHUJIJIMOHLI Pa3 IPEeBOCXONAAT
«peTpo-9BM» Kak 1o GBICTPOJAEHCTBUIO, TaK U II0 eMKOCTH
naMaTu, paboras Ges cOoes rogamu. Mx BKIIOUEHHE U BBI-
KJIIOUEeHHE 110 CJIOKHOCTU He IPEeBLINIAIOT AHAJOTHYHEIE Ma-
HUNYJANUA C HACTONBHON saMmoii. Bee Gosee coBepmenHoe
nporpaMmMHoe ofecreueHue fejaeT paboTy Ha COBPEeMEHHOM
KOMIIBIOTEPE JOCTYIIHOM HINPOKOMY KPYT'y MOJL30BaTeIeH, He
HMelmux rayboxkol cnenuanbHONM IOATOTOBKH WM JaXKe
BOBce 6e3 TaKOBOIA.

TlosiBuIoCH COOBIIleHMe O CO3NAaHNH CYIIePKOMIIBIOTEPA, pa-
60TaroI[ero ¢ YacTOTOM NMPHUMEPHO KBAJAPHJJIMOH HUKJIOB B
CeKyHIY, YTO B MHJUIMOHBI pa3 mpeBbIMaeT GuicTponeiicTBue
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IIUPOKO JOCTYIHBIX COBPEMEHHBIX HACTOJIBHBIX KOMIIBIOTEDOB.
Het commernit B ToM, 4TO B GaMskaiiiiee BpeMs HaCTOJbHbBIE
KOMIIBIOTEDb! JOCTUIHYT BO3MOMHOCTE! CEerogHAIIHEro Cy-
nepkomisoTepa. Bece 3To He MOKeT He BO3ZelCTBOBaThH Ha
HINPOTY M 3((}eKTUBHOCTh NPHMEHEHNA HHPOPMAHMOHHLIX
TEXHOJIOTHH, B TOM YHCJIe B VIIPABJIEHUN 3KOHOMUKOI.

Ha ¢ore BO3pOCIINX TeXHHMYECKUX BO3MOMKHOCTEHl pe-
HMIeHUA ONTHUMU3AIMOHHLIX 3a7laY He MOXKeT He H3MEeHUTHCH
NOAXOJ K UX NPUMEHEHUIO B VIPABJIEHUM S3KOHOMUKOHU, Kak
BIIPOYEM U B JIOOBIX Apyrux cdepax.

YxXonaT B OpoIiLioe BpeMeHa, KOI'La BCe HCXOAHbIe HaHHEIe
3a/iayy JUHEHHOTO MIPOrPAMMUPOBAHKAS BBOZUINCE BPYYHYIO.
B sydmem ciyuae npuMeHeHne Tog00HON « *HPOPMAIMOHHOM
TEXHOJIOTHU» IIO3BOJIAET PEIIATh 3ajauu, CoAeprKamiue A0
HECKOJBKHX COT IIEPEMEHHBIX, A4 ¥ 3TO ABJIAETCS PEKOPIAOM.
CeronHsa yixe O4eBUIHO, YTO TAKON NYTH FOJUTCH TOJBKO JIJIs
H30JUPOBAHHBIX OT NPAKTUKHK yipakHeuuii. [Ipuuun aromy
MHOXECTBO: TPYAOEMKOCTh BBOAA NAHHBIX, HEeU30EKHOCTH
fospUIOTO YKcaa OmubOK BBOZA, AaNbHelniee obHApYyKeHHe
KOTOpPBIX IpobiaeMaTHYHO, MHGDOPMAIUOHHAS HEIPOTHBOPE-
YHUBOCTH APYTHEM 34Ja4YaM CHCTEMBl YIPABJIE€HUS, TPYLHOCTH
AKTyaJus3anuy NaHHBLIX U T. I. Bce 9TO DPUBOLUT K TOMY,
YTO K MOMEHTY HOJYUEeHNA PEHIeHNHA 3aja49yl OHO YiKe HUKOMY
HEe HY)KHO, BO BCAKOM CJIy4Yae IJA INPaKTHYECKOT'O IIpUMe-
Henusa. B yuebHON )Ke NpaKTHUKe YacTo BIIOJIHE JOCTATOUYHBIM
ABJAETCA pellleHUe 3anad JUHEeHHOTO IpOrpaMMUPOBAHUSA
BCEro JUIIb ¢ HeCKOJNLKUMH HEepeMeHHbIMHU, YTO He TpebyeT
CJOKHOM TeXHOJIOTHH.

TTocTosiHHOE yBEJIHNYEHYE MOIITHOCTH KOMIBIOTEPOB AejiaeT
BO3MOYKHBLIM peIleHne ONTHUMHU3AIMOHHBIX 3a7a4 Bce GOJIb-
el pasMepHOCTH, YTO IPUBORUT K YCIOXKHEHHIO NHDOpMA-
NHOHHOTO obecledYeHNs COOTBETCTBYIOIIUX IKOHOMMKO-Ma-
TeMaTHUeCcKux moneneit. IIpy eMKOCTH OCHOBHON NaMATH KOM-
IbIOTEPA CBBIIIE HECKOJIBKUX MerabaiiT cTaHOBUTCA PEaIbHBIM
penieHue 3agauy JUHeHOTo mporpaMMupoBarud 2o 10 Teicay
IepeMEeHHbIX C IPUMEePHO TaKUM K€ YHUCJIOM OTPaHMYEHUI.
Hano ckasaTs, 4To HeOHXOANMOCTh PEIIEHNA 33124 TAKOH pas-
MEpHOCTH OIIYHIAeTCH YiKe CerofHs, ocobeHHO B CBA3U C
NpUMEHeHUeM B 3KOHOMHKe TeOpUH rpadoB U NOCTAHOBKOH
OOTHMU3AIUOHHLIX 38784 Ha ceTAX. Marpuua orpanudyeHut
Takoil sagauu coxepsxut 100 Mmunnmonos anemenToB. [focra-
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TOYHO IIPEJICTABUTE, CKOJIBKO BPeMEHH 3aHAJ OBl TOJABKO BU-
3yaJabpHBINA KOETPOJE UCXOAHBIX NaHHBIX, HE TOBOPA YiKe O UX
OEePBUYHOM BBOJE, YTOOH! CTAJIA O4EeBUAHON OeCcCMBICIeHHOCTD
noxo0GHOTO MOAXOMA.

YuursiBad BBIIIIECKA3aHHOE, NPUXOOUM K JOTHUYECKOMY
BBIBOAY, UTO B KypCe MaTeMaTHUYECKOro IpOrpaMMUpPOBAHNA
menecoobpasHO yAeTUTH GosIbllle BHUMAHUSA AJTOPUTMUYECKIM
MetogaM GOPMHPOBAHUA MCXOOHBLIX AAHHBIX AJd OITHUMMHU3a-
OUOHHBIX 3ajadv C IeJIbIO CBeIeHA K MUHNIMYMY IIepBUYHOTO
BBOZIa M Ja)Xe IOJHOTO ero HUCKJIOYeHHA. MOMKHO yKas3aThb
PAR myTeit JOCTHIXKEHUA 3TOU Lesu.

Bo-nepBrIX, 60JIee MOJHAS peayu3anua CUCTEMHOTO ITOX-
X0Zla K GOPMHUPOBAHHUIO HHGOPMATUOHEHOTO 00eCIIeYeHU A CHC-
TEM YIpaBJEHHS SKOHOMHKOU HO3BOJIAET CHUSUTH PACXOABI
Ha nEGOpManUOHHOEe oDecrneueHne OTAENLHBIX 3anad. B ka-
YecTBe NIPUMEpPA B JaHHON KHUTE IIPeACTaBIeHA O0beIMHeHHAS
C¢X€eMa COBMECTHOTI'O PEIIeHNs 3a4a9H JIMHEHHOr0 OPOTPAMMU-
POBaHHA ¥ aHAJM3a 3KOHOMHUYECKOIO PAaBHOBECHS B PaMKax
mozean B. B. Jleonrsena. B ¢BA3H ¢ 3THM OpUBOJUTCA HEOO-
XOOUMBIH TEOPETHYECKU MaTepHall.

Bo-BTOpBIX, B IPAKTUKY YIPABJIEHIA D9KOHOMHUKOM cleayer
6oJiee TIMPOKO BHEAPATH TeXHOJOTHHA MCKYCCTBEHHOTO MHTE-
JeKTa, HAmpasJieHHBIe HAa aBTOMaTwueckoe (opMUpOBaHUE
MAaTEéMATHYECKOTO ONMCAHUA 00BEKTAa YOPABJIEHNA.



JIMHEWHOE NPOrPAMMMWPOBAHMUE

1.1. IIpuMeps! 3JKOHOMMYECKHX 3aHayd
JHHEIHOro NMPOrpaMMHPOBAHHA

Jluneiitnoe npozpammuposanue — »To pasfiesl Bpicmieil MaTeMaTH-
KU, 3apuUMaomuiics paspaloTKO! METONOB OTHICKAHUA SKCTPEMAasb-
HBIX 3HauUeHUH JuHellHOH (QPYHKIWYU, HAa HEHN3BECTHLIE KOTOpOH Ha-
JIO)KeHBl JHHeiiHble orpaHUYeHUA. 3ajau¥ JIMHEHHOro IporpaMMu-
poBaHUA OTHOCATCH K 3aJadaM Ha YCJOBHHIM dKCTpeMyM (QYHKIHH.
Onnako puis HCCIeZOBaHNSA NUHEHHOM QYHKIMN MHOTHX €PEMeHHbBIX
Ha YCJIOBHBIH 9KCTPEMYM HeJIb3A NPUMEHHUTb XOPOLIO padpaboTaHHLIE
METOALI MaTeMATHYECKOTO aHAJIHU3A.

HelicTBUTEIILHO, NYCTh HEOOXOLHUMO HCCIEKOBATL HA SKCTPEMYM

n

JUHeHHYI OGOYHKIUO Z-—-ZC,-JC,» NP JNUHEHHBIX OrpaHUYEHUAX
j=1

n
> a;x; = b, (i =1, m). HeoGXORMMEIM yCIOBHEM dKCTPEMYMA ABIIAET-

1
cs 6Z/ax1.= 0 (=1n). Ho 6Z/6xj =c; Orciona ¢ = 0 (j=1,n). Tar

KaK Bce KO(MQUUUEHTH JUHEeHHON PYHKINK He MOryT OLITE PaBHHI
HyJI0, TO BHYTpu obnacti, o6pasoBaHHOM CUCTeMOH OrpaHMYeHHit,
3KCTpeMaJILHBIE TOUKM He cymiecTByiorT. OHU MOryT OBITh TOJNBKO Ha
rpagune obnacti. s pellleRUA TaKUX 3aad paspaboTansl CIenNab-
HEle MeTOAL! JIMHENHOro mporpaMMUpOBaHHUA, xoropme ocobeHHO
HIMPOKO IIPMMEHSIOTCA B 9KOHOMUKE.

PaccMOTpHM npuMeps! JHHEHHBIX 9KOHOMUYECKUX 3aj4ad.

Ipumep 1.1. Ilpu usrorosnesuu usienuit M, u H, uc-
HONB3YIOTCA TOKapHbIe U ¢pes3epHble CTAHKHU, & TaKXe CTaIb
Y UBeTHbIE MeTaJabl. 110 TeXHOJOPMYECKNM HOPMAaM Ha IIpo-
H3BOACTBO efUHUIL usnenusa H, rpebyerca 300 u 200 enu-
HHUIL COOTBETCTBEHHO TOKAPHOTO K ppesepHOro o0opyAoBaHNA
(B crasko-yacax) u 410 u 20 eguHNO cTaay U OBETHHIX Me-
TaJIIOB (B KUJIorpaMmax). [ist Ipou3BOACTBA €JUHUTIL] H3Le-
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ms H, rpebyercs 400, 100, 70 u 50 coorBeTCTBYOIIUX €11~
HHL, TeX e pecypcoB. llex pacnonaraer 12 400 u 6800 cran-
Ko-uacamu oGopyaosanusda, 640 u 840 xr marepuasos. Ilpu-
OBLIb OT peayu3alluil eUHHNIbl U3OeNnd H, — 6 TbIC. AeH.
ex., H, — 16 teic. gen. ex. TpeGyercs:

1) cBectu ucxonHele AaHHBIe B Tabiauny, YZOOHYIO AJA
IOCTPOEHUSA MOLEJIH;

2) coCcTaBUTh MaTEeMaTHYECKYI0O MOJeNb 3ajaun (IIoKa3a-
TeJb 3@ PeKTUBHOCTH — TIPUOBLIb);

3) ompeneNUTh ILIAH BRIIYCKA U3Aeuit, o0ecrednBatOUHi
MaKCHMaJbHYIO IIDUOBLIL OPU YCJIOBHU, UTO BpeMsA paboThl
(pe3epHBIX CTAHKOB JOJIYKHO OBITH UCIIOJIb30BAHO IOJHOCTHIO.

Pemnrenue. 1. 0603Haunm yepes X, 4ucyo usnenuu H,,
1epes x, — uspenuit H,, yepesa Z — CyMMapHYIO NpubbIIbL OT
peanu3anuy IPON3BENEHHBIX U3EANil, TOrAa HCXONHbIE JaH-
Hble YIOOHO IpencTaBuTh B BUge tabn. 1.1.

Taoaxuma 1.1

3aTpaThl Ha
O6beM Bupn orpa-
€ANHKLY H3gesInd
Pecypest pecypea HUYEHUS
Hl HZ
CraHKHU, CTAHKO-Y!
TOKapHbIe 300 400 12 400 <
¢pesepHBIe 200 100 6800 =
Crann, KT 10 70 640 <
IIBeTHBIE METRANBL, KT 20 50 840 <
IIpubnuis, THIC. [JEH. ex. 6 16
I1naH BRINyCKa, IIOT. x, x,

2. Tax xak xaxjoe magenume M, naer npubbuib 6 ThIC.
LeH. efl., a TAKUX K3JeJuil M3roraBIuBaercs X, eXx., TO BCe
usgenus H, panyt npubsuib 6x,; amanornuno uspenusa H,
obecreyar npubsLaL 16x,. CymMMapHyio NpUOLUIb MOXKHO 3a-

nucaTs B BUAE
Z = 6x, + 16x,. (1.1)

Tokaproro o6opyzoBamnda Ha usgeaue H, rpebyercs
300 cramko-u, ma usnenue H, — 400 cranxo-u. Torpa nas
H3rOTOBJEHHUA X, usnemuit H, u x, usnenuit H, norpebyercs
Toxapuoro obopyaosanus 300x, + 400x, (cranko-4). Tak xax
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obmuti porx paboyero BpeMeHU TOKAPHBIX CTAHKOB HE MOYKET
mpereliaTh 12 400 cTaEKO0-4, JONYKHO BBIIOAHATLCA HEPABeH-
ctB0 300x, + 400x, < 12 400. AHAIOTMYHO MOKHO 3aITUCATH
YCIOBHSA, HAJAaTaeMble Ha (hoHA pabouero BpeMenu hpesepHBIX
craukoB (200x; + 100x, < 6800) u nTumMuTHpYlOm¥eE MaTe-
puais! (no cranu 10x, + 70x, < 640, 1o nBeTHRIM MeTaJLIAM
20x, + 50x, < 840).

Hrak, HCKOMBII NJaH 3a7ady X = (x,; x,) ROMAKEH yHOB-
JIETBODATH CJEAYIOIEN CUCTEME OTPAHUYECHNH:

300x, + 400x, < 12 400,
200x, + 100x, < 6800,

10x;, + 70x, 640,
20x; + 50x, 840.

(1.2)

IA

I

ITepemenHsble x; U X, HE MOTYT OBITh BBIPAXKEHEI OTPUIA-
TEeJIBHBIMH YHCJIAMHU, TTOITOMY

x,20,x,>0. (1.3)

nan x = (x5 x,), YAOBAETBOPAOIUI CHCTeMe OTPaHU-
venuit (1.2) u ycaosuio Heorpunareasrocty (1.3), Haspiaer-
cs1 donycmumvlm. [JonycTUMBli 11184, V19 KOTOPOTO 1je1eBas
dyaxnnsa (1.1) npuanMaeT MakcuMaJbHOE 3HAUEHMe, Ha3bI-
BAeTCH ONMUMALbHBLM.

JInueitnana pyaxnus (1.1), MakcuMyM KOTOPOIH HAO OmIpe-
IeJIuTb, BMECTe C CHCTeMOM orpanuyenuit (1.2) u ycioBuem
neorpunarensHoctu (1.3) obpasyoT mamemamuieckyno mo-
denv 3adauu. Taxk xak ¢yuknua (1.1) nunenasa, a cucrema
(1.2) comepsKUT TOJBKO JUHEHHbIE OTPAHUYEHUs, TO 3ajada
(1.1) —(1.3) saBnsaercs 3adaueil AuHellHO20 NPOZPAMMUPOSAHUA
(3J1ID.

3. Kak peniuts 3aa4yy JUHEHHOTrO IPOTPAMMUPOBAHUS —
Oyzer mOKasaHO B JajbHelmieM. B nanuoM ke ciaydae JONON-
HUTenbHOe TpeGoBaHUE — MOJHOE UCIONb30BaHNe (BOHAA pa-
60yero BpeMeHHU (Pppe3epHBIX CTAHKOB —— I03BOJISET pPelliaTh
3ajavy ¢ IIOMOIIBI0 IPOCTBIX paccyxaeHuil. Ins aToro BHI-
pasuMm x, u3 ypasreHus 200x; + 100x,= 6800. Iloxyuum
x, =68 — 2x,. IloncraBuB NONIYYEHHOE BBIPAYKEHNE BMECTO X,

B dyuxuuio (1.1) u ocraabusie orparuvenus (1.2), monxyunm:
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max Z = 6x, + 16(68 - 2x,);
300x, +400(68 — 2x,) < 12400, |
10x, + 7068 - 2x,)< 640,
20x, + 50(68 - 2x;) < 840,

i
20 x,=68-2x, 20, |

OTKVJa ITocJie IpeobpasoBaHUs UMeeM:
max Z = 1088 - 26x1;
x, = 29,6,
9
13
x, 232,
x; >0,

x, £ 34.

x; 231

OKOHYATEJIBLHO HAXOLWM:

max Z = 1088 ~ 26x,;
32 <x, <34.

OueBugno, uro Z = 1088 - 26x1 npuHUMaeT HanboyabIee
3HAYeHMe, ecau 26x, — HauMeHbIllee U3 MPOMEKYTKA 32 <
<x, €34, T. e. mpu x, = 32. Ilpu atom x, = 68 -~ 2 - 32 = 4.
3nayernue bysknun Z 6yner pasuo 1088 — 26 - 32 =6 - 32 +
+ 16 - 4 = 256 (TBIC. fmeH. exn.).

Urak, ecu usrorosuts 32 uspenus M, u 4 usnesmms H,, To
upHOLLIL 6yJeT MAaKCHMAaNLHON 1 cocTaBUT 256 THIC. JeH. ex.

Ilpumep 1.2. BEIDOJIHUTEL 3aKa3 IO IPOU3BOACTBY 32 13-
nenuit M, u 4 nagenuit H,B3anuce 6puranel 5, u B,. IIpous-
BOAMTEJNBHOCTL Opurajgsl 5, no nmpousBoACTBY usnenni M, u
H, cocraBiser COOTBETCTBEHHO 4 M 2 H3AENUSA B €NUHULY
BpeMeHun, QoHn pabouero mpemenm aroit Gpuransl 9,5 exn.
TIpom3BoauTeIBHOCTD OpPHTaAbl B2 — COOTBeTCTBEHHO 1 u 3,
a ee ¢oupg pabouero Bpemernu — 4 en. 3aTparsl, CBA3AHHEIE C
IIPOU3BOJICTBOM €ANHUILI U3AEJUA, AA Opuraasl B, paBHb!
coorsercTBerHO0 9 1 20 ThIC. AeH. €., AJaS OPUTAAbI B, — 15
u 30 Teic. med. ea. Tpebyerca:
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1) cBectn ucxonmHble AaHHBIE B rabaumy, yaobHyio s
IIOCTPOEHUSA MOJEJIH;

2) cocrTaBUTH MaTeMaTHYECKYIO0 MOJeJab 3aJadyld 1o IOKa-
3aTeJsi0 3aTpaT Ha BBLIIOJHEHUE 3aKas3a;

3) HaliTH ONTHMAJbHBIA IJIAH Pa3MEIEeHUs 3aKasa IpH
JOTOJHUTEJbHOM TpeboBanuu: doHA pabouero BpeMenu 6pu-
raasl B, fomxen GbITH MOJHOCTBIO MCIONB30BAH.

Pemenune. 1. 0603HauuM uepes x,; KOTMIECTBO U3JEIHI
Id'j (j = 1,2), usrorasnusaembrx 6puranoi B,(i=1, 2). Torpa
UCXOJHbIe NaHHBIe YAOOHO 3amucaTrh B Buje taba. 1.2,

Ta6bnumnma 1.2

TlpousBoguTe bHOCTE GpUrag U 3aTpaThi ®onn
Bpuraza Ha ITPOU3BOJCTBO pabotero
Hl H2 BpeMeHH
B, 4 9 20
x,, X, 9,5
B, 1 15 30
X9 X9 4
Bennuynna 3akasa 32 4

2. CocTaBuM MaTeMATHYECKYIO Mofens 3agauyu. IleneBas
GYyHKI A OMUCHIBAET 3aTPaTHl Ha BBHINIOJIHEHNE 3aKasa:

min Z = 9x, +20x,, + 15x,, + 30x,,

PN OTPAaHNYEHUAK:
Ha BBEIIOJHEHMe 3aKasa (3aKas3 AOJKeH OBITH BBIITOJIHEH)

Xy + Xy = 32,
Xyp+ Xy =4,
Ha aumuT pabouero spemMeHu

x,,/4+x,/2<9,5,
Xy, /1 + x,,/3 < 4.

¥YcnoBue HeOTPUUATEIBHOCTH HMEET BUJ
x;20(0=1,2;j=1, 2).
13



3. Pemnm 3agauy npu ycioBuu, uto ¢oHz paboyero speMe-
Hu Opurazel B, RoyKeH ObITh TOJHOCTBIO HCIOAL30BaH. Mare-
MaTUYECKasaA MOJeNb 3aJadd IPUMeT CJIeAYIONUH BUL:

min Z = 9x,, + 20x12 + 15x,, + 30x,,;

X5, +* Xy =32
Xipg  * Xy =4,
Xy, /4 + x,5/2 < 9,5,
X9y /1 + x22/3 = 4,

xi/.ZO(L‘zl, 2;j=1, 2).

PemumM cucTeMy, COCTaBJIEHHYIO M3 IEPBOr0, BTOPOTO U
4eTBepPTOro OTPAHUYUTENBHBIX YPAaBHEHWH OTHOCUTEILHO JI0-
ObIX TPeX HEM3BECTHBIX, HAIIPUMED X,;, X,, U X,,. [lonyunm

xll = 28 + x22/3 = 0,
x12 = 4 - x22 > 0, = 0 < x22 < 4.
x21 = 4 - x22/3 > 0

Iloncrasus x,, U X, B TPeThe OrPaHUYEHUE-HEPABEHCTBO
cucreMsl, noxydum —6/5 < x,,. Tax Kak x,,20, 10 0 < x,, <
<4.

Bripasum meneByro QYHKITHIO uepes X,,:

22°

Z = 9(28 + x,,/3) + 20(4 —x,,) + 15(4 — x,,/3) + 30x,,=
= 392 + 8x,,.

OueBnpHO, 4TO Z gocruraer muHMMyMa npu 0 < x,, < 4,
KOrJa X,, = 0. Okon4yaTespHO nosydaem: xy; =28, x{, =4,
xy =4, x5 =0, Z_, =392

Wrax, saTpaThl Ha BHIIIOJHEHHE 3aKa3a Oy 1yT MUHUMAIb-
HBIMH u cocTaBaT 392 THIC. JeH. en., ecau Opuraga B, maro-
roBuT 28 usnenuit X, u Bce 4 usnenuns H,, a Gpurana B, —
Jumb 4 usnenus H, .

YuraTeio npejjaraerca HaliTu [pyroe pemieHne, NPpUHIB
3a HEM3BECTHYIO X, BPeMA MITOTOBICHUA Gpuranoii b, usze-
ausa H i

Orser x*=(7;2;4;0); Z , =392.
14



IIpnvep 1.3. TexHOIOTUUECKOMY OTHENY 3aBOJA HYMKHO
PeIINTh 3a7avYy O IPUTOTOBJACHUHM He MeHee 5 T cIjaBa Ans
IIpON3BOACTRA Aeraneii. CIIaB NPUrOTABINBALTCA U3 YUCTOH
CTaJHX U OTXOAOB IIBETHBIX MeTaJIOB. Pacxos 4yucTo# cranu
He JOJI’KeH NpeBbINIaTth 4 T, a IBETHBIX METAJIJIOB — 6 T.
OTHOMIEHNE MaCCh! IIBETHLIX METAJLJIOB K Macce CTaJHl B CILJIAa-
Be He NOJKHO ObITh Gosble, ueM 7 : 8. IIpousBoncTBeHHO-
TeXHOJIOTHYECKUE YCIOBUS TAKOBLI, YTO HA IPOIECCH] IIJIABKH
K JUTbs He MOXKeT ObITh OTBeZeHO Oosee 18 4, mpu srom Ha
1 v cranu yxozur 4,5 4, a Ha 1 T OBEeTHBIX METAJJIOB — 2 U
IIPOU3BOACTBEHHOTO BpeMeHH. CTouMocTs 1 T cranu — 3 feH.
en., IBEeTHBIX MeTaJnoB — 5 nen. ex. Tpebyerca:

1) mocTponTs MaTEMATHUYECKYIO MOAEID 3a4a4l, Ha OCHOBE
KOTOPOH MOKHO HAWTH COCTaB CIJIABA IIPU YCJIOBUHM MHHHU-
MH3AIHH €r0 CTOMMOCTH,

2) penrurh 3ajavy NpH YCJIOBUU, YTO OTHOILEHME MACCHI
HBETHBIX METAJIJIOB K Macce CTaJaM B CIJIase paBHO 7 : 8.

Peme nue. 1. O60znauum uyepes x; MacCy 4MCTOH
CTalu, 4epes X, — MacCy IBETHBIX MeTa/JIOB B CIiase (B
roHHax). MaremMaruyeckas MOJeJNb 3aJa4l IIPHEMET CJIeAYIO-
KA BUJ: MUHMMUSUPOBATH LENeBYI0 GYHKIAIO, OIIUCHIBAIO-
IIVIO 3aTPAThl HAa NMPUTOTOBJEHNUE CILJIABAa:

Z=3x, + 5x,,

IIPYA CAENYIOMINX OTPAHNYEHUAX:
Ha HeoOXOAUMOe KOJUYECTBO CILIABa

X, +x,25,

Ha UMeIOIHecs 3aIachl MCXONHBLIX MaTepUaJioB

x,<4, x,<6,
Ha KOMIIOHEHTHLIN COCTAB CIJIaBa

7
x,:x. <7:8num x, <—x4,
2% 2 =gh
Ha IIPOM3BOJCTBEHHO-TEXHOJOTUYECKHUE YCIOBUA IJIAaBKHU
4,5x, + 2x, < 18.

VenoBusa HeOTPHIATENBHOCTH MMEOT BUA X, 2 0, x,> 0.
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2. Ilpn nOMOSHUTENBHOM OTPAaHMYEHHH X, : x; = 7 : 8

7
numeeM Xy = —8-x1 - IToacraBuB 3T0 3HAUEHUE B IIENE€BYI0 GYHK-

U0 ¥ OTPAaHHUYEHUS, IIOJIYIYUM:

59 8 72
— X, - <X £ —.
8 3 25
Orcrona x, = 8/3, x, = 7/3, Z =59/3.
Wrak, cnnas gomked comepskarh 8/3 T UMCTOM CTAaJu U

7/3 T nBerTHBIX MeTaJs0B. CTOMMOCTL TAKOTO CILIaBa Oynaer
MUHUMAaJBHOHR U coctaBur 59/3 neH. exn.

7 =

IN

i

IIpumep 1.4. CHaOokeHUecKas ciayx0a 3aBoja MOJYyUHIIA
ot moctaBmuKoB 500 cTaNbHBIX NPYTKOB HJAUHON 5 M. Ux
HY’KHO paspesaTh Ha jgeranu A u b IJIuHOH COOTBETCTBEHHO
2 u 1,5 M, U3 KOTOPBIX 3aTE€M COCTABJIAIOTCH KOMILIEKTHI.
B kax gt xommexkT Bxoaar 3 geraau A u 2 geranu B. Co-
CTABUTH MAaTEMATHUYECKYI0O MOJENb 3aJaul, MDO3BOJAIOIIYIO
HAHTH IJIaH PacKpOos IIPYTKOB, MapAHTUPYIOIIUHA MMOJydYeHe
MaKCHMAaJBHOTO KOJIUYECTBA KOMILJIEKTOB.

P e mx e v ue. IIpexxae Bcero Hy;KHO IMOCTPOUTH KAPTy
packpos ogHOoro npyrtka (taba. 1.3).

Ta6numa 1.3

KosuuuecTBo netaneit
BapuaHT packpos OTxonnl, M
A B
1 2 0 1
2 1 2 0
3 0 3 0,5
KoMniieKTHOCTE 3 2

Ilyers Z = x — HMCKOMOE KOJIUYECTBO KOMILJIEKTOB, X —
KOJIMYEeCTBO IPYTKOB, KOTOPOE CJIEAYET PacKpPOUTH IO j-My

BapuanTty (j = 1, 3). MaremaTrnueckasi MOAeNb 33a4YU [IPHUMET

BUJ{: MAKCHMHU3UPOBATH IENEBYI0 GYHKIUIO Z = X IIPH CIEAYIo-
IIUX OFPAHUYEHUAX:
HA KOJIMYECTBO MOCTYIMBIIMX HA PACKPOIl IIPYTKOB

x, + x, + x; <500,
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Ha KOMILJIEKTHOCTb PAacCKpoOs

2x, + x, 2 3x,
2xy+3x, 2 2

>
> 2x.

YcnoBusi HEOTPHUIATEILHOCTH x; 2 0@(G=1,38));x=>0.

1.1. IIpu npoussoactee npoayxuuu IT, u IT o UCHOJIB3YIOT
4 rpynnsl obopynoBarua A, B, C u D. Ha BrINyCK e(MHHUIL]
npoaykuuu I1, pacxoayercsa B eAMHUNY Bpemenu 1; 0,5; 2 u
0 exn. obopymosarus A, B, C u D COOTBeTCTBEHHO, a eANHUIBI
npoayknuu [I, — 15 1; 0 u 2 en. obopynosanuda. PoHA
pabouero Bpemeru rpynnsl A — 18, B — 12, C — 24 u D —
18 en. Bpemenu. [IpegnpusaTre peannayer eJUHUILY IPORYK-
nuu [1, mo uene 40 neH. exn., I1, — 60 nen. ex. TpeGyercs:

1) sanucars ycioBue 3afauu B Bule TaGIHILI,

2) moCTPOUTH MAaTEeMATHYECKYIO MOAENb 3a/iayn;

3) HAUTY mJaH BBIIYCKa OPOAVKIMM, OPH KOTOPOM BBI-
PY4YKa OpenupuATus OyaeT MaKCUMAJILHOMA.

1.2, ns wougurepckoit dabpuky TpebyeTcss paccuuTarh
ONTUMAJIbHBIM ILJIAH BHIIYCKA Kapamejn. Becs accoprumeHT
KapaMeJju pasfejeH HAa TPH OLHOPOJHBLIE TPYIMIIBLI, YCJIOBHO
oGosnauenusle K, K, u K,. [Ina npoussogCcTBa Kapameju
Tpedyerca caxapHbIil IECOK, IIATOKA, GPYKTOBOE IIOpe. 3amachl
9THX BUIOB CBIPbA PaBHBI cooTBercTBeHHO 700, 300 u 150 7.
Ipyrue BUABI CHIPHS, BXOAMAIINE B TOTOBLIN IPOAYKT B HEGOIb-
XX KOJUYEeCTBaX, He YYUTHIBAIOTCA. B KauecTBe Kpurepusd
ONTHMAJBbHOCTH IIJIAHA OPHUHATH MAKCHMYyM NpubeLIu. Ypo-
BeHb NPUOLLINA Ha eJUHUIY KA I0r0 BUIa BEIIYCKAeMOH Kapa-
menu (B geH. ed. 3a 1 1): qaa K, — 1000, K, — 1100, K, —
1200. Hopmel pacxoga ChIphs Ha IIPOMBBOACTBO e AUHUIILI KaXK-
IIOro BAAA KapaMeJn npencrasBieHs! B Tabim. 1.4,

Tabanuma 1.4

Pacxon crippa Ha 1 T KapaMeJas
Coipbe
Kl K2 KS
CaxapHBIH [ECOK 0,7 0,7 0.7
Tlaroka 0,3 0,3 0,2
DpykKTOBOE MIOpE 0 0,2 0,3
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Tpebyerca:

1) mocTponTh MaTeMaTHUYECKYI0 MOIENb 3aJ4a4l;

2) gaiiTu niuaH, MAKCHMUSUPYIOUIUI IpUOBLIIb.

1.3. B onsITHOM X03#CTBE YCTAHOBUIM, YTO OTKODPM K-
BOTHBIX BBITOJI€H TOTJa, KOTJA XUBOTHOEe OymeT IOay4aTh B
IHEeBHOM palllOHe He MeHee 6 ef. MUTATEILHOI'O BelllecTBa A,
He MeHee 12 ex. BemecTBa B u He menee 4 en. Bemecrsa C.
JJ1f KOpMJIEHUA XUBOTHBIX HCIOJB3YVIOTCA [BA BUAA KOPMA.
B Tab6n. 1.5 nokasaHo, CKOJIBKO €IUHUIl KA’KAOTO NHUTATEb-
. HOTO BellecTBa COAep»KUT 1 KI KopMma KaXaoro Buxa. Ilema
1 xr xopma I pasua 50 gmen. exn., kopma II — 60 gen. en.
CocTaBuTh MAaTEMAaTHYECKYIO0 MOJE/b 337144y U Ha ee OCHOBEe
YCTAHOBUTH, CKOJILKO KOPMA KajKJOr0o B4 HeOOXOAUMO pac-
XOLOBATb €XXKEAHEBHO, UTOOB!I 3aTpaThl HA HEro OBLIM MUHU-
MAaJIbHBIMHA.

Ta6anuna 1.5

Kopm
IlnraTensHoe BeleCTBO
1 I
A 2 1
B 2 4
C 0 4

1.4. C BoK3asa MOXXHO OTTIPABJIATH €XKEJHEBHO CKODHIE U
KypbepcKue noe3sa. BMecTHMOCTS BATOHOB 1 HATHYHBIHA IapK
BaroHOB Ha CTAHIUM yKasaHHI B Tabs. 1.6.

Tabnupga 1.6

Tun BaroHa
XapaKTepuCcTHKA IIapKa BATOHOB Barax- | Mouro-| Tnan- |Kymeit-| Msr-
HEIH Bbilf | KapTHRIM| HEIH KU
Yucao BaroHoB B moesfe:
KYPBEPCKOM 1 — 5 6 3
CKOpOM 1 1 8 4 1
BaroH BmelgaeT accaXypoB — — 58 40 32
Hanmaaeiil mapk BaroHos 12 8 81 70 27

TpeGyeTcx COCTAaBUTh MATEMAaTHUECKYIO MOJeJb 3ajxajvun
H, HCTIOJIB3YA €€, Bmﬁpa'r}, Taxoe COOTHOIIeHNEe MeXX Ay YHCJIOM
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CKOPBIX U KYPBEPCKHUX [OE3N0B, YTOOBI YKCJIO ITaCCAKUPOB,
KOTOPBIX MOXKHO OTIIPABUTDH €XKEJHEBHO, NOCTHUIIO MAKCUMYMA.

1.5. B oBomHOA MarasmH IPHUBO3AT M3 TpPeX KOJIX030B
OJHUM BUIOM TPAHCIOPTA KapTodeab COOTBETCTBeHHO mo 40,
30 u 10 neH. en. 3a 1 xr. Ha pasrpysky u cxyjaguposanue 1 T
KapTodesnd ¢ IOMOIIBIO JIEHTOYHOTO TPAaHCIOpTepa Tpebyercs
BpPEMEHH: U3 IIePBOTro Kojix03a — 1 MMH, U3 BTOPOro — 4 MuH,
n3 Tperhbero — 3 MuH (PasHOe BpeMs PasTpy3KH O0bACHAETCH
pasnIu4yueM 3aTOBapuBaHMSA Kaprodesem). Urobri Oe3 3za-
JEPKEK YIOBJIETBOPATH NOTPEOHOCTL HOKYIIATENelH, Halo Ha
12 T xaprodesnd, 3aKa3bIBAEMbBIX €KEe/JHEeBHO MArasmHoOM, 3a-
TpaunBathk He Gosee 40 mmu. CoCTaBHTH MAaTEeMATHUUYECKVIO
MOZEeJb 3a1a4YX U C €€ [IOMOIIbI0 YCTAHOBHTH, CKOJIBKO Kap-
todesisi HAZO NPHUBO3UTH B MArasmH M3 KaXIOro KOJX03a,
yTobpl OOMIAsi CTOMMOCTH KapTodess OblIa MUHUMAJIHHOU.
WzBecTHO, 9TO NEPBLIA KOJIX03 MOXKET €¥KeJHeBHO [IOCTABIATH
He Gosee 10 T, BTOpPOit — He Gosee 8 T, Tperuil — He Gosee
6 T Kaprodeind.

1.6. Bpuraga npuHsAIa 3axas3 Ha usrorosiaenne 50 en. mpo-
ayknuu I1,, 30 en. npoayxkuuu I1, u 45 exn. npoayxuuu I1,.
Ipoxgyxuusa npou3BOfUTCA Ha cTaHKax A m B. s usroros-
JIeHNMS Ha CTaHKe A eAuHUUbl nponykuuu I1, rpebyercs 4 ex.
BpeMeHH, efuHUIbI npoagyKuuu I1, — 40 ex., exuHALEI IPO-
nyxnuu IT, — 10 ex., Ha cranke B — cooTBeTCTBEHHO 6, 8 1
20 en. spemenu. CoCcTaBUTH MATEMATUYECKYIO MOJZeNIh 3a1a9N
¥ HA ee OCHOBe HAHTH IJIAH MCIIOJB30BAHUA OOODYAOBAHUSA,
T. €. yKa3aTb, CKOJBbKO NMPOAVKIIMHA U KAaKOT0 BHJA CJEeRyeT

MBrOTOBUTH HA CTAHKaX A ¥ B, YTOGBI 3aKa3 ObLT BHIIOJHEH B
MUHUMAJILHOE BpeMs.

1.2. ®opmsel 3amucH 3aHa9YM JIHHEHHOTO
NPOrpaMMHUPOBAHMUA, HX IKBHBAJEHTHOCTH
H coco0s1 IpeoOpa3oBaHHA

Mogens 3azayn nuHeHOrO NPOrpaMMHUPOBAHUSA MOXKET ObITH 3a-
IAcaHa B ONHOI M3 IIPHUBEAEHHLIX HUXKe QopM.
1. Obwasn, unu npou36oavHad, Hopma 3anucu:

n
max(min) Z = j_zlcjxl,.
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Ipyu OrpaHUYEHUAX:

n

Yayx; <b, (i=1,my),

=

n e —
Ya,x; =b  (i=my+1,m,),

n ——————
2ax;2b  (i=my+1,m),

x; 20 (G=1ny),
X; — TPOU3BOJILHEIE (j=n,+1,n).

2. Cummempuinas, Wiu cmanHdapmuas, Gopma 3anucu:

n n
maxZ:chxj; minZ:chxj;
j=1 j=1

Zlaijx,. < bi (i=1m), Z;aijxi 2b, (=1m),
j= i

%20 (=1n) %20 (=

|
ot
M
B
~—
by

3. KaHnoHuveckas, NI OCHO8HAA, opma sanucu:

n

x, 20 (j

i
=
&)
~

Vxasanuble BhIIIE Tpu Hopmel 3anucu 3JII1 sKBUBANEHTHB! B TOM
CMEICJI€, YTO KaXKJas 3 HUX C IIOMOIBIO HECJIOXKHEIX IIpeobpasoBaHuil
MOKeT OBITH CBeJleHa K Apyroil ¢opme, T. €. eciu uMeeTcsA Cuocod
HAXOMKJAEeHHS ONTHUMAJILHOrO PeHIeHUs 3a/laui B OJHOM U3 YKa3aHHEIX
¢opM, TO TeM CaMHIM MOXKeT OBITH olpejesieH ONTHMAJbHEIA NJjaH
3aauy B J1ioboH Apyroi hopMme (TOBOPAT O CTPATETHYECKON DKBUBAJICHT-
HOCTH 3aJau¥ B J1060ii ua dopm).

Tax, 1pu HEOGXOLAUMOCTH 384a4y MUHUMHBAIHY MOXKHO 3aMEHHUTh
3ajfauell MaKCHUMH3alnuM, u HaoGopor. OueBUAHO, YTO MHHHMAILHOE
3Havepne QPyHKUUMY 2{(X) PABHO MAKCHMAJLHOMY 3HAa4YeHHIO QYHK-
nuu —2(x), B3ATOMY C NIPOTHBOIIOJOXKHBIM 3HAKOM, T. €.

min 2(x) = -max(-2(x)).
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HepasercTBO THINA 2 MyTeM YMHOMEHUS JIEBBIX U IIPABHIX 4acTell
Ha —~1 MOXXHO NpeBpaTUTH B HEPABeHCTBO TuHa <, u Haobopor. Orpa-
HUYCeHUA-HepPaBeHCTBA

<
QX+ yeXa + ..+ A,X, )>}bi
=

e Ay

npeodpas3yIoTea B OUDAHNYEHMA-PABEHCTBA TyTeM npubapieHUsa (Bbl-
YUTaHUA) K JIEBBIM 4acTAM AOMOJAHUTENbHBLIX (6a/IaHCOBRIX) HEOTDH-
HaTeTbHBIX epeMeHHbIX X, 2 0:

+
QX+ QuXy + ..+ QX }xnﬂ. =b;.
J
B cnyuae HeoGXoAMMOCTY OTpaHNUYEHHE-PABEHCTBO
Xy + QX + ..+ Aux, = b,
MOYKHO 3aIIMCaTh B BUJAE CUCTEMbl HEPABEHCTB
X + Xy + .+ A x, Sby,
A Xy + Xy + oo+ Ay X, 2 By
Ecau B 3JII1 kakas-To mepeMeHHas X, He NOAYMHEHA YCIOBHIO

HEOTPHUIIATENILHOCTH, €8 3aMEeHAIOT PAa3HOCTBHIO ABYX APYTUX HEOTDHU-
HAaTeNIbHEIX ITepeMenErIX 4, 20 u x) 2 O

—- ? I
X, =X, — X},

BBoaMMbIe HOTIONTHUTEIBHBIE IepeMeHHbIe HMEHT onpe;xenemimﬁ
3KOHOMHUYECKUII CMBICH, npaMo CBASAHHBIA C colepKxanueM 3ajadi.
Tax, B 3371a4yax 00 HCIOAB30BAHUU pecypcoB OHU NOKAa3blBAaKOT BEJIMYU-
HY HEHCIIOJb30BAHHOI'O pecypca, B 3ala4yax O cMeCAX — no'rpeﬁ.nenne
COOTBETCTBYIOUIETO KOMIIOHCHTA CBEPX HODMEI.

IIpumep 1.5. IIpusecty k xaHOHUYECKOH dopMe Cienylo-
myw0 3JIII:
min Z = 6x, + 5x,;
5x, + 11x, > 55,
X, + xg 2 8,! - X
11x; + 38x, 2 32,'f
16x; + 13x, < 2
17x; + 12x5 < 205,) + x4
0

x, 20, x,2
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Pewmenune Bamensem pyaxuuio Z Ha Z2'= -Z. Us
JIeBBIX YacTel OTpaHUYEeHUN THUIA 2 BbLIUMTAEM HEOTpUIla-
TeJIbHbIE IIEPEMEeHHBIE X, X, U X,, K JIEBBIM YacTSM OTPaHu-
4eHnil tuna < npubaBigeM HeoTPHUIlATeNbHBIE II€PEMEHHBIE
X x,. Ilomygaem monens 3ajaudl B KaHOHHYeCcKOH dopme:

. ' = .
max Z' = -6x, 2,5
Sx; + 11x, — x3 = 55,
x, Xy — x, = 8]

16x, + 13x, + x4 = 210,

+ ]
. |
11x;, + 38xy, — x5 = 32,
+

17x; + 12x5 + x, = 205,

xJ,ZO (j

I
—
EN

-

IIpumep 1.6. [IpuBectu K CUMMETPUYHON OpMe 3aucH
3ajjauy, 3aJaHHYIO B 00IeM BuIe:

maxZ:—le X, — X4 +2x4 + X
~ 2x3 — x4 + x5 =4,
- Xy + 4xg3 + 2x, = 8§,
X + x5+ xy, = 6,

Pemenwue HcekaounMm n3 cucTeMbl OrpaHUYEHUM-
paBeHCTEB JO0ble TPU NepeMeHHbIe. B nanHoM ciayuae yno6HO
HCKJIIOYUTH U3 IIEPBOr0 OIPAHUYEHNUA X, U3 BTOPOTO X, U U3
TPeThero X,. YYWUThIBAsA HEOTPULATENIbHOCTh NEePEeMEeHHBIX,
moJyyaeM:

x; = 44+2x + x, 20
X9 = -8 +4x5 + 2x, 2 0;
X, = 6- x5+ x,20.

Onycrus x,, x, 1 x;, IPUAEM K 3KBUBAJIEHTHBIM Hepa-
BercrBaM. IloncTasus x, X, ¥ X, B [[eJIeBYIO GYHKIUIO, TTOCTe
npeobpasoBanuil moayuum ciaeayomyio 3JII1 B cummerpuynoi
dopme:
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max Z = - x, + 3x,;

IIpumep 1.7. IIpuBectu K KaHOHHMUYeCcKOMY Buy 3JIII
min Z = —2x, + 3x, — x; - 2x,

IpK OTPAaHUYEHHAX:

X, + 3xy - x5 + 2x, =4,

2x; + 3xy + 2x3 + x, =6,
x, — 2xy ~ x5 +8x, 2 2,7~ x5
xy + 3x3 + bxy <6, + x4
—2x;, - 3xy + x3 - 2x, <4, +2x,

X, X, — J1000ro 3HaKa,
%320, x, 20.

P eme u ue. [IpeobpasyeM CMEIIaHHYIO CHCTEMY
OrpaHUYEHHIl B CHCTEMY YPaBHEHHI. JTO OCYHIeCTBJIAETCH
NyTeM BBIYMTAHUA AOMOJHUTENbHOH HEOTPHIATEJLHOH
HmepeMeHHOM X, U3 JIeBOH 4acTy TPEThEero OTPAHUYEHUS U IIPU-
6aBIIeHUA ROMOMHUTEJILHBIX HEOTPUIIATENbHBIX IePEeMEHHBIX
Xg ¥ X, K JIEBBIM JaCTAM YETBEPTOTO U IIATOTO OTPAHNYEHHH.
Oyakuuo Z MeHsaeM Ha Z' = —Z. B pesynbraTte noaydaem

L —_—
max Z' = 2x, - 3x, + x, + 2x4

Py OrpaHUYECHUAX:

x; + 8xy — x5 + 2x4 = 4,
2%, + 3xy + 2x3 + x4 = 6,
X, - 2xy — x3 + 3xy — x5 =2,
Xy + 3x3 + 5x, + x5 = 6,

4

—-2x; — 3xy + xg — 2x, + x; =

-

x,, X, — n1000T0 3HaAKA,

1,
X320, 2,20, 2,20, x,20, x, > 0.
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Ocraercsa InepeMeHHBbIe xl u x2 IIPOU3BOJBHOIO 3HAKA 3aMe-
HHWATDH PAa3HOCTBIO IBYX HEOTPUNATENBHBIX NEePpEeMEHHBIX:

- 1 ” — ] "
X, =X — Xy, X9 = Xy — Xg,

rge xi,x{,x5,xy 2 0. 9T0 HperocTaBiIfgeTCA CcAesaTh YUTa-
TEJII0.

Paccmorperssblil npueM TPUBOAUT K YBEJIMUYEHHUIO YMCJIA
HepeMEHHBLIX. JTOTO MOXKHO H30eyKaTh, eCJU HUCIOJIb30BATH
WHOM IIpMeM, CBA3aHHBIN, OJHAKO, C I'POMO3AKUMH BHIKJIAL-
KaMu.

pumep 1.8. ITpusecru 3JI11, 3a1aHHYIO0 B KAHOHUYECKOM
BHUAe, K CHMMETPUYHOH dopMe:

max Z = 2x, +3x2 - X,

3x; + 9xy + Bxg3 — 2x4 - 2x5 =T,

+ 2x4 + 6;

2%, — 2x9 - 223 + x, - x5 =1,
9x, — 8xy — Txq + 3x, — 4x5 = 3,

%20 (j = 1,5).

Pem e 5 u e. Haxogum (Hanpumep, merogom I'aycca)
ofIee pelleHde CHCTEMbI OTPAHHYHUTENbHBIX YPaBHEHUI:

1 9
x3 = xl - —5—x2 + g,
13 14
x4 = 2x1 - ?x2 + '5—,
3 9
xy = 2x; + —5—x2 -5

C moMoInpi0 9THX PABEHCTB HMCKJIOYaeM #U3 IeJeBOll GyHK-
nuu x, 1 x,. [lonyusaem
34 2
Z =4x;, +—x9 — —.
5 5
OcraeTrca B NONYYEHHBIX PABEHCTBAX ONYCTUTH HEOTPHUIA-
TeJbHbIE CIaraeMble X, X, U X ¥ HePeiTH K 9KBUBAICHTHBIM
HepaBeHCTBaM. B peasysbrare NpUXOAMM K CHUMMETDPUYHOHR
dopme 3JIII:
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maxZ = 4x; + ggx2 - g;
5 5

13 9

X, + —x, < =,

Y5 TPT s

_2x1+1§x2s E,

5 5

3 9

2%, - —x5 < -2,
opT? 5

%20, x,20.

Ob1iee pelrreHre CUCTEMBl OrPAHHUYUTEIBLHBIX YPABHEHUH
MOXKHO 3aIHUCATBH U B ApyroM Oasuce, a MOTOMY U CHMMET-
puuras dopma 3JII1 BrIpasuTCca Uepes MHBIE IIePEMEHHEIE.

B sagauax 1.7—1.12 npeacrasurs 3JII1 B KAaHOHUYECKOM

BHJE.
1.7. min Z = -x, + 5x, + 2x, — 3x,;

X, — X + x4 +2x552,

x + 2%y — x4 + x5 < 3,

2%, — x5 + x3 + 2x, <6,

-bx; + x, + x5 2 8,

%20 (j = 1, 5).

1.8. max Z=-x, + X, —2x; + X

X, — Xy — xg + 2x, < 6,
—x, + X5+ 2x3 + x4 2 8,
2x, + 2xy - x3 + 3x, <10,
—-3x;, + bxy +3x3 — x, =15,

2,20 (j=1,4).

1.9.min Z = x, - x, — 2x,;

v

x; — 2xy + x4
-3x; + x5 + 23 <9,
2x, + 3x5 + 3x3 = 10,

x}.ZO (j =1, 3).
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1.10. max Z = 2x; — x, — 3x; + X, ~ 2%
Xy — 2%y — x3 + 2x, + x5 = 5,
xy + 4x3 — 2x, <4
xIZO,xazo,x420,

X,, Xz — J1060T0 3HAKA.

?

1.11. max Z = 2x, - Xg;
~4x, + 2x, + 3x; = 8,
-2x; - 2xy + x3 £2,
—x; — Xy + 3x3 23,

X, 2 0, X, 0, Xy — JA1060r0 3HaKA.

1.12. max Z = x; + 2x, + 3x, + 2x, + x,;

-3x; + xy + 4x3 - 2x,

1\

12,
x; — 2xy + 8x3 + x, + x5 = 4,
Xy, Xg X4 X2 0,

X, — Jn1060ro 3HaKa.

B sapgavax 1.13—1.15 npeacrasuts 3JIII B cuMMmerpuy-
Hoi hopme. Hadity Bce 6asucHbIe pelIeHN CUCTEMBI OTPAHU-
yeHui.

1.13. max Z = x;, - 2x, + x5 + x

i
>

2xy — 3x3 + 2x,

—x + Xg + X3+ x4 =6,

%20 (j =1, 4).

1.14. min Z = - x, +x, +x, +3x;
- x - x5 — x4 + x5 =12,
- x - X3 — X, + 4x; = 8§,
- X + Xy - x, + 2x5 = 18,



1.15. min Z = 2x, + 6x, - 2x, +2x;

2x, - xg - 2x, + 2x, = 16,)
X, + 3xy +3x3 + 2x, + x5 = 30,%
-x; + x5 —3x3 - x, +2x; = 8,1

x,20 (j =1, 5).
1.3. 'eomeTpuYyecKaa HATEpHpEeTAN NS
M rpacduyecKoe pelieHHe 3aJaYd JIUHEHHOro
IPOrpaMMHPOBAHNSA

3apaua ¢ asymsa nmepemenEmimu. Halitu pemenmue x = (x; Xy),
IOCTaBIAIONIEE

max (min) Z = ¢,x; + ¢,x, (1.4)
[IpY OTPAHUYECHHUAX:
2
Z X S by (i=1,m)), (1.5)
x,20,x,20. (1.6)

Haynem ¢ reoMeTpuyecKoi MHTEPHPETALNK OOJACTH HOTYCTUMEBIX
pemenuii. Kaxynoe us Hepapencrs (1.5) omnpenensier Ha KOOpAMHAT-
HO miockocTh x,0x, HEKOTOPYIO IONYIJIOCKOCTb, & CHCTeMa Hepa-
BeHeTB (1.5), (1. 6) B CJIyuae ee COBMECTHOCTY — UX NepeceyeHue. ITO
fymer BBIMYKJOE MHOXKeCTBO. OHO MOXKET NPEACTABJATL COOOM Bbi-
OYyKABIH MHOTOyroJibHUK (puc. 1.1, a), HEoOrpaHUYEeHHYIO BRIITYKJYIO
MHOIOyroiabayio obnacts (puc. 1.1, 6), orpesok (puc. 1.1, 6), nyu
(puc. 1.1, 2), oguy TOuKy (puc. 1.1, d) uu 6BITh NYCTHLIM MHOYKECTBOM
(puc. 1.1, e).

S
Xx

g X 0 X
Puec. 1.1
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TlepefizemM Xk reomerpuuecKod WHTEpPHPETAUNH NeJeBoft GYHK-
unm (1.4). Ypasnenue Z = ¢, x, + CyX, IPY (PUKCUPOBAHHOM 3HAYEHHH
Z = Z,, oupejenseT Ha IJIOCKOCTH HPAMYIO JHUHUIO Zy = cyX) + €y,
Ilpu naMeHeRUN Z NOJIYYUM CeMEHCTBO NMAPALIEIbHEIX IPAMBIX, HA-
3BIBAEMBIX AUHUAMU Ypo6HA. BexTop ¢ = (¢;; ¢,) ¢ KOOpAUHATAMY M3
KOI(@PUINEHTOB NIPY X, U X, TePHeHANKYIAPEH K KaKJ0H 13 JIMHMA
ypoBHA. BeKTop ¢ (—¢} mokaswiBaeT HanpasjieHue HauboJIbIIero BO3-
pacTaHusa (yObIBAaHHA) 1eneBoil QyHKIUN.

Ecnu 1ocTpouTh Ha OZHOM DHCYHKe OBJIACTh JONYCTHMBIX pe-
IIeHuil, BEKTOp ¢ (—C) 1 OfHY U3 JUHHUA ypoBHs, Hanpumep Z = 0, To
3ajlaya CBOJUTCH K ONpPEfesIeHUI0 B o0JiaCcTH JONYCTHMBIX PelleHuM
TOYKH B HAIIPaBJIEHUY BEKTOPA ¢ (—C), Yepes KOTOPYIO IIPOXOIUT JIMHUA
yposHa Z_ (Z . ), COOTBETCTBYIOIAA HAanGoMbIIeMY (HAKMEHbIIEMY)
3HAUEHUI0 QYHKINY Z. DTO U eCTh zpadureckuil cnocob pewrenus 3JII1.
Ecyin 3azaua paspeminma, MOTYT IPEACTABUTHCH CHEAYIONINE CAYUAM:
3ajaya MMeeT eNMHCTBeHHoe pemieHme (puc. 1.2, a); sanaya umeer
GECKOHEYHOEe MHOKECTBO DeIlleHUIT — albMepHAMUBHbLIL ONnmuMym
(puc. 1.2, 0); neneBaa PyHKIHUsS He orpanuuena (puc. 1.2, 8), obnacrs
NONyCTUMBLIX PeuieHUu#l -—— eAWHCTBEHHas TOUKa, 3ajada He uMeer
peHieHud.

Ipumep 1.9. Pemurs 3J11

max (min) Z = 2x; + 3x,;

Xy
Xy
2x,

X

+ Xy
+ 4x,

A

(=]

\%
.

-

\%

1
rpadIecKuM CIIOCOO0M.
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Pemnienue. qua nocrpoenus ob6aacTy AONYCTHMBIX
pelleHut cTpOuM B cucteMe x,0x, COOTBETCTBYIONIME JAHHBIM
OTPAHHYEHUSIM-HEPAaBEHCTBAM I'DAHUYHbLIC HIPIMBIE:

X, +x,=6, x, +4x, =4, 2x, - x,=0.

Haxonum nonynjocKOCTH, B KOTOPBIX BHIMOJAHAKTCA HaH-
Hble HepaBeHCTBA. JI 5TOTrO BCIEACTBHE BBIIYKJOCTH JIIO-
6011 ITONYIJIOCKOCTH OOCTATOYHO B3HATH NPOU3BOJLHYIO TOY-
KY, Yepe3 KOTOPYIO He IPOXOAUT COOTBETCTBYIOMIANA TPAHKYHAS
npsMas, ¥ IPOBEPUTH, YAOBIETBOPALT JIK 9Ta npobHAS TOUKA
OrpaHUYeHUIO-HepaBeHCTBY. Ecnu yaosiersopsaer, TO JaHHEOe
HEPABEHCTBO BHINMOJHAETCA B IOJYILJIOCKOCTH, COAepIKalnei
IpobHYI0 TOUuKYy. B mporuBHOM ciyuyae Oepercs HOJYIIOC-
KOCTB, He cogepokaias npobuoit Touku. B KxayecTBe npobHOit
TOYKHK 4acTo yAobmo Gpats Hauano Koopauuar O(0; 0). Haa
HAIIero npumMepa o61acTh AONYCTUMEIX PDEHIEHUN — MHOMeE-
CTBO TOueK uersipexyroiabuuka ABCD (puc. 1.3).

Crpoum BeKTOp € = (¢;; ¢,) =(2; 3). Tak xax oH HEOGXOAUM
JIMHIIb AJIS BBHIACHEHUA HAIIPABJIEHHS BO3PDACTAHUS ILEJIeBOH
PyEKIMY, HHOrAA A1 0obilieil HAarJaaAHOCTH YROOHO CTPOUTH
BekTop Ac (A > 0). IlepneHagUKyIAPHO K BEKTOPY € IPOBOJUM
smauo yposHd Z = 0. IlapannensHbIM mepemMelieHueM IPAMOit
Z =0 "HaxonuM KpaliHOO TOUKY B, B KOTOpO# nenenas GyHK-




WA JOCTUTAeT MAKCUMYMa, ¥ TOUKY A, B KOTOPOM TOCTUIaeTCs
mMuHUMYM. KoopawHaTh! TOUKY B onpenensiroTcsi CHCTeMOMH

X, +x,=6, 2x, - x,=0,

orkyna B(2; 4), Z_, = Z(B) = 16. Touxy muauMYyMa A Ha-
XOJMM, Periasi CUCTeMY YDABHEHUH I'PAHMYHBLIX HIPSIMBIX:

22, - x,=0, x; +4x, = 4.

Vmeem A(4/9; 8/9), Z_. = Z(A) = 32/9.

3apaun 1.16—1.18 peiinTs rpaduyecKum coocoGoM.

1.16. IlpegnpusaTre IpPou3BOAUT COOPKY aBTOMAIIINH JBYX
Mapok: A, 1 A,. [11s 51010 TPEGYIOTCSA CIeAyIoNue MaTepHaIhL:
S, — KOMILTEKTHI 3aTOTOBOK METa/JIOKOHCTPYKIMH B KOJH-
gecre b, =17 mr., HEO6XOAMMEIE AJA COOPKM aBTOMAIIMH
Mapok A m A, (coorBeTcTBeHHO 2 1 3 e1.); S, — KOMILIEKTHI
Pe3MHOBBIX H3Jenuit B xonuuecrse b, = 11 mT. (coorsercr-
BeHHO 2 u 1 exn.); S; — nBUraTeNn ¢ apMaTypOi M BJEKTPO-
oGopynoBaHneM B KOJUYeCTBe b, = 6 KOMILIEKTOB, HeoOl-
XOAUMEBIX IO OJHOMY JJIsi Ka)KJOW aBTOMANIMHBEI Mapku 4,;
S, — ABUraTeNy ¢ apMaTypoi u aseKTpoobopymoBaHMEM B
KOJMYeCTBe b, = 5 KOMILIEKTOB, HEOOXONUMBIX IO OXHOMY
IS KaKAOH aBTOMAIIIMHBI MAPKH A1' CrouMoOCTL aBTOMAILIH-
HBl Mapku A, — ¢; = 7 ThIC. [leH. e]., a aBTOMamuHb A, —
¢, =5 TeIC. JeH. ex. OnpenenuTs MIaH BHIIYCKa, OfecIequBao-
mMuH TpeAUpPUATUI0 MAKCHMAJBHEYIO BEIDYUKY.

1.17. Onsa coxpaHeHNs HOPMAJbHOM KHU3HEAEeATEIBHOC-
TH 4eJIOBEK NOJIKeH B CYTKH IOTpebiATH 6eNKOB He MeHee
120 ycu. exn., »kupoB He MeHee 70 U BUTAMHHOB HE MeHee
10 yca. en. Comepoxanue ux B mpopykrax II, u II, pasHo
cooreercreenso (0,2; 0,075; 0) » (0,1; 0,1; 0,1). CroumocTs
1 en. mpoxyxra I1, — 2 new. en., I1, — 3 nexn. ex. TpeGyerca
TaK OPraHW30BaTh MUTAHUE, YTOOBI €r0 CTOUMOCTDH OblIa MU-
HEUMANBHOU, 4 OPraHu3M IIOJYUYMJI He0GXOAUMOe KOJIUYEeCTBO
IHTATENbHBIX BEILIECTB.

1.18. MaJjioe npenmpusaTHe BeITycKaer aeraaun A u B. Ins
3TOT0 OHO HUCIIOABL3YyeT JUThe, MMOJBepraemMoe TOKapHOi obpa-
60TKe, CBEPJIEHHIO U IIIINGOBaHNIO. [IpONM3BOANTENHHOCTE CTA-
HOYHOTO IIapKa IpeanpuATusa no obpaborke peraneit A u B
npuBeneHa B tabiu. 1.7.
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Tabaummoa 1.7

IIponsBoRUTENEHOCTD, CTOMMOCTE daca
Crasku mT/4 CTAHOYHOI'O BpeMeHH,
A B ZeH. en.

TokapHrre 25 40 2000
CeepauabHbIe 28 35 1400
HinundosanbHbie 35 25 1750
llena getanm, geH. en.:

MOKYIHAN 200 300

IpoAasKHast 500 600

IIpenmonarasd, uro cupoc Ha m00yio KOMOMHAINIO feTateit
A u B ofecmeueH, HAUTH IJ4H MX BLITYCKA, MaKCHUMU3U-
pyomui npubsLrs.

Y k a3auue. lIpexzae Bcero Heo6X0AUMO CLeNaTh pacyeT OpPH-
6s11u Ha merass (Tabm. 1.8).
Tadbanumga 1.8

BaTpaTh
Bup o6paGorru
A B

Tokapuas 2000 : 25 = 80 2000 : 40 = 50
CsepJiexue 1400 : 28 = 50 1400 : 35 = 40
Hlnudoranne 1750 : 25 = 50 1750 : 25 = 70
Obuue saTpaThl 380 460
Ilena, meH. ex.:

MOKyMHAaA 200 300

IPOJaKHAaA 500 600
Hpubnuis 120 140

O6osnaunm KOJMYECTBO BRIIyCKAEMBIX B Uac geraneil A yepes x,,
nerajeit B — yepes x,. MeeM MaTeMaTHUeCKYIO MOZEJDb 3a7auu

max Z = 120x, + 140x,.

TIpuuAB MOLUTHOCTL OGOPYAOBAHKA KAXKIOrO BHAA 38 eIUHHIY, 11O-
JIYYHM CHCTEMY OTrPaHUYeHH:

x /25 + x5 /40 < 1,

x, /28 + x,/35<1,

x, /356 + x,/26 <51,
%,20,x,20.
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Bagaum 1.19—1.27 pemuts rpaduuecKy.
1.19. max (min) Z = 2x; + x,;

2x; + 4x,

IA

16,
8,
9,|

x,20,x,20.

-4x;, + 2x,

A

I\

x; + 3x,

1.20. max Z = 6x; —2x,;
X, - xy <1,
3x; — x5 < 6,}
x,20,x,20.
1.21. max Z = 2,5x; + 3x,;
X — 2xy 2 2,
-2x; + 3xy 2 2,}
x,, x, — awboro 3Haka.
1.22. max Z = 4x, + Tx,;
2x, + Txy < 21,
Tx, + 2x4 < 49,}
x,20,x,20.
1.23. max Z = 3x, + 2x,;
2%, + x5 < 2,
3x, + 4x, 2 12,}
x,20,x,2 0.
1.24. min Z = 2x, —6x,;
-X, — Xy $ -2,
—-x; + x5 < 1,}

x,20,x,20.
1.25. max Z = x; + X,

x, - x5, 2 1,

x, - x9 £ -1,

xIZO,xZZO,
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1.26. max (min) Z = 3x, + 4x,;

2x; + x5, 2 8,
- X; + 5x, <37,
Sx; + x5, < 49
3x; - 4x, < 11,
3x, + 4x, 219,

%, 20, x,20.

1.27. max Z = 2x, + 4x,;
3x, + 6x,

IA

12,
-2,
-x +3x, 2 0,

v

2x, — x4

x,20, x,20.

1.28. Haiit max (min) Z = 2x, + 3x, Opu ycoOBHH, YTO
cuCTeMa OrpaHHYeHMH €eCThb TOYKH 4YeThIPexXyroJbHHKA
A(2; 3), B(3; 6), C(9; 8), D(6; 2).

1.29. IlpegnpusTie 3JeKTPOHHON IPOMEIIIJIEHHOCTH BBI-
IyCKaeT ABE MOJeJIMN DaguonpueMHUKOB. Kakmas Mozes
IIPOM3BOJUTCA HA OTHAENBHON TexHonormdyeckoi auuaumu. Cy-
TOYHBIHA 00'beM NPOU3BOACTBA IIEPBOM JuHUUA — 60 magenuit,
Bropoii — T75. Ha pagmompueMHHK MepBOM MOJEJH Pacxo-
nyercs 10 OfHOTHITHBIX SJIEMEHTOB 3JIEKTPOHHBIX CXeM, BTOPOit
mozenu — 8. HanGonpmuii CyTOYHBIN 341AC MCIIOIB3YEMBIX
anemeHToB paseH 800 ex. IIpubelib OT peasmsanuyu OSHOLO
PafloONpDUEeMHNKA IIePBOM M BTOPOM Mopejeil — COOTBETCT-
serHO 3000 u 2000 gen. en. OnpenennTs:

1) onTumasbHbBIE CYTOYHBIE 00 BEMBI IPOU3BOACTBA IIEPBOIi
U BTOPOi# MojeJsei;

2) npegen yBeJHYeHUA IPOU3BOAUTEILHOCTH MEPBON JIU-
HUWY, TIPEBLINIeHNE KOTOPOTO yiKe He OYAeT OKA3bIBATDL BJIMSI-
HUSA Ha POCT HpUOLLIN;

3) mpenes yMeHbIIEHN S IPON3BOAUTEILHOCTH BTOPOM JIH-
HUH, IPH KOTOPOM IOJIYYEHHOE OINTHMAJILHOE pellleHre OCTa-
€TCs1 HEM3MEHHBIM;

4) npejes yBeIUUYEHUs CYTOYHOTO 3AII4ACA DJIEMEHTOB 3JIEK-
TPOHHBIX CX€M, IIPH NPEBLIMIEHNH KOTOPOr0 YIYYIINTh 3HA-
yeHHe [ejieBOi GYHKIIHX HEeBO3MOXKHO.
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O6ocHCBaTh PelIeHHE 3a/adyy NCXOAH W3 yJeJbHOH IeH-
HOCTH pecypcoB ¥ OIPeNeJUuTh AeGHIUTHEIH pecype, KOTOPBIX
uMeeT HauBGOJBIIUN NPUOPUTET IPH BO3MOMKHOCTH YBEJIH-
YeHMSA 3all1aCOB PeCcypCcoB.

1.30. IIponecc H3roTOBJIEHNA IPOMBINIICHHBIX M3IeNIHil
AByx Bunos H, u H, cocTouT B nocaefoBareabHOM 06paboTke
Ka’)KOTo M3 HHUX HA TPeX CTaHKaX. Bpems HCIONb30OBaHMS
STHX CTAHKOB JIJI IPOM3BOICTRA JAHHEIX H3JeJIuil OTPAHHYEHO
10 4 B cyTkH. Bpemsa 06paboTKu OAHOTO H3eNH (B MEHYTaX)
¥ npubBLIELE OT IPOJAXKH ONHOTO M3NENHNA KAaXIOT0 BHAA YKa-
3zagsp! B Taba. 1.9.

Ta6numnal.9

BrimyckaeMas OPOAYKUMSA
Crasox JiuMHUT BpemeHH

H, l H,

I 10 5 10

II 6 20 10

111 8 15 10
YaennHas npubsiis 200 300

Tpebyercs:

1) mafitn onTuManbHBIe 06BEMEl IPOU3BOACTBA u3geaun
KajKJIOTO BHAA, MAKCUMHI3HPYIOMue Npu6hLIb;

2) onpenenuTh, AN8 KAKAX CTAHKOB B ONTHMMAaJbLHOM De-
[IEeHNU 3a/]aYy BpeMsA MCIOJIb30BaHNUSA He ABIAETCA AedUIAT-
HBIM pecypcoM, ¥ HalT¥ HeMCOOJIb3yeMYI0 JacTh 3TOTO pecypca
(B MalIKHO-YaCAX);

3) A8 KaXK0r0 MOJHOCTBIO 3arPyKeHHOr0 CTaHKa OIpe-
IeTUTh «IEHHOCTh» eIWHHUILLI JOIOJHUTENHHOrO (HOHAA Bpe-
MEHH; '

4) ycTaHOBUTBH, KAKOH M3 TPeX CTAHKOB MMeeT Hauboib-
mnil IpUOPHTET IPH BOSMOXXHOCTH YBeJIHYEHUS BPEeMEeHH H
3arpys3Ku.

1.31. ®upma uMeeT BOSMOMKHOCTb PEKJIAMHUPOBATH CBOIO
OPOAYKIIMIO, UCHONb3YS MECTHEIE PAaiuo- ¥ TeJeBH3NOHHEIE
cern. BaTpaTsl Ha peknaMy B Gronxere GUPMBI OrpaHUYEHBI
100 000 ger. en. B MecaAll. Kaxkaaa MUHYTa PAZHOPEKJIAMBI
ob6xonurca B 500 neH. efn., a KAKAAT MUHYTA TeJEPEKIaMBl —
B 10 000 gen. ex. ®upma xoTesa 6B HCIOJIB3OBATH PAHOCETH
no Kpaiineit Mmepe B 2 pasa yaimje, 4eM Tejiesuserne. OusT
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TPOIIIBIX JIET II0Ka3as, 4TO 06beM cOblTa, KOTOpHIH obecme-
YUBAET KaxKJas MHUHYTa TeJiepeKkJjaMbi, B 25 pas Goiabmie
obbema cObITa, 0fecneynBaeMOro OfHOM MHUHYTOH pajuopeK-
namel. OnpenensuTs:

1) onTumanbHOE pacnpeneneHve GpUHAHCOBBIX CpeacTs,
€XEMEeCAYHO OTHYCKAEMBIX Ha PAafuUo- M TeJepeKJIaMy;

2) mpesen yBeNNMYeHMS MECAYHON CYyMMBI pacxonoB Ha
PexJaMy, UPeBLIIIeHNe KOTODPOTO y)Ke He OyaeT BAUATHL Ha
ONITHMAJNbHOE pelleHue.

1.32. B paiione neCHOTO MAaCCHBA MMEIOTCS JIECONMIIbHEDIN
3aBOR U (anepHas dabpuxa. Urobel moayynts 2,5 M3 Kom-
MEpUYECKH peaynu3yeMblX KOMIIJIEKTOB IIMJIOMATEPHAJIOB, He-
ob6xoaumo uspacxonosars 2,5 M2 enoBbix u 7, 5 M® mUXTOBBIX
necoma'repuanos s npnrom}meﬁnﬁ 100 m? damepsr Tpe-
Gyercss 5 m® emoBbix u 10 M3 HI/IXTOBbIX JecoMaTepualoB.
JlecHoit maccus copepskut 80 M3 enoBuix # 180 M3 THXTOBBIX
secomaTepuasoB. COrIaCHO YCIOBUAM IIOCTABOK, B TEUEHHE
rmaanyeMOI‘o epruona HeoOXOAUMO nponssec'm 0 KpaHen
Mepe 10 m® nunomarepnanos u 1200 m? ¢anepsl. [loxon c
1 m® munomarepuanos cocrasnser 1600 IeH. en., a co 100 M2
daneper — 6000 gen. en. OnmpemennTh ONTUMANBHBIN IIAH
NIPOH3BOJCTRA IIMJIOMATEPHAJIOB U dhaHepHl.

1.33. IlpexnpusATHE TPOU3BOLUAT MPOAYKIIHIO ABYX BALOB:
II, nII,. O6bem cOpiTa npoaykouu I7 , COCTaBJIAET HE MeHee
60 % obmero oobeMa peaansanuy NPOAYKINHE 060MX BHAOB.
A naroroBnenus npoxyronu I7 , ¥ I1, ucnonssyercs ogHo
U TO K€ ChIpbe, CYTOUYHBIM 3amac xoroporo paseH 100 xr.
Pacxoy cbipbsi Ha €AUHMIY TPOLYKIIMH 11, pasen 2 kr, a Ha
eqmHNNy npoayknuu I, — 4 xr. Heﬁm upoayxknuu I, u
IT, — 20 u 40 gen. en. COOTBeTCTBeHHO Onpenenuts on'm-
MaJlbHOE pacupeneseHue ChIpbs AJIA H3TrOTOBJICHNA TPOAYKIINYT
II, u IT,.

1.34. Pupma BRIIYyCKAeT ULIANH ABYX (acoHoB. Tpyno-
€MKOCTb U3IrOTORJEHHU S HIJIAIBI I€PBOro GacoHa BABOE BBIIIE
TPYAOEMKOCTH M3TOTOBJEHUA HIIANLI BTOPOro dacoHa. Ecau
6bl dupma BBITYCKAJA IUIANBI TOJBKO HEPBOTO (GacoHa, TO
CYTOUHBINA 00'beM IPOU3BOACTBA MOT GBI cocTaBuTh 500 mnsm.
Cyrounelit o6weM cObTa mIIAn OGOMX (DACOHOB OrpaHUUEH
150—200 . IIpuGhLnb OT IPORAsKH IIIAIEI IEPBOro GacoHa
paBHa 80 gmen. ex., Broporo — 50 gern. ex. Ompegenuth
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ONTUMANBHBIH NIAaH BHINYCKA IIJIAN, MAKCUMHU3APYIOIUH
pubblib.

1.35. UmeroTca KopMa ABYX BHIOB.: CEHO u cuioc. Ux
MOYXHO KCIOJB30BATH AJS KODMJIEHHS CKOTA B KOJNYECTBE
coorBercTBeHHO He Gonee 50 u 85 kr. Tpebyercsa cocTaBuUTh
KOPMOBOH panuoH MUHUMAJBHON CTOMMOCTH, B KOTODOM
copepxuTcsa He MeHee 30 KOPMOBBIX efMHUI], He MeHee 1 KT
mepesapuBaeMoro mporemHa, He meHee 100 r xaapnm#a, He
meree 80 r pocdopa. [JaHHBIE 0 TUTATEABHOCTH KOPMOB B HX
CTOMMOCTH B pacyere Ha 1 xr npuseness: B Taba. 1.10.

Ta6auna 1.10

Kopm Huxusas "HopMa
ITutaTenpHule BermecTBa COAEPIKAHUA
MHUTATENBEEIX
Ceno Cutoc
BEIECTH

KopMoBble eTUHUILBI, KT 0,5 0,3 30
Ilporeun, r 40 10 1000
Kanpumit, r 1,25 2,5 100
Docdop, T 2 1 80
CebecTroumMocTb 1 Kr, ZeH. ell. 12 8

1.36. Haittu onTuMaibHOE COUETAHNE ITOCEBOB IIIEHUIIBI
¥ KYKYPy3bl B apeHJHOM X03gHcTBe, ofecleunBailinee Mak-
CUMYM BAJIOBOH MPOAYKIHM. YPOXKANHOCTE W 3aTPATHI HA
BO3J(eIBIBAHNE KYyALTYD (B pacdere Ha 1 ra) XapakTepH3yIOTCA
IOKA3aTeJNIMHI, IpUBEeIeHHbIMU B Tabm. 1.11.

Tabaumna 1.11

TToxasarens TIurennna Kykypysa
¥YpoxkaitHOCTS, I 30 45
3aTpaTsl MeXaHH3UPOBAHHOrO TPYlA,
TPAKTOPO-CMEH 0,05 0,064
3aTpaTsl TPYAA HA KOHHO-PYYHBIX paboTax,
yeJI.-gH. 0,6 0,16
Ilena 1 o, xen. en. 75 55

1.37. Hpeanpusite MOXeT BBITYCKATh HIPOAYKIIMIO ABYX
Bugos: I1, u I1,. Vicnonb3yioTcss TPU BHAA PECYPCOB: 060-
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pyZnoBaHue, ChIpbe U 3JeKTposHeprusa. HopmMbr pacxoxna, jau-
MHTBI PECYPCOB M NPHOBIIBL OT €JHHHUIBI MPOAYKIIUM HpPe.-
crasieHsl B Tabn. 1.12. HaliTy ONTUMAIbHBIN IIJIAH BhIDYCKA
OPOAYKIOUU. ¥YCTAHOBUTH, KAK HU3MEHUTCA IPUOBLLIL, €CJIH
HE3HAYNTENbHO (HA e€IWHHUNY) YBEIHUYUTH WUJIW YMEHBIINUTH
obbeM Kaxjoro pecypca. Bece su pecypchl OKasbIBAIOTCH B
mponecce IPpou3BOACTBA paBHONEHHBIMEU? IledHOCTE pecypcoB
MOKHO H3MepATh NpUPAIeHUueM OINTHMAJNLHOrO 3HAYEHHUS
neJsieBoH QYHKIUY, IPUXOAAIMUMCA Ha €UHULY IIPUPAIIEeHUA
COOTBETCTBYIOIIETO pecypca.

Ta6banuma 1.12

HopwMa pacxopa Ha
Pecypent eAMHULY HIPOAYKIIUHU O6bem
pecypeca
I, i,
ObGopynoeanne 2 3 31
Cripne 1 1 12
ANeKTpoIHeprua 2 1 20
IIpu6eInE 32 eZUHUILY NPOAYKIIHK 40 25

3agaua c n nepeMeHHEIMH. Kak n3BeCcTHO, rpad)iyeCKUM METOA0M
MoxkHO pemiath 3JIII ¢ n > 2 mepeMeHHEIMHU, €CJIN B €€ KAHOHUYECKOH
3aITHUCH YMCJIO HEM3BECTHBIX /I M YUCJO JIMHEHHO He3aBUCHMBIX ypaB-
HeHWH m CBASAHBI COOTHOWIEHUEM 1 — m < 2.

Hpumep 1.10. Haiitu

max (min) Z = 16x, + x,~ x; — 5x, - 5x,

IPY OTPAHUUYEHUAX:

2%, + x5 + 23 = 20,
- 2x; + 3x, + x4 =12,
2x; + 4x, - x5 = 16,

£,20 (j =1, 5).

Pee v ue. B pnanwoit 3anave n = 5, m = 8. Tak xax
n—-m=5 -3 = 2, 3ajauyy MOXHO PEIIUTh IpadUdecKH.
Pemum cucremy OrpaHHYHTEIBHBIX VPABHEHHUH OTHOCUTEILHO
mM00BIX TpPeX HEM3BECTHBIX. B NaHHOM cilyyae IpoIe BCEro
PEIIUTh CHCTEMY OTHOCHTENBHO X4, X, H X,

37



xg = 20 - 2x, - >0,
12+2x1—3x220
=-16 + 2x; + 4x, 20,

ta]
-~
I

Eal
o
|

20,x220.

TloncraBuUB BEIpAXKEHUA OJIA Xg, X, ¥ X, B IEJEBYIO GyHK-
IHUI0, TIOCJI€ YOPOINEHUH NONYyUIuM Z = —2x; — 3X,.
3JITI ¢ ZByMs nepeMeHHBIMP IPUHEMAET BUJ
max (min) Z = -2x; - 3x,;
2x; + x4
—2x; + 3xy <12,
2x; + 4x, 2 16,

IA
)
L

20,x220.

Ha puc. 1.4 npeicraBjieHB MHOTOYI'OJIBHUK PpelIeHHH
ABCD, nuans yposus Z = 0 u BexTop ¢ = (-2; -3).

MaxcrMaIbpHOrO 3HAUeHWs neseBad GYHKIUA JOCTHraeT
B Touxe A(0; 4), 1. e. Z _, = 2(A) = -12, a MUEIMAJIBHOTO —
B rouke B(6; 8): Z ., = z(B) = -36. IloxcTaBuB KOOPAMHATEI
TOueK A 1 B B BBIpaKeHUdA LJIA X,, X,, X;, HAUNAEM OCTaNb-

%
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Hble KOOPAMHATHL IKCTPeManbHBIX Touek: A'(0; 4; 16; 0; 0),
B’ (6; 8; 0; 28). IIpu aTom Zma =-12, me = -36.

X

Hpumep 1.11. Pemute rpacduueckn 3JII1

min Z = 6x; + 10x,;

8x; + dxy — x5 — x, = 60,
8x, + 16x, — x4 - x5 = 108,
8x; + 18x, - x4 — x5 =120,
x;20 (j=1,5).

]

Pemenwue 3necbn=5 m=3un-m=2. 3agauy
MOXXHO peminTh rpadugecku. IIpuBoas ussecTHbIM cioco6om
(cMm. npumep 1.8) cucremy OrpaHMYeHUI-PABEHCTB K 3KBIBA-
JICHTHOM CHCTeMe HEePaBEeHCTB, MOJYy4YaeM CcHA4Yala CHCTeMY
YPaBHEHUH

4x, + x4 — X3 = 20,
4x;, + 3x, - X, = 40,
4x, + 15x, - x, = 88,

a 3aTeM CHCTeMy HEePDaBEHCTB

4x, + > 20,
4x, + 3x2 > 40,
4x, + 15x, > 88.

B peaynprare npuxogum k 3JIII ¢ gByMS nmepeMeHHBIMHI
min Z = 6x; + 10x,;
4x, + 2 20,
4x; + 3x2 > 40,
4x, + 15x, > 88,
> 0.

>Ox

Pemenne aroif 3ajmayu mpexpcrasieHo Ha puc. 1.5 mumnp-
%* w
MYM JOCTUTAETCS B TOYKE C KOODAHMHATAMH X, = 7, X, = 4.
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Hcnonr3ysa npuBefieHHbBIe YPABHEHUS, HAXOAUM: x; =12,
x: =0, x; = 0. Urak, x* = (7; 4; 12; 0; 0), Z_, = 82.

3anaun 1.38—1.41 ¢ n nmepeMeHHHIMH DemIuTh rpadn-

YeCKH.
1.38. max (min) Z = 8x, + 4x, +2x,- 16;

2%, + x5+ X3 =28,

Xy + x4 =16,

X, + X - X5 = §,

2x, - 3x, +xg =12,

x].ZO (j =1, 6).
1.39. max Z = 8x, - 4x, + 2x; — 2x,;
X, — X9 + dx3 - 2x = 2,}

3x, + 2x9 — x3 +4x, = 3,

2,20 (j =1, 4).
40



1.40. max (min) Z = -x; + x4 Tx, + Tx, - 50;

X3+ Tx,+ 4xy= 55,
Xy +12x, +11x, =132,
x, + 3x,— 2x,= 5
x,20 (j =1, 5).
1.41. max (min) Z = 8x, + Xg;
X, + %, - x5 + 2x4 = 20,
x, + xg + 2x5 + 2x¢ = 50,
- Xy + x4 + 3x; — 2x, = 18,
x3 + x4 + 6xy =72,
x,20 (j =1, 6).
1.4. CBoiicTBa pelnreHui 3aJaym JUHEHHOro
IpOrpaMMHUPOBAHHUA
Hyc’l‘b xl, xz, ooy xn —IPOX3BOJIbHBIE TOUKHN €BKJHAOBa IIPOCTPAH-

crsa E . Boinyraoil Auneilnoll kom6uHayuell 3mux moyex HasLIBaeTCs

TOYKAa X = A X; + A, X, + ... + A X, rae rosounuentn A, 20 (i = 1, n)

HAt+th,+...+A, =1.

M=uoecTBO Ha3LIBaeTCA GbLNYKAbLM, €CJIY OHO BMECTE C JIOOHIMH
IBYMA CBOMMH TOYKAMH COAEPYKHT U HX IPOUIBOJBHYIO BRINYKJIYIO
JUHEHEYIO KOMOUHAILIUIO, T. €. COeIUHAIONMNE UX OTPE3OK.

Touka X BBIIYKJIOTO MHOJKECTBa HA3LIBAETCS Y2710801l, eC/lIK OHA
He MO’KeT ObIThb IIPEeICTABJIeHa B BUJAE BHINYKJIOH JIMHEHHOH KOMOHU-
HAIUY KaKUX-HuOYAb ABYX ADYTHX PasTHYHBIX TOYEK ZAHHOTO MHO-
xecTBa. MHOMXECTBO HA3LIBAETCA 3AMKHYMbBIM, €CIN OHO CONEPIKUT
BCe CBOM TPAHUYHBIE TOYKH, B IPOTUBHOM CJIyYae -— OMKDbLINBIM.
MuosxecTBO Ha3BIBAETCH 0ZDAHUYEHHbLM, €CJIH CYIIEeCTBYeT IIap pa-
AUYCOM KOHEWHOH AJIMHEI C HEHTPOM B JII0G0H TOUYKE MHOMKECTBA, KOTO-
PBIf TOJIHOCTBIO CONEPIKUT B cebe HaHHOe MHOKeCTBO. B nmporusHOM
cydyae MHOXKECTBO HA3BIBAETCA HEOZPAHUYEHHbBIM.

Teopema 0 8bLNYKIOCMU: MEOXKECTBO IUIaHOB ocHoBHOI 3JITI, ecn
OHO HEIYCTO, SABJASETCS BBIIYKJIBIM.

Henycroe MuOKecTBO ny1aHoB ocHoBHO# 3JIIT HassiBaeTca MHoOzo-
2PAHHUKOM NJAHO0E8, 8 BCAKAS YIJIOBAad TOYKA MHOrOTPAHHWKA ILIa-
HOB — 8epULUHOIL.
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Teopema o npedcmagaeHuu: O6YI0 TOUKY MHOTOMPAHHUKA [IJIAHOB
MOX{HO IIPEJICTABUTH KaK BRIIYKJIYIO JUHEHHY0 KOMOMHAIIUIO €ro YIJyio-
BLIX TOUCK.

Paccmorpnm ocroBryo 3JIII B BeKTOPHOI dopMe 3amucu:

max (min) Z =¢ - x;
Ax +Ax,+...+Ax =A,x20,

roe ¢ = (¢ €y -3 C)5 X = (X5 X
(=1 n); Ay=(by; by .. b)7

Teopema o cmpyxmype KoopduHam Yzn080l MOLKU MHO20ZPAHHUKA
nJAAHO6: eCIU CHCTEMA BEKTOPOB Al, A2, .--» A comepxur m nuneiHO

5 x)T AL

_ coq e T
;= (‘11," Qg5 s an}.)

2

HEe3aBUCHMBIX BEKTOPOB (HANIPUMEp, NEPBLIX M BEKTOPOB A, A,, ...,
A ), To pomycTuMmMsii IJIaH

X = (25 g5 .n5 X5

0;0;...;0)
Dy

ABJIAETCH Y2a0680l (KkpaiiHell) mOuKol MHO202PDAHHUKA NJAHOS.

Yriosas TOYKa C HEOTPUIATENLHBIMH KOOPJHHATAMHU HasbIBAETCH
ONOPHOIL, & COOTBETCTBYIOUIHNI NJIaH — OnopHuiM naaHoMm. OnopHsIi
IJIaH HA3LIBAETCHA HeBbLPOMIeHHbLM, €CI OH COJLEPIKIT POBHO /M IIOJIO-
JKUTEJBHBEIX KOMIIOHEHTOB, M 8biDONCJIEHHbLM, €CITU MEHbIIe M.

OcHosHasn meopema AuHeilHozo npozpammuposanua: ecnu 3JTT
paspellinMa, TO LeseBad GYHKIUA IPUHHMAaeT SKCTPEMAaJIbHOe 3Ha-
YeHye B ONHOM U3 YIVIOBBEIX TOYEK MHOIOIPAHHUKA ILTaHOB. Ecnu ke
nenesas GQYHKIMA IPUHUMAET 9KCTPeMajibHOE 3HaYeHUe Gojiee YeM B
OJIHOH YTJIOBOMH TOUKe, TO OHa IPUHHMAaET ero B 060 Touke, ABNSIO-
mieiica X BBIIYKJIOW JUHENHOM KOMOUHAIUeH.

IIpumep 1.12. Vctons3ysa TeopeMy O IPeiCTaABICHUU, BhI-
PasuTh TOYKY X = (3; 6) yepes BepIIHWHEB! 00JIACTH JOIYCTUMBIX
penreHnil, 3alaHHON CIeAVIONMEN CHUCTEeMO HEpaABeHCTB:

Tx; — 4x, <13,
3x; + x, 211,
x; + 6x, < 47.

IA

Pemren ue. O6nacTe JOOYCTUMEIX peIIeHUH OpeRCcTaB-
aset coboll 3aMKHYTOE OTpaHNYeHHOEe MHOYKECTBO, OIpeseise-
MOe BepIIMHAMH TpeyroabHHKa X, = (3; 2), x, = (7; 9), x4 =
= (1; 8).

CormacEO TeopeMe O TPEACTABIEHWH TOYEK BBIIYKJIOro
MHOTOTPAHHMNKA, UMeeM
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X =M%, hyXy Ay, A+ Ay + A= 1,420 (=1, ),

HJIN B BEKTOPHOH (opme

HE SR

37\.1 + 77\.2 + }bg =
20, + O, + 8,
Ay + Ao + Ag

OTKYyAa

]

3,
6,
1.

Pemus cucremy, monyuum: A, =7/19, A, = 4/19, A, =
= 8/19. Orciona umeem

I S-S
X = 19X1 +19X2 +19X3.

B sazauax 1.42—1.45 onpenenuTsb, ABASAIOTCA JIX OT'PaHHA-
YeHHBIMHE 00JIaCTH, 3aJaHHbIE YCIOBUAMMU.

1.42. 5x; - 3x, < 10,
2x, + bxy, < 35,

2,20,x,20.

1.43. x; - x, £ 4,
< 20,

~x, + 5x,
x, 2 0.

1.44. ~x, - 8x, < 8,}

3x1 s xz Z 8.
1.45. x, + 2x, - x5 = 3,
X + 2x, + 3x5 = 27,
X3 — X4+ X5 = 4,

%20 (j=1,5).
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B zagauax 1.46-—1.50 oupegmenurh, Kakue us objacreit
ABJIAIOTCS OTPAHMYEHHBIMH, M BBIPA3UTH TOYKY X = (5; 6)
yepes YIJIOBbI€ TOUKH O0Js1acTH peleHui.

1.46. 7x; — 6x, < 26, 1.47. - 2x; + 5x, > 14,

4x; + 3x, < 47, - 2x; + bxy < T2
~x + x5, £ 4,

A
v

X+ x52 0.

1.48. 4x; - 3x, <12, 1.49. 2x; - x, < 6,
x; <12 ~2x; + bx, < 26,
2x; + x5 2 10.

1.50. 4x;, — 3x, < 24,

—x; + 3xy, < 12,
2x; + 3xy < - 2.

1.51. B upuBsejseHHBIX HHKe 3ajadyax IejieBasd QyHKIUSA
comepuT napamerp A. HaliTu rpaBmWnbsl n3MeHeHUs 3HAUe-
HEH A, IPHA KOTOPBIX ONTUMAJIbLHOE pelterne OyZeT HaXOAUTbCA
B OLHOHU M TO# >Ke yrJoBoil Touke 06J1aCcTH ZOIYCTUMBIX pe-
IIeHUH. YCTAHOBUTD, B KAKUX IIPOMEXKYTKAX 3372492 He HMeeT
petnenusi. OnpenenuTh, OpU KaKuX 3HageHnsax A 6yger Gec-
YHUCJIEHHOE MHOYKECTBO PeNIeHMH:

a) max Z = 2x; + Ax,;

X, + Xy

IA

3,
12,
15,

IA

x, + 2x,

A

3x; - x4

X1

6) max Z = AX; — X,;
X, — Xy €2,
-2x; + x5, £ 3,

X



B) max Z = Ax, + x, + 2x;
X3 + 2x, - x5 = 6,
X + 2x, + 3x; = 54,
x; - x4 + x5 = 8§,
%20 (j=1,5).

1.52. B smxenpusenenasrx 3JIT] orpaHuYeHUA BRIOYAIOT
napamerp A. OmpejenuTh, OPU KAaKWX 3HAUEHHAX A 3a7ada
UMeeT: €JUHCTBEHHOE DelnleHHne; 0ecyrclIeHHOe MHOMKECTBO

PellleHnUl; He HMeeT peIleHUs:

a) max Z = 2x,

+ Xa5

Xg

6) max Z = 2x,
X,
- 3x;

= 2,
4,

1.33. B 3JIII orpanuyeHne 10 pecypcaM BKIIIOYAET mapa-
Metp A. ChenaTs aHamus OrpaHWYeHHI HO pecypcam, T. e.
ONpejeNUuTh IPAHULLI H3MEHEHWs NapaMeTpa, B Ipefeiax
KOTOPBIX CTPYKTYpa ONTUMAJBLHOIO IIJIAHA HE H3MEHSETCH:

a) max Z = 50x, + 40x,;

2x;
8x,
5x,

Xy

+ 5x4
+ Bx,
+ 6x,
20, x,>0;
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6) max Z = 50x,
2x,
6x,
5x,

Xy

B) max Z = 50x,
2x,
8x,
5x,

*)

r) max Z = 50x,
2x,
8x,
5x,

Xy

A) max Z = 50x,
2x;
8x,;
5x,

X

e) max Z = 50x,
2x,
8x;
5x,

X

+40x,;

20,
40
30,

20, x, >0

+ 5x,
+ 5x,

AN A

+ 6x,

\2

+40x,;

+ 5x, < 20,
+ 5x, < 40,
+ 6x, < 30

ZO,xzzO;

I

+40x,;

+ bxy < 20
+ 5x, < 40,
+ 6x, < 30,

20, x,>0;

A

+40x,;
+ bxy <

+ bxy < 40
+ 6x, <

20,x220;

+40x,;

A
]
o

+ 8x, <

IA

40
30,

20, x,>0.

+ 5x,

IA

+ 6x,
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1.5. CumnureKkcHbIiN MeTOx

Iloctpoenne mauanLHEOro ONOPHOro miaa®a. PaceMoTpuM Tpu
cayJas.

1-# cnywail IlycTs B cCTEMe OrPAHHYEHNH UMEETCH eUHNY-
HHIA HeoTpuHaTeNbHEIH Gasuc. Hampumep, oma umeer Bun

7l
x; + z a;x; =b,b 200 =1,m).

j=m+l1

Tosopsr, uro orpannuesnne xanonryeckoit 3JITI umeer npesmoITH-
TEeJIBHBIX BHJ, €CIIM IIPY HEOTPHUATEILHOCTH €T0 IPABOH YacTh ,20)
JIeBAA 4aCTh COJEPIKUT IIEPEMEHHYI0, BXOAIYIO ¢ KO3 dUuIesToM,
DPABHBIM €AUHMIE, & OCTAJbHLIE OTPAHMYEHHMA — ¢ KOa(DDUIUEeHETOM,
paBHEIM Hy110. Eciiu kakoe orpanuyenne Kagoruyeckoit 3JII1 nmeer
OpeANOYTUTENBHEE BHJ, T. €. CHCTEMa OIDaHWYeHHI TpHBeZeHa K
€AMHENYHOMY HEOTPHUIATeTHHOMY 6asHCy, TO HaYabHLIY ONOPHLLH IIIaH
CTPOUTCS BechbMa npocro. IlpeanoururensHule mepeMeHHBIE BHIGH-
paroTcA B KayecTBe 6a3UCHEIX, a Bce OCTabHEE — cBOBozHEIe. CBOGO-
HBEI€ IIepeMeHHbIe IPUPABHUBAIOTCA HYJIIO, a 6a3sUCHEIe IepeMeHHble —
CBOOOAHEIM YJIeHAM.

IIpumep 1.13. Haiitu mavanbEb# omopHsIit mias 3JII1

min Z = -5x,; + 6xg;
2x, - 2x3 + x, = 2,
2% + Xy — Xg = 8,

220 (j =1, 4).

Pemenne. Bnepeom orpaHrYeHNHT OPEATIOYTHTENBHOM
TIePeMEHHOI ABJISETCHA X,, BO BTOPOM — x,- Cucrema npuse-
ZAeHa K IMOJIOKUTENLHOMY eJuHNYHOMY 6asucy. CoGomHbIE
IIepeMeHHbIe X, U X, IPUPABEUBAIOTCA HyI10. [0y InM HeBBI-
POXIeHHBIH HavyalbHBIA ONOPHBIA IJaH:

X, = (0; 3; 0; 2); Z(x,) = 0.

1.54. Haiitn HavansHbIN OmOPHBIN wian 3JIII:

a) max Z = 2x, —- X3 + 3x, +x
x, + 4x, + x, = 4,
16x, + x5 - 2x, = 16,
5x, o+ x, = 6

x20 (j=1,5);
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6) max Z = x, —-3x, + 6x, + 2x;

+x6_

ol
» o

12,

124,
140,

Xy - 2x, = 2,
x3 + 3x, = 24,
x; - X = 4,
x, + x5 = 8,
x,20 (j =1, 5)
B) max Z = - x, + 6x, + 2x, — x +2x;
2x, + 4x, - x
- 3x; + 2x, + 3x, + x5
x; + bxy + x5 + 2x,
20 (=1, 6);
r) min Z = - 2x, - 3x3+ 2x4 + 3x,,;
X + 2% = X7+ xg
Xy +  Xg + Xg
3x; + 4x, + x5 + 2x5 + 8xg — 3xy
6x, + 2x5 + x4 + 2x5 + 1lxg — 3x,
2%, + 2%y + x5 + 4dxg + xq

%20 (j =1, 10).

58,

2-%t ¢ nyvua it Ilycrs cucTeMa orpaHuYeHU UMeeT BUJ

n
Zaijxj <b,b 20 =1, m).
j=1

CBezeM 3ajayy K KAHOHWYECKOMY BHAY, HOOABUB K JIEBLIM Yac-

ITonyyum cucreMy orpaHudeHUH

n ——
D%+ %, =b,b>0@=1m),
j=1

n

48

TAM CHCTEMBL OI'DaHHYEeHHH JONOJIHHUTEeNbHEE MepeMeHHbIe X, , , = 0

G =1,m).

JKBUBAJIEHTHYIO HCXOJHOM UM MMEWINYI0 NPEeJIOUYTHTEJbHBIA BUj.
Orclona moayyaeM Ha4YaJdbHBIM ONOPHEIN IJIaH:

Xy =(0;0;...;0; b;; by; .05 b,,), 2(x4) = 0.
et e



B neneryo GyHKIHIO ZONOJHUTENbEEIE IepeMeHHBIe BBOAATCH C

KoadduIenTamu, paBaeMu Hymo: ¢, , =0 (i =1, m).

IIpumep 1.14. Hajitu magansreiil onopaslit muan 3JII1

min Z = 10x, — 7x, - 5x,;
6x; + 16x, + 6x3 < 9, +x,
14x, + 42x, + 16x; < 21, + x4
2x; + 8xy + 2x3 < 4,|+ x4

%20 (j=1,38).
Pem e nue. IlpuBegem 3agauy K KAHOHUYECKOMY BUAY:

min Z=10x, - 7x, - 5x3+0-x4+0-x5+0-x6;

6x; + 16x, + 6x3 + x, =9
14x; + 42x, + 16x; +  x =21,

£,20 (j =1, 6).

Crcrema orpaHwdYeHHE HMeeT HIPEANOYTHTENLHBIH BUL.
HavanbeHBIH OHOPHSBIA NIan

xo= (05 0; 0; 9; 21; 4), 2(x,) = 0.

1.55. Haiitu Hauanbuslil onopHsilt naas SJII1:

a)min Z = x, — 3x, + X
-2x; + 4x, <12,

-4x; + 3x, + 8x3 <10,
20 (j=1,3);

6) max Z = 4x; + 2x, + 5x, + 8x,;

X, + 2x5 + 4x3 + 8x, < 24,
3x, + 5xy + x4 <12,
6x, + 3xg + x, < 35,

2,20 (=1, 4);
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B)min Z = —x, + 2x, + X4 — X
x; + 3xy + x3 = 6,
-x; + 2%y <1,
X+ X <5,
3x; - x4 + x4 =6,
x;20(j=14)
rYmax Z = x; + X, — X4 + X
x, + x4 ~ 2x; + x4 = 4,
X - x5 — Xxg =5,
3x5; — x4 <7,
— X3 + x4 +4x; — 4x5 = 3

2,20 (j =1, 6).

3-#t ¢ nyvyai [Iycrs cHcTeMa orpaHWYEeHUI UMeeT BHJ

Hepei«'mem K KaAHOHHWUYECKOMY BHAY IIYyTEM BBeNCeHUS NJONIOIHUTEIb-

HBIX IepeMeHHBX X, >0 (i=1, m):

Yax;—x,,,=b,b20(@=1m).

Teneps cucreMa orpasudenuii, Boobmie roBops, He MMeeT TPeaIoy-
THTeJIbHOTO BHAA. B 3TOM cnyyae BBOAAT UCKYCCTBEHHLIN 6a3nc nyrem
nepexoxa kK M-sajgaue:

max (min)Z = Y, c;x; = (MY w;;
= i1

a,x; ~x,, +w, =b (i=1m),

s

#

j=1

x].ZO (G=Ln),w, 20G=1,m),
rae B Iiej1eBod QYHKIMY 3HAK «—» OTHOCUTCH K 3ajaye MaKCHMU3AUUU.
Ecnu HeKOoTOphie u3 ypaBHEHHMH HCXOZHOH CHCTEMBl OTPaHHYeHHH
KMEIOT HNPEeRIIOYTUTENbHBIA BH, TO B HUX HE BBOJAT UCKYCCTBEHHBIE
nepeMeHHble. HauanpHbiil ONOPHBIN my1alH M-327a9 HMeeT BHJ
Xq =(0;0;...;0;, b5 055 ...55,,).
NSt A it

n+m

50



Mexxay ONTUMAJIBHBIMU IJIAHAMY MCXORHOU 3agaum u M-zazauu
uMeeTcs cJe[yiollasi CBsA3L: eCjJM B ONTUMAJLHOM mjane M-zajgaun

*
BCEe UCKYCCTBEHHbIE JIEPEeMEHHbIe W; DPABHBI HYJIIO, TO 3HAYEHUA OCTAB-
IIKXXCSA KOOPAHHAT IUIaHA X * JaayT ONTUMAJIBHBLIA NJaH HUCXOAHOHN
3ajauy.

Hpumep 1.15. Haidity HayanbpHbIA OOOPHBIH NJIaH 3aJaYn

min Z = -5x, + 4x, +3x; + 6x;

x + 21xy, + x5 + 2x, <3,

—x; - 14x, - 2x5 + 3x, 2 2,

—x; — 6xy + xg - x4, 21,
ijO(jzl,—4).

P e m e n ue. Bogs HONONHUTENBHBIE X, Xg, X, U HC-
KYCCTBEHHBIE IePeMEHHbIe, IIePeX0IUM K 3a/jaue B KAHOHUYEeC-
KoM BuAe m K M-3agayge:

min Z = -5x, +4x,+3x;+6x, +0- 2, +0 -2, +0 - x, +
+ M w, + M W3

X+ 21x, + x5 + 2x4 + x4 =3,
—x; — 14x, — 2x5 + 3x, —xs +w = 2,
—x - 6x, + x3 + x4 - X, +wy =1,

1, 2).

I

%20 (=17, w,20(
Ee mavanpabIf onopHbIX miaH x, = (0; 0; 0; 0; 3; 0; 0; 2; 1).

Cumnaexcunre Tabauuni. [lpusens moxens 3JIII x npepmourn-
TEJLHOMY BH]Y, €€ 3aHOCAT B TAK HA3LIBAEMYIO CUMILLEKCHYIO mabauyy.
IIpounnocTpupyeM MIPOHECC 3aMOJHEHUA Tabauubl Ha NpuMepe ciie-
Ayioueli sagaum:

max Z = 18x, + 20x, + 32x,;
18x; + 15x, + 12x,
6x; + 4x, + 8x; < 384,
5x;, + 8x, + 3x3; < 360,

IA
-Q
]

L

%20 (j=1,3).

Bsens fononHuTEeNbHBIE IEPEMEHHEIE X, X, U X4, IPHAEM K KAHO-
HHYecKOU ¢opme:
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maxZ=l8x1+20x2+32x3+0~x4+0-x5 +0 - xg;

18x, + 15x, + 12x, + x, = 720,
6x; + 4x, + 8x, + X = 384,
5x, + 8x, + 12x, + x5 = 360,

%20 (j=1,6).

3aHOCHM YCIOBHSA 3alayd B CUMIJIEKCHYIO Tabauny 1.13.

Tabauma 1.13

x x, x x x, x
BII CB AO 1 2 3 4 5 ] 6
18 20 32 0 0 0
x, 0 720 18 15 12 1 (4] 0 720/12 = 60
Xy 0 384 6 4 8 0 1 1] 384/8 = 48
E 1] 360 5 3 12 (o] (1] 1 360/12 = 30
2, - ¢ 0 |-18 -20 -32 0 0 0
x, = (0; 0; 0; 720; 384; 360), 2(x)) =0

Pabouas yacts Tabnuusl, HauuHas ¢ 8-ro croabua u 3-if cTpokn,
COIEPYKUT 3JIEMEHTEI PaCIIMPEeHHOH MaTpHILl, Hal KOTOPEIMH 6yayT
IIPOUSBOUTHCA NPeOOPABOBAHKUA C [EJbI0 NOJYYEHHUSA ONTHMAIBLHOIO
nnana. Ilocneguuil cronben O (Heobg3aTenbHbIll) MpegHasHAUEH IJIS
BeIGopa paspemalome# crpoxku. B mpeamocienHeil crpoxe (zj. - cj)
TabnuIbl 3aNMCAHO «HyJIeBOoe» ypaBHeHMe (ueseBas dyHrnug Z). dra
CTPOKA Ha3LIBaeTCHA UHOeKCHOU UIN cmpokoil oueHok. B cronben BIT
3aHeceHs! 6asuCHBle (IIPEeIOYTHTENBHEIE) epemMenHble. Cronberr cg
COEPUT KO3 PUIMEeHTH! ieNeBOH OYHKIIUH, CTOAIME NPH 6a3UCHBIX
nepemennpix. CronGen A, comepuT CBOGOXHBIE YIEHK b, 2 0 cucre-
Mbl orpanuvyeHnii. CBepxy Hajx paGoueil 4acThL0 TAGMUIL YKASAHEI
BCE IIepeMeHHbIe ¥ KOdPPUINEHTHl LeNeBOH PYHKINHA C.. -

OcraHoBuMCHA HA 3alOJHEHUYU MHICKCHOH CTPOKH Z,— ¢ 3recn
PaCIOJIOKEHEl SHAYEHHE UeNeBOH (DYHKIUMU A HAYATBHOTO ornop-
HOTO IIIAHA Xy, T. €. 2(Xy) = Ay = €5 * A, H OUEHKM HHIEKCHOH! CTPORK
AJ.:cB'Aj—cl..

Ilpamep 1.16. 3arecTu ycaoBus 3aJaYd B CHMIJIEKCHYIO
TabJNIy ¥ 3amuCcaTh ee HAYAJBHBIA OMOPHBIN MJIAH:

min Z = - 6x, +8x, — x; +2x;
-2x; + x4 + x4 = 8§,
3x; — 8x, + x,; =48,

x>0 (=1, 4).
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Peme n ue 3agaya nMeer OpennoOUTHUTENbHBLIN BHI.
Ilepemennsle x; U X, ABIAOTCA 0a3UCHBIMH, X, ¥ X, — CBO-
6oaubpIMU. 3aHOCUM YCIOBMA 3agauu B Tabna. 1.14.

Tadbnuma 1.14

R 2 X3 x4

Bl e A,
-6 8 -1 2
x, 1 8 ~2 1 1 0
x, 2 48 3 -8 0 1
2-¢ 68 14 -25 0 0

WnpexcHasa crpoka 2; — ¢, 3aII0JHEHA 10 U3BECTHBIM dOp-
Mysam Aj =cg " A, Aj =cCg- A]. - ¢
o =(-1)-8+2-48 =88,
1 =CED)(E2)+ 2 -3 - (-6) = 14,
s = (1) -1+ 2(-8) -8=-25,
3 =C1)-1+2-0-(-1)=0,
=D -0+2-1-2=0.

> >

IlpupaBHuBaz x, u x, HyJII0, HAXOAUM X, =8, x,= 48 u
TeM CaMbIM Ha4aJbHBIM ONOPHBIA miaH X, = (0; 0; 8; 48). B
cronbue A, HHAEKCHON CTPOKHM IOJYYeHO 3HAUEHHE A, = 88
neseBoil PYHKIUY, COOTBETCTBYIOMIEE IIAHY X,.

IIpumep 1.17. SaHecTu yCJIOBHE 3a/1aUM B CUMILIEKCHYIO
Tabauny M 3aOucaTh HAYAJIbHBLIA ONOPHBIA IJIAH:

max Z = 9x, + 6x, — 3x,;

—X + Xy + x3 = 4
X+ X <10, + x,
3x; + x 2 9l - x5+
- x; + 3x, 2 3,/ - x4 + wy
20 (j=13).

Pem e nue. Kak u B npumepe 1.15, npusogum 3agauy
K KaHOHMYEeCKOMY BHAY, a 3areM K M-zagade:
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max Z =9x, + 6x,-3x,+0-x,+0-x,+0-x,- Mw,—Muw,;

—x + X5 + x4 = 4,

X+ X + x, = 10,
3x; + 1 T Xy + U =9,
- x; + 3x, - Xg + Wy = 3,

220 (j=16), w>0(=1,2).

Teneprs M-3azauya nMeeT IPEAIIOUTUTEIbHLIM BUN, IO3TOMY
ee yCJIOBHME 3aHeCeM B CHUMILIeKcHyio Tabauny 1.15.

Tabaunga 1.15

BI e A, X Xy X3 X X5 L) W, W,
9 6 -3 0 0 0 -M -M
X, -3 4 -1 1 1 0 0 ] 0 0
x, 0 10 1 1 0 1 0 0 0 0
w, -M 9 3 1 0 0 -1 0 1 4]
w, -M 3 -1 3 0 0 0 -1 0 1
-12 -6 -9 0 0 0 0 0 0
'z'] - ¢
-12M | -2M -4M O 0 M M 0 0

HavannabIll OMOPHBIA IJIAH MMeeT BHJ

Xo = (X5 Xg5 Xg5 X5 X5 Xg5 Wy5 Wy) =
= (0; 0; 4; 10; 0; 0; 9; 3), 2(x,) = -12 ~ 12M.

B canyyae M-sajmauu MHJEKCHYIO CTPOKY pasbuBaeM Ha
nBe. B riepBoil 3anMchIBalOTC CBOOOIHBIE YIEHBI BBIPDAKEHUN
Ay=cg Ayum Aj =¢g" Aj —€; aBO BTOPOH — KO3 duUnueHTsl,

copepskamue M.

1.56. 3anectu yenosus 3agad 1.37—1.41 B cHMIJIEKCHBIE
TabJaUIBI U 3aIUCATh UX HAYAJIbHLIE OIOPHBIC MJIAHBI.

ITpusHnax onMUMANLHOCMU ONOPHOZO NAGHA 3a0a4Uu MaAKcUMUSA-
yuu: ecay IJIf HEKOTOPOIO OICPHOTO ILIAHA BCE OUEHKU A, HEOTPH-
LIaTeJLHBI, TO TAKOH IJIAH ONTHMAJIEH; €CJIH YKe HCXOIHas 3ajava Ha
MHHIMYM M JJIf HEKOTOPOTO ONOPHOTO MJIAHA BCE OLEHKH A, Henoso-
JKHUTENLHLI, TO TAKOU ILJIaH OINTHMAJIEH.
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Tak, cogepskamuiica B Tabiu. 1.13 omopuniit njan He ABaseTcs
ONTHMAJILHBIM, TIOCKOJIBKY A, = -18, A, =-20, Ay = -32.

Paccmorpum nepexon K Hexyduiemy onopHoMy NIAAHY HA IpUMEpPe
3JIII ua makcumyMm. IIpuBenem ee K KAHOHUYECKOMY BUIY U 3aHeceM
B CUMILJIEKCHYIO Tabnuny. Eciau Bce A}.Z 0, To HaYaNbHBII ONOPHBIN
IJIaH X, onTHMasied. Ecau ke cyIjecTByioT A/.< 0, To niualE HeOUTH-
MaJIeH, IIPH OHPEeNeJIeHHBIX YCJOBUSAX €ro MOXKHO YAYYIIUThL. Cpean

OTPpHUIIATeJIBHBIX OLIEHOK HaAXOJAAT MAKCHMAJBLHYIO IO abCOIIOTHOI
BeJINYHUHE:

n;aj(() IAjl = lAfol'

Crosben j, BaswiBaeTca paspewawwunm. Ecau sagaua peraercs
Ha MUHHMYM, TO Paspeliaomui croibel Bui6UpaeTcs U3 yCJIOBUS

max A/- =A

Jo*
4,;>0 0

[lepemennyio X, COOTBETCTBYIOILYIO paspelmlarlieMy cToibuy,

cjenyet BBecTH B 6asuc. [lyig onpelesieHus mepeMeHHOM!, BHIBOAUMOM
13 6asuca, HaXOLAT OTHOUIEHUA

b /a >0

tjo * %y
(oHU HaswpIBAOTCA cuMnIeKcHblMU). Cpeiiy CUMIJIEKCHLIX OTHOINCHHU N
OIpenegs 0T HauMeHblIee, T. e.

.1 b ;
min{ ——t= . -g,
a; a

o ioo

OHO 1 YKaKeT CTPOKY, B KOTOPOH COLEPKUTCA UCKJIIOUaeMas 13 6a3uca
nepemenHas x,; . CTpoka i;, COOTBETCTBYIONIAs MHHUMATILHOMY CHMII-
JIEKCHOMY OTHOIIEHWIO, Ha3bIBAeTCA paapeuianuyeil. IiemMeHT, CTOA-
UK Ha lepecedye NN Paspellaromero cTon0ua U pasperaniileil CTpoky,
TaxK’Ke HasbIBaeTcsA paspeuwiaiouyunm. UTobHl 3aBepIUTh mar npeobpa-
30BaHHH, BEIYIUX K HOBOMY OIOPHOMY IIJIaHy, COCTABAAIOT TAGIUILY
O CJERYIONIUM IIPaBUiaM:

1) aeMeHTEH! CTPOKH [, HOBOH TabJIMIEl PABHB! COOTBETCTBYIOIIUM
9JleMeHTaM pa3pelialuedl CTPOKHU CTapoid Tabiunbl, JeJeHHLIM Ha
pas3penIapmui 3JIeMeHT;

2) Bce sjemeHTHl cTOJIOIA j, HOBOW TabGJMIBL PaBHBI HYJIIO, 3a

HUCKJIIOUEeHNeM ai’ojo =1

8) 4TOGBI MOIYYHNTE BCE OCTANbHbIE 3JIEMEHTH! (BKIIIOUAS 3JI6MEHTHI
WHAEKCHOM CTPOKU) HOBO TabyIUIILl, HAO H3 COOTBETCTBYIOLIETO dJie-
MEeHTa IpeXiHel TabJuIbl BHIUECTH IIPOM3BE/eHHE 3JIEMEHTa paspe-
mapoulelf CTPOKHM Ha JJIEMEHT Paspelaplnero croiabua, paspesedHoe

Ha paapema}omnﬁ JJIEMEHT.
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Hns KOHTPONA BEIYKCIEHHUI 9JIeMEHTOB HHAEKCHOI CTPOKH IpyMe-
HAOTCA POPMYJIIBI:

AO=CB'A0’A,-=CB‘A,"C,--

ARbMepHAMUBHbLYL ONMUMYM ( RPUIHAK GECKOHeYLHOCMU MHONCe-
CIMea ONMuManbHblX NIAHOE ): eCIH B HHAEKCHON CTPOKe MocieqHeil
CHUMIUIEKCHOM Tabnuus (cofeprkaliiell ONTHMAIBHEIN IIaH) MMEETCH XO-
T# 651 OfHA HyJIeBas Ol€HKA, COOTBETCTBYIOMAA CBOGOLHOI IIepeMeH-
HOH, To 3JIIT uMeeT GecKOHEUHOE MHOKECTBO ONTUMAILHLIX IIJIAHOB.

ITpusnar Heozpanuvennocmu yeresoil GUHKLUU: ecoU B paspe-
anueM cTob1e HeT HH OZHOTO MOJIOMKHUTEIHLHOIO SJIEMEHTA, TO Le-
JieBasg (PYHKUUA HA MHOMKECTBE JONYCTUMBIX IJIAHOB He OTPaHUYeHa.

ITpusnar HecosmecmHOCMU CUCMeMbl 02DAHUYEHUIL: €CTH B OIITH-
MaJbHOM MjaHe M-3afauy He Bce HCKYCCTBEHHLIE I€PEMEHHbLIE PABHBI
HYJIO, TO CUCTEMA OTPAHHYEHHUM MCXONHOM 3ajayd HeCOBMeCTHA.

IIpumep 1.18 (3agaua 06 OOTHMANBLHOM pAaCHpPeheeHHU
Marepuasnos). HMmeromuiica ¢onp marepmanos b, (i =1, 3)
HY)XHO TAK PaCIpPeesUuTh MEXIY W3TOTOBUTENAMH, YTODBI
TMOJIYYNTh MAKCUMAJILHYIO NMPUOBLIL OT peajusanuy BeeH
IIPOJYKIIMH, IPOM3BEIeHHOM 13 JaHHBIX MaTepuaioB. HopMel
a,; i=1,38;j=1,5) pacxona Ha eANHNIY NPOAYKIINH U IIPH-
6pLIB ¢;, IoIy4aemas oT peaJI30BAHHOM eAMHUAIBI TPOAYKIINH,
npeacraBiaeds! B Taba. 1.16.

Tadbanuma 1.16

Hpoxyruns O6benm
Marepuan 78 I 1, I 1, l I, I , Matepuaia
b, 0,7 0,9 1,5 2,3 1,8 50 000
b, 1,4 0,3 0,7 2,5 2,0 28 000
b, 0,5 2,1 1,8 0,7 2,0 40 000
TpuGoins c; 5 7 6 9 8
Inan x x, x, x, x, xg

Peme B u e. MareMaTuueckasa MOAENb 3aaYm
max Z =5x; + Tx, + 6x, + 9x, + 8x,;
0,7x, + 0,9x, + 1,5x3 + 2,3x, + 1,8x; < 50000,
14x, + 0,3x, + 0,7x3 + 2,6x, + 2,0x, < 28000,
05x, + 2,1x, + 18x; + 0,7x, + 2,0x; < 40000, ]

x20 (= 1, 5).
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Brens nononHurenbHbIe TepeMeHHbIE Xgy Xg U Xg, NOTYINM
ee KaHOHHMYeCKYIo hopMmy:

maxZ:5x1+7x2+6x3+9x4+8x5+0~x6+0-x7+0'x8;

0,72¢, + 09x, + 155 + 2,8x, + 1,8x; + x4 = 50000,
L4x, + 03x; + 0,7x + 25x, + 2,0x, + Xy = 28000,
05x; + 21xy + 1,8x5 + 0,7x, + 2,0x, + xg = 40000,

x>0 (j=1,8).

Ilo mHIEKCHOH CTPOKEe BHAHO, UTO HAYANLHBIH OLIOPHBIH
nIay HeonTuMaseH. Tak KaK AOMOJHUTENbHEIE TeDeMEHHBIE
B KAHOHUYECKOI OpMe COCTABIAIOT AOMYCTHMBII e{UHAYHEIH

6asnc, TO YCJOBHUA 3aMaYM 3aHOCUM B CHMILTIEKCHYIO Tabjm-
oy 1.17.

Tabaunga 1.17

B0 cs Aq xl xz xa x4 x5 Xg x7 xs
0 7 6 9 8 0 0 0
% |0]50000] 07 0,9 1,5 23 1,8 1 0 0
x, |0]28000| 1,4 0,3 0,7 20 0 1 0
x, |0| 40000 05 21 1,8 07 20 0 0 1
z- ¢ 0|5 -7 -6 -9 -8 00 0
xs |0 24240 |-0,59 0,62 0,86 0 -0,04 1 -0,92 0
x, |9| 11200 0,56 012 028 1 08 0 04 O
xg |0 82160 | 0,11 1,6 0 144 0 -0,28 1
z;— ¢, [100800 | 0,04 -592 -3,48 0 -08 0 3,6 0
xg | 0| 14 286 |-0,62 0 0,36 0 -0,49 1 -0,83 -0,31
x, | 9] 9286 0,55 0 0,19 1 0,71 0 0,42 -0,06
x, | 7] 15952 | 0,05 1 08 0 072 0 -0,14 0,5
z,-c; 1952388 | 0,36 0 1,23 0 343 0 278 2,94

Paspemaronue ssmeMeHTH! BoIGUpaeM 0 ONMCAHHBLIM BbIIIE
npaBuJaM. Bece BoIumcIeHU S BBITIOJHSIOTCA COTJIACHO MIPAaBH-
JlaM CUMILJIEKCHBIX IpeodpasoBaHUi.

Ha Bropom miare mpeoGpasoBaHuil moJayyaeM ONTHMAIb-
HBIH NJIaH — BCE OIlEHKM IOJIOKUTEJNbHDI.
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Hrak, x* =(0; 15952; 0; 9286; 0; 14 286; 0; 0),
T. €. UMeIoI[Hecsa MaTepPUasbl HYKHO PACIHPENeIHUTh HA Bbi-
nyck npoaykuuu II, B obneme x; = 15952en. u I, B

obbeme x: = 9286 en. Peanmsanus sToit NpOgYKINH HacCT
195 238 neH. en.

Ha Beimryek 15 952 en. npopyxnun I1, 5y»HO BBIAENUTE:
nepsoro matepuana 0,9 - 15 952 = 14 356,8 exn., Broporo
marepuana 0,3 - 15 952 = 4785 ex., Tperpero Mmarepmana
2,1-15952 =33 499,1 exn.

Ha Brimyck 9286 en. mpogykmun 11, HYXHO BBINENHUTE:
nepsoro marepuana 2,3 - 9286 = 21 357,8 exn., Broporo
marepnana 2,5 - 9286 = 23 215 exn., Tpernero maTepmuana
0,7 - 9286 = 6500,2 en.

JlononHNTEIBHBIE TEPEMEHHEIE B ONITHMAJILHOM IIJIaHE II0-
Ka3bIBAIOT OO'bEM HEUCIIONB3YEMbBIX MaTEPHAJIOB: IEPBOr0 Ma-
rTepuasa ocraerca 14 286,4 ern., BTopoil u TpeTUil MaTepuanl
HUCTIOJIL3YIOTCH TOJHOCTBIO.

Ipumep 1.19. Peminrs 3agauy

max Z = 3x; + 6x,;
x; + 2x5 £ 6,
5x, + 2x, < 22,
x, 2 1,
0<x,<2.

IA

Pemenue Hapuc. 1.6 npuseneno rpabuueckoe
pellleHre OaHHOH 3ajadd, OCOOEHHOCTH KOTOPOI COCTOHUT B
TOM, 4TO Jo0ad JMHUS YPOBHA IIEJEBOM (GYyHKIHWHM Iapaj-
JIeJIbHA IIPSAMOH, COOTBETCTRYIOI{EN IIEPBOMY OTPAHMYEHHIO.
9ro 06yCI0OBINEAET HANNYNE ANThTePHATUBHBIX OITHMAIBLHBIX
ninasoB. JIio6aa Touxa orpesxka CD obecneunBaeT IeJIeBOH
dyaxkuun ontumym: Z = 18.

max
B ra6x. 1.18 npezncraBieHo 3aBepIIeHNE aHAJTUTHUECKOTO

peiteHud aroi 3agaynu. OUTUMAaNBLEBIA HJIAH xI IOJIy4YeH Ha
TpeTheM miare npeobGpasoBaHuii. IIoCKOJBKY NpuM 3TOM BBI-
TIOJIHEHBI YCIOBUSA MIPU3HAKA aAJIBTEPHATHBHOIO ONITHMYyMa, TO
BBLIUMCJICHHUSA [IPOAOJIKEeHb! ! MOJIYUeH ellle OAMH ONTHMAIbHBII
OTIODHbIH IIAH Xj.
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Tabnuma 1.18

Homep x; x, EN x, Xy Xg
urepa- BII <5 A,
nuu 3 6 0 0 0 0
x, 0 1 0 o0 1 0 1 -2
5 x, ol 8| 0 o -5 1 0
x, 3 2 1 0 1 0o o0 -2
x, 6 2 o 1 0 0 o0 1
2~ 18 0 0 3 0o 0 0
x,=(2; 2] 0; 8; 15 0), 2(x}) = 18
x, 0 3 0 0 -1/4 1/4 1 0
x4 0 1 0o o0 -5/8 1/8 0 1
4 x 3 4 1 0 -1/4 1/4 0 0
x, 6 1 0 -1 0 -1/8 0 0
2, - ¢ 18 0 ] 3 0 0 ]
X, =(4;1]0; 0; 3; 1), 2(x;) = 18

CocraBasiem ofIiee pelleHme:

X*¥ =L x) + A, Xy = A2 2) + 4, (45 1) =
= (2%, + 4hy; 20+ Ay), A+ Ay =1, 4,20, R, 2 0.
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Hpumep 1.20. Pemuts 3anauy
max Z = 2x; + X,
3x; + 4x, 212,
x, <3,
2,20, x,20.
P e e u u e. 'padurueckoe pelnlerre 3aauy IpeCTaBISHO
Ha puc. 1.7. VIs pucyHKa BU/IHO, 4TO GYHKLINUA Z He OrpaHU-

YeHa HAa MHOXXeCTBEe JONYCTHMBIX IJIAHOB. 3aBepIIeHUe aHa-
JUTHYECKOrO PEIlleHusa 33/1ayy IIpuBefeno B tabn. 1.19.

Tataumga 1.19

x x, X x
Howmep BII e A, 1 2 3 4
UTepAIuK 2 1 0 0
s x, 2 30 1 0 1
e 0 78 0 -4 1 3
2~ ¢ 60 0 -1 0 2
x, = (80; 0; 78; 0), 2(x,) = 60

Sanaua pemaercs Ha MaxkcumyM. OnopHBIH miaaH X,
HEeONTHMAJIBHBIN, TaK Kak A, = -1 < 0. HysxHo B 6asuc BBOAHTH
IIepeMEHHYIO X,, HO BCE 3JIEMeHTHI CToa6na A, HemoJoXu-
TesbHBI. ClIefOBaTeNIbHO, lieseBad QYHKIHUSA HA MHOYKeCTBe
JOIIYCTHMBIX IIJIAHOB HE OTPAHUYEHA CBEpPXY, T. e. Z — .

A R~

rrrh i
-~

)

L

\ Puec. 1.7
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ITpumep 1.21. Micniosb3ys MCKYCCTBEHHBI 6as3IC, PEIIUTD
3JII1

min Z = 2x, - 3x, - 4x,;
6x, + 8x, + 2x5 < 6,
6x; + 4x, + 3x4 2 12,}
X2 0 (=1,3).

)

P e m e u u e. CocraBnsieM coorsercTayomyo M-3agauay
u peitaeM ee o6bIYEBIM cmocobom. ITocsie BTOpOI MTepamuu
Bce omeHKH (cMm. Tabn. 1.20) HemoJOKHUTENIBHBI: Aj <0
(j =1, 6). CrenoBaTensHO, HO NPU3IHAKY ONTHMAJLHOCTH
onopuslit mwian (0; 0; 3; 0; 0; 3) ontumaner. Ho Tak kax B
ONTHUMAJILHOM IITaHEe HCKYCCTBEHHAS NEePEeMeHHAS W He PAaBHA
HYJII0, TO CHCTeMa OTPAaHWYEHN T MCXOAHOH 3a/1aUull HECOBMECT-
Ha. 3ajava pelIeHus He uMeerT.

Ta6aunma 1.20

Homep BIl o A, X X, X3 Xy X5 W
HTepannu 2 _3 4 0 0 M
5 x | -4 3 3 3/2 1 1/2 0 o
w | M 3 -3  -1/2 0 -3/2 -1 1
12 | -14 -3 0o -2 0 o

z,-¢ 1 3
3M | -3M -~ P M o - 5 M M o

3agaun 1.57—1.70 pemuTh CHMMOIEKCHBIM METOJOM K
IaTh reOMETPHYECKYIO0 MHTEePIIPETAIINIO IPOIEeCCa PelIeHn .

1.57. max Z = 2x1 +4x2;

X + Xy

IA

12,
X, 8,
2x; + x, < 20,

20, x,20.

IA
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1.58.

1.59.

1.60.

1.61.

1.62.

max Z = 12x, +2x, +3x;
4x, + x5 + X4

2x; — x4

x| + Xg - x,

2,20 (=1, 4).

max Z = 2x, + 6x,;

X+ x, 2 4,
2x; + 3x, £ 12,
2x, — x4 2 0,

x,20, x,20.

min Z = x; - Xy}
2x; + 2x, <
—x; +3xy £ -3,
3x; + x5 2 9,
-2x; + 2x5, £ 8§,

%20, x,20.

max Z = 6x1 + 4x2;
x; + 2x4 <

2x; + x5, <

>

min Z = 4x1 +16x2;
x, + 3x, = 3,
3x; + 4x, > 6,
2x; + x5 < 4,

xIZO, Xy 2 0.
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1.63.

1.64.

1.65.

1.66.

1.67.

1.68.

1.69.

max Z = 3x, + 9x,;
x; +4x, < 8,
2x; + 4x, < 8,}
x,20,x,20.

max Z = 6x; + 4x,;

4x, + 3x, <12,
4x;, + x, < 8,
4x, - x, < 8,

x,20, 2,2 0.

10,
X, + x, 4,

x%,20, x,>0.

max Z = x, +2x,;
2x; + x4

A A

min Z = -2x, - x,;
-x; +x, 2 -10,
2x, < 40,
2,20, x,20.

min Z = -12x, +4x,;
-2x, + x5 2 -2,
x, < 4,
2,20, x,2 0.

max Z = 6x, + 4x,;
2x; + x, < 2,
3x; + 4xy 212,
x,20, 2,20.
min Z = x; + 4x, + Xg;
4x; + 24x, + 10xg = 18,
4x; + 4x, + 3x3 = 11,
2,20 (j=1,3).
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1.70. min Z = 2x; +9x, + 4x,;

v

14,
X, +3x, + X3 6,
2x, + 9xy + 6x3 2 22,

2x; + 3xy + 2x3

v

X2 0 (=1,3).

B3agagax 1.71—1.91 cocTaBUTHL MaTeMATHYECKYIO MOJEIb
u ¢ nomoinbio IBM HalTH ONTHMANBHBIA [JIAH.

1.71. Ha npuoGpereHne 060pyI0BaHUAA 1 HOBOIO IPOH3-
BOICTBeHHOro yuacTka BuieneHo 300 Tric. ges. ex. Ero npex-
MoaraeTcs pasMecTHTh Ha ILromanu 45 M2, YyacTok Moxer
GBITH OCHAIMEH OBOpYAOBAHMEM TpeX BHAOB: 1) ManmimHaMu
CTOMMOCTHIO 6 ThIC. IeH. ef. (34ech U Jayiee BCe IIOKA3aTeau
IPUBOZATCA HA eAMHALY 0G0ODYJOBAHNHA), PASMEINAIOIIUMUCH
Ha momazny 9 M2, Tpou3BOAUTENHHOCTHIO 8 THIC. /1. IPOAYK-
MU 33 CMEHY; 2) MAlllMHAME CTOMMOCTBIO 3 TBIC. A€H. el.,
3aHIMAIOIUMY ILIOMARs 4 M?, TPOU3BOAUTENHLHOCTHIO 4 THIC.
ef., IPONYKIUY 34 CMeHY; 3) MallIMHAMH CTOMMOCTBIO 2 ThIC.
NeH. ef., 3aHNMAKIIUMH ILTOMEAaAb 8 M2, IPOMBBOAUTENH-
HOCTBIO 3 THIC. €X. IPOAVKINY. IIOCTPOUTH MOJeNIb, Ha OCHOBE
KOTOPOI MOXXHO ¢POPMYJIHPOBATE 3aJady ONIPeieIeHus ILIa-
Ha nprobpeTeHnsa 060pyA0BaHus, 0becIednBaroIero Hauboab-
ITYIO IPOU3BOAUTENHHOCTH BCETo yuacTra. HaliTu onrtumans-
HBIA NJIaH.

1.72. Ha 3aroTOBUTEJbHBIN YYaCTOK ITOCTYIIMJIN CTAJbHBIE
opyTea anuuoi 111 cm. Heo6xoaumo paspesars ux Ha 3aro-
roBku 110 19, 23 u 30 cM, KOTOPBIX TPebyeTcss COOTBETCTBEHHO
311, 215 u 190 mr. ITocTpouTs MOAENb, HA OCHOBE KOTOPOU
MOYKHO PEIINTD 33449y BeIGOpa BapHUaHTa BHIOJHEHHSA ITON
palfoThl, IPU KOTOPOM YMCJO pPaspe3aeMblX NPYTHEB MUHH-
MaJbHO.

1.73. Ha 3aroToBUTeABLHBIH y4acTOK mocryruio 69 me-
TaJJIHYeCKUX IPYyThes anuuoi 107 cm. Ux Heobxoaumo pas-
pesaTh Ha 3aroToBkH 1o 13, 15 u 31 ¢cM B KOMIIJIEKTHOCTH,
3anasaemoil ornourenuem 1:4:2. TTocTponTs MOZENb, HA OCHOBE
KOTOpPO# MOMKHO cHOPMYJIHPOBATL 3afady MaKCHMHU3AHUU
KOMIIJIEKTOB 3aroToBok. HaliTn onTuMasibHBIN IIJIaH.

1.74. Ha 3aroToBUTEeIBHBIN yuacTOK MebeapHod dabpuxn
MOCTYIHIN JUCTHI daHepsl pasmepamu 152x152 cm. Heob-
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XOAHUMO paspesarb MX Ha 3aroroBku no 1056x31, 47x90 u
30x51 cm. ITorpebHOCTS B HUX —COOTBeTCTBeHHO 315, 215 1
416 mt. IlocTpoursr MOAENb, HA OCHOBE KOTOPOH MOXKHO
¢OpMYyINPOBATh 33/1aYy BbIOOpA BAPUAHTA PACKDOS, IIPH KO-
TOPOM KOJHMYECTBO pa3pe3aeMbIX JHCTOB MUHUMAJILHO.

1.75. Ha yuacrox nocrynuyio 120 nucroB ¢daHepsl, KOTO-
pble HeOGXOAWMO pa3pesarsh Ha 3aTOTOBKHM B KOMIIIEKTHOCTH,
3alaBaeMoit orHOIIIeHHeM 3:2:5 (pa3Mepsl JJUCTOB U 3aTOTOBOK
yKas3aHbl B 3agade 1.74).

1.76. llex MebenbHOTO KOMOMHATA BBITYCKAET TPEJIbAKH,
TpIoMO U TyMOOUKM IOJ TejeBu30pbl. HopMa pacxona mare-
puana B pacdyere Ha OJHO HU3Aejue, IIJIaHOBasA ceb0ecTOMMOCTS,
ONTOBAs LieHA TIPENUPHUATHS, NJIAHOBBINA (MECAYHBINA) accop-
THMEHT U TPYAOEMKOCTH €IMHUIIbI IPOAYKIINYU IIPUBECHLI B
Tabmx. 1.21. 3amac JpeBeCcHOCTPYIKEUHBIX ILIAT, JOCOK €JOBBIX
u 6epesosrrx 90, 830 u 14 m® coorBeTcTBenHO. IlTaHOBEIH DOHT
pabouero spemeru 16 800 wei.-u.

Ta6nunma 1.21

Uspenue
Hoxkazatens
Tpenssax Tpromo TymGouka
Hopma pacxozna MaTepHa-
na, M%:
JIpeBeCHOCTPYIKeYHbIe
ILJIUTEI 0,032 0,031 0,038
JOCKH eJIOBbIe 0,020 0,020 0,008
IocKku 6epesoBble 0,005 0,005 0,006
TpyzoemKocTs, 4ei.-4 10,2 7,5 5,8
IInasoBasa ce6eCcTOMMOCTD,
NeH. efl. 88,81 63,98 29,60
OnToBas HeHA MPeAIpUs-
THA, JeH. el. 93,00 67,00 30,00
I1n8HOBBINH 8CCOPTHMEHT,
wT. 350 290 1200

Ucxonsn n3 HeoOXOAMMOCTH BBINOJHEHUS IIJIaHA IO ac-
COPTHMEHTY M BO3MOXXHOCTU €r'0 IIePeBBLITIONTHEHUA IIO0 OT-
AeNbHBIM (MM JasKe BCeM) IOKAa3aTeNAM, IOCTPOUTDL MOJESIH,
Ha OCHOBE KOTOPBIX MOXXHO ChHOPMYJHUPOBATEH 3aa4y MAKCHU-
Musanuy odnemMa peasnusanuy (3a IJIAHOBBIM ITepuon) U 3afaygy
MaKCHMHU3aOouy NpHUOBIIN (38 TOT 2Ke Iepuoxn).
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1.77. Ha 3aBoze e)XeMeCAYHO CKalJuBaercA oxomo 14 T
OTXOIOB METaJIIa, U3 KOTOPOro MOYKHO UITAMIIOBATh O0JbIINe
u MaJble 111ai6e1. Mecaunas norpeGHOCTE 3aBOJja B BONBITNX
mraitbax — 600 teic. mT., B Mansix — 1100 TeIc. mT. (Hexo-
cTapllee KOJHUYECTBO MIail6 sakynaercd Ha CIeNHATIH3H-
poBaEHOM npejnpusatun). OnroBasd meHa G0JBIINX ARG —
1,9 nmeH. en. (3a ThiCAYY WITYK), MaJIbIX — 5,2 gen. en. Pacxon
MeTajlja Ha ThICAYY OoabuIux maub — 22 Kr, Ha THICAYY
MauIbIX — 8 Kr. /i U3TOTOBJIEHNA MIai0 MCHIONAb3YIOTCA ABa
mpecca XOJO0QHOM mITaMIOBKU. IIpon3BOANTEIBHOCTD KAXKAOT0
3a cMeHy — 9 TeIC. IuT. Gonpmmx n1aié ambo 11,5 TeIC. mIT.
maJbpIX. 3aBof paboraer B ABe cMeHEI. [locTpouTh MOJ€Jb, HA
OCHOBE KOTOPOH MOIKHO PeIlUTh 3aJady ONpeleseHuA MIaHa
ITPOM3BOACTEA 1MIaib (13 OTX00B), 00ecIeYNBAIOIIET0 MAKCH-
MaJIBHYIO JOJI0 B BAJOBOM HPOAYKIUYM IPEANPHATHA. 3a
IJIAHOBEIM HepHOJ IPUHATH rof. HafiTu onTuManbHEBIN IIaH.

1.78. IIpennpusaTue uarorasiusaer npubopsl tnna A, B
n C, xoropble peanusyer coorsercrBerno mo 600, 700 u
1150 pen. en. 3a usgenaune. TpyROeMKOCTh UX IIPOM3BOACTBA
3ajaga oTHomenueMm 1:2:3. PaHee mpeanpusiTue u3roTablIK-
BaUIO TOJBKO Hpubop runa 4 8 Kosmdecrse 900 mIT. 3a CyTKH.
OnHaxko uaMeHeHne o0beMa IIOCTABOK DKPAHUPOBAHHOTO IIPO-
Bofa (npu cOopke IpubOPOB KaKAOTO THIA PACXOAyeTcs
OAMHAKOBOE KOJMYECTBO STOIO MAaTepHalia) B ILIAHUDYEMOM
rojly mO3BOJHT BhInycKarh 3a cyrku 1000 mpubopos. s
VKOMILIeKTOBAHUSA KAXKL0ro Ipudopa Heo6XoauM JaTUMK TOTO
JKe THNa, 94To u Tun npubopa. Vix npepnosnaraercsd NOJIy4IaTh
II0 KOOIEPHPOBAHHBLIM IOCTABKaM B KoJmudecTBe, obecme-
YHBAIOIIEM B CyTKM cOOpKY He Gonee 400, 500 u 200 npubopos
tuna A, B u C coorBercrBeHHO. IlocTpouTs MOJesb, Ha OCHOBE
KOTOPOH MOYKHO PEIUTH 3ajady OIpefe e N A HAIPKeHHbIX
MeCSYHBIX IJIAHOB IO 00beMy peajn3anuu ¥ aCCOPTHMEHTY
BHIIyCKaemMol npoaykuuu. HalTu onTumMabHbIe HJIAHBL.

1.79. ®abpuka BBIIYCKAET KOXXaHble ODIOKH, KYPTKH H
NanbTO CIEeNHANLHOrO HA3HAUEHHA B ACCOPTHMEHTe, 3alaH-
HoM orHomreHneM 2:1:3. B mpoliecce U3roTOBJIEHUA U3JLEINA
IIPOXOJAT TPH IIPON3BOACTBEHHBIX YIaCTKa: JyOUIBHBIMA, pac-
KPONHBIM M NOmMBOYHLIN. Pabpura HMeeT HPAKTUYECKHU
HEOTPDAHMUEHHYIO CHIPbeBYIO 0a3y, OJHAKO CJIOXKHAS TEXHO-
Jlorusi IpeAbABISET BLICOKHE TPeOOBAHNA K KBAIHGMUKAUK
pabounx. YHCIEHHOCTh HX B PAMKAaX IJAHKMPYeMOTO MepHuoja
orpaEuueHa. Bpems 06paGoTKM H3feNnil Ha KaXXJOM y4acTKe,
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HX ITaHOBasA ce0eCTOMMOCTH, OITOBAA [eHA NPEeANPUATHS
npuBeneHb! B Tabn. 1.22.
Tataumia 1.22

HNsapenue
IlokasaTens
Bpiokn I Kyptka ITassro
Hopma BpemMeHH Ha ydacTKax,
yes.-y:
AyOUIBHOM 0,3 0,4 0,6
pacKkpoiiHoM 0,4 0,4 0,7
NOIIUBOYHOM 0,5 0,4 0,8
ITonuas ceGecTOUMOCTE, JeH. €f. 15 40,5 97,8
OnrToBas ieHa NPeANPUSTHSA,
AEH. el. 17,5 42,0 100,0

Orpanudyenus Ha $OHJL BpeMeHH IJis AyOMJILHOro, pac-
KPOMHOTO M TOLIMBOYHOTO YYACTKOB COCTaBJISIOT COOTBET-
creerHo 3360, 2688 u 5040 u. YuurnhiBas 3amaHHBIN ac-
COPTHMEHT, IIOCTPOUTH MOJiesib, HA OCHOBE KOTOPOIl MOXKHO
chopMyIUPOBATE 381Uy OIpefesIeHNd HaPAXKEHHOTO MeCId-
HOTO IJIaHAa MO NPUOHLIIN OT peain30BaHHON mpoayknun. Haii-
TH ONTHMAJbHBIA NJIAH.

1.80. B niaHOBOM rofy CTPOMTEJbHBIE OPraHHU3alUn
ropojia MepexofAT K coopyxeHuio fomoB tunos J,, [,, [, u
M. Naunsle 0 KOJIWYECTBe KBAPTUD PA3HOTO THIA B KAXK/OM
13 VKa3aHHLIX THUIOB AOMOB, WX IIJIaHOBasA ceGecTOMMOCTH
mpusefensl B tabi. 1.23. TogoBol miaH BBOAA KUJIOH ILIO-
manu cocrasaser coorsercreerno 1000, 900, 2000 u 7000
KBAPTHDP VKA32HHBIX THUIIOB.

Tabnuma 1.23

Tun zoma
IlokasaTesn T
4 | m | A | A
Tun xBapTHPHL:
OJHOKOMHATHAA 10 18 20 15
ABYXKOMHAaTHAaA:
cMeXXHas 40 — 20 —
HecMeXKHas — 20 — 60
TPEeXKOMHATHAA 60 90 10 —
4YeThIPeXKOMHATHAA 20 10 — 5
IlnanoBasi ce6ecTOMMOCTS,
TBHIC. HeH. eX. 8300 8350 3600 4500
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1. Ucexogs us Heo0XOAUMOCTH BBHITIOJIHEOHUA MIAHA BBOZA
KBapTUp (a BO3MOMKHO, U €ero IIePEeBBIIIOJTHEHU A 10 BCEM IIO-
KasaressaM) u 00eCITeYeHHOCTH CTPOUTENbHBIMY MaTepHaTaMy
U TPYAOBBIMH pecypcaMu, IOCTPOUTH MOZENb U ChHOPMYIH-
pOBaTh Ha ee OCHOBE 3KCTPeMAaNbHYIO 3aja4y, aHAJIH3 KOTO-
PO NMO3BOAUT 000CHOBATHL 00'bEM KalIUTANOBIOMEHNH B JKH-
JIMIHOE CTPOMTEILCTBO HA ILIAHOBBIH Tof.

2. Ha KuUIMIHOE CTPOMTENLCTBO YTBEPIKACH 00bEeM Ka-
nuranosnokenuit 40 MIE neH. e4. (4aCTh 3THX CPEACTB, KOTO-
pas He OyleT UCHOJb30BAHA B IJIAHOBOM TOAY IO IPAMOMY
Ha3HA4YeHUIO, NpefHa3HaueHa A8 PACHINPEHUS CETH KOMMY-
HaJIBHBIX NPeAUpUSTH# roposa). ITocTponts Monens u cdop-
MYJIEPDOBATHL Ha €e OCHOBE BKCTPEMAJILHYIO 3a/ady HaXOKe-
HUSA IJaHa CTPOUTENhCTBA Ha GUHAHCOBBIA I'Ofl, IIPY KOTOPOM
€e6ecTouMOCTh BCEX BBOJUMBIX AOMOB OyXeT MHHUMAIBHOIL.

1.81. Ha npousBOACTBEHHOM YYACTKE H3TOTABIHUBAIOT
usnenus H,, H,, H, nna c60pOYHOro KOHBe#epa IpefIpHsi-
TuA-3axkagunka. [lorpebHocts B Hux — 300, 500 u 400 mr.
COOTBETCTBEHHO. 3aIachl MeTalna Ha usgeane H , OTPaHMYeH-
HBI, MO3TOMY HUX MOXKHO IPOU3BOAUTE He Gonee 350 mrr. Bee
U3JeNUsA II0CIEOBATEIFHO 00pabaThIBAIOTCH HA CTAHKAX C,,
C u C,. TexHOIOTWA UBTOTOBJIEHUA KaXKJOTO U3AEIUS npe-
,uycmannBaeT Tpu criocoba obpaborku. Hopma Bpemernu Ha
o6paboTKy, niagoBas ce6ecTONMOCTh M ONTOBAA I[€HA IIPeJ-
TPUATHUA Ha BCE U3JeJINA IPUBeIeHH! B Tabiu. 1.24. IlnagoBwIit
Gon1 BpeMeHHN paboThHI CTAHKOB COCTARJACT: AJA CTAHKOB C,
u C; — mo 6048 4, nus C, — 3932 u.

Ta6nuua 1.24

WUsnenve

H, I H, ! H,

IToxasaTens
Croco6 obpaborku

1l2[s]1]2]s 1]l2]s

HopMma Bpemenn Ha
obpaborky, 4

Ha cTauKe C| 3 7 0 8 4 5 4 3 2
Ha crafxe C, 2 3 6 3 2 0 2 3 1
Ha cranke C, 7 5 6 9 3 6 5 6 3
IInanoBas cebecrou-
MOCTbB, XeH. e]l. 130 150 110260 200 250{190 200 180
OnroBast 1eHa mIpef-
NPUATUASA, NeH. efl. 160 250 260
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IlocrpouTs MOAeNb, Ha OCHOBE KOTOPOH MOKHO DEIIUThH
3a/a4yy HAXOXKIEHUs IUJIaHA 3arpys3Kd CTAHKOB, ofecneum-
BAIOMIer0 MAKCHMAaJbHYIO IPUOBIJIb OT peaaua3alldu OTOBOH
npoayknuu. HaiiTu onTUMAaILHBIN ILJIAH.

1.82. Yersipe CTPOMTENBHBIX Y4aCTKa HOTPeBISIOT Iie-
6eHp, BrIpabaTpiBaeMblil TpeMsA APOOHIBHBIMY YCTAHOBKAMU.
CyTounas norpebHOCTH B Ije0HE CTPOUTEIbHBIX YYACTKOB U
CTOMMOCTH HEepPEeBO3KU 1 T €ro OT ZpOGUIBHBIX YCTAHOBOK IO
CTPOUTEJNIbHBIX IJIOHIAIOK IpUBeReHsl B taba. 1.25. Cyrournas
NPOU3BOAUTEIBHOCTh APOOUIBHEIX YCTAHOBOK COCTABJIAET 65,
75 u 60 T coorsercTBenHO. HepocTammee KOINYecTBO mebHS
MOXHO 00€eCIIeYUTh 34 CUerT:

1) yBeamyennsi NpOUBBOAUTESHLHOCTH APOGUILHON ycTa-
HOBKH I, 4TO BEIBEIBaET ZOMOJHUTENbHBIE 3aTPATHL HA BHIPA-
60TKy 1 T miebus B pasmepe 30 nex. ef.;

2) yBesMueHUs: IPOUBBOAUTENLHOCTH APOGHMJILHOR ycra-
HOBKU 11l (3aTpars! Ha m3roroBmesue 1 T meGHA BO3PACTAIOT
Ha 20 geH. en.);

3) BBeJIeHN s B 9KCILIyaTAlMIO NpOGUIBHONK yeTaroBKH [V
(m3 Kappepa) IIPH AOIIOIHUTEIBHBIX 3aTPaTaX Ha USTOTOBJICHIE
1 T mebra 50 geH. €. ¥ CTOMMOCTH NIEepPeBO3KW 1 T mebHsA
30, 20, 40 1 10 ges. ex. ¥ 1, 2, 3, 4-i CTPOUTENBLHLIM ILJIO-
maaKaM COOTBeTCTBEHHO. IlocTpouTh MORENb U Ha ee OCHOBE
chopMyIUpPOBaTh 3a7ady, aHAJH3 KOTOPOHM ITO3BOJMUT OIpe-
JenuTb ¥ OODOCHOBATH ONTHMAJbHBIM IJIAH 3aKpenjieHus
CTPOUTENBHBIX ILIOIIAZ0K 32 APOOHJIBHBIMU YCTAHOBKAMHU C
YYeTOM IepedYNCIeHHBIX BO3MOXKHOCTENH YBeJIUUYEHUS MPON3-
BOJICTBA IeOHA.

Ta6auma 1.25

Homep yuacTtka
Iloxasarens
1 | 2 ] s [ 4
IIlena nepeBo3kyu 1 T mebH,
HeH. ell.:
OT YCTAaHOBKH [ 4 3 8 5
OT ycTaHOBKY [] 9 7 5 4
ot ycraHoBkH [1] 3 6 2 8
ITorpebHoCTs B 1MebHE cTpPOU-
TeJBHOI'O y4YacTKa, T 50 50 70 70

1.83. IIpenupuATHe BLINYCKAET OOBIUHLIN, CIEI{MATbHBIH
U JeKOPATWBHBIM CIJIABBl JIATYHHU U PEATU3YET MX COOTBET-
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crBerno o 30, 45 u 60 geH. en. 3a egUHMIY Macchl. Ero
IPOUBROJICTBEHHAS MOIHOCTDL II03BOJSAET IPOU3BOLUTH (32
naaHoBLIN nepuoj) e Gonee 500 ex. maccs OOBIYHOTO CILIA-
Ba, 700 ex. cmenuansuHoro u 250 ex. mexoparusHoro. O6s-
3aTeJbHBIMU COCTABJIAIINME CILJIABOB SABJAAIOTCA MeIb,
IIMHK, CBUHEN U HUKeIb. X mewa — coorBeTcTBeHHO 9, 7,
u 11 gen. en. 3a egumauny Maccel. ITo TexHOMOTHH JeKOpa-
THBHBIH CILJIAB JOJXKEH CofepKaTh He meHee 7 % HUKeNs,
49 % wmenu u He Gosee 29 % cBuUHIA, CHEUUAABHLIA — He
menee 3 % HuKens, 71 % menn, 9 % nunka u He 6oee 21 %
cBUHNA. B O6BIUHBIN CILJIAB COCTABJAION{NE BXORAT 0e3 orpa-
auyenuit. Cuuras, 4ro cebecTONMOCTD CILJIaBOB CKJIAAbIBAETCA
TONBKO M3 CTOMMOCTH €r0 HHTPEeAHEeHTOB, TOCTPOUTD MOJIEJIb,
Ha OCHOBE KOTOPOM MOKHO COpPMYJIHMPOBATH 3ajady Ha-
XOMKIEeHUS ILIaHa BBIITYCKA CIJIABOB, 00eCIIeYBAIONIEr0 MAK-
CHMaJbHYI0 IPUOBINE.

1.84. Cyxorpys MoeT IPUHATH Ha 60pT He Gosee 1000 T
rpysa, obmuii 06beM KOTOPOTO He JOJMKeH IIPeBBIIIATH
500 m3. Ha npmuane maxogurcs rpys 16 HaummeHoBaHHI
‘(pasnMyHbE MEXAHU3MbI U HEeCTAaHAapTHOe O0OpyAOBaHHUE).
Macca, o6beM ¥ I[eHa TPy3a KaKJJOoTO HAUMEHOBAHUSA IPUBe-

neHsl B Taba. 1.26.
Tabauma 1.26

Homep rpyasa Macca, T Obwem, M3 Tmcgf(::.’ ex.
1 50 45 . 15
2 100 31 21
3 70 25 13
4 91 44 18
5 60 37 14
6 75 40 19
7 89 29 20
8 67 35 11
9 73 46 16

10 81 33 20
11 - 78 39 15
12 88 36 16
13 80 41 18
14 76 43 19
15 72 34 12
16 63 38 9
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1. Ha cyxorpys Helb3sa DOTPY3UTH 60siee OZHON eIUHUILEI
Ipy3a Ka)XJoro HauMeHOBaHus. [[ocTpouTs MOeNnhb, Ha OCHOBE
KOTOpPO# MOXXKHO chOPDMYJIHPOBATH 33]a4y BhIGOpa BapUaHTa
3arPY3KHK CyJHA C MAKCHMaJbHON CTOMMOCTBIO BCErO Ipyaa.

2. Ha nmpuuane HaxoAATCA TONBKO ABE eAUHHUILI Ipy3a
[1epBOT'O HAUMEHOBAHUA U TPU BockMoro. IlonobHBIX orpanu-
YeHWH Ha Jpyrue BUAbI rpy3a HeT. KoJIu4ecTBO rpysa Kaoro
HauMeHOBaHUA, KOTOPOE MOYKHO IIOTPY3UTL HA CYAHO, 3aBU-
CHT JIUIIb OT HAJHUYUS I'Py3a B CBOOOLHOTO MECTA B TPIOMAaX.
ITocTpouTer MOZENb U HA ee OCHOBe CHOPMYJINPOBATH 32124y
BBIOOpA BapMaHTa 3aTPY3KH CynHA Hanbosee MeHHBIM TPY30M.

1.85. Ha noTouHo# tuHUHA, 060pYIOBAHHON IIpeccaMyu AJs
xononuo# mramnosku I[Ip,, Ilp,, Ilp,, Ilp,, Ilp, Ilpg, 06-
pabareiBarorest nnatel I1,, IT,, 11, 1T, u I1,. Onu nocneno-
BaTeJbHO IPOXOAAT BCe Hpecchl, HauuHasA ¢ IIp,. llepex oO-
paboTKofl Ka)KAOHN IIJIATHI HEOOXOMMMO CHATH C IIPECCOB IIpe-
OBIAYINUE HITAMIIBI (€C/IH, KOHEeYHO, 9TO Tpebyercsa) 1 ycTaHo-
BUTH HOBBIE. [IlTamMIibl, HeoGxoauMbIe HJisd 00paboTKU IJaT,

yKasaHsl B Tabn. 1.27.
Ta6ununa 1.27

IIpecc
nara

Ip, l Iip, l Ip, Iip, l Ip, ‘ IIpg
Hl IH2 IH4 m, ms Hlm HI:
Hz IHS IH4 i me HIQ IHU
Hs LU., IHB IHIO IHG ml wu
H4 IHz HIs HI:; IH7 IHIO HIQ
Hs IlI4 ms HIG Hls IHQ [Hs

HopMbl BpemMeHy Ha CHSITHE U YCTAHOBKY (OyZieM cuuTaTh,
YTO OHM COBIAJAIOT) KAXKAOT0 MITAMIA IPUBENeHBbl HUMXKE:

MIramn oI, o, Oig I, Ol O 01, Ol 01, O1, O,

Hopma spemenu 10 15 20 17 30 22 14 19 12 18 16
Ha cHATHe (YCTaHOB-
Ky) LITaMIoB, MHH

IlocTpouTs MOAenb, HA OCHOBE KOTOPO#l MOMHO CGOp-
MYJHPOBAThL 3a4a4y HAXOXAEHUS IOCIeNOBATEJLHOCTH 3a-
IycKa IJIAT Ha JUHHK ¢ MUHUMAaJbHBIM BpeMeHeM IepeHa-
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Jafok Bcero obopyaopaHusd. Haditu onTuMaabHBIHE IJIaH 3a-
OyCKA IJAT Ha JUHUIO.

1.86. YernIipe pacTBOPHHIX y3Jia CTPOUTEJLHOTO YIIPAaB-
JIEHUA HOTPebJIAIOT B CYTKH coorBercTBeHHO 170, 175, 220 u
190 T mecka. Ero npoussoaaT Tpu GabpuKy, CYTOUHAS IIPOUS-
BOJIUTEJIBHOCTh KOTOPBIX coorBercTBeHHO 380, 340 u 300 T.
DabpuKu B3UMAIOT IIJIATY 34 NIOTPY3KY IECKA KAMKIble CYTKHU
M HE C KOJHMYECTBA OTTPYKEHHOTO MaTepHuaja, a «C gaxrar»
€T0 OTTPY3KHU 32 3TO BpeMs JaHHOMY IIOTpebuTesro (4To gesa-
eTCsA C IeJIbI0 BaKpenyeHns ero 3a ¢abpuxoit). B Trabn. 1.28
IpUBeJieHa CTOMMOCTD NEPEBO3KU 1 T recKa OoT Kam oM ¢ad-
PHKHU K KaXJJOMY y3Jy, I1eHa 1 T IIecKa ¥ CyTOYHAS CTOMMOCTD
morpy3k#. ITo npuBefeHHBIM JAaHHBIM HOCTPOUTH MOJEJb, Ha
OCHOBE KOTOPOH MOMKHO CHOPMYJIHPOBATEH 3aJa4yy BoIOOpa
ONITMMAJIBbHOTO BAPMAHTA 3aKPEIeHUSA PACTBOPHBIX Y3JIOB 34

dbabpuramu.
Tadtnuna 1.28

Homep babpuxu
IToxasarens
1 2 3
CronmocTs epeBo3ku 1 T
ecka ot ¢abpuku, AeH. ex.,
K y3JIy:
mepBoMy 0,9 1,5 0,6
BTOPOMY 1 0,8 0,9
TPETheMy 0,7 0,4 1,2
YeTBEPTOMY 0,5 1 1,3
Ilena 1 T mecka, meH. ef. 3 2,9 2,2
CyTOo4YHAsI CTOMMOCTDH IIOI'Py3-
KU, JeH. ell. 19 25 15

1.87. CrpourenbHoil opraHusanuy HeOGXOZUMO BBIIIOJ-
HHTH YeTHIPE BHAA 3€MJIAHBIX pPador, 00’beM KOTOPBIX — COOT-
BercTBeHHO 7000, 6500, 7600 m 8100 M3. IIna ux ocyme-
CTBJIEHUA NPEAIOJATAECTCA HCIOJBL3OBATH TPH MEXAaHMN3Ma.
IIpousBoguTEeTbHOCTE MEXaHU3MOB U cebecTommMocTh 1 4 pa-
0OTBI KaXKJOTO M3 HUX NpuBeAeHs! B Tada. 1.29. IlnasoBbiit
doun Bpemenu MexaHu3moB I, IT n II] cocraBiasgeT cOOTBeT-
creerHo 350, 600 u 290 mamrmHO-4acoB.

1. TlocTpouTs MOzKeNb, HA OCHOBE KOTOPOH MOYKHO chOp-
MYJIMPOBATDH 3a4a4y HAXOXKIeHUSA IJIaHA Opranusanun paGor
¢ MUHUMAJLHLIMHI 3aTPATAMH HA €ro OCYIeCTBJCHHE.
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Tabnuga 1.29

Mexanusm
TIokasarens ! | H l m
Buanr pa6or
1[2{3!4 1l2[3l4 112’3[4
ITIponsBoanTenn-
HOCTb MEXAHHU3Ma,
w3 /g 20 15 16 30|14 18 35 32{15 29 40 15
CebecTouMoOCTh
1 1 paboTsl mexa-
HU3Ma, JeH. el. 20 50 30 60{20 40 50 T70/80 30 60 30

2. O6'peMbI 3eMIIAHBIX PaBoT 3aaHbI OTHOIIeHMeM 3:2:5:1.
IIocTponTs MOAEND M CPOPMYINPOBATL HA €€ OCHOBE 3a4auy,
aHaJU3 KOTOPOH IO3BOJMUT HAUTH IJIaH PaGoOThl MEXaHU3MOB
¢ HAUMEeHBIIMMH 3aTPAaTAMU HA ero OCyINeCTBJEHHE.

1.88. Hedrenepepabareisaromuil 3aBoj HOJydYaeT 3a
MJIaHOBBIA IIepuON ueThipe monydabpurara: 600 Toic. 1
ankunara, 316 teic. g1 KpekuEr-6eH3UHA, 460 TBIC. 1 Genauna
npamoil neperouku u 200 Teic. 1 usonenrtana. B pesyabTare
CMEeOIMBaHUA 3THUX WHTPENUEHTOB B Ipomopuusax 2:3:1:5,
2:4:3:4, 5:1:6:2 n 7:1:3:2 noxyvaior GeH3UH YeThIpEX COp-
ToB: B, B,, B, u B,. llena ero peaiusanuu — COOTBETCTBEHHO
1350, 1400, 1600 u 1250 pen. en. 3a THICAYY JTUTPOB.

1. IpepgmonoxuB, 4TO peajusanusa Ja0OOro copra cle-
IHAJIBLHOTO OEH3MHA HE BBI30BET 3aTPYLHEHU A, TOCTPOUTH MO-
Jeab ¥ cHOPMYJIMPOBATH HA €€ OCHOBE 3a74aYy, aHaJu3 KOTO-
POt MO3BOJUT O0OCHOBATD IIJIAH PeaNu3aliui U IJIAHHPOBATH
aCCOPTHMEHT BBINYCKAEMOHA IPOAYKIIUH.

2. 3aBoj BBIIYCKaeT yeThIpe copra OeHamHaA B accop-
THUMEHTe, 3aZjlaHHOM oTHomeHEneM 2:3:1:4. ITocTpours Mozens
u chopMyaUpOBaThL HA €e OCHOBE 3aJavy, aHaJIu3 KOTOPOH
TIO3BOJIUT O0OOCHOBATH IJIAH PEaNM3alUHU rOTOBOM MPOAYKINY
(IIpu BHIMOJIHEHUU YCJHOBUN HPEABLIAYINEro OYHKTA).

1.89. IIpousBoACTBEEHBIE MOIIHOCTH KaKJAO0T0 M3 CeMHK
3aBOJOB OOTBENUHEHUS IMO3BONSIOT B YCTAHOBJIEHHBIE CPOKH
BBITIOJIHSTh TOJIBKO OAMH U3 NATH 3aKA30B, UMEIONMXCHA B
noprgesne 3aka3oB obveguEeHUsi. JJarALbIe 0 3aTparax Ha BbI-
TIONTHEHWE 3aKa30B (B ThIC. leH. e[1.) mpuBeensl B Tabx. 1.30.
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Ta6aunmuma 1.30

HomMmep 3aBona

T2 5] 4[5~

Homep 3akasa

15 17 16 15,6 14 17 14
13 11 12 16 15 12,6 16

9 5 8 7 10 5,5 8
20 21 19 18,6 22 16 17
13 16 15 14 13,6 14,56 16

Tt WD =

1. ITocTpoutTek MO/ieNb, Ha OCHOBE KOTOPOX MOXKHO chop-
MYJHPOBATH JKCTPEMAJbHYIO 381aUy HAXOXIEHN BapHaHTa
pacupejieleHNA 3aKa30B ¢ MUHMUMAJbHBRIME 3aTpaTaMu o0b-
eJMHEHUs Ha ero BBHIIOJHEHNE.

2. 3aBozpl 6 1 7 He MOr'yT BBINIOJHUTH 3aKassl. IlocTpouTh
MOZeab U CHOPMYJIUPOBATEH HA €e OCHOBE dKCTPEMAJIbHYIO 3a-
Jady MUHMMUSANUM 3aTpar o0beJUHEHHUA NIPH paclupejerne-
HUU 3aKAa30B MEKAY OCTANbHBIMH MATHIO 3aBONAMU.

1.90. Panuon craja KpymnmHoro poratoro ckora us 220 ro-
JIOB BKJIIOUAeT NMumiesble mMpoaykTel A, B, C, D u E. B cyrkn
O/IHO JKMBOTHOE JOJIKHO CheJaTh He MeHee 2 KI MpPOAYKTa A,
1,5 xr ompoxgykra B, 0,9 xr npoaykra C, 3 kr nponykra D u
1,8 kr npoxaykra E. OgHako B YUCTOM BHJE YKa3aHHBbIE IIPO-
AYKTHI He npousBogaTcsa. OHU cofiep)XaTCA B KOHIEHTPATax
K,, K, n K;. x 11eHa — COOTBETCTBEHHO 0,5; 0,4; 0,9 neH.
en. sa xmiaorpamm. CojepskaHue IIPOAYKTOB B KHIOTPAMME
KOHIleHTpaTa (B IpomeHTax) yKasano B Tabmx. 1.31.

Tabnuima 1.31

IIpoayxT
Konuentpar
A B C D E
K1 15 22 0 0 4
K2 19 17 0 14 7
Ka 5 12 25 5 8

locTpouTk MOAENb, HA OCHOBE KOTOPOH MOXKHO CHOp-
MyJIHPOBATH 38784y MUHUMU3AINHE 3aTPAT HA MOKYIKY KOH-
IEeHTPATOB AJSA DAluOHANHHOTO KOpDMJIeHMA ckora. Halitu
OnTHMAJBHBIN IJIAH.
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1.91. ITorpebHOCTH paiioHa B OZHOPOLHOM MPOAYKTE (Ha
nepcrneKTUBy) cocrapiasger 150 Teic. T. B patioHe GpyHKRUO-
HUPYeT ONHO NpeAnpHUATHEe MOIIHOCTHIO 30 TeIC. T. YIOBIE-
TBOPEHVE MEePCIIeKTUBHON NTOTPeOHOCTH MOKeT OBIThH OCyIIe-
CTBJIEHO KAaK 3a CUeT PACIIMPEHU S MOIIHOCTH AEHCTBYIOIIEro
IPefnpUATUA, TAK U 3a CUET CTPOHTENLCTBA HOBLIX. 3aTPATHI
Ha TOAOBOH BBINYCK IPOAYKIMHU (B THIC. AeH. €1.) IJS BCEX
BAPHAHTOB CTPOUTEJIBLCTBA B TPEX BO3MOXKHBIX IYHKTAX IIPek-
crasiedn! B Tabn. 1.32.

Tabanuna 1.32

) MoOUIHOCTE TPefPUATHA, THIC. T
Homep nyHKTa T
10 20 30 I 40 | 50
1 8 10 —_ 21 40
— 13 17 25 45
3 6 16 20 19 —

IIpu pacmirpeHUY MONIHOCTH HEHCTBYIOINEIO IPeAnpUsd-
Tua Ha 10 Thic. T 3aTpaThl cocTAaBAAT 9 THIC. HeH. eX., Ha
20 Toic. T — 14 ThIC. AeH. en., Ha 30 ThIC. T — 16 THIC. HEH.
en., Ha 40 TeIC. T — 19 THIC. A€H. ex. u Ha 50 THIC. T —
39 twic. neH. en. [locTpouTs MOAENEb, HA OCHOBE KOTOPOIl MOXK-
HO cOpPMYJIHPOBATDh 3aJa4yy MUHUMHU3AUNN IPOU3BOJCTBEH-
HBIX 3aTPaT C YYETOM YAOBJIETBOPEHUS MOTPeOHOCTH paloHa
Ha nepcreKTuBy. HafiTi onTuMaNsBEIN IIAH.



ﬂ%OVICTBEHHbIE SALAYUN
B JIMHEMWHOM NPOrPAMMUPOBAHUU

2.1. Honarue asolicrBerHoCcTH. IlocTpoenue nmapsl
B3aHMHO JBOMCTBEHHBIX 3aJay

C xaxoit 3agayeil JUHEHHOTO TPOrPAMMUPOBAH S TECHO CBA3AHA
Apyras JuHellHas 3anaya, HasbiBaeMas deoiicmaerHoll. IlepBonavyans-
Has 3a/1aya HA3LIBAETCA NPAMOL WIN ucxodHoi. MHorue sajgadu Jiu-
HEeHOro NPOrpaMMUPOBAHUA IEPBOHAYAILHO CTABATCSH B BHJE MCXO/I-
HBIX WM JBOMCTBEHHLIX 3a]a4, IO3TOMY IOBOPAT O Nape B3AUMHO
IBOMCTBEHHBIX 3a1a4 JUHEHHOro nporpaMMupoBanus. Ilapa cummer-
puuHbIX ABoiicTBenHbIX 3JIII nmeer caexyoOUIAi BUA:

npamas 3adaia dsoiicmeennan 3adava
maxZ = )c,x;, minf = ) by,
j=1 =1
. J ‘ n i
Ya,x; <b (i=1,m), Say 2¢; (j=1, n),
j=1 i=
x, 20 (j=1,n). y, 20 (i=1,m)

PaccMoTpenHas mapa B3auMHO ABOHCTBEHHEIX 3afa4y MOXKeT OBITh
3KOHOMUYECKH HMHTEPIPeTHpPOBaHa, HAIpUMep, TakK,

IIpamas 3agavya: CKOJBKO ¥ KakKoil NPOJYyKIVH x; (j =1, n) Hano
IPONIBECTH, yTOGHI IPH 38JaHHBIX CTOMMOCTAX ezmmmm NPOAYKIIVHA
(] =1, n) obbeMax HMeWIIUXcA pecypcoB b, (i =1, m) ¥ HOpMax
pacxonon a,; MAKCHMUBHPOBATH BBINYCK MPOAYKIMH B CTOMMOCTHOM
BHIpaXkeHun?
IsoiicTBeHHAA 3afiaya: KaKoOBa HOJIKHA OBITE OLUEHKA €IUHUILLI
KasKJoTO U3 pecypcoB y, (i = I,—m) , 4TOOR! TIDH 3aJZaHHBIX b, ¢ ua;
MHHEAMUSHPOBATL OGIIIYIO OLEHKY 3aTpaT Ha Bce pecypceni?
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Ipumep 2.1. ChopmyanpoBarh IpaBUIa IIOCTPOCHUA MO-
menu a0000# W3 3ajay NAHHON maphl, ecJaW APYyras MOJeJb
u3BecTHa. B 1. «a» 1 «0» MOCTPOEHBI NAPHl CUMMETPHUYHBIX
B3aMMHO ABOHCTBEHHBIX 3afad. B I. «B» HOpuBeneH NOpPS-
JOK IOCTPOEHUS ABOUCTBEHHOW 3aJadyd K HECUMMETPUUHON

3JIIT:

npamas 3adava

a) max Z = 2x; + Tx,;
-2x; + 3x,

IA

14,
X, + Xx9 £ 8,
20, x, 205

6) min Z =
= 12x, +24x, +18x,;
x, + 225 + 3x5 2 12,)
3x; — x5+ x5 2 1
-5x; +4x, + x3 2 3,

x,20,2,20, x,20;

dsoiicmeenHasa sadava

min f = 14y, +8y,;
-2y, + Yy 22,
8y, +y, 27,
y, 2 0, Y, 2 0;

max f =
=12y, + y, + 3y,;

-y + 3y, — dyz <12,
2y, — Yy, + 4ys < 24,

IA

Sy, + Yy + yg <18,
y120,y220,y320;

B) nycth nMeeM 3JIII B mpou3BOIbHONE HECUMMETPUYHOK
dopme. ITocTpouTh i HBOMCTBEHHYIO:

max Z = -12x, +10x,- 15x,-11 x;

2x; — 4x, + x4 =2 3,
3x; + x5 + 2x3 + 2x, = 4,
4x, — 5x, + 2x, > -1,
x; + 3xg + 2x, = 2,
-2x;, + X, - 3x, = -5,

,20,x,20,

Xy, Xg— J1000T0 3HAKA.

IIpexxpe Bcero OTpaHWYEHUA THUNA > YMHOMKeHHeM Ha ~1
cBeeM K orpaHudeRuam tumna <. IMomyunm:
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max Z = -12x, +10x, -15x; -11x;

- 2x; + 4x, - x; £ -8,|y;
3x; + xy + 2x3 +2x, = 4,y
—4x; + 5xy -2x4 < l,;ys
x - 3xg — 2x, < -2,ly,
2x, + x, -3x4 = -5, ys

x,20,x,20,
Xy, X4 — J1I00OTO 3HAKA.

Pem e H ue. [Jua mocTpoesus ABOMCTBEHHOHN 3ajayu
HeoOXOAUMO IOJIL30BATLCH CJIEAYION[UMU ITPABUJIAMU:

1) ecsim npamMasn 3a1ava pemaeTcsa Ha MaKCHMYM, TO JBOH-
CTBEeHHAA — HA MHHHMYM, ¥ HaobopoT;

2) B 3ajaye HA MAKCUMYM OT'DaHMYEHUA-HePaBeHCTBA HMe-
JOT CMBICT <, & B 3a/layue MUHUMUBAIMUN —CMBICI >;

3) KaXXIOMy OrpaHUYEHUIO IPAMON 3aa4YH COOTBETCTBYET
IepeMeHHasA JBOMCTBEHHOHN 3ajauyu, M HA0O0pOT, KaKAOMY
OrpaHHYeHHNIO JBOMCTBEHHON 3aJadyMd COOTBETCTBYeT Iiepe-
MeHHadA NMPSIMON 3aaadu;

4) MaTpHuIa CHCTEMEBL OTPAHUYEHNI ABOICTBEHHON 3aja4un
IIOJIy4aeTCs] U3 MATPHUIIBI CUCTEMBI OTPAaHHYEHUH HMCXOLHOU
3a7aYd TPAHCIIOHMPOBAHUEM;

5) cBOGOAHDIE YIEHBI CHCTEMBI OTPAHUYEHHUN IMPSAMOM 3a-
[a4d ABAAIOTCA KO(QPUIIMEHTAMM HPH COOTBETCTBYIOMUX
OepeMeHHBIX I[eJIeBOM (PYHKIWM ABONCTBEHHOH 3anaum, u
Hao0opoT;

6) eciy Ha MEPEMEHHYIO IPAMON 38Ja4d HAJOMXKEHO YCJIO-
BHe HEOTPUIATEIHLHOCTH, TO COOTBETCTBYIOIIEe OrpaHNUYEeHHEe
ABOMCTBEHHON 3aJayil 3aIHCBLIBAETCA KaK OrPaHUYEHWE-
HEePaBeHCTBO, €CJIN Ke HeT, TO KaK OrpaHWYeHHe-PaBeHCTBO;

7) ecnu xKakoe-aubo orpaHWYeHMe IPAMOI 3a7a4M 3anu-
CaHO KAaK PABEHCTBO, TO HA COOTBETCTBYIOIYIO IIEPEMEHHYIO
NBOMCTBEHHOM 3a/ayy YCJIOBME HEOTPUIIATEILHOCTH He HaJa-
raercs.

B peayibraTe IPUMEHEHUS YKA3aHHBIX NPABUJI IOIYyIUM
CAeAYIONIYIO MOZeNb ABOMCTBEHHOM 3ajaun aasa mogenu SJIIT,
cpOPMYJIMPOBAHHON B Im. «B»:
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min f = -3y, + 4y, + Yy — 2y4 - dy;
=2y + 3y, — 4y + yy - 2y5 2 - 12,

4y, + Yy, + bys + ys = 10,
2y, - 3y, = - 15,
Y+ 2y, - 2y; — 2y, — 3y; 2 -11,

yle,y320,y420,
Y, ¥ Y, — OPOU3BOJBHOTO 3HAKA.

IIpumep 2.2. Ha xongurepckoil paGpukxe Bech accopTu-
MEHT BBIIyCKaeMoil KapaMeJn pasfesieH Ha TPH OXHODPOLHEBIE
I'PYOIBI, YCIOBHO o6oaaaquHL;e K,, K, u K,. Pacxox oc-
HOBHOI'O CBHIDbS K €ro 3amac ykasasbl B Tabn. 2.1. Ipyrue
BHIBI CHIDbs, BXOJANIWE B T'OTOBBIA NIPOAYKT B HEGOJIBIIMX
KOJIMYeCTBAX, He YYUTHIBAIOTCH. B KayecTBe KpUTEPHUS OITH-
MaJbHOCTH ILIAHA NPUHATL MakcuMyM npubsiiu. Tpebyerca
COCTaBUTH MaTeMaTWyecKue MOJeJHd NpsAMOH 1 ABOICTBeH-
HOH 3ajad.

Ta6auma 2.1

Pacxop ceipbst Ha 1 T o
OcHOBHOE ChIpbe P O6muit sanac
x | & [ & CBIpBST
I (caxapHBII IecoK) 0,7 0,7 0,7 700
II (naToka) 0,3 0,3 0,2 300
IIT (dpyxkTOBOE mIOpE) 0 0,2 0,3 150
YpoeeHs npubsLIn 100 110 120
Pemenwne. Ilyers (x,, x,, Xg) — ILIaH BBITYCKa

xapamesu rpynn K, K, u K,, a Z — cymmapHas npuGsuib,
TOTa MaTeMaTHdeCKas MOJesb IPAMOM 3afauy NMPHHMMAET
CJIETVIOIIAN BUA:
max Z = 100x, +110x, + 120x;
0,7x; + 0,7x, + 0,7x; < 700,
0,3x, + 0,3x, + 0,2x; < 300,
0,2x, + 0,3x3 < 150,
,20,x,20, x,20.

A
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MaTtemMaTuuecKas MOAENEL ABOMCTBEHHON 3aJJaUM:
min f = 700y, + 300y, + 150y,;
07y, + 0,3y, > 100, x,
0,7y, + 0,3y, + 02y; > 110,; x,
0,7y, + 0,2y, + 0,3y; = 120, x5
y,20,y,20,y,20.

IIpumep 2.3. IlpesmpusiTve OOTOBOM TOPrOBJAM, UCXOAS
U3 CIIEIMAJU3AIINN, MOXKET PEAIN30BLIBATEL YeThIpE BHAA TO-
Bapos: T, T,, T, u T,. JIuMuTHpyeMble OIPA 9TOM DeCypChI
1 HOPMBI PAcXOfa HA eJUHHIY Pealn3yeMbIX TOBAPOB Ipe-

cramjeHsl B Tabua. 2.2.
Tabnuma 2.2

JIMMHTHPYeMble TopapHasA Ipymna O6meM Bnax
pecypehHl M TIOKa- OrpaHmn-
ecypc
3aTenu T, l T, I Ty ] T, PEOYPER | erus

Ckiajckue Ijio-

magy, m> 1,8 2,6 1,6 1,0 11 000 <
TpyAaosble pecyp-

CBI, YeJs.-4 1,56 1,4 0,5 0,8 9500 <
Hapepxku obpa-

UleHHA, GeH. ef. 17 23 28 12 12 000 <
ToBapHble 3ala-

Cbl, fieH. ef. 3,1 4,2 3,0 2,0 18 000 <
VYpoBeHBs TOBapO-

obopora, AeH. ex. 200 150 170 50 750 000 >

MuuuManbHO JO-
MYCTHUMBIH ILJ1aH TO-

BapooGopoTa 1o
rpymnmne >120 =1600 =1500 =1200 — —

ITpu6sLns oT exn-
HHIBI IPOLYKIINH,
JeH. ef. 120 50 30 100

Ilnan x x, x, Xy x,

IlocTpouTe MOAENU NPAMOM M ABOHCTBEHHOHR 3aJay IpPH
yCcaoBHH, 4TO 3aKas HA T, NOJKEH COCTABUTH 1600 ex., Ha
T, — 1500 exn.
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Pememnwue. [IycTs x,, x,, x; ¥ X, — 00bEMBI peau3allun
COOTBETCTBYIONIEH IPpYNNOBI TOBAPOB, Z — CyMMa HpUOLIIH.
MaremaTnueckas Moienb IPAMOHA 3agaydyM:

max Z = 120x, + 50x, + 30x; +100x;
1,8x, + 2,6x, + 1,6xg + 1,0x, < 11000,
1,50, + 1,4x, + 0,5x; + 0,8x, < 9500,
17x, + 23x, + 28x; + 12x, < 120000,
31x; + 4,2x, + 3,0x; + 2,0x, < 18000,
200x, + 150x, + 170x3 + 50x, > 750000,

> 1200, x, = 1600, x, = 1500, x, > 1200.

Monenb ABOWCTBEHHOM 3aja4u:

min f = 11 000y, + 9500y, + 120 000y, + 18 000y, -
- 750 000y, — 1200y, — 1600y, — 1500y, - 1200y,;

1,8y, + L5y, + 17y; + 3,1y, — 200y; - yg < 120,
2’6y1 + 1’4.’/2 + 23!/3 + 4,2y4 - 150!/5 + Yr 2 50,
1,6y, + 05y, + 28y; + 3y, — 170y, + yg > 30,

yp + 08y, +12y; + 2y, - 50y; - yo 2 100,

ylzo’y220’y320, y420,y520,y620 yQZO
Yqs Yg — 10000 3HAKA.

2.1. IlocTponTh ABOMCTBEHHbIE 3aza4n K caenytomum 3JII1
B CHMMETPHYHOHN dopmMe:

a)max Z = 3x, + X,
3x;, + 2x5 < 6,
4x; + x5 £ 4,}
x, 2 0, Xy 2 0;

6) min Z = - 10x; + x,;
—x; +2xy 2 0,
-5x;, + x5 2 — 5}
x,20,x,20;
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B) min Z = 2x; - 2x,;

—x; +2xy 2 -2,
-2x, + x, < 2
x + x, < 5
xIZO,xzzo.

2.2, X npuseaennsIM Huske 3JIIT nocTpoUTh ABOMCTREHHDBIE
3JII1 B HecuMMeTpUYHOH dopMme:

a)min Z = 2,5x, +2x, + 3xg;
X, + Xy + X4

IA

2%, — x5 + 3x4

v

6,
9,
3x; + x9 + 223 > 11,

x,20,x,20,
x, — nwoboro 3HaKa;

[\

6) max Z = 6x; + 8x,;

2%, + x5 + X3 = 6
x; + 3x, + x, =10,
x, + x4 = 5,
3xy + 2x4 + xg = 12,
x;20 (=1,6)
ByminZ=x, +2x, - X, + x;
22, + x5 — 2x3 + x, = 4,
X, — 2%y + 23 — x4 26,
x - X3 <8,

x,20,x,20,
Xg, X, — J060ro 3gaka.

2.2. TeopeMsl ABOHCTBEHHOCTH
M MX 5KOHOMHYECKOE COJAepKaHHe

OcHo8HOe HepaseHcmeo meopuu 08ollcmeeHHOCMU: AJsA JIOOBIX
LOMYCTHMBLIX IIJIAHOB X ¥ y Naphl B3BAUMHO NBOMCTBEHHHIX 3a4a4 CIpa-
BeJIMBO HepaBeHcTBO 2(x) < f(y). Ero skoHOMHYeCKOe comep:KaHUe
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COCTOMUT B TOM, YTO AJIS JIIOGOTO JOIYCTHMOTO IIJIAHA IPOUBBOACTBA X
H T1060ro ZOMyCTHMOTO BEKTOPA OLEHOK PECYPCOB Y 0BIas co3nanHuas
CTOMMOCTE He NIPEeBOCXOINUT CYMMAPHOH ONEHKH Pecypcos.

Epumepuic onmumarvnocmu Kanmoposuua (docmamounwiit npu-
SHAK ONMUMANbHOCTM ). €CIM AJIA HEeKOTOPLIX NONYCTHMBIX IIJIAHOB
x* 1 y* napsl JBOMCTBEHHBIX 332U BRINOJHAETCS PABEHCTBO 2(x*) =
= f(y*), To x* ¥ y* ABAAOTCA OHTHMAJILHLIMU IJIAHAMH COOTBETCT-
BYIOIIUX 3a4a%. JKOHOMUYECKHIT CMBIC/ KDUTEPUS CAEAYIOUIUIL: NiaK
TIPOM3BOJACTBA X ¥ BEKTOP OLEHOK PECYDPCOB Y ABIAIOTCS ONTHMAJIbHEI-
MU, €CJTH I[eHa BCell MPOU3BeAeHHOM IIPOAYKIMH B CYMMapHAasA OLeHKa
pecypcoB COBIIAJAIOT.

Teopema cyuyecmeosanus onmumMarbHbLX NAAHOS naput deolicm-
B8EHHbLX 300a4: JJISI CYIECTBOBAHUSA ONTHMAJLHOTO ILTAHA J060H 13
napsl ABOUCTBEHHBIX 3a7a4 HEOGXOAMMO U JOCTATOYHO CYIECTBOBAHMSA
JONYCTHMOTO IIJIaHa JJIfA KaXJI0M U3 HUX.

ITepsas meopema dsoiicmeeHHOCMU: €CIK OfHA U3 LBOHCTBEHHBIX
3aja4 UMeeT ONTHMAJILHOE PellleHle, TO U Apyras HMeeT ONTHMaIbLHOe
pellleHye, IPUYeM 3KCTPeMasbHble 3HAYeHUS LeNeBLIX QYHKIOUI co-
BnagaiT: z(x*) = f(y*). Ecau ofBa u3 gBoficTREHHEIX 3ajau Hepaspe-
IIMa BCJIEAACTBHE HEOTPAHUYEHHOCTH HeJIeBOH OYHKIUY Ha MHOMKeCT-
Be JOIYCTUMBIX pelIeHHi, TO CHCTeMa OrpaHudYeHuidl ApPYroi 3afaqy
IIPOTHBOpPEYHBA.

JKOHOMUUYECKOe COREPIKAaHUE NepPBOH TEeOpeMEl LBOMCTBEHHOCTH
COCTOMT B CJENYIOLIeM: ecjIH 3ajaua OIpefeNieHHs OINTHMAaJbLHOIO
IJIaHa, MAKCUMMBUPYIOIIEro BEITYCK HPOAYKIIUK, PaspeliiMa, TO pas-
pelimMa ¥ 3ajaya onpejesieHuA ONEeHOK pecypcoB. IIpuuem nena npo-
AYKTa, MOJyYeHHOT'O B pe3ysbTaTe pealusaliid ONTHMAILHOTO IJaHa,
COBIIaJaeT ¢ CyMMapHON oneHKoil pecypcos. CoBmajedHusi 3HaueHUH
nenesplX GYHKIOUE JJIA COOTBETCTBYIOIINX PEUICHUM Naphl ABOMCT-
BeHHBIX 3aJja4 JOCTATOYHO JJIA TOro, YTOOLI 3TH PellleHUus ObLIu OI-
THUMaJIBHBIMH. JTO 3HAYHUT, YTO IJIaH NPOU3BOJACTBA U BEKTOD OIEHOK
PeCcypCOB ABJIAIOTCA ONTHMATILHEIMU TOIIA U TOJBLKO TOIA, KOTa HeHa
[POMBBENEHHO IPOAYKIINK M CYyMMAapHas OLeHKA PECYPCOB COBIANAIOT.
Onenky BHICTYNAIOT KAaK HMHCTPYMEHT OGajlaHCHDPOBAHMA 3aTpaT U
pes3ysibTaToB. J{BONCTBEHHEBIE ONEHKHU 00JIaal0T TEM CBOHMCTBOM, 4TO
OHM rapaHTHPYIOT PeHTa0eIbHOCTH ONTHMAJIBHOrO [JIAHA, T. €. PABEH-
cTBO obmIelt ONEeHKH NPOAYKOUN U PecypcoB o6yCIOBINBAET yORITOY-
HOCTE BCAKOIO APYroro MnJaaHa, OTIWYHOTO OT ONTHMANILHOro. JIBoiicT-
BEHHEIC OIEHKHU TO3BOJISIOT CONOCTABIATh U BGAIAHCUPOBATE 3aTPATDI
¥ pe3yibTaThl CHCTEMBEI.

CeaAsb Mex Iy 3aja4aMu JBOMCTBEHHO naps! riy6se, YeM yKa3aHO
B GopMyJIMPOBKE TEOpEMBbI: pelllad CHMIJEKCHLIM METOAOM OAHY Ha
HMX, aBTOMATHYECKHM IOJIyYaeM pelrteHHMe xpyroit. Ilas storo poc-
TATOYHO BOCIOJB30BATHCS COOTBETCTBHEM IIE€DEMEHHRIX NPAMOH H
IBOMCTBEHHOH 5aJa4 U OUEHOK B ITOCJEeNHEH CHUMILIEKCHOHN Tabnune:
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Xy Xy X X, Xpe1 Xpyg woe Xppg eee oo
¢ 2 ? I T 2 ! I
Ymel Ymeg --- ym«j oo Ypin by Ys e Y oo Ym
AN, LA LA Arpy Aoy e Aoy ol A

Orcrona mMeeM ONTHMaIIbHBIH IJIaH BOHRCTBEHHON safauu. Een nps-
Mad 3ajadua peulaeTcd HA MakKCHUMYM, TO

* * * * * * * *
h = A Yo =Api0 e Y = Apyis ooes Yn = Dhims
* * * * * * * *
Ynit = By Ypmeo = By, .oy Ymej = Ajv ceos Uman = Ape

Ecau IpsMasn 3ajaya peiraeTcd HAa MUHAMYM, TO

*

Y =-A G=1,m),y,,,; =-A; (=1n).

Ilpumep 2.4. Vcxoas us cnenuanusanmy, IPeAIPHATHE
MOKeT BBIITYCKATh YeThIPe BUAA NMPOAYKIINHA Hj (j =1, 4), uc-
noNB3yd Aas 8TOro Tpu BuAa ceipba C,(i = 1, 3). O6mue
00bEMBI HMEIOLIErocs: ChIPhA b, HODMBEI HX PacXofa Ha eNH-

HUIY IPOAYKIVA U 1[eHa PeaNn3anHy efUHIIbI KaK0T0 BUa
IPOAYKIUY IpeAcTaBJeHsl B Taba. 2.3.

Ta6baumga 2.3

Buz ceipss Hporyxuns O6bem
m, | m | m, | cupBA
I 2 1 0,5 4 2400
II 1 5 3 0 1200
11 3 0 5 1 3000
Ilena peanuzanun 75 30 60 120

1. OnpenenuTs OITAMANBHBIN ACCOPTUMEHT BEITYCKAEMORT
NPOAYKINY, O0ECHeUNBAIONMI MAKCHMYM peaan3anuu. Eaus-
CTBEHEBIH JIM ONTHMANBHBIN IIaH uMeer 3agava? Eciau =er,
TO 3aIIMCATh BHIPaKeHHe AJIA BCeX ONTHUMAJIBLHBIX IJIAHOB.

2. CocTaBUTH MOJeb JBOMCTBEHHON 3a4a4H U, HCIONB3YS
COOTBETCTBHE MEX Y [IePEMEeHHLIMH IIPAMOM M JBOMCTBEHHOMN
3aqay, HaWTH OOTHUMAJBHBIA IJIaH ABOMCTBEHHOH 3afayH.
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Pemesnwue 1. Iycrs x = (x5 2y x5 xX,) — nnan
BBIIyCKa. Maremarnuyeckas MoIenb 3a0adn:

max Z = 75x; + 30x, + 60x, + 120x,;

220, + % + 05x5 +  4x, < 2400,)
x, + bxy + 3ag < 1200,}
3x, « Bxg+  x, <3000,

%20 G =1, 4).

B rabn. 2.4 npuBejeHsl ABe IOCIeJHUE UTEPAIMH PeIle-
HIA 3324 CUMILJIEKCHBIM METOAOM.

Tabnuma 2.4

Howmep x; x, X, x, xg Xy X,
urepa- | BII| ¢ A
Jis%374 75 30 60 120 0 0

x, 1120 550 11/24 1/24
2 x; | 60 400 1/3 5/8

0
1 o 1/3
x, | 0 50 |13/24 241724 0
0

0
1 1/4 -1/24 0
0 0
0 1/4 47/24 1
0

z, - c, 90 000 0 75 30 15 0

. | 120 |6600/13
, | 60 [4800/13
x, | 75 |1200/13

2z, —-c 90 000 0 75 0 0 30 16 0

Tak kKak Bce OIEHKHU IIOCJIE BTOPOI MTEepamKUU HEOTPHIIA-
TeJbHbI, TO HAHJEeHHLIN ONOPHBIYA NJIAH ONTHMAJICH:

x5 = (0; 0; 400; 550 | 0; 0; 50), z(x3) = 90 000.

* * *
OcHoBHble mnepemenHere x, =0, x, =0, x5 =400,
*
x, = 550 mnOKa3wLIBAIOT, YTO NPOAYKIHUIO IEPBOTO U BTOPOro
BHJA BBIIYCKATh HEIe1eco00pasHo, IIPOAYKIINY TPEThero BU-
na caepyer Beimyckats 400 en., uerBeproro — 550 en. Ilpu

3TOM, TakK KaK x; = x; = 0, mepBBIN ¥ BTOpPO#l pecypchl UC-
TIOJIb3YIOTCH MOJMHOCTHIO, a TpeThero ocraercs 50 ex. (x;r = 50).
EnmucTBer sin nosnyderHLIH onrtuManbHeIH niaan? Her. Tax
KaK CyIliecTByeT cBOGO/{HAS IepeMeHHast, OIleHKa KOTOPOH pas-
Ha nHymo (A; = 0), ro, BBeAa B 6asuc nepeMeHHyI0 X, mOCIe
Tperhbel UTEepamuy MOJYYNM HOBBIIl ONTHMAJBHBIN MJIAH:
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‘- (1200; o; 4800 6600 o;o;Oj, 2(x5) = 90 000.
13 13’ 13

Ofuee onruMalbHOe pellieHUe BHIPA3UTCA HOPMYIION

% N * *
X = AqXy + hoXy =

= [)\Q }_2_(_)9, 0, )‘l 400+ 7‘“2 ﬂ, }\‘1 550_4_ }\'2 . GGOOJ’
13 13

rae A, +A,=1; A, 205 A, 2 0.

2. CocTaBuUM MOIEJIL ABOUCTBEHHON 3ajadyul:

min f = 2400y, + 1200y, + 3000y,;

2y, + Yo + 3y = 75,
Y, + 5y, > 30,
0,5y, + 3y, + 6y; 2 60,
4y, + yg = 120,

y, 2 0@ =1, 3).

Ee pemrenmne BLIOHUIIIEM M3 UWHAEKCHON CTPOKU CHMILJIEKC-
HOH TAOMUIBI, UCIOJB3YA COOTBETCTBUE NMEPEMEHHBIX:

Xy Xy Xg X4 X5 Xg Xg
r T T 71T T 7.
Ys Ys Ye¢ Yr Yy Y2 Y3

Umeem: y* = (30; 15; 0 | 0; 75; 0; 0), f(y*) = 90 000.

IIpumep 2.5. HyxHO0 cocTaBuTh ZUeTy (CMeCh), BKJIOYA-
I0I[yI0 OuTaTenbHble Bewecrsa [, 11, u 1I,. lns cocras-
JIeHMA IUEeThl MOTYT ObITh HCIIOJNB30BAHBI IPOAYKTH M, M,
u M,, conepkamue yKasaHHBIE BEIECTBA B Pa3JIMYHBIX CO-
yeranuax. Cogep:raume MUTATEJILHBIX BEIECTB B AUETE, IIPO-
AYKTaxX ¥ IeHbl Ha HUX YKasaHbl B Tabu. 2.5.

Tpebyercsa cOCTABUTH apy JBOMCTBEHHBIX 3aJa4, PEIIUTh
OJHY M3 HUX CHMILJIEKCHBIM METOIOM U IHOJIYYUTEH DEelIeHUe

APYTOH.
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Ta6anuna 2.5

Conep u MusnnmansHoe
€ aHue MUTaTEeJbHBIX
conepkaHme .
IlurarensHoe BEIECTE B NPOAYKTAX nwfap HsolicTen
BeIecTBO TEJIBHBIX | giple mepe-
BelecTs MeHHBIe
M, M, M, B queTe
1 4 4 6 62 Y,
1, 6 1 2 30 Y,
I, 4 6 4 44 Y,
Iena npoxyxTa 8 5 6
ITnan x x, x, xg

Pemnrenwue. TaGua. 2.5 nononHera 0603HaUCeHUAMY I1€-
PEeMeHHBIX IPAMON 1 ABOMCTBEHHOHU 3axay. Mojenr npamoil
3amayn:

minZ=8x1+5x2+6x'

4x, + 4xy + 6xg >

4x; + 6x, + 4x4 >

62,
6x; + x5, + 2x4 > 30,
44,
20,x,20, x4 2

0.

Mogens nBOMCTBEHHOR 3amauu:
max f = 62y, + 30y, + 44y,;
4y, + 6y, + 4ys < 8§,
4y, + Yy + 6y; <5,
6y, + 2y, + 4dyz; <6,
¥, 20,4,20, y, 20.
Tax kak gBOUICTBeHHas 3ajjauya UMeeT OrpaHUYeHUs THU-

1a <, TO ee KAHOEUYeCcKas GopMa NPUHUMAET MPeATIOYTUTEb-
HBIN BUJI:

max =62y, +30y, +44y, +0-y, +0-y, +0- y

4y, + 6y, + 4y + = 8,

4y, + Yy, + 6ys + Y5 =5,

6y, + 2y, + 4y; + Y =6
>0 (i = 1, 6).
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B ra6n. 2.6 mpencraBiieHBl [Be NOCASAHHME UTEpallUu
penreHnsa 3agavn.
Tadbauma 2.6

y) yg ya y4 ys y6
BIl (o A
62 30 44 0 0 0
v, 30 6/7 0 1 2/7 | 3/14 0 -1/7
Y, 0 9/7 0 o [24/7]| 1/14 1 -5/7
Y, 62 5/7 1 0 4/7 | -1/14 0 3/14
f-b 70 0 0 0 2 0 9
¥, 30 3/4 0 1 0 5/24 -1/12 -1/12
Y, 44 3/8 0 0 1 1/48  7/24 -5/24
v, 62 1/2 1 0 0o |-1/12 -1/6 1/3
f-0 70 0 0 0 2 0 9
X, x5 JCG xl xz xa

HBOﬁCTBeHHaﬁ 3anada UMeeT IBa OIITUMAJIBHBIX OIIOPDHBIX
mana:

_7'; 77 ??

[133
Y2 "l9° 4’8

Wcmonsaysa COOTBETCTBUE IePEeMEHHBIX!

. 5 6 | 9 .
A :[ "'0‘0; 0), fly,) =70,

0; 0; OJ, f(y3) = 70.

Y1 Y2 Ys | Y Ys Ys
T T 71T T 7,

Xy X5 Xg X, Xp Xg
3amuchIBAeM ONTHMMAJIBHBIA MJAAH IPAMOI 3axaun:
x* = (2; 0; 9| 0; 0; 0), 2(x*) = 70.
2.3. [Ina npuBeieHHBIX HUKe 3a]a4 3alICaTh JBOMCTBEH-

HYI0. PemuTs OfHY U3 HUX CHMIJIEKCHBIM METOAOM H IOJY-
4UTH pelneHue APYyroiu:
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a) max Z = Tx, +13x, + 8x,;

x, + 2x, <3,
x + x5 <4,
Xy + 3xy, + 2x3 £ 2,

ijO(j=1,3);

6) max Z = 5x; + 4x, + 6x;

A
o

X, + Xy + X3 < ]
2%, — x5 +3x3 2 9,
3x; + x5 + 2x3 > 11,

x;20( =1, 3);

B) min Z = 3x; + 4x, +5x; + 6x,;
2%, + x5 — xg + 5x,
3x; — 2xy + x5 + 4x, 2 4,

x;20(=1,4)

\Y
=
H_J

r)min Z = —x, +4x, + 6xg;

—x; + 2x9 + 4x3 2 15,
-2x, - x5 + 2x3 < 2,
4x; + 8xy — x5 217,

> 6,

X, + X9 + X4

x;, 20 =1, 3)

n) min Z = 3x, + 4x, — 6xg;
2%, + 8xy — x5 2
-8x; + 2x, — 2x5 = 10,

v
»

\Y
M

5x; — 4xy + x5

x; 20( =1, 3)

v
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e) max Z = 2x, + 3x, + 4x,;

X, + 2x, + x4 = 20,
—x; + 4x, + x4 = 16,
x;20( =1,4).

Bmopas meopema deoticmeennocmu (o donoanswugell Hedcecmroc-
mu): g Toro 4roGh! IIAHBl X* U y¥ Maph! ABOMCTBEHHBIX 3a/1ay Ohl-
JIE ONTHMAJILHBIMHU, HEOBXOAMMO M JOCTATOYHO BHITOJIHEHHE YCIIOBHIL:

x;(z aijyi* - c,.) =0, 2.1)

i=1

yr Zla,jx; ~b|=0. (2.2)
i

Yenosus (2.1), (2.2) pasbiBaioTes YeA08UAML BOnoaHSAw0Ueil
Hexcecmiocmu. 3 HUX cienyeT: ecnu Kakoe-i1ubo HEpaBeHCTBO CHC-
TeMBI OrPaHUYEHNH OXHOH U3 3a1a4 He 06pall[aeTCa B CTPOTOe PABEHCTBO
ONTHMAIBHBLIM ILJIAHOM 3TOH 3ajauM, TO COOTBETCTBYIOINAS KOMIOHEHTA
ONTHMAJIBHOIO [IJIAHA JBOUCTBEHHOH 3a1au JOJIKHA PABHATLCA HYJIIIO;
€CJIN JK€ KaKasi-Tubo KOMIIOHEeHTa ONTHMAJIBLHOTO ILIaHa OZHOH U3 3a7a4
TIONIOXKUTENBHA, TO COOTBETCTBYIOIeE OIDAHUYEENe B JBOICTBEHHOM
3ajayve ee ONTHMAJILHLIM MJIAHOM JOJIXKHO o6pallaTses B CTPOTOE pa-

n ——
* * - *
BEHCTBO, T. €. €CJIU Zail.xj <b, 0y =0({=1m), ecnn y, >0, TO
j=1

m
n * —
Zaijx; = b, (i = 1, m). Touno Tax xe: ecu Za,jyt >c¢; (j=1,n),
j=1 =1

m —_—
TO x; =0, ecan x; >0, To Zai,-y,* =¢; (j =1, n). DKOHOMUYECKH ITO

i=1
03HAYAET, YTO €CJIM II0 HEKOTOPOMY ONTHMAJBHOMY ILIaHY X* mpo-
H3BOJICTBA PAcXoZ [-ro pecypca CTPOTO MeHbIUe ero samaca b, To B
ONTHMAJBHOM IIJIAHE COOTBETCTBYIOU[AsA ABOMCTBEHHAA OIEHKA enu-
HUIBI 3TOTO pecypca paBHa HYJIIO. EcJIK ke B HEKOTOPOM ONITUMAILHOM
ILIaHEe OLEHOK ero i-si KOMIIOHEHTa CTporo Gojbhie HyJAs, TO B OI-
TUMAJIbHOM ILTaHE IPOU3BOACTBA PACXOJ COOTBETCTBYIOIIETO pecypca
paseH ero sanacy. OTciona cyiefyeT BEIBOJ: ABOHCTBEHHbBIE OEHKU MOTYT
CHYXUTE MePOH AeuuuTHOCTH pecypcoB. Heduuurusniit pecype (mos-
HOCTBIO UCIIOJIb3yEeMBIi IO ONITHMANLHOMY IJIAHY IIPOU3BOJICTBA) HMEeT
TIONIOXKUTEBLHYIO OLIEHKY, a8 U3OLITOYHEBIA pecypc (MCIO/b3yeMuril He
IIOJTHOCTBHIO) MMeeT HYJNEeBYIO OLEHKY.

HIpumep 2.6. IIpoAyKIus B 1leX€ MOMKET IIPOU3BOJUTHCS
TpeMA TEeXHOJOTHYeCKUMHU crocobamMu TJ. (j =1, 3)., O6pemsr
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pecypcoB b, (i = 1, 3) ¥ UX PacXox B €AWHUIY BPeMEHHU NS
KaXJOd TEXHOJOTHHU, a TaK)Ke IPOU3BOAUTE]LHOCTH TeX-
HOJIOTHH (B AEHEXKHBIX €IMHUIAX 3a €JUHUIy BPEeMEHU pa-
60ThI IO NAHHON TEXHOJIOMMH) HpeACTABIEHHI B Tabx. 2.7.

Tabaunma 2.7

TexHonorugeckuit crocob
Pecypent O6bem y
T, ' T, I T, pecypca
PaGouasa cuia, ves.-u 15 20 25 1200 Y,
Cripre, T 2 3 2,5 150 Y,
AnexTposHeprus, kKBr-u| 35 60 60 3000 Ys
IlpousBoauTeIbHOCTH
TeXHoJIoruyeckoro crmocoba | 300 250 450
Ilnau x x, x, x,

Tpebyerca ONpefeNHTs ONTUMANLHBII IJIAH HMCIIOJB3O-
BaHUA KaMJOI0 TEXHOJOTHMYECKOro criocoba x ;(=13), T e
BpeMs MCIIOJMb30BAHNA KA J0ro crocoba. 3anucars peresne
ABOMCTBEHHOH 3a/JaUM U IPOBEPHUTH YCIOBUA O AOMOIHAIOMEH
HEXKECTKOCTH.

Pemnrenne. 3annmem Mogenu npaMoii 1 ABOHCTBEHHOI
3amaq:

npamas 3adava 6eoacm6el-maﬂ~ 3adaua
max Z = min f =
= 300x, + 250x, + 450x,; = 1200y, + 150y, + 3000y,;

15x; + 20x, + 25x3 < 1200,| | 15y, + 2y, + 35y; > 300,
2x; + 3xy, + bxz < 150,; | 20y, + 3y, + 60y, > 250,
35x, + 60x, + 60x; < 3000,| | 25y, + 2,5y, + 60y, > 450,
,20,x,20, x,20; ¥,20,y,20,y,2>0.

B 7a6n. 2.8 npuBeseH pe3yabTaT pelIeHUsa IPAMOil 3ana-
YY CUMILJIEKCHBIM METOLOM.

OnTuManbHBIA IIJIAH MCHOJb30BAHUA TEXHONOTHH X¥* =
=(60; 0; 12 | 0; 0; 180), 2(x*) = 28 400, T. e. IEPBYIO TEXHO-
JIOTHIO Iie1ecoo0pasHo IPUMeHATH B Teyenue 60 4, TpeTsio —
12 4, BTOpYIO TEXHOJIOTHIO IPHUMEHATH HellenecoobpasHo. [Tpu
aToM npoayknuu Oyner seinymesno za 23 400 nen. ex.
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Ta6nanuma 2.8

Xy Xy X3 Xy Xy Xg

BII [ A,
300 250 450 0 0 0
xg 450 12 0 -0,4 1 0,16 -1,2 0
x, 300 60 1 2 0 -0,2 2 0
Xg 0 180 0 14 0 -2,6 2 1
z, - ¢ 23 400 0 170 0 12 60 0

Pemternue nBONCTBEHHON 3aadum:
y = (12; 60; 0| 0; 170; 0), f(y*) = 23 400.

Tak kax y, = 12> 0, y, = 60 > 0, TO mepPBLIH U BTOPOIL
pecypchl HCIONB3YIOTCA MOJHOCTHI0. Tperuit pecypc usbnITO-
YeH: x; = 180. Ero nmoiicTBeHHas OIEHKA paBHA HYJIIO:
y; = 0. Taxum o6pasaoM, €CJU TIPH j-M TEXHOJOTHYECKOM
criocofe TPOU3BOACTBA CYMMAPHAs OIl€HKA PeCyPCOB, MAYIIUX
Ha BBINYCK eAMHUIBI TPOAYKIAHU, BBIIIIE JOXOAA C, TO LaHHBIA
cnocol He NOJKeH BHeAPATHCH (x; = 0). Ecun xe j-i1 TexHo-
JIOTUYEeCKU# crmoco0 HCIoJIb3yeTcs B ONTHMAaJIbHOM ILIaHe,
TO CyMMAapHasi OI[eHKA PECYpPCOB, HEOOXO[UMBIX AJISA [IPOU3-
BOJICTBA €AMHUIbI IPOAYKINY, PABHA AOXOAY C;- IIposepum
YCJI0BUSA O AOMOJHAIONIEN HEKEeCTKOCTH.

Hns npamoiil 3ajaum:

152, + 20x, + 25x; = 1200, |x; =0, y; =12 >0,
2x; + 8x, +25x; = 150, |x =0, y, =60 >0,
35x; + 60x, + 60x; = 2820 <| x5 =180 > 0,| y; =

< 3000,

s gBOMCTBEeHHO# 3ajaun:
15y, + 2y, + 85y; =300, |y =0, xl =60 >0,
20y; + 3y, + 60y, = 420 >
> 250, |ys =170>0,| x5 = 0,
25y; + 2,5y, + 60y; = 450, |y =0, xi =12 > 0.

Yeaosusa (2.1), (2.2) BBITTOTHAIOTCA.
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Tpembva meopema deoiicmeenHocmu: KBOMCTBEHHbIE OLEHKH ITOKA-
3HIBAIOT NPUPANIeHHe QYHKIINH LN, BRIBAHHOE MATBIM N3MEHEHHEeM
€BOGOJHOTO 4eHa COOTBETCTBYIOIEro orpannuenus 3JI1, 1. e.

02(x)/3b, = y! (i = 1, m). (2.3)

Brisicuum sxomoMuYecKoe cofepskaHMe TpeThell TeopeMbl ABO-
cTBeHHOCTH. Jln1s 5TOTO B BBRIpaskeHuH (2.3) nubdepeHINANb] 3aMEHAM
NpUpalleHnaAMH, T. e. Jb, = Ab, 0z(x*) ~ Az(x*). Ilonyunm Az(x*) =
= y: Ab;; npm Ab, =1 umeeM Az(x*) ~ y; . Otciona aBoiicTBeHHAsA OLIEHKa
YUCJIEHHO PaBHA H3MeHEHHIO IeNeBoil (PYHKIUM NIPU H3MeHEeHUH
COOTBETCTBYIOIEro pecypca Ha eAMHHUNY. JBoHCTBeHHBIE OLEHKM Y,

YACTO HA3RIBAIOTCA CKPbLMbLMU, MEHESLIMU UMK MAPZUHANLHLIMU
oueHKamu pecypcos.

IIpumep 2.7. B 3agaue o BrIGOpe ONTHMAJBLHBIX TEXHO-
goru# (npummep 2.6, tabn. 2.8) BHIACHUTL 3KOHOMMYECKHUI
CMBICJI JBOMCTBEHHBIX NI€PEMEHHBIX.

PemieHue. U3 Taba. 2.8 HailgeHo pemenue JBOHCTBEH-
HOH 3ajayu:

y* = (12; 60; 0| 0; 170; 0), f(y*) = 23 400.

Kaxk cienyer u3 penienus, nepBbiii ¥ BTOPOM pecypcHl IIo-
TpebIAITCA HOMHOCTHIO. VIX ABOMCTBEHHBIE ONEHKH IIOJO-
JKUTeNbHBl. [Ipupanienuie IepBOTO OrpPaHMYEHHOTO pecypca
HA eAWHUIY BeleT K YBEJHUYEHUIO IleqeBoil dyuxnuy Ha 12,
BToporo — Ha 60, Tperuit pecypc usbbiTouen: x; = 180. Ero
JBONCTBEHHAs OIEHKAa PaBHA HYJIIO: y; = 0. IToaromy nans-
Hefilllee ero yseauwyeHHe He BJIWSET HA 3HAYCHHE IEeJeBOH
dbyaxoun. Yro ke HOKA3LIBAIOT 3HAYCHUSA HONOJHUTEIbHBIX
ABOHCTBEHHELIX ONEHOK y: =0, y; =170, y; =0? Onru-
MaJbHBIA IJIaH MCXONHOH 3a1ayu

x* = (60; 0; 12| 0; 0; 180), z(x*) = 28 400

TOBOPHUT O TOM, UTO OEPBYIO TEXHOJIOTHIO IejJecoobpasHo uc-
nons3oBaTh B TeueHue 60 u, rpersio — 12 u. Bropas rex-
HOJIOTHA BOODINEe HE AONKHA BHEADATHCHA: OHA 3aBEHOMO
yOniTounas. Ecau ee Bce jXe MCIONB30OBATD, TO OHA B TeUEHHE
KasKaoro yaca paborsl 6yAeT CHMYKATH JOCTUTHYTHIA YPOBEHb
BBIITYCKA HA y; = 170 geH. en. 3naveHNs y: = y; =0 cBm-
[eTeIbCTBYIOT O TOM, YTO II€PBAas U TPETbS TEXHOJOIUH HAB-

93



JA0TCS HeyObITOYHEIMI. B camMoM zene, w3 BTOpPOro orpanu-
4YeHUA [BOUCTBEHHOH 3ajauM Clenyer:

20y, + 3y, + 60y, - y, = 250.

CTouMOCTEL PecypCcoB, HCIOIL3YEMbIX B eIHHUIY BpeMeHH!
npu paboTe 110 BTOPOMY T€XHOJIOTHYECKOMY COOCO0Y, COCTABUT

20y; + 3y, +60y; =20-12+3.60+60-0 = 420 nex. ex.

B epumnny »xe BpeMeHH 3TOT CIOCO0 MOMKET AaThb IIPO-
ayknun Ha 250 neH. en. Ilosromy yORITOK B eTHHUIY BpeMe-
HU IOpu paboTe 3THM CIOCOGOM COCTABUT y; = 420 - 250 =
=170 (nen. ex.).

2.3. Ilpumenenne OUEHOK
B MOCJEONTHMU3ANMOHHOM aHANH3e

IIpuMeHeH e OLEHOK B IIOCJIEOIITHMU3AIOHHOM aHAIN3E OKAKEM
Ha IpHUMepe 3ajayy OIpeJieIeHUA OITHMAJIBLHOIO ACCOPTMMEHTAa
BBIUIYCKAEeMOH NPOAYKIIMH.

Hpumep 2.8. IIpennpuarie MOMKeT BLINYCKATL 7 BUAOB
TPOAYKIINY H (j =1, n). Hns atoro HCHIOJIb3YeTCA 17 BUJOB

pecypcos. 06m;1m o0beM pecypcoB b; (i = 1 m) U HODPMBI UX
pacxoja Ha efUHNLY IPOAYKIKY j-T0 BUAA (a, ) IIpeacTaBIeHbl
B Tabi. 2.9%. Tam ke npuBejeHs I€HbI peannsannn ¢, enu-
HUIIBI KaXKI0M MpOAYKIIUHN.

1. OmpenenuTh ONTHMAJIBHBINA ACCOPTHMEHT BBIIIYCKAeMOit
OPOAVKIIAHY, NOCTABJIAIOIINN NPEAUPHUATHIO MAKCHUMYM BBI-
PYUKI.

2. CoctaBuUTL MOJeNbL ABOMCTBEeHHON 3anaun. Vcnmobays
COOTBETCTBHUE MeKYy IepeMeHHBIMH NPSIMON U JBOUCTBEHHON
3ajad, BBIIACATH ONTHMAJILHOE pelleHMe ABOMCTBEHHOH 3a-
Zaum. Hars comepixarenbHBINI SKOHOMHUYECKHUI aHAIHU3 OC-
HOBHBLIX I JOIOJHUTENLHBLIX NEPEeMEHHBIX IPAMOI M XBOI-
CTBEHHOM 3a1ady.

* BapuanT % pelieH, ocTajbable BapuauTs (1—10) MoXKHO UCTOJIB-
30BaTh B KauecTBe YIPaskHEHMH.
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3. IToctpouTk matpuny [n,,] KoabdunuenTos B3anmozame-
HAEMOCTH pecypcoB. JlaTh 3KOHOMHYECKYI0 WHTEPIPETAHUIO
€e 3JIEMEeHTOB.

4. OnennTs peHtrabesbHOCTL HOBOH IPOAYKIIUHK H €€ IIe-
Hy, XapaKTePUCTUKN KOTOPOif ¢, , ¥ @, .., TIPe/CTaB/eHsl B
Tabma. 2.9.

5. OnpexeiuTh TPAHULBI U3MEHEHNA KO3GhGUIUEHTOB 1Ie-
JeBpoil QYHKIMU, B IpefeNax KOTOPHIX aCCOPTHUMEHT BBIIYC-
KaeMoil IpOAyKINN He MeHAeTCA.

6. OnpegenunTs rpaHEUIBI NU3MEHEHN A PECYDCOB, B IpefieNax
KOTOPBIX COXPAHSIETCA YCTONYUBOCTD NBOMCTBEHHBIX OIEHOK.

7. IIlpoamanus3upoBaTh K03HUOUeHTHI TEXHOJOrHYeCKOl
MaTpUIB! (3TOT MYHKT BBEINOJHATE HE 00A3aTeIbHO).

Pemenue. CBeieM HCXOAHBIE AAHHBIE BAPUAHTA #*
B yao0HYI0 J[AJA IOCTPOEHHS MATEeMaTHYeCKOH MoJesn
tabn. 2.10.

Ta6numga 2.10

Pecyness Hpogyxuns O6pem 1
VP m | o, | m | om | peevees s
I 2 1 0,5 4 2400 a,, =
' 1 5 3 0 1200 a,.=4
I 3 0 6 1 3000 Ay =
Liena peanusanun 75 30 60 120 — ¢, =180
IInan x x, x, x4 x, —_ xg

1. Ilyers X = (x;; X,; X3 X,) — IIAH BRIOTYCKA MPOAYKIUK
coorsercrBenHo I1,, I1,, I1g, II,; Z — cymMMa BBIPYYKH OT
peanusanuM rotoBoit mpoaykunum. Torga maremMaruyeckas
MOZeNb 3a7a9y IPUMET BUJ

max Z =75x, + 30x, + 60x, +120x;

2%, + x5 + 0,5x3 + 4x, < 2400,
x, + bxy + 3x <1200,
3x; + 6x3 + x, < 3000,

2,20 (j=1,4).

PemeHnne 3a7a4y CUMILJIEKCHEIM METOAOM IIPEJCTABJICHO
B Taba. 2.11.
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Tabauga 2.11

x x, x x x

BII o A, 1 2 3 4 5 Xg X7
75 30 60 120 0 0 0

x, o] 2400 | 2 1 12 [4] 1 0 0

% 0| 1200 1 5 3 0 0 1 0

x, 0| 3000 | 3 0 6 1 0 0 1

z- ¢ 0| -75 -30 -60 -120 0 6 o
1 1 1 1

x, | 120 600 | — - = 1 = 0 o
2 4 8 4

x| o] 1200 1 5 [8] o o 1 o
5 47

x, o| 2400 2 L &, 1 4
2 4 8 4

z,-c, | 72000 | -15 0 45 0 30 0 0
1 1

x, | 120 ss0 | L L 1 L 1oy
24 24 4 24
1 5 1

x, | 60 400 | — — 1 0 0 - 0
3 3 3
13 241 47

x, 0 50 | — -Z22 9 o -1 4y
24 24 4 24

z-c, 190000 | o0 %0 0 30 15 0
y4 y5 ye y7 yl y2 yS

Tax Kax BCe OIEHKH HHAEKCHOI CTPOKHM B IIOCJEJHEMH
cumnaexcHol Tabnune 2.11 meorpunaTenbHb!, TO HaleHERIH
OIIOPHBIN IJIAH ONTUMAJIEH:

x* = (0; 0; 400; 550; 0; 0; 50), 2(x*) = 90 000.

OcuoBHbIe mepeMeHHBle X, =0, x, =0, x; = 400,
x4 = 550 mOKAa3BIBAIOT, UTO MPOAYKILMIO IEPBOTO U BTOPOTO
BH/Ia BEINYCKAaTh HEIeJIeCOOOPAaSHO, IPOAYKIIMY TPETHETO BU-
aa cuenyer Buinyckats 400 exn., werBeproro — 550 ex. Ilpu
3TOM, TaK KakK x; = x; = 0, mepBHIi U BTOPOI pecypcel HC-
HOJb3YIOTCA IOJHOCTBIO, & TPETBEro OCTAaeTCs B M3GBITKE
50 en. (x; = 50). ExuscrBeH Jim monydeHHSIH B Tabn. 2.11
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ontumanpHelii mnan? Her. Tax Kak OIleHKa, COOTBETCTBYIO-
mas cBo6OAHOH mepeMeHHOU Xx,, paBHa HyJII (A, = 0), To,
BBefisi B 6asuc IepeMeHHY0 X, MOJyIUM HOBbIH ONTHMAIbHbIH
IIJIAaH C Te€M K€ CAMBIM 3HAUeHWEeM [eJeBOM DyHKIUU.

2. Monens ABOMCTBEHHOU 3a7lauyyl MeeT BUJ

min f = 2400y, +1200y, +3000y;

2y, + Yo + 3y; =z 75,
Yy + S5y, + by; = 30,
0,5y, + 3y, + 6y; > 60,
4y, + ys = 120,

y, 20(G=1,3).

Ee pemenue BRINUIIEM U3 HOCIeJHEH CHMIIEKCHON Tab-
aunsl 2.11, uCnoabp3ysa COOTBETCTBHE IePEeMEeHHBIX!

X Xy Xz Xy | Xy Xg Xq
1 T ¢ 1T T T
Y4 Ys Ys Y7 i Y1 Y2 Ys

Umeem: y* = (30; 15; 0 | 0; 75; 0; 0), f(y*) = 90 000.
IIBoiicTBeHHBIE I€pEMEHHBIE HOKA3BIBAIOT Mepy Hedu-
IUTHOCTH PECypCcoB, OHU UNCJIEHHO PABHEI M3MEHEHHIO IleJie-
BOIl (PYHKIHM IPH H3MeHEHHM COOTBETCTBYIOIIEro pecypca
Ha epmHuny. CiegoBareJbHO, yBeJIW4YeHHE IEPBOr0 pecypca
HA eJWHHUIY BeJeT K yBeJWUYeHHIo ofbeMa peanusanuu Ha
yf = 30, BTOoporo — Ha y; = 15. Tpernii pecypc usbbITOUEH,
[O3TOMY €r0 yBeJWueHWe HH K 4eMy He IIpUBejeT, T. . 3Ha-
qeHHe QYHKI(MYU OCTAHETCA HPEHKHUM (y; = 0).
HononuurensHble ABONCTBEHHBIEC IePEMEHHbBIE ABJISAIOTCA
Mepoii yOBITOYHOCTH IPOAYKOKUH, KOTOPYIO, COIJIACHO ONTH-
ManbHOMY ILIaHy, Hemejecoo6pasHo BeINycKaTb. Cirenosa-
TEJNBHO, y; = 75 TOBOPHUT O TOM, UTO CTOMMOCTH PeCypcosB,
pacXofyeMBIX Ha eAVHUIlY IPOM3BOACTEA IPOAYKIUY BTOPOr0
BUJA (B ONTUMAJIBHBIX OlieHKaX), IPEBOCXONUT CTOMMOCTD €111~
HUIBI 5TOH mpogyKnuu (¢, = 30) Ha y; = 75. B camom nene,

ayoYs + Agoly + Ageys =1-30+5-15+0-0 = 105,
105 - 30 = 75.
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Packpoem cocTaB ABONCTBEHHBIX IePEeMEHHBIX:

y, =1«120+0-60—l-0=30,
4 4

y = i120 l60 4—70—15
VR B T

y3 =0.-120+0-60+1-0=0.

OKOHOMUYECKH, HAIpUMep ANIA y; = 30, aro osmauaer
Cleayiomiee: OPH YBeJIUYEHUH NEPBOrO pecypca Ha eAWHHILY
BBIIYCK NPOAYKIMM IEPBOro BHJa Bospacraer Ha 1/4 u co-
crasut 550,25, BHIDYCK OPOAYKOHMH BTODOTO BHIA HE M3Me-
HHUTCH, OCTATOK M30BLITOYHOTO pecypca coKkparurcs Ha —0,25.
CremoBaTenbHO, 3HAUCHUE 11€€BOH DYHKOUM U3MEHUTCA Ha

550,25 - 120 - 550 - 120 = 30.

Amanoruyno gist BToporo pecypca:

(550—i)-120+(400+1)-60+(50—ﬂj-0—90000=15.
24 3 24

3. KoaddunuenTsl B3aMM0O3aMEEIEMOCTH N, TOKa3bIBa-
10T, CKOJIBKO €IUHNI, pecypca i Heo6X0AMMO HONOJHUTEILHO
HMeTh, YTO0Bl KOMIIEHCHPOBaTh YMEHbIIeHHWe pecypca k Ha
eAMHULY, T. €. 9TOOBI 3HAUEHUE IeJIeBOM QYHKIUM He H3Me-
HUIOCH: Ty = Y / Y] -

IloctponM maTpumy B3ammosameHnsemocta (Tabi. 2.12).

Tabnuuga 2.12

: k 1 (y, = 30) 2 (y, = 15) 3 (v, = 0)
1 (y, =30) 1 1/2 0
2 (y, =15) 2 1 0

vy, = 0) o) © 1

Hanpuwmep, n,, = 2 osnavaer, uro ymeHnbmIeHne epBOro
pecypca Ha eJUHHLY MOXXHO KOMIIEHCHDOBATh JBYMA €NMHU-
0amM# BTOPOTO pecypca U T. [.; Ty, = © 03HAYAET, YTO YMEHb-
LIeHHe IIePBOro pecypca Ha eJUHUIY HUKAKHUM YBeJIXYCHHEM
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TPETHErO pecypca KOMIeHCAPOBATh HEeJMb3s; 1, , = 0 03Hauaer,
4TO, IIOCKOJIBKY TPETHUH pecypc us3ObITOUEH, ero yMeHbIlIeHnEe
Ha €JUHUNY KOMIEHCHPOBATE HUYEM He CIeAyerT.

4. Onenum 3(pdeKTUBHOCTD BBIITYCKa HOBOM NPOAYKIMHI C
xapakrepucrukamu ¢, = 180, a,, = 2, a,, = 4, a,, = 3. Crou-
MOCTE PECYPCOB, PACXOAYEMBIX Ha €INHUIY 9TOH NIPOAYKIINH,
COCTaBHUT

aysYy + QosYy + Ageys = 2-30+4-15+3.0 = 120.

Bripyuka ke 3a kaxAyio efununy passa ¢, = 180. Cie-
ZAOBaTENIbHO, BEIMYCKATH 3Ty TPOAYKIUIO niejiecoodpasuo. IIpo-
aykuua IT, Oyner peHTabesbHON IIPH YCTAHOBJIEHUH €€ LEeHbI

> 120.

5. lns ompejejieHHs T'PAHUI] U3MEHEHUA KoahdHIIUeH-
TOB IeJIeBOM GYHKINM C;, B NPEJielax KOTOPHIX COXPAHACTCH
aCCOPTHMEHT Bbmycrcaemon IPOAYKIOHUHU, PACCMOTPHUM ABa
ciayuas.

a) Ananus K03hPUINEHTOB [eeBoil GYHKIUNA IIPH CBO-
6OMHBIX MEPEMEHHBIX ¢, = 79, ¢, = 30. Bamenus ¢, = TS Ha ¢] =
= 75 + Ac,, IONYy4UM, UTO B NOCJEJHEN CHMIUIEKCHOM! Tabuu-
me 2.11 I/ISMGHI/ITCH TOJIBKO CTPOKA 2, — C.. Ona npumer Buf,
npejAcTaBIeHHBIA B Taba. 2.13.

Ta6numa 2.13

BII c

B

2. -c, 90 000 |0 - Ac, 75 0 0 30 15 0

Orcrona 0 — Ac, > 0, T. e. Ac, £0,-0<Ac, £0,-o0<e, <
< 75. Taxk xKax ;> 0,70 0< ¢ < 75 AHaJlorntmo nna c, =30

moayuuM tabsx. 2.14.
Tabnumoa 2.14

X Xy X3 Xy X5 g X7

BN | o | A,
75 30 + Acy 60 120 0 0 0
2, - ¢ 90 000 0 75 - Ac, 0 0 30 15 0




Orcrona 75 - Ac, 2 0, T. e. —© <Ac, <75, —0 < ¢j <30+ 75.
Tak kKax cjz 0, To 0<¢) £105.

6) Amanus xK03)PMONEHTOR HeNeBOd GyEKIMEN Ipm Oa-
BHCHBIX IEPEMEHHBIX ¢4 = 60, ¢, = 120. Crenaem anamn3 Koag-
¢unuenra ¢, = 60. 3amenus ¢, Ha ¢j = 60 + Acg, monTyUHM
MIOCJEeAHIO CHMILIeKCHYI Tabnuny 2.15, orkyza uMeem:

1 Acg 2 0,
g Acg 2 0,
15 + 2 acs 2 0

= 0<Acg <, 60< ¢} < 0.

AmnanoruyHo fus xospdunmnenta ¢, = 120 noxyuum rabi.
2.16, orkyzna umeem:

214 AC4 > Os
75+5AC420’?::>AC42_1800’
80+ LA, 20, Ac=-120,

14 Acy < 360
15 - — Acy;, 2 0

24

= 0 < Ac, < 360,
120 < ¢ < 120 + 360, 120 < ¢ < 480.

6. IIpu amanuse orpaHMYeHHANd OO pecypcaM BO3HHUKAET
BOIIPOC: B KAKUX IIpeJlesiaX MOXKeT N3MEHATHCA Pecypc, YTOOhI
CTPYKTYypa OONTHUMAJIBbHOIC IJIAHA COXPAaHHUJIACH, T. €. UTOOBI
HO-IpeskHeMy peHTabe/1bHOM ocTaBasnach npogyknus 11, u I1,?

PaccMoTpuMm AaBa caydas.

a) Amanus nepunuTHBIX pecypcos b, = 2400, b, =1200.
3amenuM b, Ha b] = b; + Ab,. Torza nociexHAs CUMILIEKCHAA
Tabaaua 2.11 opumer Buyg tabn. 2.17.
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Ta6anunga 2.17

. x5 .
BII s A,
0.
1 2 3 4
1 1
x, 120 550 + — Ab, —
4 4
x, 60 400 + 0Ab, 0
1
x, 0 50 — lAb1 —
4 4
2 - ¢ 90 000 + 30Ab1 30
Tax xak OnTHMaJbHBIH IJaH — ONOPHBIH, Tox; > 0.
Orcrona
550 1 Ab, 2 0
Ty 220 ab > - 2200,
1 = Ab; > 200 =
50 — Z Ab =2 0 1=

= —2200 < Ab, < 200,
b, — 2200 < b] < b; + 200,
2400 - 2200 < b < 2400 + 200,
200 < b] < 2600.

Ananormyso Ana b, = 1200. Bamenus b, Ha by = 1200 +
+ Ab,, monyanm: )

550 - L AB, > 0,
24 Ab, < 13 200,
400 + % Aby 2 0,p = Ab, > ~1200,} =
47 Aby, < 25,54
50 ~ =~ Ab, > 0
24

= ~1200 < Ab, < 25,54,
1200 — 1200 < b} < 1200 + 25,54,
0 < by < 122554,
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6) Ananus HeneduumrHoro pecypea b, = 3000. 3amenus
byua by = 3000 + Ab,, monyanm:

50 + 1+ Ab, > 0, 50 < Ab, < o,
30 000 - 50 < b} < o, 29 950 < b} < .

7. AHanusa kK03 PUINEHTOB TEXHOJOTHUECKOH MATPUILBI
BBINIOJHATEL HeobasaTe bHO. JKerarolie MpoBepUTb CBOY CHJIBI
IPYM BBIIOJHEHHMH BTOTO OYHKTA MOI'YT BOCHOJL30BAaTHCA
nocobuem [13].

2.4 (samaua o6 omTMMH3ANUU IMJaHA TOBapoobopora).
Toprosoe upeanpusatie (IPeAIpPUATHE ONTOBOH TOPrOBJIH),
HUCXONA M3 CHeNNANIN3aUH, MOXKET Peaan30BaTh 1l TPYIII TO-
BapoB T; (j =1, n). s aToro ucnosn3yercsa m BHAOB pe-

CYPCOB.
IIycTe obmiue 06beMBI PECYPCOB IO HCIIOJb30BAHUIO MJIO-

maneit P, (i =1, m), P,; — HOPMATHB CKJAJICKUX mrontagei
i-TO BHJA HO COAEP’KAHUIO TOBApOB j-ii rpynnsl. O603HaAYNM

yepes R, (i = m; +1, m,) pabouee Bpems paBOTHNKOB i-i ce-
IUANLHOCTH, T — ILJIAHOBHIM HOPMATHB 3aTpPaT BPeMEeHH pa-
OOTHHUKOB i-if cneunaJxLHoc'm Ha efHHULY TOBapoobopoTa j-i

roBapHoii rpynnsl. Ilyers, nanee, B, (i = my +1, mg) — no-
NyCTUMbIE U3AepPyKKHU obpaleHus mo i-ii crarsbe, b — ILa-
HOBBII HOPMATHUB U3HEePKeK obpalnesus 1o i-i c'ra'rbe Ha efu-
HMITy ToBapooGopora j-i rpyunsr; S, (i = mg +1, my) — 06-
mui 06’beM TOBAPHBIX 34IIaCOB i-TO TOBapa, Sl.j — HOPMATUB
TOBApHBIX 3alaCOB Ha eJUHHUIy TOBapooGopora i-r0O TOBapa
(ormena, cekmuu) j-i TOBapHOMH I'PyNNEl; § — NJIAHOBEIN HO-
Kasareiab TOBapoobopora, q; — mapaMerp ToBapoobopoTa
(cpegHAs IeHA peannaan;nn) no j-# TOBapHOIl rpynIe; Q

MUHMMAJBLHO AONYCTUMEIE 3HAUEHHA NJIaHA TOBapooﬁopOTa
o j-it ropapHoil rpymnme. Tpebyercsa ompefelnTh ILJIAH XO-
3 CTBeHHON MeATEeIbHOCTH TOPrOBOTO NpeAnpUsATHA, obec-
NeYUBAIOMNE MAKCHMYM TOProBo¥l IpuOHLIN IPU 3aJaHHBIX
OTPaHKMYEHHUAX HA CKJAJICKMe MJIOIANH, TPYJAOBbIE PeCypChl,
usAepKKH 00pallleHns, TOBAPHEIE 3allachl, BEINUYNHY TOBAPO-
o6opora u ap. Ilycrs, paee, ¢; — TOprosas npubbLIb B pacuere
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Ha eqUHHUIY TOBApoobopoTa j-ii rpynmsl, X; — HeH3BecTHas
BeIMYMHA — 06BeM ToBapoobopoTa j-il TOBAPHON TPYIIIBI.

1. OnpenenuTh onTHMAaNIBHBIA JIaH TOBapoobopoTa; cae-
JaTh AHAJU3 IOJIYYEHHOTO PelIeHusA.

2. TToCTpOUTH MAaTeMaTHYEeCKYIO MOAENb ABOMCTBEHHOM
3a1a4M, BHIOIKUCATE €€ PellleHNe U JATh 9KOHOMHUYECKYIO0 HHTEp-
TIpPeTanuio ABOMCTBEHHBIX U JONOJHUTEALHBIX ABOICTBEHHBIX
epeMeHHBbIX.

3. BEIIBHTH «y3KUe MecTa» Ha TOProBOM IPEeANPHATHH U
JaTb PEKOMEHIANNH 10 UX «PacIInBKe». cxonuble JaHHEIe
IUIA pelleHus 3ajauydl IpejcTaBieHbl B Tabm. 2.18. Bapu-
aHT * pemeH, ocranbibie (1—10) — ana ynpaskHeHM.

Maremaruueckas Mojenb 3azaun 2.4: nenesad ¢yHK-
YA — MAaKCUMYM TOPTOBOH OpUOLIIHM

n
max Z = Zlcjxj
]:

IIPHA OFPAHUYEHHUAX:
Ha JUMHATH] CKIAACKUX IJIOMIafei

n
Zpijxj <P (E=1m),
j=1

HA TPYAOBHIE PECYPCHI

n -
Sryx; <R (i =my+1,my),
j=1

Ha H3Jep>XKKU oOpamieEns

bx; < B, (i = my +1, my),

e

[
Il
ot

Ha TOBapHbI€ 3anachl

n —_—
> s;x; <8, (i = mg +1, my),
j=1
Ha HOCTHUTHYTHIH (IJIaHOBEIII) YPOBEHEL TOBapooGopora
n
Zq jX; 2@,
j=1

105



vireudes deowol]

g6 c8 0¢ ov 06 g 09 0S 09 ov 08 4
02 c9 o¥ 08 09 o¥ o¥ o¥ 0¢ ¥4 0¢ €
0SI gel1 08 0L 0ST 06 g6 00T 06 0L 0¥ %
¢91 ¢91 ce g 091 01T  ¢IT 02T 00T &L 0ST L
21 o1 o1 o1 A 11 i 21 1 g o1 d
81 €2 o1 02 81 g1 11 (1)1 01 8 91 B
82 ze 03 08 L3 02 12 0g 91 e1 92 d
2g g ¥1 01 02 o1 el 21 [ 6 81 q
000052 000 0S8 0000SE€ 0000ZE 00001 0000ZF 0000Sy 000008 000 0TS 000008 000 0ST ®
0000¥Z 00002Z 00009T 00096 00002% 00008T 0000ST 0000ST 0000IT 00006 000 08T S
000 00T TO00 006 00004 0000SE 000OTT 000 0S8 000008 000 0S8 000 0% 000009 000 003 I q
0000T. 0000¥9 00002 0000S9 00000S 00000S 000 0SS 000 08F 000 0SE 000 00F 000 056 y
0000TT 00GOIT 000S6 000091 00000T 0008 000SL 000S9 00008 00009 000 OLT d
14 09 ov 00T 08 021 0% 08 09 Qg 00T Yo
0¢ ST o1 02 o1 0z 08 02 [ o1 0g &
e 09 0¢ e 0¢ ov 0g 0L e o1 0¢ &
ov1 0L 01T 06 08T 08 00T 0S 09 ov 021 b
o1 6 8 L 9 g v g 4 I * .
1drawedery

81'¢ B MIQER]

106



0SST 009 008 000T  009T  O00IT 006 096 0081  00IT  00ZI 'd
0geT  0g¥ 096 008 000 ¥T 09 000  0S0T  00ZI  0SL 0081 )
0STIT 00 098 096 000 IT 006 008 0g8 008 009 0001 D
086 008 0z01 008 000 000 0S0T OOIT  000T 009 0021 '®
g9 oy 08 08 09 o 0¢ 09 08 74 08 "b
a8 09 ezl 0zT 081 0zZ1 eI et 00T g8 0LT ®b
0L1 06 g 08 qoT 08 g 06 011 %) 0T %
¥4 0z1 ) 0L 012 LIT qIT 0z1 091 00T 002 'h
ve 74 o1 91 22 11 01 21 81 01 02 Ts
ze e 0z o1 185 LT a1 0z 91 e1 02 &g
Ly 8y og 0z I3 z2e 0g o€ 98 12 ¥ %s
cg ce o1 ¥1 ge 61 0z 81 0z o1 1g Is
ov1 vel 011 ag oe1 co1 001 011 06 09 0zZ1 ’q
¢z QL3 061 96 0.2 ¢8T 06T 002 022 opT 082 Eq
002 c0z ¢8T 26 002 041 081 061 002 QIT 082 %
SLT LT get 89 0L1 0e1 0%l 0T 021 g 0LT Iq
01 6 8 L 9 < 1 g z 1 * .
wiHendes dowop rdzawsdsyy

81'C 'C9RL oMHBRHOM(Q

107



Ha MHHHMAaJbLHO LONYCTHMble 3HAUYEHUs ToBapoobopora
10 KasKJOU I'pynme

X

;2Q (=1n)

VicxopHble faHHBIe OJA pelleHHA 3amadnd 2.4 npencras-
nersl B tabn. 2.18. JIna yopomeHusa KOHKpPeTHO! GhopMyIHu-
POBKY 33/]a4¥ KaXK/Jas IrPyNna OTPAaHUYEeHHU N COIEePIKUT TOJTBKO

ogpo: my =1, my-m; =1, mg-my=1,m, —my=1.

CrefileM uCXO/HBIE JAHHLIE BApUAHTA + B Tabn. 2.19, yno6-
HYIO JJ DOCTPOCHHUS MAaTeMaTHYeCKOH MOZeIIH.

Tadauma 2.19

JIumuTtupye-
Mbl€é pecypCHI
U [IOKAa3aTeNH

Tosapras rpymra

Obbem
pecypca

Buzn
orpa-
HHUYe-

HASA

CKianckue
miromazu P, m?
Tpynossle
pecypesl R,

geJs.-4

Hsnepxrn
obpamenus B,
JeH. efl.

ToeapHbie
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MaremaTH4ecKkaa MO 3aMaYUM:

max Z = 120x, + 90x, + 30x, + 100x,;

18x, + 26x, + 16x; + 10x, < 110 000,
150x, + 140x, + 50x, + 80x, < 950 000,
170x, + 230x, + 280x, + 120x, < 1 200 000,

3lx; + 42x, + 80x; + 20x, < 180 000,
200, + 150z, + 170x; + 50z, < 750 000,]

2, 21200, x, > 1000, x4 > 1500, x, > 1200.

1. B pesynbrare pemrennsa sagaun na 9BM (unm pyuYHEBIM
CII0co60M) IIOTyYyaeM ONTHMAIbHALIN IJIaH ToBapoobopora:

. « . N
X Xy X3 X4
*

Xoen = (1200; 1000; 1500; 2790), Z,,. = 518 000.

Ws nonmydeHHOro pemieHms ciepyer, uTO TOBapooGopoTr
1o nepBoii rpynme cocraBut 1200 en., mo Bropoit — 1000,
1o Tperbed u derBeproit — 1500 u 2790 exn. cooTBETCTBEH-
HO. IIpu 2TOM TOproBoe NpPEANPUATHE MONYYHT OPUGHLIBL
518 000 zen. en. ]

BeKTOp HOTOMHUTENBHEIX IEPEMEHHbBIX UMEeT BUJ

* * * * * * *

.
5 g X7 g Xy 0 *un Yz X

x;on = (10 500; 331 800; 11 200; 0; 634 500; 0; 0; 0; 1590).

X, P X, X

ITepemennsnie x;, xg, X7, x; IIOKA3BIBAIOT BEeJIUYHUHY He-
HCHONB30BAHHBIX PECYPCOB, T. €. CKIAJCKHE IIOIMAAN He-
aoucnonsayiorcs Ha 10 500 m?, Tpymossle pecypcsl — Ha
331 800 uen.-u, usnepkKu OGpAIEHUA MOMHO YMEHBIUKATE
Ha 11 200 geH. ex. TosapHBIe 3amach HCIIOJIB3YIOTCA IMOJIHOC-
T8I0 (x5 = 0). [lepemennas Xy TOKA3LIBAET, 4TO OGL{Mil A
ToBapooGopora nepessinoHed Ha 34 500 nen. exn. Ilepemennsie
xfo, xfl, xfz IIOKa3hIBAIOT IE€PeBLINOJHEHWEe IJIAHA TOBa-
pooBopoTa MO KayKAOH TOBAPHOH rpyIIe, T. €. HUMeeM nepe-
BBIMIOJIHEHUE TOJBKO TIO UETBEPTOH TOBApHOH# TrpyIlme Ha
%13 = 1590 gen. ex.
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2. JIBoHCTBeHHAs 3ajada ¥MeeT BU[

min f = 110 000y, + 950 000y, + 1 200 000y, + 180 000y, -
~ 750 000y, — 1200y, - 1000y, — 1500y, — 1200y,;
18y, + 150y, + 170y, + 31y, — 200y, — y; = 120,

26y, + 140y, + 380y, + 42y, — 150y, - y, > 50,
16y, + 50y, + 280y, + 30y, — 170y; — ys = 30,
10y, + 80y, + 120y, + 20y, — 50y - yy = 100,

y,20 (i=1,9).
Pemenne ABOMCTBEHHOH 3ajauu:

y* =(0; 0; 0; 5; 0; 35; 160; 120; 0 | 0; 0; 0; 0),
f(y*) = 518 000.

JlBolicTBeHHBIE N€PEeMEHHBIe [/, —V/, IOKa3bIBAIOT CTEIIeHD
NeUIUTHOCTH MMEIOMINXCA PeCcypPCcoB: UYeM Bhlole 3Ha4eHHE
IBOMCTBEHHON mepeMeHHOH, TeMm AedumurHee pecypc. Takx
KaK ¥, = Y,=y;=0, a y,= 5, T0 pecypc «TOBapHBIE 3aMACHI»
SABJIAETCS «Y3KHM MECTOM» Ha TOPrOBOM HPeJIPHATHH, T. €.
yBeJIMUeHNe TOBAPHOTrO 3aaca Ha eJUHANY JacT YBeJIH4YeHne
opubslnn Ha 5 nen. exn. IlepemenHsie y,—y, MOKA3BIBAIOT,
HACKOJIBKO YBEJIMYHNTCA IPUOGHIIL IPH YBEJHYEHHH TOBAPO-
060p0Ta 110 NPEAUPHUATHIO B IIEJOM M IO KaXAOH TOBapHOHK
rpynmne Ha equHAny. Ilepemenssle Y, ,—Y, ; PABHBI HYJIO; 3TO
3HAYHUT, YTO B ONTHMAJBHEIHA ILJ1aH TOBapooBopoTa BOILIN BCE
yeThIpe IPYNNObI TOBAPOB, T. €. BCe OHM peHTa6e bHEI.

2.5 (zagaua onpejeseHdAs ONITHMAILHON MPONU3BOACTBEH-
HO#I mporpaMMbl npeAupufATHA). Ilog onTHMaJbHON NMPOU3-
BOACTBEHHOM IPOTrpaMMOil IMOHWUMAETCS TaKadg mporpaMma
(118H) BRIDYCKA NPOAYKUHWH B IJIAHMPYEMbIH IDOMEMKYTOK
BpeMeHH (rof, KBapTai), Ipu KoTopoii Haubosee MOIHO YAOB-
JIETBOPAIOTCA 3ampochl noTpebureneif. dra mensr ¢opma-
JIN3yeTCHA B cucTeMe orpapudeHuit. Mepoi xe adpdexTuBHOC-
TH HOCTHXXEHUA [[eJIH ABIAIOTCA TAKUe IOKA3aTeNH, KaK IPHA-
6bLIb OPeANPUATHSA Z,, BAJOBOH 00GbeM BHIIYCKA B CTOMMO-
CTHOM BbIPaKeHHHU Z,, Ce0eCTONMOCTh Z3, YPOBEHb 3arPy3KH
obopynosapua Z, u np. OrpannveHus HajJaraloTca Ha GQOHN
BpeMeHM paboThl 060pYZOBAHNSA, Ha IMMUTUPYIOLINE DECyPCHI,
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3arpaTel TpyAa, MoHJ 3apaboTHOM NJIATHI, IPON3BOACTBEHHBIE
MJIOIIAAM, BBINYCK IPOAYKIIMH B CTOMMOCTHOM BHIpa’KeHHH,
HA4 acCOPTHMMEHT U O0BEM BBLINIYCKA.

Benem obosHaueHns: Q; M ¢; — COOTBETCTBEHHO ONTOBAA
eHa um ceb0ecTOMMOCTE ennnnnm j-# mponyKuuu; a,; — Ko-
JHUYeCcTBO eNWHUI[ i-ro o6opymOBaHHUA, Heoﬁxonnmoro IS
MBTOTOBJIEHUS €IMHULBI j-# IPOAYKIKHY; @, — GOHJ BpeMeHH:
paboTbl o6opynosanus i-# rpynnel; R, — obmuit o6veM i-ro
marepuana; r,, —HOpPMa pacxozxa i-TO BUJa JIMMUTHUPYEMOTO
Marepuasna Ha efUHULY j-d npopyrnuu; T, — GOHA BpeMeHH
pabounx i-#i CHemMaNLHOCTH, ti — Hopma BpeMeHH, 3aTpa-
YyBaeMoro pabouum i-i cneunansnoc'm Ha IPOHU3BOACTBO
eIJUHUIBI - mpoAyKUNY; F, — GonA 3apaboTHOM mIaTe! pa-
Goumx; f, — crommocTh 4aca 3aHATOCTH Dpabouero i-if cme-
IHANBLHOCTH (YacoBasi CTaBKa 3apaboTHOH miarel); P, — mpo-
M3BOACTBEHHAJ ILIOIIAAL {-I'0 BHIA; p;; — HOPMATHB ILTOIIA/K
i-ro BHJAa, NpUCIOCOOIeHHON K paamemenmo IPOAYKINY j-TO
BU/A; ¢, — MPOIeHT COLITOBOM MPOAYKIMH B 00meM o6beme
BBIIIYCKA j-# TpOAYKINH (OIpeeNAeTCa IO CTATHCTHYECKHM
LAHHBIM OTYETHBLIX NEPHONoB); P — IMPOM3BOJACTBEHHASA ILJIO-
manp AMA pasMeIleRus 060pyAOBaHUA; p, — HOPMATHUB ILIO-
magyu, 3aHMMaeMod enWMHUIEH 06GOpPynOBaHMSA i-H I'PYIIIHI;
b, — peanbHbIl GOHJ BpeMeHH paboTel efMHULIEI 00OPYHO-
BaHUA [-H rpynnbl; A —romoBoe IIJIAHOBOE 3aJJaHKWE IO BbI-
paboTKe TOBapHO! NPOAYKIUK B CTOMMOCTHOM BBIDAXKEHUH;
d u D — COOTBETCTBEHHO HMIKHAA M BEePXHAA PPAHUIIBI IIPO-
nsso,uc'rBa OPONYKIUH j-TO BHAA; X; — HeWSBECTHAA BeJIUIH-
HA — BBIIYCK j-i OPOAYKINY (B HATYPAJNBHBIX €IMHUIAX).

CocTaBUM MaTeMaTUUYECKYIO MOAeb 3agaun 2.5, Ilenesrie
GYyBKI UM 3aa4un:

MaKCUMM3Anusa OpubbLIN IPeAIPHATHA

n
maxZ; = Y. (a; - ¢;)x;,
j=1
MAKCHMHM3AINA BAJOBOTO BHITYCKA HPOAYKIIHH
n
max Z, = » o;x;,
=1

MUHUMHBANUA Ce6eCTOMMOCTH NHPOAYKIMYA MPH BHIIOJ-
HEHHU OTPaHUYEHHS HA MUHUMAJIbHBIE 06'bEMBI BHITIyCKA
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n
minZ; = chxj,
j=1

MaKCHMU3ANKUA 3arpy3Ku 000pyAOBaHUA
my n
maxZ, =y Y ax;.
i=1 j=1
OrpamuvyeHus 3a7aUn:
o ¢poHAY BpeMeHH paboTsl 000pyAOBaHUSA

10 JUMUTHPYEMbLIM MaTepHyaJIaM

n ——
>nx; < By (i =my +1, my),
No 3aTparaMm Tpyaa

t S.T;(i:mz'i'l,m:;),

M=

ij%;
=1

~.
1

o oy 3apaboTHON MJIATBL
mg n
)y Zfitljx j SF,
i=my+1 j=1

IO IJIOIIALAM

It

mg + 1’ m4))

M=

q;ipxi < P (
j=1

1

10 BBIIYCKY HPOLYKIINH

n
>ax; 2 A,
=

[0 ACCOPTUMEHTY u 06beMy BBIYCKAaeMOH HPOAYKIVHK

d, <% <D (j=1,n).

HcxonHble SAHHBIE AJA PEIIeHHA 3aJaud NpeACTasJeHbl

B Tabg. 2.20. Ina ympomieEHMs DPAacyeTOB OTPaHUYMM HO-
MEHKJIATYyPY IPOU3BOACTBEHHOHM NPOTPAMME! ISATHIO H3AE-
muamu: U, H,, Hg, H 1 H, orpaHn4eHNs — YeTHIPbMS IPYTI-
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namu o0OpyAOBaHUSA, ABYMSA BUAAMU JUMHUTHADYEMEBIX MaTe-
puayoB, GorLOM 3apaboTHOH IJIATH!, CYMMaPHBIM BBIITYCKOM
NPOAYKI MY B CTOMMOCTHOM BBIPDA)KE€HHWH M OTrDaHUYEHHUAMH
HA4 BBIITYCK HEKOTOPHIX BUIOB H3IEJIHNH.

1. ITocTpouTh MaTeMaTHYECKYIO MOAEID 3aJJa4l, YBeJIUUUB
nauabIe cToabita «O6bem pecypca» Tabs. 2.20 ansa BapuaHTa
Nel—mna10%,Ne2 — rma 20, Ne 3 — na 30, No 4 — Ha 40,
Ne5 — ga 50, Ne 6 — 5a 60, N0 7 — ma 70, Ne 8 — ma 80,
Ne 9 — ma 90, Ne 10 — Ha 100 % . Haiitu onTmManbHBIR
I7aH BHIOYCKA MO KAXKAOMY M3 IpejJaraeMbIX IIOKasareseil
3¢ PeKTUBHOCTH.

2. JaTh SKOHOMHMYECKYIO HHTEPIIPETANIO OCHOBHBIX U J0-
HOJHUTEJIbHBIX ITIePeMEeHHbBIX NPAMOH 1 ABONCTBEHHOI 3aaa4.

3. BBIABUTE «y3KHe MeCcTa» Ha IIPOU3BOJICTBE U AATH PEKO-
MEHAANUHU 110 UX «PACIIUBKE».

Pemnexnmune. 1. Ilocrpoum MaTeMaTUYECKYIO MOJEJb
3a7a4d HA MAKCUMM3AIUIO NPUOBLINA:

max Z = (10 - 8)x, + (12 - 4)x, + (8 — 4)x; +
+ (16 - 2)x, + (11 - 1)x,;

2%, + 2x5 + X3 + X + 8x3 < 90000,
X + 2x, + 3x3 + 4x, + 2x; < 800000,
3x; + x, +3x3 + 2x, + 4x5 < 600000,
3x, + 4x, + x3 + 2x, + 2x5 < 500 000,
8x, + 2x, + 3x3 + 4x, + x5 < 950000,
5x; + x, +3x3+ x4+ 2x; < 850000,
x, + 2%, + x3 + 2x4 + x5 < 600000,
10x, + 12x, + 8x5 + 16x, + 11x; > 2 500 000,
X, > 10000,
X, < 30000,
Xg > 15000,
x4 > 20000,
xy 2 30000,

x,20.

B peayibTaTe PeHICHUS 3a4aYN CHMILIEKC-METOA0M II0TY-
YyaeM ONTHMAJIBHBIN NJIAH:
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X, = (22 000; 0; 15 000; 164 000; 35 000),
x; . = (658 000; 0; 0; 0; 127 000; 426 000; 163 000;
919 000; 19 000; 30 000; -0; 144 000; 5000),
Z .x = 2909 000.

W3 nosydeHHOro pelIeHuA CAefyeT, YTO NPeAUPUATUHIO
HAJO BBIMYCKATH INPOAYKIIHIO LIEPBOrO BHJAAa B KOJIHUYECTBE
29 000 ex., Tpersero — 15 000, yerBeproro — 164 000,
naroro — 350 000 ex. IIpoaykuuss BTOPOro BHAA B ONTH-
MaJbHBIN IJaH He Bomnrna. [Ipy 3ToM OpuOHLIb NPEeAIPUATAA
cocraBuT 2 905 000 gen. ex. JomosHUTEeNbHEIE IePEMEHHEBIE
Xg—X, 5 TIOKA3bIBAIOT BeJIUYNHY HEUCIONB3OBAHHBIX PECYPCOB,
T. e. GOHJ BpeMeHH paboThl TOKAPHBIX CTAHKOB HEJOHCHIOJb-
zoBag Ha 858 000 cramko-u, o6meM MaTepHayOB — Ha
127 000 xr, KOMIIEKTYIOIMKUX usgeanit — Ha 426 000, cbonn
3apaborHO# miuatst — Ha 163 000 gew. exn. IlepemenHas xy;
TIOKA3BIBAET, YTO BITYCK MPOAYKIIAY B CTOUMOCTHOM BhIpaXke-
HIY DpeBLINIAeT MaHoBoe 3aganue Ha 919 000 gen. exn. Ilepe-
MeHHbIe xl* . — xfg IOKAa3bIBAIOT OTKJIOHEHHUS OT 3aJaHWH IO
aCCOPTYMEHTY.

2. ITocTpouM ABOHCTBEHEYIO 3aja4y:

min £ = 90 000y, + 800 000y, + 600 000y, + 500 000y, +
+ 950 000y, + 850 000y, + 600 000y, — 2 500 000y, -
~ 10 000y, + 30 000y, , - 15 000y,, ~ 20 000y, , - 30 000y, ;

2y + yp +8ys + 3y, +3ys +5ys + yr - 1005 — yo 2 )]
y + 2y + Y3 + AUy + 25+ Yo+ 27 12y + Y02 8
Yy + 3y, +8ys + Yy +8ys +3ys +8y; ~ 8yg -y 2 4

Uy +4yp + 253 + 2y, +4ys + Y + 2y; — 16y — 4y 2 14,
By, + 2yy +4ys + 2y + Ys + 25 + Yr —1lyg — Y3 2 10,)

y,20 (j =1,13).

Pemenue ABO#CTBERHON 3ajadun:

y* =(0; 2; 8; 0; 8; 0,6; 0; 0; 0; 0; 0; 0;7,4; 0; 0; 0; 0,8; 0; 0),
fosn = 2 909 000.
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3. JIBoiicTBEeHHEIE IIEPEeMEHHBIE y; — y; XapaKTepU3yoT
JedunuTHOCT: pecypcoB. HedunmurHnlie pecypcbl — BpeMs
paborel dpe3epHLIX, CBEPIANUIBbHBIX N IINGOBAJBHBIX CTAH-
KOB, npuyem Haubosee neunmuTHO BpeMsa paboTsl ppesepHbIX
CTaHKOB, TaK KaK 3HaYeHHE y; Hanboybniee. 3HaYEeHN A TIepe-

MeHHBIX y; , y;, y: TIOKA3KIBAIOT, HACKOJBKO YBEJIHYHTCH
npubbLIb OPeANDUATHH, eCIM BpeMs paloThl YBEJIUYUTH HA
1 crasko-4, T. e. ecnu BpeMdA paboTsl Qpe3epHBIX CTaH-
KOB yBeJWYMTHL Ha 1 CTaHKO-4, TO NPHOBLLAL BO3paCTaeT Ha
2,8 meH. ef. OTO U eCTh «y3KOe MeCTO» HAa IIPOU3BOACTBE.
Eciy BBIZENUTH CPeACTBa Ha «PACIHINBKY Y3KUX MECT», TO HX
HAJO pacOpelesUTh C VUETOM ABOHCTBEHHBIX OneHOK (2,8;
0,8; 0,6), r. e. Oonbire BCero CpejACTB HANO BBIAENUTL HA
yBesnueHne GoHAa pabouyero BpeMeHU (hpe3epHBIX CTAHKOB.

HononHuTenbpHBIe ABONCTBEHHBIE [IEPEMEHHEIe y; 4 yfs
XapaKTepus3yIoT PeHTabeJbHOCTh BBINYCKA NPOAYKIIHY KaiK-
poro Buaa. IIoCKOIBKRY y;}, = 0, BBINYCK MPOAYKIAH BTOPO-
ro BHIA He PEKOMEHJYeTCs, U €CJIU €€ BBINYCKAaTh, TO BHI-
IMyCK eAMHUIBI IPOAYKIMY IPUHECET NPeAIPUATHIO YOBITOK
B 0,8 nen. en.

Pemnts s3azauy 2.5 mo apyrum noxasarenam ddderTus-
HOCTH.

2.6 (3amaya ONTMMAJBLHOTO pa3MeUIeHHs 3aKa30B IO
MCIOJEHUTEAAM). 3a1a4ya COCTOUT B TOM, YTOOB! pacupenennTs
3axa3 (IPOM3BOACTBEHHYIO NPOTPAMMYy) MEXKAY 71 MCHOJ-
HUTeNAMHK (OpeANpUATHSIMH, ILeXaMu, CTAaHKaMu B T. I.).
HcoosHUTE M UMEIOT pasyiMyHbie IPON3BOJCTBEHHEBIE U TeX-
HOJIOTMYECKHE XapaKTepMCTHKH, HO B3alMO3aMEHAEMBI B
CMBICJIe BBINOJHEHHS 3aKasoB. Tpebyercsa COCTABUTHL TaKOH
IJIaH pasMeIeHHA 3aKa30B [0 WCHOJTHUTEAAM (3arpyskm
06OpYZOBARMA), IPK KOTOPOM 3a/aHKe, COCTOsSIIee U3 BBIIYC-
Ka N BUJOB IPONYKIUHU B 3aJaHHBIX 00BbeMax Hj (j=1,n),
65110 ObI BBLIIOJIHEHO, 4 TOKasaredb s¢h(eKTHBHOCTH LOCTH-
rajl 9KCTPEMAaJILHOTO 3HAYeHNd.

IIyceTs Ayia ONpeaesieHHOCTH B HeXe NMeIOTCA TPU FPYIIs]
(I—11I) B3anMO3aMeHAEMOro 06OpYyNOBaHUA C MOITHOCTSIMHU

b, (i =1, 3) mopMo-uyacoB B Mecal. Llexy AaH mIaH BRITyCKA
IPOAYKIIME 4YeThIpEX BULOB COOTBETCTBEHHO B 00Bmemax H}.
(j =1, 4). BpeMsa H3TOTOBJIEHMS €JUHUNBI NPOAYKIUH j-TO
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BUZA Ha i-M 0DOpPY/JOBAHUK COCTABJISAET a HasecTHrl Tarxe
3aTpaThI C,; HA UBrOTOBJICHHE e[UHUIBI OPOAYKIUH HA oGopy-
JOBaHMY KaXXJOTO BH/JA M OTIYCKHAA eHA O, eAXHUNBI KaXK-
zoro Buaa npoayknun. HenssecTHRIE BEITHYNHEI X, — WHTeH-
CHBHOCTH MCIIOJIL3OBAHMA i-I'0 OGOPYAOBAHWSA NPHU BBLIDYCKE
j-fl IPOOYKIKHY, T. €. HCKOMBEIH 06beM BuIITyCKa Ha i-M 0060py-
noBauuy j-i1 npoaykouu. CocTraBHTh IJIAH:

1) pasmeleHnA 3aKa308 X rapaHTHPYIOMIUI BHIIIOJTHEHUE
3aJaHUA U JOCTABIAIIINA MAKCHMYM NPUOBIIN PN OTPAHU-
4YeHHAX HA pecypchl 060DYAOBAEMA W BBHINYCK HeOGXOAMMON
OPOAYKIIKH;

2) MUEMMHUBHPYIOIUH 3aTpaTsl CTAHOYHOI'O BpeMEHH pa-
60TEI 06OpPYyIOBaHNS;

3) MEEMMUSUDPYIOIMA Bpema paboTel o6opyAOBaHUSA,
T. e, peaJu3yeMblii B MUEHMAJILHBIE CPOKH;

4) obecrnieunBarOMMii BAITYCK MAKCHMAJBHOT'O YHCIA KOMII-
JIEKTOB, KaXXAbIH M3 KOTOPBIX BKJIOUAET [ ; @MHEHIL IPOAYKIAH
(uapenuit) j-ro BHAA.

Hcxoguble AaHHBIE IS PELIEHNA 3a7auy IpeCTaBJIeHBI
B Taba. 2.21. CuenaTh aHANUS PeIneHHI.

Tabnuma 2.21

Ilapa- Homep BapuanTa
MeTpPHI
3agadu * 1 2 3 4 5 6 7 8 9 10

80 90 100 120 100 150 70 80 70 80 100
ay 100 80 80 100 90 120 90 70 60 80 90
3 60 70 90 80 80 130 100 60 50 40 80
80 100 70 90 110 160 80 50 40 60 70

e, | 20 25 30 40 30 20 40 30 40 30 40
L, |10 15 15 25 20 30 10 40 30 30 30
., | 40 30 20 25 40 40 10 50 20 40 20
c, | 50 40 25 30 50 25 15 60 50 30 50

Coy 50 40 35 30 20 25 40 50 50 40 20
22 40 30 35 40 30 35 60 20 20 30 40
23 40 50 45 45 40 45 50 10 30 40 30
2 30 20 25 30 50 20 40 70 40 20 60

g 60 50 55 60 50 15 50 25 30 20 30
32 90 80 85 80 60 14 80 35 40 35 40
33 30 30 85 40 70 20 50 45 50 45 50
24 20 25 25 30 80 30 30 775 70 65 20
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Orowvanue Tabun 2.21

Hapa- Howmep BapnanTa

MeTpBI

3anayn * 1 2 3 4 5 6 7 8 9 10
b, 400 300 500 200 400 500 600 700 600 300 500
b, 850 800 900 400 300 400 800 600 500 500 600
b, 300 200 300 500 250 300 400 500 700 600 700
17, |600 500 600 200 700 500 800 750 800 850 800
II, |350 300 400 400 300 300 400 400 300 750 700
1T, {450 400 300 250 400 400 600 500 400 250 600
I7, |500 600 500 300 600 200 300 400 300 450 150
a;, 03 03 09 038, 0,2 04 03 0,2 0,8 0,3 0,9
as, o6 05 08 08 01 05 09 08 1,2 0,4 0,8
ag, 04 04 04 05 03 06 05 03 2,3 05 0,7
a, 08 o047 05 04 04 08 07 2,1 1,56 0,9 0,6
a, o6 05 04 02 05 0,7 08 1,8 23 09 1,2
a,, 08 o077 06 06 0,7 08 09 05 1,6 1,2 1,1
a,, 07 08 08 1,2 0,9 09 0,6 09 09 31 1,0
a,, 2 1,1 1,3 2, 1,5 1,2 08 0,8 0,8 0,4 0,9
ag, 14 1,3 1,2 2,1 1,5 21 09 0,8 0,9 0,8 0,7
a,, 06 04 21 31 23 23 08 1,2 1,5 0,9 0,8
Qg 09 1,2 0,9 42 35 13 1,0 1,5 1,8 0,7 1,4
ag, 0,6 0,5 04 35 09 08 2,1 28 1,2 1,5 1,6
L 3 2 1 2 3 4 2 3 1 4 4
L, 1 3 3 1 4 2 1 2 2 3 3
N 2 2 4 3 2 1 4 1 3 2 2
A 4 5 2 4 1 3 3 4 4 1 3

CocraBumM MATEMATHYECKYIXO MOJeIb 3anayM *. I_[e.neBue

byHKOUN:

MaKCHMHU3aATHA HpHﬁbIJII/I

m n
max Z; = ¥ > (@; — ¢;)%y,
i=1j=1

MHHMMH3ANAA 3aTPAT CTAHOYHOT'O BpeMeHEH paboTw 060-

PynOBAHMA

mln 22 =



MUHHIMHM3ANUsA BpeMeHH paboTsl 000pyOBaHUSA, T. €. II0-
HUCK ILUIaHA, Peaii3yeMOor'0 B MEHUMAJIbHLIE CPOKH,

min Z; = mfi:\x {t},
rge t; = Zaijxij,
j=1
MAaKCHMHU3aIlusd YUCJIa KOMILIEKTOB (x):

max Z, = x. (2.4)

OrpannyeHus 3agayu:
HA pecypchl 000pyAOBAHUA

Z l] l]—b (l“l m),

Ha BBINYCK NPOAYKIMHK

le,{ }H G=1n).

YcroBua HEOTPUIIATENBHOCTH X, 2 0.

Ha nernesyio dyarnuio (2.4) I0/KHO GBITH HAJOMKEHO
AOMOJHUTEJIBHOE OrPAaHNYeHNE 10 KOMILJIEKTHOCTH BBIITYCKAE-
MOH IPOAYKIIUA:

Z ij l]-lx(]—l n)

i=1

Jna ynobcTBa NOCTPOEHUS MaTeMAaTHYECKUX MoAenel
BapHAHTa * 3aJaUuy ee yCJIOBHE cBeleM B Tabm. 2.22.

1. MaremaTu4yecKass MOJIeNIb PA3MeIIeHN A 3aKa30B 110 MaK-
cuMyMy npubbliy Npy OTpaHMYEHHAX HA pecypewl [—III un
obvem Beimycka II,—I1:

max Z, = (80 — 20)x,, + (100 - 10)x,, + (60 — 40)x,, +
+ (80 - 50)x,, + (100 — 40)x,, + (60 — 40)x,, +
+ (80 - 30)x,, + (80 — 60)x,, + (100 — 90)x,, +
+ (60 — 30)x,, + (80 — 20)x,,
OIpU OrPAaHUYEHUAX:

119



Tabanuma 2.22

Ilnan BHITyCKa Hj O6BeM
Hcnonrurenu pecyp-
m,-600 | II,=350 | II,=450 | II,=500 | .
ay €y 0,3 20 | 0,6 10 | 0,4 40 10,8 50
I 400
Xy 11 X12 %13 X4
ay; €y 0,6 50 | 0,8 40 | 0,7 40 11,2 30
II ‘850
X %21 Yo %93 Xog
a, Cy 1,4 60 | 0,5 90 1 0,9 3010,6 20
III 300
X3 X3 Y32 X33 X34
OTnycKHas
meHa 80 100 60 80
KomrnekT-
HOCTh l/, 3 1 2 4

Ha pecypchl 000py0BAHNSH

0,3x,; + 0,6x;, + 0,4x,53 + 0,8x;, < 400,
0,6x, + 0,8x, + 0,7x53 + 1,22y, < 850,
1,4x5, + 0,5x3, + 0,9x33 + 0,6x5, < 300,

Ha 00'beMBI BHIIYCKA IPOAYKIMH (3aKas AOJKeH ObITh

BBITIOJIHEH)

+ Xoy
+ Xo99

+ Xoy4

+ Xg4
+ Xgg
+ X33
+ Xgy

= 600,
= 350,
= 450,
= 500,

x;20G=123 j=1,4).

2. MaTeMaTHYECKasa MOAEJDb 3aJaUl IO MUHUMYMY 3aTpaT
CTAHOYHOTO BpeMeHH paboTsl 060pyAOBAHUSA

min Z, = 0,3x,; + 0,6x , + 0,4x,,+ 0,8x,, + 0,6x,, +
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+0,8xy, + 0,7x,, + 1,2x,, + 1,4x4, + 0,524, +
+0,9x,, + 0,6x,,

IIpy OrpaHUYeHusx m. 1.

3. Mojgens 33734y IO MPUBUMYMY BpEeMEeHH peaju3anuu
njaHa — 5TO TAK HasbiBaeMas MuHuMmakcHas 3adaua. Obo-
3HAYUM 4Yepes i, I, ¥ I; BpeMA paboTBI COOTBETCTBEHHO Iep-
BOIf, BTOPOH ¥ TpeTheit rpynn oGopynosanud. Ilomxyuum:

0,3x;; + 0,6x;5, + 0,4x;3 + 0,82, = ¢,

0,6xy, + 0,8xy5, + 0,7xy + 1,2xy, = ¢,

1,4x31 + 0,5x32 + 0,9x33 + 0,6x34 = t3.
IlockoabKy BCe rpynmbl ofopynoBaHUA paboTaOT OXHO-

BPEMEHHO, BpeMs { peaju3anuyl NJIAHOBOTO 3aJaHHA PABHO
HaunbonpIeMy M3 HHX: max {t,, t,, t;} = £. Orciona mozens

3afiauy IMpUMeT BUA min Z = max {t,} mpu OrpaHMYEHUAX HA
00'beMBI BEITYCKA TPOAYKHUH M YCIOBUM HEOTPUUATEILHOCTH.
OHa JIeTKO CBOAUTCA K 3ajave JHHEHHOTO IPOrPAaMMUPOBAHUA

min Z3= t

Ip¥ OrpaHUYEHHUIX:

0,3x;; + 0,6x;, + 0,4x,53 + 08x,, < ¢,

0,6x, + 0,8xy + 0,7xy + 1,2x,, < ¢,

14x5, + 0,5x3, + 0,9x55 + 0,6x5, < ¢,
X, + Xy + x3 = 600,
x12 + x22 + x32 = 350,
X4 +  Xgg + X34 = 500,

%;20,620(=1,8j=14).
4. IleneBas QYHKNUA — MAKCHMMH3anWd YUCIa KOMI-

JEeKTOB X:
max Z, = x

IpHA OrpaHU4YeHUAX!
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Ha pecypchl 060pynoBaHusa

IA

0,3x,, + 0,6x,, + 0,4x;5 + 0,8x,, < 400,
850,

300,

0,6xy; + 0,8xy, + 0,7xy + 1,2x,,

IA

1,4x3; + 0,5x3, + 0,9x3; + 0,6x,,

IN

Ha KOMIIJIEKTHOCTDH BREIIIYCKA

Xy, + X9 + X5, 2 3x,
X9 + Xg9 + Xg9 2 X,
X13 + X3 + X33 2 2x,
X1y + X9y + Xg4 > 4x,

x;20,x20(G=1,3j=1,4).

2.7 (sajaua 3arpy3Kd B3aWMO3aMEHSAEMEIX rpynm o6o-
pyaoBaHus). Ilycts uMeeTcst m CTAHKOB, HA KOTOPBIX MOKET
M3TOTaBINBaThCA (06pabareiBaThca) M0Goe U3 n KU3OENHIL.

IIycts ¢;; —— 3aTPaThl HA UBTOTOBJEHUE Ha i-M (i =1, m) cranke

eJUHHULSI j-ro (j = 1, n) uagenuda. Ilycrs, namee, 7‘;‘} — Tpo-
U3BOAUTEJNBHOCTD i-T0 CTAHKA IIPH IPOH3BOACTBE j-X HU3Je-
nwii (nen. ex/en. spemenu); T, — doHI BpeMeHH i-Iro CTaHKa;
H]. — IJaHOBOE 3aJlaHUe II0 BEBIIYCKY HM3XeJINiM [-TO BHAA.
HeobxogumMo pacnpenennTh IPOM3BOACTBO H3NENUi HA pas-
JIUYHBIX CTAHKAX TAK, YTOOBI:

2) MUEMMHU3UPOBATH CYMMAPHEIE 3aTPATHI IIPU BELIIIOJIHE-
HUY TJIAHOBOTO 3aJ|aHUA,

6) ounpenenuTh MaKCHUMAaJbHYIO 3arpy3Ky 06OpymOBaHUSA
¥3 YCIOBUH MaKCHUMAJILHOTO CYMMAPHOTO 00'5€Ma BEIIIOJIHEH-
HBIX paboT;

B) ONIpeNeNNTh OUTHMAJBLHYIO 3arpy3Ky 000pyIOBaHHUA,
ofecneynBaOITYI0 MAKCUMaJAbHBIA 00heM paboT npu cobJio-
IEeHUN YCJIOBUA KOMILJIEKTHOCTH

ID:-H,:...:II =1 :1,:...:1;

) HAUTH ONTHMAJNbHYIO 3arpy3Ky 0o00pyIOBaHUSA NPH yC-
JoBuU, 4T0 06 BLEMBI paboT H]. (j =1, n) momxHBLI GBITH BEI-
MOJHEHBl IIPH MHHHMMAJbBHOM CYMMADHOM BpeMeHU paboThl
CTAHKOB.
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HeussecTHasa BenmuuHa X, — BDPeMd, B TeYeHHe KOTOPOro
i-f CTAHOK 3aHAT U3TOTOBJIEHUEM j-I0 M3LEJINUA.

CocTaBnM MaTeMaTUUYECKYIO MOAEIEH 3akaqd.

a) OueBuaHO, UTO C, ;= Xl.jcij —3aTparTkl, CBA3aHHBIE C BBI-
IIyCKOM B T€UY€HWe eJHHUIIbI BpeMeHHU Ha i-M CTAHKE j-X H3-
Heyui.

IeneBada pyEKOUA — MUHNMH3ANUA 3aTPAT, CBA3AHHBIX
¢ paboToll MO BHIOIYCKY HEOGXOAMMOMN OPOAYKIHH:

m 7
minZ; = > ZCijxij,
i=1 j=1
IPpH OTPAHUYEHHAX:
Ha GQOHJ BpPEeMeHH IO BCEM CTaHKaM

n
2x, <T, (=1, m),
j=1

Ha IJIAHOBOE 3aJlaHHe [0 BBINYCKY HEOOXOAMMOM IIpo-
OIYKOWHA

Mz

Ay 2 I, (j=1,4), %, 2 0.
i .

]
ot

9Ty MOZeJb HA3HIBAIOT A-M0Jeablo.
6) MakcumanbHasA 3arpysxa obopyIoBaHNA

m n
max Z, = 2 Z’»uxu-
2 a3 ja

oTBeYaeT TpeGOBAHMI0O MAKCHMAILHOTO CYMMAapHOTO o6beMa
BBINTOJIHEHHEIX PaboT n1pu OrpaHUYeHNH Ha (POHJ BPEeMEEH

n ———ee.
2xy <T, (i=1,m), x,; 20.
j=1
B) lHenepaa ¢oyEKOHUS — MakcuMmsanus obbema pabor
np¥ co0aI0AeHAN YCIOBUS KOMILIEKTHOCTH

I:I,:...:II =1 :1,:..:1.

n

n m n
IIyers 2z = }:,Hj =) Z?\.ijx,.j — obmui of/’beM BHITION-
j=1 i=1 j=1
HeHHOM paborhl. Mozens NIpEMET BHJ
max Z; =z
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IIPH1 OTPAaHUYEHUAX:
Ha GoHJ BpeMeHH paboTel 060pyROBaHUSA

M-

x; <T, (=1, m),

j=1

Ha KOMILJIEKTHOCTH BBINYCKaeMO! IDPOAVKIIMH: TAK KaK
:1m,: .. I =11, ... 11,10

n

n n
/3 ;=1 /31,
i1 =1

n
T.e II; /2=1 /% L.
j=1
Orpanndenne Ha KOMILIEKTHOCTh IPHMET BU]

m lj
2 hyxy = =2z,

i=1 Zli
Jj=1

xijZO(i=1,m;j=I:;),220-

r) MPEEMU3UPOBATE CYMMAapHOE Bpems paboTel CTAHKOB

m n

min Z, = Z Xij
=1 j=1
PR OTPAaHHYEHMAX:

Ha GoHE paboyero BpeMeHH CTAHKOB

n
Yx, <T (=1 m),
j=1
Ha BeIMYMHY 3aKasa
m ' -
Zkijxij =1II; (j=1,n), x; > 0.
i=1

PaccmorpnMm xoHKperHyio curyanmuio. Tpu MexaHusMa
MOT'YT BBINIONHATH TPH BHIA 3eMJIAHbIX pabGor. B tabm. 2.23
yKasaHsl pecypcel paGouero Bpemenu 7', Kasxaoro ma Mexa-
HU3MOB B MAIIMHO-YaCaX, IPOU3BOAUTEIHLHOCTD kij B MeTpax
KyOuuecKHX (B JIeBOM BEpPXHEM Yriy) M 3aTPaThl ¢, B ze-
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HEYKHBIX eJUHUIIAX Ha BLINOJIHEHMNE [-M MEXaHM3MOM eUHU-
IIbI 3eMJIAHBIX pabor j-ro BUAA (B IPABOM BEPXHEM YTy KJIETOK
Tabnuusl). HeuspecrHble BeJIMUYMHLL 3aJauldl — X, (MHTEH-
CHUBHOCTb WCIOJIE30BAHUS B E€AWHUIIAX BpPEeMEHU i-I'0 Mexa-
HU3Ma IIPY BBINOJIHEHUHU j-U pabOThI).

Ta6nuuga 2.23

MexaHu3Mbl Paborst Donpg

H H H BpeMeHU
1 2 3

I (Tl) 20 2 10 3 15 1,5 200
X1 X19 X13

II (TZ) 40 4 30 5 35 4 180
X Xon Xo3

IIr (T3) 50 7 40 6 30 5 250
X3 X39 X33

Hj 6000 5000 5600

l]. 2 3 4

Tpebyercsa HailTu WIaH X,

a) MUHUMH3UDYIOIIUA CyMMapHble 3aTpaThbl IIO BhI-
IIOJHEHUIO 3aJaHHBIX o6wemos pabor II,= 6000 M3, I, =
= 5000 m® u I, = 5600 m3;

6) MAKCUMU3UPYIOIIHI CyMMAaPHBLIN 00'beM BBHITIOJTHEHHBIX
pabor;

B) MAaxKCHMU3UPYIOIUA o0beMm pabor npm cobiaoofeHun
VCIOBMS KOMILUIEKTHOCTH BBINIOJHEHHBIX BHJAOB pabor
m.m,: Il = 2:3:4;

I') MUHIMU3UPYIOIINI cCyMMapHOe BpeMs IT0 BBIIIOJIHEHHIIO
3aJlaHHBIX B II. «a» palbor.

B BapuanTe Ne 1 smawernus T, u I, yseanuuts Ha 10 %,
B BapmanTe Ne 2 — ma 20, Ne3 — ma 30, Ne 4 — ma 40,
Ne 5 — na 50, Ne 6 — ma 60, Ne 7 — ma 70, N0 8 — =Ha 80,
Ne9 — ma90 u Ne 10 — nma 100 %.

MareMaTHyYeCKue MOJEJH 3a1a4 IJIA . «a»— «T'» UMEOT
CHEeAVIOIUIl BAX:

a)ymin Z, =2 - 20x,; +3 - 10x, + 1,5 - 15x,3+ 4 - 40x, +

+5-30x,,+4 - 35x,,+ 7 50x3 + 6 - 40x,,+ 5 - 30x,,;
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IA

200,
Xgy + Xgy +  Xog < 180,

X33+ X 0 Xpg

X3 +  X3o +  x33 £ 250,
20x,; + 40x,, + 50x; = 6000,
10x,, + 30x,, + 40x,5, = 5000,
15x,3 + 82x,53 + 30x4; = 5600,

—

[y

x;,20(0=1,8; j=

» 4);

6) max Z, = 20x,, + 10x, + 15x,,+ 40x,, + 30x,, + 35x,, +
+ 80x,, + 40x,, + 30x,,;
X1, + X9 + x5 < 200,
Xy, + X9y + Xog < 180,
X3 + Xgo + X33 < 250,

x;2006=13 j=1,3);

B) max Z, = z;

x;; + x5+ x5 < 200,
Xo; +  Xpp + Xy < 180, L - 2 _2
Xy +  Xgp +  Xg3 S 250, L+l +1 2+83+4 9
2 Ly 8.1
20x11 + 40x21 + 50.’Xf31 < 52, oL+l + 9 3’
1 Ly =4
10x21 + 30x22 + 4OX32 = ‘3—2, ll + 12 + 13 9 *
4

r) max Z4 =X F Xy F Xt Xy F X+ Xgg + Xy + Xy, +
+ Xg0}
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N

200,
180,
250,
6000,
10x;, + 30x,, + 40x3, = 5000,
15x,53 + 35xy; + 80x53 = 5600,

x;20(G=13 j=1,3)

IA

Xt Xp + X3

IA

Xo1 T Xy + Xog

IA

X3p +  Xgo +  Xgg
20x;; + 40x, + 50x5,

2.8 (3amaua 3arpysKu HEB3aMMO3aMEHAEMBIX TPy 060py-
posarmus). Ilycrs umeeTcs m rpynIl HeB3aXMO3AMEHSIEMOTO
060pynoBaENdA, HA KOTOPOM MOXKHO BBITYCKATh 71 BUAOB NIPO-
pyknun. OBopynoBanue HEB3AaMMO3aMEHSEeMO JHIIbL B IIpe-
JieJ1ax OIHOU TEeXHOJOTHH, T. €. IPK JaHHOI TeXHOJOIMH OfHA
H Ta ’Ke NPOAYKIHUA Ha APYroM O0OpYAOBAHHWH HE OpPOHU3-
poputca. [Ipu 3aMeHe sKe TEXHOJOIMUYECKHX CIOCOGOB Ha
JaHHOM 0060pYHOBaHUM MOTYT BBINYCKATHCA APYI'He BHIBI

npoayknun. Beemem oGosmauenusa: g, (i =1, m) — obwui
NOJIE3HBIN JHMHUT (B CTAHKO-4ACAX) MOIIHOCTH i-T0 060pyLo-

BaHudA; k(k =1, K) — HOMEpD TeXHOJOTHYECKOTO cmocoba;
a,;, — HOpMa pacxoja (CTaHKO0-4acoB) i-ro 060pyJOBaHMA HA
eguHUNY j-# (j = 1, n) TpoayKOuu mo k-My TEXHOJOTHUECKO-
My crocofy; O, — IeHa e[MHHUIbI J-#i mporyxouu; Cjp — 3a-
TPaThl, CBA3aHHbIE C U3TOTOBJICEHUEM €JUHHUIE] j-H IPOAYKIHHA
10 k-My T€XHOJIOTHUECKOMY cIocoly; X; — HeW3BECTHAA Be-
JUYAHA — 00BbEeM BBINYCKA j-H MPOAYKIHH IT0 k-1 TeXHOJOTHH.
Moryr OBITH TaKKe 3aJaHbl TPAHNYHBIE YCJIOBUA HA 00HEMBI
BBINIYCKA KaXK/JOr0 BUIA IPOAYKIINH d]. n D]. u TpeGoBaHUA K
KOMILJIEKTHOCTH BBEITYCKaeMOM NPOAYKIKUE. BosHuKaeT 3afaua
OIIpefieJIeHUsI MJAaHA BBHINYCKA, AOCTABIAIOIIEr0 MaKCHMYM
npubbIN AWM MHHMMYM 3aTpaT HA PeaNu3anuio 3aJaHHBIX
00'beMOB BHINYCKA KAMKJOH MPOAYKIIUHK.

CocraBuM MaTeMaTHYECKYI0 MOAedb 3azauyum. llenmemnre
GYHKIUHN:

MaKcUMHu3anus npubslin

K n
max zZ; = ZZ(aj ~Cip )X
E=1j=1
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K n
> D apxy <a (i=1,m),
k=1j=1

K -
d; <Y xy <D, (j=1,n),
E=1
MUHUMHASANHAA 3aTPAT

K n
minZs; = 3% ¢pXp;
k=1j=1

1l MN

n _—
z Qpxp < a; (i =1, m),

<D; (j=1,n),

M=
]

djS

]

k=1

MaKCHUMH3AIUA KOMIUIEKTOB HPH YCJIOBHH, UTO B KOMII-
JIeKT j-i IPOAYRIHNU JOJKHO BXOAUTH lj eqMHUIIL,

max Zg = x;

M:

>

k=1j

QpXy < ap (=1, m),
1

~.
Il

2 Lx (j=1,n),

M=
R

13

2, 20(=1nk=1K), x>0

1

i

Paccmorpum koHKpeTHYIO cuTyanuio. iMeercs Tpu rpyn-
el o6opynoBaHuA: ¢pe3epHbIe CTAHKH, TOKAPHEIE CTAHKHA U
CBapOYHBIe ammnapaTrhl. HeoOXOooMMO BBINYCKATHh TPH BUIa
OPONYKIUH: KJAllaHBI, pacIpefeNuTelbHbIE BaJbl U 3yGua-
Thle KoJseca. Paspaboransl tpu TexHomorunu. Hopmarusasie
K09 PUOUEeHThI Qe GboHZ BpeMeHHU a, LleHa peaausanuu a,
¥ 3aTPATEI €, CBABAHHBIE C BHINIYCKOM €AUHULBI j-H IPOXYK-
Iuu 0o k-d TeXHOJOTHH, IpeJcTaBJaeHbl B Tabn. 2.24.

1. OmpenennTs mnad BBIIYCKAE X (o6beM BBIDYCKA j-I
MIPOAYKIMH 110 k-U TeXHOJIOTUH), ,zzoc'raBnmomnu MAKCHMYM
npubLLIN IPU ITPAHAYHBIX YCA0BHAX X, > 0, x,< 10 000, x5
> 50 000. :
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Tabnuna 2.24

Brinyckaemas npoxykumus

Doug
Kiamane: Bautnr 3y6quaThie BpeMeHK
KoJjeca pabornt
Ob6opynosanue
Bua rtexsHosnorun obopynosa-
HHA, THIC.
Txl TK2 Txa Tnl TBZ Tna Tal Taz T:3 crTanKo-4
Dpesepunie
CTaHKH 1,6 2 1 12,6 0,5 3 3 2 2,5 25
ToxkapHrie
CTEHKH 3 1 2,511,6 2,5 0,515,656 6 4 40
CapouHble
anmapaTel 06 4 3|2 3 5 4 8 7 50
Lena @ 15 25 20
3aTparsl iy 3 7 8 |16 17 14| 2 5 4
x; >0 <10 000 250 000
Bxoxaeuue
B KOMILJIEKT l], 3 2 5
Hurencus-
HOCTb HCITOJIB-
30BaHHA CIIOCO-
6a x, X1 Xpp Xpg [Xpy Xap Xz | X3y Xaz Xag

2. OmnpenenuTs IJIaH 3arPY3KN 000PYOBAHUA Xy KOTODBIH
MOKHO PeaJIM30BATH C HAWMMEHBLIOIWMH 3aTpPaTaMu, NIPH yC-
JIOBH¥, YTO O0BEMBI BBIIIYCKA HE MEHBIIE [TONYYEeHHBIX IIO
mesaeBo# pyHKnun m. 1.

3. HaiiT makcuMaJIbHOE YHCJIO KOMILJIEKTOB. B KoMniiekT
JOJ’KHO BXOAUTE: KJIAAHOB [, = 3, pPaCupe/leINTeJbHbIX BAJIOB
l,= 2 n 3ybuaTpix Koyec I;= 5.

Wcxoquble gaHHBIE AJS1 PENIeHHS 3324y 10 BapHaHTaM
npexcraBieHsl B Taba. 2.25.

MaremaTnuecKnue MOLENY 3aRad:
1) max Z, = (15 - 3)x;; + (15 - T)x, + (15 - B)x  +
+ (25 —~ 18)x,y; + (25 = 1T)x,, + (25 = 14)xy, +

+ (20 — 2)xy, + (20 — B)xg, + (20 — 4)xy,s
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15x, + 2%, + X3 + 25x; + 05x +
+  Bxy3 + Bxy o+ 2%  + 25xy < 25000,

3x;, + x5 + 25x3 + Lbxy, o+ 25xy 4
+ 0bxy; + bxg + 6xgy +  4xz < 40000,

05x;, + 4x, + 3x3 + 2xy +  3xy +
+  Bxyy o+ dxy; + 8x, +  Txgg < 50000,

Xy + Xy + X3 2 0,

Xoy + Xy + Xy < 10000,

Xq1 + x5 + x> 5000,
x,.>0;

2) min Z, = 3x,, + Tx, + 8x 5+ 15x,, + 17x,, + 1425 +
+ 2, + Bxgy + 42445

15x, + 2x, + X3 + 25xy + 005xp +
+  Bxy, + 8xy o+ 2x3 +  25x, < 25000,

8%, + x5, + 25x5 + 15wy + 25X +
+ OBxy + Bxy + 6xg +  4xg < 40000,

05x, + 4x, + 38x3 + 2x; + 3xy +
+  bxyy + 4dxy + 8x, o+ Txg < 50000,

3 *
Xy + X, + Xz 2 ) X
’ =)
3 *
Xy o+ Xyt Xy 2 )Xy,
k=1
3 *
Xy o+ Xyt X 2 Y Xa
1
x., >0

3) max Z; = x;
L5x;, + 2%, + X3 o+ 25xy + OBxpy o+

+ Bxyy + Bxgy + 2xyp o+ 2Bx < 25000,
8x,, + X + 2Bx5 + 15xy o+ 25xp, o+

b OBxy + Bxy + 6xyp +  4xy < 40000
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05x,;, + 4dx + 3Bx3 +  2xy +  3xyy +
+  bxyy 4+ 4dxg + 8Bxgyy 4+ Txgy < 50000,

X, + x5, + X3 > 3x,
Xy + Xy Xy 2 2x,
Xgy + X3y +  Xgg > bx,

xijO; x> 0.

2.9. CopramMeHT MeTaJdJypruYecKoro KOMOUHATA HHOTJA
BKJIIOYAET pAJ IIpodguieil, IpOU3BOIACTBO KOTOPHIX BO3MOMK-
HO HA HECKOJBbKHUX CTAHAX, IPUYEM BCJEJCTBUE Pa3JNUYNH B
TEXHUUYECKUX XaPaKTEPICTHKAX CTAHOB WX IIPOMBBOANTEb-
HOCTH W 3aTpaThl Ha IPOM3BOJACTBO 3THX Ipoduiei Taxxke
pasinyHbsl. KpoMe TOro, OIWH 1 TOT Ke Npoduib Ha OOHOM U
TOM K€ CTaHe MOKHO IIPOKATHIBATH U3 3aTOTOBOK Pa3/IMYHBIX
pasMepos. B 3THX yCIOBUAX BO3MOKHO MHOYKECTBO BADHUAHTOR
3arpys3KH OIEPaTHBHBIX NAaHOB-rpadukoB. [as Kaxmoro
JTana BO3HMKAET 3aJa4a TaKOH 3aTrpy3KU MPOKATHBIX CTAaHOB
3aKasaMH, KOTOpas mo3Bojuja Obl npu 00g3aTeIbHOM BbI-
HOJIHeHUHW HPOUIBOACTBEHHOM HIPOrpaMMBI IO CODPTAMEHTY
AOCTHYDL OIITHUMAaJIbHEBEIX PE3YIABTATOB pa60'rm C TOYKH 3p€HHNA
TOr0 UJIK WHOI'O KPUTEPHSA OUNTHMAJIBHOCTH.

Beeznem ofosnauyenusa: a, — GOHA BpeMeHHU palboOTeL i-ro
cTasa, KOTOPBIA MOMKHO HCIIOJB30BATH IJIS BBITYCKA 11 BULOB
IIPOKATa; @, — HOPMAaTHBHOE Bp*ema NMPOKATKK €IUHUIBI
IpoKaTa j-T0 BUAA HA i-M CTaHe; x; — IUIAHOBOE 3aJaHue Ha
IPOKU3BOACTBO IIPOKATA j-TO BUAA; C, j — BaTParThl, CBA3AHHbIE
¢ OpOUBBOJACTBOM €JUHMIILI IPOKATA j-TO BHJA HA i-M CTaHe;
X,,— sajlaHue [-My CTAHY Ha IPOM3BOACTBO IPOKATA j-I'O BUJA.

Ilycre Ha MeTa/LTyprAUYECKOM KoOMOHMHATe HMeeTcs TpHU
MeJIKOCOPTHBIX cTaHa. VI3 obiero copraMeHTa CTAHOB YeThIPEe
npoduis MOXHO MPOKATHIBATH Ha JIO00M U3 Tpex cTaHoB. B
Tabn. 2.26 mpuBeseHsl 3aTpPaThl BpeMeHH Ha mpokaTtky 100 1
KA 00 U3 3TUX Hpodnieil Ha KaXJ0M cTaHe, GOHA BpeMeHHU
cTaHOB, coctaBiasitomuit nnsa I crana 110 u, gnst 17 175 u gna
IIT 100 4 ¥ KOTOpPBII MOIKHO HCIOJb30BaTh AJA IPOKATKH
aTHX mpodusiedl, U MecsuHas NporpaMma IPOU3BOLCTBA
KaKJoro npodpuia.

Tpebyercs pacnpeZeiUTh 3agaHye Ha NPOU3BOACTBO yKa-
3aHHBIX NpoduiIel MeXIy CTaHAMH TaKUM o0pasoM, UTOOB!
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Ta6auma 2.26

Bug npoxara
Cran Kpyrnaa crans CranbHble OJOCH Porg
AUaMeTpoOM, MM pasMepaMy, MM CTaHOB
16 18 2,5x4 25x5
1,6 1,3 1,9 1,9
I 110
Xy X2 %13 X4
3,2 2,8 3,8 ,
II 2,7 175
o1 X2 Ko X4
III 1,2 1,0 2,0 2,0 100
X3 X39 X33 X34
x; 100 50 30 20

BBINOJIHUTH MECAYHYIO IIPOIPAMMYy IIO B3THM HPOOHIAAM C
MHHUMAaJILEBIMH 3aTPAaTAMHU BpeMeHHU (B CTaHO-Yacax).
MaremaTiueckass MOJIENb 3aa4l UMEET BHJ
min Z = 1,6x,, + 1,33;21 + 1,92, + 1,9x,, + 3,2x,, +
+2,8x,,+ 3,3x4,+ 2,7x,,+ x5+ 1,0x,5 + 2,0x45 + 2,0x,.

OrpasnuyeRus 3agaqyn:
Ha QOHJ BpeMeHH paboThI CTaHOB

IA

1,6x,, + 1,3xy + 1,9x3, + 1,91, < 110,
3,2x,, + 2,8x95 + 8,8xg, + 2,7x,y < 175,
1,2x,5 + 1,0x53 + 2,0x33 + 2,0x,3 < 100,

IA

Ha BBINIOJIHEHHNE HNJIAHOBOT'O 3a/laHNA 3aBOAY

Xy, + X9 + x5 2 100,

Xgy + Xgg + Xgg = 50,
Xg, + Xgg + Xgg3 2 30,
Xy + Xy + X4 2 20,

xl.]..>_ 0.

Pemnmuts 3anauy #Ha II9BM. Cpenars ananns penresns.
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2.10 (sagaya ompeeNIeHUs ONTUMAJIBLHBIX COCTABOB CMe-
ceit). B pange orpacyieil NpOMBINIIIEHHOCTH, TOPTOBAY M CEJIk-
CKOro XO03A#CTBA CTOUT 3aJada O COCTABJEHHUM CMecell Mu-
HUMAaJbHON CTOMMOCTH, YACBJETBOPAIOIOUX ONpeAeJeHHBIM
TpeGOBAaHHUAM (3a7]a¥a O COCTABJIEHHAHM ONTHMAJIBLHOHN IIINXTHI,
LUeTHl, KOPMOBOTO pamuoHa, GeToHOCMece#, ropmoue-cMa-
30YHBIX MAaTepPHAaJIOB U T. XA.).

3azauy o BeIOOpE ONITUMANIBHOM cMecH chOpPMYINPYEM KaK
3ajia4y COCTABJIEHUSA ONTHMAaJIbHON muXThL. [IyeTs a; — nons

i-ro (i = 1 m) XHMHUYECKOTO 3JIEMEHTA B HCXOJHOM IIIHXTOBOM

MaTepuaje j-ro Buga (j = 1, n). B peaysprare OKUCIUTEIBHBIX
TIPOIIECCOB COEPIKAHNE HEKOTOPBHIX XMMUYECKHX SJEMEHTOB
B pacijiaBe yMeHbIINTCA (mpoucxomut yrap). O6osuauum Be-
JMYUHY yrapa epes u;, TOrfja MOIpaBKa K @;; COCTaBUT 1-u,
Peannuoe cozieprranme i-ro XUMITIECKOT'0 3JIEMEHTA B paCIlIaBe
DOMKHO KoNebaThCa MeKAy HUKHUM b, u BepxHuM B, mpe-
nesamu. HemsBecTHas BeJIWUYWHA 33Ja4l x; — mond j-ro
Marepuana, BKJIIUYAaeMOr0 B COCTaB IIUXTHI. 3a4aYa COCTOUT
B OIpPeAeIeHHU COCTABOB IINXT MUHUMAJNLHOW CTOMMOCTH,
YIOBJIETBOPAIOINX BCEM TE€XHOJIOTHYECKUM TpeSOBaAHUAM.

Ilepeiinem K GOPMUPOBAHUIO KOHKPETHOH MOZEIU 331a-
yy. [IycTh B COCTAB NIUXTHI HYXXHO BKJIIOUYUTH 71 BUJOB UCXOJ-
HBIX MaTepuayioB. HeoOxonmmble CBEJEHHSI O CONEPIKAHUUA
a; (( =1, m) B HUX M XHMHUYECKUX IJIEMEHTOB (KPEMHHU,
maprauia, gocdopa, XxpoMa U T. A.), IpeJesbl COAEPKAHUSA
B paciliaBe ITUX XHMHUUYECKHUX djieMeHTOB (b, u B,), nmeHsl
eIMHUIb] MATEPHUAJIOB, & TAKKE IIOTEPU OT yrapa ¥ TpPaHUYHbIe
YCIOBUS D}. npeacrasieHsl B Tabn. 2.27. YuuTeiBag orpa-
HOYEeHUS Ha KOMILIEKTHOCTH JOJIEBOTO yYacTHMH# HCXOLHBIX
MAaTepHAaJIOB, OIPENEeIUTE €TI0 OIITHMAIBHBIN cocTas. JlaTh ana-
JTU3 pelIeHus.

Ta6auna 2.27

Ilapa- Homep BapHaHTa
MeTPRl
3afadu * 1 2 3 4 5 6 7 8 9 10

1,5 1,6 1,75 1,4 1,7 14 1,8 0,7 1,6 0,6 1,8
0,3 0,2 0,6 0,1 0,3 0,3 0,5 0,12 0,4 0,14 0,5
0 0,1 0,01 0,05 0,02 0 0,02 0,05 0,01 0,04 0,02
0,15 0,05 0,18 0,08 0,15 0,1 0,18 0,07 0,15 O 0,18

-

o O
-ON S
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IIpogonxenue Ttabn 2.27

Hapa- Homep Bapuanta

MeTpHI

3afgaun * 1 2 3 4 5 6 7 8 9 10
B, 2,7 2,8 2,7 23 2,5652,7 2,6 2,83 2,5 2,5 2,6
B, 0,7 08 09 0,5 0,7 0,7 0,8 0,53 0,65 0,63 0,8
B, |03 04 03 04 03 03 03 04 0,28.0,5 0,3
B, o6 0,2 0,5 0,7 06506 05 06 06 0,7 0,5
u, 0,15 0,13 0,15 0,13 0,15 0,13 0,15 0,13 0,15 0,13 0,15
u, 0,20 0,25 0,20 0,25 0,20 0,25 0,20 0,25 0,20 0,25 0,20
u, 0 0,1 O 0,2 0 0,1 0 0,1 O 0,1 O
u, 0,25 0 0,25 0 0,25 0 0,25 0 0,26 0 0,25
a, |18 1,6 1,8 16 1,8 16 1,8 1,6 1,8 1,6 1,8
a, |22 238 22 23 22 23 22 23 22 23 22
a; |04 05 04 05 04 05 04 05 04 0,56 04
a, |2 2,1 2 2,1 2 2,1 2 2,1 2 2,1 2
a, (1,5 14 1,5 14 15 14 1,5 1,4 1,5 1,4 1,5
ae |23 22 238 22 238 22 23 22 23 22 23
a, |,7 o,7 1,7 0,7 1,7 0,7 1,7 0,7 1,7 0,7 1,7
a,, (06 1,4 06 14 06 14 06 14 06 1,4 0,6
a,, (0,4 03 04 03 04 03 04 03 0,4 0,3 04
a,, |1 1,6 1 1,6 1 1,6 1 1,6 1 1,56 1
a, |0 0,1 O 0,1 0 0,1 0 0,1 © 0,1 O
a (0,6 09 06 09 06 09 06 09 06 09 0,6
a, |01 02 0,1 02 0,1 0,2 0,1 0,2 0,1 0,2 0,1
a,, (0,01 0 0,01 O 0,01 0 0,01 0 0,01 O 0,01
a;; |01 0,2 0,1 02 0,4 02 01 0,2 0,1 0,2 0,1
a;, 0,01 0 0,01 0 0,01 0 0,01 0 0,01 0 0,01
a,, 0,05 3,3 0,05 3,3 0,053,3 0,053,3 00533 0,05
a,, [0,02 05 0,020,5 0,0205 00205 0020,5 0,02
a, 1|0 0,1 O 0,1 0 0,1 0 0,1 O 0,1 O
a,, |0 0,01 0 0,01 0 0,01 O 0,01 0O 0,01 0
a, |0 0,1 © 0,1 O 0,1 0O 0,1 O 01 O
a,, |0 0,15 0 0,15 0 0,15 0 0,15 0 0,15 0
a, |65 006 65 0,06 65 0,06 6,5 0,06 65 0,06 6,5
a, |03 0,03 0,3 0,03 0,3 0,0030,3 ¢,03 0,3 0,03 0,3
D, (0,12 0,25 O 0 0 0 0 0,45 0,2 0,55 O
D, (0 0 0 0,35 0,4 0,12 0,3 0,5 O 0,6 0,5
b, (0,3 0,5 05 0 0 0,3 0,1 O 0 0 0
D, |0 0 06 04 O 0 0 0 0,1 O 0,6
Dy, |0 0 0 0,7 0,1 05 0,1 0,6 O 0,7 0,1
D 0,5 06 03 O 0,2 0 0 0 0,45 0 0

)
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Okxosnuanue Taba 2.27

Hapa- Homep Bapuanra
MeTphl
3agauun * 1 2 3 4 5 6 7 8 9 10

¢, |171 200 90 210 80 160 171 170 65 96 95
, {40 50 60 40 40 60 40 90 50 120 50
cg |51 80 150 70 50 70 51 75 39 15 64
¢, |78 60 85 55 64 90 78 85 80 65 92
¢, 1230 120 130 150 125 170 230 80 150 130 160
cg |60 980 70 10 72 75 60 110 45 120 210

CocraBUM MaTeMaTHUYECKYIO MOZeNh 3aJadu. ITenesasn
DYHKOHA — MUHEMH3AIHs 3aTPAT 32 HIUXTY:

n
minZ = Z;cl'xf'
]=

OrpanuyeHns 3a7a4u:
Ha HWXXKHUN M BePXHHUI YPOBHM COLEPIKAHUA B PACIIIABE
XNMUYECKHUX 3J€MEHTOB

n
by < > (1 -u)a,x; <B; (i=1,m),
j=1
Ha KOMIIJIEKTHOCTH JOJIEBOTO YUYACTHS MCXOLHBIX Ma-
TEpPUAJIOR

n
ij =1,
i

' Ha TpaHUYHBIE YCIOBU A, OIpeiesIsieMble TeXHOJIOTue BhI-
NJIaBKH B OTPAHUYEHHOCTHIO OTJEJBLHBIX HMCXONHBIX MAaTre-
pHaioB,

0<x,<D, (j=1,n).

ITocTponM MaTeMaTHUYECKYIO MOAENH 3afauyd, UCHOIb3YA
HUCXOAHBIE AaHHBIe U3 Tabn. 2.27 (BapuanTt *).
MuHEMUBHPOBATH 3aTPaThl HA MIUXTY

min Z = 17x, + 40x, + S1xg+ 78x,+ 230x, + 60x,

DK OTPaHUYCHUAX:
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Ha HIKHUHN YPOBEHD COAEPIKAHUA XUMIUECKIX 3JIEMEHTOB

(1-0,15)(1,8x; + 2,2x, +0,4x3+ 2x,+ 1,5x;+ 2,3x5)21,5,
(1-02)(1,7x; + 0,65 +0,4x3+ x,+ 0-x5+ 0,6x5)>0,3,
0,1x; +0,01x, + 0,1x3 +0,1x, +0,05x, + 0,02x4 > 0,
(1-0,25) (6,5x; + 0,3x4)=>0,15,

Ha BEPXHUH YPOBEHb CONEPIKAHUS XUMUUECKIX 3JI€EMEHTOB

(1-015) (18% + 226 + 04 + 2,  + 15w + 23%) <27,
1- 0 A7 + 06, + 0425+ x, + 0-x5 + 06x) <07,
Oly +00Lg + Olx, + 01y,  +005x + 002y <03

(1-025 (65% + 03%) <06,

Ha KOMIIJIEKTHOCTh [JOJIEBOTO YYaCTHsSA HCXOJHBIX MaTe-
puanos
X+ X+ X+ X+ X+ x5=1,

Ha 'PaAHUYHbIE YCJIOBHA

2.11 (3azaua ompejeieHUA ONTHMAJLHOH PpenenTypsl
ceIpbs). Penenrypa ChIpheBOH CMeCH RJs IPOU3BOACTBA ITH-
IIEeBBIX HNPOAYKTOB C ONpeAesIeHHBIMU BKYCOBBIMH HOCTOWH-
CTBaMH{ U OUIIEBOI I[eHHOCTHIO pa3dpabaThIBaeTcsi HA OCHOBE
BCECTOPOHHHUX Ja6G0OPAaTOPHBIX ¥ OPraHOJeNTUYECKHX HCCIe0-
BaHMY KavecTBa ChIPLA W TOTOBOM npoxykuuu. Jlabopatop-
HBIMHM ¥ OPraHOJIENTHUYECKHUMHA METOLAMH ONPELeSIOTCS XH-
MudYecKre, GU3UUeCKNe ¥ BKYCOBbIe CBOIICTBA CMECH ChIDbA,
€e KOMIIOHEHTOB ¥ M'OTOBOM NPOAYKIMA, HOJYIAEMON U3 dTOH
cmecH. I1o pesyipTaTaM MHOTOUHMCJIEHHBIX H TIIATENLHBIX aHa-
JU30B YCTAHABIMBAETCS COCTAB CMECH ChIPbA H COOTHOIIIEHKE
NUTATEJLHBIX BEHIECTB B rOTOBOM mnpoaykre. Ha nmniexos-
HEeHTPATHOM HPEAUPUATHAY 3aNJaEUPOBAH BHIIYCK IPOAYKTA,
cogepaxamero 30 % (0,3) 6enxos, 20 % (0,2) xxupos, 40 %
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(0,4) yraeonos 1 10 % (0,1) npounx DHUTATENBHBIX BEIECTB.
H1s monyyeHUus yKAZAHHOTO IPOAYKTA MOIKET OBITH KCIIOJb-
30BaHO TPH BUJA MCXOLHOTO CHIPHSA € PA3JMYHEIM COOTHONIE-
HUeM HOUINEeBBhIX BeI[eCTB U HeOJMWHAKOBOH IEeHOH 3a efuHH-
uy celpbs. Vcxonnas wHGoOpManus 3aJadyyl IpeCTABJIEHA B
Tabn. 2.28.

TaGanuma 2.28

Hcxonmoe cuipbe Conepaxanne
Hn’ra'renbﬂme BeEIlIleCTBa NMHUTaTeJbHBIX
M, I M, i M, BelecTB B IPOAYKTE
Beakn I, 0,3 0,1 0,6 0,3
Hupnt 1, 0,1 0,2 0,2 0,2
VYraesonn! 11, 0,5 0,6 0,1 0,4
ITpoune Bemectsa I1, 0,1 0,1 0,1 0,1
Hena equHUIBI CHIPBA 4 2 3

MaTtemaTnueckas MOAeIhb 3a1aUN:

min Z = 4x, + 2x, + 3xg;
0,3x; + 0,1x, + 0,6x,
0,1x;, + 0,2x, + 0,2x5 > 0,2,
0,5x; + 0,6x, + 0,1x3 > 0,4,

0,1x, + 0,1x, + 0,1xg > O,L.

v

0,3,

v v

Ecan B 3aiaue npeaAycMOTpPETH, YTOOBI 0011[e€ KOJIHYECTBO
BXOJAIIEr0 B CMECh CHIPbA PABHAJIOCh KAKOMY-TO 3aJaHHEOMY
3HAYEHHUIO, HAIIPUMEDP eJINHUIE, TO JaHHOE yCaoBue O6yJeT Bul-
pasKeHO YpaBHeHUeM

X, +x, +x5=1,
x,20,x,20, x,2 0.

HeunssecTHble 0603HAYAIOT COAEPIKAHUE CHIPhI KaXAOTO
BH/l4, BXOASAIIEro B MCXOAHYIO cMeCh, KO3hPUIUEHTH IPH
HEN3BECTHBIX — COOTHOIIEHU S MUTATENBHEIX BelecTs. Koad-
PUIKEHTE] B 1eJ1eBOH GYHKIUN — I[eHA 32 eJUHUIY CHIPBHA.
IIpaBas yacTh paBeHCTBA — 33JAHHOE COOTHOIIEHHE NHUTA-
TeJbHBIX BEIeCTB B rOTOBOM mpoaykre. Hampumep, Hems-
BECTHAA X, O3HAUAET COflePKaHue BXOAIMIETO B COCTAB CMECH
coippa M,, xoadbdunuents npu weit 0,1; 0,2; 0,6; 0,1 BbI-
Pa’KaloT CONepIKAHNEe B JAHHOM BUJE CHIPhS COOTBETCTBEHHO
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0eJIKOB, XUPOB, YIJIEBOAOB M IPOUYMUX BEH[ECTB. B meseBoit
dbyERINU KoadhdunmenT 2 npu X, O3HAYaeT LEeHY eNUHUIbI
¢sIpbsi M,. B n1paBoil yacTy HepaBeHCTB IOCTOAHHbIE BEJIUYH-
el 0,3; 0,2; 0,4; 0,1 xapaxkTepusyoT 3agaHHOe MUHHUMAJIb-
HOEe COOTHOUIEHUE COOTBETCTBEHHO OEJIKOB, YKUPOB, YIJIEBOJ0B
¥ IPOYMX BEIIECTB B 'OTOBOM IIPOLYKTE.

B pesysabrare penienus 3agauu Ha 9BM nmoayuen ciaenyio-
Ui ONTMMaNbLHLIN IJIaH:

x* =(0; 0,6; 0,4), Z* = 2,4,

T. €. IS NOJYYEHUsI IPOAVKTA C 3aJaHHBIM COAEPIKaHHEM
0eJKOB, KUPOB ¥ YIJIEBOJOB HaL0 NCIOJb30BATL CHIPHE BTO-
poro u tpersero Buza (60 u 40 % coorsercrsenno). Tor-
Ja eJUHWUIIa HPOAYKTA OYyHET MMeTh MHUHMNMAJILHYI) CTOH-
MocTh 2,4.

2.12 (zagaya o6 onrumanbHOil nuere). Tpebyerca cocta-
BUTH JHeTy (CMech), BKJIIOYAIOINYIO MHUTATEJbHBIE BeulecTsa
Tpex BuAoOB I1 1 II o U I 3 B KOTTUYECTBAX COOTBETCTBEHHO He
meHee 62, 30 44 ex. [lns cocTaBiaeHNs CMECH MOT'YT ObITH
HCIIOJIb3OBAHBI TPY BUAA CBIPbA M,, M, u M, conepxamiero
yKasaHHBIE BEIJeCTBA B PA3JHUUYHBLIX COUETAHUAX. SaAKYIOU-
Had IIeHA KaXXAO0T0 BIIA CHIPHS TaKixKe pasiauuna. Copeprranue
NUTATEJLHBLIX BEIECTB B ChIPhe, MOTOBOM NIPOAYKTE M I€HBI
Ha Ka)IBIA BUJ CBHIPhA IpHUBeHeHbl B Taba. 2.29.

Tabnuma 2.29

Cripbe MuaumaLHOe
HuraTenbHoe BelMecTBO coflepXKaHHe BelllecTB
M, I M, l M, B IPOAYKTE
I, 4 4 6 62
I, 6 1 2 30
I, 4 6 4 44
Ilena eqWHHUIEBL CHIPbA 8 5 6

Onpezennrs TaKkoil HAOOP CHIPbS, KOTOPEIH obecneuny Gbl
Heo0XO0AUMOe COepIKaHne IUTATEJLHEIX BeI[eCTE B IPOAYKTE
U cyMMapHadA CTOMMOCTb €ro IpH 3ToM Oblya ObI HANMEHbIIIeH.
B xayecTBe HEH3BECTHBIX NPHUHUMAIOTCA 00BEMBI KaMKIOTO
BUJIA CHIPbS, BXOAAINEr0 B ONTMMAJBHBIA HAOOD X, X,, X;.
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MaremaTuueckasn MOO€eJIb 3aja4u.

min Z = 8.1c1 + bx

4x,
6x,
4x,

2
+ 4x, + 6x5 > 62,

+ x5 + 2x; 2 30,
+ 6x, + 4x; > 44,

%20 (j=1,3).

+ 6x,;

Hcxopaple namHble Qs PEIIeHUS 3aJaull NPeACTABJIEHBI

B Tabx. 2.30.
Tabnunga 2.830

Tlapa- Howmep Bapuanra

MeTpHI |

3a4a9u * 1 2 3 4 5 6 7 8 9 10
a, 62 93 70 78 95 90 95 90 85 60 35
a, 30 45 40 45 70 50 80 60 70 45 20
a, 44 70 50 60 80 65 90 75 80 58 28
a;, 4 6 7 8 12 9 13 11 11 10 12
a, 4 5 5 6 9 7 10 8 12 11 7
a,, 6 8 8 9 6 8 7 9 8 9 8
a,, 6 8 8 9 11 10 12 10 10 8 9
a,, 1 2 2 3 6 4 7 5 9 6 5
a,, 2 3 3 4 7 5 8 6 7 9 7
ag, 4 7 9 6 9 7 7 8 8 9 6
ay, 6 9 6 8 11 9 12 10 13 10 9
ay, 4 6 7 6 9 7 8 8 9 5 4
) 8 12 9 10 8 8 9 7 8 5 9
c, 5 7 6 7 7 9 5 6 6 9 8
C, 6 9 7 8 11 11 12 10 10 4 7

t

2.13 (sagava OoNTHMAaJILHOTO PACKPOA OO OJHOMY H3Me-
PEHUIO0 AJMHHOMEPHBIX MaTepmanoB (IPYTKOB, TPyO, mpo-
¢duapHOrO mpoxara # Ap.)). Ilyers L — gamHa HCXOLHOTO
MaTepuasa, KOTOPBIi HY»XHO PAaCKPOXTL Ha 3aTOTOBKHM /M BH-

noB ¢ puEaMu A; (i = 1, m); a, — norpe6HOE KOIUIECTBO 3a-
TOTOBOK i-r0 BHAA; @, — KOJHIECTBO 3arOTOBOK i-ro Buza,
IOJy4YaeMO€ PH PACKpoe eIHHHUIBI ICXOAHOI0 MaTepuasa IIo
Jj-My BapHAaHTY; ¢; — OTXOJ IIPA PACKPOe eXUHHUIBI HCXOAHOTO
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MaTepHaa j-M CIIoco06oM; X ; —KOJIMYECTBO e/[MHAL, UCXORHOTO
MaTepuasna, KOTOpblit GyaeT paCKpanBaThCA MO j-My BAPHAHTY.
TpebyeTca cBecTH K MMHHMYMY OTXOABI IIPM PAaCKpOe

n
minZ = Zcixj
OpH YCJIOBUU =1

n
Zlaifxf 2a, (i=1,m),
Jj=

x;20( =1, n).

Haubonee Tpynoemkuit atan B mporecce DOCTPOSHUA 9KO-
HOMHMKO-MaTeMATUUYECKON MOJAEeNM DPAaCKPOMHON 3afadu —
ompejejieHNe BAPHAHTOB PacKpOs.

Hcexonnas dopMyna a1 COCTABJIEHUs BADHAHTOB PACKPOS
craexyoomasn:

Abj+c;=L(j=1,n),

M=

-
H

1
0 < ¢; <min{A;}.

Peanusyem TpeboBaHUA 3aaui HA KOHKPETHOM YHCJIOBOM
marepuaie. IlycTs npeanpusTue moJydyaer OT DOCTABINUKOB
NPYTKU CTAAbHOro npokara miauHoit 800 cm. Tpebyercsa no-
JAYYUTH BarOTOBKH Tpex BUAOB: A, = 250 cm — 150 ThiC. ITIT.,
A, =190 cm — 140 Toic. mIT., Ay = 100 cM — 48 THIC. IIT.

CocraBuM TabnuOy BO3MOMKHBIX BAPHAHTOB PACKPOSA
(trabn. 2.31).

MaremaTuyecKkas MOIeJb 3a4aYUn:

min Z = 50x, + 10x, + 70x, + 60x, + 50x, + 40x, +
+ 30xg + 20xy + 10x, 5
3x; +2x5 +2x3 +x, +x;5 +x¢ =150,
Xy +x4 +x5 +4x;+3x5+2x9 +2x;; =140,
Xy +3x3+x4 +3x5+5x5+2x5 +4x9 +6x,, +8x;; =48,
x;20( =1,11).
OnrumMasibHOE pelieHne, IIOMYyYeHHOe IIPH PeIIeHUH 3aa4Yn
Ha 9BM:
x* = (8; 48; 0; 0; 0; 0; 23; 0; 0; 0; 0), Z* = 2300,
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Ta6bnuma 2.31

b KonmaecTso
Howmep BapHamTa i OctaTt- | NpYTKOB, pac-
KU ¢, KPOeHHHBIX
A, = 250 ] A, =190 IAa = 100 "1 jm crocobom
1 3 0 0 50 x,
2 2 1 1 10 x,
3 3 0 3 0 x,
4 1 2 1 70 x,
5 1 1 3 60 EA
6 1 0 5 50 EN
7 0 4 0 40 x,
8 0 3 2 30 E
9 0 2 4 20 x,
10 0 1 6 10 X0
11 0 0 8 0 Xy,
ITorpebHoe KoIH-
YeCTBO 3arOTOBOK 150 140 48

T. €. IEPBBIM CIOCOGOM CIefyeT PacKpOUTh 18 nNpyTKOB, BTO-
peim — 48, cegpMbiM — 23, Torxa sasgBKH norpebmreneit
YAOBIETBOPATCA HOJIHOCTBIO ¥ OTXOABI Oy YT MUENMAIbHBIMU.
Hcxonuanle JaHHBIE IJs1 PEIIeHUs DAa3JUYHBIX BADHUAHTOB
PaCCMOTpPEHHOM 3afa4yy IIpeJcTaBleHbl B Taba. 2.32.

"Tabnuma 2.32

apa- HomMmep BapHaHTa
MeTphl
3agaun * 1 2 3 4 5 6 7 8 9 10

L {800 900 700 800 900 700 800 900 700 800 900

250 200 180 200 250 190 180 190 200 190 180
120 180 150 180 190 150 150 140 180 150 150
A, {100 120 100 120 110 80 100 100 120 80 100

150 160 180 190 200 170 140 130 120 110 87
140 150 160 120 160 130 170 85 90 100 110
48 70 90 100 80 75 60 120 115 175 200

2.14 (3ajaya KOMIJIEKTHOT'O PAcKpos JIMHHOMEPHBIX
maTepuanos). Ha packpoit mocTymaer m pasjHYHBIX MAaTe-

puajios B o6beme b, (i =1, m) raxxgoro. TpeGyercss u3roro-
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BUTh KOMILJIEKTHI, cofep:kamue nmo k (k =1, K) uspenuii,
BXOAAMUX B KOMILIEKT mo [, mryk. Kaxknas eguauna i-ro
MaTepuana MOXeT ObIThb PACKpOeHa n j U =1,n;) pasmnu-
HpIMu crocobamu. IIpu packpoe efMHMOBI i-rO MaTepuasa
J-M criocobomM mosyyaercs a;;, eRUHAL k-ro usgenus. O6o3Ha-
UMM Yepe3 X, KONM4YeCTBO eJUHHUI] i-T0O MaTepuasa, pacKpau-
BaeMOro j-M cmoco60M, a KOJNWYEeCTBO U3TOTABIMBAEMEIX
KOMILJIEKTOB — 4Yepesd X.
MaremaTuueckas Mofenb 3a0a4u:

max Z = x

TIPU OTPaHUYeHMAX:
Ha 06'beMBI MaTepUaJIOB, IOCTYNUBIINX HA PACKDO,

n
Zx,j <b (i=1m),
j=1

Ha KOMIIJIEKTHOCTH BBIITYCKAeMOU NPOAYKIIMHA
m
=1 j=1

;20 (=1,mj=1,n).

aux; 2 Lx (k=1, K),

M=

[

Vicxonubie naHHbIe AJA PEINeHUA 3aJavyH MPeACTaBACHBLI
B Tabn. 2.33.
Tadtauma 2.33

Tlapa- Howmep BapuanTa

MeTphl

samaun| * 1 2 3 4 5 6 7 8 9 10
ll 1 3 1 2 3 1 2 1 2
l2 1 2 1 2 2 3 1 3 3
A1 2 1 2,6 1,25 0,75 1,6 2,25 1,75 1 2 2
A2 1,256 1,75 1 2 2,25 0,75 1 1,6 2,6 0,75 1,25
L1 5 4 3 7 8 4 5 6 6 7 6,5
L2 4 8 6 5 7 6 7 4 5 5 4
b1 100 175 125 200 150 100 175 125 200 150 100
b 175 125 200 150 100 200 150 100 175 125 250

143



PaccMOTPHM INOCTPOEHHE MOJAEAM HA KOHKPETHOM YHC-
soBoM Marepuane. CocTauM TabauIly BOSMOXKHBIX BapHAaH-
ToB packpos (tabsi. 2.34).

Ta6nanuna 2.34

silr{xox:lr,;i- Bapnaut Paamep netamu, M Yucao Iinan
— packpos A =2 | A,= 1,25 3arOTOBOK packKpos
1 1 2 X,
5 2 2 0 100 X
3 0 4 £
1 2 0 x
2t
4 2 1 1 175 2%
3 0 3 Xy
KonwuecTBo ZeTa-
el B KOMILIEKTe 1 2

MaTeMaTHdeCKas MOAENIb 3a4aUil IPUMET BUJ
max Z =x

TIpU OTPAHKYEHUAX:
[0 pecypcaM 3aroTOBOK

Xy + X9 + x5 <100,
X9y + X9y + X3 < 175,

0 KOMILJIEKTHOCTHU

i\

X + 2xpp + 0-x,4 + 2x9 + X9 + 0 x5 x,

lel + O‘xlz + 4x13 + 0‘x21 + x22 + 3x23 Z 2x.

VcoBus HEOTPUIIATEILHOCTH Xy 2 0G=12;7=1,3).
Ilpu perienun sagauu Ha OBM momywaem cJeNyoMmui
IJIaH PacKpos:

x* = (0; 0; 100; 132; 0; 43), Z* = 264,

T. €. IPYTKHU AJUHOI 5 M cirefyeT paCKpOUTb TPETHUM CIIO-
co60M, a IPYTKHU OJIUHOH 4 M — HEePBBIM U TPETHUM crocoba-
M B xonmaecTsax 132 u 43 coorsercrBenso. Toraa moxydnmM
MAKCHMAaJbHOEe KOJINIEeCTBO KOMILIEKTOB — 264.
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2.15 (sazaua OnTHMAaJBLHOrO packpos Kaproua). 13 Juc-
TOB KaproHa pasmepamu 60x100 cm TpebGyeTcsa BEIKPOUTH 3a-
FOTOBKHU TPEX THIIOB, U3 KOTOPBIX nepsas (I1,) nmeer pasme-
pb1 20x30 cm, Bropas (I1,) — 30x40 cM m Ttpersst (I1) —
40x40 cMm. TpebyeTca onpelenuTsh, KAKOe YHCJIO JUCTCB Kap-
TOHAa HYKHO pa3pesaTh KayKAbIM cmocobom, 4rolbl Obra
yloBJIeTBOpPeHa morpe6HOCTL B 3aroToBkax I1,, II, u II; npn
MHHHAMYME OTXOJOB.

Insa mocTpoeHHUsA MareMaTHYeCKOH MOAeNM 3aJaddl Io-
CTPOMM KapTy BapuaHTOB packposa. Ha puc. 2.1 moxasaHb
BO3MOKHBIE CIOOCOOBI PACKPOS KapTOHA. 3allTPHXOBAHHBIE
MeCTa — 9TO OTXOABI, HOJy4YaeMble P paspese JHUCTOB. Ba-
PHAHTB! PACKpos cBefeHsl B Tabx. 2.35.

/7,]/7,'/7, %7711/71 /7,M
M _-—
"o\, m| A gl
y/ R
mla {4 1 1 1A,
M5 ] e
il ”rJ 1 1 1
Puc 2.1
Tabauna 2.35
B Paamepsl Crnocob packpos ITorpebaocts
A 3arOTOBKH, B 3arOTOB-
saroToBku cM M, l M, I M, ] M, Kax, IIT.
T 1 20x30 3 4 5 10 240
I 2 30x40 2 0 1 0 100
I 3 40x40 1 2 1 0 80
Orxonsl, cM? 200 400 200 0

OGosnaums uepe3d x; (j = 1, 4) YUCIO JHUCTOB KAapPTOHA,
pacKpamBaeMbIiX COOTBeTCTBeHHO cuocobamu M,, M,, M, u

M ,, mONyYMM MATEMATHYECKYIO MOJIeNb 3a/adu:

min Z = 200x, + 400x, + 200x,;
3x, + 4x, + bxy; + 10x, = 240,
23, + X3 = 100,
2, +  2x5 + Xg = 80,
x,20( =1, 4).

7
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Pemue szagauy Ha 9BM, moayummM ONTHMAJBHBLIK IJIaH
PacKpos KapToHA:

x* = (44; 12; 12; 0), Z* = 16000,

T. €. IEPBBIM CIIOCOBOM CJIeyeT PACKPOUTD 44 nucTa KaproHa,
BropeiMm — 12, tpersum — 12. Toraa 6yner yaosieTBOpeHa
noTpefGHOCTh B 3arOTOBKAX M OTXOABI OyAYT MUHUMAJILHBIMU.

Wcxopanle naHHBIE A peleHna 3agaun 2.15 opeacras-
Jers! B Tabn. 2.36.



SNIEMEHTbl TEOPUN MATPUYHDBIX UTP

3.1. Ilapable MaTpHYHbIE UI'DPBI
C HYJIeBOH CyMMOM

Hzpoii HA3KIBAIOT YOPOIIEHHYIO MOLEIb KOBMINKTHOR CHTyaliuu.
WUrpa Bemerca nmo onpezneneHubiM npasuiaaM. CyTs UTPBEI B TOM, UTO
KAKALIA M3 ee YYACTHHKOB IIPUHHMAET TaKHe pPelleHUs, KOTOphle,
Kay OH roJjaraer, MOTyT o0ecleduTh eMy HAWJIYYIIWH# pesyabTar
(ucxon). Hexod uzpst — 9710 3HAUEHUE HEKOTOPOH (GYHKIUM, HASHI-
BaeMoit PpyHKyueill sviuzpbiwia (naamexcHoll pyHryuel ). Ecau cymma
BBIMTDLILIEH UTPOKOB PaBHAa HYJIO, TO UTPY HASLIBAIOT UZPoil ¢ HY1e60il
cymmoir. Ecnu B Urpe y4acTBYIOT ABA UTPOKA, TO €€ HAa3bIBAIOT NAPHOIL.

IIyers urporku A 1 B pacrmosaraioT KOHEYHBLIM YUCJIOM BO3MOXK-
HBIX JeHCTBUM — YHCTHIX cTpateruii. O603HaYuM UX COOTBETCTBEHHO
A, .-, A u By, ..., B. Urpox A mosxer BmIOparh JiOGYI0 YHUCTYIO

crpateruio A; (i = 1, m), B OTBET Ha KOTOPYIO UTPOK B mMosxeT BHIOpPAThH

NI06YI0 CBOIO YHMCTYIO CTPATEruio B]. (j=1,n). Eciu urpa cocrour
TOJNBKO M3 JIMWHBIX XOJOB, TO BHIOOp Hmaphl CTpaTermi (Ai, Bj) OJHO-
3HAYHO ONpefesifAeT PesyNbTaT &;; — BHIATPHINI UIPOKa A. Ipu arom
HpOHTPHII MrPOKa B cocTaBuT —4,. Ecnu uaBecTHH BHAYeHHA 4
BLINT'PEIINA HJIA KasKgol mapsl (4, Bi) YUCTHIX CTPATETHH, TO MOMKHO
COCTaBUTh MATPHMILY BEIUTDPhINIEH urpoxa A (mpourpsiimnei urpoxa B)
(trabx. 3.1). OTy MaTpHUIly Ha3BIBAIOT TaKiKe NIAMexNCHOlL.

Ta6auma 3.1

B, el B, Q,
A, a, a,, oy
A, a.. a,. a,
ﬁ} B, B,




B rtabn. 3.1 mpuBejensl ynucaa o; = ming; — MHHAMAJIBHO BO3-
i

MOKHBII BEIMIPHII MIDOKa A, IpAMeHsIomero crparermio 4; (i =1,m),
uB;= maxa — MaKCHMAaJbHC BO3MOKHHII HPOUIPRIOI HIPOKa,

ecJId OB IIOJIL3Y€TC$I crpaTterueit B (=1, n)
Ypcno o = max o; = max min a‘] Ha3bIBAIOT HUMHEU Yucmou ye-
i i j
HOIL Uzpbl (MAKCUMUHOM), & COOTBETCTBYIOIIYIO €My YHCTYIO CTpaTe-
rui0 — Maxcumunroil. Uucno B = minP; = minmaxa,; Ha3HBaIOT
i i i
8epxHell yucmoll yeHol uzpbi (MUHUMAKCOM ), & COOTBETCTBYIOIIYIO
YHUCTYIO CTPATErui0 — MUHUMAKCHOU. SICHO, YTO MAKCHMHH He Ipe-
BOCXOAXT MUHHMAaKca, T. e. o < B.

Ecau o = B, TO TOBOPSAT, YTO MI'DA UMEET CEAJIOBYIO TOYKY B YHUCTBIX
CTPATErHsAX W YHUCTYIO IEeHY UI'PBl U = O = B. Ilapy yucTHIX cTpaTerait
A n B;, cooTBeTCTBYIOIHX O M B, maspBawT cedno6oil moukol
Juampu'mou uzpbi, a DNIEMeHT 4 ; ILJIATEXHON MATPHUIB!, CTOSUHHE
HA IepeceveHuy i,-i CTPOKU H j,-To cronbua, — cedN08bLM 3NeMEH-
mom naamexcnoit mampuybt. OH OZHOBPDEMEHHO SHBJIAETCH MHUHM-
MAaTbEBIM B CBOEll CTPOKe W MAKCHMAJBHLIM B cBOeM cronbue, T. e.
a; <a; <6 Crparerun Ai' u B, , obpasyomue CeRIOBYIO TOUKY,
SIBJIAIOTCA ONTHMAIBHLIME. TPOHKY {A,*; Bj.; v} Ha3LIBAIOT peuleHuem

uzpul.

Ipumep 3.1. Kaxasiii us urpoxkos A u B samuceiBaer
oxHO u3 gucen 1, 4, 6 nau 9, 3areM OHKM ONHOBPEMEHHO MO-
KasbIBAIOT HanucapHoe. Ecnm ofa 4mcjia OKasaiuch OJHHA-
KOBOII YETHOCTH, TO HUIPOK A BBIMIDHIBAET CTOJBKO OYKOB,
KaKoBa CyMMa dTHX 4YMCeJ, eCTM Pa3HOi YeTHOCTH — BBIMI-
peiBaer Hrpok B. CocraBuTh ILTATEXHYIO MaTpuuy, HaATH
HIIKHIOI0 X BEDXHIOI0 YHCThIe IEHEl UIPbl, MAKCHUMUHHYIO H
MEEXMAKCHYIO CTpPaTeriuy UTrPOKOB.

Peunlen ue. UdcTbiMu cTpaTerusaMu urpoxa A 6yayr:
A, — sanucaThk IHCIO 1, A, — uucio 4, A, — uucio 6, A, —
tmcxo 9. ¥V urpoxa B qnc'rmvm 6ynyTr aﬂaﬁornqnme c'rpa'rernn

(rabx. 3.2).
Tabnuma 3.2

B(1)  B,4) B® B9 Q,

A1) 2 -5 -7 10 -7

A4) -5 8 10 -13 -13

A(6) -7 10 12 -15 -15

A9) 10 -13 -15 18 -15
B, 10 10 12 18
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OneMeHT a,, = 2, TaKk KaK B cutyanuu (4,,B,) oba urpoxa
3aMNCHLIBAIOT HEYETHOE YMCJI0 1 ¥ BHIUTPLILI UTPOKa A paBeH
1+ 1= 2. Dnemenr a,,= -5, Tak Kak B curyanuu (4,,B,)
HUTPOK A 3amuceIBaeT yuciao 1, a urpoxk B — uucno 4, r. e.
YHCJIa PAa3HOM YEeTHOCTH, II03TOMY BBIMTDBIII UTIpoka B pa-
BeH 5, TOr/1a KaK BRIUTPLIII UTPOKA A COCTABHUT —5. AHAIOrHY-
HBIM 00pa30M BEIUYMCJISAIOTCA OCTAJILHBIE BJIEMEHTHI IJIATEX-
HO# marpunsl. Ilocie ompenenerus o, u B]. saMeyaeM, YTO

HUKHSS YUCTaA IleHa UTPEl oL = Max o, = —7 He PaBHA BepX-
i
Heit uncroil nene urpsl f = minf; = 10, nosromy narHas urpa
J

He MMeeT CeJIOBOM TouKu. MaKCMMUHHOM AJIsT UTpoKa A Oymer
uncraa crparerus A,. Ilonbaysacek e, UTPOK A «BHIMTDaET»
He MeHee —7 (umpourpaer He Oosiee 7). MUHUMaKCHBIMH AJISA
urpoxa B 6yayT uucTeie crpaTeruu B, u B,, IpU KOTOPBIX OH
npourpaet me 6osee 10.

Insa urp 6e3 celJIOBBIX TOYEK ONTHMAJbHBEIE CTPATETMH UI'POKOB
HAXONATCA B 06JaCTH CMeIlaHHBIX crpareruii. Cuewannoi cmpame-
zueil UTPOKa A HABHIBAIOT BEKTOP P = (P,; ...; P,,), KOMIOHEHTEL KOTOPO-

— m

ro yzosnersopsamor yeaosuam p; =20 (i =1, m); > p, = 1. Cmewannoii
i=1

cmpamezueii urpoka B HaseBalOT BeKTOP q = (¢; ---; ¢,), The

JES— n
g, 20( =1, n) qu =1; p, 1 ¢; — BEPOATHOCTH, C KOTOPBIMHU
j=1

HIPOKKN A U B BEHIGHPAIOT CBOM UMCTHIE CTPATerHu A, U Bj. IIpu uc-
N10JIb30BAHUM CMEIIaHHBIX CTPAaTeruil urpa npuobperaer ciay4aiHBIH
XapaKTep, CJydafHON CTAHOBUTCH X BeJIMUYMHA BEIUTPHIIA UrPOKa A

(mpourpsima urpoka B). 9ta BeuuuHa sBadeTca GyHKIMel cMeman-
HLIX CTpaTeruil p ¥ q U onpepensercs no popMmyie

m n
fp, @) = ZZ%,-P,-CI;'
=1j=1
@Oyrknuo f(p, q) HABKIBAIOT ILIATEXKHOH uMiInM QyEKnWeHd BHIUT-
pHIIIA.
CMernaHHbIe CTpaTeruu p* U q* HaBHIBAIOTCHA ONMUMANLbHLIMU, eC-
J¥ oHU 06pasyioT CeAJNIOBYIO TOUKY ANdA IUaTexkHoH dyHxouu f(p, q),
T. e. yJAOBJETBOPSAIOT HepaBeHcTBY f(p, q*) < f(p*, q*) < f(p*, q).
TlonpayioTes ¥ APYTUM ONpeesieHHeM OINTHMATIBHEIX CMEIIaHHBIX CTPa-
Teruil: crpateruy p* u q¥ HA3HIBAIOT ONTHMAJIbLHLIMU, €CJIH

min max f(p, q) = max min f(p, q) = 7(p*, q¥).
a » P
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Bennuuny f(p*, q*) = v Ha3BIBAIOT YeHOU UZpbL.

TIoWCK ONTHMAJILHBIX CTpaTeruii HaYMHAIOT C YUPOINeHUS ILIa-
TeXHOH MaTpunbl. EcAu B mIaTesHOH MaTpuile 3JeMeHTs k- cTpo-
KM HE MeHbIIle COOTBeTCTBYIOIINX DJIEMEHTOB §-i CTPOKH, T. €. @, 2 4,

(j = 1, n), To roBopaT, 4To cTparerus A, JoMuHupyem Haj CTpare-
rueit A,. AHAJNOIUYHO, €CJIU DJIEMEHTHI l-ro cTonbna He HPEBOCXOAAT

COOTBETCTBYIOLUX BJIEMEHTOB r-ro cronbua, T. e. a,; < a, (=1, m),

TO TOBOPAT, YTO cTparerud B, domunupyem nax crparerzeit B . Hacr-
HBIM CcJIyyaeM AOMWHUPOBAHUA fBIAeTcA Oybauposarue cmpamezsuil,

KOTAA &y, = 4 (j=1,n) nm a, = a, (i =1, m). Hexnwouenue u3
[LTATe X HOH MATPUILI ZJOMUBUPYEMBIX CTPaTeTHi (MMH UTPOKAM IIOJIb-
30BATHCA 3aBEJOMO HEBLITOAHO) IIO3BOJAET YMEeHBINIATL €€ pasmep-
HOCTb, & 3TO YIPOILAeT pellieHue UIPhl. BeposTHOCThL NPUMEHEHHSA
IOMUMHHPYEMBLIX CTPaTernuil paBHA HYJIO.

OnrumManbHEIe CMeIlIaHHEBIe CTPaTeruy p* 1 q* B urpe ¢ IIaTeXHON
marpuuei [a], , , # 1eHOH U OCTAIOTCA ONTHMAJIBHBIMY U IS UIPHL ¢
naTexHo# Marpuneit [ba, i cl,, . . (tme b> 0) u newoit bv + c. Ha arom
OCHOBAaHUY IJIATEXKHYI0 MATPHUIy MOMKHO BCEerZa mpeobpasoBaTh Tak,
YTO ee BIIEMEHTEI 6YAYT IEeJBIMH HeOTPUIIATENIbHBIMY YUCJIAMH, & 3TO

YOPOLIAET PACYETHI.

HOpumep 3.2. BEINOJIHUTH BO3MOMKHBIE YNPOIEHHA IIA-
TEKHBIX MATPHIL:

1 2 -3 -1 0
3 4 -1 21 -5 0 4 2
a2 0 1 -3 656)| 75 4 9|
3 4 -1 21 6 8 -1 0
1 -2 1 -4 3]

Pemtenue. a) [IocKkoabKY COOTBETCTBYIOIINE 3JIEMEHTHI
BTOPOM ¥ YeTBEpPTOH CTPOK PABHBI, TO OINYCTHM, HAIpUMeED,
YeTBEePTYI0 CTPOKY. OJIEMeHThl IepBOIl CTPOKH MEHBIIIE CO-
OTBETCTBYIOIUX 3JIEMEHTOB BTOPOM, & JJIEMEHTHI IATOH HE
IIPEBOCXOMAT COOTBETCTBYIONIMX BJIEMEHTOB TPETheH CTPOKH.
IloaoTOMYy WIpPOKY A, CTPEMAMEMYCSA MAKCUMH3UPOBATH BBI-
UTDBIII, BRIFOAHEE IPUMEHATH crparernu A,  A;, a He A, U
A,. B cBA3H C 9TUM OIYCTHM AOMUHHUPYEMEIe IEPBYIO U HATYIO
cTpoKu. B nmpeoGpasoBaEHON MATpHUIlEe
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3 4 -1 2 1
2 0 1 -3 6

3JIEMEHTHI IIEPBOTO ¥ BTOPOTO CTOJIOIOB GOJIbIIIe COOTBETCTBYIO-
IIUX 3JeMEHTOB UeTBEPTOro, HO3TOMY HTPOKY B, crpemsmie-
MyCs OPOUTPATH KAK MOKHO MEHbIIIe, BRITOAHEe HCIOIb30BATh
crpaTeruto B,, uem B, unu B,. B cBf3u ¢ 9TUM JOMHHUDYEMEIe
cronbnel B, u B, cieayer OOyCTUTS. ITo apamoruyHoil IpUYUHE
Tocje CpaBHEHHUS ISTOTO M TPEThero CToJ6IloB OImycKaeM
nAaTe cronben. B pesynbrare OpHXOJUM K MaTpHIile

-1 2
1 -3/

He mojiexalnei JajsbHENNIeMy YIPOIIEeHHIO.

6) Bropas cTpoKa JOMHHHUPYET Haj HEPBOiH, & MOITOMY
JIOMUHMPYEMYIO IEPBEYI0 CTPOKY omyckaeM. B nomxygemmoit
MaTpuIe

7 5 4 9
6 8 -1 0

Tpernit cronben AOMUHUPYeT HaJ ocTalbHBIMEU. Onyckas mo-

cJIe[HUEe, IPUXOAUM K MAaTPHULeE Ll M3 KOTOpO¥ BHJHO, YTO
Hauay4Ied JJs UTPOKa A SBJSETCH YHCTas cTparerud A,,
ofecrieunBaOaA eMy HamOONMbmIM# BHIUTPHII, DaBHHIH 4,
a Ana urpoka B — uncras crparerus B,. B napaom npumepe
B PE3yJbTATE YIOPOINEeHWA ILIATEKHOH MATPHIBI YAAJIOChH
HaWTH pelIeHWe UIPBI B YHUCTHIX cTparermax. O6bacHAeTcs
2TO TeM, YTO JaHHAS [LIATEKHAS MaTpHUIa 001afaeT CeJIOBBIM
2JIEMEHTOM a,, = 4, B UeM JIETKO yOeANTECA, TPOAHAU3NPOBAB
ILUIATEKHYIO MATPUIY B UCXOLHOY 3aNMCH.

3.1. Urpoku A u B sanuceBator rudpst 1 u 2. Urpa co-
CTOUT B TOM, YTO KpoMe IHpnl 1 uam 2 KaxABI# HIPOK
3anmchIBaeT emle ¥ Ty nudpy, KOTOpYyIo, IO €ro MHEHHIO, 3a-
mucayn napTEep. Ecam 06a urpoka yragamm uam ob6a omub-
JIUCH, TO IAPTUA 3AKAHYUBAETCH BHHYBIO; €CJM XK€ Yyrajgan
TOJIBKO OJMH, TO OH IOJy4aeT CTOJbKO OYKOB, KAKOBa CyMMa
3amuCcaHBEBIX UM nudp. CoCTABHTL IJIATEXKHYIO MATPULIY, HA-
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TH HMKHIOIO U BEPXHIOIO YHUCTBIE LIEHbI, MAKCUMUHHYIO U MH-
HIMAaKCHYIO CTPATErHMH HUI'POKOB.

3.2. Urpok A moxxeTr 3amucaTs ogHy u3 nudp: 2, 4 aubo
7; urpox B mosker s3anucars 1, 3, 4 1ubo 8. Ecan o6e nudpsr
OKAXKYTCH OTUHAKOBON YeTHOCTH, TO UI'POK A IOJIyd4aeT GTOMb-
KO OYKOB, KAKOBA CyMMa 3a0MCAaHHBIX OUGP; €ClIu Pa3HOH
YEeTHOCTH — TO OUKHK jocrarorcsa urpoky B. CocraBuTe mia-
TEXHYIO MATPUILY, HANTHA HMIKHIOIO U BEPXHIOIO YHCTEIE IEHH,
MAKCUMHHEHYIO ¥ MHHHMAKCHYIO CTPaTeruy UTPOKOB.

3.3. YuacTHUKM NapHOH UIrphl HE3aBUCUMO JPYT OT IpyTa
MOTYT 3amucaTh oxHy u3 nudp: 3, 5 nau 8. Ecau pasHocTs
Mex Ay nudpamMu, 3aIUCaHHbBIMU UTPoKaMu A u B, okaxercs
TMONOXKHUTEJIbHOI, TO UIPOK A BBIUTPBIBAET CTOJBKO OYKOUB,
KaKO0Ba [MOJYIHBIIASCS PA3HOCTD; €CJIH PasHOCTh OyAeT oTpu-
IaTeNbHOH, TO COOTBETCTBYIOIIEe KOJMYECTBO OYKOB BBIUT-
pBIBaeT UTPOK B; eciu »kKe pasHOCTb OKaXKeTCA PABHOHN HYJIIO,
TO ¥ BHIMTPBIII UTPOKOB Gyner paBer Hyio. CocTaBuTh Ija-
TEKHYIO MATPALY, HAilTH MaKCHMHUH ¥ MEHHMAaKC.

3.4. Kaxneiit ma urpokoB A u B MOXeT NOKas3aTh OQWH
uiau nBa nanela. Ecim 4mciIo OfHOBPEMEHHO IIOKA3aHHBIX
nanbeB v 060MX UTPOKOB OfMHAKOBO, TO UI'DOK A moxydaer
OIHO OYKO; €CJIF K€ YKCJIO NaNbIeB PAa3HOe, TO OUKO IOIy4aeT
urpok B. CoCTaBUTH NMIATEXHHYIO MATPUILY.

3.5. [Ina urp, 3aJaHHBIX CIEAYIOMUMY IJIATEXKHBIMHA MaT-
pHIaMu, HAHTH HE'KHIO U BEPXHIOIO YUCThbIE EHb!, MAKCH-
MUHHYIO 1 MHHUMAKCHYIO CTPAaTe€THMH HUIDOKOB, YCTAHOBHTH
HaJUYpe CeJJIOBHIX 3JIEMEHTOB B ILIATEKHEIX MATPHUIAX
(B IOCTIeIHEM CJIydae HaiTH peIlleHHe HUTPBhI):

21245 5 2 1 3
a){l 4 1 3 2} 6)|6 3 2 2}
3010 2 2 4 0 -3

4 2 0 1]
7 9 7 5 6 12 351 2
B)|9 10 6 5 8 9 r)|l 0 4 6§
8 -5 2 3 1 4 2511

9 4 0 8

153



6 7 -1 1 1 1 -1 -2 4
3 4 -2 1 6 o 7 2 3
mi2 0 3 -1 4 el-2 1 1 2|
8 5 4 2 3 4 3 6
01 2 0 -2] 1 3 0 5]

3.6. BRINONHUTSL BO3MOXKHBIE VIIPOIIEHEUS MIATEHHBIX
MaTpuL B 3agaue 3.5.
3.7. Yupocrurs clefylomue MIATEXKHLIE MATPHILHL:

-

3 —4 1 -6 5]
2 5 38 2 4 1204
)I6 38 2 4 6 6 8 212,
& P00 4 2 3f
4 1 1 -8 -2
5 3 1 4
2 -5 -3 2 4]
3 1 -2 1 -8]
2 8 5 -1 4
B) .
6 5 4 8 8
2 -1 0 -2 5

3.2. MeToxbl pelIeHHs MATPUYHEIX Hrp

Pemenne MaTPHIHOM UIPHI CBEJIC€HHEM K 3a1adYe JHHEHHOTro Mpo-
rpaMmupoBanud. IIycTs urpa 3ajana miaTexHoON Marpuiei (cM. TabJ.

5 * * *
3.1). OnrumanbHble CMEIIAHHEIE CTPATETHU P* = (Py;...; P, 5.5 D)
* * * -
u q* =(g;;-.-5¢;5---3,) MrPoKoB A u B MoryT GHITh HajiAeHHl B pe-
3yJbTaTe pPemeHus napnr JpoicTBeHHEX 3JITI.
Jina urpoka A:

minf =

o
Ry

~
I
-

2 1(=1n), (3.1

i

M
Q
R

-
i
-

x, 200 1, m).

il

B pesysbrare pemeHus 3agaun (3.1) HAXOLAT ONTUMAIBHBIH BEK-
* * * . * %
Top X* = (x{;...;%;5..5%x,,) uf = [ pin» & 38TEM
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v =1/fuim» Pi = vx; (=1, m). (3.2)

JIns urpoka B:

max e = ».Y;;
j=1
n ——
Yay, <10 =1m), (3.3)
j=1
y; 2 0(=1n).
Pemas sazaqy (3.3), HAXOZAT ONTHMAILHEI BEKTOp y* = (y; Seen
yf;---;y:) uo* =09, ,a3aTeM
v =1/, ¢ =vy; (=1n). (3.4)

Tlockonsky 3anauu (3.1) u (3.8) obpasyior napy CUMMeTPUYHBIX
nsoficrersbix 3JIII, HeT HEOGXOAUMOCTH PeIIATh obe sagayu. [lonydns
pelleHye OXHOM! U3 HUX, JOCTATOYHO BOCIIONB3OBATHCH COOTBETCTBHEM
MeX/y NepeMeHHBIMH B KaHOHHYECKHX BalHCAX 3anad

Crobogusnie BasucHbIe
X s Xy Xmyy oo Xmin (3 5)
Ynit ++r Ynim 13! cor Yp
- ——

BaaucHule CpoGozuble

U W3 CTPOKM IeNleBoil GYHKIUH IrocienHeit CUMIIJIeKC-TabanIlbl, CO-
fepexarnell KOMIOHEHTHI ONITHUMAJILHOrO BEKTOPA, BRINIUCATE 3HAYCHU
KOMIIOHEHT OITHMAJILHOTO BEKTOpA JBOMCTBeHHOH 3a/avu.

IIpn noMcKe ONTHMAIbHBIX CTPATETHH B MATPUYHEIX HUIpax pas-
MeprocTeil 2xn ¥ mx2 1enecoobpasHO HCIOAB30BATH rpaquecrmn
mertox pemerus 3JIII 1 cBoiicTBa ONTUMAIBHBIX TIJIAHOB NAPLI IBOH-
CTBEHHBIX 3aja4: eclu B ONTHMATBHOM IUIAHE 33/]auH [EPEeMEHHAS
HOJOSKATENbHA, TO COOTBETCTBYIOIIee OrpaHMYeHHe RBOWCTBEHHOM
3ajgaqyd ee ONTHMAJILHLIM IIJIAHOM ofpalnaercd B PaBEHCTBO; €CIH
ONTHMANBHLIM ILIAHOM 3afaul orpaHudeHue obpaniaeTcsi B CTPOroe
HEepaBeHCTBO, TO B ONTHMMAJILHOM ILIaHe BOMCTBEHHOH 3afa4H COOT-
BETCTBYIOMIAd IepeMeHHas PaBHa HYJIO.

ITpumep 3.3. PeminTs UIphI C J@HHBIMM ILJIATEKHBIMI MAT-
punamu, csegs ux x 3JIII:

210 3 8
a)|3 0 1} 6)[12 1.
1 2 4 9 6
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P e e nue. a) Ilpexae Bcero mpoBepuM, HE UMEET JIU
urpa ceayioBoil rouxku. Haxomum:
a =maxming; =1, § =minmaxa; = 2.
i j j i
Tax xax o # {3, TO pemreEneM Urpsl OyAyT CMeIlaHHbIE
cTpaTeruu, a IeHa U Urphbl 3aKJII0YeHa B npegenax 1 < v £ 2.
ITo maTpuile Urphl cocraBiasem 3agaqu (3.1) u (3.3):

minf = X, + x5 + Xxg;
2x; +3x, + x5 21,
x + 2x4 > 1, (3.6)
xy + 4x5 2 1,
%t 20(0= 1,—3),
maxe = Y, + Yp + Ys
2y, + Yo <1,
3y, + ys <1} (3.7
Yy + 2y, +4y; <1,
y;20(=13).

Pemtum, sanpumep, sagaqy (3.7). [Tocae nmpusenerusa Mo-
Jend K KAaHOHWYECKOMY BHAY JOMOJHUTEIbHBIE lIepeMEeHHBIe
Y,» Ys» Yg COCTABAT HAUANBHBIA Gasuc, a OCHOBHbIE NIePeMeH-
HbIE Y, Yy, Yy OyAyT CBOGOAHBIMU. B pesynbrare CHMILIEKC-
HbIX npeobpaszoBaHmi NpmxoAuM K Tabu. 3.3, comepxamei
KOMIIOHEHTHI OIITMMAJILHOTO IUIaHa y* = (y; ; y; ; y; ; y:; y; ; y;) =

= (1/3;1/8; 0; 0; 0; 0) 1 @, = 2/3.TIo dopmynam (3.4) mo-

Ta6anumga 3.3

CI1
BII 1
_ya _y4 —Yg
Yg= 1/3
Yy, = 1/3
Yg= 0
0= 2/3 1/3  1/3  1/3
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Jay4yaeM HeHy urpel v = 1/o . =3/2 u ROMHOHeHqu OIITH-
MAaNBHOY CMEeMIAaHHOM cTparernu q* urpoxa B:

G =y =8/2-1/8=1/2, ¢ =1/2, ¢} =0.

Beena ponosHuTenbHBIE IepeMeHHBIE X o X5 Xg B Orpa-
HUYeHUsA 3ajaun (3.6), mpuseneM MoJesb K KAHOHHYECKOMY
BHAY. OTU IepeMeHHbIe COCTABAT HAYaIbHbIH 6asuc, a Xy Xy,
x4 6yayT cBoGogHBIME. Mex Ay NepeMeEHBIMU Ranonnqecxnx
(pOopM paccMaTpHBaeMbIX ABOMCTBEHHBLIX 3JIII cooTBeTcrBme
(3.5) mpumer Bupg

CpoGogubie Basucasie

X; Xy X3 X4 Xy Xg

Ys Y5 Ys¢ Y1 Y2 Y3

Basucneie CaoGoHbie
Y4uThIBasAg 3TO COOTBETCTBHE, BHINKUCHIBAEM U3 CTPOKH IieJIe-
BOI ¢yHKNuUM ¢ tabu. 3.3 3HAYEHMA KOMIIOHEHT ONTHMANb-
HOTO BeKTOpa sajaum (3.6): x, =1/3, x, = 0, X3 =1/3. Te-
nepp, noab3ysack dopmynamu (3.2), HAXOAUM KOMIOHEH-
TBI Pi* ONTHMANLHOI CMeIIaHHO CTpaTerHd p* UIpoka A:
py =vx; =8/2.1/3=1/2, p; =0, pi = 1/2. Hrax, pememnue
Urpsl Halifeno: p* = (1/2; 0; 1/2), q* =(1/2; 1/2; 0), v = 3/2.
6) B nanaom cayyae oo =6, B =8, T. e. o # B, a mosTomy

AJIS OIPe/iesIeHNU s OLITUMANILHBIX CMELIAHHBIX CTPATETni UTPo-
KOB cocraBisieM sazaunu (3.1) u (8.3):

minf = x + x, + x5;
3x; +12x5 + 9x5 > 1,
8x; + x5 + 6x3 21,

x,20(G=1,3),

(3.8)

maxe = Y, + Yp;
3y, +8y; <1,
12y, + y, <1, 3.9)
9y, + 6y, <1,
y;20(=12).
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h >
w=3
Puc. 3.1

HocxkonpKky 3anaua (3.9) comep:KuT ABe IIepeMeHHEIE,
TO, pemas ee rpadpudecku (puc. 3.1), HaxoxmMm: y; =1/27,
y; =1/9, ¢ = 4/27. Ucuonsays dopmyssl (3.4), nonyda-
em: v =27/4, ¢ =1/4, ¢, = 3/4.

Ilnsa ompejeseHEsA ONTHMAJILHOM CMENIAHHOH CTDATErnu
p* = ( p;; p; ; p; ) Haiimem cHauasia pelieHHe ABOHCTBEHHOH
sapaun (3.8). B onrumMasnsHOM niaHe 3ajgavn (3.9) y: >0 n
y; > 0, o3TOMYy 00a OrpaEMYeHms ABOHCTBeHHOI 3agayuu (3.8)
ee ONTHUMAJBHBIM ILIAHOM X¥* = (x; ;x;;x;) obpamaiorcsa B
paseHcTsa. Kpome TOro, 3HaueHUAMH y; u y; BTOpOE Orpa-

"uuenue- 3ajaun (3.9) obpamaercda B cTporoe HepaBeHCTBO.
CrnenoBaTeJbHO, B ONTHMAJBHOM IaHe 3agaqu (3.8) coorser-

*
CTBYIOINAA €My BTOpas epeMeHHAas PaBHA HYJIIO, T. . X, = 0.

YunuThIBaA CKA3aHHOE, IJIA OIpeJeeHAA x; u x; noay4aeM
ypaBHeHHA 3x, + 9x;=1u 8x, +6x, = 1, coBMeCTHOe pellleHUue
KOTOPBIX JaeT x; = 8/54, x; = 5/54. Vcnonbsyss GOpMyYJIBI
(8.2), onpepensiem p, = 3/8, p; =0, p; = 5/8. Urax, peme-
Hue urpsl Hafgewo: p* = (3/8; 0; 5/8), q* =(1/4; 3/4),
v=27/4.

Pemenue 3JIII MosxeT GBITH CBEEHO K PEIICHUIO COOTBETCTBYOIeH
MaTpuyHO#l mrpsl. Ilape CHMMeTPHYHBIX ABOMCTBEHHHIX 3a7a4

max f = CX; AX <B; X20; (3.10)
min ¢ = BTY; YTA>2CT; Y20, (8.11)
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rue C=[c1...cn};X= ..L A= s B=|...;} Y=

9KBUBAJIEHTHA UTpa C IJIATEXKHOM MaTpUIeH

0 A -B
AT o 7| (8.12)
BT -¢ o

TTockonbky Marpuna (3.12) kococuMMeTpHYeCKas, TO LeHa UI'DE
U paBHA HYJIIO, & ONTUMAJIBHON I78 000MX MIPOKOB 6yzeT ofHa U Ta
JKe CMeIIaHHas CTpaTerus

* * * * *

* *
u*=(uy; ..U Uy U S Umsnst)s

mAls s um+j; Tt um+n’

* *
rae u 1 > 0. KoMnIoEeET:E! ONTUMAaNBHLIX IJAHOB X* = (x;...;

m+n+
* * * * *

Xj3ees X)) B Y*=(Yy; -5 Y5 -5 Ypy) samau (8.10) m (8.11) ceasannr

¢ KOMIIOHEHTaMH ONTUMAJIbHOM CMEIIaHHOHN cTpareruu u* gopmyiamMu:

* *

* Ui . P * i .
X =—m (j=Ln), g =——2— (=1 m). (3.13)
U insl m+n+l

IIpumep 3.4. HaiiTu onTrMagbHEbIE IJIAHB! Iaphl JBOKCT-
BeHHBIX 3JIII myTem pelnieHMA SKBUBAJEHTHON MATPHUYHOMN
WUTIDBI, €CJIN OfHA U3 JABONCTBEHHEIX 3a7la4 UMeeT BHJ

max f = 3x; + 4x,;
X+ Xy 6,
2x; + 4x, < 21,
2,20, x,20.

IA

Pemernue. iapansoit sagaunm

A:F 1}, B:[s, C=[3 4],
2 4 21

AT = E ﬂ B"=[6 21} C" = m

Ilnarexxnas marpuna (3.12) skBrBaseETHON UI'DHI IPHHH-
MaeTr BHI
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0o 0 1 1 -6
0o 0 2 4 -21
-1 -2 0 0 3|
-1 -4 0 0 4
| 6 21 -3 -4 0]

W3BecTHO, UTO NPH UCHOJL30BaHUU uUrpokom A (B) om-
THMAJBHOM CMEIIAHHON CTpaTerxyl IPOTHUB JIO0OH 4YuCTON
cTpaTernu Urpoxa B (A) ero BEIMTPHII (IpoUTphInI) 6yer He
MenbIre (He Gonbine) meHH! UIPH U. B mampoM cayuae oba
HIPOKA MMEIOT OHY B TY 2Ke ONTUMAaJIbHYI0 CMEIIaRHyIo CTpa-
Teruio, a IeHa Urpsl pasHA Hymi0. [l0aTOMy KOMIIOHEHTHI UC-
KOMOII ONTHMAJIBHOMN CTpaTeruu u* gBaAOTCA HeOTPUIATENb-
HBIMHY ¥ YIOBJIETBOPAIOT CHCTEMeE

ug + u, — 6ugy <0,
2ug + 4u, — 21uy; <0,

—-u, — 2u, + 8uy < 0,> (3.14)
-u, — 4u, + 4uy <0,
6u, + 2lu, — 3uy — 4u, <0,
Uy + Uy + Ugt+ uy+ us;=1

TlocnenHee paBeHCTBO TOH CUCTEMBI CIELyeT U3 ONpeie/IeHn s
CMEIIIaHHOM CTpaTeruu.

s permenns cucremsl! (3.14) MOXKHO CHa4Yana 3aMEeHHUTH
HEpaBEHCTBA HA PABEHCTBA M DEIIUTh CHCTEMY ypaBHEHMM.
Ecnu pas Bcex mepeMeHHBIX IOMYYATCH HEOTPUIlaTeJIbHbIe
3HAYeHHs, TO perneHue Urpsl HaiigeHro. Ecan 6yaer xors 6vl
ONHO OTpUIlATeIbHOE 3HAYEHME, TO HaJO JHIIb YaCTh Hepa-
BEHCTB 3aMEHHUTh PABEHCTBAMHM ¥ DENINTH CMEIIAHHYIO CHC-
Temy. Ilepef6paB mociefoBaTelbHO BCE BO3MOXKHEIE KOM-
OUHAIINY PABEHCTB M HEPABEHCTB M PeIIMB UX, Mbl Haiijem
pereHre UIpbl, TAK KaK, COTJIACHO OCHOBHOM TeopeMe Teopuu
TP, OHO BCEr[a CYIecTBYeT.

B HaiueM ciyvae u3 ypaBHeHHH u, + u, — 6u, = 0 u 2u, +
+ 4u, - 2lu, = 0 maxomum u, = 3/2uy, u, = 9/2u,, a us
ypaBHeHm# —u, ~2u, + 3u, = 0, —u, —4u, + 4u; = 0 nonyyaem
u, = 2ug, u, = 1/2u,. TloacraBass HalileHHbIE 3HAYCHUS U,
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Uy, Ug, U, B TIOCJIENHEE YPaBHeHHe cucTeMsl (3.14), onpenensem
u, = 2/19, a sarem mosyuaem u, =4/19, u,=1/19, u, =3/19,
u, = 9/19. Jlerxo mpoBepUTH, YTO HalifeHHBbIE 3HAUCHHUS
VAOBJIETBOPAIOT U ypaBHeHuo 6u, + 21u, - 3u, - du, = 0.
Tax xak u, > 0 (k= 1_,_5), TO OHUM OYIYT KOMIIOHEHTAMU
ONTUM&aJIHLHON CMELIaHHOH CTpaTeruy MrpoOKOB, T. €. u¥ =
= (uy; Uy ug; uy; us) = (4/19; 1/19; 3/19; 9/19; 2/19).

B coorBercrBuM ¢ dopmysamu (3.18) mpu m=2un=2
IIoNy4yaeM KOMIIOHEHTHI ONTHMMANBHEIX IIJIAHOB X* U y* 1BO-

CTBEHHBIX 3ajad: x, = u;“/u;+2+1 = u;/u; =3/19:2/19 =

=3/2, x, :u:/u; =9/2, y; =u;/u; =2, y, =u;/u; =1/2.

Ilpu srom f . =0, . =3 3/2+4-9/2.
Hrak, x* = (3/2; 9/2), y*=(2; 1/2), f

max (pmin = 45/2’

3.8. PemnTs MaTPHUYHEBIE UTDBI, 3aJaHHbIE IIPUBELEHHBIMA
HMJKE IJIATeXXHBIMI MATPHUIAMH, CBeAsA UX K IapaM NBOM-
crBeHHbIX 3JIII:

3 5 0 3
1 4 6
7 2 ol 6133 6|
a) ’ Ve 3 38 -1/
5 3 2
L 3 0 7 3
-
caaa) [
MmO 0 05 Dy g 6 g
-5 -5 0
- 9 7 10 5
2 0 o (1 -1
DNl 0 3 -2 e) |2 - 0
-2 0 3 0 3
4 -2 0 [ 1 1 -1
x| 0 1 2 z| 01 3 2§
-3 38 -1 -1 -2 0




u)

o O
O =
S O

3.9. BuImoasuTh, BO3MOXKHBI€ YIPOIIEHHUS CIeAYIOUIUX
IJIATEeKHBIX MATPUI[ M HAWTHU PEIIEHUSA UTP, UCOOIb3Yys I'pa-
duueckuit meroy; pemterus coorBercTByiomux 3JIII, ¥ Ko-
TOPLIM CBOLATCS JAaHHbIE UTPHI:

-3 2 3 19 5
a)6—52; 6)157 0;
3 0 5 4 5 -1
2 -1 4 1 5 7 0
_ (8 1 5 4]
5 2 0 3 4 66 20|
B)|1 4 6 2 54 I‘)4276,
0 4 81 2 5 3 5 5
9 9 21 10 8 6l
7 89 6 5 9 7 5
1385 7 7§ )l 5 1 1|
5 710 55 2 0
4 4 5 3] - -

3.10. Otpaciu A u B ocyIecTBIAIOT KalTUTaJlbHbIE BJIO-
sKeHUA B UeTsIpe ofbexra. C yueToM ocobeHHOCTEH BKJIALOB
U MeCTHBIX YCJIOBHH IpUOBLIL oTpacin A B 3aBHCHMOCTH OT
06beMa GUHAHCHPOBAHHUA BBIPAXKAETCH JJIEMEHTAMY MATPUILbI

01 -1 2
-1 0 3 2
01 2 -1
2 0 0 O
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HJ1sl yrpoIieHn s 3aa4u IPUHATD, YTO YOBITOK orpaciu B
paseH npuleliu orpacau A. Halitu onTuManbHbIe cTpaTeruu
orpacJeii.

3.11. HaliTu onTuManbHbIE TIAHBI CIeIyIOUINX CHUMMeT-
PHYHBIX nBoMcTBeHHBIX 3JIII, CBOAS MX K 9KBUBAJIEHTHBIM
MaTPHYHBLIM UTDaM, IPH YCJIOBUH, YTO U3BECTHA OHA U3 HAPhI
ABOMCTBEHHEIX 3a]ay4:

a) max f = —6x, + 5x,; 6) max f = 2x, - X3

2%, + x5 £ 2,1 x; + 3x, <6,
—-3x; + x5 <1, x; = 2xy <1,
x, 20, x,20; x,20,x,20.

HpuauxenHbIi MeTO pelieEns MaTPpHUHLIX urp. Eciu Touynoe
PeleHne MaTPUYHON UTPLI OKA3HIBAETCH I'POMOSAKHM, MOMHO OI'Da-
HHYUTHCH NPUOTMMKEHHBIM pellieHueM. B yacTHOCTH, KOrja HUKHAS
YHUCTaA IEHA UTPHI O MaJIO OTJIMYAETCA OT BepXHeil yucTod ueHn f3,
UHOT/IA IOJIL3YIOTCA YUCTBIMM MAKCHMHMHHON M MUHHMAKCHOH cTpa-
TerUAMH, IPHHMMAS UX 32 ONTUMAJbHEE. B IpoTHBHOM ciyuae meJe-
coof6pasHo MCIONB30BATE MeToX uTepauuii. B ocmoBe sToro merona
JEXUT IPEATOJIONeHNe, YTO Urpa COCTOUT M3 GOJBINTOr0 KOJMUYECTBA
IapTHil 1 UTPOKM BEIGUPAIOT CBOUM YMCTHIE CTPATETHH B OYepenHON
NapTHH, PYKOBOACTBYSCH HAKAIIMBAIOLUIUMCSH ONBITOM YK€ ChITDAaH-
HBIX IIApTHil ¥ 0OOCHOBAHHO IoJaras, YTO NapTHep W Aajbile Gyger
JeHICTBOBATDb TaK, KAK OH JeHCTBOBAJ O 5TOr0 MOMeHTa. Ecau KaMK IbIi
HUTPOK UMeeT eUHCTBCHHYIO ONTHMAJIBHYIO CMEIIAHHYI) CTPATETHIO,
TO IPY HEOIPAHWYEHHOM yBeTWYEHUH YHCJa HapTHH NpUOIHKeHHBIe
CMeIaHHbIe CTPATErHH CTPEMATCHA K ONTHMAJBHEIM CTPATErUAM WUD-
POKOB, a CpefiH¥e BBIUIPBIIM — K IeHe UTpH v. Ucnonbsya 9BM,
BBIYUCTIUTEILHYIO IPOLEAYPY MOXKHO 3HAYUTENLHO YCKOPUTE U [OJIY-
YHUTH PEUIEHUE UIPHI C JII060H TOYHOCTHIO, Ja)ke OPH MATPHIAX 60JIb-
IIUX pa3sMepPHOCTEeMH.

UrepaTuBHBI} METOL MOMHO DEKOMEHAOBATH A TONyJIeHUS IPH-
6svaxeHHOrO maHa Goapmiux no pasmepy 3JIII, ¢ TeM yTobnl 3TOT
nnaH npeoGpas3oBaTh 3aTeM B ONTHMAJILHBIN ¢ IOMOWIBLIO Gosiee Ipo-
MO3JKOM CUMIIIEKCHON IPONEAYPHL.

IIpocnenum 3a XOZOM paccyXXIeHUH UIPOKOB, HAUMHAS C HepBOH
IapTUH, €CJU MTpa 3ajaHa IJIATeXKHOH MaTpuueld, moMelesEHON B
Tabx. 3.4. Bce peaynbraTel GyAeM 3amucwLIBATh B Taba. 3.5.

B nepmoft mapTum J0IycKaeM, UTO UIPOK A BHIGPA] HEKOTODPYIO
cTpareruio A, (HanpuMep, MaKCHMUHHYIO). 3allUIIEM B IIeDPBYIO CTPOKY
Talu1. 3.5 Bce BO3MOKHEIE BHAYEHNHA 4, , ..., @, BBHIUIPHIIIA, KOTOPLIE
HUTPOK A MOKET ITOJIYYUTH NPK IPHMEeHeHUU UTPOKOM B 060l us ero
YHCTBIX cTpaTeruii B/., Hrpok B oTBEeTUT TOI cTpaTeruei, npu KoTopoit
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Ta6nuna 3.4

B, B, . B, . B,
Ay 2 1s ay - a,,
A, 4 - Qs . @y Qy
A, a, . a, . a, . a,
A a., - a.. a,, . a,.
Ta6numa 3.5
IIpubnuskeHHEIE
Wrpox A Wrpok B P
3HAYEHUA HEeHB
Howmep HaxoneHHuIH HaxoreHHRIH
map- | o BLIATPRINI TIPY IPOUTPLIT HPH
U Tpa- PapIMYHBIX Crpa- | pagmuuansx v o LeP
TeruA | cpparermax | TTMA | crparermax h h h
urpoka B Urpora A
B, .. B, A .. A,
' " cp
1 Ay @y a,, | By | 9y ms 51 U 2
, rr cp
A by ™ B, by, mt Uy V2 Uy
' ] cp
r A, €p1 Con Bq €1y = Cmg v, v, v;

€ro IIPOUTPHITI 6yeT HAaMMEeHBIIAM. JTa CTPATerHsa COOTBeTCTBYeT Hal-
MEHBIIEMY W3 3JEMEHTOB @y, .-y G, . 1IyCTE UM GyzeT 5JIeMEHT Q.
Toraa HaudydIeR Aisi urpoxa B 6yjer crparerus B..

BanonHeHUe 1epsoi cTpoky Taby. 3.5 saBepiiaeM 3alMChIO 3HA-
yeHuit BRIUTPBILIEH &, , ..., 4, , COOTBETCTBYIOIIUX BCEM BOBMOKHEIM
cTpaTerusiM urpoka A. B mociepHue TpH cronfua sanmumeM: v, —
HAaMMEHBINKWI 13 BHIUTPHILIEH HTPOKA A, HAKOIJIEHHBIX 3a h naprui,
neJeHHBI HA YHCJO MapTuit A, U — Haubonbmui us npourpsimei
urpoxa B, HAKONJIEHHKX 3a h TapTHil, IeJICHHBL Ha YACIO napTui h;
v;? — cpeguee apuMeTHIECKOE v, u v, (upubauxeHHOe SHAYCHHE
I[eHbl UTPBI).

Bo BTOpO# MapTUM UTPOK A IIPEANOJaraeT, YTo Urpox B u B nragHO
TIapTHH BOCIIOJIb3YETCH CTpaTeruei B, a nosTomy A oTBevaer cTpa-
rerueit, Koropas obeceynBaeT eMy IIPH cTpaTeruu B, HauboJIbIINA
BEIMTDHIUI. DTa CTPATEerus COOTBETCTBYeT HanboblIeMy U3 3/IeMEHTOB
l: S IIycrn um Gyzmer, HAaIpuMep, JIEMEHT 4. Toraa sannyyiei
1UiA urpoxa A Gyaer uuctas crpaTterus A,
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Bo Bropyio ctpoky Taba. 3.5 zanuinem CyMMapHbIE 3HAYEHUS BhI-
UIpHILIA 32 NePBYIO (OPH CTPaTeruu A,) ¥ BTOPYIO (IIPH CTPATETUH A)
apTUN — HAKOIJIEHHHIM BBIMPPBHIII: a,+a;= sz (j= 1,_n). B cBowo
oyepelb UI'POK B, aHANU3UDPYA CyMMAPHBIE BEIUTPRIIIK b,j HI'PpOKa A U
npearnosarasi, 4To A u jajiee 6yJeT IMOJNB3OBATLCA CTPATErHen A, ax-

KYMYJIUPYIOIeH ONRIT IepPBhIX NapTHUH (B HAKOIJEHHOM BHEIMIPLILIE),
BrIGupaer cTpaTernio B,, oTBedaloumymo b, — HauMeHbIIeMY U3

3JIeMEHTOB sz' 3akaHunBaA 3allOJIHEHME BTOpoil cTpoku Tabn. 3.5,
3aINChiBAEM HAKOIIEHHBIM IpoUrpsin Hrpoka B sa jgBe naprum npu
Pa3NUYHBIX CTPaTerusax urpoka A: b, = a, + (i = 1, m). 3anonHsem u
mocjefHUE TPHU cTonbua: v, Vs, vgp.

AHAJIOrMYHO UTI'POKY BEIGHPAIOT CBOM CTPATETWH B XOJ€ BCEI UIPHI.
TIpubnusxeHHble ONTHUMAJILHLIE CTPATETHMH WMIPDOKOB HAXOAAT IIOCJE
NIpeKpalleHNsa UTepanuoHHOro mnpouecca. Ilpexmososkum, 4yTo oH
3aKOHUYMJICA Ha - IApTMM M 8a BCIO Urpy crparterusa A, Onina wuc-
noneb3oBaHa m(A)) pas, a crparerus B]. — m(B}.) pas. Torga sa

BEPOATHOCTH NPHUMEHEHUA CTpaTerwil (YUCTHIX) NIPUHUMAIOTCA 3Ha-
YEeHHAS YacTOCTeM:

P =mAa)/r G=1,m), ¢ =mB)/r (j=1n).
IIpubnuskeHHOe 3HAYEHHE NEHB UTPE U ~ UP = 0,5(v) + v)).
Mpumep 3.5. B marpuunoit urpe (rabna. 3.6) monyuuTs

PpUOIMIKEHNS I€HBI UI'PEI ¥ ONTUMANBHBIX CMEIIaHHBIX CTPa-
Teruil UrpoKoB, BeInoJHKEB 20 urepamumii.

Ta6nurua 3.6

1
2
3

oA |y
o ot | by

A
A
A

oo n|w

Peme uue. ITockoasky o = 2, B = 4 u, cief0BaTEIbHO,
o # 3, TO urpa He MMeeT CeINJIOBOH TOYKH. Pemraem urpy B
CMEINAHHBIX CTPATEerusaX.

Ilycrs B mepBoii mapTum Urpok A usbpas crpaTeruio 4.
BeIMTrpBINTY €ro Ipu pasIudyHbIX CTPATETHAX UIPOKa B cocras-
asioT 4, 2 nan 2. 3anumeM X B IEPBYIO cCTPOKy Tabma. 3.7.

Hrpoxy B B nepBoil MapTHH BbITOJHEE NCHOJIL3GBATE JUG0
BTOpPYIO, IU0O TPETHIO CTPATEruio, TAK KaK B 000HX Caydasx
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€ro IPOUTPHINI OyJAeT HAUMEHBIIMM U paBHseTcH 2. Ycio-
BUMCA B CJIy4ae PaBEHCTBA BHIUIDBINIEH (IPOUrpHIIIeit) mpu
HECKOJIBKHX CTPaTeruAx OpaTh CTPATEeruio ¢ MEeHbIINM UH-
nexcom. Mtak, urpox B BoiGepeT CTpaTermnio B,, npu KOTOpOH
OH npowurpaer ju6o 2, aubo 5, mubo 2 B 3aBUCHMOCTH OT
BbI6Opa NTPOKOM A CcBOei ymcToi cTpaTerun (cM. Tab. 3.6).
Brecem »Ti 3HaueHUs B MepBYIO CTPoKy Tabn. 3.7 u 3amoJ-
HUM 9TY CTPOKY 0 KOHIA: v; =2:1=2, v'=5:1= 5, vfpz
=0,5(2 + 5) = 7/2.

Ilepexoaum ko Bropoit maprum. Ilpexmonarasi, 4TO Hr-
POK B ¥ BO BTOPOW IApTHUH MOMKET BOCIOJBL3OBATHCH CTDA-
Terueit B,, Urpok A Berbeper CTpaTeruo A,, Ipu KOTOpOii ero
BBIMTDBILI ABAAETCA HanbonbmuM 1 pasuserca 5. [Ipu crpa-
reruu A, UTpoK A MOKeT BHIMTpaTh 1160 2, nmubo 5, 1udo 0.
Bo BTOpyio cTpoxy Tabi. 3.7 3aNUCHIBAEM BBIUTDAIIIKM UIPO-
Ka A B IByX NapTHAX, T. €. 4 +2=6,2+5=7,2+0 = 2.
Urpoxy B B AaHHON CHTyaluu BhIrOJHEe BCErO IPHMEHHUTH
CTpaTeruio B,, COOTBETCTBYIONIYI0 HAUMEHBIIIEMY IIPOUTPHIIITY,
paBHOMY 2. 3ammChiBAeM BO BTODYIO CTPOKY eTr0 CyMMAapHBIE
OPOUTDHINIA B IBYX NIEPBBIX mapruax: 2+ 2=4, 5+ 0 = 5,
2 + 5 = 7. B nocnenaue Tpu cTOonOma 3aMKCHIBAEM: vy =
=2:2=1, 0y =7:2=7/2, 05 = (1+7/2):2=9/4.

B Tperreil mapTuu UIPOKY A BBITOAHEE BCETO IPUMEHNTH
cTparerui A,, UTPOKy B mocse aTOro Jydiie MCIOJB3OBATH
crpareruto B, u 1. . ITocne 20 utepanmuil mopcuuTEIBAEM,
CKOJIBKO Pa3 UI'POKH UCIOIbI0BAIU KAMYIO U3 CBOMX YHUCThIX
crpareruil. Ilonyuaem: m(4,) = 12, m(4,) = 2, m(A,) = 6,
m(B,) = 6, m(B,) = 8, m(B,) = 6. Iloce aroro onpenensem
BePOATHOCTH NPUMEHEHUS UTPOKAMY CBOUX YHCTHIX CTpa-
Teruin: p; =12/20=0,6, p; =2/20=0,1, p; =6/20 = 0,3,
q; =6/20 =0,3, q; =8/20=0,4, q;’ =6/20 = 0,3. Takum
0o0pasoM, NpUOJMIKEHHBIMKM ONTHUMAJbHBIMH CMEIIAHHBI-
MH CTPaTerusiMu UTPOKOB Oyayr: p¥ =~ (0,6; 0,1; 0,3), q* ~
~(0,3; 0,4; 0,3), a mpubnIKeHHOe 3HAYEHHE IEHBI WP
v~ U5 = 0,5(vy + vly) = 49/20 = 2,45.

s cpaBHeHUA IpHBeeM TOYHOE pPellleHue UTPhI:

p* = (19/35; 6/35; 10/35) = (0,544; 0,171; 0,285),
q* = (9/35; 14/35; 12/35) = (0,257; 0,400; 0,343),
v=2,514.
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3.12. BeinoJIHKUEB ABAaANATh HTEPALMil, HAaUTH NPUGINIKEeH-
HOe pelleHune UIP, 3aJaHHBIX IJATEKHBIMH MaTpUIlAMU B
s3azmaue 3.8.

3.13. IIna neoiictBenHbIx 3JIII, zanamurix B sagauve 3.11,
COCTABUTHL SKBUBAJECHTHYIO MATPUUYHYIO UI'PY U, C/I€JIaB TPU-
aTh UTepanuil, HalTH TpUOIMIKEeHHOE pelleHue u npubian-
JKeHHBIE IIJIAHBI JAHHBIX JBOICTBEHHBLIX 3a4aY.

3.3. Urpsl ¢ mpupooit

Hrpr ¢ npupozoit o6pasyioT cuenuaJ bHbIH KJ1acC MATPHYHEIX UTp,
B KOTOPHIX OTHUM H3 YUYACTHUKOB ABJIAETCA YEJIOBEK MU Ipynina JINI,
00BeANHEHHBIX OOIHOCTHIO NENH (UTPOK A), a APYTHM — «IPUDPOLa»
(urpok I7). ITog TepMUHOM «[IPHPOAa» IIOAPA3YMEBAETCH BeCh KOMILIEKC
BHEIIHUX YCJIOBUIl, IPU KOTOPBIX UIPOKY A NPHXOAUTCA NPUHHUMATD
pemrenue. IIpupona GespasnuuHa K BHIUPPEINIY U He CTPEMHKTCA o0pa-
THTH B CBOIO I10JIL3Y MpoMaxu Urpoka A. Irpok A MoxeT #CIONb30BaTh
m crpaTeruii 4, ..., A , 8 IPUPOJA MOXKET PEaTH30BATDH 1 Pa3JIMYHbIX
cocrosuuit IT, ..., II,. Urpory A MoryTr GHITH M3BECTHHl BEPOATHOC-
TH ¢;, ¢ KOTOPEIMM IIPUPOJA PeATN3yeT CBOM COCTORHMUA Hj. HeiictBysa
IPOTHB IPHPOABI, UTPOK A MOKeT ITOJb30BATECS KaK YUCTHIMU A,
TAK U CMEeNIAHHBIMHA P = (p,; ...; D,) cTpareruamu. Eciam oH ume-
€T BO3MOJKHOCTE UMCJICHHO ONEHUTH (BEIMYMHOU al.j) MOCJIeACTBUA
IpUMeHeHUA KaKoil cBoeil umcToil crparerunm A, npu JoboM co-
CTOSSHUM Hj NPUPOAHI, TO UIPY MOJKHO 3a/1aTh NJATEeXHON MaTpunen
(ta6n. 3.8). Ilpu yupoleHny IIaTeXHoil MaTPHUIBI UI'DEI ¢ IPHPOLOL
uMeeTcs CBOSA crenudHKa: or6pachiBaTh Te MIM HHBIE COCTOSHUSA
mpupoasl (cTparerun urpoxa /1) He/lb3s, TAK KAK OHA MOMKET peanu-
30BaTh J1000€ COCTOSHUE HE3ABHCHUMO OT TOTO, BEITOJHO OHO UJIM HET.

TIpu BEIGOpE ONTUMANBLHON CTPATETMH HIPOKA A MONB3YIOTCH pas-
JUYHBIMM KpuTepusiMu. IIpu aToM onmpaloTcsa KAK HA IJIATEXKHYIO
MAaTpHUILy, TAK ¥ Ha MATpuny PHCKOB. Puckom r,; Uzpora A, Korga oH
[OJIb3YeTCA YUCTON cTpaTerueil A, MIpu COCTOSHUH IIj IpUPOALI, Ha-
3LIBACTCA PAGHOCTE MEXAY MAKCHMAIBHLIM BLIUTPRIIEM max a;, Ko-

TOPBII OH MOr OBl HOJYYHUTH, €ciar OHl JOCTOBEPHO 3HAJN, YTO NPH-
ponoit 6ymer peann30BaHO MMEHHO COCTOSHHE H/., U TeM BBIUTDHI-
meM d, KOTODHIN OH NONYYHUT, UCHONAL3YA CTPATerui A, He 3Has,
KaKoe JXe COCTOsHUe Hj npupoja peanusyer. Takum obpasom, aie-
MEHTBI 7;; MATPUILLl PUCKOB (ra6n. 3.9) ompezensiorcsa 1o opmyne
;= Bj -2 0, rge B/. — MaKCHMaJbHO BO3MOXKHBIH BEIUTDBIII UT'POKA
A 1IpU COCTOSIHUH H}. (MaKCUMAJBHBIN 9JIEMEHT j-I'0 CTOJIONA ITATEXHOK

martpuns! (taba. 3.8)), T. e. [3]. = maxa;.
i
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Tab6unuma 3.8 Tadbnuma 3.9

11, 17, D, I, I, T,
A, ay a, by A T Tin Y
Am aml amn pm Am rml rmn rm
B; B, B, g; 4, q,

Ecnn Bepoatrroctn q; cocroauuit I1 ; IPUPOALI MBBECTHEL, TO IIOJIb-

3yrorcs kpurepuamu Baiteca n Jlanmaca. B KauecTBe onTMMasIbHOI 1O
wpumepuio Bailleca mpunuMaeTcs 4uCTasA CTPATETHA A,, IPH KOTOpOIi

n —
MaKCUMUSHPYETCHA CPeIHUIl BRIMIDHII @, = Zazﬂj (i =1, m) urpo-
j=1

J— n
ka A, T. e. obecmeumBaeTcd mMaxg; = max Zaijqj. Ecau urpory A
1 ]:1
IIPEeCTAB/IAIOTCA B PABHOH Mepe NpaBJoNoJo0HBIMU BCe cocTroAHus 17T ;
OPUPOASL, TO ¢, = ... = ¢, = 1/n n ontumansEO# 10 Kpumepuio Jannaca
CYMTAETCHA YNCTas cTparerus A;, obecneunBamnias

— 1 n
max @, = —max > a;.

i ioj=1
Ecnu BepoaTHOCTH q; COCTOSTHUH H]. IIPUPOAL HEU3BECTHHI, TO
oJIL3YIOTCA KpuTepuamu Banbaa, Cosumxa, 'ypsuna. OnTuMansHOIM
110 kpumepuio Baavda cunTaeTca YUCTAs CTPATETMA A, TIPH KOTOPOH
HaMMEHBINMH BHIMIPHII ming; Mrpoka A Gyfer MaKCHMANbHBIM,

j

T. €. eMy obecrieunsaerca (0 = maxmina,;. Jlna cMeIIAHHBIX CTPATErUit
i i

Kputepuil Banbga GopMyaupyeTca TaK: ONTHUMAJILHON CUYHTAETCS Ta
CMeHIaHHasA CTPaTerud, IIPU KOTOPOi MUHMMAJIbLHBLIY CPeJHUY BBINT-

mn
puim urpoxka A min Z a;p; 6yler MaKCUMANLHEIM, T. €. cTparerus p¥*,
It
m
HajijeHHAA M8 yCJOBHA max min . a;p;.

L 7=
OnrumanbHoil o kpumepuio CI6UdHA CUUTAETCS TA YUCTAA CTPa-
Terus A,, IPH KOTOPO! MUHMMH3UDPYETCHA BEJIMUNHA I'; MAKCHMAJIBHOTO

PHCKA, T. e. obecneunBaerca minmax7;. HJid cMemanHbIX cTpaTeruit
i i

kpurepnil Capuaxa GopMyupyeTcs TAK! ONTUMAJILHON CYUTACTCH TA
CMeIlaEHaA CTpaTerusi, 1P KOTOPOH MAaKCHUMAJLHBIM CPefHUII PHCK
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m
UrpoxKa A max z I;;P; MHUHHMHU3SHPYETCH, T. €. CTPATETrns p¥, HalileH-
st
m

HAs U3 YCIOBHA mMinmax p, riD;-
p 7=t
OnrumansHoOM 1o kpumepuio I'ypsuya cyuraeTcst YUCTas CTpare-
rus A;, HaliJIeHHasA U3 yCAOBUA

max(y min a;; + (1 - y) max a;), (3.15)
i J ]

rae y npusagiuexur uarepsany (0; 1) u BoiGupaercs us cyGLeKTUBHBIX
coobparkeHuii.

AHaus IPaKTUYECKUX CUTYALMHA TPOBOSUTCS 1T0 HECKOALKUM KPU-
TEePUAM OJJHOBPEMEHHO, YTO MO3BOJIAET rIybiKe HCCIIeOBATh CYTh AB-
JeHuA U BeIOpaTh Hanbosiee 060CHOBAHHOE PeLIeHUe.

IIpumep 3.6. Ilocie £ aeT sKCIIyaTalyy IPOMBIIIIEHHOE
o00OpyIOBaHHE MOJKET OKa3aThCs B OJHOM U3 CJIEAYIONIUX
coctoagruii: 1) Tpebyercss HE3HAUYMTENLHBIA peMOHT; 2) He-
06X0AUMO 3aMEHUTH OTAeJIbHEIe JeTany; 3) faJbHedas K-
IAyaTanusi BOSMOMKHA JIMIIB II0CJe KAIUTAJLHOT'O PeMOHTA.
HaxonneHHbIi HA IPEAIPUATHY OIBIT CBHAETEIBCTBYET O TOM,
YTO BEPOATHOCTH YKA3AHHBIX COCTOSHUM ©60pDYLOBAHUS CO-
craBasgior coorsercrBenuo 0,3; 0,6; 0,1. B sasucumocTu oT
CJOMUBINENCA CUTYAllMU PYKOBOJACTBO IPEANPHUATHA MOXET
OPUHATH TAKKE pelreHusi: 1) TpoOM3BeCTH PEMOHT CBOUMU CH-
JlaMH, 4TO moTpebyer 3aTpar, paBHbIX 2, 6 unu 10 en. B 3a-
BHCUMOCTH OT COCTOAHUA 000PYAOBaHNUA (B 3aTPATHI BKIIOUE-
HBI CTOMMOCTE PEMOHTA U 3aMeHSeMbIX feTayeil, yObITKH, CBA-
3aHHBIE C YXYAIIeHHEM KadecTBa BBIMYCKAaeMOM HPOAYKIHH,
IIPOCTOEM HEMCIPABHOTO 060pyROBaHUA); 2) NIPOU3BECTH pe-
MOHT IPH IOMOINM CIHEIHAaJNCTOB-PEMOHTHHUKOB, YTO BBI30-
BeT 3aTparsl, paBubie 10, 4 unu 8 ex.; 3) samMeHUTH 060PYHO-
BaHUEe HOBBLIM, Ha 4To Oyner M3pacXoZOBAHO COOTBETCTBEHHO
14, 12 nam 6 en. Mcoonsaysi UTPOBOH TOAXOJ, BBICKA3aTh
PEKOMEHAAINHY 110 ONITUMANBHOMY 06pasy feficTBUYA PYKOBOJ -
CTBA OpPeJIpPUSATHS.

Pemenue. BpaccMarpuBaeMoi CUTyalll B Ka4yecTBe
HUI'POKA A BBICTYIIAeT PYKOBOACTBO IPeAIpUATHs, o01afarormee

TPeMsA CTPATEerHAMHU: A; — IPOUSBECTH PEMOHT CBONMU
cunamu; A, — PEMOHT IPOMBBOJAAT NPUTJIAIIEHHbIE CIIENUa-
JuCTB; A, — 3aMeHUTh o0opyroBaHHe. BTOPBHIM HUIPOKOM

37€Ch CIeAyeT CUUTATD «IPUPOAY» [] — KOMIIJIEKC BHEIIHUX
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YCIJIOBH, B KOTOPBHIX PYHKIIHOHUPOBAJIO OGOPYAOBAHNE B Te-
YeHUe K JIeT ¥ KOTOPbIE OPefeIUJIN TPU BO3MOMKHBIX COCTOS-
Hua I1,, I, u Il;, ykasanHLIX B 3ajade. «Beiurpeimamm»
urpoxa A OyAyT 3aTpaThl, CBSISAHHBIE C peanusanuei pernie-
HUil (cTpareru#t) A, A, u A; ¥ COCTABIAOINE ILIATEXKHYIO
matpuny (rabna. 3.10).

Tabaumna 3.10

Hl HZ HS ;: ai

A, -2 -6 -10 | -5,2 | -10

4, | -10 -4 -8 | -6,2 | -10

A, | <14 -12 -6 |-12,0 | -14
g; 0,3 0,6 0,1
; -2 -4 -6

Hna obocHOBaHUSA PeKOMEHIANNHA PYKOBOACTBY IPeRIpU-
THA [IPOBEeJeM HMCCJeNOBAHMEe II0 PABJIUYHBIM KPHTEPUSIM.
OnrumansHolt 1o Baitecy G6yner uncras crpaterus A, Tax

KaK MMEHHO [1PU Hell CpeHUN BBIUTDBIII @; NOCTUTAET MakK-

CHMaJIBHOTO 3HAYeHUA: maxa; = max(-5,2; - 6,2; - 12,0) =
i i

= 5,2 = a, (cM. Tabn. 3.10).

OnrumanpHO# no Bameay umcToit crparermeit Oyner A,

unu A,, TaK KaK B 5TOM CJyyae [OCTUraeTcss MaKCHMHH:
a = maxminag; = maxqo; =
i j i
= max(-10; —10; - 14) = -10 = o; = a,.
i

Yr0o0BI BOCIONH30BATLCH KpuTepnem CaBulioka, COCTABUM
no Tadia. 3.10 MaTpumy PUCKOB C 3JIEMEHTAMHA r;= maxa, —
-a, = B, - a, (rabn. 3.11). !

TaGanuma 3.11

11, 1, 11, 7
4, o 2 4| 4
A, 8 o 2. 8
4, |12 8 0| 12
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Tax, r, =B, —a,; = 2-(-2)=0,r,=B,-a,,= -4 -
-(-6)=2wur. u.

OntumansHO#E mo CeBumaky Oyzer ducras crparerus A,
TaK KaK IpU Hell BLITIOJHAETCS YCJIOBHE

minmax7; =min7; =min (4, 8,12) =4 = 1.
i i i
Ina npumenenus Kpurepus I'ypeuna soibepeM y = 0,6,
rTorga paseHcTeo (3.15) npumer BUA

max(0,6 min a;; + 0,4max a;;) = max h;.
i ] j i
Bce mIpOMesKyTOYHEIE peayIbTaThl sanumieM B Tabi. 3.12.
Wz nocnexnHero crojabmoa 3TOH TabGiIUIBl BHAHO, UTO MAaKCH-

MansHOe 3HaueHue h, paBHO —6,8 m coorBeTCTByeT YUCTOH
crpaTerun A,; oHa u Gyzer onTuMaabHO# mo 'ypBumy.

Ta6bnuma 3.12

o, 1, I min a; 106 m,_in a, | maxa; 0,4 m;ax ay h;

A, -2 -6 -10 -10 -6,0 -2 -0,8 -6,8
A, -10 -4 -8 -10 -6,0 —4 -1,6 -7,6
A, -14 -12 -6 -14 -8,4 -6 -2,4 |-10,8

TIpoBefeEHOE HCCIeNOBAHNE 10 COBOKYITHOCTH KPUTePUEB
MOKa3ajo, YTO Jale APYTUX ONTHMAaJbHON Ha3BIBATIACH UHC-
Tas crpaterus A,; IPABOMEPHO ee ¥ PeKOMEHJ0BATb PYKOBOA-
CTBY IPeANPUATUS [ PeaTu3adH, T. €. IPOU3BECTH PEMOHT
CBOMMH CHJIAMH.

3.14. 3a HexOTOpHBII epHoj BpeMeHHM Ha NpPeNUpUATHH
moTpebJIeHEre MCXOLHOTO CBIPhA S B 3aBUCHMOCTH OT €ro Ka-
yectBa cocraBager 10—12 exn. Ecam nns BEINyCKa 3amnia-
HEPOBAHHOTO 00'beMa OCHOBHO IIPOAYKIIUY CHIPbA S OKAXKeTCH
HeZOCTATOYHO, 3aMac €ro MOYKHO IONOJHHUTH, YTO MOTpebyeT
NOMOJHUTENLHEIX 3aTpaT B pasMepe 5 ef. B pacuere Ha enu-
HHULy ChIpbA. ECiu sxe sanac CHIpbS IIPeBLICUT HOTPeSHOCTH,
TO IONONHUTEJbLHBEIE 3aTPATHl HA COJepXXKaHWe U XpaHeHHe
OCTATKAa COCTABAT 2 efl. B pacdeTe HAa eZUHUNY ChIpbA. IIpuaarts
OnuCaHHOH HMPOW3BOJCTBEHHON CHTYAaIHHM HTDOBYIO CXE€MY H
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COCTAaBUTh IJIATEKHYIO MaTpuny. [laTh pekoMeHAanUM 1O CO3-
JaHUI0 ONTHMAaJLHOTO 3a1aca ChIPhSA HA OpeJIpUATHH.
3.15. B HOBOM »KHJIOM MAacCHUBe CO3JaeTCAd TeJeBU3NOH-
HOe aTeJyibe AJIA PEMOHTA B CTALMOHAPHBIX YCIOBUAX He Gosee
8 ThIC. TEJeBU30POB B roi. I{iA yOpOINeHWus IpUMeM, dTO
MOTOK 33a5BOK HA DEMOHT B YCJIOBUAX CTAIMOHAPA BEIPAXKAETCSH
yucaamu 2, 4, 6 u 8 TeICc. B rog. Hakonnenselid onsiT aHa-
JIOTUYHBIX IPEATPUSATHI TOKA3KIBAET, YTO IPUOLLIL OT PEMOH-
Ta TejgeBmuaopa cocraBiaser 9 meH. en., moTepH, BHI3BAHHEIE
OTKa30M B PEMOHTE M3-3a HeLOCTATKA MOII[HOCTEH, OlleHuBA-
10TCA B D ieH. eJl., a YOBITKH OT IIPOCTOS CII€LHAAINCTOB U 060-
PYAOBAHUSA IPU OTCYTCTBHUH 3aABOK 00X0AsATCA B 6 neH. e. B
pacueTe Ha Ka'KJBIM TejneBHU30Dp. IlpumaB paccMarpuBaeMoi
CHUTYAIlMH UTPOBYIO CXE€MY, COCTABUTh ILJIATEIKHYIO MATPHILY.
Hath pekOoMeH AN O MOII{HOCTH CO31aBaeMOr0 TeJjleaTesbe.
3.16. CenbCKOX03ANCTBEHHOE NPEAIIPUATHE MMEET BO3-
MOYKHOCTE BRIPAITUBATE KapTode b HA TPeX YUaCcTKAaX: Ha yda-
CTKe A NOBBIIIEHHON BJAMXKHOCTH, B cpemHell BJIAMKHOCTH,
B cyxom. VpoKa#HOCTh KapTOdesNs 3aBHCHT OT IIOrOHBLIX
YCAOBHUIT, B YACTHOCTH OT KOJHUYECTBA OCAKOB, BBIIALAIOIINX
B TeyeHUe ¢e30Ha. ECJIM 0CaKOB BbINAAET MEHBIE HOPMEI,
TO CPeHAA YPOKaAMHOCTEL Ha yuacTtke A cocrasasier 270 11 ¢
1 ra; mpu KoMnyecTBe 0CagKoOB, OAN3KOM K HOpMe, — 220 11;
€CJIH JKe 0CaAKOB BhINajger Oosbire HOpMbI, — 110 1; Ha yua-
crke B — coorBercrBenno 210, 250 u 140 u; Ha yyacTke B —
120, 260 u 280 . Mcnoabays UrpoBoOil IMOAXOM, COCTABUTH
IJIaTEIKHYIO MATPUILY. ¥ CTAHOBUTL, HA KAKOM YUaCTKe Caefyer
BRIPAIUBATE KapTOdessb B IPEACTOALLEM IrO4yY, €ClH, 10 faH-
HBIM CJIYKOBI JOJITOCPOYHOTO HIPOrHO3MPOBAHHUS TOIOLHI,
BEPOATHOCTS BHINAAEHIA OCAAKOB MEHBIIIe HOPMEL 0KUIAeTCS
pasHoii 0,3, 6ausko xk Hopme — 0,6, Gonsore sopmer — 0,1.
3.17. Ilpepnpuarue nMeeT BO3ZMOMKHEOCThL CAMOCTOATEILHO
NJAaHUPOBATH 00'beM BRIIIYCKA HEOCHOBHOM CE30HHOM IPOAYK-
nun A u B. He npogannas B TeueHre Ce30HA YACTh NPOAYKIIMY
IO3JHEee IOJHOCTHIO PeaNu3yeTcsd IO CHUMKEHHBIM I(eHAM.
Haunble 0 ce6ecTONMOCTH IPOAYKINH, OTIHYCKHBIX IeHaX U
ofbeMax peanusaluu B 3aBUCHMOCTH OT YPOBHSA MOKYIIATEIb-
CKOro cupoca mpusefeHsl B Tabin. 3.13. YeranosuTs 06'beMbl
BRINYCKA IPOAYKIINH K IIPEJCTOAIIEMY Ce30HY, ofecmeuynBao-
Imye NPeJuIpUsTHIO BO3MOMKHO GOJBIIYIO CYMMY NPHOBLIH.
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Ta6anuma 3.13

Ornyexnas nexa O6beM peanmaanuu (Thl
B Cebectou- eAMHHUIIEL TIPO- M P I THIC. €].),
1A K €cJIHd YPOBEeHBb cIipoca
IPOAYK- MOCTB AYKUUH
mup | SAMEBRM g ogege. | e omn .
IPOAYKIMH HHe yileHxy | memmmit CcpeIHui eI
Ce30Ha
A 7 15 12 50 40 30
B 6 13 9 70 60 50

¥ kas3anwue [Qud yMEHbIIEHHS DA3MEPHOCTH IIJIATEXHON
MATPHIBI OTPAHUYHNTECS PACCMOTPEHNEM JIMIIL TeX TPeX CJAyJaeB, KOTIa
OJJHOBPEMEHHO Ha 00a BHJa NPOAYKIMUYM MMeeT MECTO KOO0 IMOBBIIIEH-
HBIY, aubo cpeannit, nubo NOHWKEHHBIA cpoc.

3.18. [Ina oromyieHus AoMa B 3MMHMIH IIepHOJ HCIOJIb-
3yeTca yrojb, IeHA Ha KOTODBIH 3aBUCHUT OT BpeMEHH rofa u
xapakTepa 3uMbl. Jlerom TOHHA yrasa crouT 7,5 ngeH. en., B
MATKYI0 suMy — 8,5, B o6brunyio — 9,0, a B X0n0gHYI0 —
9,5 neH. en. Pacxon yria B oronuTeIbHBIN CE30H IOJIHOCTHIO
ompefesdercsa XapakKTepoM 3MMEBI: HAa MATKYI 3UMY AOCTa-
TouHO 6 T, Ha 06BIYHYIO Tpebyerca 7 T, a B XOJOAHYIO 3UMY
pacxogyercsa 8 r. [loEsTHO, 4TO 3aTpPaTHl IOMOBIAAENbIIA 34-
BHCAT OT KOJNYECTBA 3aIaCeHHOTO UM ¢ Jiera yrida. Ilpu ana-
JIN3e BO3MOYKHBIX BAPHAHTOB YPOBHS 3aIlaca CjieflyeT WMETh
B BHAY, UTO IPH HEOOXOAMMOCTH HENOCTAIOIIee KOJIUYECTBO
yTad MOXHO npuobpectu u aumoi. Kpome Toro, Hazo y4yecrs,
4YTO IPOAATH HEHOTPeOOBABINMUMCHA YIroJIb BO3MOMKHOCTH HE
6yner. Ucnonsayss UIpoOBOMl ITOAXO0JM, COCTABUTh IJIATEIHKHYIO
MaTpuIy, aHAJU3UPYS KOTOPYIO, JaTh PEKOMEHIAIMH IO
CO3JJaHUIO 3alaca yris, TapaHTHUPYIOIIETO LOMOBJIAZEIbIY
MPHUMAJIbHBIE 3aTPATHI.

3.19. O6pem peanusanuu Topapa T 3a paccMaTpHUBaeMBbIH
Iepros BPeMeHH KoJebieTcs B 3aBUCHUMOCTH OT YPOBHS
IOKYNATeJbCKOrO CIpoca B npeaenax oT 4 o 7 exn. [Ipubniib
TOPTOBOTO IPEANIPUATHA OT eIUHUIILI PEaJIN30BAHHOIO TOBA-
pa T paBHa 2 geH. eZ. Eciu 3ammaceHHOTO TOBApa OKAMKETCS
HeZIOCTATOYHO AJISI IIOJHOrO YAOBJETBOPEHUS CIIPOCa, MOXKHO
3aKasaTh JOMOJHUTEIbHOE KOJUYIECTBO TOBApa, UYTO IoTpedyer
HOBBIX 3aTPAT Ha JOCTABKY B paaMmepe 4 IeH. 1. B pacueTe Ha
eIMHUIY ToBapa. Hcau e 3alaCeHHBIH TOBAD IIOJHOCTHIO
peaJyiu30BaTh He YIaCThCHA, TO PACXOAbI HA COAEPIKAHUE U XPa-
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HeHMe OCTATKAa COCTABAT 3 [ieH. €4. B pacueTe HA eQWHUILY
roBapa. IIpeamosnaraercs, 4TO ZONOJHUTENHHO 3aKA3aHHBIHN
TOBap IIOJHOCTBIO PEANN3yeTCs 3a TOT JKe PACCMATPUBAEMBI
nepuoz BpeMeHu. MCIIONB3ys UrpOBOH MOAXON, BBICKA3ATh
pexoMeHzanuy o6 ONTHMATLHOM YPOBHE 3amaca ToBapa T Ha
TOPrOBOM IIPEANPUATHH, 06ECIEUNBAIOIEM €My HAUBLICIITYIO
G PeKTUBHOCTb DPAGOTEI C Y4eTOM TOPrOBOH TPHGBIAX U
BO3MOXKHBIX JONOJIHUTENIBLHBIX 3aTPAT HA 3aKasblBAHHE U
LOCTaBKY TOBAapa, COJepyKaHue W XpPaHEHHE OCTATKA.

¥V kasasnue. Pelrenne HafiTH B UHCTHIX CTPATETHAX HA OCHOBE
Kpurepues Baiteca (¢, = 0,15, ¢, = 0,20, g, = 0,40, ¢, = 0,25), Jlan-
naca, Banwaa, Cosupoxa, Typeuna (mapamerp y I'ypeuna npussTs pasB-
ueim 0,7).

3.20. Ha HeKxOTOpOM y4YacCTKe NpEANOJIaTaeTcs BhIPANIH-
BaTh CEJIBbCKOXO3ANHCTBeHHbIe KyAbTYphl I u I1. YpoxatHOCTE
KYJBTYD 3aBHCHUT OT paja $aKkToOpOB, a IpubELIbL CeIhCKOXO-
871 CTBEHHOI'0 NPEANPUATUS II0 ITUM KYJbTYPAM OIpPeNes-
€TCA UX YPOXKAWHOCTBIO. [IJIsT yOpOImeHus 3ajadd OrpaHu-
YUMCA PACCMOTPEHMEM JHIIL OTHOTO M3 (GaKTOPOB — IIO-
TFOJNHBIX YCJIOBHH. 3HaueHusA NPUGHLIM, pPACCUHTAHHLIC HAa
OCHOBE HAKOIMBINETrOCS OIBITA IJIS DPA3JIHYHBIX IOFONHBIX
ycnosuii, npuBezieHsl B Tabu. 3.14. HaiiTi onTuManpHOE coue-
TaHWe nomanel mog Kyastyps: I u I1, obeceunBatomnee Hau-
60npIIYI0 IPUGLIIE.

Ta6aunga 3.14

o Jleto
CesbcKoxoasii-

CTBEHHAA JKapKoe | apkoe | Temnoe | Temmoe |POXJAA-|INpoXnan-

KyaeTypa cyxoe | Brakmoe | cyxoe |[Baamoe Hoe Hoe
cyxoe | BraxHOoe

I 9 7 8 4 5 3
11 » 5 1 3 3 9 6

3.21. Ha TexXHOJOrMYeCKYIO JMHHIO IOCTYIAaeT CHIPbE C
MaJIBIM KX GONBIIMM KOJUYECTBOM Hpumeceii. B cpepmem
ucnosnbayerca 80 % cripps mepsoro Bupa u 20 % BTOpOroO.
Texnonornueckas MuHMA MOKeET PaGOTATH B UETHIPEX DEIKH-
Max. Jloxon mpeinpHATHS OT €SWUHUNEB! NMPOAVKIIAH, H3TO-
TOBJIEHHOH! U3 ChIPbS IIEPBOTO BUAA IPH PA3THYHBIX PEIKU-
Max paboTBI TEXHOJOTMYECKON JHUHUM, COCTABJAET COOTBET-
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crBenuo 1, 2, 5 u 6 meH. ef., a U3 CHIPbA BTOPOroO BULa — 2,
5, 3 m 1 men. en. B Kakux peMmMax ¥ CKOJIBKO BPEMEHU
JIOoJXHa paboTaTh TeXHOJOrnYecKasi JIMHUA, 4TOOBI JOXO0J OT
BRINYILEHHOW NPOAYKIIMY OBLI MaKCUMAILHBIM?

3.22, TlpeanipuATHE BBRINYCKAaeT CKOPONOPTHIIYIOCH IIPO-
avenuio I m I1. Jlangeble 0 ee cefeCcTOMMOCTH, OTHYCKHBIX
neHax ¥ obbpeMax peanusanuu npuBefeHsl B Taba. 3.15. Ha
peanusaluo BCEH NPOU3BEAEHHON HNPOAYKIUM PACXOIYeTcs
200 nex. en. OnpeneuTh €XKeNHEeBHBIA 00beM IPON3BOACTBA
TPOAYKIINK, O0eCIeddBaAIOIUYA NPEATIPUATUI0 HANOOIBLITYIO

IpuOBLIE.
Tadbaxunga 3.15
OTnyckHad LeHa,
Bug CebecTouMOCTh yneﬂ. e;l Ob6beM peanusauud, en.
HPOAYK-| eaUHHMUBI HIpO-
oMY | AYKIKHU, AeH. el. B JeHb Hoawe | B TEIUIYIO | B XONOAHYIO
H3TOTOBJIEHUSA noroxy TIOTORY
I 0,8 1,2 0,3 1000 4000
II 0,5 0,8 0,2 6000 1200




NMPOrPAMMUPOBAHMUE HA CETHX

4.1. I'pader. Cioco6n1 3aganns rpados.
YnopagodeHue 3J1eMeHTOB oprpada.
Aaroputm Pankepcona

Yr0o6B! COCTABUTE HArJIALHOE IPEJCTaBIEHHE O 2pagie, JOCTATOUHO
BOOOPA3UTh HEKOTOPOE MHOMKECTBO TOYEK IIJIOCKOCTH MJIH IIPOCTPAHCTRA
¥ MHOXKECTBO OTPE3KOB, COeINHAIOIINX BCE MJIM HEKOTOPBIE U3 3THUX
ToyeK. TOUKM MHOMecTBa HAa3LIBAIOT BePUULUHAMU, A OTPE3KU, UX
coeflyHAOIINe, — Jyzamu, eCiau YKasaHo, KaKasd BePLIMHA SABJIAETCS
HavyaJbHOM, UM pefpamu, ecJy OpHEeHTAIMA He ykasaHa. I'pad, co-
CTOAMUN U3 YT, HasbIBAIOT OPUEHMUPOSBAHHbLM (opzpagom), a ob-
pa3soBaHHBIN pebpaMu — HeOpUEeHMUPOBAHHbIM. PaccMaTPUBAIOTCA U
CcMeuanmbie epagu. — rpadsl, cocroamre ua pebep u gyr. IIocKoabKy
BEPIIMHBEI rpada MOKHO pacIiojlararb 0 CBOEMY YCMOTPEHUIO U
IIPOU3BOJIBHO BHIOUpPATH GOPMY JIMHHE, UX COSJWHSIONMX, OAMH W
TOT ke rpad MoOYKHO H300pPasUThH MO-pasHOMY. B 3TOM mposBiaercs
uzomopuam zpaga.

Cmenenbio 6epuUHbL X, HASHIBAIOT YHMCIO AYr (peGep), KOTOPHIM
OHa IpUHaMIexUT (MEnHLeHTHa). CTenent BepmuHL o6osravaioT P(x,).
[lna oprpadoB pasjinvaT noaycmenens 3axoda P'(x,) eepwunb x,
(xonmyecTBO AYT, 3AXONAINX B X,) M NOAYcMenens ucxoda P (x;) (xomu-
eCTBO AYT, HCXOIAIIUX U3 X,).

DopmansHo rpad G onpenenaeTca 3afaHUeM ABYX MHOMKeCTB X K
U, rpe X — MHoecTBO BepinuH, U — mMHOMecTBO gyr (pebep).

IIpu GonbIiom umciie 3J€MEHTOB PUCYHOK rpacda TepseT Harjaj-
HOCTh. B TakoM ciyyae rpad uesecooGpasHo 3a1aTh MATPAUYHBIM CIIO-
coboM. DToT crocob yxobeH u AsiaA aHanusa rpagos Ha OBM. I'pad
MOKHO 33J]aTh Pa3JIMYHLIMH MATPHUIIAMH, BHIOOD KOTOPHIX TUKTYETCS
0cOOEHHOCTAMU KOHKPETHON 3amayu.

Mampuya cmexcHocmu sepuwiur opzpagha — 3TO KBagPATHASA MaT-
puna n-ro nopaxka (n — yucso BepmuH). CTPOKH M cTONONB MaTPH-
IbI COOTBETCTBYIOT BepuIMHAM rpada. djieMeHTsl P,; MATPALE PaBHEL
YHUCIIy AYT, HAIlpaBJeHHBIX U3 -/ BepmuHH B j-10.Ecnu oprpad cocrout
U3 OZHOKPATHBIX AYT, TO JIeMEHTHI MaTPUIILI paBHEL Jubo 0, mubo 1.
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B ciyvae meopueHTHpOBaHHOrO rpada eMy BMecTe ¢ pebpom (x,, xj)
IpHHAANEKUT U pebpo (x/., x,), 1I03TOMY MaTrpuIa OyZeT cHMMeTpu-
ugeckoif. CrnpaBefnBo ¥ oOpaTHOe yTBepsKIeHUe: JI060H cUMMeT-
PHYECKON MaTPHUIE C IEJLIMU HEOTPHUIATETEHLIMHY SJIEMEHTAMH MO -
HO IOCTaBUTh B COOTBETCTBUE I'pad.

Mampuya cmesxcnocmu dyz opzpagpa — 31O KBagpaTHAS MATPHIIA
m-ro nopanka (m — uyueno gyr). CTPOKHM M CTONBIEI MATPHILI CO-
OTBETCTBYIOT Ayram rpada. IIeMeHThI ¢; paBHH 1, ecam ayra u,
HENOCPEeACTBEeHHO IPEANIeCTBYeT AyTe U, X 0 B ocTanbHBIX ciaydaax.

Mampuyet cmexnocmu pebep HeOpUeHMUPOBAHHO20 zpaga AB-
JisieTcs MaTpulla m-ro nopaaka (m — uucnao pebep) ¢ seMeHTaMHu 9y
paBHBIMM 1, ecnm pebpa u, u U; UMerT obmyio Bepuidy, u 0 B
OCTAaJIBHBIX CAYYafX.

Mampuya unyudenyuil (uHyudenmuocmu ) opzpaga — sT0 UPSIMO-
YroJjibHasi MaTpUNa PA3MEePHOCTH 1IX /M, CTPOKH KOTOPOH COOTBETCTBYIOT
BepIUMHAM, a CTONOUB—AyraM oprpada. dneMenTs r, ; PABHHI 1, ecaut
AYTa U; MCXOAWT U3 [-i BEPIIMHEL; —1, ecxm yra 3aXOfuT B i-I0 Bep-
muny; 0, ecyru ayra He HHIKUAEHTHA i-i1 Bepiure. B cryyae HeopHeHTH-
POBaHHOTO Tpatda sj1eMeHTaMH MaTpHuusl 6SyayT aums 1 u 0.

Ilpumep 4.1. IIna rpada, usobpaxkenroro Ha puc. 4.1,
COCTABUTH MATPULY CMEXXHOCTH BEPILIVH U ONPELEIUTE HOIY-
CTelleHU 3aX0fa ¥ HCXO/a BEpIIUH.

X5

XI
Puc. 4.1

P e m e 5 u e. I'pad conepxuT nATH BEPIINH, IO3TOMY
maTpuna 6yzer naroro mopsaxka (tada. 4.1). Mz sepmiuas: x,
HJeT 110 OJHOH AyTre B BEPIUKUHBL X, ¥ X, ¥ [Be JYTH B BEPILHHY
X5, IO3TOMY 3JIEMEHTHI P, 3 U P, , MATPUIBI PABHHI 1, a p,, = 2.
IlockogbKy APYTUX AYT C HAYAJIbLHON BepIINHOMN X, He cy-
IIeCTBYET, OCTANbHBLIE 3JE€MEHTHl IEPBOH CTPOKU MATPUIBI
paBHb!l 0. Paccyknasi aHaJIOrMYEO, MOYKHO HAHTH ¥ BCE OC-
TajJbHBIE 2JIeMeHTHl MaTpuisl. Ilomycrenenn saxoma (ucxo-
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Tabaumga 4.1

£ x; x, X x, xg P(x)
x, 0 0 1 1 2 4
X, 0 0 1 1 0 2
X4 2 0 0 0 0 2
x, 0 0 0 0 2 2
X, 0 0 1 1 0 2

P‘(xi) 2 0 3 3 4

[1a) BEPIINH ONPEIeIAIOTCA CYMMUPOBAHNEM 3JI€MEeHTOB CTOJI0-
OB (CTPOK) COCTABJIEHHON MATPUILBI.

IIpumep 4.2, TIo gaHHON MaTpUIle TOCTPOUTDL HATIALHOe
nzobparkenue rpada:
a) MaTpPUIla CMeXHOCTH BEPINUH

210 3
102 1]
021 1f
3110
0) MaTpuUIa CMEXHOCTH YT
000100 0 O]
00001100
0000O0O0T1O0
00000O0OO 071
0000O0O0GO0 1]
0000O0GOCGOO
000 0O00O0TO0O
0 00000 O O

Pemnrenue. a) [lockonbKy faHHAA MATPHIlA ABIAAETCS
CHUMMEeTPHYEeCKON MaTpuIieil 4eTBEPTOro MOPAAKA C HEOTPH-
IlaTeJbHBIMH 3JIEMeHTAMHU, TO € COOTBETCTBYET HEOPDHeH-
THUPOBAHHBIM rpad ¢ YeTHIPbMA BepIIXHAMM. Pacmososxus
BEPUIUHBI X, ..., X, HA NJIOCKOCTH NPOU3BOJILHBIM 00pasoM
(puc. 4.2), coequHsaeM UX C yueTOM KpaTHoctu pebep. Taxk,
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A5

Puc. 4.2 Puc. 4.3

3JIEMEHT p,, = 2, MOITOMY BepHIMHA X, UHIHUJEHTHA JBYM
pebpaM, Hayaja M KOHITBI KOTODBHIX COBHAJAIOT C 3TOH Bep-
muHOM (meTsiu). IlockonsKy p;, = 1, TO BEPIIMHBL X, U X,
coenuneHs! oguum peGpom. Tak Kaxk p,, = 0, To pebpa (x;, x;)
He CyIIeCTBYeT (BEPIIUHEI X; U X, He COeAUHAIOTCA). Bepmuas:
X, X X, COBAMHAIOTCA TPeMA pebpamMu 4 T. A.

6) Tpu mepBbIX cTON0IIA MATPUIILI COCTOAT U3 HyNeiH. OTo
03HAYaer, 4T0 Y AYT U, U, U U HET HEMOCPE/CTBEHHO IpeJ-
HIECTBYIOIIUX AYT, & IMOTOMY MX MOXKHO H300pasuTh HCXO-
AAIMUMY U3 OAHOW obmiedl BepmuHEBI. JiaeMeHT ¢,, = 1. 310
O3HAYaer, YTO 3a AYro# u, HeIOCPeJCTBEHHO CIeAyeT AyTra U,
(puc. 4.3). I[To ananoOrMYHOM NpUUKHE 32 AYTOU U, UAYT AYTH
Uy M Ug, a 3a Uy — Ayra u,. [Ipu usobpakeHun sTux Ayr Ha
pUCYHKe HeoOXOAMMO y4eCThb, UTO AyTe Ug; HEeIMOCPEeACTBEHHO
OpeAMIeCTBYIOT AYTH U, U U, (B MaTpune ¢, = 1 u g5 = 1),
CleJOBATeNbHO, U, U U, AOJKHBI OKAHYHBATHCA OOl Bep-
DIMHOM, M3 KOTOPOM M HMCXOQWUT Ayra ug,. Beuay Toro, yro
MoCJIeJHUEe TPU CTPOKU MATPHUI[BI COCTOAT TOJBKO M3 HYyJeH,
AYTH Ug, U, ¥ Ug HE NMEIOT CAEeYIOIUX HeNOCPEACTBEHHO 3a
uumu ayr. Ilo sToif mpuyuHe UX MOXHO HAIIPDABUTHL B OJHY
0o0IIYIO BEPIIUHY.

Bakuoil aBnserca 3ajava ynopagoYeHns 3jeMeHTOB rpada. Ilox
ynopsadouenuem 8epuluH ¢BABHOrO oprpada 6e3 KOHTYPOB MOHHUMAIOT
Takoe pasbureHue ero BePIINH HA PPYNNLI (PAHIH, CJIOH), IPH KOTOPOM:

1) BepIIMHEI IEePBOi TPYNNLI HE UMEIOT NIPeAHIeCTBYIONIUX, a BEP-
IINHEI TIOCJeqHeH — MOCNenYIOUNX;
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2) BepIIUHE! 000X APYroi IPpyNIkl He HMEIOT NpefIIecTBYIOIINX
B CJIeAYIOIIEel IpyIie;

3) BepIIMHEBI OJHON M TOM Ke IPyNNH AYIaMu He COeIUHeHbl.

AnanornyHelM 06pa3oM BBOAWTCA IHOHATHe ynopadoueHusa Oye.
B pesysnsTare ynopAazoueHHA 3JIeMEHTOB HOJAYYAIOT rpad, U30MOPQHLIH
JaHHOMY. Y IIOPAJOYEHHE 3JIEMEHTOB MOKHO BHIIOJIHHUTD IPapHIECKUM
MY MATPUYHBEIM CIIOCOOOM.

IIpumep 4.3. Iyrn oprpada, npuBejeEHOr0 Ha puc. 4.4, a,
YHOPALOUYHUTE rpadhuyecKuM crocoboM.

Pemenue. Anzopumm Parkepcona ynopsifodeHus ayr
COCTOMT B clefyoineM: 1) HaliTH IyTry, He IMeIoNIe Helocpes-
CTBEHHO npejmecTByomux (oru obpasyior I rpynny); 2) BeI-
4YepPKHYTH HalleHHbIE NYTH; IIOCJe STOr0 MOABUTCA II0 Kpali-
Hell Mepe OfHA HOBas Iyra, He HMEIOIUIaA HEIOCPEeACTBEHHO
npepgurecrsylomeil (B rpade 6e3 gyr I rpynnsr). Takue gyru
coctaBar II rpynny. IToBTopsaTs aTOT 11ar, mOKAa BCe AYTH He
6yayT pasGUThHI HA I'DYIIILL.

B mamrem npumepe K I rpynme oTHOCATCA AYTH U, U, U U
ITocsne uX BBEIYEPKHMBAHUA HEIIOCPEICTBEHHO IPENIIECTBYIO-
mux He OyayT uMeTh ayru ug U ug (9o ayru II rpynmer).
K III rpynne oTORAYT AyT™ u, 4 uy; 1 K IV rpynne — nyra u,.

Ha puc. 4.4, 6 u3obpaskeHbl IPYIILI yOOPALOYEHHBIX IyT
B HOBBIX OBO3HAYEHUSAX U, ..., Ug. LIITPUXOBLIMU JHHUSIMU
MOKA3aHbI CBA3H MEXK/Y NYTaMH, CYIEeCTBYIOINE B HCXOAHOM
oprpade. Ha puc. 4.4, 8 nsobpaxxen oprpad C yonopsiioueH-
HBEIMH JyramMu, ¥30MOpPGHBIA JaHHOMY.




IIpumep 4.4. [Ina nzobpaxkenHoro Ha puc. 4.5, a oprpada
IIOCTPOUTH U3OMOPGHBIA rpad ¢ yHOPANOUEHHBIMH BEPIIIH-
HaMH.

Puec. 4.5

P em e H ue. Mcmonssyem mMaTpuunsiil criocof ymops-
nouenud. IIpesx e Bcero coctaBuM A5 JAHHOTO oprpacda Mar-
puny cMexHOCTH BepinuH (tabin. 4.2) u o6osHauuM Yepes
v -» Vy, €e BEeKTOp-CTPOKH. [lajee BBEIUMCINM KOMIIO-

6
HEHTBHI BEKTOpa V, = vai, IpeJiICTaBAAINe CO60M MmoTy-

CTeIleHH 3axXofa Bepn}nln rpada. ITonycremenn 3axona Bep-
IIXHBI X, OKasajach paBHo# 0. 3HauuT, B BEPIIHHY X, He
3axofguT Bu oxHa nyra. ClnefoBaTesIbHO, 9T BEPIINHA He UMeeT
IIpeAIIecTBYIONHNX; OoHA obpasyer 1 rpynny. Uckamouus us

xyr "

Tabnuma 4.2

x, X, X, x, Xy Xg A\ Tpynmna
x, 0 0 0 0 0 1 e 11
x, 0 0 0 1 G 1 Vi, 111
X4 1 1 0 0 0 1 Vi 11
x, 0 0 0 0 0 0 YV, A%
xg 1 1 1 1 0 0 Vs I
Xg 0 0 0 1 0 0 Vg v
v, 2 2 1 3 0 3
v, 1 1 0 2 - 3
A/ 0 0 - 2 - 2
v, - - - 1 - ]
\A - - - 0 - -

-h
2]
N



PAcCMOTPEHHUS BEPLINHY X, M AYTH, U3 Hee MCXOASUINE, BbI-
YHCINM KOMIIOHEHTHI BEKTOPA V,=V,—V, . 3/ech HyJesas
KOMIIOHEHTa COOTBETCTBYeT BepINWHE X,. 3HAYMT, BEpPIIH-
Ha X, B rpade Ge3 BePUIUHBI X, U AYT, HCXORAIIMNX U3 Hee, He
HMeeT NMPeAIIeCTBYIIUX U o6pasyer, Takum obpasom, II rpym-
ny. Tax mpomosxaeM IO HOJYYEeHUS BEKTOpa, y KOTOPOTO
€CTh YaCTh HYJIeBHIX KOMIIOHEHT, a OCTAJIbHBIE BLIYEPKHY-
Tel. B HameM ciyvae mocieAHHMM OKasanca BeKTop V,. Ha
puc. 4.5, 6 uzobpaken oprpad, U30MOPDHBII TaHHOMY, HO C
YHOPAAOYEHHBIMH BEPIIMHAMU, KOTOPHIE HOJYUUJIM HOBLIE
0003HaUeHU A Yyis ~+or Yge

4.1. Ina panubix rpados (puc. 4.6) coCTABUTHL MATPUILLI
CMEXXHOCTH BEPIIINH, CMEKHOCTH OYyT (pebep), HHIIMIeHIINHA.

Puc. 4.6

B sajavax 4.2—4.4 mo MaTpuUIaM CMEXXHOCTH BepIIWH
TOCTPOUTDH HATJANHBIE H300parkenusd rpados.

- 021002
11200
201100
10130 111021
42.02 1 1 0 2| 43. :
010011
03011
002112
0021 0]
- 2011 20|
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100 2 2
00110
44.00 1 0 2 1}
2121 3
101 3 1]

B sagauax 4.5, 4.6 mo mMarpunaM CMEXHOCTH AYr IO-
CTPOUTH HarJAAHBIE N300pasKeHus rpagos.

001110000
0000O010O0TGO0
0 000O0O0GOTU O 1
0000O0O0T1T10
45./0 0 0 0 01 0 0 0
000O0O0O0OOOO
0000O0OGOTO 01
0000O0O0OOOO
0 0000O0O0O0 O]
0 000010 0 O]
000110000
0000O0O0OT1O0°1
000001000
46.!10 0 0 0 0 0 0 1 0}
0000O0O0OOO O
00000O0GOT10
0000O0O0OGOOO
0 00000O0O0O0 O]

4.7. YnopsanoyuTs BePIUMHBI X AyrU oprpados, u306-
pa’keHHBIX Ha puc. 4.7, a—ez, rpaduyeCKuM M MATPHUYHBIM
crocofamu. ITocTpouTh HATIALHBIE N300PAIKEHUA U30OMODD-
HBIX I'pacoB.
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B sapauax 4.8—4.11 ymopsijounTts BepmuHBR! oprpada,
3alaHHOTO0 MATPHIlel CMEXXHOCTH BepIUNH, W IIOCTPOHTH

HarJIAHOoe H3o0paskeHne uzomMopduoro rpada.

[0 01 0 0 1] 0
101010 0
000001 !
4.8.100001.4.9.0
000100 0
000O0O0O0 0
- - 0
[0 0 01 0 0]
100000
4.10.000010.4.11.
001000
110000
01111 0]
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4.2, Cetu. IToTOKH H2 ceTHaX.
3azaya 0 MAKCHMMAaJIBHOM IOTOKE
H ee NPUJIOXKeHNd

Cemb — 23TO KOHeuHBbIH rpad 6e3 IUKJIOB U Iereslb, OPUEHTH-
POBAHHLI} B OHOM 00l1leM HanpasJieHHH! OT BepIIuHE! [, gBJsAiomeiica
8xodom (ucmokom) zpaga, ¥ BepuinHe S, ABNAKINEHCA 6bix000M
(cmowrom) zpaga (puc. 4.8).

Puc. 4.8

Ilns marnsgrocT GyAeM NpPeACTaBAATH, YTO 110 pebpam (i, j), rae
i < j, ua ucroxa I B cTox S HaNpaBIsgeTCA HEKOTOPOe BemiecTBO (Tpys,
pecypce, unopMauyusd ® T. I.).

MaxcuManbHOE KOJNUYECTBO 7, BEIECTBA, KOTOPOE MOJXKET Ipo-
IIyCTHTD 32 eJUHUIY BpeMeHU pebpo (i, j), HasbIBaeTCH ero nNponycKHoil
cnoco6rHocmbio. B obiiem cirydae Ty # Ty Eciu Bepuimusl k u [ Ha ceTH
He coefuHeHnsl, TO I}, = 1, = 0. Ha puc. 4.8 nponyckusle cnocoSuocTu
pebep ykasanbl B cKOOKax: IlepBOe YHUCIO — 3TO IPONYCKHAs CIIO-
cOOHOCTHL B HAIIPABJICHWX OT BEPUIMHBI [ K BepUIMHE j, BTOpoe — B
IPOTUBOIIOJIOXKHOM HAITPABICHUH.

IIponyckHbie cnocobGHOCTH peGep CeTH MOXKHO 3aJaTh KBaJparT-
HOM MaTpuneil n-ro mopsiaxa (n — 4uciao BepiiuH cetd). Ilockonbky
r,=0, To riaBHaf AWATOHANL MATPULBI COCTOMT M3 HyJei. B
Tabs. 4.8 npuseseHa marpuna R IpOmycKHEIX crmocoGHocrel ceTH,
usobpaskenHo#t Ha puc. 4.8.

Tabnumna 4.3

NI 1 2 3 4 5
1 0 2 4 0 0
2 5 0 3 6 5
3 1 6 0 0 3
4 0 4 0 0 1
5 0 7 9 8 0

Konuuectso X,; BEIIECTBA, TPOXOAAIIEro Yepe3 pebpo (i, j) B egu-
HUIlY BPEM€HH, HasmBaeTca nomoxom no pebpy (i, j). B reopnn noro-
KOB MpEeAIoJIaraeTcs, YTO eCJH U3 BePIIHES! { B BEPIIUHY j HAIPABIA-
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eTcs IOTOK BEJUYWHOHN X
T. €.

i TO BE€JINYWHa IOTOKA& U3 | B i paBHa —xi].,

X, =X, (4.1)

it )

TlpraumMaercsa TaKsKe, uto x,; = 0.
CosoxkynHocTs X ={xzj} IIOTOKOB 110 BeeM pebpaM (i, j) ceTu Ha3bl-
BAIOT NOMOKOM NO CeMU WU IPOCTO NOMOKOM.

IloTok mo KaskjgoMy pebpy He HpeBBHIIIAET €0 MPONYCKHYIO CIO-
COBHOCTD:

rij (l,] =1, n). (42)

KosuuecTBO BelllecTBa, IPUTEKAaIOlllee B BEPUIUHY, PABHO KOJH-
yecTBY BeIIeCTBa, BHITEKAIOINEro U3 Hee:

ixii =0@G=185). (4.8)
j=1

(pOpMprﬁ IIOTOK Ha ceTu, HeOﬁXO}II/IMO YV4YUTRIBATH CBOMCTBA
(4.1)—(4.3).

IIpumep 4.5. ChopMupPOBaTH KAKOH-T160 IOTOK HA CETH,
nzobparxenHoi Ha puc. 4.8. 3anucars IOCTPOCHHBIA MIOTOK B
MaTpUYHOHA ¢opMme.

Pem e ue. PaccMoTpmM, HAaOpuUMep, IOJHBIH IyTh
1—2—4—5. Pebpo (4, 5) 9TOro IIyTH HE II03BOJIAET IPOIYCTATH
IO HeMy HOTOK, MOIIHOCTE KOTOPOTrO TPEBBINIAET eIUHULY.
Tlo morHOMY myTH I—2—5 MOMHO 6bi0 OB MPONMYCTUTHL
2 en. Opraxo mo pebpy (I, 2) yxe mpefyCMOTPEH IIOTOK B
1 exn. YuureiBam oTO, mponyckaeM mo mytu I1—2—5 fo-
mosauTenbHO 1 en. Pacemarpusas nonHsbli nyte I-—-3—35,
3aMedaeM, UTO IO HeMy MOXKHO IPOIYCTUTL 3 eA. (37ech Ju-
MUTHDYIOIIUM ABJIAeTcs pebpo (3, 5)). Takum o6pasom, Ml
OpPraHU30BAJH HA CETH IOTOK, MOINHOCTH [ KOTOPOTO MOYKHO
MIOACUNTATD, IPOCYMMUDOBAB J11160 IOTOKU X, 10 pebpam (I, j),
nexonamuM u3 uctoxa I (y Hac ua BepIIII/IHbI I):x,,+x,5=
=2 + 3 = 5, aubo mOTOKH X, mo pebpam (i, S), 3axonﬁmnM B
cTox S (Y HAC B BEPIIHHY 5): X, + X e+ X,,=1+3 + 1=5.
Yucna x,; o6pa3yro'r xBa,upa'rHon MaTpHIly 5-r0 IOpAAKa, Ha
TJIaBHOM JZ(I/IaI‘OHaJII/I KOTOPOi#i CTOSAT HYJIHN (xu 0), a aJ1IeMeHTHI,
PACIONOMKEeHHbIe CHMMETPUYHO TNIABHON NUATOHAIM, PABHBI
110 aBCONIOTHON BeIMYUHE N IIPOTUBOIOJIOKHEI II0 3HAKY (CM.
cornamenune (4.1)). Ha ocnoBaEUM 3THX COOOpa)keHHH M
HocTpoeHa Marpuna cpopMUpPOBAHHOrO noToKa (rabm. 4.4).
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Tabnuma 4.4

A 1 2 3 4 5
1 0 2 3 0 0
2 -2 0 0 1 1
3 -3 0 0 0 3
4 0 -1 0 0 1
5 0 -1 -3 -1 0

YTo6bl OTBETUTH HA BOOpPOC: GYAET JM 3TOT IIOTOK MAKCH-
MAaJbHBIM, HEOOXOAMMO NOLOJHUTEILHOE HCCIeNOBAHME.

Us cpoiicTe nOTOKOB IO pe6paM ceTH ciegyer, 4To obiree Ko-
JIMYECTBO BEIeCTBAa, MCXOASAIIEro M3 mcroka I, coBmagaer ¢ obuum
KOJIMYECTBOM BEIIECTBAa, IIOCTYNAIOIIEro B CTOK S, T. e.

f= lej =2 % (4.4)
J i

Jluneitayio dyHRIMIO (4.4) HASKIBAIOT MOUHOCBIO NOMOKA HA CEMU.

Boarukaer crepyomana 3JIII o MakCUMAaJLHOM IOTOKe: HANTH
COBOKYITHOCTDL X = {xtj} NIOTOKOB X,; IO BeceM pebpam (i, j) ceTn, KoTo-
pas yroBnerBopser ycaoBusm (4.1)—(4.3) u maxkcumusupyer pynx-
uuio (4.4).

Y00l IPUBECTH AJITOPUTM PELIeHHUs dTOM safayy, norpebyorcs
HEKOTOpDEIe BaXKHBIE NOHATUA. IIpeamonoxkuM, 4To Aama HeKoTopas
cers. PazobneM MHOMeCTBO BEepIIMH 3TOf cerH Ha 4Ba Hemnepece-
Kalomuxcs NogMHOKecTBa A u B raK, 4To6n HcTox ] moman B mog-
MHOecTBO A, a cTox S — B mogMH0MKecTEo B. B aToM cayuae rosopar,
4YTO Ha& CeTH NPOU3BeJeH paspes, OTAeNAIIHI ucTok I OT cToKa S.
Tounee: copoxymuocTe peGep (i, j), HAYANLHEE BePIIHHEL KOTOPHIX
IPUHAATNEKAT HOAMHOXKECTBY A, a KOHEeYHLIe — MOAMHOMXECTBY B,
HA3BIBAIOT paspe3om cemu u obosHauyawT A/B. Ha puc. 4.8 nokasan
paspes A/B, nIpy KOTOPOM BEPLIMHE CETH OKABAJIMCH DPA3GUTEIMM HA
noxmuoxecrsa A = {1, 2} u B = {3, 4, 5}, a pebpamn, 06pasy0ILMU
paspes, cramu (1, 3), (2, 3), (2, H) u (2, 5).

Ecnn Ha cetn 3azan HexoTopsiii nmotork X = {xi].}, TO pebpo (i, j)
HA3RIBAIOT HACHLIEHHbLM, €CNU NOTOK X, IO HEMY COBIAJAET C ero
TIIPOIIYCKHOM CIIOCOGHOCTRIO Ty (xij= rij), U HEeHAacCblujeHHblM, eCIU ITOTOK
MeHbIIe IPONYCKHOM CII0COBGHOCTH (xi].< rij). Tak, Ha puc. 4.8 pebpo
(1, 2) nacninensoe, Kak u pebpa (4, 5), (3, 5), a Bce ocranbHbEe pebpa
HeHacChI[eHHEIe.

Bennyuna

R(A/B)=Y S,

icAjeB
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npeAcTaBiaAomans cofoit cyMMy HOPONYCKHBIX crocobHOCTEl r; BCEX

pebep paspesa, HASEIBAGTCA NPONYCKHOU cnocoGHOCMbI0 paspesa. Ans
paspesa Ha puc. 4.8 R(A/BY=4+3 +5+ 6 =18.

Beanuyuna

X(A/B) = 2 2 x,,
icAjeB
npeAcTaBiAomIan coboit CyMMy MOTOKOB X, j 10 BCeM pebpaMm paspesa,
Ha3bIBAETCS NOMOKOM Yepe3 paspes.

Jnsa paspesa Ha puc. 4.8 X(A/B)=3+0+1+1=5.

B npunoxernsax mMeer BaskHOe 3Havenue meopema Lopda—Dan-
Kepcona: Ha JI000H ceTH MakCHMasIbHAA BeJUYMHA NIOTOKA M3 MCTOKA [
B CTOK S paBHa MHHUMAJILHOMU IIPONYCKHOM cIIocOBHOCTH pa3spesa, OT-
nensromiero I or S.

IIpuBegem aJirOPUTM IIOCTPOEHUA MAKCHUMAJILHOrO IOTOKA.

1. TToCTPOHTHL HEKOTOPHIH HAYANBHEIR MOTOK X° = {xg}.

2. OpranuscBaTp NPOLEAYPY COCTABJCHUS IIOAMHOMXeCTBa A Bep-
IWH, HJOCTHXUMBIX U3 ucTOKa I 110 HeHACHIIIeHHBIM peGpaM. Eciu B
3TOM IIpoecce CTOX S He IIoNajieT B IOAMHOMECTBO A, TO IIOCTPOSHHBIA
MOTOK MaKCHMAJILHBIN ¥ 3ajada peueHa. Ecau ke S moman B 4, TO
nepeiity K mn. 3 ajropurMma.

3. Brigenuts nyTh u3 I B S, cocToAmul U3 HeHACHIIIEHHBIX pebep,
¥ YBEJIHYUTH IIOTOK X;; 110 KAKAOMY pebpy aToro nytu Ha A = min(rij -
- xi].), rae MUEUMYM Gepetcd 1o pebpawm (i, j) ynomsinyroro nyru. Tem
caMbIM 6yZeT MOCTPOeH HOBHIH MOTOK X! = {xilj}. Ilocne aroro mago
BO3BPATUTHCA K II. 2 alropurma.

IIpumep 4.6. Ha ceru, nsoGpaskennoit ua puc. 4.9, cdop-
MUPOBATH MOTOK MaKCUMaJIbHONA MOIHOCTH, HATIPABJIEHHBIN
u3 UCcToKa I B CTOK S, IPM YCJIOBHH, UTO MPONYCKHBIE CIIO-
cobHOCTH pedep B 000X HATIPABIEHUAX OJUHAKOBHL. Brinucars
pebpa, ofpasyoouirne Ha CeTH paspe3 MUHUMAJIBHO MTPONMYCK-
HO# criocoBHOCTH.

Pemwe s ue. BcoorsercrBuu ¢ n. 1 anropurma Ha ceTn
Heo6xoauMO COPMHUPOBATh HadaNbHEIN moToK X°. Chenaem




5TO0, HaIpuMmep, ciaexyiouum obpasom. Ilo nyrtu I —3—4—6
nponyctum 1 ex., no nyru I —2—83—4—6 — 1 ex., mo nyTu
1—2—5—6 — 3 en. B pesynbrare HOTOKH X,; TO pebpam
ceru OyAyT PaBHBL X,, =4, X, =1, Xpe=1, x,,=3, x,, =2,
X5 = 2, X5, = 3; IOTOKH IO OCTAJBHBIM peOpaM CeTH PaBHBL
Hya10. COBOKYITHOCTD TIEPEYMCIAEHHLIX IIOTOKOB 10 pefpam 1
coctasuT noToK X° o ceru. Jlerko Buaers, uro ycaosus (4.2)
un (4.3), HamaraemMble Ha IOTOKH 110 pebpaM CeTH, BBIIOJ-
HAIOTCA. MaTpuia IponycKHBIX crmocobHoCcTell pebep JaHHOR
ceTu npuBeseHa B Tabu. 4.5, a MmaTprIla IOCTPOEHHOIO IIOTO-
kKa — B Tabi. 4.6.

Tadtnuuma 4.5 Tadbauuna 4.6
N2 3 ¢4 5 6 NIl o2 3 4 5 s
1 0 6 1 0 0 O 1 0 4 1 0 0 0
2 6 0 2 0 38 O 2 -4 0 1 0 3 O
3 1 2 0 3 0 O 3 -1 -1 0 2 0 O
4 0O 0 3 0 1 2 4 0 0 -2 0 0 2
5 0 3 0 1 0 5 5 0 -3 0 0 0 3
6 0o 0 0 2 5 O 6 [ 0 -2 -3 0

IIpucrynas X BBIIIOJHEHHIO II. 2 aJrOpPUTMa, COCTABUM
marpuny R—X° (ta6n. 4.7), smeMeHTH Ty = %y KOTOPOI Imo-
3BOJIAIOT CYAUTH O HEHACHIIIEHHOCTH pebep cetu. Hacwimien-
HbIM peOpaM OyLyT COOTBETCTBOBATL HYJIEBble 3JIEMEHTEI, &
HEeHACHIIIeHHLIM — HeHnyJeBrle. Tax, pebpo (I, 2) HeHacChINeH-
HOe, TIO3TOMY JJIEMEHT 7y, — X.p = 6 -4 = 2 # 0, a BoT pe6-

po (2, 5) HaCLIMEHHO®, [OATOMY Ty; — Xg5 = 3 — 3 = 0.

Tabauua 4.7

N 1 2 3 4 5 6
1 0 2 0 0 0 0
2 10 0 1 0 0 0
3 2 3 0 1 0 0
4 0 0 5 0 1 0
5 0 6 0 1 0 2
6 0 0 0 4 8 0

3uasa marpuny R—XP°, MOXHO chOpMHPOBATH IIOAMHO-
JKeCTBO A BepIIHH, B KOTOPBIEe MOYXHO HONACTb U3 HMCTOKA I,
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JBUTASCH TOJBKO 10 HEHACHIIEHHBIM IIYTAM (T. €. BLITOJHUTH
I. 2 alIropuTMa), a TaK:Ke BBIZEJNTH (ecan noTok X° HeMax-
CUMaJIeH) 3TH NMYTH U € UX HOMOINBIO YBEJIUUUTH MOIIHOCTH
noroka (T. e. BEINOJHUTEH II. 3 anropurma).

BepmiuHbl TOAMHOMKECTBA A BBIAEJISIOT NOCTEIEHHO, Ha-
ypHag ¢ uctoka I. C aToH IeNbi0 IPOCMATPHUBAIOT MEPBYIO
cTpoKy MaTpunbl B —X° (cTpoky I) U BBHINMMCHIBAIOT HOMEPA
i1’ iz» .-, i, BEDIINH, COOTBETCTBYIOINWX HEHYJIEBLIM 3Je-
MEHTaM CTPOKH. ITO U GYAYT BepIIMHEI, B KOTOPBIE MOXXHO
IIONacThb U3 UCTOKA I, mepeMeInasch N0 HEHACHLIIIEHHBIM peb-
pam. Bygem zanucwiBarTh BHISIBJIEHHBIE TaKUM o6pa3oMm Bep-
muus B Buge I || iy, i,, ..., i, ¥ HasbIBATH MOKOGHYIO 3AIUCH
cnuckom sepuwuHsl I. Jlamee paccMaTpUBAIOT KaXKAYIO U3
BepPIIUH {, HOJTYYEHHOrO CIKUCKA ¥ COCTABJAIT AJA Hee aHa-
JIOTHYHBIM 00pasom cBOM cnucok. IIpu sToM BepmInHbI, BCTpE-
YABIIIMECS B IPEIXHUX CIUCKAX, TTOBTOPHO HE BHITTMCHIBAIOTCH.
Ecau B sTOM mporiecce cToK S He BCTPETHTCH, — IIOTOK Mak-
cuMaJieH W 3aZada pelleHa, ecJM JKe IMPHU COCTABJIEHUH OdYe-
PeoHOro CIIUCKa B HEM MOABHUTCA CTOK S, TO IOTOK HEMAaKCH-
MaJIeH ¥ MOIIHOCTb €0 MOYXHO YBEJIWYUTh.

O6patuMca k HameMmy npumepy. B namnom ciyvae I =1,
S = 6. IToctpouM HOOMHOXKECTBO A, IIOCJEROBATENBHO CO-
CTABJAA CHMCKH BepIIWH, HauwHas ¢ BepmuHbl 1. Cyaa no
nepBoii crpoxke marpunbl R—X° (cM. Ta6n. 4.7), B cOuMCOK
BepIIuHEI ] BoHeT ofHa BepIIKHA 2, IOCKOIbKY TOJBKO dJIe-
MEHT BTOPOTO CTOJIOIIA 3TOM# CTPOKM OTJINUYEH OT HyJid. Urak,
samunieM: I || 2. Teneps mepexoauM K COCTABJIEHMIO CIIMCKA
BepINKHLI 2 KaK BePIIMNHBI, BOIIEAIIIEH B CIIMCOK BEPHIMHLI 1.
Bo BTOpPOI cTPOKE MAaTPHUIEI ABA 3JI€MEHTA OTINYHEI OT HYJIA:
10 u 1. Ho 10 coorBercTBYeT BepiinHe I, KOTOpas yyKe SHa-
YUTCA B MOAMHOMKECTBE A, TO3TOMY IOBTOPHO €€ B CIIMCKH He
BKJIIOYAEM. JJIEMEHT 1 COOTBeTCTBYeT BEPIINHE 3, OHA BCTPE-
yaeTcd BHEPBBIE, a IMOTOMY BKJIIOYAEM €€ B CIHCOK BEepIIH-
HHl 2. Takum 0GpasoM NPHUXOAMM K CJIEAVIOIMEMY CIHCKY:
21| 8. Paccysxas aHAOTMYHO, TIOIYYAEM U OCTANbHBIE CIIUC-
Ku. B peayasrare mmeem HabOp:

[1112]. [2118].[5114]. |4]I5],

Ananusupysa cuucku (4.5), 3aMmedaeMm, 4TO CTOK 6 moman
B IIOAMHO’KECTBO A, ITIOCKOJBLKY OKa3aJICA B CIIMCKE OOHOM U3
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BEPUIMH MOAMHOMeCcTBa A (B JaHHOM CJy4Yae BePIIUHBLI 5).
3HAYHUT, CYLIIeCTBYeT ImyTh M3 McrToKa I B cTok S (v Hac ua
I B 6), cocroamuil U3 HeHACBLIINEHHBIX pebep.

IIpogomxxkum peranmaanuio anropurMma. IlocTpoenue He-
HaCBHIIIEHHOro NyTH U3 [ B .S HAUMHAIOT C IIOCJEeNHErc pebpa
sroro mytu. UM Gyzner pebpo (i, ,, S), rae i, , — BEpIIHHA, B
CIIMCOK KOTOpo# moman cTok S. Jlajsee BRIIHCHIBAOT pebpo
(i,.9 i, ) TRE [, — BEpIINHA, B CIUCOK KOTOPOi IIomaja
BepLINHA [, _,, ¥ TAK [0 TeX IIOp, II0OKA Ha OYEePeSHOM Luare He
Berpetutcs pebpo (I, i), KOTODHIM U HAYMHAETCH MCKO-
MblIHl HeHACBINIEHHBIH NyTh. TakuM 06pasoM, HeHACHIIIeHHEI
nyTb u3 I B S cocrout us pebep (I, i), (s B9y ey (s B, 1),
@, S).

Bepremca k namemy mpumepy. IIpocmarpurad cmucku
(4.5) or KOHIA K HavaJly, 3amMedaeM, 4To pe6poMm G, ,,S)sB
AaHHOM ciydae siBlsercsa peGpo (5, 6), pebpom (i, ,, i) —
pebpo (4, 5), ..., u, Haxownen, pe6pom (I, i;) — peGpo (1, 2).
Taxum o6pasoM, IyTh U3 UCTOKA I B CTOK 6 110 HEHACHII[EH-
HBIM peGpaM mpoiiger uepes BepmuHs: I, 2, 3, 4, 5 u 6.

Ilociie BrigeIeHNST HEHACBIIEHHOrO IyTH M3 UCTOKA I B
cToK S ocTaerca ¢ moMoubio Marpunmbl R—X° onpemennTs
BeJUYUHY A = min(rl.j - xij), Ha KOTOPYIO HYXXHO YBEJUUYHTH
HOTOK II0 KaXXKAOMYy pebpy (i, j) BBIIeIEHHOTO NMyTH, UTOGHI
HOJIYYATh HOBHIA NOTOK X' GosbImeit mMommuocTH (Ha A exu-
HHUIIL).

B mamem npumepe, kax BuamEo u3 Tabm. 4.7, mo peb-
py (I, 2) nonoJHNTENbHO MOKHO MPOITYCTUTE 2 ., 10 pebpaM
2, 3),(3,4), (4, 5)u (5, 6) — coorBercrBenno 1,1, 1 u 2 ex.,
TaK 4YTO YBEJWYUTH MOTOK IO Bcemy mytn [ —2—3—4—5—6,
COCTaBJICHHOMY M3 YKa3aHHBIX HEHACBIIIEHHBIX peGep, MOXKHO
Ha BEJIHYMHY

A= min (2,1,1,1,2)=1.
1-2-3-4-5-6

Jlna mocTpoeHMs: MAaTPUILLl HOBOTO IIOTOKAa X! K COOTBET-
CTBYIOIIUM 3JIeMEHTAM xg marpunb X° npubasngerca Haii-
JeHHOe 3HaueHWe A, HOCJe 4ero BO3BpAIAIOTCI K H. 2 aj-
ropuT™Ma, U TaK J0 NOJYYEeHHS MaKCHMAJbHOIO IIOTOKA.

B paccmarpuBaeMoM mpumepe Ha BeauuuEY A = 1 BO3-

0 0 0 o0 0
PacCTyT BI€MEHTBL X;,, X3, Xg4 X45 U X5 MaTpunosl X° (cM.
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tabi. 4.6). C yuerom cornamrenus (4.1) npuxonum K MaTpuie
HOBOrO 1noroka X' (Ta61. 4.8). MOmHOCTE 3TOTO IIOTOKA CTaNa
paBHOH 5+ 1 =2 +4 =6 eqx.

oerpoerusiit noTox X! BHOBDL HAZO HCCAEHOBATH HA OII-
TUMAJIbHOCTh, T. €. BEDHYTHCH K ONEPAIIMAM II. 2 aJIrOPUTMA.
C aToif mesnplo, KaK ¥ NpU HCCAeLOBAHMM HOTOKa X°, cocras-
nsem marpuny R—X! (tabn. 4.9), a mo et — cmmcKu Bep-
IONH, ZOCTHMKHUMBIX U3 UCTOKA | IO HEeHACBIM[EHHBIM ITYTSIM.
B pesynrpTaTte nosyyaeMm Takue CIMCKH:

[115). (571, @9

Tabnuma 4.8 Tabnuna 4.9
N1 o2 3 4 5 6 N1z 3 2 5 6
1 0 5 1 0 0 O 1 1 0 0 0 0 0
2(-5 0 2 0 3 o0 2 111 0 0 0 0 0
3]-1 -2 0 3 0 O 3 2 4 0 0 0 0
4 0 0-3 0 1 2 4 0 0 6 0 0 0
5 0 -3 0 -1 0 4 5 0 6 0 2 0 1
6 0 0 0 -2 -4 0 6 0 0 0 4 9 O

Kax Buano ms cnuckos (4.6), cToK 6 He MOmajg B CIMCOK
BEepPIINH, JOCTHKUMEBIX 13 ] 10 HeHACHIIMEHHALIM pebpamM. 3Ha-
yut, 10oToK X! makcumasen. OcraeTcs HAHECTH €ro Ha CeThb

€ YKasaEHMeM HaIpaBJEHWUs IIOTOKOB [O OTAEJIbHBIM pebpam
(puc. 4.10).

Ucnonsays cuucku (4.6), BbIAeJ MM IOAMHOMKECTBA A |
B, na KOTOpBIE OKABAJIOCH PA36HUTO MHOMKECTBO BCEX BEPILIHH:
A={1,38},B={2,4, 5, 6}. A reneps Bernuiem peGpa, c6pasyo-
mue paspe3d A/B MuHUMANBHOU NPONYCKHON CIOCOBHOCTH:
(1, 2), (3, 2) (3, 9.
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B 3agauax 4.12, 4.13 cocrasuth MaTpuny R IpOIIYCKHBIX
cnocobHOCTEH pebep ceTH.

4.14, 4.15. Ha cerax x sagayam 4.12, 4.13 cooTsercTBeEHO
copMupOBaTh KaKoi-1u60 moTox X°, nampaBsIeHHBIN U3 HC-
Toxa I B cTOK S, M COCTAaBUTH MATPHULY 3TOrO IOTOKA. Io-
crpouts Matpunly R—X° u ycTaHOBHTE € ee IOMOIBIO, KAKHe
pebpa ceTH OKasanuCh HACBIINEHHBIMH M KaKMe — HEHACHI-
[IEHHBIMHA.

B zagauax 4.16—4.21 8a cetu ¢ ucroxom I u crokom S
ITOCTPOUTH IIOTOK MAKCHMAJIbHOMN MomtaoCTH. Brinucars pebpa,
ofpasyoliye paspes MEHEMAIBHONR IPOITYCKHON CIIOCOGHOCTH.

194



Paccmo'rpnM HEKOTOPHE IIPUJIOXKEHNA 3aJaY¥ O MAKCUMAaJNIbHOM
IIOTOKE.

IIpumep 4.7 (TpaEcmopTHAA 3ajadya II0 KPUTEPHIO Bpe-
menu). B rabs. 4.10 yxasanel 3anacel a, HEKOTOPOro OJLHO-
POJIHOTO I'Py3a, HAXOAAIIEr0CA ¥ HOCTAaRIIUKOE A; (I = 1, 3).
JTOT TPYy3 HEOOXOAMMO NOCTABUTH 38 MHHHMAJIBHOE BpeMs
HOJIy4aTeJ M B]., norpebHOCTH b; (j =1, 3) KOTOPHIX H3-
BeCcTHBI. B Tabimmne mpuBefeHB H NIPOAOIKHTEJIHHOCTH t;
JOCTaBKH rpy3a (HE3aBHCHMO OT 00beMa MOCTABKH) KaXKIbIM
IOCTaBIUKOM A; KaxjaomMy norpebutemnio Bj. CocraBuTs
peann3yeMblll 32 MUHHUMAJIbHOE BpeMs IJIAH II€PeBO30K, IpH
KOTOPOM CIPOC IIOTpe0uTe/ed YAOBJIETBOPAETCH IIOJHOCTHIO.

Tatanmma 4.10

b,
a, J 6 11 13
12 4 2 3
8 3 5 1
10 7 6 9

P e e 5 u e. Cpasy ke 3aMeTHUM, 4UTO B HAIIIEM IpUMepe
obmmit 3amac rpysa paBeH CYMMapHOMY CIPOCY, a IOTOMY
IoTPeGHOCTH BCEX ITOJydaTeleil rpysa YI0BJIeTBOPUTD MOMKHO
(3axpeITas 3azada). B ciayyae OTCYTCTBUS OTMEUEHHOTO pa-
BeHCTBa (OTKpBITAsA 3a/iaua) NMPeXBAPUTEJILHO BBOAAT (DUK-
THBHOTO TIOCTaBIMUKA (moTpeburess) ¢ 3amacoM (cCrpocom)
rpysa, paBHBIM HebajaHcy, U HOPMANBHO CBOAAT 3a4a4y K
3aKPpBITOMN.
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YTOGH! CBECTH peIIeHWe PACCMATPUBAEMOH 3a4aul K 3a-
7laye O MaKCUMAaJIbHOM IIOTOKE, IOCTPOMM CeTb, B KOTOPOIl
TP BePHINHEI 6y AYT COOTBETCTBOBATE ITOCTABI{UKAM A,Am
A,, TPU — moTpebuTeNnsM B,, B, n B,, onra — uctory I u
oxHa — cToky S (puc. 4.11). IIponyckHsie cmocobroCTH pebep
IOJIOMKUM PaBHBIMHU:

Tia, = @ Tay =0, 15 = by, r5p =0, TaB, =74 = ®.

Y peGep (4,, B ].) VKaKeM BpeMeHa f,; JOCTaBKH Ipysa. Bpe-
M IOCTaBKH 1O Mapmipyram I — A, u — S mpuMeM paBHBIM
Hymo. Paxu Gonbmeld BaraagHOCTH Ha puc. 4.11 nponyckasie
CIIOCOGHOCTH M HEKOTODHIE BpeMeHa He YKa3aHbI, a BpeMeHa
ROCTaBKHM 110 MapmipyTam (4,, B ].) MOL4YePKHYTH CHU3Y, YTOOBI
OTINYUTH UX OT NOTOKOB X, IO peGpam cerm.

ITocne nocTpoenns ceTu BOBHUKaET 3aaua GOPMUPOBAHMSA
noroxa MomHOCThIO B 30 ex. (cymmapHEBIl 3amac rpyaa, Ko-
TOPBIA CJIeAyeT NPOIYCTUTH IO CETH), TPOXOAAIIETO Hepes
CeTh 32 MUHHUMAJILHOE BPEeMd.

B cooTBeTCTBUM C aNrOPHUTMOM 3a7adM O MaKCHMAJILHOM
IIOTOKE IIOCTPOMM HA CeTH HaudaJbHLIH HOTOK X°. ITocKONBKY
MHHUMHMBHPOBATH CJIeAyeT BPeMs LOCTABKHU Ipy3a, ecTecT-
BEHHO 3arpy’Xarh B IIePBYIO OUYepelis pedpa CO CPABHUTEIHHO
HeNPONO/IKHUTENLHBIMM BpeMeHaMI ZOCTaBKH. M3 pue. 4.11
BU/(HO, YTO 110 peGpy (4,, B,) BpeMsa focTaBKH t,3=1 mMenBIIE
APYTHX, IIO3TOMY IPONYCTHM 1O mytu [— A, — B, — 8§,
BKJIOUAOIIeMy 3T0 peGpo, HampuMep, 8 en. Ciexyriommm
MOKHO 3arpysuTs, Hampumep, pebpo (4,, B;) c t,,= 3,
npomryctuB 1o nytu I—A;, —B, — S 5 ex. Tem camuIM cpoc
norpeburens B, Gyner yoOBIeTBOPEH MONHOCTHIO. Jlatee me-
J1ecooGpasHo 3arpysuTh 7 eUHULIAME Pe6po (A, By)ct,=2
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Puc. 4.12

B Pe3yJbTaTe IIPOTyCcKa 7 ef. IIo ny'm I—A —B,— 8. Ilpn
3TOM OyAeT MOJIHOCTHIO KCYEPIAH 3alac rpysa B nyHKTe A,.
3aBeplIeHNe IPoIecca (POPMUPOBAHUS TIOTOKA X° MOMHO npo-
CIeAuTs 110 puc. 4.11. BermyuEsr 1oTOKOB Mo pebpaM yxasasbl
pPsiIOM CO CTPEJKaMU, O003HAYAIOLIMME HAMPABIEHUS STHX
IIOTOKOB.

AHa3upys MocTpoeHHsIH motok X P (MomrocTsio B 30 ex1.),
3amedaeM, 4TO BpeMsa HauboJiee IIPOLOKHTEILHOMN IIePeBOBKH
paBHO 7 eJ. U COOTBETCTBYET MApIIPYTY A;—B,. Bmecre ¢
TeM B OYHKT B, IrPy3 MOMXHO NOCTaBUTH Jmﬁo us A 3a 3 ex.
BpeMeHH, Jubo nsA 3a 4 exl. BpemMeHHu, T. €. 651c'rpee HEMXeJIn
u3 A,. Bosrukaer npennonomerme O TOM, YTO HUCIIOJL30BAHUE
KaKoro-au0o u3 8THX MapIIPYyTOB IO3BOJUT 3aMEHUTH MAPIII-
pyr A;—B,.

I/Icrcmoan MapuipyT A;— B, U MapIIpyThl, AJIS KOTOPBIX

> 7, coxpaHUB pacmpefieIeHHe TOTOKOB HA OCTABIIUXCS
pe6pax npexHnM. B Hamiem ciyuae xpome A;—B, mpugnercs
HCKJIIOYHUTE MapmipyT A,—B, ¢ t,5=9. B peaynb'ra're MonJ-
HOCTH OCTABIIIEr'OCH Ha ce'rn moroxka X! cocraBur 24 en.
(puc. 4.12).

Teneps B COOTBETCTBUH € AJIrOPUTMOM 3aJaYM O MAKCH-
MaJIbHOM IOTOKe CJIeAyeT YBeJIMYUTb MOIHOCTh HOTOKA (B
naxaoM caydae 1o 30 en.). C aToi IeIbI0 IOCTPOEHBI MATPUIIBL
"R, X'u R—X' (rabn. 4.11—4.13).

Ilo Tabn. 4.13 cocTaBIeHRI CIMCKHA BEPHINH, AOCTHKHMEBIX
U3 HCTOKa | 10 HEeHACHIIEHHKIM IYTAM:

L114,) |4,11 B}, [B,114,, 4,), 14,1|B,, B,],
[4,1L], [B.lis]

ITockoneky cTox S momas B CIIMCOK, TO MOITHOCTE IIOTOKA,

RedCTBUTENLHO, MOXKHO yBeawuuTsh. /s ompeseneHMs Be-
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Ta6anuna 4.11

11

13
0

- A1A2A3BIB2B3 n

Tabauma 4.12

-11

0m840000
|

Tabanuma 4.13

~ < e o

R R i o

» Ag),

BeAymiasa B CTOK S, U 1o

JINYHUHBI A JOMOJHUATENBHOTO IOTOKA 110 COCTABJIEHHBIM CIIHC-
pebpaM 3Toit MenoYKy Ha OCHOBaHUH Tabi. 4.13 onpeznenser-

KaM GOpPMHUPYeTCs IeNoYKa HeHACHIIeHHHIX pebep: (I

(A3, By), (By, A)), (4,, B,), (B, 8),

= 6.

min(6, «, «©, ©, 6)

ca A
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Puc. 4.13

YBenuuuBas Ha 6 ef. HOTOKHU 1Mo pebpaM yKasaHHOR e-
mouky (B rabs. 4.12), DpuXOAUM K HOBOMY HMOTOKY X2, Mat-
puila KoToporo npeacrasneHa tabia. 4.14, a cerb, Hecymas
3TOT MIOTOK, n3obpakena Ha puc. 4.13.

Ta6anunga 4.14

I A, A, A, B, B, B, s
1 0 12 8 10 0 0 0 0
A, -12 0 0 0 6 1 5 0
A, -8 0 0 0 0 0 8 0
A, -10 0 0 0 0 10 0 0
B, 0 -6 0 0 0 0 0 6
B, 0 -1 0 -10 0 0 0 11
B, 0 -5 -8 0 0 0 0 13
S 0 0 0 0 -6 -11 -13 0

Ananusupys cerh Ha puc. 4.18, zameuaem, uro BpeMsA
Haunbosee IPONONKUTEIBHON NEePEeBO3KH PABHO 6 eI. U co-
OTBETCTBYeT MapiipyTy A;—B,. OnHAKO U3 BepUIXHBI A, Her
BO3MOXKHOCTH BBIBE3TH I'PYy3 3a BpeMs, MeHbIIee 6 efn., cie-
[JOBATENIBHO, pacupe/iesieHne, IOTyIeHHOe Ha CETH, U300paKeH-
HOM Ha puc. 4.13, mannydmree u sagaua pemera. I[1s GoJtb-
Il HarJaAaqHOCTH OTBET MOYKHO 3aUcaTh B (hopme Tabi. 4.15.

Tabnwma 4.15

Bl B2 BB
A, 6 1 5
A, - - 8
A, - 10

199



4.22. V3BeCTHBI 3a1aCHl @, TPy3a y IOCTABIIUKOB, CIPOC
bj norpeburesieit ¥ BpeMs t,; MOCTaBKH TPy3a IO MapmIpyTy
Ai—B}.. CocTaBUTh pealn3yeMbIil 3a MUHAMAJILHOE BpeMsd ILIaH
IIePeBO30K, IPH KOTOPOM IIOJHOCTHIO YAOBJETBODSIETCS CIIPOC
noTpedureneii. Ymcsaossle faHHLIE IPUBEIEHEI B CIEAVIOIMINX
Tabnuiax:

b, b,

a) aNJ| 13 5 2 6) o N |5 10 20 15
9 3 10 6 108 38 5 2
7 4 2 5 15 | 4 1 6 7
4 7 4 8 25 1 9 4 3

IIpumep 4.8 (3agaua o6 onrTuMatbEOM HasHaveHnH). IIpo-
exT BKJIOYaer paborer P, P,, P, u P,, KOTOpble MOI'yT BHI-
IOJHATHCA HE3ABUCUMO APYT OT apyra. Ucnonuurenu X, 4,
H, v H, MOTYT BBINIONHATH He JIO0OLIE, a JUIIb BIIOJHE OIIpe-
nejeHHble paboTel. BO3MOIKHOCTH MCIIOMHUTENEH XapaKTepH-
3yTcA sJaeMeHTaMu Marpunsl (Tabia. 4.16): ecau a,;= 1, To
paGora P, MOX<eT BBIDOJHATHCH HCIOJAHUTENeM H j» ecid e
a;= 0, ro mer. IIpu 5TOM Ka)KAbIA MCIOJIHUTENb OJJHOBPEMEH-
HO MOXKeT BBIIOJHATH TOJLKO OJHY pabory m xaxknasa pabora
OJIHOBPEMEHHO MOXKET BBIIOJHATHCS TOJIHKO OGHUM MCIOJIHH-
TesieM. PacnpenenuTs paboTsl MeKAy HCIONHUTENAMU TaK,
4T00B! OLHOBPEMEHHO BBIIIOJIHSIOCE BO3MOXKHO G0JIbIIIee YHCIO
pabor.

Tabnuna 4.16

H H H

2 3 4

ST
QSO M=
O
OO
OO O -

4

P en1 e H 1 e. CBepieM pemienue JaHHOI 3a/a4M K 3ajaue
0 MaKCUMaJIbHOM HOoTOKe. C BTOU HeNbl0 IIOCTPOMM CEeTh C
JIeCATHIO BePIINHAMHU, YETBIPE M3 KOTOPBIX OyAyT COOTBETCT-
BoBarek paboram P, P,, P; m P,, 4eTbipe — HCIOJHHTENAM
H,H, H, uw H, ogra — uctoxky I u ogHa — CTOKY S
(puc. 4.14). IIporyckHbie ciocobHOCTH pebep MONOXUM DPaB-
HoMH: rpp =1, 15, = 0, s = 1, Tsr, = 0. Bepumuny P, coenu-
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Puc. 4.14

HUM pebGpoM ¢ BepiunHON H ; TOJIBKO B TOM CJIy4ae, eCId pa-
Gora P, MOXxeT BBINONHATHLCA HCIOOJHMTENeM H i ITpu srom
o, = 1, a Ty p, = 0.

Kaxxgomy pacopenenenmnio paGoT MeXX Iy UCHOIHATEIAMHA
MOXKHO HOCTAaBUTh B COOTBETCTBHE OIPEACNCHHBLINM IOTOK Ha
ceru. B camom nene, ecnu pabora P, mopydyaerca MCIOJHUTeE-
JI0 H}., TO N0 nemnoure pedep (I, P), (P, Hj) u (Hj, S) npo-
mycKaeTcs NOTOK eJUHUYHOM MOIUIHOCTH. BepHo u o6paTHOe.
IIpu TaxoM coOTBETCTBUU YHCIIO PACTIPEAEJIEHHEBIX paboT paBHO
MOLITHOCTH CyMMapHOro moroxa u3 ucroka I B crox S. IloaTo-
MYy, 9TOOBI PeIINTh 337ayy 00 ONTHMAaJIbHOM Ha3HAUYCHUM,
AOCTATOYHO HalITH B COOTBETCTBYIOIIEH CeTH MAaKCUMANBHBIH
IOTOK C IMEeJOYHUCJIEHELIMU IIOTOKaMHU II0 pebpaM ceTH.

IIpucrynas K penieEwio 3a7ayv, IPUMEM B Ka4eCTBe Ha-
4aJIbHOTO CIIeRyIoIee pacnpenenenue pabor: pabory P, sakpe-
nuM 3a ucnoianurexem H,, P, — sa H,, P, — 3a U, PaGo-
Ty P, nopy4nTh HeKOMY. COOTBETCTBYIOIIMI HAYAILHBIH IIOTOK
X° manecen Ha ceTh (cM. puc. 4.14) ¢ yKasaEueM HAIpaBJIeHASA
MOTOKOB 1O OTAebHEIM pebpamM. MouiHOCTs DOTOKA pPaBHA 3.
17 mccrenoBaEUA 3TOTO MOTOKA COCTABIAeM Marpuusl R, X°
n R— X7 (Tabx. 4.17—4.19) u mo Tabx. 4.19 bopMupyem cumc-
KU BEPIINH, NOCTHIXKUMBIX 13 [ 10 HEeHACHINEHHLIM pebpam:

l11ip,], [P \1H,]|, [m,]]P,], [P,I1H,], [m,]]P,],
EACATARNAIEAR AL
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CTOK momas B CIUCOK, CJIE/JOBATEIBHO, MOIIHOCTD IIOTOKA
X°, paBHyI0 3, MOKHO YBEJHUYNUTH, €CIU HOTOKH IO pebpam
I pr,), (P, H,), (H,, Py), (Py, Hy), (Hg, P,), (P,, H)),
(#,, P), (P, H)u (U, S) yeruuuts Ha A = 1 (370 BUJHO
us tabn. 4.19). B peaysnprare noayuunu motox X' (taba. 4.20),
KOTODBIN ABJSETCA MAKCUMAJILHBIM, TAK KAK HACBLIIEHBI BCE
uyeThIpe pebpa, BHIXOAAIIMX U3 UCTOKA [. DTO MOYKHO IPOBE-
paTh 1 GOPMAanIbHO: B MaTpuie R—X' Bce 3eMeHTHI IepBoit
cTpoku OyayT paBHBI 0, crenosaresbHO, CIMCOK BEPHIMHBI 1
OKaXKeTCsI IYCTBIM.

Tabauma 4.20

1 P P, P, P, H H, H, H, S
I 0 1 1 1 1 o0 0 0 0 O
ppl-1 o o o0 0'0 0 0 11!0
P10 o 0o o0 1 0 0 00
P, {-1 0 o0 o0 0,0 O 1 0,0
P, |l-1 o o o0 010 1 0 010
g | 06 0o -1 0o 0 o0 ©0 o0 0 1
H, | 6 0o o0 0 -1 o0 0 0 0 1
4,/ o o o0 -1 0o o0 O ©0 0 1
H, | 0o -1 o o0 o0 O 0o 0 o0 1
s o o o o o0 -1 -1 -1 -1 0

IlockoaBbKY MOIHOCTB OTOKA X' paBHa 4, a yncyo pador
B HCXONHOM 3ajjaue Takke pasHO 4, TO X' COOTBETCTBYET Ta-
KOMY 3aKPeIJIeHHNIO PaboT, IIpU KOTOPOM BCE OHM OKAa3BLIBAIOTCH
pacupefieIeHHBIMH, YTO U CIYIKUT NMPU3HAKOM OITHUMAJILHOCTH
pacupenenerusi. Boinenenuas B tadiu. 4.20 mogmarpuna xKak
pa3 ¥ yKasbIBaeT 9TO ONTHUMaJIbHOe 3aKpeneHue pabor: pa6o-
Ta P, mopy4aercs ucnoxsurenio H,, P, — ucnonuureno 4,
P, — ncnoanuremo H,, pabora P, — ucnonauremnio H,.

4.23. Haiitn onTuManbHEOE pacupeneseHne paboT MexIy
HCIIOJHATENSAMU C YYETOM X BO3MOXXHOCTEH, OI[eHUBAEMbIX
3JIeMEeHTaMH{ NAHHON MaTPUObBI, U MCXOAA U3 VKA3aHHOTO Ha-
YaJIbHOTO PACHPeeIeHuN:
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PaboTnr Pl, P2, P3 IepPBOHAYAJIbHO 3aKpeNJIeHbl 34 HC-
noneurensamu H,, H,, H, COOTBETCTBEHHO.
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Pa6oret P, P,, P, nepBoHavYa IbHO 3aKPEIMJICHBI 34 HCIIOJI-
nurensMu M., H 99 u | COOTBETCTBEHHO.

4.3. Tpancnopraas 3aja4a B CeTeBOH MOCTAHOBKE

Ecnu yenosus rpascrnopTHo#l 3anayu 3ajlannl B opme rpada, Bep-
IIAHBI KOTOPOI'0 MOJAEJNIMPYIOT IMOCTABIIUKOB M noTpeburesneil, a ped-
pa — CBA3LIBAIOIINE KX JOPOTH, U OJHOBPEMEHHO C 9THM YKas3aHbI




Puc. 4.16

samnachl @, rpysa ¥ IOTPeGHOCTH b; B HEM, a TaKiKe YHCHA Cy;, ABJISIO-
mMecs MOKa3aTeNAMHU IDUHATOTO B 3aJa4Ye KPUTEPHUA ONTUMAJIbHOCTH
(tapudbl, PACCTOSHUA U T. II.), TO TOBOPAT, YTO TPAHCIIOPTHASA 3a1ada
npeacTasieHa B ceteBoil dopme (cM. puc. 4.15, a, 4.16, a).

Sanacnl rpysa B BepmiuHax (KpyskkKax) OyJeM 3alHUCHIBATL HO-
JIOXKHUTEJHLHEIMH, & TIOTPeGHOCTH —— OTpMIaTenbHbIMK uucaamu. Ha
rpade (ceTr) MOryT OBITH M300pa’KeHEl BEPIIUHLI, B KOTOPHIX HET HU
NIOCTABIMUKOB, HA NoTpebureneiil. Hanuume Taknx BepIINH HE BIUSAET
Ha cIocod pelreHMs, €CJIM CUHTaTh, YTO 3anackl (morpebHOCTH) Ipysa
B HUX paBHB HyJ 0. Takue BepIIMHEI HA3EIBAIOT HYylesuvimu (cM.
pepuiuny II ua puc. 4.16).

Hpumep 4.9. Ilo ycioBmAM, nmpeicTaBJeHHBIM Ha PHC.
4.15, a, TOCTPOUTS IJIAaH HEPEBO3OK I'PY3a, IPU KOTOPOM MU-
HHMUBHUPYIOTCS TPAHCOOPTHBIE 3aTPATHI.

Pemenue. Y nmocraBmuros I u II cocpenoroueno 30 +
+ 70 = 100 exn. rpysa. ITonyuarensm tpebyerca 20 + 40 + 40 =
= 100 en. B nanHOM ciyuae 3amac COBOAJaeT CO CHPOCOM, a
moToMy 3amava saxpsiTas. Tapudsl H3BECTHEL.

Pernlenne HaYWHAEM C [MOCTPOEHHS HMCXOAHOI'O OIIOPHOTO
nnaga. [locTaBKY rpy3a 13 BePHIMHLI B BePIINEY 6yaeM 060-
3HAYATH CTPEJIKAMU C YKa3aHueM 00'beMOB IIOCTABOK.
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OnopHEI# NIaH AOJNKEH YAOBIETBOPATE CIAEAYIOMUM Tpe-
fopanusiM: 1) Bce samachl ZOJKHBI OBITH paCHpeAeseHBI, a
oTpPeGHOCTH YZIOBJIETBOPEHD!; 2) K KAMI0M BepIIUHE NOJIMK-
Ha NOAXOAUTH UJM BHIXOAWTH U3 Hee XOTHA Obl OMHA CTPEJIKa;
3) obmiee KOJMYECTBO CTPEJIOK JOIKHO GLITH HA € AUHUIY MEHb-
IIie YucJa BepIInH; 4) CTPeIKY He AO/KHBI 00pasoBhIBATh 3aMK-
HYTBHIH KOHTYp. 1lnaH pacnpegenenus rpysa Ha puc. 4.15, 6
OTBEYaeT 9TUM TPeGOBaAaHUAM.

Hanee crefyeT MIpoBepUTH IJIAH HA ONTUMAJIBbHOCTh. Jlist
9TOTO BHIYHUCJIUM CHENHUAJbHbIE NMOKA3aTeJU, HAa3blBaeMble
nomeryuanamu. Nenaerca sro raxk. Oguoir us BepmuH (Ha-
npuMep, BepmiuHe /) IPUCBOMM HEKOTOpPOE OIpejieIeHHOe
3HaveHHe TmoTeHnuana (Hanpumep, pasaoe 0). [ias 6onsnoreit
HAIAAHOCTH [TOTeHNUAJIHI OyieM 3aKa0UaTh B paMKu. [locne
3TOr0, ABHUTasCh IO CTPEIKAaM, ONpeJeNseM OTeHIHaJIbl
OCTAJIBHBIX BEPIINH, DYKOBONCTBYSACH IPABUJIOM: €CJIX CTPeJI-
Ka BBIXOJUT M3 BEePUIUHBI, TO K NOTEHIIHAIY 3TOH BEPIIUHEI
npubaBiseM IOKa3aTesb ¢,; KPUTEPH A OLTHMAIBHOCTH, €CIIH
’Ke HampaBJieHne CTPeJIKX IPOTUBOIOJNOKHO, TO ¢, BHIYATAEM.

B mamem npumepe nmorennmuan BepmuBsl I — 0+ 2=2
(cTpesiKa BBIXOAWT 13 BEpUINHEI [), TOTEHINAJ BepPIIUHEL V —
0 + 6 = 6 (cTpenKa BBIXOAMT W3 BepUIMHBI J), HOTEHIHAT
pepuwinEbl [T — 6 — 5 = 1 (cTpenka BxoauT B BepuiuHy V),
morennual Bepmiuasl IV — 1 + 3 = 4 (cTpeska BBHIXOIUT U3
pepiussl I7).

TTocne BpIuuCIeHUSA TOTEHIIMAJIOB HAXOAST TAK HAa3bIBae-
MbIe OUeHKU (xapaxmepucmuku ) pefep 6e3 CTpeJoK IO cie-
AYIOIlleMy IPaBUJIY: U3 OOJIBIIEr0 MOTEHIIAANIA BBHIYUTAETCH
MeHBIINA, a PABHOCTh BEIYMTAETCH M3 IOKAsaTessd C;, OTBe-
yanImero gagHoMy pebpy. Ecan Bce pebpa 6e3 cTpesioK UMEIOT
HEOTPUIlATEeIbHELIE XapPAKTEPUCTUKY, TO COCTABJIEHHBIN NNaH
SABJIAETCA OINTHMAJIBbHBIM.

Brranucamm onesku 8, pebep 6e3 CTPEJIOK B HAILIEM IIpUMe-
pe: s, =4-(4-2)=2,5,,=1-(6-4)=-1. Urax, pebpo
(IV, V) obnagaer OTpPUIATEJLHOM ONEHKOH. SHAYUT, IJIaH
HEONTUMAJIEH.

st yaydmieHusi IJIaHA HAJNO «3arpysuTbs TO peOpo Ges
CTpesIKH, KOTOPOMY COOTBETCTBYET OTPHUIlATeJbHAs OIleHKA.
Ecim raxux pefep HeCKOJBbKO, TO BblOmpaerca pebpo ¢ Hau-
6oapHIe 1o abCoIOTHOM BeIMYHNHE OTPHUIATEILHON OIEHKOMN
¥ K HeMYy IOAPUCOBBIBAETCSA HOBas crpeaka. Ilpum atom 06-
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pagyercsi 3aMKHYTHIH KOHTYP U3 crpenok. HoBas cTpeiaxa
HAIPAaBJAETCH OT BEPIIMHLI C MEHBIIINM IOTEHI[UAIOM K Bep-
HINHE ¢ OOJBIIUM HOTEHIIUAIOM,

B namem npumepe HOBas CTPeIKa HATIPABJIEHA OT BePIIIH-
BBl IV K Bepmiune V (2a puc. 4.15, 6 ona noxasaHa MITPUXO-
BOU JIMHUEW).

s onpeneseHnsa 06beMA IOCTABKY AJIS «3aIPYKAEMOr0»
pebpa paccMaTpUBAIOTCA BCe CTPEIKH 06pasoBaBIIErocs
KOHTYpa (ec/ld Ha CeTH — OIOPHBLIA IJIAH, TO TAKOH KOHTYD
BCerga CYIIeCTBYET, W IPUTOM TONBLKO oAumH!), mMemoIue
HaNpaBJIeHne, IPOTHBOMNOIOMKHOE HANIPABIEHUIO HOBO CTpeJI-
KH, U CPeJM HUX HAXONUTCHA CTPeJKa C HauMeHbHIeil mo-
craBKo# A. Bribpanras TakuMm o6pasoM sesuumHAa IpHOAB-
JIETCH KO BCEM IIOCTABKAM Yy CTPEJIOK, MMEIOIUX TO Ke
HamnpasJjieHHe, YTO 1 HOBasdg CTpPeJIKa, M BLIUMTAETCH U3 IO-
CTABOK Y CTPEJIOK, MMEIOIUX IPOTUBOLOJOMKHOE HAIpAaB-
nenne. IlocTaBKN y cTpeloK, He BXOAAUIUX B KOHTYp, CO-
XPpaHAWTCA HeusMeHHbIMHU. CTpesiKka, IO KOTOpOHM BLIOpAaHO
YHCIO A, TUKBUAUPYeTCHa, H O6Ilee YHCIO CTPENIOK OCTAETCS
IPEXXHUM.

IIpeobpazoBaHHBINA ONMCAHHBIM CIIOCOGOM OMOPHBIN MIaH
npusejeH Ha puc. 4.15, 6. HoBbIi OMOpHEBIHA IIAH UCCAENYEeTCH
Ha ONITHMAaJbHOCTH NONOOHO npeabiayineMy. IlycTs norernman
BepmuHbl IV paBen, Hanpumep, 10, Torga mocae BEIYUCIEHNS
OCTAJbHBIX IIOTEHIUANOB AJIA pebep 6e3 CTPEIOK IOJYyYHM
Takue OneHKu: S5, =4 - (10-7)=1,5,, =5-(11-7)=1.
OHHI NOJOKUTENbHBI, 3HAUNT, OIIOPHBIM ILIaH HA puc. 4.15, 6
onrumaned. Ocraerca BRIYMC/IUATH 3HAUEHUE TPAHCHOPTHBIX
pacxonos: 20 -2+ 10-6 +30 -1 + 70 - 3 = 340.

3amMeTuM B 3aKJIIOYEHUE, UTO €CJIU NDUA MOCTPOCHUN HJIHU
npeo6pa3oBaHUN IJIAHA KOJUYECTBO CTPEJIOK OK&YKeTCH He-
LOCTATOUHBIM, TO HAAO MOPHCOBATH HENOCTAIONEe YHUCIO
CTPeJIOK, CHaGAMB UX HYJeBBIMHU IocTaBKkamMu. Hanpasinesns
CTPeJIOK BHIOUPAIOTCA MPOM3BOJLHO, OJHAKO OHU He JOJKHBI
0o6pasoBBIBATH 3AMKHYTHIH KOHTYD COBMECTHO C paHee IO-
CTPOEHHBIMHU CTPEJIKAMH.

Opumep 4.10. Tlo ycnoBusiM, IpeACcTABJIEHHBEIM Ha PHC.
4.16, a, cocTaBUTH TJAH IEPEBO3OK I'py3a, OPH KOTOPOM
TPaHCIIOPTHBIE U3AEPHKKHA MUHUMAIBHBI.
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Pemenue. B nagaomM cayuae ofmuii samac rpysa
(110 ex.) mpeBrimaer cymmapHsiit cupoc (80 ex.), mosTomy
3aflaua OTKpBITAs.

B cayuae oTKpEITON 3aKadYM BBOAAT GUKTHBHOIO IIOCTAB-
muka (norpebuTensg) ¢ 3amacoMm (CIpOCOM) rpysa, DPaBHBIM
Hebanancy. @UKTUBHLIE DOCTABIMHK (moTpebuTenb) coemu-
HseTcA pedpaMu HENOCPEACTBEHHO CO BCEMH IoTpeburenaMmu
(moctraBmiukamu). Ilpu aToM nokasaresn ¢ pebep, COeTUHAIO-
mux GUKTABHYIO BEPIINHY C PeaIbHBIMU, clenyer 6pars oxu-
HAKOBBIMH H CPaBHUTENHLHO Oonbmumu. lenaeTcss 3TO i
TOro, YTOOBI UCKJIIOYUTH BO3MOKHOCTE UCIOJIb30BAHNA DPUK-
THUBHON BEPIIMHBI B KAYECTBE HPOMEXKYTOUHOTO HYHKTA.

B Hamem mnpumepe HeOOGXOLMMO BBECTH (PHKTHUBHOIO
moTpebuTens co cnpocoMm, paBHeiM 110 — 80 = 30 ex. Ha




puc. 4.16, 6 3TOMy IIOTPEOUTEIIO COOTBETCTBYET HOBAA (DUK-
THBHaA BepuinHa VII, coefMEEHHEAS €O BCeMH TOCTABIIMKAMY
«QEKTUBHBIMH» pe0paMH C¢ MOKasaTeNlaMU, paBHbIME 10.

Pacnpefenus mocTaBKH, YCTAHABIMBAEM IIOTEHIIHAJIEI, &
IO HUM — OIeHKH pebep Ge3 crpenok (cm. npumep 4.9). Ox-
HO U3 HUX — (I, IV) — UMeeT OTPULATENLHYIO OIEHKY: § 14=
=1-(10 - 8) = -1. 3mauyuT, mIaH HeonTHManeH U pebpo
(I, 1V) cnemyer «sarpysutb». Us puc. 4.16, 6 BugHO, uTO
A =10. Cerr Cc HOBHIM OIODHBIM IIJIAHOM H3006paxieHa Ha
puc. 4.16, 6. Tam e yKaszaHbl HOTEHIHAILI. 10 HIM MOKHO
HalTH ONEHKHU U yOeAWTHCA, UTO STOT IIJIAH MEPEBO3OK SB-
JIfeTCHa ONTHMAJbHBIM. EMY COOTBETCTBYIOT MHHHMAJbHBIE
TPaHCIIOPTHBIE N3AEPIKKU, paBHBIe 270 ex.

4.24. PemuTh 00 KPUTEPHUIO CTOMUMOCTH TDPAHCIIODTHBIE
3ajzayu, 3ajlaHHbIe B ceTeBOU ¢opme (puc. 4.17, a—ad).

4.4. d1eMeHTHI CeTEeBOro IVIAHUPOBAHUA

OpnuM 73 BaXKHEHNINX IPHUJIOKEHHUH TEOPUH rpadoB fABIAETCA
ceTeBoe IVIAHUPOBAHVE U YIPAaBIEHHUE CIOKHBIMH KOMILIEKCAMHY B3aH-
MOCBA3aHHBIX pabor. nsa aroit nenu paspaboTaHbl coenaibHEIE Me-
TOABI, OCHOBAHHBIE HA HCIIOJIb30OBAHUU ceTeBBIX IpaduKoB, ABIAIO-
muxcs rpa@uyecKoil MoAeNnbl0 KOMILTEKCa paboT MM IPOM3BOXCT-
BeHHOro mpoiecca. C MareMaTHYeCKOH TOUYKU 3PEHUA Cemesoil 2pa-
¢urx — 9o cBsasubd oprpad 6e3 KoHTypoB. [lyru cereBoro rpaduka
VHTEPNPEeTUPYIOTCA KaK paboThl, BepIINHBI — KaK cOOBITHA. llepex
IIOCTPOEHMIEM CETeBOTO rpadMKa COCTaBISAETCS CIMCOK Bcex pabort,
BXOAAINX B KoMmmyeKc. IIpu 3ToM HeOoGXOAUMMO YETKO IIPEeACTaBIATh
KOHEUYHHIH pesysbTar (COOhITHE) KaskolH paboThl, 3HATH IPOLOJIIKH-
TeJILHOCTD BLITIOJHEHNUSA PaboThl, & TAKIKe IpeJIIecTBYomINe eif u 1o-
cuenyromne 3a Heil paborel. CeTeBoll rpaduK CTPOUTCH C COOIIOAEHUEM
YCTAHOBJIEHHBIX TIPaBILI.

IIpumep 4.11. Ilepeuens paGor mo opra’usanuy Ha IpoO-
MBINIEHHOH BBICTABKE 3aJja AJIS HEeMOHCTpannu o0pasiios
NPOAYKI{NN, BBINYCKAeMOH IPOMBBOACTBEHHBIM O6GBenmHe-
HHueM, Opuseged B Taba. 4.21. Iloctpouts cereBoil rpadux
BBLIINOJHEHMU ST KOMILIeKca pabor.

Pemenue OGozHauum pabGoThl B MOPAJKE WX CJe-
HOBaHWSA uepes a,, ..., 4, ¥ [NOIOJHUM JaHHy0 Tabn. 4.21
crtoabnoM 2. YUUTHIBAS TEXHOJOI'MUYECKYIO 3aBHCHMOCTEL pa-
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Tabanumnma 4.21

Comepxanue paboTsl Ucxonnas | Onupaerca
paGora Ha pabory
1 2 3
Or6op 06pasoB NPOAYKIMH LJIA BHICTABKH a, -
UsroTopyenne MHGOPMAITHOHHEIX H PEK- a, a,
JI&aMHBIX MATepHajioB, yKasaTesel, Hagmnucei
HT. IO
Hsroropienue cTeHI0B U APYyroro o6opyno- a, a,

BaHUS [J151 YCTRHOBKHU OBGDPABIOB B JeMOHCTpA-
IMOHHOM 3aJie

JHocTaBka 06pasyoB B NeMOHCTPAIHOHHBIH a, a,
3an

HocTaBka B AeMOHCTPAIMOHHBIH 34J1 CTEH- a, a,
JOB U ApYyroro obopyAoBaHUs

MonTaX CTeHZOB U Apyroro o60pyRoBaHUA ag a,

YeraHoBka 00pasiloB NPOAYKIMH Ha CTeH- a, a,, ag
nax

OdopmieHre 3aJI0B U CTEHAOB yKAas3aTeJsd- ag a, a,
MH, HAIOHCAMH, PEKJaMHBIMU U HHPOpMalu-
OHHBIMU MATEepHATAMH

PenmeTunusa oTKPHITHA BRICTABKH a, ag

GOT Apyr OT Apyra, yCTRHOBUM HMX IOCJIE€LOBATENbHYIO CBASH,
T. €. AJI KaXK01 paboThl yKarKeM, Ha Kakue paboThl OHA «OITH-
paeTcsa» (B JaHHYIO Tabauny xobaBiseM emie OAMH cTON6eI).

IlpucTtynasa K mocTpoeHHIo ceTeBoro rpaduxa (puc. 4.18),
3amMedaeM, 4To pabora a, He ONMpPaeTCA HM Ha KaKyio pabory,
[O3TOMY OHA U300pasuTCA AYToi, BEIXOAAIEH N3 coBbITHS I,
O03HAUAIOIEr0 HCXOAHBII MOMEHT, ¢ KOTOPOI'O HA4YMHAeTCH
BBHITOJIHEHHE paccMaTpUBaeMoro Komiiekca paGor. Ha paGo-
TY @, onupawoTcs paboTel a,, a; U a,, HO3TOMY AYI'H, COOT-
BeTCTBYIOIINEe 3TUM paboraMm, Ha ceTeBOM rpaduke GyayT ciae-
HOBATH HEIOCPEACTBEHHO 3a AYTOH a;, OT co6bITHA 2, O3HA-




YaI0I[ero MOMeHT OKOHYaHUsA paboThl @, 1 Havamo pabor a,,
a; u a,. Ha paGory a, onupaerca paGora a., a Ha Hee —
pabora ag, 9TO U OTPaKeHO Ha CEeTeBOM rpaduKe CIeayIOI[A-
MM APYT 3& OPYTOM IyraMH 4, u a4. Pabora a, ormupaercsa Ha
paborTel a4 U ag, IMOBTOMY Ayra @, UCXONUT U3 cobbITuA 5,
O3HAYAIOIEr0 MOMEHT, K KOTOPOMY 3aBepHIeHHI 00¢ aTH pa-
6oTel. AHaZOrUYHASA CHTYallUsi MMEeT MEeCTO M s paboTh
ag, uCXonAme us cobuiTiA 6, KOTOPOe 03HAYAET GPAKT BBITIOJI-
HeHus paboT a, u a,. [lyra a, cooTBeTcTBYeT HOCHEAHEH pabo-
Te, & KOHeYHOe ee coOnITHe & 03HAYAeT MOMEHT 3aBepIIeHUsI
paboT Bcero paccMaTpHBaEMOr'0 KOMILIEKCA.

4.25. Ha cereBsix rpadurax, n306paXkeHHbIX Ha puc. 4.19,

HalTH OImHMOKM, CUMTAasA, UYTO KAMKABIA rpaduk HMeeT OLHO
ucxoznuoe I U ogHO 3aBepmiapIinee S cobniTHE.

I O—Q

O—Q) |\ Or—=&)
I 5

(D—

Puc. 4.19

4.26. ITocTpouTh hparMeHT CeTeBOT0 rpaduKa, BKIIOYAT0-
IIero nATh paboT, ecsiu paboTsl d, U a; HAUATHI O{HOBPEMEHHO,
pabora a, MoxkeT ObITH Ha4YaTa IIOCJe BBIIOJIHEHUs pabor a,,
a,, a,;, pabora a, MOXKeT HAYaThCA IOCJe BHITIOJHEHUs pabo-
TBI Q.

4.27. lloctpouTh (hparMeHT ceTeBoro rpaduKa, ecjau Hada-
J10 paboThl @, 3aBUCUT TOJBKO OT OKOHuYaHHUA pabor a, u a,,
HAYaJ0 paboThl @, — TOJBKO OT OKOHYAHUS PaboThI @ 4, HAYaIo
paboTsl a; — TOJBKO OT OKOH4YaHUs pabor a, u a,.

4.28. ITocTpouTts parMeHT ceTeBOro rpadukra, corepxa-
mrero mectb paboT, ecau Havasao paboThl @, 3aBUCUT OT pe-
3yabTaTa BBINOJHEHUA PaboThI a,, pabora a, MokeT ObITh Ha-
JaTa IocJe BRIIIOJHeHuA paboT a,, a,, pabora a, Mmoxer GBITH
HayaTa IOCJe 3aBepIleHus pabor a; u a,.
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4.29. IlocTpouTs GparMenT ceTeBOro rpagukKa, eCiIu OH
BKJIIOYaeT ceMb paboT U npu aTom pabora @, BHIDONHAETCH
nocsie pabor a; u a,, paboTa a, HAUXHAETCSH MIOCTIe BLITOMHEHN A
paborwl a,, pabora a; MOKeT GBITH BHINOJHEHA IIOCJe paGoT
a, 4 a,, pabora a, BHIIOJHAETCA HOCTe pabor a, u a,.

4.30. IToctponTs cereBoil rpadUK IO CACAYVIOUIUM JAHHDIM:
pa6oThl a,, a,, 3, MOTYT BHINOJIHATLCA ONGHOBPEMEHHO MOCTIE
CBEpPINEeHUs HCXOAHOTO coObITHA, PabOTHI @, B @, HAYXHAIOTCA
nocse OKOHYaHUA paboThl a,, paboThl a4 U @, MOTYT HAUATHCH
nocye BhINONHeHHU:A pabor a, u a,, Hauano pabor ag u a, 3a-
BHCUT OT peayibraTa paboTml a,, pabora a,, Moxer OBITH
HAyYaTa [ocJe BHINOJIHEHUA paboT a, U a,, K pabore a,, MOXKHO
OPUCTYHOHUTH NOCJE 3aBeplieHus pabor a, u ag, pabory a,,
cllefiyeT HadaTh IHOCJIe OKOHYaHUSA paboTel 4y, pabora a,, Gyner
BBHITIOJTHATBCS IIOCNe 3aBepmIeHus pabor a,,, a,, ¥ a,,.

4.31. ITocTpouTs ceTeBble rpadrKH MO CASAYIONIMM AAaHHbBIM:

a) Hexopnas Onupaerca 6) Hcxonran Onupaercs
pabora Ha pabory pabora Ha paGory
a, _ a, —
a, _ a, -
a, _ ag _
a, a, a, a,, a,
ag a, ag 2y O
ag a, ag a, a3
ay as, ay a,; ag
ag a;, a5 O aq ay A Gy
Hcxoanaa Onupaercs
B) pabora Ha paboty
a, _
a, _
ag ay» a,
a, a,
ag a,
aq a4 ag
a; as a;
ag as» a,

IIpn amajuse ceTeBbIX IPadHKOB NMPEXJAE BCErO BLHIYMCIAIT €ro
BpeMeHHEle mapaMeTpsl. K OCHOBHEIM BpPeMEHHBIM IapamMeTpaM OT-
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HOCATCA IPOJOJIKUTEILHOCTh KPHUTHUECKOrO NYTH (KpUmMUYeckuil
CPOK), Pe3epBbl BpeMeHH COGBITHI M pPe3epBHl BpeMeHH paborT.

Kpumuuecryii nymbs — s1o Hanbosiee IPOTAKEHHAH 10 BpEMEHR
IOJIHBI IyTh; €ro NMPOAOJIKUTEILHOCTh U ONpefeNfeT KPUTHIECKHi
CPOK (txp). Kpuruueckux myreil Ha cereBoM rpadMKe MOMKeT BHITD
HECKOJIbKO.

Pannuii cpox tp(j) c8epuleHUA cOObimus j — 3TO caMblil paHHHH
MOMEHT, K KOTOPOMY 3aBepIllaioTCs Bce PaGOTHI, NpejLIiecTBYIONINe
3TOMY COOBITHIO:

t,(j) = max (t,@) +t(, ), (4.7
@,)) eUj

rze U; — MHOeCTBO paboT, 3aKAHUMBAIIIMXCA j-M COGHITHEM;
tp(i) ~— PaHHHH CPOK CBEpIIEHHMA HAYAJILHOIO cOOhITHA paboTH (i, j);

(i, ) — npomomxkuTensuocTe paborul (i, j). Ilpegmonaraercs, uro
tp(I) =0, tp(S) =t

Ilo30nuil cpox t (i) ceepuienus cobbimus i — TaKoH IpPeReNLHEIN
MOMEHT, II0CJIe KOTOPOT'O OCTAeTCs POBHO CTOJILKO BPEMEHH, CKOJbKO
Heo0X0UMO ANA BBIIOJHEHUS BCex paboT, CAefyiolluX 3a 3TUM CO-
OpiTHEM!:

t,() = min (¢,(j)-tG, ), (4.8)
i,/) ey
rge U — MHOXecTBO paboT, HAUUHAIOMIUXCA {-M COBBITHEM; tn(j) —

NO3AHUI CPOK CBepIIeHUsS KOHeYHOoro cobuitus pabortu (i, f). s 3a-
Bepniawoumero cobutis S npeanonaraercs, 4to t (S) = tp(S) =t

Peseps epemenu R(i) co6bimus i moKasnBaeT, HA KaKo# IpeJesbHO
JONYCTUMBIi CPOK MOXKET 3aiePIKAThCH CBEPINEHHe COORITHA | 6e3 Hapy-
IIeHUA CPOKa HACTYIJIEHUS 3aBEPUIAIOIIETO COOBITHA:

R() =t () - tp(i). (4.9)
Pannutt cpor Havana paGomost (i, j)
w6 D) = 1, (D). (4.10)
Pannuii cpox oxonvanua pabomut (i, j)
t, [ D)= tp(i) + t(i, J). (4.11)
ITo3dnuil cpox nawana pabomst (i, j)
¢, W D) =t.0) -, ). (4.12)
Io3dnuil cpok oxonvarua pabomet (i, j)
ty. olls 1) = () (4.13)
Paunnif cpok cBepuieHus cOOBITHA j YacCTO HaXOAAT MO (opmyJie
j) = t, (L)), 4.14
t,() (B 1, ol J) (4.14)
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a MO3JHUN CPOK CBEpIIEHUs COGHITHA [ — 10 hopMyJIe
t (D). (4.15)

ITonnwiii pezepe pemenu R (i, j) pabombi (i, j) — aTo MakcuManb-
HBIJ 3a1lac BPEMEHH, Ha KOTOPOe MOXKHO 3a/lepiKaTh HAYaIO paboThI
HJIH YBEJIUYHUTH €€ MPONOJKUTENLHOCTD [IPK YCIOBHH, YTO BECh KOMII-
JIeke paboT OyzeT 3aBeplueH B KPUTHYECKHH CPOK:

R, )=t () -t ()~ td, =t () -, (). (4.16)

Ce0600nbLil pezeps epemenu R (i, ) pabompi (i, j) — aT0 Mak-
CHUMAaJIBbHBI 3anac BpeMeHH, Ha KOTOPOe MOXKHO OTCPOYHTH YJIH (eCin
OHA HAYaJIaCh B CBOM PAHHUI CPOK) YBEJIHYHUTD €€ IIPOJOIKHTEILHOCTE
IIpH YCJIOBHMH, YTO He HAPYIIATCS paHHME CPOKH HAYaja BCeX TOCJe-
AyIOmuX pabot:

R, y=t,() - t,0) —t, D =t.()~t, (G, ). (4.17)

Eputndeckue paboThl, KaK ¥ KPUTHYECKUE COGLITUS, PE3ePBOB HE
UMEIOT.

t,({) = min
@,)yel

IIpumep 4.12. BEITOJHUB BLIYMCICHUA HEIIOCPEICTBEHHO
Ha CETEeBOM rpacguKe, OIPeNesUTh CPOKY CBEDPIIEHHUS U pe-
3ePBBI BDEMEHH COOBITHIL.

Pemenue Meroguky pacueToB IpoUJLIIOCTPUPYEM Ha
IpuMepe ceTeBoro rpaduka, nsobpakerHoro Ha puc. 4.20, 6.
31ech KaXOBIH KPYKOK, MOASIUPYIOIHi cOGRITHE, pasfelied
JuaMeTpaMH Ha deThIpe cexTopa (puc. 4.20, a). B BepxuHeMm
CeKTOpe 3anumnIeM Homep (Iudp) i COOBITHS, B IEBOM IO Mepe
BBIUMCJIeHUI Oy1eM 3amChIBATh PAHHUMA CPOK tp(i) CBepIIeHus




COOBITUA [, B IPABOM — IMO3JHUI CPOK t o), B HuKHEM —
pesepB R(i) BpeMmenu coObITHSA.

PacueTs IPOBOLAT B YeTHIpE HTATIA: BLIYUCIAIOT ¢ (z), ¢ (),
R(i) v BBIZENAIOT KPUTUYECKUH IIYTh.

I o1 an. Ilpu BEIYHCIEHNN PAHHAX CPOKOB CBEDIICHUS
COOBITHI IEPEMEIAOTCH II0 CeTEBOMY TPABHKY OT HCXOHOTO
co0bITHs | BIPABO, IO Mepe BO3PACTAHMS HOMEPOB COOBITHIL.
TIockousry ¢ (I ) = 0, B J1eBBIt CeKTOp KpyxKa ! sanmchIBa-
em 0. Barem paccmannBaeM cobpITHE 2, B KOTOpPOE BXOIUT
TOJIBKO OfHa pabota (1, 2). B coorsercrsum ¢ dopmytoii (4.7 )
CKJIAZbIBAEM YUCJIO £ (1 ) =0 ¢ uncaom #(1, 2) = 4 u peaynprar
tp(2) 4 3anuc1>IBaeM B JIEBBIII CEKTOD KPYXKa 2. AHaJIOTHYHO
Haxomum t (3) =t (1) +t(1, 3) =0+ 5 =5 u zanuceisaem B
JeBBIA ce}{'rop Kpyskka 3. Ilpu Beruucaennu ¢ (4) YVYATBIBAEM,
4TO B coObiTHE 4 BXomAT ABe padorsi: (I, 4) u (3, 4). Cocras-
JsieM ABe CYMMBI: ¢ (1) +t(Il,4)mnt (3) + t(3, 4). llo popmyre
(4.7) HAXOMUM

t(4) = max(¢ (1) + t(1, 4), t(3) + U3, 4) =
=max (0+6,5+7)=12,

MO3TOMY B J€BBIN CEKTOD KPYKKa 4 sanuceiaeM 12. Amxajo-
THYHO BBIYMC/ISI€M PDAHHUE CDOKM M BCeX OCTAJIbHEIX COBBITHI,
IIOMHS, YTO IPOJOJAKHUTEIBHOCTD GUKTHBHON pabOTEI IPHUHM-
Maerca paBHOH 0. B KoHIe BblumCleHUIl HaxoguMm ¢ (11 ) =
= 26, 1. e. KpuTHUecKuit cpok. Uraxk, ¢ . = 26.

II »Tan. IIpu BEIYUCIEHUY NO3HUX CPOKOB CBEPIIICHUSA
COOBITHH ITepeMeIaioTes 10 CeTeBOMY I'paduKy OT 3aBepIIao-
mrero coGhITHSA BIEBO, II0 Mepe YOLIBAHUA HOMEPOB COOBITHI.
IMockoasky t (S) = tp(S), TO B IPaBBI CEKTOp KpyxKa 1]
3aIUChIBAEM YHCJIO tp(] 1) = 26. PaccmarpuBaem panee mpen-
mrecTByoIee cobpiTie 10, U3 KOTOPOTO BBIXOJUT TOJBKO OXHA
pabota (10, 11) mpononxurensroctsio £(10, 11) = 3. Cremona-
TeJNbHO, 10 dopmyJie (4.8) momyuaem ¢ (10) = t(11) - (10,
11) = 26 — 3 = 23. 3TOT pes3yJbTaT U 3ANUCLIBAEM B IIPABBII
ceKTOp Kpy»xkka 10. Amanornuso mHaxozuMm f (9) = ¢ (10) —
-H9, 10)=23 - 4 =19. U3 cobpiTHA & BEIXOKAT TPU pa60'rm
(8, 9), (8, 10), (8, 11), moaToMy oOIpefiesisieM IMO3JHUN CPOK
IO KaKAOH U3 3THX paboT, T.e.COCTABIAEM TPH DPA3HOCTH:
t(9) - 48, 9), t (10) - ¥8, 10) u t (11) - t(8, 11) u B coot-
BeTCTBUU ¢ GopMyJioii (4.8) Ber6upaeM U3 HUX MUHUMAILHYIO,
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Koropas u ompefesut £ (8), T. e. ¢ (8) = min(19 — 2, 23 - 5,
26 ~ 2) = 17. 9T0 4MCIO ¥ 3amMCBIBAEM B IPABBIH CEeKTOD
KpPYXKa 8. AHAJOTHYHO ONPENEIAIOTCA IO3HIE CPOKY CBEP-
INeHNs. U BCEX OCTAJbHBIX COOBITHI CeTeBOro rpacdmia. Sa-
METHUM TOJIBKO, UTO Pe3yJAbTATOM PACUETOB NOJIKHO GBITH
pasencrso ¢ (I) = ¢ (I) = 0.

III »ramn. [na onpegeneHus pesepBOB BpeMeHH COBEITH I
B COOTBeTCTBHUH C dopmyinoi (4.9) mocraroumo m3 uwmced,
3aNUCaHHBIX B IPABBIX CEKTOPAX KPYXXKOB, BLIYECTh IMCJA,
3alMCaHHbIe B JIEBBIX ceKTopax. Ilomyuensble 3HAUEHNA 3a1TH-
CBIBAIOTCS B HUKHUE CEKTOPLI.

IV 2 T a n. V kpuruyeckux COOGLITHI peseps BpeMeHH
paser 0, Tak 9TO paHHMe M TIO3[JHUE CPOKHM CBEPIIEHHA CO-
BOajanT. B HameM npuMepe KPpHTHYECKUMH ABISIOTCA CO-
6ortua 1, 2,5,8,9,10 u 11, oHU 1 OIpPeAENSAIOT KPUTHYECKHE
pabGoThsl 1 KpUTHIECKUH nyTh: | —2—5--8—9—10—11. Bce
ocTanbHBIE BpeMeHHEIE MapaMeTphl (CPOKM Havajla M OKOH-
yanuA paboT, pesepBHI BpeMeHU paloT) JIETKO ONpeelsoTCs
O HaM IeHHBLIM 3HAUEHUAM t, ut Ha ocHOBe Gopmy (4.10)—
(4.17). Taxk, pus onpe;(enel-mﬁ TIOJTHOTO pe3epBa BPEeMEHH
paboTHI HAXO U3 YNCJIA, CTOAIIEr0 B IPABOM CEKTODE KPYXKKA,
M306pAKATIOIIEr0 KOHEUHOEe COOBITHE PaBOThI, BEIYECTE YHCIIO,
3alHCAHHOE B JIEBOM CEKTOpPe KPYIKKAa, COOTBETCTBYIOLIETO
Ha4vyaJbHOMY COOBITHIO 3TO#l paGoThl, ¥ IPOAOIKUTEIBHOCTh
pa6orsl. Hanpuwmep, R (4, 7) = 16 ~ 12 -1 = 3.

Ipumep 4.13. HaiiT 3EaueHENs BpeMeHHEIX 1apaAMETPOB
ceTeBOro rpaguka, n3odpakeHnoro Ha puc. 4.21, rabauaupIM
crnocoBoM.

P e m1 e H u e. CocraBuM KBajgpaTrayIO Tabnuny, npexaio-
Jaras, 4To ee CTPOKHM M CTOJOIBI COOTBETCTBYIOT COOBITHAM,
a KJIeTKU Ha WX nepeceueHuu — paboram (tabi. 4.22). Kmerkn
rJIABHOM JUaroHajy Ha30BEeM IJIaBHLIMH, a OCTAJIbHbIE —II0-
6ounsiMu. PasnenuMm KJIeTKH AUArOHAISMH, BEPXHIOK II0JIO-
BHHY HA30BE€M YHCJIHTEJEM, & HHKHIOIO — 3HaMeHAaTeJIeM.
Yucnaa, KOTOphle B faJbHeHIeM Oy/[eM 3aIiChIBATh B YACIIH-
TeJIN U 3HAMEHATEJH KJEeTOK, HA30BEM COOTBETCTBEHHO YKC-
JIUTeJeM MU 3HAMEHaTeJeM KJETKH. B yucauTenu moOOUYHBIX
KJIETOK ABAKIEI 3alIHIEeM IPOZOLKHUTEILHOCTH paboT, IpuHM-
Mad cHAyajJa HOMEPA CTPOK 3a HOMepa HadaJbHBIX COOBITHIA
pabor, a Homepa CTOJOHOB — 3a HOMepa KOHEYHBIX COOBITHI,
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Puc. 4.21

a 3aTeM Haobopor. Eciu cobritusa ynmopanouens: u IIPOHYMEpO-
BaHBI IIPABUJIBHO, TO CHadana OyAyT 3amOJHEHBI IT060YHBIE
KJIeTKH HaJ TVIaBHOY JHATOHAJBIO, & 3aTeM — IOX Hel (cum-
MeTPHYHO NEePBLIM).

Tabanuma 4.22

1 2 3 4 5 6 7
1 0 10 -8 5
0 10 8 5
9 10 10 6
0 10 16
3 8 8 3
7 16 24 11
4 6 16 7 0 4
10 16 23 16 20
5 5 7 23 4
18 16 23 27
6 3 0 4 27 3
24 27 23 27 30
7 4 3 30
26 27 30

Ha nepsom aramne pacueTos, cMeInasace o TabIune BEAUS,
32ITMCHIBAEM B YUCJIUTENW TJIABHBIX KJIETOK DPaHHHE CPOKH
CBepHIeHUA COOBITHIA !, a B 3GHAMEHATeJN 3aNOJHEHHBIX
HOGOYHBIX KJIETOK HAJ TJIABHOM AMATOHAJBIO — DAHHUE CPOKH
OxoHuaHuA pabor ¢t . IlockoxbKy tp(I ) =0, To B uncauTeaH
kixerku (1,1) 3anncmBaeM t (1) = 0, ¥ KoTopoMy 3arem
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npubasnfaeM HnpoJo/xuTeNbHoCcTH t(1, j) paBor, HauyMHA-
muxcsa cobsiTHeM I ¥ 3aNMCAHHBIX UHCIUTEIAMH TOGOYHBIX
KJIETOK IIePBO CTPOKH, T. €. tp(l) +t(1, 2) =0 + 10, tp(]) +
+ 1, 3) =0 + 8, tp(l) + (I, 5) = 0 + 5. [TonyyerHtIe pe-
3yabTaTel, paBHble 10, 8 m 5, B coorBeTcTBUH € GOpMYyIIOit
(4.11) oupenenAoT paHHHE CPOKU OKOHUaHus pabor (I, 2),
(1, 3)u (1, 5). lIx sanucrIBaeM 3HAMEHATEIAMHI COOTBETCTBYIO-
mMuX D060YHBIX KJIETOK.

Ilepexons k ouepeHOM CTPOKE, IIpes e BCEro ONpeneIsaeM
YHCIATENDb ¢ TJIABHOM KJIETKH Ha OCHOBe dopmyis! (4.14).
ITockoabky t, , SamMCaHbl B Tabiule 3HAMEHATENAMY 11060Y-
HBIX KJEeTOK HaJ I'JIaBHOW OMATOHAJBIO, TO , PaBHO HanboJIb-
ieMy K3 3HaAMeHaTeJIed cooTBeTcTByIomero cronbma. Tak,
tp(6') = max(tp_ (3, 6), £, 4, 6), t, (9, 6)) = max(11, 16, 27) =
= 27. K HailieHHOMY 3HA4YeHHIO tp(i) upubaBiIgeM YKCIHITE-

nu £(i, j) mOBOUHBIX KJIETOK PACCMATPUBAEMOI CTPOKH M IIO-
JlyyaeM 3HaMEeHATeJH 3TUX KJeTOK. IIpofomxas BeIYUCIeHn s,
oaxy4aeM, HAaKOHeIl, YHUCINTENDb tp( 7) = 30 zasepmarouiero co-
ObiTUA 7 — IPONOIIKUTENBHOCTh KPUTHIECKOTO IyTH ¢, = 30.

Ha sTOpOoM srame pacyeToB, HOJHUMASACH mO Tabaule
BBEPX, B 3HAMEHATEJH IVIABHBIX KJIETOK 3aINCHIBAEM TIO3HUE
CPOKH CBepIUIeHHs COObITUH { , a B 3HAMeHaTenH MOGOYHBIX
KJIeTOK IOX IVIABHOU AMAroHANBI0 — MO3GHUE CPOKH HAYaJa
pabor ¢ . Ilna saBepmaromero cobbrrus 7 Haxopum t (7) =
= tp( 7) = 30. Hamee u3 t (7) BbiuuraeM wucautenn i(i, 7)
OGOYHBIX KJIETOK ITOC/IefHEW CTPOKH U B COOTBETCTBUHY C GOp-
mysoint (4.12) momyuaem mosguue cpoxu t (i, 7) Havaua
pabor (i, 7): 80 -4 =26=¢t (4,7),30-3=27=¢_(6,7).
STU CPOKHM 3alUChiBAeM B 3HAMEHATENH COOTBETCTBYIOIINX
KJIETOK.

IoguuMasich K 0UepeRHOI CTPOKe, CHadYasja HaXOAUM 3Ha-
MeHaTesb ¢ TJIaBHOHM KJeTKH 1o gopmyie (4.15). B Tabanme
t_ , SaIlUCaHBI B 3HAMEHATE]U IOGOYHBIX KJIETOK HUIKE IJIaB-
HO [UATOHAJIM, IO9TOMY ¢ PaBHO HAMMEHBIIEMY U3 3HAMeHa-
Teseit coorBeTcTByIOMero cronbua. Tak, ¢ (4) = min(t_ (4, 5),
t (4, 6),t (4 7)=min (16, 27, 26) = 16. Onpenenus ¢,
BBIUMTAEM K3 Hero yucauTenu t(i, j) noGOUHBIX KJIETOK pac-
CMaTpuUBaeMoil CTPOKY U IOJyJYeHHble 3Hauenus ¢ (i, j) sanu-
chIBaeM B 3HaMeHaTelHM COOTBeTCTBYIOIHX KJeToK. Tak,
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B IIECTOH CTpOKEe 3HaMeHaTelh TJIABHON KJIETKHU t (6) = 27,
a 3HaAMEHATeNU II000YHBLIX KJIETOK i (3, 6)=27-3 =24,
t,a(4,6)=27-0=27,¢_ (5, 6)=23. Pacuers! npogomsxaem
[0 TeX IIOp, [I0Ka He INOJHMMeMCS K IepBoil crpoke. 3HaMe-
HaTenpb Kjaetku (I, 1) nomxeHn paBHaTbes 0, Tak Kak t )=
=t (I ) = 0. Urak, Tabauna sanonHeHa.

Ho 3aII0JHEHHON Tabinue Kpome tp, t tp' o o w tKp
MOJKHO ONPEJEIUTD U JPYTHEe BpeMeHHEIe [IapaMeTPhl CeTeBOr0
rpagpuka. Hanpumep, B coorBercTBHH ¢ hopmynamu (4.10) u
4.13) tp(i) =1, W ), t.() =t (i, j). PesepBel Bpemenu
cobpiTHH ompenenAoTca no dopmyse (4.9) KaK pasHOCTH
MEeXAy 3HAMEHATeJAMH K YHCIHUTENAMHN IJIaBHBIX KJIETOK.
TlockonbKy pesepBB! BpeMeHH KPHUTHYECKHUX COBBITHil paB-
HHI 0, 0 3amIOIHEHHOHN TabauIe AeTKO HARTHM KPUTHYECKHUI
IYTh: KPUTHYIECKHUM COOBITHAM COOTBETCTBYIOT IVIABHbBIE KJIET-
KU, YUCAUTEJIH U 3HaMeHATEJH KOTOPHIX PaBHBLI. B Hamiem
cay4dae ato cobmtus 1, 2, 4, 5, 6, 7. B coorBercTBuu ¢ dhop-
mynoit (4.16) noaHEIA pesepB BpeMeHu paGorer (i, j) paBeH
PasHOCTH 3HAMeHaTeJd ¢ TJIABHOH KJIeTKH, COOTBETCTBYIOMIE
KOHEYHOMY COGBITHIO | pa6o'r},1 U 3HAMeHaTess ¢, PacIoso-

. JeHHOH! Haj HeM ITOOOYHOH KJIETKH, COOTBeTCTBymmeH 3TOH
pabore. Tak, R (3, 6) = ¢ (6) - t (3, 6)=27-11=16. B
COOTBETCTBHU C ¢opMyoit (4.17) cBOGOAHBIN pesepB BpeMeHNU
paboTsl (i, j) pABEH PA3HOCTH YMCIUTENd ¢ IJIABHON KJIETKH,
COOTBETCTBYIOIEN KOHEUHOMY COObITHIO paboThl, U 3HaMeHa-
TeJsA tp0 PacCIoNOKEeHHON Hal Hell TOOOUHOM KNeTKH, COOTBET-
cTByIOIe aroit pabore. Tak, R (4, 7) = 30 — 20 = 10.

4.32. Cerepoil rpaduk (oprpad) sazan MaTpumeil CMex-
HOCTH paboT a, (ayr). [lna HArIAAHOCTH B 3aTJIaBHOM cTOJ0IE
YKa3aHbI HOMepa i IpeaIIecTBYIOmux paboT (4yr), B 3aryIaBHON
CTPOKe — IOCHefyIoImuX. B mocnenHem cronbune yKasaHb
npopo/KuTeNbHOCTH ¢, pabor. IlocTpouts ceresoit rpadux u
IIepeHyMepoBaTh COOBITHS B COOTBETCTBHU C AJTOPHTMOM
®Pankepcora. OnpefeTUTh IPOAOTKUTENBHOCT: MAKCUMAIIb-
HOTO IyTH, NPEeANIeCTBYIOUIEro COOBITHIO 5; MAKCUMAJILHOTO
IyTH, CIELYIOMEro 3a cOObITHEM 3; MAKCUMAIBLHOTO IIOJHOTO
OyTH, IPOXONAIIero yepes pabory (2, 4); Bcex MOMHLIX TyTeil.
HaiiTu kprTHYeCcKHi yThH ¥ pPe3epBBI BPEMEHH [IOJIHBIX IIyTel:
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a) | NJ |1 2 3 4 5 6 7 8 9 t,
1 0 0 0 1 0 1 0 0 0 8
2 0 0 0 0 0 0 0 0 0 10
3 0o 1 0 0 1 0 0 0 0 7
¢ 6 0 0 0 0 0 1 1 0 6
5 0 0 0 0 0 0 1 1 0 9
6 o 0 0 0 0 0 0 0 1 4
7 06 0 0 0 0 0 0 0 1 3
8 0o ¢ o0 0 ¢ 0 0 o0 o 3
9 0o 0 0 0 O 0 0 0 o 12
6)| Nl |1 2 3 ¢4 5 6 7 8 9 t,
1 0 0 0 0 1 1 0 0 0 15
2 o 0 1 1 0 0 0 0 o0 18
3 06 0 0 0 1 0 1 1 0 22
4 o 0 0 0 1 1 0 0 o0 12
5 0 0 0 0 0 0 1 1 0 16
6 00 0 0 0 0 0 0 1 17
7 00 0 0 0 0 0 0 1 4
8 0 0 0 0 0 0 0 0 O 27
9 0 0 0 0 0 0 0 0 O© 29

4.33. IlepeyMepoOBaTh BEPIINHEI CETEBOTO rpaduKa, u30-
OpaskeHHOro Ha puc. 4.22, nonbsysacs anroputrmom Pankep-
coHa. BBIMUCAUTHL HEMOCPEICTBeHHO Ha CeTeBOM rpaduke
CPOKH CBepIIIeHUA COOBITHH, CPOKM Hayajla ¥ OKOHYaHUA pa-
60T, KPUTHUECKHUHA NYTh, IIOJHbIe ¥ CBOGOJAHBIE PE3ePBLI BPe-
MeHHu pabor.

4.34. Tloapsyace anropurmoMm PDankepcoHa, NepeHyMe-
poBaTh cOGBITHS cereBoro rpaduxa, IPeACTABIEHHOTO Ha
puc. 4.22, u nocae »TOro TabIMYHLIM CHOCOOOM BEIYHMCIHTH
paHHHE U NO3GHHE CPOKM CBepIIeHUA COOBITHH, pARHNE CDOKK
oxoH4YarEuA pabor, HO3JHHE CPOKM Hadala paboT, KpHTHYeC-
KHit CpoK. BulzemuTs Ha ceTeBOoM rpadHKe KPUTHYECKHH NyTh.

4.35. IIo ceresomy rpadmKy, wu300pa’keHHOMY Ha
puc. 4.23, yCTaHOBUTH, KAK OBJAAAET HA CPOK BBLITOJIHEHUA
KOMILJIEKCa yBeJN4eHne OPOAoJKUTeIbHOCTH paboTs! (5, 8),
paborstr (9, 10). MoxHO XM HCIOXB30BATH NOJHBIH peseps
BpemMeHH paboTrl (5, 8) A8 YBEIMYEHNA NPOAOIKUTEIbHOCTH
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Puc. 4.22

paborsl (8, 9)? MOXHO M YBEJIHUUNUTH IPOLOIKUTEIBHOCTD
paborsl (5, 8) 3a cuer cBOGOLHOrO pesepsa BpeMeHM paGoThI
(8, 9)? UsmeHurcst JE LHOJHBIM pesepB BpeMeHM pabGOTHI
(2, 5), ecu CPOK BHINONHEHHSA KOMILIEKCA BO3PACTET 3a CUeT
yBeJIHUYEHHUA NPOAOIKUTENbHOCTH paborsl (9, 10)?

4.36. ITo cereBoMy rpadmKy, IpUBEAEeHHOMY Ha puc. 4.24,
YCTAHOBUTH, MOYKHO JIU IIOJIHBIN pesepB BpeMeHH pabornt (3, 6)
pacupenenutb Ha paborsl (6, 9) u (9, 10), He HAPYIIUB CPOK
3aBepIIeHU s KoMIIeKca. MOXHO JIN ITOJHBIN pesepB BpeMeHu
pabote! (2, 8) pacupegenurs Ha paGorwl (3, 6) u (3, 9), He
BJIUAA HA MPOAOJIKUTEIBHOCT KPUTUUECKOro nytu? Moo
Jau cBOOOAHBINA pesepB BpeMeHHM paborwl (3, 6) nepexars Ha
mocaegyoone paboTsl, He I3MEHUB UX PaHHEro Hauajga?
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Hpumep 4.14. [Ins nepeBoja IPOU3BOACTBA HA HOBYIO,
foee UHTEHCUBHYIO, TEXHOJIOTHUIO HEOGXOANMO OCYIT[ECTBITE
KOMILIEKC HOATOTOBHUTENBHBIX MeponpusaTuii (pabot). C aToki
[eNbi0 CO3JaHa I'PyNIia CHeIUATNCTOB U COCTABIEH CETeBOMH
rpaduk BeINOJHEHUA pabor (puc. 4.25). VizBecTHa npogoIxu-
TeJIBHOCTD ¢, BBINOTHEHUA KaXJ0# paborst (i, j) KoMmiexca
M KOJNMYECTBO I, CIEHHaNNCTOB, HEOGXOAUMBIX AJS ITOTO
(aucia B ckobkax). Ilo 1aHHEOMY ceTeROMY rpaduKy DOCTPOUTH
JINHeNHbIH rpaduK (MHHEHHYIO AuarpaMmMy) KOMILIeKca paboT
¥ HaiiTH OO HEMY KPUTHUYECKU CPOK, KPUTHUYECKNE U HEKPH-
TryecKue paboTel, IOJHBIE U CBOOOAHBIE PE3e€PBBI HEKPHUTH-
yeckux pabor. IHocTpours mixasy 3aHATOCTH CIEMUAJIHUCTOB
B XOJie BBIIIOJHEHUA paboT KOMILIeKca.

P eurenue. Kaxxnasa pabora (i, j) Ha 1uHeiinoM rpaduke
usobparxaeTcs IPAMOJIHHEHHBIM OTPE3KOM B IPUBASKE K OCH
Bpemenu O, Ha KOTOPYIO HaHECEHa PaBHOMepHAasA mKkasa. [nn-
Ha OTpe3Ka B BhIOpaHHOM MaciiTabe paBHA TPOAOIKUTENH-
HOCTH f;; ee BBIIIOJIHeHMA. IToaTomy Bpems t,; ¥ OTDE3KOB He
IIPOCTABJIAETCH, HO YKABBIBACTCH KOJUYECTBO Iy CHEIUAIIC-
TOB, 3aHATHIX BBITOJHEHIEM 3TOH paboTh! (B ADYTUX IIPOU3BO/-
CTBEHHBIX 337aUaX — MHTEHCUBHOCTD TOTPEeGIeHNS TOTO UK
WHOTO pecypca). Paborsr n300parkaiorcst B TOH »Ke IOCIe0Ba-
TeIBLHOCTH, YTO U HA JAHHOM ceTeBOM rpaduxe (puc. 4.26).

B mameM ciyuae KOMIJIeKC HaumHaeTcsa paboramu (I, 2)
u (1, 3), mosroMy Hayana oTpe3koB I — 2 1 1 — 3 pacioynoKuM
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Ha BepTHKanu ¢ = 0 (B IPOMBBONBHBIX TOYKAX), & IJIMHEI UX
OynyT paBHBI cOOTBeTCTBEHHO 8 1 5 ex. ITocse paBoTs (1, 2)
BBINIOJIHAIOTCA paboTs! (2, 3), (2, 4) u (2, 5), nosToMy Hauana
BCEX Tpex OTpe3koB 2—3, 2—4 u 2—45 cienyer B3ATh HA
BePTUKAJHX ¢ = 3, a ONUHEI UX OyAyT PaBHBI COOTBETCTBEHHO
7, 4 m 2 ex. PaBora (3, 5) BHIONHAETCS TOCITE 3aBepIlIeHus
AByx pabort: (1, 3) u (2, 3), a moaTOMy Hauano oTpeska 3—5
OPUAETCA PACIONOXKUTH Ha BepTuKanu t = 10 (a me t = 51).
Havano mocrenneit paborer (4, 5), crenyromeii 3a paboToii
(2, 4), HaxoguTCA Ha BepTHKAMK ¢t = T.

Ilo nureifiHOMy rpaduKy Jerko HaiiTh tp ¥ KPATHYECKHE
paborel. B mamiem cimyuae mocienseit anonnae'rca pabora
(3, 5), ee KoHEeUHON TOYKE 5 COOTBETCTBYET HA OCH BpeMe-
un Ot oTmerka t = 18, KOTOpas u onpejenAeT KPUTHUECKHA
CPOK: ¢, = 13. Takum o6pasoM, BCe IOATOTOBUTENLHEIE PaGo-
THI, CBA3AHHBIE C II€PEBOJIOM IPOU3BOACTBA HA HOBYIO, 6oJee
HHTEHCHBHYIO, TEXHOJOrHIO, 3aimMyT 13 ex. Bpemenu (manpu-
Mep, LHel).

flcro, uro pabora (3, 5), Gyayun sasepmaromeii paboToit
KOMILNIEKCa, ABJSAETCA KpuTHueckod. HemocpeacTBeHHO eil
npexnuiectsyer pabora (2, 3), a aToit paGore — paGora (I, 2).
CaenosarensHo, KpuTHdecKUMH GyayT pabore (1, 2), (2, 3) u
(3, 5). Ocransubre paborsr: (I, 3), (2, 4), (2, 5) u (4, 5) —
HEKPHUTHYECKHE.

ITo nureitroMy rpaduKy HETPYLHO HAWTH IIOJHLIE Pe3ePBEI
BpemeHu R (i, j) HexpuTuyeckux pabor. Tak, pabory (4, 5),
KaK BHUJAHO HEIOCPEeJCTBEHHO u3 puc. 4.26, B ciayuae Heob-
XOAUMOCTH MOYKHO OTCPOYHUTH (CABHHYTH) NI VBEJIUUIUTH €e
OPONOJIKUTENBLHOCTD («DACTAHYTH» ) HA OZUH Je€Hb, W 3TO HE
BBI30BET HAPYIIEHUA KPUTUIECKOro CpoKa. 3Ha4uT, R (4, 5) =
= 1. Aunanorununo R (2, 5) = 8. Yro KacaeTcs paﬁon 2, 4),
TO BCNER 3a Hel («6e3 3asopa») BrIIONHsAeTCA pabora (4, 5),
KOTOPYIO, KAaK y»Ke yCTAHOBJIEHO, MOXKHO CABHHYThH HA ONHH
IeHb. B cBA3H ¢ aTHM IpH HeoOxoaumocTH paboty (2, 4) Mox-
HO COBUHYTSH (BMecTe ¢ paboroit (4, 5) |) Ha oqun gens. Urak,
R (2, 4) = 1. Ananormusno onpenensierca R (1, 3) =5

Ilo nuneiinoMy rpaduky JIErKO ONpefeNUTb U CBODOX-
Hble peaepsrl pabor. BogbMem, k npumepy, pabory (2, 4). Us
puc. 4.26 BuAHO, YTO Cpasy ke 34 Hell BHIIONTHAETCA Pabo-
ta (4, 5). 3naunt, R (2, 4) = 0 (samoMHuUM, 4YTO mpH ompe-
neneHuu cBoGogHOro pesepsa paboThl mocaeayionIue paboTs
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3aTparuBaTh Heab3sa!). A Bor y pabotsl (I, 3) ecTs cBOGOAHBIH
3anac BpeMeHHN B 5 aHe#, Ha KOTODHIE ee MOMKHO B Clydae
HeoO0XOQUMOCTH CABHHYTH HJIH YBEIUYHTH IPOAOIMKUTENIH-
HOCTB BBHINOJIHEHUS (eCJIM OHA HAaYaTa B CBOM paHHMI CpOK),
He HapyIllasg PaHHET0 CPOKAa HadaJja ciaefyIomeil 3a Heit pabo-
T8l (3, 5), Tak uto R (1, 3) = 5. HemocpencTeeHRO IO rpaduKy
nHaxopum: R (4, 5) =1, R (2, 5) = 8.

PyroBopurenio koMmnekca paboT Hao 3apaHee 3HATH, KaK
OyAyT HCIOJB30BATHCA CHENUAJJHCTHI B XOJe BLIMOJHEHUS
pabot kommiekca. I1o muHETHOMY rPa®UKY MOYKHO IIOCTPOUTS
ITKaNy 3aHATOCTH crenuatucToB. C 53TOH mesbIo CIpoeIupyeM
Ha ock BpemeHu Ol HayaJbHBIE W KOHEYHBIE TOUKH BCEX pa-
60T; IOJYYNM IPOMEXYTKH IIOCTOsSHCTBa 3aHaroctHu: (0, 3),
(3, 5), (56, 7Y u r. g. [lnsa monydeHU NOKasaTeseil 3aHATOCTH
10 IPOMEXXYTKAM IIPOCYMMHUPYEM HHTEHCHBHOCTH T';; ACIIOJb-
30BaHMS CIIEIUATHCTOB II0 OTAEIbHEIM paboTaM, PacIOJI0XKEH-
HBIM HaJ| KaKJbIM npomexkyTkoMm. Tak, B npomexyrre (0, 3)
Gyaer 3aHATO I'y, + T, = 4 + 2 = 6 qes., B npomMexyTKe (3, 5) —
2+5+7+3=174yen. uT. a.

4.37. IIna xommiekca paboT, IIpeJiCTaBIEeHHOIO CEeTEBLIM
rpagukoM Ha puc. 4.27, a, 6, HOCTPOUTH JUHEHHBIH rpaduk
Y HAHTH IO HeMY KPUTHUYECKHI CPOK, KPHUTHYECKHE paboTh,
moJHbIe U cBOGOAHBIE Pe3epPBH HEKPUTUUECKUX pabor.

Puc. 4.27

4.38. Ilo ycmoBuaM 3agaun 4.32 mOCTPOUTL JIHMHEHHBIH
rpadUK U HAWTH 0O HEMY PaboThl KPHTHYECKOro myTu. [is
HeKPUTHYECKHX DaboT OIpeenuTh IOJTHBIE M CBOOOAHBIE

pesepBbl BpEMEHHU.

OpHoit u3 HauboJsee pACIPOCTPAHEHHBIX ONTHMHU3AIINOHHBIX 3aKay
CeTeBOro IJIaHMPOBAHHUSA ABIAETCA 387a4Ya O COKPAILEHHH CPOKAa BhI-
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IIOJIHEHUSA KOMIJIeKca pafoT npu orpaHmyeHHHIX pecypcax. OHa
BO3HHKAET B CYYasiX, KOTJa [JIA Pealu3aliiy KOMILJIEeKca B IJIaHOBhI
CPOK HMEIOLIMXCH PecypcoB HeXOCTATOUHO. B Takol cuTyauum mpu-
XOZUTCA IlepecMaTpUBaTh CPOKH BBINOJHEHHd paboT, TepeHOCUTH
oTAeqbHBIe paboThl, cABUras MX BO BpeMeHH. Ilpu sToM mpogoi-
KU TEJLHOCTD BBIITOJTHEHHUA KOMILIEKCR, KAK IIPABUJIO, YBEINUKUBACTCH,
B CBA3U ¢ yeM Tpebyercst IpoBecTH paboThl B HOBble CPOKM B MHHMU-
MaJbHO BO3MOYKHOE BpeMs.

IIpumep 4.15. [IpenronoxumM, 4To B YCIOBUAX NpuUMepa
4.14 TpebyeTrcsa yCTAHOBUTHL BpPEeMA HAYAJA M OKOHYAHUA
Kax 0¥ paboTsl TaK, YTOOBI 3aBEPIIUTE KOMILJIEKC B KpaTdaii-
I CPOK, VIUTHIBASA, UTO K BBIIIOJHEHHUIO PabOT MOKHO ITPH-
BJIeYL He Gosee 10 cmenmuanucros, o6aagaoUinX JOCTATOYHOMR
KBanuduKanue IJaA Toro, 4To0sl BEIIOJHATE J100yi0 paboTy
KOMILJIEKCA.

Peme u ue B uapumepe 4.14 ycTaHOBNEHO, YTO IPH
HaJIWYUH JOCTATOYHOI'O KOJIHMYECTBA CIIEIHAJIHICTOB BCE IIOJ-
TOTOBHUTEJbHBIE PabOThl, CBA3aHHLIE C [I€PEBOJOM IIPOUIBOX-
CTBA HAa HOBYIO TeXHOJIOrumo, saiimyr 13 HeI. IIpu srowm,
Kax BUAHO u3 puc. 4.26, nnsa BeIDOJIHeHNA paboT B pasHbie
nepnojbl BpeMeHu rmorpedyerca go 17 cnenuanucros. Teneps
TOT e 00beM paboT HeoOXOUMO BBINIOJHNTH C TPHUBJICYCHUEM
ToabKO 10 cnenmanucToB, U caeJsaTh 3TO HAZIO 38 MUHUMAJIBHOE
BpeMs. BosHMKaeT ONTHMH3aNMOHHAA 3a4a4ad, PelIeHne Ko-
TOpPOi pa3fgesidM Ha OTJAeJbHBIE NIATH.

ITepss it urar. YToGpl BHECTH KOPPEKTUBLI B rpaduK
BEIIOJIHEHH S paboT, IpoaHAIU3UPYEM IIKATY 3aHATOCTH CIIe-
nuanucroB (cM. puc. 4.26). B npomexyrtre (0, 3) nnsa BhI-
nonHeHuA paboT Tpebyercs 6 crenUaIMCTOB, TaK 4TO paboThI
(1, 2) u (1, 3) MoryT BBHIIONHATHCA IO rpadury. KoppexTn-
poBKka norpebyerca B npomexkyTke (3, 5), korga Heo6X0auMO
yuacrue 17 coenmmanamcTos, a IpUBIeYsL MOXKHO He Goxee 10.
HcnonbsyeM AJIsL aHANIN3a CUTYAIUX M OPUHATHA DEIICHUA
sBpHcTHUYecKuit moaxox. Hax npomesxyrikom (3, 5) pacnona-
raloTca geTsipe paborel. Bece MX BBIIOIHWUTL OZHOBPEMEHHO
HeT BO3MOKHOCTH. UTO6BI BBIABUATH paboThI, TOJIeKalle OT-
CpOYKe, YIOPALOYMM Bce 9T paGorel. Pabora (I, 3) mauara
paHbIIE KCCHAEYEeMOro IPOMEeXYTKa; HejiecoobpasHo ee 1npo-
IOJKAaTh, a IIOTOMY €CTECTBeHHO OTZATh eif mpeamoduTeHue U
npucsouts Ne 1. OcransHble paGoTEl UMeeT CMBICH YIOPAAO-
YUTHL II0 BO3PACTAHUIO HX IOJHBIX Pe3epBOB (pDa3yMHee CHIBH-
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rath paboThl, Y KOTOPBLIX IOJIHBIE pe3epBHI 0OJbIIe, a IpHU
PaBeHCTBe LOJHEIX Pe3ePBOB CABUTAThH PabOTy C MEHBILEH HH-
TeHCUBHOCTHI0). B mamewm cayuae R (2, 3) =0, R (2, 4) =1,
R (2, 5) = 8, noatomy pabora (2, 3) monyuaer Ne 2, (2, 4) —
Ne 3, (2, 5) — Ne 4.

st BoigBIeHUA paboThl, NOAJIEKAINEH CBUTY, BBICHUM,
Kak#ue paboThl MOTYT OBITH BBEIIIOJIHEHBI HAJITUYHBIM COCTABOM
cnenuanuzcTos. C 3TOH HeJbi0o B IOPALKEe BOBPACTAHHNA HOME-
poB pabor 6yzeM CyMMHPOBATh MHTEHCHBHOCTH 7; HCHIOTB3O-
BaHUA (IOKA3aTeNH 3aHATOCTH) CIEI[MATHCTOB Ha BTHX pabo-
Tax: I'j;+ Tpy = 2 + 5 =7 < 10. Orcroza AcHO, YTO pa6orer (1, 3)
u (2, 8) MOKHO BLITIOJHATD B IIPEKHIE CPOKH: CIELHATINCTOB
IOCTATOYHO. IIPOAOIIKAM CYMMUPOBAHMUE: I') g+ I'pg + Ty, =2 +
+5+ 7 =14 > 10. IlonyueHHOE IIpEBbIINIIEHNE YCTAHOBJIEHHOTO
IIpefieia YMCJIa MCIIOJHHUTeNeH BhIsBaHO paboroit (2, 4). Cre-
OBATENIHLHO, OHA U MOAJIEXKUT CABHUTY BIPABO 3a TPAHHLIBI IIPO-
mexyTKa (3, 5), T. e. 1o MoMeHTa t = 5. OgHAaKO, aHANTUBUDPYHA
rpaduK, MOXHO 3aMETHUTh, YTO B JAHHOM cirydae pabory (2, 4)
11e71€C006PA3HO CABUHYTH Cpady A0 MOMeHTa t = 10, IOCKOIbKY
0 9TOr0 MOMEHTa YKA3aHHOe IpeBbIIIeHHe WHTeHCUBHOCTH
6yzer coxpamarbed. OcraeTcs pPemITh BOIPOC O YyeTBEPTOH
pabore (2, 5). Bosppamasch K CYMMHPOBAHHWIO MHTEHCUB-
HocTeit, orGpachIBaeM CJIaraeMoe r,,, BbI3BaBIIlee IPeBhIIIeHNe
ZONYCTHMOTO TIpefiesa, a BMeCTO Hero npubaBisieM HHTEH-
CUBHOCTH CJIEAYIONIeH IO MOpAAKY HoMepoB paborsl (2, 5):
P13+ Togt Tys = 2 + 5 + 8 = 10. IIpeBpitieHU s HE IPOUSOIILIIO,
tak gTo pabory (2, 5) MOMXKHO BHIIMOJHATD B IIPeXHNE CPOKM.

Wrak, npomexyrox (3, 5) mccnemosan. Casur paboTht
(2, 4) na 7 pHelt mopjedeT 3a coBOil CMeI[eHMe HA TOT XKe
CPOK cIleqylomeil HemoCpeICTBeHHO 32 Hell pabotsI (4, 5). Bee
ocTagbHBIE PaBOTEl KOMIIJIEKCA MOTYT BBIIOAHATHCA B HPEK-
Hue cpoku. CMmeresEne paGoT BRI30BET npeobpaszoBaHUe MIKa-
JIbI 3AHATOCTH chenmaimcroB. Ha puc. 4.28 npuseneH npe-
o6pasoBanHbIi rHeHbIH rpadux. Ha sTom 3apepiiaercs nep-
BBII IIAr ONTUMH3AIMHA.

Bropoi# mar. AHanusupys MIKaly 3aHATOCTH HA
puc. 4.28, samedaeM, UTO Telepb HUCCIEJOBAHUIO ITOATIEIKHUT
opomexyTtok (10, 13), Tak Kak 4O MOMeHTa f = 10 cme-
HUANHCTOB LOCTATOYHO AJIsI BhIMONHeHMs paGor. Ilo cpas-
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HEHHIO C IEPBLIM IIIAIOM 37€Ch B PACCYKIEHUAX HIUUETO HOBO-
ro mer. Haxogum: R (2, 4) = 0, R (3, 5) = 6. PaGora (2, 4)
noxygaer Ne 1, pa6ora (3, 5) — Ne 2. B pesyabrare cymMMmu-
POBAHUSA UHTEHCUBHOCTEH (7,, + r,e = 7 + 4 = 11 > 10) yera-
HaBINBAaeM, YTO NPEBLHIIIeHHEe AOIYCTUMOTrO IIpejiesa 3aHs-
TOCTH CHEINaINCTOB IIPOU3ONLIO 34 CYET BTOPOTO CIaraeMoro,
COOTBETCTBYIOILETO pabore (3, 5). Aty paGoTy u ciaefyeT CABH-
HYThL BIPABO 3a Ipefensl npomexyTka (10, 13), a yunTrsiBas
KOHKPeTHbIE YCI0BUA rpaduKa, IPHUBEAeHHOro Ha puc. 4.28, —
no momenTa t = 14. Cgeur paGotsr (3, 5) mocieacTsuil He
BBI3BIBAET, TAK KaK 3a HeH Apyrux pa6or wer. Ha puc. 4.29
IpuBefleH NnpeoOpa3oBaHHBIA JWHEWHBINH IpadHK BMecCTe C
M3MEHUBIIeCH MIKAJJON 3aHATOCTH. JOTHM 3aKAHYMBAETCS
BTOPOYM IIAT ONTHMH3AIMHU.

ARanusupys IIKajxy 3aHATOCTH, 3aMedaeM, YTO IIPH BbI-
nonseruu pabor B 060 MOMEHT BpeMeHH 3aHATO, KaK H
TpeGoBanocek, He Gomee 10 cmenumanucros. 3HAYUT, IpoILECC
ONTUMHU3ANUHA 3aKOoHUeH. M3 rpaduka BHAHO, YTO BpeMs
BBINIOJIHEHUA Bcex pabor yBemwuwsaocs p0 19 gweit.
B rabs. 4.23 npuBeneHsl HOBBIE CPOKM Havasa (¢,) u oxon-

yaHus (t) pabor.
Tabanuma 4.23

Pa6ora
Cpoku
1, 2) 1,3 2. 3) 2 5 2 9 (3, 5) 4. 5)
ty 0 0 3 3 10 14 14
t, 3 5 10 5 14 17 19
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4.39. Komnnexc paboT UpeACTABJIEH CETEBBIM IpaGUKOM
(puc. 4.30). [lia kaxznoii paboTsl N3BECTHEHI IDOAOIIKUTEb-
HOCTb {,; €e BBINOJIHEHUA 1 KOIUIECTBO T, (qmcio B cKOOKAX)
pecypca, PACXOAYeMOro B eJHHNITY BPeMeHH NIPY BHIIOIHEHUH
aTOit paboTs! (MHTEHCHBHOCTH noTpebieHnsa pecypea). B mpo-
ecce BBITONHEHWS paboT pacxoj pecypca He NOJIKeH IIpe-
BBIIUIATD 3afaHHOM Bexuunesl R. Tpebyerca:

1) mocrpouTs NHHEHHBIA rpadmK KoMmyexca paGoTr u
OIIpefleJINTh 110 HeMY KPHUTHUYECKHH CPOK U CPOKM Hadaja B
OKOHYAHUA paboT Ges yyeTa OrpaHNYEHNS HA NCIOTIb3YeMblit
pecypc;

2) nmpeo6pas3oBaTh JMHEHHBIH rPa@UK BLIIOTHEHNA paGor
Tak, aTo0bI B 1060 MOMEHT peau3anu KOMIJIeKCa Pacxon
pecypca He IpeBBIIIAJ 3aJaHHOro 3Ha4eHnd R, a ofrree BpemMsa
OCYINeCTBIeHAs KOMILIeKca OblI0 BO3MOXXHO MEHBIINM;

3) onpenenuTh 0O IPeo6pa30BaHHOMY JuHeAHOMY rpad@uKy
HOBBIE CDOKM HAYAJA ¥ OKOHYAHUA KaKAOH paboTsl.



H

TPAHCNOPTHAS 3AQAYA

5.1. IlocTanoBKa TpaHCHOPTHON 3axadn
B MAaTPHIHOH (hOpMe M IOCTPOEHHME ee MCXOTHOTO
OIIOPHOTrO ILIAHA

Tpawncnopmuyio 3adavy (T3) 10 KPUTEPHIO CTONMOCTH IIpeACTaBUM
B BuJe tabua. 5.1.

Ta6banumga 5.1

Tlorpe6urenu 3amac
HocraBiquru
B B B rpysa g,
13 2 n
n Cio 1n
Ay a,
xll x12 xln
Ca1 Ca2 Con
A, a,
Loy X9z Xon
cml cm2 cmn
A, . a,
xml xm2 xmn
IToTpe6-
HOCTB B I'Dy-
3e b}. b, b, b,

B rabn. 5.1 ykasaHBl DOCTaBIIUKHU A, Ay oy A, ¥ KOTOpDHIX
HMeeTCs B HAJTMYUH COOTBETCTBEHHO &, 4y, ..., @, SNMHUI OFHOPOAHOTO
rpysa. Jaunuil rpys goskeH OHITh HOCTABJEH N IOTPeSHTENAM Bv
B, ..., B, B xonuvecTsax b,, b,, ..., b, exunuI. 3a]aHBl CTOUMOCTH ¢

IepeBO3OK eAWHMILI IPy3a OT {-TO HOCTABIINKA j-MYy HOTPeBHTEeN.
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TpebyeTcs CNIaHUPOBATH I€PEBO3KHU, T. €. YKa3aTh, CKOJIBKO €IHMHUIL
Ipy3a O HO GLITH OTIIPABJIEHO OT i-TO IIOCTABIIUKA -MY TIOTpebUTeO,
Tak, yTOBbl MAKCHMAJILHO YAOBIETBOPHUTS CIIPOC IoTpebureneil i 4ToOb!
cyMMapHble TPAHCIIOPTHBIE 3aTPaThl HAa NePeBO3KH ObIXM IPH 5TOM
MUHUMATbHBIMH.

Banayu, rie cyMMapHEIE 3211aChl 'PY30B [IOCTABIIMKOB PABHHI CyM-
MapHBIM TOTpeOHOCTAM:

b,

z 3.1)

'M=

Sa -

i=1 j

1

1

HA3BIBAIOTCA 3AKPbLMbIMU, & 3aja4y C OTCYTCTBHeM OalaHca MeXAY
pecypcamMu U IOTPeGHOCTAMHU:

Ha3bIBAIOTCHA OMKPpbiMblMU.
H]Iﬂ COCTaBJIeHUuA MaTemaanecxon MOZeNu 3axa4Yyl BBeleM Iepe-

MeHHBIE X; = O (i = 1 m; j = 1, n), obosHavalomue KOJIUIECTBO e1H-
HULL, rpyaa, nepeBoanMOI‘o OT i-TO TOCTABIIMKA j-My HOTpebuTemnio.
OueBUAHO, YTO TAKUX IIE€PEMEHHBIX MX7N U OHK JOJDKHEI YIOBJIETBO-
PATH CHEAYIOUIUM YCIOBUSIM:

1) orpasuYeHUs IO 3aIIacam:

n
Xy Xy et Xy = DX =@ (=1, m); (5.2)

2) orpaHuYeHusA IO TOTPEOHOCTIM:

Xy 4 Xyt + X =2 x;=b (j=1n); (5.3)

mj

3) ycoBUA HEOTPHUIATEIHHOCTH

>0(@=1m;j=1n). (5.4)
CyMMapHble TPAHCIIOPTHLIE 3aTPATH! Ha NIePEBO3KH
f=cpxy v 0¥t o 65X+ oo CppXpp- (5.5)

Taxum 06pasoM, MaTeMaTUYECKH T3 npencrasiaserca Taxk. HalTu
mxn MepeMeHHBIX BeJMYUH X, YAOBIETBOPAIOIIAX CUCTEMAM ypaBHe-
muit (5.2), (5.8) 1 yCIOBUAM HEOTPHIATEIBHOCTH (5.4), 118 KOTOPHIX
neneBasd Gynrnusa (5.5) TpuHUMaeT MHUHUMAJILHOE 3HAYECHIE. Heob6-
XOAUMBIM H [JOCTATOYHEIM YCJIOBHEM DEIIeHUs T3 B obiactu jnonyc-
TEMBIX pemenuit apiasercs ycjaosme (5.1).

OrHocuTeNbHAS MpoCTOTAa cHcTeM ypaBHeHuit (5.2), (5.3) naer
BO3MOMKHOCTD UCIOJIB30BATL METON pellieHus Oojiee TPOCTOH, ueM
cumIieKcHbIE. Ocobernoctu cucteMm (5.2), (5.3) cnenyromue:
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1) xo2hPUIHEHTH UPU HEUBBECTHHIX BO BCEX YPABHEHMUAX PABHEBI
elUHHLLE;

2) Kamgas mepeMeHHas BCTPEUAETCA TOJIBKO B ABYX YPABHEHUAX,

3) cucrema ypaBrennit T3 cuMMeTpUyYHA OTHOCHTENBLHO BCEX IIepe-

MEHHBIX xij;

4) MmaTpuna, CocTapaeHHass U3 KodQ(PUIUEeHTOB IIPU IepeMeHHbIX

X (i=1,m;j=1,n), cocrour U3 eANHUL, U HyJeH, IPHYEM Ka’KIbIi
cronfen, MaTPHUIL! COLEPXKUT IBa JIEMEHTa, PABHLIX eIUHUIE, & OCTAJIb-
Hble — HYJIO.

Ilpu pemenun T3 BaXKHOE 3HAUECHUE UMEET Meopema 0 panze mam-
puybl: panr MaTtpunbl T3 Ha eIMHNLY MEHLIIe YUCja YpaBHEeHUMH:

r=m+n-1,

riAe m — YHCJIO MOCTaBIIUKOB; N — YHCJIO ImoTpebureneil.

13 naHHOM TeOpeMEI CEeAYeT, UTO KAXKA0e ONOPHOe pPelleHre CHC-
TeMbl orpannruyenu# T3 pomkHo umMerb n —r=mn-{(m +n - 1) =
=(m — 1)(n — 1) cBoGOAHBIX NIEPEMEHHBIX, PABHBIX HYJIIO, H I' = M +
+ n — 1 Ga3UCHBIX IIePEMEHHEIX.

Ecnu yucio 3aHATHIX KJIETOK YAOBAECTBOPSAET YCJIOBUIO M+ n— 1,
TO IJIAH IEPEBO30OK HABLIBAIOT HEGbIPDONACHHbIM, & €CJIN YHCIIO 3aHATHIX
KJIETOK He YIOBJIETBOPSET 3TOMY YCJIOBHUIO, TO IJIAH NEPEBO3OK HA3LI-
BAIOT 8bIPOHIEHHBIM.

Pemenne T3 nporopurtes ¢ MOMOUIBLIO OOIero npuema nociefo-
BaTeJBHOIO YIYUIIeHUd TIJaHa, KOTOPHIH peajn30Bal B CHMILIIEKCHOM
MeTone. ITOT IIpHeM BKJIIOUAET CIEXYIOLMe STANbI:

1) omnpegesieHue UCXOJZHOTO ONOPHOrO IJIAHA;

2) OLEeHKa 3TOTO HJIaHa;

3) nepexon K CJHEAYOHIEMY NJIAHY IYTEM ONHOKDATHOU 3aMEHBI
OJHOI M3 6a3NCHBIX MEePEeMeHHLIX Ha CBOOOIHYIO.

CyllecTBYIOT pasJindHbie cHOcOOBl peausalluy OPHBeJeHHBIX
aranoB pewedusi T3. Ciofja MOYKHO OTHECTH NPABUILO «Ce8epO-3anadiozo
Y2aa», npasuso « MUHUMALbHOZ0 dAeMeHRma», memod Pozens, memod
nomeHyuUAL08 u Ap.

IIpumep 5.1. ITocTpouTs HCXOAHBIA OMOPHBIN niaH T3,
YCJI0BYE KOTOPOU OpencraBieHo B Taba. 5.2, o npaBmiy «ce-
BEPO-3anafHOTO YIJIa».

Pem e n ne. Bxierky (1; 1) BuucsiBaem 4ucuo x,, =
=min (50, 40) = 40 ex. B rarnoM cryuae moTpeGHOCTD IIOTPE-
Guresna B MOTHOCTBIO YAOBJIETBOPSETCH 3aIaCcOM IOCTABIIU-
ka A,. Ilepsriil crosnGen B nanbHeNIeM B pacyeT He IPUEH-
MaeTcs.

ITorpeSrocts morpeburens B, 3a cyeT mocTaBUUKa A,
MOKHO yJOBJIETBOPUTH TOJBKO yacTuyHO. B kierky (1; 2) Buu-
ChIBaeM YHCJIO X, = min (50 ~ 40, 60) = min (10, 60) = 10 ex.
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Ta6anumna 5.2

Tlorpeburenn 3
IMocTaBImukH anac
B, l B, [ B, [ B, rpysa a;
A 4 3 2 6 50
A, 2 4 5 1 70
A, 3 6 7 5 100
IorpebHocTs B
rpyse bj 40 60 50 70

B peayJssTaTe TAKOro paclpejeseHus 3amac rpysa mocTaBIa-
Ka A, TIOJTHOCTHIO HCYEPIaH, T. €. epBas CTPOKa TabJIUIBI B
nanbnenmeM B pacder He mpuHuMaercsa. Ilockonpky moTpe6-
HOCTH moTpebuTens B, yHOBJIeTBOpEHA 3a CYeT MOCTABINH-
Ka A, 9aCTUYHO, IEPEXOAKM K pacupejesieHUIO 3anaca rpysa
noc'raBmmca A,. B xrnerxy (2; 2) BHHCHIBAEM YHCJO X,, =
= min (70, 60 - 10) = min (70, 50) = 50 ex. B aTom cay4ae
norpebuocTs norpeburens B, IOJIHOCTEIO YAOBIETBOPeHA, a
y mOCTaBIIMKA A, OCTAaNIOCh 20 el. Tpya3a.

ITorpebHOCTH no'rpeﬁn'rejm B, 3a cyeT IOCTaBIHKA Ay
MOKHO yIOBJIeTBOPUTH yacTudHo (Ha 20 ex.). B kieTky 2; 3)
BIUCBHIBAEM YHCJIO X,, = min (20, 50) = 20 eg. B sTom ciydae
3amac rpysa [IOCTaBIITMKA A, TOJHOCTHIO MCYEPHaH U Iepe-
XOIUM K paclupefesIeHHnIo 3anaca rpysa mocTaBIIMKA A,.

B knerxy (3; 3) BIHCBIBaEM THCIO Xgy = min (100, 50 -
— 20) = min (100, 30) = 30 ex. B pesyasrare norpebHOCTE
norpebuTens B, MOIHOCTHIO YAOBIETBOPEHA, ¥ noc'raanKaA
ocranock 70 e,zx rpysa.

IorpebrocTs morpebutens B, cocTaBisgeT 70 en., a y 1o-
cTaBIUKA A, OCTATIOCh 70 ef. rpysa B xaetky (3; 4) BuucsI-
BaeM 4HCJIO x3 . = 70 ex. OxoHUATEIBHO NIOJIYIaEM Taba. 5.3.

VcXOnHBIM ONOPHBIM ILJIAHOM IIePEBO30K ABJIAETCHA

40 10 0 O
X, =| 0 50 20 0|
0 0 30 70

DrToMy IIAHY COOTBETCTBYeT 3HAUEHHUE [eNeBOH QYHKIUH

f,=4-40+3-10+4" 50 +5-20+7-30+
+5-70=1050.
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Tabnumuna 5.8

HoTpe6ur
TocTaBmuky T o Bamac
B1 l B2 BS ! 34 rpy3a at

4 3 2 6

A, 50
40 10

2 4 5 1

4, 70
50 20

3 6 7 5

A, 100
30 70
ITorpebHocTs B
rpyse bj 40 60 50 70

IIpumep 5.2. CocTaBuUTH MCXOAHBIN omopHBIH nijan T3,
yclroBue KOTOpOH mpeacrasieHo B Tabn. 5.2, mo mpasuny
«MHHAMAJIBHOTO DJIEMEHTA».

P e mren ue. 3arpyska HaumHaeTCs ¢ KJGTKH, KOTOPOIL
COOTBETCTBYET HAMMEHBIINH Tapud ;. U3 BCeil MATPHUIILI Ta-
pudos. Takoil kierkoit sasasercsa (2; 4), ¢,, = 1. B xxerky
(2; 4) BuucriBaeM uucio X,, = min (70, 70) = 70 u ucka04aeMm
U3 JalbHEHIIero pacCMOTPEHNA BTOPYIO CTPOKY U UeTBePThIH
cronben. M3 ocraBminxcs TapudOB HAMMEHBIINM ABJISAETCH
¢,5 = 2. B xnerxy (1; 3) BuuceisaeM uucyo x,, = min (50, 50) =
= 50. B aTom canyyae 3 fanbHeMNIIEro pacCMOTPEHUS MCKJIIO-
4arTCsa IepBad CTPOKA U Tpetu#t crojben. B pacuer npmun-
Maercs pacnpezeseHye rpysa nocrapmuka A,. B Tpernei crpo-
Ke MMeeM HauMeHbINNH Tapud ans knerku (3; 1), ¢ = 3.
B xaerxy (3; 1) BuuceiBaem umucio x,, = min (100, 40) = 40.
OcraBumieecs KOJIMYECTBO €AWHUI| IPy3a OT IIOCTABINHMKA A,
nomemiaeMm B KJeTKy (3; 2), x,;, = min (100 - 40, 60) =
= (60, 60) = 60. B peayabTaTe IOJHOrO paclpeleleHUus TPy-
30B [IOJIYYaeM HCXOAHOE OLHOPHOEe pelleHue

0 0 50 0]
X,=|0 0 0 70|
40 60 0 O |

-

mexo'roporof2=2 -50+1-70+3-40 + 6 - 60 = 650.
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OueBHUIHO, YTO AJIsi AAHHOTO OIOPHOrO IJIaHA He BHIIOIHSA-
erca ycaoBue m +n— 1 =3 +4 -1 =6. IInaun X, BBIPOX-
NEeHHBIN.

ITpumep 5.3. CocraButs MeTogom Dores ONOPHBIH MIaH
T3, ycioBue Koropoii gaHo B Tabua. 5.2.

Peme g ne. Ilocrynaem ciaenyomum obpasom. ITo
KaXKJ0H CTPOKEe M KaXKAOMY CTOJNOIy ompejesiseM PasHOCTb
MeXAy ABYMS HAMMEeHbIINMH TapudaMu U U3 BCex pasHocTel
BEI6MpaeM HaumboONbUIYIO, OTMEYeHHYIO 3HaKoM (1. Takoil paa-
HOCTBIO HA [I€PBOM 9TaIle ABJSETCH Cgy — Cyp, = 5-1=4 ngnsa
geTBeproro cronbua. B kuerxy (2; 4) BuucriBaem 4ucio X, =
=min (70, 70) = 70. OcraTox rpysa mo BTOpOIl CTPOKe paBeH
HYJI0, ¥ IOTPe0HOCTE B IPy3e II0 YETBEPTOMY CTONGIY paBHA
HYJIO, a 3TO 3HAYUT, YTO HA BTOPOM dTalleé BTOpad CTPOKAa U
YeTBEPTHIH cTONOEI] B pacyeT IPUHUMATHLCSA HE OYAyT.

Ha Bropom srane nanbosbmieil pasHOCTBIO OYAET Cgy — €, =
=7 — 2 =5 B Tpersem crosbue. B knerky (1; 3) snuceiBaem
quciao x;, = min (50, 50) = 50. Ha namHOM sTame OCTaTKH
rpysa II0 IepPBOH CTPOKe U TPeTheMy CTOJOIY PaBHBI HYJIIO,
T. €. IepBasA CTPOKA U TPeTUH cTonbel Ha CIeNVIOIIEM 3Talle
B pacyeT He HIPUHUMAIOTCS.

Ocranmck ofHA CTPOKA W ABa crojlbma. B sTom ciayuae
3arac rpysa IoCTaBIuKa A, pacrpeiesigeM 0 TPeThel CTPOKe
JJIf TIOJTHOTO YJOBJIETBODEHMA CIpoca morpebureneit B, B,.
TIocnenoBaTeIbHOCTH MOCTABOK I'Py3a B COOTBETCTBYIOIIYIO
KJETKY HA KAXKJIOM 9Tale MOYKHO OTMEYATh YHCIOM B HUXKHEM
IpaBoM yINIy KJeTKw. IIpofesaB HeCKOJBKO TaKHX BTAIIOB,
IIOJIyIMM OIIOPHBIN IIJIaH IePEeBO30K, KOTOPHIH OJIM30K K ONTH-
MAaJLHOMY, 4 UHOTAA coBmagaeT ¢ HuM (Taba. 5.4).

TTony4eHHBII OIOPHBIHM IJIAH 3a4aYH MOYKHO IIPEACTABUTDH
B BUjE

0 0 50 O

X;=| 0 0 0 70|
40 60 0 O

Juist aTOrO mIAHA TPAHCIOPTHEIE U3AEPHKKH f3 = 2 - 50 +
+1-70+3-40+6 - 60 =650 gen. en. [Inar X, BHIPOKAEH-
He1l. Takoll ke mnaH TOJYYE€H M II0 ONPAaBUJIY «MHHUMAJIb-
HOTO dJeMeHTa». EcrecTBeHHO, cOBHAjeHMEe IIAHOB X, U X,
CIyYamiHo.
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Tabanuma 5.4

Banac Sran
TPYsa2 @; (N 1{Ne 2
4 3 2 6
50; 0 1 1
50 2
2 4 5 1
70; 0 1 -
70 1
3 6 7 5
100; 50; 0f 2 3
40 3160 4
Ilorpebuocts B
rpyse bj 40; 0] 60; 0| 50; 0| 70; 0 220
Ne 1 1 1 3
dran 4
Ne 2 1 3 5 1

B sagauyax 5.1—5.6 mocTpouTs ONOPHBIE MIAHEI IIEPEBO30OK
IO MPaBUITY «CEBEePO-3aIaJHOTO YIjia» U ONPEeNeIuTh 3HAYSHU S
neneBrIX QYHKIUN MOCTPOEHHBIX IIJIaHOB.

TMorpe6urenu
5.1. TlocraBmuxn pemmr Bamac
B, B, B, rpysa g,
Al 1 3 2 50
A, 4 5 7 100
Aq 6 2 4 130
IMorpebuocTs
B rpyse b, 70 100 110 280
5.2. ITorpe6urtenu
ITocraBoruxu b 3anac
B, l B, ( By I B, TPysa g,
A, 4 7 2 3 30
A, 3 1 0 4 190
A, 5 6 3 7 250
IMTorpebuocTs
B I'pyse b}, 70 120 150 130 470
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5.4.

5.5.

5.6.

Torpeburenn .
IocraBmuxu Samac
b [ 5 | 5 [ 5 |wme
A, 5 1 2 3 300
A, 6 3 7 1 200
Ay 4 5 3 2 500
A, 2 4 6 4 700
ITorpebHocTs
B Ipyae b]. 230 420 650 400 1700
TlocTaBmuKn TorpeGurens 3amac
B, l B, I By l B, | B, TPysaq,
A, 3 1 5 4 2 200
A, 6 4 2 7 3 450
A, 5 2 3 4 6 500
IHorpebHocTs
B I'py3e b}. 300 400 200 100 150 | 1150
ocrasmuxu NNorpeburenn Bamac
B |8 | B | B |8 | B |mme
A, 5 3 1 4 2 6 | 1780
A, 4 2 3 6 1 3 | 2000
A, 1 3 7 4 5 2 | 1530
A, 3 4 6 7 1 5 | 2860
Tlotpe6-
HOCTH B
rpyse b]. 850 1870 1950 1670 1000 830 | 8170
Iorpe6urenn Banac
ITocTaBmuKH
B |8, | B | B |58 | B [P
A, 2 4 3 1 6 3 | 3000
A, 5 7 4 5 2 1 [ 5000
A, 3 6 1 4 3 7 | 1250
A, 1 3 2 6 4 5 | 7300
IToTpe6-
HOCTH B 16 550>
rpyse bj 2300 3200 4000 1760 1500 2220 {>15 000
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5.7. lna sagau 5.1—5.6 onpenenuts OIOpHBIE IIJIAHEI I1e-
PEBO3OK II0 IPABUIIY «MAHAMANBLHOI'O B3JIEMEHTA» M COOTBET-
CTBYIOIIMe 3HAYEHNS IEJeBhIX MYHKIMH.

B sanauax 5.8—5.10 nmocTpouTs OIIOPHBIE TJIAHKEI METOLOM
doresist ¥ ONpesENUTh 3HATCHAS [EIEBBIX i) 4479005070

5.8. ocrasmuxs Torpeburenn Samac
B, | B, ’ B, I B, ] B Tpysa 4,
A, 4 1 2 5 6 100
A, 7 3 4 2 5 70
A, 6 4 7 1 8 130
A, 2 5 6 4 7 150
TIorpe6uocTs
B Irpy3se bj 80 120 70 130 50 450
5.9. orpe6
Tocrasmuxnu el bbb Sanac
B, l B, I B, I B, I By l Bg I B, | rPyea g,
A 5 1 4 3 6 7 2| 1040
A, 4 2 6 5 1 8 31 2700
Ag 7 3 1 4 2 5 6| 1885
A, 2 5 7 1 4 3 4| 1457
Iorpe6-
HOCTE B
rpyse bj. 590 740 875 1537 1200 1500 640 | 7082
5.10. Mocrasmux Horpe6urenn Banac
B |5 | 8|38 ]s5 | B, |mpveas,
A 7 1 4 6 5 8 600
A, 1 3 5 2 4 6 800
A, 4 5 6 3 1 7 550
A, 5 3 7 2 8 4 730
A 2 4 3 5 6 3 900
IToTpe6-
HOCThH B
rpyae b]. 750 580 440 620 550 640 | 3580

237



5.2. MeTox NOTEHIINAJIOB

TlepeiizeM K MOCTPOEHHUIO ONTUMAJBHOIrO ILTaHa nepepo3ok. Ilo
IAaHHOMY OIIOPHOMY ILJIAHY, ¥ KOTOPOT'O YHUCJIO 3aHATHX KJIETOK PAaBHO
m + n — 1, KaXXIOMy TIOCTAaBIIMKY W INOTPeGHTENI0 IPHUAAEeTCA YHCIIO,
Ha3LIBaeMoe nomeryuanom. IloreHnansl BLIGUPAIOTCA TaK, YTOOR! MX
cyMMa JJIA KaXKJ0H 3arpyKeHHON rpy30oM KJEeTKH Obliia paBHA Tapudy
IIepeBO3KY eqUHUILL rpysa. Tak, ecnu kierka (i; k) 6asucHad (3aHsA-
Tasg), To

u,+ v, =c,,

I'le U, — MOTEHIHAJ i-T'O IIOCTABIINKA; U, — HOTeHIHaJ £-ro noTpebu-
TeNs; ¢, — Tapup 0asucHO KJIETKH.

Peumrus cucremy ms m + n — 1 ypaBHeHHH BHA& U, + U, = C,,
[OJIyYUM 3HAYEHNA NOTEHIMANOB U; H U, COOTBETCTBEHHO i-I'0 IIOCTAB-
UKAa ¥ k-ro norpeburess. [aiee BBIYUCIUM OLIEHKY CBOGOLHBIX Kile-
TOK no popmye

8;=Cy— (u, + v].).

Ecau pyisti cBOGOAHBIX KJETOK BCE OLIEHKU sl.jz 0, To TIONIyYEeHHEIX
ONOPHLIH ILTAH EPEBO3OK ouTuMaseH. IIpu Hasuuuy xota 6bl ofHOH
OLEHKH §; < 0 B uncno 6a3HCHBIX BBOJAT KJETKY, IS KOTOPOH OleH-
Ka s Mmmmanbna s TaKO# KJIETKU CTPOUTCA IMKJI U IPON3BOJUTCS
nepememenne rpysa Tak, 4ToOnt 6ajiaHC IIUKJa COXPABAJICH.

HanpuMmep, MuKJ UMeeT BIA, DOKa3aHHBIHA Ha puc. 5.1, rae xiaeTxa
(i; k) ceoGoguasa. CBOGOAHON KJIETKe YCJIOBHO IPUIIUCHIBAEM 3HAK «+»,
TOT/a CaefyIoNIel KJeTKe IO XOAY WJIM IIPOTUB XOJa YacOBOIl cTpeln-
KU — 3HAK «—» U T. A.; 3HAKU 4YepeAyloTcs. B oTpunaresbHHX Bep-
IOMHaX HHKJIA OIpeAessieM HaWMEeHBINYI0 3arpy3ky KJEeTKH, T. €.
min (20, 30) = 20 ex.

KoauuyecTso rpysa, pasaoe 20 en., npubapisgeM K IIOCTaBKaM B
KJIETKAX CO BHAKOM «+» M BHEIYHTAEM 3TO K€ KOJIMYEeCTBO I'pys3a U3
[MOCTaBOK B KJETKAaX CO 3HAKOM «—». B pesyJibrare Taxkoro repeme-
IMIeHUs Tpysa OajaHc [UKJA He HapyllaeTcd, XOTd U3MEHSAIOTCA 3a-

rpysKH KJerok (puc. 5.2).

/) (i:K) G/

(i)
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Ilpumep 5.4. Haiitu onrumansHEN mian IepeBO30K TOII-
7IMBa U3 TPeX XpaHuium 4, A,, A,, B KOTODBIX UMeeTCs B
Hamudun coorserctseHHo 300, 150, 200 T romnusa, openHa-
3HaYeHHOro AJsa nsatu A3C: B,, B,, B, B o By TloTpe6HoCcTH
B TOILIABE COCTABJAIOT cooTBercTBerHo 80, 170, 150, 160 u

70 T mpu creayomel mMaTpuie 3aTpaT Ha mepeBo3Ky 1 T
TOIJINBA:

oo e
o o =
S I SO
ISOEEESL
0 W N

P em e u u e. OnopHoe pemenue Haiinem, Hanpumep, 1o
TIPaBUNY «MUHUMAJBHOTO 3jieMeHTa» (Taba. 5.5).

Ta6auma 5.5

80 170 150 180 70
so0 | L Aol _v) o 5| _x 2 0
, 80 150 70 |
i i
150 , 8 2 4 wlioa 8 1
\ 150 | 0
! i
000 | sL | __6 ] T4 8
170 30 - 4
4 2 1 0o 2

B rabaune pacipeziesIeHus IOJydeH BEIPOXKACHHEIN IIJIAH.
YcnoBue niiA GABUCHBIX KJIETOK M +n —-1=8+5—-1 =7 ge
BBITIOJIHAETCA.

B onny 13 ¢BOGOAHBIX KIETOK (KaK NPABHUJIO, B KIETKY C
HAaNMEHbIIUM Tapu(oM) BIIMCHIBAEM UYHCIO HYJIL (HYJIb-3a-
Tpy3Ka), U TaKasd KJeTKa cuumraercs 6asucuoit. OueHs BaK-
HO, 4T00b! 13 Ga3UCHEBIX KIETOK He 00pasoBajcs 3aMKHYTHIH
nuka. Hanpumep, Bmmmem umcio Hyas B KJIeTKy (2; 5),
Xy =0.

Jlinsi onpeneenus MOTEHIIMANOB IOCTABLIMKOB U IOTpE-
furenell uMeeM cucTeMy ypaBHEHMI:
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TlockonbpKy YMCIIO ypaBHEHU CUCTEMbI HA eAUHULNY MEHb-
IIIe yucJa IOTeHIMAJOB (CHCTeMa HeoIpenelieHHAsA), AJdA ee
pellleHu s OFHOMY U3 IOTeHIMAJIOB IPHAaeTCA HPOU3BOJIBHOE
spayernne. Ilosoxum, HaIpUMep, U, = 0. Bce ocTannHBIE TO-
TEHIMAbI ONIPEAENIAIOTCA ONHOBHAYHO: U, = 1, u; =4, v, =4,
v, =2, v3=1, v, =0, vy = 2. HailigesHsle HOTEHIIMAJEI
IIOCTaBINUKOB M moTpebureseil yKasaHBI CIIpaBa ¥ BHU3Y B
Kierkax tabn. 5.5. Pacuer mX MOMKHO IIPOM3BOAUTbH HEIO-
CpeZCTBeHHO B Tabimiie.

OnpepensieM OLEHKU CBODOOHBIX KJIETOK:

5,=T-(0+1)=6,5,=5-0=5,
5, =6-(1+4)=1,8,=2-(1+2)=-1,
Sy=d-(1+1)=2,5,=5-(4+4)=-3,

Sg=T—(4+1)=2,5,=8-(4+2)=2.

ITonyuennsiit maan geontumasieH. Cpey OIeHOK MMEIoT-
ca orpunarensuasie. Hanbonee noreHnaasHON KIETKOH AB-
nsiercd Kiaertka (3; 1). CTpouM 3aMKHYTBHIH IUKJ AJIS KIETKH
(3; 1). B Tabiume oH BBIZEJNEeH IMITPUXOBOH nmHUEH. B orpu-
IAaTeJbHBIX BePIINHAX [UKJa HANMeHbIlIee KOJIHYECTBO rpysa
pasHo min (80, 0, 30) =0, T. e. YKCJIO HYJIb HY’XHO IIOMECTUTD
B KJeTKY (3; 3), x,, = 0. [lonyyaeM HOBBI IJIAH [1€PEBO3OK,
XOTA 3HAUYEHUeE 1eJIeBOH PYHKIHUK U He usMeHHTCA (Taba. 5.6).

TlonyueHHBIN TJIaH, KAK U OTPEIBIEYINHA, BHIDOXKAEHHBIH.
TToTeHIIHAJB] IOCTABIINKOB U NOTPebuTe el onpeaesieHbl He-
nocpexcTsenHo B Tabn. 5.6: u; =0, u, = -2, ug =1, v, = 4,
v,=5,v,=1, v, =3, v, = 2.

OnesKu CBOOOJHBIX KJIETOK CHENYIOIIHE:
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8=7-(6+0)=2,5,=5-(83+0)=2,
Sy =6-(-2+4)=4,5,,=2-(-2+5)=-1,
$3=4-(-2+1)=5,5,,=83-(-2+2)=3,
S33=7-(1+1)=5,5,,=8~-(1+2)=5.

Tabanuma 5.6

80 170 150 180 70
300 4 7 1 5 2 0
80 150 70
6 2 4 1 3
150 o3 S 3
A 150
1 ]
200 N I O DR R 8 1
0 170 30 *
4 5 1 3 2

Ilockonbky mMMeercst OTPUIATENbHAA OUEHKA, TO IJIAH
IIePEeBO3OK enle HeONTHMAJIECH U €T'0 MOYKHO YIYYIIATE 34 CUET
3arpyskH kiaeTku (2; 2). CTpouM 3aMKHYTBIH I{MKJI, KOTODBIIH
BEJIOUaeT KJaeTKH (2; 2), (2; 4), (3; 4), (3; 2). Haumensmiee
KOJIMYIeCTBO eQUHHUI IPY3a B OTPUIATENbHLIX BEPIIHEAX IUKJIA
pasro min (150, 170) = 150 ex. ITocne cmemnieHnsa Mo MUKIY
150 ex. rpysa mosyuuM HOBBIN miau (Taba. 5.7).

Taonuma 5.7

80 170 150 180 70
800 1 g9 ! ! 150 ' ; 70 : 0
150 6 o 2 4 1 31 g
200 ° 0 ’ 20 ° ! 180 ! ° 1
B 4 5 1 3 2
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ITorennmaJbl DOCTABIIUKOB U IOTpebHTENeH NIA IjIaHa,
HIpeACTaBIEHHOrO B Tabi. 5.7, onpeeieHbl HEIIOCPELCTBEHHO
B Tabnune. OneEKM cBOGOAHBIX KIETOK CJIEAYIOIIHE:

$,,=7T-(5+0)=2, $4,=5-3+0)=2,
8y =6-(-83+4)=5, S93=4-(-83+1)=6,
80 =1-(-3+3)=1,5s,,=83—-(-3+2)=4,
S33=7-(1+1)=5,5,=8-(1+2)=5.
Bce omenku cBOGOgHBIX xné'rox HOJIOXKUTENbHRBI. IIpen-
CTaBJIeHHBIN B Taby. 5.7 NJIaH DEePEBO3OK ONTHMAJEH, a TaK

KaK CpeJu OLIeHOK HeT HYJEBBIX, TO ONITHUMAJbHBIH ILIaH AB-
nAeTCAd U eAUHCTBeHHBIM:

80 0 150 0 70
X"=/0 150 0 0 O
0 20 0 O 180
Hxs aToro niaHa 3HaYeHue eJeBOH GyHKIUU
f(X)=4-80+1-150+2-70+2 150 +
+6-20+4 -180 = 1750.

5.11. Haittu orruMasibHEIe ILTAHEI nepeBosox T3, yenosus
KOTOPBLIX AaHBI B Tabaumax:

a)

HorpebnuTenn Banac
ITocTaBIuku rovaa @
B, | B, | B, | B |mwvag
A 4 3 6 8 40
A, 7 6 4 5 120
Horpebuocts
B I'pyse b/. 30 50 45 35 160
6) Horpeturenn Bamac
IMocTaBmukn a8 @
B, | B | B | B |mweq
Al 6 4 2 7 40
A, 8 10 14 12 36
Ay 16 12 6 13 24
Horpebrocts
B rpyse bj 24 20 30 26 100
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m

TlorpebuTenu

MocraBmuxu Bamac
B, ] B, [ B, B, |rpysag,
A, 8 4 6 2 40
A, 4 10 5 6 25
A 6 7 8 5 28
A, 10 12 8 9 32
IToTpebHOCTH
B rpyase b/, 28 32 20 45 125
MooTanmux IoTpebuTenn ] Bamac
B, { B, I By l B, | B, |TPY3a 4,
A, 9 6 8 11 10 100
4, 6 9 13 15 12 80
A, 8 7 12 5 9 40
ITorpebuocts
B rpyse b]. 60 50 40 35 35 220
II 6
IlocraBmuku e Banac
B | B | B | B | B | B |mPveag
A, 9 3 4 8 10 12 36
A, 4 6 7 11 13 9 34
Ag 5 8 8 4 12 10 32
A, 6 12 15 9 6 8 30
IToTpeb-
| mocTs B
rpyse bj 20 15 25 27 30 15 132
II 6
IMocraBiuxu orpe ey 3amac
B, | B, ‘ B, [ B, l B, B, |Tpysaa,
A, 5 10 15 6 14 13 120
A, 14 9 8 12 11 10 60
A 7 12 13 15 9 14 150
TToTpe6-
HOCTH B
rpyse bj 45 52 48 55 70 60 330
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5.12. CocTaBUTS IVIaH NePEBO30OK HeGTEIPOAYKTOB U3 TPeX
IIYHKTOB OTIPAaBJeHUS B IATH NYHKTOB HasHAauYeHHA. IInanm
IOJKeH ofbecneyuTh MUHHAMAaJIbHBIE TPAHCIOPTHRIEC H3AEPIK-
KM H IIOJHOCTBIO YAOBJIETBODUTH CIpPOC morpebureneil Ha
HedTenpoaYKTHI. 3anac, DOTPe6HOCTE U CTOMMOCTS MIEPEBO3KH
1 T HedrenpoAYKTOB IpUBeAeHEI B Tabm. 5.8.

Tadbaumna 5.8

CrommocTs nmepeBo3K#u 1 T HedTe- Banac

Hynxr OPOAYKTOB NOTPeOHTEeNs M, A®H. eX. HedTe-
OTIpPABNIEHUA NPORYK-

B, l B, l B, B, l By TOB, T

A, 7 5 9 8 6 150

4, 8 10 4 11 12 170

A, 4 3 15 13 14 200

IToTpeSuocTs B
HedTENPOAYKTAX, T 120 80 140 70 110 520

5.13. B yernipex xpaEmnmmax 4,, 4,, 4;, A, umeerca
cootsercreerHo 100, 150, 260 u 240 r kaprodens. Tpebyerca
TaK CIJIAHUPOBATH II€PEBO3KM KapTodess B IIIeCTh OBOIIHBIX
marasuHoB B, B,, B;, B,, B, By, cupoC KOTOPHIX DaBeH
coorBercrBerHo 130, 110, 140, 150, 120, 100 T, uTo6sI cym-
MapHblEe TPAHCIHODPTHbLIE HU3AEPIKKU OBIIM MUHUMAJIHbHEBIMHU.
CroumocTts nepeBo3ku 1 T Kaprodens ykasaHa B Tabia. 5.9.

Tadbauma 5.9

CroumocTs mepesosku 1 T xaprodens Banpac
XpaHHIHINE norpeburensaMm, KeH. ex. KapTo-
Bl I BZ ] 33 l B4 l B5 | BG (benﬁy T
A 7 6 9 75 8,6 88 100
A, 86 57 76 92 72 65 150
A, 5,8 7 8 73 6,8 84 260
A, 64 6,2 5,7 59 65 7,9 240
IlorpebHOCTE B
kaprodene, T 130 110 140 150 120 100 750

5.14. Tpu cosxosa A, A,, A; eXe[HEBHO NOCTABJAT B
ropog coorBeTcTBeHHO 50, 60 1 40 n MoTOKa It oBGecneyeHu A
TOPTrOBBIX TOueK B,, B,, B,, B,, B,. CTOuMOCTb HNEPEBO3KHU
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1 o MoTOKa M OTPeGHOCTH TOPTOBBIX TOYEK B MOJIOKE YKABAHEI
B Tabx. 5.10.

Ta6auma 5.10

CroumocTs mepeBo3ku 1 1 MoJIOKa Banac
Corxoa TOPTOBBIM TOYKAM, [eH. eX. MoJToKa,
8 | 8 | B,] B | B | *®

A, 7 6 8 10 12 50

A2 9 5 7 4 6 60

A, 6 8 4 9 7 40

HoTpebHocTs
B MOJIOKE, I 30 20 55 20 25 150

OnpefesuTh ONTHMANLHBIM NJAH IOCTABKM MOJIOKAZ B
KQXKAYIO TOPIOBYIO TOUKY AJIA YAOBJETBODEHUA NOTpebHOCTEH,
4100l CyMMapHble TDAHCIODTHBIE HM3ZEPKKYU OBLIN MHUHU-
MaJILHBEIMH. .

5.15. CocraBuTh ILUIAH 1OCEBA 3€PHOBHIX KYJIBTYD (C yIeToM
ILJIOKOPOAMSA HOYUBBI), MAKCHMHSUPYIOIIUH npubeiis. [Lromans
yuactka I pasra 300 ra, yuacrxa II — 250, ygactxa 1] —
300 ra. Bce HeoOxXxonuMbIe JaHHEIE IPUBEeHBI B Tabua. 5.11.

Ta6auma 5.11

YpoxkaiiHoCTE N0 I 3 BaTpaTs Ha 1 ra no
Beprosas yJyacTkaM, 1/ra OCeBHAA AKYDOod- y4acTKaM, AeH. eX.
KynsTypa nAomaxs, | HAA UeHa,

I I l I ra AeH. en. I ] I ] I
Poxs 28 26 25 230 30 90 100 70
Hmenuna | 35 28 32 410 25 80 95 75
Humens 33 29 31 210 20 96 84 90

5.3. Pemenne TpaHCHOPTHOMR 3a1aau
C OTKPEITOH MOZeJbIo

IIpu BHIMONTHEHMH OZHOI'O U3 YCJIOBHIL:

m

m n n
1y Zai<zb,-; 2) Zai>zb,~
i=1 j=1 i j=1

i1

uMeeM OTKPEITYI0 Momens T3. Tak, ecnu and T3 BHIOJHSAETCA yCaO-
BHe 1, To BBOAMTCH GUKTUBHELIN (m + 1)-if mocTaBuiuk. B aToM cayuae
B tabnuie pacnpenesieHHA CTPOUTCA NOIONHUTENLHAA CTPOKA, AJS
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KOTOPOH NOCTABKY PABHEI PA3SHOCTH MEXK/Y CYMMAaPHOM NOTPeSHOCTHIO
1 QaKTHYeCKUMH 3aIacaMu, T. €.

n m
Apyy = ij - Zai'

j=1 i=1
Bce Tapudnr Ha moctaBry rpysa motpeburensiM OyaeM CUHTATH
PABHBIMM HYJIO: C,,q; =0(j=1n).
Ecsn gist T3 BeInosHsAETCA yeaoBHe 2, TO BBOAUTCA (DUKTUBHELM
(n + 1)-#t morpeburens, JJaA KOTOPOTO MOTPeOHOCTH PaBHA Pa3HOCTHU

MeXKAY CYMMapHBIMHM MOCTABKaAMH IOCTABIIMKOB M (PAKTHYECKUM
cupocoM poTpebureneit, 1. e.

m n
bpaa = %ai - ij
i=

Bcee Tapudsl Ha JOCTaBKY rpy3a GUKTHBHOMY OTPe0HUTENIO DABHE

HYJ0: ¢ ., = 0@ =1, m).

Hpumep 5.5. Halitu onrruManbsHbIN 1ytaH nepeBo3ok T3,
yCJa0BHE KOTOPOI mpencTaBieHo B Taba. 5.12.

Tabauma 5.12

THorpe6urtesnn 3amnac
Hocrasmuxn rpysa,
B, | B | B | B, .
A, 4 10 5 3 60
A, 6 7 2 8 100
A 8 9 12 11 70
IloTpe6roOCTS B
rpyse, T 50 55 70 45 230

Peme s ue. [TockoIbKy 3amackl TPY30B IPEBBINIAIOT
crpoc morpeburesei, BBOAUTCH (QUKTUBHBIA IOTPEOUTEND,
CHPOC KOTOPOTO

«w

4
by = . a b; =230 -220=10r.

i=1 j=1
Bce Ttapudbsr GUKTABHOTO no'rpe6n'rena PaBHEBI HYJIO: C;p =

=0 (= 1,_3). Nnmeem T3 3aKpwITOro THIA, KOTOPYIO pelllaeM

METOAOM ITOTEHIIHAJIOB.
HcxoaHoe OnOpHOE pelIeHNe IOJIyInM, HAalIpUMep, 1O IIpa-
BHJIY «MHHUMAJBLHOTO 3JIeMeHTa» (Tabn. 5.13).
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Tabaununa 5.13

50 55 70 45 10
4 10 5 3 0
0
6 15 45 0
100 LA IR FR O S Lm0
20 70 10 ,
"o '8 9 12 11 "o 4
15 ~ 55 *
4 5 0 3 2

IMonyyen HeBBHIPOKZEHHBLIM IraH. [IOTEeHIUANBI HOCTAB-
IMUKOB ¥ MOTpebuTe1eil opeseieHbl HETOCPECTBEHHO B Tal-
aune. OmeHKHN CBOGOAHBIX KJETOK CJIENVIONUIHE:

$5p=10-5=5,5,=5-0=5,5,=0+2=2,
Sy9=7-(2+5)=0,5, =8-(2+3)=3,
S33=12-4=8,5,, =11 - (4 +3) =4,
S5 =0 — (4 - 2) = -2.

Cpeju ONeHOK UMeeTcs OTpUIIaATeIbHAA (835 = ~2). Ilnan
EePEeBO30K MOYKHO YIYYIINTH 3a CYET 3arpysKH KJEeTKH
(3; 5). B oTpuIaTeJIBHBIX BEPIIMHAX IOCTPOSHHOTO IS KJIET-
KH (3; 5) nuKma HamMeHBIIEE KOJUYECTBO TpPys3a pABHO
min (10, 15) = 10 egn.

ITocne cmemternsa no uukay 10 en. rpysa DoxyIuM HOBBIH
nJjaH nepeBo3ok (taba. 5.14).

Kax u nna mpenbinyiero IiaHa IepeBO3OK, BCE IOTEH-

IHAaJIBbl MOCTABIIUKOB U noTpebuTesnell onpenenessl B Tadau-
me. OneHKn cBOGOMHBIX KJIETOK:

$,,=10-5=5,5,=5-0=5,5,=0-(0-4) =4,
§;,=7-(2+5)=0,5,,=8-(2+8)=3,
§y5=0-(2-4)=2,5,-12-4=8,
55, = 11 — (4 + 3) = 4.

OHQHRH BCexX CBO60}IHI>IX KJIETOK IIOJIOXKHUTEJbHBI, IIOJY-
YeHHBIN ILIaH IIePEBO30K ABJIAECTCA OIITHMAJBHBIM:
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15 0 0 45 0}
X"=/80 07 0 0
| 555 0 0 10

€O 3HaYeHHeM HeneBoit byaknuu f(X) = 1050 men. ex.

Ta6bnaumab. 14

50 55 70 45 10
4 10 5 3 0
60 115 45 0
6 7 2 8 0
100 | 44 10 2
8 9 12 11 0
0y 55 10 4
4 5 0 3 -4

3arpyska X, = 10 T 171 GUKTHBHOrO HOTPEGUTEINS YKASI-
BaeT Ha OCTATOK HepacupeaeaeHHoro rpysa 10 Ty mocraBiu-
Ka A,.

5.16. Ha naTe cTpouTenpHBIX IIOIWaxok B,, B,, By, B,,
B, mocrynaer KUPOXY € TPeX 3aBOJOB. ITorpebuocTs B KUpIHYe
HAa CTPOUTENbHBIX IJIOIIAAKaX paBHA coorBeTcTBeHHO 50, 60,
45, 35 u 40 TeIc. mT. JaHuble 0 TPOU3BOANTEILHOCTH 3aBOJIOB
3a IleHb, 3aTPaTax Ha IIPOM3BOACTBO KUPIWYA U TPAHCHOPTHBIX

pacxonax mpuBeneHs! B Taba. 5.15.
Ta6auma 5.15

TpaHCIOPTHEIE PACXOAR Ha 1 ThIC. mT. Tlpoussozn- | 3arpars Ha
10 CTPOMTENLHLIM ILTOUIALKAM, TeABHOCTE | TPON3BORCTBO
3asox neH. ex. aaBoza 3a 1 reiCc. mT.
IeHn, KMpIIMYa,
B, l B, I B, ‘ B, [ By THIC. IIT. eH. en.
A, 19 20 17 25 28 60 40
A, 27 33 24 18 23 100 35
Ay 22 24 26 21 25 55 38

Onpenem/m‘b ONTUMAJBHBIHA ILJIAH 3aKpenaeHnd CTPpOUTEIb-
HBIX IJIOINII0K 3a& KUPIIMNYHBIMHA 3aBOJaMH [IpU yCJIOBUHU, YTO
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HeJOoCTaloee KOJIUIECTBO KUPItuda 15 TeIC. IIT. B eHb MOYKHO
obecrieunTHL 3a CUET: 4) YBEJIUUYEHUS [POU3BOAUTEIbHOCTH
3aBofia A, (3aTpaTel Ha MPOM3BOACTBO 1 THIC. IIT. BOBPACTYT
ra 25 nen. en.); 6) yBenuYeHUs IIPOM3BOAUTEIbHOCTH 3aBO-
na A, (satpaThl Ha IPOM3BOACTBO 1 ThIC. IIT. BOBPACTYT HAa
40 neH. en.).

5.17. TpebGyerca nepeBesTH TOBapH C TpeX KOMOHHATOB-
HOCTaBIIUKOB A, A,, A; a,=30T, a,=50 T, a;= 45 T yers-
pem onToBeiM 6asam B,, B,, By, B,, cipoc KOTOPHIX PaBeH
coorsercTBenHo 20, 25, 35 u 40 1. MaBecTHa MaTpuma

TPAHCIOPTHBIX PACXONOB Ha AOCTaBKY 1 T OT HOCTABIIMKOB

A (= 1,_3) K OnITOBBIM Oasam B; (j = ﬁ):

12 15 14 10
[e;]=|16 20 18 17|
19 21 16 13

OupefieUTs, ONTHMAJBHBIN IIJIAaH IIEPeBO30OK TOBapa OT
IOCTABIIMKOB K ONTOBBIM 06a3aM, MHHMMUSUDPYIOMINHA CyM-
MapHbI€ TPAHCIIOPTHHIE pacxonrel.

5.18. PemuTs TpaHCIOPTHBIE 3aa4Y¥ OTKPHITOH MOZAENIN
METOJOM ITOTEHIIMAJIOB, AAA KOTOPBIX M3BECTHBI: @, — 3aIlac
rpysa y i-ro mocTaBUIUKA; b]. — noTpebHOCTD j-I'0 MOTpebuTes;

¢,; — BaTPATHI HA IIEPEBO3KY OJHOHI eIuHUIIBI TPYy3a:

a) al = 40, a2 = 60, 03 = 50, bl = 30, b2: 40, b3= 60,

4 6 7 o
[cij] = 3 5 8 (l’ ] = 1’ 3);
9 10 6

6) a, = 60, a, =45, a,=130, b, =50, b,=70, b= 60,
b, = 80,
15 17 14 12
[cij]= 16 12 10 9|G=13j=14);
13 18 11 15

B) a, = 70, a,=100, a,=60, a, =80, b =90, b,= 80,
b, = 50, b, = 100,
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17 15 10 14
[c,]= 20 16 18 13
1118 17 19 20
16 12 15 18

r) a, = 1500, a, =500, a, =700, a, =900, b, = 1000,
b,= 600, b, =800, b,=1100,

G j =1, 4);

12 9 10 15

14 8 13 17 —
L. = i, ':1,4.
[”] 19 20 14 g )

17 15 18 21

5.19. Vpoxait xaprodens, cobpauHEBIH depMepaMu A,
A,, A; B KoTnyecTBax coorBercTBeHHo 40, 50 u 60 T, J.IOJI)KGH
651% JOCTaBJIEH B YeThbIpe MarasmHAa B B B B,, copoc
Ha Kaprodenb B KOTOPbIX paBeH COOTBeTCTBeHHO 35, 30, 45,
32 r. HaBecTHBI 3aTpaThl ePMEPOB HA IIPOM3BOACTRO 1 T Kap-
rodena: 150, 170, 165 geH. el. COOTBETCTBEHHO M MATPHILA
TPAHCIOPTHBIX PACXOXOB Ha NOCTAaBKY 1 T Kaprodesas:

25 23 19 21
[ey]=]12 18 20 24|G=13/=14).
19 22 23 17

Haliti onTuMaibHBIA IJAH HLOCTABKU Kaprodess B Ma-
TasWHbl, MUHUMHUSUDPYIOMINH obIIre 3aTpaThl HA €ro IMpOM3-
BOJICTBO U JOCTABKY.

5.20. Yersipe marasuna B,, B,, B,;, B, Iony4aioT OBOIIH
U3 Tpex COBXO030B A, A,, A;, KOTODbIE €KeJHeBHO MOTYT
nocTaBasaTh coorBercTBeHHO 10, 12, 18 1. CyTounsie moTpe6-
HOCTH Marasusos cocrasiasioT 9, 10, 12, 15 r. U3secTHA MAaT-
pulla TPAHCIOPTHBIX PACXOJ0B HA MOCTaBKy 1 T oBomiei ua
COBX03a KaXXAOMY MarasuHy:

15 17 20 22
[ey]=|24 18 19 21{(G=13j=14).
|23 16 17 20

CocTaBUTh MJIaH JOCTABKU OBOIIEH W3 COBXO30B MArasU-
HaM, MUHUMH3UPYIOUNH TPAHCHOPTHBIE U3AEPIKKH.



ANCKPETHOE NPOrPAMMUPOBAHUE

6.1. Merox 'oMopH nas pemieHUsa 3aJadu
IeJTOYHCJIEHHOTO JUHEHHOr0 MPOrpaMMHUPOBAHNA

Badaueil yenrowucreHHozo AuHeliHoz0 npozpammuposarnus (S1JIIT)
HassiBaloT 3JIII, B KOTOpOIi Ha ITepeMeHHEIE HAJIaraeTCs JOIIOJHNTEIb-
HOEe orpaHMYeHMNe — ycjaoBue mnenounciaenrHocru. SLLJITI umeer Bua:

n
max (min)Z = Y ¢;x;; 6.1)
=1
. _1
zaijxj = bi (i = 11 m)y (62)
i=1
x;20 (j=1,n), . (6.3)
X; — UeJIble YACIIa; jeN,, (6.4)
rae N, — HeKOTOpoe NOAMHOXKECTBO MHOXKECTBA WHAEKCOB N=1{1,
2, ..., n}.
Ecniu N, = N, ro sapagy (6.1) — (6.4) HaA3BIBAIOT NOJHOCMbIO
yenoyucnenHoil, ecnn Ny # N, — 4ACMUYHO YeA0HUCIeHHOU.

Memod 'omopu siBisieTcss OAHUM U3 METOJIOB PEIIeHUA 3aa4 I{eJI0-
YHCJEeHHOTO JiMHelHOro nporpammuposanusa. Mpesa meroxa 'omopu
pemenus sagaun (6.1)—(6.4) sakgiouaerca B ciaegyoomem. Or6pacsi-
BaeTCs ycjoBue mesouuciaensHocTy (6.4), n mosyuennas 3JIII (6.1)—
(6.3) pemaercsa cumiiekc-merofoM. Ecin onTuManbHOe pelieHne 3a-
nauu (6.1)-—(6.3) ynosnersopser orpanuvenum (6.4), T. e. apaserca
[eJOUMCNeHHBIM, TO OHO SBJISIETCA U PellleHUeM HCXONHOM 3ajauu
(6.1)—(6.4). Ecim ontuMmasbHOe peiteHune 3agaun (6.1)—(6.3) =e
y/I0BJETBOPSAET orpaHduyeHuIo (6.4), TO K OCHOBHBEIM OrPaHUYEHUAM
(6.2) nobaBnsiercss HOBOe JIMHeiHoe orpaHuYeHue, obnanamwmee cie-
OYIOIMMHU cBoiicTBaMu: 1) onTHMANBHBIH HelleJIOUNCIeHHBIN IJIAaH 3a-
nauu (6.1)—(6.3) emy He yzmosserBopsier; 2) mo000f NeJI0YHUCIeHHBIH
mian 3agauu (6.1)—(6.3) emy yioBierBopseT. 3areM pellaeTcs pac-
mupenHas 3agada. [Ipomecc NOBTOPAETCA O MOJIYYEHHUSA HEeJOUUCTIeH-
Horo pemeHus. Crnocobnl TOCTPOEHUsA IOTOJHHUTENBHOTO JIMHEHHOTO
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OTPAaHHWYEHMA PA3MUYHE! AJIA IIOJHOCTLIO M YACTHYHO LEJOYNCICHHBIX
3JIII. B cuny cBoiicts 1 u 2 gomonHuTeNLHOE OrpaHHYeHUe Ha3bLIBAIOT
emte omceyverHuem I'omopu, a meron T'omopu — Memodom omcexeHus.

Paccmorpum meron T'oMopH /s pemeHUs HONHOCTLIO IIEIOYMC-
nenrnx 3JIII. Iycrs 3agaya (6.1)—(6.3) pemena CHMILJIEKC-METOAOM,
x® — ee onTHMAIBHEI INAH, & TAGIL. 6.1 — ONTHMANbHAS CHMILICKCHAS
Tabnuia.

Tabnuyga 6.1

X X X x X X,
1A Iy Jnm § iy i,
Bl c; | A, .
c (4 C; c c [
i A om i i in
0 [ [ !
% | 4 &), iy byin-m 0 .
0 ' ’ ’
c - - .
x‘z ) f iy a‘zlz ° bodnm 0 1 o 0
x e {2 ! a : 0 0 1
,m 'm 1m "Mjl imil e imjn -m b
Z! - cl f) 2’1 - cll 2].2 - Clz ’ ZI,H‘ - CJ,‘ n 0 0 0

Ecau Bce snauenus xf: (p =1, m) — nenste, To x° —pemenue

sagaun (6.1)—(6.4). IlycTs cpeau uyuces x? (p = 1, m) ectn Hemneno-
(4
yucieHHsle. BorbepeM 13 HUX YHCIIO ¢ MAKCUMAABHON pOoBHOI YacThIO:

{29} = max {x? }
* 1spsml 7

HMononauTenbHOE JINHEHHOE OrpaHnYeHue, Win orcedyenue Fomopu,
6yeT MMeTh BHJ

n-m
pgl {ai’.j” }xjp > {xi‘:}. (6.5)
B orparanuenue (6.5) BBoqUM LONOJHUTENLHYIO IEPEMEHHYIO
n-m
> {ai"jp }xjp — Xy = {xg}, (6.6)

p=1

rae x, ., > 0. Papercrso (6.6) ymaosxnm Ha -1 1 nmoayyum
n-m 0
S~ {ai"].p }xjp + Xy = —{xi.}. 6.7)
p=1

IIpunumenm orpannuenue (6.7) k cumniaexkcHoil tabauue 6.1. Ipu
TOM TIepeMeHHasa x_ . 6yner 6asucuoit. ITonyuum paciiuperHyo Tab-
auny 6.2.

n+l
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Pacmmperryio sagauy peumaror HayuHas ¢ tabn. 6.2. Tak xak B
cTonbre cBOGOAHBIX UIEHOB Taby. 6.2 ecTs OTPHULATEJILHOE YUCIO, LIS
pellleHlA PACIIHMPEHHON 3871aYM BHIIIOJHAIOT CJAEAYIOMIE ONepaiun.

Tabaunga 6.2

x. x; vee X X, X, e X, X
i Ty Jnm 4 s n n+l
BIT{ ¢ A, . o
f ¢ € € G e
] ’ 3 ’
x‘\ c‘) x‘, 4 s inm 0
L] ' ’ '
xi, ciz I aizi‘ Tyy aln-m 0
i) ! ’
x'm c’m xtm indi Tniz imn-m 0 0 1 Y
_ 0 i _ ' '
oal O - {eb - {a} ~{a) - -{afo o 01
z, - ¢ 7° Z, —¢ 0z —c o Cha 0O 0 0

1. IIpocMaTpUBAIOT CTPOKY, COAEPIKAIIYI0 OTPHIIATENbHOE YUCJIO
B cTon6Ie CBOBOJNHEIX YJEHOB, M BLIOHpaIioT Ji100oe OTpUIlaresbHOE
YHUCO B 3TOH CcTpOKe. BrIGpaHHOe YHCJIO OmpefeNnseT paspelnaomiui
cronberr.

2. lns yucen ¢ OZMHAKOBBIMY 3HAKAMH COCTABJIAIOT CUMILIEKCHEIE
OTHOIIIEHUS.

3. HanMeHBIIee CUMIIJIEKCHOE OTHOIIEHHEe ONpeesiseT paspera-
myo crpoky. Ha mepecedeHnu paspernaionieil CTPOKM M pas3pelarn-
mero cTosbila HaXOAUTCA paspelnaluiuil sJIeMeRT.

4. C pajfifileHHBIM PaA3pEIIAOIUM 3JIEMEHTOM BBINIOJHAIOT CHMII-
JIeKCHBIe MpeoOpa3oBaHus.

Ipumep 6.1. Ilpegupusitue IPOUIBOIUT Be MOKENHN A 1
B cO0pHBIX KHMXHBIX D0JIOK. X IpOM3BOACTBO OrPaHNYEHO
HaJIMYNeM ChIPbA (BBICOKOKAUYECTBEHHBIX JOCOK) M BpeMeHeM
MAaIIMHHOHM o6paborku. as xamzoro mszenus momenu A
tpebyercss 2 M2 10OCOK, a Aas usgenusa mogenun B — 5 2.
Masoe npesnpuATHEe MOMKET TOJYYUTH OT CBOMX HOCTAaBIIH-
koB o 1600 M2 nocok B Henento. I N3rOTOBIEHUS KaKAOTO
uagenus mogenn A rpebyerca 10 muu mammaHOK 06paboTku,
a usmenus moxpeau B — 12 mun. Bpems mammeHOR 06paboTKn
B Hegento 100 u. CxOnbKO U3AeNNE KaKA0il MOLeH Caeayer
BBITYCKATh MaJIOMY IIPEANPUATUIO B HeZeJsI0 A NONydeHns
MaKCHMAaJIBLHOHN MpuOELIN, eCIM KaXkJoe U3lesne Monenu A
npurocuT 20 neH. en. mpubOBLIN, a Ka[oe u3jeinue Mope-
au B — 40 geH. exn.?
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P e m e 5 ue. MaTemaTuyeckass MoOZesb 327Ul HMeEET
BUJ

max Z = f(x) = 20x, + 40x,; (6.8)
2x, + bx, <1600, (6.9)
1 1
—x; + —x, <100, 6.10
P! pee: ( )
x,20, x,20, (6.11)
X,, X, — IeJsle. (6.12)

IIpeo6pasyem sagauy (6.8) — (6.12), ymEO«HUB 06e uacTu
nepasenctsa (6.10) ma 30. IMonyunm sagauy

max Z = 20x; + 40x,; (6.8")
2x, + bx, <1600, 6.9)
5x, + 6x, < 3000, (6.10")
x,20,x,>20, (6.11")
X, X, — LeJble. (6.12")

IIo meTony I'omopu fyig onpefeneHuss OITUMAJILHOIO MIJIa-
Ha 3ajgauu (6.8')—(6.12') permrum 3JIII (6.8')—(6.11') camn-
Jexc-MeroqoM. IlpusezeM ee K KAHOHMYECKOMY BULY:

max Z = 20x; + 40x,; (6.13)
2x, + Bxy + x4 = 1600, (6.14)
5x; + 6x, + x4 = 3000, (6.15)
2,20,x,20, 2,20, x, > 0. (6.16)

B nponecce pemenus 3agauu (6.13) — (6.16) moxygarores
CHMILJIEKCHBIe Tabauubl 6.3—6.5.

Tadbanuma 6.3

Xy L) %3 Xy

BII cg A,
20 40 0 0
X 0 1600 2 5 1 0
x, 0 3000 5 6 0 1
2,- ¢ 0 -20 -40 0 0
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Ta6anunga 6.4

x x, x x
BII o A, - : : :
20 40 0 0
x, 40 320 2/5 1 1/5 0
x, 0 1080 13/15 0 -6/5 1
z-¢ 12800 -20/5 0 40/5 0
Ta6auna 6.5
xl xz xa x4
BII on A,
20 40 0 0
‘ 11 5 2
x, 40 | 153 — 0 1 — -=
13 13 13
5 6 5
x, 20 415 — 1 0 - — —
13 13 13
7 80 20
z~c, 14 461 — 0 0 ikl el
ro 13 13 13
Tabn. 6.5 — onTuMaJgpHAsA CHMIUIEKCHAas Tabiauna,
0 6, 0 0 5 0 11
X =(x;;xy), TAE X, = 415i§, x, = 153E — ONTHUMAIb-

HbIM 11aH 3ana4u (6.8')—(6.11'). Tak xax onTUMAaNLHBIA IL1aH

sagaum (6.8')—(6.11') HemesounCIeHHBIA, OH He ABIAETCHA
ONTUMAJILHBIM IIaHOM 3ajfauu (6.8')—(6.12'). Crenys meTony
Tomopn, Haxonum

max{{xf}, {xg}} = max{{415—1§§}, {153 %}} = i—; = {xJ}.

IIo nmepsoil crpoke Tabya. 6.5 CTpPOUM AOTMOJHUTENBHOE
JUHEeHOe OrpaHWUYEHUE!

i Xo + _i X, 2 E
13173 1374~ 13" (6.17)
Tax Kak

s)_5 [ 2] _2 [ 2] 2 ., u
13 18] 18/ 13 13] 13 13’
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orpanuvenue (6.17) npumer Bug

LA (6.18

137° 137 T 13° -18)

Bsegem B orpamuuernue (6.18) gononHurennHyio mepe-
MEHHYIO

5 11 11
Lo Ty, —x = ——. 6.19
1378 137 T T3 (8.19)
HomHoxuM orpanunyenue (6.19) ma -1:
5 11 11
——— X —— X, + Xz = ——. 6.19,
137% 137* 7 13 (6.199

IIpunumem orpagnuenne (6.19') x rabu. 6.5 u moayuyum

aba. 6.6.
Tadl Ta6numa 6.6

xy Xy X3 Xy Xs
BII <5 A,
20 40 0 0 0
11 5 2
x, 40 153 — 0 1 — -— 0
13 13 13
5 6 5
x, 20 415 -— 1 0 -— — 0
13 13 13
11 5 11
x 0 - — 0 0 - — -— 1
13 13 13
7 80 20
2.— ¢, 14 461 — 0 0 —_— —
i 13 13 13

Cnenys meroay ['oMOpH, BEIITOJTHUM CHMILIEKCHBIE IPeos-
pasopauusa Tabn. 6.6 ¢ paspemamomum anemerTom —11/13.

Tlonyuum tabn. 6.7. Ta6nuua 6.7

E x, x, E xy
BII cg A,
20 40 0 0 0
x, 40 154
x, 20 415
x, 0 1
60 20
z.—c, 14 461 V] 0 — 0 —
;oo 11 11
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NmeeM onTUMAaJBHBIH HEJOYUCTEHHBIH NJaH paclid-

peHHOI 3anaun. Torza onTUMANBHEL IIIaH UCXOMNHON 3agayn
(6.8)—(6.12) x° = (415; 154).

Bagaum 6.1— 6.10 pemurs merogom I'omopu.
6.1. max Z = 3x; + X,
4x; + 11x, < 44,
x < 5,
>0, x,20,
Xy, Xy — IeJnle.

6.2. max Z = x; + x,;
8x, — 3x, <24
3x; + 2xy < 13,}
x,20,x,20,
X,, X, — HeJbe.

A

6.3. max Z = 2x, - 8x,;
3x; + 5x, <17,
x, < 4,

>0, x,20,
x,, X, — Tensle.

A

6.4. max Z = Tx; — 9x,;

2%, + x2

IA

9,
7,
4x; + 5x2 <5,

x, 2 0, X,2 0,
X, Xy — LeJble.

]

i

1

)
>0, X, 2 0,

X,, X, — LeJble.

6.5. max Z = x; — Tx,;

IA

3x; + x,

1 — 3%y

A

%
o o o

Xy
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6.6. max Z = x;, — Tx,;

6.7. max Z = x; + 5x,;

2,

Tx, - x4 2 5,
2x; + 3x4 <11,
x, £ 5,

X + x5, <7,
-3x; + 2x, <5,
x; <6,

x,20, x,20,
X, X, — Teasle.

6.8. max Z = x; + 2x,;

X, + X5 <5,
—x1+2x2S3
6,

IA

X, 2 O, x2 >0,
X,, X, — LeJble.

6.9. max Z = 2x, + 5x,;

3x, + 4x, < 25,
2%, - x5 2 1,
x; < 5,

x,20, 2,20,
X, X, — TeJble.

6.10. max Z = 2x, + 3x,;

\%

1,
4x; — x5 <15,
x, + 3x, < 16,
x, 2 0,» x,20,
x,, X, — LeJsle.

2x; + 2x,

IA
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6.2. MeTox BeTBeil u rpaEmI

Has pentenusa 3ILJIIT (6.1) — (6.4) ucrionbayercs Taxkxe Memod
semsell u zpanuy. PaccMOTpUM M€l MeTonma BeTBeil M rpaHMIl HA
npumepe ofieif 3aaYu JUCKPETHOrO NPOTPAMMUPOBAHUS

max Z = f(x); (6.20)
x € G, (6.21)
rae G — KOHEYHOe MHOKEeCTBO.

1. Haxopum onenky & (G) (rparuny) dyurnuu f(x), x € G: f(x) <
<& (G) nna mobrix x € G (puc. 6.1). Ecam npu 3TOM A8 HEKOTOPOTO

mirana x° sagaun (6.20), (6.21) cupaBesnInBO paBeHCTBO f(x%) = {(@),
1o x¥ — onruManpHLIH maaE saxayvn (6.20), (6.21).

2. Eciu onTUMAaIBHBIN IJIAH He HalfleH, To KaKuM-Iu60 crocobomM
MHOXecTBO G pasbuBaeM (BeTBHM) Ha KOHEUHOE YMCJIO HelepeceKaro-
IUXCA MOJMHOMECTB:

1 1 1
G=6G]UGIU...UGL.
IIJIS KaXgoro u3 3THX INOIMHOX>XECTB BBIUHUCIIAEM OLI€HKY (rpafmuy)

E(G,.I) (i =1, ;) (puc. 6.2). Ecaim mpu 3TOM [ HEKOTOPOro IJIaHAa
x}, X, € G}, 1< 7 <r,, cpaBeJJMBE COOTHOIIEHMUS

fxl) = &G 2 E@GY) G =1,7),

TO xl — onTHMAaJBHHH IJaH 3azauu (6.20), (6.21).
3. Ecnu raxoii miaH He HalJeH, TO BHIGHpPaeM MHOXECTBO G,1 c
caMoii 6ONBIION OLIEHKOM:

§(Gr) = max £(G}).

&t E(G)
Puc. 6.2
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§(Grv1)
Puc. 6.3

Muosxectso G} kaxum-1u6o cmocoGom pasbuBaeM Ha KOHEUHOE
YUCIIO HeNepeceKanINUXCcH NOAMHOKECTB:

1 _ 1 1 1
Gr - Grl UGrZ U A UGrrz'
Bee IOAMHOXKECTBa 3aHOBO IIePpEHYMEPDOBLIBaEeM.

G=GIUGIU...UG,, ;.

A KamgoTo MEOXKECTBA G,.2 HaXOAHUM OLEeHKY (rpaHuny) &(Giz),

i=1,r +r, -1 (OUEHKN NPUXOAUTCH HAXOAUTH TOJBLKO IJIS BHOBL
HOJIYYeHHBIX MHOECTB, /IS OCTAJILHBIX MHOJKECTB OIEeHKH HailAeH:!
Ha mpexsinymiem mare) (puc. 6.3). Ecnm mpu 5TOM HAXOAAT TaKoi
JIaH xi, JUIA KOTOPOTO CIIPaBEJINBEI COOTHOINEHUA

f(x2) = E@G2) 2 E(GP), 1<isn+r-1, 1Sksni+r-1,

TO xi — onTHMAJBHBHIH ITaH 3agaym (6.20), (6.21).

4. Ecay onTuManbHBI IJIaH He HailfieH, TO ANA AajbHeilimero
BETBJICHUS BHIGHpPAIOT MHOXKECTBO ¢ camoil Gonpmoit omenkoii. IIpo-
1(eCC TIPOJOJISKAIOT O MOJNYHYeHUSA ONTUMAIBHOrO IJIaHa.

Crocobsl HaXOMKAEHUA [IJIAHOB, OIEHOK, CIIOCOOBI BETBIEHHUS BBI-
GupAIOT B 3ABHCHMOCTH OT BMJA 3aJa4M AUCKPETHOrO IPOrPAMMM-
posanus. 1A 3a1a4Kt 11eJOYHCIIEHHOTO JIMHEHHOTO IPOrpAMMUPOBAHUA
(6.1)—(6.4) B KauecTBe OIEHKH LeJIeBOR QYHKIMA PACCMATPUBAIOT €e
sHAYEeHUe HA ONTHMAJILHOM ILTaHEe COOTBETCTBYIONeH 3aaun JIHHEHHOro
mporpammuposanns (6.1)—(6.3).

O6o3raunm yepesd G MHOKeCTBO IU1aHOB sagaun (6.1)—(6.4), a ue-
pes x° — ONTHMANLHLI IUIaH 3axayun (6.1)—(6.3), Toraa E(G) = f(x9).
Iycrs x° He sIBIsieTCA ONTHMAJBLHBIM IJIAHOM 384aYH (6.1)—(6.4) u
NycTh IepeMeHHAas xg, k e N,, meuenouucnenHas. B arom crydae
muoskecteo G munaHoB 3amaun (6.1) — (6.3) pasbusaloT (BeTBAT) Ha
7IBA HeIePeceKalOMUXCA TOAMHOKECTBA CIeAyIIUM obpasom:
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G11 ={xeGx,< [x,?]},

Gy ={xeG:x, >{xp]+1}.

IIpumep 6.2. Pemiurs npumep 6.1 MeromoM perBedt m
TPaHUIL.

P e m e n u e. MaTeMaTHYeCKaA MOAETh 33134 MMEET
BUJ

max f(x) = 20x, + 40x,; (6.22)
2x; + bBx, < 1600,

1 2 (6.23)
5x, + 6x, < 3000,

2,20, x,20, (6.24)

X, X, — IleJBle. (6.25)

M=oxecTso naHosB 3agaun (6.22)—(6.25) o6osraunm G.
MuoxecTBO G — 5TO MHOXKECTBO IIeJILIX TOYEK MHOTOTPAHHH-
xa ABCD, upepcraBieHHOr0 Ha puc. 6.4.

Crenys MeTony BeTBeil W IPAaHHI, B KAYECTBE OLEHKU
MHOXKecTBa G OepeM 3HAYEHHE IeJIeBOH (PYHKIUM Ha OITH-
MaJILHOM IlIaHe B 3azaue (6.22)—(6.24), 1. e.

11 5 7
G) = f(x°)=40-153-—= +20-415— = 14 461 ——
SG) =167 13" 13 13
(puc. 6.5).
Tax xax x° He sBAgeTca miranoM 3agaun (6.22)—(6.25),

TO OH He SABJAETCSA U ONTHMAJBLHBIM mnjaHoM. Iloaromy mpo-
JOJKaeM peniaTh 3agavy. Brifepem Jao0yio HeleJO4YHCIIEH-




e E(6)=194517
@ §(6)=14461% o e

Puc. 6.5 Puc. 6.6
HYIO IepeMeHHYIO OIITHMAaNbBHEOTO IaHa 3afayu (6.22)—(6.24),
5
HanpuMep x? = 415§ . Pasob6rem MmHOKecTBO G I1JIAHOB 3a-

maum (6.22)—(6.25) Ha nBa HemepeCceKAIMIUXCA HOLMHO-
xecrsa: G = Gf UG, (puc. 6.6). 3necs

Gl =<{xeG:x < 415-5— ,
13

1 5

G, ={xeG:x; 2415— |+1}
13

MuoxectBa Gf u G — 3TO MHOMKECTBA IIEJBIX TOUEK
muororpanEnkos ABC, D, u D,C,D cOOTBETCTBEHHO, usobpa-
JKEeHHBIX Ha puc. 6.7.

Haiizem oLeHKY MHOMKECTB G11 u G;. Ilis sroro perum
coorBercTrylomnue 3JIII:

X

a0
W0t
xn
200

Ly

2
Puc. 6.7 @
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max f = 20x, + 40x,;
2x; + bx,

IA

1500,
5x, + 6x, < 3000, (6.26)
415,

x, 20, x,2 0,

A

IA

Xy

max f = 20x, + 40x,;

2x, + 5x, < 1600,
5x; + 6x, < 3000, (6.27)
x; > 416,

2,20, x,>0.

Hs puc. 6.7 Bupso, uro B 3agaue (6.26) MaKCHMyM
nocruraerca B rouxe C,(415; 154), a B sanaue (6.27) — B

1
TOUKe 02(416; 153 é—). Torna &(Gy) = f(415, 154) = 14 460,

a E(G)) = f(416, 153%) =14 453% (puc. 6.8).

Ol
&(6,) = 19460 Q @ E(6])= 14534

Puc. 6.8

s nnama x} = (415; 154) sanaqu (6.26) BEIDOMHSIOTCS
coorromerms f(x1) = §(G1) = 14 460 > £(GL)-= 14 453%, BHa-

YUT, IJIaH xi = (415; 154) saBAsAeTCA ONTHMAJIbHBIM IIJIAHOM
3azaqu (6.22) — (6.25).

Bagauyu 6.11 — 6.16 pemuTs ¢ Tomomso SBM.

6.11. MeGenpHasi Gabpuka BBHIIYCKAET CTOIBI, CTYJIbA,
610po u KHuKHBbIE TmIKadbl. I8 MX HSTOTOBJIEHHUSA HCIOND-
3YIOTCH ZOCKH ABYX DA3JUYHBIX THIOB, IpUuYeM dabpura
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umeer B Haauunua 1500 M gocox 1-ro Tuma u 1100 M nocox 2-
ro Tuna. Kpome Toro, 3azianbl TPYAOBbIE PECYPCHI B KOJINYECTBE
850 ues.-u. B rabn. 6.8 mpuBeneHBl HOPMATHUBEI 3aTPaT
PecypcoB KaKJoro BUZa Ha U3IOTOBJEHNE OJHOTO U3LeNNd U
OpubbLIbL OT PeaNU3anUy eJUHUAIILI U3JeINs.

Tatauna 6.8

Sa'rpa’rm Ha H3roToBJIEHHE OJHOIo M3neus
Pecypcnt
Cron Cryn Bropo Krumxnbit
mrad
Hocku, m:
1-ro Tuna 5 2 9 12
2-ro Tuna 2 3 4 2
Tpynoesle pecypcsi,
qes.-4 3 2 5 9
IIpube1nb OoT peaynsanuu
eINHNIE] U3NEeINs, JeH. ell. 13 5 15 10

OnpenenuTs ONTHUMAJNLHLIA aCCOPTHMEHT, MaKCHUMH3U-
pyomuai upubplis.

6.12. 3 nyHKTa A B OVHKT B eXXeZHEBHO OTIIPABJIAIOTCH
MacCayKUPCKUe U CKOpble moesfa. B rTabin. 6.9 yxasaH Ha-
JIWYHEIY MTapK BATOHOB PA3HBIX THIIOB, U3 KOTOPBIX €3KEeJHEBHO
MOHO KOMILIEKTOBATDH TOe3[a, a TaKKe KOJIMYEeCTBO Iacca-
JKUPOB, BMEINAIINNXCH B KAXKABIH 13 BaroHoB.

Ta6baumna 6.9

Tun Barora
Toesx Bara:x- Iqu'!;o- Ilnan- ) }Cyne“ﬁ- Markmi
HELd BHRIH KapTHHIH HBIN
Cxopsrit 1 1 6 7 3
HNaccaxxupexuit 1 — 9 5 2
Yueno maccaykHpoB — —_— 58 40 32
Ilapk Baroros 11 9 82 70 26

Onpep;eJm'rL ONITHMAJIBHOE YHCJIO CKOPBIX H HACCAKUPCKHX
I0e3/10B, IPpU KOTOPBIX YHCJIO NEePEeBO3MMBIX TACCAMKHPOB

JOCTUTaeT MaKCHMyMa.
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6.13. CymecTByer AT IPOEKTOB HCUOJL30OBAHUS KAH-
TAJNOBNOKEHUH. [[JI KaKZOTO IPOEKTA U3BECTHHI PAaCXOMhI
Ha Marepuanbl, 3HEPrHUIiO, IPOUYME PACXOALI M NPUOLLIL OT
peanusanuu npoexta. Tpebyercs onpenenuts HaGOp TPOEKTOB,
06eCIeYHBAOIUE B Ipejesax MMENMXCH PecypcoB MAak-
cuMalbHYI0 Npubhink. J{aHuble mpuseners! B Tabn. 6.10.

Ta6bnuna 6.10

Pacxonsr, Mnu mes. ex. TIpu6sins
Homep npoexrta e OT IOpOeKTa,
MaTepHATH Ha IHEPrHIO. npoviune MJIH TeH. ef.
1 2 3 4 5
2 3 2 3 4
3 1,5 4 2 3
4 4 3 1 2
5 1 1,5 3 1
OrpaHENYeHHSA
Ha PACXOMBI 7 10 6

6.14. U3 cemu 6uion (ABYyX NEPBBIX, TPEX BTOPBIX ¥ ABYX
TpeThuX) cocTaBiaAnT 06exn. Ilycrs ¢, ¥ @;; — COOTBETCTBEHHO
meHa j-ro OJII0AA M COAEpPKaHMUe i-I'0 IUTATEJLHOI'O Belm[ecTBa

B j-m 6mope (j=1,7i=1, 4). Onpenenurs HaGOp Gam0K,
obecrieynBaInUil HOTPeGHOCTL b, B KaXKAOM NMHUTATEJLHOM
BeIlleCcTBe i, ¥ MUHUMANBLHYIO CTOMMOCTE 00ela. 3HAUEeHUS Cjr

a,, b, namm B Tabm. 6.11.
Ta6bnumma 6.11

&

&
&

~.
o
&

&

&

-~
—
<

3 MU OB
o OT D) O B

N O =W O W
D WN O O DN
N =W ONDWO
R =N O

-
|
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6.15. ITapoxon MoskeT OBITH MCHOJIB30BAH [JIA IEPEBO3KU
rpysa 4eThblpex HamMeHOBaHHMH. Macca enmHHMIBI I'pysa j-ro
BUIA M, (B TOHHaX), CTOMMOCTDL ¢ (B YCJIOBHBIX JNEHEXHBIX

equHUIAX), 06BeM (B M%) v, (j =1, 4). Ha mapoxong Mosker
ObITH IIOIPY’XeHO He Gosee M T rpysa obmum 06beMOM, He
npessimatomum V m3. Kpome Toro, rpysa k-ro Buza Ha ma-
POXOZ MOKHO B3ATb He Gosnee d, exmnuN. CKOJBKO eIUHUIL
KaXJIoI'o rpysa cjIe[yeT HOMECTUTh Ha MapoXo/, YTO6GkI 06I1as
CTOMMOCTH II€PEBO3MMOrO Irpysa Onlja MakKcUMaJiLHON? 3Ha-
YeHHd M, C;p V), k, M, V, d, npencrasnens! B Tabu. 6.12.

Tabanuna 6.12

j m; ¢ v;

V=21
1 4 12 1 M =20
2 1 11 3 k=1
3 2 4 2 d, =10
4 1 -5 3

6.16. Ha HeKOTOpPOM OpEANPUSATUHN BBIIOJIHSIOT TPU BUAA
pabor Ha 00OpyNOBaHUM UeTHIPEX THUIIOB. 3aJaHbI: cele-
CTOMMOCTB @, MCIIOJIb30BAHUS €MHKIIbI 000PY/0BaHMS THIIA

j (j =1, 4) ua pabore i (i =1, 3); orpamuvenue b, mo cym-
MapHOM cebGecToMMOCTH AJIA PAbOTHI i; 3pPEeKT OT MCIOJIb-
30BaHNA eIUHUITLI 060pyaoBaHus j. [Ipeamonaraercsi, uro 060-
PYAOBaHME BCEX THUIOB ABJIAETCA HEAEJNMBIM M Ha o0opy-
AOBAHNH JIO0OTO THIIA MOYKHO BEINOJHATE JI00yI0 pabory.
CocTaBuTh HporpaMmy HWCIOIBL30BAHUA 0GOpyAOBaHusA, obec-
TIeYHBAIOIIYIO HAWBBICIINYA CYMMapHBIN addexT. 3HdUeHUs
a;, b, ¢; IPUBEJICHE! B Tabx. 6.13.

Ta6numa 6.13

b, o

1 3 1 3 0 23 =4
2 2 0 1 1 22 =3
3 3 1 0 1 15 | =95
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BbINYKNIOE NPOrPAMMUPOBAHUE

7.1. MaTeMaTHYeCKHe OCHOBBI BBINYKJIOrO
NporpaMMHUpPOBaAHUA

Hacruble npoussoausie 0z/0x u dz/0y Pyuxunu z = f(x, y) xapax-
TEPU3YIOT CKOPOCThL U3MEHEHHUA 3TOH QYHKIUH B HANpaBIEHUH ocel
Ox u Oy. O6obiieHreM MOHATUA IPOUIBOAHON ABJISETCS MOKA3ATE b
W3MEeHEeHHUA PYHKIMHU B IIPOU3BOJILHOM HAIIPABJICHUYN — OPOUSBOLHAS
110 HAIPAaBJIEHHKIO.

IIpouseodnoil dz/dp pynryuu z = f(x, y) 6 mouxe M(x, y) no
HANpasienlio o Ha3bIBAETCA IIPe/iesl OTHONIEHH S TpUpatiennd Az QyHK-
OUY 2, BOSHUKIIIETO IPH IepeMelleHud TouKkd M u3 nonoxenus M,
BJOJIB JIY4a, COCTABJIAIONIETO YTOJI O C IIOJIOMKUTEILHEIM HallpaBJleHeM
ocu Ox, K BeJIMYNHE STOTO HepeMelleHs, KOra p CTPEMUTCH K HYJIIO,
T. €.

B D2 TG AT Y+ A~ f(x,y)

dp p—>0 P p—0 P

OxasblBaeTcs, IPON3BOAHAA 10 HAIIPABIEHUIO O IBJISETCS JIMHEH -
HOM KOMOMHanyel YaCTHBIX IPOUIBOSHEIX U BHIYHCIIAETCA 110 (JOpMYyJIe

E=gc sa+gsma (7.1)
dp Ox oy

Hpumep 7.1. Hai it npoussoxuyo GyHKOUU 2 = 3x? +
+ xy + y® B Touxe M o(1; 2) no manpasneruto, oGpasywoleMmy
C NOJOXKUTEJBLEBIM HanpasseHnem ocu Ox yroa 135°.

Pemurexrnue. Ilo popmyne (7.1) Haxogum

dz

& = (12x® + ), c0s135° + (x + 3y®) p, 5in135°=

[V I

2 ) 2 2
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T. €. CKOPOCTb H3MEHEHUS Z BBIPAKAETCH OTPUIATEILHBIM
YHCJIOM, CJeJOBATEJbHO, QYHKIUA 2 YOBIBAET B TOUKE M, s
YKa3aHHOM HalpaBJeHUH.

Jis QyHKOMHM n OepeMeHHBIX 2 = flx,, Xy, ..., X,) pacyerHas
opmya (7.1) npuobperaer crenyromuit BU:
dz oz

0z 0z
—— = ——CO0SQ; + ——COSUy + ... +
dp Ox; Ox, I3}

cosa,,
n

rae COSGI, COSQZ, ceey COS(In — HampasJAIue KOCUHYCHL.

7.1. Haiitr mpousBonayio dyHKIuM 2z = x° - 3x2y + 3xy? +
+1 8 Touke (3; 1) B HanpaBIEHKH OT ITOM TOUKH K TOUKE (6; 5).

7.2. HafiTy npons3BoHyI0 GYHKIMH 2 = arctgxy B TOuKe
(1; 1) B marrpaBeHEny GHCCEKTPHCHI 1-TO KOOPAMHATHOTrO yIJia.

7.3. Haittu npoussoguyo Gyrruum u = xy? + 28— xyz B
rouke (1; 1; 2) B Hanpasmenun, o6pasyomeM ¢ OCAMH KO-
OPAMHAT yIJIBl cooTBeTcTBeHHO 60°, 45°, 60°,

7.4. HaiiTu Tpou3BOAHYI0O QYHKINHU W = xyz B TouKe (5;
1; 2) B manpaByieHNN OT 5TOH TOYKHM K Touke (9; 4; 14).

7.5. Halftw nmpomaBojHyIo OT QYHKIMK 2z = In(x + y) B
rouke (1; 2), npuHagIexamei napadose y? = 4x, 10 HAPaB-
JIeHUIO 3TOH nrapaboJini.

B onTuMMU3aIMOHHAIX 3a1a49ax 0co60e 3HAYCHUE UMeeT HampaBJie-
HHe Hauckopeiilero Bo3pacTaHus (yOnBaHWsA) meseBoil QyHKIUH,
onpeaenseMoe rpagueHToM (AaHTHIDAJAUEHTOM) aToH DYHKIUH.

I'paduenmonm pynryuu z = f(x, y) B faH=OH TOUKe M(x, y) Hadn-
BAETCA BEKTOD, PACIIOIOXKEHHBIH B MII0CKOCTH xOY U MMEICIMA CBOUMH
KOODAMHATAMHU YACTHBIe IIPOUSBOJHLIE DYHKIMU 2, BHIYMCIEHHLIE B
aTo# Touke. Moayas rpasueHTa paBeH HauGOJbIIEH CKOPOCTH BO3pAc-
TaHUA (YORIBRHNS) QYHKIHA.

T'papmenr dysknuu z = f(x, y) B xaxxgoi Touke M, (%, y) Hanpasnen
10 HOPpMaJIid K JIHHUY YPOBHA NIOBEPXHOCTH Z = f(x, V), Upoxoaamei
Yyepes 3Ty TOUYKY.

ITonaTue rpasueHTa Jerko obobuiaerca Ha cayuail GyHKIHHA 71
epeMeHHRIX.

Ecan pyrxnua f(x) = f(x,, x,, ..., ¥, ) BubdepeHIUpyemMa B TOYKe
xo=(x); x5 ...; x2), 10 2paduenmom Vf(x) 6 moure X, HasHIBaeTcH
7-MEePHBI BEKTOP, KOOPAMHATEI KOTOPOrO PaBHBI YACTHHIM IPOHU3-
BOAHBIM GYHKHIHUHM f(X), BEIYHMCJEHHLIM B TOUYKE Xg, T- € Vf(x,) =
= (Bf(%,)/0%,; Of(Xg)/0%y; ...; Of(%,)/0%,).

Bce cpolicTBa rpagueHTa COXPAHAIOTCS U B 71-MEPHOM IIPOCTDPAH-
cTBe.
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Hpumep 7.2. HaitTu Hanpasierue HanCKopeiinero BO3pac-
TaHNA QYHKIME 2 = X2 + xy + 5 B rouke M (1; —1) u BerunC-
JUTH HAaUGONBIIYIO CKOPOCTh BO3PACTAHMA GYHKLHUM 2 B 9TOM
TOUKeE.

Pemen ue. HaxoauM KOOpAMHATEI 'PASHEHTA B TOUKE
My: (02/0x)p, = (2% + Y, = 1, (02/0yInm, = (x )y, = 1. Utax,
(Vz )M0 = (1; 1). CienoBarenbHO, HCKOMOE HAIPABJIEHUE CO-
craBaser 45° ¢ ocsio Ox. Haxonum Moxyns rpafguenTta: |Vz| =

f 2 .,
=vV1* +12 = 2, KOTODBLIX M XapaKTepH3yeT CKOPOCTH BO3PacTa-

HUA QYHKOMM 2 B TOYKe M, B HampaBJeHUH GHCCEKTPUCHI
1-ro xoopauHaTHOrO yria.

7.6. IlocTpOuTE NMHUY YPOBHSA, BHIYUCIUTD U IIOCTPOMTH
rpajueHT ciaefyomux GyHKOUH B YKA3aHHBIX TOYKAX:

a)z =(x -2+ (y - 1)% (4; 5);

6) z = (x — 2)° + (y - 3)?, (6; 4);

B)z=2x - x2~y, (1; 2).

7.7. HaitTu nponsBoAHYIO GYHKIHHE U = XY2Z B TOuKe M. o(1;
1; 1) B manpasnenun I = (coso; cosPB; cosy). Uemy pasen rpa-
JUEeHT B 9TOH TOouke?

7.8. Haiitn rpaguent GyHKUun z = 2xy. Y6eJUTLCHA, ITO
OH NMePIeHAUKYIAPEH K JUHUU YPOBHA.

7.9. Hana dysxnuda z = arcsin (x/(x + y)). Haiitu yrox
MeXXAY I'PafiieHTamMu 5Toil pyHKnun B Toukax (1; 1) u (8; 4).

7.10. Haitty HanGONBOIYI0 KPYTH3HY MOABEMA IIOBEDPX-

HOCTH 2 = (x +\/—y_ )/y B Touxe (2; 1; 3).

Hau6onee riy6oko n3yyeHbl ONTHMU3ANUOHHEIE 38444 C BRIIYK-
JIBIMU ¥ BOTHYTHIME QyHKknuamu. Pysxknus f(x), oupenesedHas Ha
BBIIIYKJIOM MHOKeCTBe X, HA3hIBAETCHA 8bLNYKA0U (80zHYMOIL), ecnu
Ans nmiobbIX Todek X' u X'’ M3 3TOTO MHOXMeCTBa M JoGoro 0 <A <1
CIIpaBeJJINBO HEPABEHCTBO

fOX + (1 - 1)x") SAA(x') + (1 - Mf(x")
(FOX" + (1 = AM)x") 2 Mf(x') + (1 - M)f(x")).

Ecnu ¢oyurnuu f(x) (i = 1, k) ABAAIOTCA BHIOYKJILIMHE HA BEIIYK-
JIoM MHOXKecTBe X, TO BLINYKJIOH Ha X GyfieT U AHHelHas KoMGUHAIAA
3THX PYHKIUH.

Ecnu ¢(x) — prinyknas GyHknus npu ecex x = 0, To 6yxer Bri-
NIYKJILIM ¥ MHOXKECTBO perreHuil cucreMul ¢(x) < b, x 2 0. Aranoruynoe
YTBepsKJieHHe CIIPaBeJIUBO U JJIS1 BOTHYTHIX QYHKITHIA.
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Brnyknas (sorryras) dyHKIus f(x), ompeneseHHAs HA BEIIYKJIOM
MHOkecTBe X, JOCTUTAeT CBOETO INI06aIbHOTO MUENMyMa (MaKCHMyMa)
B K&XXJOH TOUKE X, B KOTOPOii rpajienT QYHKIINH 00paIaeTcs B HYIb.

JlokanbaEIll MUAHMYM (MAKCHMYM) BRITYKJION (BOTHYTO!) DyHK-
uun f(x), onpesesieHHO Ha BRIIYKJIOM MHOXecTBe X, COBIAJAET C ee
r06aNbHBIM MUHUMYMOM (MaKCHMYMOM) Ha 3TOM MHOMKECTBE.

D®yrknus f(x) 6ygeT BHITYKIION, €CIM ee BTOPHIE YaCTHEIE IPOU3-
BoJHbIE 06pasyloT MaTPUILY, B KOTOPOIi BCe IJIaBHEIE MUHODEL HEOTPH-

naTeabHbBl.

Ilpumep 7.3. Iloxasars, uro GyHKMA 2 = 4 — 3x2 + x — 212
BOTHyTAaA.

P e m e u u e. Bynem paccmarpusaTe JaHHYIO GYHKIIHIO
KaK JUHeHHyI0 KoMOmHanuio byxknuil f(x) =4 — 3x2+ x mn
¢(y) =-2y2. B TakoM ciyuae JOCTATOYHO IOKA3ATh, YTO BOT-
HYTBIMH ABIAIOTCA PyHKDuH f(x) u ¢(y). doxaskem BOTHY-
TocTh dynknun f(x) = 4 — 8x% + x. C 3T0ii NENbIO BHIYHCIEM

fux, + (1 -~ Mx,) = 4 - 3(Ax, + (1 - A)x,)? +
+(Axy + (1 -Mx,) =4 - 302x] - 6M1 - A)x,x, ~
—8(1 - A)2xf+ hxy + (1 Ny = 4 - 322 %2 ~ 6hx,x,+

+6)02x x, — A2 x5+ Ax, + x,— Ax, - Sxf — 6Axl =

=-ABxf- 6xyx,+ 3x2) + M6 xZ - 6x x,+ x, — x,) +
+(4-38x) +x,).

Tak kak 0 <A <1, To A2< A, a -A2 > —A. YuursiBas aT0,
IePeXOANM OT [OJYYEHHOTO BLIIIE DABEHCTBA K CAENYIOMEMY
HepaBeHCTBY:

fhx, + (1= A)x,) 2 -MBaf - 6x,x,+ 3x5) +
+M6x) — 6x xy+ x, — x) + (4 - 8xF +x,)=
= M-8x] +6x,x,—3x5 +6x5 — 6x,x,+ x, — x,) +
+(4-8x] +x,)=M-8x] +x,+4) + (~4L + 4 +
+8hay—Ax,— Bxf+x,) = M4 - Bxl +x) +
+(1 = A)4 - 8xF + x,) = Af(x) + (1 - Mf(x,).
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WUrax, f(rx;, + (1 - A)x,) 2 M(x,) + (1 = M)f(x,), uro, mo
OIIpeJeIeHHIO, M CBHJETENLCTBYET O BOTHYTOCTH (GyHKIUK
f(x)=4 - 3x2 + x.

AnanoruyHeIM 06pa3oM MOKHO JOKA3aTh, YTO M QYHKIAST
¢(y) BoTHyTaA, & BHAYUT, BOTHYTOH ABJIAETCA U MX JUHEHHAS
KoMOMHANWA, T. €. faHHAA GYHKOUA 2 =4 — 3x2 + x — 2y°.

7.11. IToxasars, uTo ecau f(X) — BHIDYKJaa (BOTHYTas)
GYHKIUA, TO BRIDYKJIBIMY (BOTHYTHIMEK) OYAYT:
a) f(x) +a; 6)f(x+a); B)af(x)opuza>0.

7.12. Tlokasars, 4TO QYHKIHA 2z = X; + X2 + 3x, + 1

BBIIYKJIAfA.
7.13. Ilorasars, 4To pyEROUs 2 = 2x — x — y? Boruyras.
7.14. IloxasaTs, 9To YHKIHUA 2 = (x — 2)? + y2 BEIIYKIa4.
7.15. ITorasarb, 4T0 GyHKOHA 2 =x° + 2xy + Yy BEINYKJIAS.
7.16. Iloxazars, uto dyEKoua z2=1/x, + 1/x, mpu x, 20

u x, > 0 BRIyKTas.

7.2. 3agaua BBINYKJOr0 MPOrpaMMHPOBAHHKA.
CocraBiaenue Monesel 3aa4 BHIIYKJIOTO
NPOrpaMMHPOBaHUS

Ob6was 3adaxa HenUuHelHO20 NPOZPAMMUPOBAHUS CTABUTCH Clle-
ayomuM ofpasoM: TpeOyeTcs HaWTH 3HAYEHHA N IePeMeHHBIX X,

Xy, -+ X,, KOTOPBIE YAOBJETBOPAIOT M YPABHEHUAM W HEPABEHCTBAM

QLX) Xy ooey X NS, =, 2B, (=1, m) (7.2)
¥ MaKCHMHBUPYIOT (MUHMUMHUIHUPYIOT) DYHKIUIO

z=f(x;, X5 .y X)) (7.3)

IIpeanonaraercs, 4To Buj QYHKUUHA @, U3BECTeH, & b, — 3agaHHbIe
NOCTOAHHLIE. BEJIMYMHEL m U 11 MeXX Ay cob0il He CBS3aHBI, TAK UTO M
MOJKEeT OBITH GOJIbIIIe, MEHBIIIe UJIX PABHO 7. B KaXIoM u3 orpaHuye-
it (7.2) coxpanaeTcsa TOJIBKO OAMH U3 3HAKOB: £, = min 2. O6uiyHO
HEKOTOpbIE MJIH BCe NepeMEeHHBIe YAOBJIETBODSIOT YCJIOBHIO HEOTPU-
[aTeNbHOCTH.

B ornuyue or JuHEeHHHX 3afay B HEMUHEMHBIX JONYyCTHUMAaA 06-
JIACTL MOYKeT ORITL ¢ OeCKOHeUHBIM MHOMECTBOM KpalHHUX TOUYEK,
enesas QYHKIUA MOMKET AOCTHTaTh 9KCTPeMyMa He TOJbKO Ha rpa-
HHUIEe, HO U BHYTpU obsacTH u, 6ojee TOro, HMeTh HECKOJLKO JO-
KaJbHEIX 3KCTPEMYMOB. OTUMH UPHYHHAMH OOBACHAETCA OTCYTCTBHE
o6muX MEeTOoNOB, NOXOBHLIX CHMILJIEKC-METOLY B JINHEHHOM mporpam-

271



MHUPOBaHMH, [IO3BOJSIOUINX PemaTs J106ble 3aa4d HeMMHEETHOTC Ipo-
rpaMMHpoOBaHusA. BMecTe ¢ TeM OTAesbHbIE ClEIHAbHEIe TUNBl HeJIH-
He#HBIX 3aJaY NOCTATOYHO XOPOIIO HU3YJYEHE!. DTO OTHOCHTCH M K
3aflayaM C BRINYKJBIMU (BOTHYTHIMH) LIeJIEBRIMH (OYHKIUSIMH, pac-
CMAaTPHUBAEMBIMH HA BBHINYKJIEIX MHOMECTBAX.

B reopuu B KauecTBe OCHOBHOH 3a0auu 8binYKI020 NpozpaMMu-
posarus OGBIYHO PacCMaTPHUBAETCS 324848 MHHUMUBANUYU BHIIYK-
J0#t GYHKLUMYA N MepeMeHHHIX 2 = f(x) npu orparuvennsx ¢,(x) <0
(i=1,m), x 20, rae Pysxnuu @(X) NPEANOTArAIOTCA BRITYKJIBIMH.
BrinyksiocTs MHOMKECTBA JOYCTHMEIX pelieHunil 06yCJIOBINBAETCA BhI-
HYKJIOCTHI0 QYyHKIHH ¢ (X).

Ecnu f(x) u ¢(x) — BOrHYTHIe QYHKIUHN, TO MMeeM 3a7auy MakK-

cumusauuu f(x) npu orpanwyenHusx ¢(x) =20 (=1, m), x> 0.

IIpumep 7.4. IIpeanpuaTiie MOYKeT BBHIDIYCKATH ABA BHAA
uagenuit. Ha ux uaroroBseHNe NeT TpU THIA PeCypCoB. 3a-
mmacel PECYpCOB Ha NpEeNIpPUATHH, HJIAaHOBble HOPMBI KX pac-

xona a, (i=1,8; j =1, 2), nragoBag ce6ecTOUMOCTH c; u
OITOBBIE IIeHB! YKa3aHb! B Tabn. 7.1 (Bce manHble B pacyere

Ha 1 TBIC. IIT. USAENUIT).
Tabanumna 7.1

HopwMer pacxofa Ha OJHO H3Jeine BHAA
Tun pecypea Banac pecypca

A B
I 100 10 20
II 120 20 10
Irr 150 20 20
CebecTONMOCTE 5 10
ITena 7 13

Ms-3a 6paka B Imporiecce IPOM3BOLCTBA PACXOJ PecypcoB
3aBHCHUT OT obneMa X; TPOU3BOACTBA U3NeJUA ¥ B IIEPBOM
npubIMXeHHH BhIpakaeTcd JUHeHHON dyHKIUeH a;+x,a
cebecTONMOCTh ¢; IPOAYKIHHA — dyHKOHIEH ¢, + 0,1x].. Nane-
JINS MOTYT BBIIYCKATHCA B JIOObIX COOTHOIIEHUAX, TAK KaK
¢6bIT oGecneuer. CocTaBUTh IIJIAH BRINYCKA n3geanil, obecne-
YUBAOIINII ITOTyYeHNe MAKCHMAIbHOR MPUOBLIN.

Permte s ue. Ha usrorosiesue IIJJAHNPYEMBIX K BBITYCKY
X, U X, €AUHAL usnenuii A u B (3a equHNNYy U3fe 1A IPUMEM
1 Teic. mT.) 6ymer uspacxogoBano (10 + x )x; + (20 + x,)x,
epunny pecypea I; (10 + x,) m (20 + x,) — pacxon pecyp-
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ca ] HAa eIMHUITY U3JI€JINA COOTBETCTBEHHO A u B. ITo yenosuo
(10 + x)x; + (20 + x,)x, < 100 unn

10x, + %} + 20x, + x2 < 100. (7.4)
Amajoru4Ho rony4aem orpaHudYeHus mo pecypcam I u I11:
20x, + x; +10x, + x2 <120, (7.5)
20x, + x + 20x, + x; < 150. (7.6)

B pesysnbraTe peanusanuM eSWHULL uagenus A mapej-
HpuATHe Hoay4nT npubsuis 7 — (5 +0,1x,) Ken. ex., enuHUIE!
nspennda b — npubsine 13 - (10 + 0,1x,) nen. ex. O6masa
npubsLab npeanpuaTud 2 = (7 — (5 + 0,1x))x, +(13 - (10 +
+ 0,1x,))x, unn

z=2x +8x,-0,1x)-0,1x%. (7.7)

Hrak, safaua cpesiach K HAXO0XKACHUIO HEOTPHUIATEIbHBIX
x; H x; , VAOBJIETBOPAIOIINX HEJIHHEHHBIM OTPaHHYEHUSIM
(7.4)—(7.6) 1 IOCTABAAIIINX MAKCHUMYM HeJIMHEHHOH QYHK-
muu (7.7).

B neneBoit GyHKIIMK 1 OTPAHUYEHUSAX IIepeMeHHEEIe conep-
JKaTCA B CTEIEeHSX BBIIIE NEPBOHA. JTO XapaKTePHBII IPU3HAK
3a7aYd HeJIMHeHOTO IporpaMMupoBanusd. MOMKHO TIOKa3arTh,
4T0 U nejieBas PYHKIUA, M OrPAaHNYUTENbHbIE MYHKIUU B
sagaue (7.4)—(7.7) asnA0TCA BOTHYTHIMHU, & IOTOMY 3ajada
OTHOCHTCS K BBINYKJIOMY IPOTrPaAMMIPOBAHUIO.

7.17. CocTaBUTh 3KOHOMMKO-MATEMATHYECKYIO MOZENIDb
3a/ay¥ ¥ HaA €e OCHOBE OIpeAe/]IUTh MECTO CTPOUTEIbCTBA 3a-
BO/IA MEXK Y ABYMA IYHKTAMU COBITA, PACCTOAHUE MEXKAY KO-
ropeiMmu 100 KM, 1 pazMep HOCTABOK B KAXKIBLIA U3 IIYHKTOB,
€CJIX BAJIOBOH BBINYCK IPOAYKIMHK 3aBoma cocrasjsier 150 en.
3aBHCHMOCTH NTPOAAXKHOH mens! X, (I = 1, 2) eAUHUIIBI IPOAYK-
OMY B KaXXIOM M3 IIYHKTOB COBITA M 3aTpaT HA IIEPEBO3KH
eAMHENNB] IPOAYKIHUY OT DPACCTOAHMA Y, MEXIY 3aBOAOM U
IyHKTOM cObITa 3agalorcs tabu. 7.2.

Tabanumna 7.2

IIyuxT cbuita IIpozaskHas 1eHA 3aTpaThl Ha [EePeBO3KH
1 15 - 0,1x, 1,5 + 0,1y,
12 - 0,08x, 1,5+ 0,05y,
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7.18. CocTaBUTH 9KOHOMHKO-MAaTEMaTHYECKYI0 MOJEJb
3a/a4M ¥ HANUTH OIITHMANBHBIH LJIaH BRIITYCKA IIPOAYKIIUY ABYX
BHIOB C YUYETOM OrPaHUYEHHBIX pecypcoB cbipbst (120 kr),
snexrposHepruu (280 kBt -u) u obopyzosanus (300 crarko-u)
npu CleLVIOMIUX HOPMax pPacxoza Ha eJUHUNY NPONYKIIWH:
celpba 3 U 2 Kr/ex., smexktpoanepruu 4 u 7 xBr -4 u obo-
pynosarus 50 — 5x; u 20 - 4x,, rre x, U x, — HCKOMOe
YUCJIO IPOU3BOAUMBIX €IUHHUI, OPOAYKLIKYU 1-ro u 2-ro BuAa
COOTBETCTBEHHO.

7.3. I'padoamanuTHIecKoe peHieHMe 3a7aYu
HEJIMHEeHHOr0 MPorpaMMHpPOBAHUSA

C reoMeTPUYECKOI TOYKY 3PEHHA 3afada BHIIYKJIOrO IPOrpaMMHu-
POBAHMS CBOAUTCSH K HAXOXK/IEHHMIO B BRITYKJI0# 06)1acTH, ONpenesseMoit
cHCTeMOil OrpaHMYeHUH 3a]a4i, TOYKH, Yepe3 KOTOPYIO IPOXOJMT JIK-
HHs ypOBHS TIOBEPXHOCTH, 3ajaBaeMoii menesBol ymrknueit z = f(x),
COOTBETCTBYIONIAA HAUMEHbIIeMY (HauGoIbIIeMy) 3RaYEHNIO TapaMeT-
pa z. B uacTHOCTM, eCIU NeJeBOil ABISETCA HeIMHENHAs BRITYKJIas
(BormyTas) GYyHKIUS, & OTPAHNYHTEIbHEIE QYHKIAN JINHEHHEI, TO 006-
JIACTBIO JOIYCTHMEIX pelllenuii 6yxer, BoobIe rosops, Ju6o BHIIYK-
JIBI MHOT'OTPAHHHK, JTu0GO0 BEIYKJIAas HEOTPAaHWYEeHHAsA MHOTOTPaHHAas
obnacte. IIpn 5TOM meseBas (PYHKIMS CBOH KOHEUHBIH 9KCTPEMYM,
naKe eclu OH eJUHCTBEHHBIN, MOXKeT NMPHHUMATHL KaK Ha IPaHuMIe,
TAK ¥ BHYTDHM MHOTOTDAHHMKA JOIYCTUMBIX PeIIeHui.

HOpumep 7.5. HaliTu skcTpeMalbHble 3HAYEHUA QYHKIIUN
z=x, + 3x, B 06NaCTH HEOTPHIATEIBHBIX peleHni CUCTEMBI
HepaBeHCTB

IA

9 < x2 - 10x; + x; — 6x, + 34 < 36,
X + Xy 2 8

P e nie Hue. lleneBaa GyHKNUA 2 ONpefesdeT B TPeX-
MEepHOM IIPOCTPAHCTEE INIOCKOCTh. Ee MOKHO 3aJjaTh HA KOOD-
OUHATHOW ILJIOCKOCTH xle2 OPOSKIUAMH JNHUHI YPOBHA 2 =
= const. DTo 6ymer ceMeiCTBO NapajieJbHbLIX NIPAMBIX, I€p-
MeHIUKYIApHBIX K BekTOopy ¢ = (1; 3) (pmc. 7.1). IIpexne
yeM M306pasnuTh HA MIIOCKOCTH X, 0X, MHOKECTBO JOIYCTHUMBIX
pemeHuii (x,, x,) 3anauu, npeobpasyeMm IBOMHOE HePaBEHCT-
BO, BbIJI€JIUB IIOJHBIE KBAAPATHI OTHOCUTENbHO IePeMEeHHbBIX
X, | Xy

9 <(x; - 5)% + (x, - 3)% < 36.
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Puc. 7.1

Teneps BUAHO, YTO fomyctuMas o0aacTth (Ha puc. 7.1 ona
3aIITPUXOBaHA) OrpaHMYEHA ABYMSA OKDPYXHOCTAMH, 3afaH-
HBIMH ypaBHeHHaAMH (¥, — 5)2 + (x, — 8)% = 836 u (x;, - 5)? +
+ (x, - 3)2 = 9, c o6mum nerrpom D(5; 8) u pagmycamu,
PaBHBIMH COOTBETCTBEHHO 6 4 3, mpAMO# x, + x,=8 u ocamu
x,=0ux,=0.

C yueToM BeKTOpa C, ABJIAOUIETOCA I'PAXUEHTOM IeJIeBOMH
dyHKIuU 2, Ha puc. 7.1 paspemaIUMU JAHUSMH YPOBHS
z . W2z 3acedeHsl TOUKA A u E, B KOTOPBIX QYHKIUA 2
JOCTUraeT COOTBETCTBEHHO MUHMMYMa M MAaKCHUMyMa B JO-
nmycTuMoit obnacTi. KoOpAMHATEI TOUKH A HAXOLATCHA HEUO-
cpecTBeHHO 110 pucyBKy: A(8; 0). dnsa onpegeneEnsa Koopam-
HAaT ToukH E, B KOTOpPOi# paspemramomas JUHUSA YPOBHA 2,
- KacaeTcsd I'PAHMYHON OKPYKHOCTH, PeliaeM COBMECTHO ypaB-
HEHHUH 3TOH OKPYIKHOCTY U npamMoil DE, nepueHAUKYJISAPHON
K KacaTeNpHOM Z__ , T. €. ypaBHeHus (x, — 5)* + (x, — 3)* = 36
ux, -5 =(x,— 3)/3. YunuTHIBasA HEOTPULIATEJBHOCTD X, U X,
HaXO[UM:

x, =5+ 60,1, x, = 3 + 18/0,1.

Wrak, z_. = 8 u mocruraerca B Touke (8; 0); z_ =14 +

min

+ GJE u pocruraerca B Touke (5 + 64/0,1; 3 + 18,/0,1 ).

Ilpamep 7.6. IIpesnpusaTne BBINYCKaeT usfenus A u b,
OpHM HBTOTOBJIEHMU KOTOPBIX MCIOJB3yeTcs chipbe C, u C,.
Wapecrrsr 3anachl b, (i = 1, 2) cbIpbs, HOPMBI a; (=1, 2)ero
pacxosia Ha eAUHEHUIlY U3JeJHsI, ONTOBbIC [IeHb! P; HA H3/leIUs
U MX IJIaHOBas Cce6eCTOMMOCTBH c;’. Kakx Tonpxo 00BEM BEI-
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IyCKaeMOi IPONYKIIUY IIEPECTAET COOTBETCTBOBATD OIITHMAJIb-
HOMY pasMepy OpeAnpusiTHs, AajbHeillllee yBeIHUeHUE Bbi-
IyCKa X; Be/IeT K IOBBITICHMUIO ce6ecTOMMOCTH HPOIYKINH U
B nepBOM opubauKeHnU (baKanecxaﬂ cebecTOMMOCTDH ¢;
onuceiBaeTcsa GyHKOuen ¢; = c + c X, rne c — HEKOTOpaﬁ
nocrogHEas. Bece ‘II/ICJIOBBIe naHHme npnBeneHm B Tabs. 7.3.

Ta6bnuma 7.3

0 0 P
25 12 21| %22 | Pu P, ¢ €, 4 2

90| 88 | 13 6 8 11 | 12 | 10 7 8 0,2 | 0,2

COCTaBUThL 3KOHOMHKO-MATEMATHUECKYI0O MOJEJb 3aja4uu
H Ha ee OCHOBe HAHTH NJIAH BbINIYCKa Usneuii, ofecriednBalo-
mMui NpeAIpUATHIO HANBHICIITYIO OPUOBIIb B YCJIOBUAX HApPY-
meHudA 6anaHca MexAy 06beMOM BBINTYCKAa ¥ OOTHMAJIBHBIM
pasMepoM IpeANpHUATHS.

Peme H ue. Ob6ozHauas yepes 2z cymmy npubsinm,
IOJIy4aeMoil IpeJIpPUATHEM II0CJIE PeaTH3aUH X, BEINYIIeH-
HBIX UBJeJui A u X, u3jlenuit b, IpUXOIUM K caenymoien
MOZeJNN 3alauu: MaKCHMU3UPOBATH QYHKIIUIO )

z=(p, - (S + cfxx, + (@, - (¢ + chx)x, (7.8)
[pY OTPAHUYEHHAX:
ay1%; + a1p%5 < by, (7.9)
Q91X + Ao9Xy S by,
>0, x,> 0. (7.10)

Tloxcrasnsas B mopend (7.8)—(7.10) uncioBbie maHHbBIE

u3 Tabu. 7.3 u ynpoias neyieByo QYHKLINIO, IIoJydaeM:
maxz = 5x, - 0,2x% + 2x,-0,2x}; (7.11)
18x; + 6x, < 90,
8x; + 11x, < 88,
0. (7.13)

®yaxmusa (7.11) oupegesigeT B TPEXMEPHOM IIPOCTPAHCTBE
napabosoup BpameHus (Hucxopamuit). JlurusaMu nepece-
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4eHHUS 3TOH IMOBEPXHOCTU C IJIOCKOCTAMM, HapasliIelbHBIMHI
KOOpAUHATHOH miockocTy x,0x, (MuEMAME ypOBHA), 6yAyT
OKDPYXHOCTH C IEHTPaMM Ha OCH IIOBEPXHOCTH, KOTOpasd
napajnenbHa ocu Oz. [loeepxrocTs (7.11) Ha mIOCKOCTH x,0x,
n3o0pasuTca ceMeiiCTBOM KOHIEHTPHUYECKUX OKPYXKHOCTEH C
obmiuM meHTpoM D (Touka D siBAseTCA IIpoeKIuel Ha IJIOC-
kocru x,0x, ocu nosepxHoctH) (puc. 7.2). Jlna nocrpoeHns
KOHIEETPHUYECKHUX OKPY’KHOCTel ypaBHeHUe (7.11) npuseneno
k Buay (x, —12,5)% +(x, - 5)2=181,25 - 5z. lIpn z = 10, 15,

20, 25, 30, 35 ux paguychl r = /181,25 — 5z paBHHI COOTBET-
creerno 11,46; 10,31; 9,01; 7,50; 5,59; 2,50, a obmuit
uestp D mmeer KoopauHarel 12,5 u 5.

HomycTrMoil 06,1aCTHIO IEPEMEHHBIX X, U X,, OIpefese-

Mot mepaBencrBamu (7.12), (7.13), 6yner MHOrOYroOJbHHUK
OABC.

Az

\

D(125;3)

Puc. 7.2

Kak Buamo m3 puc. 7.2, KOOpAMHATH x; u x; , TOUKH,
yepes KOTOPYIO Ha IIOBEPXHOCTHU mapabomonpia IPOXOAUT JIU-
HUA YPOBHSA, OTBEYAIONIAA MAKCUMAIBHOMY 3HAUYEHNIO GYHK-
nuu 2 (Ha pECYHKe IPOeK el 370l JTNHNY ABIAETCH OKPYIK-

HOCTH PagumycoM ,/181,25— 52, OHa m300paskena ITpU-
XOBOMH JMHKEH), MOXXEO HANTH, PelIias COBMECTHO YpaBHeHHUe

13x, + 6x, = 90 rpanuunol npamoi BC u ypaBHeHHE X, —
-5 =6/13(x, - 12,5) mpamoit DM*, npoxopsieit yepes T04-

Ky D nepnesaukKyaapHO K rpaBMuHO mpamoi#n BC. B pe-
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3ynbTaTe IOJNyYyaeM xl* = 6, x; = 2. Ilpu atom 2 ..=26.B
LAHHOM CJIydYae TOYKa ONTHMYMa OKAa3ajach HA I'PaHUIle KO-
IIycTUMOH o0sacTu.

Urak, nna nmonydeHUWs UpeANpUSATHEM MAKCHMAJbHOMN
npulsLIH, cocTaBiAOIed 26 neH. el., CieAyeT BBINYCTHUTDH

6 uspenuiit A u 2 usgenus B.

7.19. HaiiTu MakcuMyM tpyHRunn z2=(x; - 32+ (x, - 2)?
IpU OrPaHUYeHUAX xf + x2 <36,x 20, x,20.

7.20. HaiiTy MakcuMyM q)ymcum/l z=(x, - 6)?+ (x, - 2)°
Ipy OrpaHuvYeHnsAx 2x; + dx, < 30, 22, + x, <14, x, 2 0,
x, 2 0.

7.21. Haiitu MakcuMyM QYHKIUHT 2 = x12 + x22 TIpYM OTPaHU-
wenHuAX (¥, — X,)* > 9, (¥, - 5)% + (x, - 3)2 < 36, x, + x, > 8,
x> 0, X, 2 0.

7.22, MaKCI/IMI/IGI/IpOBaTL Gbyuruuo 2 =2x, - 0,2 xl2 +3x,
-0 2x2 IpY OrpaHUYEHUsAX 2x; + 3x, 13, 2x; + x, £ 10,
x,20, x,20.

7.23. MI/IHI/IMI/ISI/IpOBaTb Gyrxnuio 2z = -2x; + 0,1 x1
- 3x, + 0, 1x2 npm orpaHmYeRMAX 5x, + 13x, < 51, 15x, +
+7x, <105, x,20,x,20.

7.4. Merox muoxkuTenei Jlarpamxa

B maremaruueckoM aHanuse 3agauu tuna (7.2), (7.3) maswmsaior
3adavamu Ha ycaoeHbwlil sxcmpemyn. Ecau cpepu orpanuyennit (7.2)
HeT HEePABEHCTB, YCIOBHI HEOTPHIATEIBHOCTH M JUCKPETHOCTH Iepe-
MEHHBIX, M < 7, GYHKIUN [ ¥ @, HENPePHIBHE ¥ HMEIT 4YacTHbIe
IPOU3BOLHBIE 110 KPalfHedl Mepe BTOPOro LOPSAAKA, TO 3a4ada NPHUBO-
IUTCA K BUAY:

max(min)z = f(x;, x,, ..., X,); (7.14)

Qfxys Xy ooy X ) =0, ({=1,m) (7.15)

Taxne HesMHEHHbIe 3aaYy HA3LIBAIOT KAACCULeCKUMU 3adaiamu onmu-
muszayuu. Ix MoXKHO peniaTsh, Mo KpaitHell Mepe B IPUHIUAIIC, METOLAMHK
auddepeHINaIbHOI0 UCHUCIEHN .

B npocreiinieM ciyuae YcAO8HbLM 3rempemymom pynyun f(x,,
X,) Ha3BIBAETCA MAKCHMYM HJIH MUHMMYM 9TOH QYHEKUMM, TOCTUTHY-
TBI}f TIPK YCJIOBHH, YTO X; U X, YAOBIETBOPAIOT NONOJTHHUTENBLHOMY
ycnosuio (ypaBHEHHIO C¢BA3H) @(x,, ¥,) = b. Haxonar ycnoBHEIR axKc-
TPpEeMyM C IOMOIIbIO TAK HaswiBaeMoit @yrryuu Jazpanxa

L(xlv Xy, )= f(xlv xz) +Mb- (p(xp xz))’ (7.16)
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Lfie A -— HEOTPUIATENLHBIH IOCTOAHHBIN MHOMUTENEL (MHONUMENs
Jlazpanca), 6e3yCIOBHBIN SKCTPEMYM KOTOPOH COBHAJAET C YCIOBHBLIM
BKCTpeMyMOM JaHHOH ¢pymkmun f(x,, x,). O6BACHAETCA 9TO TEM, UTO
Ansg Touer (x;; Xx,), YAOBIETBOPAIOIIMX YCIOBHIO o(x,, x,) = b, BTO-
poe cnaraemoe B pyuruuu (7.16) obpamaercsa B Hynb, u Torga L = f.
Hasa ocranbhuix ke Touek L # f. Orciona u cienyer, uto 3ajavya Ha
OnpeJesieHue YCJIOBHOTO SKCTpeMyMa QYHKIMH f(x,, x,) MOxeT ORTEH
3aMEHEHA HAaXOXJeHUeM OObIYHOro aKcTpeMyMa pyHkuuu (7.16), ubo
B 00JIACTH JOMYCTHMBIX pelleHUuH (PYHKITUIO f(x;, x,) MoxxHO 3aMeHUTD
¢yuruueit Jlarpauxa.

Heobxoaumoe ycoBue sKCTPEMyMa CBOAMTCA K CYL[ECTBOBAHUKD
pellleHUsA CHUCTEMEI TPeX ypaBHEHUIT

OL / 0xy = Of / Ox; — MO / Ox, = 0,
OL / 0xy = Of / Oxy — 1OQ / 0%y = 0, (7.17)
OL /0L =b—¢(x), 25)=0

C TpeMs HEMBBECTHBIMH X, X, U A, N3 KOTOPOii MOKHO, BOOBIIe roBops,
OIIpeNieJINTL 9TH HEeM3BECTHLIE.

EcTb 1 ocTaTOUHBIE YCIIOBHA, IPY BLIIOJHEHHH KOTOPLIX PelleHre
(x,, x,, L) cucremer (7.17) onpefensier TOYKY (CTATMOHAPHYIO), e
(yHKIUSA f focTHraeT sKCTPeMyMa. ITOT BOMPOC pelllaeTCA Ha OCHOBE
H3yYeHUA 3HAKA BTOpPOro auddepennuana d’L ¢yurxnuu (7.16). Ho-
CKOJIBKY B CTAlMOHADHOM TOYKe NOJHBIH Auddepenuuan QpymEruum
¢(x,, x,) paBen HymIO, T. €.

(B9 / Ox;)dx, + (Do / O0xxy)dx, =0 (dxf + dx = 0)
u, kpome roro, ?L/d)?= 0, To Bropoit xuddepeniman byuxuun (7 .16)

2 v4 2
d’L = ia—def + 2—5—Ii—dxldx2 + a—deg.
x} X,0%y ox;

®yurnusa f(x,, x,) UMeeT B CTAIIMOHAPHOH TOUYKe (x5 xy5 A) ye-
JIOBHBEIH MaKCHMYM, ecnu B Heit d2L <0, U ycnoBHEIH MUHUMYM, eCau
d?L > 0.

AHaNTOTHYHO HAXOUTCSH YCJIOBHBIA dKCTpeMyM GYHKIIU TpexX M
GOJIBIIIETO YKCJIa IePeMEHHBIX IIPH HAJIMYUH OJHOTO MJIM HECKOJNLKUX
JOTOJHUTENLHEIX OTPaHWUYEeHHH (YHC/IO KOTOPBHIX, OAHAKO, JOJMKHO
OLITH MEHBIIE YHCJIA NePEeMeHHHIX). 31ech NPUXOAUTCH BBOIUTH B
dyaxuuio JlarpaH»ka CTOJILKO HEONPeeJIeHHBIX MHOMXHUTENEH, CKOJILKO
HMeeTCsl JOIOJHHUTENIbHEIX YPABHEHHUH CBA3H.

Yra)keM IIOCJIeIOBATENLHOCTD PENICHHA KJIACCUUECKOH 3aJa4H OIi-
TUMHU3AIUHE METOXOM MHOXXHTesnell JlarpaHsKa IPUMEHHTENILHO K MO-
nenu (7.14), (7.15):

1) cocraBnsior dyukiuo Jlarpamxa

Lxy, ooy 2 gy s ) = (245 oy ) + 22006, - @, (2, .0y X))
i=1
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2) HAXOJAT BCE CTAIMOHAPHBIE TOUKM GyHKuuu Jlarpamaxka us
CHCTEMbl YpaBHEHUMK

oL/ ox, = of /02, - 30,060, /25 =0 (1= T,

i=1
BL [ &k, = b, — @,(xy, ..., x,) (i =1, m); T

3) n3 craumoHapHLIX ToYeK (GyHKRuum JlarpaH:ka, B3fATHX Ge3
KOOPJAMHAT Ay, ..., A, BIGUDAIOT TaKKe, B KOTOPHIX GYHKIUA [ uMeeT
YCJIOBHBIE BKCTPEMYMBI IIPH Hanu4Yuu orpaHudeHuit (7.15). Stor BHI-
60p OCYIIECTBAAIOT, HAIPUMED, C IOMOIINBIO JOCTATOUHKIX YCJIOBHIL.
Oxnaxo yalile uccaefOBAHKE YIIPOIaeTCH, ECIN HCIIOJL30BATh KOHKPET-

HBIE YCJIOBHA 3ajauul.

IIpumep 7.7. HaiiTin yciaOBHBIE 3KCTPEMYMBl (QYHKIHH
z2=6 - 4x, - 3x,, eciu x + xZ=1.

Pemenue. 'eoMmerpuuecku 3azadya CBOOUTCA K Ha-
XOMACHUI0O HANOOIBIIIEro ¥ HAMMEHBIIETO 3HAYeHU N AT~
KaTHl 2 IJIOCKOCTH 2 = 6 — 4x, — 3x, IJIs TOUEK ee lepeceye-
HUA ¢ QUIMHAPOM x; + x2 =1 (pme. 7.3).

151 aHATUTHYECKOTO PeIIeHUA TIPeKie BCero COCTaBIAEM
dyaxnuio Jlarpanxa:

L(x,, x5, 1) = (6 — 4x, — 8x,) + M1 — x¥ — x7).

Peanusys HeoGXOAMMBIE€ YCJIOBUA, COCTABIAEM CHCTEMY
YPaBHEHHM:

O0L/dx, = —4 — 2}hx, = 0,
dLfox = 1 - xf - x5 =0,
Puec. 7.3
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pemas KOTOpylo, Haxomum: A =-5/2, x; =4/5, x} =3/5;
N'=5/2, i =-4/5, x =-3/5.

A Temeph 06PATHMCH K JOCTATOUHBIM YCIOBUAM BKCTpe-
myma. Tax xak 6%L/0x? = -22, PL/0xZ =-2), &*L/0x, 0%, =
=0, To d’°L =-2Mdx} + dx2).

Ecmn A =-5/2, x; =4/5, x5 =8/5, 10 d°L > 0 u, smauur,
B Touxe A(4/5; 3/5) GpyHKImA 2 UMeeT yCIOBHBIH MUHUMYM.
Ecnmuxe M =5/2, ' =-4/5, x) =-8/5, 10 d2L < 0 u B Touke
B(-4/5; —8/5) byHKIMA 2 UMeeT YCIOBHBIIH MaxkcumyMm. [pu
srom 2, =11,2 . =1.

min

Muoskurensam Jlarpanska MOXXHO NIPUAATE SKOEOMITIECKHIL CMEICIL.
HoxasniBaerca, uro ecau B yeaosusix (7.15) Benmumms: b, 6ynyT Me-
HATBCH, TO BRINONHAETCA cooTHOWeHNe Of /b, =X, (i =1, m). Benu
f uHTEpIIPETMPOBATEL KAK JOXOX MJIH CTOMMOCTE, b, — kak saTparsl
HEKOTOPHIX PECYPCOB, TO MHOMKHTENH A, GYAYT IOKashBaTh, KaK W3-
MEHUTCA MAKCHUMAJIBHBIHR J0X0[ (MIM MUHAMAILHAS CTONMOCTB), €CJIH
KONTMYeCTBO pecypca i-To BUAA YBEJIUUHUTCH HA efUHMILY.

Meron mmoxcuresneit Jlarpamxa obobmaercs Ha cayyaid, Kormga
NepeMEeHHEIe HeOTPUIATENBHEl U HEKOTOPHIE OTPAHWYEHUSA 3aJaHLl B
topme HepasercTB. OfHAaKO 9T0 060GIIEHNEe UMeeT IPEHMYILECTBEHHO
TeOpeTHYeCKoe 3HAYEHUe M He JaeT KOHKPETHRIX BHIYHCIMTEILHBIX
IIPHEMOB.

B sagavax 7.24—7.29 pafiTu TOYKH YCIOBHBIX BKCTpE-
MYMOB JAaHHBIX QYHKIIUA.

7.24. z = X Xy, €CHA X, + X, = 1.

7.25.z=x/2 +x,/3, ecan x12 + x22 =1,
2 2

7.26. z = x; + x5, ecin x,/2+x,/3=1.

_ 2 2 2 _
7.27. 2 =x, —-2x2+2x3, ecom x; + x; + x5 =9.

= 2,3 =
7.28. 2 =x x5 x5, ecrmm x, + X, + x4 =12.
= 2 2 _ =
7.29. 2z = X Xy + XoXg, €CIHA X} + x5 =2, X, + x,=2, x; >0
(G=13).

B sagawax 7.30, 7.31 maiitm maubGoJbmIve M HAMMEHb-
[mye SHaY€HUA JAaHHLIX QYHKIUN, apIYMEHTh! KOTOPHIX CBA3a-
Hbl YKAa3aHHBIMH YCJIOBHAMM.

2 2 2 2 2 2

730.z2=x +2x;+2x3, ecnm xf + x5+ x2 =1, x, +

+2x,+ 3x,=0.
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7.31. z = X XpXg, ECHH X, + X, + X3 =5, A Xy + XXg +

+x,x,= 8.

3
3:

7.5. I'panuenTHBIE METOXBI

TpagnenThble METONBI MOMKHO IPUMEHATE TIPY PEINEHIH, BOOBIIE
roBops, J0Go# 3ajfayu HeJHHEHHOro mporpamMmupoBanusi. Ho omHu
TIPUBOAAT JIUIIE K JIOKAJIBHOMY SKCTPEMYMY, & IIOITOMY OKa3hIBAIOTCS
Gonee 3Q(PEKTHBHLIMM IIPU PEUIEHMHU 3aa4 BLIIYKJIOrO MPOrpam-
MHUPOBaHUS, B KOTOPBIX BCAKHUN JIOKAJNLHHIH 3KCTPEMYyM SABJISETCS
OJHOBDEMEHHO U rJI0GaJbHBIM.

Hns BLIYKII0H GYHKIUY HEOBXOAUMEIM B JOCTATOUHBIM YCIOBHEM
OITHMAJBHOCTH TOYKH X* ABJIAETCA PABEHCTBO HYJIO rpafuenTa QyHK-
IIAK B 5TOH TOUKeE.

IpanuenTHBIi MeTOx OCHOBaH Ha mpocroit uaee. Ecnu sapanee
HM3BECTHO, YTO PYHKIOUSA f(X) UMeeT B JOHYCTHUMOI o6JIaCTH €THHCT-
BEHHBIA 9KCTPEMyM, TO IIOMCK TOYKH, B KOTOPOH OH JOCTHUTraeTcs,
nenecoobpasHo OPraHM30BaTh TaK. B gonmyctumoit obracTi Heobxomu-
MO B3AITH NPOMBBOJILHYIO TOYKY X, M C IIOMOINBIO I'pajueHTa (AHTH-
rpajlieHTa) ONpeje]UTh HANpPABJIEHHE, B KOTOpoM f(Xx) BoapacTaer
(yOeIBaeT) ¢ Haubosbiuel cKOpocTeio (puc. 7.4). Crenas He6GombIION
«I1ar» B HAUJICHHOM HAIIPABIEHUH, IePeiiTH B HOBYIO TOUKY x,- Ilorom
CHOBA ONPEeAeNUuThk HAaUJyulllee HallpPaBJIeHHe JJs Iepexofa B o4yepesn-
HYI0 TOYKY X, ¥ T. A. HHaue ropops, Hago HOCTPOUTEH MOCJEHO-
BATEILHOCTb TOYEK X, X;, X,, ... TAK, YTOGHI OHA CXOANIACE K TOYKE
SKCTpeMyMa X*, T. €. JJIf TOYEK II0CJIeAOBATEILHOCTH BBIIOJHSINUCH
yenosua f(x,) < f(x)) < f(x,) < ... (f(xy) > f(x,) > f(xy) >...).

Benuumna mara M3 TOYKM X, 0 HANIPABJIEHUIO IPafUeHTa Vi(x,)
(amturpaguenra — Vf(x,)) onpenensercs sHaueHWeM IapameTpa A B
YDPaBHEHHH NPAMOH
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X = Xo + VAL (X = x4 + (-V(x,)N), (7.18)

IIpoXo/sAie Yepes X, NapajulesHo MPpasguenTy (AHTUIPaIUeHTY). BHa-
YeHHe A MOKHO BBIODATH, MCXOMA M3 KOHKDPETHHIX YCJIOBUi 3a7aum
UMY PYKOBOACTBYACH CJEAYIOUIUMU COOGPasKeHUAMH: NepeMelleHme
no npamoit (7.18) B HOBYIO TOYKy X, CONPOBOXJ8ETCHA H3MeHeHHeM
¢GyHKRuMY [ Ha BeNMUMHY Af, KOTOpas 3aBHCHT OT BHIGPAHHOIrO 3HA-
ueHuA A. 3HadeHWe A¥*, IpU KOTOpPOM NpHpauieHwe Af AOCTHUTaeT
HauboNbIIedl BETMYMHE], MOKHO ONPENeNUTh, UCTIOIb3Ys HeOOXOMM-
MBIA IPU3HAK dKCTpeMyMa Af:

dAf/dh=Vf(x)) - Vf(x,) = 0. (7.19)

Fpa}IHEHTHBIe METOJbI, KaK IPaBUJIO, HZAIOT TOYHOE DellleHHe 3a
6€CKOHEUHOE KOJIMYECTBO IIATOB U TOJBLKO B HEKOTOPBIX CIydYasx —
3a KOHEe4YHOoe.

Hpumep 7.8. MUEUMU3UPOBATH (bymcnmo [=-6x —4x,+
+ xl + x5 + 18 npu orpanuvenMAX 4x +3x,<24, £ - 5x +
+x% <6, %, 20, x,20.

Pemesnue. BOSbMeM B JOOyCTHMO# obsacTu mpoms-
BOJIBHYIO TOUKY, Hanpumep X, =(1,5; 3). Ona neficTBurensHO
NPUHALIEKHUT 3TOH obnacru, rak kak 4 - 1,5 +3-3=15<24
nl1,52-5-1,5+82= 38,75 < 6. IIpu sarom f(x,) = 8.

BeraucauM KOODAMHATHI aHTUTPAJWEHTA: —6}‘/8351 =6 -

2x,, —0f/0x, =4 — 2x,. Arak, -Vf(x)=(6 - 2x;; 4 - 2x,), a
B TOUKe X, ~ Vf(X,) = (3; ~2). Ilockompxy -Vf(x,)# 0, TO X, He
SABJISIETCA TOUKON SKCTpEMyMA.

IlepemecTuMea u3 X, BAOAb AaHTHIPAZMEHTa IO IPAMOiL
(7.18) B HOBYIO TOUKY x,. [lna onpesenenus KOOpAMHAT TOY-
ku x; =(1,5 + 3A; 3 — 2)) Hy»KHO BHIOpPATL 3HAUEHHUE TTApaMeT-
pa A. Ucnonwsysa yeaosue (7.19), nastnem dAf/d) = (-VF(x)))x
x(-Vf(x,5)) = (6 = 2(1,5 + 3L); 4 - 2(3 - 21))(3; -2) = 13 -
~ 261 = 0, orkyna A = 0,5. Tax xak d?Af/dA%2=-26 < 0, To
npu A = 0,5 nameHenne Af sHaueHusa GYHKOUHN f JOCTHraeT
HaubosbmIell BedHYMHBI. IloIyuaromlasica IIPU BTOM TOUKA
x, =(1,5+3-0,5; 3-2-0,5)=(3; 2) npuragnexuT gomyc-
THMOit o6yactn (4 - 3 +3-2=18<24,32-5-3+22=-2<6).

B rouxe x, anturpaguenr -Vf(x)=(6-2-3;4-2- 2)=
=(0; 0). 3HauuUT, HUKAKHMHU NEPEeMENIeHNAMHA U3 TOUYKU X,
®YHKIUIO [ YMEHBIIUTD HEJIb3A M X, — MCKOMAas TOYKA Mn-
HumyMma x*. Urax, x* =(3; 2), f_, = 5.
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Puc. 7.5
Ha puc. 7.5 pana reomerpryecKas MJLTIOCTDPAIMA pellie-
HUA 3a7a4u. 3afaHHasd NOBEPXHOCTH [ = —6x, — 4x, + xf +
+ xg + 18 usobpakeHa JUHUAMY YPOBHA (KOHIIEHTPUUECKHU-

MU OKPYKHOCTAMH) (cM. pumep 7.6, puc. 7.2). na Goaburei
HATJANHOCTH aHTHrpaauenT —Vf(x,) = (3; 2) mocTpoen mpu
Hauasne KoopauHAT. TpaeKTOpPUs HAMCKOPERIIIero CIycKa X X,
B TOYKY MHHEMYMA X* napajieabHa aHTurpaguenty. 'panud-
HBIMU JIUHHAMU JOIMYCTUMOHR 061acTH SBIAITCA OCH KOOP-
AuHAT, npaMad 4x, + 3x,= 24 u Ayra OKPy>KHOCTH xf —-dx, +
+ x§ = 6. 115 IOCTPOGHHUA 9TOH NYTH YPaBHEHNE OKPYXHOCTH
npuBegeHo kK Buny (¥, — 2,5)2 + (x, — 0)? = 3,5% Orcrona
cJedyeTr, YTO LEHTP ITOH OKPYKHOCTH HAXOAUTCH B TOUYKE
(2,5; 0), a paguyc paseH 3,5.

+

7.32. MakcuMuU3HpOBaTh QYHKOUIO f = 2x, - 0,2 xf

IA

+2,4x,- 0,2 xg IIpH OTPaHMYEHHAX X; + 2x, > 10, xf + xg
<100, x;, >0, x, < 8.

7.33. MuruMusuposars pyaxuuwo [ =-5,6x, + 0,4 xf -
-8,8x,+0,4 x? mpu orparmuenmax 0 < x, <6, ¥ + x5 <144,
x, < X,

7.34. Murnmusuposars dysxnumo f =-3,2x, + 0,2 xl2 -
-3,6x,+0,2 xg npu orpaEWdenunAx x, + 2x, > 20, —-6x, + xf -
- 10x, +x; <66, 20x, —x} + 10x,-x] > 25.

7.35. MakcumusupoBaTh pynknumwo f = 3,6x, — 0,2 xf +
+0,8x,- 0,2 x22 npyu OrpaEMYeHuAx 2x, + x, > 10, xf -10x, +
+x5< 175, x,2 0.
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7.36. MurumMusuposats pynknuw f=-3x, + 0,25 xf -
-~ 4x,+ 0,25 X; TPH OTPAHMYEHHSAX x4+ 22— 10x, < 75, x -
~10x, +x5< 75, x, + x, > 10.

Brime paccmoTpeHE! 337a4¥, B KOTOPHIX lleJleBaf (PYHKLHUS LOC-
THUTaeT 3KCTPEeMyMa BHYTPH fonycTuMolt obnactu. PaccMoTpuM Teneps
NoCJIeJ0BaTebHOCTL PeIlleHMsl HeJUHEeHHOH 3ajauyd ¢ JHHeHHBIMH
OrPaHUYEHUAMH, KOT/a neyeBad PYHKIUSI JOCTUraeT IKCTpeMyMa Ha
rpauune obnacru. Uraxk,

maxz = f(x); (7.20)

a-x<a, (i=1,m), (7.21)

x>0, (7.22)

rae X =(x; %55 .5 X,); 3,=(ay5 5 .05 a, ). Ilpeanonaraerca, uro f(x)

uMeeT HeIpephIBHBLIE YACTHLIE NMPOU3BOAHEIE B KaXKOl TOYKe [OIyC-
THMOH obyiacTH.

HauHeM ¢ reoMeTpHuYecKO# WINIOCTPALMHM IIPOIECCa pelleHUA
(puc. 7.6). Ilpeanonoxum, 4TO HAYAIBHAA TOUKA X, DACIIONOMEHA
BHYTPHU fOnycTHMOH obsacTH. U3 TOUKHM X, MOKHO ABHTATHCHA B Ha-
npaBeEuy rpaguenta Vf(x,) no rparuus: o6pacTu, eclIM MaKCHMyM
dyaxnuy [ He 6yneT ZOCTUrHYT paHee. B Hamem cayuae f(x) Bce Bpe-
Ms BO3PACTAET, MOITOMY OCTAHOBUTHCA CHEAyeT B TOYKe X, Ha rpa-
Hu4yHOH nmpamoii. Kax BUaHO M3 puCyHKa, najblle ABUTaThCH B HA-
IpaBjleHUN IpajueHTa HeJNb3sd, TaK KaK BHIAAEM M3 HONYCTHUMOM
obnacru. IlosToMy HeOGXOANMMO HAUTH BEKTOD r;, COCTABIAIIRI ¢
BexTOpoM Vf(X,) HauMeHbINKIl OCTPHIK YTOMN 110 CPABHEHHIO C JIOGHIM
BEKTOPOM, BBHIXOAAIIUM M3 TOUKH X, U JIeKAIIUM B TONYCTHMOK 06-
JNacTH. AHAJINTHYECKH TAKOH BEKTOD HAWETCs U3 YCIOBUA MAKCUMU3A-
IIUHY CKAJIAPHOTO IIPOM3BEIEHUSA Vf(xl) - r, (TouHee, KOCHHYCA yria
MeXKJy YKa3aHHBIMU BEKTOpPaMM), YTO PAaBHOCHUJIBHO MUHHMMM3ALUH

X
‘ fmax
vf(xs)
A
~&
it
=
7 N\ X

Puc 7.6
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OCTPOTO yrJia MeXJy BeKTopamu Vf(x,) u r,, u6o ueM 60JIbIlIe KOCHHYC
OCTPOTO yrjia, TeM MeHbIle caM yroj. B namnom ciyyae BeKTOp Ty,
VKa3BIBAIOHINM HAaWBHITOLHelNIee HallpaBJeHue, COBIAJAET C rpa-
HUYHOI mpaMoi. TakuM oOpa3om, Ha CIEAYIOIIEM Illare Mhl IBUIAeM-
CAl BAOJNBb IPaHUYHON NIPAMOI JO TeX Mop, NoKa GQyHKIuA [ BozpacTaer
(B HalleM ciyuae — JO TOYKH X,). M3 pucyHka BHAHO, UTO jajee
CTefyeT NepeMeInaThCa B HATPABJICHHH BEKTOpa I,, T. €. BJOJb Cle-
AyWOLIell TPAHWYHON NPAMOH, N0 TOYKH X,. 34eCh IIPOLECC OITH-
MH3aIMOHHOTO NMOMCKA 3aKAHUYUBAETCA, TAK KAK, CYyAA II0 PUCYHKY, B
TOUKe X, QyHKnusA f(X) umeer NOKaNbHEIN MakcMMyM. B aToli Touke
f(x) mocturaer Tax)Ke U IIOGAJIBHOIO MAKCHMYyMA B pacCMaTpUBae-
Moit obnactu. I'panuent Vf(x;) B Touke makcumyMma X, = x¥ cocras-
€T TYNo#t yronx ¢ mio6blM BEKTOPOM F, U3 AOmycTUMOM obnacty,
IPOXOJAIIUM YEPe3 TOUKY X,, HOITOMY KOCHHYC ero, a 3HAUMT, H
cKansipHOe Tpoussefenue Vf(x;) - r, OynAyT oTpUnaTeNBHBIMY, 32 HC-
KJII0YeHHEM OfIHOTO ciyuas. [/ BeKTOpA T,, HANPABJIEHHOro IO I'pa-
HUYHOI NPAMOH, cCKangpHOe npoussenenue Vf(x,) - ry= 0, tak Kak
Vf(x;) ¥ ry B3BAHMHO NEePIeHIUKYIAPHEIL. 9TO PABEHCTBO U CBHETEIb-
CTBYET O TOM, YTO B TOUKEe X, QYHKIUA f(X) TOCTHrIIa MAKCUMYMA.
OfparumMesa K aHAIUTHYECKOMY pemienuio dagaun (7.20)—(7.22).
TIpennonoxum, 4To B JONYCTHMOM 06J1acTH BRIOpAHA HEKOTOPASA TOYKa
X, = (Xg1s Xggs -++» Xg,)» IPHUEM Vf(x,)=d, # 0. Ecu ona pacmonoxe-
Ha BHYTPH 06J1aCcTH, TO Bce orparuuenua (7.21), (7.22) suinonusaoTcs
KaK CTPOrMe HEPAaBEHCTBA U NEPEeMELIAThCA B CJHEAYIONIYI0 TOYKY
nenecooGpasHo B HampaBieHuy rpaauenta dg, T. e. no npamoi (7.18).
Yro0b HAUTH KOOPAWHATLEI HOBOH TOYKH X, Ha 3TOH HPAMOH, Hajxo
TaK OIIpeAeSINThL 3Hauenne napamerpa A >0, 4To6El KOOPAMHATEI 3TOH
TOUKH X; = X, + d A Ipexje BCEro ymOBNETBODAJIA OTPAHUYEHUAM
(7.21), (7.22) szagaun. C aTO# UENBIO peIlaeTcA CHCTEMA JIMHEHHLIX
HEPABEHCTB
a,(xg+dgA) < g, (i=1,m), (7.23)
X, +dph 20
¥ HAXOJHUTCA HHTEPBaJl BOSMOMKHBIX 3HAaYeHU# IapaMeTrpa A, IpH
KOTOPBIX TOYKA X, Oyner NpUHAJIEeXAT AOMyCcTHMOMR obnacTu. Hanee
B 5TOM HHTEpBaJe ONpe/lesseTcd TAKOE 3HAaUYeHHe A¥, IPH KOTOPOM

f(xo + dyA*) umeer noxanbEEIR MakcumMy™m no A. [lis aToro pemaercs
aubo ypaBHEHUEe

dAf/dh = Vi(x, + d,h) - dy = 0, (7.24)

Korja nepeMellnieHue ugeT BAOJab rpaguenTa, Anbo aHAJOTHYHOE ypas-

HeHHue
dAf/dh = Vf(xy +TA) - T =0, (7.25)

KOT/la ABMXKEHHe ITPOUCXOJHUT IT0 HAanpaBieHu:o r = d,.
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Ecou 8 manpasresuu rpaguesTa GyHKIusA f(X) BO3pacTaeT 4o ca-
MO TPaHUIlBL, TO TOYKA X, OKAXKEeTCA Ha I'paHUYHOil npamoi. B rakom
cayYae OBUTAThCA B HANIPABJIEHUH IPAAMEHTa ¥ JaNbllle Helbas, ubo
cpasy GyayT HapYIIEeHEl HEKOTOpEe us orpanwuenuit (7.21), (7.22).
OnpepenenreM KOODAMHAT TOUKH X, 3aBePIIAeTCA HMEPBHIA 3Tam pe-
IIeHUSA 3ajadn.

Bropoit sTan (kak ¥ nepshiil) HaunHaeTcs ¢ BEIGOPa HAMJIYYIIETO
HAIDABJICHNA IePeMeIleHnsA U3 uMeromelica Toukk X,. Jna onpene-
JIeHUA JOMYCTUMOTO HAIIPABIEHHA Iy IePEMeIeHHs U3 X, , COIPOBOXK-
Aamouierocs yseJHueHHEM 3HaUYeHHA f(X), HAlO PEMIUTL CIEAYIOUIVIO
BCIOMOTATEJIbHYIO 3324y MATEMaTHYECKOTO IPOrpaMMUPOBAHHIA: MaK-
CHMH3HPOBATH

= Vf(x,) ' r, (7.26)
IIPK OrPaHUYEHUAX
a-r, <0 (7.27)
AJNA TeX [, MPU KOTOPHKIX
a -r =a, (7.28)
|1‘1|= 1, (7.29)

e e e e Il S22 2
rae r, =(r ;5 Figs -3 7y); | Fl= {13 + 1% + ... + 1. B pesynsrare 6yzer

HalileH BeKTOD r,, COCTABNAOIMIA ¢ FPaAHEeHTOM Vf(x,) nanmenbmInit
yroa.

Venosue (7.28) ropoputr 0 TOM, YTO TOYKA X, IPHHARIEXKUT Tpa-
HUIle AomycTHMOM obsacth, a ycaoBue (7.27) osHauaer, yTo mepeme-
IieHHe U3 X, HAIPAaBJeHO BHYTPE WJIM IO I'DAHHUIE JONYCTUMONH 06-
JacTu. Yenosne HopManuzanuu (7.29) Heo6xoauMo AJ1A OrpaHUYeHNS
BeJIMYMHBI I';, TAK KaK MHaue 3HaveHue pynxnuu (7.26) MoxxkHo cae-
JIaTh CKOJIb yTOAHO GonbmuM. PaccMaTpuBalOTCs pasiuyHble GOPMBI
ycnosuit HopManusanun. B saBucuMocTH or aroro sazaua (7.26)—
(7.29) mMoxer 6pITh IMHEHHON UM HeJHHeIHOI.

Hocne onpeneneHus HANPABIEHHA I, SHAJOTMYHO OMMCAHHOMY
BHIIIIE OTLICKMBAETCA HAWJIVUIIee 3HAUCHHE )fl H HaXOIUTCHA CHERYIO-
Ias TOYKa X, U T. X. IIpomecc npexpaImaercs no JOCTHKEHUH TOYKH
X,, B KoTopou max T, = Vf(x,) - r,= 0.

I'Ipmwep 7.9. MakcuMusnpoBaTh GYHKOHIO f = X, + 2x,—
-0,5x% —~0,5x2 — 5 npu orpaHMYEHAAX 2x, + 3x, < 6, x, +
+4x,<5,x, 20, x,20.

Pemenue. HyCTb ONTHMUBANMOHHBIN NONCK HAUYUHA-
eTCH ¢ TOYKH X, = (1,5; 0,5). OT1a Touka 1eKUT BHYTPH onyc-
THMOHR 06J1acTH, YTO JIErKO HpoBepsercs. Ilpu sToM fxy) =
=-3,75.

3a HampapJeHHE HDepeMel[eHUSA B CJAEIYIONYI0 TOUKY X,
OpUHHMaeM HampasieHue rpaaueHTa Vi(x) =(1 - x;; 2 - x,).
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O6osHauuM ero B TouKe X, yepes d,. Koopauraramu d, 6ynyr
-0,5u 1,5, r. e. d; =(-0,5; 1,5) = 0.
KoopauHATE TOUKH X, = (X, X,,) MOXKHO 3a1IUCATDH B BUJE

%y = %oy + dgh = 1,5 - 0,50,
11 01 01 } (7.30)

xlz = x02 + doz)\. = 0,5 + 1,5}..

Haiinem 3maueHus mapaMerpa A, OPM KOTOPBIX TOYKA X,
OyzeT NpMHAAJIEKATL Aonyctumoit obiaacru. Cucrema (7.23)
B JAaHHOM CJIyuae HMeeT BUJ

2(1,5 - 0,51) + 3(0,5 + 1,51) < 6,
(L5 - 0,51) + 4(0,5 + 1,5)) < 5,
1,5~ 0,54 > 0,

0,5+ 1,51 > 6.

Pemasn ee, maxogum —0,3333 <A <0,2727. Hac uaTepecyoT
JIANIb HEOTPUIlATEIbHLIE 3HAYEHUA IapaMeTpa A, IIO3TOMY B
nonyunrepsaie (0; 0,2727] gaiigem sEadYeHHEe A*, IpH KOTO-
poM pocruraercsa HambGosabmee usmenenue Af GyHxuuu f, BHI-
3BaHHOE IlepeMeIeHNeM M3 TOYKH X, B TOYKY X,. B coor-
BeTcTBHM C ypapHeHNeM (7.24) umeeMm

dAf/dN = Vf(x,) - dg =
= (-0,5 + 0,51; 1,5 — 1,51)(-0,5; 1,5) = 0

uan dAf/dh= 2,5 - 2,60 =0, orkyna A= 1. Ograko A =1 He
npuHaganexut noayuatepaay (0; 0,2727], mostomy A* =
=0,2727.

B coorsercTBuM ¢ paBencTsamu (7.30) HOBasA TOYKA X, =
= (1,3636; 0,9091) u HaxoZWTCA Ha TPAHUYHOHI NPAMOI,
COOTBETCTBYIOII[ell BTOPOMY HEDABEHCTBY CHCTEMBI OrDaHI-
YyeHU, T. €. TOMy, KOTOPOMY OTBeuaeTr B3sTOe HAMH 3HAYe-
Hue A¥. B Touke X, QYHKOWMSA NPUHHMMAET 3HadeHue f(x,) =
= -3,1612, npuuem f(x,) > f(x,). Ha sTomM sakanuuBaercs
IIePBBIH Tal perreHuns.

B Touke x, rpaauent Vf(x,) =(-0,3636; 1,0909), ro Baonb
HEro mepeMeniaThCs HeJb3s, TAK KaK cpas3y BBRIHJEeM Hu3 [O0-
nycTuMoit obsactu (puc. 7.7). ITosromy Hano HaAllTH APYyroe
HanpaBJeHue ABMKeHnA. COOTBETCTBYIOIINM BEKTOD Iy = (7'}
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r,,) Oyzer pemennem safaqn (7.26)—(7.29). B nagnom ciayyae
OHa COPMYNUPYeTCs TaK: MakcuMusuposars 7', = Vf(x|) - r, =
= (-0,3636; 1,0909)(r,,; r,,) = —0,3636r,, + 1,0909r,, npu
OrpaHMYeHUsAX a, - ry =(1; 4)(ry3 ryy) =r, +4r,=0,r =

[ .2 2 _
=47+ =1

ITockosnbKy TOYKa X, pacnojaraeTcs TOJBKO Ha ORHOM
(BTOpOIi) NpsiMOli, OrpaHMYMBAIOIIEN JOOYCTHMYIO 00JacThb
(i=2): x, + 4x, = 5, 10 ycnosue (7.27) sanucano B dopme
paBeHCTBA.

CucremMa OrpaHHYHTENLHBIX YPaBHEHUN NOJyYUBIIEHCSH
3afmaum umeeT Bcero jaBa pemenusa: (-0,9700; 0,2425) u
(0,9700; 0,2425). HenocpencTBeHHOH ITOJCTAHOBKOM UX B
dyrxuuio T ycranasiusaem, 4ro makcumym T, # 0 u gocTi-
raerca npu (—0,9700; 0,2425). Takum obpasom, mepeme-
marbeA U3 X, Hajo BAOIL BekTopa r, =(-0, 9700; 0,2425),
T. €. BJOJb BTOPOU I'DAHUYHON IPAMOIL.

Hasa onpeneseHusT KOOPAUHAT CAEAVIONIEH TOUKH X

Xy = Xy + A =1,3636 - 0,97004,,
Xgy = Xy + 100 = 0,9091 + 0,2425),

9t

} (7.81)

J

HeobOXOoIuMO HaWTH 3HAYCHHE k*l napamerpa A,, IpX KOTOPOM
$yHKIUA f(X) B TOUKE X, JOCTHraeT BOBMOMKHO GOJIBILIEro 3Ha-
dJeHnd. PaccysxaeM aBamoOrv4HO OPEABIAYIIEMY: TOYKa X
JAOIKHA Y/IOBJIETBOPATH orpanmdenuam (7.23), T. e.

2

2(1,3636 — 0,9700%,) + 3(0,9091 + 0,2425X,) < 6,
1,3636 — 0,9700), > O,
0,9091 + 0,2425%, > 0.
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Bropoe orparnuenue Msl OIIYCTHIIU, TIOCKONBKY TOYKA X,
JIeXKNT HA BTOPOH IpaHMUYHOU npsamon. Pemaa sty cucremy,
yCTaHABIMBAEM, YTO A, CliefyeT HCKaTh B ICAYHHTepBase
(0; 1,4055]. IIpu arom 3Haqu14e kl IOJIXKHO OTBEYATH MAKCH-
mymy Af. B coorsercTsum ¢ ypasrenumem (7.25) dAf/d\,
= Vf(x,) - r, =(-0,3636 + 0,97001,; 1,0909 — 0,2425x1)x
x(-0,9700; 0,2425) = 0,6173 — 1, = 0, orkyna A, = 0,6173.
Hpu stom d2Af/dA% = -1 < 0. Brauur, A; = 0,6178.

ITo ¢opmynam (7.31) HaXOAUM KOODAMHATHI TOYKH X, =
=(0,7647; 1,0588).

Ecan mpomoxuTh mpoiecc, TO IPH PpeIleHHU 3aZadu
(7.26)—(7.29) 6yner yCTAHOBJIEHO, YTO MAKCHUMYM (OYHKIHUHU
T, = Vf(x,) - r, paBer Hym0. ITO CBUAETEILCTBYET O TOM, YTO
naabHelIIee yBeandYeHue [eaeBoit GyHKIIUU B 33JaHHON 06-
JaCTH HeBO3MO:KHO. CleoBaTeNbHO, TOYKA X, ABJISAETCS HC-
KOMOM TOuKO#l X* maxcumyma oGyskmum f(x). IIpu srom
foax = —2,9705.

K »sTomMy e BBIBOAY MOYKHO NIDHHTH, AaHAJIUBHDPYS
puc. 7.7: B TOUKe X, OflHA U3 JUHHAU YPOBHA Kacaercs rpa-
HHUIbI 06aCTH, T. €. TOUKA X, eCTb TOYKA ONTHMyMa X¥.

Sagaun 7.37—7.39 pemnTh rpafueHTHLEIM METOAOM, Ha-
YHHAA NPOIECC ONTUMHU3AIMOHHOTO MONUCKA ¢ YKa3aHHO! TOU-
KH X, ¥ COIIPOBOXK/as PeIIeHne rpaduIecKON HILIIOCTpanueit.

7. 37 MaxcumusupoBarh Gyrknuio f = 3x, - 0,2 xf +x, —

—0 2x2 IPH OTPAHUYEHHUAX X, + X, < 7, x| +2x <10, x, >O
> 0, ecn x, = (1; 2).

7. 38 Maxcumusnposars gyrknuio f = 2x, — 0,1 xf + 3x, -

-0,1 x2 npu orpanmuenuax Sx, + 2x, < 30, 3Jc1 +4x, < 24,
x,20, x, 20, ecnu x, =(3; 1).

7. 39 Maxkcumusuposats Gynknuio [ = 3x, - 0,1 xf + 2x, —
- O 1x; mpu orpanuuenmsax 7x, + bx, < 35 x, + 2x, < 10,

120, x, 20, ecu x;, =(1; 2).

3anayu 7.40, 7.41 BHINIYKJIOTO IPOrpaMMUPOBAaHUSA pe-
MIUTH I'PAJNEHTHBIM METOOM.

7.40. MunuMusuposars dyrKIuIo f =—6x, +2 x1 2x,x, +
+ 2x2 IpH OTPAHUYEHHAX X, + X, < 2, x, 2 O x, > 0.

7.41. MaKCHMHBHPOBaTB $YHKIUIO f 6x, + dxy+ 225 —
- 8x% —-2x2 - x%/3 npu orpaEMueHMAX X, + 2x, + x, <4,
x,20,x,20, x;20.
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Puc. 7.8

B sanauax ¢ MMHEHHBIMU OIPDaHUYEHUAME JBUMKEHHE IO IPAHUY-
HBIM NPSMBIM OKa3bLIBACTCH HE TOJBKO BO3MOMKHEIM, HO ¥ IEJIEeco-
obpasueiM. Ilpy HenMHEHHBIX OrpaHHUYEHUAX, ONPENENAIIUX BHI-
nykayw© obsacts, J060e CKOJNL YroZHO Majioe NepeMeleHHe U3
IPAHUYHON TOYKH MOXKeT CDPasy BBIBECTH 34 IIPEAEeNsb! AONYCTHMOH
06acTu, a NOTOMY BO3HHKHET HeoOXOJUMOCTh BOSBPAIIEHUS B 3Ty
obnacts. IlopobHas curyanus xapakTepHa g 3azad, B KOTOPHRIX
akcTpeMyM QyHKIuM f(x) gocturaeresa Ha rpaHuie obiactu. B crasm
C 9TUM TPHMEHSIOTCH pPasJMuyHble crocobbl nepeMenleHus, obecire-
YHUBAKIINE IIOCTPOEHHE IIOCIEeJOBATEILHOCTU TOYEK, PACIIONOMXEHHEBIX
BOJIMBH I'PAHHUILI X BEHYTPH JONYCTUMON 06JIaCTH, CXOLAINEHCH K TOY-
Ke onTuMyma. IIpM 3TOM BOBMOMHO W 3HT3arooGpasHOe ABHIKEHHE
BAOJB MPAHUILIE ¢ epeceyeHreM nocienHeil (puc. 7.8). Kax BugHo us
PHUCYHKA, BO3BPAT M3 TOYKH X, B HOIYCTHUMYIO OGJIaCTh CIERyeT ocy-
IECTBIATH BLOJIL 'PaJUeHTa TOH rpaHu4HON QYHKIHE ¢4 (X), KOTOpas
OKa3aJlach HaPYIIeHHOH. 3T0 06eCIIeurT OTKJIOHeH e OUepefHOll Tou-
KU X, B CTODOHY TOUKM dKcTpeMyma X*. IIpH3HAKOM 9KCTpeMyMa B
ogo0HOM ciaydae OYyAeT KOJAJIUHEAPHOCTh BeKTOpoB VI 1 Vo,.

IIpumep 7.10. ITo ycioBuam npumepa 7.4 HafiTy OnTH-
MAaJIBHBIH IIJIaH BBHITYCKA U3AETUH.

P e m e 5 u e. Ilepennmem HepaBsencrsa (7.4)—(7.6) B
CAEeAYIOIIEM BHUE:

@;(x) =100 — (10x, + x7 + 20x, + x2) > 0,
©,(x) = 120 - (20x, + xf +10x, + x2) 2 0,}  (7.82)
@5(x) = 150 — (20x, + 27 + 20x, + x2) 2 0.

HauyneM onTuMHU3anMOHHBIN IIOMCK, HAIPUMEpP, C TOYKU
x, =(1; 3). Ona TPUHAAIEIKUT TOIYCTUMOI 06TACTH, UTO JIEr-
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KO IIPOBepAeTCs MOACTAHOBKOM KOODAMHAT TOYKU B OIPAHU-
uenus (7.32). B rouke x, nenesaa oyuxnus (7.7) npurEMaeT
sHavenue, pasHoe 10, T. e. f(x,) = 10. T'eomeTpuueckas ui-
JIOCTpanus mponecca IPHONNKEHUS K TOYKE JKCTPEeMyMa
OpuBeJleHa Ha puc. 7.9.

Koopausarst rpanuenta Vf(x) paBan Of/0x, = 2 - 0,2x,,
of/0x, = 3 - 0,2x,, a B TOUKe x, Vi(xy) =(1,8; 2,4).

Us rouxu x, mepeMecTHMCH BAOJb I'DajueHTa Vf(x,) B
HOBYIO TOUKY X, =X, + Vf(x ), = (1 + 1,845 3 + 2,41)), npu-
4eM napameTpy A, AanuM 3HaueHue, Hampumep, 0,5. IToay-
quMm x,; =(1,9; 4,2).

IIpoBepuM, NPUHANIEHKUT AU TOYKA X, NOIYCTUMOH 06-
nactu: @,(x,) =-24,25 <0, @,(x,) = 18,75 > 0, 9 (x,) = 6,75 >
> 0. Toura X, JeXHWT 3a NpegeraMu JOIYCTHMOH objacru,
TAaK KaK HAapylIIeHO IepBOoe orpaHmyeHue cucremsl (7.32).
Heobxonmmo BepHYTHCS B 06JIaCTH ¥ NIPH 9TOM COABUHYTHLCH B
CTOPOHY TOYKM MakcuMyma. HaxoguM rpaiuedT HapyIIeHHON
rpPaHWYHON QYHKIHUHU @,(X) ¥ BBIYMCISEM er0 KOOPAMHATH B
TOUKe X! 0¢,/0x, =-10 - 2x,, d¢,/0x, =-20 - 2x,, Vo,(x,) =
=(-13,8; —28,4).

Caenyromyio TOUKY X, = X; + V@,(x,)A, = (1,9 — 13,8),;
4,2 - 24,8),) HaiiieM OIpU 3HAYEHUHU IapaMeTpa Xy, DaBHOM,
nanpumep, 0,05. Moayuum x, = (1,21; 2,96).

IlopcTaBisis KOOPAMHATHI TOUKY X, B Orpanudenus (7.32),
yberxraeMcs1, 9TO OHA HAXOOUTCH B BONYCTUMOI obactu. IIpu
arom f(x,) = 10,2774.

3rauvenus f(x;) = 10 u f(x,) = 10,2774 6ausknm mexny
€000, 4TO TOBOPUT O CMEIIEHUH TOYKH X, BAOIb JUHUU YPOB-
v OyeERIun f(x). Y1066l YCKOPUTDH IIPOLECC CXOAMMOCTH K
TOYKEe MAaKCAMyMa, NEePEMECTHMCS U3 TOYKH X, B HAImpas-
JIEHUN BEKTOpA T, IPOXOASAIEr0 Yepe3 TOUKHM X, U X, (CM.
puc. 7.9). Haxonum xooppuHaTe! BeKTopa r: r = (1,21 — 1;
2,96 - 3) =(0,21; -0,04).

Ouepennyi0 TOUKY X, = X, + Ay =(1,21 + 0,212,; 2,96 —
- 0,041,) nHaxonum, IpUHAB A, PABHBIM, Hanpumep, 6,5. Ilo-
ayqaem X, =(2,5750; 2,7000). Iloacrasnas KOOpAWHATHI STOH
TOUYKHM B orpaanuenus (7.32), ycranaBiausaem, 4To X, NpHHAJ-
JexKuT pomycrumoin obaactu. Haxonum f(x,) = 11,8579.
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Puc. 7.9

Brraucasiem xoopaunaTs! rpanuentos Vi u Vo, B Touke X!
Vf(x,) = (1,4850; 2,4600), Vo (x,;) = (~15,15; -25,40). A Te-
repb CPAaBHHUM OTHOIIEHUS OLHOMMEHHBIX KOODAWHAT 3THX
BexkTopos: 1,4850/(-15,15) = -0,098, 2,4600/(-25,40) =
= —0,097. OrHouIeHysA HE3HAUUTEJLHO OTJIMYAIOTCH APYT OT
Apyra o BeIHYnHe. 3HAYUT, BEKTOPH! VI 1 V@, TpakTIIecKn
KOJUIMHeapHBl M IlepeMelleHUusl BAOJL HUX OyIyT IIPOMCXO-
AUTh IIO 3Ur3aroobpasHOd TPaeKTOPHUM BOJIUSH TPAHHILI €
nepeceyeHueM ee (cM. puc. 7.8). Yuursisasi, KpoMe TOr0, 4TO
OTKJOHeHue ¢,(X,) = 6,3294 or Hyna CPaBHUTEJIBHO HeBe-
JIUKO ¥ TOYKA X, IPUHAJISKHAT AONYCTUMOH o6nacTu, 3agaqy
MOKHO CYUTATH PEIIEHHOM C JOCTATOUHOMN CTeNneHbIo npubiu-
JKeHHs, T. e. Xx* = (2,5750; 2,7000), f =11,8579.

max
HUrak, npomssoguTh cienyer 2575 en. mazenuit A u
2700 en. usnenuit 5. IIpu oM npubHLIb IPEAIPUATHS IO pac-

CMATPUBAEMbIM Bujaam uaznenuil cocrasut 11 857,9 nen. exn.

3anaun BBRIIYKJIOTO IpOrpaMMupoBanus 7.42—7.45 pe-
IIHXTL IPAfMEHTHBIM METOAOM, HAYMHAA OPONECC OINTHMHU3A-
IUOHHOTO II0MCKA C YKA3aHHOW TOYKM X, U COIPOBOKIAA pe-
meHue rpaduyecKol MIIIOCTpainei.

7.42. MaxcuMu3upoBaTh Q)yﬁxumo f=2x,-0,2 xf +2,4x,

-0 2x2 IpM OTPaHUYEHUAX Xo + x22 25 %, 20, 2,20,

ecnu x,, = (3; 1).

7.43. Maxcnmnsnposa'x‘b dyHKRIH©O f = 2 75x, -0, 125 x?+
+3,25x,-0,125 x5 Tpu orpaaneHI/mx x - 10x + x5 <75,
2x, +x2_10 x, + 3x, 2 15, ecm x, = (10; 5).
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7.44. Munumusuposars oyaxnuo f=-6x, + 0,25 xf -
-5,5x, + 0,25 xg OpH OrpaHUYSHNAX xf + x'_f <100, x, 20,
x, 2 0, ecain X, = (3; 8).

7.45. MurnmMnsuposaTh dysaxnuo f=-2,75x, +0,125 xl2 -
- 4x, +0,125 X; TIpU OTpaHWYEHMAX 8x, + xp + dx, + xi <
<176, 4x, + x] + 18x,+ xj <276, x, 20, x, > 0, ecrn X, =
=(5; 2).

7.6. 3amaya KBaAPATHYHOrO NPOrpaMMHUPOBAHUA

3adaua K6aOPAMUYHOZ0 NPOZPAMMUPOBAHUA —DTO YACTHLIMA CIIY-
yail 3amay¥ BBINYKJOIO NPOTPaMMHUPOBaHHA, KOTAA IeseBasd QYHK-
LK COLEePKUT KBaJpPaTUYIHOE caaraeMoe (B BUJe KBaApaTUuuHOH Pop-
MBI), 2 OTPAHMYEHHUA JUHEHHEL. B KayecTBe OCHOBHOM B KBaAPATHYHOM
[IPOTPAaMMMPOBAHUM PACCMATPUBAETCS 3a/1aua MUHUMU3AUNY QYHKIHY

i3 n n
f= chxj + Z Zdijxixj (7.33)
IpY OrpaHUYEHUAX: = ==
Saux; <b (i=1,m), (7.34)
j=1
x. 20 (j=1,n). (7.35)

J

n n
Marpuua D = [d,],,, kBaapaTuusoil popmbl > > d,xx; mpeano-
i=1j=1
JIaraeTcs CUMMeTPHUYEeCKOH M HEeOTPHIATeILHO OIpefelieHHON.

Ecun B 3aiaue KBaAPATHYHOTO IPOrPaMMHPOBAHUA Hefesas QyHK-
Uus MaKCHMH3UDYETCS MJIM €CJIN HEKOTOphle OTpaHMYeHUA-HepaBeH-
CTBA UMEIOT CMBICJH >, TO TAKHKE 3a/1a4i U3BECTHBIMU IPHEMaMH JIETKO
HPUBORATCA K OCHOBHOH dopme (7.33)—(7.35).

IIpuBeseM OfMH M3 AJTOPUTMOB perenus sagaun (7.88)—(7.35).

1. TIo zaHHKBIM 3aJa4YM COCTABJAIOT JOKaibHEle ycnosua Kyra—
Taxkepa B crefyoomeil gopme:

A E O O b
lz=| ) (7.36)
2D O -E A -c
z2>0, (7.37)
T=2z.%, (7.38)
rae
an Qn 1 0 dy i,
A= , E = .3 D= e B
a1 Qnn 0 1 dnl dnn



AT =, :
4, An
b, [
b=|...be=]|...|
b, c,
z =(x;; ...; s Ui ooes Yo U s U3 A ovnss s
zZ = (vys - Vs Ags s A ST S I /I |

A, — mBEoxuresnu Jlarpamxa; V;, Y, — YACTHEIE NIPOU3BOHEIE QYHKIIUN
Jlarpanska nna sagaun (7.33)—(7.35).

Ifocne cocraBnenus ycmosuit (7.86)—(7.38) sagaua CBOJUTCA K
TOMY, YTOOBI, HCIIOJIL3YA U3BECTHEIE U3 JIMHEHHOTO IIPOrPaMMHUPOBAHUSA
CHMIUIEKCHBIE TIPeoGpasoBaHuA (IIPaBAa, ¢ HECKONBKO HHEIM IPABAIOM
BbI6Opa CBOGORHON mepeMeHHOH, BBOAUMOI B 6asuc), maittu cpepu
Ga3HCHEIX PEIIEHMI CHCTEME] THHeHHBIX YpaBHeHHI (7.86), (7.87) ra-
Koe pelnreHnue z*, KotTopoe o6paIaer B HyJIb QYHKIINIO (7.38).

2. Haxopmar HauanpHOe 6GasMCHOE pelleHUe h, cucremsr (7.36),
(7.37). Tabnnua, cofepsxamas aTo perIenue, 6yzeT ucnonL30BaHa gasee
AJS COCTABNCHUSA PACIIMPEHHON 3aJaui ¢ COOTBETCTBYIOIIEH pacIIy-
PeHHOH Tabauueii.

3. Ucnons3ysa HaiileHHOE pelenme h,, MuEEMUBUpYOT OyHEKIUIC
T=z"-Z.]lns 3T0ro COCTABNAIOT PACIIUPEHHYIO TabIuny, BKJIKOYUB B
€€ OCHOBHYIO YacTb NaHHBEIE TaBNMIbI, IIOJYYEHHOH B NpeXbIAYIIEM
TYHKTe aJTOPUTMA, IPHBEIA CTPOKH JJIA BCeX NEPEMEHHBIX U pac-
TIOJIOXKMB MX B IOPSAJ(KEe BO3PACTAHUSA HHAEKCA K MEePEeMEeHHOI z,, T. e.

B CNIEAYVIOWEM HOPAMKE: X1y wouy X,y Yoy woes Ypp Uty woey Uy Ay, ey A
{Tabm. 7.4). :
Tabnuma 7.4
1 2y, 25y
OcHOBHAS (=) %, = an by hyy
YacTh . . .
Con=) =1 hyy fam, 1 Pow, n
T
Honoauu- a, oy Ay
TeJbHAA 9aCTh B, B, By
6, 0, 0,
K, K, K,
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JlonONMHEUTENbHYIO YaCTh TAGIUIE 3aHONHAIOT B CIEAYIOUeM [O0-
psiiKe: .

1) Boiuucaswt Ty = hy-hy, rae z; = h, — mauansuoe GasucHoe
pemenue. Eciu T, = 0, To 3agaya (7.33)—(7.35) pemieHa u ocraercsa
COCTABUTH ONTHMAJILHOE DENIeHUe X* M3 KOMIIOHeHT BeKTopa h, u
BRIYUCIAUTE f .. Ecan sxe T, # 0, T0 BBIYHCIEHMS IIPOAOIIIKAIOT;

2) HaxopmsT AndA BeeX s=1, N a, =h] ~f10;

8) ans Tex 8, AJAA KOTOPHIX o, > 0, BHIUKCIAIOT:
B, =h'-h,, 06, = min(h, / &)
hyy >0

(sa;eMeHTHI k, , A1 KOTOPHIX OTHOIIEHHE 6, MEUHEMAaJIBHO, OTMEYaloT
B Tabnuue ssesgoukoil), K, =-2a, + 6B ;

4) prI6UpalOT paspemialoOIM# SJEMEHT JJIA BRIIOJHEHHS CHMII-
neKcHoro npeobpasopanuda. Ilpu sTom paspemaiomuit croadel ompe-
JeNSIOT o OTpULIAaTeNbHOMY aneMenTy K ¢ raubonbmreit abcomoTHON
BeNMYuHOM. DnemenT h, BHIOpaHHOTO cTonb1la, KOTOPOMY COOTBET-
cTByeT HanMeHbinee 8, (OH oTMeuaeTcs B Tabanne 3Be304YKOIL), cTa-
HOBHTCA paspernaomuM. C HUM BEIIIOIHAIOT CHMILIEKCHOE Tpeobpaso-
BaHHe U IIOJYydYaloT HOBoe Ha3MCHOe peleHue.

Onepanuy n. 3 aaropuTMa BHITOJNHAIOT [0 Te€X 10D, NOKa (YHK-
nus T He npumeT HyJeBoe 3Hayenue. Ecau Bce K > 0, a T > 0, To
BKJIIOYAIOT B 6asuc MepeMeRHYI0, OTBEYAIOINYI0 moJoxkuTenbaomy K,
WM BHIGMPAIOT B KayecTBe HAYaIbHOTO Apyroe BasucHoe pelleHwe.

Ipumep 7.11. MumumusupoBaTh ¢yEKnuio f=-2x, +
+0,2 xf - 3x, + 0,2 xg npu orpaHmdeHumax 2x; + 3x, < 13,
2x1+x2310, x120, x,20.

Pem e u u e. CocraBuM JIOKanbHble ycaoBua Kyma—
Taxxepa. C 2T0# 11€1bI0 BHIINIIEM HYXHBIE MATPUIB! X BEK-
TOPBI:

.
- 2
a2 8] _[s 01 4r_[2 2]
2 1 0 1/5 31
ot Oy (18] . -[-2]
0 1 10 -3

z = (X5 %93 Y5 Ygs Vg5 Ugs A5 Ay,
Z = (V)3 Vg; A3 Ays X3 X5 U5 Us)-
VenoBust (7.86)—(7.38) upuMyT clrenyoIiui BUL!
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]
Xg
2 3 10 0 0 0 0]y Ps}
2 1 .01 0 0 0 O0jly,| (10|
25 0 00 -1 0 2 2{|[1] |2/
0 2/5 00 0 -13 1}|2 3J
1
_.2-

z = (x5 X5 Yps Yo Vg5 Vg3 A5 X)) 20,
T = (x5 X9 Y5 Ygs Vg5 Ugs Aps Ag) X
X (V)3 Vg3 Ay Ags X5 X3 Uys Ys)-
BreinosHuE HeOOX0OAMMEIE JEHCTBHSA, IONYIUM CIELYIOIIYIO

CHCTEeMY JUHEHHBIX YPAaBHEHKH, KOTODYIO CJelyeT PEIUMTDh U
HaliTH HaYaJdbHOe 6a3uCHOE permieHue:

2x; + 3xy + yy o = 13,
2%, + x, + Yy = 10,
gxl - Lo 4 2%, = 2,

%xz v, +8h + Ay =3

3amnuceiBaeM 3Ty cucTemMy B Tabn. 7.5 M ¢ IOMOIIBIO CHMII-
JIEKCHBIX TPeo0pa3oBaHuil HAXOAUM HauaJ bHOe 6a3ucHOe pe-
menue (Taba. 7.6).

Ta6aonuuma 7.5

1 —x, -x, -v, -, A, Ay
y, = 13 2 3 0 0 0 0
Yy = 10 2 1 o 0 0 0
0= 2 2/5 0 -1 0 2 2
0 3 0 2/5 0 -1 3 1

Hcnonwssys taba. 7.6, cocraBasieM paciiMpeHHYIO TabJi.
7.7, B KOTOPYIO BKJIOYaeM CTPOKHU HAJIA BCEeX IE€PEMEHHBIX.
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Ws taba. 7.7 BoinuceiBaeM z, = hy=(17/4; 3/2; 0; 0; 9/2; 0;
0; 12/5) u cocraBasem Bekrop hy=(9/2; 0; 0; 12/5; 17/4;
3/2; 0; 0).

Tabonuuna 7.6

1 Y Y Uy —Ay
x, = 3/2 | -1/2 1/2 0 0
x,= | 17/4 | 84 14 0 0
A= | 12/5 15 -1/5 -1 3
b, = 9/2 | 710 -1/2 -2 4

Tabunuma 7.7

1 —25) (-z,) (-2 (-2)
Y —Y, v, -v,
(2,=) x=| 17/4 | -1/4 3/4% 0 0
(2,=) x,= 3/2 1/2 -1/2 0 0
(23 =) Yy 0 -1 0 0 0
Ocmosnas | 21=) ¥z= 0 Y -1 0 0
uacte (=) v,=| 9/2 | -1/2  7/10 2 4
(26 =) v,= 0 0 0 4 o
(z;=) M= 0 0 0 0o 1
(23=) Ay= 12/5 -1/5 1/5 1
T, 153/4
Honoman- o, _13/4  79/20  -10 17
TeJIbHasA Bs 13/20 .
qJaCcTh
5 17/3 4/5
X, -253/60 34

Hnsa sanomHeHus KOTMONHUTEJBHOH yacTH Tabi. 7.7 BbI-
YNCJIAEM OCJIeOBATEIbHO:

1) sHauenue ¢yEKnuu T, OTBeUaloIlee HAYAJIBHOMY 0a-
aucHomy pemenuio hy: T =T(zy))= hy - hy = 17/4-9/2 +
+9/2 - 17/4 =153/4; nockonwsky T, = 0, To HaxoxuUM O ;

2) a, = hy- h, =(9/2; 0; 0; 12/5; 17/4; 3/2; 0; 0) (-1/4;
1/2; -1; 0; -1/2; 05 0; -1/5) =-13/4, a, = ﬁb- h,=79/20,
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a,= hy- hy=-10, o, =
OCTANBHBIE IIAPAMETPDI;
3) B, = hy- h, =(3/4; -1/2; 0; —1; 7/10; 0 0; 1/5)x
«(7/10; 0; 0; 1/5; 3/4; ~1/2; 0; ~1) =18/20, B, = h;- h, = 0;
4) 6, = min(17/4:3/4, 9/2:7/10, 12/5:1/5) = 17/4:3/4,
0, =12/5:3. OaemenTs! Tabu. 7.7, NOCTABIAIOINE MUHUMYM
npu onpenenenuu 6, u 8, (370 3/4 u 3), oTMeuaeM 3B€3LOUKON;
5) K, =-2a, +0,B,=-2-79/20 +17/3 - 18/20 = -253/60,
K, =-34.
YerpepThlil cTON6EI], KOTOPOMY COOTBETCTBYeT K 4 =34,
HasHauaem paspematomum (|-34] > |-253/60]) u ¢ axemen-
TOM 3 3TOrOo CcTONGIlA BHINOJHSEM CHUMILJIEKCHOE NPeobpaso-

BaHMe Tabu. 7.7. B peayabrate monyuaem Tabanily, cogepska-
I{y:0 HOBOE GasucHOe pemenue z,. Ha ocHose aToit TabmuIrs!
cocraBiseM odepegHyio Taba. 7.8, AONOMHHTEJLHYIO YacTb
KOTOpPOH 3alOJIHSAEeM aHAJOTHYHO TOMY, KAK 3TO Aejajoch B
peAbIAYIIEeM Caydae.

hj-h, =17. ina a, u o, BEIYHCASEM

Ta6anuma 7.8

1 (‘23) (_24) (_26) (_zg)
¥ Y, by hy
(z,=) x,=| 17/4 -1/4 3/4 0 0
(z,=) x,= 3/2 1/2 -1/2 0 0
(2,=) y,= 0 -1 0 0 0
OcHoBHAaA (24 =) Y= 0 0 -1 0 0
9acTh (z,=) v,= | 13/10 | -7/30 13/30%! -2/3 -4/3
(zg=) v,= 0 0 0 -1 0
(2,=) 2= 4/5 -1/15 1/15 -1/3 1/3
(2=) Ay= 0 0 0 0 ~1
T, 221/20
Jonoauu- a, -127/60 169/60 -13/3 -17/3
TeJbHAs B 13/20
8
YacTh 0, 3
K, -221/60

ITonseprrys Tabn. 7.8 cuMniIekcHOMY Ipeo6pasoBaEMIO C

paspemarmuM syiemenToM 13/30, moxyuum ouepenuyio Tab-
=(2;3;0; 3; 0; 0; 1/5; 0),

Juiy ¢ 6a3sUCHBIM pelleHueM z,
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nocTapisiromuM ¢yuKun T Hysnesoe sHauenue. TeM caMbIM
Ha#leHO OITHMAJIbHOe peureHue X* = (2; 3), Opr KOTOPOM
neneBas GyHKUua [ nanHOM 3amayu MUHEMHU3Hpyercd. Ilpn
srom [, =-10,4.

7.46. MurNMH3HPOBaTh QyHEKNML [ =41, +0,2 xf ~2x, +
+0,2 x% npu orpaEmyenusx 4x; + 2x, < 30, 6x, +17x, < 102,
x, 20, x,20.

7.47. MI/IHI/IMI/IBI/IpOBaTB dyaxnuo [ =-2,4x, +0 23c1
-5,2x,+0 ,2x2 mpm orpannqermﬂx 2x; +x, < 15 18x, +
+ 20x, <260 x,20, x,

7. 48 MKHHMHSI/IPOB&TB q)ymcumo f=-5x, +0,25 x1
- 7,5x, + 0,25 x; Tpm orpaHmYeHHAX 3x, + 1 5x, < 22,5,
6,5x, + 10x, <1380, x, 20, x, > 0.

7 49. ManMnsnpOBaTb dysxnuo [ =-2,4x, + 0,4 x1
-5,6x,+0 A x2 npn OTPaHMYEHUAX X, + 2x, < 12, 5x1 +3x, <
<30, x; 20, x,

7. 50 ManMnsnpOBaTb dysrnuio [ =-x, + 0,125 x1
- 2,25x, +0,125 x2 IpH OTPaHUYEHUAX 1,5351 + 3x, < 18,
1()x1 + 6x2 < 60, x, 2 0, Xy 2 0.



AUWHAMUYECKOE NPOrPAMMUPOBAHUE

8.1. BeuucanreanrHasa npoueaypa merona
IUHAMHYECKOTO NPOrpaMMHPOBAHHUSA

Hunamuneckoe npozpammuposanue (JuHamuieckoe nAAHUPOSA-
Hue) rpejcTaBisgeT co6ol MaTeMaTUYeCKUN annapar, [TO3BOJIAIOMIUI
OCYINECTBJIATEL ONITUMATBHOE TIAaHWPOBAHME YIIPABIAEMBIX IIPOIIECCOB,
T. €. IIPOIECCOB, Ha XOJ KOTOPEIX MOJKHO IeJeHalpaBICHHO BIUATH.
9T0 MeTOX ONTHMU3ALWU, CIEHUATLHO NMPUCIOCOBIeHHLI K onepa-
LUAM, B KOTOPHIX IIPOLECC NIPUHATHSA PeLIeHni MoxeT OLIThL pasbur
Ha OTJeJbHbIe 1ard. Takue omepaniiy HASLEIBAIOT MHOZ0WAZ08bIMU.

B o6mieit mocTanOBKE 3aadYa JUHAMMYECKOrO IPOTPAMMUPOBAHKA
dopmynupyerca ciaenyomuM obpasoM. meerca HekoTopas yrpas-
naeMas pusnyeckas cucreMa S, XapaKTEePU3YIONIAAC OIpeeIeHHbIM
HabopoM napamMeTpoB. B aToll cucTeMe NPOUCXOAAT KAKNe-TO IIPOIleceh
(sKOHOMHYECKIE, IIPOU3BOACTBEHHEIE, TEXHOJOTHYECKHE U T. 1I.), KO-
TOpble MOYKHO TIPEACTABUTh KaK MHoroumarosele. Ha kKaszgom miare
IIPOIIECCaM B CHCTEME COOTBETCTBYIOT ONpeJeIeHHbIe 3HAUEHHUA Mapa-
METPOB, OIIMCBIBAIOIIUX COCMOAHUE cucnmeMmbl. 3a4aHbl YCIOBUSA, I10-
3BOJIAIOINNE OIPENENATh UIN HAYaJIbHOe, WY KOHEYHOe COCTOAHHE
CHCTeMBI, UM 06a 3THX cocTosHuA. WHorga sazarorcsa obsacTu Ha-
YaJIBHBIX ¥ KOHEYHKIX cocToAHUM. [IOCKONBKY yIIpaBienue CUCTeMON
OCYIIECTBJsACTCA AJA JOCTHKEHNS KOHKPETHOM ILEJH, TO YKa3aH Nno-
Kasameav sppexmusHocmu ynpasienus, Ha3bIBaeMBIN yenesoil
@GyHKYUuell, YUCIeHHO BhIpasKalomiuil sddeKT («BEIUTPHINI»), IOMY-
YaeMblil IPH TOM UM MHOM YIIPABJICHUHN N3 MHOMECTBA JOMYCTUMBIX
yupasneHU#. B axoHoMHUuecKHX cucreMax ueiesasd QYHKIUA MOMKET
ONpeAeNIATh NPUOBLIL, 3aTpaThl, PeHTabeILHOCTh, O6BEM IPOM3BOI-
CTBa M T. I. 3ajaya AMHAMUYECKOTO MPOrpaMMHPOBAHUS COCTOUT B
BeIOOpe M3 MHO’KECTBa RONYCTHUMBIX YIDPAaBJIEHHH TAKOTO, KOTOpOe
LEPEeBOAUT CHCTEMY W3 HaYaJIbHOTO COCTOSHUA B KOHEUYHoe, obecle-
yyBas IPH 9TOM LeNeBOH DYHKUUH IKCTPeMyM (MUHUMYM MU MakK-
CHMYM B 3aBUCHUMOCTH OT €€ 9KOHOMUUYECKOI cyTH). Y IOMAHYTOE YIPas-
JIeHV€ HaSBIBAIOT ONMUMAIbHbLM.

B ocHOBe BEIYMCIHTENBHBIX aJIMOPHTMOB AMHAMHYECKOTO IPOTPaM-
MUPOBAHHA JICKUT CAEAYIOIMUN NPUHYUIL ONMUMAALHOCU, ¢HOPMY-
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nupoBauHbi P. BesnivManoMm: kakoBO Obl HY ObLJIO COCTOSIHHUE CUCTe-
MBI S B pesysbrare [ — 1 maroB, yIpaBlIeHMe Ha [-M Ilare JOJXKHO
BBIOUpATLCA TAK, YTOOBI OHO B COBOKYHNHOCTH € ylpasJieHUAMH Ha
Bcex nmocneaylomux wmarax ¢ (i + 1)-ro 1o N-ro BKJIOYUTENBLHO HO-
CTaBJIAJIO SKCTPEMYM e 1eBOH PYHKIIH.

BBenem cienyollize 0603HAUSHHA: X, | — MHOMKECTBO COCTOAHUI,
B KOTOPBIX crcrema S MOYKeT HaXOAUTBCA IIepe] [-M IIaroM; aJaeMeHThI
3TOrO MHOJKECTBA HAXOAATCA M3 YCJOBUM KOHKpeTHOU 3anaym (Ipu
i =1 IoIyyaeTCHs MHOMECTBO X, HAUABHBIX COCTOAHMH, KOTOPOE MOXKET
COCTOSITH U3 OJHOI'C MJU HECKOJBKHUX 3JIEMEHTOB; TO JKe caMoe MOXHO
CKa3aTh M O MHOXKECTBE X, KOHEUHBIX COCTOAHHH); X; — MHOXKECTBO
COCTOSIHUH B KOHILE i-TO IATa; U, — MHOXECTBO YIPaBIeHUN, KOTOPbIe
MOTYT ObITh BHIGpAHBI Ha [-M IIare W IO BO3AeHCTBHEM KaKAOT'O U3
KOTOPBIX cUCTeMa S IepeXONUT B OJHO U3 COCTOSHUN MHOMKECTBA X;.
DJIeMeHTHI MHOKECTBA U, ONPEJeaAI0TCS YCAOBUAMYA KOHKPETHON 3a-
maum; F(x, |, u;) — YCIOBHO-ONTUMAILHOE SHAUEHNE 11e/1eBOY PYHKLIUY
Ha HWHTepBaJie OT i-ro 1o N-ro mara BKJIIOUHUTENbHO IPH YCJIOBHUH, YTO
neper i-M HIaroM cucreMa S HaXOAWJIach B OJHOM U3 COCTOSHUI MHO-
JKEeCTBa X; ,, 2 Ha i-M mare 6po BhIOpaHO TaKoe ylpaBjieHHe U3
MHOXXECTBA U, KOTOpoe oBecmeumso neneBofl QyHKINU YCIOBHO-
OUTHMAIbHOE 3Hauenue; z,(x, |, U;) — SHAUCHUA UeeBOM QYHKINK Ha
i-M 1iare A BCeX YIPABICHWH U3 MHOXXECTBA U, IIPU YCJIOBUH, UTO
mepes i-M IIarom cucremMa S HaXoJHNach B OAHOM U3 COCTOAHHUHI
MHOXeECTBA X, ;; F, ,(¥) — yCJI0BHO-ONTHMAaNbHOE 3HAYCHHE HeJeBoil
(pyHKuyM Ha uHtepsane or (i + 1)-ro mara o N-ro BKJIKOYHTEIBHO
OpHU YCJIOBHH, UTO B Pe3yJibTaTe BO3AeHCTBUSA yIIPaBIeHUs, BRIOpaEHO-
r'o U3 MHOXECTBA U, cucTeMa S Ha i-M mIare HepeffleT K KOHIY Iuara
M3 COCTOAHUA, IPUHANIEKAINEr0 MHOMKECTBY X, ;, B COCTOSIHHE H3
MHOKECTBa X;.

B npumaTex 0603HaYEHUAX IPUHIUI ONTHMaIbHOCTH Belamana
MOJKHO 3aIIMCaTh B MaTeMaTHuyecKoil opme cienyiomuM obpasom:

Fix, ,,u)= e>§tr (z(x,_;, u) + F (x)) (8.1)
t

i-1?

Pasencteo (8.1) Ha3HIBAIOT OCHOSHLIM PYHKYUOHALLHBLM YpasHE-
Huem GUHAMUYECKO20 NPOZDAMMUDOSAHUA.
Ina nmocnennero (N-ro) wmara ypaseenue (8.1) npuBUMAaeT BUJ

F(xy 4, up) = ei(tr (zplxy s Up) + Fy (x))-

ITockonsry dyrxnus F, ,(x,) onpegenera tonpko g i =1, N - 1,
BTOpOE ClIaraeMoe B IPaBOH YaCTH MOXKHO IIOJIOXKUTH PABHBIM HYJIIO.
B pesynbTaTe NpUXOAMM K YPaBHEHHUIO

Flxy ,, uy) = eftr 2 (Xy_q> Uy)- (8.2)

Ecnu pacemarpuBaerca cucrema 6e3 mociaemeicTBus, TO ee CO-
CTOSHMe B KOHIE i-ro mara GyAeT oTBedarbh OLHOMY W3 3JI€MEHTOB
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MHOXKeCTBa X; M 3aBUCUT KAK OT COCTOSHHA CHCTeMHI S Ha Haualo
mlara, KOTOpOe XapaKTepPU30BaJIOCh COOTBETCTBYIOIIUM 3JIEMEHTOM
MHOXKECTBA X, ;, TAK U OT YIIPaBIeHMs, BHIGPAHHOTO U3 MHOMECTBA U,.
9Ty B3aBHCHMOCTEH CHMBOJHYECKH MOXKHOC 38IMHUCATH B cneaylom;eu
¢opme:

x; = f(x,_;, w) (8.3)

Ha ocrHoBanun ypaBuenuit (8.1)—(8.8) 1 ¢ yueTomM MHOKeCTB X s
X; ¥ U, CTPOMTCS BEIYHCJINTEIbHAA IPONEAYPa METO4A JHHAMHMYECKOTO
IPOrPaMMUPOBAHUSA, PACHIAaIONIaCsd Ha ABa STAna: YCIOBHYIO U Ges-
YCJIOBHYIO ONITUMUBAIHIO.

Ycnosnana onmumu3ayus OCYIIECTBIAETCS IIYTeM «IOMSATHOTO»
LBHIKEHUSA OT IIOCJIeJHero Imara K mnepsoMmy. C moMombs0 ypaBHeHUS
(8.2) nna KaXKIOTO COCTOSHUA U3 MHOYKECTBa Xy_, HAXONUTCA TAKOe
yIpaBleHre M3 MHOXKECTBA Uy, IPH KoTopoM dyrxunua F (x,. |, u,)

JOCTUTaeT SKCTPEMyMa U CHCTeMA S IIepPeXOJuT B 3afaHHOe KOHEUHOe
cocrosiane. TakuM o6pasoM, AJIH KAMAOTO COCTOSHUS H3 MHOKECTBA
X,_; HAXONUTCH YCJIOBHO-ONTHMAJbHOE 3HAUEHHE 1eeBOH MyHKIUU
(yC10BHO-ONTUMANBHLIN BLIMIPHINI) M COOTBETCTBYIOINEE YCJIOBHO-
onTEMaNbHOE ylpaBieHue. ajee Ha OCHOBaHMU ypasHeHud (8.1) m
MHOXecTBa cocTosuuil cucremsl S mepern (N — 1)-m marom ompe-
ReJIAIOTCS YCIIOBHO-ONTHMAJbHEIe yIpaBneHud Ha (N — 1)-M mare u
YCJIOBHO-ONTUMANbHBIE 3HAUCHUA IesieBON (GYHKIHUM Ha ABYX IO-
caennux marax: (N —1)-m u N-M. IIpu 970M A7151 K2yKOIO COCTOSHUSA
U YIPaBJIEHHs COOTBETCTBEHHO N3 MHOMECTB X, , U Uy ; Ha OCHOBE
paseHcrBa (8.3) HaxoguTCA OTBEYalolee UM COCTOSHUE U3 MHOKECT-
Ba X, , cucTeMsl S mepex N-M IIaToM U IO 3TOMY COCTOSHHUIO C yUETOM
pe3yJbTAaTOB NPeJUIeCTBYIOIINX PACYeTOB ONpPeHessieTcs yCJIOBHO-
ouTHMAaNbHOe 3HavweHwe F, (x, ;) nenesoit dymkmuu. OnucaHHBIN
TIpOIlecC BRIYMCIEHNI MPOJOJKAETCS AC LOCTUMKEHUA IEPBOTO INara.
B pesynbprare mosyuyaercs IOCIENOBATENHHOCTH MHOMKECTB YCJIOBHO-
ONTHMANBLHEIX YHNpaBJIeHUH cucTeMoii S, KoTOopasg B KOHKDPETHBIX
3ajadax MoXKeT OBITH IpeICTaB/IeHa TOCNEAOBATEILHOCTHIO TAOIII HIIH
Habopom daiinoB B namatu 3BM.

Hus onpeneneHns 6e3ycIOBHO-ONTUMAJIBHOIO VIPABIAEHUA CHC-
TeMO# S NIpW 3aaHHOM ee HAYANFHOM COCTOSHHU X, 8HAIUIHPYeM
BBRINIOJIHEHHBIE PacueThl, llepeMelasch 10 ONTUMHusupyeMomy N-1a-
FOBOMY IIPOLIECCY B IPSMOM HaIPABJICHHUM: OT MEPBOTO IHara K No-
ciepHeMy. 3Ta YacTh PACCYKACHUI Ha3hIBaeTCs 6e3yCL08HOI ONMUMU-
3ayuell. Jls HAYAJbHOTO COCTOSAHUA X, HAXOAUM B MHOXECTBe U,
YCJIOBHO-ONITUMAaJILHBIX YIPABJIEHWH AJS NEepBOrO LIara ¢ y4eToM
YCIIOBHO-ONTHMAJILHOIO 3HAYEHUSA HefeBoil GYHKIHM HA 9TOM INare
6e3yCJIOBHO-ONITUMANLHOE YIIPABJICHUE u; U COCTOAHUE B MHOXKECTBE
x, cucremMs! S mepen BTOpeIM maroM. C aTUMM ZAHHLIMHM BXOLUM BO
BTOPOe MHOXKECTBO U, YIPABJIEHUH I BTOPOTO Iara M OIpejeiseM

*
U, U T. O
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BesyciioBHO-onTHMANBHOE 3HAYEHUE LesIeBOoH QYHKIUY AJIsi BCETO
N-maroBoro nmponecca 2, = F (x,, ul* ).
HckoMoe onTUMAaNbHOE YIpaBJeHWe MOKHO 3aIHucaTh B BUJAe
BEKTOpa
* * * *
u¥ = (U Uy .o Uy gs Uy)
OnucaHHad BRIYUCIUTENbHAA IPOIeAyPa MeToRa AUHAMUYECKOro

NpOrpPAMMUPOBAHUSA CTaHET HOHATHON, KOr'Za uuraTenb pasbeper
KOHKPETHBIY YHCJIOBOH IPUMED C IPOU3BOLCTBEHHEIM COJEPKaHUeM,

NprBeeHHbIH HUMXe.

IIpumep 8.1. Ha paunOit cetn gopor (puc. 8.1) yxasagsl
CTOUMOCTH JOCTABKH €QWHHIKI Ipy3a M3 IIYHKTA B IYHKT.
Haiitu sanbosiee sKOHOMHBIM MapHIPYT IIE€PEBO3KU Ipy3a U3
nyukra I B nyuxTt 10.

20waz | F-owae | 4-dwae

Puc. 8.1

Peme s ue. Cormacumesi, YT0 MUHUMHU3UPOBATD 3aTPATHI
IO ZI0CTaBKe IIeIecoo0pasHo NPUMEHUTEeNbHO K eIUHHALE Ipy3a,
160 TOHATHO, UTO €CJIX 3aTPAaThl MUHNUMAaJIbHBI IPH IePEBO3Ke
e€UENAIL! TPy3a, TO OHU O6yayT MHHUMAJIBHBIMH U IPU Iepe-
BO3Ke JI06Oro KoJn4ecTBa rpysa.

KoHmennusa IHHAMHUYECKOTO NPOrPaMMHPOBAHHUA IpeX-
mojaraeTr, YTO IPOLECCYy NPHUHATHS peIleHWs B ONTHUMHU-
3aI[MOHHON 3amade MOMKeT ObITh IPHAAH IIAroBBIA Xapakx-
rep. C 3ToO#l 1mespio pasobdbeM BCe IYHKTHI CETH HA TPYIIIBL
(ra6x. 8.1). K rpynne I ormecem nysxr I, K rpynne II —
OYHKTHI, B KOTODbIE MOMHO IIONACTb HEIOCDEJCTBEHHO U3
nyaxra I (takoseiMu OyayT 2 u 3), kK rpymme III ormecem
IYHKTBI, B KOTOPbIe MOKHO IIOIACTH HENOCPEICTEeHHO U3
mo6oro nyekTa rpynnst I (takoBsivu 6yLyT 4, 5 1 6), U T. 1.
B pesyspTaTe ABUMYKEHUE TPAHCIOPTA ¢ FPY30M U3 NYHKTA I B

304



nyHKT /0 MOXXHO PACCMATPHBATH KAK YEThIPeXIIATOBBIH IIPO-
ecc: Ha IIePBOM IIare TPAHCHOPT NIepeMellaeTCA U3 IyHK-
Ta I B KaKOH-TO MyHKT rpynnsl 1I, Ha BTOopoM mrare — wus
nyukTa rpynnst 11 B oyaxr rpymooer I u 1. 1.

Ta6auia 8.1

I I III v \4

10

[,
wWw
S G
© 0 N

ITocne pas6ueHnst MyHKTOB CeTH HA I'PYIIsl GOPMUPOBA-
HHe Haubosee SKOHOMHOIO MapIIPYTA MOXeT GbITh peaanso-
BAHO 32 YETHIpE HIara.

B paccmaTpuBaemoil 3a1aue B KauecTBe PUIHIECKOI CHC-
TeMBI BBICTYII&€T TPAHCIOPT C I'PY30M, IIepeMeInaiiuiica ua
HAYaJIBHOI'O COCTOSIHUA ¢, (U3 IIYHKTa /) B KOHEYHOe COCTOA-
Hue ¢,, (ayEKT 10), M ceTh KOPOT. 3a COCTOAHHE C; CHCTEMbI
nepes i-M IIaroM €CTECTBEHHO IIPUHATH MECTOHAXOXKAEHUE
TPaHCIIOPTA C I'PY30M B IOYHKTE, B KOTOPOM OH IpebblBaer
mepej 9THUM IIaroM. YIpPaBJeHWe u, Ha i-M IIare COCTOUT B
BrIGOpe moporu (i, j), IO KOTOPOIl CleAyeT HANPABIAThL TPY3
U3 JaHHOTO IYHKTA B COCEHUI B OOII[eM HAIPABJIEHUH K IIYHK-
Ty 10. CocTogHMe B KOHIIE 111ara OIpeeIAeTCH HOMEePOM TyHK-
Ta, B KOTOPBIH OyeT [OCTABJIEH I'PY3 B pe3yIbTaTe CASJAHHOrO
BbIOOpPa (IPMHATOrO yUPABJIEHUS), a 3HAYEHHE 2, IeJeBOi
bYHKIUM Ha i-M [mIare — 3TO 3aTPAThHI HAa IEPEBO3KY eQUHU-
Bl IPy3a U3 JAHHOTO IIYHKTA B BHIOPDAHHLIN COCEAHUM IYHKT.

B coorBercTBHMU ¢ BRIYMCHUTENHHOM CXEMOIl MeToxa Au-
HaMHYECKOr'0 IIPOrpaMMHUPOBaHud hakTuueckoe GOpMUPOBAa-
HYe HCKOMOTO ONITHMAJIBHOTO YIPABJIEHUA JAHHBIM IIPOIIECCOM
COCTOUT M3 ABYX NIPOLEAYP: YCJIOBHON ONTHMMH3ANMH U 6e3-
YCJIOBHOHM ONTHMU3AINH. ¥ CIIOBHAS ONTUMUBAIUSA OCYII[ECTB-
JIAETCS B Pe3yJIbTaTe «IOMSITHOTO» ABUMKEHUS OT IOCJEeHEero
1rara HCCJIeAyeMOro ABJICHU K ero IePBOMY IIary; B IIporecce
3TOTO JIBUMIKEHHUA HAXOAATCA IIATOBLIE YCIOBHO-ONITUMAIbHBLIE
yopaBieHNs. Be3ycioBHAA ONTUMHUBAINA OCYI[ECTBIAETCA B
nporecce JBUXKEHHUS B IDAMOM HATIPABJIEHHH OT IIEPBOrO IIIara
K IOCJefHEeMY; IpU 9TOM H3 HaNJeHHBIX paHee MIArOBBIX
YCJIOBHO-ONITHMAJIBHBIX YIPABICHUHA GopMUpyeTcsa 6e3ycoB-
HO€ ONTHMMAJIbHOE YIPaBJeHNe BCeM NAHHBIM IIPOLECCOM.
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VCia0BHYIO ONTUMUSANUI0 HAYHEM C aHAJIU3a YETBEPTOro
mara. BoaMOKHBIE COCTOSHISA, B KOTOPLIX TPAHCIIOPT C IPY30M
MOKET OKAa3aThCs Illepel YeTBEePTHIM HIATOM, 3aBHCAT OT
VIIPABJIEHUN HA NPEJIIeCTBYIOIINX IIaraX U COOTBETCTBYIOT
er0 MEeCTOHAXOMXIeHU:o Jubo B IIyHKTe 7, Aub0 B NyHKTE &,
au6o B nyHKTe 9. OG03HAYNM 3TH COCTOAHUS COOTBETCTBEH-
HO C;, Cq, Co. OHN 06Pa3yIOT MHOXECTBO BO3MOXHBIX COCTOA-
HUJ Ha HaYaJO YeTBEPTOro mara. dTo OyAeT MHOKECTBO X,.
W3 kaXagoro yKasaHHOTO COCTOSTHUS MOYKHO IIepeidTh B KO-
HEUHOe COCTOAHME C,, €AUHCTBEHHBIM IIyTeM: U3 IYHKTa 7 B
noysaxT 10 rpys MoskeT ObITH JOCTABJEH TOJBLKO NOPOTO#
(7, 10), us 8 B 10 — poporoii (8, 10), us 9 8 10 — poporoi
(9, 10). Pemerns o JOCTaBKe Ipy3a 10 HA3BAHHBIM JAOPOTaM U
SABNSIOTCS YUOPaBIeHUSMH HA YETBEPTOM IIIare, COOTBETCT-
BYIOIMMH YKA3aHHBIM COCTOAHMAM. WTak, MHOMXKECTBO u,
yopaBJeHUIl Ha YeTBEPTOM IIare COCTOUT U3 3JI€MEHTOB!
(7, 10), (8, 10) u (9, 10).

VY CcIoBHO-OUTHMANLHEIE 3aTPATHI HA 3TOM IIare B obuiem
ciydyae BBIPAYKAIOTCHA OCHOEHBIM (MYHKIMOHAJLHBLIM ypaBHE-
HHEeM, 3aIUCAHHBLIM IJIA YETBEPTOrOo IiIara, eciy B PABEHCT-
Be (8.2) monoxute N = 4:

F(xg, u)= nzin z,(xg, u,).
4

B npamHOM cayuae [y KaXAOTO COCTOSHUA IleyeBast
GYHKIMA 2, ABJISETCS ONHOZHAYHOX (KAXXAOMY COCTOA-
HUIO COOTBETCTBYET e€JWHCTBEHHOE VHIPaBJECHHE), IIO3TOMY
rrin 2,(x4, uy) =2,(x5, ), T. €. F (x5, u,) = 2,(x5, u,). Kar
BunHO M3 puc. 8.1, dyrkuusa F (x;, u,) B 3aBUCUMOCTH OT
COCTOSIHUY M yupasieHu# (OT Xy ¥ u,) IPUHUMAET 3HAYCHUA
3,9 u 6, a ynpasnernus (7, 10), (8, 10), (9, 10) 6ynyT yciaoBHO-
ONTUMAJBHBIMYU COOTBETCTBEHHO IJIA COCTOSAHHH C,, Cg, Cq.
JTuM 3aBepHIaeTCA MePBBINA 3TAN YCIOBHON ONTUMU3AIUU.

Jns Gonbrell HArATHOCTH Pe3YJIbTATHI IPOBEEHHBIX pac-
cyxIeHn# odpopmuMm B Bume taba. 8.2.

Tabanumma 8.2

x3 ud x4 F4
¢, (7, 10) €10 3
g (8, 10) 0 9
Cy 9, 10) 1o 6
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Ilepexonsa KO BTOpPOMY 3TANY YCIOBHON ONTHUMHUIALNU —
aHaJN3y TPEeTHEero Iara, 3anunieM GYHKIIHOHAJIBHOE ypaBHe-
HUe IJId 3TOTO IIara, KOTOpOe IOJYUUTCS U3 paBeHcTBa (8.1)
opu i = 3:

Fo(xy, uy) = n}lm (24(xy, ug) + F (x5)). (8.4)

Us puc. 8.1 BUAHO, YTO MHOMECTBY X, BO3ZMOXHBIX CO-
CTOSIHUY ITepe] TPETHUM IIATOM COOTBETCTBYET MECTOIIOJIOME-
HUe TPaHcrnopTa ¢ rpy3oMm aubo B nyHKTe 4 (COCTOSIHUE C,),
aubo B myHKTE 5 (CcocTosiHUE C.), ubo B myHKTE 6 (COCTOSA-
HUE Cg), T. €. MHOMKECTBO X, COCTOUT U3 TPEX SJIEMEHTORB: C,,
Csy Co- MHOXKECTBY U, BO3MOMKHBIX YIIPaBIEHUH Ha TpeThbeM
1are COOTBETCTBYET BBIOOP OMHOIL M3 JOPOr, BeAVINUX U3 ITYHK-
T0B 4, 5 1 6 B yHKTHL 7, 8, 9: nasa nyukra 4 ato aubo (4, 7),
naubo (4, 8); nna nyukra 5§ — nubo (5, 7), nubo (5, 8), aubo
(5, 9); nna nyaxkra 6 — (6, 8). Takum o6pasoM, MHOKECTBO
U, yOpaBJIeHUN HA TPETHEM IIare COCTOMT U3 LIECTH dJIEMEeH-
~ToB: (4, 7), (4, 8), (5, 7), (5, 8), (5, 9), (6, 8). MuoxectBo
3HAYEHUH 11eJIeBOU PYHKIUU 2, (X,, Uy) — HEIOCPEACTBEHHBIX
3aTpaT HA IEePEeBO3KM €IUHUIBI I'Pys3a U3 UYHKTOB 4, 5 u 6
B cocejHUe MYyHKTHl 7, 8, 9 — COCTOMUT: U3 3JIEMEHTOB (CM.
puc. 8.1) 7 u 5 fiA COCTOAHUA C,; U3 DIEMEHTOB 2, 4, 8 nnsa
COCTOAHUSA C,; U3 dJIEMEHTA 2 [IJIL COCTOSHUA Cg4.

Kak »xe HaliTH YCIOBHO-ONITHMAJBLHOE YIIPaBJIEHIE HA TPe-
ThEM IIIare AJA KajKJAOTO M3 BO3MOYKHBIX COCTOSHUM, rapaH-
TUPYIOIlee MUHIMAJIbHLIE TPAHCIIOPTHBIE 3ATPATHI?

PacemoTpum cocTosiHMe ¢,. B oTiIHUMe OT 4eTBEPTOrO Iia-
ra, rjae AJs KaXXJOro COCTOAHUSA C,, Cg U Cg CYIIECTBOBANA
TOJIBKO OfHA nopora (O4HO YIIpaBJeHue), Beayinas B nyHkT 10,
a moToMy BbIOOpa He OBLIIO, 371eCh ABE NOPOTH (IBA YIIPABJICHMS)
BeAyT B HampaBJeHun nyHkrta 10: (4, 7) u (4, 8). Cueno-
BATEJEHO, B JAHHOM CJIyuae npeicrout Bei0Op HamnboJiee sKO-
HOMHOTO nyTH B NYHKT 10. 3TOT BBIOOD MBI CI€JaeM C IIO-
MOIIbI0 ypaBHeHU (8.4), HAflAA TPU 3TOM M MUHUMAJLHBIE
saTpartel. Mcoonb3ysa gaHHBIE, IPUBeAEHHLBIEe Ha puc. 8.1, u
pes3yJIbTAThl YCJIOBHOM ONTHMK3AINMU YETBEPTOrO Iara (cm.
Taba. 8.2), monyuaem

F.(x.,, = i 7+83;5+9)=10.
3(xys 1g) (4,171)1’1({41'8)( +9)
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W3 sToro pasescTBa BUAHO, YTO MUHHMAJbHBIE 3aTPaThl B
10 neH. en. coorseTcTBYIOT BHIOOPY moporu (4, 7). Urak, nasa
COCTOAAHUA C, YCJIOBHO-ONTHMAJILHBIM yIIPaBIeHHEeM Gy/ieT BEI-
6op noporu (4, 7), IPU 3TOM YCJIOBHO-OITHMAJIbHBIE TPAHC-
MOPTHRIE 3aTPATHI HA YYACTKE OT IIYHKTA 4 10 KOHEYHOTr0 MyHK-
Ta 10 cocrasar 10 men. en.

AnajornuyaeiM 06pasoM s COCTOAHUS ¢, HAXOLHUM
Fy(x,, ug) = 6., gl,ig: 5.9 (2+3;4+9;8+6)=5,
OTKyJZa CJIegyeT, 4YTO YCJOBHO-OINTHMAJIbHBIM YIpAaBJIEHNEM
6yner BbIGOD Hoporu (5, 7), obecieunBaOI#i YCIOBHO-OITH-
MaJIbHBIE 3aTPAThl B 5 feH. el. JlJIsi COCTOSHUA ¢4 TOIydaeM

YCJIOBHO-ONITHMAJIbHEIE 3ATPAThI

= mi 2+9)=11,
Fy(xy, up) gl’lg( +9)

KOTOpPBIE COOTBETCTBYIOT YCJIOBHO-ONTHMAJNBHOMY YIIDaBJICHUIO
(6, 8) (BbI6OpPY moporu (6, &8)).

B xoMnaxkTHOM BHUe IpUBeAEHHBIE BHIKJIAJKHA 3aMUCAHBI
B ¢popme Tabi. 8.3. 3Tum 3aBepIaercsa BTOPOH 3Tan YCJIOBHOM

OIITHMMM3AIHHU.
Ta6anumnma 8.3

x, ug x5 EN F, 2+ F, Fy
“ 7 ¢, tf 3 10 10

€4 «, 8) cs 5 9 14 -
5, 7) ¢, 2 3 5 5

<5 5, 8 ey 4 9 13 -
(5, 9) c, 8 6 14 -

Ce (6, 8 cq 2 9 11 11

Tpetnit sTan yCIOBHON ONTUMN3AIUNA — AHAJN3 BTOPOTO
HIara — OCYIIECTBJIAETCA COBEPIIEHHO aHAJOTHYHO BTOPOMY
atany. PyHKIIUOHAJIBLHOE YPABHEHNE AJIA BTOPOTO LIATA 3aIlH-
IIeTCH B cJaeayioleil dopme:

Fy(x,, uy) = min (2,(x,, u,) + Fy(x,)).
Uz

Kak Buznno us puc. 8.1, agecs MHOKeCTBO X, COCTOSTHH
06pa3yIoT 3JIEMEHTHI C, U Cg, & MHOXKECTBO yNPABJEHHH —
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anemenTHI (2, 4), (2, 5), (3, 4), (3, 5), (3, 6). 3rauenus HeIeBoi
byEROIUYM 2,(x;, u,) 3anaHsl HA puc 8.1, a sHayeHUS Fy(x,)
IOJy4eHbl HA NPEeIBIAYINEeM 3Tame YCJIOBHOM ONTUMUBAIUYU
(cM. Tabm. 8.3).

UuTraTenio npejjiaraerTca BHIOOJIHHTH COOTBETCTBYIOIIHE
noApobEbIe BRIKJIAAKH, PE3YJbTATHI KOTOPHIX IpPHBENEHBI B
Tabn. 8.4. OTUM 3aBepIIAeTCA TPETHIl ITan YCJIOBHOH ONTH-

MHU3AIUH.
TaG6anuma 8.4

x, u, x, 2z, Fy z, + Fy F,
c 2,9 c, 4 10 14 -
2 2, 5) Cy 7 5 12 12

3, 9 c, 3 10 13 -
c, (3, 5) <y 1 5 6 i
(3, 6) Ce 7 11 18 -

SaKJIIOYNTEJIbHEIM 3TAlOM HPOHENYPHI YCJIOBHOI OITH-
MU3AIMH ABIAETCA aHaJIN3 nepBoro mara. OcoGeHHOCTS 3TOTO
miara COCTOMT B TOM, YTO B €r0 Hayajie COCTOSHUE €, CHCTEMBI
OolIpesiesIeHO OZHO3HAYHO: TPAHCIOPT C IPy30M HAXOAMTCH B
OyHKTe I, TaK YTO MHOKECTBO X, COCTOSTHUH CONIEPKUT eJUH-
CTBEHHBIX JIEMEHT C;, & MHOXECTBO L, yIpaBJeHHH — /JBa
snemeHTa: (I, 2) u (1, 3). DyHKIHUOHAIBHOE YPABHEHHE IJIS
3TOro IIara uMeer BUJ

F (xy uy) = H}in (2,(xg, uy) + Fy(x,)).
PesynbraThl BBIYACAEHAN IPUBEREHH! B Taba. 8.5.

Tabnuma 8.5

X, u, x, z, F, z, +F, F,

¢ , 2) Cy 2 12 14 -
1

—_— (1, 3) [N 5 6 11 11

Kak Bugro 13 tabn. 8.5, yCr0BHO-ONTHMAJIBHLIM YIIPAB-
JIeHHEeM [JIA STOTO 11ara sBjsgeTcs BeI6op goporu (I, 3), obece-
YHMBAIOIMUA MEHMMAJIbHEIE CyMMapHbIe 3aTpatsl F| (x,, u,) =
= F,(1,(1, 3)) = 11 na Bcem nyTH OT IyHKTa I K0 myHKTa 10.
Yro e KacaeTcsi CTPYKTYPHI 3TOT0 IyTH (Hanbosee sKOHOM-
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HOTO MapllpyTa), TO OHA BBISCHUTCSA B IPOI{ecCe IIPOLENYPHI
0e3yCJIOBRHOH ONTUMUBAIIUHU.

ITpu 6e3ycsi0BHOII ONTHMHU3AIMU OCTAETCA IPOUTH elle
pas Bech ONTHMHBUPYEMEIH ITpoilecc, HO y)Ke B IPSIMOM Ha-
OpaBJeHUM, HAYMHAA C [epPBOI0 U KOHYAs YEeTBEPTHIM Ia-
FOM, U «IIPOYXUTATh» HCKOMOE OITHMAJbLHOE YIIpPaBJIEHUE
(HanboJjiee 9KOHOMHEBIM MapHIPYT), KOTOpOoe OyIeT COCTABIEHO
13 HaWJAeHHBIX paHee (IPK YCIOBHOU ONITHMHU3ANNN ) IITATOBBIX
YCJIOBHO-ONTUMAJbHBIX VIIPABJEHUHN (IOPOr MEXAY OTIeNb-
HBIMM NyHKTamu cerun). I3 tabu. 8.5 BUAHO, UTO N3 HAYAIb-
HOTo MyHKTa I (COCTOAHWE C,) TPY3 CEAYeT HANPABAATH HO
nopore (I, 3), u60 MMEHHO 3TOMY YCJOBHO-ONTHMAJbHOMY
IIAaroBOMY YIIPABJIEHHUIO COOTBETCTBYIOT MUHAMAJIBHBIE 3aTPa-
el (cM. mocaepaHuil cronxber; taba. 8.5). B pesynsrare rpys
OKaxKeTcA B MyHKTe 3 (cocTosinume ;). Ilepexoaa x taba. 8.4,
3aMeyaeM, 4TO M3 IIYHKTa 3 Ipys HEOOXOZWMO AOCTABJIATH
noporo#t (3, 5) B myHKT 6 (cocrosHHe ¢,) (CM. mocienHui
cronber; taba. 8.4). M3 tabn. 8.3 BugHO, UTO jajiee rpya
IOJIMEH [epPeBO3UTHCA 110 fopore (5, 7) Ko nyHKTa 7 (cocTosA-
HHE C;), OTKY/a, KaK 9TO ciaenyeTr u3 Tabma. 8.2, o Hampas-
nsaerca poporoi (7, 10) B Koneunwst nyakT 10 (cocrosHue
¢,0)- Takum o6pasom, Haubonee SKOHOMHBIM MapIIPYT IpPO-
Jieraer uepes NyHKTHI 1, 3, 5, 7 u 10, ipu 3TOM TPAHCIOPTHBIE
pacxoabl MUHHMUSUDPYIOTCH U cocraBasior 11 geH. en. Ha

eIUHUNY Tpy3a.

IIpu UCIIOIB30BAHNH METOA TUHAMUYECKOTO IPOrpaMMHUPOBAHUSA
YacTo IOJy4YaloTcs MOOGOUYHEBIe Pe3yJbTAaThl, CBASAHHEIE C paccMar-
puBaeMoi 3ajauell M HEPEAKO UMEIOIINE HE MeHee BayKHOe 3HAYEHUE,
YyeM OCHOBHOH pesysbTar. B gaHHOM cnyuae KpoMe OINTHMAJILHOTO
MapIIpyTa AOCTABKHM I'py3a u3 nyHKTa I B myHKT I0 madopmanus,
comepxainasnacsa B Tabs. 8.2—8.5, mo3BonseT HaXOAUThL HANGOJee SKO-
HOMHBI# MaplipyT B nyHKT [0 u3 g1060ro Apyroro myHKTa NaHHOH
cetu gopor. HaxomATca T MapUIPpYyTH TakK ’Ke, KaKk # cHOPMHUDPO-
BaHHBIA Bhite Mapuipyt I —3—5—7—10. Tak, HantpuMep, ONITHMAJb-
HBIM MapuIpyT ua nyskra 2 B nyHKT 10 npoiifer yepes MyHKTH 5 u 7.

3aMeTuM B 3aKJIOYEHHE, YTO B PACCMATPHBAEMOM IIpHUMeEpe IIpo-
HIANIOCTPUPOBAHA OAHA M3 IJIABHEIX ocobeHHOCTEH MeToZa AUHAMU-
YeCKOro MporpaMMHUPOBAHUA: IPH BEIOOPE PeIIeHUs Ha Ka'KAOM LIare
HEoOXOANMO PYKOBOACTBOBATECHA HHTEPECAMH BCETO ONNTHMHU3UPYEMOTO
npouecca, a He TOJbKO JaHHoro mara. IMeHHO aTUM 00BACHSETCA
BKJIIOUEHHE B Hanbosiee SKOHOMHEIN MapuipyT gopory (1, 3), yaenbHbIe
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TPaHCIOPTHLIE 3aTPaThl Ha KOTOPOM B 2,5 pasa BhilIe, 4yeM Ha Jopore
(1, 2). Ora «KepTBa» Ha TEPBOM lare MPUHECEHA C TEM, YTOOBI MHU-
HIMU3UPOBATH OOIIMe 3aTPaTHL Ha BCeM YeTBhIPEeXITaroBOM MapIipyTe.

8.1. Ha ceru nopor, usobpaskeHHoi ma puc. 8.2, a, 6,
YKa3aHbl CTOMMOCTH IIEPEBO3KU €IUHUNEI I'PY3a MEMXIY OT-
JelbHBIMM HyHKTaMu ceTu. Haditn Hanbosiee 9KOHOMHBIN Map-
IIPYT AOCTaBKHU Ipysa M3 NYHKTAa A B nyHKT B. YeMy paBuL!
CyMMapHblie 3aTPAThI 10 JOCTABKE €IUHUIEI IPy3a ONTUMAJb-
HBIM Mapirpyrom?

8.2. Ha ceru nopor, msobpaskeHHON Ha puc. 8.3, a, 6,
yKa3aHbl CTOMMOCTH IEPEBO3KK €UHHIILI I'Py3a MeXJy OT-
JeJbHBIMH INyHKTaMu ceTH. Halitu Ha ceTw mMaplupyThl, Be-
JAylnue B KOHEUHBIH NMyHKT /2 M3 BCeX OCTANBHBLIX IyHKTOB,
IIPH TePEeBO3Ke Irpy3a 10 KOTOPHIM 3aTPaThl MUHUMUSHUPYIOTCH.
OnpenenuTsh BETUYUHY 3THUX 3aTPAT AJIA KAXKA0T0 HAMAEHHOTO
ONTUMAJIFHOIO MapiIpyTa.
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8.3. OnpenennTs KpaTyaimnil MapIIPyT ABMMKEHNA TPAHC-
opTa W3 HAYAJNBHOTO OYHKTA A B KOHEUYHBIH NYHKT B Ha
ceTH Iopor, m3obpakeHHON Ha puc. 8.4, a, 6. Paccroanusa
MeXKy IPOMEKYTOUHBIMY ITYHKTAMH CeTU Ha PUCYHKE YKa-
3abl. YeMy paBHA NPOTAYKEHHOCTh OITHMAIBHOIO MapHIpyTa?

8.4. Ha cereBoM rpadmke Komniekca paGor, naobpakeH-
HOM Ha puc. 8.5, a, 6, Hali T KPUTHYECKUH IyTh U ONIPENETIUTD
KPUTHYECKHUH CPOK.

8.2. IIpou3BOOCTBEeHHBIC 3aAa4YM, pelliaeMbie
MEeTOIOM THHAMHYECKOro NMPOrpaMMHpPOBAHMA

3azauyd ONTHMAJBHOTO pacHpeIeIeHHA PECypPCOB H IepcleK-
THBEOTO IUIAHMPOBAHNA. 3a/1aYi Ha ONTUMAJIbHOE pacIpeliesieH e pe-
CYPCOB IT0 Pas3JIMYHBEIM KaTeropusM MepONpUATHH BO3IHUKAKOT B NIPO-
WB3BOJCTBEHHOHN IPAKTHKEe OCOGEHHO YacTo. ITO MOTYT OBITH 3aa4d O
pacnpelesleHNU CpeJACTB Ha npuodpeTeHue 00ODYAOBAaHUA, 3aKYIKY
CHIpbA M HaiiM paboueil cuibl; 3afayd O pacupejesIeHUH TOBAPOB IO
TOPTOBBIM K CKJI&JCKHM IIOMEIIeHUAM; 3aJa4Yid O DacIpefeeHUH
CPeJCTB MeXIY PAa3JIUYHBIMU OTPACIHSAMU IIPOMBIIINIEHHOCTH U T. II.
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PaccmoTpum umnc/IOBo#l IpUMep MIMPOKO PacHpPOCTPAHEHHOH 3a-
Jadyl, B KOTOPOH pellaeTcs BOIIPOC 6 TOM, KAK CIIAHHWPOBATL paboTy
TPYIIBl OIPeANPUATUR, YTOOH 9KOHOMHUYECKUH aDdeKT OT BLIJECH-
HBIX 3THM HPEeAIPUATUAM JOIOJHUTENbHBIX (GUHAHCOBLIX I MAaTEepHU-
aJILHBIX PECypcoB GBI MaKCHMAJIBLHBIM.

IIpumep 8.2. IlpoussoacreedHoe oO’befNHEHNE BbIAEIAET
yeThIpeM BXOJAIUM B HErO HPELIPHUATHUAM KPEIUT B CYMMe
100 mnu meH. ef. ANA pacIIMPEeHUs IMPOM3BOACTBA W YBEJIH-
4YeHHd BBINYCKa npoayxknuu. Ilo xa)kaoMy npesupuaTHio
M3BECTEH BO3MOXKHBIN IpUPOCT 2,(u,) (i = 1, 4) BBIMyCKa IIpO-
OYKIVY (B JeHEXHOM BBLIPA’KE€HHM) B 3aBUCHMOCTH OT BEIJe-
JIEHHOH eMy CyMMBbI 4, [/ yOpommeHusa BHIYMCIEHHH BBI-
Jensemble cyMMbl KpaTHbB! 20 MuH meH. en. (taba. 8.6). Ilpu
9TOM HpeAIoJaraeM, 4TO IIPUPOCT BBHIMYCKa IPOAYKIHMH Ha
i-M IPEJIPUATHY He 3aBUCHUT OT CYMMBbI CPEACTB, BJIOYKEHHBIX
B Ipyrue NpPeRIpPHATHS, & 00NN MPUPOCT BHIMYCKA B IpO-
U3BOACTBEHHOM OOBeJUHEHUN DaBeH CyMMe IPHUPOCTOB, HO-
JIYYEHHBIX Ha KaXKJOM IPEIIpUATHM O0befUHEeHUd.

Ta6nuna 8.6

IIpennpustue

Brigensemsie N 1 l N 2 ] Ne 3 l Ne 4
cpexcTsa U,
MJIH JeH. eX.

IlpupocT BRIycKa NPOAYKLMH Ha NPeANPHATHAX Z,(U),
MJIH [eH. ef.

2, () l z,(1) I 241 l z2,(1)
20 10 12 11 16
40 31 26 36 37
60 42 36 45 46
80 62 54 60 63
100 76 78 77 80

TpebyeTcss Tak pacuperejuTb KPEAUT MEKIY IpeNnpH-
ATAAMHY, 9TOOB! OOIMUIT IPHPOCT BHIMYCKA NPOAYKIIAI HA IPO-
H3BOJCTBEHHOM O0BbeArHEeHNN ObLI MAaKCHUMAJIbHBLIM.

P e m e 5 u e. B paccmarpuBaemoit safauye pusuuECKOil
cucremMoi S ABISAEeTCA IPOU3BOICTBeHHOE O0hefUHEHHUEe, a B
KayecTBe Ilara npoliecca IPUHATHASA PeIIeHUs caeayeT IOHU-
MaTh HasHAYeHUE TON WJIN MHOI CYMMBI CPEACTB KOHKPETHO-
MY OPEAIPHSTHIO! HA IIEPBOM LIIATE — II€PBOMY IPEAIPHATHIO,
Ha BTOPOM — BTOPOMY H T. A. B AZaHHOM ciyuae mporecc
pasbuBaeTcs Ha YeTwIpe IIara.
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Ilpucrymas x axTuyYeckoMy peNIeHHIO 3ajadu, Heol-
XOANMO BBIAACHUTE, KAKOH OPaKTUYEeCKNHA CMBICI UMEIOT MaTe-
MaTUYIeCK¥e CUMBOJIBI, B KOTOPBIX 3allica o0mIuil MpUHNNI
ontTuManbrOCTH Besnrimana (8.1), npuMeHUTEIbHO K NaHHOM
3agaqe.

CocrosiHue MPOUBBOACTBEHHOTO 00beANHEeHIA (COCTOAHIE
cucreMbl S) Oymer XapaKTepu30BATHCA B KAKIBIN NAHHBIH
MOMEHT KOHKPEeTHBIM BapHaHTOM DacHpefesleHUA KpeguTa
MeXx Ay npeinpuatusaMu. CoCToOAHNE IPON3BOACTBEEHOTO 00b-
efuHeHus (cocTosHue crcreMsl S) mepes BHIGOPOM pasMepa
CYMMBI, &CCUTHYEMOM i-My NPeJIPUATHIO (Iepef i-M Iarom),
OTPeAeAETCHA BeJIUUNHON OCTATKA KPEeANTA [TOCTe BhIAEIeHNA
CPeJICTB APYTuM i — 1 npeaupuaTHAM (Ha OpeIIIeCTBYIOUIMX
i — 1 marax). ITocKoIbKY BO3MOKHBI DABIHYHbLIE BAPUAHTHI
pacuopenenenuns cpeacts (or 0 o 100 muar neH. ex.), To m
COCTOSTHHA IPOU3BOACTBEHHOIO O0beANHEHNA IIepes [-M Ina-
TOM MOryT OBITH Pa3/JMYHBIMH, U KaXKJoe U3 HUX Oyjer xa-
PaKTEepPHU30BaTbCSA COOTBETCTBYIOIIIMM 3HAUEHHEM OCTABIIIEH-
ca cymMbl. COBOKYIIHOCTD 3TUX 3HAYEHHI 1 COCTABUT MHOMKe-
CTBO X, ,. THM K€ CHMBOJIOM O6O3HAYMM M MHOXKECTBO CO-
CTOAHUIN CHCTEMBI Iepej i-M IIaroM.

IIpuraroe Ha i-M mare pelleHue (YIPaBJeHHE) O CYMMe
CPeJCTB, BBIAEAAEMBIX i-MY HPeANPUATHIO, OYAeT 3aBHUCETH
OT BEJIUYMHEI OCTATKA KPEeJUTa K MOMEHTY BEIIEJICHUA CPELCTB
i-My OpeinpuaATUIO (K HaYangy i-ro mrara), a mOTOMY MOJKeT
TIPUHUMATE PA3JIMYHEIe 3HAYEHNU A, COBOKYIHOCTh KOTOPBIX U
COCTaBI/IAeT MHOXKECTBO u;. DTUM e CHMBOJIOM OyxeMm 060-
3HAYaTh ¥ MHOXKECTBO yOPAaBJIeHHH HA i-M mare. B coorsert-
CTBHM C YCJIOBUEM 3a7a4U IJI€MEHTAMH MHOXeCTBa u, 6yayr
yucaa 0, 20, 40, 60, 80 u 100.

CocTossHME TPON3BOACTBEHHOrO O6'beIUHEHN S IIOCIe BhIe-
JIEHNSA CPeACTB i-My HIPeAIPUATHIO (COCTOAHUNE CHCTEMBI S B
KOHIE {-TO IIara) OIpeeIAaeTcsa BeINYMHON HepacIpeneieH-
HOHM CYMMBI CPEJCTB, KOTOPas MOYeT ObITh Pa3JIMYHOH B 3a-
BHCUMOCTH OT BBIAEJIEHHOHN i-My IPeJNpPHUATHIO CYMMBI (OT
BBIOPAHHOI'O YNPABJIEHUSA U3 MHOXECTBA 1), & IOTOMY M CO-
crosHUE 00beAUHEHN A (COCTOAHNE cuCcTeMbl S) Oyjer xapak-
TE€pPU30BATHCA OJJHUM U3 3JIEMEHTOB MHOMECTBA COCTORHUII B
KOHIle i{-ro IIara, T. e. MHOXeCTBa X, B ycioBmax maHHOI
sazlayy dJMeMEHTaMU MHOXKecTBa X, Oynyr yucna 0, 20, 40,
60, 80, 100.
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Henesas dyaxmus z(x, |, &) O3Ha4aeT IPUPOCT BBIITYCKA
OPOAYKOUH HA i-M NPEeAIPHATHY IPK YCIOBHUH, YTO BeJIUYUHA
OCTATKA KPeJuTa Nepej BhIeIeHeM eMy BhIOpaHHOM 13 MHO-
KeCTBA i, CYMMBbI OTIpe/IeJIAIAach SJeMEeHTOM MHOXECTBA X, ;.
Bripakenne F(x, ,, u,) 0O3HaYaeT MAKCHMAaJbHBIA CyMMap-
HBIH IPUPOCT, IIOJYUEHHBIN Ha BCeX IPEANIPUATUAX, HAYMHAA
¢ i-ro, NpHA YCJOBUHU, UTO Iepel BBIAEICHUEM 3TOMY IIpen-
OPUATHIO HEKOTOPO# JONYCTHMOM CYMMBI, PaBHOH 3JIEMEHTY
MHOKECTBA U,, OCTATOK KPeJUTa XapaKTepH30BaiIcsd HEKOTO-
PBIM 3JEeMEeHTOM MHOKECTBA X, ;.

IIporenypy yCJaOBHON ONTHMHBAINY HAUNHAEM C YETBep-
TOT'O IIlara, Ha KOTOPOM CPEeZCTBAa BBIAEJNAIOTCA YETBEPTOMY
npeaupuaTuio. s paBedcrna (8.2) mpu N = 4 ¢ y4eToM Max-
CUMU3AIlAY 1eJIeBOM QYHKIIUK IOoJyuaeM claenyrouiee QyHK-
IMUOHAJIBHOE YPaBHEHHE:

F (x4, u,) = rrbax 2,(xg, u,).
4

Kax Bugso us 1abiu. 8.6, sce dynxuuu z(u,) (i =1, 4) oxn-
HO3HAUYHBI: KAXKOMY 3HAUEHUIO CYMMBI BBIZIeJIEHHBIX CPEJICTB
COOTBETCTBYET €JUHCTBEHHOE 3HAYeHUe IIPHPOCTA BHIIIYCKA
OPOAYKLIHUM, & moaTroMmy F (x,, u,) = 2,(x,, u,). Cocrosnue
[IPOU3BOJICTBEHHOr0 O0beJUHEHNs (COCTOSHMEe CUCTeMbl S)
meper BbIAEICHNEM CPEACTB YeTBEPTOMY IIPeJIPHATHIO (Iepex
YeTBePTHIM HIATOM) TOYHO He OIpPelesIeHO, HOBTOMY Heo0xo-
AFMO IIPOAHATM3HPOBATH BCE JONYCTUMEIE BAPUAHTHI (COCTOA-
HUSA 13 MHOMECTBA X,). OTO HOHATHO, MOCKOJIbLKY MOKA HEeM3-
BECTHB! YOpaBJeHUA (BeJUYUHLI ACCUIHOBAHUII), BHIOHDAB-
mIvecs paEee Ha MePBbIX Inarax (JJIs IepBhIX TpeX NpeAlpusi-
tuit). UTak, HoAeKaT aHaIu3y BCe 3JIeMEHThI MHOMKECTBA X4
cocroarumit: 0, 20, ..., 100 u MEOXecTBa U, YIDaBJIEHHI: 0,
20, ..., 100. HanomMmuuMm, YTO B MHTEpecax BCEro YeThbIpex-
[IaTOBOT'O MPOIEcCa MOXKET OKAa3aThCH I[e1eCO00pasHbIM Bbi-
nmeseHye YeTBEPTOMY HIpeAnpusaTuio cymmsl B 0 Mmua gex. en.,
I09TOMY MBI He HCKJIIOYaeM M3 MHOMKECTB X, U u, aaemeHT 0.
PesynpTaThl YCIOBHOM ONTHMHU3ANHNU YeTBEPTOrO IIara IpH-
BeneHsl B Taba. 8.7, rae RS Ka)XJAOro COCTOSHMSA U3 MHO-
KeCTBa X, YKA3aHBI €AHHCTBEHHOE YCIOBHO-ONTHMAIBHOE
ympaBjieHHe B3 MHOXKEeCTBA &, ¥ COOTBETCTBYIOMIAasl YCIOBHO-
onTmMasbHas BeJudiHA F, HPHPOCTa BLIYCKA MPOAYKIMHY, COB-
afaiomas Ha 9TOM [Iare ¢ HeIOCPeACTBeHHBIM HPUPOCTOM Z,.
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Tabauma 8.7

x, u, z, F,
0 0 0 0
20 20 16 16
40 40 37 37
60 60 46 46
80 80 63 63
100 100 80 80

Ha Bropom sTame yCc/JI0BHON ONTUMHN3ALNH HCCIELYEM Tpe-
THil mar, A KOTOPOro OCHOBHOE GYHKIMOHANILHOE ypaBHe-
aue (8.1) upm i = 3 umeer Buf

Fy(x,, ug) = muax (z4(xy, ug) + F (x,)). (8.5)

M=uoxecTBa x, u x,; cocrToaT us anementos 0, 20, ..., 100,
MHOKECTBO Uy JONYCTAMBIX YIPABIEHUH — M3 TeX e dJre-
MEHTOB. A Ka’KIOro NONYCTHMOI'O COCTOAHUSA HANJIEKUT
BRIGPATh YCJIOBHO-OITHMAJNBHOE VIPABJIEHUE U HAUTH YCJOB-
HO-OUTUMAJbHYIO BEJINYHHY IPUPOCTA BBIIYCKA IPONYKIIMH.
Tak, ecnu HA MOMEHT BbIZjeJIEHUS CPENCTB TPEThEMY IIpej-
npuATHO B Hanuyuu umeercss 20 MaH [ed. el., TO TPeTbeMy
TNPEeANPUATHIO MOXKHO BhIgeauTts aubo 0, aubo 20 mias gex.
en. Ucnonesya ycnoBusd 3agaun (cM. Tabiu. 8.6) u pesyabpraTsl
YCJIOBHON ONTUMHK3AIMK YeTBEPTOro mara (cM. Taba. 8.7), na
ocHoBe paBeHcTBa (8.5) HaxomuMm

Fy(xy, ug) = max (2,(20, 0) + F,(20), 2,(20, 20) + F,(0)) =

= max (0 + 16; 11 + 0) = 16.
0,20

Orcrofia BHAHO, YTO MaKCHMaJbHas BeJIHYNHA INPUPOCTA B
paccMaTpuBaeMOM BapHaHTe cocTaBiser 16 MiH feH. en. u
JOCTUTAETCSA B TOM CJydae, KOTAA TPEThEMY IIPeAIpPHUITHIO
CpeJCTBA He BBIAEIAIOTCA (IPUPOCT OGECTIEUYUBAETCA TOJLKO
4eTBEPTHIM npeanpusruem). Utak, eciu K MOMEHTY BEIJeJe-
HHUSA CPEACTB TPEThEMY IIPEAUPUATHI0 nMeercss 20 MIH feH.
€ll., TO YCJIOBHO-ONITUMAJIBHBLIM YIIDABJIEHNEM HA TPEThEM IlI1are
Oynmer BbIfeJIEHME TPeTbeMy HPefUpPUATHIO cyMMEI B 0 MaH
ZIeH. e]l., IIPK 3TOM YCJIOBHO-ONTHMAJILHOE 3HAUEHUE I[eeBOH
¢dyEKIUY paBHO 16.
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AHaJOrn4YHbIM 00Pa30M OCYIIIeCTBJIAETCS BBIOOD YCIOBHO-
ONTHUMANBHBIX VIPABICHUHA U AN BCEX OCTAIBLHBIX HOIYCTH-
MBIX COCTOSHHUH U3 MHOKECTBA X,. Hanpumep, eciu K MOMEHTY
BbLJEJIEHIA CPELCTB TPeTbeMY IIpeanpuATiio nMeercs 60 Miru
IeH. efl., TO d3TOMY IPEXNPUATHIO MOXHO BbLAEJUTH Jubo 0,
nu6o 20, nubo 40, nubo 60 mam gen. en. OupeneneHHo pe-
IIaeTcsa BOIPOC ¢ MpuBJedeHneM paBeHcTBa (8.5), HA OCHOBe
KOTOPOTO MOJIyYyaeM

Fy(x,, ug) = max (0 +46; 11 +37; 36 + 16; 45 + 0) = 52.
0, 20, 40, 60 :
13 sT0Oro paBescTBa BHAHO, YTO MAKCHUMAJILHOE 3HAUYEHNE TIPU-
pocta B 52 MJIH JieH. eJ[. JOCTUTAETCA B CIydae, €CIH TPETheMY
npeanpuAarnio O6yner Beifenaeno 40 MaH geH. el. OTO U €CTh
YCJIOBHO-ONTUMANBHOE YIIPABJIEHUE [/ PACCMOTPEHHOIO Ba-
pHUaHTa Ha TPEeThEM IlIare.
Bece BpIUMCIeHHS IS TPETHLETO IIara IIPHBENEHLI B

Tada. 8.8.
Ta6auma 8.8

X, u, X 24 F, zy + F, Fy
0 0 0 0 0 0 0
20 0 20 0 16 16 16
20 0 11 0 11 -

0 40 0 37 37 37

40 20 20 11 16 27 -
40 0 36 0 36 -

0 60 0 46 46 -

20 40 11 37 48 -

60 40 20 36 16 52 . 52
60 0 45 0 45 -

0 80 0 63 63 -

20 60 11 46 57 -

80 40 40 36 37 73 73
60 20 45 16 61 -

80 0 60 0 60 -

0 100 0 80 80 -

20 80 11 63 74 -

40 60 36 46 82 82

100 60 40 45 37 82 82
80 20 60 16 76 -

100 0 77 0 77 -
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YuraTes o IpeAIaraeTcsi CaMOCTOATENbHO 3AKOHYNTD IIPO-
1eAypy YCIOBHOM onTuMu3anuu. [ KOETPOIA Pe3yabTaThl
npuBenessl B Taba. 8.9 u 8.10. B atux rabaunax (8 oTauuune
or Tabs1. 8.8) coxpaHeHBI TOJBKO YCIOBHO-ONTHMANBHEIE YIIPAB-
JIeHHsI, a BCe 3aBEOMO HEBELIMOAHBLIE BADMAHTHI OIYIIEHEI.

Tabauna 8.9

x; u, x, 2, F, z, + F, F,

0 0 0 0 0 0 0
20 0 20 0 16 16 16
40 0 40 0 37 37 37
60 0 60 0 52 52 52
80 0 80 0 73 73 73
100 20 80 12 73 85 85

Ta6anuma 8.10

x, u, x, 2, F, 2, + F, F,
0 0 0 0 0 0 0
20 0 20 0 16 16 16
40 0 40 0 37 37 37
60 0 60 0 52 52 52
80 0 80 0 73 73 73
100 _0_ 100 0 85 85 85

ITocisie saBepllleHUs YCJIOBHOM ONTHMMU3ANUN IepeXOoquM
K 6e3yC/I0BHOH ONTHMHU3ANUN — MOMCKY HauboJiee BEITOTHOTO
pacmpefeneHus Kpenura Mexxkay npeanpusaruamu. O6pamaem-
ca k tabn. 8.10, n6o oHA cooTBeTCTBYyeT nmepBoMy miary. Y
aToil Tabaukl BUAHO, 4TO npu Kpeaure B 100 MaH neH. en.
MaKCHUMAJBLHBIA IPUPOCT BBIMTYCKA OPONYKIINY Ha BCEX YETHI-
pex IpeANpHATHAX cocrasiser 85 MJH JeH. ef. (CM. CTOJI-
Gerg F1)’ €CJIN IIePBOMY IPEeNUPUATHIO CPENCTB HE BBLIAEIATH
(cM. cronben u,). OcraTox xpepura 100 — 0 = 100 (cm. crox-
Berr x, ) TOAIEIKUT ONTHMAIBHOMY PACIIPe/IeJIeHUI0 MEX Y OC-
TAJbHBIMHU TPEMA NPEAIPUATHAMUA.

W3 tabn. 8.9 crenyer, uro uz 100 miuH gex. ex. (eMm. cToJ-
Ger x,) BTOPOMY NPEANPUATHIO HAAJIEKUT BbIAeNUTh 20 MaH
neH. exn. (cM. cronber u,), a ocratok 100 — 20 = 80 man nex.
en. (cM. cronben x,) HEOOXOAMMO ONTHMATIBLHO PACHPEENIUTD
MeXKAy OCTABIIMMUCA ABYMA npeaupustuamu. Us taba. 8.8
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HaxonuMm, uTo u3 80 MiH neH. ex. (cM. cTonben x,) TPETbEMY
IpeAupUATUIo Hano BeiaenuTh 40 MJIH neH. exn. (cM. CTOJI-
Gen ug), mocae gero ocraerca 80 — 40 = 40 mnn aeH. exn. (cm.
cronben x,). Hakonemn, us tabx. 8.7 ciexyer, 4TO mocIennne
40 mnH neH. en. (cM. crosaber x;) aCCUTHYIOTCA 4€TBEPTOMY
npepnpuaTuio (cM. crosnben u,). Hafizennoe onTuManbHOe pac-
npefiejieHne KPeIuTa MOXKHO 3alIUCATh B BUIE BEeKTOpa u* =
= (u;; u;; ug; uZ) =(0; 20; 40; 40). ImenHO Takoe pacupe-
fejeHne 00ecIeYnBaeT IIPOU3BOICTBEHHOMY O0beIMHEHIIO MaK-
CUMAJILHBIN IIPUPOCT BBINYCKA IMPOAYKIINY B 85 MJIH JIeH. eX.

3aMeTHM B 3aKJIOUYEHHE, UTO, PEIINB IIOCTABJEHHYIO 3a-
Zady 0 HaXOMJeHUH ONTUMAaJIbHOro pacupegenenus 100 muu
IeH. efl. MeXKAY YeThIPbMS NPeAIPAATHSIMU, MBI IOTTYTHO II0-
JYYUIHA BO3MOXKHOCTH HAWTH ONTHMAJbHBIE DACIpELeNeBns
kpenura B 20, 40, 60 u 80 MAH meH. eX. MeXIY TeMU ’Ke
OPeNNPUATHAME. OTH pacupefesjeHus MOXKHO HaHTH IO
Taba. 8.7—8.10, moansysics u3I0KeHHON MeTonukoi. Tak,
YUTATEJNIO IIpeaaaraeTcs yoeuThresa B ONTHMAJIBHOCTH CIIeYIO-
1ero pacHpejeeHus 60 MJIH NEH. eJl. MO MPeANPUATHAM
obseannennsa: u, =0, uy = 0, uy = 40, u, = 20, obecreun-
Bawmero o6beJUHEeHUI0 MAKCUMAJBbHBIA IPHPOCT BBIIYCKA
NPOAYKIUHU B D2 MJIH JieH. ef.

8.5. PepMepy IPUHAIJIEIKUAT CTAA0 CKOTA, HACUHMTHIBAIO-
mee 60 romos. OnuH pas B rofy depmep pemraer, CKOJIBKO
roJIOB CKOTA OPOLATH M CKOJBKO OCTaBUTH. IIpuGHLIb OT IPO-
IAsKU OLHOM I'OJIOBBEI CKOTa B JIIOOOM rozly pacCMaTpUBaeMOro
yeTsIpexJjeTHero nepuoja cocrariusier 10 nen. ex. Koauuecrso
OCTaBJIEHHBIX 'OJI0B CKOTA B CIEAYIOIIEM IOy YBEJIHUYUBAETCA
ua 100 % . ITo ucreyeHnH UeThIpex jeT ¢pepMep HaMepeBaeTcs
IIPOZATH BCE CTa/0, TAK KAK HePeXOAUT Ha IPOU3BOACTBO APY-
rofi mpoxykuuu. [IpousBoACTBEHHBIE IOMEIIeHUsI He IO3BO-
NS0T eMy cogep:karh 6osee 200 royoB ckora. Halitu on-
TUMAJBHBIN IJIAH OPOLAXKH CKOTa IO To/laM YeThIPEXJIETHEr0
Tepuoja, Ipu KOTOPOM NPHUOLIIb, IOJyJeHHAsA 34 3TOT IepH-
ox, 6yAeT MaKCUMAaJbHOI.

8.6. [Ipon3BoACTBEHHOMY O0'beJUHEHNIO H3 YeTBIPEX MpPej-
OpuATHi BhIiensieTcss OaHKOBCKUIH KpeAuT B cymme 60 mMiH
NeH. ef. AJNA YBEeJMYEHUs BBINYCKA NPOXYKIUM. SHAUCHUA

z(u) (i =1,4) KONOJHUTEJLHOrO JOXONA, MONYYaeMOro Ha
HOpeANpUATUAX 00beIUHEHNS B 3aBHCHMOCTH OT BLITEJIEHHOMN
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CYMMEI U4,, OpuBe/ieHE! B Tabu. 8.11. PacnpeseauTs BEIENEH-
HBII KPEIUT MEXKAY NPeAUPHATHAMU TaK, YTOObI JOIOJIHU-
TeNbHBIN NOXOH OOBeIuHEeHNs GblI MAKCHMAJbHBIM.

Ta6bnuma 8.11

IIpennpuartue
Brizensemsre N1 I Ne 2 ] N 3 l Ne 4
cpescTea u,
MJIH JeH. efl. ITonryuaeMBlil JOXOX, MJIH A€H. eX.
z,(u) ] 2,(u) 1 23w l 24
20 9 11 16 13
40 18 19 32 27
60 24 30 40 44

8.7. PemuTs 3anauy 8.6 1ns Ipou3BOICTBEHHOTO 00BN~
HEHUS M3 TpeX IPeAIpUusATHN IO NJAaHHLIM, IPHBEJEHHBLIM B

Taba. 8.12.
Taotnuma 8.12

Hpepnpuarue
Brinenaemnle N1 l N 2 I N 3
cpefcTBa U, - - -
MJIH JeH. efX. TlonydaeMulit OXOA, MIH J€H. €X.
z,(u) | z,(u) l 24(u)
20 9 11 13
40 17 34 28
60 29 46 37

8.8. Ha Tpex craukax, paGoTaromux napasiielbHo, Heo0-
xonumo marotosuTh 20 manenuii. Haxaagaele pacxons! (mo-
CTOSHHBIE 3aTpaThl HA eMUHUILY 000PYyAOBaHUA, HE OTHOCHMBIE
Ha ce6ecTOMMOCTs HPOAYKIIMH), 3aTPATHI HAa IPOM3BOICTBO
eTUHHUILI IPOAYKIUN U MAKCUMAJIbHAS TPOU3BOAUTEIbHOCTh
IJIA KaXKJOT0 CTAaHKA YKas3aHbl B Tabm. 8.13.

Ta6nuima 8.13

3aTpaTsl Ha o
POM3BORMTENb-
Haxkaguble MPOU3BOICTBO
Homep cTaHKa HOCTh CTAHKA,
Pacxonsl eTUHUILE "
u3xeanit
NpPOAyKINH
1 10 10 6
2 30 2 8
3 20 5 12
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HatiTu onTrmanpHBIH NJIAH 3aTrPY3KH CTAHKOB, MUHUMU-
SUPVIOMINI 3aTPAaThHI.

V kasasue. 3ai-i mar apolecca IPUHATUSA PeIIeHu 11eeco-
06pas3Ho B3ATHL BRIOOD i-I'O CTAHKa JJIA 3arpy3KH, a 3a COCTOSIHHME —
o6beM paboThl, BHIIONHEHHOM HA CTaHKaX, 3arpysKeHHBIX Ha IIpeabl-
Oymux marax. MHOXXeCTBO COCTOSHUY onpeeseTcd HCXOAA U3 IIPO-
U3BOIUTEILHOCTH CTAHKA, 061ero KonnuecTsa TpeGyeMblX U3JEINN ¢
KOJIMYECTBA NPOAYKIIMY, IPOU3BEIEHHOM HA CTAHKAaX, 3arPyKeHHBIX
Ha MPeAUIeCTBYIOUUX lIarax.

8.9. CoBer qupeKTOpOB GUPMBI U3yYaeT IIPeAJOKEHNA 10
HAPAIUBAHUIO MOIIHOCTEH Ha TPeX IpHHAANIeKAmMNUX dupMe
npeanpusaruax. Ha peanusanyio JaHHOI'O MEPONPUATHAA QUD-
Ma BBIAeNseT cpeigcrsa B o0beme 5 MiH gmeH. en. Kaxpoe
NpeInpHATHE IPEACTAaBISAET HAa PACCMOTPEHHE IPOEKTHI, Xa-
paKTepusyloluecss cyMMapHbIMEH 3arparamu C;, @ HOXO-
ZoM R,, CBA3AHHBIMM C peaiusanueil Kaxaoro us IPOSKTOB.
CooTBeTCTBYIOIIUE JaHHBIe NpuBefeHbl B Tabnx. 8.14, B KO-
TOPYIO BKJIOUEH TAKIKe IPOEKT ¢ HYJIeBBIMM 3aTpPaTaMu, UTo
TIO3BOJIZET VYECTh BO3MOYKHOCTH OTKA3a OT PacIIMpEeHUus Ka-
xoro-nnbo npeaupusaTuA. [Ipouepku B Tabauiie TOBOPAT O TOM,
YTO COOTBETCTBYIOIUI IPOEKT HeIPIMEHUM HA JAHHOM Ipea-
npustiu. Kasgoe npeanpuATHe MOMXeT BhIOparh 060l us
IpefJIoKeHHBIX IPoeKToB. TpebyeTca BIOpATh TAKOH IPOEKT
paCIIMPEHUA MPOUBBOACTBA AJIA KAXKAOT0 NpeAupPUATH, YTO-
6Bl MOMYYUTHE MAKCUMAJBHBIH CYMMAapHBIH HAOX0Z OT MHBEC-
Tunuit B o6beMe 5 MJIH eH. efl.

Ta6nuna 8.14

Ilpennpusrue
TIpoexT Ne 1 Ne 2 Ne 3
< R, C, I R, Cs Ry
I, 0 0 0 0 0 0
11, 1 5 2 8 1 3
I, 2 6 3 9 - -
I, - - 4 12 - -

8.10. Camoser sarpyskaerca mpeameramu I1,, I, n I1;.
IIpenmer I1, mMeeT Maccy m; 4 CTOUMOCTS 7, (i= 1,_3) . I'pyso-

HOLBEMHOCTHL camosiera pasHa M. Heobxonumble YHCIJIOBBIE
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LaHHBbIE (B YCJIOBHBIX eAMHHIIAX) IpuBefeHbl B Tabn. 8.15.
YCTaHOBUTH, CKOJBKO IPEIMETOR KAaXK/IOI0 THIIA CJIefyeT IIo-
MECTUTh B camojieT, 4ToOhrl O0Illas CTOMMOCTL rpysa Oblia
MaKCHMMaJbHON. 3a/laYy PEelINTh AJSA TPeX BAPUAHTOB Ipys30-
HOABEMHOCTH camojierta: a) M =15;6) M =4 ; B) M = 3.

Tabaumnma 8.15

1, m, r,
Hl 2 65
H2 3 80
H3 1 30

8.11. Pewmurs sanauy 8.10 no ganapiM Tabn. 8.16 u 8.17.

Ta6numa 8.16 Ta6nuna 817
I, m, r, M I, m, r, M
o, | 4 | 70 m, 1 | 30
m, | 1 | 20 6 m, 2 | 60 | 4
m, | 2 | 40 , 3 | 80

3axaum o 3amene o6opynosanua. CBoeBpeMeHHasd 3aMeHa yCTa-
pesiero o60pyAOBaHUA HOBEIM — OJHA U3 HACYIHBIX IIpobseM Jiroboi
cthepsl NPOUBBO/CTBEHHOMN AeATeILHOCTH. [leJIo B TOM, UTO C TeYCHHEM
BpeMeHH Joboe 06opyAOBaHUe UBHAIINBAETCH U QU3NUECKH, H «MO-
PajiBHO», 2 IOTOMY Ha KaKOM-TO 9Talle ero 3KCIVIYaTaIsl CTAHOBHUTCA
MeHee BBIFOJZHOMN, HeXeNyW NpuobpeTeHUe M HCIOJL30BAHHE HOBOTO
o6opynoBaHuA. B cBsA3H ¢ 9THM .M BO3HHKAeT 3aJa4a OIpeReIeHUs
Hanbosee NOAXONAINEro MOMEeHTA 3aMeHEI. B KauecTBe KpuUTepuA OI-
THMAaJILHOCTH IIPU 3aMeHe 060py/JOBaHNA B IPOMBIIIJIEHHOCTH OGBIYHO
NPUHIMAIOT MUHUMYM OKHIAeMbIX 3aTPaT WJINM MAKCHMYM 0XKujaeMoil
npubLLIK 32 HEKOTOPEHII nepro/ BpeMeHu. PaccMaTpuBaloTes pasiny-
Hble IOCTAHOBKH 3aZaduy O 3aMeHe o6opyaoBaHusi. MBI OrpaHUYHUMCS
naubosee npocToii curyamnueii.

B nauane nyiagosoro mepuoja us N Jer umeercsa obopynoBaHHE
BospacTta t Jser. I8 KaXXAOro roja IJIAHOBOTO IEPHONA M3BECTHEI
CTOUMOCTE 7{t) NpOU3BEeHHOI ¢ MCIOJIb30BAaHNEM HMelolerocs 060-
pyZOBaHMSA TIPOAYKLUHMHK M 3aTpaThl U(!), CBA3aHHBIE C €ro JKCIUIya-
Tanuei. T XapaKTePHCTUKM 3aBUCAT OT Bo3pacTa ¢ o60pyIOBaHUA.
TI3BecTHBI TaKKe OCTATOYHAS CTOMMOCTb § O0OpyNOBaHU#A, He 3aBHU-
CcHIAas OT €ro Bo3pacTa, 1 LeHa p eAUHHUIIBI HOBOrO 060DYy/IOBaHM S, He
MeHAoN[ascsI B pacCMaTPUBAeMOM ILJIAHOBOM IIepHOJe.
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Tpebyerca paspaboraTh ONTUMAJIBHYIO TIOJUTUKY B OTHONIEHHU
uMemIerocsa obopynOBaHuA, T. €. B Hayaje KaxJoro rofia IJIaHOBOIO
nepHoJa YCTAHOBHUTH, COXPAHUTL B TOM rofy oBOopyJOBaHME HIU
1IpOJAaTh €ro o OCTaTOYHOH CTOMMOCTH § H KYIIUThH HOBOE IO LeHe P, C
TeM 4TOOBI OkuAaeMas IpHOLLIL 3a N JleT JOCTUIIAa MaKCUMAaJILHOH
BEJIMYHUHEI.

B xadecTBe Qpusmueckoll cUCTEME! S B ONMCAHHONW CUTYAIMHU BEI-
crynaer o6OpyAOBaHUE, COCTOSSHME KOTODOTO ¢ TeYeHHeM BpeMeHH
uaMeHsdeTcA. B KavecTBe Iara mpolecca NPUHATHSA peleHus: 37ech
eCTEeCTBEHHO CUMTATH IOj ILJIAHOBOro mepuoja. Takum obpasoM, MbI
uMeeM feno ¢ N-HIaroBBIM IIPOIECCOM.

Cocrosinne obopyzoBaHus (cocrosHWe cucreMsl S) OygeT moJ-
HOCTBIO XapaKTepH30BaTHCA ero Bozpactom . Cyas 1o yCIOBUIO 38744,
napaMeTp ! MOXeT OpUHUMATh 3Havuenusn 0, 1, 2, ..., t -1, t. 3HaueHne
t =0 cooTBeTCTBYeT HOBOMY 0GOpYAOBaHKIO (060PYOBAHIIO « HYJIEBOTO
BO3pacTa» ).

Hagum TonxoBanue obmuM o603HAYEHUAM, B KOTODHIX 3alUCAHO
OCHOBHO€ DYHKIMOHANLHOe ypaBHeHue (8.1), IpUMEHNTEILHO K pac-
cMarpuBaeMoil 3azaue: X, ;| — MHOMECTBO COCTOAHUM 0GOPYAOBAHUSA
nepej i-M rofoM; dJIeMEeHTaMu 3TOTO MHoxkecTBa OyxyT yucna 1, 2, ...,
t, XapaKTepHU3yIollXe BO3pacT 0DOpPYJOBAHUA; Iepel HAYa/oM ILIa-
HOBOTO IIEPHUOJIa He UCKIII0YaeTCH U 060pyioBaHYe HYJIeBOrO BO3pAcTa;
U, — MHOEeCTBO yrpaBIeHunH {pewennit), KOTOpLIE MOTYT OBITH IPH-
HATHL B Haudaje i-ro roja. B manmoil safaue B Havaje Jiroboro ropa
[JIAHOBOTO NIEPHOA 110 YCJIOBUIO MOYKHO IPUHATE OXHO U3 IBYX yHpPas-
seruit: 1) obopynoBanue coxpanuTs 1o (i + 1)-ro roga, 2) obopyfopanue
3aMEHHTH, Peain30BaB CTApOe 110 OCTATOYHOH CTOMMOCTH § ¥ npuob-
pers HoBoe 1o ueHe p. TakuM 06pa3oM, MHOMKECTBO U, COCTOUT BCETO
U3 IBYX DJIEMEeHTOB, KOTOpBble MEI KpaTko OyaeM o603Ha4aTh «CoXpa-
HEHHUEe» W «3aMeHa».

ITockonBKY B paccMaTpuBaeMoi 3afiade yupaBieHue BeIOupaercsa
B Hauajle KaXKAOTOo Toja, TO 3JleCh 1eJIeco00pasHo pasjInyaTh ABRA MHO-
JKECTBA COCTOSHUH 0BOPYAOBAHUA: X; — MHOXKECTBO COCTOSHUH cpasy
TocJIe BLIGOPA YIPABIEHUA B {-M FOAY U X, — MHOMKECTBO COCTOSHHUH B
KoH1e i-ro rofa. B ciaydae coxpanenus oGopynoBaEuA €ro BO3PacT He
W3MEHSETCA ¥ XapPaKTepU3yeTcsi COOTBETCTBYIOIIUM 3JIEMEHTOM MHO-
JKecTBa X, ;, B CJlydYae 3aMEeHbl BO3PACT HOBOTO oBOpyAOBAHUA IIPH-
HMMaeTCA PaBHEIM Hysi0. K KOHIY roja ¥ B TOM, ¥ B ApPyroM ciydae
06opyAOBaHUE «IIOCTApPeeT» Ha OAWH TOJ.

OcTaJIbHBEIM dJeMeHTaM ypaBHenus (8.1) nraguMm ciexyloiee TOJ-
KOBaHHe: 2, — OPUGLLTL B i-M TOAY OT UCTIOIb30BAHUA 00OpYIOBAHUSA;
F(x, ;, 4) — YyCJIOBHO-ONTHMAJIbHAA opubLIIb OT HCNIOJbL30OBAHMSA
oBopyoBaHUSA B NEepHoA ¢ i-ro mo N-ii rox mpu ycJIOBHH, 4YTO Nepef
i-M rOZOM BO3PACT OGOPYAOBAHUS XaPAKTEPUIOBAJICA 3JIEMEHTOM MHO-
eCTBa X, ; ¥ B HavaJe i-ro rozia G510 IPUHATO HEKOTOPOE YIIPABJIeHHe

u3 MHOXecTBa U; F, ,(x) — yClOBHO-OITHMaJbHAA npubLINb OT

i+l
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HCIOJB30BaHNA 000pPYROBaBUA B Itepuoy ¢ (i + 1)-ro no N-ii rox npu
YCJIOBHU, UTO B KOHILE -0 T'OJIa BO3PACT OOOPYAOBAHUSA XAPAKTEPU3O-
BAJICA 3JIEMEHTOM MHOXXECTBA X,.

OcHoBHOe GYHKIMOHAJILHOE YpaBHEHHWE AJs nocjaenHero, N-ro,
roja NJaHOBOI'O IepHOJia B COOTBETCTBHHY C paBeHCTBOM (8.2) sanuIinercs
B CJIEAYIOLIEM BHIE:

N(xN_I) uN)' (8-6)

Fo(xy_yr upy) = nlxtaxz
.
IIpubniie 2y, B N-M rogy 3aBHCHUT OT COCTOAHHUS 0GODYAOBAHMA, B
KOTOPOM OHO OK&3&JIOCh Cpasy Ilocje BeIGOpa yNpaB/eHHs B Hauase
3TOTO rojia, ¥ XapaKTepa YIPaBaeHus («COXPaHeHNe» WU «3aMeHa» ),
a nmostomy paseHCTBO (8.6) mesecoo6pasHo mepenucars B bopme

Flxy 1 uy) = max 2 (xy , uy). (8.7)

IIpn sTom ecnu B Hauase rofa BHIOPAHO YIIDABJIEHME «COXPAHEHUE»,
TO IIPUOBLLIB Z,, BHIPAXKACTCA PA3HOCTHIO

nxy)-vlxy); (8.8)

€cJIn e BRIOPAHO YIIPABJIEHHE «3AMEHA», TO NPUOBLIE 2, MOMXKHO 3a1TH-
caTh B BUZE
s — p+ r{0) - v(0). (8.9)

YuureiBaa shipaskeHusi (8.8) u (8.9), npubsine 8 N-M rony B 3a-
BHCHUMOCTH OT BLIGPAHHOTO YIIPABJICHUSA SallHIIEM YCJIOBHO B CJIeYIO-
men gopme:

Jr(xf{,) ~v(xy)  — coxpanesnue,

Zy (g, uy) = (8.10)

ls — p +r(0) — v(0) — 3ameHa.

ITonsTHO, YTO MAKCUMAJIbHAH NPUOLLIEL F (X, ,, Uy) onpenenserca
HanboabrmuM U3 Bhipakeunit (8.8) u (8.9). Cornacumca, uTo B cyuae,
ecsiu 06a ynpasjieHUA («COXPaHEHNe» U «3aMeHa» ) IPUBOLAT K ORHOIT
u Tol ke mMpuUOBLIH, Iesiecoo0pasHO BBIOpPaTh yIpaBJIeHUE «COXpPa-
HeHKE», TAK KaK uMelomieecsa o6opyaoBaHye HAM XODPOIIIO H3BECTHO U
MBI K HEMY IPUBBIKJIY.

IIpu npousBoabHOM { < N ocHOBHOEe GYHKIMOHAILHOE YypaBHeHHe
IIPUMEHUTENBHO K DaccMaTpuBaeMol 3ajade 3alMUIeTCs B BUIe

F(x, ,,u)= mfx (zx,, u) +F, (x)), (8.11)
rue
fr(x“) —v(x}) - cox
. ; ; paHeHue,
z(x, u) = ! (8.12)
s — p + r(0) — v(0) — 3ameHa.
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ITonpsysce dyHrumonansHuIMHU ypaBHenusamu (8.7), (8.10), (8.11)
u (8.12), MOXHO DPa3BepHYTh IIPONENyPY YCJIOBHOH ONTHMU3AIUY,
HAYaB ee ¢ NIOCJIEQHEro rojia IJjaHoBoro nepuona. Ilpu srom nocueno-
BaTeJbLHO B KayKAOM rojy 6yayT HallleHkl YCIAOBHO-ONTHMAJIbHEIE 3HA-
uenun Fy, Fy |, ..., F,, F, npubsiu fna o60pyOBAHUA PA3JIAUYHOTO
Boapacra t. [Tocoe 3ToTO OCTaHETCSA NPOUTH IPOIECC B IPAMOM HANpPaB-
JeHuu 1 copMHUPOBaTh 0E3YCTIOBHYIO ONTHMAJBHYIO IOJUTUKY B OT-
HOILIEHUH nMelonierocsa obopynopaiusa. OnucanHadg MeTOLUKA CTAHET
MIOHATHOM, KOr[a YnuTaTe b pasbepeTr YHCIOBO IpuMep, IPUBOLUMBIH
HIDKE.

IIpumep 8.3. PaszpaborarTh ONTHMANBHYIO IOJUTHKY IIO
KpuTepuo mpubwiam Ha Oyukaiiiirde deThIpe roja B OTHO-
meHun 000PYMOBAHUS HE CTApIIe IIIeCTH JIET, eCJIN OJIA KaXkK-
ZIOTO TO/ia IIJIAHOBOrO TEPHOAa M3BECTHHI CTOUMOCTS 1(t) Ipo-
AYKIUY, TIPOM3BOAMMOI C MCIOJL30OBAHUEM 3TOro obopy-
NOBaHMS, W SKCILIyaTAIlMOHHBIE pacxonel v(t) (rabua. 8.18).
M3BecTHBI TAK)Ke OCTATOYHAS CTOMMOCTH $, PaBHas 4 M He
3aBHCAIAA OT BoapacTa o6OpyZOBaHUS, W I€HA p HOBOI'O
obopyaoBanudA, paBHas 13 M He MEHAIOIIAACH B ILIAHOBOM
nepuoze.

Ta6anunadsd.18

t 0 1 2 3 4 5 6
r(t) 27 26 26 25 24 23 21
u(t) 15 15 16 16 16 17 19

Pe e n ue. Haunem nponeaypy yCJIOBHONA ONTUMHU3AIINHI
¢ aHANIM3Aa IIOCJeHEr0, YeTBepTOro, rojia MIaHOBOIO IePHoAa.
dyuxuuosaneabie ypasaeHus (8.7) u (8.10) ¢ yuerom uuco-
BBIX HAHHBIX Mpumepa u tabu. 8.18 mpuHIMAOT BHA:

F (x5, u,) = maxz,(xy, u,), (8.13)

r(x}) — v(x) — coxpaHeHHe
24 (xf, u,) = 4 4 ’

3 — 3aMeHa. (8.14)

MHOX€eCTBO X, XapaKTepuayeT COCTOAHUE obopynoBaHUH
mepeJ YeTBePTHIM TOJOM M COCTOMUT U3 9JeMeHTOoB 1, 2, ..., 6.
MHOKeCTBO Xx; COCTOSHWI 060pyJOBaHHA IOCJIe BHIGOpa
yOpaBJeHHsd B HAYAJe YeTBEPTOrO rOfa COCTOUT U3 dJIeMeH-
roB 0, 1, 2, ..., 6. Jlns RaskOoro U8 HUX Haljem npubslisb 2,.
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Ecnu Bospact obopynosarusd 1 roa, To, 1ONB3YACH PABEHCT-
BoM (8.14) u rabu. 8.18, HaxonuM IpH IEPBOM ( «COXpaHEHUeE» )
¥ BTOPOM («3aMeHa») YIPABJIEHUAX COOTBETCTBYIOI[UE BEJIH-
uuHbl 11 u 3 npubsuin z,:

z,(1, uy) = {r(l) - v(1), _ Jll — coXpaHeHMUe,

3 | 3 - sameHa.

U3 sTOTO paBEeHCTBAa BHUJHO, YTO HA YETBEPTOM TIOAy 00Opy-
I0BaHHeE 11eJ1eCcO00pa3HO COXPAHUTh, TAK KAaK IIPU 3TOM IIpH-
ObLIs Oyger Gosbiite, yem upu 3amene (11 > 3).

Hrax, ¢ yuerom paBencrsa (8.13) yrBep:xpaem, 4TO Ha
YeTBEPTOM TOAY YCJOBHO-ONTUMAaNBHBIM OyAeT yIpaBieHUe
«COXpaHeHue», TOCKOJIBLKY B 3TOM CJIy4ae JOCTUTAeTCHA YCJIOB-
HO-ONTHMAaJbHOE (MaKCHMasbHOE) 3Hauenune F, npubsinu. Pe-
3yJbTaThl aHanusa 6ygem sanuceiBaTh B Taba. 8.19.

Ta6numa 8.19

X3 Uy N l 2 F,
1 Coxpanenue 1 11 11
3ameHa 0 3 _
2 CoxpaneHHe 2 10 10
3aMeHa 0 3 -
3 Coxpauenue 3 9 9
3ameHa 0 3 -
4 CoxpaHneHne 4 8 8
3ameHa 0 3 -
5 CoxpaneHue 5 6 6
3ameHa 0 3 -
6 CoxpaHenue 6 2 -
3ameHa 0 3 3

IIpennosoKUM Temeph, UTO K HAYAJy YETBEPTOrO roja
uMeercs o6opynoBanne Boapacra 2 roga. Torpa aHamIoOru4HO
OPebIAYIEeMY IOJyiYaeM

r(2) -v(2), {10 — coXpaHeHUe,

24(27 u4):{ 3

3 — 3aMeHa.
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IIOHATHO, YTO U B 3TOM CJIy4ae YCIOBHO-ONMTHMAIBHEIM Oyaer
yIpaBJeHNe «COXpaHeHHe», a YCIOBHO-ONTHMAJbHASA BEJH-
ynna F, npubsinu pasua 10.

IleitcTBYS QHAJNOTHMYHO, HAKNeM YCJIOBHO-ONTHMAJbBHBIE
VOPABJCHUA U YCIOBHO-ONTHMAJbHBIE 3HAYEHHS IPHOBIIN
AJIS OCTaNbHBIX d1eMeHTOB 3, 4,5 u 6 MHOMKecTBa x4 (CM.
raba. 8.19).

Ilepexons K aHAJIHU3Y TPETHETO r'ojia NJIAHOBOIO IIepHOJa,
3anuceiBaeM GYEKIIMOHANbEBIE ypapaeHus (8.11) i (8.12) npn
i=3:

Fo(xy, ug) = mui.x (25( x5 , ug) + F (x,)), (8.15)

r(x3) — v(x}) — coxpaHeHue
25(x3, ug) = 3 5 ’

3 — 3aMeHa. (8.16)

Ha sTOM sTanme moOaJieKUT YCIOBHOM ONTHMU3ANUU ABYX-
JIeTHUH Iepuoj, COCTOAIIUN U3 TPEThEro U YeTBEPTOro rofoB,
¥3 KOTOPHIX YETBEPTHIH YK€ ONTHMUIHPOBAH, H Pe3yAbTATHI
aToro HeoGXOAUMO ydecTh (CM. ciaraemoe F,(x;) B paBeHcTBe
(8.15)).

K mauany Tperbero roga cocrosinme (Bospact) oGopyro-
BaHUSA MOXKET BpIpa)karbcd uuciaamu 1, 2, ..., 6. 9ro 6yayr
BJIeMeHTBI MHOXKECTBA X,.

IlpeAmonoKuM, YTO K HAYAJNy TPEThEro roja HMeJIoch
obopyioBaHMe BO3pacra ofuH roj. Toraa ¢ y4eroM AAHHBIX
tabx. 8.18 pasenctso (8.16) mpuobperaer BuA

r(l) - v(1) 11 - coxpaHeHue,
23(1’ u3) = =
3 3 — 3aMeHa.
VuuThiBaA peayabTaT YCIAOBHOH ONTHMU3ANUN Y€TBEDPTOTO
roza (cm. Tabx. 8.19), B coorBercTBHHU ¢ paBeHCTBOM (8.15)
HAXONUM:

Fy(x,, u,) = max (z4(1; coxpanesnue) + F (2)),
ug
2,((0; samena) + F (1)) = max (11 + 10; 3 + 11) = 21.
ug .

W3 mociegHero paBeHCTBA BHIHO, YTO Ha TPETLEM TOAY
VCIIOBHO-ONITUMAJLHBIM B JaHHOH cuTyanuu Gyjer yopasie-
HHUe «COXpPaHeHHWe», TaK KaK MMEHHO IIDM 3TOM yIpaBJIeHUHN
npubBIIE 32 ABa MOCJIENHHUX Tojia HOCTUIaeT YCIOBHO-OITH-
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MaNbHOHN (MaKCUMaTbHOW) BeanuuHs! Fy, pasroi 21. B xom-
NaKTHOMN dopMe pe3yNbTaThl IPOBEAECHHBIX PACCYIKACHUI 3a-
OHCaHbl B EPBBIX ABYX cTpoxax tabx. 8.20.

Tabaumna8.20

Xy U g 23 X3 F, 2; + F, Fy
1 Coxpauenue 1 11 2 10 21 21
3aMeHa 0 3 1 11 14 -

2 CoxpaHenne 2 10 3 9 19 19
3ameHa 0 3 1 11 14 -

3 CoxpaneHnue 3 9 4 8 17 17
3aMeHa 0 3 1 11 14 -

4 CoxpaHeHue 4 8 5 6 14 14
3amenHa ] 3 1 11 14 =

5 Coxpanenue 5 6 6 3 g -
3aMeHa 0 3 1 11 14 14

6 CoxpaHeHHe 6 2 - . - - -
3aMeHa 0 3 1 11 14 14

AHajIoruuHbIE PACCYIKICHUS IIOMOTAI0OT 3a0JHATDH OCTAJb-
Hble cTpoku Tabn. 8.20 nna obopynosarus Bospacra 2, 3, ...,
6 net.

B rabn. 8.21 u 8.22 npusBeneHsl pe3yabTATHl YCIOBHOHN
ONTHMU3AIHNHN BTOPOr'O U IEPBOT0 'OAOB IJIAHOBOI'O IHEPHOLA
C YYE€TOM paHee BLINOJHEHHO! ONTHMHM3AN UM COOTBETCTBEHHO
IBYX W TPeX MIOCHeNHHUX JIeT 9TOro Iepuoja. B ykazaHHBIX
rabaunax (B orsimume or taba. 8.20) coxpaHeHBl JUIIL Te
CTPOKHM, KOTOphIE COOTBETCTBYIOT YCJIOBHO-ONTHMAILHBIM
yhnpasJeHusM. YUTaTe 110 OpefiaraeTcs BhIIIOJHEUTL BCE OIy-

OIeHHbI€ BRIKJIAJKH.
Ta6aumnma 8.21

X ’iz x; 2y Xy F, 2, + Fy F,
1 Coxpanenue 1 11 2 19 30 30
2 CoxpaneHnue 2 10 3 17 27 27
3 3ameHa 0 3 1 21 24 24
4 3amena [¢] 3 1 21 24 24
5 3aMeHa 0 3 1 21 24 24
6 3aMeHa 0 3 1 21 24 24
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Ta6nuna 8.22

*o iy x 2y x; Fy |2+ F F
0 CoxpaHeHne 0 12 1 30 42 42
1 CoxpaHneHne 1 11 2 2 38 38
2 CoxpaneHue 2 » 10 3 24 34 34
3 CoxpaHeHue 3 9 4 24 33 33
4 3ameHa 0 3 1 30 33 33
5 3ameHa 0 3 1 30 33 33
6 3amena 0 3 1 30 33 33

Ipoueaypa yCAOBHON ONITUMHU3ANK 3aBepIeHa. [Ipu sTrom
B Tabi. 8.19 comeprkaTca YCIOBHO-ONTUMAIbHEIE YIIPABICHUA
TOJIBKO /NI YeTBEPTOro rofa, B tabi. 8.20 — fus [ByxjieTHero
IIepuoAa U3 TPEThero M 4YeTBepTOro rojos, B tabm. 8.21 —
IIJIA TPeXJIeTHero Ieproja U3 BTOPOro, TPDETHETO I YeTBEPTOTO
ronos, B tabma. 8.22 — A4 BCero YeTblpexJeTHero nepuoia ¢
mepBoro 10 4yeTBepThldl rog. Ilo sTum radiunam B Ipolecce
fe3yCIOBHON ONTUMM3AIlMK MOMKHO chHOPMHDOBATH OITH-
MAJABHYIO IIOMUTUKY I 060pyRZoBaHMA JNI000ro Bo3pacra He
cTaple IIecTHu JIeT B TeYeHUe YeThIPeXJIeTHErO Nepuoaa.

TIpeanonoXuM, YTO ONTHUMAJBHYIO IOJIUTHUKY Ha OJH-
JKalIiye yeTsipe roja Heob6xoaumMo pas3paboraTs B OTHOIIEHUN
obopyRoBaHuA ABYXJeETHero Bospacra. 110 ¢Tpoke, cCOOTBeT-
crByoieit anemenTy 2 cronbna x, Tabu. 8.22, HaXOAUM, UTO
IpU ONTUMAJBLHON MOJUTHKE HPUOBLIIbL OT HCIOJIb30BAHUA
MHTepeCcyoIero Hac o6opynoBaHNs cOCTABUT 34 JieH. enl. (CM.
cronben, F,) mpu yciaoBUU, YTO B IIEPBOM TOAY ILIAHOBOTO
neprona obopygosanue 6yner coxpaHeHo (cM. crouber u, ).

Ilepexons x Taba. 8.21 u momus, YTO 3a rof 06OPyOBaHUE
«IIOCTAPEeT» HA I'OJ U KO BTOPDOMY T'OAY CTaHeT TPEXJETHUM,
B CTPOKE, COOTBETCTBYIOIeH ajemeHTY 3 cronbia X, obHa-
PYIKHBAEM DJIEMEHT «3aMeHa», YTO TOBOPUT O HEOOXOAUMOCTH
3aMeHbl O0OPYLOBAaHUSA HA BTOPOM rofly IJIAHOBOI'O IEPHUOAA.
Tlo mpoulecTBHM Tofa HOBOe 0OOpyAoOBaHHe (HYJIEBOTO BO3-
pacra) fOCTUTHeT rojoBasoro pogpacra. Obpamasce K CTPOKe,
coorBeTcTByomeil smementy 1 cronbma x, taba. 8.20, ye-
TAHABJIHBAaeM, UTO HA TPETheM IOy ILIAHOBOTO Iiepuona 060o-
pyIOBaHMe ClefyeT COXPaHUTEL (cM. croaben u,). K mawaiy
YeTBepTOro rofla B HAIIIEM pacropaeHnu Oyzer obopynosa-
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Hue AByxJieTHero Boapacra. ITo tabx. 8.19 (cMm. cTpory, co-
OTBETCTBYIOLYIO 3JIeMeHTy 2 cTOJ0na X,) 3aKJII0YaeM, YTO U
HA YeTBEPTOM I'ofly 000pyZOBaHUE HANJIEIKUT COXPAHATE (CM.
croabew u,).

HWrax, onTuManpHasg DOJHTHKA Ha OJamKalinue yeThIpe
roja IO OTHOUIEHUIO K 000pYyIOBaHUIO ABYXJIETHETO BO3pAcTa
IIpejIiogaraeT, 4YTo Ha HIepBOM T'OAY OHO COXpaHseTcs, HA
BTOPOM — 3aMeHAEeTCsa HOBBIM U 3T0 obOpynoOBaHHMe coxpa-
HAEeTCH B ocTaBluMecs fBa rojga. [Ipu Takoil mOMHUTHKE IpU-
OblIb B IJIAHOBOM II€PHOAE MAKCHMU3HPYETCHS 1 COCTABJISET
34 pen. en. Peaysbrar pelnieHnd IpUMepa MOXHO 3aITUCATD B
BUJE CJIeNYIOIeH IMEemouKn:

1-# rox 3-i1 rox 4-11 rog,

F 3284 p (g F(2)

F >.
COXpaHeHue 3aMeHa COXpaHeHue COXpaHeHue

1(2)
DopMHUpOBaHHIE ONTUMAIBHON IIONUTAKY CTaHeT 0ojIee HAa-
TJISIAHBIM, €CJIM OCHOBHBLIE PE3YJBbTATHI, CONepXKaluecs B
nocaenHux croabmax rtaba. 8.19—8.22, zanucars B BuAE
CBOAHOU TabAUIIBI, KOTOPYIO Mbl HABOBEM MAMPUUCL MAKCU-
ManvHuix npubviaell (tabna. 8.23). Urobsl pasauyuTs B 3TOU
rabauie, B peayabTare KaKoi NOJUTHKY (COXpaHeHus gubo
3aMeHBI) TOJyYaeTcsd TO UJINM MHOe 3HAYeHHEe MAKCHMAJILHOMN
npubblaN, Pa3rpaHUuYNM JKUPHOM YepTOHd SAeMeHThI TabanIIsI,
COOTBETCTBYIOITVE PA3AUUYHBIM HOJUTHKAM. B pesyaprare B
IIEPBOM CTOJOIE OKAKYTCA OTAEJEHHLIMY BCE 3JIEMEHThI, Ha-
YHHAA C 3JI€MEeHTa, COOTBETCTBYIOIIEr0 YeThIPEXJETHEMY BO3-
pacty obopyznoBauusa (cMm. Tabn. 8.22). Amanoruuynoe paasze-
JIeHUe BJEeMeHTOB IPOH3BENEM BO BCeX APYrux croadnax.
SJIeMEeHThI, PACHOJIOXKEHHEBIE BbIIle KHUPHON JUHHUM, HAXO-
IATCA B «00JIacTH COXPaHEHUA» 00OPYAOBAHKSA, OKA3aBIIKeCsH
HIUKE XKHDHOHA JHUHUU, — B «00JACTH 3aMeH».

Bepremca K pacCMOTpeHHOMY npumepy u chOpMUPYyeEM
ONTHMAJBHYIO HOJUTHKY, DT0AB3YSAck Taba. 8.23. ITo yeaosuio
K HayaJly INEPBOTO TOla BO3PACT OOOPYIOBAHUA COCTABJIAET
aBa rona. Ha mepeceueHuu mepBoro ¢tosfbua U CTpOKH ¢ = 2
HAaXOAUM dJIeMeHT 34 — MaKCUMAaJbHYIO NPpUOLINL 34 YeTHI-
pe roja. JTOT BJIEMEHT OKa3aJcs B 06JACTH COXPAHEHHH.
CiregoBaTesIbHO, Ha HEPBOM rogy 000pyAoOBaHue HEOBXOAUMO
coxparuth. K mavany BTOpOTO roma mMml mpuzeMm ¢ o60pyno-
BagueM BospacTra 2 + 1 = 3 roga. Ha mepeceuenun BTOPOTG
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Tabauuma 8.23

Bospact Toant nyanoBoro nepuoza
o6opyaosa- 1.—4 2.4 3,4 ] 4
HUA ¢,
et MaxcumManshias npuboiin, DeH. eX.

0 42 - - -
1 38 30 21 11
2 ﬂ_ 27 19 10
3 33 24 17 9
4 33 24 14 8
5 33 24 14 l 6
6 33 24 14 3

cTobIa u CTPOKHM ¢t = 3 yurtaeM 3HadYeHne 24, cxasaBiieecs B
obnactu samMeHn. 3aMeHUB o00pYAOBaHNE U NCIIOJIbL30BAB €0 B
TeYyeHNEe rofla, Mbl K HAUYaJy TPEThEro roja oxaskemcd ¢
obopynoBaHHEM Boapacra 1 rox. Ha mepeceueHny Tpernero
cTonbma m crpoxu t = 1 HaxoawTcs saeMeHT 21, pacnoso-
JKeHHBbIA B 00J1aCTH COXpaHeBMs. 3HAYUT, Ha TPEThHEM COAy
obopymoBaHUE HAJLO COXPAaHUTHL. K HAYaly 4eTBEePTOro roxa
BoapacT obopynaopasus nocruruer 2 Jjer. Ha mepecevenun
YeTBEPTOro cTonbia u crpoku t = 2 crour axement 10, pac-
TIOJIOJKEeHHBIH B 00acTH coxpaHenus. TakuMm o6pa3oMm, U Ha
YEeTBEPTOM oy O00pYAOBaHUE CIEAYeT COXPAHUTh.

Yurarteno Opeajaraercsa y6eaquTbCcs 10 MATPHUIE MAKCH-
MajgbHBIX npubsineit (cm. Tabn. 8.23) B onTUMaIBHOCTHU
cJleAyIONiell MOJUTUKY B OTHOMIEHUH 000Dy HOBAHUA IIATHIET-
HEro BO3pacTa:

331-1/1 rozxr 30 2-i 1‘0117 19 3-it rox 9 4-1 Ton

3aMeHa CcoXpaHeHue COXpaHeHHe COXpaHeHle

st peliteHNA pacCMOTPEHHOY 3ajauyl MOYKHO IPUMEHSATE U IPyrue
BLIYHCIUTEIbHBIE CXEMBI, HO HCIIONB30BAHHAA CXeMa II03BOJISAeT CTPO-
UTh OPOCTOH MAIIMHHBIA &JITOPUTM PeIIeHUs.

M= paccMoTpesu 3ajauy o 3aMeHe 060pYJOBaHUS B YOIPOUIEHHOM
TTOCTAaHOBKe. B peasIbHEIX YCJIOBHAX YacTo TpebyeTcs YYHTHIBATL TPU
BapHAHTA pelleHui (yopaBieHu) Ha KaXKAOM llare ONTHUMU3AIMU;
COXPAHUTL OBOPYAOBAHUE, IIPOU3BECTH €r0 KAIMTAJIbLHBIA DPEMOHT,
IposaTh ycrapesiee obopynoBanue u npuobpectu Gonee COBEPIUEH-
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HOe. I/I,HGH pelieHnsA 3aga4u B TAKOU ITOCTAHOBKE Te€ Ke, 4YTO UCIIOJIb-
30BaJIMCh BHIIIIE, HO PE3KO BO3pacTaeT 00BeM BEIYUCIIMTENBHBIX pa60'r.

8.12. B mavase miaHoBOro mepuoga us N JleT HMeeTcs
obopyoBaHue BO3pacTa He crapiie ¢ jet. [yig KaKaoro rofa
IJIaHOBOI'O NE€PHOJA U3BECTHBI CTOUMOCTS (1) NPOM3BEeHHON
€ UCIIOJB30BAHWEM 3TOTO ODOPYJOBAHUS TPOAYKIIUY U 3aTpa-
THI U(t), CBsI3AHHBIE C €r0 dKCILIyaTanuei. MIzBecTHbr Takxe
OCTATOYHASL CTOMMOCTH § 00OpDYAOBAHUS W LEHA P eXUHUILBI
HOBOro obopyjoBarusa. Tpebyercs paspaboraTs ONITHMAIBHYIO
MOJIUTUKY B OTHOILIEHUH MMEIOIerocs o0opyJoBaHus, T. €. B
Hayaje Ka)kJoro roja IJIaHOBOTO IepHoJia YCTAHOBUTH, CO-
XPaHATH B 3TOM rofy 000py10BaHMEe MY [IPOJATh €T0 I10 0CTa-
TOYHOM CTOMMOCTH YU KYIIUTH HOBOE, C TeM YTOOBI OxKUJaeMasd
npubeinb 3a N JeT AOCTHUIJIA MAKCHMAJbHOM BEJIWYUHBI. 3a-
a4y PEIIUTh HPU CIeRAYIOIMMX YMCIOBBIX AAHHBIX!

ayN=8, s=2, p=6, ssHauemusa nr(t) u u(t) cM. B
Tabn. 8.24.

Ta6anuna 824

¢ 0 1 2 3 4 5
nt) 46 46 45 45 45 43
v(t) 15 15 17 18 18 19

Ilonp3ysachs cocTaBieHHOW MAaTPHIEN MaKCUMAaJbHBIX
npubsutei g obopyoBaHUS He crapiie 5 jer, chOpMHUPO-
BATH OITHMAJBHYIO IOJHUTUKY II0O OTHOUIEHUIO K 000pyno-
BaHWIO, UCIOJH30BABIIEMYCS 0 Havyaja IJIAHOBOTO Ilepuoja
B Treuernue: 4 jger; 1 rona;

6) N=10, s=4, p=18, suauenuss r(f) u v(f) cM. B
rabx. 8.25.

Tadbaumna 8.25

t 0 1 2 3 4 5 6 7 8 9 10

n(t) 31 30 28 28 27 26 26 25 24 24 23

v(t) 8 9 9 10 10 10 11 12 14 16 18

Ha ocHoBe MaTpuilbl MaKCUMAaJIbHBIX IPUOBLIEi, COCTAB-
JIeHHOU AJiA obopynoBaHusa He crapure 10 jsier, chopMupoBars
ONTHUMAJBbHYIO HOJUTHKY AJs1 000pyIOoBaHKSA Bo3pacTa: 7 Jer;
3 roxa; 9 mer.
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8.13. Paspaborars ONTUMAJBHYIO HOJUTUKY HCIOIb30-
BaHUSA ¥ 3aMeHbI 000pyAOBaHUA He crapiie 6 Jjer, ecau us-
BECTHBI: CTOUMOCTD /(¢) IPOAYKITIH, IIPOU3BOAUMOI B TeUEHUE
TOJa € IIOMOIIBIO HAHHOTO ODOPYIOBAHUS, €MKErOgHLIE KCII-
JyaTanuoHHbIe PACXOAbI U(t), OCTATOYHAA CTOUMOCTD § ¥ CTOH-
MOCTB P HOBOTO 060pynoBaHUA. [IpOJO/IKUTEILHOCTE IJIAHO-
BOTO NEpUOJa IPUHATH paBHOM 6 rogaM. 3afauy PelruTh Opu
CJHeYIOMMNX YKCJIOBbIX JAaHHBIX:

ayt=4, s=2, p=10, smavedusa r(t) u v(f) cM. B
Taba. 8.26;

Ta6nanuma 8.26

¢ 0 1 2 3 4 5 6
r(t) 22 21 20 18 16 15 13
u(t) 12 13 14 15 16 17 18

6)t=15,s=1, p=11, suauerus r(t) u v(¢t) cm. B Tab.
8.217.
Tabnuga 827

¢ 0 1 2 3 4 5 6
") 25 23 21 19 17 15 13
v(t) 13 15 17 19 21 23 25

3ajauu ONTHMAJbHOrO YHPaBJIECHUA NMOCTaBKaMu pecypcos, He-
CBOEBpEMEeHHAas IIOCTAaBKa PeCcypcoB, KaK M HeJONOCTaBKa, Hapyuiaer
PUTM [POU3BOJACTBA, BEAeT K CHUIKEHHIO BBINYCKA NPOAYKUMH, a
3HAYUT, ¥ J0XOoAa npeanpustus. [loTepy Bo3pacTamT BCJAEACTBUE 3a-
MefJieHus o6opaunBaeMoCTH cpeacTB. IlpeanpusaTe TePOUT yOBITKYU
K B ciydyae UYpe3MEepHBIX 34TPAT Ha XPaHEHNE W COAeprkaHue M30bI-
TOUYHBIX 3aIlaCOB DPECYPCOB, KOT[Ia OMEPTBIAIOTCA B 3amacax 3HAUU-
TeJIbHble CPeACTBA, UCKIYaeMbie us obopora. B aroit cBa3u Bo3HKKa-
eT 3a7a4a ONTUMHU3AIlHK YIPABJEHNS IOCTABKAMHY U 3al1aCaMH pecyp-
COB € UEeJLI0O MUHNMHUSBAI UK 3aTPAT HA OPTAHU3AIIUIO CHAOKEHNUA IpeJi-
NpUATUA pecypcaMu ¢ ydyeroM morpebuocreif B Hux. O6parumes K
mpocreiiiiel 3a/1aye TAKOro THHA.

Ipumep 8.4. 117 purMuyHON paboThI IPEAIPUATUS He-
00XOnMMO CHCTEMATHUECKOe ITOIOJIHeHNe 3amaca pecypca R,
pacxoayeMoro Ipy IpOU3BOACTBe nmponyknuu. IlorpebHocTh
pecypca B paccMaTpHUBaeMblil NIJIAHOBBIN TEPUO, COCTOAIIAN
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U3 YeThIpex MecAleB, XapaKTepPHU3yeTCs [0 MECSIaM CIenyIo-
mumMu yncaamu: 150, 50, 100 u 100 ex. Ha mauano nepsoro
MecAlla Ha CKJjajlax NPeZUpUATHS MMeeTcs 3alac pecypca B
o6beme 100 en. CryiagcKkme NiOMIANM OTPAHMYEHHSBI, X Xpa-
HUTH MOXKHO K KOHNY Mecsana He Gosee 300 exn. pecypca R.
Ilo saBepmiennu NIaHOBOrO MEPUOLAA IPEAIPUATHAE epeiger
Ha& BBIOYCK HOBOI Ipoayknuu m norpebHOCTH B pecypce R
OTIIaJieT, & IO3TOMY K KOHILY YeTBEPTOr'0 MEeCSIa BeCh ero
3anac foJKeH OBITh U3PACcXO0noBaH. PeryispHoe monoJHeHne
3amaca B IJIAHOBOM MEepPHOJE CBA3AHO € ONpeNeeHHBIMH 3a-
TPaTaM#, 3aBUCAIMMHU OT 00'beMa U, TAPTHM IOCTABKH. JTa
saBucHUMOCTh — GyHKIUA K (14,) 3aTpar Ha IONOJIHEHHe 3amnaca
(3aTpaThl Ha OPraHU3aIUIO 3aKa3a, OILJIaTa 3aKa3a, TPAHCIIOPT-
Hble pacxonbl) — 3amaHa Tabn. 8.28. IlomonHenme sanaca
OPOU3BOANTCH NAPTUAMM IIOCTABOK B 00BEMaxX, KPaTHBIX
50 ex. (BaroH, aBTOMAIINHA U T. I.). XpaHeHNE 3aTACEHHOI'O
pecypca Takke TpebyeT COOTBETCTBYIOIIUX 3aTPAT, BEINYNHA

KOTODBIX B i-M MeCsIle 3aBHCUT OT cpexmero obbemMa m; 3a-
1aca, XpaHuMoro B aTom mecsane. Pyaxuus ¢(m; ) 3aTpar Ha

xpaHeHUe 3anama rabia. 8.29.
Tab6axunima 8.28

u, 0 25 50 75 100 125 1560 175 200 225 250 275 300

K(u)) 0 50 48 44 40 36 32 27 24 22 21 21 20

Tatauima 8.29

m, 0 25 50 75 100 125 150 175 200 225 250 275 300

i

o)

o (m; ) 3 8 15 380 86 41 46 50 51 52 53 54

Tpebyercs Tak OPraHEN30BaTh IPOIECC NOMOIHEHHUS U Xpa-
HEHUA 3amnaca pecypca R Ha IpefnpMSATHH B IIJIAHOBOM Iie-
puozne, YTOOBI CyMMAaDHBIE 3aTPATHI HA IIONOJHEHUE 3amaca u
XpaHeHYe eT0 OCTATKOB OBl MUHUMAJILHBIMA DK HEIIPEMeH-
HOM yCJOBHH GecriepebGOMHOr0o BHINYCKA IPONYKIIMH.

P e e H me B xagecTBe pusmuyeckoil cucreMsr S B
JaHHOM CJy4ae BBICTYIAeT AeHCTBYIONIee IPEAIDPUATHE C IIPO-
HCXOAAN[MMYK Ha HEM IPOIeCCaMU NONOJHEHHsI, IOTpebIeHns
U XpaHeHUs 3amnaca pecypca R. 3T mpoieccs! €CTeCTBEHHO
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pacnajaloTcA Ha OTAeNbHBIE IIaru — MeCsIlbl IJIaHOBOTO IIe-
puoza. ITpomecc Bo16opa ympaBiaeHUA TaAKKe MHOTOIIIATOBEIA.
OH pacnajaeTcs Ha JYeThIpe IIara.

Hanum TogkoBanre 0003HAYEHUAM, B KOTOPBIX 3aIMCAHO
OCHOBHOe (QDYHKIMOHAJNLHOe ypaBHeHMe (8.1), IpuMeHHTeIb-
HO K JaHHOU 3ajave. CHMBOJ X, | O3HAYAeT MHOXECTBO 3Ha-

yeHUH obbema s3amaca pecypca R, uMeromerocsa Ha CKJIafax

npefOpUATUSA Iepe] i-M MecaueM (i = 1,4); x ; — MHOXECTBO
3HAYeHUN ocTaTKa pecypca nepen (i + 1)-mM Mecsanem; u, —
MHOXKECTBO 3HaUeHUit o0beMa DOCTaBKY pecypca R B Havase
i-ro MecAna (MHOYKECTBO YIDaBJIeHHH, KOTOPBIE MOTYT OBITH
OPUHATH B Ha4aje i-ro mecaua); F(x, ;, u,) —ycrosHO-OnI-
THMAaJbHbIE 3aTPATHI HA OPTAHU3AI[NIO IIOCTAaBKH pecypca R u
ero xpaHeHue B TeyeHue nmocnefHux N — (i — 1) mMecsnes npu
VCJIOBHH, YTO 3aliac pecypca mepej 3TUM IEPHOAOM Xapakx-
TEPUB0BAJICA 3JIEMEHTOM MHOJKECTBA X, ;, & BRIOpDAaHHBIA 00b-
€M IOCTaBKHU XAPAKTEPHU30BAJICA 3J€MEHTOM MHOMECTBA U;
z(x, ,, u) — 3HAYEHHUE 1eJeBOR QYHKUUU B i-M MecsIe, Xa-
paKTepHu3ylolnee CyMMapHbIe 3aTPAaThI HA IIONOJHEHUEe 3anaca
¥ XpaHeHUe HeN3PaCXOJOBAHHBIX OCTATKOB B i-M MecCsIle IpH
YCJIOBUHM, YTO IEpej 3TUM MecsleM o0beM 3amaca Xapakre-
PH30BAJICA 2JIEMEHTOM MHOXECTBA X, |, & yupasjieHue 6bL10
BbIODAHO U3 MHOMKECTBA U;; YUCJEHHbIE 3HAUCHUS IeJIeBOH

GYHKIIUU HAXOAATCA IO dopMye
2(x, .y, w) = Ku) +9(m), (8.17)

TJe CpeaHUi 06beM m; XPaHUMBIX 3aIaCOB B i-M MeECSIle Oll-
penessiercd BhIpaKeHHEM

mi=v,/2 + x, (8.18)
(smecy v, — o6bem noTpebieHUsA pecypca B i-M Mecsle);
F, ,(x) — ycioBHO-ONTHMAaJbHbIE 3ATPAThl HA IONOJHEHHE

3aaca ¥ XpaHeHUe OCTaTKOB, HauwHasA ¢ (i + 1)-ro mecsana u
10 KOHIIA IJIAHOBOT'O IepHoaa, IPU YCJOBUHM, UTO oObeM 3a-
naca nepen (i + 1)-M MecAaneM XxapakTepus0oBaIca 3JIEMEeHTOM
MHOeCTBa (x).

ITpucrynas K yCJIOBHON ONTHMHUBAIUN IIOCIELHEIO, JeT-
BEpPTOT0, MeCAla IJIAaHOBOTO IEpHOJa, 3AIllHIIIEM COOTBETCT-
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ByIOIIee QyHKIMOHAILHOE YDABHEHNe, II0JIy4aeMoe 3 YpaBHe-
vuda (8.2) opu N = 4:

F (x,, u,) = max z,(x;, u,). (8.19)
Uy

Ilo ycnosBmio 3ajgaym B 4YeTBEPTOM Mecsne Tpebyercs
100 ex. pecypca, a K KOHIY Mecslla BeCh 3amac JOJIKeH ObITh
H3pACXOJOBaH, TO3TOMY MHOMKECTBO X  JOMYCTUMBIX OCTATKOB
pecypca Iepej YeTBePThIM MecsaIeM OYIeT COCTOATD U3 BJIeMeH-
108 0, 50 1 100. B rakoM ciyyae MOCTABKH MOTYT OCYIIECT-
BIATHCA DApTUAMU o0beMoM coorBercTBeHHO B 100, 50 un
0 exn. 910 OyAyT 3JeMEHTbI MHOMKECTBA U, IJOUNYCTHMBIX
yIIpaBJEHUH HA YETBEPTOM Mecsle. ¥ CJIOBHO-ONTHMAJbHEIE
3aTpaThl F, MEHAIOTCA B 3aBHCUMOCTH OT BEJMYNHBI OCTATKA
1 BeIOpaHHOro 0G'beMa MapTHH NIOCTaBKH (YCIOBHO-OITHMAJIb-
HOT'O yIpaBJieHuns). Bce fomycTuMEbIe BapUAHTE] IPEACTaBICHbI
B tabi. 8.80. IIpu pacyerax ucnoan30Bakbl hopmyas! (8.17)—
(8.19) u gamusie Taba. 8.28 n 8.29.

Ta6auma 8.30

X3 Uy X4 K, m, @4 24 F,

] 100 0 40 50 8 48 48

50 50 0 48 50 8 56 56
100 o | o 0 50 8 8 8

Hampumep, ecyi OCTATOK pecypca nepej YeTBEPTHIM Me-
canem cocrapasit 100 en., To Ha 4eTBepTOM MecCsHIIe ITIOCTaBISATh
pecypc HeT HeoOXOAMMOCTH, TaK KaK cupoc Ha Hero (v, = 100)
GyneT IOKPLIT 3TUM ocTarkoM. OnHOBpeMeHHO ByeT BHINOJI-
HEHO U TpeGoBaHMe O IOJHOM HCIONHB30BAHUY 3aaca K KOHILY
yeTBepTOro Mecsua (ocTarox paBeH HyA). CiremoBaTesbHO,
o0bpeM IOoCTaBKHY OyieT paBeH HYJIO, & 3HAYUT, He HoTpedyioTcs
u 3arpaThl Ha nononuenue 3anaca (K (u,)= K (0) = 0). Cpepanit

o0’beM XPAaHMMBIX 3aII4COB B UeTBEPTOM MecAne ms =U,/2 +

+x, = 100/2 + 0 = 50, a saTpaThl Ha XpaHeHHe (p4(7-n_4) =
=¢,(50) = 8. Tax uro nesesas pynxnus z,(x,, u,) = 2,(100,

0) = K,(0) + ¢,(50) = 0 + 8 = 8, a yCIOBHO-ONTHMANLHOE
3Havyenue sartpar F, (x;, u,) = F (100, 0) = max z,(100, 0)= 8.
ug
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Bce atm pe3yapTaThl K 3allMCaHbl B HOCHGHHEﬁ CTpOKe
taba. 8.30.

Tlepexonsi KO BTOpOMY 9Tany YCJOBHOM OMTUMHUI3AIUU —
aHAJN3Y MePHoZa M3 ABYX NMOCJETHUX MECAIEB, U3 KOTOPHIX
IJIST YeTBEPTOrO YCIOBHO-ONTUMAJIbLHBIE YIIPABIEHUA Hakge-
HBEI (cM. Tabxa. 8.30), sanuiieM OCHOBHOe (DYHKIMOHAJILHOE
ypaBHEHHME, TIOJI0KUB B paBeHcTse (8.1) i = 3:

Fo(xy, ug) = nllén (25(x,, ug) + F (x,)). (8.20)

MHOxKeCTBO X, HOMYCTUMBIX OCTATKOB PeCypca K KOHIY
BTOpPOTrO Mecsna cocrouT us saemenror 0, 50, 100, 150 u
200, a MHOXECTBO U, AONYCTHUMBIX ynpasjeHu# (o6bemOB
IapTHH IOCTABOK B TPEThEM Mecsle) — u3 saemenTos 200,
150, 100, 50 u O.

IIpennosokuM, 4TO HA HAYANO TPETHEI'O MecAna obbem
3amaca paBeH HYJIO. ¥ YUTHIBas TOTPeGHOCTD B pecypce B 3TOM
mecsaie (100 exn.), mpl MoxxeM 3aKasarThb (BBIOpaTh yIpaBJie-
uue) gu6o 100, mubo 150, aubo 200 en. pecypca. Haiigem
3HAYEHUH 1eneBoill dyHKnuu (8.17) ona 3TUX BApUAHTOB:

24(0, 100) = K,(100) + 04(100/2 + 0) = 40 + 8 =48,
2,(0, 150) = K,(150) + 04(100/2 + 50) = 32 + 30 = 62,
2,(0, 200) = K,(200) + ¢4(100/2 +100) = 24 + 41 = 65.

VYuTBIBAA PesyJbTAThl ONTUMU3AUMH YeTBEPTOIO Mecd-
na (cMm. taba. 8.30) u HaliieHHbBIe 3HAYEHUSA IIeJeBON DYHK-
UM 24, Ha OcCHOBe paBeHcTBa (8.20) umeeM

Fif0,ug)= | min (48 + F,(0); 62 + F,(50); 65 + F,(100)) =

= min (48 + 48; 62 + 56; 65 + 8)= 73.
100, 150, 200

W3 3TOro paBeHCTBA BHIHO, YTO ecju o0beM 3amaca Ha Haya-
JIO TPEThero Mecslla paBeH HYJI0, TO YCAOBHO-OITHMAJIbHBIM
yIpaBJeHNEeM Ha TPeTheM Mecsle OygeT BhIOOD HapTHU IIO-
crasku o6semMoM B 200 en., ubo B 3TOM Ciydyae CyMMapHBbIe
3aTpaThl B [BYXMECAYHOM II€PHOAEe MHUHHMH3UPYIOTCA U CO-
CTABIAIOT 73 HeH. efl. ITO U eCTh YCJIOBHO-OINTHUMATIbHbIE 3a-
TpaThl Fy 3a aTOT nEpHOA.

AnanoruyHpiM 00pa3soM aHAJIHU3NPYIOTCA U BCE OCTAJbHEIE
IOOYCTUMbIE BADHAHTHI. Pe3yIbTaThl BRIYUCIEHUI 3aIUCaHbI
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B raby. 8.31. B aroit 1 mocnenynoiIux Tabanuiiax COXpaHeHbI
JIMIIB T€ CTPOKH, KOTODEIE COOTBETCTBYIOT YCJIOBHO-ONITHMAJIb-
HBEIM YIIPABJICHUAM.

Ta6nanuma 8.31

2 iy X3 my K ©3 23 F, F,

0 | 200 | 100 | 150 | 24 | 41 | 65 8 | 18

50 150 100 150 32 41 73 8 81
100 0 0 50 0 8 8 48 56
150 0 50 100 0 30 30 56 86
200 0 100 150 0 41 41 8 49

Ta6bnuma 8.32

X

[
Y

1 Xy 2 P2 2 Fy F,

0 250 200 21 225 51 72 49 121

50 ol ol o 25 3 3| 1 | 716
100 0| 50 0 5 | 15 | 15 | 81 96
150 0 | 100 o | 125 | 3 | 36 | 56 92
200 0 | 150 0 | 175 | 46 | 46 | 86 | 132
250 0 | 200 0 | 225 | 51 51 | 49 | 100

B ra6x. 8.32 npusemensl pe3yabTaThl YCJIOBHON ONTHMU-
3aUy BTOPOTO MecAla IJIaHOBOI'O IEPUOJa C YYETOM pe3yJib-
TaTOB YCJIOBHOM ONTHUMM3AINK TPETHErO0 U UeTBEPTOr'0 MecsH-
1eB (cm. Taba. 8.31). Ha nauamo Broporo Mecsara o6beM 3ama-
ca pecypca Moxer ObiTh pasHbiM 0, 50, 100, 150, 200 man
250 en. (3TO 3J€MEHTHI MHOMKECTBA X, ).

B rabx. 8.83 momermeHBbI pes3yJbTATHl YCIOBHOH OITH-
MHU3alNy DePBOr0 MecdAlla ¢ YU4eTOM paHee ONTHMU3HMPOBAH-
HOTO IepHOMa U3 TPEX HOCIeAYIOMNX MecAneB (cM. Tabu. 8.32).
Ha maugasno neproro mecsia ofbeM 3amaca pecypca R mo yc-
soBmio 3agaun paseH 100 ex. Tak 4T0 MHOMKECTBO X COCTOUT
u3 eguHCTBeHHOrO aemenTa 100. DieMeHTaMH K€ MHOX{ECT-
Ba U, yIPaBJeHU Ha IepBOM MecsIe MOTYyT 6bITh uncaa 50,
100, ..., 300. IMeHHO TAaKHMM MOTYT OBITH O0'BEMBI [TAPTUI
IIOCTABKU pecypca, ecilyd MMeTb B BHAY, YTO obmas morped-
HOCTH B pecypce Ha HpeJCTOsIINe YeTbIPe MeCSIIa COCTaBIgeT
400 exn. n gpyrue ycJIOBHA 33Ja4U.
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Ta6nanuma 8.33

R Uy x K, my Py 2 F, Fy

100 | 100 | 50 | 40 | 125 | 36 | 76 | 76 | 152

TTocne 3aBepiIeHNA YCIOBHON ONTHMHU3AUNK MOYXKHO HAWTH
6e3yCIIOBHO-ONITHMAJIbHOE YIIPABJIeHHE IOCTABKAMU pecypca,
rapaHTupyollee MUHUMAaJbHbIE CYMMAapHBIE 3ATPATH! HA IO-
[OJHEeHKE U XpaHeHHe 3alaceHHoro pecypcea. /s aToro Hazfo
IIPOHTH eIle Pa3 BECh YCJIOBHO-ONTHMUSHPOBAHHBIN I1JIAHOBBIH
Mepuol, HO Y3Ke B «IPAMOM» HANPABJIEHWU, U BHIHUCATL U3
tabs. 8.33, 8.32, 8.31 u 8.30 cooTBeTCTBYyIOIINE IIATOBBIE
YCJIOBHO-ONTHUMAJbHEIE YIPABICHUAS, KOTODHIE ¥ COCTABAT UC-
KOMO€ ONTHMAJbHOE yIpaBJIeHHEe IIOCTABKaM{ B IJIAHOBOM
nepuoge. Wrak, us taba. 8.33 BHAUM, UTO MHUHUMAJIHHBIE
CyMMAapHEIE 3aTPaThl H& YIpaBJIeHHWEe MOCTABKAMU B YETHI-
pexXMeCcsSYHOM Iiepuoje cOocTaBadAoT 152 geH. en. (cM. croi-
Gen F|) npu yCIOBUH, YTO B IIEPBOM Mecsie Oyner saxasaHa
naprus pecypca B o6beme 100 en. (cm. cronber u,). Bmecre ¢
MMeBIIUMCA HavyaJIbHLIM 3anacoM B 100 ex. B mepsoM mecsine
Ha cKJiagax upeanpuatusa cocpenorountesa 200 ex. pecypea R.
s uaux 150 exn. moiimer mHa yaoBJeTBOpeHHe mOTpebHOCTEH
NIPOU3BOACTBA B 9TOM Mecsre. K KOHIY Mecsdlla OCTAHETCH
50 exn. (cm. cTonbern x,).

Ilepexoas x Tabn. 8.32, samedaeM 110 CTPOKE, COOTBETCT-
Byrouei#t sanemernty 50 crombua x,, 4TO BO BTOPOM Mecsie
IOIOTHATL 3amac He caexayer (cM. croxber u,), IOCKOJIbKY
umeromuxcd 50 ef. Kak pas JOCTATOYHO HJIA YAOBJIETBOPEHUA
cIIpoca B 9TOM MecsAlle. 3amac K KOHILY Mecarna Oyner ncuepnad
(cM. cronben x,). TTo crpoke Tabm. 8.31, cooTBercTByOIIEN
ssnementy 0 cronbua x,, AesaeM BBIBOA, YTO B TPETHEM MeCSe
cnenyer sanactu 200 ex. pecypca (cM. crosbern, u,). U3 Hux
100 en. Gyzer mapacxomoBaHO B aTOM Mecsine, a 100 ex. oc-
ranercA (cM. cronber x3). W, HakoHen, Mo CTPOKE, COOTBET-
crByiomedi siementy 100 us cronbua x, tabn. 8.30, Bugum,
4TO B YETBEPTOM MeCslle 3amacaTh pecypc He cienyer (cM.
cronbern u,), TAK KaK TOJBKO B 3TOM Cilyd4ae IPU yAOBJIe-
TBOpPEHHH ITOTpeGHOCTEe!l MPOUSBOACTBA B JAHHOM MECHIE K.
KOHI[y ero Bech pecypc OyAeT M3PacXoJOBaH B IIOJHOM CO-
OTBETCTBHH C YyCJIOBHeM 3afadu (CM. cTonber x,).
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Kparxko orBer MOKHO s3amucaTh B BHIe BeKTOpa u* =
=(100; 0; 200; 0). Ilpu 3TOM BEeKTOpe YUpABJEHUHA 3aTPATEI
MUHUMHUBUDPYIOTCA ¥ COCTABJAIOT 152 neH. en.

8.14. HckaouuB U3 ycaoBus npumepa 8.4 ykasagme o
TOM, YTO Ha HA4aJIo IePBOro MeCcANa Ha CKJIAAaX OIpeAnpPUATHA
uMeeTcs 3anac pecypca B odbeme 100 ex., maiitu onTUMAaJb-
HbI€ YIIPABJEHHUSA IIOCTABKAMH JIJIA BCEX HOIYCTUMEBIX 00HEMORB
3amaca pecypca Ha Ha4aJio IepBOTrO MecdAlla IJIAHOBOI'O IIe-
puoza. Ilpu kaKoM sHaYEeHUHM HAYaAJILHOTO 3al1aca CyMMAapPHbIe
3aTparThbl Ha IONOJEEHME M XPaHEHHe pecypca B IJIAHOBOM
nepuone 6yayT MUHHMAIBLHBIMU?

8.15. B nraroBom nrepuojge u3 N mecsales Tpebyerca Mu-
HUMU3UPOBATh U3JEPIKKH IIPH II€PENPOU3BOACTEE U HELOIPO-
u3BoacTse (neduuuTe) NPOAYKIIUY OTHOCHUTEJILHO CIPOCa Ha
Hee, a TAKIKE U3AEPIKKY, CBASAHHEIE C H3MEHEHNEM CKOPOCTH
IPOM3BO/ICTBA, IIPU HEKOTOPHIX U3BECTHRIX KOMebanuax capoca
C TeueHWEM BpeMeHH. BBenem 0G03HaueHMSA: U, — CKOPOCTH

CIpOCca Ha NPOAYKIUIO B [-M MecAne (i =1, N); X, ; — CKO-
pOCTh MPOUMBBOACTBA B (I — 1)-M Mecane; g, — HBIEPKKH,
CBSI3aHHDBIE C OTKJOHEHUEM CKOPOCTH NPOU3BOACTBA OT CKO-

pocTH C€Tpoca; u; — CKOPOCTh MPOM3BOJCTBA B i-M MecHIle;
G, — u3Jep:KKH, CBA3AHHBIE C UZMEHeHHEeM CKOPOCTH IPOH3-
BOJICTBA B HAYAJe [-TO MECANA; ¢ — MAKCHMAJbHbIe BOa-

MOXHOCTHU NIPEANIPUATHS 10 CKOPOCTH IIPOHU3BOACTBA IIPOAVK-
nun. [lonaraem, 4ro GyHKIUU U, ¥ U, TUHEHHBIE, 4 TOTOMY
OHU OIIPEeJIEJISIOTCA KOJIMYECTBOM IPOAVKIIUM B KOHIIE MecsAIia.
Dysrnuu g, u G, UMEOT BUA:

g =(u,-v)% G =05, -x_).

MuHEMAaJIbHBIE M3AEPyKKH HPOU3BOJACTBA, HAYAJLHYIO CKO-
POCTE IIPOU3BOACTBA M CKODPOCTU IPOM3BOACTBA II0 MeCAIlaM
IJIAHOBOTO NIEPUOJA CIeAYeT ONPEIeIUThb IPH TAKHX NCXOTHBIX
nanubx: a) N=4,v,=10; 5; 3; 3,¢c=5;6) N =4, v, = 5; 10;
2;56,c=3;B)N=4,v,=4;5; 3; 3, c =4.

Y xkasanue. Jrg ymMeHblleHUs o0beMa BBIYHUCIEHUH [IOJIO-

JKUTH, YTO CKOPOCTH IIPOU3BOACTBA MOXKET M3MEHSATBHCA C AUCKPET-
HOCTBIO €AVHUIIA.

8.16. IIpegnpuHEMATENS 3AKIIOYIJI KOHTPAKT HA HOCTABKY
IPOAYKIIUY B TeUEeHUE IISATU MECHAIEB B CIAEAVIOIINX o6beMax
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(mo mecsauam): 90, 125, 140, 100 u 45 ex. IlocraBxu ocy-
IIECTBAAIOTCA B KOHIE KaXKIOI0 MECAIla KaK 34 CYeT BHOBDL
IPOU3BEAEHHON NPOAYKIINY, TAK U 32 CUET IPOAYKIHY, Xpa-
HANeHCA B 3amacax, B TOM YMCJIe CO3AHHBIX [0 3AKJIIOUYEHU A
koHTpaxkTa. CTOMMOCTh XPaHeHUA eNHUIILI HPOAYKIINY PABHA
20 peH. en. B mecsty. Ilpeanonaraercsi, 4To 3aTPaThl HA Xpa-
HEHUE ONPEeNeNAITCA CPeIHUM YPOBHEM 3amaca M K KOHILY
IATOTO MECHAIlA 3alachl NOJIKHBI ObITh mcyepnaHbl. Criaz-
CKLe ITOMENIeHU S IPeATIPUATIA He MO3BOJAIOT XPAHATE Gojee
200 en. mpoaykuun. CTOMMOCTL HAJNAAKH OOOPYLOBAHUS Ha
OJUH IPOU3BOCTBeHHBIN MuKa paBHa 3000 neH. en. Hanagka
OCYIIeCTBJIAETCS TOJBKO B Hayaje KayKAOro Mecsana (ecaiu B
9TOM Mecsflie OPOAYKIUA npousBoAurcs). Tpebyerca ompe-
JeJUTh, KAK0e KOJUUECTBO MPOAYKINY CIeAyeT IPOU3BOAUTE
B KaXXJIOM MecHIe, YTOObI CYMMAapHbIE 3aTpaThl HA HAJAAKY
000pYyHOBAHUA M XPAaHEHUE I'OTOBOHN IPOAYKINY OBIIN MAHU-
MaJILHBIMH.

Y k a3 a#nue. enecoobpasuo BBeCTH ciiefyomue 0603HAUCHUA:
U, — KOJAUYecTBO NPOAYKIWHU, IPOU3BEeIeHHOM B i-M Mecaue (i= 1, 5);
X, , — ofbem sanaca npoayknuu Ha xoHen (I — 1)-ro mecsana: v, —
CIIpOC Ha MPOAYKIHI B i-M Mecsle; K — s3aTpaTsl Ha [epeHaNagKy

obopyoBaHUA.

8.17. IIpegupuHUMaTe b IJIAHAPYET HAiM CE30HHBIX pa-
founx Ha IATH Hemeab AJjisi yoopxu ypoxasi. IlorpebuocTs B
paboueil cusie MO HeAEJIAM IJAHOBOTO IIEPHUOAA PaCHperess-
ercs ciaexyromum obpasom: 5, 7, 8, 4 u 6 ven. Koanuecrso
pabounx B Hayaje KaXKAOHN HellesIN PeryJINpyeTca IyTeM HaliMa
# yBonbHeHUA. [Ipy HatiMe pabounx npeAIIpUHUMATE b TEPIIUT
yOBITKHU B BHU/Ie HAKJAAHBIX PACXOXOB IIo Halimy. CoxpaHeHue
B TeUeHUe KAaKOH-11m00 Hexe M KOHTHHTeHTa paboyux, Hpeskl-
HIAIQIIEr0 MUHUMAJIBHYIO IOTPeGHOCTD, MPUBOAUT K YORITKAM,
BBIBBAHHBIM ITPOCTOAMH paboumnx. [Ipy sToM yOBITOK OT OZHOrO

pabouero Ha i-it Hegene (i =1, 5) cocrasnser ¢, = 3 NeH. ex.
Haxnannele pacxonsl, cBsi3aHHBIE ¢ HafiMoM K pabouux, omnpe-
RENAITCS 3aBUCUMOCTBIO €, = 4 + 2K (nen. en.). Ilapamerpst
€, ¥ ¢, OCTAIOTCSA NOCTOAHHBIMY /15 10001 HeAeNU MIaHOBOTO
nepuopna. Ilepen HavaJ oM ILJTAHOBOTO HepHOAA IPEeNIPHHU-
MaTesb MOKeT UMETh JII000e pasgyMHOe KOJIHUYECTBO paboumx.
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B kownie asiToit Hemenu Bce paboume QOJIKHBI ObITH YBOJIEHBI.
IIpenmosaraeTcs, YTO IPH YBOJIbHEHNH pabouero nNpeaIpuHn-
MaTeJb He HeCceT HUKAKUX HAKJIATHBIX pacxomoB. COCTaBUTH
ONTHMAJILHLIN IIJIaH HafiMa ¥ YBOJIbHEHUS Ce30HHLIX pabounx,
IPX KOTOPOM YOBITKHU HNpPeAIPUHIMATE I MUHIMUASUPYIOTCS.

8.18. B ycinoBusix sagauu 8.17 HAWTH ONTHMAJIbHBIH IIIaH
HaliMa 1 YBOJILHEHUS CEe30HHBIX pabounx, ecau norpeGHOCTH
B paboueit cuje 10 HeJeJ M NJIAHOBOTO MEPHUOJa XapaKTepu-
3yeTcd cAeAyIOIIUMM LaHHBIMHU: a) 6, 5, 3, 6 u 8; mepex
HaYyaJoM ILJIAHOBOTO Tepuona OblI0 HAHATO 5 pabouux; 0) 8,
4, 7, 8 n 2; mepej HAUaJIOM ILJIAHOBOT'O epro/a OLLII0 HAHATO
6 pabouunx.

8.19. IlpeanpusiTe OCYINECTBJSET NOCTABKY Jerajed
(B ThICAYAX IITYK) NOTPEOUTENAM B TeUEeHHE IATH MECSIIEB.
Crmpoc Ha geranu B i-M MecaAne paseH v, (i = 1, 5) . Cpoc mo-
JKeT YAOBJETBODATHCA KaK 3a CUeT fJeTajell, IPOU3BeJeHHBIX
B i-M MecsIe B 00beMe i, TAK U 34 CUET 3anaca X, ;, CO3JaHHO-
ro K Havany i-ro mecana. He oTnipaBjeHHBIE B TeUeHUE i-I'O
MecdAlla JeTajid, KaK U3 3amaca, TAaK U BHOBb IPOK3BeIeHHEIE,
00pasyroT 3amac Ha KoHell i-To mecsia. CKaajcKue momermnie-
HUA OPEAIPUATHSA He MO3BOJISAIOT XPAaHUTE 0oJiee 3 ThHIC. JeTa-
Jei. 3aTpaThl HA MPOU3BOJICTBO AeTajlell OIpeleNaoTCH PhyHK-
nueit ¢(u;), a 3aTpaThl Ha CORep:KaHue sanaca—QyHKIueR
y,(x,) = x,. Haittu onTuManbHEIZ 00beM HAuaJIbHOrO 3anaca u

06'beMBI IIPOM3BOCTBA 110 MECAIAM TaK, YTOOb! TapaHTHPOBATH
IpeJOPUATHI0O MUHUMAJbHBIE 3aTPATHI, 4 TOTPeGUTEIAM HOJ-
HOe y[OBJIETBOPEHHE UX CIIPoca. 3a4auy PElInThb IPU CIeAYIo-
IUX JAaHHBEIX: @) @, (4,) = uf »v;,=1,2,3,2,1;6) o(u) =2u,
v,=1,3,2,1, 1.

8.20. [IpeanpusaTe TPOU3BOAUT CTAHKH, CIPOC HA KOTO-
phHle 110 MecALlaM KBapTaja BeIpajkaercs quciamu 3, 4 m 3.
Ha Hauango KBapTraJja Ha CKJIAAe NpeAIpPUATHA XMeeTCa ONUH
CTAHOK, a4 XpaHUTH HA CKJIaJie MOXKHO He GoJiee ueThbIpex CTaH-
Ko0B. [TocKoMBKY B ClleAyIOIIeM KBapraje HpefnpusTHe Ie-
PEXOIUT Ha BBIIYCK CTAHKOB APYIo#l cepru, K KOHIY KBapTaja
BCe CTAHKH JOJXKHBI GbITh peanusoBaHbl. CymMMapHsle 3aTpa-
TBI ¢(X;, U,) NPeNUPUATUA B i-M MeCsAlle CKJIAJBIBAIOTCA U3
3aTpaT ¢(X;,) HA OPOU3BOJACTBO X, CTAHKOB B 3TOM MeCsAIe U
3aTpaT 2v, HAa XPaHeHMe U, CTAHKOB, HAXOJANINXCA HA CKIIaae
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M OKHUAAIIUX OTIPABKU moTpeburento, T. e. ¢, (x, v,) =
= ¢(x,) + 2v,. BaTpaThi Ha NPOU3BOACTBO ¢(X;) B CBOIO OUEPEab
COCTOAT U3 YCJIOBHO-IIOCTOAHHBIX 3aTPAT, PABHBIX 8 HeH. en.,
¥ IPONOPIMOHAJBHBIX 3aTPAT B padMepe 2 AeH. eJ. HA KaX-
IBIH CTAHOK, Tak 4TO ¢(x,) = 8 + 2x,. IIpousBoacTeBeHHbIE
MOIIIHOCTY IIPEAIIPUATHA He IIO3BOJAIOT IPOU3BOAUTL OoJiee
6 crauxkoB B MecAn. HaliTu onTHManbHBIM NJaH BBINYCKA
CTAHKOB II0 MeCSIlaM KBapTraja, IpH KOTOPOM MOJHOCTBIO
YOBJIETBOPSETCA CIIPOC TOTPebUTENEH, & CYMMapHbIe 3aTPaThI
NpeNNpUATHA Ha HPOUBBOJACTBO CTAHKOB M HX XpaHeHHe
MHHUMUSHPYIOTCA.



PABHOBECUE 3KOHOMWUYECKOMN
CUCTEMbI 1 ONTUMU3ALLUSA
NMPOU3BOACTBA

9.1. Mozeas 3KOHOMMYECKOTO PAaBHOBECHS

B ynpaBneHuy 3K0HOMHUKOI TpeGyeTca YUUTHIBATL K&K BHYTPEeHHHE
CBA3M YIIPABIAEMOTO O0LEKTa (CHCTEMEBI), TAK U €ro B3auMojeicTBHe
C BHeEIIHeHl 9KOHOMHYECKOU cpejoii. BHyTpeHHUe CBA3H 2J€MEHTOB
CHCTEeMBI BHIpaskamoTcd B oOMeHe (3arparax Ha NPOU3BOJACTBEHHEIE
HYXJBI) TpOoAYKIMeil (yeayraMu) Mexx 1y anMu. B takoMm cayuae yacts
OPOAYKLKH, IIPOU3BOJHMMON B CHCTEME, 3aTPAYMBAETCA HA OOCIYKU-
BaHMeE JAaHHLIX cBA3eli. B MeHemxmeHTe HEOOXOAMMO YUYHMTHIBATE Y
3TY YaCTh UPOAYKLUH.

Onuu 13 IOAXOOB yUueTa BHYTPHUCHCTEMHHKX CBA3el HMpejCcTaBIeH
B BHUJle MOJEJI 9KOHOMHUUYECKOro pasHoBecuda B. B. Jleonrwena. Pac-
CMOTPUM OCHOBHEIE IIOHATHA U ONpeAeIeHHs 3TOM MOAeJH.

IIpeanonaraercsa, YTO MOAeNHUpPyeMas SKOHOMHUYECKAHR CHCTEMa
COJEPKHUT HEKOTOPOe YHUCJIO n > 1 B3aUMOAEMCTBYIOIINX 3JIEMEHTOB,
HasblBaeMBIX ompacaamu. Kaxjaaa orpacib, BXOAAIAA B CUCTEMY,
NIPOU3BOAUT UPOAYKIIMIO OJHOTO BHUAA U MOKET OOMEHUBATHCH €i1 ¢
AI00BIMH JPYTHMH OTPAaCJIAMH. JTO 03HAYAET, UTO, C OJHON CTOPOHEI,

NPOAYKIHIO faHHOM i-it orpacau (i = 1, n) Moker morpebnars mobas
U3 1 orpacjeil CUCTEMBI, ¢ APYroi — YTO AAHHAs OTPACIb MOXKerT
NOTPe6aATH Ha MPOU3BOACTBEHHERIE HYXK LI IPOAYKIIHIO JOGKIX OTPac-
Jie CHCTEMBI, BKJIIOYAS CBOIO COGCTBEHHYIO.

Hnst orobpakeHnss B MOJENN BHYTPHUCHCTEMHBIX 3aTPAT NPOAYK-
IV} BBOTUTCH HOHATHE KOIPPuyuenma npamvix aampam rpodyxyuu,
KOTOPHI OTpaskaeT yAesIbHHIE 3aTDATHl NpoAyKuuu (B pacuere Ha
eIUHUYHHIH BRITyCcK). KoapdunueHRT mpAMEIX 3aTpar 4, BEIDAXKAET
B3auMoJfeiicTBHe JBYX OoTpaciyeil cucreMul — i-it (npouszeodaweil) n j-it
(nompebaswweit). OH YHUCIEHHO PaBeH HHTEHCHMBHOCTH 0OMeHa Npo-
nyxnueit. CkaszaHHOE MOMKHO IIPEACTABUTH B BHJE CHEAYIOIEH CXeMbI:



YucsnoBoe 3HaueHne K0dGhPUIMEHTA NIPAMBIX 3aTPAT onpejessier
YPOBEHB OoTpedseHust NPOAYKIUY i-H OTPACIM BHYTPHU CHUCTeMEl (Ha
TIPOUBBOACTBEHHBIE HY’KIBI) B pacyere Ha €IMHUUHEIN BHITYCK HPO-
OYKOUM j-# OTpPaciau ¥ MMeeT CMBICJI HOPMBI 3aTpaT i-i IPORyKIUYN
JJ1s BBINIYCKA €OWHULE! j-# IIPOAYKIUKA B BAJOBOM (BHYTPH CHCTEMEI,
NpeANpUATHS) BHIPAKEHUM. B aToM cayuae i-si OTpacib ABJIAETCHA
npousBojsilelt, a J-a — norpebasaionieii. Jliobas orpacib MOxKeT GBITH
KaK NMPOU3BOAAMLIEH, TaK U IIOTPedAAIOLIe.

Hynepoe 3navenre koahduniieHTa IPAMBIX 3aTPAT YKA3bIBAET HA
OTCYTCTBUE IIPAMBIX CBA3EH MYy KOHKPETHBIMYU oTpaciaamu. [Ipex-
rnojlaraeTcs, 4To cpein Koa(pDOHUIMEHTOB ONPSAMEIX 3aTPaT HMEIOTCS
HeHyJIeBble, B IPOTHBHOM CJIyyae HWKaKNe OTPAcIH He CBS3aHbl MEXAY
co00i1, YTO JIUIIAaeT CMEIC/IA PACCMOTPDEHNE UX KaK CHCTEMBI.

BRINYCK IPOAYKIMH DA3AessoT Ha 6a10601 (BHYTPEHHUN) U KO-
Heunbiil (BHemrHui). OHU pa3nNUUaOTCA Ha BEJIMYUHY TPOU3BOJCT-
BeHHBIX 3aTpaTr. O603HAYNM dYepe3 X 71-MePHEIM BEKTOD BaJIOBOTO BEHI-
nyckKa, a 4eped3 y — BEKTOP KOHEYHOI'O BBHIIYCKA TAKOW JXe paszmep-
uoctu. Torpa eexmop npouszsodcmeernnuvix 3ampam d MOKHO IIpen-
CTaBUTh KaK Pa3HOCTh MeXJy BEKTOPAMH BaJIOBOIO M KOHEYHOIO
BBINTYCKOB:

d=x-y.

KBagparuasa marpuina A = [aij] , 9JIeMEeHTaMH KOTOpOU ABJIS-
nxn

I0TCA KO3 PUIIMEHTH NPSAMBIX 3aTpaT, Ha3bIBaeTCA MAMpPuyeil npambLx
sampam. OHa omuceIBaeT BHYTPHMCUCTEMHELIE 3aTPATHI NPORXYKI[MH.
IIpeanonaraercs JuHeHHaA 3aBUCHMOCTD 3aTPAT OT YPOBHSA BaJIOBOT'O
BBHIIIYCKA. JTO O3HAYAeT, YTO [IPU 39JaHHOM yPOBHE BaJOBOrO BHIIIYCKa
j-# (morpebasiomeii) oTpacyu BeINYWHA 3aTPAT NPOLYKIUN i-i (1po-
n3BOJAINEH) OTpaciu ONpefesAeTcs COOTHOIIEHNEeM

dij: aifx/ (11] = 11 n)’ (91)

rae d,;, — 3arpaThl TPOAYKIMH i-ff OTpacnu B j-if, COOTBETCTBYIOIINE
BEIIYCKY X3 X; — BAJIOBOI1 BEIIIYCK IIPOAYKIINHU j-i1 oTpaciu.

Coornomienne (9.1), Bopaskawiiee B mojenun B. B. Jleonrtnesa
IPOTIOPIIMOHATIBHOCTS 3aTpPar 06HLEMY BaJIOBOTO BEIYCKA, HA3HIBAIOT
2unome3soil AUHelHoCmU.

KoodhduiuesTs! IPAMLIX 3aTPAT OTPaKaOT HHTEHCUBHOCTh BHYT-
PHCHCTEMHEIX ITOTOKOB nNpoayKunn. CTPOKH MaTPULILI A COOTBETCTBYIOT
NPOM3BOASAIINM OTPACIAM, 2 ee CTONIOIBI — MOTPEGASIONIUM.

3aTpaTel NPOAYKIHM I-H OTPAc/AW B CHCTEME OIPENeNSIOTCH KakK
cyMMapHLIe 3aTPATHI BO BCEX OTPACIAX:

n n —
Z Z a;x; (i=1,n)
[IPH 84/aHHOM BAJIOBOM BHIIyCKe X. TOr/a KOHEUHEIH BRITYCK oTpacJIel

onpenessieTcA COOTHOHIIeHUeM
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n PO
y=x-d =x;, -y a;x;, (i=1,n).
P
Bosee yaobHOIM ABNAETCA MATPHYHAA DOPMa JAHHOTO BLIPAKEHUS,

CBA3BIBAIOUIETO BEKTOPLI KOHEUYHOI'0 M BaJIOBOT'O BBIIIYCKOB CHCTEMBI:

y=x-Ax = Ex - Ax = (E — A)x, 9.2)
!/11 [‘xn
Y Xy

rie y = —— BEKTOP KOHEYHOr'O BBIIYCKAa; X = ! — BeKTOp
Yn ] Xn

BAJIOBOT'O BBIIIYCKA; A — MaTpula NpAMBIX 3arpaT; E — eIUHUYHAA
MAaTpHUIA OpAAKa 7.

Bripaskenue (9.2) zaswiBaeTcst OCHOBHbIM OALAHCOBbLM COOMHO-
wenuem. Ha npakTuKe 6osee ynorpeduTesbHOR sBigerca opma sToro
COOTHOIIICHHNA, IIPe/ICTaBJIeHHad B BUJle, PA3PEIIeHHOM OTHOCHUTEILHO
BEKTOpA BAJIOBOrO BHINYCKa. It ee IONyUeHMs] IPUMEHUM METOX
o6paTHoi MATPUIIEL, T. €. YMHOXHUM ypaBHeHue (9.2) cieBa HAa MATPUILY

B=(E -4, 9.3)
B pesyJIbTaTe Yero IMOJyYNM HCKOMOE COOTHOIIeHUe:
x = By. (9.4)

CooTnotenue (9.4) nossosaser BLIMUCIATE cOalaHCUPOBARHLIN Ba-
JIOBOH BBLINYCK JAJISA MOJYYEHHMS 3a8JaHHOIO KOHEYHOI'O BBINYCKA CHC-
TEMBIL.

Marpuna B, onpenensemas seipaxienuem (9.3), vaseiBaercs mam-
puyeil nonHvLx 3ampam npodyKuyuu.

Iipumep 9.1. 3agana MaTpuna OPSIMBIX 3aTPAT

0 01 05
A={0 0 0|
0 04 O

Onpenenutsh HeOOXOMUMBIN cOaIaHCHPOBAHHEINA BAaJIOBOM
BBINYCK JIs o0ecneueHus TpeGyeMoro KOHeUHOrO BhINYCKA

50
y =|80}|
10]
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Peme nue B wmarpune A sagasbl Ko3ddUIUEHTH
VHTEHCUBHOCTY BHYTPHCHUCTEMHBIX I[IOTOKOB IIPOAYKIMK IIO
HaIlpaBJIEHUAM, IIPEACTABJIEHHBIM B Tabx. 9.1.

Ta6aunna 9.1

W HTEeHCUBHOCTH
Hanpasnenue satpar HOTOKA TTPOAYKIIMM
1-s oTpacas — 2-A oTpacisb 0,1
1-1 oTpacap —> 3-1 oTpacib 0,5
3-a oTpaciab — 2-s OTpaciab 0,4

IIpmensas coorHowenue (9.3), mocienoBaTelbHO HAXOAUM:

1 0 0] [0 01 05] [1 -01 -05
E-A=l0 1 0/-[0 o0 oizio 10 |
001 004 0] [0-04 1

|
(1 -0, —0,51‘1 "1 03 05]

B=(E-4)"=[0 1 0| :io 1 0
0 -04 1 | [0 04 1|

JIn1a npoBepKU MPABUJIBHOCTY BBIYMCIEHUN BBINOJHIAEM
YMHOXEHIE B3aUMHO OOpPaTHBIX MaTPHIL:

1 03 05/[1 -01 05 (1 00
1

B(E-4)={0 1 0|0 1 0i(=/0 1 O0{=E.
00,410—0,41[001
B pesynsrare moiydyeHa efMHWYHASA MATPHIA, YTO IOJA-
TBEPIKJAeT NPAaBUJILHOCTH BEIUHCIEHUS MaTpPUILBL B.
Bocnoasayemcsa dopmysioi (9.4) 1A BBIYUCICHHIA BEKTOPA

BaJIOBOT'O BBIIIYCKA, C6aJIaHCI/IpOBaHHOI‘O C 3aa"HHBIM KOHEeY-
HBIM BBIIIYCKOM:

1 0,3 05]|[50] [79
x=By=/0 1 0 (|80[=|80|
0 04 1 (/10| |30

Ecan TpebGyeTcs eIMHUYHBIA KOHEYHBIN BRITTYCK j-iI oTpac-
H, TO c6aNaHCHPOBAHHBIN BAaJOBOM BBIIYCK COBIIAJAeT C j-M
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CTOJI6HOM MaTpHUIbl B, uro claenyer HeIloCcpegCcTBEHHO M3 CO-

orromenus (9.4). CkaszaHHOe CIPaBeNJINBO s BCeX j =1, n

U OIpejesieT d3KOHOMUYECKHN CMBICJA CTOJOIOB MATPHIbI
TOJHBIX 3aTPAT KAK HOPM BHYTPUCUCTEMHBIX 3aTPAT IPOAYK-
MY OTpaciyell Ha KOHEUHBIH BBIIYCK IPOAYKIIUH.

Honyctum, TpebyeTcsa onpeneuTh eIUHUYHBIA KOHEUHbBIH
BBIITYCK IIPOAYKIUY 2-If OTpacjH, Toria cbaraHcHpoOBaHHBIN
BAJIOBOHM BBIMYCK

COBIAJIAE€T CO BTOPBLIM CTONODOM MaTpuisl B.

PaBeHCTBO BajIOBOTO ¥ KOHEUHOrO BHINYCKOB IPOAYKIHUU
2-i orpacnu B mOCHenHeM cryuae oObACHAETCH TeM, YTO Ha
IIPOM3BOACTBEeHHBIE HYKABI IPOAVKUUSA 3TOH OTpacau He
3aTpayWBaeTcsi HU B OJHOM M3 OTpACell, MOCKOJIbKY BTOpAs
CTPOKA MATPHUNLI IIPSAMBIX 3aTPAT COCTOUT TOJLKO M3 HyJeH.

Iponyxnusa 3-ii orpacau BeIDycKaerca B o6beme 0,4 m
HCTIONb3yeTCA BO 2-M OTpacju, 4TO COBIAJAET C COOTBETCT-
BYIOIIUM 3JIEMEHTOM MATDHIILI IPSIMBIX 3aTpar.

Banopoil BrImyck npoayxkumnu 1-it orpacau pasen 0,3 n
IPEBBILIAET COOTBETCTBYION{ME IPAMbIE 3ATPATHI HA BEIUUNHY
KOCBeHHBIX 3aTparT, paBHbIX (,2. KocBeHHbIE 3aTPATHL BHI3HI-
BaiOTCA HEOOXOAMMOCTBHIO OGecleyeHUs BaJIOBOTO BBINYCKA
nponykuuu 3-if orpaciu Ha ypoBHe 0,4 m ompepensirorcs
npousBefeHueM a,,x; = 0,5 - 0,4 = 0,2. lImenno B Takom
06beMe MPOAYKUHUA 3-H OTpaciu 3aTpauyMBaeTCsi KOCBEHHO
yepes 1-10 OTpacAb HA BBIOYCK €MHWHHUIB NPOAYKIUH 2-¢
OTpaciiu.

VI3 paccMOTPEHHOrO IpuMepa MO HO CAEJAThL BEIBOJ, YTO B 061IeM
clIyuae TOJIHLIE OTHOCHTENILHEIE 3aTPATHI IPOAYKIIUMHU, IPEJCTABICHHLIE
dJIeMEHTaM¥ MATPUILI B, COCTOAT M3 ABYX 4Yacreil — HPAMBIX H
KOCBeHHBIX 3arpart. IIpambie 3ampamat npodyKyULL COOTBETCTBYIOT TeX-
HOJIOTHYECKHM HOPMAaM B JAHHOM OTPACAM M OCYIIECTBIAIOTCH Ha-
IPAMYIO, B TO BDeMS KaK KOC8eHHbie 3ampambi GOPMUPYIOTCA B
pe3yJIbTATE HCIOJIL3OBAHUA NPOAYKIHHM APYTHX OTpaciied-mocpes-
HMKOB, B KOTOPBIX UMEIOT MECTO IPSMBI€ 3aTPATHl, YTO NIPUBOLUT K
KOCBEHHOMY NEPEHOCY 3THX 3aTPAT B HPOAYKIIMIO KOHEUHOH NOTped-
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naoweil orpacad. B 9ToOM ciydae MOMKHO CKas3aTh, YTO HNPOAYKLUA
oTpacyeii-1IoCPeHUKOB ofeceynBaeT TOCTABKY B KOHEYHBIH IPO-
AVKT IPOAYKLHMH oTpacyief, OCYIeCTBUBIIMX IePBUYHBIE 3aTPaTE
IPOAYKIKN HEKOTOPOW IpOM3BOAALIeH orpacyiu. YTOYHHUM, 4TO OT-
PACIIBIO-TIOCPEHUKOM MOKET BBICTYIIATH TAKKE U caMa NoTpeSIsomas
OTPACb.

9.2, BrruucleHHe MATPHUIBI IOJHBIX 3aTPaT

B mpumepe 9.1 MaTpuna IOJXHHIX 3aTpar B npexcTasiesa B TOTOBOM
BUJe KaKk o6paTHas Io OTHOLIeHWIO K Matpune E — A, 6es pacemor-
peHHs MeTofa ee Tonydenus. OXuH 13 MeTOOB OOpaIeHNA MATPUILEI
OCHOBAaH Ha IIPOMEKYTOYHOM BEIYHC/ICHIH NPUCOCOUHEHHOU MAMPUYbL,
COCTABJIEHHOM U3 ajrebpamyecKuX JOIOJHEHHMi, ¢ HOCAeAYOMHUM Je-
JIeHUEeM ee 3JIeMeHTOB Ha OUpe/ie/IuTeNIb HCXOAHOM MaTpusl. JlanHbIH
MeTOI M3y4aeTcs B Kypce BeICHIeH MaTreMaTHKH. HTarTesio peKoMeH-
AyeTcsa NPYMEHATH ero IPH PACCMOTPEHMH NOCHeAYIOUIHX IPUMEPOB,
CpaBHHUBAA MOJyYaeMbie Pe3yJILTATH € Pe3yIbTaTAMM HCIIONL3OBAHUSA
ONMCHIBAEMOTO HUKe NPUGIMNKEHHOTO (9KOHOMHYECKOT0) METOAA.

O6paTHas MaTPHIA He CYLIECTBYET, €CJIH ee Ope/le/InTe/lk PaBeH
Hy10. B 3TOM ciyyae MaTPHIA HA3LIBAETCH 8viposdernnoil. Borunc-
AUTeNbHAS HpPOINeAypa OBpAIeHUs MATPUIE ABAAETCA OJAHOU M3
Hauboslee TPYAOEMKHX B JuHellHOMH anreGpe.

MarpHIia IOJTHBIX 3aTPAT MOXKeT ObITh BRIUUCIIEHA npubIHKeHHO
Ha OCHOBE HCHOJb30BAaHHA 3KOHOMUUYECKOTO CMBICJIA €€ 3JeMEHTOB.
I pubanskeHHBIA MeTOX BEIYUCJIEHUS MATPUIBI B no csoeit mpupoje
SIBJIfIeTCA MTEPAIMOHHLIM ¥ OCHOBAH Ha IOCJ/IE0BATeIbHOM YTOUHEHUH
3JIEMEHTOB MCKOMOI MAaTPHIbI. B HEKOTOPHIX CJAYYasAK aTOT MeTox obec-
HeuuBaeT TOUHOE BEIUMCIEHHe Marpulsl B (cM. npumep 9.2).

Iycrs MMeeTcs MaTpUIia MPAMBIX 3aTpat A U H3BeCTeH Tpebye-
MBIl KOHEUHbI BLITYCK Y. IIpeAnonoskuM, 4To B IepBOM IPUGIIKeHUN
HMCKOMBIH BAJIOBOH BEIIIYCK X MaJIio OTJINYAeTCA OT KOHEYHOTO BRIIYCKa
(XOTA 9TO U HE BCErJa BEPHO, UTO HE IIOMellaeT KOPPeKTHOCTH AaJb-
refimmx paccyxkgenuit) x(U) = y. Henonpays yxkasaHHoe npUGIMIKEeH-
HOe SHAaueHWe BEeKTOpA BAJOBOTO BBHIIYCKA, HaXOAWM (B IIEPBOM IKe
npubMsKeRnyu) 3HaYeHUe BEKTOPa [IPOMIBOACTBEHHBIX 3aTpaT Npo-
AYKIMY KaK TpPON3BeJieHHe MATPUIB NPAMBIX 3aTPAT HA BEKTOP
KOHEeYHOTO BHIIycKa (cM. Gopmyny (9.2)):

d® = Ax® = Ay.

3jecs HHIEKC B KPYIJIBIX CKOOKAX yKasbiBaeT HOMep NpUCIMKeHus.
IlepBoe npubiuxeHHe NPOUIBOACTBEHHBIX 3ATPAT MPOAYKIWU
HCIIONb3yeM JJIA YTOUHEHUS BEKTOPA BAJIOBOTO BBIIYCK&:

x® = xD) 1 d® = Ey + Ay = (E + A)y.
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YTouHeHHOE 3HAUEHNe BATIOBOIO BRITYCKa NPUMEHUM JJISA ouepes-
HOTrO yTOYHEHUS BEKTOD& IIPOU3BOACTBEHHBIX 3aTpar:

d® = Ax® = A(E + A)y = (4 + A2)y.

ITocnexoBaTebHOE YTOUHEHYE REKTOPA BAJIOBOIO BEIIYCKA IPOM3-
BOOAUTCA MHOTI'OKPATHO.
Bropoe npubnuskenue BeKTOPa BAJIOBOTO BHIIYCKA ONpeLeNsSeTCs
COOTHOIIEHUEM
xD = (E + A + A%y.

Brruncienne npubinukeHus HoMepa £ BEKTOPa BAJIOBOTO BEITYCKA
BBITIOJIHAETCA IO HopMyJie

k
x® = [E +3 A‘)y.
=1
Eciu MCXOZHAS MaTpPUIA NPAMEIX 3aTPAT A NPOAYKTHBHA, TO
CYIIECTBYeT Ipefiesl MOC/ef0BATeILHOCTH IPHGIHXeHHBIX 3HAYSHMIT

)

BEKTOPOB BAJIOBOTO BHIIIYCKA X = lim X(k » YTO COOTBETCTBYET CJIeAYIO-
ko

HieMy COOTHOIIIEHMNIO:

x = (E + iA']y. (9.5)

t=1

CpaBHuB BrIpaXkenus (9.4) u (9.5), sanuiem okoHuaTensHY0 QOP-
MyAy AN BRIYUCJACHUSA MATPUIE MOJIHBIX 3aTpaT:

€T
B=E+) A (9.6)

t=1
Ha npaxruke HpuXOAUTCA OTPAEUYHUBATLCH CYMMUPOBAHUEM KO-
HEYHOT'O YHCJIA CTENeHel MaTpUILl A, UTO B 06IeM ciiyyae [MO3BOJIAeT
MIOJIy4YaTh JIUNIb TpUOANsKeHHbIe 3BHAUEHUSA 3JIEMEHTOB MATPHUIEI IOJI-
HBIX 3aTpaT. Ho Mosker BCTpeTuTbCA cjyyal, Korga marpuua A B
HEKOTOpOI cTeneHU ABIAETCA HYJIEBOH, a 3HAYUT, H BCe MOCeAYIoNnine
ee CTelleHH - Toxke HyJseBble. Torza MOXHO OAYYUTHL TOYHOE 3HAYe-
HYe MATPHILI TIOJIHBIX 3aTPaT, OI'PAHWYMBIINCH KOHEYHHEIM UYHCJIOM

cjaraeMHIX B IIpaBoil yacTd coorHomenus (9.6).

IIpumep 9.2. BuiuvcauTs MaTpuily DOJHBIX 3aTpaTr Ipo-
IYKIUHE IS MATPUOBI NIDSIMEBIX 3aTpaTr u3 npumepa 9.1.

Pem e 5 u e IlocsnenoBaTenbHBIM YMHOXXEHHEM BBI-
YHCAAEM CTEeIIeHHM MAaTPUIIBI IPAMBIX 3aTpar:

0 01 05
A'={0 0 o0}
0 04 O
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0 01 o05/[0 01 05| [0 02 O
A2=/0 0 O01]/l0 0O O0(=|0 0 O}
0 04 O01/{0 04 O 0 0 O

A3 =A24=0.
Torzma
1 03 05
B=E+A+A%’=|0 1 0
0 04 1

yTO COBIARAET ¢ MaTpuneil B, moxydeHHO! IPU PACCMOTPEHNH
npumepa 9.1.

Kax BHZHO W3 TpeACTABJIEHHHIX BBIYWCJIEHHH, TOYHOE 3HaAUeHHe
MaTPHIBE TOJHEIX 3aTPAT IOJIyYaeTcs IPY CYMMHUPOBAHAY BCETO JIUIIb
IBYX CJIaraeMEIX, TIOCKOJBbKY BCE CTeNeHHM MATPMIH A, HauMHAA C
Tpernseil, paBHbl HYJIO.

ToyHOe BLIYMC/IEHNE MATPUIILI MOJHBIX 3aTPaT MPHOIHMKEHHBIM
MEeTOZOM MOXKeT GBITh HEBO3MOXHBIM H3-38& TOTO, UTO IIOCJe/0Ba-
TeIBHOCTD CTeIeHeil MaTPHIIhl IPAMEIX 3aTPAT He COAEDIKUT HyJIeBOH
MATPHIE] ¥ P HUCHOJB30BAHMHA (POPMYJIBI (9.6) npupgercs OorpaHu-
YUTBCA NPUGIMKEHHEIM DedyJbTaToM. 3aMETHM, YTO PaccMaTpH-
paeMblit IpHGIMMKEHHEI# MeToJ, ofecrmeurBaer NOJIydeHHE De3yibTa-
Ta ¢ Ja1060i1 Hanepe] 3a8AaHHOH TOYHOCTHIO.

IIpumep 9.3. IycTs 3agana MATPUILA IPAMBIX 32TPAT
0,3 0]
0,6 0,2J'

TpebyeTcsa BBIYUCIHTE MATPHUIY IOJHBIX 3aTPAT B npubau-
JKEHHBIM METOIOM.

P e e Hu e. Haxoaum mocaenoBaTebHbIe CTEIIEHU MaT-
punsr A:

g _[03 01] » [03 01703 01} 0,15 0,05
06 02/ 06 02//06 02/ |03 01]
43 |015 005][03 01 _[0,075 0,025
03 01 1015 005 |

0,6 0,2
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(o 0375 0,0125]

10,0750 0,0250 !'

Boruncienne MaTPHUIIbI IOMHBIX 3aTpPaT 1o gopmyse (9.6)
Ipy CYMMUPOBAHUU IEPBBIX YeThIPEX CJATaeMEIX NAeT IIpu-
OMU)KEeHHOe ee 3HAYEHUe:

,15625 01875—1
| 1,125 1,375 |

IIJIH CpaBHEHNA NpPHUBeLeM TOUYHOE 3HAYeHHe MAaTpPHIbI

IIOJIHBIX aarpar.:
16 02
1,2 14/

ITpn maXOX/A€HNH TOUHOrO 3HAYEHUI MAaTPUIbl B 1o ¢op-
mye (9.6) norpedosanocs Obl, CTPOro rOBOPS, CYMMUPOBaHHKE
GecKOHEYHOTO YHcaa creneHeidl Marpunsl A. OQHAKO CyMMH-
poBaHMe CTemeHeH MaTpUIlkl A BCEro JHIINL A0 JECATOH HAaeT
PAKTU4YeCKN TOUHOE 3HAUEHWE MATPHUIEL B:

puo _[1,5994 0,1998
1,1988 1,3996 |

BxBW =E+ ZA’

9.1. [lna npuBeNEeHHBIX HMKE MATPUIl IPAMEIX 3aTPAT
HalTH COOTBETCTBYIOIME MM MATPUILLI IOJHEIX 3aTPAT IIPU-
OIMKeHHBIM METOMIOM € TOYHOoCThIo no 0,0001:

0,2 0,22 0,1 0,1 01 05
a) ; 6) > B) ;
1 01 0,4 0,4 003 0
0,01 0,5 0,03 0,01
r) ; &) .
0 0,02 02 0

9.2. Ilpumenus npubaAnIKEHHBIH MeTO, BEIYNCIUTEH MAT-
PHIBL IOJIHBIX 3aTPAT, €CIN 3afaHbl MATPUILI IPAMbBIX 3aTPAaT:

[0 05 04 0 08 1
a)|0 0 06)|0 0 05
0 01 O 0 0 0
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0 04 O o0 0 O
8) |07 0 05 1)[09 0 1|
L0 03 0 0 05 O

9.3. 3aTpaTsl pecypcoB

Kpome BHYTPUCHCTEMHOTO oOecreyeHns TEXHOJOTHYECKOTO IIpo-
ecca, 3aKJI0OYAIIErocs B NoTpefleHuy 4acTH NPOAYKLHMM Ha Ipo-
HABOJCTBEHHbIE HYXJILl, KAK HPABHJO, MMeeT MecTo mnorpebieHue
IIPOM3BO/ICTBEHHEIX PECYypCOB, He IPOUBBOAAUINXCA B CHCTEME.

OnpefenuM pecypchl Kax HeobXOAMMble O TEXHOJOTMH JaHHOTO
[IPOM3BOJCTBA IPOAYKTHI, KOTOPhle HENOCPEACTBEHHO B CHUCTEME He
IPOU3BOIATCH.

MoOsKHO BLIAENUTE CJeAYIOIe TUIIEI PecypcoB:

1) cripbe ¥ MaTEePHAJIHI;

2) KOMIJIeKTYIOIIYe U3JeNus;

3) obGopynosanue;

4) TpynoOBbLIE PECYPCHI.

CrelleHb HCIIOJIL30BAHMA PECYPCOB OTPAXKaeT YPOBEHb 3aBUCHMOCTH
MozeaupyeMoro ofbexkra OT BHEUTHEH axoHOMHudYecKoll cpeanl. K oco-
GOMYy THIy OTHOCSATCH TPYAOBHIE PECYPChl, HCIOJB3OBAHHE KOTODBIX
UMeeT MeCTO B JII000M SKOHOMMYECKOI CuCTeMe.

Kasxaeiifi U8 MepeuymcieHHBIX YeThipeX THUIIOB DECypCOB MOXKET
KMeTh MHOXKecTBO pasHoBuHocTeill. Tak, nepeueHs CHIPbA, MaTepHa-
JIOB M KOMIUIEKTYIOIIMX H3/ieinii aBTOMOOGHMILHOTO 3aBOJA COAEPIKHUT
npumMepHo 10 Thic. HANMEHOBAHUHU.

TpyZAoBele PeCcypchl PAasNuMYAOTCA DO MHOXECTBY IPU3IHAKOB,
BasKHEHIIMMHU N3 KOTOPHIX € IPOM3BOACTBEHHOU TOYKK 3PEHHSA AB-
nsoTea Ipoteccns U Kpanaduranua (paspsaa) pabouero. HocTaToyHO
CKa3aTh, YTO Karajor npod)eCCUil COAEPIKHUT OKOJO 5 THIC. HAUMEHO-
pauuii. XOTd HA KOHKPETHOM TpeNPHATHAHN CITUCOK paboyux mpodec-
CcHIl 3HAYMTEJBHO MEHbIe, OMHAKO TOJBKO IO HA3BAHHBIM JBYM NpH-
3HAKAM CIMCOK PA3HOBHUAHOCTEH TPYAOBHX pecypcoB MOKET HAC4H-
THIBATH [0 KpaifHeil Mepe MHOT'HE COTHH IO3MIUH.

Yro kacaeTcss HCIOJNL3OBAHHA DECYPCOB OCTAJIBHBIX THIOB, TO
KOJMYECTBO KX PA3HOBUAHOCTeH ompejesser CTemeHb camoobec-
[IeYeHHOCTHM DKOHOMMUecKoil cucremul. Tak, rocyJapcteo, B ROCTa-
TOuHOH cTemeHU obecreueHHOe NPHPOAHBIMH pecypcaMu, criocobHO
[IPOM3BOAUTDH IPAKTHUECKY JII06be BALK NPOAYKIIMU IPOH3BOACTREH-
HOTO HasHAUEHHA. 3aMeTUM IOIYTHO, YTO 3TO MMeeT Ba)kHOe CTpa-
rernueckoe 3HaueHue. HanporTup, QyHKIHOHMpPOBaHUE HEBGONBIIOrO
TIpeIPUATHA OCHOBAHO H& WHTEHCHBHOM B3aMMOJEUCTBUH C BHEMI-
Heil SKOHOMMUYECKOM cpefoii, NpPe/CTAaBIeHHON MOCTABIINKAMHU U I10-
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TpeburtenaMu. VIMeHHO OT NOCTABIMKOB [IOCTYIAIOT HA IPEANPUATHE
ChIpbe, MaTepHasabl, KOMIIEKTYIOIIMe U3aenus U obopynoBanue. Bee
pecypchl, BKJIIOYasd TPYAOBbLIE, BCTYIIAIOT HA NPEANPHATHHA BO B3AUMO-
ZelicTBUe, Pe3yJILTATOM KOTOPOTO ABJIAETCS IPOU3BOLCTBO TIPOAYKIIUH.

OBoznaunM yepes m oBIIlee YHUCIO PABHOBUAHOCTEHN HCIOTL3YEeMbIX

PecypcoB, a uepes 7, (i =1l,m;j=1, n) — HOPMY IIPAMOI'0O UCIIOJIb30-

BaHUA i-TO pecypca NpU IPOU3BOACTBE €JUHULB! IPOAYKIHUHU j-H OT-
pacau. Marprna pasmepHOCTH mxn, COCTABJIEHHAA U3 3JIEMEHTOB 7, j
HAa3LIBAETCH Mampuyeil npamvix 3ampam pecypcos. Oua 06o3HAUACTCH

R=[r],.,

BriunenyM moTpe6HOCTE B pecypeax, KOTOPYyIo 06o3HauuM yepes’
m-MEPHBIH BEKTOP W, HCXOLA U3 IPEAIOJIOMKEHUA IPOIIOPIHOHATE-
HOCTH YPOBHA UX pacxoja B 3aBUCHMOCTH OT YPOBHs BaJIOBOI'O BHIIIYCKA.
Torma cupaBeaJHBO COOTHOIEHNE

w = Rx. (9.7)

3aMeHHUB B ITOCJIEAHEM COOTHOLIEHUH X €0 BhIPAXKEHUEM yepes y
(em. dopmyny (9.4)), mosyyum

w = RBy = Sy, (9.8)

rae S = RB — mampuya noiHulx 3ampam pecypcos.

CpasuuBas cooTHorenud (9.7) u (9.8), IpHXOZUM K BHIBOLY, UTO
9JIEMEHTHI MaTPUIEI S MMEIOT CMBICI HOPM 3aTPAT PecypcoB Ha KO-
HEYHBI{ BBIIYCK NPOAYKIUU. B IpakTHKe yIpaBaeHUA IPeANIPUATHEM
YacTO HCXOZAT U3 HeoOXOUMOT0 YPOBHS WMEHHO KOHEYHOrO BEIIYCKA
NIPOAYKIIUH, NIPpefHa3HAYEeHHOH AJNA OTIPY3KU noTpeburensam. Heol-
XOAUMBIA KOHEUHBIH BBEIMYCK ONpeZessieTcs Ha OCHOBE KaK MapKe-
THHI'OBBIX HCCJIEJOBaHUH, TAK U JOIOBOPOB HA IIOCTABKY IPOAYKILMHU.
Ecsimt éMKOCTD PBIHKA JOCTATOYHA, TO MIPOBOJUTCA ONTHMHIALUA KO-
HEYHOrO BEINYCKA IO PA3JHUYHLIM KPUTEPUAM.

IIpumep 9.4. BeruucauTs MaTpUny MOJHBIX 3aTPAT pecyp-
COB, €CJIM 33JaHBI MAaTPUIA IPAMBIX 3aTPAT HPOAYKIIUY (CM.
npumeps 9.1 u 9.2)

0 01 05

A={0 0 O

0 04 O

1 MaTpuna OPsSAMBIX 3aTpaT pecypcos
[0 7 5]

40 9J'
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Pem e H u e. YuuTsiBasg, 4TO

[1 0,3 05
B=(E—A)'1=|O 1 0}
LO 04 1
HaXOIMM MATPUIly HOJIHBIX 32TPaT peCcypCoB:
07510’30’5095
S:RB:L 0 9} 0 1.0 :L 48 11}
0 04 1 ’

KEciu usBecTeH BEKTOP IEH pecypcoB

O cebecmouMocms KOHeuH020 npodyxma j-H oTpaciaum MoxeT OBITh
BLIPA’KEHA KAK CyMMapHAas CTOMMOCTb IIOJHBIX 3aTPAT PecypcoB Ha
eIMHHUILY TPOSYKIHK:

3

z; = 1c,sij (j=1,n). (9.9)

Brruncjenue ceGecTOMMOCTH IPOAYKLHH j-it oTpaciau mo popmyire
(9.9) COOTBETCTBYET CKAJIADHOMY YMHOXXEHHIO j-ro cronboa maTpH-
nel S Ha BexTop neH. Torga ompejenenne BeKTOpa ceGeCTOMMOCTH Z
MO’KHO IIPeJICTABUTEL B MaTpH4HON Gopme:

z = S'c. (9.10)

9.3. HafiTu maTpuiy OOJHBIX 3aTpaT pecypcoB, €CJIH
3a7aHbl MATPHIIA IPAMBIX 3aTPAT IPOAYKIUH A (CM. IPIMepE!
9.1 u 9.2) u maTpulla IPAMBIX 3aTPAT PeCypcoB R:

0,2 0,22 50
a)A={i (’)1},1223 41
’ 11
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1 2
6 A - 0,1 0,1’ ot 0;
04 04 7 5
2 8
0,1 05
B) A= ,  R=1[8 2}
10,03 0
0,01 05
r) A= , R=[3 1];
. 0 002
(0,03 0,0
) A= Y R-p 1
102 0
[0.0,5 0,4 _
e) A=/0 0 O R= 01 8}
0 01 O 5 40
0 08 1] 7,2 2,1 25
x®) A=|0 0 05|, R= 43 9,2 0;
o o0 o 14 23 61
0 0 1
0 04 O (7 0 4]
3) A=|07 0 05| R=[(1 0 5}
0 03 O 4 0 2]
0 5 9]
0 0 0 0381
n) A=109 0 1,R=620.
0 05 0 310
0 4 4
0 2 8

357



9.4. OnTHUMHM3AIKESA KOHEYHOT'O BBIIIYCKA
MPOXYKIINH

B ycnoBUAX JOCTATOYHOIO CIPOCa HA IPOAYKINIO nesaecoobpasHo
[IPOBOANTH OTITHMHBAIHIO KOHEYHOrO BHINYCKA ¢ YYETOM IPOU3BOACT-
BeHHBIX BOSMOJKHOCTeH NpeaupusaTHs, HeH Ha pecypchbl M ONTOBBIX
HeH Ha MIPOAYKIMIO.

Ecsiy u3BecTeH BEKTOP OITOBBIX LIEH HA IPOAYKIINIO

-

P
P2

Pr

MOMKHO OIIpeNeJyIuTh }cpnTepnf/i HpHﬁhIJII/I KAaK Pa3HOCTh MeXJy OITO-
BLIMU IIEHAMU U ce6eCTONMOCTDBIO!

k=p-z

HpOHSBOI{CTBeHHHe BO3MOKHOCTH CHCTEMEI OIIPEJEJIAIOTCSI BEKTO-
POM HAJIHUUMA PECYPCOB

YTO MO3BOJIAET 3AMUCATH OIDAHUYEHUS HA KOHEUHBIH BHIIYCK B BUAE
HepasenctBa Sy < b. Torja 3ajiaya ONTHMU3ANYY KOHETHOrO BRIIyCKA
MOKeT GLITh IPEACTABIEHA CleAyIoNUM o6pasoM:

L, = kYy)
max{L, = (p,y)» Sy <b,y20. (9.11)
L, = (3 y)

Huoxe paccMaTpuBaeTcsa YHCJIOBOHK IPpUMED HE3aBUCHMOM ONTUMH-
3aIli¥ 10 YKA3aHHLIM KPUTEPHAM.

Ipumep 9.5. IIpeanpusaTHe 3aKI04YaeT IOroBOPH! HA MO-
CTaBKY NPOAYKIUHK Tpex BuAos. Haittu HaAUJAYJIIui (OnT|-
MaNbHBIH) 00beM MOCTABOK IPOAYKIINH, €CJIX YCJIOBUS pabo-
TB! IPeAIPHUATHUS OLPeieIeHbl: MATPUIEN IPAMBIX 3aTPAT IPO-
ayxknun (cm. apuMeps! 9.1, 9.2)
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0 01 05
A=|0 0 0|
0 04 oj

MaTpuiei IPAMBIX 3aTPAT pecypcoB (cM. mpumep 9.4)
B 075 ’
4 0 9

30
¢ = X
50
ONTOBBIMH IEHAMMU HA IPOAYKIUIO

260 |
p= 560J

IIeHO! PEeCcypcoB

120

OnTEMHI3anUIo IPOBOAKTD 110 KPUTEPHAM: L, —npubernu,
L, —roBapHOro BHIIYCKA, L, — ceBecToumocrn.

Peme n ue [[18 GOpMHPOBAHUA COOTBETCTBYIOMIEIH
3JIII TpeGyeTcss NpeABAPHTEIHLHOE BHIYUCICHHE:

1) MaTpuuIBl HONMHBIX BaTPAT MPOAYKIMU (CM. COOTHOIIE-
HUe (9.4))

1 03 05
B=(E-4A)1'=/0 1 o0}
0 04 1

2) MaTPHIBI TIOJHBIX 3aTPAT PECYPCOB (CM. BHIPasKeHUe
(9.8))

S=RB:O 9 5;
4 48 11

3) ce6eCTONMOCTH KOHEUHOI (peannsyemoil) mponyKIMH
(cM. cooTHOIIEHHE (9.10))
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er 4] 30 |F200‘§
z:S’c:iQ 4,8!{ }z‘mo.
E 11J| | 700

Banumntem orpannuenusi 3JII1 o uCrnoIb30BAHNIO PECYPCOB:

-
51

w<be Sy<be 095 Yo | < 500 &

44811 y 440

3

9y, + by < 500,
4y, + 4,8y, + 11y; < 440.

COBMECTHO ¢ YCJOBUSIMH HEOTPHIIATEJILHOCTH IOJIydaeM
3JIII:
L, 60y, + 50y, + 20y,
maxi{ L, = 260y, + 560y, + 720y, ,
L, = 200y, + 510y, + 700y,

9y, + 5y; < 500,

dy, + 4,8y, + 11y, < 440,
y 2 0.

1l

PesyapTarThl HE3aBHCUMOMR ONITHMH3AIUH 10 TDEM YKa3aH-
HBIM KPUTEPHAM IIpe/icTaBieHsl B Tabu. 9.2 (vepes u 0603Ha-
yeHBI ABOHCTBEHHEIE OIlEHKU PECypPCOB).

Ta6auma 9.2

KpuTepuy ONTHMUBALHHA

IIpubsLas ToBapHBi BHIIIYCK CebecTONMOCTE
L, = 6600 L, =42 377,78 Ly =37 000
y; =500 y; =48,33 n =0

vy = y, = 55,56 y, = 44

Yz =0 Y, =0 ys = 20,08
u =0 u, = 27,56 u,= 30
u,=15 u,= 65 u, =50
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B 3aBUCHMOCTH OT KOHKPETHBIX YCJIOBUU (OYHKIMOHUPOBAHUS
cucteMbl orpanudeHus 3agadd (9.11) moryr GvITE JONOIHEHE! PALOM
APYIUX COOTHOLIEHU, HATPUMED OTPAHUYEHUAMH CHU3Y HA YPOBEHb
BBINYCKa HEKOTOPBIX BHUJOB IPOLYKIHH U AD.

9.4. IlycTs U3BECTHBI BEKTOP HAJIMYHUSA pPecypcoB b, BEKTOp
IIeH PEeCcypCoB €, BEKTOD ONTOBLIX I[€H HA IPOAYKIUIO P; HANTH
ONTHMAJBbHOE 3HaUeHHe NPUOBLIN L* ¥ COOTBETCTBYIOIIIHE OI-
TUMAJbHBIN KOHEUYHBIH BBINYCK Y H ABOUCTBEHHbBIE OIEHKM
pecypcos u:

02 092 5 0 200 50|
a)A:[i (;1}}3:34,b:430,c=10,
’ 11 175 20

_[750]

P =300
1 2 871 100

4 0

6) A = 0,1 0,1’R= b 150’02300’
04 04 75 375 200
2 3 {150 | 50

_[4790]
P=lg47af

01 05
A= Pl Ro[8 2] b=[270] ¢ = [25],
) {0,030} [8 2], b= (270, c = [25]
[257,6836]
| 203,8418
7 A:|0’01 0.5 ] R=[3 1] b=1[51,3], ¢ - [0,87],
Lo 002]
p—ir3’51'
L3 )
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0,03 0,0IJ’ R =[5 1} b=[250], ¢ = [8],

a) A=
) [0,2 0

L

_ [50,97521 }

10,429751
0 05 04 . ﬂ
) A=0 0 0 ,R:B 1 8},1,:[32} 02{20’
0 01 0| 40 5 30/
200
p=1[307|
280 |
) [2n [
w)A=100 05, =1 " 0 61! =400
0 0 0 b : b
: 0 0 1 200
7.2 ]
103,75
3.5
c=| ol P=[18479}
’ 285,34
6,3 :
0 04 0 7 0 4 1300
3) A=|07 0 05, R=|1 0 5| b=|1000]
0 03 0 40 2 900
40,35 1067,5986
c=122,77], p=| 6805983 |
31,49 820,5291

362



u) A

148
157
250
273
200

207]
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=109
0
-
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200
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PELLEHUE 3AAYU JIMHEUHOIO
NnPOrPAMMMUPOBAHUA B YYHEBHOM
NPOLIECCE U B CUCTEME PEAJIbBHOIO
SKOHOMMUYECKOIo MEHEIDKMEHTA

10.1. BeruncanTe bHBIE ACHEKTHI peaju3anuu
CHMIIJIEKCHOTO METOJa

B nanHOM naparpade KpaTKo HajaramoTcsa 0COGeHHOCTH CHUMILIEKC-
Horo Meroja peurenus 3JIII, Brudaooniue Ha ero 3Q@PeKTHBHOCTS.

B npeaeigyiux riasax yke pacCMaTpHBajiachk OCHOBHAS BHIYUC-
AuTeNbHAA NpoleAypa CHUMIIJIEKCHOrO MeToAa (JKODAAaHOBO HCKJIIOUe-
HUe), TpeAHa3HayeHHasn JJd BHIIONHEeHNs MIHIMAALHOTO nIpeobpaso-
BaHUHA B OTIOPHOM PEHICHUHN CUCTEMBI JINHEHHBIX YPaBHEHMI (CM. TaKxe
Ipuoxenue). Iro npeocdbpasoBaRye 3aKIIOUACTCA B H3MEHEHUH cTaTryca
fHapsl NepeMeHHBIX — GasucHol M HebasucHo#. Ilpu BEImONHEHUH
yKa3aHHOHN Ipouenyps! Boibpanuas HebasHcHas NepeMeHHAasA NPUOG-
peraeT craTyc 6a3ucHOi, & ofHa U3 OLIBIIMX 6a3MCHBIX NEPEeMEHHBIX,
Ha000pOT, CTRHOBUTCA HebasucHo. HHaue rosops, napa mepeMeHHBIX
o6MEeHUBaeTCA CTATYCOM, B Pe3yJbTaTe 4ero mojaydaercs HOBBHIH OIop-
bt mwiaH. Ilocsle BHINOJMHEHUA TAKON NPONENYyPH HOBHIH Habop Ga-
3UCHBIX IepeMeHHBIX OTJIMYAeTCHA OT UCXONHOTO TOJNBKO OfHOI mepe-
MeHHOH. YKaszagHOe MUHKMAJIbHOEe Ipeofpa3oBaHBe OIIOPHOIO ILJIaHa
mocTaTouHo 3G (MEKTHBHO IPH NCIIOAb30BAHKH OPOIEAYPL! XKOPAAHOBA
UCKJIIOYEHHH, eCJIM AJA NCXOAHOTO OIIOPHOTO IIJIaHA H3BECTHA TAK HAa-
3LIBaeMas npednoumumensvHas (Apyrue TepMUHEL — MpeAnoYnTaeMas,
fasucHas, CUMILIEKCHas) ¢gopma 3JI1.

Tlepexoj ¥ HOBOMY OTIOPHOMY IJIAHY IIPUBOJIUT B OOIIEM Ciydae K
M3MEeHEeHHIO BHAUEeHHUA KPUTEPHUA. B CHMILJIEKCHOM MeToje BLIGOD Taphl
NepeMeHHBIX IOJAYUHEH TPeOOBAHUIO YIYUIIeHUsd 3HAYEHUA KPHTepUst
TIpH Iepexojie K HOBOMY ONIOPHOMY ILITaHy, JJIA 4ero Tpefyercs 3HaHue
NpeaIoYTUTeALHON (GOPMEL. 3TO ofecnieunBaeT Hepebop OOPHBIX NJIA-
HOB, HANpPABJEHHBIA Ha [OCJeJOBaTeNhHOE yJIydlleHne 3HAYeHUA
KPUTePHs, B Pe3ysIbTare 4ero JOCTUTaeTCA ONTUMATIBHLY niaH, eciu
OH cymiecTByeT. IIpH 3TOM peasiusyeTcs OCHOBHAA UJled CUMIUIEKCHOIOo
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MeTo[a — HAIIPABJIEHHHIH (Ha yIyUullleHNe SBHAYCHUS KPUTEPUA) Iepe-
00D ONOPHLIX NJIAHOB.

IIycre ucxopmas 3JIII nmpepcraBieHa B KaHOHMYECKOH (cTaH-
RapTHOH) dopme

(max(c, x)]'
Ax=b b, (10.1)
x20 j

x.
rae ¢ = [c; ¢, ... ¢,] — BEKTOD KO3(OUIUEHTOB KPHTEPUSA; X = —

BEeKTOP NepeMeHHBhIX, K KOTOPHIM 3J€eCh ﬁyneM OPUYNCHATE TAKXKE U
AONOJNHUTEJIbHLIE NTePeMEeHHbIe, BO3BMOMKHO ITIOABUBIIINECHA B pe3yiasTa-
Te NPpUBEAEHUS orpanm{ennﬁ THIIA HEDABEHCTB K KAHOHUYECKOMY TH-

Iy — PaBeHCTB; A = [aij] — MAaTPHIIA CHCTEMBl OTpaHuyenuit (ypas-
mxn

HeHMit); b = — BEKTOD NpaBHIX YacTeil CUCTEMEl OrpaEWYeHHil.

IIpenmoutnrensrasa dopma npegcrasieans 3JII1 naeT BO3MOYKHOCTE
OTBETHUTDH HA PAJ| BAXXHBIX BOIPOCOB, YTO IIO3BOJISAET IOCTPOUTE AJITO-
PUTM HaNpPaBJIEHHOTO IOMCKA ONTHMAILHOI'O OIIOPHOIO IJIaHA, KOTOPHIT
HA3KIBAETCHA CUMNAEKCHbIM Memodom pewenus 3J/III. Urdopmanus,
3aKJIIOYEHHAsA B OTUX OTBETaX, OXHO3HAYHO ONpeJendeTcsa BHIGOpoOM
T8K Ha3hIBAEMBIX 0a3MCHEIX IIepEMeHHKEIX M3 YHCJIa OCHOBHEIX Iepe-
MEHHBIX KaHOHHMYECKOI'O IIpeACTABJICHNA 3aa4H.

Ilpennoururensrasn ¢opma 3JIII Moxer GHITH MONydYeHA U3 ee
KaHOHMYEeCKOH ¢opmul (10.1) myTeM npocTHX, HO AOBOJILHO IPOMOB]-
Kux npeobpasoBaHuil. BriGop GasMCHEIX NMepeMEHHEBIX OZHO3HAYHO
omnpejesfeT NPefNOYTHTENLHYIO hopmy 3JIIT.

ITycTs 13 OCHOBHEIX IEPeMEHHBIX HEKOTOPHIM CII0C060M BRIGPAHEL
B KayecTBe 0a3HCHBIX /M MEePeMEHHEIX (IO YMCJy He3aBUCHMEIX Orpa-
HHYeHUI), 06pasyonux BEKTOp x,. OcranbHEE HepeMeHHbBIE 06Pa3yOT
BeKTOp HeGa3UCHLIX MePEeMEeHHbLIX X s TOr/a IPeAIOYTUTENbHYIO (bopmy
CHCTEMBI OrPaHMYEHHUH MOXKHO 3allMCATEH B CJAEAYIOIIEM BHIE:

Xs = As'b— AT AGx,c = A'b - TX 65 (10.2)
rae Ag b — BekTOp CBOGOZHKIX WieHOB BhIpa’keHHs1 6a3MCHHIX IIepe-

MEHHHIX yepe3 HeGasucHmule; Ag ! Marpuna, cocTaBTeHHAS U3 CTOJG-
I0OB MaTPUIEI A, COOTBETCTBYMOIHX GASHCHLIM NMEepEeMEHHKIM; A —
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MaTpHIia, CoCTapJIeHHAad U3 CTOJIGL[OB MaTPpUIlb! A, COOTBETCTBYIOIITUX

; -1
HeGas3ucHbIM nepemMeHHbIM; T = A A, — Marpuia KoddPuuueHToB
BLIpaxieHHH GasMCHBIX NMepeMeHHBIX uepes HebasucHbIe.

Hpuamep 10.1. Ilycrs umeercs 3JIII, npeacrasresnas B
KaHOHMUYEeCKOH dopme:

max(2x; + 3x, + 9x,);
8x, + dx, + Txy = 190,
2x, + 6x,+ 3x; = 60,
x> 0.

TpebyeTcsa NpeacTaBUTh NAHHYIO 33Jady B IPEAIOUTH-
TeJbHOR dopme.

Pemenue. Ucnonnays npuHATHIE B BhIpaskesnn (10.2)
0603HaYeHN s, 3aIUIIIeM B BEKTOPHO-MATPUYHOM BUJe SJIeMeH-
TBI JAHHON 3axadyH:

BEeKTOp K03hIUIHEeHTOB KPpUTEpua

c=[239];
MAaTpUIa CUCTEMBI OrPaHMYeHUH

8 5 7|
2 6 3/

BEKTOp IIPAaBLIX YaCTeil CUCTeMbl OTPaHNYEHUH

190
60 |

Ecau B xauecTBe Da3sHCHBIX BHIOpDaHBI IE€DEMEHHBIE X, U

Xy

X4, TO Xg = — BeKTOp O0asHCHBIX TNEPeMEeHHBIX, X . =
X3
8 7
= [x,] — BexTOp HeGa3HCHBIX IepeMEeHHBIX, Az = —
2 , 12 3

MATpHIIA, COCTABJEHHAS H3 CTONMOIOB MATPMIBI A, COOTBET-

CTBYIOIIUX OA3UCHBIM MEePeMeHHBIM, A, = 6l — MaTpUIa,

cocTaBJeHHad U3 CToab6I OB MATPHIBI A, COOTBETCTBYIOIIUX
Heba3WCHBIM IEPEMEHHBIM.
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HpOI/ISBEJIH Heoﬁxoanmme BBIYNCJIEHUA, HaxoguMm:

0,3 -0,7 -2,7]
-1 > > -1 1)
= ;T = Ay = — MATpHIa KO3(-
4= 02 08| Ao s 3,8]
OUIMEHTOB BhIpaKeHUH OA3UCHBIX IePEMEHHEIX ueped Heba-
_ 15
3UCHBIE; Aﬁlb = 10 — BEKTOp CBOOOIHBIX YJIEHOB BRIpAMKe-

HusA 6a3sUCHBIX NIePEMEHHBIX Yepes HeGasucHbIe.

C yueTOM NIPOBENEHHBIX BLIYMCIEHUH MOXXHO BaIlHCATH
TIPEAIOYTHUTENbEYIO (POPMY 3aJaYM OTHOCHUTEIBLHO BEIOPAHHBIX
0a3MCHBIX MepPEeMEeHHBIX:

x, =15 - 2,7Tx,,
xy =10 + 3,8x,,
max f =120 - 25,8x,,.

IIpeznoururensHas GopMa KPUTEPHUS NOTYyUAETCs IIyTeM IIOACTA-
HOBKH BBIPA)KEHMH 6a3UCHBIX IIepeMeHHBIX 4Yepe3 HebGasUCHEIE B
UCXOnHYI0 (OpMy KpHUTepus, Oaarofiaps 4eMy U3 BLIpAXKeHHSA 1A
KPUTEepUA HCKJIOHalorcsa O6asucHble nepeMeHHble. KoohpuUIueHTH
nepesi HeGa3UCHLIMY lIepeMEeHHBIMH B IPEANIOYTHTEILHOM GopMe 3anmucu
KPUTEpUA PABHEI IPUPAIIEHUIO KPUTEPHUA IIPU eMHUYHOM H3MEHeHU U
HebasucHol nepemeHHoIi. Tak, HanpuMmep, NpU yBelTUYeHUn Heba-
3UCHOM NepeMeHHOH X, HAa eJUHHIY TeKyllee BHAYEHHe KPUTEPUS,
pasnoe 120, ymenbmures Ha 25,8. KosduuuenTs IPeAIOYTHTEILHOM
$opMBI KPUTEPHUST HASLIBAIOTCS OUEHKAMU HeCa3UCHLLX NePeMeHHbLX
omHocumenvHo mexyulezo 6asuca. Huxxe 6yayT paccMOTpeHH! ABa CHO-
coba BEIYNICJIEHHS YKa3aHHLIX OlIleHOK. BCleACTBHe OTPHIATENHLHOCTH
OLIEHKU II€PEeMEHHOH X, IPUXOAUM K 3aKJIIOYEHUIO, UTO TEKYLUil 6asuc
ABJIAETCA ONTHMANbHBIM, IOCKOJBKY BKJIOUEHME B 6a3HUC 5TOH efuH-
CTBeHHOU HeGasucHOH mepeMeHHON IpUBEJET K YMEHBHNIEHUIO KPHUTe-
pusi, a c1e10BATENbHO, IIJIaH P TAKOM U3MeHeHnH 6asuca yxXyJHINTCA.

Omnopyerif 1aH, COOTBETCTBYIOLINI BEIOpAHHOMY 6asucy, IOAYINM
U3 CHCTeMBl OrpaHM4YeHHH (ypaBHEHHUI) NPEAHNOYTUTENLHOMN (BOPMBI
3JIII, mpugaBad HyJeBoe 3HaueHUe HeOA3UCHON IepeMeHHOH X,

x, 15
Xx={x,|=[0
X3 10

Ilonyuennas npepnoutuTensHas GopMa MOKeT GbITH 3aUcana B
cumnnekcHyo tabnuny (tabna. 10.1). ITonpITka BKJIIOUYUTL B Hasuc
HepeMeHHyo X, (Tabs. 10.2) npuBOANUT, KAK MBBECTHO, K YXYAIIEHKIO
KpUTEpPH.
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IIpeacrasaennas s tabu. 10.1 sanuch OPeAIOUYTUTENBHON (POPMBI
B3JITI BaseIBaeTCA COKPAULEHHOU CUMNIEKCHOU mabauyel.

Ta6nuima 10.1 TabnumnalO2
Basuc ~X, Baanc X
x, 15 -2,7 X, 22,11 0,711
x, 10 3,8 x, 2,632 | 0,263
f 120 25,8 f 52,11 ~-6,789

IIpennournrensuyo dopmy 3JIII orHOCUTENILHO GA3UCHBIX Iepe-
MEHHBIX X,, X, MOXHO IIOJYYMTh IIyT€M HPUMEHEHHsS COOTHOLICHMS
(10.2) k ncxoxHOM hopMe 3afayun, YTO CBA3aHO ¢ oOpalleHreM MaTPUIbI

8 5
2 6/

HOCJIeAYIOUIUM BbIUYNCJIEHHEM MaTpPpHIIbL

8 5] [7] _[o711

2 6 [3 |0,263]

3HaYeHuil 6A3UCHEIX NEePEeMEeHHBIX B OIIOPDHOM IJIaHe

T =

x| [8 5]'[190] [2211
x| 7|2 6] | 60| | 2,63
¥ [OJNYyYeHHeM IpeanouTutensHol (opmnr kpurepusa f= 52,11 +
+ 6,789x,. Jlmms TONBKO NOCJE TAKMX He COBCEM TPHBHAJIBHBIX B
obmieM cJiydae BHIUMCIEHMI MOKeT OBITh 3aIllONTHEHA CUMILIEKCHAs
rabnauna (cm. taba. 10.2). B cayuae Gonpmoro yucia 6a3UCHBIX Ime-
peMeHHBIX HauboJiee TPYJOEMKHM fABJIFETCA BBIYUCIEHHe O6paTHOH
MATPUILEI.

YyraTedr0 SHAKOM APYroid crmoco6 BKJIOUeHHst B 6a3uC HOBOMU
nepemensoii. OH COCTOMT B JKOPZAHOBOM HCKJIIOYEHHH (CM. NPHUJIO-
JKeHHe) U CBA3AaH ¢ IPMMEHEeHNEeM TAK Has3bIBAEMOI'O IPaBHJIA YeThi-
pexyrojipHuKa. B mponecce BEIYHC/IEHUSA HCHONb3yeTCA TabnuduHas
topMa npexcTaBieHus npeanourureabHoit popmst 3JIII B Buae coxpa-
ITeHHON CUMIIJICKCHOM TabJIMIIB, IPEMEPOM KOTOPOIl MOTYT CIYXUTH
tabn. 10.1 n 10.2.

Paccmorpum Gostee 3(pMEeKTUBHYIO BRIYHCINTENBLHYKO IPOLEAYPY
3JIEMEHTAPHOrO CUMILJIEKCHOTO IIpeo6pa3oBaHus, OCHOBAHHYIO HA 9K-
BUBAJIEHTHOH (hopMe sanucu coorHorrenns (10.2)

Exg = Aj'b — Tx 4. (10.3)

Ilpencrasum Buipasxkernue (10.3) B uncsioBoit opMe ¢ HCIONL3OBA-
umueM 6asuca, coorTBeTcTByomero Tadn. 10.2:
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1 0] 22,11 0,711[ ]
lo 1%, |2682] |0263] %)

3anuiieM NOJYyYeHHYI0 OpefnouYTuTensuyo hopmy 3JII B cumn-
JeKcHyio tabauny (rabiu. 10.3), KoTopyw ynobHO HCIOIBL3OBATH LA
PYYHBIX BBIYHCICHUN.
Ta6unuunga 10.3

Basuc x, x, x, 6
x 22,11 1 0 0,711 31
x 2,63 0 1 0,263 10

f 52,11 0 0 -6,789

3anosHeHne JaHHOM TabJIUILL] 110 CPAaBHEHMIO C 3aII0OJITHeHHeM TabJ1.
10.1 u 10.2 umeer ABe ocobeHHOCTH.

1. B zarosnoBke Tabauns! IpecTaBiIeH OJTHLIR HePeYeHb TIepeMeH-
HBIX, BKJIIOYa#g U GasucHsie. IIpu sToMm Bce mepeMeHHEIe JaHBI 6e3
3HAKa «—», XOTS OIEHKHU Hebas3UCHBIX epeMeHHbIX (B HallleM clydae
B eIWHCTBEHHOM YMCJI€) YKasaHbl B CTPOKE KPUTEPHUA C OBPATHBIM
3HAKOM. 3aMeTHM, YTO 3aloJHEeHue CTOJGI0B, COOTBETCTBYIONIMX
6a3MCHBIM IIEPEMEHHEBIM, He TpebyeT KaKUX-JIN60 BLIYHCICHUHN, KaK U
IIpH IIepexofie K clejyoomniei Tabaumne, B YeM Mbl ybegumcs Huxe.

2. B ocHOBHO#l yactu Tabauibl B CTONOIAX, COOTBETCTBYIOIIMX
GasMCHBEIM IIepeMeHHbIM, HaXOAUTCA eIUHUYHAA MaTpuna. IIocKoib-
Ky HyMepanus IepeMeHHBIX MOKeT ObiTh IIPOU3BOJBLHOM, TO HOIyc-
KaeTcsd IIePeCTAaHOBKa CTOJNOIOB YKA3AHHON eIWHWYHOM MATPHUIEI B
IIOCJIeYIOIINX CUMILIEeKCHBIX Tabaunax. B aTom cayuae rosopar, 4to
IIPU IIepecTaHOBKe CTOJOIOB, COOTBETCTBYIOIKX OA3UCHLIM IepeMeH-
HBIM, MOXKeT OBITH IIOJIyUeHa efNHUYHAs MAaTPUIla, XOTH [JJIsA peasiu-
32IIMY BBIYUCIUTEIBHOIO aJITOPUTMA IIEPEX0o/ia K OYePEeXHON CUMILIEKC-
Holl Tabinuie atoro He Tpebyercsi. MoKHO ONpefesuTsL OYEHE [IPOCTOE
dopmMasIbHOE IPABUJIO PACCTAHOBKY €MHNYHBIX 3JIeMEHTOB B CTONOIAax
TabJIUIBI, COOTBETCTBYIOUINX GABUCHBLIM IIEPeMeHHBLIM. EAUEHMIA Ha-
XOOUTCS Ha llepecedeRuy CTPOKHU U CTOJ0IA, COOTBETCTBYIONMX OAHON
U To# xe 6asucHOl nepemenoii. OcTajJbHEIE 3JIEMEHTH CTOJIGIOB paB-
HEl HYJIO.

Paccmorpennas sanuces mpeanoutuTenbHoil Gopmel 3JITI HaswI-
BaeTcA CUMNIeKCHOl mabauyeil ¢ eSuHuyHol mampuyeil. Bkiodyenune
B TabJIUIy eJUHUYHOUY MAaTPUIBl UMEET TY OTPHUIIATENLHYIO CTOPOHY,
yro tabnuia saHuMaer Gosbule mecta. Ho nipeumyinectso Takoil tab-
JUIE HeuaMepuMo Boimue. O0beM BLIUMCIIEHUI, CBA3AHHBIX C BJIe-
MeHTAapHBIM IpeobpasoBaHUeM CHMIJIEKCHON Tabimnus!l (mepexogoM K
JpyroMy OIIOpHOMY ILJIaHy), 0ojiee yeM B JBa pasa MeHbIlle IO CPaB-
HEHUIO C aJIrOPUTMOM NpeoGpa3OBAHUS COKPAIIEHHOM CHMILIEKCHON
TabIULbI.

ByzeM cUUTAThL CUMIIEKCHYIO TAGANLy, IPEACTABJEHHYIO B BUAE
tabsa. 10.3, HavanoHol. XOTA MEI 3apaHee 3HAEM, YTO BKJIOYEHHUE B
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6a3uc eNMHCTBEHHON Heba3MCHON NepeMeHHON X, IpUBEAET K ONTH-
MaJIbHOMY OIIOPHOMY IJIaHY, Ha IIPUMepe 3TOro Ipeobpa3oBaHUsA pac-
CMOTPHM aJITOPUTM INepecdeTa TabGaHIIN NPH 3JIEMEHTAPHOM CHMII-
JIEKCHOM IIpeo0pasoBaHHM, OCHOBAHHBLIY Ha NPEACTABJIEHMH NPEAIO-
yuTaemMo# (POPMEI ¢ BKJIOUEHHEM B PacUYeTHYIO TaGiauiy ermHUYHON
MAaTpUIBI. AJTOPHTM OJHOTO IUKJIa YIYYIIEHUSA ONOPHOTO IIJIAHA CO-
CTOUT K3 4YeThlpex IAaroB. JIMOIb YeTBEPTRINA HIAr CYIECTBEHHO OT-
JUYaeTCA OT IPUMEHAEeMOro paHee aropuTMma IepecyeTa 3JIeMEHTOB
CUMIJIEKCHON TabJUIbl TI0 IPABHIY YETHIPEXYTOJIbHUKA.

III ar 1. Beibupaerca paspematonuit cronden. IIpu atom egun-
CTBEHHEIM TPeGOBaHMEM K BLIGODY paspelramlnero croiabia sBiaseTca
HOJIOMKUTENBHOCTh OIEHKH COOTBETCTBYIOWIEH 3TOMY cTonbuy Heba-
3UCHON nepeMeHHOH, a CcJeOBaTeJIbHO, OTPUIATEILHOCTD YHCia, Ha-
XOAAIETOCS B CTPOKE KPUTEPHA ITOr0 cTON0IA (IOCKONBKY OIEHKHU
HeOa3UCHBIX IIePEeMEHHBIX 3aMUCAHLl B CTPOKE KPUTEPUA ¢ OOpATHBIM
3HAKOM).

CopepsKaTenbHBIH CMBICJ JAHHOrO INAra COCTOUT B HAXOMKICHHU
Taxoit Heba3KUCcHOH epeMeHHOIT, KOTOPYIO TOJNEe3HO BKJIIOYHATD B YMCJIIO
6a3UCHBIX C TOYKY 3PEHUA CBA3AHHOTO C 9THUM GIaronpuATHOrO U3Me-
HeHUA (yBeJINYeHN) KpuTepud. IcHO, 4To HOBasA GasucHasa nepeMedHas
BBIGHpAETCH TOJIBKO CPEIU NepPCneKnmueHblY NepeMeHHblX, T. €. Iepe-
MeHHBIX, MMEIOWIUX IIOJIOKHUTEJIPHYIO OlleHKY. Ecay oxakercs, 4ro
IIOJIyYeH ONOPHBIN IIJIAH, OTHOCHTENLHO KOTOPOrc HM OJHA U3 Heba-
3UCHEIX NePEeMEHHBIX He ABJIAETCA IEPCIEKTUBHON (ONEHKH BCeX He-
6a3UCHEIX TePeMEeHHEIX HETIOJIOMKUTENbHE], 8 CAEeLOBATENbHO, BCe aJle-
MEeHTH! CTPOKH KPUTEPUs CUMILIEKCHON TabJIMIbl HEOTPHUIATEeJIbHE!),
TO OH ABJISETCA ONTUMAJIBHEIM.

B paccmarprBaeMoM npuMepe eAWHCTBEHHOM HepCNEeKTUBHOMI
Heba3uCHOM epeMeHHOR sBJIAETCA Xy, MOaTOoMy cTonber Tabn. 10.3,
CBA3aHHBIH ¢ YKa3aHHOU IlepeMeHHO#, M BHIOUPAEeTCs B KauecTBe
paspeunaIiero.

Il a r 2. BeiGupaercs paspeliamimas cTpoka. JJia 3Toro BeIYUC-
JNIAIOTCA CUMIJIEKCHBIe OTHOIIEeHU (8anuceiBaeMule B crosben, 0) nmisa
Ka’KJON M3 TEKYIIUX 5a3HCHEIX NEPEMEHHEIX MMyTeM AeJIeHUA UX 3Ha-
YeHUA Ha COOTBETCTBYIOIIHE 3JIEMEHTHI paspelnalonlero cronbna.
BennunHa CUMIJIEKCHOTO OTHOIIIEHWUS YKa3blBaeT 3HAUeHWEe HOBOHM
0a3UCHOI IIepeMeHHOH, IPH KOTOPOM JOCTUTAeTCA HYJIeBOe 3HAUeHUEe
COOTBETCTBYOUIeH OasvcHOM NepeMeHHOR Terylnero Gasuca. Cum-
NJIEKCHOE OTHOIIIeHHUE CYIIEeCTBYeT TOJNBKO AJA TeX CTPOK, Y KOTOPHIX
B paspelIaolleM CTOJI0Ie UMEeTCH CTPOrO IOJIOKUTENLHLINA d/IeMeHT.
Ecnu B paspemiaionieM cTosiGle OTCYTCTBYIOT HEHYJIEBHIE HOJOMXUTENE-
Hble ayieMeHTHl, To 3JIII He UMeeT pemleHHs 110 NPUYKWHE HEOTPAHMU-
YeHHOCTH KpuTepus. B HameMm ciyuae xampas u3 GasUCHEIX nepe-
MeHHBIX WMeeT CHMIJeKCHOe OTHoIllenne. MHHMMAJIBLHOE H3 3THX
oTHOIIeHKH paBHO 10, 4TO U ompezensieT PA3peINAOIYIO CTPORY. Eit
COOTBETCTBYET NePEMEHHAS X,, KOTOPaA IPU IPeAeIbHO JONYCTHMOM
3HaueHW¥ HOBOH 6asucHoll nepemeHHOM ¥, = 10 mpuobperaer HyeBoe
3HaUueHHUe M CTAHOBUTCS HeOa3UCHOM.
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Taxum o6pasom, 1ocje BHINOJHEHHS [IepBLIX ABYX IIATrOB pac-
CMaTPUBAEMOro aJropUTMa CTAHOBUTCH HM3BECTHBEIM Tpefyemoe mpe-
obpasoBanne Gasuca, B pesyJbTaTe KOTOPOTO IePeMEHHbIE X, U xg
0OMEHNBAIOTCA CTATYCOM. JJIEMEHT CUMILIEKCHOM TaGJIHIbI, HAXOLA-
muiica Ha IepeceucHHH pas3pellaloNinX CTPOKHU K CTOIOLA, HAa3bIBAeTCs
paspewanuium.

Crenyloniie JBa miara ajropuTMa CBS3aHEI ¢ IOJyUYeHUeM HOBOMH
(npeobpasoBaHHO#) cuMIieKcHON Tabauusl. Ee dopMupoBanne Hayu-
HaeTCs ¢ yKa3aHusd lepedyHs IlepeMeHHbBIX HOBoTo 6asuca (ra6n. 10.4).

Ta6numma 10.4

Basuc x, x, EN 0
x, 15 1 -2,7 0
x4 10 0 3,8 1
f 120 0 25,8 0

IIT a r 3. IIpeoGpasoBbiBaercsa pasperramuas crpoka. s storo
KaXKABLIH ee 9JIeMEHT LEJIUTCS Ha PaspelIaroliuil 9JeMeHT W 3aIUuChl-
BAETCA B CTPOKY X, HOBOH Tabsunel. CMBICA 1aHHOTO IpeoGpasoBaHus
3aKJIOYAETCH B PelIeHHWN paspellalllero ypaBHEHUS MOPeRIodYTH-
renbHOM Gopmur 3JIII orHOCHTENBHO HOBOI GasuCHON IepeMeHHOH.

Hlar 4. ITo exyHOMY anITOPUTMY NPeoGpa30OBEIBAIOTCA OCTAJILHDIE
CTPOKH, BKJIIOYAA CTPOKY Kpurepusi. [Ipu aToM yno6HO paccMaTpUBaTh
KaXKYI0 U3 IpeobpasyeMbIX CTPOK KaK BEKTOD.

M3 npeobpasyemoil CTPOKHM BEIUMTAETCSA IpeobpasoBaHHaf paspe-
niamomas CTPoKa, YMHOMKEHHad HA 9JeMeHT paspeHiaioniero croyabina
npeobpasyeMoli CTPOKH.

Pesynprar npeobpa3oBaHusd BceX OCTABUIMXCS CTPOK TIPEACTABJICH
B Taba. 10.4. Jlerko BujeTh, UTO JAJif BREIYMCJIEHHUS KaXXIOTO U3 OC-
TABUINXCA 3JIeMEHTOB HOBOH Tabaumbl TpeGyeTcsd BBINOJHUTEL OJHO
YMHOXEeHNEe U OXHO CJIOKeHue (MM BRIYHTAHHKE).

Ecnn moMecTuth npeoGpasoBaHHYI) DPaspellaioliyld CTPOKY B
C€Tapylo CUMILIeKCHYI0 Tabiauny (tadsu. 10.5), To AnA nepecyera Kaxaoro
U3 OCTABIIMXCH 3JIEMEHTOB HCIOJL3YIOTCH TPH YHCJA, HAXOLAIIMXCS
B BepIINHAX NPAMOYIOJIBHOrO TpeyroabHHKa. OIHa M3 BepHIuMH CO-
OTBETCTBYET NIPeobpazyeMoMy JIEMEHTY, BTOPad HAXOAUTCA B TOM JKe
crosbie npeo6pa3oBaHHON paspemanoueil CTPOKU, TPeThLA — 3JIEMEHT

Ta6anuua 10.5

Basuc x, x, X 9
x, 22,11 1 0 0,711
x 10 0 3,8 1

f 52,11 | 0 0 -6,789
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paspemawmero cronbua npeobpasyemoit crpoku. Ilpeobpasyemsrit
3JIEMEHT BCerja COOTBETCTBYET NIPAMOMY YIVIYy TPeyroJbHUKA.

HanpuMep, npu mepecdyeTe 3HAUYEHHS KPHUTEPHUS BHITOIHAKOTCA
ciaenyiomue apudmernueckue onepanuu: 52,11 — 10(-6,789) = 120.
ITosy4eHHEIM pe3yJbTAT 3aNMCHIBAETCS HA MECTO CTaporo 3HaYeHHus
52,11.

TTozo6HEI aNIrOPUTM NepecyeTa €CTeCTBEHHHIM 00pa3oM peasu-
3yeTcs B MACCHBE OIePATUBHOU MaMATH KOMIBIOTEPa, KOTAA HA MecTe
crapoif TabJIHIH NOoMyYaeTcA HOBas, 4T0, KCTaTH, He TpebyeT AONONHU-
TeJILHON MaMATH [IJIs1 XpaHEeHHS cTapoi TabIuIlkl, IOCKONBKY npeobpa-
30BaHHLIE 3JIEMEHTH B JAJILHEHIINX BEIMUCIEHHAX He HYKHBI.

BaMeTuM, 4TO CTONGILI HOBOM TaGMHIIEI, COOTBETCTBYIOMMUe 6asuc-
HEIM IEPEeMEHHLIM, MOKHO 3aOJIHATSH 63 BCAKNX BRIYUCJIEHUH HyIAMH
U efWHMIAaMu. BrpoueMm, OHHM MOTYT ORITH BBIYMCJIEHRI M B paMKax
npaBuia npeobpas’soBaHMA Ha YETBEPTOM lare JAHHOIO AJIrOpPUTMA.
B peaysnbTare nocse nepecdera scex agemenToB tabia. 10.5 mo npasu-
JIy TpeyroJbpHuKa oHa npuobperaer Buja Taba. 10.4. [Tockonsky equH-
cTBeHHaA HebasWcHas IepeMeHHAas HMEET OTPHUIATENbHYIO ONEHKY,
HalileHHBIH NJIaH ONTHMAaNeH.

CpaBHMEAA NPABMJIO YeTHIPEXYroJLHWKa HepecyeTa ORHOTO aJje-
MeHTa COKpAIleHHOM cHMIIexcHON tabnunm (Tpebyercsa pBa yMHO-
JKeHudA, OJHO BEIUMTAHME M OJHO JieJIeHHE) U COOTBETCTBYIOLIEE €My
IPaBHJIO TPEYTONbHEKA (TpefyeTcs OfHO YMHOKEHHE U ONHO CIIOXKEHUe)
CHMILIEKCHOMN Tabnunel ¢ efMHHYHOM MaTpHIel, IPUX0OAUM K BEIBOAY,
4YTO NPABHJIO TPEYroJAbHHKA fABjsgercs Gonee sdpdexTuBHHM. 3ame-
THM, YTO AJA 387a4 GONBIIOA pPa3sMepHOCTH 3TO OCHOBHAS BHIYUCJIIH-
TeJIbHAA OIEPALMA 3JIEMEHTAPHOI'O CHMILIEKCHOrO IIpeobpasoBaHus.

Hpumep 10.2. Tpebyerca pemnts 3JII1
max(5x,; + 8x,);
6x, + Tx, < 420,
x, +2x,< 80,
3x, +4x, < 300,
x> 0.
P e e B u e. 3anmnmieM 3ajauy B KAaHOHUYECKOH dopme,

I 9ero BBEEM B NpaBhle YACTH DECYDPCHEIX OTPAaHUYEHHN
HeOTpHIaTe IbHbIe NONOJTHUTENILHLIE IepEMEHHbBIE:

A

max(5x, + 8x,);

6x, + Tx, + x4 = 420,

x; + 2x, + x, = 80,

3x, + 4x, + x5 = 300,
x>0



Wcnionp3ys NONOTHUTENbHBLIE IEPEMEHHEIE B KauecTBe 6a-
3UCHBIX, 3aIIUIIIEM IPeANOITHTEILHYIO GOPMY JAHHOMK 3aJA9H:
x, = 420 (6x; + Tx,),
x, = 80 - (x; + 2x,),
xy = 300 - (3x; + 4x,),
L = 0- (-5x; - 8x,).
JTOil 3aIMCH COOTBETCTBYET OMOPHBIA ILJIaH x, =0, x,=0,
x, = 420, x, = 80, x, = 300.
3anumeM TPeANOUYTUTENLHYI (OPMY B CHMILJIEKCHYIO
rabauny ¢ exuEUYHON Matpuneit (tabx. 10.6).

Tabnumna 10.6

Baauce x, x, Xg x, x 3]
X, 420 6 7 1 0 0 60
x, 80 1 2 ] 1 4] 40
Xy 300 3 4 0 0 1 75
f 0 -5 -8 0 0 0

OnTrMu3anus KPUTEPUs IPUBOAUT K II0CJTIEAOBATEIBHOMY
BKJTIOYEHHUIO B 6a31C TEPEMEHHDIX X, U X,. CBA3AaHHLBIE C 3THM
npeo0pasoBaHUS MPEANOYTHTEIBLHONR (HOPMBI OpeACTaBJIEHbI
B Tabx. 10.7 u 10.8.

Ta6bnunga 10.7

Baauc %, x, EN x, x5 [}
Xy 140 5/2 0 1 -7/2 0 56
x, 40 1/2 1 0 1/2 0 80
X 140 1 0 0 -2 1 140
f 320 -1 0 0 4 0

Tabnumna 10.8

Basuc x, x, X, x, Xy [
x, 56 1 0 2/5 -1,4 0
X, 12 0 1 -1/5 1,2 0
X 84 0 0 -2/5 -3/5 1
f 376 0 0 2/5 13/5 0
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OrcyrcTBHE B cTpOKe KpuTepus Tabds. 10.8 oTpunaTesbHbIX
yKces SABJIAETCH [IPUBHAKOM OINTHMAJIBHOCTH COOTBETCTBYIO-
11ero ONMOpPHOro mraHa x, = 56, x, =12, x, =0, x, = 0, x, = 84,
f=376.

IIpu pyusom pemrernun 3JIII (c yueOHBIMU HEaAMHU), KAaK
TIPAaBUJIO, BO3MOJKHO MPEACTABJEHUE NPOGHBIX YHCEN B BHAE
panuoHaNLHEIX Apobeili, Kax aro chenano B Tabna. 10.6—10.8.
Taxol npueM IO3BOJIAET UCKJIIOYUTh OLIUOKK OKPYTJIEHUS.

B paccmoTrpenHOM BEINIE ANrOPHTME ONEHKN HEOA3HCHBIX
TIePEMEeHHBIX BBIYNCIAIOTCA B pPaMKax o6Iero ajaropurma
9JIEMEHTAPHOTO CUMILJIEKCHOTO TPE00Pa30BAHMSA, UTO OIPABIEI-
BaeT UX 3aNUCh ¢ OOPATHBIM 3HAKOM B CTPOKE KPHUTEPUS.
HWuorga mesecoo6pasHo npAMOe BBIYHCJIEHHE OIEHOK, YTO
COOTBETCTBYET HCIOJH30BAHHIO IPEANIOUTHUTENLHON (hOPMBI
CHCTEMBI OTPaHUUECHUH I UCKIIOUeHUA GA3MCHBIX IIEPEeMEH-
HBIX M3 UCXOAHOTO KpHUTepusa KaHoHudeckoi ¢opmer 3JIII1.

PaccMoTpuM anropuTM MPSIMOTO BEIYHCIEHUS OLIEHOK He-
fasUCHBIX NepeMeHHBIX Ha mpumepe Taba. 10.8. Ilyers Tpeby-
€TCsA BBIYUCJIHTD ONEHKY HeGAa3MCHON MepeMeHHOH X,.

Crauajia BEIYHMCINM BEUYHHY 2, KAK IPOU3BeJieHne CTo6-
1a X, yKasaHHOU CUMINEKCHON Tabaunsl u cronbua koaddu-
UEHTOB KPUTEPHUA NIPU COOTBETCTBYIOIUX OA3MCHBEIX IEpe-
MeHHBIX. HeobOXoauMele NS 9TOrO HAHHLIE NTPEACTABJIEHE! B
rabda. 10.9.

Ta6auna 10.9

BII Koa(pcb}d THEHT TpU o Cronben x
6a3uCcHOM ITepeMeHHOoM 3

x, 5 2/5

x, 8 -1/5

x, 0 -2/5

B peaynbrare nonyuum zg = 5(2/5) + 8(-1/5) + 0(-2/5) =
=2 - 8/5 =2/5. Torga uCKOMas OIEHKA BBEIUYHUCIAETCS KaK
Pa3HOCTh MEXIy 3Ha4YeHWEeM Ko3ddunuesnTa KpuTepus IpH
IePeMEeHHON X, ¥ HAWJAeHHOW BEJUUYMHOH 2,, 4TO maer —2/5.
HamomHuM, 4TO yKasaHHAA OLEHKA 3AaIHUChLIBAETCS B CHM-
mwiexkcHyo tabaumy (cm. tabna. 10.8) ¢ o6paTHEIM 3HAKOM C
[{eJIBI0 IEPecYeTa 1o OOMEMY C OCTAIBbHBIMU CTPOKAMHE CIIOCO0Y
(mar 4 anropurMa).
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BexTop-cTpOKa OIleHOK HE0a3UCHLIX IePEMEeHHbBIX BBIYNIC-
asieTca o GopmyJie

A=c,—-2=c T, (10.4)

rae ¢ , — BEeKTOp K02 PHUINEeHTOB KPUTEPHA IPU HeGa3UCHBIX
[IePEMEeHHBIX; €, — BEKTOP K02(M(dUIMEHTOB KPHUTEPUS IIpU
6a3HUCHBIX IePEMEHHBIX.

Briyucienue oIeHOK pPacCMOTPEHHEBIM CIIOCOOOM COOTBETCTBYET
MOLACTAHOBKE B KPHUTepHil BEIpasKeHNH Ga3HCHEIX MepeMeHHHIX Yepes
HeDa3UCHBIE C NOCJEAYIONINM NPHUBEJEHHEM IOJOOHBLIX YJIEHOB IJIS
TIOJIyYeHUSA ero NPpeAlIoYTHTENbHON opMel (cM. npumep 10.1).

IIpumesenue sbiparxenus (10.4) ana BuIYMCIIeHUA OLIEHOK HeBasuc-
HBIX IIepeMeHHBIX 1leJlecoo0pa3Ho, HANPUMED, TPH HAXOXXICHUH IIpeN-
noururenbHoi dopmel 3JIII MmeTomom obpaTHOM MaTpunsl. B apyrux
ciryyasix npuMeHeHue BeipaykeHus (10.4) yaoGro, Koria 3aTpyAHUTENIeH
IepecyeT OIlEHOK HeOa3HCHEIX ITIePEeMeHHEIX B PaMKax obIiero ajro-
pUTMa IlepecyeTa CTPOK CHMILIEKCHOH Tabuuibl, HAIpUMep IpU MC-
OJNIL30BaHUN M -3ajaun B MeTOJle HCKYCCTBeHHOro 6asuca.

10.2. Oro6pakeHnne mpounecca peleEus 3aXauu
JMHEHWHOr0 MPOrpPaMMUPOBAHMUSA
CHMILIEKCHBIM METOJA0M

Hcxons us neneii permenusa 3JII1 cuMIIeKCHBIM METOJIOM, & TAKIXKE
HCIIONb3YEeMEIX TEXHHYECKHUX CPEJICTB, ONMPEAE/IAT IeaecoobpasHbIil
criocob oTOOparKeHUsA BBIYMCIMTEIHLHOIO IPONEcca HAXOMKAEHUS pe-
meHusa. Tak, B ciydyae pelleHHs 3amadyd HeGOJBIION DPasMEPHOCTH
BPYYHYIO C YYEeOHBIMH IEJAMH (BOSMOMKHO C IMPHMEHECHHEM KAalbKY-
naropa) Haunboree nenecoobpasHoil GoOpMOIL 3anIUCH TEKYIUX Pe3yJib-
TATOB B IIPoOIeCCe PEIIeHUd 3a/IaUy SBJIAETCH PaclIupeHHasd CUMILIEKC-
Hag Tabnuna c efuHuyHoil Marpunedt (cm. § 10.1). Coxpamennyo
CHMILIEKCHYIO TaOJIHILy IIPY PYYHBLIX BEIMUCJIEHUAX IPUMEHAIOT TOIIA,
KOTJla BO3HHKAIOT TPYAHOCTH DasMeINeHUs TEKYIIHX PpPe3yJIbTATOB
BBIYMCIIEHUH (HApUMep, IPY PEeIeHUH 3a/[ay C YUCJIOM IepeMEeHHBIX
6oJtee 10).

ITpu paspaboTke KOMIIBIOTEPHON MPOrpaMMbl 06A3aTELHBIM fAB-
JseTcsl NPUHIOUI XPaHeHHUd TeKylledl NpeAlOYTHTENbHOH (OpMEI B
HanboJee KOMIIAKTHOM BUJE AN AOCTHXKEeHUA 3h(HEeKTUBHOIO UCIOJb-
30BaHMsA OCHOBHOHM MaMATH KOMIbLIOTEpA.

Ha puc. 10.1 npejcraBiena cxemMa XpaHeHUA TEKYIIUX Pe3yJILTATOB
BBHIYHCJIEHUH B INIPOIlecCe DEIIEHWA 34484 IJA KOMIBLIOTEPHOTO
BapHaHTa aJTOPUTMAa CUMILJIEKCHOT'O MeToja. 3[ieCh OXHOMEPHEIE Mac-
cuBH! ¥ ¥ npeHa3HAYEHHl JJIs1 XPAHEHUS HOMEpPOB COOTBETCTBEHHO
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Puc. 10.1

GaBHCHBIX X HeOGAa3UCHEIX mepeMeHHBIX. Maccusnt b u T nipefHasHaueHb
IJIS pasMelleHus 3HaveHuil 6a3MCHBIX IePeMeHHBIX U MaTPUILEl Ipek-
MIOYTUTENLHON (POopMEI cooTBeTcTBeHHO. KosddunuenTsl KpuTepus
XpaHaTcd HeM3MEHHLIMU B MaccuBe ¢. B aHHOI cxeMe 0G03HauYeHHA
MAaCCHBOB COBIIAZAIOT ¢ O003HAUEHUAMH, MCTIOIL30BAHHBIMH IIPH 3alIMCK
npexnoutTuTeapHoil dopmur 3JIII (cM. Bripaxenuda (10.3), (10.4)).

Ilns xpaHeHUs CUMIUIEKCHBIX OTHOLIeHNHT O 11 oneHOK He6a3uCHBIX
IepeMeHHEBIX A BLIJIeJIeHUE ClelHalbHBIX MacCHBOB Helle1ecoo0pasHo.
TIocKONBKY CUMILJIEKCHEIE OTHOUIEHNSA BRIUMCISIOTCA HCKIIOUUTENILHO
IJIsl OIpefesIeHHs MUHMMAJIBLHOIO U3 HHUX, TO B IMKJIE BLHIYHCICHMA
MOXHO oBoiiTuch 63 UX 3aCBLIIKHM B MAacCHB. T0O ’Ke OTHOCHTCA U K
BEKTOPY OILIEHOK HeGasHCHBIX TTepeMeHHBIX. Ha xomeynom arame npo-
1mecca BBIUHCIIEHHH, TTOCTe IONYIeHUS ONTUMANLHON CUMILIeKCHOR Tab-
JNHIBI, KOMIIOHEHTH BEKTOPA A BRIBOAATCH KAK 3HAaUEHHA ABOMCTBEH-
HbIX TePeMEeHHBIX.

10.3. TpeGoBaHNA K NPOrPaMMHOMY O0ecHedYeHHIO
IJIs1 pelleHus o0mel 3axayM JMHEMHOro
NMPOrpaMMHPOBAHHUA CHUMILIEKCHBIM METOAOM

OnbIT HPUMEHEHUS UMEKOUINXCA KOMIBLOTEPHBIX IIPOrpaMM
I03BOJNSET CROPMYJHUPOBATL OCHOBHBIE NPHHIHIIL! NPOEKTHBIX pe-
HIeHNH OpH¥ pas3paboTke HOBBIX CUCTEM IPOrPaMMHOroO obeclnedyeHUs
st pemenus 3JIII xax B yueGHOM IIpollecce, TaK W B PEAJIBHBIX CHCTe-
Max BKOHOMEUYECKOro MeHeJKMeHTA.

Ilporpammuoe ofbecnieverue pernenusa 3JIII gonskHC rapaHTuU-
pOBATL:

1) BLICOKYIO TOUHOCTb HAXOX/JeHHUHA PEelIeHNs 3a5auu;

2) pemregue 3JII1 nocrarouno Gonbmoll (MaKCHMAaJbHOM OTHOCH-
TeJILHO MMEIOHUXCA PeCypPCoB KOMIIbIOTEPa) Pa3MepHOCTH;

3) nocraTouHo 6ricTpOE perrenue 3JIII.
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9T0 TPU OCHOBHBIX TpeboBaHUA. B ciyyae MCHONB3OBRHUSA MIPO-
rpaMMBI JJIs IPOM3BOACTBEHHOTO IPUMEHEH U OHA AOJKHA YI0BJIETBO-
PATH JONOJHUTENbHBIM TPeOOBAHUSM.

1. Heobxoaumo nanmuyvie CpeiCTB, INO3BOJAIOIIUX BKJIOYATH MIPO-
rpaMMy B MHTErPUPOBAHHYIO cucTeMy o6paboTKH JNaHHBLIX. ITO obec-
neynBaeTcsA O0A3aTeIbHBIM HaJlHYieM BOSMOMKHOCTH BBIBOJA 9JIEKT-
pOHHOU (HOPMEI Pe3ybTATOB pellleHus (Ha BHEIIHUE HOCUTEJH, B BbI-
YUCAUTEJLHYIO CETh U T. T1.).

2. ®opMaT NpenCcTABJEHUA PEIleHUA NOJXKeH OBITH COBMECTHM C
M3BECTHBIMY IIPUKJIAAHBIMH [IDOTPAMMHBIMH HHCTPYMEHTAMH, TAKHMH,
xak Excel u ap.

3. CucremMa IOArOTOBKY OIMCAHHA MATEMATHYECKOI Mojesu (BBO-
2, GOPMHUPOBAHHKA NAHHBIX) JOJKHA OBITH MAKCHMANBHO r'ubKoit (Ha-
pUMeED, B NEPCHEKTHUBE JONYCKATDH MCIIOJIL30BAHHE TEPPUTOPUAJILHO
pacnpejenenusix 6a3 gagaerx). JenarenpHO HATUYME aBTOMATHYECKHAX
CPEJICTB aKTyalu3aludd MAaTeMaTHYeCKOo# MOAeNH.

4. IIporpaMmMHOe obeclieueHUe JOJKHO HMeTh COBPEMEHHBIH K-
paHHBIN wHTEpdeitc, uro onpenenser 3hPeKTUBHOCT, IPHUMEHEHUS
IIPOTPAMMHOTO MPOAYKTA.

IlepBoe ocHOBHOe TpeBoBamue (obecmeyeHNe BBHICOKONH TOYHOCTH
pesyIbTATa PEUIeHM s 3a/1aun) JOCTUrAeTCs 3a CYEeT CIIeIMANIbHBIX IIpue-
MOB, NIPHYEM BBHINIOJIHEHWE BLIYMCJIEHUH C ITOBBIIIEHHOM (JBOIHOI!)
TOYHOCTLIO ABJIAETCA He IVIABHLIM, & CKOpee Ja’ke BPEIHBIM.

OcHoBHasi mpobJyieMa pearH3any¥l CUMILJIEKCHOIO aJrOpUTMa —
HAKOIJIEHHE OIIMOOK OKPYIJIEHUS, YTO CBOVCTBEHHO BCeM 6e3 MCKJIIIO-
YeHHA TOYHHIM HUTEPAIlMOHHBIM MeTOJaM BuIuucyeHuUH. H306aBuThCA
oT OIKUBGOK OKPYTJIEHUSA B 00IUEM cydyae NPUHIUIHATLHO HEBO3MOXKHO
npu J1060M YHCJIe Pa3pAN0B, UCIOJL3YEMbIX AJA NpeACTABIeHUA YUCeI
B nponecce BeiuucaeHuii. OQHAKO IOAAaBUTH HAKOIJIEHHE OIHGOK
OKPYrJIeHUs BIIOJIHE BO3MOXKHO NYTEM IEePHUOLHUYECKOr0 MPUMEHEHHUA
MeTofa Oo6paTHOM MAaTPHIEI IPU IlepecyeTe CHUMILJIEKCHON TabGJIAIEI.
XoTs omubKY OKPYIJIEHU A, BOSHUKAIOIIHE IPY O0panieHu MaTPUIbE,
6yAyT MMeTh MeCcTo, HO HcKAuaeTca 3GeKT UX HaKOIJIeHUS.

MeTtoa o6paTHOM MATPHUOLI IOJIE3HO HCIIOJIb30BATH B KOHIIE BBIYUC-
JIeHUY TIoc/ie IOJIyYeHUA ONITHMAaJIbHOM CUMIIJIEKCHOR Tabnuusl. B pe-
3yJIbTATe YTOYHEHNA CUMILIIEKCHOM TaGJHIIbI MOXKET OKA3aThCA, YTO B
IeACTBUTENILHOCTH 0a3UC He ABJSETCHA OITUMAJLHBIM. B TakoM ciyuae
BKJIIOYAETCA CUMILJIEKCHBIM aJrOPUTM ONTHMUIAUNUY. OTOT IIPUEM HO-
MyCKaeT MUHAMAJIBHYIO TOYHOCTE BRIYUCJICHUI IPU Peau3aliui CHMII-
JIEKCHOT'O MeToJa U crocodbeTsyeT 6osiee apHeKTUBHOMY UCIIOIH30BAHNIO
ONIePaTHBHOY NAMATH, YTO B CBOIO OUepelb 06ecneunBaeT BO3MOXKHOCTD
peuleHud 3a1a4 MMOBbINNIeHHON pasdMeprocTy. OOBIYHLIH popMaT Ipes-
CTaBJIEHUSA YHCJA C IIaBamomeil Toukoi (4 6aiita — CJIOBO) 3aBeJOMO
JOCTATOYEH AN pelreHus no0brx 3JIII npu HCoNbB30RAHKUHE YKASAHHOTO
MeXaHU3Ma HOHABJIEHUA OIIUGOK OKPYTJICHHS.

Obecneyerte BTOPOro OCHOBHOIO TpeGOBaHMUs (BLICOKAS pasMep-
HOCTL perniaeMblX 3a/a4) JOCTUIrAeTCA KAK 3a CYeT SKOHOMHOIO HC-
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HOJIB30BAHKA OCHOBHOH nmaMaATH (OZWHAPHAS TOYHOCTB), TAK H C IIO-
MOLILIO CHENUANBHBIX MATEMATUYECKHX MeTOHOB (IeKOMIIO3UIUH).
EMKOCTD OXleDAaTHBHON [JaMATH COBPEMEHHBIX KOMIIbIOTEPOB JONYCKAeT
pemenue 3JII1 pasmeprOCcThIo TpuMepHo 3000x3000 u Gonee 6e3 npu-
MeHeHHS MEeTOJOB ZEKOMIIO3UIHH.

Yro KacaeTc CKOPOCTH DellleHHUsl 3afajvdl (Tperbe OCHOBHOE Tpe-
GoBanue), To npobaeMs! ¢ GpicTpozedicTBHEM IIpolleccopa BOSHUKATH
ge moryT. OHaKO yIyCKaTh MOUTH OecniaTHOe yBeJUdYeHe CKOPOCTH
pellleHNs 3a/a4M 3a CYeT IPUMeHeHNA [IPABAJIA TPEYIONbHIUKA BMECTO
IpaBHJia UeTHIPEXYTOJbHUKA IIPH BBIIOJHEHHM 3J€MEHTAPHOTO CHM-
IJIEKCHOTO IpeobpasoBanus Obl10 65l OUING0YHBIM. 3AMETHM, YTO OT-
Ka3 OT BLIUMCJIEHUI ¢ IBOIHOM TOWHOCTHIO TAKIKE CIIOCOOCTBYET 9KO-
HOMMHU pecypca GhICTpPOAeHCTBUA Hpoleccopa. KpoMe Toro, Maccoshle
BLIYMCJIUTENLHBIE Ollepaliy JKejaTeJbHO OPHeHTHUPOBATH Ha MaKCH-
MAJILHOE HUCIOJIB30BAaENE CBEpXOBICTPHIX PErHCTPOB Mpoleccopa, UToO
MOXKeT GLITh JOCTHTHYTO 3a CYeT [IPUMEHEeHHs WHCTPYMEHTAIbHBIX
CpeIcTB IPOrPAMMUPOBAHUH, ONU3KHEX 6230BOMY ASBIKY KOMIIBIOTEPA.

XoTs HCIONb30BAHUE KECTKOTO JUCKa KAK BHPTYaJbHOH omepa-
THBHON HAMSATH [JIA PA3MeICHUs CHMILIEKCHON TaBIHLLlL JIeTKO JOCTH-
reeTcs B omepanuoHHO# cpene Windows u nossonser pemars 3JII1
cBepxGoNBbIION Pa3MEPHOCTH, HO IPH 3TOM NMPH/ETCsA N03a00TUTECA O
BKJIIOUEHVH B AJTOPHUTM IIPOrPaMMBI MeXaHM3Ma MPEepPBIBAHUA IIPO-
Iecca ONTHMUBAIMH BCJEACTBHE PEBKOr0 CHUXKeHNs GLICcTpoeiieTBIA
asropurMma. /i KOMIIEHCALNM YKA3aHHOro 3((heKTa 3aMeIeHUs CKO-
pOCTH peIlieHUs 3aJauyd OPH HMCIONL30BAHUM BUPTYANBHOM IAMATH
OPUXOJNTCH TIIATENHHO NIPOAYMBIBATE AHHAMUKY 3arPy3KH ¢pparMeH-
TOB pacyYeTHOH TabJMIBI B OCHOBHYIO IIaM#ATh KOMIBIOTEDA.



NMHAUMBUAYAJIbHbIE KOHTPOJIbHbIE
SAOAHUA

IIpuBogMMEBIE HUKE KOHTDPOJBLHbBIE 3aJaHUSA OXBATHIBAIOT
BCe OCHOBHBIE TEMBI JUCHUILINHEI « MaTeMaTHYeCKOe Iporpam-
MHUPOBaHUE». 3aJaHUA MOYKHO HCIOJIB30BaTh IPHU (HOPMHUPO-
BaHUM KOHTPOJBHBIX paboT AJIs CTYAEHTOB KaK NHEBHOM’, TaK
¥ 3a0uHOM dopMmel 00yueHusa. KosnyecTBO KOHTPOJIBHBIX pa-
60T W X 00BEM YCTAaHABJIMBAIOTCA peIIeHHEeM Kadeapsl.
Ilockonpky mpepJjraraeMble 3aJadyl IIPEAIIOJAralOT HCIIOJIb-
30BaHMe HauboJiee pPacIpOCTPAHEHHBIX B HACTOSINEE BpeMsS
ONTUMHUSBAMMOHHBIX METOLOB, TEOPHUA KOTODHIX UBJIaraeTcs Ha
JEKIUAX, TO B IEJSIX OCBOGHUS «BHYTPEHHEN» MATEeMATUKK
METO/IOB pellleHNe 3a/1au CJIe[yeT BHIMOJIHATL BpyYHyI0. iMen-
HO II0O9TOMY COCTaBJIEHHEBIE 3aJ]aYy MMEIOT CPaBHUTEJILHO He-
6oJIPIIYI0O PA3MEPHOCTh W He TpPeOyIoT rPOMO3AKHUX BBIYHC-
nenuit. Bmecte ¢ TeM B yueOHBIX HENAX CTYAEHTAM MOXKHO
PEeKOMEeHZOBaTh HPOBEPHUTH IPAaBUJIBHOCTb PEIIeHUs 3ajavyu
Ha nepcoHaabHOI OBM.

SAJAHHE Ne 1

T e M bI: «JIHHE}HHOE POrpaMMHPOBAHHES,
«/IBOMCTBEHHOCTH B JMHEHHOM IIPOrpaMMHPOBAHHH »
1—30. Ha npefnpuATHH HMEETCA BO3ZMOKHOCTH BBIIIYC-

KaTh N BUAOB npoaykouu I7 f (j = 1, n). IIpu ee usroroBIeHUN
UCTIONb3yIOTCA pecypenl P, P, u P,. PasMepnl JOMyCTUMBIX
3aTpaT pecypcoB OrpaHMUYEHBb! COOTBETCTBEHHO BeJIMYHHAMY

b,, b, u b,. Pacxon pecypca i-ro (i = 1,_3) BHJa Ha eJUHULIY
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NPOAYKIUH j-TO BUJA COCTABJIACT Q,; €AUHHUII. Ilena equHAIBLL
MPOAYKIHNH j-TO BHJA PaBHA ¢; meH. ef. Tpebyercsa:

1) cuMIIIeKCHBIM METOIOM HAUTH IJIaH BRINYCKA IPOAYK-
OUH 10 BUAAM C YUETOM AMEIOIUXCS OTPAHUYEeHHBIX PECYPCOB,
KOTOPBI ofecmeyusan Gbl OPEANPUATHIO MAKCHMAaJbHBIH
IOXOX; NATh COREPIKATEIbHBIN OTBET, BCKPhIB 9KOHOMUYECKUM
CMBICJI BCeX HePEeMEeHHBIX, YYaCTBYIOINX B PeIlIeHUH 3aJauH;

2) chopMyaupOBaTH B 9KOHOMHYECKUX TePMUHAX ABOMCT-
BEHHYIO 3a/laUy ¥ COCTABUTH €€ MATEeMAaTHUYECKYIO MOAeNb;

3) ucmoss3ysa pelieHne HCXONHOH 3aaull U COOTBETCTBUE
MeX Iy JBOMCTBEHHBIMY TMEePEMEHHBIMH, HAHTH KOMIOHEHTHI
ONTHMAJIBHOTO IJIAHA ABOWCTBEHHOH 3alauy — ABOMCTBEHHBIC

omenxn y; (i =1, 3);

4) yrazaTs Haubosee qepUIUTHLI U HeleQuUOUTHEIHN (13-
GLITOYHBIN) PECypChI; €CJIN OHHU MMEIOTCH;

5) ¢ TOMOIIIBIC ABOUCTBEHHBIX OLEHOK yi* oBocHOBATH pa-
NHOHAJLHOCTD ONTHMAaJILHOTO IJIaHA, COIIOCTAaBUB OLIEHKY 3a-
TPAaT @, HW3PACXOLOBAHHBIX PECypCOB U MaKCHMaJbHBIN JO-
XOf j_, OT peajusanuy roToBOH IPOAYKIMH IO BCEMY OITH-
MaJbHOMY ILIAHY ¥ IO KaXKJOMY BUJY NPOLYKIUU B OTAENb-
HOCTH;

6) onpexmenuTh BeruuuHy Ab  pecypca P, BBeJeHNEM KO-
TOPOrO B IIPOM3BOACTEO MOXXHO KOMIEHCHDOBATbH YOBITOK X
COXPaHNUTL MAKCHUMAJILHBIH JOXOJ Ha IPeXXHeM ypoBHE (pe-
CYpCHI NIPeAIOATAIOTCH B3AUMHO 3aMeHSeMBbIMH), MOIydae-
MBIl IPH UCKJIIOYEHMH U3 IPOU3BOACTBA Ab, en. pecypca P,
YyTO BBI3BIBAET YMEHBIIEHMe MaKCHUMaJIBHOTO JOXOJa Ha
Ar f max en.;

7) oneHnTH mesecoobpasEocTs npuobperenus Ab, en. pe-
cypca P, 1o ueHe ¢, 3a eAMHULY;

8) yeTaHOBUTS, 11€/1ecO00pa3HO JIM BEINYCKATH HOBYIO IIPO-
nyknuio I1,, Ha eAMHULY Koropoit pecypcu P, P, u P, pac-
XOAYIOTCA B KOIHMYECTBAX Q,;, G, U Og €]l., & [leHa eINHUIBI
rOoTOBOM IIPOAYKIIMH COCTABJSAET D, eA.

Bce HeoOGXopuMble UHCIOBBIE JAHHBIE IIDUBENEHBI B
Tabx. 11.1—11.3.
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Tabnumna 11.1

Howmep s3agauu

1 2 3 4 5 6 7 8 9 10
n 4 3 4 3 8 3 3 4 3 8
b, | 20 150 280 1200 600 24 500 100 360 180
b, | 37 180 80 150 30 10 550 260 192 210
b, | 30 120 250 3000 144 6 200 370 180 244
ay | 2 2 2 15 10 5 2 25 18 4
a,| 2 3 1 20 20 7 1 25 15 2
a, | 3 4 1 25 23 4 0 2 12 1
a,| 0 — 1 — - — — 15 - —
e | 38 1 1 2 1 5 0o 4 6 3
e, | 1 - 4 0o 3 1 2 2 10 4 1
ay | 1 5 1 25 1 1 1 4 8 3
ay, 2 — 1 — — — — 6 — —
ey | 0 3 1 8 5 2 o0 8 5 1
e, | 1 4 2 60 6 1 1 7 3 2
| 1 2 1 60 6 1 0 4 3 5
a4, | 4 — 0 — — — — 10 - -
e, | 11 8 4 30 3 18 3 40 9 10
e, | 6 7 8 250 60 12 4 50 10 14
s | 9 6 6 450 63 8 1 100 16 12
¢, | 86 — 7T — — - — 8 — -
r 2 3 3 1 3 2 1 2 2 1
ab,l 1 2 4 2 3 1 6 6 3 2
s 3 1 2 2 2 1 3 1 1 8
k 2 3 2 2 38 1 1 3 2 1
Ab,| 3 5 3 5 4 38 8 10 5 T
b, | 2 2 6 3 10 2 1 5 1 5
! 5 4 5 4 4 4 4 5 4 4
e, | 8 4 8 18 15 6 2 8 21 4
a, | 4 6 6 4 1 3 1 9 9 5
a, | 8 8 12 5 3 4 4 12 7 8
p, | 40 30 35 400 25 20 5 120 15 30
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Ta6anumpa 11.2

Homep zazaun

11 12 13 14 15 16 17 18 19 20
n 4 5 3 3 3 4 5 4 4 3
b, 2 3 400 6000 12 1000 3 4 24 12
b, 2 2 250 5000 25 500 5 3 12 27
b, 2 2 200 9000 18 1200 4 3 35 6
a, 1 1 1/6 1 6 1 1 1 1 2
a,, 1 1 3/7 1 4 2 2 3 2 1
a, 0 1 1/4 1 3 3 3 0 4 6
a,, 2 2 — —_ - 1 6 1 8 —
a; — 2 — — — — 2 — — —
a,, 0 0 1/4 1/2 5 2 2 2 3 3
ayy 1 1 1/7 1 3 1 3 1 5 3
Gy, 1 1 1/4 2 0 1 0 1 9
a,, 0 1 — - — 0 6 0 0 —
ay — 2 — —_ — 0 0 — -_ -
a,, 1 1 1/6 1/2 4 0 3 0 6 2
gy 0 1 /7 1/2 5 1 1 1 0 1
Qg 1 0 3/8 20 4 4 2 4 3 2
a,, 0 2 — - — 1 6 1 1 —
a,, — 1 — — — — 4 — — —
c, 3 5 120 80 1 2 3 2 04 14
¢y 7 2 100 100 2 40 4 4 0,2 6
Cy 4 8 150 300 3 10 1 1 0,6 22
e, 2 3 — - = 15 3 1 08 —
5 — 6 — — - — 2 — —_ =
r 2 1 3 2 1 1 1 2 1 1
Ab_{ 0,02 0,04 2 30 2 5 0,05 0,02 2 2
s 1 2 1 3 3 3 3 1 2 3
k 2 1 3 3 2 1 3 1 1 3
Ab, | 0,05 0,02 12 20 0,3 12 0,02 0,01 0,5 0,02
c, 3 4 100 1,5 4 15 1,5 0,2 0,02 4
1 5 6 4 4 4 5 6 5 5 4
a,, 3 2 11/20 10 7 3 2 1 4 3
a,, 2 4 11/40 5 12 2 1 2 2 2
a,, 4 7 11/40 8 9 10 2 1 3 4
D, 15 20 150 200 30 80 45 15 8. 30
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Ta6anuma 11.3

Homep sagauu

21 22 23 24 25 26 27 28 29 30
n 3 3 3 3 3 4 3 4 4 3
b1 8 5 12 4 18 34 1 12 4 2
b2 18 4 27 7 16 16 2 8 3 3
by 6 2 6 12 8 22 1 48 3 4
a, 4 0 2 1 1 2 1 2 11
ay, 1 2 1 38 2 4 2 4 3 1
Qs 2 5 6 0 1 1 0 0 0 0
a, — — — — — 5 — 8 1 —
ay, 6 2 3 1 2 4 17 2 1
ay, 1 4 3 0 1 1 1 2 1 0
Ay 3 2 9 2 1 4 2 2 0 2
a,, — — — — — 1 — 6 0 —
g, 6 1 2 1 1 2 2 5 0 1
ag, 1 0 1 3 1 3 0 8 1 1
gy 1 1 2 2 o 1 3 4 4 1
a,, —_ —_ — — — 2 — 3 1 —
< 24 20 14 3 3 7 3 3 2 1
cy 4 8 6 8 4 3 1 4 6 1
Cg 8 30 22 5 2 4 4 3 2 1
c, — — — — — 2 — 1 3 —
r 3 1 1 2 1 2 1 1 3 2
Ab 2 2 0,5 0,3 0,02 0,1 0,2 0,3 0,05 0,05
s 1 3 3 1 3 3 3 2 1 1
k 1 2 1 2 1 2 1 2 3 2
Ab, | 0,05 0,02 0,05 0,02 0,05 0,02 0,005 0,03 0,005 0,002
Cp 2 5 1,6 2 1,2 1,3 0,2 1,2 0,15 0,3
I 4 4 4 4 4 5 4 5 5 4
a, 5 3 6 3 2 5 2 7 2 1
a,, 8 5 5 1 3 4 1 5 4 2
a, 3 2 8 4 1 7 2 8 3 2
P, 25 40 40 12 10 20 8 25 7 5

3ATAHUE Ne 2
T e M a: «JIeMeHTH TEOPHH MATPHYHBIX HIP»

31—40. ITocye HECKONBKUX JIe€T 9KCILIyaTaluy IPOMBIIII-
JIeHHOe 000pyoBaHUe OKa3bIBAeTCA B OAHOM M3 CIEAVIOIINX
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cocrosHui: 1) obopynoBaHMe MOMKET UCIOJb30BATHCA B OUe-
peIHOM rofiy nocie npoduIaKTHYECKOro peMOHTa; 2} Aada 6es-
aBapuiisolt paborsl 060pyAOBAHUA B AAJbHEHIIEM CJeAyeT
3aMEeHUTH OTAENbHBIE ero NeTalu U yajsl; 3) obopyroBanue
TpebyeT KanIUTAJIBLHOT'O PEMOHTA MJIN 3aMeHBI. B 3aBMCHMOCTH
OT CJIOKUBIIEHCA CUTYRIIUN PYKOBOJCTBO OPEeAIPUATHA B CO-
CTOSHHUY OPUHATHL TaKUe pelreHus: 1) oTpeMOHTHPOBATE 060-
PYZOBAaHNE CHJIAMHU 3aBOJACKHUX CIEIHAINCTOB, UTO oTpebdyer,
B 3aBMCHUMOCTH OT OGCTAHOBKH, 3aTPaT, PAaBHBIX @, d, UJIH
@, NeH. ej.; 2) BHI3BATH CIENUAIBHYIO OpUTafly PEMOHTHUKOB,
pacxofipl B 9TOM cjydae COCTaBAT b, b, uam b, geH. en.;
3) 3ameHUuTH 000DPYIOBAHNE HOBLIM, Peajl30BaB ycTapeslee
oBopyIOBaHUE [0 €ro OCTATOYHON CTOMMOCTH; COBOKYIIHEIE
3aTPaThl B Pe3yJbTaTe 9TOTO MEPONPHUATHA OYIYT PaBHBI CO-
OTBETCTBEHHO €|, C, WIH Cg IeH. ell. YKa3aHHbIe BbIIIIe PACXOXbL
IPEeANpPUATH BKJIOYAOT KpOMe CTOUMOCTH PEMOHTA U 3aMe-
HSeMBIX JleTajell ¥ y3JI0B YOBITKH, BEI3BaHHBIE YXYAIIEHUEM
Ka4yecTBa BLINYCKAEMO IPOAYKIIIH, IIPOCTOEM HEMCIIPABHOTO
0o6OpYyAOBaHUS, a TAKXKe 3aTpaThl HA YCTAHOBKY U OTJALKY
HOBOro obopynosanusa. Tpebyerca:

1) mpuaaTh ONUCAHHON CUTYAIUU UTPOBYIO CXEMY, YCTaHO-
BUTH XapaxTep UIPhI U BHISIBUTH €€ YYACTHUKOB, YKa3aTh BO3-
MOX{HbI€ YHCThIE€ CTPATEI'MU CTOPOH;

2) cocTaBUTH TJIATEXHYIO MAaTPHILY;

3) BHIACHUTH, KaKOe pelreHre o pabore o60py0BaHUA B
NIPENCTOSAIEM TOLY 1eJIeCO00pa3HO PEKOMEHI0BATH PYKOBO-
CTBY NpeAupHUATHA, 4TOOBI MUHUMH3UDPOBATH IIOTEPH HIPU
CJeNVIOIUX IIPEAIIONOKEHUAX: a) HAKOIJEeHHBIH Ha npej-
NPUATHH ONBIT 3KCIJYaTAUU aHAJOTUYHOTO 000py0BaHUSA
TIOKA3bIBAeT, YTO BEPOATHOCTH YKA3aHHBIX BBILIE COCTOAHM
0GOpYAOBaHUA DPABHBI COOTBETCTBEHHO ¢, ¢,, ¢,4; 0) umer-
ILHCS OMBIT CBUIETEIBCTBYET O TOM, UTO BCE TP BO3SMOMHBIX
COCTOAHUA 000PYLOBAHUS PABHOBEPOSTHHI; B) O BEPOATHOCTAX
cocToAHUM 0GOPYNOBAHUS HUYErO OIPEeNEeIeHHOTO CKAa3aTh
HEJb3A.

Vrxasasnue Bu 3cireryer HaliTH ONTHMAJbLHBIE YUCTHIE
cTpaTerus, NOJL3ysCH: B II. 3a — KpurepueMm DBalteca, B n. 36 —
kpurepuem Jlansaca, B u. 3B — Kputepusamu Bannna, Casmmxa,
T'ypsuna (sHauenue napaMerpa y B Kpurepuu I'ypBuua sanaercs).
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Bce mneobxomuMble 4YMCIIOBBIE HAHHBIE HPHBENEHLI B
Taba. 11.4.
Ta6nunga 11.4
Howmep sanaun
31 32 33 34 35 36 37 38 39 40
al 5 4 7 6 9 10 8 7 10 13
a, 11 6 11 10 12 8 11 12 17 9
a, 9 9 9 15 10 13 7 20 13 15
b, 7 5 6 15 7 18 15 15 12 20
b, 12 3 8 9 14 14 10 11 15 12
b3 6 7 16 18 9 10 16 17 9 11
c, 15 20 21 13 15 25 12 23 21 18
¢, 10 15 10 24 11 12 9 9 8 10
¢y 16 6 12 12 18 9 18 13 14 14
q 0,30 0,40 0,15 0,15 0,20 0,35 0,85 0,15 0,35 0,30
q, 0,50 0,45 0,60 0,55 0,65 0,45 0,50 0,65 0,55 0,45
g 0,20 0,15 0,25 0,30 0,15 0,20 0,15 0,20 0,10 0,25
Y 0,70 0,90 0,50 0,80 0,60 0,80 0,70 0,90 0,60 0,70
41—50. IIpeampusiTre MMeeT BO3MOXKHOCTb CAMOCTOS-

TeJIbHO IJIAHUPOBAaTh 00bEM BBINYCKa HEOCHOBHOH CEe30HHOIR
nponyknouu I, IT u I1]. He npogannas B TeueHIe ce30HA YaCTh
IIPOAYKI MY NO3JHEee peanrn3yeTcs HOJHOCTHIO II0 CHIMKEHHON
neHe. BykBeHHbIe 0603HaUEHNS €e0eCTOMMOCTH NIPOAYKIIAHY,
OTIYCKHBIX II€H B 00BbEMOB peaju3alMu B 3aBHCHMOCTU OT
VPOBHA CIIpoca npuBeneHsl B Taba. 11.5.

Tadbauwna 11.5

Ormyckras nena O6sem peanusanuu (TeIC. €X.)
Bun CebecToUMOCTE 3a eqMHUIY npx ypoBHe cripoca
IpONYK- e MHUIIbI OPOAYKUMUK
nun HUPOAYKLUK |5 reyenme| mocae | MOBHI- cpeamen | TOHH
ce30Ha VUEeHKH | IIEHHOM p HEeHHOM
I d, Py 9 a; b, ¢
II d, Py q, a, b, ¢,
111 dg ) 93 a5 bs Cs
Tpebyercs:

1) mpuznaTh OmMCaHHON CHUTyanUU UTPOBYIO CXeMY, BBI-
ABUTH YYACTHUKOB UI'PHI U YCTAHOBUTH €€ XapakTep, YKa3aTh
JOIIYCTUMBbIE CTPATErHN CTOPOH;
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2) BLIYKMCJIUTH 9JIEMEHTHI ILJIATEXKHOM MATPHIBI U COCTA-
BUTH €e;

3) marn ofocHOBaHHBIE peKoMeHpanuu o6 of6beMax BBI-
IIyCcKa MPOAYKIUHX [0 BHAaM, 06eciednBaomuX IpeIpHATHIO
HAUBBICUIYIO CYMMY OpPUOBLIN.

V kasastue Jig yMeHbIIEHUH DasMEPHOCTH IIJIATEXKHOU
MATPUIB] OTPAHMYMTLCH HCCJEZOBAHMEM JMIIb TeX TPeX CHTyamui,
KOrga OJHOBPEMEHHO HA BCe TPH BHJa NPOJYKIMM YPOBEHL CIIpoca
OAMHAKOB: MOBHIIIEHHbIH (cocTostHne I1,), cpennuil (cocTosHne ),
TIOHMKeHEBBIH (cocToanue I1,).

Bce HeOO6XOAMMEBIE UYHKCJIOBHIE JaHHBIE IIpDHBENEHB! B
Taba. 11.6.
Tabnumna 11.6

Homep sajgaun

41 42 43 44 45 46 47 48 49 50

1 1,3 1,5 22 07 34 1,8 32 26 38 44
1,7 21 1,6 24 1,7 256 1,8 387 26 21
3 09 14 34 1,8 25 09 27 1,6 382 3,5
py 26 283 87 1,8 4,5 2,7 4,7 34 4,7 5.2
P, 30 34 24 387 28 38 25 42 39 35
b, 18 2,8 45 2,5 32 15 88 2,8 4,5 4,7
q, 21 18 382 1,2 382 14 35 28 35 4,1
4, 18 22 16 24 14 26 1,2 32 28 26
qs 07 16 382 1,2 1,8 08 21 1,7 3,2 3.2
19 22 17 28 18 24 36 14 26 38

a, 28 32 18 19 36 24 46 38 42 16
a, 32 44 29 37 26 41 18 24 28 39
b, 14 17 12 16 13 17 25 8 16 22
b, 16 18 9 20 19 14 28 22 29 9
by 18 28 17 21 14 22 12 13 17 24
¢ 8 12 6 7 5 9 10 5 8 12
¢y 7 10 4 8 9 7 12 9 10 4
c 9 13 8 10 6 9 5 7 11 13

51-—60. 3a HeKOTOPBII IePHOJ BPEMEHH Ha IPeAIPHATIH
moTpebieHHe HCXOLHOTO CHIPbA S B 3aBUCHMOCTH OT €ro
KauecTBa cocrasiaser b, by, by wIH b, en. Ecam s BIIyCcKa
3aIIaHMPOBAHHOrO 00beMa OCHOBHOH NPOAYKIHUHU CHIPLI S
OKayKeTcss HeZOCTATOYHO, TO 3alac ero MOXKHO INONOJHUTD,
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4TO OTPebyeT JOMOIHUTENBHBIX 3ATPAT B CYMMe €, €ll. B Pac-
yeTe Ha €IWHUNY ChIPbA. ECJIHM JKe 3amac ChIpbA IPEBLICUT
noTpeOHOCTH, TO HOIOJHHUTEJbHBIE 3aTPaThl HA CONEPIKAHHUE
U XpaHEeHHE OCTATKa COCTABAT C, eJl. B pacyeTe HAa eAMHHUILY
ceipbsa. Tpebyercs:

1) opugaTh ONUCAHHOU CHTYAIIMH HUIDOBYIO CXE€MY, BBI-
SABUTH YYACTHUKOB UI'DBI U YCTAHOBUTH €€ XapaKTep, YKas3aThb
IONMYCTHUMBIE CTPATEruH CTOPOH;

2) BBIYUKMCINTDL 3JIEMEHTHI IIJIATEKHOH MATPHIBI U COCTa-
BUTD €€}

3) mathr OGOCHOBaHHbBIE PEKOMEHZAINM 00 ONTHMAaJIbHOM
yPpOBHE 3aIaca ChIPbA, IPH KOTOPOM AOIOJHUTEIbHbBIE 3aTPATHI
Ha npuobpeTeHune, COAEPKaHNEe U XpaHeHNE CRIPhA OYAYT MU-
HUMAJLHBIMH IIPY CAEAYIOIINX IPEAIOJIOKEHNAX: a) BEPOAT-
HOCTH q,, 4, {35 {, TOTPEGHOCTH B CHIPbE B KOJIXIECTBAX COOT-
BETCTBEHHO b, b,, by, b, en. nussecTHsl; 6) noTpebieHue CHIPbs

B KonmuecTBax b,, b,, b;, b, en. npeacrasnsieTcs paBHOBe-
POSTHBIM; B) O BEPOSITHOCTSIX IOTPeCJIeHNHA ChIPbS HUYETO
OIpeAeIeHHOTO CKA3aTh HEeJb3H.

Yxasamnmue. B 3crmegyer HaiiTu onTUMasbHEIe YHUCTHIE
CTpATEeTrMH, NOJb3YyfCh: B II. 3a — KpurepueM DBaiteca, B m. 36 —
kpurepuem Jlaniaca, B u. 38 — xpurepuamu Banbna, Casumxka,
T'ypsuna (smavyeHHe napamerpa Y B kpurepuu I'ypeuna sanaercs).

Bce HeoOxopuMmble UYHCHOBBIE JaHHBIE IIPHUBEAEHBI B
Tabx. 11.7.
Ta6bauma 11.7

Homep sapauu

51 52 53 54 55 56 57 58 59 60

12 10 8 15 9 6 20 13 10 8
14 11 9 17 10 8 21 15 12 10
16 12 10 19 11 10 22 17 14 12
18 13 11 21 12 12 23 19 16 14

5 8 7 4 6 5 2 9 3 5

7 4 3 9 2 8 4 7 6 8
q, {025 0,15 0,20 0,25 0,10 0,15 0,20 0,10 0,20 0,15
q, | 0,30 0,30 0,25 0,45 0,30 0,30 0,30 0,35 0,25 0,25
g, | 0,25 0,40 0,40 0,20 0,40 0,40 0,35 0,35 0,40 0,20
q, | 0,20 0,15 0,15 0,10 0,20 0,15 0,15 0,20 0,15 0,40
Y 0,60 0,80 0,70 0,90 0,80 0,60 0,90 0,70 0,80 0,60

-

Cali i a
(RN
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3AJAHHE Ne 3

T e m a: «IIporpaMmmMupoBaHHEe HA CETAX»

61—90. Ha sagannoil ceT yKa3aHBI IPOMYCKHEIE CIIOCOO-
HocTH pebep. Ilpennonaraercs, YTO NPOIYCKHBIE CIIOCOOHOCTH
B o0oux HanpaBJIeHUAX OAWHAKOBEI. Tpebyercs:

1) chopMHUpPOBATHL HA CETH IIOTOK MAaKCHMAJNBHOH MOIIHOC-
TH, HAaIIpaBJeHHLIN u3 ucroxa I B cToK S;

2) suinucaTts pebpa, oOpasyiomue Ha ceTH paspe3 MUHU-
MaJbLHON IPONYCKHOMN CIOCOGHOCTH.
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91—120. Paccuurarh HEIOCPEACTBEHHO HA CETEBOM Ipa-
¢huKe KOMILIEKCa pabOT paHHNe 1 MO31HYKe CPOKY CBEePILIeHNA
cOOBITHH, pe3epBbl BpeMeH! COOBITUH, MUHUMANBHOE BpeMs
BBITIOJIHEHU ST KOMILIeKca (KPUTHYECKUH CPOK). BeiaenuTs Ha
ceTeBoM rpadmKe KPUTHUECKHH OyTh. [JId HEKPHTHYECKHUX
paboT HalTH HOJHBIE U CBOOOAHBIE Pe3epBbl BPEMEHH.
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Ha ocxoBe BBINOIHEHHBIX PACYETOB YCTAHOBHUTE:

1) KaK DOBJMSET HA CPOK BHINOJHEHUS KOMILIEKCA YBEJIH-
YeHIe IPOLOJIIKUTEIBHOCTH paboTsl (m, n), pabors! (r, 8);

2) MOXKHO JI1 MCIIOJIb30BATH HOJHBLIA pe3epB BPEMEeHH pa-
6orel (e, f) oA yBEJUYEHUA INPOLOJIKHUTEIBHOCTH pPaboThI
(f. k) u pabGors! (k, l), He yBeluYuBas BpeMs BBHIIOJHEHUS
KOMILJIEKCA;

3) UBMEHUTCH JIU II0JHBIH pesepB BpeMeHHU paboTs! (P, q),
€CJIl BpeMs BBIMOJTHEHUS KOMILIEKCA BO3PACTET 3a CUET yBe-
JUYEHUS TPONOIKUTENbHOCTH paboTsl (7, S).

Bce HeoOxomuMble UYHCIOBLIE JAHHLIE TPUBENEHLI B
rabia. 11.8.
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Homep Pabora
safaau (m, n) (r. s) (e. ) (f. B (kD) (12
91 5, 8 (8, 10) (1, 4) 4, 7) (7, 10) (5, 8)
92 (3, 6) (8, 9) 1, 3) 3,7 (7, 9) (1, 4)
93 (3, 8) 7,9 (1, 6) 6, 8 8, 9) 1, 5)
94 4, 8) 9, 10) (3, 4) 4, 8) (8, 10) 2, 5)
95 5, 7) 9, 10) 2, 4 4, 7) (7, 10) (6,9
96 4, 9) 8, 10) (1, 2) 2,9 (9,10) (6, 8)
97 5, 7) 8. 9) @25 60 79 (1, 3)
98 5,7 9,100 @49 &7 (7.10) (39
99 (1, 4) (9, 10) 1, 3) (3, 6) 6, 10) 2, 9)
100 (3, 6) (8, 9) 2, 49) 4,7) (7, 9) 2,7
101 (3, 9) (8, 10) 2, 6) 6, 7) (7, 10) 4, 8)
102 (3, 4) (7, 9) (2, 6) 6, 8) (8, 9 (I, 5)
103 5, 9) 9, 11) (2, 6) 6, 10) (10,11) (5,9)
104 (3, 6) (10, 11) (2,49 (4, 8) (8, 11) (1, 5)
105 2, 6) (9, 10) (1, 4) 4, 7 (7, 10) 1, 8)
106 2, 9) 19,11y (1, 6) {6, 9) {8, 11 (3, 6)
107 2, 5) 8, 9 (1, 2) (2, 5) {5, 8) (3, 6)
108 2, 8) (9, 10) {I.2) (2, 7) (7, 1) (1, 4) l
109 2, 5) (7, 8) (1, 2) 2, 6) (6, 8) (3, 5)
110 (1, 3) (7. 9) (4, 5) (5, 8) (8, 9) {1, 5)
111 4, 7) (8, 9) 1, 3) (3, 7) (7. 9) 2, 6)
112 2,8 9, i) (2, 5) 5,8 (8, 10) (1, 4)
113 (3, 8) 8,9 2, 5) b, 7) 7, 9) 2, 52
114 47 &9 (1,3 (3.7 (7.8 (1, 5)
115 (6, 8) (7, 10) (3, 5) 5,9 9, 10) 1, 4)
116 4, 6)' (8, 10) (1, 2) (2, 6) (6, 10) (1, 5)
117 5.8 (9,100 (1.3 B 7 (7,100 (2 6)
118 4, 8) 9, 11) (3, 5) 5, 7) (7, 10) (1, 6)
119 5, 7) o, 11y (2,9 4, 9) 9, 11) 1, 3)
120 7, 9) (8, 10) 2, 4) (4, 6) 6, 10) (4, 8)

3AIAHHE Ne 4

T e M a: «TparcnopTHas 3ajgada»

121—130. B nysxTax A, (i = 1, 3) mpoussoauTcsa OnHO-
poaHas IPOAYKNHA B KonudecTsax a, en. CebecroumocTs efu-
HEIBI IPOAYKIUHY B [-M ITYHKTE PaBHA ¢;. ['0TOBasS IPOAYKILUS
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HOCTABJIACTCS B NYHKTHI Bj (j =1, 4), noTpeGHOCTH KOTOPBIX
COCTaBALT b, ex. CTOMMOCTH ¢, EPEBOBKU eIWHUIBI IPO-
OYKIUY U3 OYHKTa A; B OYVHKT Bj 3aJlaHBI MATPHIIEH [cij]3x 4«
Tpebyercsa:

1) MeTOZIOM IOTEHINAJIOB HAWTH ILIAH I€PEBO30OK IPOAYK-
O¥H, NPH KOTOPOM MHHUMHSHPYIOTCA CYMMAaPHBIE 3aTPaThl
Ha ee U3rOTOBJIEHHE M [OCTAaBKYy moTpeburensm, npu obsasa-
TeJLHOM YCJIOBHH, YTO MPOAYKIHA OYHKTA, B KOTOpOoM cebe-
CTOMMOCTSL €€ IIPOM3BOJACTBA HAWMEHbIIasA, pacupezedercd
TIOJIHOCTHIO;

2) BHIYHCJANATH CYMMapHEIe 3aTPaThl [, ;

3) ycTaHOBUTH NYHKTHI, B KOTOPEIX OCTaeTCs Hepaclpese-
JICHHAA DPOAYKOHWA, U yKasaThb ee 00meM.
Bce HeOOXOAWMBIE YHCJIOBLIE JOAaHHBIE IPUBEAEHHI B
Tabm. 11.9.
Ta6auna 11.9

Howmep sagaun

121 122 123 124 125 126 127 128 129 130
a, 400 750 250 300 450 350 250 200 500 500
a, 300 200 550 700 200 750 650 500 900 200
ag 500 550 350 400 350 300 300 300 100 600
< 2 4 4 2 3 2 2 4 2 4
Cy 3 3 1 1 5 4 1 5 5 5
Cq 1 1 5 4 1 3 5 2 3 3
b1 350 450 300 250 150 200 350 150 200 250
b2 250 300 150 450 300 50 50 450 650 150
b3 150 350 400 150 50 600 150 50 150 350
b4 250 250 150 3850 400 400 450 250 300 250
5 2 1 2 3 6 4 5 3 7 4
Cig 6 6 6 7 4 5 10 4 7 8
€13 4 5 3 6 8 8 4 8 8 3
€14 7 3 5 4 3 6 6 2 4 7
Cyy 6 4 8 7 5 4 7 4 6 5
Cyy 2 3 7 5 1 7 8 1 1 1
Cog 7 5 10 4 4 1 10 4 2 6
Coy 1 7 5 9 4 2 9 5 7 4
Caq 6 5 2 3 7 2 1 9 4 4
€39 10 8 7 6 11 6 5 10 7 6
Caq 7 10 5 5 9 4 4 6 5 5
Cqy 5 4 3 1 6 7 2 5 6 3
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131—140. Ha saBogax N¢ 1, 2 u 3 npousBOAUTCA OLHO-
pojHasg NPOAYKIUSA B KOJIUYECTBAX 4, A, U a, el. IIpu sTom
3aTpaTel HA IPOU3BOJACTBO eIWHUILI NPOAYKIIME HA 3aBOJAX
COCTaBJIAIOT €y, C, U C4 A€H. . YeTnIpeM moTpeburessam Tpe-
OyeTcs COOTBETCTBEHHO b, by byu b « 8. npopyxium. Pacxonsr
¢,; 10 TIePeBO3Ke eIMHNIBI IPOAYKIHUH C i-ro 3aBoja j-My mo-
TpeGuTeNI0 U3BeCTHRI. [IJIs IIOIHOTO YAOBIETBOPEHUA OTPe6-
HOCTEH HeOOXOAMMO YBEJNYINTh BEIIYCK NPoAyKnuu. IIpu sToM
BO3MOXKHEI CIIeIYIOMYe BAPDUAHTEI: 1) pacIiNPUTh, MOIIHOCTE
3aBoZa Ne 1 ¢ JOMONHUTENBHBIMH 3aTpPaTaMM HA eNUHUILY
HPORAYKIUH, PABHBIMA Ac,; 2) PACHINPHTE MOIIHOCTH 3aBOJA
Ne 2 ¢ [OHOMHUTEILHBIMY 3ATPATAMH HA eAMHUILY IPOAYKIINH,
paBHBIMH Ac,; 3) HAJNaAUTh BBINYCK IPOAYKIHY HA 3aBOAE
Ne 4 ¢ zaTparaMH Ha IIPOM3BOACTBO €JUHHIEI IPOAYKINH,
PaBHBIMHU C,, U PACXOJAMHU II0 NePEeBO3Ke eIMHUILI IPOAVK-
MK, PABHBIMM COOTBETCTBEHHO C,,, C,,, C 4 ¥ C,,. Tpebyercs:

1) MmeToOM IIOTEHNMAIOB HAMTH ONTHMAILHBIHM IIJIAH pac-
IIVPeHUA IPOU3BOJCTBA IPOAYKIUY, IPKA KOTOPOM HOJHOCTHIO
YAOBJIETBOPAETCA COPOC, & COBOKYIIHEIE 3ATPATHI, CBA3AHHLIE
€ UBTOTORJIEHNEM NPOAYKIUH U €e JOCTABKOM MoTpebuTensam,
MUHUMH3UPYIOTCSH,

2) ompefennTh MHUHUMAJILHBLIE COBOKYIHEIE 3aTPaThl HA
TMPOU3BO/ICTBO IPOAYKIUHN U HOCTABKY €€ HOTPeOHTEJAM IO
ONTUMAJIbHOMY IIAHY PACHIMPEHUS BBINYCKA IPORYKIIHH.

Y k a3 aH ue. [IpuBefeHnnie B 3ajaue BADHAHTHI YBEJIMYCHUA
BEIIIYCKA NPOAYKIINM PACCMATPHBATHL B XOJ€ PeIlleHUA KaK CAMOCTOS -
T€JIbHBIE IYHKTEI IPOM3BOACTBA B €JMHOM KOMILIEKCE ¢ JAHHBIMH IIYHK-
ramu (3aBogamn). Taxum obpasoM, B pacupefenurennHoil Tabiuiie
OyJeT IIeCTh MOCTaBUIMKOB TOTOBOX NPOAYKIHH.

Bce nHeoOxozumble 4YHCIOBBIE MNAHHBIE OPHBELEHBI B
Tabn. 11.10.
Ta6bnuna 11.10

Homep sagauu

131 132 133 134 135 136 137 138 139 140

700 600 300 200 500 800 200 250 600 900
300 400 600 500 700 300 600 450 450 300
600 700 1000 300 800 500 500 300 750 600




Oronuvuanmne Tabm 11.10

Homep 3azaun

131 132 133 134 135 136 137 138 139 140
¢ 5 2 7 6 8 7 6 4 7 5
¢y 7T 4 6 3 8 5 4 5 5 3
e 4 3 2 5 5 6 7 8 9 4
b1 350 500 500 350 600 650 150 200 500 450
b2 550 300 700 150 400 250 400 400 700 150
bs 250 800 400 250 750 350 350 200 150 750
b, 650 200 450 450 350 550 700 400 650 550
c,y 7 4 4 2 5 3 5 9 7 3
€y g8 2 5 4 2 8 4 3 5 6
Cig 7 6 7 3 3 5 2 4 9 4
€14 9 8 9 7 4 4 8 6 3 9
Co 8 5 7T 6 3 9 38 3 8 2
€y 5 17 4 8 8 38 2 2 4 5
Cog 3 3 9 4 6 7 5 5 3 8
€y 8 9 7T 2 5 6 9 3 2 4
Cay -7 4 8 9 6 4 6 4 5 3
Cg9 4 8 2 5 9 8 2 7 4 7
Cag 3 6 3 3 7 8 5 9 6 4
Cay 7 2 8 8 2 5 7 6 7 9
Ac, 6 3 2 4 4 4 4 4 4 3
A02 3 5 6 3 2 6 7 7 5 6
c, 1 3 11 5 9 6 3 8 6 4
Ca 13 7 12 4 8 3 6 9 3 7
Cyo 13 9 15 6 17 7 4 10 8 2
Cy3 10 4 8 3 16 4 2 12 2 4
cy | 4 2 15 8 10 8 7 16 7T 8

141—150. Crygenueckue orpsam CO-1, CO-2 u CO-3
YHCJIEHHOCTHIO B 4, G, X d; YEJIOBEK NPUHEUMAIOT yYacTHe B
CeJIBCKOXO03aiicTBeHHBIX paborax. g y6opku Kaprodeas Ha
noasx I1,, Hz’ H3 u II, Heo6XOAMMO BBINEIUTH COOTBET-
CTBEHHO b, bz’ b, u b, uenosex. [IpoussoguTeNnbHOCTE TPYAA
CTYZ€HTOB 3aBHUCUT OT yPOKANHOCTH Kaprogeid, a TAKMKe OT
COCTaBa OTPALA U XapPAKTEPU3YeTCA NJIA YKA3aHHBIX OTPANOB
U IIOJIeHt 3JIeMeHTaMH MAaTPHIBI [pl.].]3x « (B LeHTHepax Ha ye-
JoBeka 3a pabounit meus). Tpebyercs:
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1) pacnpenenuTs CTyAEHTOB IIO ITOJAM TaK, 4YTOOBI 3a pa-
Oounit geHp ObLIO yOpaHO MaKCHMAJBHO BO3MOMKHOE KOJIH-

4YeCTBO KapTogend,

2) ompepenuTh, CKOJBKO IEHTHEPOB Kaprodens Oynaer
y0paHO C YeThIpex IIOJEeH MPH ONTHMAaJbHOM pacupefeseHuy

CTYJAEeHTOB.
Bce Heo0xoanMble 4YHCJIOBBLIE J[AaHHBIE IPHBEJEHLI B
raba. 11.11.
Ta6awmumall.ll
HomMmep zazaun

141 142 143 144 145 146 147 148 149 150
a, 40 35 25 20 45 30 25 30 35 20
a, 30 40 30 45 15 25 35 40 25 35
a, 25 55 35 25 30 45 50 20 40 b5
b, 15 60 22 30 20 32 30 14 28 36
b, 35 25 15 14 22 24 18 26 15 32
by 21 30 23 26 18 28 40 16 37 24
b4 24 15 30 20 30 16 22 34 20 18
Py 9 6 8 7 4 9 6 5 7 6
Py 7 5 4 6 5 7 9 8 4 5
Py 5 4 7 9 6 8 6 4 6 9
Py 5 9 6 5 6 4 8 7 5 8
Py 6 4 7 9 6 6 5 9 7 6
Py 8 6 9 5 7 6 9 8 5 4
Do 5 7 8 6 4 7 8 5 6 8
Py 7 5 6 7 9 5 7 9 8 6
Py 9 8 9 4 7 4 5 7 9 9
§ 2% 6 4 7 8 6 7 4 9 4 8
P33 8 9 5 5 8 9 6 8 7 4
Psy 5 6 8 9 4 5 8 6 4 7

Tema: «/[uckperHoe mporpaMMupoBaHME»

3AIAHHUE N2 5

151—160. Ha upuobpererne o6opynoBaHUsl OIS HOBOTO
ITPOM3BOJCTBEHHOTO YUACTKA BBIAEJIEHO b, THIC. AeH. efl. 060-
PYyAOBaHNE N0JKHO OBITH PA3MEMIeHO Ha IJIOMIALH B b, KB. M.
IIpeanpuaTHe MOKET 3aKa3aTh MALITUHEI TUIIA A CTOMMOCTBIO
a,, THIC. IeH. e]l., 3aHMMAIOIIHe IIOIAAL (C YIeTOM IPOXOAOB)
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a,, KB. M U BBINYCKAIOUIUE C; e[. INPOAYKIMU 32 CMEHY, U
MAaIIIHHbI THIIA B CTOMMOCTRIO @, , THIC. JeH. €1., 3aHUMAIoIe

II0manb a,, KB. M U ofecreduBaIiue BHIIYCK C, €. IPO-
IYKIIUY 3a cMeHy. IIpw 3TOM ciepyer ydecTh, YTO MAIIUH
THIIa A MOYKHO 3aKasaTh He Gosee b, mr. Tpebyercs:

1) cocTaBUThL MaTEMaTHYECKYIO MOZENb 3aa4Ul, [IOIb3YsACh
KOTOpPOIt, MOXXHO HAHTH IJIAaH NprobpeTeHuss MallliH, YIUTHI-
BAIOIIHH BO3MOMKHOCTH HPEANPHATHA U o0eCcHeYUBAIOMHH
HAHMBLICOIVIO NPOU3BOANTEILHOCTE HOBOI'O YYACTKA;

2) moIB3yACh OAHUM U3 METOZOB II€JIOUHNCIeHHOro JUHeHd-
HOTO IIPOI'PAMMHIPOBAHUA, HAWTH ONTUMAIbHBIH IIaH 1prod-
peTenus o0OpyIOBaHUA.

Bce BHeob6xOZuMMBIE 4YHCJIOBBIE [JaHHBbIE IPHUBEJEHBI B
raba. 11.12.

Ta6aouuma 11.12

Howmep sagatuu

151 152 153 154 155 156 157 158 159 160

b 30 20 272 86 80 49 50 48 24 72
b, 850 660 27 672 5200 2128 3875 2604 984 1968
b

s 4 3 8 5 7 5 9 11 10 7
ey | 5 5 11 6 8 7 5 4 2 8
a, | 3 2 52 3 5 3 3 3 4 4
a, | 8 55 3 32 208 112 155 124 41 82

‘@, | 111 102 3 91 505 228 543 363 322 191
e 9 8 6 7 10 10 8 7 4 10
c 7 5 9 10 13 12 18 12 14 13

161—170. 113 Murcka 8 MorujaeB HeoOXOAUMO IepeBes-
T 060pyOBaHKe TPeX TUIOB: b, en. Tuna A, b, ex. tumna Bu
b, en. tuma B. Jlis mepeBO3KH 0o0OpyAOBaHUA 3aBOJ, MOMKET
3axasaTh ABa Buja rpancoopra: T, u T,. Ha equHuny tpasc-
nopra Bufa T'; 060pyAoBaHUS THna A MoxeT OBITh IOTPYXKEHO
He Gosee a, ex., obopynoBanus tuna 5 — He 6oiee a,, ex.,
obopypoBanus Tuna B — He Goiee a4, eX.; Ha eAMHHUINY
tparcropra Buga T, — He Goiee a,,, @y, Az, €X- o6opyroBaHUA
coorBeTcTBeHHO THna A, 5 1 B. CMeHHbIe 3aTpaThl, CBA3aHHBIE
¢ aKCILTyaTanuel efMHHUIL! TpaHcmopra BuAa T, cOCTaBIsd-
IOT ¢, IeH. el., eAMHUIBI TPAHCIIOPTa BUAA T, — ¢, LeH. ex.
Tpebyerca:
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1) cocraBUTh MaTeMATHYECKYIO MOZENb 3aXavi, MTO3BO-
JIAOIIYIO YCTAHOBUTD KOJIUYECTBO TPAHCHOPTHBIX €WHUIL TOT'O
U IPYTOTO BUJA, HEOOXOAMMOe /il TePEBO3KHU 000pyAOBaAHUS
¢ MUHUMAaJbHEBIMH 3aTpPaTaMu;

2) nonp3ysachk OMHUM U3 METOLOB HEeJI0YHCIeHHOTO JNHeH-
HOTO NPOrpaMMUPOBAaHUSA, HAMTH ONTHMAJILHBIN IJIaH 3aKasbl-
BaHUS TPAHCIIOPTA.

Bce Heob6xopuMble 4YHCIOBLIE [JaHHLIE INPHUBEJEHb B
tabn. 11.13.

Ta6bnuna 11.13

Howmep sagaun

161 162 163 164 165 166 167 168 169 170

b, | 20 69 555 92 1953 594 22 50 40 138
b, | 40 84 138 128 147 24 560 4060 468 60
b, | 968 1911 135 686 126 105 138 20 20 2090
w| 4 3 111 4 279 21 2 10 8 23
a, | 4 21 6 8 7 3 28 290 36 5
44 147 9 98 9 21 23 1 1 95
a, | 1 16 28 23 100 158 3 3 6

M)

ay, | 8 4 23 12 21 2 177 357 49 4
a, | 177 304 12 89 10 5 6 4 4 276
3 6 4 13 12 12 3 4 4 7T 6
c 10 12 10 11 9 6 9 3 5 10

171—180. [Ina snmonrHerunsa pa6or P, P, u P, censcko-
X03AHCTBEHHOE NPEJIPUSATHE MOXKET NPHOGDECTH TPaKTOPBI
Mapok A u B CTOMMOCTBIO COOTBETCTBEHHO €, H ¢, neH. en.
kax e, C HCHONBb30BAHMEM HOBOM TeXHHKH HEOOXOIMMO
BBIMIOJIHUTEH He MeHee b, yCIOBHBIX exuHUIl paGoThl P, ne
MeHee b, YCIOBHBIX eIUHENI, PaGoThI P, n ne mexree by yenosEBIX
enuHuUL pa6oTer P,. 3a paccMaTpHBaeMblil IPOMEXKYTOK Bpe-
MeHH C HCIIOJIB30BAHMEM TPAKTOPA MAPKU A MOKHO BBINOJ-
HHUTH @, YCIOBHBHIX €ANHHI, paboTs Pl, a,, padoThI P2 RN
ag, paborsr P,; ¢ ucnmons3oBaHMeM TpaKkTopa Mapkd B — a.,
YCJIOBHBIX eauHumI paborsl P, a,, paGorsr P, unu a4, pabo-
Tel P,;. TpebGyerca:

1) cocTaBUTHL MATEMATHUYECKYIO MOAENIb 3aladuy, IO3BO-
JAOIYI0 HAWTH TaKOH BapHaHT IpHOGDeTEeHHS TPAKTOPOB
TOH H APYro# MapKW, IPH KOTOPOM OYAyT BBHIIIOIHEHBI BCE
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Heobxoxpumble paboThI, a 3aTpaThl HA HOBYIO TeXHUKY OyAYT
MUHUMAaJILHBIMH;

2) OIHUM U3 METOJOB LeJOYMCIEHHOTO JUHEHHOro IIpo-
rPAMMHUPOBAHKA HAUTH ONTHMAJIBHBIH BApHAaHT OpuobpeTeHUA
TPaxKTOPOB.

Bce HeoO0xomumble YKHCJIOBBIE [JNAaHHBIE IPHBEJEHbH! B
raba. 11.14.

Tadbauuma 11.14

Homep sapauu

171 172 173 174 175 176 177 178 179 180
b, 20 45 63 77 2020 1357 92 60 3025 138
b, 190 138 147 40 104 84 3712 1128 140 8460
by 88 1215 588 138 20 39 56 105 20 110
a;, 4 9 9 7 404 59 4 3 605 23
ay, 19 6 7 2 8 21 232 141 10 705
ag, 81 42 23 1 3 8 21 1 5
ayy 1 2 3 12 105 318 23 14 186 6
Qo 15 23 21 12 10 4 357 98 12 574
Az 15 118 49 6 4 6 3 5 4 14
¢y 3 4 8 1 4 2 24 6 8 3
¢y 5 3 6 2 3 6 22 12 6 5

SADAHUE Ne 6
T e M a: «BeinykiIoe nporpaMMHpOBaHHE»

181—210. IIpeaupusaTue BuIIyCKaeT usgenns A u B, npu
M3TOTOBJIEHUH KOTOPBIX HMcmonpayercsa ceippe C; u C,. Us-
BecTHBI 3amacel b, (i = 1, 2) cbIpbs, HOPMBI a; (=1, 2)ero
pacxofia Ha eZUHUIY M3/eJUsA, ONTOBbIE NEHE! P, U3NeNHi U

HX IaaHoBasg cebecTOMMOCTD c?. Kax Tonpko o0beM BBIITyC-
KaeMOH IIPOAYKIINY ITepecTaeT COOTBETCTBOBATD OIITHMAJIbHBIM
pasmMepaM OpeNnpHuATHS, JajJbHellllee yBeIUYeHNE BBITYCKa
X, BeJleT K TOBBIIICHHUIO cebecTONMOCTH TPOAYKIUU, U B
nepBoM NpubanIKeHNH paKTHIecKas cefecTouMOCTE ¢, OUCHI-

BaeTCa QYHKUMeHR ¢; = c? +cjx;, rIe ¢; -— HeKOoTopas Ho-
CTOSIHHAS BeJuuymHA. I1pu moucke mjaaHa BEIIYCKA H3IeIHi,

obecIIeYnBAIOMIEer0 MPEeIIPHUATUIO HAWBBICHIYIO NPUOHIIL B
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VCJIOBUAX HapylleHus OanaHca MeXAy 00beMOM BBIIYCKA M

OTIITHUMAJIbHBIMU Pa3dMepPaMU MPEeAIPUATHA, TleeBas QyHKInS
_ 0 0

npuHUMaeT BUA [ = (p, — (¢; + c{ x))x, + (D~ (c; + cjx,))x,,

& OTPaHHYEeHHNHA HO CBIPBIO @,,X, + G;,X, < bl, Qg X, + Aoy, <

< by, x, 20, x,2 0. Tpebyercs:
1) cocTaBUTh MATEMATHUYECKYI0 MOJeJb 3aJa4y TpUMe-
HUTEJBHO K YMCJIOBBIM JaHHBIM BBIIOJIHIEMOIO BAPHAHTA;
2) rpaduyeCKUM METOAO0M PElINThH IOJYYeHHYIO 38434y 1
¢OpPMYIUPOBATH OTBET B 9KOHOMUYECKUX TEPMUHAX B COOT-
BeTCTBUH C YCIOBUSAMHU 3aJaUMu.

Bce HeoOxozumple YHCIOBBIE JaHHBIE IIPUBEIEeHBI B
Tabn. 11.15.

SATAHHUE Ne 7
T e M a: «JIluHAMHYECKOE IIPOrPAMMHDPOBAHHE»

211—220. Ha gamnoit cetm popor (puc. 11.1) umeercsa
HECKOJBbKO MapIIPYTOB, 110 KOTOPHIM MOYKHO JJOCTABAATE I'Py3
w3 nyeEKTa I B myHKT 10. FI3BECTHBI CTOMMOCTH ¢,; IePeBO3KH
eqUHANBL FPy3a MeXIy MyHKTaMu cetu. Tpebyercs:

1) MeTOZAOM AMHAMUYECKOTO IPOTPAMMHMPOBAHMA HANTH
Ha ceTH HauboJjiee SKOHOMHBIN MapIIpyT AOCTABKHU Ipy3a u3
nyskTa I 3 nyHxT 10 ¥ COOTBETCTBYIOINE €My 3aTDATHL;

2) BpIIUCATH ONUTHMAJbHEIE MAPIIPYTHI II€PEBO3KH TPY34a
13 BCEX OCTAJIbHBIX HYHKTOB CeTH B MyHKT 0 u yKasarTb OT-
BeUAloIiMe UM MUHHMAaJbHbIE 3aTPAThl HA JOCTABKY.




Bce HeobGxonumble YHCIOBBIE [JAaHHBIE NPHUBEJEHBHI B
Tabs. 11.16.

TaGnumnalllé

Homep 3anaun

213 214 215 216 217 218 219 220

Tapud

N

00 QO O = DD U 00 WO N UTW ==
ot
Do
—
N
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€9, 10

221—230. [I151 peKOHCTPYKINY U MOJePHU3ANMY IPOU3-
BOICTBA HA N NPEAUPUATHAX BHIJEJEHHLI AeHEKHBIE CPeCT-
Ba c. ITo Ka)KoMy U3 N HPeNIPHATHI N3BECTeH BO3MOMKHBIN

npupocT g(x) (i = 1, n) BeIIYCKA IPOAYKIUY B 3aBHCHMOCTH
oT BhIZlesIeHHOIT eMy cyMMul X (0 < x < ¢). Tpebyercs:

1) pacnpenesuTh CPeACTBA ¢ MEXAY NPEANIPHATHAMHA TAK,
4TOBRI CYMMApPHBINA IPHPOCT BBHINYCKA IPOAYKIIMHN HA BCEX I
IpeNpUATHAX AOCTHI MAaKCHMAJBLHON BenuduHH f,(c) (9TOT
OCHOBHOH Pe3yJBLTAT 3aJa4M MOAy4YuTs 135 ¢ = 100 maH geH.
en. un=4),

2) uCIOb3ys BBINOJHEHHOE pellleHne OCHOBHOH 3afadi,
HaAfTH: a) onTHManbHOe pacupespenenne 100 mMiH neH. en.
MeXJy TpeMs IpefupusTusaMu; 6) onTHMAaJbHOE pacmpeje-
nernue 80 MIH AeH. €l. MEXY TPeMs IPeAUPUATUAMA.

Bce HeoOxoauMble YHCJIOBBIE JaHHbIE IIPHUBEJEHBI B
Tabn. 11.17.
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Ta6nuna 11.17

ITpupocrt
BRITIyCKA YacTh CpeacTs, BhlAeNseMBIX
Homep 1pex- TPOAYKILMM OPeANPUATHAM, MAH LeH. ef.
3agayy | mpusTHe | Ha i-M npex-
MPHUATHU
g(x),
MIH jeH.ef. 20 | 40 [ 60 ! 80 l 100
221 9 18 24 38 50
222 9 17 28 38 47
223 7 29 37 41 59
224 9 20 35 44 57
225 Ne 1 gl(x) 9 18 29 41 60
226 11 21 40 54 62
227 12 26 40 60 72
228 14 24 37 45 58
229 16 28 36 49 60
230 12 28 39 47 69
221 11 19 30 44 59
222 11 34 46 53 75
223 9 19 28 37 46
224 12 25 34 46 57
225 Ne 2 8,(x) 8 19 30 47 58
226 13 20 42 45 61
227 16 21 36 49 63
228 12 30 42 58 71
229 10 29 42 50 74
230 14 26 40 51 68
221 16 32 40 57 70
222 13 28 37 49 61
223 17 27 37 48 66
224 11 20 32 48 61
225 Ne 3 ga(x) 12 25 51 58 69
226 12 22 34 55 60
227 9 17 35 51 65
228 13 25 45 62 70
229 15 27 46 58 65
230 11 24 43 51 68
221 13 27 44 69 73
222 12 35 40 54 73
223 16 30 42 65 81
224 14 23 40 50 58
225 Ne 4 g4(x) 7 15 52 59 60
226 10 27 33 57 69
227 15 25 51 62 76
228 7 33 46 60 68
229 17 23 38 53 67
230 16 21 36 49 72

407



231—240. B Hayase NIaHOBOTO HEPHOLA TPOAOTAKHUTEE-
HOCTBIO N JleT uMeeTcsa o6opyLoBaHue Boapacra ¢. FI3BeCTHBI:
CTOUMOCTD 1(t) IPOAYKIHNY, TPOUBBOAUMON B TeYeHUE TOA C
HCIOJIB30BAHUEM 3TOI'0 O0OPYZOBAHUA; €3KErOfHbie PACXOAb]
v{t), cBA3aHHBIE C SKCHJyaTanueil o0OpYLOBAHHSA, €ro OCTa-
TOYHAS CTOMMOCTD $; CTOMMOCTD P HOBOr'o 060pyaoBanus (cona
e BKJIIOUYEHBI PACXO/bl, CBSIBAHHbBIE C YCTAHOBKOH, HANaAKOMI
u 3anmyckoM obopynoBanusda). Tpebyerca:

1) nonp3ysachk GYHKIIMOHANBHBIMY YPABHEHUAMH, COCTa-
BHTH MaTPUIy MaKCUMAJbHBIX NpubbLred f (¢) 3a N ner;

2) chopMmEpOBaTh N0 MATPUIe MAKCHMAILHBIX OpHOELIEi
OIITUMAaJILHBIE CTPATETNH 3aMEeHb! O00PYAOBAHUS NaHHBIX BO3-
pacToB t ¥ t; JIeT B MJIAHOBOM IepPHOJe MTPOAOIKUTENHHOCTHIO
cooTBeTCTBeHHO N u N, ser.

Bce nHeo6xoanMsble YnCIOBbIE JaHHBIE IPUBEAEHBI B TAGI.
11.18 » 11.19.

Tatbanuma 11.18

Howmep sapaun

231 232 233 234 235 236 237 238 239 240

N | 10 10 10 10 10 10 10 10 10 10
N, &8 6 7 8 6 9 8 1 9 8
t 7 7 8 6 8 7T 6 9 6 9
t 1 4 5 5 4 6 5 4 8 8
s o 2 2 o 3 0 5 2 0 1
P 10 11 14 10 110 8 17 12 6 13

Ta6auna 11.19

Homep | Ilapa- Bospacr obopyaoBauus ¢

3apauu | MeTp 0 1 2 3 4 5 6 7 8 g 10
231 20 20 20 19 19 18 18 17 17 16 15
232 22 22 21 21 21 20 20 19 19 19 18
233 25 24 24 23 22 21 21 21 21 20 20
234 28 27 27 26 25 256 24 23 23 22 21
235 21 20 19 19 18 18 17 16 16 15 15
236 ) 24 24 24 23 23 22 21 21 21 20 20
237 28 27 26 25 24 24 23 22 22 22 21
238 20 20 19 18 17 16 16 15 15 14 13
239 26 25 25 24 24 23 23 23 22 21 21
240 23 23 22 22 21 20 20 20 19 18 18
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OroHuanue Tabua 11.19

Homep | Tapa- Boapact obopynosaHust t

sajaty | Merp 0 1 2 3 4 5 6 7 8 9 10
231 10 11 12 12 13 13 14 14 15 15 15
232 12 13 13 14 15 15 16 16 17 18 18
233 13 13 14 15 15 16 16 17 18 19 20
234 16 16 17 17 17 18 18 19 20 20 21
235 u(t) 11 11 11 12 12 13 13 13 14 14 15
236 13 14 15 16 17 17 17 18 19 19 20
237 15 15 16 17 17 18 19 20 20 21 21
238 8 9 9 10 10 10 11 11 12 13 138
239 15 15 16 16 17 17 18 19 19 20 21
240 11 12 13 14 14 15 16 17 17 17 18




OTBETbI

TFT'nmasa 1

1.1. (12; 6), 840. 1.2. (500; 0; 500), 1 100 000. 1.3. (2; 2), 2,2.
1.4. (7; 5), 7722. 1.5. (1; 5; 6), 2500. 1.6. (9; 0; 45; 41; 30; 0), 486.
1.16. (4; 3), 43. 1.17. (800; 100), 19. 1.18. (16,93; 12,9), 3839.
1.19. (0; 3), 3; (6; 1), 13. 1.20. (2,5; 3,5), 12. 1.21. (-10; -6), 43.
1.22.(1; 19/7), 23. 1.23. Her pemernsa. 1.24. Z . — - «. 1.25. Her

pemenus. 1.26. (8; 9), 60; (2,6; 2,8), 19. 1.27. Touku oTpe3Ka ¢ KOH-
namu (0; 2), (2,4; 0,8), 8. 1.28. (9; 8), 42; (2; 3), 18. 1.54. a) (40; 16;
0; 6); 6) (4; 2; 24; 0; 8); B) (0; 0; 4; 0; 3; 9); r) (0; 0; 124; 140; 0; O;
0; 12; 5; 58). 1.55. a) (0; 0; 0; 7; 12; 10); 6) (0; 0; 0; 0; 24; 12; 35);
B) (0; 0; 6; 6; 1; 5); r) (4; 5; 0; 3; 0; 0; 7). 1.57. (0; 12), 48. 1.58. (10/3;
8/3), 46. 1.59. (3/2; 3), 21. 1.60. (3; 7), —4. 1.61. (3; 2), 26. 1.62. (9/5,
2/5), 68/5. 1.63. (0; 2), 18. 1.64. (3/2; 2), 17. 1.65. Touxu oTpe3ka
¢ xounamu (0; 5/2), (3; 1), 5. 1.66. Z_, — — «. 1.67. (1; 0), -12.
1.68. Her pemenus. 1.69. (2; 0; 1), 3. 1.70. (5; 0; 2), 18. 1.71. (0; 0;
15), 45.

I'nmasa 2

2.3.6) (0; 0; 6; 0; 9; 1), (6; 0; 0; 1; 2; 0), 86; B) (0; 0; 0; 1; 0; 0),
(0,875; 0,4286; 0; 4; 5,4286; 0), 6; r) (1; 2; 3; 0; 0; 0; 0), (1,5; O;
0,11; 0,06; 0; 0; 0), 25; ) uer pewenus; e) (2; 0; 18; 0; 0), (3; 1; O;
7; 0), 76.

Tnaega 3

31.0=-2,3=2.32.a=-5,3=8.3.3.a=p=0. 3.8. a) (2/5;
0; 3/5), (1/5; 4/5; 0), 17/5; 6) (0; 3/5; 2/5; 0),(0; 3/5; 2/5; 0), 8;
B) (3/5; 2/5; 0), (4/5; 1/5; 0), —24/5; 1) (2/7; 0; 0; 5/7), (0; 5/7; 0;
2/7), 45/7; n) (19/35; 6/35; 10/35), (9/35; 14/35; 12/35), 18/35;
e)(1/2; 0; 1/2), (1/2; 1/2; 0), 1/2; ) (1/7; 6/7; 0), (8/7; 4/7; 0),
4/7; 8) (1/2; 1/2; 0), (3/4; 0; 0; 1/4), 1/2; n) (3/8; 3/8; 1/4), (1/4;
1/2; 1/4), 3/2. 3.9. a) (3/8; 0; 5/8; 0), (1/4; 3/4; 0), 3/4; 6) (2/3;
1/8; 05 0), (2/3; 1/3; 05°0), 7/3; 8) (4/7; 8/7; 0), (0; 0; 1/7; 6/7; 0),
18/7; r) (0; 1/4; 0; 3/4), (0; 5/8; 0; 3/8), 15/4; n) (0; 4/5; 1/5; 0; 0),
(1/5; 0; 0; 4/5), 31/5; e) (0; 5/8; 0; 3/8), (0; 5/8; 0; 3/8), 25/8.
3.10. (8/27; 3/27; 7/27; 9/27), (5/18; 7/18; 3/18; 3/18), 5/9. 3.11.
a) (9/35; 16/35; 1/35; 8/35; 1/7); 6) (3/35; 1/5; 3/7; 1/7; 1/7).
3.16. Ha yyacrke 5. 3.17. Ilpongyxuuu A — 50 en., npoayknuu B —
70 en.; npubnuns 750 ex. 3.18. 3anacats 8 T; MUHUMAaJIbHBIE 3aTPATHI
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60 ex. 3.20. 3/4 nnowmanu orBecTH oA KyasTypy I, 1/4 — mon Kyas-
Typy II; makcumanbeasa npubsuts 15/4. 3.21. Bo BTOpOM perknme pa-
Gorarb 40 % spemenw, B TperheM — 60 % ; manGonswnit goxox 19/5.
3.22. Exxenuesno cuepyer npoussBoguts 2548,3 ex. mpopykuuu I u
3522,7 en. npoaykuuu II; naubonpuias npubuins 482,58.

Tnaega 4

4.10. Oprpatd COZEPXUT KOHTYPBI X X,X X X, U X,X X, X X X,.

4.16. 13; (I; 3), (1; 4), (2, 5), (2; 8). 4.17. 9; (1; 2), (1; 3), (4, 9),
(6; 3),(6; 7). 4.18.19; (1; 2), (1; 3), (1; 4), (1; 5). 4.19. 29; (4; 7),
(5:7), (6; 7). 4.20. 17; (1; 2), (1; 3), (I1; 4). 4.21. 16; (3; 6), (4, 6),
(8: 6). 4.22. a) t_, = 5; 6) ¢, = 4. 4.24, a) 770; 6) 570; B) 640;
r) 2535; n) 340. 4.25. a) Koutypst 2—5—3—2 u 83—7—5—3; 9 —
TYHOHUKOBOE COBLITHE; 6 — XBOCTOBOE COOBITHE; §) KORTYp 2—3—4—2;
6 — tynurosoe cobutue. 4.32. a) 19; 24; 29; #(L): 24; 17; 29; 17;
19; 31; kputnyeckuil nyte 1 —3—4— 5—6; R(L): 7; 14; 2; 14; 12;
6) 50; 49; 73; #(L): 79; 61; 67; 76; 73; 58; 64; KpUTHUECKUI TYTH
1—2— 3—4—5—6; R(L): 18; 12; 3; 6; 21; 15. 4.33. a) 1—3—4—
5—6—8—9, tep = 62; 6) I —2—4—7—8—10, tp = 48; B) 1—3—6—
8—9, tep = 32; r) 1—4—6—8—10, tep = 53; 4.37.a) 1—2—5—7—
10—12, ¢, = 76; 6) 1 —3—5—7—8,t = 35.

Tnasa 5

5.11. a) 765; 6) 670; B) 655; r) 1540; 1) 665; e) 2945. 5.12. 2590.
5.13. 4626. 5.14. 825. 5.15. 585 270. 5.16. a) 15 275; 6) 18 030.
5.17. 1810. 5.18. a) 670; 6) 2870; B) 4180; r) 44 700. 5.19. 25 511.
5.20. 695.

I'nasa 6

6.1. (5; 2), 17. 6.2.(1; 5), 6. 6.3.(5;0), 10. 6.4.(1;0), 7.
6.5. (2: 0), 2. 6.6. (5; 0), 5. 6.7. (2; 5), 27. 6.8. (8; 2), 7. 6.9. (3; 4),
26. 6.10. (4; 4), 20. 6.11. BrinyckaTb TOTBKO IIKa(ul B KOJINYECTBE
283 mT.; MakcuManbHasa npubpuin 3396 men. en. 6.12. Cxopeix 3,
NACCAKUPCKUX 7; MAKCHMAIbHOE UHCJIO IepeBO3UMBIX ITACCaKUPOB
7674 ven. 6.13. Heob6xoauMo0 peaynu3oBaTh NEPBhIil ¥ TPETUH NPOEKTHI.
TIpyu aTOM MaKCHMAaJIbHAST IPUOLLIE OT Pealu3alii IPOEKTOB COCTaBUT
8 mutH zieH. en. 6.14. Oben, cocroamuit us oumon Ne 1, 5, 7, obecnednBaer
MOTPe6HOCTh B KAK/IOM IUTATeILHOM BellleCTBE U MMeeT MUHUMAaJbHYIO
crouMocTb 8 xeH. ex. 6.15. 3 ex. rpysa 1-ro Buja u 6 ex. 2-ro; Maxkcu-
MasibHas croumocTh 102 nen. ex. 6.16. Ucnoaszosars 7 en. obopyzno-
Banns 3-ro Tuna u 15 exn. 4-ro; Hausnicunit adpdext 96 exn.

Tnasa 7

7.1.0.7.2. J2/2. 7.3.5.7.4.98/13.7.5. /2/3. 7.7. cosa + cosp +
+ cosy, 3. T.8. (2y; 2x). 7.9. arctg(1/7) ~ 8°. 7.10. /29/2 ~ 2,69.
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7.19. (IS/JE; 12/«/1—3_)——— TOYKa Makcumyma. 7.20. (0; 6) — Touka
MmakcuMyma. 7.21. (5 - 3\/0,‘5; 3+ 3@) — TOYKa MHHUMYyMA,
B+ 30/@; 3+ 18/@) — TOYKa MakcumyMa. 7.22. (2; 3). 7.23. (5; 2).
7.24. (0,5; 0,5) — Touka makcumyMa. 7.25. (3/\/—15; 2/\/5) — TOYKa

MaKcuMyma, (— 3/\/5; - 2/\/1_3) — ToYka MuHHMyMa. 7.26. (18/18;
12/13) — rouxa muaEMyMa. 7.27. (1; -2; 2) — TOYKA MaKCHMyMa; (-1;
2; -2) — rouxa mmEuMyMa. 7.28. (2; 4; 6) — Touka MaKcHMyMa.

7.29.(1; 1; 1) — touka makcumyma. 7.30. (12 - V18)/7; (12 + V18)/7.
7.31. 4; 112/27. 7.32. (5; 6). 7.33. (3; 9). 7.34. (8; 9). 7.35. (9; 2).
7.36. (6; 8). 7.37. (6; 1). 7.38. (52/25; 111/25). 7.39. (135/37; 70/37).
7.40. (1,5; 0,4). 7.41. (7/8; 5/8; 15/8). 7.42. (3,20; 3,84). 7.43.
(9,1905; 9,0796). 7.44. (7,3715; 6,7572). 7.45. (7,6487; 5,7698).
7.46. (6; 3). 7.47. (2; 11). 7.48. (2; 11). 7.49. (2; 5). 7.50. (2 5).

T'naga 8

81.1—3-5—8—10;183; 1—3—4—8—11—13;15.8.2. 1 —3—
5—-9—12; 14; 1—3—4—9—12; 13. 838. 1—2—4—7—11—13;
1—3—56—7—11—13; 42; 1—2—6—8—11; 1—4—5—9—11; 19.
84.1-2—-5—9—10; 27; 1—2—7—10; 27. 8.5. 4200; (0; 20; 100;
100). 8.6. 45; (0; 0; 40; 20). 8.7. 47; (0; 40; 20). 8.8. 126; (0; 8; 12).
8.9.17; (2; 3; 2), uun (2; 4; 1), wiu (3; 2; 2). 8.10. a) 160; (2; 0; 1);
6) 130; (2; 0; 0); B) 95; (1; 0; 1). 8.11. 2) 170; (1; 1; 2), unm (1; 3; 1),
wru (1; 5; 0); 6) 120; (0; 2; 0) uau (4; 0; 0). 8.12, a) 3amena Ha 1, 3,
5 u 7-m rogax; 232; 6) samena Ha 1-m u 6-m rogax; 168. 8.13. a) 3a-
meHa Ha 1-M u 4-M roxgax; 32; 6) samena Ha 1, 3 u 5-m rozax; 30.
8.14. Cm. Tabu.

Havanpunii | Munumansusie OmTHMATBHOE YIIPABJIeHHE

3amac 3aTPATH

0 136 (200; 0; 200; 0).

50 144 (150, 0; 200; 0)

100 152 (100; 0; 200; 0)

150 136 (0; 250; 0; 0)

200 112 (0; 0; 200; 0)

250 142 0; 0; 150; 0)

300 143 0; 0; 0; 100)

MunumanpHble CyMMapHBIe 3aTpaThl B 112 fieH. ef. npeanpusaTHe HeceT
npu HavanwbHoM 3anace B 200 en. 8.15. a) 27; (5; 4; 3; 3;), nau (5; 6;
3; 3), unu (5; 5; 4; 3); 6) 58; (3; 3; 2; 3), unu (3; 3; 3; 3); 8B) 1,5; (4;
4; 3; 3). 8.16. 17 100; (0; 15; 140; 145; 0). 8.17. 30; x, = 7; (0; 0; 1;
0; 0) mmm x,= 8; (0; 0; 0; 0; 0). 8.18. a) 26; (1; 0; 0; 0; 2); 6) 41;
(2; 0;0; 0; 0). 819.2a) 13; (0; 1; 2; 2; VD uau (1; 1; 1; 1; 1); 6) 12;
(0; 1; 2; 1; 1). 8.20. 42; (2; 4; 3), uau (3; 6; 0), uau (6; 0; 3).
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Tnasa 9

> s

18 044] o
16

9.1. a)|:2 . )[1,2 0,2}_ {1,1299 0,565]

08 18|  |0,0339 1,0169

1,0331 0,0103

1,0101 0,5154 )
5 A .
0,2066 1,0021

0 1,0204

1 054 04 1 08 14
92.a)|0 1 016)|0 1 05
0 01 1 0 0 1

1,4912 0,7018 0,3509 1 00
B) {1,2281 1,7544 08772 r) (1,8 2 2]
0,3684 0,5263 1,2632 09 1 2

28 38
48 08
124 10,4
48 58

9 2,2
93.4a) |[134 7,72} 6)
38 2,04

; B) [9,1073 6,5537];

B

0 1,8 8
r) [3,03808 2,5665]; x) [5,3719 1,05637]; e) |i5 6.7 2}

8 14,1
2 886 18 11,9123 7,0175 7,5088
4,3 12,64 10,62

#) 1y 549 ooy | P | 23338 33333 66667
; ) ’ 6,7018 3,8596 3,9298

0 0 1
17,1 19 28]
63 7 8
96 4 4
i) i
48 2 2
108 12 16
(10,8 12 20
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0
0
9.4. a) L* = 4010,363, y = {55 7}, u=,933; 6) L*=11 059,6,

0
o
-
28,9 10 0
y= , U= s B) L* = 1647,924, y = , u=26,1;
L 1,6} of ™ y [41,2} "
2
ryL*=15,334 = 0 u=0,3; 1) L*=474,5184 = 0
s > Y 19,998 > »O; I ’ » Y 237’3 >
90,65
u=19;e) L¥=6995 y=| 0 |, u= I:IO} ®) L* = 4859,449,
41,13
o1 [ ;
y=1482801}, u=| "~ : 3) L* = 41 491,88, y=[53,28),
23,8173 1284
0
o
326
23 0,143 o
u=|11,6} u)L*=67361,43, y=(2316| u= 10!
0 0
0
- 0 -




MPUNOXXEHUE

?Kopnanonm HCKJII4YeHHA H HX MCIIOJIb30BAHHE
B MAaTEMATHY€CKOM NPDOrpaMMHPOBAHHHA

1. Bunl :XOpIaHOBRIX HCKJIHYEHHH

B nmaHHOM KHUre B KaueCTBe BRIYUCIUTENLHOTO ANNapaTa UCIOob-
30BAJIMCh TAK Ha3LIBAGMEIE rayCCOBH UCKIIIOUeHNA. OQHAKO B IIOCHex-
HUE roAsl M3JaH PAX yYeOHHIX IOCOOHM, B KOTOPHIX NpHMeHSeTcs
Ipyrad BHIYHMCJMUTENLHAA cxeMa — JopdaHosbt uckawienus. Kom-
MAaKTHOCTBL YKOPAAHOBHIX TAOJHI M MPOCTOTa UX Npeobpa3oBaHUH Io-
CpeJiCTBOM XOPARHOBRIX MCKJIIOUEHHH 06YCIOBINBAIOT GONBIIYIO Ha-
rIALHOCTD 3TOM BEIYMCIHTENILHOM NPOLeAYPEl. PaccMOTPHM CYTh 3KOD-
NaHOBBLIX HCKJIIOUEHHI M IPHMEPH UX NPUMEHEHNA B MATeMaTUYEeCKOM
IPOrpaMMHUPOBAHUH.

TIycTs faHa cucTeMa m JIuHeHHHX QyHrumit (GopM) Y, ---, ¥, €
I NepeMeHHBIMH X, ..., X,
n
Yy, = Zaijxj’ 1)
i=1

/e @,; — M3BECTHEIE YHCIA i=1,m; j=1,n).
Banumenm cucremy (1) B popme Tabn. 1, xoTopyio B ganbHeHIemM
6yleM HA3LIBATE HOPOAHOB0IL.
Ta6bnuma 1

x, x; x, .. x,
y, = a;, . gy S T
Yy, =
v
Y, = a., . a,, a,, - a,.,

OT TabinuHOi 3anuCcH JIErKo NepefiTH K OOBIMHO! 3aIUCH CUCTEMEI.
Jins 3TOTO HANO YMHOMHTH 9JI€MEHTHl @ i-Hl CTPOKH Ha COOTBETCT-
BylOLlNe NepeMeHHBIE X;, CTOAINMEe B BepXHEH 3arJIaBHOH CTpOKe,
[IOJIyYeHHEIE IPOU3BEAEHUS CJIOXKUTh U CYMMY NIPUPABHATD Y.
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Bribepem ua cucrems! (1) xaxoe-1u6o ypaBHeHue, Hanpumep k-e:
n
Yr = 2 ayx;, (2)
j=1

1 IPejnoNoxuMm, 4to a, # 0. A Temepb NpeACTABHM CXeMAaTH3H-
POBaHHYIO areSpanyecKyo ONepanuio NepepacnpeseeHNs poel Mex-
Ay 3aBHCHMOM ITepeMeHHOI Y, ¥ HEKOTOPOI He3aBUCHMOIH NepeMeHHoH,
HATpUMep X,, T. e. ONEPAIUIO PelneHus k-ro ypasHeHus (2) orHocu-
TeJbHO NEPEMEHHOH X

n a,.: 1
— kj
Xo== Y —x vy, 3)
j=1, j#s Qs Qs

NOJCTAHOBKH INOJIYyY€HHOTO BEIpa*KeHU#A {3) BO Bce OCTanbHEIE ypaB-
HeHUdA cucTeMHl (1), IpuBeneHNA MOAOGHLIX YJICHOB U SAINCH IIPEOs-
PA30BaHHOH TaKMM o0pasoM CHCTeMHI B (JopMe HOBOH XOpAAHOBOMH
tabauubl. Onucannyio onepanuio 6yaeM Ha3bIBATh ULA20M 00blIEHOBEH-
HO020 Hopdanosa uckrwyenus (marom OIKU), mpousBeZeHHBIM Haj
Taba. 1 ¢ paspemaomuM sJileMeHToM 4, , k-ii paspemaromeii CTPOKO
M §-M paspemaiolIuM CTOJIOIOM.

BriscanM, kak npeobpasyioTcsa sjemeHTH Tabn. 1 B peayabrare
mara OMKH. C sToit mennio sHaYeHUe X , U3 paBercrsa (8) mogcrasum
B OCTaJIbHBEIE paBeHCTBA cucTeMHl (1) ¥ BBINOJHUM HeOGXOAUMEIE IIpe-
oBpaszoBaHUA:

n n n ak] 1
Y, = Z X, + QX = Z a;x; + | - Z X+ Y, | =
j=1, j=s j=1, j=s j=1, j=s Qs g
n a;.a a.
is ki
= 2 |ay-—"lx + =y, (4)
if a j a k
Jj=1, j#s ks ks
O6Gosznauyum B paBeHcTBe (4)
AyjQps — AysQpy ,
b, =—1——""L (izk;j=s). (5)

if
Qs

Toraa cucrema (4) 3anuiuercsa B BUAE

n
Y= X byx;+ (@ /ay)y, (G=1.. k-1 k+1...,m). (6)
j=1,j%s

Ilonyuennyio cucremy (6) sMecre ¢ paBeHCTBOM (3) IpeACTaBUM B
dopMe xKopaaHoBoil Tabmuukl (tabn. 2).

ComnocraBus Tabn. 1 u 2, HEeTPYAHO 3aMeTHTL, uyTo oguH mar QKU
C Pa3peIaloIuM ITEMEHTOM &, TIePeBOAUT Tabs. 1 B HOBYIO TAGAHILY
(tabn. 2) mo cxeme, COCTOALIEH U3 CHEAYIONUX YETHIPEX IPABHI:

1) pasperuaomuil 3JIeMeHT 3aMeHsAeTCsa 00paTHOM BEJIUYMHOMN’;

2) ocTanbHBIE 3JIEMEHTHI pasperiaiolieil CTPOKHM NesIATCSa Ha pas-
peLIaoIINiA 3JIEMEHT U MEHSIOT 3HAKH;

416



3) ocranbHBIE JIEMEHTHl Pa3PelIalIIero CToibLa AelsSTCH Ha
paspelapliil JeMeHT;
4) npouue 3JIEMEeHTHl BRIYMCIAAIOTCS 110 (popmyie (5).

Tabanuma 2

x, ¥, . x,
a
= 1
Y, b, L] b,
alza
_ 73! 1 4,
x, = - — .
s e Uy
a
- ms
Y, = b, .. —ms b,
Gy,

3amedaHue. Ha npakTHKe IpH BHIYMCICHUH 3JIE€MEHTOB IIO
tdopmye (5) ynobHO IONE30BATLCH MHEMOHHYECKUM NPAGUAOM NP
MOYZOAbHUKA. JIIEMEHTHI, BXOAAUINE B 9Ty (QOPMYJY, PACIOIOMKEHEI
B BEPIINHAX BOOGDAIKAEMOro «IIPAMOYIOJIbHUKA:

JuaroHanb 3TOro HPSMOYroJbHUKA, Ha KOTODOH PACHOJIOMEHE
paspemaromuit a, u npeobpasyeMslil a, ; 31EMEHThI, HA30BEM 21a6HOLL,
a Opyryio AuaroHajab — noboxxoil. Toraa us dopmyast (5) menocpen-
CTBEHHO CJeLyeT, YTO nNpeodpa3oBaHHBIM 3JIeMEHT bi]. PaBeH PasHOCTH
TpOU3BENEHUNA 3JIEMEHTOB IJIABHOH M ITOGOYHOH xuaroHanei, JeseH-
HOiI Ha paspemaroniuii sreMeHT. CHopMyIHMPOBAHHOrO HPABUIIA HANO
TIPUJEPIKUBATLCA HE3aBHCHMO OT TOr0O, B KaKOM BepIIMHe NPAMO-
YTrOJIBHHKA PACIIOJIONKEH PA3pellaioliuil 3JIEMeHT.

U3 dpopmynsl (5) BUAHO, UTO €CAH B pa3pelalleil CTpoOKe HEeKO-
TODPHIH 3JIEMEHT ay,= 0, ro bl.]. =4, T. €. 3TIeMEeHTHl cTonbua, B KOTOpPOM
PACTIONIOXKEH HYJIEBOH DJIEMEHT pa3pemanied CTPOKH, OCTAI0TCS 1OoC-
gte mara QY 6e3 usMeHeHH. AHAJIOTUYHO: €CJU B Pas3pellaiolleM
cTonbIe HAXOAUTCA HyJieBolt anement (@, = 0), To BCA COOTBETCTBYIO-
mas eMy cTpoka ocraercsa Ha gaHHoM mare QMK sensmennoii (r. e.
b, = ai},).
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Ipumep 1. IIpeobpa3oBaThe CUCTEMY JMHEHHBIX QYHKIUT

Yy = 2x; — Txy + 4x3,
Y, = — % + bx, — 3x; (M
Tak, 4To6bl [lepeMeHHAS X, CTAJA 33BHCHMOH, a IepeMeHHas Yy, —

HE3aBUCHUMOM.

PeunieHue. 3anumem cuctemy (7) B bopMe KOPAAHOBOU TabIAIEL
(rabn. 8) ¥ B KaUecTBe paspelIanlInX IPUMeM BTOPYIO CTPOKY 1 TPeTHH
cronGer. Paspemaromum 6yzer snement —-3. Cpenap mar OXH no
mpasuiam 1—4, npugeM k taba. 4. BossparusBmucs K o6LIYHOM 3anKCH,
MOJIyYMM CUCTEMY

U
X3 =

I

2/8x, - 1/8x, — 4/3y,,
~1/8x, + 5/3x, — 1/3y,,

B KOTOPO# X, ABJAETCH 3aBUCHMOI, a Y, — He3aBUCHMOM TepeMeHHOH.

Tabnuma 3 Tadbaunpma 4

Xy Xy X3 Xy Xy Y,
y, = 2 -7 4 u, 2/3 -1/3 -4/3
v= | -1 5 2= | -1/8  5/38 -1/3

Hepenxo BMecTo OGHIKHOBEHHEIX MOJLIYIOTCA TAK HA3BIBAEMEIMU
MOOUPUUYUPOBAHHBIMU H#OPIAHOBLLMU UCKILIOLEHUAMU (M¥H), npn
KOTODHIX cucTeMa (1) sanuchBaetca B dopme Tabi. 5.

Tabnuima 5

-—xl . —x"
n= —ay %n
ym = —aml _amn

Opus mwar M¥KH npeo6pasyer Tabi. 5 B HOBYIO TabIUIy IO TEM XKe
npaeuiaM 1-—4 O¥KH ¢ HesHaUMTEILHLIM U3MEHEeHHEeM ITPABHI 2u3:

2) ocTasbHEIE 3JIEMEHTH paspelaolneil CTPOKH AeNATCA Ha pas-
peuIaomuil 3JIeMeHT;

3) ocranbEHIe 3JIeMEeHTHl Paspenraloniero croxbna 1eaaATcs Ha pas-
pemanmuil 3JIeMeHT ¥ MEHAIOT 3HaKH.

IIpumep 2. I[IpeobpasoBars cucTEMY JHHEHHBIX QYHKIMA

Yy, = —2x, +bxy + x5,
Yo = —4x - 8%y,
Y; = X, — 2x, + 6x,4
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TakK, 4To0bl mepemMeHHas X, CcTaja 3aBUCHMOH, a [IepeMeHHas Y, —
HEe39BUCHMOM.

Peurenue. 3annceiBaeM JaHHYIO CHCTEMY B ¢opme Taba. 6 gua
MU (cM. Tabn. 5) u npeobpasoBniBaeMm ee marom MIKU ¢ paape-
IIAIOUAME BTOPOH CTPOKOH U IePBHIM CTOJBIOM, T. e, ¢ paspema-
muM a7eMeHToM 4. B pesynbraTe npuxoguM k Taba. 7, 43 KOTOPOi
IoJTyuaeM npeobpasoBaHHYIO CHCTEMY QYHKIUHR

by = 12y, + 5x, + 5/2x,

X = -1/4y, - 8/4x,,
Y; = -4y, - 2x, + 21/4x,.
Tabnuma 6 Tabauwnpa 7
X TX X3 Yy X, X
Y= 9 _5 1 y,= | -1/2 -5  -5/2
Yy = 0 3 x={ 1/4 0 3/4
Y= | -1 2 -6 Ys= 1/4 2 -21/4

ArnmnapatT »KOPHAAHOBBIX HCKJIOYEHU MOXKET UCIIOIb30BATRCS IPU
pelIeHUH TPAKTHYECKH BCeX THUIIOB 3ajad JiuHelHoH anre6prl. Teope-
THYECKOM OCHOBOH TAKOTO HCIOJIL3OBAHUSA CIYXKUT CICAYIOIIAA Mmeo-
pema CmetiHuya: ecJin B XKOPAAHOBOH Tabnuie npu m < n Bce CTPOKH
JIMHEHHO He3aBUCHMBI, TO B PE3YJAbTATE M MOCJeLOBATEJLHEIX IIaroB
SKOD/IAHOBBIX UCKIIOUEHUY BCe Y, MOIKHO IIePeMeCTUTh Ha BepX Tabmu-
sl {B 3ar1aBHYIO CTPOKY).

Onupasfgch Ha 3Ty TEOPEMY, MOXKHO PEIATH 3afayi: HA YCTAHOB-
JleHHe IMHeHHOW 3aBUCHMOCTH BEKTOPOB CHCTEMEI; HAXOXK/ACHMe PaHra
CUCTEeMBI BEKTOPOB; BhliesleHHe 0a3uca U3 JaHHOM CUCTEMBI BEKTOPOB;
HaXOoXIeREHe Bcex 0a3HCOB NaHHOI CHCTEMBI BEKTODPOB; Pas3JioKeHHe
BEKTOPOB 110 JAHHOMY 6asucy; HaxXOXKJeHHe PAHTA MATPUILI; BLIYUC-
JleHre MaTPUIlsl, O6PaTHOH JAHHON; pellleHHe CUCTeM JHHeHHBIX ypaB-
HeHU; HAXOMKAEHHE BCeX OA3UCHERIX PeIleHMH CHUCTeMBb! JUHeIHBIX
ypaBHEHMI; BBIJeJIeHUe HEOTPHIATeNbHBIX GA3MCHEIX pelIeHui; Ha
9KBUBAJIEHTHHIE IPeoOpasoBaHMA CHCTEM JIMHEHHBIX ypaBHEHHH MU
HEPABEHCTB.

IIpu pemenuu Bcex NepeYymnCcrieHHBIX THUIIOB 33784 C OJUHAKOBLIM
YCIeXOM MOTYT MCIOJB30BATLCA KaK OOBIKHOBEHHEIS, TAK U MOAUDH-
HUPOBAHHBIE KOPAAHOBLI UCKJIIOUCHHUSA.

MEI OCTAHOBUMCSH Ha PELICHUU TOJIBKO TeX 3a/a4, KOTOpble Hau-
foJiee HACTO UCIIOAB3YIOTCS B MATEMATUYECKOM HPOrpaMMMPOBAHUH.

2. Onpegenenue pasra marpunsi. O6pamense MaTpHI

Ilo onpenenenuro, panzom mampuyvi A = [aij] HA3BIBaeTCH
mxn

MaKCHMAJIBbHOE YUCJIO JIMHEHHO He3aBUCHMBIX CTPOK aTOM MAaTpHUILBL.
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TlokaskeM, Kaxk paHr Marpuinbl A MOKHO BBIYUCIUTH METOAOM
SKOPJIAHOBBIX MCKJIOueHui. Sanuizem matpuuny A B opme Tabn. 8 u
6yznem npeobpasosriBaTh ee maramu OMH fo Tex mop, moka aTo BO3-
MoxkHo. IIpy aTOM MOPAAOK BBRIGOpa paspelIaloiiuxX dJeMEeHTOB 3HA-
yeHUs He uMeeT. IIPEANONGIKHUM, YTO B PE3yJIbTATE MBI NMOJYYHIH
Taba. 9.

Tabnuma 8 Tabanuma 9
Xy x, vy, - Y, Xl X,

h= o4 @yn X = bn by by a bin
Y= | Om - Oy X = by . b, b ., - b,
Y= b1 by, .0

. bml. ' .bmr 00

W3 1a6x. 9 BHAHO, YTO Y, ) -.-» Y,, HE MOTYT GHITH nepebporeHsl
Ha BepX TabIMIBI MOTOMY, YTO JJIA ITOTO mpumiock 6u 6path B Ka-
yecTBe paspelraolIuX 3JIeMeHTOB HyJIH, Yero JejaTh Hejb3s. Taxum
06pasoM, yAaIoCh Iepe6pocuTs Ha BepxX Tabmuiel r urpexos. Ilo Teo-
peme CreifHuna 3T0 03HAYAET, YTO I U3 JAHHBIX /M CTPOK MATPULH A
JTUHEHO He3aBUCHMEbI, OCTAJIHEIE jKe CTPOKH SABIAIOTCA THHEHHLIMU
KOMOUHALMAME 9THX 7 CTpoK. Hanpumep, ¥, = by, + ... + b U,

rae b a1 e b o k09U ueHTs JUHeHHON KOMOHHALMH.

Urak, MAKCHMAJIbHOE Y¥CJIO JIMHEHHO He3aBUCHUMBIX CTPOK MaT-
pHIBI A PABHO ', 4 3TO ¥ eCTh PAHT MaTpuubl. MoxHO CKa3aTe HHAUE!
PaHT MATPHIILEI A PaBeH YHUCNY MAKCUMAILHO BO3MOXKHEIX I1aroB O¥KH.

Y3 npuBeleHHBIX PAcCy’KJeHUN BHITEKaeT cJefyloIuil NpaxKTH-
yecKUil crocob BHIYHMCJIEHMA paHra MAaTpPHIBL: 3QnuUcaé mMampuyy 8
popme #opdanosoil mabauybl, NPOUIBOOAM MAKCUMALLHO 803 MONCHOE
YUCNO Waz08 HOPIAHOEbIX UCKIOUEHUTL; IMO HUCA0 U onpedeaum pauz
daunoii mampuyst. MosxeT, B YACTHOCTH, OKA3aTHCH, UTO HA BEPX Tab-
nuisl 6yayT nepebpolenbl Bce HTPeKn. JTO O3HAUAeT, UTO PAHT PaBeH
Yucyiy CTPOK JaHHOH MaTPHIHL.

Tpumep 3. OnpesesuTs PaHr MaTPHUILEL

2 -1 38 4
1 0 2 -3
5 -2 8 5

PemeH u e 3amuchBaeM MaTpuiny B (popMe >XOPAAHOBON
rabaunsl (Tabs. 10) ¥ mocse BRINOJHEHNA ABYX IIAros OJKH nonyua-
em cHavaya Ta6a. 11, a satem taGa. 12, n3 KOTOpOi BUAHO, YTO Y,
mepeGpocuTs HA BepX Tabnuuel Henb3A. MTak, yaanoce cienaTs TOMb-
xo nBa mara OMKHY, sHauuT, paHr MaTPHUIE paseH 2.
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Tabanuia 10 Tabnumna 11 Tabanuna 12

x X

X3 x4 Yy, x

1
v=12 -1 38 4] |y-=

v,=1[1] 0 2 -3 | |x-=

Y;=| 5 -2 8 5| |y=

Xy by U, %3 x4
[[1]-1 10| |x=}{2 1 1 10
0 -2 3||lx=[1 0 -2 3
2 -2 2| |y=|12 0 0

[N
b2
w

2

!

[ V]

Ksanparnaa marpuna A~ HasnBaeTcs 06pamHoil K HEBBIPOXK AeH-
HOIl KBaZipaTHON Marpuue A, eCIU KMeeT MECTO PABEHCTBO

AA1'=A14=E, (8)

rge E — edunuunas mampuuya.

HoxaxceM, KaK C NOMOINBIO JXOPAAHOBBIX HCKJIIOYEHUHA MOMKHO
HaXOJUTEL MaTpUIy, obpatHyio fanHoi. IIycTs faHa cucreMa TMHEeHHBIX
¢opm

v =Yaux; (=1n). ©)
j=1

Kpazparnas wmarpuna 4 = [aij]nxn 9TOU CHCTEeMBI HEBBIPOMKACHHASM,
T. e. onpefenuTens | A | orniuuen or mynd.

Banumenm cucremy (9) B popme xopaanosoit Tabauusl (Taba. 13).
IMockonskry | A ] # 0, To Bce cTpoxu B Tabx. 18 MuHEHHO HE3ABUCHMEL.
310 mossossier 3a n maros OMU Bce urpeku nepebpocUTh Ha BEPX
rabaunpl. OxoHuaTennHAA XKOPAAHOBA TabJaMIa NOCJe NepecTaHOBKY

(ecnu 210 mOTpPebyeTCs) HEKOTOPHIX CTPOK U CTOJOHOB IPUMET BHUJ
Taba. 14.

Tabanuma 13 Ta6anuma 14
1
xl xn yl yn é
i
—_ i
v = a4y st x = ‘n C1n )
- - |
Y= a4, oo Qn x,= Ca1 Con i
ITokaxem, uro matpuna C = [cij] ABnsAeTcs obpaTHO! MaTpU-

nxn

e A. B camom pene, cucrema (9) MosxeT GBITH 3alTucaHa B MATPUYIHON
(opme crenyouuM o6pasoMm:

Y = AX, 10

A
rre Y =|...| — MaTpumna-cTonber 3aBUCUMEIX NEDEMEHHBIX Uy, .-+, ¥,

Yn
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X=|...| — ManI/III,a-CTOJI6eII HE3aBHUCHMEBIX II€PEMEHHbBIX xl, ceny X

X

n

Cucremy nuHe#HbIX GYHKUHNHE, 3agadnyio Tabi. 14, MOXHO 3amu-
caTh TaK:

X = CY. (11

TToxcraBus Buipaskenue (11) B pasenctso (10), monyuum Y = ACY,
wiu EY = ACY, unn
AC=E. (12)

BameHusB B paBercTse (11) suavenue Y seipaxkenuem (10), 6ynem
umerh X = CAX, nnu EX = CAX, unu

CA=E. (13)
O6nenuauB pasencrsa (12) u (13), monydum
AC=CA=E. (14)

CpaBuuBad Buipaxkenue (14) ¢ onpenesernem o0paTHON MaTPUIIE!
(8), saxiiouaem, uro C = A”!, urto u TpeGOBANOCH YCTAHOBUTS.

Wrax, nis Toro wmobs: mampuyy AL, o6pamuyio dannoi mampu-
ye A n-zo nopadka, Hado mampuyy A 3anucamy 6 gopme *opdanosoil
mabauyb. U evinoinums n wazoe OXH. Hcroman mampuya ebinu-
cvleaemcea ua nocredneir mabauyst. Hnozda 6 amoil mabauye npuxo-
dumes nepecmasiimo MECMAMU HEKOMOPbLE CMPOKLL U CIMOA0YbL, 0%
moz0 wmobbi 60CCMAHOBUMb HAMYPANbHbLIL NOopAdox caedosanus
undexcos (1, 2, 3, ...) Y 3a8UCUMbLX U HeE3ABUCUMbBLX NEPEMEHHbLX.
Ecnu paspewarnwue snemenms. Ha Kaxdom waze OKH Gpame na
enagHoil duazonanu 8 nopadxe ux cnefo6anusd, mo yKasanHbvix nepe-
cmaHnosor Genamv He npudemcs.

IIpumep 4. Haittu MaTpuny, oOpaTHyo MaTpUIe

1 -2 3]
A=|-1 1 2!
2 -1 —1J

Peu eH u e 3amucelBaeM AaHHYIO Marpuny A B ¢gopme Xop-
naropoil Tabaunsl (tabn. 15 ) u, BeIGupasA paspellaoline 3J€MeHTh

Ta6auma 15 Tabanuma 16
X X2 X3 ¥ Xy X3
Y = -2 3 x,= 1 2 -3
Y= -1 1 2 Y= -1 5
Y= 2 -1 -1 Ys= 2 3 -7
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Ha [JIaBHOW AUATOHATH, MponsBoguM ¢ Humu maru OMKU. ITocnegosa-
TeJILHO IoNy4yaeM tabna. 16, 17 u 18.

TaGbmuma 17 Ta6auwa 18
L Yy X3 ¥ ¥, Y3
x= | -1 -2 7 x,= | -1/8 5/8 /8
= -1 -1 5 x,= | -3/8 78 5/8
Ys= -1 -3 x,= 1/8 3/8 1/8

13 1a6sr. 18 BEIIUCHEIBAEM HCKOMYI MATPHILY:

-1/8 5/8 17/8
At =|-3/8 7/8 5/8|
1/8 8/8 1/8

YuraTeno IpesjaraeTes IPOBEPUTL BBIIIOJIHIMOCTD paBeHcTsa (8).

3. Pemenne cucTeM JMHEHHBIX ypaBHEHHH

Paccmorpum cucrtemy m THuHeHBIX YPABHEHHUH C 71 IePEeMEHHLIMU:

zaijxf =a, (=1m), (15)
=1

paHr KoTopoii paBeH r.
Ilepenumiem cucremy (15) B HopMe HYNb-PABEHCTB:

0=>3a,(-x;)+a, (=1,m)
i1

Y NOJIyYeHHYIO CUCTeMYy 3anumieM B Buze tabn. 19 ama MKHU.

Ta6auma 19 Tabauma 20

X, .. =X, 1 0 .. 0 —«x ,..x| 1

0= |a, .. a, |a, Xp= by e by by B by
0= L ap o @y | p| | %= | b o by by b B
= 1byyy by, O - 00t

0..: bmbmoo bmo

Hagx Tabsn. 19 M0OKHO NPOUSBECTH JIMIIL I IOCIELOBATEILHBIX II1a-
ros MMKU. B pesynbrare monyuurcsa, nanpumep, tabua. 20.
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Cuctema (15) coBMecTHaA TOrja U TOJBLKO TOTZa, Korja Jid
HEKOTOpPOH COBOKYNHOCTH 3HAYEHUH X, ..., X, BBIIOJIHAIOTCA OJHO-
BpeMeHHO Bce paBeHcTBa cucteMsl (15), 4To npousoifeT Toraa 1 TOJMb-

KO TOrjAa, KOTha brﬂ‘0 =...=b_,= 0. B arom cnyvyae us tabn. 20

mosy4yaeM o0ujee pelwerue cucmemsvi (15):

n-r
xk = zbk,r+s(—xr+s) + ka (k = 1’ r)- (16)
s=1
3Ty cucTeMy Ha3bIBAIOT ellle paspeuleHHbim audom cucmemsi (15).

B pasencraax (16) nepemenHsbIe X, ..., X, HA3LIBAIOT 0A3UCHbIMU,
UX COBOKYIHOCTb — OQ3UCOM CUCTEMbL NEPEMEHHBIX X|, ..., X,, &
ocTajIbHble IePeMeHHBIe X |, ..., X, — C60000HbLMU.

IIlpunasas B paBeHcTBax (16) cBOOOZHBEIM IepeMEeHHBIM IIPOH3-
BOJIbHBIE UMCJIOBHIE 3HAYEHUS, MBI A JI000H CHCTEMBI 3HaYEHMU
X, =0, gy ees X, = 0L TIOJYIUM IIO POPMYTIaM (16) coOTBETCTBYIOMIYIO
cHCTeMy 3HaueHHUI GA3MCHBIX ITIePeMEHHBIX:

n-r
Xp = 2 by (-0, ) +by (R=1,7),
s=1
KOTODHEIE B COBOKYIHOCTH C BbIGPaHHBIMM SHAYEHHUSAMH CBOOOLHBIX
IHepeMEeHHHX COCTABJIAIOT HEKOTOPOe YACMHOE pelleHue TaHHOM cHc-
TeMsl {15). TakuM IyTeM MOKHO MOJIYYUTH OECUNCIEHHOEe MHOMKECTBO
pemrenuil cucremsr (15).

B wacTHOM ciy4ae, Korja r = n, yepes n maros MIKH sce mepe-
MEeHHEIE X, ..., X, OKQKYTCHA B JIEBOM 3aTJIABHOM cronbue Taba. 20,
a UX MECTO Ha BepXy Tabiunul 3aiiMyT HyJH, mostomy cucrema (15)
6yneT UMeTh €AUHCTBEHHOE PellleHue: X, = bigr +oe0 X, = b6 Ecianu xe
xoTdA 6B OfMH U3 CBOOOJHLIX YJIEHOB bm,o’ ..., b_. oTSnYeH OT HyHS,
cucrema (15) HecoBMecTHA.

Wrtak, 024 peweHus cucmemyst JuHelinblx ypashenuil ee Hado 3a-
nucams 6 gopme yopdanosoii mabauysb. (Hanpumep, daa MIKH ) u
npodesams 803MOxHHOe Hucao uazoe MIKH, eviueprusan nocie Kax-
Jdozo waza paspewaowuil cmoabey u CMPOoKU, YeIUKOM cocimoauue
u3 Hyieavix snemenmos. Ecau 6 npoyecce MIKH nossumcsa cmpoxa,
8ce JeMeHmbl KOMOPOU, KpoMe c60600H020 LIeHa, PABHbL HYLIO, MO
daHHaa cucmema HecosMecmHd. B npomusHom cayiae cucmema co-
emecmua. ITpu amom oHa umeem GeciuUcCIeHHOE MHONECTNE0 peuleHUlL,
ecau 8 nocaedneir wopdanoeoil mabauye codeprcumces xoms vt 00HA
c80600HaAA nepementas, U eOUHCMBEHHOE peuleHue, ecil MAKUuXx nepe-
MEHHbLX He OKaxemcs.

m0

TIpumep 5. PemiuTs cuCTeMy JMHEHHBIX YPaBHEHUH

x, + 2x, + x5 — 62, =

X, + xy + Xy - 4xy

_ 3}
o,f
xy ~ x5 — 2x4 3.
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P e m e v ue. 3anmumem JaHHYIO cHUCTeMY B GOpMe *KOPIAHOBO
Tabauupl (Taba. 21).

Tatnuuma 21

Tadbnwuwuma 22 Tabnuma 23

—x, =X, —x; —x,| 1 —x, —Xg-x,| 1 ~Xg—x,| 1
0=11 2 1 -6 |[-3]|]|0 -1 -1 2{-38 0 00
o=(1[1] 1 -4]0o||x={1 1-4]|0] |x,={0 2|3
0={1 0 1 -2|38||0o=|[1]1-2]|38]||x,=|1-2]3

Brinonuus aBa mara MMKH (tabn. 22, 23), sakonunm npeobpa-
30BAHUS.

Onyckast B Tabi. 23 CTPOKY, COCTOSINYIO K3 HYJIeH, BRIIUCHIBAEM
obmee pelleHve AaHHOU CHCTEMBI: X, = -X;+ 2x,+ 3, x,= 2x, -3, B
KOTOpPOM cBOGOJIHEIE NepeMeHHble Xz M X, MOIYT NPUHMMATL IIPOU3-
BOJIbHBIE YHUCJIOBLIE 3HaYeHUA. IIOHATHO, 4TO cucTeMa MMeeT Gecyuc-
JIEHHO€ MHOXKECTBO PElIEeHHH.

IIpumep 6. Pewnrs cucTeMy JTUHEHHBIX ypaBHEHMH

x; + 4x, - x4 =5,
22, — 8x, + x5 + x4 =3,
x +2x3 — x4 =3,

2x, — 3x3 + 2x4 = 3.

P em'e H 4 e. BanucaB AaHHYIO cucTeMy B dopme tabn. 24 u
NIOLBEPIrHYB ee yeThipeMm maram MMH, npuxogum ¥ Tabu. 25, B Ko-
TOpPOIl COREPIKUTCA eJUHCTBEHHOE pemienue: x, =1, x,= 2, x,=3,
x,=4.

Tab6numa 24 Ta6auwma 25

—x, —X, ~X3 —X, 1 1
0=71 4 0o -1 5 x3=1 3
0= 2 -3 1 1 3 x,=| 2
0=|1 0 2 -1 3 =11
0=]10 2 -3 2 3 x, =] 4

IIpumep 7. Peututs cucTeMy JIMHeHHBIX ypaBHEHUNR

X+ Xy + x3=1,}
3x; + 4xy + Bxy3 = 2,
4x, + bxy + 6xy = 4.

Pemwenue B rabn. 26—28 upuseneHo peureHue ZaHHON
CHCTEMBI.
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Tabauma 26 Tabnuna 27 Tabnanuma 28

X, —x, —x5| 1 —x, —x; | 1 ~Xg 1
0= 1 1|1 =1 1|1 x,=| -1
0=|3 4 2 0={1 2 |-1 0=| o0 |-1
0={4 5 6 | 4 0 = 2 10 =1 2 10

W3 tabn. 28 BugHO, 4TO CHMCTEMa HECOBMeCTHa, TakK Kak 0 = —1.

4. Haxox/IeHne OMOPHBIX PeHIeHUuH CHCTeMBI
JIHHEWHBIX ypaBHEeHHH

sl MaTeMaTU4eCKOro NporpaMMHPOBaHIA OCOOBIN HHTEPEC IIpel-
CTaBJSAIOT JUIIL COBMECTHLIE HeOINpeleJieHHBIe CHCTeMBI JIHHEeHHBIX
ypaBHEHUH, T. €. CUCTeMBbi, MMeolre GeCcYNCIeHHOe MHOXKECTBO
pemienuii. Obiiee peirenue Tako# cucremst umeer Bux (16), rae cro-
GOfHblE IIEpEMEeHHBIe X, ,, ..., X, MOT'YT NPUHUMATL TPOMIBOJILHEIE
YUCJIOBLIE 3HAYECHUA. B MareMaTHueCKOM [IPOrPAMMUPOBAHUY BOJIBIIYIO
pPONL urpawT 6asucHble peuienus (BP), nonydaemble us obmiero pe-
meHudA (16) npu HyJIeBbIX 3HAUEHUAX CBOGOAHBIX IepeMeHHBIX, T. €.
penlenus BUAA X; = by, ..., X, = b, X, = 0,..,x,=0, um s
BextopHoil sanucu (b, ..., b4, 0, ..., 0).

B JjesoMm 3arnaBHoMm croiibue Tabsa. 20 6GasucHble NepeMeHHbIe
Xy, ..., X, 3AITUCAHBI JJIA ONPENEJNEHHOCTH B NOPAAKE BO3PACTAHUA
HHAEKCOB. ToMy Gasucy {x,, ..., X,} COOTBETCTBYeT HAIKCAHHOE BHIIIE

BP. Takomy Habopy mepeMeHHBIX OTBeYaeT OIpejesieHHas II0cielo-
BAaTEJbHOCTL BLIOOPa paspelnaloliuX 3JeMEHTOB HPH KOPAAHOBBIX
HCKJIIOYeHUAX. ECAN NopALoK BeIGOpa paspellaoniux 3JIEMEHTOB K3-
MEHHTb, TO HM3MEHUTCHA M COCTAB IIePEMEHHHIX B JIeBOM 3arjlaBHOM
cronbie mocnenHeil sKopAaHoBOH Tabamnbi. 3HAYHT, OyHeT MOIyUeH
npyroit 6asuc cUCTeMbl IlepeMeHHEBIX, a CJe0BaTeNbHO, ¥ Apyroe BP.

Bo3HMKaeT BOIIPOC: KAKOBO MaKcuMaiabHoe uncio BP? Basucuuix
pelenuil 6yeT CTOMBKO, CKOJIBKO CYHIeCTBYeT 6a3iCcOB CHCTEMBI NIepe-
MEHHBIX, & HX KOJHYEeCTBO COBIAJAET C YHCJOM 0asucoB CUCTEMBI
BEKTOPOB-K02(M(PUINEHTOB JAHHOH CHCTEMBb! JMHEHHBIX YDaBHEHUH.
C oupefe eHHOCTHI0O MOYKHO CKasaTh, YTO TaKuX 6a3ucos, a ciefoBa-
tenpHo, u BP, 6yner ue Gonee C., rie n — YHUCJIO IIEPEMEHHBIX B CHC-
TeMe, & I' — PAHI' YIOMSAHYTO! CHCTEMB! BEKTOPOB-KO3QPUIIUEHTOB,

MM, YTO TO K€, MATPHUIhI AAHHON CHCTEMbI JIUHEHHBIX YPaBHEHHH.

IIouemy Bce-raku He Gosee? IToTomy, uTo He J00nIe I' BEKTOPOB
IAHHOM CHCTEMBI, COCTOSAIEH U3 /1 BEKTOPOB, 00A3aTEIbHO ABJIAIOTCS
JTUHEHHO HEe3aBUCHUMBIMH.

Ha npaxrtuke npu HaxoxxigeHun BP HeT HeOBXOAMMOCTH UCCIERO-
BATH CHCTEMY BEKTOpOB-Kosbh¢punuenros. Bce BP mMoxxuO RaiiTh,
Hepebupas BCe BO3MOXKHBEIE GasHCHl II€PEMEHHBIX, ¥ Taxol nepeop
6LICTPO M IIPOCTO NMOSBOJISIOT OCYIIIECTBUTE *KOPAAHOBLI HCKIIIOYEHU.
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Iipumep 8. Hatitu BP cucremsr

x; + 3x, = 14,
2x, -3x; = 7,
2y + x3 = T

Pemenne Brabn. 29 comepsurca ofiliee pemreHue JaHHOMN
cucremsl. IIpu x, = 0 mosywaem x; = 14, x, = 7. Hrax, B 6asuce {x,, x5}
BP naitgeno: (14; 0; 7).

Tabauma 29 Tabanuma 30 Ta6aunma 31

-X, 1 X4 1 —x, 1
=] 38 | 14 x, = 7/2 X, = 14/3
x, = 7 xy = 7/2 x, = -7/3

B rabi. 29 cogeporarcsa 1B8e CTPOKH, CJIEI0BATEIBHO, PAHT I JAHHOH
cucTeMbl paBeH 2, a n = 3, MOITOMY CHCTEMAa MOXKET MMeTh He Gojiee
C32 =3 BP. Kpowme Gasuca {r,, x,} ApyruMu 6asucamMu CHCTEMHI ITe-
PEMEHHBIX MOryT GBITH IPYIIEL X;, X, U x,, X;. IIpoBepum aTo ¢ mo-
vompio MU, IMoxsepruys raba. 29 mary MU ¢ paspemaroiimm
anemeHnToM 2, mpuzem k tabn. 30, oTseuaroweit 6asucy {x;, x,}. Ha
9TOMH TabIUIE! BRONCHIBaeM ele oxHo BP: (7/2; 7/2; 0). Ecnu Temeps
Tabn. 29 noasepruyTs mwary M¥KHU ¢ paspemanomum saeMeEToM 3, TO
nonyyuM taba. 31, ua KoTopoil HaxoxuTes U TpeThe BP, coorBeTcTRYIO-
uiee 6asucy {x,, x,}: (0; 14/3; -7/3).

IIpumep 9. Haiitu BP cucremsr
3x, + x, — 9x,4 =4,

[N

X, - 3x; + x, = 2.
Pemrenue Hannas cucreMa yxe paspelleHa OTHOCHTENLHO
Basuca {x,, x,}. IIpujasas Hy/IeBble 3HAYEHMS CBODOLHBIM [IePeMEHHBIM
X, u X, cpady noayyaem onao us BP: (0; 4; 0; 2). B narnom ciyuae
r=2, n =4, 103TOMy BCEro MoskeT OBIThL He Gojee Cf =6 BP.
Kpowme 6asuca {x,, x,} rpyrumMu 6asncaMu MOTYT OKABATLCSH CJIE-
AYOIIHE Napbl NEPEMEHHBIX: X, Xo; Xy, Xg; Xy, X5 Xy, Xy Xy, X, Tnist
BHISICHEHHSA 3TOro OOCTOATENBCTBA U Haxoaenua BP sanmmem nau-

HYIO CHCTE€MY B BUJE KOPJAaHOBOH Tabnuisl (tabn. 32) u nogsepraem
ee mmaram MJKH.

Tabrumnma 32 Tadbaunga 33
—X, —X4 1 —X, —X, 1
=13 -9| 4 x,=| -8 0| -2
X, = [1] - 2 x, = 1 -3 2
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Bass paspemanonium ssaeMeHT 1 ¥ caenas ¢ Hum mar M¥KU, npu-
xoauM K Tabs. 33, B KoTopoii cogepxurca BP (2; -2; 0; 0), orsevaro-
mee Gasucy {x,, X,}.

Herpyzuo Buzers, uro urary MKW ¢ paspemamomumu mepsoit
CTPOKOH M BTOPHIM cTOJIGIOM Tabn. 33 HOABEPrHYTh HENB3s, TAK KaK
2JIEMEHT, CTOANUI Ha NepeceYeHWH YKasaHHBIX CTPOKH U crosnbua,
paBeH HYJIO. OTO FOBOPUT O TOM, YTO Napa NEePeMEeHHRIX X, X, He
MOXKeT COCTAaBUTEL Gasuc (BeKTODHI-KO3(DOIULMEeHTH OPH X; ¥ X, JH-
HeltHO 3aBucuME). [ToaTomy obuiee uncio BP y nanHo# cucreMst Gyaer
MEHBIIE IIIEeCTH.

TIpeo6pasosas nocnepoparennHo maramMu MIKU rabn. 32 u 33,
nonyuuMm apyrue BP: (4/3; 0; 0; 2/3), (0; -2, -2/3; 0), (0; 0; —4/9;
2/3). Urak, faHHasg cHCTeMa UMeeT nATh BP.

B sxoHOMUMUYECKHMX 34/1a4aX OTPHIATEJILHLIE 3HaUYeHUSA IePEMEeHHBIX
He UMeoT, KaK IIPaBUJIO, PEAJBLHOTO CMEICHa. PaccMOTpuUM ITO3TOMY
crrocob OTEICKAHWA HeompuyamenvHuix 6asuchbix peuienuii (HBP)
cucTeMbl JHUHEHHBIX YpaBHEHWH, T. €. peHieHU¥H, BCe KOMIIOHEHTHI
KOTOPHIX JIUGO MOJIOKUTEIBHEL, JJHG0 PaBHEL HYJIO.

Brolnle 6n110 yCTAHOBJEHO, 4TO JAJNA HaxoxjeHuss BP cucrems
JIMHeHHBIX ypaBHeHuil HeoGXOAUMO B IOCJIeIHel! sKOopAanoBoOH Tabnune,
cojepaaleit obmiee peleEne, IPUPABHATL HYJIIO CTOALIHE Ha BEPXY
TaGIULEl cBODOJHEIE ITEpEMEHHBIe; COOTBETCTBYIOIMe 3HadeHHs Oa-
3UCHBIX [TepeMEeHHLIX OYAYT paBHEI CBOGOAHBIM uieHaM. Ecnn K ToMy
ske cBOGOMHDIE YJIEHBI OKAXKYTCHA HEOTPUIIATENIBHBIMHY, TO IIOJIYYEeHHOE
BP 6yzer onxuM u3 uaTepecyomux Hac HBP paxnoit cucreMel. Mmenno
HEBEP umeror ocoboe 3HaYeHe B MATEMAaTHYECKOM NIPOrpaMMHUPOBAHNH,
TaM UX HASHIBAIOT ONOPHbIMU pelieHusmu (naanarmu). Jemo B TOM,
YTO B COOTBETCTBMH ¢ (PYHAAMEHTAJIbLHOU TeopeMoil JuHeiHOro mpo-
rpaMMKPOBAHHUA ONTHMAJIBHBI IUIAH Pa3pelnMoil 3aja4u THHEHHOrO
ApOTPAMMUPOBAHHKA COBIAJaeT IO Kpalineit Mepe ¢ ogaum us HBP
(OTIODHEIX MJIZHOB) CHCTEMb OTPAHUYUTENLHEIX THEeRHBIX YPaBHEHUH
3aa4.

Kak e OpraHHM3OBATH SKODZAHOBBI HCKJIIOYEHHHA, YTOOB B HO-
cnenuedt Tabauie nonyuuaocs ogao us HBP namnoit cucremsr? Hano,
OKA3BIBAETCSH, AJTOPHUTM KODJAAHOBBIX HUCKJIIOYEHUH JONONHHUTEH Clle-
LHadbHBIM [IPABUJIOM BBIGODA paspelIarollero 3JIeMeHTa.

IIpeanonoKuM, YTO AaHHAA CHCTeMa JWHeHHEIX ypaBHEHU# co-
BMecTHA. Be3 HapyleHus OGLHOCTH PAaCCyXAeHWH MOYKHO CUHTATS,
YTO BCe CBOGOAHEIE YIEHE! YPABHEHHNI CUCTEMb! HEOTPUIIATeIbHbI, 160,
ecqs 6B B KaKOoM-JINOO ypaBHEHHHM CBOGOAHBIN WieH OnLJI OTpHIA-
TeJILHEIM, TTOCJIe YMHOMKeHUA 06erX YacTel 9TOro ypaBHEHUA HA MUHYC
eJIMHNIY YKa3aHHOE yCJOBHe OKasajdoch Obl BhINOJNHeHHBIM. MTak,
HpeAmoNaraeTcs, 4To Bce cBOGOLHbIE YWIEHB B MCXOLHOI KOPXAHOBOM
rabaune HeOTPHIATENbLHEI. 3aflaya COCTOMT B TOM, 4TOORI, BrIGHpas
HapeXxkamuM obpasoM paspelnaioniye 3J€MeHThI, COXPAHHThL B TIpo-
necce MU HeoTpHULATEIHLHOCTH CBOOOXHBIX UJIEHOB.

IIpexnonoxum, uro mepsbiit mar MU npoussoputcsa ¢ paspe-
HIAIOIMKUM dJIeMEeHTOM a,  (Tabin. 34).
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Ta6bnuua 34

Tocne mara MAKH cBoGogHEIN uiien B paspernalomiel cTpoke 6yaer
paBeH

Ayo/ By - a7

Ilo npepnonoskenuoo a,, > 0, mM0aTOMY NpeobpasoBaHHEIA CBO-
6oxab1it wieH (17) 6yeT HEOTPUUATENLHBIM IIPH YCIOBHH, YTO a, >0,
T. €. €CJIN pPaspelnaloliuil sJIeMeHT IOJIOXKHUTEJIeH. JTO mepBoe Tpebo-
BaHUe K paspellalolieMy dJieMeHTY. B pannHeiimeM OyaeM HCXOAUTH
U3 TOTrO, YTO 5TO TpPeGOBaHUE BRITIOJIHEHO.

Tlocne mara MKW cBoGoOAHEINR 4iieH HPOH3BOJBHOH i-i CTPOKH
paBeH

Aio0ps — G350 T

= Qy ay, . (18)

Qs

Bripasxenue (18) 6yner HEOTPHUUATENLHO IIPA YCIOBHM, UTC

;o
iy = . 19
Qs

Tak kak a,,2 0, a,,> 0, a,. > 0, sepaBencrso (19) cuparexaNBO
npu J1060M OTPUIIATENLHOM 4, .
ITycTs Temeps @, > 0, Toraa mepasencrso (19) MoxHO nepenucars
B BUJe
a a,
k0 i0
— <. (20)

Qs ;s

Hepasencreom (20) Bhipaskaercs BTOpoe TpefoBaHMe K paspe-
mIaolleMy B3JIEMEHTY: OTHOINEeHHe CBOOOZHOrO uieHa paspellalolieit
CTPOKH K paspelaloineMy 3JIEMEHTY AOJIKHO OLITh HAMMEHBLINHM K3
OTHOILIEHUH APYrux CBOOOJHBIX UJIEHOB K COOTBETCTBYIOIIMM II0JO-
JKUTEJBLHEIM dJIEMEeHTaM paspemialoiero croabua. Moker oKkasaTbes,
uro HepaBeHCTBO (20) BhimosHAETCS IJsT HECKOJbKHX CTPOK, TOMAa
paspelaonuil 3JIeMeHT MOXKHO B3ATh B JIIO00H M3 5THX CTPOK.

B mpomecce >KopAaHOBEIX HMCKJIOYEHHH € PAsSpelIaioiUMHU 3Jie-
MEHTAMH, YAOBJIETBOPAIINMY YCTAHOBJIEHHBIM TPeGOBAHUAM, MOMKET
BCTPETHUTLCA HYNb-CTPOKA, B KOTOPOU CBOGOIAHBIN YJIEH IOJOMKHITEJE-
HBIil, a BCE OCTANbHbLIE dJIEMEHTHl HEloJIoKHuTeNbHble. Takod CTpoKe
COOTBETCTBYET ypaBHEHMNE ¢ HEOTPULATEIbHBEIMU KOd(PGUIHEHTAMH.
9To ypaBHeHHe He MOKeT ObiTh BHIIOJHEHO HH NPH KAKUX HEOTPHU-
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1IATeJILbHBIX 3HAYEHHUSAX I€PEeMEHHBIX, U II03TOMY UCXOAHAs CHCTEMa
YPaBHEHUH HECOBMeCTHa B O0JIaCTU HeOTPUNATEJLHBIX 3HAYeHWH
IIepeMEeHHbIX .

Urak, 0na omvickanua HEP cucmembl TUHEUHbIX YDABHEHUL HadO
sanucams ee 8 gopme xopdanosoll mabauys. max, Lmobul 8ce c6o-
600Hble YleHbl OblllU HeoOmpuyameavHbl, @ 3ameM BbiNOAHUMb 803
MoxcHOe yucao wazoe MIKH, svibupas paspewianujue siemenmot cpedu
NONOHUMENBHLLX HUCe] mabauybl N0 HAUMEHbULEMY OMHOWLEHUID
CB80600HBIX YTLEHOE K COOMBEMCMEBYIOUUM NONOKUMELbHbIM INeMEH-
manm cmoabya, Ha3HaveHHoz0 8 pazpewawue. Hcxomoe HEP naildem-
ca u3 nocaednelr mabauybt NPUPABHUBAHUEM 6eDXHUX (Cc60600HbLY )
nepeMeHHbLX HYJLI0, d 6A3UCHbLX NepeMenHbLX — C80000HbIM YAeHAM.

Panee ormeuasioch, YTO CHCTEMa JIMHEMHBIX YPABHEHUI MOXKeET
umers He Gosee C; BP. Hro sxe xacaerca HBEP, To ux y cucremsl 6yzer
mersme C,. Tak, cucrema s mpumepe 8 mmeer Tpu BP, HO HeoTpn-
IaTeABHBIX CPEJU HUX TOJBKO JBa; CUcTeMa B npumepe 9 obiazaer
naTeio BP, a HeoTpuIaTeSIbHBIX U3 HUX BCErO JBA.

Hpumep 10. Haittu raxoe-i1u6o HBP cucrems

2x, — X, + X3 — x4 = 3,
2%, - x, +x, = 2,
-3x, - X3 — x4 =-1

P e m e B 1 e. Banuuem cucreMy B GHopme KOpLaHOBOH Tabiu-
1B, YMHOKHB IIPEABAPUTENBLHO 06e YaCTH TPEThero ypaBHeHHud Ha —1
(rabn. 35). 3a paspemanolUi MOKHO IIPHHATH J060# cTonben, co-
IepKaTuil XoTA GBI OLUH IIOJOXUTENbHBIH aiemeHT. IIycTs pasperazo-
muM 6yner, HAIpUMED, TpeTHil croJbeln. Paspemarlyio CTpoKy Omn-
pefienuM 110 HAaUMEHbIIEMY OTHOHMIEHWIO CBOGOJHBIX WIEHOB K IOJIO-
SKUTEJBHBIM 2JIeMeHTaM TpeThero cronbua: min(3/1; 1/1)=1/1. Han-
MeHbIlIee U3 BTHX OTHOUIEHHWI COOTBETCTBYET TPETheH CTpPOKe, OHA U
6yner paspemaromieii. Ha nepeceueHuMM TpeTheil CTPOKHM U TPETBETO
cToJIbIa HAaXOAMTCA paspelIaouuil sjieMeHT 1, ¢ KOTOPEIM U BHINOJ-
userca mar MJKH. B nonyuennoi rabauue (tabua. 36) paspemanuium
BLIGpaH 1epBBIIl crosylel], a paspemiawllas CTPOKa olpejeseHa IO
HalMeHbIIeMy oTHomenuo min(2/5; 2/2) = 2/5. Eo okasanace nep-
Bas crpoka. C paspemanoimum sjieMeHTOM 5 BainonHed mar MIKH,
npuBepmui x Tabn. 37. B aroil Tabiaulle paspeIIaloUiUM MOXeT GhlTh

Ta6anuna 35 Ta6ununa 36
-X, X, ~X3 —X, 1 X, =X, —X, 1
o= 2 -1 1 -1| 3 0 = -1 -2 ] 2
o=] 2 -1 0 1] 2 0=} 2 -1 1t} 2
=1-3 0 1] 1 ,=]-3 0 1|1
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JUHIb 3s1eMeHT 9/5, ¢ KOTOPHIM M caenaH mocaenuuii mar MYKHU. Ha
nonyyenHo rabaunsl (tabn. 38) mpu x, = 0 naxoxum oxno us HBP:
(2/3; 0; 7/3; 2/38).

Tadénunga 37 Tadbaumna 38

-x, -x, 1 -X, 1
x,= | -1/5 ~2/5 | 2/5 x, = 2/3
0=|-3/5 6/5 x, = 2/3
x,= | -3/6 -1/5 |11/5 Xy = 7/8

IIpumep 11. Haiitu HBP cucreMmu

3x; + 4x, — 8x, = -4,
X, + 2x, — 6x3 = 2.

P e en ue 3anumem faHHYIO cucTeMy B dopme Tabn. 39 u
npeobpasyeM ee marom MIKHY ¢ paspemaromum snementom 2. OH ynos-
JersopsieT TpebOBAHUAM, NPEAHABIAEMBIM K Pa3pelliaioiuM dJIeMeH-
TaM 1ipu oThickanuu HBP. B peaynbrate noayuum taba. 40. B nepsoit
CTPOKe 3Toit Tabiunbl BCe 9JIEMEHTHI OTPHUIlATEbHBI, & CBOOGOLHEIM
4ieH noJioxkuTesed. CTpoKe OoTBedaeT ypaBHeHue X, + 4x, + 8 = 0, He
VIOBJIETBOPAOLIEECH HHM NP KAKUX HEOTPUIATENBHBIX X, M X,.
CiefoBaTeNLHO, NAaHHAA CHCTEMa HE UMEET HEOTPHULATENBHBEIX pellre-
HUM, B TOM 4Hucle ¥ Oa3snCHBIX.

Ta6anuyga 39 Ta6auna 40

—X; —X, —X, 1 —X, =X 1

0= t{-3 -4 8 4 0 = -1 -4 8
0= 1 -6 | 2 =112 -3 1

IIpumep 12. Haittu sce HBP cucremu
—x; + x5 + 413 = 12,}
2x, + x3 4+ x =12
Pew e nue Cucrema yxe paspelleda OTHOCHTENLHO 6asuca
IepeMeHHEIX {X,, x,}. B aroM Gasuce mpu x, = 0, x; = 0 cpasy nosnyua-
em oxgro u3 HBP: (0; 12; 0; 12). Opyrue HBP 6yaeM HCKATE UCXOAA
u3 rabn. 41, B Gopme KOTOpOH 3anucaHa JaHHAA CHCTEMA.
HenocpeacrseHHO BUZHO, YTO ypPaBHEHUS JaHHOH CHCTEMEl JIH-

HeliHO He3aBUCHMEI (K03(DOUIMNEHTHI IIPH IePEMEHHEX HeIIPOIIOPIHNO-
HaJbHBI), 2 HOTOMY PaHr cucTeMs! paped 2. CiaejnosarensHo, 6a3ucoB
IepeMeHHBIX MOXeT ObITh He OoJjiee Cf. Kpome Toro, Gasucel moryr

06pasoBaTh CJEAYIOLINE Naphl IePeMeHHBIX! Xy, Xy; X{, X5 Xy, X4 %y,
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X5 X4, x,. [IpoBepum arc ¢ nomomeio MIKHU, a nonyrro Gyzem uc-
ciiepoBarh 6asucel HA Hajuuue B Hux HBP.

Haumem c I1apn1 IIEPeMeHHEIX X,, X,. B Taba. 41 snemenT 2 ynos-
nerBopser TpeGoBaHUAM, IPEABABAAEMEIM K pa3pellaiomeMy 3JIeMeH-
ty npu noucke HBP. C uuM u npeo6pasosmiBaem tabi. 41 B rabn. 42,
COOTBETCTRYIINYIO Gasucy {x,, X,}, B KOTOPOM CYyIIECTBYeT emle OXHO
HEBP: (6; 18; 0; 0).

Tabanumoma 41 Tabnuma 42
X, —X, 1 -x, —Xg 1
x,=1 -1 4 12 x,= | 1/2 18
x, = 1 12 x=| 12 1/2 6
Tabnumma 43 ObparuMcs K caeayoniei nape
" TepeMeHHHX: X,, X,. [loxsepraem
Xy X 1 mary MJKH ra6n. 42, OpUHAB 3a
x. = 19  2/9 4 pasperaonuit asemenT 9/2 (oH mo-
3 JIOMUTENBHBIM W OTBeYaeT Hau-
f1 7 /9 4 MeHbIleMy U3 OTHOeHuik 18 : 9/2

u 6 : 1/2). B pesynsrare nosyuaeMm
tabn. 43, coorsercTByOomyl0 Gasucy {x,, ¥,}, B KOTOpOM pelleHue
(4; 0; 4; 0) asnsgercsa ¥ 6a3UCHLIM, ¥ HEOTPHLATEILHBIM.

Hccneayem ouepegnylo Iapy nHepeMeHHBIX X;, X,. M3 Tabn. 41
BUJHO, 4TO nepeiitn k 6asucy {x,, X,} MOKHO, B3SB 32 paspelnamui
anemeHT —1. OfHAKO OH He OTBevaeT TPeOOBAHUIO IIOJIOKUTEJILHOCTH.
9ro osHavaer, 4To B Gasuce {x,, x,} nony4urca BP, B KoTropoM He Bce
6a3uCHble KOMIIOHEHTHI MOJIOXKHTEJIBHE, HO TAKOE pellleHUe Hac He
HHTEpecyer.

PaceMOTPHM ClERYIONIYIO Iapy IIEPEMEeHHHIX: X, X;. OHa obpasyer
6asuc, 4TO BUAHO, HAIpuMep, mo tadn. 41, ecau noABepruyTh ee 1Iary
M¥¥HU c paspemaroniuM ssieMeHToM 1. Ho stor aseMeHT, yIOBJIETBO-
paAA TpeGOBAHUIO IOJOKUTEJLHOCTH, He YAOBIETBOPAET BTOPOMY Tpe-
60BaHUIO — MUHUMAJILHOCTH OTHOIIIEHUS CBOOOAHOTO WIEeHa K paspe-
mamleMy dJIeMeHTy. B caMoM iere, IJIA 3J1eMEeHTOB BTOPOro cronbna
taby. 41 ynoMsauyThie oTHOLIeHUA paBHel 12/4 u 12/1. MeHbInee u3
HHUX COOTBETCTBYET MEepPBOM CTpPOKe, a He BTOPOI, B KOTOPOil pacroJio-
SKEeH 3JIEMEHT, HeOOXONUMEIH AJA Hepexoia K HMHTepecymolieMy Hac
6asucy {x,, x3}. Bcee sTo roBopur o ToM, uto B BP, cooTBercTByIOHIEM
6asucy {x,, x,}, HEKOTOPble KOMIIOHEHTHI GYAyT OTPHUATENLHBIMH.

He caegyer nymarsh, YTO IOJIOXKEHHE U3MEHHUTCS, ecliM K 6asucy
{x,, x,} nepeiiTu ¢ ToMomLI0 KaKOH-HUOY AL APYTOX TaBGAULOHI, HAIPH-
mep Tabyn. 42. B 3TOM MOKHO JIETKO YGEeAUTLCHA, NMTPOAHATH3NPOBAB
aHAJIOTUYHEIM ofpasoM Tabiu. 42 nnn 43.

Ocraercsa uccirefopars Napy MepeMeHHBIX X,, X,. OHa obpasyer

6asuc, M K HeMy MOXXHO IepeliTu, rnojgsepruys mary MJKU, sanpumep,
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Tabs. 43. Bnement 4/9 sroii TaGaMIBLI Tabanuma 44
YJAOBJIETBOPSAET HEOOXOOUMBIM AJS IIOJNY-
uyeHusa HBP TpeGosanusmM, u, CIeJIaB ¢ HUM X 7% 1
mar M3KH, npuxogum K tabn. 44, cogep-
Kaled nocyeadee, yerseproe, HBP nan-
Hoit cucremsl: (0; 0; 3; 9).

5. IlpumeHeHHe XKOPAAHOBEIX HCKIOUEHUIH
B JMHEHHOM NPOrpaMMHPOBaHMH

B nuHeHHOM NPOrpaMMHUPOBAHUK YacTO IIPUXOLNTCHA HAXOAUTH
pelleEus CHUCTEM JIMHEHHLIX HEPABEHCTB HJIM CMEUIAHHBIX CHCTEM,
COCTOSIIINX U3 HepaBeHCTB M ypaBHeHHil. ITokakem, KakuM oGpasom
3Ty 3aZaYy MOYKHO CBECTH K DEIUEHHIO SKBUBAJIEHTHOM CHCTEMEl JIH-
HeWHHIX ypaBHEHUH.

PaccMorpuM cHavasia HEPABEHCTBO BHUAA

ax, +...+ax <a. (21)

Ho6aBuB K j1eBOil YaCTH 3TOTO HEPABEHCTBA HEOTPUIATENBHYIO BE-
JUYUHY X, ,,, PABHYIO DABHOCTH MEXAY IIPABOH U JIeBOH YacTAMU Hepa-
BEHCTBA, HOJIYYUM CJleAyIolllee ypaBHeHue:

ax +..tax +x ,=a (22)

TToxaskeM, YTO BCAKOMY DemIeHMIO O, ... , O, Hepasencrsa (21)
COOTBETCTBYET BIIOJHE OIpeJieJIeHHOe PelIeHHe Oy, -.. , O, O, ; YPaB-
merus (22), B koropom o, 2 0, 1 Haobopor.

B camowm gene, ecnu o, ... , &, — penenne HepasercTsa (21), To,
B3AB O, = @ — (@,0, + ... + @ 0 ), IOAYIUM Q& + ... + Q0 + O =
=@, OTKyHa CJIef[yeT, YTO COBOKYIIHOCTH YHCET O, ... , O rue
o .= 0, mpexncrasasieT coboil pelueHue ypaBHeHus (22).

n+l ™

06paTHoO, €CJIU O, ... , O, O, TA€ o, 2 0, — pemienne ypasxe-
HuA (22), To U3 TOXAECTBA A 0, + ... + @, & + & ., = a CIefyeT a,a, +
+...+a,0,<a,rT. e. yNOPAJOUEHHEAA COBOKYNHOCTD YHCET Oy, .. , &L,
obpasyeTr peruenme HepapeHcTBa (21), yeM u 3aBepIaeTca NOKAa3a-
TEJIBCTBO. :

Ha ocuoBanumM JOKa3aHHOTO BLIIIE FOBOPSAT, YTO HEpaBeHCTRO (21)
3KBUBAJIEHTHO ypaBHeHuo (22) u HepaBeHCTBY X, = 0.

IlonydyeHHEBIN pesysibTaT MOXKHO 06001IaTh HA caydail CUCTEMBI M
JIMHEHHBIX HEPABEHCTB C N IePEeMeHHBIMU:

n+1?

j:ziaijxj <@y, (=1,m), 23)

T. €. MOXKHO JIOKa3aTh, 4To cucrema (23) sKBUBaJIeHTHA CHUCTeMe Mm
JUHEeHHBIX YPaBHEHUH ¢ 11 + m HepeMeHHBIMU:
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Z:laijxj X, =0, ((=1,m), (24)

roe x ;20 (i =1, m).

OKBHBARJIEHTHOCTh MBI IIOHMMA€M B TOM CMBICJE, YTO BCAKOMY
Pemienuo iy, ... , O, CHCTeMH JuHedHbIX HepaBeHcTs (23) cooTBeTCT-
BYeT ONIPe/Ie/IeHHOE PeIIeHHe Oy, .. , O, 4, O CHCTEMBI JMHEeHHEIX
ypasHeHHU# (24), 1 o6parHO, IPUYEM JONOJHUTENbHBIE ePEeMeHHbIe
YIOBJIETBOPAIOT YCJIOBHMIO HEOTPHILIATEJILHOCTH.

3amernum, yro cucrema (23) MoKer COREPIKATh TAKIKE U HePABeH-
CTBA BUAA @, X + ... + @, X 2= a,,. Takoe HepaBEHCTBO IKBUBAJIEHTHO

MHHEHAHOMY YPaBHEHMIO @, X; + ... + @, X ~ X .. = G, B KOTOPOM

IOIIONHUTETLHAS HeOTPUIATeIbHAA NepeMeHHas X, . > 0 BeuMTaeTca
U3 JeBOH YacTH.

TIonuMasi 9KBUBAJICHTHOCTS B YKA3AHHOM BBIIIIE CMRICJIC, MOMKHO
paccMOTpeTh ¥ OOpaTHYIO 3a7a4y — IIepexo] OT CUCTEeMbl YPaBHEHHUI
K CHCTEMEe HepaBeHCTB.

PaccMOTpUM COBMECTHYIO HEOIPEALICHHYIO CUCTEMY M JIMHENHBIX
YPaBHEHHH C 71 IIepeMEeHHBIMHU

jgai,-xj =ay, (=1, m), (25)

rae

x,20 (j=1,n). (26)

IIpeamonoxuM, YTO BCe ypaBHEHUA cucTeMHl (25) nuHeiino me-
3aBHCHUMHEI, T. €. PAHT 7 CHCTEMHE! paBeH m. B TakoMm cjayuae, samucas
cucreMy B OpMe KOPAaHOBOM TabMunLl U BRIIOJIHUB m maros MIKH,
MBI DpujeM K Tabis. 45, B KOTOPOil cozepKuTCs paspelieHHas Ghopma
TAaHHOH CHCTEMEI:

n-m

X, = gbk,m+s(—xm+s)+bko (& = 1, m). 27
Tadbanuma 45
R T T 1
X = Lmsl Lmss o Ota bio
O TS S A
e L R T

YuureiBag ycaoBus (26) HeOTpHIATESHLHOCTH HEPEeMEHHHIX x;
onycTHM B ypaBHeHuax (27) 6asucHrle nepeMenHble x,. B pesynbrare
TOJIYYUM CHCTEeMY JTUHEeHHEBIX HEPABEHCTB C 1 — M IEPEMEHHLIMHU:
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zlbk,m+sxm+s < ka (k=1,m). (28)
s=

IIpucoenurum k cucreme (28) HeUCIONBL3OBAHHLIE YCIOBHA HEOTPH-
[aTeNbHOCTH CBOBOAHBIX MEPEMEHHBIX X, 1, --- , X, T. €.

x,..20 (s=1,n-m). (29)

Taxum o6pasoM, MBI IPUIJIH K CHCTEME JIMHEHHBIX HEepaBeHCTB
(28), (29), skBUBaJIeHTHOU cucTeMe NHHENHBIX ypaBHeHud (25) ¢
HEOTPHUIATENbHLIMI HePEeMEeHHBIMH.

Hcnonp3yeM moJiyyeHHbIe BhINIE Pe3ybTATh! IPH PellleHUH 3a1ad
JIMHEHHOTO IPOrPAMMUPOBAHUA.

Hpumep 13. IIpennpuAaTHio 3aJaH HOJIaH IPOU3BOACTBA IO BpeMe-
HHM U HOMEHKJIaType: Tpebyercsi He Gojiee yeM 3a 6 el. BpeMeHU BEI-
nyctute 30 en. npoxyxnuu /1, u 96 ea. npoayxnuu I, Kexnaniit us
BHUOB IPOAYKIHMYN MOMKET IIPOM3BOIUTHCSA MamnHamu A u B, mom-
HOCTH KOTOPBIX U 3aTPaThi, BLI3BAHHbIE U3TOTOBJIEHNEM KAKIOTO U3
BHIOB IPOAYKIIMY HA TOH WJIM HHON MaliuHe, IpUBefeHHl B Tabu. 46.

Tabnuiuma 46

MomuocTs 3aTpaThl Ha
MaIIUHbl LI IPOU3BOACTBO
Mamuna IPONYKIIUM BHIA POAYKUMM BUAA
i, 1, 1, 11,
A 6 24 4 47
B 13 13 13 26

CoCcTaBHUTD OIITHMAJLHLIN 118K paboThl MaIlINH, & UMEHHO: HailTH,
CKOJLKO BpeMeHM Kaxjada u3 mamue A u B goimkHa GHITH 3aHATA
U3TOTOBJIEHHEM KaXXAOro W3 BUJAOB NPOLYKIHU H1 u Hz’ 4TOOB!
CTOMMOCTB BCEH MPOAYKIHH IPEAIPHUATHA OKa3ajlach MUHHUMAaJIbHON
U B TO )Xe BpeMs 3aJaHHBIN mJjaH ObLJ BHINOJHEH K&K IO BPEeMEHH,
TaK ¥ 110 HOMEHKJIaType.

Pemen u e CocTaBUM 3KOHOMHKO-MATEMaTHYECKYIO MOJENb
nmaHHOM 3afgadd. IlycTs X, — BpeMs, B TeYeHHE KOTOPOTO MallNHA A
3aHsATa M3TOTOBJEHMeM npoayxnuu I1,, a x, — npoayxknuu I1,; x; —
BpeMdA S8aHATOCTH MamIKMHLI B usrorosnenuem npoayknun I1,, a x, —
npoxyknuu IT,. Yepes f o6osHauum OBIIYI0 CTOMMOCTL BCeH BBHIIY-
HIeHHOH IPOAYKINH.

YYUTLIBAA CTOMMOCTD AWHUILL! BpEMEHH paboThl KaKA0H MAITHHBL
ITO U3TOTOBJIEHHUIO €JMHUIIb IPOAYKIMH Kaxgoro suga (cm. tabi. 46),
OBIIIYIO CTOMMOCTE BCE NPOU3BENEHHON NPOAYKIINY MOMHO BBIPDA3KUTh
TaK:

f=4x, +4%7x, + 13x; + 26x,. (30)
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Ilo ycnoBuio 3apaum BpemMsi paboThl MAIIUHL A IO BHIIIOJTHEHHIO
3aJaHHOTO IJIaHa He JOJKHO IpeBHIAaTh 6 el. BpeMeHH, T. e.

X, + x, <6, 31

AmganornuyHoe TpeboBaHHe HaKJIAJLIBaeTCA U Ha obllee Bpems
paboTH MallKMHEL B:

x; + x, < 6. 32)

C yuerom mMomHocreit Mamue A u B (cM. taba. 46) yecnosue Bbi-
TIOJIHEHU A 38JaHHOTO MJIaHa 110 NPOAYKOKH I1| BHIPASUTCA PABEHCTBOM

6x, + 13x,= 30, (33)
a no npoayxnuu I, — paBeHCTBOM
24x, + 138x,= 96. (34)

Ilo CMBICITY NepPEMEeHHRIX xl, xz, x3 " x4 OHM JOJI)KHBI BhlpaXXaTeCd
HeoTpHUaTeJIbHBIMHA 4YHUCJIAMH, T. €.

%20 (j=14). (35)

Coorromenus (30)—(35) 06pas3yoT 9KOHOMUKO-MaTEMATHYECKYIO
MOZeNb NaHHOH 3agauyn. MarTeMaTuyecKy 3a7a4a CBOAUTCH K OIpeje-
JIEHHIO YHCJIOBHIX 3HAYEHNH x; , x; y x; u x: IePeMeHHBIX X, X,, X; K
X,, YIOBIETBOPAIOIUX JINHEHbIM orpanryenuam (31)—(85) u gocras-
JAAOMAX MAHUMYM JuHeitnodt dyaxnun (30). Dro TMNMYHAA 3afaua
JIMHEHHOro NPOrPpaMMUPOBAHUS.

Beoast B Heparencrtsa (31) u (32) gomosHMTeNbHBIE HEOTPULA-
TeJIbHEIE IEPEMEeHHbIe X, ¥ X, IPUXOAUM K CeAyIolIeil 9KBUBAJIEHTHOH
CHCTEeMe JIMHeHHBIX YPABHEHHUI C YCIOBUIMY HEOTPUOATEILHOCTH
nepeMeHHbIX !

X+ X + Xy = 6
x; + X, + x4 = 6, (36)
6x, + 13x, = 30,
24x, + 13, - 96,
20 (j =1, 6). (37)

7

B nponecce MK MBI yBUAUM, UTO PaHT I CUCTEMBI JTUHEHHBIX
ypaBHeHwuit (36) pasex 4, a notomy n — r =6 — 4 = 2. 3uayur, sagauy
MOYKHO pelruTh rpaduuecku. Huna storo mopens (30), (36), (37) ¢
nomoiusio MU npeobGpasyeM B 3KBUBaJIEHTHYIO MOJENb C OrPAHU-
YeHHSAMH-HEPABEHCTBAMH, KOTOPLIe OYAYT COAEPIKATh ABE IepeMeH-
uele. C aroil ueapio sanuuiem cucremy (36) B dopme KOpAaHOBOH
Tabaune! (Tabia. 47). [IocKONBKY NEepeMEHHEIe X B X, BXOAAT B CHCTe-
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My (36) TosbKO 11O OAHOMY pasdy (B OTIHMYHE OT OCTAJBHBIX NEPeMeH-
HBIX), TO NepBble ABa YPABHEHHA CUCTEeMHl B Taby. 47 3amucaHbl B
paspeleHOH OTHOCHTEJILHO 9THX IIepeMeHHuIX PopMe, 4eM «CIKOHOM-
Jedbl» Asa mara MIKH.

Tabnuma 47 Tadbnuma 48

—x, X, -X3 —X, 1 -, —xX, —X, 1
x, 1 1 0o of 6 x4 1 1 o 6
=0 0 1 1| 8 x,= | -6/13 0 1 [48/13
0 6 0 0| 30 x,= | 6/13 0 0 |30/13
0 0 24 0 13| 96 0= 0 24 96

Bruinonnas mwaru MU ¢ BugenenuniMu B Tabn. 47 u 48 paspe-
IAIOUIMMY 3JEMEHTAMH, IPUXOAUM K Tabs. 49, B KOTOPOIl COEPKUTCH
paspeineHnHas ¢opma cucremst (36):

x5 = -x - x, + 6,
xs = 6/13x, + 24/13x, - 48/13,
x; = —6/13x, + 30/13, (38)
X, = - 24/13x, + 96/13.
Tab6unuima 49
—x, ~x, 1
Xy = 1 1 6
x,=| -6/13 -24/13 | -48/13
x,=| 6/13 0 30/13
x, = 0 24/13 96/13

TloTpe6osanocs caesnars yeTsipe mara MU, a aTo u cBujeTenkb-
CTBYET O TOM, 4TO paHr cucreMsl (36) paseH 4. 3aMeTHM, YTO B RaHHOM
caydae Mbl PaKTUUECKH BHIIIOJHUIM TOJLKO ABa mara MMKH, a eme
Ba IPUILIOCHL 6Ll CAENIATH, €CIH OBl IepBLIe B8 YPABHEHUS CHUCTEMBL
(36) 6nutm 3anucausl B Tabu. 47 B popMe HYJIb-CTPOK.

Onyckas B ypaBneHuax (38) HeoTpunarenbHble 6a3HCHBIE IIepe-
MEHHBIE X, X,, Xs H X4, HOJYIaEM SKBUBAJIEHTHYIO CHCTEMY HEPABEHCTE

x, + x, <6,
>
x, + 4x, 2 8, (39)
x; <5,
x, 2 4.
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IIpucoeannsas K cucreme (39) Hencronb30OBaHHEBIE YCIOBUSA HEOTPH-
1aTeJIbHOCTH CBOGOIHBIX MEPEeMEHHBIX X, U X,, IPUXOAUM K CHCTEMe

x; + x, £6,

x, + 4x, 2 8,

x, <5,
(40)

X, 2 4,

x >0,

x5 2 0.

Ocraerca nenesyw ¢pyuxnuo (30) BLIpasuTh yepe3 mepeMeHHBIE
U X, C IIOMOMIBLIO YPABHEHUH (38). B pesyabTare moayyaem

f=-2x; - x, + 222 (41)

!

Hrax, npobiema cBesach K rpadbudecKOMY PeIIeHNIO JByXMepHONR
3a/au¥ MUHUMUSANUHK JuHeNHON QyHKIMY (41) npu InHeHHHIX orpa-
HuYeHnsax-Hepasencrsax (40). 9To pemenne npusefeHo Ha puc. 1.

Kak BUAHO U3 PUCYHKA, MuHUMYM byuxnuu (41) gocTuraercs B
BEpUINHE X, KOODIAMHATHI x; =5, x; =1 KOTOpOI HaXonATCH B pe-
3yNLTATE COBMECTHOIO peIlIeHWs! YPaBHEHHH TIPAaHUYHBLIX IPAMBIX
x, +x,= 6 ux =5, II€PeCeKaloIIXCH B aToit Touke. 3Had xf u x;,
no popmynam (38) ompezesnsiemM ocTaTbHbIe KOMIOHEHTH! OIITUMAJILEOTO
nnana: x; =0, x; = 72/13, x; =0, x; = 6/13. Ilpu atom f_, = 211.

Wrak, 110 ONTUMAJNILHOMY ITAHY HA MalluHe A cjJenyeT IIPOU3-
BOAMTH Npoaykuumo I7, B Teuenue 5 eJl. BpeMeHH, IPOAYKIHIO m, —
1 en. BpeMeHU U Bechb (GOHJ BpeMeHH i MauInHe A Byner UCIOIL-
sosaH (x; = 0). Ha mamune B Ha/i0 M3rOTaBIUBATE TOJIBKO IPOAYK-

-

x=5

AY XZ=4

TTITTTHT

TTTTTTTT

Puec. 1
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nuio I, (Tak Kax x; = 0) B Teuenne 72/13 ex. Bpemenu. Ilpu atom
6/13 en. BpeMeHY OCTaHYTCA HEUCIIOIL30BAHHLIMU. CTOMMOCTE BBITTY-
IIIEeHHON NPOAYKIMY OyIeT MUHUMAIBHOHN AJNA IPEJIPUATUS U COCTABUT
211 peH. en.

IIpumep 14. HaiiTi onTUManbpHOE COUYETAHHE NOCEBOB IINEHMIILI
¥ KYKYDPY3hl Ha YYaCTKAX PAsJIMYHOro Iogopoaus miomansio 100 u
200 ra. Jauusle 06 yposxaiiHocTu npuBefeHsl B Taba. 50. ITo nnany
oM HO 66ITh cobpano He MerHee 1500 1 nurernnsl U He Mexee 4500 1
KyKypyssl. Ilena 1 u nuienunst 6 gen. ex., KYKypys3w — 4 IeH. ef.
Kpurepuit oNTUManbHOCTH — MaKCHMYM BAaJIOBOH NMPOLYKUWH B Je-
HEXXHOM BBIPpAKEHUHU.

Tabunuma 50

VYpoxaiiHocTh
Kyasrypa (u/ra) yuacTra

1 | @
IMmennmna 20 15
Kyxkypysa 35 30

Pem e u e Ob6osHauuMm depes X, MJOMIAAb, OTBOAUMYIO IOJ
noces MIIEHWIB! Ha y4acTKe I, uepes x, — Ha yuacTke 11, uepes x; u
X, — TJIOMALH, OTBOJUMBIE MO IIOCEB KYKYPYShl COOTBETCTBEHHO Ha
yuactkax I u II. Yepes f o6osHauum 0OI1yI0 CTOMMOCTE BaJIOBOM IIPO-
IYKIHAH.

TInomaay BEIPAXKAIOTCA HEOTPUIATENIbHBEIMU YUCIAMY, T. €.

x,20 (j=1,4). (42)

Tax xakx Ha yvacTke | mmaHupyerca X, ra 3acesTh NIICHHALEHR U
X,Ta — KYKYpYy30ii, TO yC/I0BHeE NOJHOH S3aHATOCTH yYACTKA 3AIMIIET-
Cs TaK: ’

x, + x5=100. (43)

Insa yyactka Il anasioruysoe ycJoBue BHIDA3UTCSH PABEHCTBOM
x4+ x,= 200. (44)

C yuacrka I mpepnonaraercs cobpars 20x,, a ¢ ydactra II —
15x, o mmenunsl. Beero xe HeoOxoxumo cobpars He mexee 1500 m.
3to TpeboBaHMe MOXKHO 3alHcaTh B (jopMe HepaBeHCTBA

20x, + 15x, > 1500. (45)

AnanoruyHoe TpeboBaHUEe K BAIOBOMY c60DPY KYKYPYy3bhl IPUBOLUT
K HEepPaBEHCTBY
35x, + 30x, > 4500. (46)
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CTOUMOCTS IIIIEHMIIbl, KOTOPYIO Ipenojaraercs codpars ¢ o6onx
y4acTKoB, cocTaBuT 6(20x, + 15x,) AeH. eA., CTOEMOCTE KyRYPY3bl —
4(35x, + 30x,) neH. ex., a obmwas CTOUMOCTD { BamOBOI MpOAYKIIUHU
BLIPA3UTCHA CYMMOMR

f=120x, + 90x, + 140x, + 120x,. 7

Coornomerus (42)—(47) 06pasyioT 9KOHOMHKO-MaTEMaTHUECKYIO
MOJeNb JaHHOI 38784y, KOTOpPAsA CBOLUTCHA K HAXOMJEHUIO pellleHUd
{ x; ; xz* ; x; ; x: ) cucTeMbl NHHEMHEIX YPABHEHUH U HEPABEHCTB (42)—
(46), makcuMu3UpPYIOLIEro JTUHERHYO QyHKIMO (47).

TIpeoGpasyem HepaBeHcTBa (45) 1 (46) B sxBUBaNEHTHBIE ypaB-
HEHUHA: :

20x, + 15x, — x, = 1500, (48)
85x, + 80x, ~ x, = 4500, (49)

B KOTODHIX AOIONHUTEIbHbIE NT€PEMEHHEIE X, U X, HEOTPUIlaTeNbHHI,
T. €. x,2 0, x5 2 0. 3Tu mepeMeHHEE B YCJOBUAX 3a[a4H HMEIOT
BIIOJTHE ONpefeJeHHbIN SKOHOMHYECKUN CMBICJI: OHM OIEHHBAIOT Be-
JMYKHY BO3MOMHOTO NIPeBEIINEHUSA PaKTUIeCKoro copa cOOTBETCTBEH-
HO TMIIeHUIb ¥ KYKYPY3hl HAZ MHHHMAJIBHBLIM IIJIAHOBEIM 3a/laHNeM.

3anuureM cHCTeMy OrpaHHYMTENILHEIX ypaBaeHu# (43), (44), (48)
u (49) B hopme xopaanosoit Tabnuus (tabs. 51), JONOTHUB ee CTPOKOH
nesesoit dyuxnun (47).

Tadnumga 51

-X, X, —X -x, —X; —X4 1
0= 1 0 1 0 0 0] 100
0= 0o 1 0 1 0 0| 200
0= 15 0 0 -1 0 |1500
0= 0 0 35 30 0 -1 {4500
f= {-120 -90 -140 -120 0 O 0

Tabaumgab2

-X, —X -x, —x, —Xg 1
0=|-3/ 0 1/20 0 25
0= 1 0 1 0 0 200
x=| 3/4 0 0 -1/20 0 75
0= 0 35 30 0 -1 {4500
f=| 0 -140 -120 -6 0 | 9000

IocsenoparenbHo mpeobpasosuiBas maramu MY raba. 51—54
(BKJIIOYAS ¥ CTPOKY IesieBoH (DYHKINHK) C HOJOMKUTENLHEIMHU paspe-
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IIAIOTUMH 3JIEMEHTAMHU, OTBEYAIOIUMY MUHUMAJIBHBIM OTHOMIEHUAM
CBOOOJHKIX YJIEHOB K IIOJIOXKUTEJIBHBIM 3JIEMEHTAM COOTBETCTBYIOIIIETO
paspelnaroniero cronbna, IpuxoaUM HaKoHeI k Tabn. 55, B KoTopo#t
o * * * * * *
conepaxurca HBEP (omoprelit mnan): (xy; X5; X5 X4; Xg; Xg) =(75; 05
25; 200; 0; 2375).
IlockonsKy B CTPOKe IeneBod (QYHKIUHK HET OTPUIATENbHBIX

JJIEMEHTOB, HOJIyquHLII‘/‘I IIJaH ABJAETCH OINTHUMAJIbHBIM. HpI/I ITOM
fou = 36 500.

Ta6awuia b3

-x, -x, - —X4 1

x, = -3/4 0 1/20 0 25

0 = 1 1 0 0 200

x,=| 3/4 0 -1/20 © 75

0 =| 105/4 774 -1 3625

f = -105 -120 _ 1 0 12 500

Ta6auma 54 Tabnumga 55
X, —Xg —Xg 1 —X, =X 1

x,= | -3/4 1/20 0 25 25
0= 1/8 7/120 |(1/30 475/6 = 2375
x,=| 3/4 -1/20 0 75 = 75
x,= 21/24 77120 -1/301 725/6 = 200
f = 0 8 -4 27 000 = 15 15 36 500

BaMeTHM NMOOYTHO, YTO, €CJU GBI B CTPOKe I1es1eBoil GyHKOuU Tab-
JHIBI, cofiepskalneil ONOPHSLIH IJIaH, OKas3aIca XOTd Onl ONMH OTpH-
naTelIbHEIH 37eMeHT (He cuMTasi cBOGOJHOIO YjleHa), OINOPHEIH IJIaH
6B 6B HEONTHUMANBHEIM H KXOPJAHOBBI UCKJIIOUEHUA CJIeZIOBAJIO IIPO-
OMKKATH, BLIOUpasA paspeniawlinue cTOJIONE! 110 OTPHIATEIbHBIM dJIe-
MeHTaM CTPOKU IleJleBOM (DYyHKIMHW, a paspeniaiolnue CTPOKH — IO
HAVMEeHBIINM OTHOIIEHHSAM CBOOOJHBLIX YJIEHOB K IOJNOXKHTEeJbHBIM
sJIeMeHTaM paapemaioiiero cronbua. W Tak 1o rex nop, NOKa B CTPOKe
He/IeBOi PyHKI[MH HE OCTAHETCA OTPHUIlATENbHEIX 3JIeMeHTOB. B Hamem
JKe cJlydyae pelreHue 3aKOHYEeHO.

HUrax, 118 Toro 4rofsl MAKCHMUBHUPOBATD B JICHEKHOM BBIPaKeHHH
BAJIOBYIO IPOAYKIMIO 1 nmonyunts 36 500 geH. ex., na yuactre I cineny-
er 75 ra oTBeCcTH NOZ NIIEHHUIY, 25 ra — [OL KYKypy3y, a yyactok II
MOJIHOCTBIO 3aHATH KYKYpPY30i (x; = 0). IIpu aToM IJIaHOBOE 3ajJaHue
no niuesuIe 6yaer BHIIOIHEHO (x; = 0), a 1o KyYKypy3e [1epPeBLITNOJI-
Herno Ha 2375 11 (x; = 2375).
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