l'naB_a 10

—
p—

JeTepMnHNpoOBaHHbIe
Moaenn ouHaMmmyecKoro
nporpaMmmMmumnpoBaHuNs

10.1. BBepeHune

Hunamuyeckoe nporpammupoBanue (JIT) ompenenser ontuManbHOE pelIEHHE n-MepHOH
3a1a4u IMyTeM €€ JEKOMIO3ULIMK Ha n 5manog, KaxIbli U3 KOTOPBIX NPEACTABIAET NOA3afauy
OTHOCHUTEJILHO OJHOM NMEPEMEHHON. BRIYHCIUTENBHOE NPEUMYILECTBO TAKOrO MOAXO0AA COCTO-
UT B TOM, YTO MbI 3aHHMAEMCsl PEIICHUEM OJHOMEPHBIX ONTHMHU3ALMOHHBIX MOJ3aa4 BMECTO
6onb1uoi n-MepHOH 3anayn. PyHIaMEHTATBHBIM NPHHLMIOM [II1, COCTaBIAIOINM OCHOBY Je-
KOMITO3MIIMH 33a[]a4 Ha 3Tallbl, ABJIAETCA ONTHMAaJIbHOCTh. Tak kak npupoja Kaxaoro srana
peLIeHHs 3aBUCUT OT KOHKPETHOH ONTMMH3aLMOHHOM 3anadM, Il He npemiaraet BbIYUCIH-
TEJbHBIX AJIFOPUTMOB HENOCPEACTBEHHO IS KaXJOro 3Tana. BelYMCIIUTeNIbHbIE acneKThl pe-
IIEHHUA ONTUMHU3ALMOHHEIX MOA3a/lad Ha Ka)XX[IOM 3Tarne MPOEKTHPYIOTCA U PEAM3YIOTCA 10 OT-
NENBHOCTH (4TO, KOHEYHO, HE UCKITIOYAeT NPUMEHEHUs €IUHOTO ArOPUTMa JUIS BCEX ITAlOB).

10.2. PekyppeHTHas npupoaa
Bbluncnexun 8 Al

Brruncnenus B {1 BBIMONHAIOTCA PEKYPPEHTHO B TOM CMBICIIE, YTO ONTHMAJIBHOE PEleHUe
OJIHOM MOA3aJa4yM UCTONB3YeTCs B Ka4eCTBe UCXOMHBIX JAHHBIX IS Cledyoluell. Pewus mo-
CIIE[HIOI NoA3ajaqy, Mbl NMOJYYHM ONTHMAIBHOE pelleHHe MCXOIHOM 3amaun. Crocol BbI-
TIOJIHEHHSA PEKYPPEHTHBIX BBIYHCIEHH 3aBHCHT OT TOrO, KaK BBITIOJHAETCS A€KOMIO3HLHMA UC-
XOJIHO} 3ana4u. B yacTHOCTH, MoA3ana4n O6BIYHO CBsi3aHbI MeXTy COGOM HEKOTOPHIMH OOLIH-
MM OrpaHH4eHUAMH. Ecnu ocymecTBnsercs nepexon oT OJHOM MOA3afadu K APYroi, TO XOJDK-
HBI YYUTBIBAThCA 3TH OTPaHUYEHHUS.

Ipumep 10.2-1. (3apaua o kpaTyaiiieM nyTH)

INpennonoxuM, He06X0aMMO BhIOpaTh KpaTyalfiuuil MyTh MeXIY ABYMS rOpPOJaMH.
Cersp zopor, nokasaHHas Ha puc. 10.1, npencTaBiseT BO3MOXHBIE MapIUPYThl MEXIY
HCXOIHBIM TOPOJOM, HAXOAAILMMCS B y3Ne 1, M KOHEYHBIM ITyHKTOM, KOTOpPBIH Haxo-
IMTCs B y3nie 7. MaplupyTsl IPOXOAAT Yepe3 NMPOMeXYyTOYHble ropoaa, 0603HaueHHbIE
Ha CeTH y3JlaMU ¢ HoMepaMu 2—6.
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Puc. 10.1

MbI MOXeM peLHTh 3Ty 3afady NOCPEACTBOM MOJHOro nepe6opa BCceX MapHIPYTOB
MexnIy y3aaMH 1 u 7 (MMeeTca naATh Takux MapuipyToB). OnHako B 60JbILIOH CeTH MO-
Hblil epeGop sBnseTcs HedPHEKTHBHBIM C BHIYMCIUTENLHON TOYKH 3pEHHUA.

Yto0bl peiuTh 3Ty 3aJadyy C NMOMOLIbIO METOXOB IWHAMMYECKOrO IpOrpaMMHpO-
BaHMA, CHavyaja pasfieldM ee Ha smanel. BepTHKalbHble MyHKTHPHBIE JHHHH Ha
puc. 10.2 oyepuMBalOT TpH 3Tama 3ajayy. Jlanee BBHIMONHAIOTCA BBIYUCICHUS WIS KaX-
JOTO0 3Tamna B OTAENBHOCTH.

N

7
(2
©
S

Puc. 10.2

OO6was 3azaya COCTOMT B BBIYHUCIIEHMH KpaT4aiux (MOCTENEHHO HAaKaILIUBaeMbIX)
PacCcTOAHUIA KO BCEM BepIUIMHAM 3Tana C MOCIEHYIOIUM HCHONb30BAHHEM 3THX pac-
CTOSHMM B KayecTBe UCXOMOHBIX JAHHBIX IUIA CIEIyIOIIEro dTamna. PaccMaTpuBas y3ubl,
OTHOCSIIHECH K NIEPBOMY 3Tally, 3aMedaeM, YTO KaxIblil U3 y3J10B 2, 3 U 4 CBA3aH C Ha-
YaJIbHBIM Y3J10M | eguHCTBEeHHOM nyroif (puc. 10.2). CnenoBatensHO, 1)1 IEPBOro dTa-
1a UMeeM Clefyolee.

Oman 1. Umozoevle pesynemamal.

Kparuaiimuii myTh k y3my 2 paBeH 7 Muwib (43 y31a 1),
Kparyaiimuit myTts k y31y 3 paBeH 8 Mwib (43 y3na 1),
Kparyaitmmii myTsb K y311y 4 paBeH 5 Muib (U3 y3ia 1).
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Jlanee nepexoauM KO BTOPOMY 3Tally [UI BEIYMCIIEHHUA KpaTyaliiuX (HaKOIUIEHHBIX)
paccTosHuii K y3nam 5 u 6. PaccmaTpuBas y3es 5 nepBbIM, U3 puc. 10.2 3amedaeM, 4To
€CTh TPH BO3MOXHBIX MapllpyTa, 110 KOTOPHIM MOXKHO JIOCTHYb Yy371a 5, a UMEHHO (2, 5),
3, 5) u (4, 5). Ora uHpopMalMa BMECTE C KpaT4alilIUMU PacCTOSHUAMH K y3JiaM 2, 3, 1
4 onpenenset kpaTyaiilee (HaKOILIEHHOE) PacCTOSHHE K Y3JIy 5 clieyloLuM o6pa3oMm.

Kparyaiimmuit ) Kparyaitmuit . Paccrosnue ot
= min =
MyTh K y31y 5 | =234 || MyTh K y31y i y3nai Ky3ny S

7+12=19
=min{8+ 8=16=12 (u3ysna4).
5+ 7=12

AHaJIOTHYHO IS y3/1a 6 MMeeM CIIedyIolLIee.

Kparuaimmit . |( Kparuaitimii . Paccrosnue ot
=min =
OyTb K Y3y 6 ) i=34 || IyTb K y371Y i y3nai Kk y3ny 6
8+ 9=17
= mi =17 3).
min {5+ 13=18} (n3 y3na 3)

Oman 2. Hmozosvie pesynomamul.

Kpartyaiimuit myTs k y3;1y S5 paBeH 12 Munb (43 y3na 4),
Kparuaitumuii myTs k y3my 6 paBeH 17 Mwis (43 y3na 3).

IMocnenuuM waroM sBnAeTca Tpetit tan. KoHeuHblil y3en 7 MOXHO AOCTHIHYTh
KakK M3 y3na 5, Tak u 6. Micnonb3ys UTOroBble pe3ybTaThl 3Tana 2 U pacCTOSHUA OT y3-
JIOB 5 U 6 K y311y 7, nOJTy4yaeM clieylouiee.

(Kpamaﬁmnﬁ J - min {12 +9=21

=21 as).
MyTh K y31y 7 17+6=23} (13 yan )

Oman 3. Hmozosvie peynomamul.
Kparyaifiunii myts k y3my 7 paBeH 21 mune (u3 y3na 5).

IprBeneHHbIE BBIYKMCICHHS NMOKA3bIBAIOT, YTO KpaTyaiilllee pacCTOSHHE MEXIY Y3-
namu 1 u 7 paBHo 21 mune. Fopona, yepe3 KOTOpbie MPOXOAUT KpaT4aiiunii MapLipyT,
ONpENENAIOTCA CleqyouM 06pa3oM. M3 HTOroBbIX pe3ysIbTaToB TPETHEro dTama cie-
NyeT, 4TO y3ea 7 CBA3BIBAETCA € y3JoM 5. Jlanee U3 UTOrOBBIX pe3yJLTaTOB BTOPOro
3JTana ClieqyeT, YTO y3ei 4 CBA3BIBAETCA C y3/I0M 5. HakoHel, U3 UTOrOBBIX pe3yJIbTaToOB
IIEpPBOro 3Tana CiAeHdyeT, YTo y3en 4 cBaA3biBaeTcs C y3noM 1. CnemoBatenbHO, ONTH-
MaJIbHbIM MapLIpyTOM ABJISCTCS NMOCNEAOBAaTENBHOCTh 1—4—5-7.

Tenepb mokaxeM, Kak pPeKyppeHTHBIE BBIYUCIEHHSA AUHAMHYECKOrO NPOrpaMMHpPOBaHHA
MOXHO BBIpa3uTh MaTeMaTHiecku. ITycTs fi(x;) — KkpaTdaiiiee paccTOSHHE IO BEPIIMHBI X; HA
aTane i, d(x;_1.Xx;) — PacCTOsIHUE OT y3J1a x; | IO y31a x; Toraa f; BLIMUCISETCS U3 f;.; C IOMO-
IIBIO CNIEAYIOIIETO PEKYPPEHTHOTO YPaBHEHHS.
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fi(x)= mn‘f},}g},we {d (%102 )+ S (i )}, i=12,3.
(Xi-1 1%; )-MapuipyTaI

Ipn i = 1 nonaraeM fy(xo) =0. DTO0 ypaBHEHHE NMOKA3BIBAET, YTO KpaT4aiflliie pacCTOSHHUA
f{x;) Ha 3Tane i HOJKHBI OBITh BRIpaXKeHbI Kak (QYHKLUH CAEIyIOLIEro ysia x; B TepMuHonoruu
AMHAMHYECKOTO NMPOrpaMMHUPOBAHUS X; UMEHYETCS coCmosHuem CACTEMBI Ha 3Tamne i. B meiict-
BUTEJBHOCTH cOCMOosAHUe CUCTEMBI Ha 3Tane i — 3T0 HHGOpPMauus, CBA3bIBAIOIIAA 3Tallbl MEX-
Iy co6oif, Npx 3TOM ONTHMaJIbHbIE PEIEHUS JUIS OCTaBLIMXCS 3TanoB MOTyT NMPUHUMaThCs Oe3
MOBTOPHO¥ NMPOBEPKH TOTO, Kak OBbLIM MOMy4eHb! pELICHUS Ha NpeabloyILuX dTanax. Takoe or-
penieNieHue cocmosnusl CHCTEMBI MO3BONAET PaCCMATPUBATh KaXKAbIH 3Tan OTAEAbHO U rapaH-
THPYET, YTO PEILCHHE ABJIAECTCA NOIMYCTHMBIM Ha KaXIOM 3Tarne.

Onpenenenne cocmosHuss CUCTEMBbI NIPUBOIUT K CIEMYIOLIEMY YHU(PUUHPOBAHHOMY IOJIO-
KEHHUIO.

Hpunyun onmumansnocmu. Ha xaxaoM 3Tane onTUManbHas CTpaTerus omnpenenstercs
HE3aBHCHMO OT CTpaTeruii, N(pUMEHEHHBIX Ha NpeAbIIyIIHX 3Tanax.

ITpyMeHeHne npHHUMIA ONTHMAIBHOCTH AEMOHCTPUPYETCS BBIYHCICHUAMM W3 NpUMepa
10.2—1. Hanpumep, Ha 3T1ane 3 Mbl HCMONB3yeM KpaT4aifilide MyTH K y3/1aM 5 ¥ 6 U He UHTepe-
CyeMCsl, KaK 3TH y3Jibl 6bUTM ZOCTHUTHYTBI M3 y31a 1.

YnpaxHeHus 10.2,a

1. Pemure 3amauy U3 npumepa 10.2—1 B npeanonokeHHH, YTO UCTIONB3YIOTCS ClIEyIOLIHe
JUTMHBI MaplIPyTOB:

d(1,2)=5,d(1,3)=9,d(1,4) =8,
d(2,5)=10,d(2,6) =17,
d(3,5)=4,4d(3, 6) = 10,
d4,5)=9,d(4,6)=9,

dis,7) =38,

d6,7)=9.

2. S — 3aamnbiit Typuct. IIponiibiM 1eTOM MO ApYT U S OTHPABWIKCH B MIATHIHEBHbBIN MO-
xoJ no npekpacHbiM BenbiM ['opam B mitate Heto-I'emnmup. Mbl pemInig orpaHHYUTh
Halle IyTelleCTBUE TEppUTOpHEll, Ha KOTOpPOHf HAXOAMTCA TPU XOPOLIO H3BECTHbLIE
BepuiyHbl: BamuHrroH, xeddepcon u Anamc. 'opa BamlMHITOH MMEET LIECTHUMHIIb-
HYIO TpOIly OT NOAHOXMA HO BepiIMHbI. AHanoruyHele Tpomsl rop JDxeddepcoHa u
AnaMca UMEIOT JUIHHY 4 M 5 MIWIb COOTBETCTBEHHO. TpPOIBI, COEIUHAIOLIME FOAHOXKUA
3TUX TPEX rop, MMEIOT CNIEOYIOLIYIO IIMHY: 3 MUK MeXTy BeplUMHaMH BammnHrroHa u
Hxeddepcona, 2 Munu Mexxay BepuuHaMu JxeddepcoHa U Axamca U 5 MIWIb MEXIY
BepliMHaMM Anamca ¥ BammHrroHa. B nepBblfi N€Hb MBI CTapTOBalIX OT MOIHOXHUA
BEpIIMHBI BalIMHITOHA U BEPHYJIHUCH B 3Ty XK€ TOYKY K KOHIY msToro aus. Hameit ne-
JIbI0 GBUTO MPONUTH KaK MOXKHO GoJiee MIHMHHBIN MyTh. MBI Takxke PEeLIIN MOAHUMAThCS
KaXXIbl} I€Hb TONBKO Ha OHY BEPIIHHY M PACIONaraThCs jlarepeM y MOJHOXHS ToH ro-
Pbl, Ha KOTOPYIO MBI PELIWIN BOCXOAUTh Ha CleAyroluii 1eHs. Kpome Toro, Mbl pemu-
JiM, 4TO He OyleM MOJHUMATBHCA Ha OOHY M Ty XK€ BEpIIMHY B TEYEHHE IOBYX AHEH moj-
paa. KakuM 6buto pacnucaHue Hawero noxona?
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10.3. PekyppeHTHble anroputmMmbl NpssmMmon
N 06paTHON NMPOroHKN

B npumepe 10.2—-1 BbIMHCIEHUS NPOBOAWINCH NOCNEIOBATENBHO: OT MEPBOro 3Tama 1o
TpeThero. Takas MociieNoBaTeNbHOCTh BBIYUCIIEHUH H3BECTHA KaK ajJrOPMTM NpSIMOi NMpPOroH-
KH. DTOT e NPUMeP MOXKET OBbITh pellleH ¢ IOMOUIBIO aJIropuT™Ma 06paTHO# NMPOroHKH, B CO-
OTBETCTBHM C KOTOPHIM BBIYHCIIEHUS IIPOBOIATCA OT TPETHErO 3Tamna A0 NepBOro.

AnropuT™sl IpsAMOii U 06paTHOH MPOTrOHKH NPUBOIAT K OXHOMY M TOMY XK€ pelleHHio. He-
CMOTpPA Ha TO YTO AJIrOPUTM NpPSAMOH NPOTOHKH NPEACTABIAETCA 60Jiee JIOTHYHBIM, B CIELH-
aJIbHOH JIMTepaType, MOCBAIUEHHOM OMHAMHYECKOMY NpOrpaMMHpPOBaHHMIO, HEH3MEHHO HC-
TI0JIb3YETCs AJITOPUTM 0OpaTHO# MpOroHky. IIpyunHa 3TOro B TOM, YTO B OOLIEM CiTydae anro-
puUTM 00paTHOI MPOrOHKU MOXeET OBITh Gosiee 3 PEKTHUBHBIM C BHIYUCIUTENLHOH TOYKH 3pe-
Husl. [IponeMOHCTpHpYeM UCIONB30BaHHE AIrOpUTMa 00paTHO NporoHkH Ha npuMmepe 10.2-1.
MBI TaKKe NMpeACTaBUM BBIYMCIEHHSA UHAMHYECKOro POrpaMMHpOBaHHA B KOMMAKTHOM Tab-
nu4HOH dopme.

Ipumep 10.3-1

PexyppeHTHOe ypaBHEHHE WISl alropuTMa oOpaTHOH MporoHku B npumepe 10.2-1
HUMEET BUI

(uen:;‘]y‘iigmue {d (xi’x“'l )+ -ﬂﬂ (xi” )}’ i = l’ 2’ 3’
X; \Xi4] )-MBPIIPYTHI

fi(x)=

rae fi(xs) = 0 s x4 = 7. COOTBETCTBYIOLIEH MOC/IEIOBATENbHOCTBIO BBIYUCIIEHHH OyneT
fh-1-

Oman 3. Tak Kak y3en 7 (x4 =7) cBA3aH ¢ y31aMu S 4 6 (x3 =5 ¥ 6) B TOYHOCTHU 0O
HUM MaplIpyTOM, ajbT€pPHATHBBbI Ul BbIOOpa OTCYTCTBYIOT, @ pe3ylbTaThl TPETHEro
3Tarna MOXXHO MOJABITOXHTB CJIEAYIOLIUM 00pa3oM.

416

d(x3, x4) OnTUMabHOE pelieHne
X3 xg=1 Si(x3) X,
5 9 9 7
6 6 6 7

Oman 2. Tak kak MapupyTa (2, 6) He CyILECTBYET, COOTBETCTBYIOILAs A/IbTEPHATHBA HE
paccMarpuBaetcs. Mcrionb3ys 3HaueHus f3(xs;), MOMy4eHHbIE Ha TPETHEM 3Tare, Mbl MOXEM
CpaBHUTb JOITYCTUMbIE ATFTEPHATUBHBIE PEIIEHHs, KaK NT0Ka3aHo B CIIEAyIOLIEiH TabmuLe.

d(xy, x3) + f5(x3) OnTUMalIbHOE pelleHHe
X2 x3=5 x3=6 Sa(x2) x,
2 12+9=21 — 21 5
3 8§+9=17 9+6=15 15 6
4 7+9=16 13+6=19 16 5

OnrTyMaibHOE pellleHUe BTOPOTo 3Tana 03HadaeT cieayiomee. Eciiv Bol HaXOAMTECh
B y3inie (ropone) 2 M 4, kpatyaliiuid myTs K y3;ay 7 MPOXOAMT yepes y3en S5, a eclu
HaXOAUTECH B y3Jie 3, KpaTyaiuuii myTh K y37Iy 7 NpOXOAMT yepes y3en 6.
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Oman 1. Y3 y3na 1 Mbl uMeeM TpHM anbTepHaTHBHBIX MapupyTta: (1,2), (1,3) u
(1, 4). Ucnionp3ys 3HaYeHUs f5(x,), MOTyuYEeHHblE HA BTOPOM 3Tare, BHIYUC/ISEM JaHHbIE
cnenytoileit Tabnyupl.

d(xy, x2) + fr(x5) OnTuMajbHOE pelieHune
X x=2 X =3 x =4 Silxy) X,
1 7+21=28 8+15=23 S+16=21 21 4

OnTuManbHOE pellieHre Ha NEPBOM 3Tane MoKa3bIBAeT, YTO KpaTyalLinii MyTh MPOXOAUT
yepes ropon 4. Jlanee U3 ONTUMAITLHOTO pELIIEHHs HAa BTOPOM 3Tare CleIyeT, YTo U3 ropona
4 neob6xoaMMo IBUraThes B ropon 5. HakoHel, W3 ONTUMANbHOTO pELIEHHs Ha TPEThEM 3Ta-
e ciedyeT, 4To ropon 5 cessaH ¢ roponoM 7. CnemoBaTenbHO, MOJHBIM MapLIpyTOM,
HUMEIOLMM KpaT4aiLryto IJIuHy, aeiserca 1-4-5-7, u ero wivHa pasBHa 21 Mune.

YnpaxxHeHus 10.3,a

1. na 3anayn u3 ynp. 10.2,a(1) nonyuure pekyppeHTHOE COOTHOLIEHHE 0OpaTHOI mpo-
TOHKU M UCNIONB3YHTE €ro Ui MOTy4eHH!s! ONTHMAILHOIO PEILEHUS.

2. Ina 3amaud u3 ynp. 10.2,a(2) nonyuyurte peKyppeHTHOE COOTHOIUeHHe obpaTHoi mpo-
TOHKH M MCNIONB3YHTE €ro Ui NOMTy4eHHs ONTHMAIBHOTO PELUEHHS.

3. Onpenenure KpaTyaiflinii MapipyT Mexxay ropogaMu 1 ¥ 7 Ha ceTH IOpOr, MpeicTaB-
neHHo# Ha puc. 10.3. Onpenenure 3Tanbl U COCTOAHUA CUCTEMBI C MOMOLIBIO aFOPHUT-
Ma o6paTHOIf NPOrOHKH, a 3aTeM pELIUTE 3aaauy.

Puc. 10.3

10.4. HekoTopble NpuoXxeHns
ANHaMN4YeCcKoro nporpaMmmupoBaHuns

B naHHOM paszesie pacCMOTPEHO YeThipe MpUMepa, KaXKIblii U3 KOTOpbIX BeIOpaH mis Je-
MOHCTpaLHK¥ METOJOB JUHAMHYECKOT0 MPOrpaMMHUpPOBaHuUA. [1pH pacCMOTpEHUH KaxIOro Mpu-
Mepa ocofoe BHUMaHHe 0OpaTHTe Ha TPH OCHOBHBIX dJIEMEHTa MoJelieii JMHaMHU4YeCKOro mpo-

rpaMMHUPOBaHHUA.
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1. Onpenenenune smanos.
2. OnpenesneHue Ha KaXXI0M dTale 6apuanmog peuieHus (albTepHaTUB).
3. Onpenenenuie cocmosiHuil Ha KaXKA0M JTare.

U3 nepeyucieHHBIX BBILLE 3JEMEHTOB MOHATHE COCMOsHUS, KaK TIPABUIIO, MPECTaBILeTCs
BECbMa CJIOKHBIM U1 BOCTIPUATUA. PacCMOTpeHHbIe B 3TOM pa3szienie NMpUIoKeHUs NOCNen0Ba-
TENbHO TOKa3bIBAIOT, YTO ONpE/eSIeHHE COCTOSIHUSA MEHAETCS B 3aBUCHMOCTH OT MOZENHpYye-
Moif cuTyauuu. JIpy pacCMOTPEHHH KaXI0ro MPUIOKEHHs MOJIE3HO OTBETUTh Ha CleXyIOLIUe
BOMpOCHL.

1. Kakue COOTHOLIEHHS CBA3BIBAIOT 3Tanbl BMECTE?

2. Kaxas undopmauus HeobXxoaMMa i TOro, YyToObl MOJTYYHTh AOIMYCTHMbIE PEILEHHUS Ha
Teky11eM 3Tane 6e3 OBTOPHON MPOBEPKH pelIeHUi, MPUHATHIX Ha MpeAblayLIHX dTanax?

Moii onsIT npenonaBaHys MOKa3bIBAET, YTO MOHATHE COCMOAHUA YNAETCA ITy0Xe YyACHUTb,
€CJIM MOCTABUTh MOA COMHEHHUE OTpele/IeHHe COCTOSHUSA, KOTOPOE MpPEMIOKEHO B HAcTOSLIEH
KHHUre. PekoMeHIyeM BOCHONb30BAThCS KaKUM-JIMOO IpYruM omnpenesieHHEeM, KOTOpOe IOKa-
&KeTcs BaM “‘60s1ee JIOTMYHBIM™, U IPUMEHUTH €ro B PEKYPPEHTHBIX BHIYUCIEHUAX. B kOHeuHOM
cyeTe Bbl CMOXeTe YOeIUThCS, YTO NPUBEAEHHbBIE 31eCh ONpeneeHus 00ecrneuuBaloT KOPPEKT-
HOe pellleHHe 3a7ay. B To ke BpeMs mpemwnoxeHHsIH nmoaxon 6ynet cnocob6cTBOBaTh BalleMy
TIOHMMaHHIO CaMOif KOHUEMUUU COCTOSIHHUA.

10.4.1. 3apaya o 3arpyske

3ajaua o 3arpy3ke — 3TO 3a7a4a O pallMOHANBHOM 3arpy3ke CynHa (camoneTa, aBTOMALHHb U
T.IL.), KOTOPOE UMEET OrpaHHueHHs No 00beMy MU Ipy30noabeMHOCTH. Kaxablii moMelleHHBbIiH
Ha CyIHO Ipy3 NPUHOCHT ONpeleNeHHYy0 NMpUOBUTb. 3ajaya COCTOUT B ONMpeNeNeHUH 3arpy3ku
CyZHa TaKUMH Ipy3aMH, KOTOPbIE MPHHOCAT HAHGOJIbILYIO CyMMapHYHO NPUObLIb.

[Mepen TeM Kak NPeACTaBUTb COOTHOLIEHUS TUHAMUYECKOTO NIPOrPAMMUPOBAHHS, 3aMETHM,
YTO paccMaTpuBaeMas 37leCh 3alaya M3BECTHa TakKe KakK 3afaya O CHapsi’KeHHH, Tle MUIOT
PEaKTUBHOTO caMolieTa NOJDKEH OMpelesuTh Haubonee LieHHble (HEOOXOMMMbIE) MpPEIMETHI,
KOTOpbIE CliedyeT B3iTh Ha GOPT camoJsieTa, WK KaK 3aja4a 0 ploK3aKe, B KOTOpOW cojiiar
(W1 TypHCT) DOMKEH OMpeseuTh HauboJlee LIeHHble MpeAMEThI, MOAexKalIle 3arpy3Ke B pa-
Hell (prok3ak). KaxeTcs, YTo TpH yNOMAHYTbIX Ha3BaHWA 1/ ONHOM W TOM ke 3amauu ObUIM
BbIOpaHbl I TOro, YToObl rapaHTUPOBaTh pPaBHOE IPEACTABUTENLCTBO BOEHHO-MOPCKOIO
¢noTa, BO3OYLIHBIX CHJI U apMUH!

PekyppeHTHOe ypaBHeHHe NpoLEeaypbl OOpaTHOM MPOrOHKK BBIBOAWTCA Mis 0OLuel 3axauu
3arpy3ku CyIHa rpy30NoJbeMHOCTbIO W npenMeToB (rpy3oB) # HauMeHoBaHuit. ITycTs m; —
KOJIMYECTBO MPEIMETOB /-I0 HAMMEHOBAHUS, MOIEXAIUX 3arpy3ke, r; — MpUObLUIb, KOTOPYIO
NPUHOCHT OZIMH 3arpyXeHHbli NpeaMeT i-r0 HAUMEHOBAaHUs, w; — BEC OJHOrO NpeaMeTa i-ro
HanMeHoBanys. OO6lyas 3agaya MMeeT B Clieqylonleil LENOYHCIeHHON 3aJaqyd JIMHeHHOro
HPOrpaMMHpPOBaHHS.

MakcUMHU3NPOBATh Z = ryiny + rhiy+ ... + ryimy,
NP YCIOBHH, YTO

wimy+ waniy + ... + wm, < W,
my, my, ..., m, 2 0 ¥ Hejble.
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Tpu 31eMeHTa MOAENH AWHAMHYECKOrO NPOrpaMMHPOBAHHA OMPENENAOTCA CIeLYIOIHUM
obpazom.

1. Oman i cTaBUTCSA B COOTBETCTBUE MPEIMETY i-r0 HAMMEHOBaHus, i = 1, 2, ..., n.

2. Bapuanmel pewerun Ha 3Tarne i ONUCHIBAIOTCS KONMYECTBOM /17; IPEAMETOB i~r0 HAUMEHOBa-
HHA, Nowiexalumx 3arpy3ke. CooTBeTCTBYIOIAs NPUOLLIL paBHa ryny;. 3HAYEHHE /n; 3aKIIH0-
yeHo B npezenax ot 0 no [W/iw)], roe [ Wiw,] — uenas yactb uucina Wiw;.

3. Cocmosinue x; Ha 3Tarne i BbIpaXkaeT CyMMapHblif BeC peIMETOB, peLIeHHs O Morpyske
KOTOpPbIX MPUHATH HA 3Tamax i, i + 1, ..., n. 3T0 onpeneneHHe oTpaxaer TOT (akT, 4To
OrpaHUYEeHHeE 10 BeCy SBJIAETCA €IMHCTBEHHBIM, KOTOPOE CBA3LIBAET /1 3TalOB BMECTE.

ITycTs fi(x;) — MakcumalibHas CyMMapHas npuOblIb OT 3Tanos i, i + 1, ..., n NMpu 3agaHHOM
COCTOSAHHH X;. [Ipoliie Bcero pekyppeHTHOE YpaBHEHHE ONPEAENAeTCA € MOMOLLBIO CleayIoLeH
JBYXLIAroBO¥ NpoLEMLypbI.

Iar 1. Beipa3uM f(x;) Kak GyHKUHIO fi.i(x;.1) B BUIE

fi(x)= max {r‘.m,. + fin (xm)}, i=12,..,n,

m;=0,1,..., ;7:‘
X =0,1,...,

roe f;l+l(xn+l) =0.

Illar 2. Bripa3uM x;;; Kak QyHKUHUIO Xx; A FAPaHTHU TOTO, YTO JIEBass 4acTh Nocien-
HEro ypaBHeHMs sBnsieTcsi (pyHkuMel auwb x;. ITo onpeneneHmio x;— X
npeacraBaseT coboit Bec, 3arpyKEHHbIA Ha 3Tare i, T.€. X;— X = wWin; WK
X1 = X;— wym;. ClienoBatenbHO, PEKYPPEHTHOE ypaBHEHHE npuodpeTaer ce-
LYIOLUMIA BUA.

w
n=0,1,..,| =
1 =0,1,...[ &

f (xi)= max ]{r,.m,. + fin (x,. - wm, )}, i=12, .., n

x=0,1,...,

ITpumep 10.4-1

B 4-ToHHBIf caMoJieT 3arpyxaroTcs NpeaMEThl TpeX HauMeHoBaHui. [IpuBeneHHas
HIKe TabJMia CONEPIKUT JaHHbIe O Bece OAHOro npeaMeTa w; (B TOHHAX) U NMPUOBIH r;
(B ThIcAiYAX JOJIAPOB), MOJMyHaeMO# OT OQHOrO 3arpyXeHHoro npeamera. Kak Heo6xo-
IMMO 3arpy3uTh CaMoJeT, YTOObI OTyYHTb MaKCHMaJIbHYIO NPHObLUIL?

[peamer i w, r,
1 2 31
2 3 47
3 1 14

Tak kak BeC OAHOIO npeaMmera w; Ijiad BCEX HaMMEHOBAHUU M MaKCUMaJbHbIi Bec W
NPUHUMAIOT LEJIOYHUCIICHHBIE 3HAYE€HHUsA, COCTOAHHUE X; MOXKET NPHUHUMATh JIMIIbL LEJIO-
YUCJICHHBIC 3HAYCHHUA.
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Oman 3. TouHbl#l BeC, KOTOPbI MOXET OBbITH 3arpyXeH Ha dTane 3 (NpeIMET Ha-
MMEHOBaHUs 3), 3apaHee HEM3BECTEH, HO OH JOJDKEH NMPUHUMAaTh OOHO W3 3HaueHuit 0,
1, ..., 4 (Tak xak W =4 ToHHbI). CocTosiHUA x;= 0 U x3 =4 npeacrasisator coboit kpaii-
HHE cily4yaH, KOria MpeamMeThl TPEThero HauMEHOBaHUsS COBCEM HE 3arpyaioTci Wid
3arpy’»aroT caMoJIeT NosHOCTh0. OcTanbHble 3HaueHus x; (= 1, 2 wiu 3) npeanonaraiot
YaCTUYHYIO 3arpy3Ky camosiera MpeaMeTaMu TPeThbero HauMeHOBaHHUs. JleHCTBUTENBHO,
MpH 3TUX 3HAYEHHMAX X3 BCE OCTABIIMECH €MKOCTH CaMoJieTa MOTYT ObITh 3arOJHEHbI
NpeAMeTaMU TPETbero HanMEHOBAHHUA.

Taxk kak BeC w3 OJHOrO NpenMeTa TPETbero TUIa paBeH | TOHHe, MaKCUMallbHOE KO-
JIMYECTBO €AWHHULL 3TOr0 THUMA, KOTOPOE MOXKET ObITh 3arpy»xeHo, paBHoO [4/1] =4. D10
03HA4aeT, YTO BO3ZMOXXHBIMH 3HAaUYEHUAMH X5 OynyT 0, 1, 2, 3 u 4. Pewuenue m; ansercs
JOMYCTHMBIM JIMIIb MPH YCIOBUH, YTO wym; < Xx;. CienoBarenbHO, Bce HEAONMYCTHMbIE
aNbTepHATUBBI (Te, U KOTOPLIX W3ins> X3) UCKIoueHbl. Crenyiolee ypaBHEHUE SABISA-
€TCs OCHOBOH 11l CpaBHEHHS albTEPHATHB Ha dTarne 3.

fi(x)= max {14m;}, max{m,}= [%:l =4.

B caenyroueit Tabauue CpaBHUBAKOTCA NOIMMYCTUMBIE PELICHUS JI KaXXI0ro 3Have-
HHA X3.

14m; OnTUMabHOE pelieHHe
X3 m3=0 | my=1 m;=2 | my=3 | my=4 f3(x3) m,
0 0 — — — — 0 0
1 0 14 — — — 14 1
2 0 14 28 — — 28 2
3 0 14 28 42 —_ 42 3
4 0 14 28 42 56 56 4
Oman 2.
£, (x,)=max{47m, + £, (x, -3m, )}, max{m,}= %i} =1.
47m, + f3(x; — 3my) OnTuMaibHOE pelieHUe

X2 my;=0 my =1 Ja(x2) m,

0 |0+0=0 — 0 0

1 [0+14=14 — 14 0

2 |0+28=28 — 28 0

3 0+42=42 47+ 0=47 47 1

4 0+56=56 47+ 14 =61 61 1

Oman 1.

fi(x)= max {31m, + £, (x, =2m,)}, max{m}= ‘:g-]

2.
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31my + fo(xy —2my) OnTtumasnbHOE pelieHue
X1 m=0 my=1 my=2 Silxy) ml‘
0 0+0=0 — — 0 0
1 0+14=14 — - 14 0
2 0+28=28 |31+0=31 — 31 1
__3__|0+47=47 |31+14=45 | _ - il I a7 ___L__ 0__.
4 0+61=61 31 +28 =159 62 +0=62 62 2

OnTtuMalbHOE pelleHue ONMpeAeNseTcs Tenephb CieayrommM obpazoM. U3 ycnosus
W =4 cnegyer, 4TO NepBbiii 3Tan pelleHHs 3a1a4yu NpH x; = 4 JaeT ONTUMaJbHOE pellie-

HUE m, =2, KOTOPOE 03HayaeT, YTO [Ba MPEeMETa NEpPBOro HauMEeHOBaHUs OyayT 3a-
TPY’KEHBI B caMoJieT. DTa 3arpy3ka OCTaBlseT X,=x,—2m =4 —2x2=0. Pewenue
Ha BTOPOM 3Tarne Mnpu x, = 0 NMPUBOAMT K ONTUMAIBLHOMY pelieHHo m; = 0, KoTopoe, B
CBOIO OY€pENb, JAET X3 =X2— 3 m; =0 —3 X0 =0. lanee 3tan 3 npu x3 = 0 NpUBOAUT K
m; = 0. CnefoBaTeNbHO, ONTUMAIBbHBIM PEILEHHEM 3alauu sBuseTcs m, =2, m) =0 u
m, = 0. CooTBeTCTBYIOWAsA NpHOBLIL paBHa 62 000 nostapos.

B Ttabnuue ans mepBoro 3Trama Ham, MO CYIIECTBY, HEOOXOOMMO MOJYYHUTh OMNTH-
MaJIbHOE pewleHHe JHMb LIS X; =4, TaK KaK 3TO MOCJIEAHHMI 3Tamn, Moajekalnuii pac-
cMoTpeHuo. OnHako B TabNuLy BKJIOYEHbI TaKxkKe BblUMCIeHus aid x; =0, 1, 2 u 3, ko-
TOpbI€ MO3BONAIOT NPOBECTH aHAIM3 YyBCTBUTENbHOCTH pewieHus. Hanpumep, 4To npo-
U30MIET, €CIK MaKCUMallbHasi TPpy30MOAbEMHOCTh camoJieTa Oyner 3 TOHHBI BMeCTO 47
HoBoe onTtumanbHOe pelieHHe MOXeT ObITh ONpelesieH0, HauuHas C X; = 3 Ha MepBoM
3Tarne ¥ NpoJonKas TakK, KaK Mbl OCTYMANHU NpH x; = 4.

3amaya o 3arpyske sBJISETCS THIMYHBIM NPEACTABUTENEM 3a1aul pacnpedeneHus pecypcos,
B KOTOpOH OrpaHMYeHHbI#f pecypc pacrpelesiseTcs MeXIy KOHEYHbIM YMCIOM BHIOB
(3KOHOMHYECKOIf) HeATeNnbHOCTH. [Ipy 3TOM LeNbI0 ABAAETCA MAaKCHMH3aLHMS COOTBETCTBYIO-
wekt GpyHxuuu npubsUIM. B Takux Momensax onpenesieHHe COCTOSHUS Ha KaXKIOM 3Tane OyaeT
QHAIOTMYHO NMPUBEJEHHOMY [JIS 3aa4y O 3arpy3Ke: COCTOSHHEM Ha 3Tarle / ABJSETCS CyMMap-
HOE KOJIMYECTBO pPecypca, pacnpeaensieMoro Ha aTanax i, i + 1, ..., n.

YnpaxHeHus 10.4,a

1.

2.

B 3anauye npumMepa 10.4—1 onpenennre ONTHMaIbHOE pPELEHHE, IPEANoaras, 4YTo Mak-
CHUMaJlbHas rpy30NoJbEMHOCTb CAMOJIETA COCTABJSAET 3 TOHHBI.

Pewure 3anavy o 3arpyske u3 npumepa 10.4—1 w1 kaxao0ro U3 ciaeIyloLIMX CIIy4yaes.

a) w|=4,r1=70,w2= 1,r2=20,w3=2,r3=40, W=6.
b) wi=1,r,=30,w,=2,r,=60, wy=3, r;=80, W=4,

. TypHCT co6upae1‘ca B MyTELIECTBUE 110 IVKO MECTHOCTH M IOJIKEH ynakoBaTh B PHOK-

3aK NpeIMeThl TpeX HaHMEHOBaHMIL: MUILY, CPENCTBa NePBOi MOMOIIH 1 onexay. O6b-
€M proK3aka cocTaBiseT 3 KyOuueckux ¢yra. Kaxpas equHuua maimd 3aHumaer 1 ky-
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Ouueckuii ¢yT, ynakoBka cCpeiCTB NepBOii MOMOLIM — YE€TBEpTh KyOudeckoro ¢yra, a
OTIEJbHBIH TIpEIMET OJEXIbl — NPHUMEPHO NMOJOBHHY Kybuueckoro ¢yra. Typucr on-
peneaus CBOM MNPEANOYTEHUs BECOBBIMHM KodbduuMeHTaMH 3, 4 U 5 — Iis nuiy,
CpPEICTB MEePBOii OMOLLH U OIEXKIbl COOTBETCTBEHHO. DTO 03HAYAET, YTO OAEKAA ABJIS-
€TCS CaMbIM LIEHHBIM MPEIMETOM CPeNU OCTalbHbIX. OMBIT MOACKA3bIBAET TYPUCTY, YTO
OH JIOJDKEH B34Th HE MEHEE OJIHOrO NpeaMeTa KaJ0ro HaMMEeHOBaHHsA U He 6onee aByX
KOMIUIEKTOB CpEACTB nepBoi noMouy. CKOJNBKO €OUHHML KaXJOro HaMMEHOBaHHUA
BO3bMET TYPHUCT B roxon?

. CryzmeHt noykeH BbiOpaTh 10 ¢akynbTaTHBHBIX KypCOB Ha YeThIpEX pa3IMuHbIX (a-

KyJbTeTax, MPUYEM Ha KaKAOM (akysbTeTe NOMKeH ObITh BbIOpaH Mo MeHbLIeH Mepe
OIMH KypC. DTH KypChl pacrpenensioTcs Mexay (axkyabTeTaMi TakHM 06pa3oM, 4ToOb!
MaKCUMH3HpOBaTh 00beM “3HaHuii”. CTylEeHT OLIEHMBAET 3HAHMUS MO LIKaje B CTO Ga-

JIOB ¥ NPUXOOHUT K BbIBOJaM, NMpPEACTABJIEHHBIM B cnenylomeﬁ Tabnuue.

Homep kypca
DakynabreT 1 2 3 4 5 6 >7
I 25 50 60 80 100 100 100
11 20 70 90 100 100 100 100
111 40 60 80 100 100 100 100
1V 10 20 30 40 50 60 70

Kaxwue xypcsl cnenyer BeIOpaTh CTyaeHTY?

. ¥ mens Bo nBope umeeTcs Hebonbioii oropoa 10 X 20 ¢ytoB. Dot BecHo# 51 cobupa-

10Ch [I0CaAUTh OBOLUM TPEX BUAOB: MOMHIOPSI, 3esieHble 60651 U KyKypy3y. Oropoa pas-
OuT Ha pafbl, UIHHA KOTOPBIX paBHa 20 ¢dytam. Kykypy3a U moMunopbt 3aHUMAIOT pAbI
wMpuHoit 2 dyra, a 3eneHsle 60661 — 3 ¢yta. [ToMunops! MHe HpaBsaTcs Gonblue, a 60-
6b1 Menblue. ITo 10-6annbHOM 1Kane MpeanodTeHui s Obl npucBoun nomunopam 10
6amnoB, kykypy3e — 7 6ajuioB M 3eneHbIM 606aM — 3 Gaina. HezaBucHMO OT MOMX
NIPpEANOYTEHHMH, )KEeHa HACTaUBaeT, YTOObl s MOCaauil He MEHee OINHOro psAna 3eNeHbIX
60608 ¥ He Gonee ABYX psAnOB MOMHAOPOB. CKOJBKO PSIOB KaXKAOro BUA OBOLIEH ciie-
IyET MHE NOCaauTh?

. “Xunuwe ana YenoseuecTBa” — npekpacHas 6J1aroTBOpUTebHAs OpraHu3aius, Ko-

TOpas CTPOMT JoMma i OeAcTByrolMX ceMel cunamu no6poBoibLeB. Takas ceMbs
MOXeT BbIOpaTh ceGe noM u3 Tpex Thnopasmepos: 1000, 1100 u 1200 kBagpaTHBIX
¢yToB. JIoM Kaxnoro TumopasMepa TpeOyeT BBLINOJIHEHUS ONpenesieHHOro obnema
pabot cunamu nobpoBonblieB. dunuan opraHuzauuu B ropone QOaHTBULT MOTYyYHI
NATh 3a4BOK Ha MpPEACTOAIUME LIECTh MecAueB. KOMHUTET No Haa3opy AaeT OLEHKY
KaXJI0oM 3asBKe B YHUCJIIEHHOM BHUJE, NPDHHUMas BO BHUMAaHHE pa3iHyHble (HaKTOpBbI.
bonee Bbicokas OUEHKa Oo3HayaeT 0ojee OCTpyr MOTPeOHOCTh B XXWiIbe. B TeueHue
NpeCTOALUMX LIECTH MeCsLEB GUIMa OpraHU3allMKi B 3TOM [OpoJe MOXKET NPHUBJIEYb
K pabore MakcumyM 23 no6poBonbua. Crnenyrouias Tabnuia COTEPKUT OLEHKY Kaxk-
101 3a9BKU U HE0OX0IMMOE YHCIIO N0OPOBOIIBIIEB NS €€ BHIMOMHEHUA. Kakue 3asBku
ClieqyeT yTBEpAUTb KOMUTETY?
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3asiska  Pasmep noma ((byTOBZ) OueHka  Heobxoaumoe yucno 106poBosibLEB

1 1200 78 7
2 1000 64 4
3 1100 68 6
4 1000 62 5
5 1200 85 8

7. lllepu¢ okpyra BammyHITOH NpUHUMAET y4acTHe B nepen3OpaHuu Ha CleNyIOLIHii CPOK.
JleHexxHble CpelCTBa Ha MNpeaBbIOOPHYIO KaMMaHHIO COCTaBisAlOT mpumepHo 10 000
noynapoB. XOTS KOMHUTET 1O nepeu3bpaHuio XoTea Obl MPOBECTH KaMMaHHIO BO BCEX
NATH U30HMpaTENbHBIX Y4acTKaX OKpYra, OrpaHHY€HHOCTb JEHEXKHBIX CPEACTB Npelnu-
CbIBAeT AeHCTBOBAaTh No-ApyroMy. [IpuBedeHHas Hike TablMUAa CONEPKUT JaHHbIE O
yucne u3dupareneit U JEHEXHbIX CPEACTBAX, HEOOXOAUMBIX UIA NPOBENEHHS YCHELIHOM
KaMIIaHUU MO KaXXIOMy u3buparenbHoMy y4yacTKy. Kaxablit ydacTox Moxer aubo uc-
N0/1b30BaTh BCE NMpeAHAa3HaYeHHbIE NEHbIH, MO0 BOBCE WX HE UCMonb3oBaTh. Kak cie-
IyeT pachpeneauTh JeHEeXHbIe CpeacTsa?

VYyacTok Yucno uzbuparesneii Heobxonumsie cpenctsa ($)
1 3100 3500
2 2600 2500
3 3500 4000
4 2800 3000
5 2400 2000

8. KoHcTpyupyeTcs 31eKTpOHHBIH Npubop, COCTOAIIMI U3 TPEX OCHOBHBIX KOMIIOHEHTOB.
Bce KOMIOHEHTBI COENMHEHB! NOCEN0BATENbHO, NIO3TOMY BBIXOA U3 CTPOS OJHOTO W3
HUX BJieyeT 3a coboii oTka3s Bcero npubopa. HanexHocTh (BEpOATHOCTb Ge3aBapHitHO
paboTel) Npr6Gopa MOXHO NMOBLICUTH ITyTeM AyOJMPOBaHUA KaXxIOro koMrnoHeHrta. Kou-
CTpyKUHs MpUOopa NOMycKaeT MCIOJb30BaHUE ONHOTO WM JABYX pE3epBHBIX (Mapai-
JIeNbHBIX) GJIOKOB, T.€. KaXKIblii KOMIOHEHT Npubopa MOXKET coaepxaTb 10 Tpex 6Jo-
KOB, COEIMHEHHBIX MapautenbHo. Crnemyroias Tabiiua coaep>XUT JaHHbIE O HalleXHO-
CTH ¥ U CTOUMOCTH KOMIIOHEHTOB Npubopa.

Yucno napanneabHbIX KomrmoHeHT 1 KOMMOHEHT 2 KommnoHneHT 3
6JI0KOB 7 c;($) rs ¢, ($) r; c: (9)
| 0.6 1000 0.7 3000 0.5 2000
2 0.8 2000 0.8 5000 0.7 4000
3 0.9 3000 0.9 6000 09 5000

O6uas cyMMa, BbifieJIeHHas Ha KOHCTpyHpoBaHHe mpubopa, paBHa 10 000 nonnapos.
Kak cnenyet ckoHctpyupoBath npubop? (Cosem. Hama 3agaya COCTONT B MaKCHUMH3a-
LMY HalIeXXHOCTH r|rpr; IpUGopa. DTO 3HAUMT, 4TO LeneBas QYHKUMS SBISETCH MYJIbTH-
TUIMKATUBHOM, a He aJIUTHBHOIA.)

9. Peuure CJICOYIOLIYIO 3aJa4y C MOMOLUBIO METOAa AMHAMHYECKOro NMMporpaMMUpPOBaHUA.

MaxkcUMH3HPOBATh Z = Y1Y;...Yn
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IIpH YCIIOBUAX

Y1 +)’2+ +yn= (&

in O, i= l, 2, ey N
(IToockazka. OTO ynpaKHEHHE aHANOTMYHO MpebIAYIIEMY YNPaXHEHUI0, HO C TOH
JIMLIB pa3HULIEH, YTO NEPEMEHHBIE y; ABJIAIOTCA HEMPEPbIBHBIMU.)

10. Pemnre cnenyrouryio 3amauy € HCHOJIB30BAaHHEM METONA AMHAMHUYECKOTO NMpPOrpamMMH-
pOBaHHs.

MHHMMU3HPOBATD Z = Y} + Y2 +...+ Yy}

IIpH YCJIOBHUAX
Y1Y2--Yn =€,
yi> 0, i=1, 2, ey 1.

11. Pewiure caenyroouryto 3afadyy NOCPEICTBOM MeETOJa JUHAMUYECKOTO MPOrpaMMHUpO-
BaHUA.

Makcnmusuposats z = (y, +2)° +y,y; +(y, =5)’

NIPH YCJIOBUAX
it y2ty3t ya<5,
yi2Ouuensle, i=1,2,3,4.

12. Pewure cnemyouyo 3aaqy ¢ NOMOILBIO METOAA JUHAMUYECKOTO NPOrpaMMHUpPOBaHHA.
MunnmMusupoBats z = max{fy,), Ay2), ---» Lyn) }

TIpH YCIOBUAX
yty:t..+y.=c
yi20,i=1,2,..n

Haitnute peleHue 3anauu npy yciaoBuu, 4to n =3, ¢ =10, Ay)) =y, + 5, Ayz) =5y, + 3

Hflys) =y3—2.
10.4.2. 3agaya nnaHMpoBaHNs paboyen Cunbl

ITpy BBIMONHEHUH HEKOTOPLIX MPOEKTOB YKCIO paboyuX, HEOOXOAMMBIX IS BHIMOTHEHUS
KaKoro-nu6o NpoexTa, perynupyeTcs myTeM UX HaiiMa M yBonbHeHus. [TOCKONbKY Kak HaeM,
TaK W YBOJbHEHHE paboyMX CBA3aHO C NOMOJNHHMTENbHBIMH 3aTpaTaMH, He0OX0OUMO ompene-
JIUTh, KaKUM 06pa3oM NOKHA PEryJIHPOBaThCA YHCJIEHHOCTh pabouuX B NMEPUOI peann3aluu
TIpOeKTa.

[Mpennonoxum, YTo NPoEKT GyAeT BBINOMHATLCA B TEYEHHUE 1 HENENb U MHUHUMaJbHAaA TO-
Tpe6HOCTh B paboueii cuie Ha NPOTMKEHUH i-i1 Helenu cocTaBut b; pabounx. IIpu uaeanbHBIX
YCTIOBUSAX XOTeJIoCh Obl Ha NMPOTSHXKEHUHU i-if Hellenu UMeTh B TOUHOCTH b; pabouunx. OnHako B
3aBHCHUMOCTH OT CTOMMOCTHBIX MOKa3aTened MOXeT ObITh OoJiee BbIFOAHBIM OTKJIOHEHUE YHC-
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JIeHHOCTU paboyei cuibl Kak B OAHY, TaK U B APYIyl0 CTOPOHY OT MHHMMaJIbHbIX MOTpeGHO-
creif. Ecnu x; — Konu4yecTBo paboTaloOLIMX Ha MPOTHKEHUH i-i HEleNH, TO BO3MOXHBI 3aTpaThl
aByx BuIoB: 1) C(x; — b;) — 3atpartbl, cBA3aHHbIE C HEOOXOAUMOCTBIO COEPKaTh U3OBITOK X;—
b; paboueit cunbl U 2) Cy(x; — x;_;) — 3aTpaThl, CBA3aHHbIE C HEOOXOIUMOCTBIO IONOTHUTEb-
HOro HaiiMa x; — x;_; pabouux.

DnemMeHTbI MOZIENH AMHAMHYECKOro NPOrpaMMHUPOBaHUA ONPEENIIOTC ClleLyOLMM 00pa3oMm.

1. Oman i npeacTaBnseTcs MNOPAAKOBLIM HOMEPOM HEAeNU i, i =1, 2, ..., n.

2. Bapuanmamu pewenus Ha i-M 3Tane ABJAIOTCA 3HAYEHHUA X; — KOJIUYECTBO paboraro-
IMX HA MPOTXKEHUH i-i Heldemnu.

3. CocmosHuem Ha i-M 3Tamne ABIAETCHA X;.; — KOJHYECTBO paboTaoLMX Ha MPOTHKEHUH
(i — 1)-# Henenu (3Tana).

PekyppeHTHOE ypaBHEHHE JUHAMHUYECKOTO IPOrpaMMHUPOBAHHs NPEACTABSETCA B BUAE
fi(xa)= min {€(x=8)+Cy(x,—x,)+ fin (%)}, i=12,..m,

rae fy.+1(x,) = 0. BeluHCIeHUA HAYUHAIOTCS C 3Tana 7 NMpH X, = b, 1 3aKaHYUBAIOTCA Ha Tane 1.

I[Ipumep 10.4-2

CTpouTeNbHbIN MOAPAAYMK OLEHMBAET MUHUMAJIbHbIE NIOTPeOHOCTH B paboueii cuie
Ha KaXOYyl M3 MOCIeoyIOLUX MATH Helenb cieayromwum obpasom: S, 7, 8, 4 u 6 pabo-
yux cootBeTcTBeHHO. ConepkaHue u30biTka paboyed cuiabl 06X0aUTCA MOAPATUHMKY B
300 nonsapoB 3a ogHOro paboyero B HEAENO, a HaeM paboueil Ciibl Ha NPOTAKEHNH
onHoii Henenu o6xomurcs B 400 monnapos mwitoc 200 nosnnapos 3a ogHoro pabouero B
Heaenio.

Bripaxas C; v C, B COTHAX HOJUIapOB, UIMEEM ClledyiOllee.

b1= 5, b2= 7, b3= 87 b4= 4s b5= 61
Cl(x,-— b,) = 3(1’,‘—' b,‘), Xi> b;, i=1,2,..5,
Cz(x,‘ —x,-_l) =4+ 2(x,- ~x,-_1), Xi > Xi1» i=1,2, ceey 5.

Bman 5. (bs = 6).

Ci(xs — 6) + Co(xs — x4) OnTuMasbHOE pelieHre
X4 Xs=6 Ss(xs) X
4 30)+4+2(2)=8 8 6
5 30)+4+2(1)=6 6 6
6 3(0)+0=0 0 6
Oman 4. (by=4).
OnrumanbHoe
Cl(x4 - 4) + Cz(x4 - 13) +f5(X4) pemeH"e
X3 X =4 x4=35 X =6 filxs)  x;
8 3(0)+0+8=8 3(D+0+6=9 32)+0+0=6 6 6
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Oman 3. (bs = 8).

Ci(x; — 8) + Co(x;3 — x) + £4(55) OnTUMalibHOE pelIeHte
X2 x=8 fi(x2) x;
7 30)+4+2(1)+6=12 12 8
8 30)+0+6=6 6 8

Oman 2. (b, =17).

Ci(x = 7) + Ca(xs — x2) + f3(x2) OnTHManbHOE pelieHue
X X =17 x =38 Salxy) X,
51300)+4+2(2)+12=20 | 3(1)+4+23)+6=19 19 8
6 |300)+4+2(1)+12=18 | 3(1)+4+2(2)+6=17 17 8
7 130)+0+12=12 3()+4+2(1)+6=15 12 7
8 1300)+0+12=12 3(D+0+6=9 9 8
Oman 1. (b, =5).
OntnmainbHOE
Ci(x1 = 5) + Cao(x1 = x0) + folx1) pelieHue
Xo =35 x =6 xn=17 x=8 fi(xo) x
0 1300)+4+2(5) [3(1)+4+2(6)|3)+4+2(7)|3(2)+4+2(8)| 33 5
+19=33 +17=36 +12=36 +9=35

OnTMMasIbHOE pelleHHe ONpe/IENSeTCs NOCeN0BaTENbHO CleAyIOLIM 06pasoM.
w=0—>x =55 x, =8> x;, =8->x; =6 x; =6.

HOH}"-ICHHOM)’ PELIEHUIO COOTBETCTBYET CIIellleHlPlﬁ IUIaH.

Homep He-  Munumym paboueii  KonmyecTBo (pakTHiecKH
aenu (i) cuisl (b)) paboTarouux (x;) Peuienue
1 5 5 Hansatb 5 paboyux
2 7 8 Hawnsts 3 paboyux
3 8 8 Huyero He MeHATH
4 4 6 VBonuts 2 pabouux
5 6 6 Huyero He MEHATh

YnpaxHeHus 10.4,b

1. Pemyte 3amauy u3 npumepa 10.4-2 npH ciefylolmUX MUHUMAIBHBIX MOTPEOHOCTAX B
paboueit cune.
a) b]=6,b2=5,b3=3,b4=6,b5=8.
b) b,=8,b,=4,b;=7,b,=8, bs=2.
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2. Ilycts B mpuMepe 10.4-2 kaxaoMy yBOJIEHHOMY paboueMy BbIMJIaYMBAETCs BBIXOILHOE
noco6ue B pasmepe 100 nonnapos. Haitnure ontuMansHoe pelleHHe 3a1a4H.

3. TypucTHHeCcKoe areHTCTBO OpraHH30BbIBAaeT HeleNbHble Noe3nku B Eruner. B coorset-
CTBHH C JOTOBOPOM Ha Oupkaiilliiie 4eThbipe HEeIeNM areHTCTBO AOKHO 00ecrneynTh Ty-
PUCTHUECKHE TPYNIbl apEHIHBIMU aBTOMOOHIAMU B KOJIMYECTBE CEMb, YETBIPE, CEMb H
BOCEMb IUTYK COOTBETCTBEHHO. AT€HTCTBO 3aKJIOUAET JOrOBOP C MECTHBIM AUJIEPOM IO
npokaty aBromoOuneit. Jlunep HazHayaeT apeHAHYIO IUIaTy 3a OAMH aBToMoOuIs 220
nosnapos B Hezemo moc 500 nosutapoB 3a Mo6ylo apeHIHYIO COeKy. AreHTCTBO, Ol-
HAaKO, MOXET He BO3BpAallaTh apeHIOBAaHHbIE aBTOMOOMNHM B KOHLE HEIENH, U B 3TOM
cllyyae OHO JOJDKHO OyIeT Tonabko apeHiaHyio miary B 220 monnapoB. KakoBo omnTu-
MaJIbHOE pelieHue rpobeMbl, CBA3aHHOM ¢ apeH0i aBTOMOOUEH?

4. KoMnaHus Ha cienyrolye YeThipe rofia 3aK/ioumia KOHTPAKT Ha MOCTaBKY aBUALIMOH-
HbIX ABHratenei, mo 4 psurarens B roa. JJocTynHble MPOU3BOACTBEHHbIE MOLUHOCTH H
CTOMMOCTb TPOM3BOJACTBA MEHAIOTCS OT roja k roxy. KomMmaHus MOXeT H3rOTOBHUTH
nAaTh OBUrarenei 3a 1-if rox, wectb — 3a 2-i, Tpu — 3a 3-i u naTh — 3a 4-it. Crou-
MOCTb MPOU3BOACTBA OIHOIO ABUIaTeNs Ha NMPOTMKEHUH CNIENYIOIIMX YEThIpeX JIET paB-
Ha cootBeTcTBeHHO 300 000, 330 000, 350 000 u 420 000 nonnapoB. B TeueHue roma
KOMMaHHUs MOXET MPOM3BECTH Oouibllle ABUraTesiell, 4eM Heo6X0IMMO, HO B 3TOM CITy-
Yyae OBUraTeIu JOJDKHbI HalUIeXalluM 00pa3oM XpaHUTbCA IO UX OTrPpY3KH MOTpebuTe-
Ji0. CTOMMOCTb XpaHEHHs OHOTO JABMraTelis TaKKe MEHAeTCs OT Fofa K rofy ¥ OUeHH-
Baetcs B 20 000 monnapos s nepsoro roaa, 30 000 ponnapoB — i Broporo, 40 000
nonnapoB — mis Tperbero ¥ 50 000 posnapoB — 1 yeTBepToro. B Hauane mepBoro
roga KOMITaHHUS MMEET OIMH JBUraTelib, FOTOBBIH K OTrpy3ke. Paspaboraiite onTuMans-
Hbli [U1aH NPOU3BOJACTBA JABUraTeNeii.

5. ®upMa BbINMYCKaeT NATh TUIOB 3JEKTPOHHBIX Urp (£1, E2, ..., ES) U nATh THIIOB MeXa-
HUYeckux urpywek (M1, M2, ..., M5). Ha pbiHke NOpsA0OK NPeNno4YTeHUs! INEKTPOHHBIX
urp takoB: E1—E2— ... -E5. D10 03HayaeT, YTo KIMEHT Oyaer rnokynars urpy ¢ 6o-
Jiee BLICOKMM TpEANOYTEHHEM, €CIH OHa UMeeTcs B npoJaxe. M3BecTeH Takxke nopsanok
NpeAnoYTeHUs: MexaHuueckux urpymek: M1—M2— ... —MS5. HenenbHblil crnpoc Ha
NATh TUNOB JIEKTPOHHBIX Urp paseH 100, 180, 90, 250 u 190 enuHuL cOOTBETCTBEHHO.
AHaJlorHyHble NOKa3aTeNu i1 MeXaHW4YeckuX urpyuwek pasHbl 300, 190, 240, 280 u
260 enuHULL cOOTBETCTBEHHO. [Ipon3BoacTBo oaHoit urpel El, E2, ..., E5 o6xonutcs B
10, 12, 8, 9 u 6 nonnapoB cooTBETCTBEHHO. M3roToBneHue xxe onHo# urpyuku M1, M2,
..., M5 obxonutcs upme B 4, 5, 3, 2 u 3 nosnapa cooTBeTCTBEHHO. OpraHusauus mnpo-
H3BOJCTBA KaXKAOM 3EKTPOHHON Mrpbl WM Urpylikd obxoaurca B 500 nonmnapos. On-
penenuTe ONTHMaNbHbIH IU1aH POU3BOACTBA UTPYLIEK.

10.4.3. 3apgaua 3ameHbl 060pynoBaHUA

YeM [oJIblIE MEXAHH3M IKCIUTyaTUPYETCS, TEM BBILIE 3aTpaThl Ha €ro oOCIyXUBaHUE W
HWXXE ero Npou3BOAUTENLHOCTh. Koraa cpok 3kcrulyatallil MeXaHHW3Ma NOCTHraeT onpeneneH-
HOro YpPOBHs, MOXET OKa3aThCs 0oJiee BLIFOAHOM €ro 3aMeHa. 3aaava 3aMeHbl 000pyaoBaHuH,
TaKkuM 06pa3oM, CBOIUTCS K OTpeNIENIEHUIO ONTUMAILHOTO CpOKa JKCIUTyaTallMi MeXaHu3Ma.

[Ipennonoxxum, 4To Mbl 3aHUMaeMCs 3aMEHOI MEXaHM3MOB Ha NpPOTSXKEHUU 1 JeT. B naua-
Jle KaXIO0ro roja NpUHUMaercs pelieHue aubo o6 3KCIUlyaTauuMy MEXaHM3Ma eule OOWH rofn,
1160 o 3ameHe ero HoBbiM. O603HauuM uepe3 7(f) U c(f) npubbUIb OT IKCINyaTaALMHU I-JIETHETO
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MeXaHH3Ma Ha MPOTAKEHHH FOa M 3aTpaThi Ha ero o6CIyKMBaHUE 3a 3TOT Xe nepuon. Janee

MyCTh s(f) — CTOMMOCTb NMPOAAXHU MEXaHHW3Ma, KOTOPbIH 3KCIUTyaTHpoBaics ¢ ieT. CTOUMOCTb

npUoOpeTeHHs HOBOro MEXaHM3Ma OCTAEeTCS HEM3MEHHOI Ha NPOTHKEHNH BCeX JIET U paBHa /.
DneMeHThl MOJETH JUHAMUYECKOrO MPOrpaMMHUPOBAHHUS TaKOBBI.

1. Oman i npeacrabnseTca NOPAAKOBLIM HOMepoM roma i, i = 1,2, ..., n.
2. Bapuanmamu pewenus Ha i-M 3Tane (T.e. Ul i-ro roia) ABIAIOTCA albTEPHATUBLI: Npo-
001ICUMb IKCHIYamayuro W 3aMeHums MEXaHU3M B Hauane i-ro roja.

3. CocmosHuem Ha i-M 3Tane ABJSETCA CPOK IKCIUTyaTaluu ¢ (BO3pacT) MEXaHHU3Ma K Ha-
yajy i-ro roza.

IycTs f((r) — MakcumanbHas NpUOLLIb, NMOJyyaeMast 3a rolbl OT i 10 2 IPH YCJIOBUH, YTO B
HayaJie i-ro roJa UMeeTcsi MEXaHHU3M Z-JIETHEro Bo3pacrTa.
PexyppeHTHOe ypaBHEHUE UMEET Clie Ao BULI.

r(t)=c(t)+ fi, (£ +1), €C/IM IKCIUTYaTHpPOBaTh MEXaHU3M,
X

f;(t)=ma

r(0)+s(t)—1-c(0)+ f., (1), ecnu 3ameHuTh MeXaHH3M,

rae fo() =0.

INpumep 10.4-3

KoMnaHus miaHupyeT onpenenuTh ONTHMANbHYIO MOJMTHKY 3aMEHbl UIMEIOLIErocs B
HacTosllee BpeMS TPEXJIETHErO MEXaHU3Ma Ha MpOTHXKEHUH ciemyrolux 4 net (n=4),
T.e. BIUIOTb 10 Hauana naroro roga. [IpuBeneHHas tabnuua COAEpPKHUT OTHOCAILMECS K
3agaye AgaHHble. Komnanus TpeGyeT 3aMeHbl ME€XaHM3Ma, KOTODPBbIH HaXOOMTCA B JKC-
rutyaTauuu 6 ner. CTouMOCTb HOBOro MexaHu3Ma pasHa 100 000 nonsiapos.

Bospacr ¢ [Mpubsub CrouMocTb obcmyxuanns  OCTaToyHasi CTOUMOCTD
(rona) ) ($) o) ($) s (%)
0 20 000 200 —
1 19 000 600 80 000
2 18 500 1200 60 000
3 17 200 1500 50 000
4 15 500 1700 30 000
5 14 000 1800 10 000
6 12 200 2200 5000

OnpeneneHue NOMyCTUMBIX 3HaYEHUH BO3pacTa MeXaHM3Ma Ha KakJIOM 3Tane sB-
NAeTCs HeTpuBManbHOH 3amaueil. Ha puc. 10.4 npeacraBneHa paccmaTpuBaemas 3a-
Jaua 3aMeHbl 000pyIOBaHUs B BHIE CeTH. B Havasie nepBoro roja MMeeTCs MEXaHU3M
TpEeXJIETHEro Bo3pacTa. Mbl MoxxeM JinOo 3ameHuTh ero (3), 1ubo 3KCIiyaTMpOBaTh
(C) na npoTsxeHud crnenyroluero roga. Ecnu MmexaHu3M 3aMeHMITH, TO B Hayaje BTO-
poro rozxa ero Bo3pact GyIeT paBeH OQHOMY rozy, B IPOTHBHOM Clly4ae ero Bo3pact
6yner 4 rona. Tako# e MOAXOA UCMOJB3YETCA B Hauajle KaXJOro roaa, Ha4MHas co
BTOPOTO 110 YETBEPTHIH.
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/
C — CoxpaHuTs
6 6 3 — 3ameHUTH
c 1T - Ilponars
5 5 3
C
4 3
— 4 4
c c n
3 il
Havano (3 3 3 Konen
3 ¢
3 C
2 c 2 3 2)3 2
(o) C n
3 3 3
1 1 Y 1 1
1 1 ] |
1 2 3 4 5

Tl'ox NpHUHATHA pEIICHHA

Puc. 10.4

Ecnu onHONETHHIT MEXaHU3M 3aMeHSeTCs B Hayajle BTOPOro WM TPETbero roia, To
3aMEHMBLIUI €ro MeXaHU3M K Havyaly CJeNyIollero roga Takke 6yaer oaHoneTHum. K
TOMY e, B Hayasne 4-ro roga 6-JeTHHIf MeXaHH3M 006A3aTeNbHO JOMKEH ObITh 3aMEHEH,
€CJIM OH €llle SKCIUTyaTHpyeTcs; B KOHLe 4-ro rofa Bce MexaHusmbl nponatorcs (/7) B 06s-
3aTenbHOM nopsake. Ha cxeMe ceTu Taxke BUIHO, YTO B HayaJie BTOPOro roJa BO3MOXHBI
TOJIKO MEXaHU3MbI CO CPOKOM dKcIUTyaTauuu | unu 4 roga. B Hagane Tpetbero rona me-
XaHM3M MOXET UMeTb Bo3pacT 1, 2 wiu 5 JieT, a B Hayase yeTBepToro — 1, 2, 3 unu 6 set.

PelueHre naHHO#M 3a1a4Yu 3KBUBAIEHTHO HAXOXKAEHUIO MapLUpyTa MaKCUMaJIbHOH IUTH-
HbI (T.€. MPUHOCALLIET0 MaKCHMaJIbHYIO NpHObLIL) OT Hauaja MepBOro roja K KOHLY YeT-
BEPTOro B CETH, Noka3aHHoi Ha puc. 10.4. [1pu peienuu 37oii 3amauu ucnonab3yeM Tab-
nudHyro GopMy 3anucu. (UKcnoBble JaHHbIe B TabNHLIE KPAaTHBI ThiCAYaM JOJLIApOB.)

Oman 4.
C 3 OnTuMyM
t r(t) +s@+ 1) —c@) r(0) +s(r) + s(1) —c(0) =1 f+(t) | Pewenne
1 119.0+60-0.6=784 |20+80+80-0.2-100=79.8 79.8 3
2 |185+50-12=673 |20+60+80-02-100=59.8 | 67.3 C
3 1172+30-15=457 |20+50+80-02-100=49.8 | 49.8 3
6 | Heobxonuma samena .| 20 +5+80-0.2—-100=4.8 4.8 3
Oman 3.
C 3 Ontumym
t ) —c@®) +fit+ 1) r0) + s(2) — c(0) - I + fo(1) f3(t) | Pemenue
1 [19.0-0.6+673=85.7 |20+80-02-100+79.8=79.6 | 85.7 C
2 | 185-12+49.8=67.1 | 20+60-02-100+79.8=59.6 | 67.1 C
5 1140-18+48=170 |20+10-02-100+79.8=9.6 | 17.0 C
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Oman 2.

C 3 OnTuMym
t )—c(H+f0+1) n0) + s(2) — c(0) - I + /(1) £(r) | Pewenue
1 [19.0-06+67.1=855| 20+80-02—-100+857=855| 855 | Cunu3
4 | 155-17+17.0=30.8 | 20+30-0.2—100+85.7=35.5 | 35.5 3

Oman 1.

C 3 OnTumMym
t ) —c()+H(E+1) r(0) + s(t) — c(0) = I + 5(1) fi() | Peiienue
1 [172-15+355=512| 20+50-0.2—100+85.5=553 | 55.3 3

Ha puc. 10.5 nokasaHa nocief0BaTeIbHOCTb NOTYyYEHUS ONTUMANBHOTO peteHus. B
Hayase nepBoro roja OoNnTHMaibHbIM PELIEHUEM NpU f = 3 ABNAETCA 3aMEHAa MEXaHU3Ma.
CnenoBaTenbHO, HOBBI MEXaHH3M K Hayajly BTOporo roga 6yeT HaXOAMTbCS B 3KC-
wryarauuu 1 rox. Tlpu ¢ = 1 B Hayajie BTOPOro roja ONnTHMalbHbIM pelueHHeM Oyner
nubo ucnosnb3oBaHue, NMOO0 3aMeHa MexaHu3Ma. Eciin OH 3aMeHseTcs, TO HOBbI K Ha-
qagy TPeTbero roga OyAeT HaXOAMTHCA B IKCIUTyaTauuu 1 roa, uHade MexaHusm Oyner
nMeTh Bo3pacT 2 roaa. OnucaHHbI# NpoLIeCC NPOJOJKAETCA A0 TEX MOp, Nnoka He 6yaeT
OnpenesieHO ONTUMaNbHOE peLIeHHe A1 YETBEPTOro roaa.

te— Jog 1 —»te— Jog2 —pte— Jog3 —pte— Tog4 —>i

(t=3) 3 (=

Puc. 10.5

CnenoBarenbHO, HAYMHas ¢ NMEPBOro rojia SKCIUTyaTaLuy MeXaHU3Ma, aJlbTepHAaTHB-
HbIMHM ONTHMANILHBIMU CTPaTerHAMU OTHOCUTENIBHO 3aMeHbl Mexanusma Oynyt (3, C, C,
3)u(3 3 C C). Obwas npubsuib coctaBuT 55 300 HosUTapOB.
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YnpaxneHus 10.4,c

1. ITocTtpoiiTe ceTh M HailauTe ONTUMANIbHOE pelleHUe B 3agadye u3 npumepa 10.4-3 B ka-

XKIIOM M3 CIIELYIOILMX CITyYaeB.

a) B Hauane nepBoro rona UMeeTCs MEXaHU3M, HaXOAAILMIICA B IKCIUTyaTalUH 2 roaa.
b) B Hauyase nepBOro rona UMeETCA MeXaHW3M, HaXOAALIUIACA B IKCIUTyaTauuu 1 rof.
¢) B Hauyane nepBoro roza KyruieH HOBbIf MEXaHH3M.

. Moii TpPIHalIIIaTHHeTHl/lﬁ CbIH 3aHMMaeTcs COOCTBEHHbLIM OM3HECOM — KOCHUT ra3oHbl

NecATH KineHTaM. KaxxaoMy KIHEHTY OH KOCHT TpaBy TpM pa3a B rof, noiyd4as 3a OIHH
CKolIeHHbIH ra3oH 50 mosnapos. OH kynun kocuiky 3a 200 nponnapos. Ha npotsxeHuu
NIEPBOrO ro/la 3aTpaThl Ha COJEpXKaHHE M HCMOJIb30BaHHE KOCHIKM paBHbl 120 mosna-
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pOB, U 4epe3 roa oHu ysenauuuBaroTcs Ha 20%. OQHOroaMyHas KOCHIKA MOXET ObITh
nponaHa 3a 150 xonnapoB, U C KaXJAbIM FOJOM €€ CTOMMOCTh yMeHbluaercs Ha 10%.
Moit ChIH MIaHUpYeT NPOJOIKUTb CBOW OHM3HEC, MOKA €My HE WCMOJHHUTCA 16 net, u
CYMTaeT, YTO Gonee BBIFOLHO MEHATb KOCWIIKY 4epe3 kaxkble 1Ba roga. OH oObscHseT
3TO TEM, YTO LIEHa HOBOW KOCWIKH yBEJIMUMBAETCA 3a rol auiub Ha 10%. Cripaseawnuso
Jm ero pelieHue?

3. 'pynna ¢epM BnajeeT TPakTOPOM ABYXJETHEH NABHOCTH M IUIAaHHUpYET pa3paboraTh
CTpaTEruio €ro 3aMeHbl Ha CAeoyIOLMe MATh JIET. TpakTop AOMKEH 3KCIUTyaTHPOBAThCA
He MeHee IBYX U He OoJjiee nATH JieT. B HacTosluee Bpems HOBbIH TpakTop cTouT 40 000
IOJLIapoB, U 3Ta LeHa 3a rox yBenuuuBaercd Ha 10%. Tekyluas roaMuHas CTOMMOCTb
IKCIUTyaTauuu Tpaktopa coctasiser 1300 1oa1apoB H, Kak 0KHIAAETCH, OyAeT yBENUUH-
BaTbcs Ha 10% B ron.

a) Ccdopmynupyiite 3amayy B BUIE 3aia4M O KpaT4yaiLIeM MyTH.
b) ITocTpoiiTe COOTBETCTBYIOLIEE PEKYPPEHTHOE YPaBHEHHE.
¢) OnpenenuTe ONTUMATBHYIO CTPATErHIO 3aMEHbI TPAKTOpa Ha CIIEAYIOLINE MATh JIET.

4. PaccMOTpHM 3ajauy 3aMeHbl 000py1OBaHUA Ha NPOTHKEHUH 1 neT. Liena HoBoit eauHu-
Lb! 060pyIOBaHNs paBHa ¢ N0JUIApOB, @ CTOUMOCTb NPOAAXKH MOCJIE ¢ JIET IKCIUTyaTaLuu
paBHa s(¢) = 2(n —1t) npu n >t ¥ HyJI10 — B IPOTUBHOM Cily4ae. ['onuyHas npubsis OT
SKCIUTyaTalMH sBiseTcs ByHKUuel Bo3pacTa 060pyIOBaHus ¢ U paBHa r(f) = n* — £* npu
n >t U HyJI0 — B IPOTUBHOM CJIy4ae.

a) Cdopmynupyiite 3agauy kak MOeNb AMHAMHUYECKOTO IPOrpaMMHPOBaHU.

b) Omnpenenurte ONTUMANBHYIO CTPATETHIO 3aMEHbl 000pYAOBaHHs JBYXTOAWYHOM 1aB-
HocTu npu ¢ = 10 000 gonnapos, cyuras, 4To # = 5.

5. Pewinte 3aga4y U3 npeblayluero ynpaxHeHHs, peanonaras, 4to Bospact o6opynoBa-
Hus cocTaBiseT 1 rox u n =4, ¢ = 6000 nonnapos, r(f) = n/(n + 1).

10.4.4. 3apaya vHBECTUPOBaHUA

[MpenmnosoxuM, 4To B Hayale KaXJOro U3 CIeXYIOLIMX # JeT HeoOXOaMMO CaenaTh HHBe-
ctuuui Py, Py, ..., P, COOTBETCTBEHHO. Bl HMeeTe BO3MOXKHOCTb BJIOXMTh KanuTaj B ABa GaH-
Ka: NepBbiif 6aHK BBHIMIAYMBAET FONOBOI CNOXHBIHA MPOLIEHT ry, @ BTOPO — r,. JIna moouupe-
HUA nerno3uToB 06a GaHKka BbIMIA4MBalOT HOBBLIM MHBECTOpPAM NPEMHMU B BUIE NPOLEHTa OT
BJIO’KEHHOM cyMMblI. [IpeMuanbHble MEHAIOTCS OT IOfla K TOXy, Y JUls i-r0 rojia paBHbl g;; U gz B
IIepBOM M BTOpOM GaHKax COOTBETCTBEHHO. OHM BBIIUIAYMBAIOTCA B KOHLIE rO/la, Ha MPOTsXKe-
HHM KOTOPOTO CHENaH BKJIaj, U MOTYT ObITb MHBECTHPOBaHbI B ONMH M3 JBYX 6aHKOB Ha ciie-
OyIOIHii ro. DTO 3HAYUT, YTO JIMIIb YKa3aHHbIE MPOLEHTH U HOBBbIE NE€HBIM MOTYT ObITh HH-
BECTHPOBaHbI B OIMH U3 ABYX GaHKOB. PasMelleHHbIH B OaHKe BKJIad HOMKEH HAXOAUTHCA TaM
10 KOHLIa paccMaTpuBaemoro nepuona. Heo6xomnMmo pa3paboraTh CTpaTervio MHBECTHULIMI Ha
CleyIoLue » JIeT.

OneMeHThl MOJEJIH IMHAMHYECKOTO NMPOrpaMMHUPOBAHHUsA CIIETyIOILHE.

1. Oman i npeacTaBnseTCA NOPANKOBBIM HOMEpOM rofa i, i =1, 2, ..., n.
2. Bapuanmamu pewenus Ha i-M 3T1ane (JUIs i-ro roja) ABIAIOTCA CyMMbl I; U I; MHBECTH-
LMt B IEPBBbIii ¥ BTOpOii 6aHK COOTBETCTBEHHO.
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3. Cocmosnuem x; Ha i-M 3Tarne ABJIAETCA CyMMa I€HET Ha Hayaso i-ro roaa, KoTopble Mo-
TyT ObITh UHBECTUPOBAHBI.

3aMeTHM, 4TO 1o onpeneneHuo I; = x; — [;. CienoBaTensHo,

Xi=Pi+ i+ g o(xio — i) =
=P+ (gi-1.1 — Gi-1,2) -1 + Gic1 %1215

roe i = 2,3, ..., n, x; = P;. CyMMa JeHer Xx;, KOTOpbl€ MOTYT ObITb HHBECTUPOBAHBI, BKJIOHAET
JIMLIb HOBbi€ AEHbIH W NMpEeMHUaNbHbie MPOLEHTH! 32 MHBECTULIMHU, CAENaHHbIe Ha MPOTSKEHUH
(i - 1)-ro rona.

ITycTts f(x;) — onTUManbHas CyMMa MHBECTULMHA U MHTEpBaja OT i-ro IO n-ro roaa mnpu
YCJIOBUH, YTO B Hauaje i-ro rofa UMeeTcs NEHexHad cyMMa x;. [lanee 0603HauuM yepes s; Ha-
KOIUIEHHYIO CYMMY K KOHILIy #-T'0 FOfa NpH YCIOBUH, 4TO I; ¥ (x; — I;) — 06beMbl MHBECTHLIMH
Ha MpPOTSHKEHHUH I-ro roja B NepBbiit U BTOpoit 6aHk cooTBeTcTBEHHO. O603Havas ; = (1 + ry),
i=1, 2, Mbl MOXXeM cHOPMYJIMPOBATh 3aa4y B CJIEAYIOLIEM BHIE.

MakCUMHU3HUPOBATh Z = § + S3 + ... + Sy,
rae
- n+l-i n+l=i __ n+l-i n+l-i n+l-i .

s; =L+ (x - 1) —(al -Q; )1,.+a2 x, i=12,..,n-1,

sp=(0g + qn — 0 — qn2)[n + (0 + Gn2)Xn-
Tak kak npeMuanbHbIe 3a #-if TOJ ABASIOTCSA YaCThIO HAKOTUIEHHOM NEHEXHOM CyMMBI OT HHBE-
CTULUH, B BbIP@XXEHUS 1A 5, B0OaBIEHbI g, U G

Hrak, B 1aHHOM Cily4yae peKyppeHTHOE ypaBHEHHe Ul 00paTHO! MPOrOHKH B aJirOPUTME
JHHAMHYECKOro MpOrpaMMHUpOBAHUA UMEET BUA
fi(x)=max {s, + f.,, (x.,)}, i=12,...n-1,

0</; <

TZ€ X;,| BBIPAXAETCS Yepe3 x; B COOTBETCTBUHU C NPUBEEHHOM Bblilie HOPMYIIOH, a f41(X,41) = 0.

Hpumep 10.4—4

ITpennonoxum, Bbl XoTuTe MHBecTUpOBaTh 4000 nonnapos ceituac u 2000 nonapos
B HayaJle Ka)xZ0ro roja, OT BTOPOTo [0 YETBEPTOro, CYUTAs OT TeKyluero roaa. [lepsbiit
6aHK BbIMIAYMBAET rOJOBOMH CIOXKHbINM MpoueHT 8% M MpeMuajbHble Ha MPOTMHKEHUH
CIemyIOmMX YeTIpex JIeT B pasMepe 1.8%, 1.7%, 2.1% u 2.5% cootBeTcTBEHHO. I'0z10-
BOIi CJI0KHBIN MPOLIEHT, NpeiaraeMbiii BTOpeIM 6aHkoM, Ha 0.2% Huxe, 4eM Mnpensa-
raer nepsblif 6aHK, HO ero npeMuanbHble Ha 0.5% Bblle. 3agaya COCTOUT B MaKCUMU-
3allM1 HaKOIUIEHHOI'O KaluTajla K KOHLlY 4€TBEPTOro roja.

I/ICHOJIB3y)I BBE€ICHHBIC BbILIC 0603}{&‘{6}{?{5!, HMEEM ClIeayrouiee.

Py =$4000, P, = Py = P, = $2 000,
a;=(1+0.08) =1.08,

a=(1+0.078) = 1.078,

gn =0.018, g5; = 0.017, g3, = 0.021, g4, = 0.025,
g2 = 0.023, g5, = 0.022, g3, = 0.026, g4, = 0.030.

432 Yacts 1. lerepMuHHpPOBaHHBIE MOJE/H



Sman 4.

fi (%)= max {s,},

0sl4sx,

rae sq = (04 + qa — 0 — qa2)ls + (0 + Gaz)xs =—0.0037; + 1.108x,.

OyHKUMSA 54 ABNAETCSA JUHEHOMU mo [, B obnactu 0 < [, < x4, U, CIEOBATENIBHO, €€
MaKCHMyM JocTuraercs npu I/, = 0 u3-3a oTpuuaTeabHOro koadduuuenta npyu ;. Cne-
JOBaTeJIbHO, ONTUMAIbHOE pelieHHe MWIi 3Tana 4 MoxeT ObiTh NpencTaBleHO B clie-

OYIOLIEM BHIE.
OnTuManbHoe PELICHHUE
CocTosiHue Sfa(xq) 1:
X4 1.108x, 0
Oman 3.
(%)= max {s; + fu (%)}
rae
s3 = (1.08% = 1.078%)L; + 1.078%; = 0.00432/; + 1.1621xs,
x4 = 2000 — 0.005; + 0.026x;.
CnenoBareibHO,

£ (x;) = max {0.004321, +1.1621x, +1.108 (2000~ 0.0051, +0.026x;, )} =
= max {2216-0.00122/; +1.1909x, }.

0</3sxy

OnruMalbHOE peleHe
CocrosiHue fa(x3) I
x3 2216 + 1.1909x, 0
Oman 2.
£ (%)= max {s, + £, ()}
rae
52 = (1.08° = 1.078%)1, + 1.078%, = 0.0069851, + 1.25273x,,
x3 =2000 — 0.005, + 0.022x;.
CnenoBaTenbHO,

fr(x,) = max {0.0069851, +1.2527x, +2216 +1.1909 (2000 -0.0051, +0.022x, )} =
= max {4597.8+0.0010305/, +1.27893x, }.

0<1,3x
OnTUMaJIbHOE pelieHne
CocrosHue f(x2) I,
X2 4597.8 + 127996XZ X2
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Oman 1.

fi(x)= Jax {51 +f (% )}’
rae

51 =(1.08*-1.078%1, + 1.078*, = 0.010057, + 1.3504x,,
x; = 2000 — 0.0057; + 0.023x,.

CrenoBaTenbHo,
fi(x)= max {0.010051, +1.3504x, +4597.8 +1.27996 (2000 - 0.0051, +0.023x, )} =
= max {7157.7+0.00365/, +1.37984x, }.

0s/isx

OnTHMaJIbHOE peLIeHHe
CocrosiHue fitx) Il*
x; = $4000 7157.7 + 1.38349x,; $4000

ITpu BEIYHCIIEHHAX B 06paTHOM HanpaBJIeHHH TOJTy4aeM CleayloLee.

x; = 2000 — 0.005 x 4000 + 0.023 x 4000 = $2072,
x3 = 2000 —0.005 X 2072 + 0.022 x 2072 = $2035.22,
x4 =2000-0.005 x 0 + 0.026 x 2035.22 = 2052.92.

CrnenoBatesbHO, ONTHMAIBHOE peleHre OyaeT 3alucaHto CaeayoLMUM 06pa3oM.

OnTUMaNbHOE pelIeHHE PeileHne, npHUMaeMoOe HHBECTOPOM
I[=x HuBectupoBath x; = $4000 B nepBbiit 6aHk
I,=x, HHBecTupoBath x; = $2072 B nepselii 6aHK

;=0 HuBectupoBath x3 = $2035.22 B0 BTOpOIi 6aHK

i=0 Husectuposats x4 = $2052.92 Bo BTOpO# 6aHK

YnpaxxHeHus 10.4,d
1. Pemnre 3amauy u3 npumepa 10.4—4 B npeanonoxenuy, yro r; = 0.085, r, = 0.08. Kpo-
Me Toro, mycth P; = $5000, P, = $4000, P; = $3000 u P, = $2000.

2. Hekuit uHBecTOp ¢ HayanbHbIM KanuTtanoM B 10 000 nonnapoB AOMKEH PELIMTh B KOHLIE
Ka)X[OTro roia, CKOJbKO NEHEr UCTPATUTh M CKOJbKO MHBECTHpoBaTh. Kaxnibiii MHBe-
CTUpOBaHHBIA Jojjap Bo3Bpamaer o= 1.09 ponnapa B koHue roma. MicrpaueHHsie y
IOJUIapOB Ha NPOTSXKEHMH Ka)KIOTro rofia NMPHHOCAT YAOBIETBOPEHHUE, ONMpEAeNAeMOe

KOJMYECTBEHHO KaK KBUBANEHT momydenus g(y)= \/; nonnapos. Peuure 3amauy ¢
MOMOLIBIO METONOB JUHAMHUYECKOrO MPOrpaMMHUPOBaHHs /IS IIepHoJa B n = 5 JIeT.
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3. ®epmep umeer k osell. B koHIle kaXJoro roxa oH NPUHUMAET pelieHHe, CKOJIbKO OBell
NpoJaTh W CKONbKO OCTaBUTh. [IpHObLIL OT MPOJaXKH OAHON OBLBI B i-if rOA paBHa p;.
KonuyecTBo oBeL B KOHLE [-ro roja yaBauBaeTcs K KoHwy (i + 1)-ro roma. depmep
I1aHUPYET B KOHLE #-I0 roJa MOJHOCTBIO NPOAATh OBELL

a) IMonyuute obLiee peKyppeHTHOE ypaBHEHHE ANs pEeLIEHHs 3aNayyl.
b) Pewmmre 3amayy npu ciegyroluMX HaHHbIX: n =3 roma, k=2 oBusl, p;=$100,
p2=$130, p; = $120.

10.4.5. Mopgenu ynpasneHusa 3anacamu

BaxxHo#l 061acThIO NPUMEHEHUSI METONOB AWHAMHMYECKOrO NMPOTrpaMMUPOBAHUS SBIAIOTCA
3aga4yu ynpasieHus 3amacaMu. B rnaBax 11 u 16 paccMOTpeHbl HEKOTOpPbIE 3aJauy 3TOrO Kjiac-
ca, mpu 3TOM B rnase 11 paccMaTpHBalOTCH AETEPMMHHMPOBaHHbIE MOJENH, a B IiaBe 16 —
CTOXaCTHYECKHE.

10.5. NMpo6sema pazmepHOCTH

Bo Bcex pacCMOTPEHHBbIX BbILIE 3alayaX JUHAMH4YECKOTO NpOrpaMMHUPOBAHUSA COCMOsAHUE
CHCTEMBI Ha J1000M 3Tamne ONMMCHIBANOCh €IMHCTBEHHOMH mepemeHHoH. Hanpumep, B 3amaue o
3arpyske (paszen 10.4.1) Bec npeamera sBNAETCA E€OMHCTBEHHBIM OrpaHUYEHHEM, KOTOpOe
Y4YMTBIBaeTCS NpH ero norpyske. Bmecte ¢ 3TuM 06beM CyaHa TakkKe MOXET ObITh OFpaHUYU-
TENbHOU BENMUMHON. B 3TOM Cilydyae roBOpAT, UTO cocmosHue CUCTEMBbl SIBJIAETCS IBYXMep-
HBIM, TaK KaK pOpMHUpYETCS ABYMS NE€PEMEHHBIMH: BECOM H 06bEMOM.

VBenuueHHe Yucia NEpEMEHHBIX COCTOSHHMSA CUCTEMBbI BiieHeT 3a coboli yBenueHne obbeMa
BbIUMCIIEHHMH Ha KaxaoM stane. Oco6eHHO 3TO 3aMETHO B MOJENAX AWHAMHYECKOTO MpOrpamMMHu-
POBaHHS NpPHU BBIYMCIEHUAX C UCMOB30BaHUEM TAONMLI, TaK KaK KOJIMYECTBO CTPOK Kaxmoit Tab-
JMUBl DOJDKHO COOTBETCTBOBAaTh BCEM BO3MOXHbIM KOMOHHALUMAM 3Ha4€HHU MEpEeMEHHbIX CO-
CTOSIHUSA. OTH BbIYUCIUTENbHbIE TPYIHOCTH HACTOJILKO 3HAYMTENbHBI B IMHAMUYECKOM NpOrpam-
MHpPOBaHUH, 4YTO B JIMTEPATYPE Ha HUX CCBUIAIOTCSA KaK Ha MPOKJISTHE PA3MEPHOCTH.

Caenyrowuit npuMep NpUBOAUTCA LA UNMIOCTPALUH npornamua pazmepHocmu. OH TaKkxke
JEMOHCTPUPYET BO3MOXHOCTb pEILEHMs 3aJauyM JIMHEHHOro NpOrpaMMHUpPOBaHHUS MeTOHaMH
IOMHaMHUY€ECKOro NporpaMMUpPOBaHHS.

IMpumep 10.5-1

Ipennpustue ob6pabaTsiBatollelf MPOMBILIIEHHOCTH BBITyCKAaeT IBa BHUAA NMPOIYyK-
umu. IIpoussoacTBeHHsbIH mpouecc coctasnsgeT 430 MUHYT B AeHb. [ins npou3BOACTBa
€IMHHLbI NPOLYKLUHU MepBoro Buaa tpebyercs 2 MUHYThI, @ BToporo — 1 mMuHyTa. Ha
IHEBHO! 00beM MpOW3BOACTBA NMpPOJYKLMM IEPBOrO BUJAA OrpaHHYEHUH HeT (KpoMe
BO3MOXHOCTEH NMPOU3BOJACTBEHHOrO MpOLECCa), MAaKCUMANIbHbIN €XeIHEeBHbIN CIpoC Ha
BTOPO# BUI NPOLYKUMH paBeH 230 eauHuu. Peanusauus eaMHULB! NPOTYKLUUHN HEPBOTO
BUJia NPHHOCHUT NpubbLIb B 2 goJuiapa, a BToporo — 5 ponnapos. Heo6xonuMo HaiTu
ONTHMAaIbHOE pelUeHHe 3afa4¥ MaKCHMH3aUuM NpUOLUIM METONAaMH IMHAMUYECKOTo
NpOrpaMMHUpPOBAHHA.

JaHHas 3afa4a ABJAETCA CIENYyIOLLe# 3aaayeil IMHEHHOro NporpaMMHpPOBaHHUSA.

MakcuMuU3UpoBaTh z = 2x; + 5x;
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MpH OrpaHUYCHUAX
2X| + x, <430,
X2 < 230,
Xy, Xy 2 0.

DNIeMEHTBI MOAENIH JUHAMHYECKOTO nporpaMMHpOBaHHA TaKOBBI.

1. Oman i cOOTBETCTBYET NMPOAYKLUMUH i, i = 1, 2.

2. Anvmepnamugoil x; Ha i-M 3Tane sBAseTcs 00beM NPOU3BOACTBA MPOLYKLHH i,
i=1,2.

3. Cocmosnue (vy, w;) NMpeACTaBAsET KOJIMYECTBO PECYpPCOB, Heobxoaumoe mwid
MPOU3BOACTBA NPOAYKUUH BUAa 1 U 2 (MPOM3BOACTBEHHOE BPEMS U OrpaHUYEHHE
Ha CIpoC) M HCMoNb3yeMoe Ha 3tanax 1 u 2.

4. Cocmosnue (v,, w,) NpEACTaBISET KOJMYECTBO peCypcoB, Heobxomumoe mis

MPOM3BOACTBA NPOAYKUMHM B1Aa | 1 2 (MpOU3BOACTBEHHOE BPEMS M OTpaHUYECHHUE
Ha CNpoC) ¥ UCNOJIb3yeEMOE Ha JTarne 2.

Oman 2.
Mycts fo(v,, w,) NpEACTaBILET MaKCUMaJIbHYIO NPHObUTL UIA 3Tana 2 (Npubblib OT

BBIITyCKa NMPOAYKLHH BUAA 2) NPH 3alaHHOM COCTOAHUH (V,, w,). Toraa

wWr)= m .
fr(v2, wo) Jmax {5x,}

0<x, Sy

CnenoBarenbHo, max{5x,} UMeeT MecTo npH x, = min{v,, w,}. UMeeM caenyiouiee
pelleHre A BTOPOro 3Tamna.

OnTUMaJibHOE pelleHune
CocrosiHue fo(vy, wy) X
(v2, wp) S min{v,, w,} min{v,, wy}

Oman 1.
fi(vy, wy) = Jmax {2x+ f, (v —2x.w)}= Jmax {2x +5min (v, -2x,w)}.
OnrTuMu3aLMs Ha nepBoM 3Tane TpeOyeT pelleHHs MWHHMMAKCHOM 3ajau, 4To B
obLieM ciiyyae sBAsS€TCSA JOCTATOYHO CJOXKHBIM AenoM. s paccMaTpuUBaeMoi 3axaqyn
umeeM vy = 430 u w; =230, yto naet 0 < 2x, <430. Tak kak min(430 — 2x;, 230) npex-
cTaBnseT cob0i HWKHIOK Oorubarollyo IByX MepeceKaroLIMXCs NpsAMbIX (MpoBepbTe!),
OTCIOJa CJIEMYET, YTO

230, 0< x, <100,

min(430 — 2x,, 230) =
430-2x, 100<x <215

£(430, 230) = max

X

2x,+1150, 0<ux <100,
—-8x, +2150, 100<x, <215.
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I'paduuecku MOXHO JIETkO NMpOBepUTh, 4To (pyHKuMs f,(430, 230) nocturaer Max-
cuMainbHOro 3HayeHud npu x; = 100. Utak, noiryyaem ciexyrouiee.

ONTHMAaIBHOE PELIEHHE
CocTrosiHKe fi(vy, wy) X1
(430, 230) 1350 100

H)’lﬂ OMNpeaeNeHUA ONTHUMAIBHOIO 3HAa4YC€HH X, 3aMETUM, YTO

vy =v; —2x; =430 -200 =230,
W2=W|—0=230.

CnenoBartenbHoO,
X3 = min{v,, w,} = 230.
Htak, onTUMaibHOE pelieHie UMEET BULL:

x; = 100 enunm, x, = 230 eaunnl, z = 1350 posunapos.

YnpaxHeHus 10.5,a

1. Pewute cnenyrouine 3a1a4y JIMHEHHOTO NMPOrpaMMHPOBaHUS METOAaMH JHHAMHYECKO-
ro NporpaMMHpOBaHHUS.

a) MakcuMu3upoBartsh z = 4x; + 14x,
MpU OTPaHUYEHUSIX

2x; + Tx, £ 21,
Tx; +2x, <21,
X1, X2 2 0.
b) MaxcumusmupoBatb z = 8x; + 7x;
NpYU OTPaHUYEHUAX
2x; +x, < 8,
S5x; +2x, <15,

X1, X2 2 0 1 uenvle.

¢) Makcumusuposath z = 7 x; + 6x, + 5 x;

NIPU OrpaHUYEHUAX
X) + 2JC2 < 10,
x;—3x,<9,

X1, X2 >0.

2. IlycTs B 3amaue u3 npumepa 10.4—1 o 3arpy3ke NpeaMETOB 7 HAUMEHOBAHMUIA Orpa-
HHYEHUA caMoJieTa M0 Becy W 00beMy NpEeACTaBNeHsl BenHduHaMu W U V cooTBeT-
CTBEHHO. BenuuuHbl w;, v; ¥ r; IPEICTABIAIOT COOTBETCTBEHHO BeC, 00BbEM U MpH-
Oblib, OTHECEHHbIE K ONHOMY MNpelaMeTy HauMeHoBaHuA i. HeoGxomuMmo 3anucatsb
peKyppeHTHOe ypaBHeHHe 0OpaTHON NPOTOHKH IUIs aJrOpHTMa IMHAMHYECKOro
NporpaMMUPOBaHHUs pelueHus CHOpMyYIHPOBaHHOIM 3afa4u.
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