«Mauio € peyeti, sIKi He MiJIal0ThCSI MAaTEMAaTUIHOMY
OOIPYHTYBaHHIO; 1 KOJIU BOHU HE MIITAI0THCS, 11€ 03HaKa
TOT'0, IO HAIII 3HAHHA PO HUX JTy>Ke Mai 1 HEUITKI. A
Maro41 3MOT'Y BIATHCh 10 MATEMAaTUIHOTO OOTPYHTY-
BaHHSI, BEJIMKOIO TyPICTIO OyJ10 O ITyKaTH SIKECh 1H-
11e, — I1€ BCE OJHO, [0 T HABIIOMAIIKH B TEMPSIBI,
KOJTU TIOPSI/T CTOITh CBIUKaY.

Jx. ApbaTHOT

Mema: P0O3BUTOK MaTeMaTHUYHOTO MPOTrpaMyBaHHS IMOYABCS TPOXH Oijiblie
HIECTU AeCATHWIITh ToMy. 1939 poky akanemik JI. B. KantopoBuu, gocmimpxyroun
JIesiKl 3a71a4l €KOHOMIYHOTO 3MICTY, PO3POOMB METOU YUCEIBHOTO PO3B'sI3yBaH-
HS eKCTpEeMaJIbHUX 3ajad. [{eil HayKoBHIl HANIPSIMOK PO3BUBAETHCS JOCUTH Oyp-
XJIUBO. Psii BUeHUX 3a po3p00IeHHSI METOAIB OnTUMi3allii oTpuManu HobemiBCbKi
npemii, cepen Hux — 1 akaaemik JI. B. KantopoBuu. OmanyBatu maremMaTuyHe
MO/ICJIFOBaHHS 1 METOAM ONTHUMI3AIlli CTYJICHTH MalOTh HEOJAMIHHO, 1100 CTaTH B
iH(OopMaLiitHOMY CyCHIBCTBI (axiBISIMU BUCOKOTO PiBHS.

3 mpoOiemMamMu JTOCHIIKEHHs MPOLIECiB HA HAWKpalu[uil 4d Halripmumi, Hai-
MEHIIIUKM Y¥ HAHOLIBIIUN pe3yJIbTaT MU 3yCTPIYaEMOCH Y PI3HUX c(epax JHAChKOi
JUSIIBHOCTI B1J] OCOOMCTICHOTO piBHS (pO3MOALT OIOIKETY CIM 1, MICSIYHOI 3apIuia-
TH Ta 1H.) JI0 3aBJIaHb 3araJIbHOJICP>KABHOTO PiBHS. 3a/1aul TAKOTO XapaKTepy Ha3H-
BaIOTh 3a/la4aMu ONTUMI3aIlIi.

[x BupimenHs sk npobIeM yI0CKOHAIEHHS eKOHOMIUHUX BiJIHOCHH Ha Ccydac-
HOMY €Talll TICHO IOB’s13aHE 3 BUKOPUCTAHHSIM MEPEIOBUX HAYKOBUX TEXHOJIOTIH,
cepell SIKMX BaXJIMBE MicCIe 3aliMalOTh MaTeMaTHU4HI METOIH, aJrOopUTMI3allis
PO3B’S3Ky TaKWX 3a7a4 Ta iX pO3B’sI3yBaHHA 3ac00aMU 00UNCITIOBAIBHOT TEXHIKH.

Meroro BuBUEHHS nIpeaMeTy ‘“MareMaTthyHe MporpaMyBaHHS € OBOJIOJIHHS
CTyJICHTaMU 3HAHHSMH, YMIHHSAMH Ta HABUYKaMH pPO3B’SI3yBaHHS 3a7a4 ONTHMi3a-
1ii, mocaiKeHHs GyHKINT Ha MaKCUMailbHI (HanpuKiIad, TpuOyTOK) Ta MiHIMaJIbHI
(po3xin MaTepialy) 3Ha4€HHS TOIIIO.



Jlexuin 1.
ITocTanoBKka 3aja4 MaTEMaAaTU4YHOI0 NMMporpaMmyBaHHs.
Ilnan
1. IcropuuHa noBigka
[Ipenmer MaTeMaTUYHOTO MPOTPaMyBaHHS.
MareMaTuuHe MOACIIOBaHHS 3a/1a4 .
Knacudikamis 3amaq MII.

A

CrangaptHi popmu 3JII1.

1. B cyro MaremMaTU4yHOMY ILJIaH1 €Ki ONTUMI3aLliHI 3a4a4l OyJId BIOMI L1
B crapojaBHi ['penii. OnHak, cyyacHe MaTeMaTH4YHE IPOrpaMyBaHHs Mepey-
CIM pO3IJIsiIa€ BIACTUBOCTI Ta PO3B'A3KM MATEMATUYHUX MOJICJICH EKOHOMIUHUX
npoiieciB. ToMy moyaTkom HOTO PO3BUTKY K CAMOCTIHHOTO HAyKOBOTO HAIPsi-
MKY CIIi/1 BB&KaTH MEPIi CIPoOH 3aCTOCYBAaHHSA METO/(IB MATEMAaTUIHOTO PO-
rpamMyBaHHs B MPUKIATHUX JOCHIJKEHHIX, HacaMmrepes B ekoHoMiti. CrpaBik-
HIM IIOYaTKOM MAaT€MaTHUYHOr'0 IPOrpaMyBaHHs B Cy4aCHOMY pPO3YMIHHI BBaXKa-
I0Th Tparli paasacbkoro BueHoro JI. B. Kantoposuua. Hanpukinii 30-X pokiB y
JleHinrpaacbKOMy YHIBEPCUTETI HUM yriepiie Oyiau copMyIboBaHi Ta JOCII-
JKYBAJIMCh OCHOBHI 3a/1a4i, KpUTEpli ONTUMaIbLHOCTI, EKOHOMIYHA 1HTEpIpeTa-
s, METOJM PO3B'A3aHHS Ta F€OMETPHUYHA IHTEpIIpeTallis pe3yabTaTiB PO3B's-
3aHH 3aja4 JiHiiHOTO nporpamyBaHHs (1939 poky JI. B. KantopoBuu onpuio/i-
HUB MOHOTpadio «MaTemaTuuHi METOAM OpraHi3aiii 1 MIaHyBaHHs BUPOOHMII-
TBa»). CaM TepMiH «JIiHIHHE IporpaMyBaHHI» OyB BBEJCHUH JICIIIO MI3HIIIE,
1951 poky, y npamsix amepukancbkux BueHux Jx. lanuura ta I'. Kymnanca.
OnHak y cBoit MmoHorpadii JIx. Jlanuur 3a3Hauae, mo JI. B. KantopoBuya ciif
BU3HATH MEPIIUM, XTO BUSBUB, IO MIUPOKE KOJIO BAKIMBUX BUPOOHUUYNX 3a7a4
MOke OyTH MOJaHE Y YITKOMY MaTeMaTUHYHOMY (OPMYJIIOBaHHI, SIKE YMOXKJIUB-
JIO€ MIIX1A A0 TAKUX 3aJa4 3 KIJIbKICHOI0 OOKY Ta pO3B'A3aHHSA 1X YUCEIbHUMU
METOJIaMH.

1947 poxy k. JlaHuurom Takoxk OyB po3poOJeHUl OCHOBHUN METOJ pO3B'A3Y-
BaHHS 3aJ1a4 JIIHIMHOTO MPOrpaMyBaHHS — CUMILJIEKCHUI METO/, 10 BBAXKAETHCS
no4yaTkoM (OpMYyBaHHS JIHIMHOTO MPOTPaMyBaHHS SIK CAMOCTIMHOTO HampsiM-
Ky B MaTe€MaTUYHOMY IporpamyBanHi. HactynmHum kpokom ctanu npaui J[x.
Heiimana (1947 p.) o0 po3BUTKY KOHIICTIII JBOICTOCTI, IO YMOIHUBHUIIO PO3-
HIUPEHHS TPAaKTUYHOI chepH 3aCTOCYBAHHS METO/IIB J1HIMHOTO MPOrpaMyBaHHS.

[lepiogoM HaIHTEHCUBHINIOTO PO3BUTKY MAaTEMATHYHOTO MPOTPAMyBaHHS €
n'sTaecATl poku. Y el yac 3'BIsSIOThCS pO3POOKH HOBUX aJITOPUTMIB, TE€Ope-
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TUYHI JOCTIKEHHS 3 PI3HUX HANPSAMKIB MaTEeMaTHYHOTO mporpamyBaHHs: 1951
poxky — mpaus I'. Kyna 1 A. Takkepa, B sikii HaBeJJeHO HEOOXI1JIHI Ta JIOCTaTHI
YMOBH ONTUMAJIBHOCTI HENMHIWHUX 3a1a4; 1954 poky — Yapnec i Jlemke po3ris-
HYJIM HAOJIMDKEHUH METOJ PO3B'sI3aHHS 3a7ad 3 cermapabelbHUM ONMyKJIUM (yHK-
I[IOHAJIOM Ta JIIHIMHUMH OOMEXEeHHSIMH; 1955 poky — psin poOiT, TPUCBSIYEHUX
KBaJIpATHIHOMY IMPOTPAMYBaHHIO. Y M'ATACCATHX pOKax CPOpMYyBaBCS HOBUU
HAIMPSMOK MaTeMaTHYHOTO MPOrpaMyBaHHs — JIMHAMIYHE TIPOTrpaMyBaHHs, 3HAU-
HUW BKJIAJl y PO3BUTOK SIKOTO BHIC aMepHUKaHChbKUN MatemaTuk P. benman.

Ha sxanp, y nmepion HallOypXJIMBIIIOr0 PO3BUTKY MaT€MaTUYHOTO MPOTpamy-
BaHHS 3a KopJoHOM y Pamsiacekomy Cor03i HE CIOCTEpIragocs 3HaYHUX JTOCST-
HEHb Yepe3 IITYYHI 1JIC0JIOTIUHI 0OMexeHHs. BimpoKeHHS IOCHiKEeHb 3 Ma-
TEMAaTUYHOTO MOJIEJIOBaHHS €KOHOMIKM movanocs B 60-80-Tux pokax i cTocy-
BaJIOCSI OMUCY «CHCTEMH ONTHUMAIBHOTO (YHKI[IOHYBaHHS COI[IaJIICTUYHOI €KO-
HOMikM». Cepell paiTHCbKUX BUEHUX TOTO Mepiody ciij BuokpemuTu mpaii B. C.
HemuunoBa, B. B. HoBoxmuiosa, H. II. ®enopenka, C. C. lllaranina, B.
M. I'nymikoBa, B. C. Muxanesuua, FO. M. €pMonbeBa Ta 1H.

Ha cywyacHoMy erami mMaTtemMaTH4YHE MPOrpaMyBaHHS BKIIOYAE IMIUPOKE KOJO
3a7a4 3 BIAMNOBIAHMMH METOJIaMHU PO3B'A3aHHsS, 1[0 OXOIUIIOIOTH PI3HOMAaHITHI
npoOsieMu pO3BUTKY Ta (DYHKIIIOHYBaHHS pealbHUX €KOHOMIYHUX cuctem. Po3-
poOISAIOTHCS 0AHKM €KOHOMIKO-MaTeMaTUUYHUX MOJENEH, sIKl B MOEAHAHHI 3 MO-
TYHOIO, IIBUJKOII0Y0I0 OOYMCIIIOBAIBHOIO TEXHIKOIO Ta CY4YaCHHUMHU Iporpa-
MHHMH TPOIYKTAMH YTBOPIOBATHMYTh CUCTEMHU €(PEKTUBHOI MIATPUMKHU TIPH-
HHATTS PIIIEHDb Y PI3HUX TATY35X €KOHOMIKH.

2. Ha3Ba nucnumiinu «MareMaTuyHe nNporpaMmyBaHHs aCOIIIOEThCS Mepe-
JyCIM 3 TIpOTrpaMyBaHHSM sIK MporiecoM cTBopeHHs mporpam s [TEOM 3a no-
noMororo crenianbHoi MoBu. [IpoTe HacmpaBai e nuie He TyKe BIAIUi mepe-
KJIaJ aHTJIHCBKOTO TepMiHy mathematical programming, 1O O3Ha4ae po3poo-
JIEHHS. Ha OCHOB1 MaT€MaTWUYHUX PO3pPaxyHKIB MPOTrpamu Aid I JOCATHEHHS
o0paHoi MeTH. B eKOHOMIYHUX, BUPOOHUYMX, TEXHOJOTIUYHUX MpoIecax pizHUX
rajgys3eid HapoJHOr0 roCIoAapCTBa BUHUKAIOTh 3a]a4l, M0110H1 32 TOCTaHOBKOIO,
0 MalOTh PSJl CHUIBHUX O3HAK Ta PO3B'A3yIOThCA MOAIOHMMHU MeTonamu. Tu-
MOBa MOCTAHOBKA 3a7jadl MAaTeMaTUYHOI'O MPOTpaMyBaHHS Taka: ACAKUN Mpo-
1[eC MOX€ PO3BUBATHUCS 33 PI3HUMH BapiaHTaMH, KOXKEH 3 SIKUX Ma€ CBOi Iepe-
Baru Ta HENOJIKH, IPUYOMY, K MPABUIO0, TAKUX BaplaHTIB MoOke OyTu Oe3miy.
HeoOxigHo 13 yciX MOXJIMBHUX BapiaHTIB BUOpaTH HaWKpamui. 3 I[1€I0 METOIO
BUKOPHUCTOBYIOTHCS MaTeMaTUYHI METOIH.



PeanbHi ekoHOMIYHI 33a4i € JOCTATHHO CKJIATHUMH, B SIKUX, HAIIPUKJIAJ, KUIbKICTh
pecypciB Ta BUAIB MPOAYKIII MOKE CAraTH COTEHb HAHMEHYBAaHb, 1 TOJI MMPOCTUM Tepe-
Oip BCi€l MHOXXHUHHU BapiaHTIB aOCOIFOTHO HEMOXKIIMBHM. OTXKe, TIOCTaeE HEOOX1THICTh
PO3POOJIEHHS CHEIIATbHUX MaTeMaTHYHUX METOJIB PO3B'SI3aHHS TAKUX 3a/a4, TOOTO
MaTeMaTHYHOrO OOIPYHTYBaHHS Haile(heKTHBHIMX BUPOOHMUMX mporpam. Came 3i
CIIOBOM «ITIpOTpaMay 1 MOB'sA3aHa Ha3Ba MPEeAMETa — «MaTeMaTUYHE MPOrpamMyBaH-
HSD).

[Tomyk peanbHOr0 ONTHUMATIBHOTO IUIAHY €, SIK MPABHIIO, CKJIAJHUM 3aBIaHHIM 1
HAJISKHUTH JI0 EKCTPEMAIIbHUX 33]1a4, B SIKUX HEOOX1IHO BU3HAYUTH MAKCUMYM YH Mi-
HIMYM (eKcTpemMyM) (hyHKIIIi 32 BU3HAYEHUX OOMEKEHb.

Mamemamuune npozpamysants — OJVH 13 HAIPSMKIB IIPUKIIATHOT MaTEMaTH-
KU, npeomemom sIKOTO € 3a7adi Ha 3HaXOKCHHS eKCTPEeMyMY AesKoi (QYHKIIIi 3a TIeB-
HUX 33/IaHUX YMOB.

06'ekmamu MaTeEMaTUYHOTO NPOTrPaMyBaHHS € PI3HOMAHITHI rany3i JIFOJChKOI Ji-
SUTTBHOCTI, JI¢ B TICBHUX CHUTYaIisIX HEOOXiqHO 3IHCHUTH BHUOIp HAHWKPAIIOro 3 MOX-
JUBUX BapiaHTiB fAiil. OCHOBOIO TaKOro BUOOPY € 3HAXOJKEHHS PO3B'SI3KY €KCT-
peMaJIbHOT 3a/]a4l METOIaMU MaTEMATUYHOTO ITPOrPaMyBaHHSI.

Po3B's13aHHS eKcTpeMabHOI €eKOHOMIUHOT 33a4l CKIIQA€ThCsl 3 MOOYI0BU €KOHO-
MIKO-MaTeMaTHYHOI MOJIEJI, MATrOTOBKHY iH(MOpMaIlii, BiANITyKaHHS ONTHMaIbHOTO
IJIaHY, €KOHOMIYHOI'O aHali3y OTPUMAaHUX PE3yJIbTaTIB 1 BU3HAYEHHS MOXKJIMBO-
CTel 1X MPaKTUYHOTO 3aCTOCYBAHHS.

Mamemamuuna mooenb eKOHOMIYHOTO 00'€KTa (CUCTEMU) — 1€ MOTO crpollle-
HUM 00pa3, moJgaHuM y BUTJISAI CYKYITHOCTI MaTeMaTUYHUX CITiBBIJHOIICHBb (pi-
BHSIHB, HEPIBHOCTEH, JIOTIYHUX CMiBBIJHOIIEHB, TpadikiB TOIIO).

3. Marematu3ailisi pi3HOMaHITHUX TaJly3eil 3HaHb Ha CHOTOAHIIIHI Yac HEe € Yh-
MOCh HOBHM Ta HECIOAIBaHUM. MaTeMaTH4IHI METOJIA MIMPOKO 3aCTOCOBYIOTHCS B
cdepl colialbHO — €KOHOMIYHUX, €KOJOTIYHHUX, TEXHIYHUX, MDKHAPOIHUX B1JTHO-
cuH. Halipi3HOMaHITHIIII NOPUKIAJHI HAyKH, Taki K MEHEKMEHT, HNPHIHATTS
YOPABIIHCHKUX PIIIEHb, COLIAIILHO — €KOHOMIYHE MPOTHO3YBAaHHS BUKOPUCTOBY-
I0Th MAaTEMaTUYHHIA amapaT JUIisl BUPIIICHHS CBOiX MPOOJeM 1 HaBiTh CTUMYJIIOIOTh
PO3BUTOK MPUKIATHUX raly3eil MaTeMaTHKU.

BukopuctanHs cydacHUX METOIIB MOJICTFOBAHHS 3yMOBJICHO:
- 3aTaJIbHOIO0 TEHCHIIIEI0 PO3LIUPEHHS Ta MOTIMOJIEHHS JTOCHTIIKEHHS TIPolie-
CiB B peaJIbHOMY (PI3UYHOMY CBITI;
- 3HAYHOIO TPUBAIICTIO PSAY MPOIECIB (€KOJOTTYHMX, XIMIKO - TEXHOJIOTTYHHX );
- IPaKTUYHOIO HEMOJKJIMBICTIO OTPUMYBAaTH HEOOXIJHY 1H(OpMaLito, J0CII-
JOKYHOUH 00’ €KT — opuriHaji (00’ €KTH MaKkpo- Ta MIKPOCBITY);
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- HETIOBHUMHU JIOCTOBIPHUMU JJAHHUMHU TIPO (PI3UYHUIA 00’ €KT, 10 PEaTTbHO 1ICHYE;

- CKJIQJIHICTIO MPOTIKaHHS peaibHUX MPOLECIB;

- BIZICYTHICTIO HQJIG)KHUX YMOB YM KBami(ikaiii mepcoHany ajisi MPOBEACHHS
JIOCHIIJDKCHB;

- HEOOX1THICTIO TIPOBEJICHHS BEJIMKOI KUIBKOCTI €KCIIEPUMEHTIB, KOJIH TPUBA-
JIe TOCJIKEHHS CTa€ eKOHOMIYHO HEJIOIIJIbHHIM;

- BIZICYTHICTIO CaMOro 00’ €KTY, 110 3HAXOUTHCA Ha CTafii TPOCKTYBaHHS.

Tepminu “monens”, “MoAENOBaHHS” MU YaCTO BUKOPHUCTOBYEMO B peajbHO-
My JKHTTI, BKJIQJal09 MOJEKYIM B HUX 30BCIM pi3HI MOHATTS. [Ipu posrmsiai Mo-
JISTFOBAHHS SIK YHIBEPCAIBHOT'O METO/Ty HAyKOBOTO IMi3HAHHS JIOIIJIbHO BBECTH Ha-
CTYITHE O3HAYEHHS MOJIEII.

Mooenv — 1e MarepiajibHa a00 pO3yMOBO — ysiIBHAa cuUcTeMa 4d (Di3UUHUM
00’€KT, sIKa B IPOIECi JOCIIDKCHHS 3aMiHIOE 00 €KT — OpHUTiHAJ Tak, IO HOTo
OesnocepeIHe BUBYCHHS JIa€ HOBI 3HAHHSI MPO 1IeH 00’ EKT.

[lin moodenosannam po3ymitoTh mporiec dopmamizaiiii ¢i3sudHOro 00’ €KTa
METOI0 SIKOTO € CTBOPEHHS IMEBHOTO HOro aHajlora — MOJENi, IO aJeKBaTHa
00’exToB1. MofienOBaHHA — 1€ TPUEANHUI TIpoliec MO0y 10BY, BUBYCHHS Ta 3aCTO-
CYBaHHS MOJIEJIEN.

Bci mogzieni MmoxxyTh OyTH yMOBHO MOJIIICH] Ha JIEK1IbKA BU/IIB.

)] ®DiznyHi Moaesi € 00’eKkTaMu, 110 ICHYIOTh PEAIbHO 1 CTBOPIOIOTHCS 3
peanbHUX MatepiaiiB. Lle aificHe BIATBOPEHHS pealibHO iICHYI04YOoro 06’ ekTy. Croau
BIIHOCSITh:

A) I'eomempuuno nodioni Moneni (MakeTHu Pi3HUX YCTaHOBOK, MPHIIAIB, Oy-
70B). BoHM BUKOPUCTOBYIOTHCS y 3MEHIIIEHOMY MacmiTadi i Toro, mo0 Martu
MIPOCTOPOBY YSBY MPO 00’ €KT, KOMIIOHOBKY MOTO €JIEMEHTIB, B3a€EMHE PO3MIIIEHHS
iX B IpOCTOPI.

b) ®i3uuno noodioni moneni (IOCHIIKEHHS NPOLECIB MPOIYyBAHHSI MOl
KpHJIa JiTaka B aepoJAMHaMIuHii TpyOi). BoHM CTBOPIOIOTHCSA U1 TOTO, 1100 Kpaiie
3p0o3yMiTH (Di3UUHI TIPOIIECH, III0 BUBYAIOTHCS, iX KIHETUKY Ta JTUHAMIKY, BUSBIICH-
HSl HABa)KJTMBILINX 3aKOHOMIPHOCTEH Ta (DyHKIIOHAIBHUX 3aJI€KHOCTEH.

B) Mamemamuuno nooioui moneni (aHajaoroBi MOJACNII PyXy piIMH Ta rasis,
10 OMUCYIOTHCSI OJTHAKOBUMU TU(DEepEeHITIaTbHUMU PIBHIHHSIMU SIK TUTMHHICTH €J1e-
KTpU4YHOTO cTpyMmy). CTBOpEHI JUIsi BUBYEHHS CKIIAJIHUX TPOIIECIB (HAMPUKIA]L,
TPAHCIIOHYBAHHS PIAMHU YM Ta3y) 3a AOMOMOIOIO iX MPOCTIMIMX AHAJIOTIB (EJIeKT-
PUYHOT MOJEI).



II) VYsaBHi Moaenai iCHYIOTh B TOJOBI JOCTIAHUKA, HA Tanepi, MarHiTHUX
HOCISIX y BUIJISIJ MEBHUX YSIBHUX 00pa3iB: (popmyJi, TaOIUIb, 3HAKIB, CXEM TOMLIO.
Bonu noainsroThCs Ha:

A) Obpas3zni mooeni noOyI0BaH1 3 UyTTEBO — HATJIAIHUX 1€UTBHUX €JIEMEH-
TiB, 1[0 BUKOPUCTOBYIOTHCS JUIsl HAOJIMKEHOTO OMKCY PeaTbHUX SIBUII (a0COIIOTHO
YOpHE TU10, IPYXH1 KyJIbKHU, 11€aTbHUHI a3 i T.11.).

b) 3naxosi modeni Bii3HAYAIOTHCS TOBHOIO BIJACYTHICTIO TTO1IOHOCTI MIXK JTOC-
JKYBaHUM 00’ €KTOM Ta Moro mojesutto. Hampukian, 3amina Micta — TOYKH Biji-
npaBieHHs noi3aa OykBoro (3amava «3 micta A B micto B iiae moiza...»).

B) O6pa3zno — 3naxosi € noeqHaHHIM MONEPEIHIX IBOX BHUIIB.

OnHuM 3 MIABHUAIB 3HAKOBUX MOJEIEH € MareMaTH4yHl mojueini. MareMaTny-
HAa MojeJb (I3UYHOro 00'€KTa — 1€ CYKYIHICTh MAaT€MAaTHUYHUX CIIBBIIHOUIEHb
(piBHSIHB, Gopmyn, rpadikiB), IO MOB’SA3YIOTh BUXIJAHI XapaKTEPUCTUKH CTaHY
00’€eKTa 3 BXIJIHOIO 1H(OpMaIlI€l0, TEOMETPUUYHUMH Ta THITUMU OOMEXKEHHSIMU 1H-
11010 1H(pOpMaIIi€l0, 10 HAKJIAIa€ThCa Ha (QYHKIIOHYBaHHA 00’ €KTy. MaTtemaTud-
Ha MOJIEIb 3HAXOJIUThCS Y BIJIMOBIAHOCTI 3 00’ €KTOM 1 37]aTHA 3aMIHUTH HOTO 3 Me-
TOIO0 OTPUMAaHHSI HOBOI 1H(OpMAIIii PO HOTO MOBEIIHKY.

OcoOIUBOCTAMU MaTEeMAaTHYHUX MOJICTICH €:

- HaOJMKEHHICTH OIHUCY;

- BpaxyBaHHS TUIbKA OCHOBHUX YMHHUKIB;

- KOMIIPOMIC M1 IIPOCTOTOIO Ta MOBHOTOIO OIHCY;

- 0OMEXEHHICTh 3aCTOCYBaHHS;

- BIIMIHHICTh MaTeMaTHYHUX MoOJieJiel BiJl 3aKOHY (HEaOCOJIOTHICTh MaTema-
TUYHOI MOJEII);

-  aJIEKBaTHICTb.

MarteMaTH4He MO/IeJTIOBAHHS — I1€ KOMIUICKCHE JIOCIIPKCHHS BITACTHBOCTEH
b13UYHOTO 00’ €KTY 3 IONIOMOI'0OK0 CTBOPEHOI HOT0 MaTeMaTH4HOI Mojel (Halivac-
Time 3 BUKopuctanusiMm EOM).

B pi3zHux cdepax 3acrocyBaHHSI €Tanmu MpOLECY MOJIETIOBAaHHS MaiOTh CBOI
cnenu(iuHi puUCH, ajleé B YyCIX BUMNAAKaX MOXXHA BHAUTUTH JAEKUIbKa €TamiB, IO
MPUCYTHI 3aBX]1. BU3HauuMo 0AHy 3 MPOMOHOBAHUX HA CHOTOAHIIIHIN AEHb Kila-
cudikariii:

1. Ilocmanosxa npobremu ma ii axicnuu ananiz. TyT BUAUISIOTh HAaWBaXKIIU-
BIllIl PHCH Ta BJIACTUBOCTI MOJICTHOBAHOTO 00’ €KTy Ta abCTparyroTh APYTOPSIHI,
BHUBYAIOTh CTPYKTYPY Ta B3a€MO3B’SI30K €JIEMEHTIB, (hOPMYJIIOIOTH OCHOBHI T1OTE-
31 (xo4a Ou morepeHi).



2. Ilobyoosa mamemamuunoi mooeni. lle eran dhopmanizaiii npobiemu, Bu-
paXeHHs i1 y BUIIIAlI KOHKPETHUXMAaTEMAaTUUHHUX 3aJIEKHOCTEH Ta BiIHOIIEHb. Sk
MPaBUJIO, CIIOYATKy BU3HAYAETHCS OCHOBHA KOHCTPYKIlA 3aj1ayi (THI MOJenm), a
MOTIM B1IOYBA€ThCSI YTOUHEHHS] OKPEMUX JETaJICH.

3. Mamemamuunuii ananiz moodeni. BUSCHSIOTBbCS 3arajibHi BJIACTUBOCTI MO-
JieJl, JOBOJAUTHCS TeopeMa ICHYBaHHS pO3B’s3Ky 3ajadi (1HaKille HACTYMHHI JOCIi-
JOKEHHS HE TIPOBOAATHCS ), BHSCHSIOTh YU €IMHUI POO3B’ 530K, K1 3MiHHI B XOJIH-
THMYTh B PO3B’SI30K Ta B IKOMY CITiBBITHOIIICHHI, B SIKUX MEXaX Ta 3 KO TEH7C-
HIII€F0 BOHU 3MIHIOBAaTUHYThCS.

4. Ilioecomosxa euxionoi ingopmayii. TyT BUKOPUCTOBYIOTh METOIU TEOPii
HMOBIPHOCTEH Ta MATEMATHYHO1 CTATUCTHUKHU.

5. YHucenvruti po3e’azox. Po3poOJsiOThCS alTOPUTMH JIJIsE PO3B’A3yBaHHS 3a-
nadi, ckianarTees nporpamu i 11K, 3aBnsku mBuakoaii EOM MoxxHa nmpoBecTH
0araTo4MciieHl EKCIEPUMEHTH 3 PI3HUMHU BUXIJHUMU YMOBAaMU Ta NapaMeTpaMHu.

6. Ananiz yucenvHux pezyromamie ma ix zacmocysants. IIoBHICTIO BU-
BUAETHCS TUTAHHS PO MPABUJIbHICTh Ta MOBHOTY PE3yJIbTATIB MOJICTIOBAHHS, ajie-
KBaTHICTh MOJIEJII Ta i1 MpaKTUYHE 3aCTOCYBaHHSI.

3MiHHI BenWYWHU OyBalOTh HE3AJCKHUMHU UM 3aJICKHUMH, TUCKPETHUMH YU
HEMEePEePBHUMU, JIETEPMIHOBAHMUMHU a00 BHUMAAKOBHUMHU. Hampukiiaa, 3aiexHOI0
3MIHHOIO € cO01BapTICTh MPOAYKIIi, HE3AJIEKHOI BiJ Mpouecy (PyHKIIOHYBaH-
HS MIAMPUEMCTBA BEJIMYMHOIO € TTOYATKOBHUI PO3MIp CTaTyTHOTO (OHY, TUCKpE-
THOI — KUIBKICTh BUJIB MPOJYKIIli, HEIEPEPBHOIO —yYac, MJIOLIA MOCIBY TOUIO,
JETEPMIHOBAaHOIO — HOpPMa BHUCIBY HACIHHS KYKYpY/3H Ha TeKTap, HopMa BUTPATH
CUPOBMHM Ha OJMHHULIO NPOAYKIIi, BUIIAJKOBOK — BEJIWYMHA NPUOYTKY, KLIb-
KICTh TEJAT, K1 HAPOASATHCS Y IUIAHOBOMY TE€Pi0/1i TOIIO.

BxigH1 3MiHHI €KOHOMIYHOI CHCTeMH OyBalOTh JBOX BH[IB: KE€POBaHI X/(j= /,
2, ..., n), 3HAUCHHS SKUX MOJKHA 3MIHIOBAaTH B JCSKOMY IHTEpBaJli; 1 HEKEPOBaHI
3MiHHL y, (r = 1 2, ...,s), 3HaU€HHS SIKUX HE 3aJIeKaTh BI1Jl BOJII JIIOJIEH 1 BU3HAUa-
I0ThCSl 30BHIIIHIM cepenoBuineM. Hampukiazn, oOcsar mpuadaHOTro MajibHOTO —
KepoBaHa, a TeMIepaTypa MOBITps — HEKepoBaHa 3MiHHA. 3aJIeKHO BiJl peajbHOI
CUTYyaIlli KepoBaHi 3MiHHI MOXKYTh IEPEXOJAUTH Y TPYIy HEKEPOBAHUX 1 HABIAKHU.
Hamnpuknan, y pa3i HaCHY€HOTO PUHKY OOCSATH MpUAOAHHS TU3ETHLHOTO MaTNBa €
KEpOBAHOI0 3MIHHOIO BEJIMYMHOIO, a 32 YMOB AC(DIIUTY I[bOTO PECYpCy — HEKe-
POBaHOIO.

KoxHa ekoHOMIYHA cucTemMa Ma€ MEeBHY MeETy cBOro (yHKIioHyBaHHs. Lle
MOXe OyTH, HalpPUKIAad, OTPUMAHHS MAKCUMyMy YHCTOrO NpuOyTKy. CTymiHb



JIOCATHEHHSI METH, 3/1€01IBIIIOTO, MAa€ KUIBKICHY Mipy, TOOTO MOXKe OyTH omuca-
HUW MAaTEMaTU4YHO.

Hexaii z— BubOpana meta (11171b). 3a IIUX YMOB BJA€THCS, SIK MTPABUIIO, BCTAHOBU-
TH 3aJICKHICTh MK BEJIMYMHOIO Z, SIKOKO BUMIPIOETHCS CTYIIHb JIOCSTHEHHSI METH,

BX1JHUMH 3MIHHAMH Ta TTapaMeTpaMu CUCTEMHU:

Z:f(X1,)C2,...Xn,'yj,yg,...ys,'Cj,Cg,...,Cl), (1)
ne mapamertpu ¢, (k=1,2,...,]) € KITbKICHUMU XapaKTePUCTUKAMU CUCTEMHU.

OYHKITIIO z HA3UBAIOTh Yi1b060I0 (PYHKYi€E0, a00 (yuxyieio memu. J{ng exo-
HOMIYHOI cuctemMu 1ie € GyHKIis eheKTUBHOCTI 1i (yHKIIIOHYBaHHS Ta PO3BUT-
KY, OCKUIBKHM 3HAYEHHS Z BIJOOpaXXy€ CTYIIHb JOCATHEHHS MIEBHOI METH.

VY 3aranbHOMY BUIJIA1 3a7a4ya MaTEMAaTUYHOTO MpOrpaMyBaHHS (HOPMYIIIO-
€ThCA TAK:

3uatimu maxi 3Ha4eHHs KepOBaAHUX 3MIHHUX X;, w00 Yinbosa QyHKyis Habyeana
EeKCMPEMAIbHO20 (MAKCUMATLHO20 YU MIHIMAbHO20 3HAYEHHS).

OT1xe, mOTpi1OHO BIAIIYKATH 3HAYCHHS

max(min)z=f(x;,x2,..., X0, Y1,V2,--,¥s,C1,C2,...,C1 ). (2)

MosxknuBocTi BUOOPY X; , 3aBKAM OOMEXKE€HI 30BHIIIHIMHM HIOJ0 CHCTEMH
yMOBaMu, apamMeTpaM BUPOOHHUYO0-EKOHOMIYHOT CHCTEMH TOIIO.

Hanpuknan, mioma nociBy 03UMOi MIIEHUI[I OOMEXEeHa HAasgBHICTIO P Ta
IHIIUX pPEeCcypciB, CIBO3MiHAMM, MOXJIHMBICTIO peali3aiii 3epHa, HEOOXiJHICTIO
BUKOHAaHHS JOTrOBIpHHUX 3000B'si3aHb Towo. L{i mpoluecu MoxxkHa onucaTd CHUC-
TEMOI0 MaTEeMaTUYHUX PIBHOCTEH Ta HEPIBHOCTEH BUY:

Gi(X 1, X2 X, V1YV Vs, C1,Coy ooy CPLS,=,2 10, 3)
ne i=1,2,...,m.

Tyt HaGip cumBoIiB (£,=,>) 03HAUAE, 110 AJIs ACIKUX 3HaUYE€Hb MOTOYHOTO 1H]IE-
KCY I BUKOHYIOTHCSI HEPIBHOCTI TUITY = , JUISl IHIIMX — PIBHOCTI (=), a U PeITH
— HEPIBHOCTI TUITY < .

Cucrtema (3) Ha3UBAETBCS cucmeMor0 0bmedcelb, ad0 CUCmeMOo0 YMOo8 3aiadl.
BoHna omnucye BHYTpIlIHI TEXHOJIOTIYHI Ta €KOHOMIUHI IpolecH (PyHKIIIOHYBaH-
HA ¥ PO3BUTKY BHPOOHMYO-€KOHOMIYHOI CHCTEMH, a TaKOX IPOIECH 30BHIII-
HbOT'O CEpPEJIOBUILA, SIKI BIUIUBAIOTh HA PE3YyJbTAT AISUIbHOCTI cucTeMu. s exo-

HOMIYHMX CHCTEM 3MIHHI. X; MalOTh OyTH HEBIJ'€MHUMHU:

20 (G=1,2,...,n). 4



3anexxHocTi (2)—(4) yTBOPIOIOTh eKOHOMIKO-MAMeMaAmuyHy mMooeiib eKOHOMI-
9HOT cucTeMH. Po3po0nstoun Taky MOJAENb, CIiJ JOTPUMYBATHUCh TIEBHUX Ipa-
BHLI:

1.Monenp Mae aieKBaTHO ONMUCYBATU PeabHI TEXHOJOTIYHI Ta EKOHOMIYHI1
MIPOIIECH.

2.Y mopeni noTpiOHO BpaXxOBYBAaTH BCE ICTOTHE, CYTTEBE B JOCIIKYBAHOMY
SBUII Y MPOIIEC], HEXTYIOUH BCIM JIPYTOPSAIHUM, HEICTOTHUM Yy HhOMY. MaTe-
MaTHYIHE MOJICTIOBAaHHSI — II€ MUCTEITBO, By3bKa CTEXKa MiXK TIEPECIPOIICHHAM
Ta nepeyckiagaeHasm. Crpasi, IpocTi Mol He 3a0e3MMey0Th BiIOBITHOT
TOYHOCTI, 1 «ONITUMAaIbH1» PO3B'SI3KU 32 TAKUMU MOJICJISIMU, SIK TPABUJIO, HE
BIJIMOBIIAIOTh PEAIBHUM CUTYAIlIsIM, J€30PIEHTYIOTh KOPUCTYyBaya, a MepeycK-
JaHeH1 MOJesl BaXko peasizyBatu Ha EOM sk 3 orisiTy Ha HEMOXKJIMBICTD 1X
iHpopMariiHOTO 3a0€3MeYeHHs, TaK 1 Yepe3 BiACYTHICTh BIAMOBIAHUX METO/IIB
onTuMizamii.

3.Moaens Mae OyTH 3p0O3yMUIOIO JJIsl KOPUCTyBada, 3pyYHOIO JJIsl peaizaiii
Ha EOM.

4. Heo0x11HO, 100 MHOKMHA 3MIHHHX X; OyJla HE HOPOKHBOIO. 3 LI€I0 Me-

TOI0O B €KOHOMIKO-MaTEeMaTUUYHUX MOJEIAX 32 3MOTH CJI1JI YHUKATU OOMEKEHb
TUITY «=», & TAKOX CYIIEPEUINBUX OOMEKEHbD.
Hanpuknan, cTaBUThCS OOMEXKEHHS 100 BUKOHAHHS KOHTPAKTIB, aje pecyp-
CiB HEJIOCTaTHBLO, a0 iX BUKOHATH. SKio cuctema (3), (4) Mae eAMHUN PO3B'S30K,
TO HE iCHye HaOOpy pI3HHUX IJIaHIB, a OTXKE, ¥ 3amayl BUOOPY ONTHUMAJIBHOTO 3
HUX.

Bynb-sxuii HaOlp 3MIHHUX X;,X),...X, 110 3a70BOJIbHSIE YMOBHU (3) 1 (4), HAa3UBa-
I0Tb donycmumum nianom, abo niaanom. OYEBUIIHO, IO KOXKHHUK JOMYCTUMHUUN
IIaH € BIATOBITHOIO CMpamezi€ld eKOHOMIUHOI cucmemu, npozpamoro Oil.
KoxHoMy momycTHUMOMY IIJIaHY BIJINOBiJA€ MEBHE 3HAYEHHSI IIJILOBOT (DYHKIIIT,
SKe 00UMCITIOETHCA 3a popMmynoro (1).

CyKymHICTB yCIX PO3B'SI3KIB cUCTeMHU 00MexeHb (3) 1 (4), TOOTO MHOXKHHA BCIX
JTOMYCTUMHUX TIJIAHIB YTBOPIOE 0O.1acmb icHy8anHs nianie ( obracme donycmu-
MUX NIAHIB ).

[InaH, 3a skoro 1MITbOBa (YHKIlISI HAOYBAa€ EKCTPEMAIHHOTO 3HAYCHHS, HA3H-

BaeThC onmumanvium. ONTUMAIBHUHN TUIAH € PO36'513K0M 3a0a4i MAMeMamuyHo20
npozpamysantsi (2)—(4).



4. Y maTteMaTUYHOMY IMpOTpamMyBaHH1 BHIAUISIOTH JBA HAMPSIMKH — Oemepmi-
Hosawi 3a1adl 1 cmoxacmuuni. JleTepMiHOBaH1 3a7aui HE MICTATh BUMAJKOBUX
3MIHHUX YW TapamMeTpiB. Ycs modarkoBa iHGoOpMallis MOBHICTIO BU3HA4YeHaA. Y
CTOXaCTUYHUX 3aJa4aX BUKOPHUCTOBYEThCA BXiAHA i1H(OpMalis, sfKa MICTUTb
€JIEMEHTH HEBU3HAYEHOCTI, a00 Jeski mapaMeTpu HaOyBalOTh 3HAYEHb BIAMOBI-
HO JI0 BU3HAYEHUX (PYHKIIH pO3MOMUTY BUITAJAKOBHX BeIWYWH. Hampukmnan, sk-
0 B €KOHOMIKO-MaTeMaTUYHIN MOJeNl MPUOYTKU, BPOKAMHOCTI ClIbCHKOTOC-
MOJAAPChKUX KYJBTYpP TOIIO 3aJaHi CBOIMH MaTeMAaTUYHHUMH CIIOJIiBAHHSIMH, TO
Taka 3ajiaya € JCTCPMIHOBAHOI0. SKIO K Il BEIUUYUHHU 3a7aHi QYHKIIISIMHU
pPO3MOJITY, HAPUKJIA] HOPMAJIBLHOTO 3 MaTeMAaTUUYHUM CHOJIBAaHHSM @ 1 JUC-
nepciero D, To Taka 3aaua € CTOXaCTUYHOIO.

SKkuio y BIAMOBIIHUX €KOHOMIYHHMX Mpollecax BUIIAJKOBI1 SBHINA HE BIJIT-
paroTh 1ICTOTHOI POJIi, TO 3a/1ady MOXKHA PO3B'A3yBaTH SIK JAETEPMIHOBaHYy. Y 1H-
oMYy pa3l aJiekBaTHa €KOHOMIKO-MaTeMaTH4Ha MOJeJib Ma€ OyTH CTOXacTHUY-
HOI0, TOOTO MICTUTH BUMAAKOBI QyHKIIT Ta Beauunau. CTpyKTypa Ta po3B'sa3y-
BaHHS TaKHWX 3aJlad BUBYAIOTHCSA B OKPEMOMY PO3JIii, SKUH HA3UBAETHCS CMO-
XACMUYHUM NPOSPAMY BAHHSIM.

Kooicen 3 nazeanux HanpsamKie xiouae munu 3a0ay MamemamuiHo2o npo-
2PamyBanHs, AKi 8 C80H0 Uepey NOOLIAIMbCA HA THWLI KILACU.

Sk meTepMiHOBaHI, TaK 1 CTOXAaCTHUYHI 3aJadi MOXYTh OyTH CHAmMUUYHUMU
(omHOKPOKOBUMU) a00 Odunamiunumu (6araToOKpokoBUMH). OCKUIBKH €KOHO-
MIUYHI [POLECH PO3BUBAIOTHCA B 4acl, BIAMNOBIJHI €KOHOMIKO-MaTEMAaTUYHI MO-
Jelll MarTh BigoOpakatu iX auHamiky. [ToHSTTS nuHaAMIYHOCTI MOB'sSi3aHE 31
3MiHaMu 00'ekTa (siBUIlA, mpolecy) y yaci. Hanmpukiaza, sikuio #aeTbcs mpo
IJIaH PO3BUTKY €KOHOMIKH YKpainu 10 2012 poky, To MatoTh OyTH OOTpyHTOBaHI
3HAQYEHHS BIJIMOBIIHUX MAaKPOCKOHOMIYHUX MOKa3HUKIB He nuiie Ha 2012 pik, a i
Ha BCl MPOMIXKHI POKH, TOOTO CJIiJl TJIAHYBATH MOCTYNOBICTh (IMHAMIKY) PO3BH-
TKY HapOJHOTOCTIOAapPChKUX MpoIieciB. Takuil miIaH Ha3UBAOTh CMPAMeiyHUM.
VY wpoMmy Mae OyTH OOrpyHTOBaHa ONTHMAajbHa (HallKpailia, ajie peajbHa) Tpae-
KTOpisl PO3BUTKY HApOJHOTO TocmomapcTBa. [Ipore miag BIIMBOM HEKEPOBAHUX
YUHHUKIB (PAKTUYHI MOKAa3HUKHU IIOPOKY MOXYTh BIAXMJIATHUCS Bij 3aIljlaHOBA-
HuX. ToMy mocTae HEOOXiIHICTh KOPUTYBAaTH KOXKHUHN piuHUi Tuiad. Taki miaHu
Ha3UBAIOTh mMakmuyHumu. BoHu BU3HAUAIOTHCS B pe3yJIbTaTl PO3B'si3aHHA CTa-
TUYHOT €EKOHOMIKO-MaTeMaTUYHOI 3a/1a4il.

BaxauBo 4iTKO YCBIJIOMUTH BIJIMIHHICTHP MDK OJHO- Ta 0araTOKpOKOBHUMH
3agadyaMu. baraToOKpoKOBICThH SIK METOJ PO3B'SI3yBaHHA 3aJlad MaTeMaTHYHOTO
NpOTpaMyBaHHS 3YMOBJIOETHCS, HacamIiiepena, OaraToOBUMIPHICTIO 3aaadl ¥
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O3Hauae, 110 MOCIII0BHO 3aCTOCOBYIOYH 1HIYKIIIO, KPOK 332 KPOKOM 3HAXOJAThH
ONTUMAaJIbHI 3HaYE€HHS MHOXMHH 3MIHHHX, MPUYOMY OTPUMAHHI Ha KOXKXHOMY
KpOILl PO3B'I30K Ma€ 3aJ0BOJIBHATH YMOBU ONTHUMAJIBHOCTI MOMEPEAHHOTO PO3-
B's13Ky. Taka mpoueaypa Moxe OyTH O17bII YU MEHII TICHO IMOB'si3aHa 3 4acoM.
OnHOKPOKOBI 3a/adi, HABMAKH, XapaKTEPU3YIOThCA TUM, IO BC1 KOMIIOHEHTH
ONTHUMAJbHOTO TUIAHY 3a/Jadl BHU3HAYAIOTHCS BOJHOYAC HA OCTAHHIN iTeparii
(ocranaboMy Kpotli) anroputmy. [1oTpiOHO PO3PI3HATU ITEPAIIMHICTD ANTOPUT-
My 1 Horo GaraTokpokoBicTb. Hampuknaa, cuMIjieKc-MeTol po3B'sa3yBaHHA 3a-
Ja4 JITHIMHOTO MpOTrpaMyBaHHS € ITepaiiiiHuM, TOOTO y MEBHUM crocid ficTa-
I0Th JIONMYCTUMUM IUJIaH 1 B pe3yjibTaTl A€AKOI KiJIbKOCTI 1Tepallii BU3HAYAIOTh
onTuMalibHuil TiaH. TyT BUKOHYIOThCA 1Teparlii (KPOKH) alTOPUTMY CHUMILIEKC-
HOT'O METOJy, aJie 1I€ He MOXHa IHTEepPIPETYBATH SIK 0araTOKpPOKOBICTh €KOHOMI-
YHOTro npouecy (sBumia). Jlesxi 3ajaui MaTeMaTHYHOrO MIPOTPAMyBaHHsS MOXKHA
pO3TIISIAATH K OJHO- ab0 0araTOKpOKOBI 3aJI€KHO Bij crnocoOy iX po3B's3aH-
HA. SIK110 3a7a4y MOXHa pO3B'sI3yBaTH SIK OJJHOKPOKOBY, TO pPO3B'sI3yBaTH ii AK
0araTOKpOKOBY HEJIOLIBHO, 00 B TAKOMY pa3i sl 3HAXOJKEHHS] ONTUMaJIbHOTO
1JIaHy HeoOX1JIHO 3aCTOCOBYBATH CKJIaaHimi MeToau. [Ipore OuibIIicTh €KOHO-
MIYHUX MPOLECIB € AMHAMIYHUMH, iX MapamMeTpu 3MIHIOIOThCS B 4acl W 3aie-
’KaTh BiJl pillICHb KEPIBHUIITBA, SIK1 TJOBOJUTHCS MPUINMATH 3 METOIO CIIPSIMyBaH-
HS PO3BUTKY €KOHOMIYHOI CUCTEMHM 32 TPAEKTOPIEIO, IKa BU3HAUECHA CTpaTeriy-
HUM TUJIAHOM.

3agayl MaTEMaTUYHOTO MPOrpaMyBaHHsS MOAUISIOTH TaKOX HA OUCKpemHi 1
Henepepeni. JINCKpETHUMHU HA3UBAIOTh 3ajladl, B SAKUX OJHA, KUJIbKa abo BCl
3MiHHI Ha0yBaIOTh JHIIEC JUCKPETHUX 3HAUCHb. 3-TIOMIXK HUX OKPEMHIl THII CTa-
HOBJIATH 3ajadyl, B SKMX OJHA a00 KijJbKa 3MIHHMX HaOYyBamOTh IIIOUYUCIOBUX
3HA4YE€Hb. X HA3MBAIOTh 3aJa4aMU YIIOYUCI08020 Npocpamysants. SIKIO Bcl
3MIHHI MOXYTbh HaOyBaTH Oy/Jb-IKUX 3HAYEHb Ha JICSIKUX 1HTEpPBajax YHUCIOBOI
0Cl, TO 3a/1a4a € HenepepeHoIo.

OCK1JIbKHM B €KOHOMIKO-MaTeMaTUYHUX MOJIEIISIX 3aJIEKHOCTI MK IMOKa3HU-
KaM# OIKCaHl 3a JAOMOMOrow (yHKIH, TO BIAMOBIIHO 0 iX BUIY BCl BHIIE
3rajilaHl THIU 3aj1a4 NOJAUISIOTh Ha JiHiltiHI Ta HeliHitHi. SIKIOo 1IboBa (QYHKIIS
(2) Ta oomexenHs (3) € MHIMHUMU, TOOTO MICTATh 3MiHHI X; TUIBKU Yy MEPIIOMY
a00 HYJILOBOMY CTEIICHSX, TO TaKa 3ajada € JIiHIHHOW. B ycix 1HmMMUX BUMagkax
3ajada Oye HEMIHIHHOIO.

HaitnpocTinmu 3 po3rjissHyTUX THUIIIB € CTaTUYHI, IETEPMIHOBaH1, HENIEPEPBHI
Ta JHIMHI 3a/1a4yl. BaxXJIMBOIO MepeBarol Takux 3ajad € Te, [0 JJIsS 1X po3B's3y-
BaHHS PO3pOOJICHO YHIBEpCATbHUI METOM, SIKMM HAa3UBAETHCS CUMNIEKCHUM Me-
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mooom. TeopeTHuHO KOXKHY 3a/1aqy JIHIMHOTO MPOTpaMyBaHHsI MOKHA PO3B's3a-
Td. JIJis 1esikux TUIB JIHIMHKUX 3a/1a4, 10 MaloTh OCOOJIMBY CTPYKTYPY, po3po0-
JSIOTH CHEIlalibHI METOJIU PO3B's3aHHs, K1 € edekTuBHimuUMH. Hanpukan, Tpa-
HCIIOPTHY 3aJlady MOKHA PO3B'S3aTH CUMILJIEKCHUM METOJOM, ajlie €()eKTUBHIIIN-
MU € CTeliaIbHI METOIH, HAIIPUKJIa, METO/I IIOTCHITiaJIiB.

EKOHOMIYHI Ta TE€XHOJIOT1YHI MPOLIECH, K IPABUIIO, € HEJIIHIMHUMU, CTOXAC-
TUYHHMH, PO3BUBAIOTHCS 3a YMOB HeBU3HaudeHOCTi. JIiHIWHI EKOHOMIKO-
MaTeMaTU4YH1 MOJIEJI1 YacTO € HeaJeKBaTHUMHU, TOOTO TAKUMHU, 1110 HETOYHO OTH-
CYIOTh MPOILIEC, SIKKI JTOCIIIKY€EThCSI, TOMY JTOBOJUTHCS OyIyBaTH CTOXAaCTHUYHI,
JWHAMIYH1, HeJiHilHI Moneni. Po3B's3yBaTu Taki 3ajaui HabaraTo CKJIajHilIe,
HIX JTiHIMHI, OCKUTBKM HEMA€ yHIBEPCAILHOTO METOAY iX po3B'szanHs. i1 okpemux
TUIIB HEMIHIKHUX 33124 PO3po0JICHO CHeliabHI YMCIOBI METOAU po3B's3aHHs. [Ipo-
T€ CIIiJT 3a3HAYUTH, 110 Ha TPAKTHII 3aCTOCOBYIOTb, 3/I€OUIBIIOTO, JIHIMHI €KOHOMIKO-
MaTeMaTh4HI Mojesi. YacTo HeliHilHI 3a1eKHOCT1 alpOKCUMYIOTh (HAOIMKAKOTh) 710
niHiHUX. Takuit miaxin € 10Bo eheKTHBHUM.

VY HeniHiiHOMY nporpamMyBaHHI (3aJIe)KHO BiJ (DYHKLIH, sIKI BUKOPUCTOBY-
IOThCA B €KOHOMIKO-MaTeMaTUUYHIN MOJeJl) BHOKPEMIIIOIOTh OMYKJE Ta KBaj-
paTU4yHEe NporpaMmyBaHHs. 3adaua Hanexcums 00 ONYKI020 NPOSPAMYBAHHI Y
TOMY pa3i, KOJU 1UIb0Ba (PYHKIIIA 62HYma, SIKIIO BOHA MIHIMI3Y€EThCS, Ta ONYK-
Jla, SIKIIO BOHA MAaKCHUMI3YEThCS, a BC1 0OMEXEHHS — OJTHOTHUITHI HEPIBHOCTI TUITY
(<) abo piBHSHHA, B SIKUX JIIBl YACTUHH € ONMYKJIMMHU (YHKLISIMH, & MPaBl YaCTUHU
— CTAJIMMHU BEJIMYMHAMU. Y pa3l 00OMEXeHb TUILY (=) iX JIIBl YACTHHHU MalOTh OyTH
BrHyTUMHU (yHKUIsIMH. To1 001aCTh JONMYCTUMUX IUIAHIB € OMYKJIOK Ta ICHYE
ri100albHUN, €IMHUN eKCTpeMyM. Keaopamuune npoecpamysanns — SKIIO 1i-
ah0Ba QYHKINISI KBaIpaTHIHA, & OOMEKEHHS JTIHIHHI.

[oiiHo Oyn0 PO3IMVISTHYTO JHUIIE OCHOBHI THUIM 3a/a4 MaTEMAaTUYHOTO MPO-
rpamyBaHHs. MOHa TaKOXK 3a pI3HMMHU O3HAKaMU BUOKPEMUTHU ¥ 1HIII MIATUIIN.
Ile 0co6MMBO CTOCYETHCS 3aj1ad JIIHIMHOTO, HEJMIHIMHOTO 1 CTOXaCTUYHOTO IMPO-
rpamyBaHHs. Hampukian, sik OKpeMHil TUII pO3TIAAAAI0Th 0poO08O-NiHiliHe NPO-
epamysants, KOIU OOMEKCHHS € JIHIMHUMH, a IUIhoBa (PYHKIIST — ApoOOBO-
niniiHa. OcoOMMBUM TUIT CTAHOBIATH 3a7aul meopii i2op, sIKl MIUPOKO 3aCTOCO-
BYIOTHCSl B PUHKOBIM €KOHOMIIll. AK€ TYT AIFOTh JIB1 YX O1JIbIIe KOH(IIKTHUX
CTOPIH, SIKI MAaIOTh 4YaCTKOBO a00 MOBHICTIO MPOTHJIEKHI L[11. Y CYKYIHOCTI 3a-
Ja4y Teopii 1rop, y CBOIO 4Yepry, TaKOK BUOKPEMIIIOIOThH MeBHI miaTunu. Hampu-
KJIaJ, iepu 080X 0Cib i3 HYIbOBOIO CYMOIO.

Hapenena Buie kiacudikailisi 3ajja4 BUKOPUCTaHa JJIsl CTPYKTYpPYBaHHS Kyp-
cy «MaTteMaTuaHe MpoTrpamMyBaHHS.
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Ipuknaou ekoHOMIYHUX 3a0aY MAMEMAMUYHO20 NPOSPAMYEAHHSL

CkJaiHICTh €KOHOMIYHUX CUCTEM (SIBUIII, MPOIIECiB) K 00'€KTIB TOCIIIKEHb
BUMArae ixX peTejibHOr0 BUBUEHHS 3 METOIO 3'ICYyBaHHS HAaWBaXKJIMBIIUX (PYHK-
LIOHAJIbHUX 3aJIeKHOCTEH, BHYTPIIIHIX B3a€EMO3B'SI3KIB MK IXHIMH €JI€MEHTa-
Mu. B pesymnbTari 3A1HCHIOIOTBCS MOXKJIMBI CIHPOIIEHHS Ta JOMYIIEHHS, IO,
OYEBHUJHO, MOTIPUIYE aJEKBATHICTh MOOYJOBAHUX MaTEMaTUYHUX MOJENEH 1 €
YyJJOBUM MPUBOJOM g KpUTUKHU. OHAK JUIIE NPUNHATTS MEBHUX JOMYIIEHb
YMOXJIUBIIOE (hopMati3ailito Oy b-IK0i €KOHOMIYHOI CUTYaLli.

He icHye 3aranbHUX peKOMEHAaLIN 111010 MPOLECY MOJAEIIOBAHHS, TOMY B KOX-
HOMY KOHKPETHOMY pa3i BUMOTH 0 NOOYJOBM MAaTeMaTUYHOI MOJEN 3aJIeKaTh
BiJ IlJIEH Ta YMOB JIOCIII)KyBaHOT CUCTEMH.

VY mporeci 3acTOCyBaHHS MaT€MaTUYHOTO MOJICIIOBAHHS B €KOHOMIII YiTKa
MMOCTaHOBKA 3ajadyl Ta ii GopMarizalisa € HaMCKIIaJHIIIUM €TaroM JOCIIiKSHHS,
BrMarae [ pyHTOBHHUX 3HaHb MEPENyciM eKOHOMIYHOI CyTi IPOLECIB, IKi MOJEIIO-
10Tbcst. OJIHaK, BJalO CTBOpeHa MaTeMaTH4YHa MOJENIb MOXKE HaJajl 3aCTOCOBY-
BAaTHUCH JJIs1 PO3B'sI3yBaHHS 1HIIUX 3aJ1a4, SIK1 HE MalOTh BIJIHOIIEHHS J0 CUTYaIlli,
110 MOYaTKOBO MojemtoBanacs. [lounnaroun 3 podit JI. B. KantopoBuua, B Mate-
MaTUYHOMY IporpamyBaHHI c()OPMOBAHO MEBHHUI Hallp KIACMYHHX MOCTAHOBOK
3a/1a4, €KOHOMIKO-MAaTeMaTU4YHI MOJeJl SKHX INMHPOKO BUKOPUCTOBYIOTHCA B
NPAKTUIHUX JOCIIHKEHHAX €KOHOMIYHUX TIPOOIEM.

Hagenemo kinbka Bxke GhopMaizoBaHuX TUIIOBUX MOCTAHOBOK €KOHOMIYHUX 337124,
IO PO3B'SI3YIOTHCSI METOJAMU MaTeMaTHYHOTO MporpamyBaHHs (OUIBLIICTH chopMy-
JHOBAaHUX 3a/1a4 OY/IyTh BUBUATHCS B HACTYITHUX PO3/ALIaX).

Bci po3risiHyTi 331241 3a71€3KHO BiJ] HASIBHOCTI Ta TOYHOCTI MOYaTKOBOI 1H(QOpMAIlii,
METU JOCHI/DKEHHS, CTYTICHSI BpaXyBaHHS HEBH3HAYCHOCTI, CTICIIU(IKN 3aCTOCYBaHHS
JI0 KOHKPETHOTO TPOLIECY MOXYTh OyTH Cc(HOpMYyJIbOBaHI1 SIK y BUIJISAI CTaTUYHUX,
JETEPMIHOBAHMX, HEMIEPEPBHUX JIHIMHUX 3a/1a4, TaK 1 B CKJIAHINIINA TOCTAHOBIIL, Je
OJIMH, KUIbKa YM BCl MapaMeTpy BU3HAYAIOTHCA 3 IEBHUM PIBHEM IMOBIPHOCTI Ta BUKO-
PHUCTOBYIOTBCS HEJIIHIHHI 3aJICKHOCTI.

3aoaua eusHaweHHs ONMUMANLHO20 NAAHY UPOOHUYMEA. IS AEIKOl BUPOOHU-
401 cucteMu (11eXy, MiIIpUEMCTBA, Tay31) HEOOXIJHO BU3HAYUTH IIJIaH BUITYCKY KOXK-
HOT'O BUY MPOAYKIIIi 32 YMOBH HAWKPAILOro crioco0y BUKOPUCTAHHS HAsIBHUX PECYp-
ciB. Y mporieci BAPOOHMIITBA 3a/IITHII BU3HAYEHUI HAOIp pecypciB: CHPOBHUHA, TPYIO-
Bl pecypcu, TeXHIYHe 00jajHaHHs Toulo. Bimomi 3aranbHi 3amacu pecypciB, HOPMU
BUTpAT KOXKHOTO PECYpCY Ta MPUOYTOK 3 OJIMHHMIII peasli30BaHOI MPOTYKIIii. 3aat0ThCs
TaKOX 3a MOTpeOr OOMEXEHHS Ha 00CATH BUPOOHMIITBA MPOIYKIIIi Y EBHUX CIIBBIJI-
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HOIIICHHSX(33/1aHa aCOPTUMEHTHICTB).Kputepii onTUMaibHOCTI: MaKCUMyM TPUOYTKY,
MaKCHMYyM TOBapHOI MPOAYKIIIi, MIHIMyM BUTPAT PeCypCiB.

3adaua npo «diemy» (ab0 MPO CyMiI): ACSIKUN PAIliOH CKIAAAETHCS 3 KUIBKOX
BUIB MPOAYKTIB. BigoMi BapTICTh OAMHMIII KOKHOI'O KOMIIOHEHTA, KIJIbKICTh HEOO-
X1IHUX OpraHi3My TOXKMBHUX PEYOBHUH Ta MOTpeda B KOXKHIM PEYOBHHI, BMICT B
OJIMHMII KOKHOT'O MPOJYKTY KOKHOI MOXUBHOT peuoBUHU. HeoOxiqHO 3HANTH Om-
TUMAIBHUIN PAIliOH — KUIBKICTh KOKHOTO BUIY MPOAYKTY, IO BPaXOBYE BUMOTH
3a0e3MeueHHs OpraHizMy HEOOX1JHOO KUIBKICTIO MOXKUBHUX pedoBUH. KpuTepiii or-
TUMaJILHOCTI — MiHIMaJIbHA BapTICTh PaIliOHY.

Tpancnopmua 3a0aya: poO3TISAAETHCS MEBHA KUIBKICTh MYHKTIB BUPOOHHUIITBA Ta
CTHOXXUBAHHS JIESIKOT OJTHOPIAHOI MPOAYKINT (KIJIBKICTh IyHKTIB BUPOOHMIITBA Ta CIIO-
YKUBaHHS HE 30iraeThbest). BimoMi 00CATH BUTOTOBJIEHOI MPOIYKIIIi B KOXKHOMY IMyHKTI
BUPOOHUIITBA Ta MOTPEOM KOXKHOTO IMyHKTY CIOKMBaHHS. TakoXK 3ajaHa MaTpHI,
€JIEMEHTH SIKOi € BapTICTIO TPAHCIOPTYBAHHS OAMHUII MPOIYKLIi 3 KOXKHOIO ITYHKTY
BHUPOOHHUIITBA JIO KOYKHOTO ITyHKTY CITO’KMBaHHS. HeoOXiqHO BHU3HAYMTH ONTHUMAJIbHI
o0csiru nepeBe3eHb MPOAYKIi, 3a SAKUX Oynau O Hallkpaile BpaxoBaHI HEOOXI1JIHOCTI
BUBE3EHHS MPOAYKIIT BiJl BUPOOHUKIB Ta 3a0e3MeueHHs] BUMOT crioxkuBaviB. Kpurepii
ONTUMAJILHOCTI: MIHIMaJIbHa CyMapHa BapTICTh ME€PEBE3E€Hb, MIHIMAJIbHI CyMapH1 BH-
TpaTH 4acy.

3adaua onmumanvbHo20 po3nOOiLy GUPOOHUYUX NOMYIHCHOCHEN. POMIIAAAIOTHC
KUTbKa MIAMPUEMCTB, IO BUTOTOBJISIFOTh TIEBHY KUIBKICTH BUIIB TMPOAYKIi. Bimomi
¢doua poboUoro yacy KOKHOTO MiINPHEMCTBA; MOTPEOU B MPOIYKII KOXKHOTO BHIY;
MaTpHIIsl OTYKHOCTEH BUPOOHUIITBA BCIX BUIIB MPOYKIIii, III0 BUTOTOBIISIFOTHCS HA
KO>KHOMY IIJIPUEMCTBI, 8 TAKOK COO1BAPTOCTI BUPOOHMITBA OJUHMIII MPOAYKLIT KO-
*HOTO mianpuemMcTBa. HeoOX11HO po3MOALIMTA BUPOOHUIITBO MPOIYKIIT MIXK T APH-
€MCTBAMH Y TaKHi CIIOCIO, 00 3aI0BOJIBHUATH MOTPEON y BUTOTOBJICHHI MTPOYKITIT Ta
MaKCUMaJIbHO BUKOPHUCTATH BUPOOHHUYI MOTYXKHOCTI MmiaAnpueMcTB. Kpurepiii ontuma-
JBHOCTI: MIHIMAQJIbH1 CyMapHI BUTPaTH Ha BUTOTOBJICHHSI IPOTYKIIi.

3aoaua npo npuznauenns: Hexall HaOIp JEIKUX BUIIB POOIT MOXKE BUKOHYBATH TI€-
BHA YHCENBHICTh KaHIWAATIB, IPUIOMY KOXKHOTO KaHAWIaTa MO>KHA TIPU3HAYATH JIH-
e Ha OJHy poOOTy 1 KOKHa poOoTa MOKe OyTH BUKOHAHA TUILKU OJHUM KaHIW[a-
ToM. Bimoma marpurs, enemenTaMu sikoi € e(heKTHBHOCTI (y BUOpaHUX OIMHHMIIIX) KO-
’KHOTO TIPETEH/ICHTa Ha KOXKHIM poOoTi. Po3B's3K0M 3a/1adi € onTUMaIbHUN PO3IOILT
KaHAWIATIB Ha mocaau. Kpurepiii onTUMalIbHOCTI: MaKCUMAITBHUA CyMapHHUA e(ekT
BiJl BUKOHAHHSI POOIT.

3a0aua xomisosdicepa: po3TASAAEThCS Kilbka MicT. KomiBosbkepy HE0OXiTHO,
MOYMHAIOYM 3 MICTa, B IKOMY BiH mepeOyBae, o0iiTH, He OyBaroud Hijae ABIYi, BCI
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MICTa 1 TIOBEpPHYTHUCS B MOYaTKoBe. BimoMa marpuiis, eneMeHTH siIKoi — BapTOCTI
nepecyBaHHs (UM BiJICTaH1) MK BCIMa MOMApHO MyHKTaMH NOJOPOKi. 3HAUTH OITH-
MasbHUH MapiipyT. Kputepiii onTUMalIbHOCTI: MiHIMalbHAa CyMapHa BapTicTh (BiJiC-
TaHb) IEPECYBAHHS 110 MAPIIPYTY.

3aoaua onmumanvHo2o po3nodiny kanimanoskiadeHs. [InanyeTbes MisITBHICTD
rpynu (CUCTEMH) MiANPUEMCTB MPOTATOM JACSIKOTO MEPIofy, SIKUM PO3/ICHO Ha Te-
BHY KUIBKICTh MiJANEPioiB. 3a/laHa CyMa KOIITIB, SIKi MOXKHA BKJIAJaTH B Oyab-sKe
HIANPUEMCTBO UM PO3NOAUIATH MK HHMH MPOTATOM BChOTO MEPIONy IUIaHYBaHHSL.
Binomi BenmamrHM 301IbIIICHHS BUPOOHUIITBA ITPOIYKITIT (32 YMOBH 31HCHEHHS 102~
TKOBUX KaIliTAJIOBKIIAJCHb) Y KOXXHOMY 3 MIAMPUEMCTB IPYIHU JJIs BCIX MIANEPIOIIB.
HeoO0xiHO BU3BHAYUTH, SIK PO3MOAUISTH KOIITH HA TIOYATKY KOYKHOTO MANEPIoay MixK
HANPUEMCTBAMM TaK, 1100 CyMapHUl 10X1] 32 BECh Mepioj] OYB MaKCUMAaJIbHUM.

B ocHoBy Mopenel niHIHHOTO mporpaMmyBaHHS 3aKJIaJIeH] JBa MPOCTI JIOMY-

IIICHHS, SIKI MaiKe 3aBXKIH BUKOHYFOThCS:

- OPUMYIIEHHS MOAUTHHOCTI, K€ TMOJIATAE B TOMY, IO CyMapHa KiJib-
KICTh PECypcCiB, 110 BUKOPUCTOBYIOTHCS 1 BIANOBIAHUI NMPUOYTOK CTPOTO MPOIOp-
1iiH1 00CATY BUITYIIICHOT MPOAYKIIIi;

- NPUMYLIEHHS aJAUTUBHOCTI MOJSAra€e y PiBHOCTI 3arajbHOiI CyMHU BCIX
3aTpayeHuX PECypcCiB KITBKOCTI PEeCypciB, CIIOXKHUTHX B TEXHOJOTIUHUX IMpOIlecax
Ta PIBHOCTI 3araJIbHOr0 MPUOYTKY BCiM NpUOyTKaM, OTPUMAHHUM B MPOLECAX.

[lutaHHg PO MOCTAHOBKY 3ajadi JIIHIMHOTO MPOTrpaMyBaHHs PO3IVITHEMO HA
HPUKIAII.

3agaua. Bubparu HaiinemeBImnil pexkuM XapuyBaHHs, 1110 3a0e3rneuye HasiB-
HICTh BCIX HEOOX1THUX MOKUBHUX PEUOBHH.

Po3p’sisyBanHs. BBakxarumemo, 1110 € Tpu BUAU NMPOAYKTiB: B;, B, B; 1 He-

00XiZHA KUIBKICTh IOKMBHHMX PEYOBMH mo3Hadena A; A, As Ay IlosHaunmo o,
— KIJTBKICTh TIO’)KUBHUX PEYOBHUH BUTIISANY Ai B IPOAYKTI BUAY Bj, B, — MiHIMaJb-

Ha 1000Ba moTpeda B PEUOBHMHI; ¢; — IliHA OAUHUIN Tki. J[ani 3ammmeMo B Tabim-
10
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3arajgpHa KUIBKICTh CIIOKUTUX PEUYOBHMH HE TIOBUHHA OYTH MEHIIIOI HIX MiHI-
MaJibHa 1000Ba MOTpeda B 111 pEYOBUHI.

Bunu noxu- Buau npoaykriB MiHiMalbHa
BHUX pEYO- B, B, B; norpebda B
BHH pevYOBHUHI
Ha 7100y
Ay ay, a, a3 B
A, a5y Uy A3 Jon
A; Ay Us, Us; B,
Ay ay o) Ay B
BapricTth c; C C3
OJTMHHAILI
MPOAYKTY

BpaxoBytoun 0OMeXeHHs, OTPUMAEMO CUCTEMY HEPIBHOCTEH:

X, +a,x, +ax; 2 f,
Ay X+ Ay Xy +Ayx; 2 B,
Ay X, + Ay X, + U3 Xy 2 fs,

Ay Xy + Ay Xy + Ay Xy 2 B (1)
Baprictb Bci€l ki mo3HAYUMO Z 1 BOHA MOBMHHA OyTH MIHIMAJIBHOIO, TOOTO
Z=cX; +C,X, + Cc3X;(min) (2)

Tax sik B1I’€MHa KUIBKICTb 1K1 HE MA€ JOTTYHOIO 3MICTY, TO X, 2 0.

Jlo Takoro Ki1acy BiTHOCSITHCS BCi 3aadi 3 MOJIOHUMU CUCTEMaMU OOMEKECHb
Ta aHAJIOTTYHUM BUTJISJIOM IIJILOBOI (PYHKIIIT, 1110 ONTUMI3Y€ETHCS HA MAKCUMYM YU
MIHIMYM.

MarematuyHo Taki 3adadi  (QOPMYNIOIOTBCA TaK: ceped HeBi0 EMHUX
p038’a3Kie cucmemu HepisHocmell (1) 3uavimu maxui, saxuil Haoae @QyHxyii (2)
HAUMEHUO020 3HAYEHHS.
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4. 3acanbha eKxoOHOMIKO-MameMamudHa Mooeab 3a0ayi JiHIUH020 NPOCPAMYBAHHS

3arajnpHa JIiHINTHa €KOHOMIKO-MaTeéMaTH4YHa MOJeJIb €KOHOMIYHUX IPOIIECIB
Ta SIBUII — TaK 3BaHa 3arajibHa 3ajava JIHIHHOTO MpOorpamMyBaHHS IMOJAETHCS Y
BUTJISIL:

z=cx;+cxo+... Fex, (max) (1)
32 YMOB:

a, x, +a,x, +..+a,x {<,>=}b;
Ay X, + Ay Xy +.t @y X, {<,2,=1 D)
......................................................... (2)

a, x +a x,+..+a, x {S,Z,z} b,.

x;20,x,>0,..., x,=0. 3)

OT1xe, TOTp1OHO 3HAWTU 3HAYEHHS 3MIHHUX X1,X2, ..., X, SKI 3aJJOBOJIbHSIOTH YMOBH
(2) 1 (3), 1 uiiboBa ¢yukiis (1) HabyBae ekcTpeMaaIbHOTO (MAKCUMAJIbHOTO UM
MIHIMaJIbHOTO) 3HAYEHHS.

JInst oBiIBHOT 3a71a4l MAaTeMaTUYHOTO MPOrpaMyBaHHsl OyJiM BBEJICHI MOHATTS
JOTTYCTUMOTO Ta ONTHUMAJILHOTO TIIaHIB.

Jlns 3aranpHOi 3ajadi JIIHIMHOTO MpOrpaMyBaHHS BUKOPUCTOBYIOTHCS Taki
MOHATTS.

Bextop X= (x;, x5, ..., X,) KOOPIUHATU SIKOT'O 3aJI0BOJIbHSIOTH CUCTEMY OOMe-
JKEHb (2) Ta YMOBU HEBIJ'€MHOCTI 3MIHHUX (3), HA3UBAETHCS OONYCMUMUM PO38'53-
KOM (n1aHOM) 3a0a4i TIHIUHO20 NPOSPAMYBAHHSL.

Honyctumuii mnan X= (x;, X,, ..., X,) HAQ3UBAETHCA ONOPHUM NAAHOM 3aJladl Ji-
HIMHOTO TIporpaMyBaHHsI, SKIO BiH 3aJ0BOJIbHSAE HE MEHIIE, HIXK m JIHIHHO He-
3aJIeKHUX OOMEXEHb CUCTEMHU (2) y BHIJISAI PIBHOCTEH, a TakoK oOMexkeHHS (3)
[I0JI0 HEBII'€MHOCTI 3MIHHUX.

Onopuuit an X= (x;, X, ..., X,) HA3UBAETHCS HEBUPOONHCEHUM, SIKILIO BIH MIC-
TUTh TOYHO M JOAATHUX 3MIHHUX, 1HAKIIE BIH 8UPOOHNCEHUIL.

OnopHuit man X* =(x*;,x*,,...,.x*,), 3a saxoro uiipoBa Pynkiis (1) gocsrae ma-
KCUMaJIbHOTO (YM MIHIMAQJIBHOTO) 3HAYCHHS, HA3UBAETHCA ONMUMALIbHUM PO38'13-

KOM (naanHom) 3a0ayi NiHIiHO20 NPOSPAMYBAHHSL.
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5. Cmanoapmni ghopmu 3JII1.

JIyist po3B’sI3yBaHHS 3a]1a4 JIIHIHHOTO MPOTrpaMyBaHHs Ta CKJIAJaHHS IS HUX
nporpam Ha EOM HeoOxigHo, 1100 3amada Oynia 3amucaHa B MEBHIN CTaHAApTHIN
dbopmi. Po3pizHsaeMo 1Ba TUNH Takux HopM:

1) OCHOBHA 3ajladya JIHIKHOTO TMPOrpaMyBaHHS 3 OOMEXKEHHSIMU —
piBHOCcTsiMU (O3JII1 3 OP a6o nepiia crannaptHa popma);

2) OCHOBHA 3ajla4ya JIHIKHOTO TMPOrpaMyBaHHS 3 OOMEKEHHSIMU —
HepiBHocTsiMU (O3JIIT 3 OH abo npyra cranmaptHa gopma).

O3JIIT 3 OP nosnsirae B HACTYITHOMY: CepeJl YCIX HEBIJI'EMHUX PO3B’SI3KIB CHC-
TE€MU PIBHSAHb

a,x,+a.,x,+..+a, x =b,

In""n

a,x, +a,x,+..+a,x =b,,

Zn: n : (1)

a

L ml

X +a,x,+..+a x =b
m2772 mn~"n

m

3HAWTH TaKWi, IpU KoMy (Gopma
z=c,+ex, +Cx, FotC X, (extr) )

Ha0yBa€ eKCTPUMAIBLHOTO (MAaKCHUMAJIBHOTO UM MIHIMAQJIBHOTO ) 3HAYEHHS.

CripaBeasiiBe HACTYITHE TBEPKEHHS.

Jema 1. Byow — aky 3aoauy JIII mosxcna 36ecmu 0o O3JIII 3 OP.

[Ipuitmemo 1e TBepMKEHHS 0€3 JOBEIEHHS. 3ayBaXUMO IMIIE, SK e
MOTPIOHO 3pOOUTH: CIIOYATKY JI0 MEHIIMX YAaCTUH BCIX OOMEXEHb — HEPiBHOCTEH
noTpiIOHO J0AAaTH HOBY HEBIJ’ €MHY HEBIIOMY, SIka MEPETBOPUTH ii B PIBHICTb.
O3JIIT 3 OH mnonsrae B ToMy, IO Cepea YCIX HEBI €MHHUX PO3B’SI3KIB CUCTEMU
PIBHSIHD

a,x, +a,x,+..+a, x <b,

1n""n

a,x, +a,x,+..+a,x, <b,,

3)
a x +a.x,+.+a x <b
3HANTHU TaKui, Opu sitkoMy hopma
z=c,+cX +c,x, +...+¢c X, (extr) 4)

Ha0yBa€ eKCTPUMAIbHOTO 3HAUCHHS.
CnpaBeyiBe HACTYITHE TBEPIXKCHHS.
Jema 2. O3JIII 3 OP 3aexicou moxce oymu 36edena 0o O3JII1 3 OH.
[ 3BificK BUIITMBAE Taka TeopeMa
Teopema 1. O3JIII 3 OP i O3JIII 3 OH ekesieanenmui mixc cooonw.
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Tobto, KO)XKHOMY pO3B'sIBKY X* =(x;* x,%,...,x,%) HepiBHOCTI a;x; + ax; + ... +
a,x, < b BiINOBIOA€ €IUHUN PO3B'SI30K X, * =(x*;,x*,,...,.x%,x*,, ;) pIBHAHHA a,x,
+ a; + ... + a,x, + x, +;= b, IKU# OJHOYACHO € PO3B'I3KOM HEPIBHOCTI, 1, HaBIIa-
KU, KO)KHOMY PO3B'SI3KY PIBHSHHSA a;X; + axx; + ...+ ax, + x, +,= b
KXpos™ =(x*1,x*,,...,x%,x*,1;) 1 HEpIBHOCTI a;x; + axx, + ... + a,x, < b BianoBigae
€TMHUN PO3B'sI30K X* =(x;*,x,%,...,x,*) HEpIBHOCTI.

[Io6 3BecTH 3amauy 10 Apyroi craHaapTHOi hopmu, He0OXiaAHO MeToaoM JKo-
paaHa-I"aycca BUIAIIMTH Oa3MCHI HEBIJIOMI Ta BUKOPHCTABIIM HEB1JI’€MHICTh HEBi-
JIOMUX 3BECTH 70 HepiBHOCTEN oomexenHs 3JII1.

[Mpuknazn. 3sectu go O3JIII 3 OH 3amauy
z=2—-x, +3x, (min),
2x, +x, +x, —3x, =10,
4x, +x, —x, +x, =8,
x,20 (j=1234)

Po3B’s3yBanndg. Bunucyemo maTpuilto cucteMu oOMeKeHb

2 11 =310
41 -1 18
1 IIIyKaeEMO paHT MaTpHIll, 0a3UCHUM OyJie MiHOD
1 1
1 -1

Otxe, paHr MaTpuui piBHUM 2, X,,X,— BUIbHI HEBLIOMI, X,,X,— Oa3HCHI.
Po3B’s3aBIu cuctemMy BiTHOCHO 0a3MCHUX HEBIJOMHUX, MAEMO
X, =9-3x, + x4,
Xy =1+x +2x,,

x; 20 (j=1,2,3.4).

Tak sk x, 20,x, 20, TO 3 0CTaHHBOI CUCTEMU MAEMO:

I+x +2x, 20, —x, —2x, <1,
x, 20,x, 20. x,20,x, 20.

3anumemo (Gopmy yepe3 BUIbHI HEB1IOMI
z=2—-x+309-3x, +x,)=29-10x, +3x,.
Taxum yunom, O3JII1 3 OH piBHOCKIIBHA 10 JaHOT Ma€ BUTIISI:
z=29-10x, +3x,

19



3x, +x, <9,
-x, —2x, <1,
x,20,x, 20.
3ayBaxumo, 1o O3JIIT 3 OH piBnocuiasHa g0 O3JIIT 3 OP Moxe matu pizHi
BUTJISAU, BCE 3aJICKUTH BIJI TOrO, SIKI MH HEBIJIOMI OrOJJOCMMO Oa3MCHHMHU, a SIKI

BUIbHUMH.

KOHTDOJIbHi 3alIMTAHHHA

1. Io Take moxemtoBaHHsA? UM 3yMOBIIEHE BUKOPUCTAHHS MOJICIIFOBAHHS ?
2. o take mogens? IIpoknacudikyiite BigomMi BaM MOJIEII.
3.  IIlo Take marematuuHi mozaeni? Aki ix ocoOIMMBOCTI?
4. Illo take marematuyHe mojaemoBaHHsa? CHopmyoiTEe OCHOBHI €Tanu Ma-
TEMaTUYHOTO MOJIETTIOBaHHSI.
[IpoknacudikyiTe 3aga4i MATEMaTHUYHOTO MOJICIIIOBAHHS.
ki 3ama4i Ha3uBaOTh onTuMizaniHuMu? [IpoknacudikyiTe ix.
Sxuii po3B’sI30K 3a/1a4l JIIHIKHOTO MPOTrpaMyBaHHS HA3UBAIOTh ONTUMAJILHUM?
ki npurnmyIeHHs 3aKI1a1al0Th B OCHOBY MOJIE1 JITHIHHOTO MPOrpaMyBaHHs?

A S A

Slka MaTemMaTuyHa CyTh 3a7a4 JIHIHHOTO MTPOrpamMyBaHHs?
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Jlekuis Ne2
I'eomeTpuuHa iHTepHpeTanis 3a1a4 JiHIHHOTO NPOrpaMmyBaHHS

Iliian
1. 'eomeTpryHa iHTEpHIpETALlis 33124 JIHIHHOTO TPOrpaMyBaHHS.
2. I'padiynuii MeTos po3B’sA3yBaHHS 3a]a4 JIIHIMHOTO MPOrpaMyBaHHS.

1. Jns xpaioro po3yMiHHS ajireOpaiyHUX BIACTUBOCTEW 3a7ay JIIHIHHOTO
porpaMyBaHHsI CKOPUCTAEMOCH iX T€OMETPUYHOIO THTEpIpuUTalieo. Beeaemo no-
HSTTS OMYKJIOi MHOXHUHHU.

Osnauenns 1. Muoowcuna moyox M nasueaemuvcs OnyKiow, Ko pasom 3
0y0b — AKUM 08OMA i1 MOYKAMU MHOICUHI HATLEHCUMD § BIOPI30K, WO iX CROTYYAE.

Osnauennsa 2. Muoowcuna Ha3U8a€MbCA OOMENCEHOI0, AKWO 11 MOJMCHA
nomicmumu 8 Kyno (Koio) CKiHYUeHo20 padiyca 3 YyeHmpom 6 6yO0b — Kl mouyi
MHONCUHU, T HEOOMENCEHOI0 8 NPOMUTLEIHCHOM) UNAOKY.

O3nauenna 3. I'panuunoro Ha3UBAETHCS Taka TOYKA MHOXKUHH, B JIOBLIIb-
HOMY OKOJI1 SIKO1 € 1 TOYKH, 10 HaJeKaTh MHOKHH, 1 TOUKH, 110 1l HE HaJIeXKaTh.

Osnauennsn 4. CyKkynHicms epaHuyHuxX mMoYOK MHONCUHU HA3UBAEMbCA il
2panuuern.

HaifnpocTimuii NpuKIIaz omyKJIoi MHOKHHHU — OMYKIIMi MHOTOKYTHHK. Foro
IPaHULSl CKJIAA€ThCA 3 BIAPI3KIB 4M MpAMHUX. TOUKH, B SIKUX NEPETHHAIOTHCS
BIJPI3KU UM MPSAM1 TPAHULII MHOTOKYTHHKA HA3UBAIOTHCS OTO 6epuiunamu.

Osnauenna 5. llepemunom obracmeii HA3UBAIOMb MHONCUHY MOUYOK, WO HA-
Jledcamob KOJNCHIU 3 Yux ooracmelt.

Teopema 2. [lepetrn Oyab — SKOTO YKCIa OMYKIUX 00JIacTeH 3aBKIU € OIy-
KJIa MHOXHHA.

Jlns reomeTpuaHoi iHTepnpuTali oyaemo posrsiaata O3JII 3 OH, ski mic-
TSATH JIVIIE JBI HEBIIOMI, OCKUIBKH BOHH JIETKO B1JIOOPa’KAIOTHCS HA MPSIMOKYTHIN
JIEKapTOBIN cUCTeM1 KOOpAMHAT. 3a/1aul 3 TPbOMa HEBIJIOMUMHU Ha MAJIIOHKY PO3T-
JSAATUMYTHCS B TIPOEKIIi, IO yTPYAHUTH iX PO3IIIAL, a 3a7aul 3 OLIBIIO0 KUJIbKIC-
TIO HEBIJJIOMHX B3araji BaKKO ySIBUTH F€OMETPUYHO.

Posrnsnemo 3agady JiHIHHOTO MPOTrpaMyBaHHS:

a,x, +a,x, <b,

ay, X, +a,x,<b,,

)
a,x +a,x,<b
x,20,x, 20,
zZ=c,+¢X, + )X, (extr) (6)
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Jema 3. Po36’a3Kom nepienocmi a x, +a,x, <b, € Nigna0wjUHa.
Osnauenns 6. Ilisniowumny, nodyoosamny 3a HepieHicmiO a,x, +a,,x, <b, Ha3U-

8al0OMb RIGHIAOWUHOIO D038 °A3KI6 HepiGHOCHI, i1 2paHUYI0 — ZDAHUYHOIO RPAMOIO
apX; +a;,x, =b;.

Osnauennsn 7. CyKynHicms mMoO4oK, 5IKA 3A0080NbHAE CUCMEMY HepieHOCMmell
(5), Hasusaromb MHOZOKYMHUKOM PO368°A3Kieé (abo obnacmio 0onycmumux 3Ha-
uenv—O0/13).

Teopema 3. MHOTOKYTHHMK PO3B’SI3KiB 3aBK/IH € OIYKJIO (iryporo.

Teopema 4. OnTuManbHe 3HAYeHHsI 3a7adyi JIHIAHOTO MpPOrpaMyBaHHS
AOCATA€THCH Y BEPIINHI MHOTOKYTHHKA PO3B’A3KIiB.

Takum ynHOM 33724y JIHIKHOTO MTPOTrpaMyBaHHS MOXKHA IHTEPIIPETYBATH TaK:
Yy MHOTOKYTHHUKY PO3B’s3KIB 3HAWTH TaKy BEpIIUHY, /e 11JIb0Ba (PYHKIIIsI HaOyBae
HAaWMEHINOTO (HAOUTBIIIOT0) 3HAYCHHSI.

2. Ha ocHOBI reoMeTpHuHOi iHTepIIpeTalii chopMyeMO alropuTM rpadiuHoro
METOTy BIJIITYKaHHSI ONITUMAJIbHUX 3HAUYCHb (PYHKIIII.
1) Byayemo MHOrOKyTHMK po3B’si3kiB. BiH ckiagaeTbcs 3 MepeTUHy OK-

pEMUX MIBIUIONIUH PO3B’s3KiB cuctemu (5). B cunmy oOMexeHp x, >0,x, >0 MHOIO-

KYTHUK PO3B’A3KIB 3aBKJ1 MICTUTHCA B IIEPUIOMY KBaJPAHTI.

2) 3HaxoAuMO ONTHUMAJBLHY TOYKY. BOoHa MICTHTBHCS B BEpIIMHI MHOTO-
KyTHUKa po3B’si3KiB. [[ns i BiALIYKaHHS BIAKJIAOAIOTh GeKmMOp HOpMAAi TPSAMOI
¢, +¢,x, +¢,x, = const, N(c,,c,). IIoTiM prUcyeMo JiHiI0 NEPIEHIUKYISAPHY 10 BEKTO-
pa HOpMaJTi, BOHA HA3UBAEThCA iK€ pisHs. IlepecyBaroun JIiHIIO PIBHS B HAIIPSAMI
BEKTOpa HOpMaJll 0 OCTaHHBOI BEPIIMHU MHOTOKYTHHKA PO3B’S3KIB, OTPUMYEMO
TOYKY MaKCUMyMy ILUJIbOBOI (PYHKIIII, TepecyBarOyu IO JIHIIO B MPOTUIC)KHOMY
70 BEKTOpa HOpPMaJll HampsiMi, B OCTAHHIA BEpIIMHI JOTUKY OTPUMYEMO TOUKY
MIHIMYMY IIJIbOBO1 (DYHKITI].

3) OO04ucaI0EMO ONTHMAJIBbHI 3HAYEHHHA. 3HAXOJIUMO KOOPJMHATH BEp-
IIMH max 1 min, K PO3B’SI30K CUCTEMU PIBHSIHbB, III0 BUBHAYAIOTH CTOPOHU MHOTO-
KyTHHKA, [0 YTBOPIOIOTH IIi BEPIIMHU. 3HAWACHI KOOPAMHATU MIACTABISEMO B
(opmy (6).

3ayBa)xXUMo, 110 SKIO0 MHOTOKYTHUK PO3B’A3KIB HEOOMEKEHHIA, TO MOXKIIUBO,
10 MiHIMQJIBPHOTO UM MaKCUMaJIbHOTO (200 1 000X) 3Ha4YeHb HE ICHYE, TOOTO — II€

+00 YU —0o0O.
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[puknazn. 3HaiiTu HaOLIBIIE Ta HATMEHIIIE 3HaYeHH QYHKIIT z = 2x, +3x,, 32

x, +3x, <10,
X, +x,<6,
YMOB OOMEXKEHHS
2x, +x, 25,
x,20,x, >0.
Po3p’sa3yBanndg. [loOyayemo mpsiMi, 110  BIANOBIIAIOTH  PIBHSHHSAM,

3pO3YMUIMM 3 CHCTEMH OOMEXEHb Ta BIAMITUMO Ti IMIBIUIOIIMHH, IO

BIJIIIOBIJIal0Th HEPIBHOCTAM OOMEKEHb.

I :x,+3x, =10, npsama npoxoauTh yepe3 Touku (1; 3) 1 (10; 0);

I, :x, +x, =6, npsiMa npoxoAauTs uepe3 Touku (0; 6) 1 (6; 0);

I, :2x, +x, =5, npsMa npoxoAauTs uepe3 Touku (0; 5) 1 (2; 1).

YMoBa x, >0,x, >0 BKa3ye Ha JOCTATHICTh PO3IJISIY B MEPIIOMY KBAJIPAHTI.

BciM yMoBam HaneHOCTI /10 BIAMOBITHUX MIBIUIONIMH BIJMIOBI/Ia€ YOTUPHUKY-
tTHUK ABCD. Byayemo Bektop HOpMami N(2;3) 10 wuimboBoi (yHKIi i
HEePEeMILAEMO MPSIMY MEPIEHIUKYISIPHO 10 LIbOro Bektopa. [lepmuit pa3 s npsima
nepeTuHae TPUKyTHUK B BepiuHi D(2,5; 0), otxe z,,, =2-2,5+3-0=5. OcTanus
BEpIIMHA JOTHKAETHCSA 10 MPSAMOI B3JIOBX ii pyxy — ue touka C(6; 0), 3Biacu

z =2-6+3-0=12.

x4

N

//
~\4
y B
S
_1’~\< \

\\. C I~ x’l>

0 1 ID\po ~~

KoHTpoJIbHI 3an1UTaHHSA
1. Sxi € Tumu 3a/1a4 JIHIHHOTO MPOTpaMyBaHHs?
2. Cohopmymroiite 3agayi  JIHIMHOTO MpOrpaMyBaHHS 3 OOMEXEHHSIMU —

PIBHOCTSIMU T2 OOMEKEHHSIMH — HEPIBHOCTSIMU.
3. SIxi TBep/uKeHHS BU3HA4arOTh B3aeMo3B’s130K Mixk O3JIII 3 OP ta O3JIII 3

OH?
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Ska MHOKMHA HA3UBAETHCS OMYKIIO?
SIka MHO’KMHA Ha3MBA€THCS 0OMEKEHOI0, HEOOMEKEHOI0?
[I{o Take rpannuHa Touka? I'panuiis?

N ok

CdopmyiroiiTe TeopeMy Mpo MEPETUH JOBUTHLHOTO YHUCIIAa OMYyKINUX 00J1acTei.

8. llo Take mMIBIUIOINIMHA PO3B’S3KIB, TIpPaHUYHA TNPsSAMa, MHOTOKYTHHUK
pPO3B’SA3KIB?

9. Jle 3HaxXoaMThCs oNTUMaNbHE 3HaueHHs 3JI11?

10.Chopmymroiite anroput™ TIpadiqHOrO METOAY BIAIIYKAHHS ONTUMAIBHUX
3HaYeHb (PyHKIII.

11.111o Take BEeKTOp HOpMai, JIiHIS PIBHS?

12. 51k oOUnCIUTH ONTUMAJIbHI 3HAYCHHS IIJILOBO1T (DYHKITIT?
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Jlekmiss Ne3.
CuMInJIeKCHMA MeTO1 Ta Oro 3acTOCyBaHHSA

Ilnan

1. TloHATTS PO CUMITIEKCHUN MeTO1 Ta KaHOHIYHY (popmy O3JIIT 3 OP.
2. OCHOBHI XapaKTEpUCTUKH CUMILIEKCHOTO - METOAY.

3. Pobora 3 cumIIIieKc - TaOIUIISIMHU.

1. CumMIuiekCHUI METOJ — OJAMH 3 OCHOBHHUX METOJIB PO3B’S3yBaHHS 3aJlay
JiHIHOTO TporpamyBaHHs. Po3risiHeMo HOTo i/1ef0 Ha KOHKPETHOMY MpPHKIajl
3aJ1ayl PO BUKOPHUCTAHHS PECypCiB 3 JBOMA BHUJIAMU PECYpCiB Ta ABOMa BUIAMU
MPOJTYKITii.

O3nauennn 1. Hegio 'emnuti 6a3ucHuti po3s’si3ok (niaw) 06yoemo Hazusamu
ONOpHUM.

[pukiman 1. 3xaiiTu HalOUIbIIE 3HAYCHHS (PYHKITIT

z=12+x +2x,
MIPU TAKUX OOMEKEHHSX
2x, +3x, +x; =12,
X, +2x, +x, =16,
x,20 (j=1234)

Po3B’sa3yBannd. O4eBuaHO, O TYT X,,X, — Oa3uUCHI HEBLAOMI, a X,,X, —

BIJIbHI. Bi3bMEMO IOYAaTKOBMM ONOPHUH IIaH Tak: X, =X, =0 (BUIbHI HEBIIOMI
HYJIbOBI1), Toal x, =12, x, =16.
xV =(0,012.16) z(xV)=12
, :

Takuii po3B’sI30K BIAMOBITAE CUTYyaIlli, KOJU MPOAYKIliS HE BHUPOOIIETHCA.
Bynemo 30imblryBaTv Ty 3 BUIBHHUX HEBIJIOMHX, SIKa Ma€ JOJATHINA KOe(DIIEHT y
IUTHOBIM QYHKIIT (pUuyoMy, OUTBIINIT), TOMY IO 3HaYEHHS HIIHOBOI PYHKIIT pH
nboMy 3poctatuMe. lle o3Hauwae, MmO 0OpU BUMNYCKY MOPOAYKIi MNpuOyTOK
3011bIIYBaTUMETHCS. TOOTO 301JIBLITYBATUMEMO X, .

Hexaii x, = 0. Cucrema HaOyBa€e BUTIISALY

3x, + x5 =12,
2x, +x, =16,
x;20 (j=234)
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o0 x,,x, Oynu 1OAATHUMHU, TO B NHEPUIOMY DPIBHSHHI X, MOXXHa HaJaTH
.~ 12 : . 16
HaWOLIBIIOTO 3HAYCHHS ?=4, a B IpyrOMYy DIBHSHHI 7=8. ScHo, mo x, He

NOBHUHHO OyTH Ounblie 4, 60, 1HAaKIIE, B JPyroMy PiBHSAHHI X, OyJe BIJ’€MHOM. X,
BUOWPAEMO SIK HAWMEHINy YacTKy BiJ JUICHHS BUTRHUX YICHIB Ha BIiJIMOBIIHI
KOEQILIEHTH NIPHA X, .
Hexait Tenep x, =4, Toai x, =0, x, =8. Mu xnictanu Apyruil onopHuii 1iaH 1
BIIMOBIAHY HOMY LIUJIBOBY (DYHKIIIFO
) =(04,08) z(x)=20
Tenep Ga3sucHUMHM HEBIIOMUMH € X,,X,, a X,,X, — BUIbHI. P03B’s3aBIIK

BUXIIHY CUCTEMY PIBHSHB BIIHOCHO HOBOro 0a3zucy merogoMm JKopaana — ['aycca,

OTPUMAEMO
2 1 2 1
—X; + X, +=x;=4, X, =4——x —=Xx3,
1T TR 2 3T
— =X, ——X; +x, =8; X, =8+ —x; +—x;.
g T TN 4 3 T3

3anuinemMo HiaboBY (PYHKIIIIO Yepe3 HOBI BUIbHI HEBIAOMI

z=12+x, +2(4—2x1 —lx3]=20—lx1 —zx3
3 3 3 3

Bunno, mo npu 3011bII€HA] BUIBHUX HEBIIOMUX 3HAYCHHSI MUTHOBOT (QYHKITIT
Oyne cnajatu, TOMy 3HalAeHUI pOo3B’ 130K BBAXKATUMEMO ONTUMATIBHUM.

OTtxe, iness MeTOAy NOJSATAE B TOMY, 00 MEPEXOAUTH BIJl OJHOTO OIIOPHOTO
MJIaHy JO IHIIOTO TAaKUM CIOCOO0OM, 100 IiIbOBa (PYHKIIS ONTHMI30BYBajach
(3pocTasia uM criafana B 3aJ€KHOCTI Bl yMOBH 3ajadi). 3MiHHI K1 MEPEXOIATH 3
0a3uCHUX y BUIbHI MOBUHHI 30€piraTd YMOBY HEB1JI'€EMHOCTI 1 Ha KO)KHOMY KpOITI
MO>KHA MIHSITH MICISIMH JIUIIE OJHY 0a3UCHY HEBIZOMY 3 OJHIE€IO BIILHOIO.

Mu Gaywmiu, 1m0 KOXXKHOMY OIMOPHOMY IUIAHY BIJIMOBIJIA€ NMEBHUM YMHOM 3a-
nucana O3JII1 3 OP. ®opma i 3amucy mMae aesKi 3aKOHOMIPHOCTI

1. Cuctema piBHAHD 3allMCaHa TakK, 1110 KOXHA 0a3MCHA HEB1JOMA BXOIUTH JIUIIIE
JI0 OJTHOTO PIBHSHHS CUCTEMH, 3 KOCQIIIEHTOM, IO IOPIBHIOE OAUHUIA. SIKIIO
PIBHSIHHS PO3MICTUTH TaK, 00 Hymepaillis 0a3uCHUX HEBIOMUX OyJia CTpOro 3po-
CTaI040I0, TO MaTpULA Oa3MCHUX HEBIIOMHUX Oy/I€ OJUHHYHOIO.

2. BUIbHI yiieHH cucTEMUA 0OMEXKEHDL — HEBI €MHI

26



3. Onrumizytoya ¢hopma 3aJIeKUTh JUIIE Bl BUIbHUX HEBIJOMHUX.
O3nauennn 2. O3JII1 3 OP, saxa 3a006o0nvbHse ymosu (1) — (3) Hazusaromo
KAHOHIUHOW0 opmoro.
O3nauennn 3. Cucmemy oomedcerv, wo 3a006oavuse ymosu (1) — (2) nasu-
8al0OMb KAHOHIYHOI CUCHEMOI0 0OMEIHCEHD.
Sxkiio cuctema 0OMeXeHb — KaHOHIYHA, a (hopMa 3aIeKUTh 111€ BiJl 0a3UCHUX

HesigoMux, To 3JII1 Ha3uBaeTHCA MaiKe KAHOHIYHOIO.

2. Tlpu po3B’s3yBaHHI 3a7a4 Ha MPAKTHUINl OyJeMO 3aCTOCOBYBATU METO]I
iTepallii, KoJu Ipu BUOOP1 KOKHOTO OMOPHOTrO IJIaHy, MOYMHAIOYY 3 MEPILIOTO, 32
JIOTIOMOT'OI0 JIESIKUX TPaBUJI BU3HAYAIOTh, Y 3HANHICHO PO3B’A30K 3a7a4i, uu Tpebda
NEePEXOAUTH 10 HACTyMHOTO OMOPHOro IulaHy. Takuil METOJ Ha3BEMO CUMHNIEKC-
HUM MemOo0oM (YU CUMNIEKC-MENMOOOM).

Po3rnssHeMo OCHOBHI BJIaCTUBOCTI METOAY:

1. IoBHoTa. BkazyeMo uu npaBuiia poOOTH € OJTHO3HAYHUMH, UM Hi, K MPaK-
TUYHO NMOOYAyBaTH NMEPUINI OMOPHUH IJ1aH, 4 OyjAe OCTaHHIM NOO0yI0BaHM MIIaH
TOYHHMM PO3B’SI3KOM 3aj1ayi.

2. ObaacTh 3acTOCOBHOCTI. BKazyemo, miid SKHX 3a7a4 MOXHA 3aCTOCYBAaTH
TaKUi METOJI Ta BU3HAYUTHU UM MiANagae KOHKpPETHA 3a7a4a il sl MeToay. SKIo
PO3B’S30K ICHYE, aJie OCTaHHIM OMOPHUH TJIaH HOTo He Ja€e, To Tpeda BKa3aTH SKOi
MOMWIKHU TIPUITYILIEHO.

3. BaactruBicTh 30ikHocTi. Bkaszyemo, uu 3aBXau anropuTM 3abe3neuye
301KHICTB, YU 3aBXK AU 301KHICTh IPUBOJUTD JI0 IPABHIIBHOTO PE3YIbTaTy, CKUIBKU
iTepariii Tpeba 3poOUTH ISl OTPUMAHHS PO3B 3Ky, YA MOKHA BBa)XKAaTU IUIAH OII-
TUMaJIbHUM, SIKIIIO TIPOBEJICHHS 1Tepalliid 0yJi0o MPUITMHEHO Ha JAESIKOMY KPOIIi?

4. Bumorm 0 o00uHcJeHb. 3’SCOBYEMO HACKUIBKH CKJIaJHUMHU Ta
IPOMI3JIKUMHU € OOYUCIICHHS METOJy Ta TMPH SIKIM TOYHOCTI OOYMCIICHb MH OfEp-
YKUMO 33JI0BUTHHI pe3yJIbTaTH.

3a3HayMMoO, IO BIIEpIIE CUMIUIEKCHUH METO]I 3aCTOCYBaB aMEPHUKAHCHKUI
BueHuit [[x. Jlaamir B 1949 porii, xo4a cam alropuTM METOIy, KpIiM MPaBHII BUOO-
Py KJIIOUOBOTO eJleMeHTa, OyB Bimomuii 1mie y XIX cTomiTTi.

3. 3ayBaxuMo, 110 HEMa€E MOTPEOU MPHU KOXKHIN 1Tepallii BUnucyBaTu Gopmy-
mu nepexony. Llei nmpouec MoxHa (popmanizyBaTH, BUKOPUCTOBYIOUHM CIIELIATbHI
cuMIniekc-Taduii. [Tpu poGoTi 3 HUMU HE OyJeMO PO3PI3HIATH A¢ OOMEXKEHHS, a
e onTuMizyroua (QyHKIS, a MEePEeTBOPECHHsS MpoBeneMo MeTtoaoMm JKopmana —
["aycca, nemo MoaudiKOBaHUM.
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Kpumepiii onmumansnocmi 3a cumniekc — maodauyamu: Sximo dopma
MaKCHMI3YETbCS 1 B HYJIBOBOMY PAJIKY BIJCYTHI BIJI'€MHI yucia (32 BUHSATKOM,
MO>KJIMBO, CTOBIIISI ONOPHOTO IIJIaHY ), TO OTIOPHUM TUIAH € ORMUMATLHUM.

Koedimientn psaka 0 MokHa IHTEPHOPUTYBATH K MPUPICT PYHKLIT z 1IpU
30UIBIICH] BUIBHOI HEB1JIOMOiI Ha oauHUINO. [lpupict Oyae AomaTHUM, SKIIO
KOe(]iIlIeHT B1A’€MHUH, 1 B1JI’ EMHHUM - SIKIIO KOE(DIIIEHT JOAATHUA.

3anuIIeMO a120pumm podomu 3 CUMNIEKC - MAOTUYAMU:

1. 3Bememo 3ajady J0 KAHOHIYHOI (HOPMHU.

2. @opManpHO 3alOBHIOEMO TaONUIl0 KoedimieHTaMu IiIbOBOI (QyHKIIIT
(HyOBUH PSIIOK) Ta Koe(illleHTaMH PIBHSHb CUCTEMU OOMEXKEHbD.

3. TlepeBipsiemo 3a1auy Ha ONTUMAJIBHICTD 32 KPUTEPIEM.

4.  Jns BUOOPY K110406020 CHiO8nYA 3HAXOIUMO HaMOUIbIINKA eneMeHT B 0-
PSAIKY TIPH JTOCHTIKEHHS IUIbOBOI (DYHKIIT HA MaKCMMyM, Yd HaWMEHIIUHN ee-
MEHT IPH JTOCIHIIKEHHI il HA MAKCUMYM.

5. Jlng Bubopy Kiwuoeozo enemenma CKIAIaeEMO BiJHOIICHHS BIILHUX
YICHIB (YHCENl CTOBMYMKA “OMOPHMM IIaH” ) A0 BIAMOBIIHMX JOJATHUX YUCEI
KJIFOUOBOTO CTOBITYMKA 1 BUOMPAEMO cepell HUX MEHIIIE.

6. Ha mepeTuHi KJIIOYOBOTO psijiKa 1 KIFOYOBOTO CTOBIIIS MAEMO KIIOUOGUIL
enemMenm.

7. 3amicTh 0a3MCHOI HEBIJOMOI KIIOYOBOTO PSIKAa BBOAMMO HOBY OazHMCHY
HEB1JIOMY - HEB1JIOMY KJIFOYOBOT'O CTOBITUHKA.

8. Jlyia 3amOBHEHHS KJIIOYOBOTO psAKA JIJIMMO BCl BIAMOBIAHI €IEMEHTH HA
KJIFOYOBHUH €JIEMEHT 1 PO3MIII[yEMO Ha CBOIX MICISX Y HOBiM Tabmwmii. Llel psmok
JUTSI HOBOI TaOywmil OyeMO Ha3UBaTH 8€0yHUM.

9. Bci iH1I1 psAAKY 3a0BHIOEMO 32 MeTo1oM JKopaana-I'aycca

a) 3HAXOJUMO PAMOK, SIKUM OyJeMO 3allOBHIOBATU y MOMNEpeaHid TalOmuimi i
MO03HAYaEMO B HbOMY YHCJIO KOJIMIIIHBOTO KIIFOUOBOT'O CTOBITYMKA;

0) MHOKHMO BCl 4Mclia KJIITHHOK MPOBIAHOTO PsiKa HA YUCIO, MPOTHIICKHE
710 TI03HAYEHOTO;

B) I0JJA€EMO YHUCIIO PAJIKA, IO 3alOBHIOETHCS, MOMEPEIHBOI TAOIUIN 10 YKCEeI
BI/IMOBITHUX CTOBIUMKIB, YTBOPEHUX B 11.0), 1 PO3MIIIYEMO Ha CBOIX MICHSAX Y
HOBIW TaOJIHIII.

10. TlepeBipsieMO HOBHUI OMOPHUH IJIaH HA ONTUMAJIbHICTh. SIKIIIO BiH HE OINTH-
MaJIbHUM, TO IOBEPTAEMOCH 0 IIYHKTY 4, SKIIO — ONTHUMaJbHUN, TO BHUIKMCYEMO
OTPUMaHUN PO3B’SA30K.

Posrnsinemo npaBuia poOOTH 13 CUMILIEKC-TaOIUIIMU Ha IPUKJIIAIL.

[pukian 2. 3amgady JiHIKHOTO MPOrpaMyBaHHS 3aJ]aHO Y BUTJISIII TaOIUII
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Buou cuposunu Buou npooykyii 3anmacu CHPOBUHHU
S 2 1 224
S, 3 2 428
S3 4 1 336
IIpuodyTok 24 9

3HANTH ONTUMAJIBHUI TIJ1aH BUPOOHULITBA.
Po3B’sa3yBanHd. [lo3HauMMO X; — IU1aH BUIYCKY NEPIIOrO BUAY MPOIYKIIIL, X,-

npyroi npoaykiii. CkiageMo MareMaTHIHy MOJACIbh OTPUMAaHO1 3a7adl JIHIHHOTO
porpamMyBaHHSI.
2x, +x, <224,
3x, +2x, <428,
4x, + x, <336; z =24x, + 9x, (max)
3BeneMo 1 10 cTaHgapTHOI (opMM BBIBIIM JOJATKOBI Oa3MCHI HEBIIOMI

X35 X4 Xs

2x, +x, + x5 =224,
3x, +2x, +x, =428,
4x, + x, + x5 =336;

)Cj > O, ] = 192939495‘ z— 24)6'1 - 9x2 = O(maX)

CkiazgeMo CHUMILIEKC — TaOJIUIlI0 Ta MPOBEAEMO BC1 HEOOX1IHI MEPETBOPCHHS
3a QJITOPUTMOM, OTIMCAHUM BHIIIE.

Homep | Homep | basucui | Onoprwuit
) . ; : X, X, X5 X, Xs
iTepaliii | psjika | HEeBIOMI | pO3B’S30K
0 z 0 24| 9 0 0 0
I 1 X, 224 2 3 3 0 0
2 X, 428 3 2 0 1 0
3 Xs_y 336 (4) 1 0 0 1
0 z 2016 0 | 3] 0 0 6
11 1 X 56 0 1 1 0 1
= 2 2
2 Xy 176 0 ) 0 1 _3
4 4
3 X 84 1 1 0 0 1
4 4
0 z 2352 0 0 6 0 3
11 1 X, 112 0 1 2 0 -1
2 X, 36 0 0 -2,5 1 0,5
3 X, 56 1 0 -0,5 0 0,5

\®)
e



3aysaoicenns. ba3ucH1 CTOBMUMKY 3aITOBHIOIOTHCSA (DOPMaIBHO 1 TIOKH IO IS
aHajizy 3a7a4l He BUKOPUCTOBYIOThCS. TOMY MOXHA 3allOBHIOBATU TabuIil 1 6€3
CTOBMYMKIB 0a3MCHUX HEB1IOMUX. Taki TabNIuUIll HA3UBAIOTh Pe0yKOBAHUM.
3 ocTaHHBO1 TabJIMILII BUITUCYEMO ONITUMAJIbHUM IJ1aH
X, =(56,112,0,36,0) z_ . =2352
, :

3 eKOHOMIYHO1 TOYKH 30Dy 1€ O3HAYa€E, M0 ONTUMAIBHOTO TJIAHY MH JOCST-
HEMO MpH BUIYCKY 56 OAMHUIIL Tepmioi mpoaykmii 1 112 oxuHume apyroi
MIPOTYKITii.

KoHTpoJbHI 3anuTaHnus

[Ilo Ha3MBA€ETHCS ONMTOPHUM IIJIAHOM?
B yomy nonsirae izest CUMILIEKCHOTO METOY ?
o Take kaHOHIYHA (hopMa 3a7adi JIHIKHOTO MpOorpaMyBaHHs?

=

[Ilo Take kaHOHIYHA cHUcTeMa oOMekeHb? Maiike KaHOHIYHA CUCTeMa oOMe-
JKEHb?

CdopmyroiiTe BIaCTHBOCTI CUMIUIEKCHOTO — METO/Y.

Chopmymoiite kputepiit ontuMmanbHOCT 3JII1 3a cuMIiekc-TaOIUIIMU.
OnumriTe anropuT™ podOTH 3 CUMILIEKC — TAOIUIISIMH.

[Ilo Take KIOYOBUN CTOBIEIb, KIIFOYOBUM PSIAOK, KIIFOUOBHI €J1EMEHT?

[ITo Take mpoOBiTHUN PATOK?

= o 00 X o

0.5k mpoBOAUTH NEPETBOPEHHS CUMILIEKC — TAOIHIII?
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Jlexuist Ne4,
JABoicTicTh B JIHIHHOMY IPOrpaMmyBaHHI

Ilnan
1. TToHATTS Mpo B3aEMHO ABOICTI 3a4a4i.
2. 3aranbHi NpaBuia CKJIaJaHHs IBOICTUX 3ajay.
3. 3B’SI30K MK ONITUMaJILHUMHM PO3B’I3KaMH JIBOICTHX 3aj1ay.

1. BuxopuctoByroun KoedilieHTH 3ajayl JIHIHHOTO MporpaMyBaHHS MOKHA
CKJIACTH II€ OJIHY 3a/1auy JIHIHHOTO MPOrpaMyBaHHS, sSIKa HA3UBAETHCS ABOICTOIO
10 3aJaHOI.

O3nauennn 1. /[6i 3a0aui niHitiHO20 NPOCPAMYBAHHS HASUBAIOMbCS 83ACMHO
ogoicmumu, AKUO GUKOHYIOMbCA MAKL YMOBU.:

1)  mampuyi cucmemu obmedceHb 000X 3a0au € MPAHCNOHOBAHUMU, OOHA
BIOHOCHO OpY2oi;

2)  cucmema obmediceHb CKIAOAEMbCA 3 HepiGHOCmel, 5KI 8 000X 3a0ayax
HanpsmieHi y npomuiedcHi OoKu;

3)  koegiyichmu onmumizyrouoi opmu 0OHIEP 3a0aui € BIIbLHUMU UNeHAMU
cucmemu obmedicensb Opy2oi i Ha8NaKu,

4)  opmu 6 060x 3a0auax onmMuMizyIOMbCs NPOMULEHCHO (0OHA HA MAKCU-
MYM, Opy2a — Ha MIHIMYM,).

B 3aranpHOMY BUTIQIKy TIpHIIalaMy B3a€EMHO JIBOICTHX 3aj1ady € 3aaa4di M ta m.

3amaua M:

a,x, +ax, +...+a,;x, <b,

Ay X) + Ay Xy + ..+ Ay X, by,

AgX; +a,X, +...+ayx, <b,,

x;20,(j=12,..,k). @)
3amaua m:

* .
z =by+by, +b,y, +..+ by, (min) 3)
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apy, +a,y, +..+ayy, 2c,

ApYy +apY, ..t any, 26y,

Ay +ayy, t..tayy, 2c,
¥, 20,(j=12,..,9).

4

YMOBU O3Ha4YeHHS BUKOHYIOTHCS aBTOMATH4HO. Hampukiazn, o4eBUIHO, IO
MaTpHIISl CUCTEMH OOMEXEHb MepIoi 3a7adl € TPAHCIIOHOBAHOKO 10 MaTpPHIIl CHC-
TeMU 0OMEKEHb JIPYToi 3a7a4i.

[Tepmry 3 1mux 3JII1 Ha3uBarOTh BUXITHOIO 3a7ayero, APYry — JABOICTOIO JI0
BUX1THOI. 3ayBakKHMO, TII0 ABOICTOO 33/a4€0 /10 IBOiCTOI Oyje 3HOB BUXIiJTHA 3a-
Jayva.

ExoHOMIUHY CyTh JBOICTHX 3a7ad MOKHA MOSCHUTH HA MPUKIAJl 3a7adi Ipo
pecypcu. BuxinHorw OyJie 3afava: opeauizysamu unyck npooykyii max, ujoo eu-
KOPUCMOBYI0UU HAAGHI pecypcu Ompumamu HauoOiibuuil (MaKkCuMaibHut) npuoy-
mok. JIBOICTOIO JI0 HEI: AK0I0 Mae Oymu yiHa KOMXCHO20 pecypcy, oo npu 3a0aHux
3anacax ma npudoymrax 8i0 0OUHUYi NPpooyKyii 3aeaivhi eumpamu OYIU HAUMEH-
wuMu (MIHIMATbHUMU).

2. 3po3ymiJio, 110 I KOKHOI 3a/1a4l JIHIHHOTO MporpamMyBaHHS MO>KHA TO-
oynyBatu nBoicty, 60 3JIII 3aBau 3BOIUTHCS N0 APYroi CTaHAApPTHOI (opMmu
(3JIIT1 3 OH). Copmynroemo mpaBuJia mody10BU ABOICTOI 3a1a4i:

llepesipka ymos:

1) B ycix O0OMEXEHHSX BUIbHI YJIEHH MICTITBCSA CIpaBa, €JIEMEHTH 3
HEBIJJOMHMH — 3J11Ba;

2) Bci OOMEXEHHsS HEpIBHOCTI BHUXITHOI 3a/ladl 3alkcaHl Tak, IO 3HAKH
COpsIMOBaH1 B OAMH 01K (SKILO LI€ HE TaK, TO MOTPIOHO MEPEMHOKUTH OOMEKEHHS
Ha -1);

3) 3aranbHUM 3HaK HEPIBHOCTEW MOB’SI3aHUI 3 ONTHUMI3all€0 (OPMHU HACTYI-
HUM YHHOM:

"<"=>max  "2"=min,

Ilo6yoosa 0soicmoi 3adaui:

1) Koxuomy 0OMEXEHHIO BHXITHOT 3a/7a4i BiJIITOBIA€ HEBlIOMA Yi y JIBOICTIN
3a/1a4i, MPUUOMY JBOICTa HEBIJOMA, IO BIJMOBIIa€ OOMEKEHHIO HEPIBHOCTI, Ma€
OyTH HEB1I €MHOIO, a PIBHOCTI - JOBUIBHOTO 3HAKY.

" : X . . . .
2) KoxHiii HeBigoMiM ~/ [BOICTOI 3ajadi BIANOBIAa€ OOMEXEHHs IBOICTOI.

. .. a..
BynyroTecs i OOMEXKEHHsI Tak: MEPEMHOXKYIOTbCS Koe(illieHTH 7, IO CTOATh
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pu J mHa Bimmomimmi mBoicTi  HeBimomi i. Pe3ynpratt  MHOXKEHHS

MIJCYMOBYIOTBCSL 1 PO3MILIYIOTBCS B JIIBIM YacTHHI OOMEXEHHs, a B MpaBiil —

KOeQIIieHT %, npu Yip ONTUMI3YIOUil (hOopMi.

3) B ycix oOMexeHHsIX ABOICTOI 3ajadi CTaBUMO OJMH 1 TOM caMHil 3HaK
HEPIBHOCTI, MPOTWICKHUIA JI0 3arajiIbHOT0 3HaKa HEPIBHOCTI CUCTEMH OOMEKEHb
BUXI1JIHOI 3a7a4l.

4) ®opmMmy nBOICTOI 3a7adi ONTHUMI3YEMO MPOTUICKHO A0 (OPMHU BUXITHOL
3ajaul.

5) Koedoimientu npu ABOICTUX HEBIIOMHUX Y (HOPMIi € BUIBHUMHU WICHAMH CHC-
TeMu oOMeXKeHb BUXifHOT 3a1aui. Binpanii uten €0 gpopmu BuXixHOT 3aaui mepe-
HOCUTBCS Y (popMy JBOICTOI 3a/1a4i O€3 3MiH.

[Mpuxnan. [To6yyBaTu 1BoicTy 3amauy a0 3agaHoi 3JII1:
V=Y, =2y32-2,
=3+ Yy, + 353,
y;20.

z=-10y, +4y, +5y,  (max)

Po3B’s3yBaHHd. 3aMIHUMO 3HaK B MeEpIIiil HEPIBHOCTI 7S 3BEACHHS J0 CTaH-

JAPTHOTO BULISLY, TS L{BOTO JOMHOXHUMO #ioro Ha (-1)
=Yty +2y; <2,
=3y +y, +y; <3,
y;20.

OOMEXEeHHSIM CTaBUMO Y BIAMOBIIHICTh JBOICTI HEBiJOMI Yoo X

1 Oymyemo
JBOICTY 3aJ1a4y:

- x; —3x, 2-10,

X, +x, 24,

2x, +x, 25,

x; 20,x, 0.

z=2x,+3x, (min).
3aysarncenna. fxwo cucmema obmedceHb Mae 0OMeHCeHHs PIBHOCMI, MO
0soicma 3adaya 00 no6y008anoi 080icmoi 8xce He 6y0e MmaKow 5K GUXIOHA.
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3. 3B’30K BHUXIJHOT 1 IBOICTOT 3a/1a4 OOYMOBJICHHUI THUM, 110 PO3B’A30K OJHOI
3 HHMX MOXHa J00OyTH Oe3MocepelHb0 3 po3B’s3Ky apyroi. s wmporo
BUKOPUCTOBYEMO TaKi BaKJIUB1 TBEPIXKEHHS.

Teopema 1. SIKIo y ABOICTHX 3a7a4aX 0JHA 3 HUX MA€ PO3B’SA30K, TO Oyae
iCHYBaTH pPoO3B’SI30K i JJI APYroi 3a7a4i, a ONTHUMAJIbHI 3HAYEHHS NPH [bOMY
30iraloTbCcsd, TOOTO Z_ = Z min.

max

Teopema 2. [last Toro, mo6 x i y° OyJad ONTHUMAJIBLHUMH PO3B’SI3KAMH

3aga4 M i m BiAnoBiHO, HEOOXITHO I TOCTATHBLO, 00 BUKOHYBAJIMCH YMOBHM:
k k
yi|2a,x,=b |=05  y|Xax, —b |=0.
j=1 j=1

3 TeopeMH 2 BUIUIMBAE, M0 KOJM OOMEXKEHHS 3aJadyl Ha ONTUMAIbHOMY
PO3B’sI3Ky HE MEPETBOPIOIOTHCS HA TOYHY PIBHICTh, TO BIAMOBIJHA HEBIJIOMa OII-
TUMAJIBHOTO PO3B’SI3KYy 000B’SI3KOBO JIOPIBHIOE HYIIIO.

[li Teopemu nalOTh 3MOTY 3a PO3B’SI3KOM OJHOI 3ajadl 3pa3y 3HAWTU
PO3B’SI30K JIpyToi, ABOICTOI A0 Hei. Po3riisiHeMo mpukiaj 3 MONnepeaHbOro MuTaH-
HA. SKIIo B mepimoMy oOMEeXeHl IUIIXOM MHOXKEHHS Ha (-1) MOMIHSATH 3HAKU Ha
OPOTHJIEKHI, TO OTPUMAEMO 3ajady JIHIHHOTO TOporpamyBaHHs, IO
nociipKyBanack rpadgigauM metoaoM B Jlekmii Nel. Tam ke Mu mokaszainu, 110

— *
Zinin =8 B Touri (4; 0). OTxe, Z max =8 juis BEXigHOI 3amaui. [Tpu migcTaHoBII
KOOpJIMHAT B pIBHOCTI CHUCTEMU OOMEXeHb, OauyumMo, IO TUIBKK JIpyre

TepeTBOPIOETHCS B HyJlb, TOMy 1 = V3 = 0 » 3HaXOJUMO 3 PIBHOCTI
8=4y,; ¥y, =2

OTtxe, po3B’sa30K BuXiAHOI 3a7a4i (0; 2; 0).

KOHTDOJILHi 3aIIMTAHHHA

Sxi 3aga4i JHIKHOTO TPOrpaMyBaHHs HA3UBAIOTh B3aEMHO JIBOICTUMHU?
CdopmymroiiTe yMOBU HEOOX1AH1 AJIsl BUTJISIAY BUX1HOT 3aa4i.
CdopmymroiiTe npaBuiia mody10BU ABOICTOI 3a1a41?

[ITo 6yne aBoicToro 1o ABoicToi 3amayi? Yu 1ie 3ak 11 Tak?

Skuit 3B’ 130K MK pO3B’sI3KaMH JBOICTUX 3a1a4?

Sk w =

SIka o3HaKa ONTUMAIBHOCTI PO3B’A3KIB JBOICTHX 3a1au?
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Jlexuist NeS.
MeToa mITy4HOro 0a3ucy

Ilnan
1. IToHATTS PO METOJI ITYYHOTO Oa3ucCy.
2. JIBoicTHM CUMIIIEGKCHUM METOI.

1. Bubip mnovarkoBoi KaHOHIYHOI (opMH [ae 3MOry (¢opmMali3zyBaTH
BIJIIYKAHHSI ONTUMAJIBHOTO PO3B’S3KY 3a CUMIUIEKC-TabnuisiMu. Kanoniuna ¢op-
Ma 3ajad4i JIETKO OyAy€eThCs, KOJIM CUCTEMA 0OMEKEHb BUTIISIIAE TaK, SIK 1€ OYyJI0 B
3aJ1a4yl PO BUKOPUCTAHHS PECYPCIB:

"a.x.<b, b >0, (i=12,..,m).
gy =i Vi

j=1
[Ipu Takomy THITI OOMEKEHb BBEJICHI JOAATKOBI HEBIJIOMI HaJlaBaJIM CHCTEMI
oOMexkeHb (a 3 Heto 1 O3JII 3 OP) kaHoHI4YHOI (opMu. 3 iHIIOrO OOKY, Taka
CTPYKTypa 0OMEKEHbh HE OXOIUIIOE BCIX MOMKJIMBUX BHIIAJIKIB, IO TPAIUISIOTHCS B
JTHIMHUX onTUMizaliitnux moxaensx. Kpim toro, € Taki 3ajmadi, siki B3arajii He Ma-
I0Th JKOJIHOTO JIOMyCTUMOTo any. Hanpukian, 3amaya
X, +x, +x;=2,
X, —3x, —x, =3,
X,20 (j=12,..4),
(max)z =2x, +x,
Mae 0a3uCHI PO3B’I3KU
xV=(0,0,2,-3), x? =(2,0,0,-1), x'¥ = (9/4,-1/4,0,0),
x® =(0,-1,3,0), x* =(3,0,-1,0), x' =(0,2,0,-9),
KOJKEH 3 SIKUX HEe € onopHUM. OUeBUIHO, III0 BOHA HE Ma€ PO3B’sA3Ky. ToMy po3r-
JITHEMO JIeIKl METOJH, SIK1 JIal0Th 3MOTY 3’sCyBaTH, Y4 Ma€ CUCTeMa OOMEKEHb
JOMYCTHMI IJIAHU YH Hi, 1 BKa3YIOTh IIJISAXH iX MOIIYKY.
Hexaii O3JIIT 3 OP

a, x, +...+a,,x, =b

s

a X +..+a,,x, =b

m,

[ Xp5een X, 20,
(max)z =c¢, +c¢;x, +...+¢,x,
3alycaHa Tak, 10 BCl BUIbHI wieHn b, > 0(i =1,2,...,n). 1{poro 3aBxau MOXHa J0-

CSITTH, TIOMHOKHBIIIH, SIKIIO 11¢ TpeOa, pIBHSAHHSA 3 BiJI’EMHUM BUIBHUM WICHOM Ha —1.
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1106 micTaT OAMHUYHY MATPHUINIO NMPU O0a3UCHUX HEBIIOMUX, (HOPMAIBHO 10
JIBOI  YaCTMHU  KOXXHOTO  DPIBHSHHSA  JOJAaEMO 1O  OAHIA  HEBIJIOMIM

>0(i = : ,
w; 200 =12,....m), g0 OyJneMo Ha3WBaTH WITY4YHUMHU. B pesynbTaTi cucrema o6-

MeKeHb Ha0yBa€ BUTIISITY

)
a, x, +...+a;,x, +w, =b,

Apy X, +...ta,,x, +w, =b

m?

Xyseenn X, 2 0w, 20,

(1)
Jo Hei nonaeMo mty4yny Gopmy

(min)f =w, +..+w,,. )

3amaya (1), (2) € 3amayero JIHIHHOTO MPOTpaMyBaHHA, SIKa 3alKcaHa y Maibke

KaHOHIYHIM (opmi BIAHOCHO OA3MCHUX HEBIIOMUX W,,...,W, . 3QIHUIIAETHCS Y

m

¢dopmi  (2) 13 cucremMu oOMexeHb (1) 3ammcatu w,(i=1,..,m) uepe3 BUIbHI

HeBigomi *1ootne

O3nauennn 1. Cucmemy obmedicenv 6yoemo Hazusamu CyMiCHOI0 8 obacmi
HeBi0 'EMHUX 3HAUeHb, AKUWO BOHA MAE X04a 6 00UH OONYCMUMUL PO38 S30K.

CrpaBelsTUBUM € TaKMM KPUTEPid CYMICHOCTI CUCTEMU OOMEXEHb B 00JacTi
HEB1J’€EMHUX 3HAYCHb.

Teopema 1. [Ins Toro mod cucrema odOMekeHb 0yJjia CyMICHOIO B 00J1aCTi
HEBi/l’€MHUX 3HAYE€Hb, HEOOXITHO i JOCTATHBLO, 100 Ha po3B’sa3kax (1)

fmin =0 .
3 TeopeMu BUILIMBAE TaKU HACTIIOK.
Hacniook 1. Axwo onmumanvruii niau 3aoaui (1)-(2) micmums xoua 6 00Hy

wmyuny nesioomy i

, MO BUXIOHA 3a0aya He MA€ PO38 A3KY, OCKIIbKU 0HA He €
CYMICHOI0 8 001acmi HeBi0 'EMHUX 3HAUEHb.

Teopema 1 gae mpakTuyHO KpiM (DaKTy ICHYBaHHS JOMYCTUMOTO IUIaHYy 1 Me-
TOJ WOTO BiANIyKaHHS. 3a3BUYal, 3HAWICHUN TOMYCTUMHM TUIAH € 3aBXIU OIOP-
HuM. Ha npukianai po3risitHeMo METOJIMKY TMOUIYKY OIMOPHOro IUIaHy 3a METOJA0M

HITYYHOT'O 0a3ucy.

[puknaz 1. 3raiiTi po3B’A30K 3a7a4i JIIHIHHOTO MPOTPaMyBaHHS:
3x, +x, + x5 +x, =16,

Xy peer Xy 2 0.
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Po3B’s3yBanHsg. BBOaUMO MITYy4HI HEBIIOMI Wi I W,

4x, —2x, + x5 +3x, +w, =18,

3%, +x, =x; +x, +w, =16,

Xy geees Xg o Wy, Wy 20

3)
MTY4YHY popMy
f=w +w, =34—(Tx; —x, +3x; +4x,)
1 3aITOBHIOEMO TTOYATKOBY TaOJIHUITIO
Homep Homep | basuchi OnopHuit X, X, X, X,
iTepartii psnKa HEBI1OMI PO3B’SI30K
0 S 34 7 -1 3 4
I 1 w, 18 4 -2 3
2 w 16 3 1 2 1
3 z 0 -2 1 -3 1

3poObuMO JIeK1JIbKa 3ayBaKEHb:

3ayeancennss 1. 11]o6 3HaliTH omopHui I1JaH, Tpeba

NEPEeBECTH IITYYHI

HEB1ZIOM1 3 O0a3UCHUX y BUIbHI. 3 I[I€I0 METOI Y METOJll IITYYHOTO Oaszucy

BUKOPHCTOBYEMO PEIYKOBaHI TaOJIUIIl, OCKIIBKU TICHS MEPEX0y YV BUIbHI MITYYHI

HEB1JI0MI1 HacC BxKe He Oy/e IIKaBUTH.

3ayeancenns 2. HynboBuit psiiok (PSIOK OIIHOK) 3alTOBHIOEMO 3@ IITYYHOIO

dbopmoro. Moro moxkna amictatu (HopMaqbHUM JOJABaHHSM YHCEN BIAMOBITHUX

CTOBITYMKIB CUCTEMH OOMEKEHD.

3ayeaccenns 3. Jlng Toro mo0 y KIHIEBOMY IMiJICYMKY OCHOBHAa ONTHUMI3YIOUa

dbopma Takoxk Oyna BUpakeHa yepe3 BIIbHI HEBIJIOMI, MU il BIIBOJAMMO OCTaHHIN

PAIOK y TaOJMLI 1 BUKOHYEMO 3 HUM IIi caMi MEPETBOPEHHS, 1O 1 3 1IHILIUMHU PsA-

KaMH.
Howmep Howmep basucui | Onopxwuit X, X, X, X,
iTeparii pAanka HEBI1OMI IUTaH
0 S 34 7 -1 2 4
[ 1 w, 18 (4) -2 1 3
2 w, 16 3 1 2 1
3 v/ 0 -2 1 -3 1
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0 f 5/2 0 | 52 | 54 | -54
I 1 X, 9/2 1 | 12 | 14 | 34
2 W, 5/2 0 | 52) | 54 | -5/4
3 z 9 0 0 52 | 52
0 f 0 0 0 0 0
1 1 X, 5 1 0 1/2 v,
2 X, 1 0 1 12 | -112
3 z 9 0 0 52 | 52

VY HyIbOBOMY PSJIKY JIpYToi iTepallli HeMae BxKe JOJATHUX YMCEsl, TOMY IJIaH

X" =(51,0,0,0,0) ¢ ontumansEuM i 3aa4i (3), a mman X=(5,1,0,0) - onopaum
JUIs BUXigHOT 3amadi. Temep po3B’sa3yemMo BHXIJHY 3amady. Bumumcyemo 1ie pas
TaOJMIIIO IPYToi ITepali, e y HyJIbOBOMY pSAIAKY OyayTh eeMeHTU ¢popmu z (3-i

psgok Tabmuill). PesynbpTaT onepariii mogaHi y HOBIM TaOJIHIII.

Howmep Howmep bazuchi OnopHuit X, X, X, X,
iTepartii psaiKa HEBIIOMI | IUIaH
0 z 0 0 -5/2 52
I 1 X, 5 1 0 1/2 1/2
2 X, 0 1 (172) | -1/2
0 z 14 0 5 0 0
II 1 X, 4 1 -1 0 1
2 X, 2 0 2 1 -1

[lnan X~ =(4,0,2,0) € ontumansuum, z, =14,

ax

3aysaoicennss 4. MetomoM ITy4YHOro ©OasWcy MOXHA okpemo (0e3
ONTHUMI3yI04oi (OpPMH) JOCHIIKYBAaTH CHUCTEMY OOMEXEHb Ha CYMICHICTh B
o0J1acTi HeB1JI'€MHUX 3Ha4YeHb. L{e To1iIpHO POOUTH B TUX BHUIIAJKaX, KOJIH € JIESKI
O3HAKH TOTO, 10 cUCTeMa 0OMEKEHb HE MOYKE MAaTH JIOMYCTUMHUX IJIaHIB.

2. Po3risstHEMO  METOJ  3HAXOKCHHS IJIaHIB, B

OIIOPHHX AKOMY

BUKOPUCTOBYETHCS TOHATTSA JABOIiCTOCTI. SKkmio (opmanbHO 3allOBHUTH 34
KaHOHIYHOIO ()OPMOIO CUMILIEKC-Ta0IUIll, TO BUIHO, IO CTOBIYUKHU OJHIEI CTa-
HYTh PSJKaMH JBOICTOI 1 HaBMaku. ToMy HeMae MOTPeOU OKPEMO PO3B’s3yBaTH
BUXIJIHY 3a/1ady, & OKPEMO - JIBOICTY, OCKUIBKH PO3B’sI30K 000X MOXHA 3HAWUTH 3a
OJHUMH M TUMH CaMUMU TaOJIMIISIMH, IIaM’ ATAl04H, [0 HEBIJOMHUM OJHIET TaOIHIIl
BI/IMOBIAIOTh CTOBITYMKH, & HEBIJJOMUM JPYTOI - PSIIKH.

CrovaTky po3TJITHEMO, SIK MOKHA BUKOPUCTATH TOHSATTS ABOICTOCTI /IS 3BE-
JIEHHS BUIXIJIHO1 3a/1ayl 0 KaHOHIYHOi (OpMH, OCKUIbKH, MAlO4yd 3arajbHuN

PO3B’S30K, 3aBXK/IM MOKHA M030yTuCs 0a3ucHUX HeBiloMuX y (opmi. Tomy MU He
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OyZeMo 3BepTaTy yBaru Ha psAOK ONTHUMI3yI0uoi (OpMH JOTH, JOKU HE JICTAHEMO
OTIOPHOTO TUIaHY.

Omxe, Mu MaeMo Oasuc 3a/a4i 1 B HbOMY JCsKI ITUIaHW He Bix emHi. Tomi Ti
0a3KCHI HEB1IOMI, III0 MalOTh HE BIJI’€MHI IUIAHU, MAlOTh OYTH BUKJIIOUEH] 3 0a3ucy.

) : . <
[Tpumnycrumo, 110 HEBiTOMA Yk Mae Bin’ eMHUI TUIAH ('B k= O). Posriasguemo k-

! psiok. SIKIIO B HbOMY BC1 YHCIa JJOJATHI (32 BUHATKOM B k), TO JIBOICTa 3aj1aya,
a pa3oM 3 HElo 1 BUXi/IHA, HE MalOTh PO3B’ 3Ky Yepe3 HeOOMEXEHICTh POpPMHU.
VY iHmIOMY BUMNAJIKy BUAUISEMO CTOBIYMKH, B SKHX 4YHCIa k-TO TOPSAKY

p.

BII’€MHI. Y KOXXHOMY 3 BUAUICHUX CTOBITYMKIB CKJIAJA€MO BIAHOIICHHS — 3a
¢

NPUHLUIOM: JIOJATHI 1O MOJATHUX, BIJ €MHI JO BIJ €MHHUX, 1 3 HaWMEHIIHMX

BIIHOIIICHh BHOWpPAEMO KIIFOYOBI eleMeHTH. [lo3HaunMoO HaliMEHII BiTHOIICHHS

ALA, ...,

CTOBIYHKIB Yepe3 a yucia HyJbOBOTO PsAKa BIIMOBITHUX CTOBITYUKIB-

aepes O1-02sn

BBenemo 10 0a3ucHUX BUIbHY HEBIIOMY, JUIS SIKOi (TIpH MakcuMizalii (opmHu)

1<i<n
Takuii BUOIp BUIBHOI HEBIJOMOI MO’KHA TOSICHUTH THUM, II0 B KaHOHIYHIHN

3aja4l B ONTUMIZYIOUll opMi MaeMo uucio — 6. Uum OuibliuM BOoHO Oyne, TUM
OutbIIMM Oyzie 3HaYeHHs POPMHU MPH 3MIHI X, .

3aysaoicenns 5. Ilpu HeBenukiil po3mipHOCTI 3amadi Gopmysoro (4) MOKHA
HEXTYBATH, 3a KIIFOYOBHIA MOXKHA B3STH OYb-SKHI CTOBIYHK 3 BiJl'EMHUM YUCIIOM
y k-my psnaky . Uuco itepariii mpu 1iboMy Mai’Ke He 3MIHIOETHCS.

ITpuxnan 2. Po3s’s3atu 3111
X, +x, <12,
X, +5x, 25,
X),%, 20,
(max)z =2x, +x,.

Po3B’si3yBaHHs.

1. IToMHOXMMO npyry HepiBHICTh Ha (-1) 1 3anmumemo 3agady y HepIiid
cTaHjapTHIN hopmi
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4.

2.

X, +x, + x5 =12,
Xy peen Xy 20,
(max)z =2x; +X,.

dopMaIbHO 3aMOBHIOEMO CUMILUIEKC-TAO0IMIIO 1 BUAUIAEMO PAJIOK 3 Hail-

MEHIITUM (B1]]’EMHUM) TJIAHOM.

Howmep Howmep bazuchi OnopHuit | x, X, X, X,
iTepartii psaKa HEBIAOMI | IUIaH
0 z 0 2 -1 0
[ 1 X, 12 1 1 0
2 X4y -5 -1 -5 1
3. Bubupaemo BUIbHY HEBIOMY [JIsi TIepexojly B Oa3uWCHI HEBIIOMI.
Maemo aBa Bix’eMHI uncnia: -1 y CTOBIUYUKY X, 1—5 y CTOBIUMKY X, :
12 -5
A, = mln(—,—j =5, 6,=2,
1 -1
12 -5
A, = mln(T,—j =1, 6, =-1,
min{A,0, } = min{5x 2;1x (1)} = —1.
Otxe, 6a3ucHOIO Oyze X, 3aMICTh X, : —5 — KIIFOYOBUH E€JIEMEHT.
3a npaBusiaMu pOOOTH 13 CUMILIIEKC-TAOIUIISIMU MAEMO
Howmep Howmep bazuchi OnopHuit | x X, X, X,
iTepartii psanKa HEBIIOMI1 | IUIaH
0 z 1 1 0 0 -1
I 5 5
4 1
1 X3 11 5 0 1 5
1 1
2 X, 1 5 1 0 5
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[Tomigaemo, 110 MJIaH € OTIOPHUM, TOMY PO3B’SI3yEMO 3a7a4y 3a 3BUYAHHUM CHM-
IJIEKC-METOIOM.

Homep Homep basucui | OnopHuii
. . . X 1 X 2 X 3 x4
iTeparii psaaKa HEB1JI0Mi IJ1aH
11 _1y
| 0 z 1 5 0 0 5
4 1
X — =
1 SN 11 5 0 1 (5)
1 1
2 x2 1 g 1 O — g
1
0 z 12 — 0 5 0
il S
1 X, 55 4 0 5 1
2 X, 12 1 1 1 0

OnTuManbHUM 1J1aH BUILIMBAE 3 OCTAaHHLOT CI/IMHJIGKC-Ta6HI/II_[i:

X =(0,12,0,55),z  =12.

onm max

Bubip x, [k KII04OBOTO CTOBITYMKA 301IbIIIY€E MIPOLIEC HA OJHY ITEPALIiIO.

SxOu mpyra iteparlis He AaBaja OMOPHOTO IJIaHy, TO Mpolec Tpeda Oyio 6
MOBTOPIOBATH JIOTH, JOKH HE 3700yJeMO OIOPHOTO IUTaHy. I3 amroputmy
BHUIUIMBAE, IO IIEH METOJI AOIIBHO 3aCTOCOBYBATH TOJI1, KOJHW OOMEXKECHHS 3aj1aul
MICTATh HEPIBHOCTI PI3HUX 3HAKIB 200 BUOpaHUii Oa3uc HE Ja€ OMOPHOIO IJIaHy.

[Ipu BigmIykaHHi OMOPHUX IUJIAHIB Ha YHCJIA ONTUMI3YIOUOi (HOpMH TMpHU
BHOOPI KIIFOYOBOTO €JIeMEHTa MOKHA He 3BepTatu yBaru. lleit ¢akrt gae 3mory 3a
OJIHY ITepallif0 3HAWTH OINOPHUU IUIaH 3aj1adi, B Oa3uci SKOi BCl IUIAaHH €
Bil’éeMHUMHU. JlocuTh BHOpaTH KIIOUOBUM €JIEMEHT HE 3 HaWMEHIIoro, a 3
HaWOLIBIIOTO BIAHOIICHHS 1 BUKOHATH 3BUYAlHI CUMIUICKC ITEPETBOPCHHS.

Po3B’s13KkH BUX1IHOI Ta IBOICTOI 3aJa4 MOJKHA BUIIUCATHU 3a OJHIECIO 1 TIEIO ca-
MOIO ONTHUMAIBHOIO TabNUIel0. Y HAWMPOCTINIOMY BHUIIAJKY, KOJIM BUXIAHA MO-
JIeNTb Ma€ ApyTy cTangapTtHy hopmy (Ax < b), gk 11e Mae MicIie B 3a71a4i IPO BUKO-
PUCTaHHS PECypcCiB, ABOICTUN ONTUMAJIbHUN PO3B’SI30K BUIMHUCYEMO 3a HYJIHOBUM
PSIKOM CTOBIYMKIB TOJATKOBUX HEBIJOMHUX.

KoOHTPOJBLHI 3aNIMTAHHA:

1. HagseniTs npukiIag 3a1adi, ska HE Ma€ OMIOPHOTO TuTaHy. Yomy?

2. Sxa crapmaptHa dopMa IS 3adadi, IO PO3B’S3YEThCS INTYYHUM Oa3u-
com?

3. o Take mryuyna popma? Ak ii chopmyBatu?
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4.
5.

SAka cuctema 0OMeXeHb Ha3UBAETHCS CYMICHOIO?
ChopmymroiiTe KpuTepid CyMICHOCTI CHUCTEMU OOMEXKEHb B 00JacTi

HEB1I €MHUX 3HAYEHb.
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6.

SIK 3HAXOUTH OMOPHI TUIaHU, BUKOPUCTOBYIOUN METO]T ABOICTOCTi?
SIkuii 3B’ 130K MK JBOICTUMH 3a7adaMH B CUMILIEKC — TaOInI?
Yu BruiMBae BUOIp KIIFOUOBOTO CTOBIILS HA KUIBKICTD IT€paii?

Sk 3 0IHOT CHMIUIEKC — TaOJIMIII BUIIUCATH PO3B’SI3KU 000X JIBOICTHUX 3a-



Jlexuis Ne6.
CucremHuid aHaaiz pakTopiB MaTeMaTHYHOI MOIeJIi

Iliian
1. 3apmaui 3 MilIaHUMHU OOMEKEHHSIMU.
2.  CrTiiiKiCTh CUMILJIEKCHOTO METOAY. BUPOIKEHHICTh Ta 3aI[UKIIOBAHHS.

1. Mu noxazanu, mjo KOJIM OOMEXEHHS CKIIANaloThCs 3 PIBHSAHB, 32 SIKUMH
0e3nocepelHbO BAKKO 3HANTH ONMOPHUM IUIaH, TO MOTO MOXKHA 3HAWTU METO/IOM
MITYYHOTO Oa3zucy. A SKIIO MAaEMO HEPIBHOCTI Pi3HUX 3HAKIB (13 J0JATHOIO Mpa-
BOI0 YaCTHMHOI) 4M 0a3uC 3 BIJ €EMHHMM IUIAHOM, TO - 3a JBOICTUM CHMILIEKC-
METOJIOM.

Ha npaxkTtumi Hepigko TpaIuIsIOTBCS BUIAAKU, KOJIM CHUCTEMA OOMEXKEHb
CKJIaJIa€ThCS SIK 13 PIBHAHD, TaK 1 3 HepiBHOCTEH. To/11 MOkHA KOMOIHYBaTH 00U B
MeTou. Po3risiHemMo 3az1adi, B SIKUX € HEPIBHOCTI 3 IOJIaTHOIO MPABOI0 YACTUHOIO 1
piBHsHHS. TOMl MITydHI HEBIAOMI BBOISTHCSA JUINE IS PIBHIHB 1 3a HUMU
OynyeThes mTy4dHa hopma.

[Mpuknazg 1. 3BecT 10 KaHOHIYHOT (POpMHU CHCTEMY OOMEKEHb
—x,+4x, —2x; <6,

X, +x, +2x; 56,
2x; —x, +2x;, =4,

Xy, X,,%y 2 0.

Po3p’s3yBannsd. [leprri 11 HEPIBHOCTI 3BEIEMO JI0 PIBHSAHb, a JUIsl PIBHSHHS

BBEJCMO IITYYHY HEBIJIOMY Wi Toni
X, +x, +2x; +x5 =6,

Xy Xy ey X5, Wy 2 0.

(min)f =w, =4-2x, +x, —2x;,
Ky pO3B’SI3y€MO 3a CHMIUIEKC-MeToqoM. HaBenemo cumiuiekc — TOMUIIO mepe-
TBOPEHB:
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Howmep Howmep basucHi OnopHuii | X, X, | X x, X,
iTepanii | psaka HEBIAOMI | IUIaH

0 S 4 -2 -1 2 0 0

| 1 X, 6 -1 4 -2 1 0

2 X5 6 1 1 2 0 1

3 w, 4 (2) - 0 0

0 S 0 0 0 0 0 0

11 1 X, 8 0 7/2 -1 1 0

2 X, 4 0 3/2 1 0 1

3 X, 2 1 -1/2 1 0 0

Jpyra iTepaiiist Ja€ HaM TaKy KaHOHIUYHY (OpPMY CUCTEMH 0OMEKEHb:

2
3
Exz +Xx; + x5 =8,

1
x| —Exz +x; =2,

Xygeeey X5 2 0.

3ayeancennss 1. 3acCTOCOBYIOUM METOJI IITy4HOro Oa3ucy 10 3amad 13
MIIIAaHUMU OOMEXEHHSIMHM, Oa)xaHO TaK BHOMpATH KJIIOYOBUN CTOMYHUK, 100
MITYYH1 HEBIJIOM1 IEPEXOAMIN 13 Oa3UCHUX Y BUIBHI.

3ayeasicenns 2. Y pasi oOMeKeHb HEPIBHOCTEH 13 3HAKOM = HECKJIATHUMU
MEPETBOPEHHAMH MOXKHA JICTaTH JaoAaTHUi Oazuc. [ns mporo B 3amaui i3
MIIIAHUMU OOMEXKEHHSIMU BI3bMEMO PIBHSHHSI 3 JIOJATHUM BUIBHUM YJIEHOM

(b; >0) HepiBHocTi i3 3HaKOM 2 TIOAIMMMO HA TaKi YMCINa, MO0 MCHs JiTeHHS

b

BUIBbHI wieHU Oynu MeHInl 3a ~i. [licns mporo nepeiaeMo 10 oOMeXeHb PIBHSHBD 1

BiIHIMEMO IX TIOCIIJJOBHO BiJi BHOpaHOTO piBHSHHSA. BCi J0MaTKOBI HEBiIOMi Y
3100yTUX PIBHSHHIX MAaTUMYTh KoedilieHT +1 1 10aTHI IJIaHHU.

[pukman 2. Cuctema oOMexKeHb

-x, +3x, <6,
1 1
X +x,24 :2:5x1+5x2—x4=2,

2x, —x, =4,

X;,x, 20.
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B pE3yJIbTATI MEPETBOPEHL HAOYBA€ BUTIISY

—x, +3x, +x; =6,
3

—x, +-x, +x, =2,

2 2

2x,—x, =4,

Xppeens Xy 2 0.

Tenep 1151 BUOOPY KIHLIEBOTO 0a3UCy JOCHUTH JIMILIE BBECTU IITYUYHY HEBIIOMY

JUTSI TPETHOTO PIBHSHHSL.

2. Ha mpakTtuiii vacto BUHHKaE OTpeda He JIHIIe 3HAUTH ONTHUMAIbHUM TUIaH,
ajie 1 CUCTEMHO MpOaHai3yBaTH 1 YITKO BCTAHOBUTH B3a€EMO3B’S3KH MIXK BCiMa
(dhakTOpamMu MaTeMaTHIHOT MOJIei 3a/1a4i. Y 0araThb0oX BHUIAJKaX CIiJa 3’sSCyBaTH, B
SAKUX 1HTEpBajax MOKHA 3MIHIOBAaTH BX1JHI MapaMeTpu 3ajadi 6e3 CyTTEBOIoO Bij-
XWJICHHS ONTUMAJILHOTO IUIaHy, 0€3 3HAYHOTO MOPYLIEHHS CTPYKTypu Oasucy,
AKUN popMye 1Ieil TIIaH.

CroyaTtky pO3TJIIHEMO, K OyJie 3MIHIOBATUCh ONTUMAIBHUH IIJIaH TIPH 3MiH1
Koe(dilieHTIB OoNTUMI3YyI040i (opmu BuUXIIHOI 3amayl. Hexali xkaHoHiuHa (opma
BUXI1IHOI 3a7a4l Ma€ BUTISA;

(max)z =4x, +5x, +9x, +11x,,
X, +x,+x,+x, +x, =15,

Tx, +5x, +3x, +2x, +x, =120,
3x, +5x, +10x, +15x, + x, =100,
X, 5eees X, 2 0.

(1)

BukoHaBImm cuMIIIeKC IEPETBOPEHHS, MU JIICTAHEMO TaKy KaHOHIYHY (popMy:

5 5 10 1 50
X, + Xy ==X, +— Xy —— X, =—,
7 7 7
6 13 61 4 325
—7)(?2 7x4——x5+x6+—x7 :T,
3 1 55 2)
—X, +X3 +—X4 —— X +—x7 =—,
7 7 7 7 7
X, e X, 2 0.
695 3 11 13 5
Z=———X,—/— X, —/—X. ——X

79

2 4 5
7 7 7 7 7
OIOPHUH IUIaH AKOI € ONTUMAIbHUM.
S0 30UIBIINTH KOE(ILIEHT NPU X, Y LUIbOBIA (YHKIIT B TOYATKOBINA CHM-

IUIEKC-Ta0NINIl, IPUIYCTUMO Ha 6, TO B OCTaHHIN CUMIUIEKC-Tabmuui x, Oyne
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1/ _ . .
CTOATH 4YHUCIIO A 6, 1 pO3B’$ISOK HC 6y,Z[€ OIITUMAJIBHUM. OT)KC, 3011bULICHHS

Koeghiyiecuma npu x, Ha 6 3MIHIOE 6A3UC ONMUMATILHO20 PO38 "A3K).

binbmr ckiamHi 3a€KHOCTI TIPU THUX HEBIJOMHX HUIBOBOT (DYHKIIII, SKi Te-

peiinuin B 6a3ucHI. 3MiHa KOe]illieHTa HEB1IOMOI X, Ha YUCIIO T MPU3BOIUTH JI0

. . 3 11 13 695
TOTO, III0 B ONTUMAJIbHIN Tabmui Oyne z — 77X, + 7)62 + 7x4 + 7x5 =

7

3a JOMOMOrOI0 MEPHIOro PIBHSAHHS 1 MOKHA BUKIIOYHATH. [ IBOTO IMO-
MHO»XHMMO HOT0 Ha M 1 1I0AaMo JI0 TornepeaHboro. Maemo
SENE I LR AT N N ES ¢ 9
7 7 7 7 7 7 7 7 7 7

Jnst Toro mo6 TutaH 3alvIlaBcs ONTUMAILHUM, JHOCTaTHBO, 1100 BHUKOHYBAUCS

HEPIBHOCTI
—%+§UZQ
g+gn > 0,
%—%7} > 0.

3)

: : . 3 11 : .
I3 ocTaHHIX HEPIBHOCTEN MAEMO — 3 <p< 35 Kpim Toro, J1erko nMoMiTUTH,

11
o ko 0 <7y < 5 TO 3HAYEHHS (POPMHU 3POCTAE.

OdyeBuHO, MO MpPU TAKOMY aHaji3l OCHOBHY pPOJb BIJIrpae ONTUMAaIbHUN
1J1aH aABoicToi 3axadvi. [ilicHoO, ABOICTY /10 BUXIAHOI ONTUMAJILHOT KAHOHIYHO1 (o-
PMHU MOYKHA 3aITUCATH TAKUM YHHOM:

5 6 2 3
RO T
5 13 12 11
7M—7%—7%37a

10 61 3 13
—7%+7%+7%37a

Vi Vasys 20,
695 50 325 55

min)z' = ——+"—yp +——y, +— ..
(min) P A
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3 monepeaHiX MIpKyBaHb BUILIMBAE, 10 3MiHA X, y MOYAaTKOBiM Gopmi Ha X, +7

3MIHIOE Y, Ha y, + 7] B ONITUMAaJbHIN KaHOHI4HIN (opMI ABoicTol 3anadi. Tomy mMu

: . 3 11
3HOBY IPUXOAMMO 10 HEpiBHOCTEH (3), 3 AKHX — 3 <n< 5
11 31 o .
7—6 = = TOMY TIpH Takiil 3MiHI KoedimieHTa QyHKIII OCTaHHS TaOIHII

BXKE HE € ONTUMAJIbHO. 3BIACH BUIUIMBAE, IO 10 ynciaa 11, ske croite npu x, y
. . .11
byHKLIi z, MOXHaA A0JaTH OyAb-siKe, 110 HE 3MIHIOE HEPIBHOCTI —7+k <0. VY

IbOMY BHUIIAJIKy 3MiHa BUX1IHOTO mapaMeTpa 11 He 3MiHIOE 0a3ucy ONTUMAIbHOTO

IUIaHy. 3 OCTaHHBOT HEPIBHOCTI BUIUIMBAE, 110 kK MOXHA 3MEHIITYBaTH Ha Oy/b-sKe
11

K0 (0 -00), a 301IbLIYBaTH HOTO MOYHA JIuIIe 10 k, = R

AHANOTIYHO MOJKHA JOCHIPKYBaTH Ha CTIHKICTh OMOPHUN ONTHUMAaIbHUMN
PO3B’SI30K TIPH 3MiHI 3Ha4Y€Hb JEKUIHKOX (UM HaBITh BCIX) KOE(QIIIEHTIB IIIHOBOI
¢byHKIil. Ane B IbOMY BUMAAKYy BU3HAYUTH T'PAHUII 3MIHH KOEQIIIEHTIB, K1 HE
3MiHIOIOTh 0a3ucy Bakue. Kpim Toro, 111 rpaHulll OKpeMux KoedIIlieHTIB 3aiexkKH1
MK c00010. Y 3araJilbHOMYy BHITQJIKy 1€ POOUTHCS 32 JIOMTOMOTOIO0 METO/IIB ITapamMe-
TPUYHOTO MPOTPAMyBaHHS, SIKi pealli3yloThes y mporpamax Ha EOM.

AHanoriyHU{ aHami3 Ha CTIHKICTh 0a3WCy ONTHUMAIBHOTO PO3B’S3KYy MOXKHA
b

3poOUTH JUIsl KOEPILIEHTIB ~/ MPAaBUX YaCTUH CUCTEMHU OOMEKEHb 1 HOPMATUBHUX

. .a : : : .
koedimienTiB Y. Illomo ocTaHHIX, TO 3aJIEKHOCTI JOCUTH CKJIAJIHI, OCKUIHKU

NOTPIOHO PO3TJISAATH BIUIUB 3MIHU % g [-My PSIZIKY Ta j-MY CTOBITUHUKY.

[Ipu oOrpyHTYBaHHI OYIb-IKOTO YHCEJIBHOTO HAOIMKEHOTO METOMIY
HaNOLIBII CKJIQAHOIO 3a7aucio € JOBCACHHS MOTO 30idcHocmi. Y THX 3amadax, SKl
MU pO3DIsiIanu, 3Ha4YeHHs (QyHKIIT Ha KOXHIN Irepamii 3pocrano (mpu
Makcumizamii ¢opmu. 3 iHIOro OOKy, YMCIO ITepaliii ckiHdeHe (iX He Oiniblie

n!

—— ). Tomy, AKI10 PO3B’SA30K 3a7a4il ICHY€, TO HOTO 3aBXK]IM MO>KHA 3HANTH.
m!(n—m)!

Ha npakTuii mMoxe TpanuTUCh BUMAJOK, KOJU MPU BUOOPI KIKOYOBOTO €je-
MEHTa € JeKUTbKa OJJHAKOBHX HAaWMEHIIUX BiJHOMIEHb. TOAl Ha HACTYMHIN iTeparii
Jesiki 0a3uCHI HEeB1JIOM1 OMOPHOTO IJIaHy OyayTh JOpiBHIOBAaTH HYIHO. Lle mpusBo-
JUTH 70 TOTO, 1110 HACTYIIHI iTepallii MOXYyTh HE 3MIHIOBATH ONITUMI3yI040i (POPMHU.

Osnauennsn 1. Onopuuil niau, 8 AKOMy xoua 6 00OHA OA3UCHA KOOPOUHAMA

00pIBHIOE HYI0, 0YO0eMO HAZUBAMU BUPOOIHCCHUM.
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O3nauennn 2. O3JI1 3 OP, sika mae npuHatiMHi 0OUH BUPOONHCEHUL ONOPHULL
NJIAH, HA3UBAEMBCS BUPOOHCEHON).

SAxio 3a1ava BUPOKEHA, TO IUISTHOK CTaIOCTi (QYHKINT Moke OyTH JIeK1IbKa.
VY 1ux BUMazkax MOXe He 3MIHIOBAaTUCh Hl 3HaY€HHA (OpMU, HI 3HAUEHHS IUIaHy
JeIKuX 0a3MCHUX HEBIIOMHUX. AJle 1 TOJ1 MOKHA IMiIi0paTH TaKWil KIIFOYOBUHN eIie-
MEHT, 1110 Yepe3 MeIKUH Yac 3HAaYCHHS (JOPMHU 3HOBY MTOYHE 3POCTATH.

Bupomkennich 6a3ucy MpakTUYHO HE BIUTUBAE HA YKCIIO 1TEpalliil, MOTpiOHUX
JUIs. OOYMCIICHHS ONTUMAalbHOTO IUIaHy. J[oCBim mMokasye, 10 YUCIO 1Tepalii,
NOTPIOHUX NIl BIAUIYKaHHS KIHIIEBOTO pe3yJbTaTy, MICTUTBCS B MEXKax:
1,5m<k<3m, ne m- uncino oOMexeHb 3a1aul.

BupokeHHICTh 3a1a4l Ma€ MOXKIIMBICTh HEOJHO3HAYHOCTI BUOOPY KITFOUOBO-
TO €JIEMEHTA, 1110, B CBOIO YEPry, MOXKE MPU3BECTH 10 HEOAKAHOTO SBUIIA- 3AYUK-
nenns. CyThb MOTo TIOJIATaE B TOMY, 110 HA JIESKIN iTepallii MU JICTAEMO CUMILICKC-
TaOJHINO, Ky BXKE MajH, 1 MPOIEC 3HOBY IMOBTOPIOETHCSA, X0UYa TUIAH HE € ONTH-
MaJbHUM.

o6 yHUKHYTH LBOTO sIBUIA, TpeOa BUOpATH Ha BIANOBIAHIN ITepalii 1HILINUN
OTNIOPHMH TUJIAH.

SBuIe 3aIMKIICHHS] MOYKHA TTPOLTIOCTPYBATH Ha TAKOMY MPUKIIAI:
1

1
le —-60x, —E)@ +9x, <0,

1 1
Exl -90x, —%xg_ +3x, <0,

x; <1,

Xppeenn Xy 20,
(max)z = le —150x, +510x3 —6x,,

SKIIO MPU HEO3HAYEHOCTI BUOOPY KIIOUOBOTO €JIEMEHTa IepeBary HaJaBaTu
3MIHHIH 3 MEHIIUM 1HIEKCOM.

3ayeasrcenns. 3 ABUILEM BUPOKEHOCTI MOXKHA 3yCTPITHCS B METO/I1 IUITYYHO-
ro 6azucy. Tosl KIIOYOBHUI €JIeMEHT CiiiJ] BUOpaTH Tak, MO0 IMITYy4HI HEBIIOMI Iie-
PEXOUIH Y BUIBHI.

[Tpukian 3. 3BecTy 10 KAaHOHIYHOI POpMH CUCTEMY OOMEKEHB
X, +3x, +x; —x, =6,
2x, +2x, —x; +2x, =4,

X{seen X, 2 0.

Po3p’sa3yBaHHd. BBoaumMo IITy4yHI HEBLAOMI W,,w,, IITy4HY (GOpMy

f =w, +w, 1 p0o3B’s3yeMO 3a7a4y 3a JOIOMOI'0I0 CUMILIEKC-Ta0IHIb
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Howmep Howmep bazuchi OnopHuit X, X, | X X,
iTeparii pAanKa HEBIAOMI | IUTaH
0 S 10 3 5 0 1
I 1 w, 6 1 3 0 -1
2 w, 4 2 (2) -1 2
0 S 0 -2 52 5/2 -4
II 1 w, 0 -2 0 (572) -4
2 X, 2 1 1 -1/2 1
0 S 0 0 0 0 0
11 1 X, 0 -4/5 0 1 |-8/5
2 X, 2 3/5 1 0 1/5

Cucrema oOMeEXeHb

3anucana y KaHOHIYHIH (hopmi.

KoHTpoJbHi 3anuTaHHA:

1. Sk 3BecTu A0 KaHOHIYHOI POpMU 3ajady JIHIHHOTO NPOrpaMyBaHHS 3 Mi-
[IAaHUMU OOMEKEHHSIMU?

2. Sk 3BecTH 10 KaHOHIYHOI (JOPMH 3a1ady, IO MICTHTH 3HAK = B CHUCTEMI
oOMeXeHb?

3.  CdopmymroiiTe CyTh Ta HaBEAITh MPUKIIAJ aHATI3y 3MIHU ONTHUMAILHOTO
TIaHy TP 3MiHI KOeIII€HTIB ONTUMI3YI040i (hopmu.

4. Sk nug aHamizy 3MiHU ONTHMAJIBHOTO IJIaHY BUKOPUCTATU JABOICTY 3aja-
qy?

5.  CdopmymroiiTe CyTh aHaTI3y OMOPHOTO TUIAHY HA CTIHKICTb.

6. CdopmymoiiTe cyTh 301KHOCTI HAOIMKEHOTO METOJY PO3B’S3yBaHHS 3a-
J1a4 JIIHIMHOTO MPOrpaMyBaHHS.

7. Sxuii onopHuil 1aH Ha3zuBaeThesa BupomkeHuM? Ska O3JIII 3 OP € Bu-
POIKEHOIO?

8. 1o Take 3auukieHHA? Sk MOro yHUKHYTH?
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Jlekmis Ne7.
MaremaTudHa MojieJib TPAHCIIOPTHOI 3a1a4i

Ilnan
1. TTocTaHOBKa TPaHCTIOPTHOI 3aja4i.
2. Metoau noOyn0BH MEPIIOTO ONMOPHOTO IJIaHy TPAHCIOPTHOI 3aa4i.

3. TpancnopTHa 3a7a4a 3 HEMPABUJILHUM OaJaHCOM.

1. Jdesxi 3agadi JHIAHOTO MpOrpaMyBaHHS, JO SIKUX 3BOISATHCS MPaKTUYHI
MOJIEJII YMPaBIiHHSA Ta IJIAHYBAaHHS MAlOTh OCOOJIMBY CTPYKTYPY CBOIX CHCTEM
OoOMeXeHb 1 MOXYTb PO3B’SI3yBaTUCh 0€3 CKIAJaHHS 3arajibHOi CHUMIUIEKC —
tabmmmi. Cnenudika ix moisirac B TOMy, 0 B KOXKHOMY PSIKY TaOJIUIIl JIUIIE He-
BEJIMKA KIJBKICTh €JIEMEHTIB OyJie BIAMIHHOKO BiJl HYJs YM IHIIUX (HIKCOBAHUX
CTITHX.

OcoOmmBa ¢dopmMa cucTeMH OOMEXKEHb TiaKa3ye IUISXU CTBOPCHHS
CHeIlialbHUX METOJMIB PO3B’sA3yBaHHS, IS SKUX HEMa€ aHaJOTiB cepei 3aaad
JiHIMHOTO MporpamyBaHHs. [Ipy 11bOMy BENHMKY poib Biirpae 1 Gi3uyHuii (peayib-
HUM) 3MiCT TakuX 3amad. [1{omo mporpaMmyBaHHs Takux 3a7ad, TO BiA3HAYMMO, 110
BOHM BHMAararOThb MEHIIIOTO0 00’€My OmnepaTHUBHOI maM’ATi (MEHIIOW € HeoOXiIHa
KUTBKICTh KOMIPOK) Ta BUKOHYIOTHCS 13 EKOHOMIEIO0 MAIIIMHHOTO Yacy.

Cepen crienianbHUX 3a/1a4 HAa MPAKTHUIl HaillyacTille 3aCTOCOBYEThCA TaK 3Ba-
HA mpancnopmua 3adaua Ta ii pisHOMaHITHI Moaudikamii. Kimacuuna tpancnopt-
Ha 3ajlaya BUMarae TOIIyKy HaWOUIbII EKOHOMHOIO IIJIaHy IepeBe3eHb
OJTHOPITHOTO MPOAYKTY (Y B3a€MO3aMiHHHMX MPOMYKTIB) 3 MYHKTIB BUPOOHUIITBA
gy 30epiranus (pabpuku, cTaHIlii, CKIaJau TOLIO) 10 MyHKTIB CIIOKMBAaHHS (Mara-
3WHH, KIOCKW TPU3HAYEHHS 1 T.J1.). EQEKTUBHICTH HOTO OIHIOETHCS 32 KPUTEPIEM
HalMEHIIIOT BAPTOCTI NMEPEBE3CHHs. 3 €KOHOMIYHOI TOYKH 30y 1€ MOKe OyTH, Ha-
NPUKIIaJ], HAWMEHIIa KUTbKICTh BUTPAYEHOTO OCH3UHY.

Hexaii Ha m myHkrax BianpaBneHHs A;, A, ..., A, 30CEPEIHKEHO a;, ..., Ay
OJIMHUIIb JIESTKOTO OJHOPIAHOTO BaHTaxy. Llel BaHTak HEOOXiTHO MEPEBE3TH B 7
MyHKTIB TpU3HAaYeHHS B, ..., B,, 3 notpedamu, BIANOBIAHO, b;, ... ,b, OTUHUII.
BapricTb nepeBe3eHb 3 MyHKTY A; B IIyHKT 5; BBaXKA€TbCS CTAJIOKO 1 BIIOMOIO, Ta
II03HAYAETHCSA C;;. 3pO3yMLIO, IO BCl BAPTOCTI NEPEBE3€Hb 3PYYHO OPraHi3yBaTH B
JBOBUMIPHUI MaCHB.

Osnauennsa 1. Tpancnopmmua 3a0aua 015 sKOI 3a2anbHa cymMa 3anacie Ha 6cix
NYHKMAX GIONpAaesieHHs 00PIGHIOE 3A2ANbHill CyMi nompeb HA 8CIX NYHKMAX Npu-
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m n
snavenns (). a, =) b, ) nasusacmvcs mpancnopmuolo 3adaueio 3 NPAGUILHUM
i=1 j=1

banancom (a6o 3aKpumor mpaHcnopmHow 3a0auero).
O3nauenns 2. Tpancnopmua 3a0aua 015 sIKOI 3a2anbHa CyMa 3aNacieé Ha 8Cix
NYHKMAXx 8i0npasienHs He O0OPIBHIOE 3a2ANbHIlL CyMi nomped Ha 8CIX NYHKMAX Npu-
m n
3HaueHHs ( NOPYULYEMbC YMOBA Z}ai = Z:‘bf ) Ha3U8aemMvCsi MPAHCHOPMHOI0 3a-
= J=
oauero 3 HenPaBUILHUM OANAHCOM (00 GIOKPUMOI0 MPAHCNOPHIHOIO 3A0aUel0).
Bci mani TpaHCcopTHOI 3a/1a4l 3aHOCATH B CHEIliadbHy TaOJUIIO, sIKa Ha3uBa-
ETHCSI MAMPUUEIO0 NEPECE3EHD:

[TynkTHn [IyHKTH CIO’KUBaHHS 3anacu
BIJIIPaBIICHHSA B . B; . B,
A] Cii Cij Cin aj
Al' Cii Cjj Cin a;
A, Cmi Cmj Con a,,
[ToTpebu b; b b,

OnTuManbHUM IUJIaH TEpPEBE3€Hb Hamepel HEBIIOMHM, TOMY MO3HAYUMO
KIJBKICTh BAHTaXy, Ky IIOTPIOHO IEPEBE3TH 3 IMYHKTY A; B IyHKT B; BETMYMHOIO
x;. Lle MOkHA 0()OPMUTH y BUIIIAL1 IHIIOT TAOJIMLIL:

[TynkTn [IyHKTH CIO’KMBAaHHSA 3anacu
BIATIPABIICHHSA B . B; . B,
A[ X711 X1j Xin aj
Al' Xi1 Xij Xin a;
A, X1 Xomj X a,,
[ToTpebu b; b b,

Hanani, 3 MeToro eKoHOMIT Yacy Ta OLIbIIO1 HATJISIHOCTI, MM 3BOJUTEMO Il
TaOJIHII B OJTHY.

CkiaieMo MaTeMaTUYHY MOJENb 3 TaKUX MipKyBaHb. KiTbKiCTh BaHTaxy,
SKAP NOTPIOHO IEPEBE3TU O IMYHKTY B; 3 yCIX IyHKTIB BIAIPABIEHHS 3 OJHOIO
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m
6oKy piBHA Y X, , 3 iHmoro — b;. Tak sK 3arajpHa Cyma 3araciB piBHA 3arajbHii
y
i=1

CyMi 1oTpeo, TO
;xlj =b, (=1, 2, ..., n). (1)
AHaJOT14HO, 3 KO)KHOTO MYHKTY BiJIIIPaBJICHHS BIJIBAHTA)XEHO TaKy KUJIbKICTh BaH-

Taxy:
Sx, =a, (=12, ... m). )

Pazom m+n wepiBHOcTel cuctem (1) Ta (2) ckianamTh cUCTEMY OOMEXEHb
TPaHCIIOPTHOT 3aj1a4i.

BapricTe nepeBe3eHHs BaHTaXy 3 IyHKTY A; B IIyHKT B; nopiBHIOE c;x;. 11100
3HaWTH 3arajbHy BapTICTh NEPEBE3E€Hb MOTPIOHO MPOCYMYBATH BapTOCTI IEPEBE-
3€Hb BCIX KJIITHHOK. TakuM YMHOM BUIMILEMO LIIBOBY (PYHKIIO TPAaHCHOPTHOI

3ajadi:

n

i C, X, (min). 3)

i=1 j=1

z

MaTemMaTHIHO0 MOJIEIUTI0 TPAHCTIOPTHOI 3a/1a4i € HACTYITHE TBEPKEHHS: Ce-
peo ycix Hegio '€EMHUX p036 a3Kie cucmemu pieHsans (1) — (2) 3uavimu maxuil, npu
saKomy @yHxyis (3) Habyeae HAUMEHUO020 3HAYUEHHSL.

2. OcKUIbKM TpaHCHOPTHA 3ajjaya € 3/1a4elo JIHIHHOTO MporpamMyBaHHs, TO ii
MOXHa PO3B’SI3yBaTH 1 CUMIUIEKC — MeToAoM. [IpoTte, yepe3 mpocTty OylI0BY cucC-
TeMU OOMEXeHb 1€ MEeTOJl 3HAYHO crpouryeTbes. Lle BUmHO Bke mpu moOynoBi
MEPIIOrO OMOPHOTO IJIAHY.

Jliazonanvnuil memoo nonsrae y mociaiJOBHOMY 3allOBHEHH1 KJIITHHOK MaT-
pUIll IepeBe3eHb, MOYNHAIOYN 3 KyTOBOI, MOCIJOBHO BUYEPIYIOUH 3aIMac M TI0-
TpeOu. Yci KIITUHKHU 3allOBHIOIOTHCS MIHIMAJIBHUM YHCIIOM, IO € HAa TIEPETUHI Psi-
JIKa 3amaciB Ta ctoBis motped. Lleir MeTon HaWOLIBIT MPUCTOCOBAHUM IS TIPO-
rpaMyBaHHS HOr0 3 BUKOPHCTAHHAM NEPCOHATBHOIO KOMIT I0Tepa. Moro e Hasu-
BaIOTb MemMOOOM NiBHIYHO — 3AXIOHO20 Kymd.

Memoo naiimenuioi éapmocmi NOJIATAE B TOMY, 1110 3alIOBHEHHS TOYNHAEMO
3 KJIITHHKH, SIKa Ma€ HallMEeHIIly BapTiCTh MEPEBE3CHHS, B Hill IPOCTABISIEMO MiHi-
MaJiIbHE 3HAUYCHHs 3 MEPEeTHHY 3araciB Ta morped. Ilicas mporo BUOMpAEThCs Kili-
TUHKA 3 HAWMEHIIIUM 3HAYCHHSIM Ccepe] THX, IO 3aJUIIIINCS 1 TaK TPUBAE JI0 TIOB-

HOTI'O 3aIIOBHCHHJI. ﬂKHlO 3arraCcu 4m HOTpC6I/I SAKOI'OCh ITYHKTY BIKC BHYCPIIAJIUCD,
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TO BapTO 3aHYJUTH Tl KIITUHKH, 110 M€ 3aJUIIMIACh HE3AIIOBHEHUMHU B PSJIKY
(cToBmIIl).

Memoo ocepeonenux Koeghiyienmie rossrac B 00UMCICHI CEPEeIHIX BapTOC-
Tel PsIAKIB Ta CTOBIILIB MATPULII NTEpEBE3EHH 3a (hOpMyJIaMu:

_Chteytete, :Clj+czj+...+cmj

Ai > Cpi
n m

c

[Ticnst HpOro OOUYMCIIOEMO yCEPEIHEHI KOSPIUIEHTH AJI1 KOXKHOI KIITUHKH 3a (o-
pMyJamu:
ki =c; —(c, +ch)

[ToTiM 3amOBHIOEMO MOCIIIIOBHO KJIITUHKH 3 HAWMEHIIMMHU 3HAYCHHSIMU ycCepes-
HeHux koedimieHTiB. Llelt MeTon € HAWCKIATHIIIMM MpU 3aCTOCYBaHHI, OJHAuE
OTpUMaHU ONOPHUM TUIAH HAUKPAILIHUN Cepell MepepaxOBaHUX.

[puknaz 1. [ToOyayBatu nepuivii OMOPHUM TUTaH JJIS TPAHCIIOPTHOT 3aa4i 3
MAaTpHILEI0 BAPTOCTI EPEBE3EHB C;j, BEKTOPOM 3aI1acClB a; Ta BEKTOPOM 1OTpeo b,

4 5 73
a,=(310 280 250);b,=(250 110 220 260);c,=(8 6 9 13
12 4 5 11

Posp’s3yBanHsa. besmocepenHbol0 TMEpeBIpKOI0 TMEPEKOHYEMOCh, IO IIe

TPAaHCIIOPTHA 3a]1a4a 3 MPaBUJIBHUM OaJIaHCOM.
1) 3amoBHUMO TaOIUITIO JTIATOHATBHUM METOJIOM:

[TynkTHn [TyHKTH cIOKMBaHHS 3amnacu
BiJIITPaBJICHHS B, B, B; B4
A 4 5 7 3 310
250 60 0 0
A, 8 6 9 13 280
0 50 220 10
Aj 12 4 5 11 250
0 0 0 250
[ToTpebu 250 110 220 260

[Tepepaxyemo 3HaUEHHS ONOPHOTO ILIAHY:
z=4-250+5-60+6-50+9-220+13-10+11-250=6460
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2) BuKOpUCTOBYIOYM METO]T HAWMEHIIIO1 BAPTOCTI, OTPUMAEMO:

[TynkTn IlyHKTH CrIO>KUBaHHS 3anacu
BIJITPABIICHHS B, B, B; B4
Ay 4 5 7 3 310
50 0 0 260
A, 8 6 9 13 280
200 0 80 0
As 12 4 5 11 250
0 110 140 0
[ToTpebu 250 110 220 260

[TepepaxyemMo 3HaYEHHSI OTIOPHOTO TUIAHY:

z=4-50+3-260+8-200+9-80+4-110+5-140=4440

3)

OJWH CTOBIEL Ta PAITOYOK:

Jns merony ocepeaHeHUX KOe(DIIieHTIB TOO0yayeMO B TaONMIN 1€

[TynkTHn IlyHKTH CrIO’KMBaHHS 3anacu Ca
BIJITPABIICHHS B, B, B; B4
Ay 4 5 7 3 4,75
-8,75 -4,75 -4,75 -10,75 310
0 50 0 260
A, 8 6 9 13 9
-9 -8 -7 -5 280
250 30 0 0
A; 12 4 5 11 8
-4 -9 -10 -6 250
0 30 220 0
[ToTpedu 250 110 220 260
Cs 8 5 7 9

[TepepaxyeMo 3HaYEHHSI OTIOPHOTO TUIAHY:
z=5-50+3-260+8-250+6-30+4-30+5-220=4430

[TopiBHIOIOUM OTIOPHI TIJIaHU, 3HAWJICH] PI3HUMHU METOJIaMH, 0a4MMO, 110 Hal-
KpallluM € OTIOPHHII TIaH, 3HAHACHH 32 METOJOM OCEPEAKOBAHUX KOEPIIIEHTIB 1
BiH 0piBHIOE 4430 yMOBHUX OJUHUIIb.

JInst KOHTPOJIIO MPAaBUIIBHOCTI 3alIOBHEHHS MATPHIIl MEPEBE3CHb 3PYYHO BHU-
KOPUCTOBYBATH TaKi TBEPKCHHSI.

3aysaocennss 1. Panr marpuiil cucreMu OOMEXKEHb TPAHCIOPTHOI 3ajadi
BU3HAYAETHCS 32 (HOPMYII0I0

r=m-+n—I,
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JIe m — YUCJIO MyHKTIB BIJAMPABICHHS, 71 — YUCJIO MyHKTIB CIIO’KUBAHHSI.
3aysadicenns 2. Yncno 6a3ucHUX (3aMOBHEHUX) KIITUHOK 3aBXKIH JOPIBHIOE pa-

HTY MaTpUIll TPAHCIIOPTHOI 3a/1a4i. Y MPOTUIICKHOMY BUIAAKY iX MOTPIOHO JOIOB-

HUTH 70 BIAMOBIAHOI KUTBKOCTI 32 PaXyHOK BUIBHUX 3 023UCHUM 3HaYEHHSAM HYJIb.

3. Ha npakTuiii TpaHCHOPTHI 3a/1a4i, B AKUX 3arajibHa CyMa 3amaciB CIiBIAJae
3 3arajJbHOI0 CYMOIO TTOTped 3ycTpivaroThes ayke piako. Habararo gyacrime, skach
3 IUMX cyM Ouibmia (Hampukiaa, sBULIE ACPIUUTY YU TEPEHOBHEHHS PHUHKY
toBapiB). Taki 3amaui HA3WBaIOTh 3a7a4aMH 3 HEMPABWIBHUM OajdaHCOM 1
PO3B’SI3YIOTh 1X PO3n0dinbuum memooom. ToOTO CIOUATKY 3BOJSTH 1[0 3a]1a4y 10
3a/1a4i 3 MPaBUJILHUM OallaHCOM, J0J1at0ur a00 (IKTUBHUMN MyHKT MPU3HAYCHHS YU
BIIMPABJICHHSI B 3aJieKHOCTI BiA AediuuTy moTped 4u 3amaciB. Bapmocmi 6
GDIKMUSHUX NYHKMAX 68adxcalomv pPIGHUMU HYIIO, W00 He 3MIHI08ANACH 3A2AlbHA
8apmicmuv nepese3eHb.

[Ipu moOy10BI MEPIIOTO OMOPHOTO TUIAHY Y pO3paxyHKax MU (PIKTHBHI ITyHK-
TH HE BPaxoBYyeMO, 00 BCl BapTOCTI B HbOMY HaliMEHIII (HyJl), ajle Ha 3arajbHy
BapTICTh NEPEBE3CHh BOHM HE BIUIMBAIOTH. [IpOBOIMMO 3ariOBHEHHS B OCHOBHIN
Ta0JIuIIl, a TOTIM OCTa4yi BHOCUMO B (pIKTUBHI KJIITUHKH.

[puxnan 2. [ToOyayBatu nepiuii ONOPHUM MJIaH ISl TPAHCIIOPTHOT 3a/1a4i 3
MAaTpHLEI0 BAPTOCTI NEPEBE3EHD C;j, BEKTOPOM 3aI1aCIB d; Ta BEKTOPOM NOTped b;

3 4 6 7
72 5 81

Po3B’sa3yBanHd. 3aranbHi cymu 3anaciB /00 1 notped — /10 € pi3HUMU TOMY

a,=(60 40); b, =(20 30 45 15);c

j_

NOTPiOHO ISl 30aJIaHCYBaHHS BBECTH (DIKTUBHUI IMyHKT MOCTa4aHHS 13 3allacaMu,
110 1opiBHIOWTH /10 — 100 =10 (0aAuHUIIB) 1 HYJIbOBUMHU BaPTOCTAMM.

[ToOymyeMo MaTpuIIro iepeBe3eHb, 10 MICTUTD 1 (PIKTUBHHUM MYHKT Ta 3aI0B-
HUMO ii METOJIOM HalMEHIII01 BAPTOCTI.

[TynkTn IlyHKTH ClIO’KMBaHHS 3anacu
BIJIPABJICHHS B, B, B; B4
A 4 60
0 30 30 0
A, 40
20 0 5 15
Aj 10
0 0 10 0
[ToTpedu 20 30 45 15
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[Ipu po3paxyHKy 3HaUEHHS OMOPHOTO IJIaHY Ha PSIIOK (B JaHOMY BUIIAJIKY )
(GIKTUBHUX KIITUHOK MOKHA B3aralil He 3BepTatu yBaru. [Ipopaxyemo 3HaueHHs
OIIOPHOTO IUIAHY:

z=4-30+6-30+2-20+8-5+1-15=395(on.)

KOHTDOJILHi JaIIMTAHHSA

1. IlosicHITH CyTh KJIACUYHOI TPAHCIIOPTHOI 3a/1a4i.

2. YuM owiHIOEeThCA €(PEKTUBHICTD PO3B’A3KY TPAHCIOPTHOI 3aa4i?

3. Slka TpaHCmoOpTHa 3a/lada HA3MBAETHCS 33J1a4€IO 3 MPABWIBHUM Ta HEMpa-
BWJILHUM OanancoM? HaBeniTh CHHOHIMH IIUX HA3B.

4. o Take MaTpuUIs IEPEBE3CHD?

5. TloOynyiiTe MaTeMaTU4YHY MOJIETh TPAHCIIOPTHOT 3a/1aul.

6. Ha3BiTh OCHOBHI MeTOAW TMOOYJAOBH IIEPIIOTO  OMOPHOTO  ILIHY
TPAHCIOPTHOT 3a/J1a4i Ta MOSCHITH iX CYTh.

7. Slxkuii 3  MeTomiB  MOOYIOBM  TEPIIOTO  OMNOPHOrO  IJIaHy €
HaloNTUMAaNbHIIKMM? KUl HAKpaluii Jj1sl IpOrpaMyBaHHs, YOMY?

8. YoMy IOpIBHIOE paHT MaTPUIll TEPEBE3EHB?

9. IlosiCHITH CyTh PO3MOJALILYOTO METOY PpO3B'SI3yBaHHS TPAHCIOPTHOI
3a/1a4i 3 HEMPaBUWJIBHUM OaaHCOM.

10.1o Take GiKTUBHI KIITUHKH, AJIS 4YOTO IX BUKOPUCTOBYIOTH?
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Jlexmis Ne8.
OnTuMaJbHUN IJIAH TPAHCIIOPTHOI 3a/1a4i

Iliian
1. Kpurepiéi onTUManIbHOCTI OMOPHOTO PO3B’ 53Ky T3 METO/10M MOTEHITIaTIB.
2. Meton kBaApaTiB TEPEXOAy MK OIMOPHHMH IUTAHAMHM TPAaHCIIOPTHOI
3aadi.

(98}

. Ilepexia Mi>k ONOPHUMH IJIAHAMU 32 LIUKJIOM MEPEPAXYHKY.

1. I3 mpuknaaiB, HaBEJEHUX B MOMEPEIHIN JIEKIlii, BUIHO, IO TEPII OMOpHI
wianu T3, moOy1oBaHi JiaroHaJbHUM METOJIOM Ta METOJOM HaWMEHINIO1 BapTOCTI
He € onTuManbHUMU. []o cTocyeThes MeTomy ocepelIKOBaHHUX KOEQIIIEHTIB, TO
HISIKOTO BHUCHOBKY MpO II€ MM 3pOOMTH HE MOkemMo. TUM 4YacoM MUTaHHSA
ONTUMAJILHOCTI TUTAaHY Ma€ BEJTMKE EKOHOMIYHE 3HAaYEHHSI.

3HaliIeMO KpUTEPiil ONTUMAIILHOCTI TPAHCIIOPTHOI 3aj1a4i 13 CITIBBIIHOIICHHS
MDK ONTHMAaJIbHUMH PO3B’S3KaMH JABOICTUX 3ajad. BBiBIIM IBOICTI 3MiHHI 0Ly, Oy,
<oy O T2 B1, o, ..., Pn, CKITAEMO ABOICTY 3a7auy JI0 TPAHCIIOPTHOI. i cucTeMa 06-
MEXEHb Ma€ BUTIIS]L

a; +ﬁj Sclj (z=1,,m,]=1,n) (1)

HepiBHocTi (1) MOXXHa KOHKPETH3YyBaTH, BPAXOBYIOUH CITIBBIHOIICHHS MIXK
ONITUMAJIbHUMH PO3B’SI3KaMH JIBOICTHUX 3a]1a4:
A) lyst 6a3ucHUX HEBITOMUX (KITITHHOK):

“rhize, )

b) s BUTbHUX HEBIIOMUX (KITITHHOK):
a; + f < ¢y

3)
Takuii MeTo Ha3UBaAIOTh Memooom nomenuyianie . Ilpyu Horo BUKOPUCTaHHI

MU CIIOYATKY LIyKAEMO TaKi MOTEHUIANH &, [, AKi 3a[0BOJILHATUMYThL PIBHOCTI

(2) nmns BCIX 3alOBHEHHMX KIIITUHOK, a TOTIM MEPEBIPUMO, YU BUKOHYIOThCS

HepiBHOCTI (3) 11l BCIX HE3aNOBHEHHUX KIIITHHOK.

[puknag 1. BukopucraeMo MeToa MOTEHINATIB JUIsl AOCTIKEHHS 3ajadi 3
.2 nekiii No7.
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Posrisitnemo onopHwMii mwiaH, moOyA0BaHUM 11arOHAIBHUM METOJIOM:

[TynxTH ITyHKTH CIIOKMBaHHS 3amacu a;
BIJITPABIICHHS B, B, B; B4
Ay 4 5 7 3 310 0
250 60 0 0
A, 8 6 9 13 280 1
0 50 220 10
Az 12 4 5 11 250 -1
0 0 0 250
[Totpebu 250 110 220 260
B, 4 5 8 12

BuxopucroBytoun ymoBu (2), OTpUMAEMO HACTYMHY CHUCTEMY PIBHSAHb IS
3HAXOKEHHS MTOTEHI1AIB:

a, + B =4,
a + B, =5,
a, + f, =6,
o+ =9 @
a,+ B, =13,
a,+p, =11

Cucrema (4) MicTUTh 7 pIBHAHB 13 8 HEBIIOMUMHU. PaHT cucTeMu TOpIBHIOE
4+4-1=7, ToMy OZIHY HEBIJJOMY /, OTOJIOIIYEMO BUIBHOIO 1 IPUPIBHIOEMO A0 HYJIS.
Po3B’s13ku cuctemu BijoOpakeH1 B TaOIUIII.

[TepeBipuMo BUKOHaHHS YMOB (3) Jis MO0y A0BAaHOTO OMIOPHOTO TUIAHY:

a, + B, <7 — xubmne,

a, + B, <3 — xubne,

a, + pB, <8 —icmune, s
a, + B, <12 —icmumne, )
a, + B, <4 —icmune,
a, + B, <5— xubmne.

I3 yM0B (5) BUILIIUBAE, IO IUIAH HE € ONTUMAIBLHUM.

¥Yci nmonepeiHi TBEPHKEHHS MOKHA y3arallbHUTH Y BUTJISIII TEOPEMHU.

Teopema 1. /I TOro, o0 onopHUii IJIaH TPAHCHOPTHOI 3a1a4i 0yB om-
THMAJbHUM He0O0XiTHO i1 10CUTh, 100 KoediieHTH

70‘:01‘/'_(“,-""/8;) (6)
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aiaﬁj

o0unciaeHi AJs BiIJILHUX KJIITHHOK, € - po3B’sA3KM cucremu (2), Oyau
HeBiJ’€MHUMM.

3ayeaoicenns 1. ]I 0oOUUCIICHHS TIOTEHINIANIB HE 00OB’SI3KOBO CKJIaIaTH CHC-
TEMYy pIBHAHb, X MOKHA 3HAWTH 3a TAaKUM HPABUWIOM. HEGIOOMUL HOMeHyial

00piBHIOE PIZHUYL 8apMOCMi OA3UCHOI KIIMUHKU | 3HAYEHHS 8I00M0O20 NOMEHYIATY.

2. OnopHuii maH, K MpaBuiio, 0yBae HEONTUMAILHUM, TOMY HEOOX1THO BMi-
TU TIEPEXOJAUTH BiJ] OJTHOTO OMOPHOTO IUIAHY JO 1HIIOrO TaK, 100 3Ha4YeHHS Gop-
MU (IUTHOBOT (PYHKIIIT) MOCTIHHO 3MEHITyBajgoch. OIUH 3 TAKUX METOIB — MEemoo
Keaopamie.

O3nauennn 1. Yomupu xnimunku, wo po3miujeHi 8 Kymax 6uoiieH020 npsimo-
KYMHUKA Mampuyi nepese3enHs, 8 AKUX xoua 6 Ha oOHill diacoHaii po3miujeHi oa-
3UCHI KTIMUHKU OY0eMO HA3UBaAmu Keaopamom.

JIB1 1HII1 KJIITUHKA MOXKYTh OyTH Oyb — SIKI.

Osnauenns 2. Keaopam 6yoemo nasueamu HenpasunbHuM, SKWo cyma 6a-
pmocmeil 0a3UCHUX KIIMUHOK 0la20HANl Oitbua 3a Cymy 080X IHUUX 8apmocmel i
npaguibHuM, SKWO ys cyma menuia. Keaopam naszueaemo HeumpanibHUM, sSKUjO
00U08i cymu pisHi Midic coboio.

CripaBesiuBe HaCTYITHE TBEPKEHHS.

Teopema 2. B onTumasibHili MaTpHULi NepeBe3eHb He iCHY€ HeNMPABUJIbHUX
KBaJIPaTiB.

Meron KBagpaTiB IPYHTYETbCA Ha MOCTYIOBIM 3aMiHI BCIX HENMpaBUIbHUX
KBa/IpaTiB — MPaBUIBHUMU. 3ayBaXKHUMO, 110 HEMPABWIBHUN KBaJpaT 3aBXKIU Ma€e
BEPIINHY B BUIbHIN KIITUHII AJI IKOT HE BAKOHY€EThCSI yMOBa (3).

[puknag 2. YV BUIIEpO3TNIAHYTIA TAONIUIll € HEMpPaBWIBHUM KBaapat AB; -
A1B3 — A2B3 - A2B2.

60 0

50 220
VY HROMY cyMa BapToCTei 0a3uCHUX KIITHHOK 5+9=14 Oinbina 3a cymy Bap-

TOCTEN ABOX IHIIUX KIITHHOK 7+6=13.

ITepepaxyHOK 3/1IHICHIOEMO HACTYITHHUM YHHOM:

- BUOMpaeMo Ha 0a3MCHIN AlaroHanl MEHIIEe 3HAa4eHHs KUIBKOCTI NepeBe-
3eHb (y HaIoMy BUTIAJKY 1ie 60);

- BIIHIMAEMO 1€ 3HAUYEHHS Bl €JIEMEHTIB 0a3MCHOI AlaroHaIl 1 J0Ia€EMO

JI0 €JIEMEHTIB 1HIIIO] 1aroHaIl:
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60-60 0+60
6 9
50+60 220-60
Otpumaemo
5 7
0 60
6 9
110 160

IlepexoHaeMoch, 110 Taki MEPETBOPEHHS 3MEHIIYIOTh BapTICTh MEPEBE3EHb.
Hiticno momnepenne 3HayeHHss Z=300+300+1980=2580 (y.o.), a mepepaxoBaHe —
7=420+660+1440=2520 (y.o0.).

JUIst OCATHEHHS HaMKpamoro pe3yjbTaTy NOTPIOHO NepepaxyBaTH BCl He-
npaBuwiIbHI KBaapaTu. Komu B matpulli mepeBe3eHb Bxke He Oyje HEempaBHIbHUX
KBaJIpaTiB, TO CJIiJ MEPEBIPUTH 3HAUJECHUN PO3B’SI30K 32 METOJIOM MOTEHLIAIB Ha
ONTUMAJIbHICTb.

3ayeasrcenns 2. BiICyTHICTh HENPAaBWIBHUX KBaJApaTIB L€ HE TapaHTyeE OIl-

TUMaJIbHOCT1 PO3B’SI3KY.

3. BeenemMo B po3riisi 1€ OJAMH METOJ 3HAXO/KEHHSI ONTUMAIBHOTO TJIaHy
TPAHCIIOPTHOT 3aaul, IKU HOCUTh Ha3BY MemoOy nepepaxynKy 3a YUKIOM.

Osnauennn 3. Luknom ¢ mampuyi 6yoemo Hasueamu 3aMKHEHY AAMAHY Ji-
HIT0, 6ePUIUHU KO POIMIUWLEHI 8 KIIMUHKAX MAMPUyi nepeee3ens i 3 KOMCHOI eep-
WUHU 8UX0O0SIMb 08a BIOPI3KU: 0OUH NO PAOKY, OpY2Uli N0 CHOSNYIO.

MO>kJTMB1 BUAM MAKITIB CXEMAaTHYHO 300pa3uMO Ha MAITIOHKY.

[lepnenauKysipHi JamMaHi B HUKJII MOXKYTb IEPETUHATUCH 1 TOYKA 1X MEPEeTH-
HYy HE Oy/ie BBAXKATUCh BEPIIMHOIO ITHKITY.

O3nauennsn 4. Bepuunu 00H020 i mo2o camozo 8i0pi3Ky yukiy 6yoemo Ha3u-
samu CyCiOHIMU.

O3nauennn 5. L{ukn, cyciOHim 8epuiuHam K020 NOCMABIeHi y 8i0N0GIOHICIb

(L3

npomunedicHi snaxu (“+7 i “ - ), Hazusaromov 03HAUEHUM.
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O3nauennn 6. O3nauenull Yuki, 0OHA BePUIUHA K020 MICIMUMbCA ) BINbHIU
KAIMunYi, a 8ci iHwi y OA3UCHUX, HA3UBAIOMb YUKIOM NEPEPAXYHKY.

V BUIBbHIN KIIITHHII 3aBKIU CTAaBUTHLCA 3HAK ““+.

O3nauenns 7. 3cyeom no yukuy nepepaxyHky Ha uucio @ nasusairoms maxy
onepayito, npu AKil 8 000AMHil epulUHi 000AEMbC 00He | me came wucio 6, a y
8I0 'EMHUX BIOHIMAEMbCAL.

CrpaBeyIMBUMHU € HACTYTIHI TBEPHKEHHSI.

Teopema 3. 3cyB 32 03HaAYEHNMM LHMKJIOM B MATPHILi NepeBe3eHb NMEPeTBO-
pPIO€ OAUH PO3B’SI30K CHCTEMH OOMeKeHb TPAHCIOPTHOI 3ajgadi B iHIIMH
PO3B’SI30K i€l caMoi 3a1a4i.

Teopema 4. Jlng Oyab — sIKOI BijIbHOI KJIITHHKHU iCHY€ JIMIIE OJMH HHUKJ
nepepaxyHky.

[puknaz 3. [lepepaxyBaTu onmOpHUM TUIaH TPAHCIIOPTHOI 33/1a4i 3 B1JIOMUM
MIEPIIAM OTTIOPHHUM ILIAHOM 32 ITUKJIOM TIEPEPaxyHKY.

[TynkTn IIyHKTH CIOKMBaHHS 3a a
BIJIITPABJICHHS acu
B, B B; B B;s 0
2 4
A 4 1 3 4 4 60
- + 0 0 0
22 _‘ 3
8
A, \2 3 2 2 3 35 2
0 - 20 |+ 0
7 8
A; 3 5 2 4 4 40 4
+ 0 0 - 30
0 10
[ToTpebu 22 4 20 1 30
5 8
B, 4 1 0 0 0

Po3p’sa3yBanHd. be3nocepennboio mepeBipKkoo 3a METOAOM TMOTEHIANIB TIe-
PEKOHY€EMOCH, IO TJIaH HE € ONTHUMalbHUM. 30Kpema, BilbHA KJIiTUHKA A3;B; He
32/10BOJIbHsIE YMOBY (3). ToMy moTpiOHO 3MIHCHUTH MEPEXiJl 0 1HIIOTO OIMOPHOTO
TUTaHy.
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MOXJIMBUM ITUKIIOM TIEPEPaXyHKYy € TOH, M0 300pakeHuil B Tabiuii. Bube-

peMo y BeplIMHaxX HailmeHnle 0a3ucHe 3HaueHHs (1e 7) 1 3poOUMO 3CyB Ha IIIO Be-

IUYnAHY. Y IOJATHUX BEPIIMHAX J04aMO 7, a BIJ Bl €MHHUX BIAHIMEMO. B pe3yib-
y p , pe3y

TaTl OIEPKUMO HOBHUI OMTOPHUIA MJIaH

[TynkTn ITyHKTH CIIOKMBaHHSA 3amna- Q;
BIJITPABIICHHS cHh
B B B B B 0
1 2 3 4 5
A 4 1 3 4 4 60
1 4 0 0 0
5 5
A, 2 3 2 2 3 35 2
0 2 1 0
0 0 5
A 3 5 2 4 4 40 4
0 0 3
7 3 0
[ToTpebu 2 4 2 1 3
2 5 0 8 0
B, 4 1 0 0 0

3ayBakeHHs 3. 3HaUE€HHsS O0A3UCHUX KIITUHOK, SIKI HE Opaju ydacTb y LUK

nepenucyeMo 06e3 3MiH.

KOHTDOJILHi 3aIIMTAHHA

1.

2.
3.
4

9}

8.
9.

[TosicHITH CyTh METO1y TIOTEHIIIAIIIB.

ChopmyroiiTe KpUTepit ONTUMATBHOCTI TUIaHY TPAHCHIOPTHOI 3a/1adi.

Sk 006UYMCITIOITH HEBIIOMI MOTEHIIAN PSAAKIB, CTOBIIIIB, KIITHHOK?

o Take kBaapat? Skuii KBaapaT HA3WBAIOTh NMPABHILHUM, HETPABUIIb-
HUM, HEUTPAJTbHUM?

Uu MOKe onTHMalIbHa MATPHUIIS MiCTUTH HETIPABWIbHI KBAJPATH, YOMY?

Sk mpoBecTH nepepaxyHOK MaTPHUIll METOJI0OM HEMPaBUILHUX KBaIpaTiB?

Uu KOKEeH IUIaH, SIKWA MICTUTh TUIbKU MPABUIIbHI KBAJpaTH € ONTHUMAJIb-
HUM?

[lo Take mukm?

ki BepIIMHYU IIUKITY Ha3UBAIOTh CYCITHIMU?

10.xuit nukn HazuBaroTh o3HaueHUM? [1{o Take MK nepepaxyHKy?

11.1Io Take 3cyB, sIK KOTO MPOBECTU?
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12.CkisbKH 3CyBIB MOXE MaTH BIJIbHA KIIITUHKA MAaTPUIIl IEPEBE3EHB?
13.51kuii Ha Bally JyMKYy METOJ NIEpEPaXyHKy Kpauiui, 4omy?
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Jlekmis Ne9.
3ajavi miyiouMceTbHOr0 NPOrpaMyBaHHA

Iliian
1. HepiBuicts I'omoppi.
2. Meroa 'oMmoppi po3B’si3yBaHHs 3a/1a4 IJIOYUCEITBHOTO MPOrpaMyBaHHS.
3. I'eomerpuune TpakTyBaHHS MeToay ['OMOppI.

1. Ha MuHynux jekuisx MU po3IIsJad 3ajadi, Kl B CBOiX ONTHUMaJbHHUX
3HAYeHHSIX Hepiako OyBanmu ApoOoBUMH BenuduHamu. lIpoTe 3 ToukM 30pYy
€KOHOMIKH Takl po3B’sI3KM HE 3aBXKJIU € MOKIMBUMU. Hanpukian, ianu BUIYCKY
TypOiH, KPOKYIOUMX €KCKaBaTOpIB Ta IHIIMX BEJIMKUX MEXaHI3MIB Yy ApOOOBOMY
BHUpa3l HE MaIOTh HISKOTO CMHUCTY. BiZiIMOBa BiJl MpUMYIIEHHS 1CHYBaHHS IPOOORBO-
IO pPO3B’SI3Ky MNPHUBOAUTH A0 JOCHKEHHS HOBOTO THIy 3agad — 3aday
UiNOYUUCeNbHO20 NPOZPAMYEAHHA.
3aranbHa MOCTAHOBKA TAKUX 3a7a4 MA€ BUTJISIA:

z=c¢,+¢x, +¢,x +..+c¢,x,, (max) (1)
IPU OOMEKEHHSX
a,x, +..+a,x, =b,

a,x, +..+a,x =b,,

(2)
a, x +..+a, x =b .
x, 20 j=12,.,n
X, - Il YuCIa. 3)

[Ipuknagom 3amadi NUTOYUCETHHOTO MPOTPaMyBaHHS € TPAHCTIOPTHA 3ajaya Ta 3a-
Jlaya Mpo KOMIBOSDKEpA, a TAKOXK Pl IHIIUX NPOOJIEMHHX 3a4a4, 0 3yCTPIualOTh-
Csl Ha MPaKTHII].

3agavya MUIOYUCENTBLHOTO MpOTrpaMyBaHHs OyJae CKIQJHINION HIX 3a1aya
JHIAHOTO MPOTpaMyBaHHA, OCKUIBKH BOHA MICTUTh J01aTKOBY YMOBY (3). Tomy ii
onTUMajbHE 3HAYEHHs HEe OUIbllle HDK Y BIANOBIIHIN 3amadi 0e3 yMOBHU
iouncenbHocTi. Akio po3s’s30k 3JII1 BupakaeThecs 1MIJTUM 3HAYEHHSM, TO 1€ €
OJIHOYACHO 1 PO3B’A30K 3aJadl LIJIOYMUCETBLHOTO MPOrpaMyBaHHA. SKIIO X HI, TO
PO3B’SI30K MOXHa OTpUMAaTH 3aoKpyriaeHHsM. [Ipore Take BupiiieHHs mpobieMu
Mae psii 00’ €KTUBHUX TPYIHOUIIB:

1) xoedilieHTH CHUCTEMH OOMEXEHb MOXYTh OyTH BiJI’€MHUMU YHCIIAMH,
TOJ1 HE 30BCIM 3p03yM1JIO, SIK IX Kpalle OKpYIJIIOBATH;
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2) HeMae MPOCTUX KPUTEPIiB, sIKI JO3BOJISIIOTH BU3HAYMUTH, UM € 3HAWICHUN
TJTaH ONTUMAJTEHUM.

Ha croroanimuiii yac MOYKHA BUIUTMTH JABa THIH 3a7a4 32 METOJIaMH TIOIIYKY
IJIOYUCENHHUX PO3B’A3KIB:

l. Bci po3p’s3ku 3ama4 (1) — (2) € mi10o4ncenbHUMM.

2. OpHa yacTWHA HEBIIOMUX B 3aJ1aul LIJIOYUCEbHA, a pyra JOBLIbHA.

Metonu momyKy 3ajad Mepiioi rpynu 3HAYHO MPOCTIMIi 1 JIETKO MPOorpamy-
10Thcst Ha EOM. PosrissHeMo aeTalpHIIIE METOJA BIATUHAHHS IUIOINUMH a00 MOro
i€ Ha3WBaIOTh METOJ ['oMOppl AJisi 3HAXOKEHHS PO3B’S3KYy 3ajadi JIHIHHOTO
porpamMyBaHHSI.

O3nauenna 1. Ilinoro uacmunoro uucia a Hazusaroms HalbLIbLULE Yile YUC-
710, siKe MeHue abo OOPIBHIOE LIOM).

Taka dyHKITIOHaTbHA 3aJIEKHICTh B MATEMATHIIl HOCUTh Ha3BY (PYHKIIi AHTbE
1 To3HAYaeThes [a].

Hanpuknan, /7,1]=7; [9]=6, [-3,4]=-4; [-11]=-11.

O3nauenna 2. /[po6060r0 uacmuHorw 4ucia a Ha3usaroms Pi3HUYIO MIHC YUC-
JIOM @ ma 1020 Yinow yacmuHow (no3navaioms f(a) abo {a}):

fla)=a - [a].

Hanpuknan, f{7,1)=0,1; f(9)=0; f{-3,4)=0,6; f{(-11)=0.

CrnpaBeiuB1 HaCTYIIHI TBEPAXKCHHS:

1) fla+b)< f(a)+ f(b);

2) SIKIIO 1 — L1JIE YUCT0, TO f (na) <nf(a).

[{i BIaCTUBOCTI MOYKHA 3alMCATU 13 3HAKOM JOPIBHIOE TUIBKU ISl IIJTUX J10-
MaTHUX Yucel a, b, n.

Jliis oOMeskeHb 3a7aui HIJIOYMCEIBbHOTO MPOorpaMyBaHHs BIACTUBOCTI 1) Ta 2)
JAI0Th 3MOTY HalMCcaTH HEPIBHICTh

il"ff (@,)2 1)), (4)

Ky Ha3UBaOTh Hepienicmio I omoppi.

2. Anroputm MeToay ['oMoppi onuieMo KiibkoMa KpoKaMu:

Kpoxk 1. 3naitnemo po3B’s30k 3amadi (1), (2) 6€3 yMOBU IIJIOUHCENHHOCTI.

Kpoxk 2. fkmo ontumansHUl TUTaH HUTOYMCEIBLHUM, TO 3a/1ada po3B’s3aHa. Y
MPOTUJICKHOMY BHUIIQJKy BUOMpaeMoO 0a3uCHY 3MIHHY 3 HaWOUIBIIOW JPOOOBOIO
YACTHHOIO 1 32 OOMEXEHHSM I1i€i 6a3MCHOT HEeB1IOMOI CKIIaaeMO HEpiBHICTH ['0-

MOppI.
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Kpox 3. Jlo oOMexeHb 3amadi J0Ja€EMO HOBE OOMEXKEHHS 3 KpOKYy 2.
Po3B’s13yemM0 po3mupeHy 3agavy Ta MmoBepTaeMoch 10 Kpoky 1. IIporec mpomos-
KYEMO JI0 OTPUMAHHS IIJIOUYUCETFHOTO PO3B’SI3KY a00 JOKM CUMIUIEKC- TabIuIll HE
MOKAXKYTh, IO PO3B’ 3Ky HEMAE.

pukman 1. Ha npunbGanas oOiagHaHHSA JJI1 HOBOI JIIBHMIN BHaUICHO 20

YMOBHUX I'POIIOBUX OJIMHUL. OOJIaHAHHS MOKHA PO3MICTUTHU Ha ILJIOMII 38 M.KB.
Tun obnaananHs A xomrtye 5 y.r.o.; motTpedye 8 M.KB. 1 Ja€ 7 THUC.OJ. MPOAYKIIi
3a 3MiHy. Tun obnannanHs B komtye 2 y.r.o.; motpedye 4 M.KB. 1 1a€ 3 THUC.O/I.
mpoayKIii 3a 3MiHy. Po3paxyBatu onTuManbHUM NaH npu0aHHs oOIaIHaHHS.

Po3p’s3yBannd. [lo3HaunMo X, - KUIBKICTh OJMHUIL NEPUIOro 00JaJHAHHS,

X, - KUTBKICTh OAWHUIIb IPyToro objagHaHHA. Toji MaTeMaTHYHa MOJEINb 3aadi

2

Ma€ BUTJISIA:
5x, +2x, <20,
{le +4x, <38.
x,=0,12..
z =7x, +3x, (max).
3anuiieMo KaHOHIYHY (popMy 3ajadi:
5x, +2x, + x, =20,
{8)(1 +4x, +x, =38.
x,=0,1.2..
z=T7x, +3x, (max).

CkagemMo CUMIIICKC — Ta6J'H/II_[IOI

Homep | Homep | basuchi | Omophuii | X X5 X3 X4
iTepalii | psAaKa | HEBIIOMI |  IJIaH
0 Z 0 -7 -3 0 0
I 1 X3 20 5 2 1 0
2 X4 38 8 4 0 1
0 Z 28 0 -1/5 7/5 0
II 1 X 4 1 2/5 1/5 0
2 X4 6 0 4/5 -8/5 1
0 V4 59/2 0 0 0 Ya
I 1 X4 1 1 0 1 -1/2
2 X 15/2 0 1 -2 5/4
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OcTaHHs CUMILIEKC-TA0INII Ja€ ONTUMAJILHUN IUIaH, ajie BIH HE € I[JIOYHCE-
aeHuUM. [lepexoaumo 10 kpoky 2. [poOoBOMY IjIaHy BIJIIOBiIa€ OOMEKEHHS
5 15
4 2

HepiBnicts ["'oMoppi 17151 11bOT0 OOMEKEHHS Ma€ BUTJIS;

fx, - 2x, +§x4>2f(1§j Lost
, abo 4 2. (5)
JHonaemo oOMexeHHs (5) 10 CUCTeMH Ta BUIMHCYEMO 11 KaHOHIYHY (popmy.
x1+x3—5x4=1, x1+x3—§x4:1,
Xy — 25 +Zx4:1?5’ 4x2—2x3+%x4:1§,
Lol I
2 4 2
(max) z:g—x3—lx4 (max) z=2—x3—lx4
2 4 2 4
Bumnucyemo HOBY TabIHITIO:
Homep | Homep | basucui | Onopuuii | X, X X3 X4 X5
iTepartii | psaka | HeBiAOMI IUIaH
0 Z 59/2 0 0 0 Va 0
I 1 X 1 1 0 1 -1/2 0
2 X 15/2 0 1 -2 5/4 0
3 X5 -1/2 0 0 0 -1/4 1
0 Z 29 0 0 1 0 1
I 1 X4 2 1 0 1 0 2
2 X5 5 0 1 -2 0 5
3 X3 2 0 0 0 1 -4

3a KpuTEepieM IJIaH ONTUMAJIBHUHN, KPIM TOTO BIH ITOYUCEIBHUM.

Xonm:(2; 5, 0) 21 O)y Zmax:29~
SIKIIO 3HAWTH IUIAH 3a OKPYTJIEHHSM, aJI€ BOHO J1a€ 3HAYEHHS
X[zl, X2:7, z=7+3*7=28.

3. PosrisHemMo reomeTpuuHy iHTeprnpuraiiiro Mmeroay ['omoppi. Skiio B nozaa-
TKOBE OOMEKCHHS TiCTAaBUTH 3HAYCHHS X4, TO OTPUMAEMO

1 1 19 1
Zx4 =Z(38—8x1 —4x2):?—2x1 —Exz
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abo 2x, +x,<9.

MHOTOKYTHHUK pO3B’SI3KiB OTIMCAHUI CHCTEMOIO OOMEXKEHb:

5x, +2x, <20,

8x, +4x, <38,

2x, +x, <9,
x,,x, 20.

JlonaTkoBe OOMEXEHHS BIITUHAE YaCTUHY MHOTOKYTHHKA TaKUM YMHOM, IO
TOYKa MakCUMyMy Oyjie MaTH LIJIOYHUCENbHI KOOPJMHATU. 3B1ICH Ha3Ba METONY —
METO/]l BIATHHAIOUUX IIOLIUH.

OOMexeHICTh 3acTocyBaHHs MeToay ['oMoppi nosisirae B TOMy, 110 BC1 3MiHHI
MarTh OyTH IUIOYHCEIBHUMH, KPIM TOTr0, KUIBKICTH iTepalliii (BOHa 3aJIeKUTh
TUIBKH B1J] caMoi 3aJ1a4il) Moke OyTH JOCUThH BesHnkor. OOMexeHHs tuiy ['oMoppi
MO>KHA JIICTAaTH 1 IHIIUMHU CTIOCOOAMH, OJJHAK BIATHMHAHHS 3a0e3neuye Kparry 301-
YKHICTb MTPOLIECY A0 ONTUMAIBHOTO IIIOYUCENIBHOTO PO3B’A3KY.

Cepen METOIB IIJIOUKUCETHLHOTO MPOTrpaMyBaHHs, B SIKUX HAKJIaAal0ThCSl yMO-
BHU I[IJIOYMCENIBHOCTI TUIBKUA HA YaCTUHY 3MIHHUX HAWMOUIMPEHIIIUM € METOJI BITOK
1 rpanuns. KpiM Toro € psiag HaOMMKEHHX METOJIB MONIYKY I[JIOYHUCETHHOTO
PO3B’SI3KY.

KoHTpoJbHi 3anuTaHHA:

1. Ski 3amadi Ha3WBAIOTh 3aJa4aMU IUJIOYHCETBHOTO MporpamyBaHHs? Sk
BOHH BUHHUKAIOTH?

2. TlobynyiiTe MaTeMaTUYHY MOJEJb 3a/1adl I[IJIOYMCEIHHOTO MporpamMyBaH-
HSL.

3. SIke CIIBBIIHOIIEHHS MIXXK OITHUMAJBLHUM IUIAHOM 3aJayl IIJIOYUCEIHHOTO
nporpaMyBaHHs Ta BiJMOBIAHOI 1 3a7a4i JIHIHOTO MporpaMyBaHH?

4. Tlpoxnacudikyiite 3aaa4dl MUIOYHUCETBHOIO MPOrpaMyBaHHS 3a METOAaMU
MOIITYKY ONTHMAJIBHOTO TIAHY.

5. o Take nina yactuna ynucia? J[pobosa yactuHa yucia?

6. 3anuiriTe HepiBHICTH ['oMoppi.

7. Cdhopmymroiite anroputm meroay ['omoppi.

8. TloscHiTh cyTh MeTOAY ['OMOpPpI 3 TEOMETPUYHOT TOUKH 30Dy .
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Jlexuis Nel0.
3aja4i HeJIiHIHHOIO MPOrpaMyBaHHS

1. Oco6nuBOCTI 33724 HEMTHIHHOTO MTPOTrpaMyBaHHSI.

2. I'padiunuit MmeTo po3B'si3yBaHHA 33a]1a4 HEJTIHIHHOTO MPOrpaMyBaHHSI.
3. 3amadi HEeTMHIHHOTO TIporpamMyBaHHsT 0€3 0OMEKEHb.

4. 3amadi HEJMHIKHOTO MPOTPaMyBaHHA 3 OOMEXKEHHSIMH — HEPIBHOCTSIMU.

1. B 3aavax sniHIAHOTO ITporpaMyBaHHs BCl HEB1JIOMI BXOJWIIM 1 O CUCTEMHU
0OMeKeHb, 1 70 IUTHOBOI (YHKIIIT B MEPIIOMY CTEMEHi, 0 JO3BOJISLIO MPOCTO TO-
CTaBUTH 3aJlady Ta 3HAWTH MOPIBHSHO JETKUI MeTox ii po3B’s3yBanHs. [IpoTe, B
peaTbHIX €KOHOMIYHUX CHUTYAIlisIX MOMYCKAIOThCS MAaTeMaTHYHI MOJENI, B SKHX
BC1 HEB1IOMi a0o JuIIe AesKi BXOJATh B HEJIHIMHOMY BUTIsA1.. Hexail, kputepieM
ONTUMAJIBHOCTI € COOIBapTICTh OAWHUIN Tpoxykilii. OgeBugHO, 1O 31
30UIBIICHHSM POCTY MiANMPUEMCTBA COOIBAPTICTh MPOAYKIIII Majaae, aje Ie TpUBae
JIUIIE 70 JeSKOi IeBHOT MexXi. JIoCHTh BeNMKe MiANMPUEMCTBO 3yCTPIUA€EThCS 3 HO-
BUMHU CTaTTSIMU BUTPAT, SIKI HE 3yCTPIYalOThCS B MAJIMX OpraHi3allisix: BUTPATH Ha
HOiATPUMAHHS BHYTPIIIHBOT 1HQPACTPYKTypH, 30€pekKeHHs Ta TIepeBE3CHHs
npoaykiii Tomo. Ile nmpu3BoAUTH 10 pocTy cobiBapTocTi. DYyHKINS, KA CHEPIILY
CraJiae, a MmoTiM 3pOCTa€ BXKE HE MOXe OyTH JHIHHOIO.

JliHiitHI MOJeNl € mepiuM HaOMMKEHHSM J0 ONTHUMAalIbHOI MOJIENI, aje Mpu
IIMPOKOMY BHOOpI IJIaHIB MOXYTh OyTH HEaJeKBAaTHUMH. Y OLIBIIOCTI BUMAAKIB
HEJIIHIMHICTh MOJIEN 3yMOBJIEHA, SIK MPABUIIO, CTPYKTYPHUMHU CITIBBITHOIICHHIMU
€KOHOMIYHOTO XapakTepy a00 HEeMpoNoOpLiiHICTIO 3MIHM BUTpPAT, BHUILYCKY
MPOAYKIIi, TOKa3HUKIB SIKOCTI.

3aranpHa MOCTAHOBKA 33]1a4 HEHIMHOTO MPOTpaMyBaHHS Ma€ BUTJIISI:

F(x,x,,...,x,)=0,
Fz(xl,xz,...,xn)zo, (1)

F (x,x,,.,x,)=0.

(max) z(xl,xz,...,xn). (2)
ne F.(x,x,,..x ), z(x,X,,..,x ) - noBinbHi dyHKIii. Y KOHKpeTHHX 3amadax
nesiki (abo Bci) OOMEXEHHSI MOXYTh OyTH HEPIBHOCTSAMHM, KPIM TOTO MOXYTh Ha-
KJIaJIaTUCh YMOBH HEB1JI'€MHOCTI, IIJIOYUCEBLHOCTI Ta 1HIII HAa HE3aJIe)KH1 3MIHHI.

Onniero 3 ocHOBHUX ocoOnuBocter 3amau HIII € Te, mo uinvosa ¢ghynkuin
Modice 3a0asamuce pizHumu cnocovamu. OyHKIlT MOKe MaTh 0araTo JIOKaJTbHUX
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MaKCHUMYMIB, 110 YCKJIQJHIOE BUOIp HAMOUIBIIOTO 3HaYEHHs Ha MPOMDKKY. [pyra
ocobnuBicTh 3aaau HJIII Ta, mo nopywyemuvca énracmugicmes onykinocmi muozo-

KYyMHUKa po36’°a3Kie — 00J1acTh pO3B'sI3KIB MOXKe OyTH OaraTo3B’si3HOIO.

3. PosrisiHemo 3amady, KoM Ha 3MiHHI QyHKUii (2) HE HaKIaIEHO MKOTHUX
oOMmesxeHb. Taky 3a/1auy Ha3UBAIOTh 3adauero 6e3 00MmerceHs.
Haranmaemo nexinbka BaxIJIMBUX TBEPIKECHbD.

O3nauennn 1. Yacmunoro noxionorw nepuioz2o nopAOKy HA3UBAIOMb NOXIOH)

dyuryii Z(xl’x2""’xn) no SAKIUCL HE3ANeJCHIl 3MIHHIU, SKY 00YUCTIOIMb Y NpU-
nyuwjeti, wo 6cl IHUl 3MIHHI € CIMATUMU.
O3nauennsn 2. Bexmop, cxnadenuti 3 YACMUHHUX HOXIOHUX —DYHKYITD

z (xl’x2”"’xn) nepuio2o NopsioKy HA3UBAIOMb PAOIEHMOM PYHKUIT (no3Hauaoms
“grad” abo V- “nabna”).
Komnu B gesikiii TouIli 3HaYSHHS € ONTUMAIBLHUAM, TO BOHO OyJ/I€ ONTHUMAIbEHAM
1 mo Oyap sKi# 11 3MIHHIN, a 711 HUX B I[1d TOYIIl MOXigHA TOpiBHIOE HYJ0. OTXe,
HEOOX1THOI0 YMOBOIO ONITUMAJIbHOCTI TOUKH X € TaKa:
gradz(z)=0, 3)
abo0 B po3ropHyTiii hopmi:

4)

PiBHocTi (3) Ta (4) nonyckaroTh HaOUHY (h13UYHY IHTEPIPUTAIIIIO: IIIBUJIKICTh
3pocTaHHs (QYHKIIT B TOUIll JOPIBHIOE HYJIIO 1 11 MOXXHA Ha3BaTH MOUYKOI0 CHOKOIO.

O3nauennn 3. Yacmuuna noxiona 8i0 4acmuHHoOi NOXIOHOI nepuLo2o NopsoKy
HA3UBAEMBCS YACMUHHOIO NOXIOHOI0 0PY2020 NOPAOKY.

Hapegemo anroputM 3HAXOJDKEHHS MaKCUMyMy IIIIbOBOI (PYHKII 3amayi
HJIIT 6e3 oOMekeHb.

1. 3HaXOAMMO KPUTHUYHI TOUYKH, TOOTO Ti B SKHUX YACTHHHI MOXifgH1 1-rO mO-
PSAKY PiBHI HyJIeBl a00 HE ICHYIOTb.

2. BuzHauaeMo BeIMYMHU:

_ 622(35125)52) - B
ox,

B 0°2(x,,x,) Co 0°z(x,,x,)

A ; 3
0Ox,0x, 0x,

3. Cknamaemo nerepminant A=A4C-B.
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4. Slxkmo A>0, To ¢yHkiis Mae B M) — ekctpemyM. A came: skimo 4>0 (uu
C>0) — miaiMyM; K110 A<0 (uu C>0) — miHiMyM; K0 A<0 (wu C<() — Makcu-
MyM.

Axio A4<0, To B TouIll M, eKCTpeMyMy HEMAE.

Sxmo A=0, To mpobiiema moTpedye T0TATKOBUX JTOCITIIKCHbD.

4. Posrmsaemo 3anaui HIIII mo maioTe cucteMy oOMexeHb piBHOCTEH. [
pO3B’A3yBaHHS TaKMX 3aJlad BUKOPUCTOBYIOThH (yHKIIIIO Jlarpanxka, sika JO3BOJISIE
3BECTH 3aJlady HENTIHIHHOTO MporpamMyBaHHS 3 OOMEXKCHHSIMU — PIBHOCTSMH JI0
3a/1aui HEeJHIHHOTO MporpaMyBaHHs 0€3 0OMEKEHb.

O3nauennn 4. Ymoenum excmpemymom Qyuxyii z=f(x;,x;) Ha3u8acmvcs ex-
cmpemym yiei yukyii, docieHymuil 3a YMO8U, Wo X; i X 38 SA3aHI PIGHAHHAM
368 3Ky (X 1,x2)=0.

Oynkiisa Jlarpanxka B TaKOMY BUTIAJKY MA€ BUTIIAL:

u=f(x,%)+Ap(x;,x,) )

Jie A - HeBU3HAUYCHUN MHOXKHHK. A cuctema (4) HaOynae AJis 11€1 3a/1a4l HACTYITHO-
ro BUTJISNY:

ou_0of 09 _,

ox,  ox, ox,
ou_of o0

>

x, ox, 0ox,

@(x;,x,) =0.

3BIiICH 3HAUIEMO X, X5, A. A 0N 3HAXOMHKEHHS HANMOUIBIIOr0 1 HAMEHIIIOTO
3HA4YCHHs B 3aMKHYTIii 061acTi moTpiOHO:

1) 3nmaiiTu cramioHapHi TOYKM B Il 007acTi 1 OOYUCIUTH 3HAYCHHS
(GYHKIIH B IMX TOYKAX;

2) 3HaiTy HalOUIbIIE 1 HAMEHIIIe 3HAaYeHHS Ha TPaHuIll 00J1acTi;

3) 3 Bcix 3HaueHb BUOpATH HAWOIbINE 1 HAIMEHIIIE.

KoHTpoJbHi 3anuTaHHA:

1. HaBeniTh mpukiiag HEIiHIMHOT MAaTEMaTUYHOT MOJIEI.

2. CopmymoiiTe 3araibHy 3a7ady HEJMIHIHHOTO MPOTrpaMyBaHHS.

3. SIki 0co0IMBOCTI 3a7a4 HEIHIHHOTO MPOrpamMyBaHHS?

4. HaBeniTh mpuKiajg TE€OMETPUYHOTO pPO3B’SA3YBaHHS 3a/1adl HEIIHIHHOTO
porpamMyBaHHSI.

5. Illo Take 3amada 6e3 oOMeKeHB?
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6. [1lo Ha3WBa€eThCS YACTUHHOIO IMOXITHOIO, TPaIi€HTOM, YACTHHHOI TOXIJI-
HOIO JIPYTOro MOPSIKY?

7. 1o Take Touka CIOKOw0?

8. HaBeniTh anropuT™M 3HAXOMKEHHS EKCTpEeMyMy WIbOBOI (PYHKIII 3amay
HJIII 6e3 oOMexeHb.

9. 1o Take yMOBHMI EKCTPEMYM?

10. [ToOynytite dyukiito Jlarpanxa nist GyHKIT ABOX 3MIHHHX.

11. HaBeaiTh aJropuT™M 3HAXOJ/KEHHS €KCTPEMyMY LUIbOBOI (DYHKIIT 3amay
HJIII 3 o6mesxeHb.
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Jlekuis Nell.
3ajavi AMHAMIYHOTO MPOrPAMYBAHHS

Ilnan
1. TloHATTS Mpo AUHAMIYHE IPOTpaMyBaHHS.
2. TlocTaHnoBKa 3a/1aui MPo PO3MOALIT PECYPCiB Ta aJITOPUTM 11 O3B’ A3yBaHHSI.
3. Ontumizaiis po3B’s3Ky 3a7adl  JUHAMIYHOTO TMporpaMmyBaHHS (Ha
MIPUKJIAJIl 3a7a4l TIPO PO3MOILT PECYPCIB).

1. Junamiune npozpamysannsa - 11e METOJ ONTHUMI3AIlil, IPUCTOCOBAHUM 10
oreparliii, B SKUX MPOIEC MPUUHATTS PIllICHh MOXHA PO30UTH HA PSJT MOCI1TOBHUX
KpokiB (eramiB). Taki omeparlii HA3UBAIOTh HA2AMOKPOKosumu. B OCHOBI METOIY
pPO3B’sI3yBaHHS  3a/Jad  JUHAMIYHOTO  TPOTrpaMyBaHHS  JICKHUTh  IPUHIIUI
ONTHMATBHOCTI, chopMmyiboBanuii P. Benmanom. Horo ines momsrae B Tomy, 1o
KOHKpETHA 3a7a4a ONTHUMI3aIlli po3uJICHOBYEThCA Ha JCKUIbKAa aHAJIOTIYHUX Oara-
TOKPOKOBHX 3a7ad. IX po3B’sI3yBaHHS NMPU3BOAUTH 10 (DYHKIIOHAIBHUX PiBHSIHB,
K1 BUPAXKAIOTh PEKYPEHTHI CIIBBIIHOIIECHHS BIIHOCHO ONTHUMAJIbHOTO 3HAYCHHS
MIThOBOT  (DYHKINT 1 JTO3BOJSIIOTH TIOCHITOBHO OTPUMATH YNPABIIHHSA IS
IMOYATKOBOI 3a7a4l OIITUMI3aIlii.

OxHa 3 OCHOBHUX TepeBar AMHAMIYHOTO MIAXOAY A0 PO3B’sI3yBaHHS 3a7a4 Ha
ONTUMAJIBHICTh — BIJICYTHICTh aHATITUYHUX BUPA3IB IS IIbOBO1T QyHKIII. Takum
YUHOM, JTOCUTH IIMPOKE KOJIO MPAKTUYHO BAXKIIMBUX 3a7]a4 MOKHA PO3B’S3aTH Me-
TOAaMU JWHAMIYHOTO MIporpaMyBaHHS 0€3 IMOIMepeHbOr0 3amucy IIJIbOBOI

GyHKITI.

2. Po3risiHEMO KJIacU4YHY 33/a4y JUHAMIYHOTO IPOrpaMyBaHHS, SIKY MPUNAHS-
TO Ha3WBaTU 3adauero npo po3nooin pecypcis.

BupoOHuuomy 00'e1HaHHIO, 10 IKOTO BXOAUTH 1 Tianpuemctsa I1;, I, ..., 11,
BUJIVICHO JIJISI TTIOYaTKOBOT'O PO3IOILIY CyMy 3ac00iB y po3Mipi Sy. BBaxkaroTh, 1110
3aco0U, BUIITICH] MIANPUEMCTBY /1, B po3Mipi X, Ha MOYATKOBHM Mepioj, Nal0Th
npudbyTox  fi(xy) (k=1,2,3,4). bynemo BBaxkatw, 1m0 AOXiJ, OJepKaHUU
00'eTHaHHSAM BiJ BKJIaJIEHUX 3ac001B, 0 3IULIMINCSA, JOPIBHIOE CyMi TPUOYTKIB,
OJIep)KaHUX BiJI PO3MOJILITY BCIX 3aC00IB Sy, Ha BCIX MIAMPHUEMCTBAX.

BusnauuTtu, $Ky KUIBKICTH 3ac00iB X; TMOTPIOHO BHUIUIMNTH KOXXKHOMY
MIAPUEMCTBY [}, 1100 cyMapHuUii mpuOyTOK z OyB MaKCUMaTbHUH.

[TobynyemMo MaTeMaTUYHY MOJENb 3a1a4i.

3araibHUM JOX1]T BUPAKAETHCS IIIJTLOBOIO (PYHKIIIETO:

z=2fi(xy) (max) (1)
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3MiHHI X; TOBUHHI 33JJ0BIJIbBHUTH YMOBH:
x;+ x5 .. Hx,=8p, ;20 (j=1,...,n) (2)

ChopMVYIFOEMO AJITOPUTM PO3B'SI3VBAHHS 3a/1a4l 110 KPOKaX.

[ToyatkoBu# po3MoALT rpomoBUX (POHAIB Sy MK HiAIpPUEMCTBAMU 00'€]l-
HaHHS BU3HAYAETHCS YOTHPMa KpoKaMu. 3a HOMEp k-ro KpOKy MpHIMEMO HOMeEp
nignpueMcTBa Iy, IKoMy BUAUIAIOTHCS 3aCO0U.
BinnosiaHo 10 (2) BBeAEMO YOTHPH 3MIHHI X, X2, X3, X4, K1 HA3UBAIOTh Kepy-
rouumu. 3a iX JIONOMOTOI0 3riHO 3 (2) BU3HAYMMO MapaMeTpU CTaHy CUCTEMU (
BUpOOHMUOTO 00’ eaHanHs ): Sy, S;. S2 S5 .Sy

= = = =
S?:ZIO; S, =8y —x5 $,=8 —x; S3=8,-x3;5 S;=8-x (3
. ="

Hexait Ha 1-My Kpoiii nepriomy HiampHEMCTBY BHUICHO 3amnacu x; [lepeBo-
MO CUCTEMY 13 cTany Sy y ctaH S, [loTiM Ha pyromy Kpoii 2-My HiAIPHEMCTBY
BUJIIISIEMO 3ac001B X, ( cucreMy 13 S; mepexoauts y S, ). Ha ocranabomy kporii (
k=4) npouiec po3nouTy TpoiioBUx (HOHIIB 3aBepiryeTbes. s BUOOpY Ha KOX-
HOMY 3 KpOKiB (3) Kepyouy 3MIHHY X; BUKOPUCTAEMO KPUTEPiil ONTUMATIBLHOCTI :

Axum 6u ne 6y8 nouamkosuli cmam Ha 0Y0b-AKOMY Kpoyi i eubpame Ha Ybomy
kpoyi xepysauus ( Sy xi.;: k=1,2,3,4 ), Hacmynui kepyroui 3MiHHI NOBUHHI 8UOUPA-
MUCs ONMUMATLHUMU 8IOHOCHO CMAHY, 00 K020 Nputioe cucmema 8 KiHyi 0aH020
KPOKY.

Sk1110 Ha TOYATOK A-TO KPOKY 3aIUIIOK 3aCO0IB TOPIBHIOE Sy_; TO OX1M, SIKUM
MO>KHA OJIEp>KaTh Ha OCTaHHIX n-k+ ] pokax, CTAHOBUTUME:

2,(5,,) = zf (x)  (k=1234) (4)

*
MakcumanbHui TPHOYTOK ~k (Sk1) 34 1l n-k+1 KpPOKHU 3aJeXHUTh B TOTO,
CKUIbKHU 3aC001B 3aJMIINIIOCH BiJl IOMIEPEAHIX k-1 KPOKIB, TOOTO Bl BEJIMUUHH Sj_;

Ta BU3HAYCHHS BETMYUHU X (0=x;<S).;) 1 oiep>KaHHS HA k-OMY MANPUEMCTBI TPH-

OyTKY Jx (xk )

.

2'4(S,,) = max {f,(x,)+z;,(x,)}= max z,(S, ;x,) (5)

0<x,<S;_, 0<x, <8,
Pexypentne cniBBigHomeHHs (5) € pienannam benamana nys 3agadi (1) (2).
OnTumizyroun npuOyToK mianpuemcTsa /1, Ha 4-my kpoui (k=4), maTumeMo:

24 (S3) = max {fuxy}, 0 <x; <S; (6)
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(ockinbku z5~ (S,) =0 He icHye).
Heo06ximHo oTpuMaTy z; (Sg) =Zmin. AHATI3YIOUM MOCIIITOBHO BCi KpokH (( k=3,
2, 1) 13 xiaug (6) mo moyaTky (5) mpoliecy po3noauly npu k=1I, MaTUMEMO CYKYTI-
HICTh 3HAY€Hb MAKCUMaJIbHOTO NPUOYTKY W ONTUMAJIBHUX PO3B’SA3KiB BIAHOCHO
KOXXHOTO KPOKY:
24" (S3), 23 7(S2), 22°(S1), 217 (So), (7)
X4 (S3), X3 °(S2), x2°(S1). x,°(Sp)
KoOHTpOJIbHI 3aIMTaAHHA:

1. 1o Ha3uBaeTbCs MHAMIYHUM MIPOrpaMyBaHHAM?

2. Slki omeparrii Ha3UBaKOTh 0AraTOKPOKOBUMHU?

3. Ska iges mMpUHUMIY ONTUMAJIBHOCTI 3a/1ad TMHAMIYHOTIO MpPOrpaMyBaH-
HsI, XTO Horo chopmyIrroBaB?

4. SIki mepeBaru IMHAMIYHOTO MIJXOIY 10 PO3B’sI3yBaHHA 3a/1a4?

5.  Cdopmymroiite KpuTepid ONTUMAIBHOCTI 3a/1a4i PO PO3IOALIT PECYPCIB.

6. Sk moOynyBaTh MareMaTU4yHy MOJIENb 3a]a4l IpH KOHKPETHOMY IMOYaT-
KOBOMY po3moiiiai ¢hoHmIB?

7.  CdopmymoiiTe  aJirOpUTM  TOKPOKOBOTO  PO3B’SI3yBaHHS  3ajay
JUHAMIYHOTO IPOrpaMyBaHHs.

8.  3anumiTh piBHsAHHA benMana.

9. Sk BU3HAYaTH ONTUMAJbHUHM BapiaHT PO3B’SI3yBaHHS, KEPYIOUUCH E€KO-

HOMIYHUMH MIpKyBaHHSMHU?.
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Jlekuis Nel2.
3aja4i CiTKOBOr0 NPOrpaMyBaHHA

Iliian
1. Tlonsarts npo ciTkoBe mporpamyBaHHs. EnemenTtu Teopii rpadis.
2. OCHOBH1 BUMOTH J10 TOOYZAOBH CITKOBOTO Irpadika.

3. BusHaueHHS YMCIOBHUX XapaKTEPUCTHUK CITKOBOI MOJIEIII.

1. CucreMHu CITKOBOTO TUIAHYBAaHHSI Ta YIPABIIHHS IIUPOKO BUKOPUCTOBYIOTh-
Csl B €KOHOMIIll, TEXHOJOr1l, MPOEKTYBaHHI TOILIO. BaXIMBUM €TanmoM CITKOBOTO
TJIaHYBaHHS € aHaJll3 CITKOBOIo rpadika 3a KpUTEPIEM Yacy, IO J03BOJISIE SKHAM-
pallioHaJIbHIIIE OpraHi3yBaTH BUPOOHUY1 MIPOIIECH, IO 3aJI€kKaTh Bl p13HUX POOIT,
P IIbOMY POOOTH MOXKYTh 1 3aJIe)KaTH, 1 He 3aJIeKaTH OJIHA BiJ OJTHOI.

[TepeBaramu 3aCTOCYBaHHSI METOIB CITKOBOTO IUIAHYBAaHHS B HAPOJHOMY T'OC-
MOAAPCTBI 30KpeMa €: CKOPOYEHHS CTPOKIB poOIT, BCTAHOBJIEHHS KIiHIIEBOTO JIaH-
I}0’)KKa pOOIT B1J MMOYATKy Ta A0 KIHISA PO3POOKH MPOEKTY, 30CEPEIKEHHS yBaru
KEpIBHUKIB Ha IIUX POOOTaX, MOXKJIUBICTh OIMEPATUBHOIO PETYJIOBAHHS pO3po0IIe-
HUX IJ1aHIB 32 gornoMororo EOM, TicHMI1 B3a€MO3B 30K pI3HUX KOJEKTUBIB poOi-
THHKIB, 110 OEPYTh y4acTh y pO3pOOIll MPOEKTY 1 T. 1.

B 0oCHOBI CiITKOBOTO MOJETIOBAHHS JICKUTh HAOUHE 300pakKeHHS BCHOT'O KOM-
IJIEKCY POOIT, SIKUM MPOBOJUTHCS, Y BUTIISAL epagha.

Oznauenna 1. I'pagh — ye cxema, axa ckradaemuvcs i3 3a0anHuUxX Mo4ox (eep-
WIUH), 3 €OHAHUX BU3HAYEHOI) CUCmeMolo JiHil (8ekmopis). Biopisku, ki
3’ €OHYIOMb BEePUIUHU HA3UBAIOMb pedpamu (Oyzamu) epaga.

O3nauenns 2. OpienmoGHUM HA3UBAECMbCA 2pagh, HA AKOMY CMPIIKAMU 8KA-
3aHi HanpamMu 6cix 1020 pebep (8i0oMo AKa Moyka Oyeu no4amkosd, a AKa KiHye-
6a).

O3nauenna 3. lllnax — maxa nocnioosnicmo pebep, npu sKiil KiHeyb KOHCHO20
nonepeoHb020 pebpa € NOYAMKOM HACMYNHO20 (Kpim Oe3nocepedHbo nouamky ma
KIHYSL CAMO20 ULTIAX)).

O3nauennsn 4. Konmyp — ye Kinyesuii uiisx, y sIk020 no4amKo8a eepuiuna 30i-
2a€mMuvCsl 3 KiHYeBoIo.

O3nauenns 5. Cimxosuii zpaghik — ye opicnmosnuil epagh 6e3 Konmypies, peo-
pa K020 Maoms 00HY YU OEKLIbKA YUCTIOBUX XAPAKMEPUCTUK.

OCHOBHI €JIeMEHTH CITKOBOTO rpadika — nodii (1K1 300paKar0ThCS y BUTIISAII
KPY>XEUKiB) 1 pobomu (300pakaroThCsl Y BUTIISIAI CTPITIOK - pedep).

O3nauenns 6. Ilooia — ye cman cucmemu 8 MOMeHmM OOCACHEHHS 0esKOI BUXI-

OHOI, NPOMIJNCHOI YU NOYAMKOBOI MemuU 3aNni1aHO8AHO20 KOMNIEKCY pooim.
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O3nauennsn 7. Poboma — ye mpusanuii 3a wacom npoyec, wo 3600Umvbcsi 00
8i00ymms uzHa4eHoi nooii.
Koxna poboTta BuMarae 3arpar 4yacy, TpyJOBUX Ta MaTepiaJbHUX PECypCiB.

[Ticns Toro, sk mouyaTkoBWMM Tpadik CKIageHO, HEOOXITHO MEPEBIPUTH
BUKOHAHHS TaKUX 000B’I3KOBHX BUMOT:

1. TigpKM IOYATKOBA MO HE MAa€ BXITHUX CTPIUIOK, a KIHIIEBA — BUX1THUX.

2. Koxna po00oTa MNOBMHHA MaTH MIOYATKOBY TOJII0 1  3aBEPIILyBATHUCH
KIHIIEBOIO MOJIIEIO.

3. Ha rpadiky He NOBMHHO OYTH 130JIbOBAHMX AUISHOK, HE 3B’SI3aHUX 3 PO-
00TaMu B IHIIIMX YacTUHAX Tpadika.

4. Ha rpadiky HEe HOBUHHO OyTH KOHTYPIB Ta NETENb.

5. JIBi moxii Ha ciTkOoBOMY rpadiky MOXKYTb OyTH Oe3MocepeIHbO 3B'si3aHi HE
OinblIe, HK OJHOK poOoTOr. [IpM BUHHMKHEHH! MapajielbHUX POOIT BBOAUTHCS
¢bikTHBHA TIOMIs 1 poboTa.

Jlami BBeEMO MOHATTS YHOPSIKOBAHOTO CITKOBOTO Tpadika, B SKOMY BCi
CTPUIKH CIIPSIMOBAH1 CTPOTO 3J1iBa HAMPaBO, MOii PO3MIIIEH] Y BEpTUKAIbHUX II1a-
pax Tak, 00 MalOTh MOMEpPEH] MOIii, PO3TAalllOBaHl TIIBKHU B IIapax, PO3MIIIEHUX
JBIIIIE.

3. Koxna pob6ota ciTkoBoro rpadika (3a BUKIIOYCHHSIM (IKTUBHHUX) HEpe-
Oauae 3aTpaTu Ha ii BUKOHaHHs. Tak K CITKOBI METOAX B OCHOBHOMY BUKOPHUCTO-
BYIOTbH JJI1 HOBUX IPOLIECIB, Kl HE MAlOTh aHAJOTIB, TO TPUBAIICTh POOIT € HEBU-
3HAYEHOIO0 BEJIUYMHOIO, 3 TOUKH 30py MaTeMaTHKU — BUIAJAKOBOI. ToMy MO KOX-
Hilt poOOTI BiA i-0i A0 j-0i MOJIl BUXOASTH 3 TPhOX YACOBUX OIIIHOK, SIKI BU3HAYA-
I0Th Ha OCHOBI ONUTYBaHHS €KCIEPTIB Ta BUKOHABIIIB.

T, — MiHiMyM Yacy, BHTPAa4e€HOrO Ha BHUKOHAHHS POOOTH (ONTHMICTHYHA
OIlIHKA),

T, — MakcuMyM 4acy, BUTPAueHOr0 Ha BUKOHAHHS POGOTH (NECHMiCTHYHA
OIlIHKA),

T,” — HaitGinpur iMOBipHUIT Yac BUKOHAHHS POOOTH.

Toni cepennst TpuBaIicTh pOOOTH BU3HAYAETHCS 32 (DOPMYIIOFO:

" 1 m B M
i, =g(tl.j +48 1), (1)
a aucnepcis (po301KHICTh OLIIHKYA Yacy BUKOHAHHS poOOTH) 3a (OpPMYJIOHO:
t_M _ tm 2
| T
D, = — | (2)

OTpuMaHi J1aHi 3aHOCUMO B TaOJIUIIIO (1B BHUIILIE).
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Jlami mepeiineMo 10 BH3HAYCHHS YaCOBHX XapaKTEPHUCTUK CITKOBOI MOJEI,

BBA)KAIOYM, IO CTPOKM BUKOHAHHS pOOIT BU3HAYEHI.

Posristnemo po6oty (i - j), TOI1 O4iKyBaHUN paHHIN CTPOK HACTAHHS MO/I1i BU-
3HAYAE€ThCS TaK:

¢ =min(, +7,). 3)

i<j

O3nauennn 8. Ilocnioognicms pobim midxne nouamrkos8or i 3a8epulaibHON NOo-

Ji€ro cimKo8oi Mooell, IKa MA€ HAubiNbuly mpusaiicms 3a Yacom, HA3UBAEMbCS

KpumudHUM WUIAXOM.

KoHTPOJBLHI 3aNIMTAHHA:

I.

AP A

H?

o N

9.

SIKi mepeBaru 3aCTOCyBaHHS CITKOBOTO IJIaHYBaHHS?

[Ilo Take rpad?

Sxuit rpad Ha3UBAETHCS OPIEHTOBHUM?

[lo Take muisax? Kontyp? CitkoBuit rpadik? Iloxis? Pobora?

SIKi OCHOBHI MOJISI B TaOJMUII PO3B’S3yBaHHs 3ajadl CITKOBOTO TUIaHyBaH-

SIxi OCHOBHI BUMOTH JI0 CKJIaJaHHs CITKOBOTO Tpadika?
Axuit ciTkoBUl Tpadik HA3UBAETHCS BIOPSIKOBAHUM?

SIK1 4MCTIOB1 XapaKTEPUCTUKU CITKOBOTO Tpadika?

Sk BU3HAUUTH cepeiHIO TpuBalicTh pobotu? Ii aucnepciro?

10.111o Take KpUTUYHHUNA DUTSAX?

11.5lka cyTh OUIKyBaHMX PaHHIX Ta JOMYCTUMHX ITI3HIX CTPOKIB BUKOHAHHS
poboTtu?

78



Jlekmisa Nel3.
Jlesiki 3a1a4i TUCKPETHOTO MPOrpaMyBaHHS.

Ha mpakTtuii yacTo BUHUKAIOTh 33a4ui BUOOPY ONTHUMAaIbHUX PIlLIEHb JUCKPETHOTO
XapakTepy, ki npuiMaroTh e 3HadeHas 0 ado 1, Tooto € 3JII1 3 OyneBumu 3MiH-
HUMH, a00 IIJIOYKCENbHI 3HAYeHHs. Taki 3a7a4l MOKHA PO3B’SI3yBaTH CHMITICKCHUM
METOAOM YU METOJIOM MOTEHIIaiB, IPOTE MPU LIbOMY BUHHMKAIOTHh JOCUTH TPOMI3JIKI
OOYHMCIEHHS, U0 CYTTEBO BIUIMBAE HA PO3YMIHHS OJE€P)KaHUX KIHLIEBUX PE3yJIbTATIB.
Tomy Taki 3aa4l 3py4HilIe po3B’sA3yBaTH, HAMPHUKIIAL, yTOPCHKUM METOJIOM UM METO-
oM Maka.

3aoaua npo npuznauenns: Hexall HaOIp JEIKUX BUIIB POOIT MOXKE BUKOHYBATH TI€-
BHA KUIBKICTh KaHJMJIATIB, TPUUOMY KOXKHOTO KaHAMJIaTa MOXKHA MpU3HAYaTH JIUIIIE
Ha OJIHY PoOOTY 1 KOXKHA poOOTa MOXe OyTH BUKOHAHA TUIBKU OJHUM KaHIUIATOM.
Binoma matpuris, eneMeHTamMu SIKOi € BUTPAT HAa BUKOHAHHS TI€] UM 1HIOT pOOOTH.
Po3B's13k0M 337124l € onTUMalIbHUIN PO3MOJIUT KaHIUAaTiB Ha nocaau. Kputepiit ontu-
MaJILHOCTI: MiHIMaJIbHI CyMapHi BUTPATH OB’ I3aHH1 3 TPU3HAYCHHSIM.

Maremaruuna MOZEIb AaHO1 3a7a4l Ma€ BUTJISIL

n n
z=Y Y ¢, x;(min) (1)
i=1 j=I
n
>x;=1j=1..n, (2)
i=1
n
Zx,.j =1,i=1,...,n, (3)
j=1
x; =0 avol, i,j=1,...,n. (4)
3a3HauuMoO, MaTPULA C; — BUTPAT HA BUKOHAHHS TI€T UM 1HIIOI POOOTH KOKHUM
13 MPETEHICHTOM, JI¢ i — 1HAEKC KaHIuIaTa, j — 1HAEKC poOOTH.

Biamitumo, 1m0 MaTpuils ¢; Moxe OyTH 1 MaTpulelo eeKTUBHOCTI (y BUOpaHUX
OJIMHUIISIX) KOKHOTO MPETEHJICHTa Ha KOXKHIA poOOTI. TaKOMy BUIAAKY (DYHKIIIS z
— 11e cymMapHuil eeKT BiJ BUKOHAHHS pOOIT MOBWHHA MPUIMATH MaKCHMAaJIbHOTO
3HAYCHHS.

[le ogaum 13 npukiamnis 3JII1, ssky 3py4HO po3B’3yBaT YTOPCHKUM METOJIOM YH
MeTo oM Maka € 3a7a4a mpo KOMiBOsIKepa.

3a0aua xomisosdicepa: po3TAsSAAEThCS Kilbka MIcT. KomiBosbkepy HE0OXiTHO,
MOYMHAIOYHN 3 MICTa, B SIKOMY BiH mepeOyBae, 00iiiTu, He OyBalouM Hije ABidi, BCl
MICTa 1 TOBEPHYTHUCS B MOYaTKOBE. BimoMa marpuus, e1eMeHTH sIKoi — BapTOCTI
nepecyBaHHs (4M BiJCTaHI) MK BCIMA ONAPHUMU ITyHKTAMU MOJIOPO’K1. 3HANUTH OI-
TUMaJIbHUI MapiipyT. Kpurepiii onTMManbHOCTI: MiHIMaJbHa CyMapHa BapTiCcTh (Bi-
JICTaHb) IEPECYBAHHS 110 MAPILIPYTY.
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3p0o3yMmiIio, AKIIO YMOBY (4) TpakTyBaTu SIK yMOBY HEB1Jl'€MHOCT1 3MiHHUX, TO
3ajjaya Mpo MPU3HAYCHHS IEPETBOPIOETHCS HA TPAHCIIOPTHY 3a]ady 3 3aracaMy 1
noTpedaMu KOXKHOTO 13 MOCTAaYaJIbHUKIB 1 CIIOKUBAYIB PIBHUMH 1.

AJITOPUTM YTOPCBKOTO METONY.

l.

2.

10.

11.

12.

BigniMaemo Bij KOKHOTO €JIeMEHTa MaTPHIIi i-TO pPsaKa MIHIMAJIBHUH ele-
MEHT I[bOTO psijiKa, i=1,...,n.
BigniMaeMo BiJ KOKHOTO €JIEMEHTA j-T0 CTOBIILS MEPETBOPEHOT MaTPHITL
BTpaT MOro MiHIMaJIbHUH €JIeMEHT, j=1,...,n.
B pe3ynbraTi myHKTIB 1, 2 KOXKXHUN PSAOK 1 KOKHHUM CTOBOEIh MaTPUIll BU-
TpaT MICTUTh NpuHaiiMH1 ouH 0. SIKino psgok mae nuiie oauH () mo3Hayva-
€MO Horo *, a aKI10 B PAAKY € 1mie ¥ iami 0, To “3akpecaoeMo’ iX Mmo3Had-
ko1o . Hynb BBaXKa€ThCs MOMIYEHHM, SIKILIO BIH Ma€ MO3HAUKY *.
AmHanoriusi aii IpoBOAKUMO JJIs1 CTOBOIIIB MaTpHIli, BpaxyBaBIIIH, IO SKILO
BXKE B JJaHOMY CTOBOII € moMiueHuit 0 (ToOTo mo3HaueHuut *), To BCi iHMI
BOTO CTOBMIA BiAMIYaeMO * (TOOTO 3aKkpecitoemMo). B pe3ynbpTaTi BUKO-
HAHUX JIId MOXJIMBUH BUTIAJOK, KOJIA B ISAKUX PSAIKAX UM CTOBIIIISIX €
npuHaiiMH1 ABa HenomiveHux 0. B Takomy Bunaaxy nepe noznadaemo 0 ,
y3TOJIUBIIIH 1€ 3 MONEPEAHIMU TO3HAYCHHIMHU.
B pe3ynbTaTi BUKOHAHHS MYHKTIB 1-4 MOXXJIMBUM OJMH 13 IBOX BUIMA/IKIB:

a) KOKHHUM PSAIOK Ma€e MpU3HAYCHHS — Mae noMidyeHui 0;

0) uncio 0 3 TO3HAYKOI* MEHIIIE 71 .
V Bunazky a) 3a1a4a Ipo ONTHUMaJbHE IPU3HAYEHHS PO3B’A3aHa 1 BCI X;j,
K1 BianoBigaroTsk 0%, nopiBHIOIOTSH 1, a pemra — 0.

VY Bumnaaky 0) nepexouMo a0 MyHKTY 7.
[Tomigaemo MO3HAYKOIO # PSIIKH, TS IKMX HE OJICPKaHO MPU3HAYCHHS,
TOOTO , B sikux He Mae 0*. Taki psaKky BBaKa€MO MOMIYEHUMHU, PEIITY —
HEMTOMIYCHUMHU.
[TomigaemMo MO3HAYKOIO # I1I€ HEMIOMIUEHI CTOBIILI, SIK1 MalOTh 3aKPECICHUM
0 (3 mO3HAYKOIO ) y TOMIYEHUX PAIKAX.
[TomiyaemMo MO3HAYKOIO # 111€ HETIOMIYEHI PSAKH, SIK1 MatOTh TPU3HAYEHHS
(To0To 0*) y moMi4eHUX CTOBMIISX.
[ToBTOproeMo fii MyHKTIB 8 Ta 9 M1OTH, TTOKH O1JIbIIIE HE MOKHA TIOMITUTH
PAIIKIB 1 CTOBMIIIB MATPHUIIl BUTpPAT.
3akpecioemMo (3a TOMOMOT0r0 TTO3HAYKY &) HEMOMIYEHI PSJIKH 1 IOMiYeHi
CTOBIIIII MATPHIIl BUTpAT.
3HaxoAMMO MiHIMAIbHUN HE3aKpECIeHUN eJIeMEHT MaTPHUIll BUTPAT, BiJIHI-
Ma€eMO MOT0 BiJ KOKHOTO 3 HE3aKPECICHUX PAIKIB , TOJAEMO J0 €JIEMEHTIB
yCiX 3aKpECICHUX CTOBIIIIB 1 MepexoaumMo A0 MyHKTY 3. [Ipu mpomy 1mo3-
HAYKHW €JIEMEHTIB MaTpuIli BUTpaT (* Ta ) BTpavyaroTh CBOIO CHITY.

3ayBa)xuMo, IO SKIIO B 3a/1a4l Mpo onTUMalbHI pu3HaueHHs (1)-(4) uinboBy dy-
HK110 (1) moTpiOHO MakcuMI3yBaTH (y IIbOMY BHIIAJKY C;; — €(DEKTUBHICTB,
NOB'sI3aHa 3 MPU3HAYEHHSM I-T'0 BUKOHABILIS HA j-U BUJI pOOOTH), TO IJIs ii
PO3B'A3aHHA MO’KHA 3aCTOCYBATU YTOPCHKUI METOJ, 3aMIHMBIIM MAaTPULIO C;; HA
MAaTpHLIO - Cjj.
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[Tpuxnan 1. Po3s’s3aTu 3agauy npo ONTUMAIbHE MPU3HAYCHHS, SKIO MAaTPHILIS
BUTpAT piBHA

2 4 3 5 6
3 2 3 47
5 8 9 1 6
9 5 4 3 3|
2 4 3 5 3
OCKIJIbKH min (2,4,3,5,6)=2,

min (3,2,3,4,7)=2,
min (5,8,9,1,6)=1,
min (9,5,4,3,3)=3,
min (2,4,3,5,3)=2,
TO, BAKOHYIOYH IYHKT | adropuTMy, OJEPKUMO
0 21 3

\S)
S W W

N
~

—_— = 00 =
S

3 1

BukoHyrO4H MMyHKT 2 aNrOpUTMY, OCKITBKA
min (0,1,4,6,0)=0,
min (2,0,7,2,2)=0,
min (1,1,8,1,1)=1,
min (3,2,0,0,3)=0,
min (4,5,5,0,1)=0,

0JICPKUMO

S &N ~ — O
[\SIEN (SN B e A \S)
S O N O O
W O O N W
— O W A

[Tounnarouu 3 mepimioro psaka nomivaemo 0, mpu moTpedi 1HIII 3aKPeCTIoE-
MO. TakuM 4YMHOM

0" 2 0" 3 4
1 00 00 2 5
4 7 7 0 5
6 2 00 0" 0O

0 2 0 3 1

Bunno, 1110 B KOXKHOMY PSAIKY 1 KOKHOMY CTOBIIII € OJIMH TToMiueHui 0%,
OTxe, mepuInii KaHAUIAT BUKOHYE TepUly poOoTy, Ipyruil —Ipyry, TpeTid — de-

81



TBepTY. UeTBepTuil — I’ATYy 1 I’ AT — TpeTio podotu. [Ipu upomy BUTpaTH pis-
Hi z=2+2+1+3+3=11.

[Ipuknan 2. Po3B’s13ath 3a1a4y PO ONTUMAJIbHE IPU3HAYEHHS, IKIO MaTPULS
BUTpAT piBHA

5 4 3 2 1

7 9 9 8 5

10 11 5 3 2

4 3 2 1 2

4 8 6 5 10
Ockinbku min (5,4,3,2,1)=1,

min (7,9,9,8,5)=5,

min (10,11,5,3,2)=2,

min (4,3,2,1,2)=1,

min (4,8,6,5,10)=4,
TO, BAKOHYIOYH IYHKT | aIropuT™My, OJEPKUMO

- O O O

1
3
8 9 3 1
0

0 4 2 5 6

BukoHYHOYH ITYHKT 2 alrOPUTMY, OCKITbKH
min (4,2,8,3,0)=0,
min (3,4,9,2,4)=2,
min (2,4,3,1,2)=1,
min (1,3,1,0,5)=0,
min (0,0,0,1,6)=0,

OJIEP>KIMO
4 1 1 10
2 23 30
8§ 721 0|
300 01
0 2156

[Tounnarouu 3 epioro psaka nmomiyaemo 0, mpu moTpeOi 1HII 3aKPECITIoE-
MO. TakuM 4YMHOM

4 1 1 1 0
2 2 3 3 0
g8 7 2 1 0
300 00 0" 1
00 2 1 5 6
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Ockinbku nomivennx 0* nume 3, TO 1€ HE 3HANACHO ONTUMATbHE MPU3HAYCHHS.
Tomy, mo3HauMMO BIANOBIAHO 10 7 MYHKTY alIrOPUTMY OPYTHM PSAOK, TPETIii, a
MOTIM 1 MEepIIni CTOBIELb, IKMI B CBOIO YEpry MPUBE/E A0 MEPIIOrO PSAAKA, CUM-
BOJIOM #

#
4 1 1 1 0)#
2 2 3 3 0"|#
8 7 2 1 0" |#
30 00 0" 1
0" 2 1 5 6

Taxum unHOM, 3riHO MyHKTY 11, omepxumo

&
4 1 1 1 O
2 2 3 3 0
g8 7 2 1 0O
30 00 0" 1 |&

0" 2 1 5 6)&

Ockinpky MiHIMaJIbHUM HE 3aKpeCICHUM eeMeHT 1, TO 3riAHO MyHKTY 12,
OJIEPAKHUMO

3 00 00 00 0O
1 1 2 2 0
7 6 1 0 0
300 00 00 2
00 2 1 5 6

Ockinpku momideHux 0% Bxke € 5 B KOXKHOMY 3 PSAIKIB 1 KOXKHOMY 3 CTOBII-
11B, TO 3HAWICHUH IJIaH MPU3HAYEHb ONTUMAJILHUI 1 3T1JTHO 3HANAEHOTO
PO3B’sI3Ky MepIIni KaHIUJaT BUKOHYE IPYTy poOOTy, Ipyruil — I’ ATy, TPETId —
YEeTBEPTY, YETBEPTUI —TPETIO, 1" ATUI — niepiry poOoTu. CymapHi BUTPATH MIPU
IIOMY piBHI z=4+5+3+2+4=18.
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