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HNEPEIMOBA

Hocnioscennsn onepayiii (JIO) akymyiioe MareMaTHdHi METOJIH,
SIKI BUKOPUCTOBYIOTh JJIsl IPUHHATTS KEPIBHUX PillIeHb Y Pi3HUX cepax
monchkoi AismbHOCTI. KepyBaHHS Oyab-SKOIO CHCTEMOIO Pealli3y€eThes
SIK TIpOIIeC, MiANOPSIKOBAHUN IEBHUM 3aKOHaM. 3HAHHS ITUX 3aKOHIB
JIOTIOMara€ BU3HAYMTH YMOBH, HEOOXIJHI Ta JOCTAaTHI JJIs 3IHCHCHHS
Takoro mnporuecy. OToX Memor TOCTIKSHHS Olepalliid € KijbKicHe 00-
I'PYHTYBaHHS K€PIBHUX PillleHb.

Ilpeomemom ROCHIIKEHHS OMeEparii, 31e0iIBIIOTO, € 3a1adi Ha
3HAXOJ/KCHHSI EKCTPEMYMIB OJIHI€T 4M JEKUTbKOX (YHKIIH 3a TIEBHUX
yMoB. 06’ exkmamu J10 € pizHi chepu TOACHKOL TisIBHOCTI, J1e HeoOXiI-
HO 3/1IiCHIOBAaTH BUOIp HAWKPAIIOTO 3 MOXJIMBHUX BapiaHTIB Jiid.

Yactura 1 migpyunuka (“JIiHiliHI Momemi”) CKIama€Tbest 3 YOTH-
pBROX po3aLTIB. Y nepuiomy po3dini Bu3Ha4UeHo npeamer ta o0’ extu J10,
chepu Ta ocoOmmBocTi 3actocyBaHHs MeroniB J1O, HaBeneHO
knacudikarito 3anad J1O.

Y opyezomy po3dini po3rIsSTHYTO MOJENI JIIHIHHOTO MpOorpaMyBaH-
ust (JITT) — mocTaHOBKY 1 MPUKJIAIU THITOBUX 3a/1a4, TCOPETUYHI OCHOBU
JIII, Teopito ABOICTOCTI, CHMITJIEKCHUN Ta JBOICTHI CHMIUICKCHUH METO-
i po3B’sizyBaHHs 3amad JIII, merox mry4HOro 6asmcy 3HAXOKEHHS
OIOpPHOTO po3B’ 13Ky 3ama4 JII1.

Y mpemvomy po30ini po3TISIHYTO MOAECII IIIOYNCETBHOTO JTiHIH-
Horo nporpamyBanHs (LJIIT) — mocTaHOBKY i MPUKJIAAX THIIOBUX 3aj1ad,
3arajJibHy METOJUKY po3B’si3yBanHs 3aaau LJII1, TeopeTnuni ocHOBH Ta
ANTOPUTMH pearnizaiii MeToxy ['oMopi Ta MeTomy TUTOK i MeX, 3aCTOCy-
BaHHS METOAY TUIOK 1 MEX 10 pO3B’ I3yBaHHA 33]1a4i KOMiBOsDKEpa.

BaxxmuBuM dacTkoBuM BumagkoM 3anadi JIIT € TpancmopTtHa 3a-
nava (T3), sikiit npuce’sdeHo wemegepmuil po30in niapyunuka. Crenu-
(bika mi€i 3amavi 1a€ 3MOTY 3aCTOCOBYBATH CIEIiallbHI METOIU BiIIITy-
KaHHS ONTHMAIBHOTO PO3B’S3KY, MPOCTINII 33 CHMIUICKCHHH METOI.
KonkpeTHnii 3MICT TakMx 3aJad MOXKE CTOCYBATHCS PI3HOMAaHITHHX
mpo0JieM, SKi He 3B’ s3aHi 3 IEPEBE3CHHAM BaHTaXKIB.

VY KOXHOMY pO3ALTl MiAPYyYHHKA HABEJCHO MPHKIAAU, a TaKOX
CIMCOK 3alHUTaHb Il CAaMOIEPEBIPKM 1 HU3KY 3a/4ad AJsl CaMOCTiHHOT
po0OTH CTYIEHTIB.



(VX1

Ilinpyunuk “JlociimkeHHs ormepalliii” yBiOpaB OaratopidHmi
JIOCBIJl BUKJIaIJaHHS 1i€l AUCIUIUTIHK Ha (DaKyJIbTeTI MPUKIAJHOI MaTe-
MaTHKH Ta iHQOpMaTHKH JIbBIBCHKOIO HalliOHaJLHOTO YHIBEPCUTETY
imeHi [Bana ®panka.

3MiCT miIpyYHHKA BiATOBiZae IMporpaMi 0OOB’S3KOBOTO KYypCY
7

” [locoimkenHs oneparii” s 6azoBoro Hanpsimy “Tlpuknanna marema-
tuka”’. Po3paxoBaHuii Ha OakanaBpiB, cremiaiictiB i maricTpiB. Hum
MOXKYTb CKOPHCTATHCS acmipaHTH Ta Bukianadi B30, ne BukiagaoThes

npeametn ”JlocTimpkeHHs omnepaiiii’, "MaTteMaTiudHe IporpaMyBaHHS
"MaTeMaTH9HI METOIN B KOHOMIIIi” TOIIIO.

CIIMUCOK CKOPOYEHbB I IO3HAYEHbD

O — mocnimkeHHs onepartii

3JII1 — 3anada JiHIHHOTO MPOTpaMyBaHHS

3VP —3anaua yxBaJeHHS pillleHb

JIMII — nr0quHO-MaIlIMHHA IIpOLEeaypa

JIIT — niniiiHe nporpaMyBaHHs

MB — monens BUOOpY

M3 — mMeTo[1 3a0KpyTIICHHS

O/IP — obnacTh I0IyCTUMHUX PO3B’SI3KiB

OIl — onopHwuii nan

OVP — oco0a, sika yXBaIIO€ pillIcHHS

IIKM — nmanyBaHHS 1 KepyBaHHS y Mepexax

VP — yxBaneHHs pilieHb

CMO — cuctema MacoBOro o0CITyroByBaHHS

COK - cucteMa oprasizauiiHOro KepyBaHHS

T3 — TpaHCIIOpTHA 3a/1a4a

LJIT] — ninouncenbHE JiHIHE TPOrpaMyBaHHS

» — nouamox NOBENEHHs TeOPEMU/PO3B’ sI3yBaHHSI IPUKIIALY

< - 3aKinyenHs TOBEACHHS TEOPEMHU/PO3B’ A3yBaHHS PUKIIALY

o = [} — 3 TBep/PKCHHS 0L BUIUIMBAE TBEPDKEHHS 3 (K110 o, TO [3)

o < B — TBep/DKEHHS 0. piBHOCWIbHE TBep/KeHHIO [ (o0 Tomi i suiie
TOi, Ko 3)

a:=b - nmpucBoeHus 3HaYeHp (3MiIHHA ¢ OTPUMYE 3HAYEHHS 3MIiHHOI b)
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1. BCTYN Y JOCJIJUKEHHS ONEPALIIA

I1an BUKJIAMy MaTepiany:

[TnaHyBaHHS HIJECOPIMOBAHUX il Ta YXBAJICHHS PIllICHb.

JIF0ICHKHI YUHHUK Y MPOIEC] YXBAICHHS PillIeHb.

3ajaul yXBaJeHHs PillIeHb.

l'ooBHI eTany Ta IPUHIKIHY ONEPAIIfHAX JOCITIKECHb.

[Mpukinaam MaTeMaTHYHUX MOJIeIIeH 3a/1a4 JIOCIIDKEHHS OTepartiid.
OCHOBH MaTeMaTHYHOI'0 MOJICIIFOBAHHS 3a/1a4 JTOCII/PKEHHS Oepartiil.

No akM~owdPE

Knacudikauist 3a1a4 JOCITIHKEHHS OTIEparii.
8. MaremaTuuHi METO/IM JTOCHI/PKEHHS Orepaiiil.

+~ Kiio4uoBi Tepminu po3ainy

Y Vxeanenus piwens Y Jlocnioocenns onepayii

Y Onepayii, aominicmpamusni onepa- Y Ocoba, iKa YX6anioe pilleHHs
yii (OVP), sracnux npobremu

Y 3adaua yxeanenns pimenns (3YP) Y Anomepnamusu ma HAcAioKu

Y Kpumepianoha ¢pynxyis Y baeamoxpumepianbHi OYinKu

Y Cmpyxkmypusogaricms 3YP Y Mamemamuuni mooeni 3YP

Y Keposari ma 6uxioHi 3MiHHI Y Ilapamempu cucmemu; 30ypeHHs.

Y L]inbosa ¢ynryis ma obmedsicerns Y [lonycmumi ma onmumansui nianu
Y Pusux i neguznauenicmeo Y Hesusnauenicms npu KoH@aikmax

Y Knacugixayia 3a0ay docnioxcenna Y Memoou mamemamuyHo2o npoepa-
onepayiil MYBAHHA

1.1. IlnanyBaHHs nijiecnpSIMOBAHUX il Ta yXBaJieHHsI pilleHb

CporoiHi Hayka NMPUALUISE 3HAYHY yBary MHTaHHSM OpraHizarlii
Ta KepyBaHHs. IlincTaB momo mporo € 6e3miv. [IBuakmii po3BUTOK Ta
YCKJIaTHCHHS TEXHIKH, PO3IIMPEHHS MACIITA0IB 31iCHIOBAaHUX 3aXO0/IiB
1 CHIeKTpa TXHIX MOXIIMBUX HACIIJIKIB, BIIPOBA/KEHHS aBTOMATU30BaHUX
CHUCTEM KEepyBaHHS B yCi 00JIacTi BUPOOHUIITBA W JIFOICHKOI HisSUTBHOC-
Ti — BCE II€ 3YMOBIIIOE J0 HEOOXIAHOCTI aHANI3y CKIATHUX Yi1eCHpimo-
8aHux npoyecig MiJi KyTOM 30py IXHBbOI CTPYKTypH Ta opraHizamii. Bin
HAyK{ YEKar0Th PEKOMEHJAIlH MO0 PO3YMHOTO (onmumanbho2o) Ke-
PYBaHHS ITUMH TIPOLIECAMH.



8 JocnimkeHHs orepariit

OyHKIiOHYBaHHS OyIb-SIKOi CUCTEMH IOJISITa€ y TOMY, IO BOHA
CHpuiiMae 30BHINIHIO CUTYAIIlO i IEBHUM YHHOM pearye Ha Hei. AHai-
3YIOUH CHUTYAIlil0, CHCTEMI HEOOXITHO yxearumu piuienis MO0 BHOOPY
MIEBHOI [Iii, BUXOA4H 3 BIacHOT memu (abo yini).

OpHak Take pilIeHHS — 1€ 3aBepIIATbHUNA eTall MPOLeCy IUIaHy-
BaHHS YIIeCAPAMOBAHUX Ofil, IKUW TIONIATaE€ B aHaNi3i MOXIUBUX i
CHUCTEMH Ta HACTIAKIB ITUX M. AHATI3YIOUH MOKJIMBI HACTIIKH, CHCTe-
Ma OIIHIOE OJIMH 3 HHUX SIK HAUCTIPUSTIUBIIIHNN st cebe i odupae Ty
JIit0, sSIKa CIIPUYIUHUTH JI0 I[LOTO HACIIIKY.

Onepayis — 3aranbHUil TEpMiH, SKUH 03HAYa€e Oy Ib-AKYy LJIeCTIpsi-
MoOBaHy fito. Kaxyum mpo omepariito, MH acOI[IOEMO 3 HEI JEeSKOro
cy0’exma, KUt HOPMYITIOE ITTH OTepartii. 3apaau JOCATHEHHS MEBHOI
1T # 3A1HCHIOTH omepallifo (LiecnpsiIMOBaHY JIif0).

VYxeanenns piwenns — e 0COOJUBHUI MPOIIEC JFOACHKOI JiSUIBHO-
CTi, cipsSIMOBaHM Ha BUOip HaliKkpamoro BapianTa niil. JlroguHa obupae
npodecito, Apy3iB, mapTHepa y HUIFO0i, poOOTy 1 0e3miv iHIIOro, 0TOX
icTopis 11 )KUTTS € MOCTIAOBHICTIO BAAINX UM HEBIATUX PIIICHB.

[IpaBurteni kpaiH BUPIMIYIOTh, 3 KUM CIIBIPAIIOBATH 1 3 KUM BO-
[0BaTH, 3a00pOHSTH U1 JTO3BOJISATH, CTPAYyBaTH UM JapyBaTh KUTTS. Lli
PIIIEHHS CTAHOBJISITH OCHOBHUH 3MICT MiAPYYHHKIB 3 iCTOPII.

31e0UIbIIOro, TakKi PIlICHHS HE MOXKHA Mepel0aunuTH W OLIHUTH
ixHi Hachigky. MoJHa Juille MPUMYCKATH, [0 BU3HAYCHUN BapiaHT pi-
IIEHHS] MaTUMe Halkpaluil pe3yapTar. OHAK TaKe MPUITYILICHHS MOXKE
BHUSBHUTHCS TIOMUJIKOBHM, a/KE€ HEMOXKITUBO MTEepeI0adnuTH MaOyTHE.

[luTaHHs yXBaNeHHS pillIeHb y Pi3HUX 00JACTIX JOACHKOI JTisib-
HOCTI BUBYAIOTbCA y paMKax AEKUIbKOX HAyKOBHUX IUCHHUIUTIH: TeOpii
YXBaJICHHS PillleHb, CHCTEMHOTr'0 aHali3y, nociuimkenHi onepauii (J10),
€KOHOMIKH, JIOTICTHKH, KOTHITHBHOI TICHXOJIOTII, IITYYHOTO IHTEICKTY
TOIIO.

Jocnioocenns onepayiti —MaTeMaTHYHa JMCLUILTIHA, sKa 3aiimMa-
€THCS 3aCTOCYBAHHSIM KiJbKICHUX (MaTeMaTHYHHMX) METOJIB Ui YXBa-
JIEHHS PIIICHh Y PI3HUX OOJACTAX IIUIECIIPSIMOBAHOI JIFOACHKOT TisUTb-
mocri [3].

Take Buznauenns JJO motpebye nertamizarii. [lomanpmmii BUKIaT
MaTepiaily IepIiioro po3ainy MPUCBIYEHO [bOMY MUTAHHIO.
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1.2. JIroncbKuii YMHHUK Yy Npoleci yXBaJieHHsI pillleHb

VY mporieci yxBaneHHs pillieHb OepyTh y4acTh Pi3HI JIFOIU 3 pi3-
HUMH TIOBHOB@KCHHSIMHU Ta iHTepecamu (TOOTO JIFOAM y Mpoleci yxBa-
JICHHSI PillIeHb MAIOTh TE€BHI poiii).

HazuBatumeMo monuHy, sKa ¢gakmuuno 3MIMCHIOE BHUOIp Haii-
Kpamioro Bapianra i, ocoboio, mo yxeamioe piments (OYP).

Mopsan i3 OYP BapTo BHOKPEMUTH G1dCHUKA npodiemu — 0co0Yy,
siKa, Ha JYMKY HaBKOJHIIHIX, Ma€ i BHPINIyBaTH 1 HECE BiAMOBiIalb-
HICTh 3a yXBajieHI pimeHHs. lIpoTe BracHUK mpoOieMH HE 3aBXKIU €
0C00010, sIKa YXBAIIOE pillicHHS. 3a3BHyaii, BiH MOXe OyTH TaKUM, 1CTO-
pist MOI0 I[OTO J1a€ HaM YHcleHH] npuknaan. OIHAK TPAIUIIIOTECS CH-
Tyarlii, 3a SKUX BJIACHUK MPOOJIEMH € JUIIEC OTHUM 3 KUTBKOX 0ci0, 110
0epyTh y4acTh y ii BupimieHHi. Bin Moxxe OyTH rojIOBOIO KOJEKTHBHOTO
Oprafy, 10 YXBAQJIIOE DIllIEHHs, 3MYIIEHUM WTH Ha KOMIOPOMICH, MI00
JUATH 3r01IH.

Tpetio poib, IKy MOKE BifirpaBaTH JIIOIWHA Y MPOIIECi yXBaJICH-
HS pilIeHb, € POJIb KepIBHUKA YU yYaCHHMKA aKMUGHOI epynu — Tpynu
0ci0, sIKi MalOTh BJIACHI IHTEPECU 1 HAMArarOThCsS BIUIMHYTHU HA TPOIIEC
BHOOpY pillleHHs Ta Woro pe3yibTar. Hampukian, HamMararo4uch BILTH-
HYTH Ha €KOHOMIYHY TIOJITHKY KpaiHH, OJHI aKTHBHI TPYIH OPTraHi3oOBY-
I0Th CTpaiKH, 1HIII — KaMITaHII0 MATPUMKH YPsIIy B IPECi TOIIO.

Ille ogHa pomib — poib 8uOOpYs, IKOMY TOBOAUTHCA BUPINIYBATH,
3a Ky OCOOMCTICTB UM 3a SIKY MOJIITUYHY MapTilo roJ0CYBaTH. Y LBOMY
BHITAJIKy BHOOPEITh € OJHUM 3 0ararboX y9acHHKIB MPOIIECY YXBaJCHHS
KOJLeKMUBHO20 PIlIeHHSI.

SIKIO pIlIeHHS 3aTBEP/PKYIOTh MAJIOK IPYIIO0, YWiCHH sIKOT (op-
MaJIbHO MaloTh PiBHI 1paBa (XKropi, KOMIcCisi), TO OKpema ocoba € uieHom
epynu, MO yXBallloe pinieHHs. ['0J0BHE y MisUIBHOCTI Takoi Tpymud —
JIOCATHEHHS 3TOJIU Ti/I Yac BUPOOJICHHS CIIILHUX PIllleHb.

V mporeci yXBaJIeHHS pillleHh OKpeMa 0co0a MOXKE CIIyTyBaTH
excnepmom (podecionamoM y Ti#t um iHIIINA 067acTi 3HAHB), 0 SKOTO
3BEpPTAIOTHCS 32 OIIHKAMHM 1 pEKOMEHIAIliSIMU JIFOJIH, JOIYYEHi JI0 [IbOTO
MIPOIIECY.

Ilpu yxBajdeHHI CKIagHUX (3a3BHYaif, CTPATETIYHHX) pillleHb Y
iXHI{ TiATOTOBI 1HOAI O€pe yJacTh KOHCYIbMAaHm 3 yXBaJCHHS PIIICHb.
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Moro ponb 3BOAUTHCA 10 PO3YMHOI OpraHisarlii npolecy yXBajeHHs pi-
mens: gonomoru OVYP i1 BracHuKy npo6ieMu y MpaBUiIbHINA HOCTaHOBII
3a/1a4i, BUSBJICHHI TO3UIIIH aKTUBHKUX TPYII, OpraHizamii poOoTH 3 eKc-
nepramu. Koucynbrant (Yu ananimux), 3a3BM4ai, He OILIHIOE YXBaleHi
pillleHHs, BiH TUIBKH JIOTIOMArae iHIIAM 3BaXuTd yci “3a” 1 “mporn”,
BUPOOHUTH PO3YMHHI KOMITPOMIC.

OkpiM TOTO, B YXBaJICHHI PillIcHh HESIBHO Oepe yJIacTh omoueHHs
OYVYP, cniBpobiTHukH Ti€i opranizaitii, Bix iMeHi sikoi OYP 3aTBepmkye
piteHHs. 3a3BU4ai, 1 rpyna JiroJiell Mae 3arajibHi OIS, 3arajibHi
uiHHicHi ycraHoBku. Came wiit rpyni OYP, nepenycim, nosicHIoe joriy-
HICTh, PO3YMHICTh, OOTPYHTOBAHICTh CBOTO PIllICHHS. Y 3B’S3KYy 3 ITUM,
xoua OYP 3arBepikye iHOugidyanvhi piwieHHs, BiH BPaXOBY€E IOJIITUKY
1 IepeBaru Li€l rpymu JIIOeH.

1.3. 3agaui yxBaJieHHs1 pilieHb
1.3.1. Hocmanoeka 3a0aui yxeaienHs piuieHH:

dopmanizyemo 3aoauy yxeanenns piwenns (3YP), sika momsrae y
BHOOpI HaHONTHUMAIBHIIIOTO BapiaHTa Aii 3 MEBHOI MHOKHUHHM MOXJIH-
BUX BapiaHTiB. Taka (opmamizailis gaBaTuMe 3MOTY KIacH(piKyBaTH
3VP i BUOKpEMUTH Ti 3 HUX, SIKI CAYTYIOTh 00’ €KTOM BHUBUEHHS OCITi-
JOKCHHS OTIepartiil.

Hexaii MaeM0O MHOXXHHY MOXJIMBHX BapiaHTiB Aiid X (CKIHYCHHY
abo HeckiHueHHY). Bubip mesikoro 3 BapianTiB Xj € X mnepenbavae mes-
HUH Hacaidok (pe3ynbTaT, BUXim) Yi€Y , ae Y — MHOKHHA MOXKJIMBHX
HacmiakiB (TOOTO MiX BapiaHTOM Jii X; Ta HACHIJAKOM V; iCHYE MPUYUH-
HO-HACTIIKOBUH 3B’s30K). OKpiM TOr0, BBaXKAIOTh, IO ICHYE MEBHHM
MexaHizm OYiHKU SKOCMi TaKOTO 8ubopy, SIKUH BimoOpakae CHCTEMY Iie-
peBar OYP y 3aTBepKkeHHI pilieHb. 3a3BHUai, OLIHIOIOTH SKICTh HAc-
niaky. Ha puc. 1.1 npointoctpoBani royioHi enemert 3YP.

BapianTtu niif npuiHATO Ha3UBATH AlbMEpHAMUBAMU. ATbTEpHA-
THUBU — HEBiJ'€MHA YacTUHA MPOOJIeMH YXBaJIEHHS PIllleHb. SKIIO0 HEMAE
3 4OT0 BUOMpATH, TO HEMaE i BuOOpy. OTKe, IS TOCTAaHOBKHU 3a/1adi yX-
BaJICHHS pillleHb HEOOXiAHO MaTH Xo4a O IBi aJbTEpPHATHBH. 3 HHUX He-
00XiHO 00paTH Hatikpawsy (3a3BUYai, TaKy, sKa 3a0€3MEYUTh HANBHIILY
SIKICTh HACTIJIKY).
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Mexanm
—> Q ’ OLIHEII
HACTIKIE

MuHOAIHA ATHTePHATHE MHOAHHA MORTHBHX HACTIIKIE Cucrema nepepar OVP

Puc. 1.1. 3amava yxBasieHHs pilIeHHS

[lepeiinemo mo ananizy copmynbpoBaHOi 3ajayi yXBaJeHHS pi-
meHb. [leprmii BaXkKITUBUH MOMEHT CTOCYETHCS Xapakmepy 38’ 3Ky Mix
aNbTepHATHBAMH Ta HACIIITKaMH.

YV OarathOx BHIIAKaX TaKWi 3B’S30K € demepMiHO8anum, TOOTO
iCHye OJHO3HAYHE BimoOpakeHHS X —)/, a0o peami3yerbcs (QyHKIIISA

¢
y=0(x), xe X, yeV (puc. 1.2).

Puc. 1.2. JlerepminoBaHuit 38’130k

Leti xe 3B°5130K MOXKE OYTH 6unadko6um, Koy BUOIp X; BU3HAYAE
NESIKY 2ycmuiy po3nodiry AMOBIpHOCTEH Ha MHOXHUHI Y (1HOJI KaXyTh,
10 3 KOKHUM X; 3B’s13aHa Jiesika jiotepesi). Y [bOMY BHIIQJKy BHOIp X;
YK€ He TapaHTye HACTaHHS KOHKPETHOT'O Pe3ylbTaTy Vi, a caMy 3ajady
HA3WBAIOTh 3a0auer0 YX6aieHHs piwens 6 ymosax pusuxy (puc. 1.3).
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Puc. 1.3. Bunaakosuii 38’ 130K

Sxmo kKoxHil cTpinii oprpada Ha puc. 1.3 MOXKHA IPUNUCATH 8-
2y — IMOBIPHICTb Pjj; HACTaHHA HACIHIAKY Yj 32 BUOOPY albTEPHATUBH Xj,
TO TIeH oprpad UTFOCTpyBaTHME THI BHUIIAIKOBOTO 3B 3Ky MK aiabTep-
HATMBAMHM Ta HACJIJKaAMM y 3ajladl yXBaJCHHsS pillleHb B YMOBaX PH3H-
Ky. OueBuano, wo Vi: 3 pjj =1.

]

Ha puc. 1.3 npoinrocTpoBaHoO i TpeTiit BUJ 3B’43KYy albTEPHATHB 3
HaCIiIKaMu, SIKUI peai3yeThbes y 3a/lauax yXBaJCHHs pillleHb B yMOBaX
yinkosumoi nesusnauerocmi. 11logo 1mporo mependayaroTh, MO Hemae
iHdopmariii Tpo HMOBIPHOCTI 3B’S3KIB aJbTEPHATHB 3 HACIIiIKAMH
(cTpinku Ha oprpadi He MarOTh Bar).

HeBusznauenicTh npu BHOOPI Ta peatizailii 3B’ 3Ky aJIbTEpHATHUB 3
HACNIIKAMA MOXK€ MaTd W IHIIMH, JENI0 CKIAJHINIMA XapakTep (AuB.
“nmuneMmy B’S3HS” Y meopii i2op TOWIO), TPOT€ MH OOMEKHMOCS 3a-
3HAUYCHUMH TPhOMA BUIIAKAMH.

Jpyruii BaXXIIMBUi MOMEHT Y 3araibHiii 3YP monsirae y BUB4eHHI
(3amanHi) cucmemu nepesae ocodu, mo yxsamoe pireHas (OYP). 3ay-
Ba)KUMO, 110 IPYTHI MOMEHT HisfIK HE B3a€MO3B’ I3aHUH 3 TIEPIINM, 1 Pi3-
Hi CITOCOOHM 3aJaHHS CHCTEMH IIepeBar MOXYTh OyTH peari3oBaHi st
KOJKHOT'O BUJLY 3B 13Ky aJIbTCPHATUB 3 HACIIJKAMH.

VYV nesikoMy pO3yMiHHI HaWIpPOCTIIIa CUTYallis BUHUKAE, KOJH
KOXKEH HACNIZIOK ) MOXHA OIIHUTH KOHKPETHHM JIHCHUM YHCIIOM
BiJIMIOBIIHO 710 JAeSKOT0 Bigobpaxenus f :Y — R.
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VY 1poMy BUNAJKY TMOPIBHSHHS HACIHIJKIB 3BOJUTHCS JIO MOPIB-
HSIHHS BIATIOBITHHX IIIOJI0 HUX YHCEN, HANIPUKIIA, Pe3yJbTaT Y; BBaXKa-
€TBhCSL KpAIUM, HDK yj (mo3HaweHHs Y; > yj), sxmo f(y;) > f(y;) (3amaua
MakcuMizanii). Hacminkm exBiBameHTHI (HO3HaueHHs Y~ V), SKIIO
fly,) = f(y,).

Taky ¢yukmito T Ha3sUBAIOTE YinbosOIO PyHKYICIO, KpUmMepiaisb-
Hoto yuKyiclo, GyHuKyielo Kpumepiio onmumaibHocmi abo X Kpume-
piem onmumanvrocmi. OCTaHHS Ha3Ba HE IIUJIKOM KOPEKTHA, OCKIIbKH
KpUTEPili ONTHMATBHOCTI — i€ JIeIKe PaBUIIO, IO JIA€ 3MOTY TIOPiBHIO-
BaTH HACHIJKA MK COOOI0 Ta BIAPI3HATH “‘onmumanvhi” HACTIAKU Bif
“neonmumanvnux”.

VY Hamomy BUINAJAKY L€ NMPAaBHIIO CTOCYEThCS 3aJaHHS IIIHOBOT
¢dynkuii. Ak BigoMo, oHO3HAYHE BiJIOOpPaKEHHS JOBLILHOI MHOXHHH
Ha MHOXXUHY JIHCHHUX YHCEeN Ha3WBAKOTh (yrKkyioHarom. ToMy HUTOBI
(hyHKIIT MF 4acTO HA3UBATHMEMO YiTbOSUMU (DYHKYIOHALAMU.

SIKIIIO PHITYCTUTH, TI0 3B’ I30K MK MHOXKHHOIO aIbTepHATHUB X i
MHOXHHOI HachiakiB Y e gerepminoBanuM (y=0(x), xe X, yeV),
To ynkuis f, 3agana Ha MHOXHHI Y, TpaHCHOPMYETBCS y ACSKY (YHK-
1if0 J, 3a/1aHy Ha MHOXHHI X, fKa € CYMeprno3uItiero ¢ i f:

J:X>R I=f o

VY 1upoMy BHINQJAKY 3a7a4a BHOOPY ONTHUMAIBHOTO PE3yJbTATY
3BOJIUTHCA JI0 337a4i BUOOPY ONTHMAILHOI albTepHATUBHA HA MHOXKHHI
X 1 peanizyeThcs 6€3mocepeIHhO METOTAMHE O0CIOJHCEHHS Onepayill.

Jlemo peagicTUYHIIIOW € CUTYyallis, KOJM Ha BiIMIHY Bijg more-
pPEeIHBOTO BUMAAKY “AKICTH” UM “KOPHUCHICTD” Pe3yJIbTary Y OLIHIOETHCS
ue oguuM urncioM f(y), a mexinbkoma, TO6TO iCHY€E HeKinTbKa TOKa3HUKIB
SKOCTI pimeHHst (KpUTepiiB), Ki OMUCYIOThCS QYHKIISIMU

fcY > R, k=1,2,...,m,
MPUYOMY KOXKHY 3 YaCTKOBHUX IiTbOBHX (pyHKIIH fy, HeoOXiaHO MakcH-

Mi3yBaTH.

3p0o3yMiJio, 1110 Y BHUIAJKy OaraTOKpUTEpiaJbHUX OLIHOK HACIiJI-
KiB BUHUKAIOTh 3HAYHO CKJIAJHIIIII MaTeMaTH4YHi MOJIeIi CUTyalliii Buoo-
py, HiX B OTHOKpHUTEpiadbHOMY BUTIAAKy. Kputepii, 3me0inbpmoro, cy-
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TIePEWINBI 1, 3a3BUYAl, JOCATAIOTh MAKCHUMYMIB y Pi3HUX Todkax YyeY.
OTxe, BUHHKAIOTh HE TUIBKW aNTOPUTMIYHI TPYIHOIIl OTPHUMAaHHS pi-
LIEHB, ajie i BIacHe KOHLeNTyanbHi TpyaHoi. 1o po3ymitu mix ontu-
MaJIbHUM PILIEHHSIM Y IIbOMY BUTIAIKY?

KonnenryanpHi TpyIHOLII pO3B’SA3yIOTh y paMKax meopii yxea-
JleHHs piwenb. Y HACTYITHOMY IYHKTI PO3TJISSHEMO NMUTAaHHS B33a€MO-
3B’SI3KY JIOCIIIIKCHHSI OTepalliif 3 TEOPi€l0 YXBaJCHHS PillICHb.

1.3.2. Teopia yxsanenns piwens i /10

HeoOxinHicTh po3riismy mporeciB i mpoOiieM yXBaJIeHHs PillleHb
y Pi3HUX HAYKOBHX IUCIHMIUTIHAX € IUIKOM BHIPaBIaHOI0. Br3Havamb-
HUM II0JI0 ITUX MpoOJieM € BiacHe akT BuObopy OYP omHoro 3 BapiaHTiB
pieHs. Y Teopii yXBalleHHs pillieHb TOJIOBHUM MPEIMETOM JTOCHIKEH-
HS € Tpoiiec BUOOpy pintenns (a0 usuenns cucmemu nepeéaz OYP).

CTBOpEHHS Memo0ie yxeanienHs piuleHb Y paMKax i€l UCIUTLTI-
HU BUMarae po3riisily MaTeMaTU4HUX, ICUXOJOTTYHUX 1 KOMIT FOTEPHUX
npobaeM. OTOX y pO3BUTKY TeOpii YXBaJCHHS pillleHb SIK HAyKOBOTO
HampsMy OepyTh y4acTh MaTeMaTHKH, ICUXOJIOTH, TIONITONOTH, (haxXiBIl
31 IITYYHOTO 1HTENEKTY, Teopii opranizariii, iHQpOpMaTHKH Ta 0OUNCITIO-
BaJIbHOI TEXHIKH.

BapianTtu pilieHb BU3HAYAIOTHCS PI3HUMHU IMOKA3HUKAMHU iXHBOI
npuBabimBocti st OYP (kpumepismu). Y npodeciitHiil TisUIbHOCTI BU-
0ip KpuTepiiB, 37e01TBITOT0, BU3HAYAETHCS 0araTOPiYHOI0 MPAKTHKOIO,
JIOCBiIoM. 3a3BHuai, 3ajaui yXBaJCHHS PilllcHb HANMIYYIOTh ICKiIbKa
KPHUTEPIiB OLIHOK BapiaHTIB pillleHb.

BukopucranHs KpuTepiiB JUIsl OIIHKH aJIbTEPHATUB BUMAra€e BH3-
HA4YeHHs Tpajaiiid SKOCTi: KpamuX, TipIIuX 1 IPOMIKHUX OIiHOK. [HIIH-
MH CIIOBaMH, ICHYIOTb WKAAU OYIHOK 3a Kpumepismu. B yXBaJeHHI pi-
LICHb TMPUHHATO PO3PI3HATH. IIKAINW HETEPEPBHUX 1 JAUCKPETHHX OIli-
HOK; IIKaIH KiJbKICHMX Ta SKICHUX OI[IHOK; IIKAIH YHMOPSIKYBAaHHS;
IIKAIX PIBHUX iHTEPBATIB.

He BapTo BBaXkaTH, 1110 yXBaJCHHS PillleHb € OJJTHOMOMEHTHHUM aK-
TOM. 31€01IBIIOrO, IIe JOCUTh TPUBAIMHN 1 OOJICHHI ITpOLIeC, SIKUM HaJTi-
gye [19] Tpu eramu:

e momyk iHdopmariii (36ip maHWUX, TYMKH €KCIIEPTIiB, COIIOIOTiUHi
OMHUTYBaHHS, MOTJISAAN Ha POOJIeMy 3 OOKY aKTUBHHUX TPYII TOIIIO);
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® [OHIyK anbTepHaTHB (BU3HAYCHHS TOrO, IIO MOXHA, a 4YOro He
MOYKHA POOUTH B iICHYIOUiH CUTYallii);
®  [IOpIBHSHHS ANbTEPHATUB 1 BUOIp HAMKpAIOro BapiaHTa.

3HayHOi yBaru moTpedye TPeTii eTar, OCKIIbKY MEPIIi ABa eTaru
He mingaroTbes dopmanizanii. HaykoBuil anani3z mpoOnem yxBasleHHS
pIlIEHb PO3MIOYMHAETHCS 3 TOTO MOMEHTY, KOJIM X04a O 4acTHHA abTep-
HaTHB 1 KPUTEPIiB € BiMOMOI0. Y Teopii YXBaJICHHS PIllleHh MPOBiTHE
MicIle 3aiiMaroTh OaraToKpuTepiaibHi 3a7a4i, OCKIIbKA BOHU HaOJMKa-
I0Th TOCTaHOBKY 3YP 110 peanbHOCTI.

[ligxoau mociimpkeHHs omepaliii i Teopii yXBaJieHHs PillleHb ic-
TOTHO PO3PI3HAIOTHCS, OCKUIBKH BOHH CIIPSMOBaHI Ha MPUHIUIIOBO Pi3-
Hi Tpo0JIeMH YXBaJICHHS PillleHb, 110 iICHYIOTh Y HABKOJIHUIITHLOMY CBITI.

i mpuHIIATIOBI PO301’KHOCTI MParHyIH MiAKPECITUTH aBTOpH Oa-
raTbox Kiacugikaliii mpobiem yxBajieHHs pimieHb. Hanpuknaz, y Bigo-
miii knacudikaii I'. Caiimona i A. Heroesna [11] pospisHsitoTbest 006-
pe 1 cnabo cmpykmypogari IpoOIIeMu.

Lobpe cmpykmyposani (un KimeKicHO copMyasoBaHi) mpobire-
MU — 1€ Ti, Y IKHUX ICTOTHI 3a1excHocmi 3’COBaH1 HACTLIBKH JO0pe, 110
MOXYTh OyTH BUpaX€H1 y UMcCliaX Yd CUMBOJIaX. [HIIUMH clioBaMH, LIS
00’€KTa MJOCHI[PKEHHS MOXHA TIOOYIyBaTH MameMamuyHy Mmooelb
(criporernii 06pa3 peasbHOCTI, TOAAHUM CYKYMHICTIO MaTeMaTHYHHX
CIIiBBiZIHOIICHB).

3ayBaKMMO, II0 y THIIOBHX 3a/adax JOCITIDKEHHS omeparii
00’ EKTHBHO iCHY€ PEaNbHICT, SIKa MPHUITYCKA€E CTPOTUN KLTbKICHUL ONUC
1 BU3HAYA€E ICHYBAHHS €OUHO2O Kpumepilo onmumanbhocmi. BuBueHHs
peanbHOT cUTyallii Moke BUMaraTi YuMalio mpami i gacy. [lotpiOna iH-
(dopmailis MoXxe KOIITYBaTH HAATO IOPOro (HAIpUKIIad, HEOOXiHi crie-
MiaJTbHI TOCIIKEHHS, 100 BU3HAYNTH 3HAUEHHS OKPEMHUX MapameTpiB).

Opnak 3a HassBHOCTI 3aco0iB 1 J00poi kBamidikallii aHAIITHKIB €
BCI MOYJIMBOCTI 3HAWTH aJCKBATHUM KUIbKICHUN OIMUC MPOOJIEMH, KiJib-
KiCH1 3B’SI3KM MK 3MIHHHMH Ta KpUTEpil onTuManbHOCTi. OTKe, THIIO-
Bi 3aJaui yXBaJeHHs pilleHb, siki BuB4aoTh y 1O, 3a3Buyaii, € nodpe
CTPYKTYpOBaHHMH.
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Cnabo cmpyxkmyposeani (3Milrani) mpoodaeMu — 11 Ti, AKi MICTATh
SIK KUTBKICHI, TakK sKicHI ememeHTH. [Ipudomy sKicHi, manoBimomi i
HEBU3HAYEHI CTOPOHHU MpoOJIeM MaloTh TEHJICHIIIO TOMiHyBaTH.

OKpiM TOTO, iICHYIOTh MIPOOJIEMH, y STKUX BIIOMUHN TIIBKU TTEPEITIK
0a30BUX MapaMeTpiB, a KiJIbKICHI 3B’3KH MK HUIMU BU3HAYUTH HEMOXK-
nuBo (HeoOxinHa iH(opmalis BiacyTHs). BiqomMo Tinbky, 1o 3MiHa mna-
paMeTpa y BH3HAUCHHX MeXax MO3HAYa€ThCs Ha PIillIeHHI. Y TakWxX BU-
nagKax CTpykrypa (ToOTO CyKyIHICTh 3B’SI3KIB MK MapameTpamu) He
8U3HAaYeHa, 1 TPOOIIeMy Ha3UBAIOTh HECMPYKIMYPOBAHOI.

Cnabo CTpYKTypOBaHi i HECTPYKTYypOBaHi HpPOOIEMH JOCIIKY-
I0Th Y paMKax meopii yxeanenus piwens. [lonepeHuKaMu METO/IB yX—
BAJICHHS pillleHb y 0araTbox Bumnaakax € meroau J1O.

IcHye ocobnmBHMil Kiac 3amad yxXBajeHHS PIllIeHb, ¥ SKUX 00’ €KT
JOCITIKEHHSI OTIMCYETHCSI MATEMAaTUYHOI0 MOJICIUTIO (SIK y 3a1a4ax J1oc-
JIDKEHHS OTepalliif), ajie sSKICTh pillieHb OLIHIOETHCS 3a OaraTbmMa Kpu-
tepismu. i 3amaui Ha3MBAIOTh OacamoKpumepiartbHUMu 3a0a4amu on-
mumizayii.

Tyt wactuHa iHpOpMaIlii, HeOOXiHA AJIsI MIKOBUTOTO U OJHO-
3HAYHOTO BU3HAYECHHS BUMOT A0 PIllIEHHs, NPUHIMIIOBO BiacyTHA. [oc-
JMJHAKOBI YacTO BNAEThCSI BH3HAYUTH OCHOBHI 3MiHHI, YCTaHOBUTH
3B’SI3KH MK HIMH, TOOTO MO0y TyBaTH MaTeMaTHIHY MOJIEINb, IO aleK-
BaTHO BimoOpaxkae CHTyallilo. AJie 3aJeKHOCTI MK KPHTEpisSIMHU 3ara-
JIOM HEMO>KJIMBO BU3HAYUTH HA OCHOBI 00’ €KTHBHOI iHpOpMAaIlii, sKa € y
nmociigauka. KoMmpoMic Mixk KpUTEPIsIMH MOXKe OyTH 3HAWICHUH TiTb-
KH Ha ocHOBI iepeBar OYP.

bararokputepianbHi 3ajadi ONTHUMI3alii BUBYAIOTHCS SIK Y JOC-
JDKeHH] omepaliif, Tak 1 B Teopii yxBaJieHHs pimieHb. 3acoO0oM po3-
B’s3yBaHHS OaraTOKpUTepiallbHUX 3a[a4 ONTHMI3AIil € 1H00UHOMAUIUH-
ni npoyedypu (JIMII), y IKUX peasisyeTbcs MUKIIYHUHA POIEC B3AEMO-
nii OYP 3 xomm'torepom. Koxen kpok JIMII cknanaerbes 3 gpaszu ana-
a3y, sixy Bukonye OVYP, i gpasu pospaxynxis, sKy BUKOHYE KOMII IOTEP.

Ha mexi Mixx mocTikeHHSIM oTeparliii Ta TEOPIEr0 YXBaJCHHS Pi-
IIEHBb MMPOCTEKYIOTHCS TAKOXK 1 TTPOOIEMH YXBAJICHHS PIIEHb B yMOBAX
HesU3HAYeHocmi Ta YXBAJICHHS DillleHb B yMo6ax Kouguixmy (Teopis

irop).
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OnHMM 3 HaWBaXIIMBININX KJIACIB CHCTEM KEPYBaHHS € cucmemu
opeanizayiinozo xepysanns (COK), abo opramizarfiiiHi cucTeMH: M-
npueMcTBa, Gipmu, rarysi ekoHoMiku Tomo. COK — e cuctemu, cdop-
MOBaHI 31 3Ha4YHOI KUJIBKOCTI B3a€EMOIIIOYUX MIK COOOIO IIJICUCTEM, 1H-
TepecH SKHUX He 30iraloThCs, a BCTYMAIOTh Y MPOTHPIYYs, OTOXK HEOOXiI-
HO BIJIIYKATH JESIKHA KOMIIPOMIC MiX HAMH.

Hanpuknan, supobruyuii 6i0din MiANPHUEMCTBA CTABUTh 32 METY
BUIYCKaTH HIMPOKWH acCOPTHMEHT MPOMAYKIII Ta MaTH BEIHMKHH 0OCST
3araciB CHPOBUHH 1 JIeTalel Ha CKiIaax Juist 3a0e3neucHHs Oe3nepeOii-
HOi poOOTH y BUNIAJKY 3pHBY IIOCTABOK Y BU3HAYEHI TEPMiHH.

Biooin mamepianvrno-mexuiunoeco nocmavarts 0OMEXEHUN poO3-
MipaMU CKJIaJ(iB, HASIBHUMH KOIIITaMH Ta YMOBaMH MMOCTaBOK. Dinanco-
6ull 8i00i1 HAMara€TbCs CKOPOTUTH 3alack Ha CKJIaJax, OCKUIbKH 1€
“3aMOpOXKEHMIA” KamiTal, IKuil He 1a€ TPUOYTKY.

DYHKIIS 3aeaibH020 KepieHuymea TONrae y ToMy, mod podoTy
BCIX BiJILIIB MiAMOPSIIKYBATH 201068Hitl Memi: TOCITHEHHIO MAaKCUMYMY
puOyTKY BiJ| peamizamii MpoyKilii 3a MiHiMaJIbHHUX 3aTpaT.

Takuii npuknajg IEMOHCTPYE, IO BUKOHAHHS YaCTUHH POOOTH
OKpPEMHUMH MiIpo3aiiamMu (BiIiiaMu, TPYIIaMu), CIIPSIMOBAHEe Ha JIOCST-
HEHHS CBO€1 METH, MOXe KOH(IIIKTyBaTH 3 TOJIOBHOIO METOIO.

BuHukae HeoOXiJHICTH Y pO3B’sA3yBaHHI 3ajad yXBaJeHHS pi-
IIeHb, sIKi 3a0e3neuyBanu O OCSITHEHHS TOJIOBHOI METH. A 1€ 3yMOB-
JIO€ IOTPeOyY B KOHCYIbManmax MpH afaMiHicTparlii, sKi BOJIOIIOTh TIEB-
HUMH HaBUYKAaMH, METOJIAMH PO3B’sS3yBaHHS TaKHX 3ajad, BMIHHAM iX
MOJICITIOBATH, aHAJII3YBATH 1 ITepeadadaTy HACIIiIKH.

[Tig yac BUKOHAHHS OMEPAIiHUX JTOCIIIPKEHb HAMAraroThCs Bijl-
HIyKatu Haiikpame (onmumanbHe) pilieHHs s HAWOUIBIIOI YaCTUHU
opranizamii. MeToro orepariifHux JOCIiDKeHb € 3a0e3leueHHsT KepiB-
HUIITBA HAYKOBOIO OCHOBOIO JUIS PO3B’sS3yBaHHs 3ajady, [0 MOB’s3aHi 3
MUTAaHHSIMH B3a€MOJIl pi3HUX MiAPO3IUTIB B iHTEpecax 3arajibHOi METH
Bciel opranizamii.

Po3B’s130k, sikuil € HaWBUTIMHIMMM AJIs BCi€l opraHizaiii, Ha3u-
BaIOTh ONMUMAIbHUM. A PO3B 30K, HAWBUTIAHIIIMNA TSI OKPEMUX TTiJI-
O3B OpraHi3allii, HA3UBABAIOTE CYOONMUMATLHUM.
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VY 3B’s13Ky 31 3pOCTaHHAM iHTEpeCy 0 BUBUEHHS INIOOAIBHUX CBi-
TOBHUX TIPOIECIB 3’SIBUJIOCS PO3YMIHHS MPUHIMIIOBOI PO301KHOCTI Mixk
MIKPO- 1 MaKpOpIBHIMH. SIKIIO HEIMIOAaBHO BBaXKAIH, IO ONMUMI3AYIL
BUPINIYE BC1 MUTAaHHS, TO CHOTOMIHI PO3YMIIOTh. ISl BUMOTA TUIBKH 0.5
MiKpopigHs. J1ns iporieciB y rio6ambHOMY MacIiTadi BUMOTH JI0 Opra-
Hi3aIlil 3MIHIOIOTHCS — Ha MAKPOPIi6Hi KPUTEPIEM ePEKTUBHOCTI € TOCSIT-
HEHHS cmany pienosazu [12].

1.3.3. Jlocicmuxa i 0ocnioxscenns onepauyii

ITocTaBuMo 3amuTaHHs: SKi 3a/1a4i pO3B’sA3y€ JOCHIHKCHHS OIe-
pamiii s ekoHOMiku? JIJ1st BIATIOBiAl HA 1€ 3alTUTaHHS 3BEPHEMOCS JI0
TaKOTO TTOHATTS, IK BUPOOHMYA J102icmuKa, KOHIICTIIS IKOT B €KOHOMITTI
OCTaHHIMH POKHUMH OieprKajia ITUPOKUI PO3BUTOK.

Sk TepMiH ocicmuka HE € HOBUM TOHATTSM. IcTOpis HOro BUHU-
KHEHHSI CATA€ TAEKOT0 MUHYJIOTO, & TIOXOAUTh BiH BiJ| TPEIKOTO J1020C
un no2ikoc (MUCTEITBO paxyBaHHs, TPABHIBHO MHUCIISTIHMH, PO3BaXKIIH-
Buii) abo x Bix ¢paniyspkoro 10gis (kBapTupa, po3KBapTHPYBAHHS).

Ha nepiie 3 nux ciiB mocuiiascs BizaHTtiickkuid nap Jleonroc 1V,
SIKUI Ha TI0YaTKy X CT. HAalKMCaB TPEIbKOK MOBOIO IPAIIIO ITiJl HA3BOKO
“CymapHuii BUKIIa]] BiliCBKOBOTO MHCTENTBA”, y KOTPii, OKpiM CTpaTe-
Tii 1 TAKTUKH, BUPI3HUB TPETIO BIHCHKOBY HAYKy — JIOTICTHIKY, sIKa 3aii-
Mayiacs OOYHMCICHHSIMH, 1110 CTOCYBATHUCS IIEPEMIIIICHHS BIHCHK.

VY ¢paHiy3skomMy JpKepesi TepMiHa “3amMalibOBKU PO BiHICHKOBE
mucTenTBo” 6apoHa ae JKominki, omyonikoBaHoMmy 1837 poky, ineThest
PO MiCIle pO3TaNTyBaHHS 1 IOCTAa49aHHS CKJIAJIB, TUIAHYBAaHHS 1 peaiza-
1i}0 TIOXO/IiB, MATOTOBKY TPAHCIOPTHHUX 3ac0O0iB, 00JIaJHAHHSI KOMYHI-
Kallild, TOCTa4aHHs BiiChKOBUX 3aroHiB. [lepeknaneHa aHTIiHCHKOO MO-
BOIO, I Mpals CTa€ OCHOBOIO JUI BHBYCHHS y BiliCBKOBO-MOpPCHKiii
kot CIIIA 3 1885 poky. ITOHATTS JIOTICTHKH CTallo 3arajbHOB)KHBA-
HUM y BIHCBHKOBIl MOBi, a 3r0IOM HOT0 MoYanu 3aCTOCOBYBaTH B €KO-
HOMILII.

Moo cyyacHUX BUPOOHHYUX 3aBAaHb, TO HAHPO3TOPHYTIIIIE BH3-
HaYeHHs JIOTicTUKH Aana Pana nmoricrnyroro meremxmenty CIIA:

“JloricThika — T¢ TIUPOKHWHA Aiama3oH isSIILHOCTI, OB’ S3aHOT 3
e(EeKTHUBHUM PYXOM KiHIIEBUX MPOMYKTIB BiJl KiHIII BUPOOHUYOT JTiHii 10
MIOKYIIIIS, [0 Y ACSIKUX BHUITAJKaX BKIIOYAE PyX CUPOBHUHU BiJ JKepena
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MoCTauyaHHA A0 MOYaTKy BUpOOHMUOi iiHii. Ll AifIBbHICTE OXOILIIOE
TPaHCIIOPTYBAaHHS, CKJaJyBaHHs, OOpoOKy MaTepiamiB, 3aXWCHE YyIia-
KyBaHHs, KOHTPOJIb 3amaciB, BUOIp MicIis mepeOyBaHHS BUPOOHHIITBA 1
CKJIaJiB, TMPOTHO3YBaHHS TOMHTY, MapKETUHT i OOCIyroBYBaHHS CIIO-
xwuBauiB” [12, c. 12].

OTtxe, n0cicmuka — 1le Hayka NpO IUIaHyBaHHS, OpraHi3aliio,
YOpaBJIiHHS, KOHTPOIb 1 PEryIIOBaHHS PyXOM MaTepialbHHUX Ta iH(Op-
MaIllifHUX MOTOKIB y TPOCTOPI ¥ yaci BiJl iIXHBOTO MEPBHHHOTO JHKEpea
JI0 KIHIIEBOTO CIIO)KMBAyYa.

[HTEpecH NOTICTHKH OXOIUTIOIOTH CEPBiC KIIIE€HTA, MPOTHO3YBAHHS
TIOTINTY, HAIXOKEHHS iHpOopMaIlii, ynpaBIiHHS 3aracamMu, PO3MIIEHHS
BUPOOHMYUX TIANPUEMCTB 1 CKJIQIiB, TIPOIECH MTOCTAYaHHs, YIIaKyBaH-
Hs1, 0OCITyTOBYBaHHS TOBEPHEHbB, YTHIII3aIli0 BIAXO/IB Ta iHIII, B3aEMO-
0B’ s13aH1 3 MMH, 3aBIaHHS.

l'o0BHA i/1es JIOTICTUKY MOJSITaE y ToOMy, 00 yci craaii BUpoo-
HHUITBA (BUIOOYTOK CHPOBHHHM, OJCP)KAHHS MarepialliB, BUTOTOBJICHHS
KIHIIEBOI TIPOYKIIiT), TPaHCIIOPTYBaHHS 1 30yTy PO3IIISIATH K €TUHUI 1
0e3ynuHHUI npouec TpaHcopmallii Ta pyxy NPOAYKTy Hpami i moB’s-
3aHoi 3 HUM iH(opMalii.

Mera JOTICTHKH TIONSTAE y palliOHATBHOMY YIIPaBIIiHHI MaTepi-
ATHPHUMH ¥ 1HGOPMAMIMHAME TOTOKAaMH JUTS 3aJ0BOJICHHS IIOIHTY,
MMOCTa4aHHS BaHTaXIB Y YiTKO BU3HAYEHI TEPMiHU.

BakIMBO HAaroJOCUTH HAa OCHOBHIM KOHIENIIT JOTICTUKY, 1110 IO-
JsTae y CUCTEMHOMY IiJIXOJi 10 BUPOOHUYMX MPOLIECIiB, KU BU3HAYAE
(dhopmarmizarito 3a7adi i 3aCTOCYBaHHS CTPOTHX MaTeMAaTHIYHUX METOJIB.
Sk 6aummo, Ha 1€ CTIPSMOBaHI 1 BU3HAYEHHS, 1 METa, ¥ 1/1esT TOTICTUKH.

MatemMaTH4YHMIA anapaT JOTICTHKH OXOIUIIOE BXKE PO3MIISHYTa Ha-
MH 3 KOHLENTYaJIbHOTO MOTJISAY TEOpist AociimKeHHs onepaniid. OTOX,
JIOTICTHKA 1 TOCTiPKEHHS Ollepaliid HepO3/IiIbHI 1 B3a€EMOIOTIOBHIOBAITb-
Hi. JloricTka mocradae TOCITIHKEHHIO orepariiii hopMyIroBaHHS 3ajad,
171€0JI0TII0 i eKOHOMIYHE OOTPYHTYBaHHS (X0ua, 3BiCHO, HE OJIHA TiIIbKU
JOTICTHKAa TIOCTavae 3a/ladi €KOHOMIYHOTO 3MICTy Ui OCTiKEHHS
orepartii).

JocmimkenHs: orepariiii, y CBOIO Uepry, Ha€ IHCTPYMEHT IS
PO3B’sI3aHHS 3a/1a4 JIOTICTHKH Ta IXHBOTO KUTBKICHOTO OOTPYHTYBaHHSI.
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1.4. T'on0BHi eTany Ta NPUHIUUNH ONEPANIHHIX TOCTITKEHD

IcTropuuHi KOpeHi TociiKeHHs omnepaliii JOCUTh TINOoKi. Y Ma-
TEMaTHIHOMY TUTaHI IesKi ONTUMI3aIliiHi 3amadi Oynu Bigomi me B Cra-
ponasuiii ['perii. [ToTpebu y creriamicTax JOCTIIKEHHS ONEpaiiid BU-
HUKIH 1m1e B XIX CT., KOJIM TOBOIMIIOCS PO3B’A3yBaTH BIHCHKOBI 3a/1a4i:
BiliCbKOBa TeXHiKa 3pocya, a TeXHika 000 He 3MiHMIIACS.

[Ipore cBOXO HA3BY Lig JUCHHMILIIHA ojepxaia Titbku B 40-x po-
Kax MHUHyJ0ro crojitrs. [lepmni myOmikarii 3 JOCITIIPKEHHS orneparlii
naroBani 1939-1940 pp. V Hux BUpilyBanucs BiiiCbKOBI 3a7adyi, 30Kpe-
Ma 3a/1a4i aHali3y i JOCIHiIPKeHHSI BOEHHHUX onepayii. 3BijcH 1 BUHUKIA
Ha3Ba HOBOI IUCIUIUIIHY.

[lepeniunmMo TOIOBHI emanu ONEPaiiHAX TOCTiHKEHb!

— TIOCTaHOBKa 3aJayi Ta pO3pOOJICHHS KOHLENTYaIbHOI MOJIEI;
— moOyjoBa MaTeMaTUYHOT MOIEII;
— BHUOIp (po3pOOJIEHHS) METOY Ta AITOPUTMY PO3B’SI3aHHS,
— IepeBipKa aJeKBaTHOCTI Ta KOPETyBaHHS MOJIEIN;
— TIOUIYK pO3B’A3KYy Ha MOJIEIi,
—  peauizallisi po3B’sI3Ky Ha MPAKTHUII.
3yNMHUMOCS KOPOTKO Ha XapaKTEepUCTHLI IHX eTamiB. CrodaTKy
METy Ta 3ajady onepauiiiHoro gociimkeHas gopmyioe OYP y 3aranb-
Hil HopMmi, HAIPUKIIAA: TOCITITATH CUCTEMY MOCTaYaHHs, CKJIACTH CITH-
COK HEIOJIKIB 1 po3p0oOHUTH PEKOMEH/AIIT MO0 IXHHOT'O YCYHECHHSI.
[Ticast uporo yiss BUKOHAHHS JOCITIJKCHHS CUCTEMHU (OPMYIOThH
onepayiiny epyny, A0 sKOi HajuexaTb (DaxiBui pi3HHX oOJacTeif: cuc-
TEMHI aHAJITUKH, IHKEHEPH, MAaTEMaTHKH, eKOHOMICTH, COI[IOJIOTH, TICH-
XOJIOTH Ta 1HIIII.
OnepauiiiHa rpyna HOBUHHA QOCiOUMU:
— MarepiaibHi Ta iHpOpMAaIliifHI TOTOKK BCEPENHI CUCTEMH;
—  3B’SI3KM CHCTEMH i3 30BHIIIHIM CEPEIOBHIIEM;
—  Oprasizarlito miJicucTeMu KepyBaHHS 0a30BOi CUCTEMHU,;
— KpuTepii edeKTUBHOCTI ()YHKI[IOHYBaHHS CUCTEMH;
—  30BHILIHI YUHHUKH, IO BILUIMBAIOTH HA TIOKA3HUKH SIKOCTI.
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[Ticns 300py pe3ynbTaTiB OOCTEKEHHS CUCTEMHU MPOBAAATH IXHIH
JOKJIAJTHUH aHali3, METOIO SKOTO €.

—  BHSBJICHHS CYTTEBHX BHYTPIIIHIX 1 30BHILIHIX YNHHUKIB (3MIHHHUX);
— 0oOrpyHTyBaHHs BUOOPY MOKa3HHKIB SIKOCTI;
—  BUSBJICHHS CTPYKTYpPHU CHCTEMHU.

B nponeci ananizy npoBansats koHcynbTanii 3 OYP, mix yac skux
YTOYHIOIOTh MTOCTAHOBKY 33jadi. 3a HEOOXiTHOCTI 3MiHCHIOIOTH JIOJAT-
KOBE OOCTE)KEHHS OpraHi3aliifHOiI CHCTEMH 3 METOIO0 BHSIBIICHHSI HEBpa-
XOBaHMX YMHHUKIB Ta IXHIX B3a€MO3B’SI3KiB.

PesynbTaroM 1BOTO €TaNy € KOHYEeNnmyaibHa MOOelb CUCTEMH
(3amaui), y sikiii B clioBecHil (opmi onucyrome:
—  CTPYKTypy cuctemu (eJIeMEHTH CHCTEMH Ta 3B’ 3KU MiXK HUMHU);
— mepesik 0a30BHUX MOKA3HUKIB SKOCTI;
— Tepesik BHYTPIIIHIX 1 30BHIIIHIX YAHHUKIB Ta IXHIi BIUIMB Ha IO-
Ka3HUKH SIKOCTI,
— mepemik kepienux piwensv (a00 cmpameziii kepysanns), AKi HEOO-
X1JIHO YXBaJIUTH Y Pe3yJIbTaTi po3B’si3aHHs OCTABIICHOT 3a/1adi.

ITicist omepKaHHSA KOHIENTYaJIbHOI MOJIETi cucTeMu (3MiCTOBHA
MIOCTAHOBKA 3a0aui yxeaneHHs piuiens) OyayroTh ii MareMaTH4Hy MO-
nensb (py TOCHTiHKEHHI eKOHOMIYHUX CHCTEM YacTO BXKHBAIOTh TEPMiH
“exonomixo-mamemamuyuna mooeav”). el nporiec Ha3uBaOTh opma-
aizayicio 3a1adi yXBaJIeHHS PillICHb.

Hactymauii etanm omnepamiiHUX TOCTIDKEHb TOJSITAE y UOODI
(abo pospobnenni) memody ma anecopummy po36’s3anHs 3a7adi yxBa-
JICHHS PILICHHS, SIKY MPECTABICHO MAaTEMATHYHO MOJEIUTI0. J1J1s BU3-
Ha4YeHHS ONTHMAJILHOTO PO3B’s3KYy 3aJadl yXBaJeHHS pillleHb Haifdac-
Tillle BUKOPHCTOBYIOTH MemMOOU MAmemMamuyno2o npozpamysanns. lc-
HYIOTh TaKOX KJIACH 3a]1a4, 1010 SKHUX MOOYI0BAHO CIIEI[iaibHI METOM
po3B’sizyBanns (1. 1.6).

Mopnenp nuiie 4acTKOBO BifjoOpaxae JiHCHICTB. Ii moxna BBa-
JKaTH XOPOIIIOI0, SIKIIO BOHA TOYHO (200 JOCTaTHRO TOYHO) Mepeadadae
BIUTMB BHYTPIIIHIX 3MiH y CUCTEMI Ta 30BHILIHIX 30ypeHb Ha i 3aranbHy
e(EeKTHBHICTb. SIKIIO IbOTO HEMAE, TO MOJIENb JIOBOJUTBCS KOpe2ysamu
(y mpOMy BHIIAIKy MOKE BUHHKHYTH HEOOXiTHICTH y HOHATKOBHX 00-
CTEKEHHSX CHCTEMH).
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[Ticas mocsrHEHHS 3aJJ0BUTLHOTO PiBHS aJCKBATHOCTI MOJIEII 3ac-
TOCOBYIOThH BIAMOBIJHUN METOJl BU3HAYCHHS ONTHMaIbHOTrO (abo cy6-
OINITUMAJIFHOTO) PO3B’SA3Ky 3a/adi yXBaJeHHs pilreHb. Po3B 30K MOKe
Maty pi3Hi GopMH: aHATITHYHY, YUCIOBY ab0 anropuTMmidny (mporemy-
PH, TIpaBUIIa TOIIO).

Peanizayis pos3é’asky na npakmuyi — OIWH 3 HAWBaKIMBILIMX
eTAIIiB, SIKi 3aBEPIIYIOTH TOCIIIKECHHS. 1I0ro MOXKHA POSITISIATH K Ca-
MOCTIlfHy 3a/1a4y, 1[0 BUMAra€ 3acTOCyBaHHS JI0 HEi CHCTEMHOTO TiJIX0-
ny. OTpuMaHiii onTUMalbHIA cTpaTterii HeoOXigHO HAJaTH BiAMOBIIHY
3MiCTOBHY (hOpMY Y BUIJISIII IHCTPYKLiH Ta MpaBul.

[Mepeniunmo 6a30Bi npuHyunY ONIEPALIHHUX JOCTIIKCHB.

e [Ipunyun cucmemHozo nioxody € TOJIOBHUM MPUHIMIIOM OIepamiii-
HUX JOCHiKeHb. TyT Oynb-sKy 3aJa4y po3MISJaroTh 3 MOTJsIy ii
BINTUBY Ha KpUTEpi (HYHKIIOHYBAaHHS BCIi€l cucmemu SK B3a€EMO-
3B’S3aHOTO KOMILIEKCY (PYHKIIOHATFHUX KOMIIOHEHTIB.

o [lpunyun nacmynuwocmi B TIEPEXOJi BiJ OmHI€l 3amadi A0 iHIIOI.
Onepaltifini JOCTIKSHHS BIJ3HAYAIOTHCS TUM, IO IPU PO3B’S3y-
BaHHI KO>KHOI Mpo0JieMH BUHUKAIOTH BCE HOBI Ta HOBI 3amaui. Sk-
0 CIIOYATKY CTaBIIATH BY3bKi ITiJIi, TO 3aCTOCYBaHHS OIEPAIliHIX
MeTo/iB HeepekTHBHE. HalOimbImoro edexTy 1ocsAraloTh TiIbKU 32
0e3mepepBHOTO JOCIIKEHHS, 110 3a0e31euy€e HACTYITHICTh B IIEpe-
X0l BiJ ofHi€T 3a1a4i 10 1HIIO].

o [Ipunyun onmumanvrocmi. ONHIEIO 3 TPUTAMaHHUX OCOOIMBOCTEH
oTIepaIlifHuX MOCIHIKEHb € HaMaraHHsS 3HAWTH ONTHMAJILHUN PO3-
B’s130K MOCTaBjIeHOI 3a7a4i. OHAK TaKui PO3B’A30K BUSBISETHCA,
31e01IIBIIIOT0, HEAOCSHKHUM YHACIHIJOK OOMEXeHb, fKi Hakiaja-
IOTBhCSI ICHYIOUMMH pecypcamMu abo piBHEM CydacHOi Haykw. Ha-
MIPUKIIAJ, JJIs 3a/1a4i KaJleHAapHOTO IUIaHYBaHHS 3a KUILKOCTI Bep-
CTaTiB MoHaA 4 ONTUMANILHUI PO3B’SA30K 32 Cy4acHOTO PiBHS PO3-
BUTKY MaTeMaTHKH MOXHA 3HAWTH JTUIIE MPOCTUM NepeOOpoM Ba-
pianTiB. OqHaK HaBITH 32 HE3HAYHUX N KUIBKICTh MOMJIMBUX Bapi-
AHTIB € HACTUILKHA BEJHMKO, IO iX YCIX MPaKTHYHO HEMOXKIHBO
po3mIIHYTH. JIOBOJAMTHCS OOMEKYBATHCS MOINYKOM JOCHTH XOpPO-
moro abo cyOonTHMaIbHOTO Po3B’si3Ky. OTOX y 0ararbox BUTIA-
Kax HeoOXiHO HIyKaTH KOMIIPOMIC MK ONITUMAJIbHICTIO PO3B’SI3KY
Ta 3aTpaTramu Ha Horo nomyk. JIO Hamae iIHCTPYMEHTH IS MTOITYKY
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Takoro xommpomicy. OnuH i3 3aCHOBHHKIB JOCIIIPKEHHS Oleparii
T. Caari BU3HA4YMB [0 HAyKy K “MUCTENTBO” NAaBaTH IOTaHi Bif-
TIOBIIi HAa Taki MPAaKTWYHI 3aIUTaHHS, Ha SIKi 1HIII METOIU TAIOTh
I1e TipII BIAMOBIII.

o [Ipunyun xomniexchocmi ONepaliiHUX JOCIHIJHKCHb TOJATaE B TO-
My, IO 1X 3AIHCHIOIOTH y 06araThox Hampsmax (KOMIUICKCHO). JIjist
BHKOHAHHS OTEPAIifHOTO MOCIIKEHHS CTBOPIOIOTH OIeparfiiiHy
Tpymy, 10 SKOi 3a4MCIIOOTh (DaxiBIiB pi3HUX OONacTel: iHXKeHe-
piB, MAaTEMaTHKiB, CKOHOMICTIB, COIIIOJIOTIB, IICUXOJIOTIB Ta HIIKX.

1.5. IlpuxJiaau MaTeMaTHYHUX MoJeeii 3agay 10

[ToOynoBa MatemaTHuHOi Mojeli OiibinocTi 3aaay 1O nossirae B
OIUCI MHOJMCUHU OONYCIMUMUX PO36’53Kié (MHOKUHU albTepHATHUB X) 1
kpumepiie onmumanvHocmi (OIHAa YW JEKiJIbKa KUIBKICHMX O3HAaK, Ha
IJICTaBl SKUX MPOBAIATH TOPIBHAIBHY OIIIHKY JOITYCTHMEX PO3B’SI3KiB
i BUOip HaHONTUMAJBHIIIOTO 3 HHUX). BBakaemo, 10 KOXKEH HACHIIOK
yeY oTpumye 4rcioBi oiinky, otox J = f, Y =R.

Ipuknao 1.1. Hexaii € gorupn Buan npoxyktiB Ij (j=1,4), 3 sxux

HEOOXITHO CKJIACTH MAalioK, 1110 3a{0BOJILHATUME TaKl BUMOIH:

1) mnaifok HayiYyBaTHME YCi BUJIU MIPOIYKTIB;

2) BMICT OUIKIB, )HPIB i BYTIJICBO/IIB y MAliKy CTAHOBUTHME HE MEHIIIE,
Hix by, by 1 b3 oguaMIE, BignoBigHO;

3) BaprTicTh maiika He MOBUHHA MEPEBHUIIYBATH ¢ TPOILIOBUX OWHHIIB;

4) Bara naiika He NepeBHIIYBaTUME 3aIaHOT BEIUYUHH D),

5) maiiox MaTUMe MiniManbHUl 00 €M,

6) maiok MaTUME MAKCUMATIbHY KaJTOPIHHICT.

BBaxatumemo, mo oxunuis npoaykry IT; (] :1,_4) MICTUTB 8yj
OJMHULB OLIKIB, &y OJUHUILb KUPIB, 8z OJUHUIIL BYIIIEBOAIB; KOLITY€E
¢j TPOLIOBHX OJUHUIIb; MA€ BAry pj, KAJIOPIHHICTB (j 1 00’ €M V;.

IToOymyemMo MaTeMaTHIHY MOJIENb 3a1adi (POpMyBaHHS XapdoBO-
ro Habopy. Hexaii xj — KinpkicTh omuHHIpb j-ro npoaykry (j=14)y

naiKy, TOAI BEKTOP-CTOBIELb X = (X1, X2, X3, X4 )T IIJIKOBUTO BHM3HA-
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qae BMICT naiika. Bumoru 1 — 4 HaxkianaroTb 0OMEXEHHs Ha Xj, 8 BUMO-
ru 5 1 6 3a1a10Th 03Haku-kpumepii (00’ €M 1 KaOPiHHICTB).

Onuc mHodcunu donycmumux po3e’szkie (nozHadatumemo G) 3a-
JAETHCS CUCTEMOIO HEPIBHOCTEH, KA 3aI0BOJIbHSE BUMOTH 1 — 4:

Xj>0, j=14;

4 | (L.1)

OTxe, donycmumum po3e’ 13Kom € AOBUIBHUM YOTUPUBUMIPHUN
BEKTOP-CTOBIELb X = (X1, X2, X3, X4 )T , 10 HaJIEKUTh MHOXkHUHI G. 3a-
MUILIEMO Kpumepii OnmumMaibHOCHi.

4 4
2 ViXj—>min, X djXj —>max. (1.2)
j=1 XeG  j=1 XeG

BekTop X*= (Xf , X;, X§ , XZ )T , IOJI0 SIKOTO BUKOHYIOTHCS YMO-
Bu (1.1) i (1.2), Ha3UBAaTUMEMO ONMUMATLHUM PO38°sizkom. [l okpe-
MUX 3a7a4 ONTHMAJIBHUX PO3B’S3KIB MOXKE OyTH JeKiibKa (MOXIHBO,
Oe3miu).

3amavya (GopMyBaHHS XapyoBOrO HaOOpy € sK 3ajadero Teopil
yXBaJIeHHs pilieHb, Tak i 3amaadero 10 (TodTo € GaraToKpuTepianbHOO
3a1a4er0 ONTUMI3allii).

MaremaTuyHy MOJENb 3a/1adi (OpPMyBaHHS Xap4yoBOTO Maika
thopmyioe docrionux omepamiii. Ha HacTymHOMY eTammi omnepamiiHuX
nmocimkeHs 3a monomoror JIMII BiH BH3Hadae mepHHME Habip “mo0-
pux” pimens. OcraToune pimreHns (kepisne) 3atBepmkye OVP.

Bynp-sike KepiBHE pIlliCHHS 3aBXIU YXBaJIOIOTh BiJIOBIAHO [0
ingphopmayiiinoco cmany OYP (3MICTOBHHX NMPEACTABICHb MO0 MOXK-
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JMBUX 1 JOUIJIBHUX Iiif B pO3MISHYTHX yMoBax). IlepeBipka anekBart-
HocTi 3MicToBHUX mpeacTaBieHs OYP Buxoauts 3a pamku J10.

Ilpuxnao 1.2. TloBepHeMocs 10 3aadi MOJ0 CKIAJAHHS XapuoBOTO
matika, po3rsHyToi y npukiani 1.1. Ipumyctumo, mo B OYP 3minuBcs
iHndopMariiiHuii crad. BifnoBiiHO 10 HOBUX 3MICTOBHHUX MPEICTABICHb
OVYP HeoOXiIHO CKIIACTH MMAKMOK, 110 3aJ0BOJILHATHME TaKi BUMOTH

1) mnaifok HayiYyBaTHME YCi BU/IU MPOIYKTIB;
2) BMICT OLUIKIB, )KHPIB i BYTJICBO/IIB y MAlKy CTAHOBUTHME HE MEHIIIE,
Hix by, by 1 b3 oguaMIE, BignoBigHO;

3) BapricTh maiika Oyae MiHiMAIbHOIO,

4) Bara naiika He NepeBHIIYBaTUME 3a/IaHOT BEIUYNHH D),

5) 00’em maiika He IepeBUILyBaTHME 33a]aHOI BETMYMHU V;

6) KajopiiiHicTh naiika Oy/ie He MEHIIIO 3a 3aJ]aHy BEJINYUHY (.
Ckopucraemocst mozHaueHHssMU nipukiany 1.1. Muoxunry G 3a-

JIaMO CHCTEMOIO HEPIiBHOCTEH !

Xj >0, j:1,_4;

4 o —
z ainj Zbi,|=1,3;
j=1

4
2 PiXj<p;
j=1
4

2 ViXj sV
j=1

(1.3)

4
quxj 2qQ.
=1

3anumemMo Kpumepiti ONMuUMAaIbHOCHI.

4
ZCij ->min- (1.4)
j=1 XeG
Ilpuknao 1.3. 3anaua npo suxopucmanus pecypcis. Hexait nesika gipma
BUTOTOBJIsIE N BUPOOiB Bj ( j =1, N) i BUKOpHCTOBYE I IHOro M pe-

cypciB P (1=1, M) y BUIJIsIIi CHPOBHMHH, €HEPTii, poO0YO0i Crid, 001a-
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HaHHS TOIIO. MOXIHMBHI 00’€M CIIOKUBAHHS I-T0 pecypcy 0OMeKeHHI
HEBiI’EMHOI0 BEJIUYMHOIO Dj, a oro BUTpaTH isi BUTOTOBJICHHS OJHU-

Huui BupoOy Bj ( ] =1n ) JOpIBHIOIOTH &jj, Ae | =1, m. Y cBomwo yepry,
oauHULS BUPOOY Bj ( ] =1, N) BU3HAYAETHCS BENMUUHOI Cj, SIKy Ha3u-
BAlOTh MUTOMHUM npudymrom (BUPAKAETHCS B TPOIIOBUX OJUHHMIIAX).
HeoOxinHO BU3HAYUTH TaKi 00’ eMH X;j ( ] :1,_n) BHUTOTOBJIEHHS BUPOOIB

Bj, sxi 3abe3nevars QipMi MakCHMaIbHUA CyMapHHUU IOX1J BiJ iXHBOI
peanizarii. MaTeMaTHIHA MOJIEIb ITi€i 3a1a4i HabyIe BUTIIATY .

n
2.CjXj > max, (1.5)
j=1 xeG

JIe¢ MHOXKHHY JTOTYCTUMHX p03B’s3KiB G 3a/1aHO CUCTEMOIO HEPIBHOCTEH:

n S

ainj Sbi, i=1m;

= (1.6)
X j >0, j =1n.

CumBon G Hajalmi BUKOPHUCTOBYBATUMEMO JUISI TIO3HAYEHHS MHO-

JAHCUHU OONYCMUMUX PO36’A3Ki6 y 3a/lauaX y3arajlbHEHOI MOCTaHOBKHU.

MaremaTi4Hy NMOCTAaHOBKY 3aj]adi 00 BUKOPHCTAHHS PECYPCiB MOXK-

Ha Ime CQOPMYJTIOBAaTH TaK.: 3HAWTH N-BUMIPHHH BEKTOP-CTOBIICIH
X =(Xq, X2, ...y X )T , 38 IKOr'0
X —>max 1.7
xeG
3a yMOBHU BUKOHaHHs oOMmexeHb (1.6), ne € =(cq, Co, ..., Cp ) -
Ilpuknao 1.4. 3agaga npo mepminu npo@inakmuyHoco pemMoHmy eep-
cmamig. MaeMo N OJHOTUITHUX BepcTatis Bj ( =1n ). Koxxen Bepcrat

PEMOHTYIOTh IHIUBIAYAIBHO, SIKIIO BiH 3YyITUHUBCS YHACIIOK ITOJIOMKH,
a yepe3 T iHTepBaJiB Yacy BUKOHYIOTH MPOQIaKTHYHIA PEMOHT YCiX N
BepcTaTiB. 3 MOMEpEHIX CHOCTEPEKEHb 32 POOOTOI0 BEPCTATIB BiJOMO,

1110 BepcTar y MOMEHT iHtepBaiy 4yacy i (1 =1, T ) 3 iMoBipHicTIO P; BHii-
ne 3 naay. HeoOXiHO BU3HAYMTH 3HAYCHHS T, 3@ SAKOTO MIHIMIZYIOMbCs

3arajbHi BUTPATH HA PEMOHT HECIIPABHHUX BEPCTATiB i BUKOHAHHS IPO-
(hiTaKTHYHOTO PEMOHTY B PO3paxyHKY Ha OJWH IHTEPBAT 4acy.
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Ilpuknao 1.5. Tlpu po6oTi KOMII'I0TEpiB HEOOXiAHO MEPIOAMYHO MpPHU-
MUHATH 00pOOKY iH(opMarIii i mepeBipsATH KOMI FOTEPU HA HASBHICTH y
HEX BipyciB. [IpunuHeHHs 00poOKu iHQOpMaIlii CIPUINHIOE 10 TTEBHUX
E€KOHOMIYHHX 30WTKiB. SIKIIO BipyCH BYAacCHO HE BHSIBUTH, TO MOXHA
BTPATUTH JCSIKYy YacTUHY iHpOpMaIlii, ika CIIPUYUHATE JI0 1€ OiIbIINX
30UTKiB. BapianTu TOMyCTHMEX PINICHb TaKi:

— E; — minkoBuTa nepesipka;
— E, — miHiManbHa nepeBipka,
— FE3— BiZIMOBa BiJI IEPEBIPKU.
KoM’ torepu MOXyTh TiepeOyBaTH y TAKOMY CTaHi, 3a SIKOTO:
— F, - Bipycu BiacyTHi;
— F, - Bipycu €, mpoTe BOHU HE BCTHUIIIX MOLIKOIUTH iH(HOpMAIIitO;
— F3— € ¢aiiny, sxi notpeOyrOTh BiIHOBJICHHS.
Hexait Bimomi BUTpaTH Ha TONTYK BipyCiB 1 BiIHOBIEHHS iH(MOP-
Marfii JUisi BCEMOXKJIMBUX KOMOIHAIIMl CTAHIB KOMIT IOTEPIB 1 BapiaHTIB
KepiBHUX pilieHb. HeoOXigHo oOrpyHTyBaTH BUOip KEPIBHOTO pilllEHHS,
IO MiHIMi3y€ TaKi BUTPaTH.

1.6. OcHoBHM MaTeMaTHYHOT0 MoaeIOBaHHA 3axa4 10

Ha 6a3i mpukianis, po3MBIHYTHX Y IONMEpPeIHbOMY Maparpadi,
3po0MMO TIEBHI y3arajJbHEHHS, 10 CTOCYIOThCS MaTeMaTHYHOTO MOJIie-
JIIOBaHHA 3a7a4 yXBaJeHHs pilleHb, siki po3’s3ytots y JO. 3ocepenu-
MOCSI, IEPEYCIM, Ha eKOHOMIKO-MAMeMaAMUu4HUX MOOEIAX.

V HaykoBi#t Ta HaB9aNmbHIN JiTepaTypi 3 JJO mig gac omucy iaeH-
TUYHUX TEPMIHIB 1 MOHATH BUKOPUCTOBYIOTH Pi3HI CIIOBOGOPMH Ta CIIO-
BOCHOTYy4YeHHS (curonimu). MU HamaraTUMeMmocs MOJATH HalBUYEpI-
HIIIWHA TepeNiK cUHOHIMIG TIPU BBEACHHI KOHKPETHOTO TEPMiHA YH TI0-
HATTSL.

B y3araiibHeHOMY BUTIQJIKy €KOHOMIKO-MaTeMaTUYHA MOJICIh Ma€
TaKl €JIEMEHTH.

—  Odonycmumi po3é’ azku (aremepramusu, keposani 3minni a60 cmpa-
meeii) — MHOXXHHA X, 110 MICTUTB BEKTOPH X = (X1, Xp, ..., Xy, )T :

—  GUXIOHI 3MIHHI — 3MIHHA a00 MHOMHA 3MIHHUAX Y, 3HAUYEHHS SKUX
3aJe’arth Bifl BUOOPY cTpaTeril;
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—  napamempu cucmemu — MHOKMHA BHYTPIIIHIX 3MiHHHUX 4, 3Ha4YCH-
HS SIKUX He peryiotoTecs OYP;

—  36ypenns (nexeposani 3minui) — MHOKAHA 30BHIIIHIX 3MiHHUX U,
3HAYCHHS IKUX HE perymoioThes OYP.
IMapamerpu cuctemu ay (K =1, 1) e kinbKicHUMH XapaKTepHCTH-

KaMM CHCTeMH, 1o He 3ajexarh Bix OYP. V tabmuni 1.1 HaBeneno na-
pameTtpu cuctem npukianis 1.1 — 1.5.
Tabnuya 1.1. TlapameTpu cuctemu npukianis 1.1 — 1.5

IIpuknan [TapameTpu

1.1./1.2 Bwmict 6inkiB, XHpIB 1 BYTTICBOIIB B OMHUII MPOAYKTY; Bara,
00’€eM 1 KaJIOpIHICTh OJJMHUII TPOJYKTY

1.3 Burparu pecypciB Ha BUTOTOBICHHS OJWHHIN BHPOOY; MHUTO-
MU IprOyTOK OJMHHUII BUPOOY

14 BuTparu Ha peMOHT HeCIpaBHUX BEPCTATiB i BUKOHAHHS IPO-
(b1IaKTHYHOTO PEMOHTY

15 Butparu Ha nomyk BipyciB 1 BigHOBIEHHS iH(pOpMarii

SKmo ineTbes Mpo TaKy eKOHOMIYHY CHCTEMY, SIK CilbCbKO2OC-
nooapcvke nionpuemMcmeo, To oro napamMeTpamu € HasiBHI pecypcH (3e-
METBHI yTiaas, poboya chia, ClIbCHKOTOCIIOAapChKa TEXHIKA, TBApHUH-
HHIIBKI Ta CKJIAJChKI NPUMIIICHHS), PIBEHb YPOXKAHHOCTI CLIIbCHKOTOC-
MOJAPCHKUX KYJBTYp, MPOAYKTUBHOCTI TBapHH, HOPMH BUTpAT pecyp-
CiB, LiHK Ta cOOIBapPTICTh MPOMIXKHOT 1 KIHIEBOI NPOAYKLii, HOPMH I10-
JaTKiB, BIICOTKH 3a KPEOUT, LIIHW Ha NpUAOGaHi pecypcH TOLIO.

Jeski mapaMeTpu ay U1 IEBHOI CUCTEMHU MOXYTb OyTu cmanumu
BeMMUMHAMK (HANPUKIIAJ, HOPMH BHCIBY HACiHHS, HOPMH CIIOKHBaHHS
TBapHHAMU KOPMIB TOINO), & JCSKI — 3MiHHUMU, TOOTO 3aJCKUTUMYTh
Bil TEBHUX YMOB, CKaXiMO, YPOKaHOCTI CiIBCHKOTOCIOMAPCHKHUX
KYJIBTYp, cOOiBapTOCTI MPOAYKIIii, [[IHA HA MPOAYKIIIO, BUTPAT Ha pe-
MOHT HECIPaBHUX BEPCTATIB YH IOIIYK BIPYCIB.

36ypenns — e HekepoBaHi 3MiHHI (a00 YMHHUKH), 3HAUCHHS TKUX
HE 3aJIe)KaTh BiJl BOJMI JIFOJIEH 1 BUSHAYAIOTHCS 308HIUHIM Cepedosutyem.
Hamnpukmnaz, obcsar mpuabaHOTo MaasHOTO — KepoBaHa 3MiHHA, a TeMITe-
parypa MOBITps — HEeKepoBaHa. 3aJeKHO BiJl peabHOI CUTYyalil Kepo-
BaHi 3MiHHI MOXYTb MIEPEXOJIUTH Yy TPYyIy HEKepOBaHUX, i HaBmaku. Ha-
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MpUKJIa, Y pa3i HaCHYEHOTO PUHKY 00CITM MpuAOaHHS TU3ENBHOTO Ma-
J¥MBa € KEPOBAHOI 3MIHHOIO BEIMYHMHOIO, a 32 YMOB Ae(iUUTY LBOTO
pecypcy — HEKEpOBaHOIO.

3a HasgBHOCTI 30ypeHb BHOIp KEpiBHHX pillleHb 3MIHCHIOIOTH B
YMOBaX uacmkogoi (YMOBU puszuKy) 4u yiikosumoi Heeu3Ha4eHOCi.

3a 4acTKOBOI HeBH3HA4YEHOCTI (“000poi nesusnauenocmi”) 30y-
PEHHS MiAMOPSAKOBYIOTHCS IEBHUM 3aKOHAM PO3IMOILUTY Teopii HMOBIp-
HocTel (HMOBIPHICTH MMOJIOMKH BEpCTaTa y BU3HAYCHHI iHTEpBAJI Yacy B
mpuknani 1.4).

3a miakoBuTOi HeBU3HaueHOCT (“nocanoi nesusnauenocmi’) 30y-
PEHHS HE MiAMOPSAAKOBYIOTHCS 3aKOHAM PO3MOiny abo mapaMeTpu HuX
3aKOHIB HeBifomi (un Hemocmimkeni). Y mnpukmaai 1.5 fimoBipHOCTI
repe0yBaHHS KOMIT IOTEPIB y IEBHOMY CTaHI € HEB1IOMHAMH.

KosxHa exoHOMIYHA cHCcTEMa Ma€ TIEBHY Meny CBOro (yHKIIIOHY-
BaHHA. Lle Moke OyTH, HanmpWKiIaJ, OTPUMAaHHS MAKCHMyMYy YHCTOTO
npuOyTKy. CTymiHb AOCSTHEHHS METH, 3[e01IbLIOT0, Ma€ KilbKICHY Mi-
Py, TOOTO MOYKHA OITMUCATH MAaTEMAaTHUIHO.

Kputepiii epekTHBHOCTI 300paxaroTh K yinbogy ¢yukyiio (abo
(ynkyito memu), AKa 3a7a€ 3aII€KHICTh PO3B’A3KIB 3aadi B cTparerii,
napameTpiB CUCTEMH Ta 30ypeHb, TOOTO:

f: Xx4AxU — Y. (1.8)

Leit xpuTepiit Moke OYTH SIK CKaJIIPHUM, Tak i BeKTopHUM (Oara-
TOKpHUTEpiaabHa 3aJa4ya ONTHMI3allii). Mamemamuuna modenv 3amadi
yXBaJICHHsS pillleHb sl cKaisipHOi (yHkuii f monsrae y BU3HaYeHHI
MakcuMyMy/MiHiMyMy 1i€l QYHKIIT Ha MHOXHHI X 3a 3aJaHUX 0OMe-
JiceHb Ha CTpaTerii Ta BUXimHI 3MiHHI. Haityacrtime oOMexeHHS Haly-
BAaIOTh TAKOT'O BUTJISY:

0:(X, 4,U) {<,=2>} b; i=1m, (1.9)
ne gi— GyHKIist BUTpar i-ro pecypcy, bij— HasBHa Beln4nHa I-ro pecypcy
B cuctemi. Tyt HaOip cumBodiB {<, =, 2} o03Ha4ae, 110 AJIs AEIKHX 3HA-

4YeHb MOTOYHOIO 1HACKCY | BUKOHYIOThCS HEPIBHOCTI THIy “<”, 1s iH-
IIMX — PIBHOCTI “=", a 715 peIT — HEPiBHOCTI TUMY “>".

Cucremy (1.9) Ha3MBalOTh CUCTEMOIO 0OMedicens 3amadi (cucte-
MO0 yM08 33j1adi @00 CHCTEMOIO, 110 BU3HAYAE MHONCUHY OONYCHUMUX
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po36’a3kie). BoHa omnmcye BHYTpINIHI TEXHOJIOTIYHI Ta EKOHOMIYHI
mporiec  (QYHKI[IOHYBaHHS ¥ PO3BUTKY BHPOOHHYO-EKOHOMIUHOL
CHCTEMH, a TaKOX MPOIECH 30BHIMIHBOTO CEPEOBUIIA, SIKi BIUIMBAIOTH
Ha pe3yJIbTaT AisSTbHOCTI CUCTEMH. J{JIT EKOHOMIYHHUX CHCTEM:

X; >0 (j=1n). (1.10)

Banexnocti (1.8) — (1.10) yTBOPIOIOTH EKOHOMIKO-MaTEMATHUHY
MO/JIENIb EKOHOMIYHOT cucTeMu. Po3po0iisitoun Taky MoJiellb, HE0OXiTHO
JOTPUMYBATHCh IEBHUX MPABHJI:

. Mojens Ma€ aJeKBaTHO ONMUCYBATH PeajibHi MPOIIECH.
° Y Mozeni HeoOXiIHO BpPaxOBYBaTH BCE ICTOTHE, HEXTYIOUU BCIM
JIPYTOpsAHUM. MaTeMaTHYHEe MOJICITIOBAHHS — I MECTEITBO,

By3bKa CTEXKa MDK MEPECHpPONICHHSAM Ta TMepeyCKIaIHCHHSIM.
Crpasni, mpocti Mozeni He 3a0e3MedyoTh BiAMOBIAHOI TOYHOCTI,
a MepeycKIaHeHI MOJIeTi BaXKKO pealli3yBaTH Ha KOMIT IOTepi SIK
3 OISy Ha HEMOXXJIHUBICTh IXHBOTO iH(popMaliifiHoro 3abesre-
YeHHsI, TaK 1 BHACNIJIOK BiJICYTHOCTI BIAIIOBITHOTO MaTeMaTW4-
HOT'O arapary.

o Mojens Mae OYyTH 3pO3yMIJIOK0 Ui KOPUCTYBaya, 3pYYHOK JUIs
peaizariii Ha KOMIT I0Tepi.

o Heo06xinHo, 106 MHOXMHa 3MiHHEX Xj ( ] =1, n) Gyna Henmopox-

HBOIO. 3 II€I0 METOI0 B €KOHOMIKO-MAaTEMATUUYHUX MOJIENAX 3a
3MOTH CIIi/I yHUKaTH 00MeXeHb TUIY “=", a TAKOX CyHepeuwINBUX
0OMEKEHb.

Bynp-sxuit HaGip 3miHHEX Xj ( ] =1, N), IO 3aJ0BOJBHIE YMOBH
(1.9) i (1.10), masuBaroth donycmumum po3e’azkom (a0 donycmumum
naarom). OUEeBUIHO, IO KOXKEH JOMYyCTUMHN po36° 130K € BIAMOBIIHOIO
CTpaTeriel0 eKOHOMIYHOT CHCTeMH, mporpamoro miit. KoxHomy momyc-
THIMOMY PO3B’SI3KY BiIIIOBiJa€ TIeBHE 3HAYCHHS ITUTHOBOI (YHKITT, SKE
00UHCITIOITH 32 hopmyrioro (1.8).

CyKymHICTh yciX po3B’si3kiB cuctemu oomexkens (1.9) i (1.10) yr-
Boproe muoxcuny (obracme) odonycmumux posé’szkie. Po3B 30K, 3a
SIKOTO I[iJThOBa (DYHKILisI HAOYBA€ EKCTPEMAIbHOTO 3HAYECHHS, HA3HBAIOTh
onmumanvHum po3s’s3kom 3amadi JJO (1.8) — (1.10).



1. Betyn y mocmipKeHHS orieparii 31

1.7. Knacugikauis 3agau 10

3yIMUHUMOCH Ha Kiacugixayii MOKIMBHUX MOCTaHOBOK 3anad J[O,
SIKy MO’KHA BUKOHYBATH 32 PI3HUMHU O3HAKAMHU.

1. Knacugirayia 3adau /O 3a 3minoro 6 uaci inghopmayitinozo
cmany OVP. SIxmio yxBalleHHs pillleHHS BiOyBaeThCs y Harepea Bijo-
MOMY 1 HE3MiHIOBaHOMY B 4aci iHpopmauiitHomy crani OYP, To 3agauy
JO HazuBarOTh cmamuuHoio, a TIPOLEAYPY YXBAJCHHS DIllleHHS 3ara-
JIOM MOYKHa peaitizyBaTu 3a oauH etan (kpok). [ToHSATTS craTu4HOI 3a-
Jladi JOCIIKSHHS OTiepalliii mpoutocTpoBaHo npukiagamu 1.1 — 1.5,

Skmo B mporneci yxBaJeHHs pimeHHs iH(popmaniiinuit cran OYP
3MIHIOETBCS B 4aci, To 3amauy O HazuBaloTh dunamiunoio. Y 1bOMY
BUIMAJKy HaW4YacTillie BUKOPUCTOBYIOTH MOETanHy (06araToKpoKOBY)
MIPOLIEAYPY YXBAICHHS PIillICHHS.

[pukmnamgom nuHamiuHoi 3amaui O MOKe CIyryBaTH KiIacHYHa
HaBirauiiiHa 3agadva, y sikii He0OXiIHO 3HAWTH TIporpamMmy KepyBaHHS py-
JAMA KOpaOJIs I MOCATHEHHS ACSIKOI TOYKH i3 3a7aHOi IOYaTKOBOI
TOYKH 33 MIiHIMAAbHUL YacC.

2. Knacughixayis 3aoau /O 3a cmpyxmypoio iHgopmayiiino2o
cmany OYP. ladopmarnitinuii cran OYP Moxke BiAMOBigaTH OJHOMY
(hizmuHOMY cTaHy 00’€KTa JOCHTIKEHh a00 MHOXHHI (DI3MYHUX CTaHIB.
VY nmepmomy Bunaaky 3afady /1O Ha3uBarOTh demepmiHO8aHO0, y NIPY-
romy — cmoxacmuunoro (3YP B yMOBax pu3HKYy), SKIIO BiZOMi ampiopHi
WMOBIpHOCTI TiepeOyBaHHS 00’ €KTa JOCTIKEHb y KOKHOMY 31 CTaHiB,
a60 nesusnauenoro (3YP B yMOBaxX HEBU3HAUEHOCTI), AKIIO iH(pOpPMAITis
010 amlpiOpPHUX HMOBIPHOCTEH BiICYyTHS.

l'onoBHOIO YMOBOIO MOOY/IOBU Ta BUKOPHUCTAHHS JETEPMiHOBaHMX
MoOJIeNieil Cyrye MpUIYLIeHHs, [0 Ha eTami MOCTaHOBKM 3ajadi abco-
JIOTHO TOYHOIO € iH(OpPMAaIlis CTOCOBHO YCiX MOYAaTKOBUX IMapaMeTpiB
Ta HEKEpOBaHWX 3MIHHHX Mojenm. TumoBy 3amaudy JIO B merepMiHOBa-
Hill TOCTaHOBII (POPMYJIIOIOTH TaK: BU3HAYUTH BEKTOP X (X1, X2, ..., Xn),
JUTSE KOMIIOHEHT SIKOTO

y = f(X) —> max/min, (1.11)
gi(@ X){<,=23; (i=1m), (1.12)
X; 20; (j =1 n). (1.13)
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OpHak eKOHOMIYHI CHCTeMH (QYHKIIOHYIOTH i PO3BHBAIOTHCS 32
YMOB HEBHU3HAYEHOCTI, TOOTO IOCUTH BaXKKO, a 1HOJI 1 HEMOMIINBO, Ma-
TH TOYHI 3HAYCHHS ACSIKUX IMapaMeTpiB MAaTEeMaTHIHOI MOJIENTi, TIepe-
yCIM KOJIM MPOTHO3YETHCS PO3BUTOK TPOIECIB y MaOyTHROMY (TOOTO
apaMeTpH CHCTEMHU CTalOTh 30ypennsamu). Le 1 3HalLII0 BitoOpakeHHs
y moctaHoBIi 3amadi (1.8) — (1.10).

HeBuzHnaueHicTh MOke OyTH PI3HOTO CTYIICHS 3aJIe)KHO BiJl TOTO,
Ky 1H(pOpMaIifo MU MaeMO TIPO JIOCHIKyBaHUH nporec yn sisuie. O6-
MeXEHICTb a00 HeTOYHiCcTh iHQOpMAaIii mOoJ0 MOJETi 3yMOBIIOE IO
TPbOX HOBHUX THIIIB 3324l YXBaJCHHS pilllcHb:

. YXBAJICHHS PIllICHb B yM08ax pusuxy (CTENiHb HEMIOBHOTH JAHUX
BUPAKAEThCS Yepe3 PYHKIIiI0 po3Mnoaiy IMOBIpHOCTEIH);

o YXBaJICHHS PillieHb B yMosax negusnavenocmi (indopmartis 1mo 10
anpiopHUX WMOBIPHOCTEH BiJICYTHS);

. YXBaJIeHHS pillieHb B yMO8ax KoHikmy ado npomuodii akTUBHOTO
CyIIepHUKA.

[HIIMMH CITOBaMH, Gu3HAUeHicmb 1 Hegu3HAueHicmb € KpaHIMU
BUIAJKaMHU BHYEPITHOCTI JaHUX, a puU3uK 3aiiMae MPOMIXKHE CTaHOBHIIIE.
I B yMOBax pu3HKY, i B yMOBaxX HEBH3HAYCHOCTI HE TependavyaroTh, mo
cama cuctemMa Hamaraetbes “Hamkoautu” OYP (mpupona HelTpanbHa).

V 3ajavax yxBaJeHHS PillIeHb B yMOBaX HEBH3HAYCHOCTI iCHYIOTh
cuTyarlii KOHKypeHIlii, Koiu jaBa (abo Oinbline) yyacHHKH epe0yBaroTh
y KOH(DIIKTI ¥ KOXXKEH HaMaraeTbcs KOMOTa OibIlle BUTPATH B 1HIIIOTO
(inmmx). s cuTyanis Bigpi3HIETbCS BiJl 36uuaiiHUX 3a1a4 yXBaJICHHS
pilliecHb B YMOBaX HEBU3HAYEHOCTI (MPOTHUIICKHUM YYaCHHKOM € 30B-
HIIIHE cepemoBHIe — Hpupoaa) TuM, mo OVYP IpOTHCTOITE posymHull
CYIEpHUK.

3. Knacughixayisn 3a0au JO 3a euensioom kpumepis OnmMumMaibHOC-
mi. KpuTepieM onTHMalbHOCTI HalYacTillle CIIyrye BUMOTa MaKCHMi-
3arii/MiHiMi3alil 3HaYeHb JesKkoi ckaiusapHol (yHKIl (QyHKIl MeTn),
BU3HAYCHOI Ha JACAKIH MHOXHHI OMYCTHMHUX PO3B’S3KiB (MpUKIaIn
1.2-1.3). ¥ upomy Bunanky 3anauy J1O Ha3uBaroTh 3aqa4cto mamema-
MUYHO20 NPO2PAMYBAHHS. SIKIIO K KPUTEPIEM ONTHMAIBHOCTI € BUMOTa
MakcHMizamii/MiHiMizamii JeKiTbKoX CKalApHuX (HYHKIIiH, TO BiIIOBi-
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uy 3amadqy JIO Ha3sMBaIOTh 3a1aUeio Hacamoxpumepiaivbhol (BEKTOPHOT)
onmumizayii (npuknan 1.1).

IcTopist po3BUTKY IOCIIPKEHHS Omnepalliii Ha OYaTKOBUX eTarax
(hopMyBaHHS ITUCIUILIIHU JEII0 30iraeThCs 3 iICTOPIEI0 PO3BHTKY Mare-
MaTHYHOTO nporpamyBanHs. OmHak 3Boguth JJO 10 MaTmporpamyBaH-
HSl HE MOXKHA, aJKe Teopis MaTeMaTHYHOTO MPOrpaMyBaHHS BUHHKJIA 1
po3BuHyJnacs 3aBasku motpebam JO. MarematmuHe mporpaMyBaHHS
ciyrye 6azosum anapamom J10. IIpote cama teopist 1O He 3BOAUTHCS
TIIBKH JIO PO3B’3YBaHHS EKCTPEMATbHUX 3a]1au.

BispmeMo npuknaz 3aiavi CKIagaHHS po3kiany poOiT. KinekicTs
MOXKJIMBHX BapiaHTIB € CKIHUEHO. 3 TOTJISIAYy MaTeMaTHKH 3ajada He
MICTUTh TPUHIIUNOBUX TPYAHOIIIB, 11 MOXKHA PO3B’A3aTH MPOCTUM IIe-
pedopom. Ko K KUIbKICTh POOIT € AOCTaTHBO BEJIHMKOIO, TO Iepedip
BuMarae actpoHomiuHoro vacy (mpu 1000 pobit —uac icnyBanHs [a-
naktuku). OTOXK B 33/1a4ax CKJIAJaHHS PO3KIaTy HEMOXKIUBO OOIMTHCS
6e3 He(hopManbHUX (EBPUCTHYHHUX) METOIIB.

Kputepili onTHManbHOCTI MOXE Ha0yBaTH JOBUILHOTO BUIIISALY, Y
TiM gucri 1 neghopmanizoeanozo (GyHKIIIO memu He 3aaaH0). Y Tpu-
knmagax 1.4 — 1.5 craBuThCcs BUMOra ONTUMI3aIlii IEBHOTO KPUTEPis-03-
HakW (Mminimizayis BUTPAT Ha PEMOHT BEPCTATIB UM IOIIYK Bipycis). Ke-
piBHE PillleHHS TIPU [IbOMY OTPUMYETHCS 33 TIECBHUM aJITOPUTMOM (IIPHK-
najn 1.4) un BU3HaYa€eThCs 32 eBHUMH NpuHIUnamu (npukian 1.5).

4. Knacugixayis 3aoau J{O 3a 3micmogHoo0 nocmanogkor. Jleski
mapameTpudHi 3amadi JO, sSki BHPIZHAIOTHECS CHEMU(DIIHAMA 3MiCTOB-
HUMH IHTEPIPETAIisIMHU, TPOOIIEMATHKOO 1 TEPMIHOJIOTIEI0, MalOTh Haz-
By Mmodeneu J10. 3a3Buuaii, Ko)kHa MOJIENIb HAJIIUy€E BIACHI METOJH PO3-
B’s3yBaHHs. [liana3zon monenei ayxe mupokuii. [lepemyciM, BUOKpeM-
JIOIOTh KOHKpemHi 3a0aui, SIKi BIIPI3HSIOTHCS JIUIIEC YHMCIOBHMH 3Ha-
YCHHSIMU MTApaMeTpiB:

—  3aj1a4i po3MOJIiTy pecypcis;

—  TpaHCIIOPTHI 3afayi (BUOip MapuIpyTiB);

—  3a/1a4i Mpo NMPU3HAYCHHS,

— 3aJavi po3MimIeHHs 00’ €KTiB;

—  3ajadYi IUTaHyBaHHS Ta KEPYBaHHS HA MEPEKaXx;
— 3aj7adi mpo po3Kpil MaTepiary TOIIO.
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OxpeMi MOJIeTi € TOBOJII PO3TaTYKCHUMHU JUCIUTITIHAMU:
—  MoOeni ckiIamaHHs poskiaany pooit (abo KaneHmapHe IIaHyBaHHS);
—  MOJeni KepyBaHHS 3aracamu,;
—  Teopis HaaiftHOCTI (3a/1a4i PEMOHTY Ta 3aMiHU 0018 THAHH);
— Mozeni Teopii irop;
—  MOJeJi CHCTEM MacoBOTO 0OCTyrOBYBaHHS.

1.8. MaTeMaTH4Hi MeTOIH AOCTiT:KEeHHSI onepamiii

ITix matremarrmaanmu Metonamu J1O, 3a3Buyaid, po3yMiloTh MaTe-
MaTUYHUN anapar (CremianbHO PO3pOOJICHUI YK alanTOBAaHUMN), SIKHA
mpu3HaueHo s po3B’s3yBaHHS 3amad JO. Po3pobnenicte marema-
TAYHUX METOMIB I Pi3HUX KiaciB 3amad /1O € manexo He 0THAKOBOIO.
HaiiGinsmr po3po0biieHa Teopis JTiHIHHOTO # OIyKIIOTO IPOTrpaMyBaHHS.

Y MaTeMauHOMY MpOTpaMyBaHHI HaifuacTille po3rIsIaloTh 3a/1a-
4i, y IKHX MHOKMHA JIOIyCTUMHX Po3B’s13kiB G € migMuoxkunoro R", mo
3aJI0OBOJILHSIE CUCTEMI JIIHIMHUX HEpiBHOCTEH

n
Zainj Sbi, i =1m.
j=1

Taky MHOXHHY, SIKIIO BOHA HEMOPOXHS i 0OMexeHa, Ha3UBAIOTh Ony-
KAUM 6a2amozpanHuKom.

SIKI0 MHOXKHHA JOMYCTUMHUX PO3B’s3KiB G € omykiuMm Oararo-
TpaHHUKOM, a 1iaboBa (yHkuis f — zinitina, To 3amauy 1O Ha3uBaroTh
3aJauero AiHiliH020 npoepamyeants. SIKIo MHOKHHA JAOMYCTHUMHUX PO3-
B’s13kiB G € OMyKIIUM GaraTorpaHHUKOM, a I(iboBa ¢yHkiis f — keadpa-
muuna, 1o 3agady J|O Ha3MBAIOTh 33JaUCI0 K8AOPAMUUHO20 NPOSPAMY-
sanns. Sxmo GcR" — onykna mHOXkuHa, a f — onykaa dynkuis, To 3a-
nauay JIO Ha3MBaIOTh 33/1a4€H0 ONYKI020 NPOSPAMYBAHHSL.

B iHmmx 3amayax MaTeMaTHYHOTO MPOrpaMyBaHHS MHOuUHa G
MOke OyTH CKIHUEHHOI MHOXHHOI. Taki 3ajadi Hajexarb 0 Ouc-
Kpemno2o npozpamyeantsi. Y HUX JOMYCTHMI PINICHHS MOXYTb OyTH
TOYKAMHU WIOUUCIIOBOi Ipatku Z" (yinouucnose npozpamyeanis) v
BEKTOpaMH, KOKHA KOOPJMHATA SIKUX MOXXE HAOyBaTH JIMIIE JBOX 3HA-
yeHb (Oynese npoepamysanns). B okpeMux 3a1adax eJIeMEHTH MHOKHHA
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JIOTTyCTUMHUX PO3B’SI3KIB MOXKYTh OYTH nepecmarHosKamy CKIHYEHHOTO
YHCJIa CHMBOJIIB 1 T.]I.

MHoxHHa TOMyCTUMHX po3B’s13kiB G Moke OyTH IMiIMHOXKXHUHOIO
JeSKoro (YHKIIOHAJIBHOTO MPOCTOPY. Y IbOMY BHIQJKY OAEPXKYEMO
3amavy eapiayitino2o uucienus ado 3a1ady OnmuMaibHo20 Kepy8aHHs.

3ajaui yXBaJICHHsI PIllICHb B YMO6AX PU3UKY MOJEIIOIOTHCS YMO-
BHUMH EKCTPEMaJbHUMH 3aJjadyaMH, B SIKUX ITapaMeTpu YMOB a0o cKia-
JIOBi PO3B’SI3KY — 6uUnadkosi geauuunu. YMOBHI €KCTpEMalbHi 3a1adi 3
BUTIAJIKOBIMH BEIMYMHAMH € MPEIMETOM CHIOXACHUYHO20 NPOSPAMY-
6anus. Y CTOXacTUYHOMY IpOTpaMyBaHHI YacTillle, HiXK B iHIIUX PO3i-
JaX MaTeMaTHYHOTO MPOTpaMyBaHHS, 3HAYHI TPYIHOIII BUHUKAIOTH HE
nuIre y po3poOJIeHHi METOIiB PO3B’ A3yBaHHS 3ajad, a TAKOXK ITiJ] 9ac iX-
HbOT IIOCTAHOBKH. AJDKE Y TMOCTAHOBII 3a1a4i HEOOXITHO BijmoOpa3uTH
ocobausocmi yXBaJleHHs PIllIeHb 32 yMOB HeBU3Ha4eHOCTi. [TocTaHOBKa
3a/1a49i CTOXaCTHYHOTO TIPOTpaMyBaHHS 3aJICKUTh, IEPEAyCiM, Bif 11 Me-
TH Ta 1HPOPMAIIIHOT CTPYKTYpH. YXBaJeHHs pillleHb B YMOBaX KOH(}-
JIKTY BUBYAE meopis icop.

Metoau espucmuunoco npocpamyeanis BAKOPUCTOBYIOTh y THX
3aja4ax, B SKMX BH3HAUUTH ONTHUMYM HEMOXKJIMBO YHACHTIZOK BEIUKOI
KIJTBKOCTI BapiaHTiB. BukoprcTOBYyI0UM criemianbHi npuitomu (“eBpuc-
TUKHU), BIIIIYKYIOTh 33/I0BUILHUI pOo3B’s130K 3 orisiny OYP.

IcHyIOTh 7Ba METOAM HAONMKEHHS ONTUMAIBHOTO PO3B’S3KY:
aHanimuynuti 1 yucnogull. AHATITHYHWA PO3B’SI30K ONEPXKYHOTh adc-
TPaKTHO, BUKOPUCTOBYIOUH Pi3HI PO3IiIM MaTeMaTHKH. YHCIIOBI TIpoIie-
JIypU TOJISATaloTh y MiAOWpaHHI PI3HUX 3HAYCHb KEPOBAHMX 3MIHHHX.
Taxi nporielypyu MOXKYTh PEali30BYyBaTUCS SK METOJ CIPOO i TOMUIIOK
abo SK CKJIaJHI iTepaliiiHi METOAM, IO BOJIOMIIOTH NIEBHUM HAOOpOM
MPaBUII AJ1s1 BUSHAYECHHS! HAOJIM)KEHOT'O ONTUMAIBHOTO PO3B’SI3KY.

CrpaBXHIM MOYaTKOM MaTeMaTHYHOI'O NPOrpaMyBaHHS BBaka-
10Th Tpati paasHcekoro Buenoro JI. B. Kantoposrua. Hanpukinmi 30-x
POKiB HMM yriepiie c(OopMyJIbOBaHO Ta JOCHIKEHO OCHOBHI 3ajadi,
KpUTEpii ONTUMAIBHOCTI, EKOHOMIUHY IHTEpPIpETAaIlifo, METOAH PO3B’s-
3aHHS Ta TEOMETPUYHY IHTEPIPETAIlil0 PEe3yJIbTaTiB pPO3B’A3aHHS 3a/1a4
niHiitHOTO TporpamyBanHs (1939 p. Buiinwia iforo moHorpadis “Mare-
MaTU4YHI METOAM oOpraHizamii i ruiaHyBaHHS BHpoOHHMITBa”). Tepmin
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JiHitiHe npocpamysanns BBeneHo y 1951 pori aMepuKaHCHKUMHU BYe-
numu JIx. Januirom ta I'. Kymmancom.

YV 1947 pomi Jx. JlaHIiroM po3po0iaeHo TakoX OCHOBHHH METOJ
pO3B’s3yBaHHS 3amad JIHIKHOTO TMpOTpaMyBaHHS — CHMITICKCHAN
METOJ, IO BBAXKAETHCS MOYATKOM (OPMYyBaHHS JIHIHHOTO Mporpamy-
BaHHs SIK CaMOCTIHHOTO HampsMy MaTeMaTHYHOTO NPOrpaMyBaHHS.
Hacrynaum kpokowm cranu npari Jx. Hefimana (1947) momo po3BUTKY
KOHLIEMLII 1BOiCTOCTI.

[epionoM HaWiHTEHCUBHIIIOTO PO3BUTKY MaTeMaTHYHOTO IPO-
rpaMyBaHHA € I SITAECATI POKH MHHYJIOTO CTONITTA. Y Iel Jac 3’sBisi-
IOTECS pO3POOKH HOBHX allTOPUTMIB, TECOPETUUHI AOCIIIPKEHHS 3 Pi3HUX
HampsMiB MaTeMaTHdHoro nporpamyBaHHs: 1951 poky — npang I'. Kyna
1 A. Takkepa, B sKiif HaBeIeHO HEOOXiqHI Ta TOCTATHI YMOBU ONITHMAITh-
HocTi HeniHiiHKX 3axa4; 1954 poky — Yapnec i Jlemke po3risiHyu Ha-
O KeHUH METOJT PO3B’3aHHA 33/1a4 3 cenapadelbHUM OMyKIUM (yHK-
[IOHAJIOM Ta JiHIMHUMH oOMexeHHsMH; 1955 poky — kinmbka poOir,
NPUCBSIYCHUX KBaJPAaTHYHOMY MPOTPaMyBaHHIO. Y II'ATAECATHX POKax
chopMyBaBcsT METOA AMHAMIYHOIO NPOrpaMyBaHHs, 3HAUYHUHA BKJal Y
PO3BHTOK SIKOT'O BHiIC aMepHKaHChKUil MaTeMaTHK P. bennman.

? 3anuTaHHs 11 caMonepeBipKH

Haiite Buznauenns 0.

CdopmyiroiiTe 3aauy yXBaJCHHS PIllICHb B y3araJlbHCHOMY BUIJISII.
Oxapaxkrepusyiite npeamer i mety J10.

Iepeniuite 6a30Bi npuanunu 0.

KopoTko oxapakTepu3yiiTe NpUHIHAIT ONITUMAIBHOCTI.

[epeniuits ronosHi etamu J{O.

KopoTko oxapakTepu3yiTe eTarm IIOCTaHOBKH 3afadi Ta po3poOJIeHHs KOH-
HENTyaTbHOI MOJEIT.

[lo Take KepoBaHi/BUXiIHI 3MiHHI y 3a/1a4i yXBaJCHHS PillICHHS?

[lo Take mapameTpu/30ypeHHs y 3a/1adi YXBaJCHHs PillICHHS?

10. IIo Take minpoBa QYHKIIIS y 3a/1a9i yXBAJICHHS PIIICHHS?

11. CdopmymroiiTe MaTEMaTUIHY MOJACIH 3a/1a9i yXBAJICHHS PilICHHS.

12. Hasenits knacudikariro 3a1a4 JJO 3a 3MiHOIO B yaci iHQopMaIliiftHoOro cra-
Hy OVP.

13. Hagenits xnacudikarniro 3amau JJO 3a cTpyKTyporo iHpopManifHOTO cTaHy
OVYP.

NooasrwdhE

© x©
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14.
15.
16.
17.
18.

Hagenite kinacudikarnito 3anau J{O 3a kputepieM oNTHMaIbHOCTI.
Hagenite knacudikariro 3agad JIO 3a 3MICTOBHOIO TOCTAaHOBKOIO.
[NepepaxyiiTe OCHOBHI KJIACH METO/IIB MATEMaTU4YHOTO IIPOrpaMyBaHHs.
Y yoMmy nonsrae 0coOJIMBICTh CTOXaCTUYHOTO POrPaMyBaHHs?

1o BuBUae Teopis irop?

3aBaaHHs s CAMOCTIiiHOT po6oTH

3asoanns 1.1. Po3pobutu maremarnyny monenb 3amadi J1O. V HaBemeHHX
HUOKYE 3a/1auax (K0 He BKA3aHO iHIIIE):

OJIMHUIIl BUMIPIOBaHHSI PECypCiB 1 HOPM BUTpaT BBaKaTu OJHAKOBHMH,
OTOX PO3MIPHICTh HE BKa3YIOTh;

HOPMH BUTpAT 3a4UCIIOIOTH 0 OJJHOTO BUPOOY;

HiI TPYAOBUMH PECypcaMH PO3YMIIOTh BUTPATH 4Yacy Ha BHPOOHHLTBO
TPOJYKIIii i BUMIPIOIOTh Y JIFOMHHO-TOAMHAX (JI.T.);

MpuOYTOK 1 rPOIIi BUMIPIOIOTH B YMOBHUX OJWHHIIAX.

1. 3HaiiTn MakcUMaIbHUN TPUOYTOK HEXy Bill POJAXy BHPOOIB A Ta B, SKIIO
3armacy pecypciB, HOpMH BUTPAT i MPUOYTOK Bill OJHOTO BHPOOY CTAHOBIIATE:

Bix pecypey 3anacg Hopmu Butpar
pecypciB Bupib 4 Bupi6 B
Jluct merany 16 0,074 0,100
IInactmaca 28 0,089 0,350
HepeBuna 10 0,050 0,040
I'pomri 32 0,440 0,083
Tpynosi pecypcu 16 0,100 0,130
[TpubyToxk 3 1 BupoOy 2,4 3,2

2. 3HaliTH MakCUMaNbHUHA NpUOYTOK Kade BijJ MPoJaxXy CMaKeHHHH Ta KOTJIET,
SIKIIIO 3aracy pecypciB, HOPMHU BUTpar 1 MpUOYTOK BiA OaHIiEl MOpLIi CTpaBH

CTaHOBJISTS!
Bz pecypey 3anac1f1 Hopmu Butpar
pecypcis CMaxeHnHa Kotmetn

M’sico 20 0,40 0,15
Kpyna 24 0,20 0,30
Kaproris 16 0,25 0,20
I'pomi 12 0,17 0,22
TpynoBi pecypcu 4 0,06 0,04
[TpubyTok Bix 1 nmopuii crpaBu 4,0 54
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3. Po3paxyBatu MakcUMaabHHUN MPHOYTOK KOBOACHOTO LIEXY BiJl MPOJIAXKy KOB-
0ac A Ta B, AKII0 3amacy pecypciB, HOPMU BUTPAT i IPUOYTOK B PO3pPaXyHKY Ha
1 xr KoBOacH CTaHOBJIATE.

Bz pecypey 3anacg Hopwmu Butpar
pecypciB Kosbaca 4 Kogsbaca B
M’sco 40 0,700 1,300
Cano 20 0,550 0,300
Crermii 2 0,025 0,100
I'pormi 4 0,023 0,040
Tpynosi pecypcu 8 0,203 0,500
[MpubyTok Bix 1kr KoBOACH 3,2 4.8

4. Po3paxyBaT MakcuMaJIbHUII TpUOYTOK Oapy Bif mponaxy OyrepOponiB A Ta
B, sxmio 3amacu pecypciB, HOpMH BHUTpAT i MPHOYTOK Bif MPOJAXy OIHOTO

OyTepOpoIa CTAaHOBIIATH:

Biz pecypey 3ana01f1 Hopwmu Butpar
pecypciB Bbyrepbpon 4 Byrepbpon B
X6 8 0,050 0,100
M’sico 24 0,150 0,600
I'pomi 4 0,062 0,042
Tpynosi pecypcu 12 0,140 0,140
[TpubyTok Bixg 1 OyrepOposa 6 12

5. Po3paxyBari MakcuMalbHUI IpUOYTOK LEXy BiJ MpOJaxy irpamok 4 ta B,
SIKIIO JIAaHO 3aIlacy PecypciB, HOPMHU BUTpAT 1 TPUOYTOK Bifl OJHIET irpamku:

Bix pecypey 3ana01fl Hopwmu Butpar
pecypcis Irpamka 4 Irpamka B

kipa 40 0,13 0,22
Bara 32 0,43 0,78
Dapba 8 0,08 0,03
I'pormi 12 0,80 0,35
TpynoBi pecypcu 20 0,15 0,07

[TpubyTok Big 1 irpamiku 2 3

6. Komepriitna ipma pexiraMmye CBOIO MPOIYKIIit0, BHKOPUCTOBYIOUH MiCIIEBi
pamio- Ta TemeMmepexi. ButpaTi Ha pexiamy B OIOIKeTi (QipMU CTaHOBISATH
10 000 rpH mpotarom micsmsd. OmHa XBWIMHA paJiopeKiIaMH KOMTye QipMi
5 rpH, a Tenepexiamu — 90 rpH. @ipmMa Mae HaMmip BUKOPUCTOBYBATH PaiopeK-
JaMy TIpUHAWMHI BABIUI 9acTile, HiX pekiraMy Ha teiebadeHHi. Jlocsin 3acBia-
4ye, mo o0csr 30yTy, sikuii 3a0e3neuye 1 xB Tenepekiamu, y 10 pasiB nepesu-
mrye obcar 30yTy, mo 3abe3neuye 1 XB pamiopexinaMu. BusHauuTtn ontumans-



1. Betyn y mocmipKeHHS orieparii 39

HUN pO3MOIIN KOINTIB, SIKi IIOMICSAIS JOBOJUTHCS BHTpPAaYaTH HAa pPEKIaMy,
BHACIIIOK Yoro oOcsr 30yTy mpoaykuii ¢pipmu Oyae HaliOLIbIINM.

7. CimpCBKOTOCTIOAPCHKE MTIAPHEMCTBO CIEiali3y€eThCsl Ha BUPOIIYBaHHI Ka-
IMyCTH Ta TOMATiB, BUKOPHUCTOBYIOUHM JUISA MiABHINCHHS IXHBOI ypo’KaifHOCTI
minepanbHi n06puBa (hocdopHi Ta kamiitni). HopMu BHECeHHsI MiHEpaIbHHX
JOOPUB i KOXKHY KyJIBTYpY Ta TXHi 3aMac y rocrofapCTBi CTAHOBIIATH:

Hopwma Baecenns noopusa 3amac noOpus,
MinepanbHi 100puBa (kr mirouoi peuoBunw / ra) KT
Karycra TOMATH
docdopHi 150 400 6000
Kauiitai 500 300 9000

Jis BUpOIIyBaHHS OBOYIB BiIBEICHO 3eMeNbHY AUISHKY Iwiometo 20 ra. Oui-
KyBaHHH TpPUOYTOK TOCHOAApCTBa Bif peawizamii 1 1 KamycTwm CTaHOBHUTH
10 y.o., a TomariB — 20 y.o. CepenHst BpoXKalHICTh KaIyCTH B TOCIIOAPCTBI
nopisatoe 300 mw/ra, a Tomarie — 200 m/ra. BusHauwuT Takuii BapiaHT po3mi-
OICeHHS KyJbTyp Ha 3€MENbHIM MUIAHIN, SKAH MaKCHUMi3yBaTUMe MPUOYTOK
TOCIIOZIAPCTBA 32 YMOBH, L0 BUTPATH MIHEpAJbHUX TOOPUB HE NEPEBUILYBa-
TUMYTb IXHIX 3aIacis.

8. dipma BHUTOTOBIISIE IPOAYKIIiIO 4 Ta B, BAKOPUCTOBYIOUH JISl IIbOTO JIBA BH-
U CHPOBHHH, JOOOBI 3amacd sKO1 HE TMOBHHHI TEPEBHUINYBATH, BiIMOBIIHO,
210 ta 240 xr. [lnsg BUTOTOBJICHHS! OJMHHMILI MTpoayKii 4 HEoOXiaHO 2 KT mep-
1101 CHPOBHHMU 1 3 KT IpyTOi CUPOBUHM. J{JIs1 BUTOTOBIICHHS OJJMHUII MTPOILYKIIii
B HeobximHO 5 KT mepmmoi cupoBuHM i 4 Kr Opyroi cUpoBWHU. Bimmin 30yTy
pexoMeHaye, mob BHPOOHUIITBO MPOAYKINI B cTaHOBWIO He Ounbmie, Hixk 65%
3araJbHOTO 00CATY peaizamii mpoaykmii 000X BumiB. LliHn oxuHMIN MTPOAYKIIii
A ta B nopiBHIOIOTH, BianoBigHo, 10 ta 40 rpH. BusHaunTu onTUMasbHUI TU1aH
BHPOOHHMIITBA MPOAYKIIii, 32 IKOTO MaKCHMI3YEThCS AOXiT QipMH.

9. dipma BUTOTOBIISIE JieTaii BUIIB A Ta B, pUHOK 30yTy SIKUX IPaKTHYHO HEOO-
MexxeHHH. Bynp-ska neTanp Mae MpoNTH MOCiiI0BHY 00pOOKY Ha TPhOX Bepc-
Tarax, TPUBATICTh BHKOPHCTAHHS KOXHOTO 3 sKUX cTaHoBuTh 10 ron./mo0y.
Tpusanicte 00poOKH OnHIET NeTani HAa KOXKHOMY BEpPCTaTi CTAaHOBUTH!

Tetans TpuBasicte 00po0OKH AeTalli Ha BepcTarax, XB.
1 2 3
A 10 6 8
B 5 20 15

[IpubyTox Bix onmToBOI pearnizarii oAHi€el 1eTaii BUAIB A Ta B CTaHOBHUTH, BiJ-
noBigHo, 20 Ta 30 rpH. BusHauuTH ontuMaibHi 1000BI 00CsATH BUPOOHUIITBA
JeTajei KO)KHOTO BUIY, 1[0 MaKCHUMIi3yIOTh IPHUOYTOK (hipMH.
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10. [TigmpueMcTBO BUTOTOBIISIE MUCHMOBI CTONH TUMIB A Ta B. JIns ogHOTO CTO-
ny Trny A HeobxigHo 2 M* fepesunn, a as crony tumy B — 3 M. Ilignpuem-
CTBO MOe oTpumyBatu 1o 1200 M JICPEBUHU HA THXJICHb. J[JIs BUTOTOBICHHS
OITHOTO cTONy TUIY A HeoOximHo 12 XB poboTH oOmagHaHH:, a s Moaeni B —
30 xB. O6nagHaHHS MOXKHa BUKOpUCTOBYBaTH 160 rogamH Ha TmkaeHs. OriHe-
HO, 110 33 TWXKJCHb MOXHA peaiidyBaTu He Outbine 550 cromis. [IpubyTok Bin
peasizanii 0HOro MUChbMOBOro crony Tumy A craHoButh 130 rpH, a Tumy B —
140 rpH. CKUIbKH CTOJNIB KOXHOTO THUIY HEOOXIJIHO BUTOTOBJISITH 33 THXKICHB,
1100 MpUOYTOK MiAIPUEMCTBA OYB MAKCHUMAIbHUM?

11. 3naiiTi MakCUMaJIbHAIN IPHOYTOK IIEXY BiJl MPOAAXy BUpOOiB A Ta B, SKIIO
3armacy pecypciB, HOpMH BUTPAT i MPUOYTOK Bill OJJHOTO BHPOOY CTAHOBIIATE:

Bi pecypey 3anacg Hopmu Butpar
pecypciB Bupib 4 Bupi6 B
JIuct merany 36 0,05 0,10
IInactmaca 63 0,07 0,35
HepeBuna 23 0,05 0,18
Tpynosi pecypcu 36 0, 10 0,13
[TpubyToxk 3 1 BHpoOy 3,6 4,8

12. PospaxyBaté MakCHMMallbHHH NPUOYTOK KOBOACHOTO IEXY BiJl MPOJAAXY
KoBOac A Ta B, fAKIIO 3amMacd pecypciB, HOPMU BHUTpAT i MPUOYTOK B po3pa-
XYHKY Ha 1 Kr KOBOAcH CTaHOBJISITH:

Biz pecypey 3amacu Hopwmu Butpar

pecypcis Kogsbaca A Kosbaca B

M’sico 90 0,700 1,300

Caio 45 0,550 0,300

Crrerit 45 0,025 0,100

I'pori 9 0,034 0,040

Tpynogi pecypcu 18 0,290 0,500

ITpubyTok Bix 1kr koBOacu 7,2 10,8

13. 3HaiiTn MakcHMaILHUH TPUOYTOK MiAMPUEMCTBA BiJ MPOJAXy MaIbHOTO A
1 B, SIKIIO TaHO 3amacH pecypciB, HOPMHU BUTpPAT, MPUOYTOK Bix 1 KT mambHOTO:

Bia pecypey 3anacgl Hopwmu Butpar
pecypcis [TanpHe 4 ITanbue B
Beunsun 70 0,1 0,3
lac 300 0,5 0,7
Ju3enpHe majgbpHe 200 04 -
Tpynosi pecypcu 16 0,04 0,02
[TpubyTok Bix 1 Kr magbHOTO 2,4 3,2
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2. JIHIHHE IPOTPAMYBAHHS

Iian BUKJIANY MaTepiay:

dopmu 3ammcy 3a1adi JiHiiHoro nporpamysanss (3J1IT).
BrnactuBocTi GaraTorpaHHUX MHOXHH.

I'pagiuna inTeprperartist 3a1a4 y JiHiftHOMY iporpamysanHi (JIIT).
BrnactuBocTi po3B’s3KiB 331a4i JTiHIHOTO NPOrpaMyBaHHS.
CumriuiekcHu MeToJ] po3B’si3yBanHs 3axadi JIIT.

AJNTOpPUTM CUMIUIEKCHOTO METOJY.

3HaxXO0/KEHHsI OTIOPHHX IUIAHIB.

JIBoicTiCTh y JiHIHOMY ITpOrpaMyBaHHi.

JlBoicTuii cuMIUIEKCHUI MeTO| po3B’si3yBaHHs 3anadi JIIT.

Nk~ wd PR

©

+ KirouoBi Tepminu po3ainy
Y Cmanoapmmui ¢hopmu 3anucy 3JII1 Y Kawnowiuna gpopma sanucy 3JI11
Y 36edennsi 0o cmanoapmuoi popmu ¥ 3eedenns 3111 0o kanoniunoi popmu

Y Bbazamozpanna mMHodicuna Y Onyxnuii baeamospanHux

Y Kymogi mouku Y Kymosuii nanpsam mHodicunu

Y Basuc kymogoi mouxu Y Basuchi koopounamu

' Hesupoooicena kymoea mouka Y BupoOoicena kymosa mouxa

Y Lonycmumi ma onopui nnanu Y Onmumanvruii niaH

Y CunnexcHuti memoo Y Cumnnexc-pizHuyi

Y Cumnnexc-mabauys Y [lepemgopenus y mabauysax

X' Jlonomidicni 3a0aui Y Bupoooicericms onopHo20 nAaHy
Y Anmuyuxiin Y Jeoicmi 3adaui

2.1. ®opmu 3anucy 3aga4i JiHiifHOT0 MporpaMmyBaHHs

Bignosigno mo knmacudikamii 3agau JIO (mue. 1.7, 1.8), sikio
MHOXHHA (00macTh) momyctuMux poss’sskiB G < R" — onyxauii 6aza-
moepannux, a uiapoBa ¢yukiisn f— ainitina, To 3amauy JIO Ha3HUBArOTH
sadauero ninitino2o npozpamyeanns (3JII1). Teopist po3s’s3yBaHHA Ta-
KHX 337124 € MPeIMETOM JOCIHTIKSHHS JTIHIHOTO pOTrpaMyBaHHSI.

3agaui npuknazis 1.2 i 1.3 — ue 3agaui JiHIMHOTO IpoOrpamMyBaH-
Hi. Jlo minkoBuX (yHKIIH IHUX 33734 CTaBIATh Pi3HI BUMOTH: y 3aaadi
npo maiiok (1.2) HeoOXigHO BU3HAYMTH MiHIMYyM IIBOBOI (YHKILI, a y
3amgaui nipo posmoxain (mpukian 1.3) — maxcumym. Y 3amadi npo maiiok
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0oOMeKeHHs, 31e0iMbIIoro, Maal BTN “He MeHme (2)”, a y 3amadi
mpo pecypcu — “He Oinbie (<)”.

Taxwuit pi3HOOIN € HE3PYIHUM MPHU PO3POOIICHHI ANTOPUTMIB PO3-
B’s3yBaHHSA Takux 3amad. OTOX iCHYIOTh cmanoapmui gpopmu 3aaadi Ji-
HIIfHOrO TpOrpamyBaHHs, SKi Hajadi (374e0LIbIIOr0) MoJaBaTUMEMO Y
BEKTOPHill 200 BEKTOPHO-MaTPUUHIH (OPMi.

BekTopamu Hanaii BBaXXaTHMEMO GeKMOpU-CHOBHYI BIAIOBITHOT
po3miprocTi.  Skmo U = (Ug,Up, ..., un)T 1V=(v,Vy, .., Vn)T , TO

U <V o3”auatuMme, mo V j=1n:u j <V AmHanoriyHo U =V o03Hauae,
mo V j =1,n:uj =Vj 1T

Ilepwa cmanoapmua ¢popma 3aaadi JiHIKHOTO MPOrPaMyBaHHS:

n
f (X1, X2, Xp) = 2 CjXj — max, (2.1)
j=1
3 b, i=Lm
a:x: <b,i=1m;
et 2.2)
X;=0,j=1n
VY sexmopromy Burisiai 3agaqy (2.1), (2.2) 300paxarTh Tak:
f(X) = (¢,X)—> max, (2.3)
n _ _
j=1
X>0,, (2.5)

1e
f(X)=f(X,Xg,...,X,) —uinboBa ¢yHkuis (MiHIAHUA @yHkyionan

abo miniitHa gopma);
KJ. = (alj, Ajy - A )T —J-# (j =1, n) BeKTOP-CTOBIIEIb Y MO8,
b

X

(by, by, ..., b,)T — BexTOp O6MENCEND;

(X0s X9,y ey X )y - BEKTOP Hegioomux (3MIHHHX);

C=(c, Cy, .y Cn)T — BEKTOD Koe@iyicnmis MiHiiHOI hopMu;
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n
(C,X) = X¢jXj — ckanspuuii 100yTOK;
i1

0,=(0,0, ..., 0)T — HYJIb-BEKTOP PO3MIpHOCTI N;
(2.4) — conosni obmedncenns, (2.5) — oomedcenns Ha 3HaK.

VY sexmopro-mampuuromy BUrIAAL 3ana4dy (2.1), (2.2) 300paxarTh Tak:

f(X)=¢' X—max, (2.6)
AX<b,
g @.7)
X > 0p,
all oo a.ln
e Marpumpo A=| 1 ... ! | Ha3UBAIOTH MAMPUYEIO YMOE.
Apg ... A

Hpyea cmanoapmua ¢opma 3agadqi JII1 mae Burms:

f(X)=c' X—>min, (2.8)
AX >b
=0, 29)
X2 0p.
Kanoniuna ¢popma 3anaui JII1 mae Burmsia:
f(X)=¢' Xx—>min, (2.10)
?fp (2.11)
X > 0p,.

Bynap-sxuii Habip 3minHuX Xj (j =1, Nn), mo 3a10BoabHSIE 0OMe-
arcenns 3anau JIIT (ymoBu 2.2, 2.4-2.5, 2.7 yu 2.11), Ha3uBawTh donyc-
mumum po3s’szkom (a60 naanom) 3JII1, a MHOKHHY YCiX TaKuX pos-
6’ s3kie — obaacmio donycmumux poss’szkie (OJIP). Po3B’s130k, 3a SKOTO
1igpoBa (HyHKINS Ha0yBa€e eKCTPEMaIbHOTO 3HAYCHHS, — ONMUMATbHULL.

PosrisiHemo Temep Ti mpuitomu, 3a sKUX A0BUTBHI Gopmu 3JIIT
3BOJIATS JIO 3a3HAYCHUX BUIIE OPM:
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1. Ilepemeopenns Min (dyHKIiOHaTa) HA MaX, 1 Hasnaku. SIKIIO
LLTHOBY (DYHKIIIFO 32J1aHO Y BUTIISII

f(X) =C1X + CoXp + ...+ Cy Xy, — Min,
TO JIOMHOXYFOuH ii Ha (—1), oTpruMaeMo

— F(X) = (=cp)xg +(=Cp)xg +... + (= )Xy = Max.
Ouesno, mo min f (X) = —max(- f (X)).
AmnanoriuHo MokHa 3amiauTH Max (pyHkuionana) Ha Min.

2. 3mina 3naxa Hepignocmi. SIKIO 0OMEXKECHHS MA€ BUTJIS

aj1X + joXo + ...+ @jnXp <by, =1m,
TO, IOMHOKYIOUH #oro Ha (—1), oTpuMaeMo

(—ai g + (= a2 )Xo +...+ (= @i ) 2 .
AHaJOTIYHO, HEPIBHICTh BUIIAAY Oinbiie a00 OOpi6HIOE MOKHA TIEPET-
BOPHTH y HEPIBHICTb BUTIISITY MeHuLe ab0 OOPIGHIOE.

3. Ilepemeopenns pisHocmi y cucmemy HepieHocmel. SIKIIO
0OMEKEHHS Ma€ BUTTIS

aj1X + ajoXp + ...+ ajpXy =by, 1=1m,

TO HOTr0 MO’KHA 3aMIHUTH €KBIBAJICHTHOIO CHCTEMOIO HepiBHOCTCﬁ
aj1Xq + @jpXo + ...+ Ajn Xy <Dy,
(—ain x + (= a2 X + ..+ (= @i Xy < by,

YH TaKOIO )X CUCTEMOIO HEPIBHOCTEH 31 3HAKaMH Oiibuie a00 JOpPIiGHIOE.

Ilpuitomu 1-3 parore 3mory 3ogutu 3JIII g0 moTpiOHOT
cmanoapmuoi GopMHU.

4. Ilepemesopenns nepienocmeil y pisnocmi. Hexait Buxinna ¢op-
Ma 3a1a4i JIIHIHHOTO MPOrPaMyBaHHS Ma€ 3d2albHULL BUTIISL

C1X + CoXp + ...+ Cy Xy — Min,

aj1X + 8jpXo ...+ @i Xy <bj, =1,

aj X + jpXo +...+ainXp 2 by, i=r+1p,

dj1X +aj2Xo +...+ jp Xy Zbi, i= p+1,m, Xj >0, j=1, n.
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Jlyi 3BenieHHs 3a/1a4i 10 KAaHOHIYHOT (POPMU BBOJSTH OONOMIICHT 3MiH-

HI Xpk 20,k = 1,_p Toni Buxinny 3JII1 3amucyroTh Tak

CXg +CoXp +.. 4+ CnXn + 0 Xp g +...+ 0 Xy p — Min,
aj X + 8j2Xo + ...+ 8jnXp + Xn4j =0j, =1,
dj1X +3j2Xo +... + Qin Xy — Xn+i Zbi, i=r +1, p,

X+ @jpXp +..+AjinXy =0y, i=p+lm; x; 20, j=Ln+p.

Otpumytoun po3s’si3ok 3JII1 y kaHOHIUHIH (opMi, BIAKHIAIOT 3 ILOTO
O3B’ 3Ky JIONOMIXHI 3MiHHI.

5. Obmesncennsn na negio’ emuicms 3minnux. B ycix ¢popmax 3JII1

MOTpiOHO, 00 3MiHHI OyIH Hegid’ emHumu. Y pealbHUX 3a7adax 4acTo
Ha 3MiHHI HaKJIaJAal0Th JBOCTOPOHHI OOMEXEHHS BUTISAY o < Xj < B,

abo )X YMOBH HEBiJl’€MHOCTI I AESKOi 3MIHHOI MOXE HE ICHYBATH.
BBaxxaemo, mo s 3BeaeHHs modatkoBoi 3JIIT 7o KaHOHIYHOTO BHIIIS-
Iy TpeOa TUTbKH YCYHYTH OJHY i3 Ha3BaHUX MPHYNH.

Y BUNAAKY 080CMOPOHHLO20 00OMediCeHHsT BBOAMMO IOTIOMiXHI
smiaHI Xj =Xj —aj 20; X =pBj —X; 20. ITicis 1poro ABOCTOPOH-
He oOMekeHHs Haly e Moougikogarno2o BUTIALY:

Xi+X"=Bj —aj,

Xj 20, x">0.

[Ticns migcranoBku y moyatkoBy 3JIIT Xj = X{ +aj 1 JomaBaHHs

oOMexxeHHsT MOIU(IKOBAHOTO BHIIIALY I 3ajada OTpPHMAE
KAaHOHIYHUN BUIIISL.

Sxmmo s nesikoi 3MiHHOI BiICYTHSA YMOBA Hegio’ EMHOCMI, TO BBO-
Mo Bl monomikHi 3MiHHI X{ 20, X{'>0 Tta y mouarkosiit 3JIIT
pobumo 3aminy Xj = Xj —X{. ITicist bOrO OTPHMAEMO KAHOHIYHY
¢dopmy 3JII1.
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2.2. BaacTuBOCTi 6araTorpaHHUX MHOKHH

Haragaemo mesiki HOHATTS 3 Teopii MHOXKHUH 1 JiHIHHOT anreOpu.

Touky MHOXXHHU HA3UBAIOTh 2PAHUYHOIO, SKIIO OYIb-IKa KYJIS K
3aBrOJTHO MAJIOTO pajiyca 3 IEHTPOM Y Ii TOYIll MICTHTh TOYKH, SKi 1
HaJIeXKaTh MHOXWHI, 1 Ti HE HajnexaTh. MHOXHHY HA3UBAIOTh 3AMKH)-
Mmoo, AKII0 BOHA MICTUTh YCi CBOI TPaHUYHI TOYKH.

MHOXUHY Ha3UBaIOTh 0OMEMNHCEHO0, SKIO ICHYE KYJIS 3 PajiiycoM
CKiHYCHHOI JTIOBKWHU 1 HEHTPOM y Oy[Ib-sIKill TOUIli MHOXHHH, SIKa IIiJI-
KOBUTO MICTHTB Yy COOI I[f0 MHOXXHHY. Y HPOTHJISKHOMY BHUIIAJIKy MHO-
KUHA OyIie HeobMediceHOlo.

Osnauennsn 2.1. Onyxiowo xombinayicto mouox (BEKTOPIB) Xq,...,X|

n — .
MHOXHUHA X — R HasuBaroTh TOYKY XeX y 4TI IKO1 CIIPABIKY€ETHCA
| |

cmiBBimHOMmEHH X = Y ajXj, ae aj =>0,i=11; Y a;=1

i=1 i=1
Osnauenna 2.2. Muoxuny Touok (BextopiB) X — R"  HasmBaiots
onyknow, SKWoO A Oyap-skoi mapu TOYOK X; € X 1 Xp € X Touka

X =A% +(1—-A)Xy, e A €(0,1), Takoxk HATEKHTH MHOKHHI X.

I'eomeTpudHO 1€ 03HAYAE: AKMIO MHOXKHHA X C R - onyKna, To
BiJPI30K, SIKUH 3’€IHY€ NOBUIbHY Mapy TOUOK X € X 1 Xp € X , minko-
BUTO HaJIS)KUTh MHOXHHI X.

Jema 2.1. Tlepepiz noBITEHOI KiITBKOCTI OMYKINX MHOXHWH € OITyKJIOIO
MHOXKHHOIO.

> Hexaii Toukn X; 1 Xp Hamexatb nepepisy. Tomi 1i TOUKH HalexaTh i
KOXKHI MHOXXHHI, IO YTBOPIO€ el mepepi3. OCKUTbKH Ii MHOXXWHH
OIYKJIi, TO i0pi30K, AKNH 3’ €JHy€ TOUKH X| 1 Xp, HAJIEXKUTh KOXHIH 3
HUX, a, OT)KE, HAJISKUTH 1 IXHROMY Tepepi3y. A Iie 03Havae, 1o nepepis
TaKoXK onmykiamid. <

Jlist aHami3y OMyKIMX MHOXHH Ba)KJIMBE 3HAYEHHS MAKOTh iXHI
kymoei (abo Kpatini) TOUKH.
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. n
O3nauenna 2.3. Hexaii X c R' HemopokHs omykia MHOXHHA. TOUKYy
X € X Ha3WBAIOTh KYMOGOI) MOYKOI) MHOXUHH X, SIKIIO MPEICTaB-

JEeHHS X = AXy + (1—%))_62, ae xeX, XxpeX, e (O, 1), MOKJIUBE TiJIb-

KU IIpU X| = Xp = X.

OTOX, KyTOBI TOYKH TPUKYTHHKA — HOTO BEPIIMHU, Kpyra — TOY-
KM KoJa, sike Horo oomexye. [Ipsima, miBIIOMMHA, TUIOIIUHA, MiBIIPOC-
Tip YM MPOCTIp HE MaIOTh KyTOBHUX TOYOK.

Ipuknamu (puc. 2.1) mroowcun kymosux movox (nMo3HaueHHs S ):

LX :{(Xl,xz)T:x12+x2231}, Szi(xl,xz):x12+x22:1}_
2. X = Xl,XZ)T:X1+X2§2;—X1+2X2§2, X =0, Xp 20

s=1(00);(01); [é,%f; (2,0) L.
(2/3,413)

(0.1)

(0,0) (2,0)
Puc.2.1. MHOXMHHU KyTOBUX TOYOK

O3nauenna 2.4. IliBnpoctopoM X C R" HasuBaOTh MHOKHHY, fKa

n
BU3HAYAETHCS YMOBOIO X ={Ye R": 2 ajjxj<bj, bjeR }
=1
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OCKiIbKY piBHSHHS MEX1

n
> ainj = bi (212)
=1

BM3HAYae TinepIuiomuHy B mpoctopi R", To miBmpocTip — e uyactuna

npocropy R", Mexero skoro € zinepniowuna, mo 3agactbes (2.12).

Jlerko OBECTH, IO MIBIPOCTIP € 0NYKI0I0 MHOKHUHOIO.

Osnauenns 2.5. Henopoxuio muoxkuny X  R" masuBarots 6acamo-
2panHolo, SKIIO BOHA € TIePepi3oM CKIHYCHHOI KUTBKOCTI 3aMKHYTHX
MBIPOCTOPIB, TOOTO
n _
X =<Xe Rn: Z ainj Sbi,i=1,m
j=1

OueBuniHO, MO OaraTorpaHHa MHOXXHWHA — 3aMKHYMA W ONyKId.
SAkio OaraTorpaHHa MHOKHHA 00OMediceHa, TO 11 Ha3UBAOTh ONYKIUM
0a2amozpaHHuKoM.

Ockinbky piBHICTH MOXHa 3aMiHUTH Hapol0 HEpiBHOCTEH, TO
OaraTorpaHHy MHOXXHHY MOXKHa 300pa3uTH 3a JOIIOMOTOI CKiHUEHHOL
KUTBKOCTI PIBHOCTEH Ta HepiBHOCTEH. TWIOBHMMH TpHKIamaMu OaraTto-
IpaHHAX MHOHH € TaKi:

xz{ieR”:AistT} X:{XER”:AY=5, Xzﬁ}‘,
X = KeR":AX=D, X>0f; X =[x R": AX=by, 4X <y, X>0}
Onykii GaraTorpaHHUKM MaroTh (yHAAMEHTalIbHY BIACTUBICTB,

AKy IIMPOKO BMKOPHCTOBYIOTH Y IiHiifHOMy mporpamysansi. 11 cdop-
MyJIBOBaHO y jiemi [7]:

Jema 2.2. Hexait X c R" — onyknii 6araTtorpaHHHK 3 KyTOBHMH TOY-
KaMH Xy, Xp, ..., Xp. Toxi Oynb-siky TOuKy Xo € X MOXHa 300pasutu
OTIYKJIOIO KOMOIHAITI€I0 KYTOBHUX TOYOK, TOOTO
p . — P
)70=Z(liii, JEe O >0,1=1p; ZOLi =1 (213)
i= i=1
» JoBenenus miei remu mogano y [7, 10]. <
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VY Bumnanky xeoomesicenux 0araTOrpaHHUX MHOXXHUH BECTH MOBY
Ipo OIMyKJIy KoMOiHaIito He MoxHa. Hanpuknax, OGaraTtorpaHHa MHO-

xkuHA X = {(xl,xz)e R? I X 2|X1|} (puc. 2.2) mae auiie omHy KyTOBY

TO4Ky. 751 TAKUX MHOXHH BBOISITH NOHATTS KYIMOBO2O HANPAMY MHO-
orcunu (00 HAMPSMHOTO BEKTOpa HEOOMEKEHOTO pedpa MHOKUHN).

x

2

7

AN

"1

Puc. 2.2. KyToBi HanpsiMu MHOXKUHH

Osnauenns 2.6. Hexait X c R" — Gararorpanna muoxuna. Toxi:

Touky d#0, deR" nasusaroTh HANPAMOM MHONCUHU X, SIKIIO
TUIs Oy ab-sTKOT TOUKHA X € X TOoYka X + Ad e X st A > 0.

JBa Hanpsmu (Tl, Jz € OJTHAKOBUMH, SIKIIIO Jl = od- 2,00>0.

Hampsim d mHO)HHE X € Kymosum, SIKIIO HOTO HE MOKHA 300pa3u-
TH Yy BUTJISAI JOMATHOI JIHIMHOI KOMOIHAIIT JBOX PI3HUX HAIPSMIB
MHOXHHHA X.

Sixkmo d — kyrosuit Hampsim i d = Aqdq +Aody,  Ag, Ao >0, TO
Jl = ad. o npu aesikomy o > 0 (3 o3HaueHHs 2.7). s MHOXHUHH X, 30-

OpakeHol Ha puc. 2.2, KyTOBUMH € HaMPSIMHA (Tl i d 2.

Jdema 2.3. Bextop d=0 e KYMOGUM — HANPAMOM  MHOXUHH
X = {Ye R": AX:E,xzﬁ} TOMI 1 TIIBKY TOM1, KOJIU AJ:G, d>0.

» Cmpasni, wis Xe X, X+Ad € X maemo A(Y+7ﬂ)= b, Ax=b,

toni AAd =0. A mipu X+A >0,A >o: d>-—=0. <

> | >
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Jdema 2.4. Hexait X < R" — GararorpaHHa MHOXKHHA 3 KyTOBHMH TOY-
KaMHU X, X, ..., )_cp i kyroBumu HanpsiMamu 0y,...,de . Toxi Oyap-siKy

TOYKY Xg € X MOXKHA 300pa3uTH y BUIVISAL

N
X0=z7\,ij+Z},ljdj,
=1 =

ac

» JloBenenus miei remu HaBeneHo y [7, 10, 14]. <
2.3. I'padiuna inTepnperauis 3JII1

Onyxny 3amMkHymy oOMmediceHy MHOXKHHY, SIKa Ma€ CKiHYEHHY Ki-
JBKICTh KyTOBUX TOYOK, HA IUIONIMHI HA3UBAIOTh ONYKAUM OA2AmMOKYm-
HUKOM, 8 Y TPUBUMIPHOMY TIPOCTOPI — ONYKAUM OA2AMOPAHHUKOM.

[IpsiMa Ha TUTOIIMHI TOIISIE OCTAHHIO Ha JIBI MiBILIONIMHH, IUIO-
LIMHA y TPUBUMIPHOMY MPOCTOPi MOJiIsIE HOTO Ha ABa MiBIIPOCTOPH; 3a
aHAJIOTIEI0 BBAXATHMEMO, IIO TIMEPIUIONINHA TEX MOJUISIE N-BUMIPHHHA
npoctip R"Ha xBa mismpocropn.

OCKibKH TIBOPOCTIP € OMyKJIOK MHOKHHOIO, TO MEPEeTHH IiB-
MPOCTOPIB, 3aJaHUX CUCTEMOI0 OOMExeHb (2.2), SKIIO BOHA HE CyIie-

pewinBa, Oy/ie OMyKIUM OaraTOrpaHHUKOM, IO YTBOPUTE 006aacmb 00-
nycmumux pose’saskie (OIIP) 1iel cucreMu 0OMEKEHb.

3a aHaNOTi€I0 3 TPUBUMIPHUM IPOCTOPOM BBaKaATUMEMO, IO
KYMOBUMU MOUKAMU OTYKIOTO GaratorpaHHuka y mpoctopi R e iforo
BEPIIMHHU, YTBOPCHI nepemunom cinepniowun.

Byap-sika BHYTpIlIHS 1 IpaHWYHA TOYKa 00JACTI JOMYCTUMHX
PO3B’SI3KIB € PO3B’sI3KOM crcTeMu oOMexeHb (2.2). [IpupiBHsiemMo GyH-

n

kiiro (2.1) 1o Hyns, Toxi piBHsHES Z = Y cjX =0 306paxae y R" ri-
i=1

HEPIUIOLIMHY, SIKa MPOXOAUTh Yepe3 MOYAaTOK KOOPAWHAT MepIeHIH-
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KyIpHO 10 BeKTopa-rpaiienta € =(C,Cy,..., Cy )T , O TOKa3ye Ha-
TIPSIM 3POCTAaHHS (DYHKITI1.

Puc.2.3. BuzHayeHHs TOYOK €KCTPEMYMIB Ha IJIOIIMHI

n

1106 Bu3HaYMTH MakcuMyM QyHKIoOHANa Z = ) ¢jXj , HEOOXiHO
i=1

TIepeCyBaTH TIMTEPILIONINHY B HAMPsIMi BeKTOopa C sKHaimali Bix modar-

Ky KOOpJIMHAT, OJIHAK TakK, 1mo0 BoHa Mana 3 OJIP xoua 0 ofHy CHiIbHY

Touky. {00 Bu3HAUMTH MiHIMYM (YHKLiOHANa, HEOOXIIHO BU3HAYUTH

HaitOmmxuy Touky B O/IP Bix mouaTky koopauHat. Bumagok n = 2 pos-

DISTHYTO HA puC.2.3.

Juia mnonan Ha puc. 2.3 MOoKa3aHo, M0 y KyToBii Toumi 4 ¢yH-
KIIIOHAJ J0CSTa€ MaKCUMAJILHOTO 3HAa4YCHHS, a B KyTOBil Touni B — Mi-
HiManpHOTO. Puc. 2.4 BimoOpakae BUITAJIOK, KOJIU TpsiMa (hyHKI[IOHATA
rapayienibHa Bizipi3Ky AB, mo Haexuts OJIP. MakcuMmyM ¢yHKITIOHATA
JocsTaeThess y Toulli A 1 B Touli B, 1 B Oynb-sikiid Toulli Bijmpizka 4B,
OCKIJIbKH 1i TOYKH MOKHA 300pa3uTH JiHIHHOI KOMOIHAII€I0 KyTOBUX
TOYOK A4 1 B.
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ol £
Z=10

Puc.2.4. HeckiHueHHa KiTbKICTh TOUOK EKCTPEMYMIB Ha TUIOLIHMHI

Ha puc. 2.5 300paskeHo BapiaHT, KOJIH cUcTeMa 0OMEXeHb YTBO-
proe HeoOMekeHy 3BepXy MHOXUHY. DyHKIIOHAT Z IpU BOMY NPSIMY€
JI0 HECKIHYCHHOCTI, OCKUTLKH BiIIOBIIHY MPSAMY MOKHA TEPECYBATH Y
HampsiMi BEKTOpa rpajiieHTa skHaigam. Ha puc. 2.6 npencrasieHo Bu-
naJoK CynepewnBoi cucteMu oomexensb (O/IP — mopoxHs).

xz |
E-.
0 X
Puc. 2.5. Heoomexena 3sepxy OJIP Puc. 2.6. Cynepeunusa O/IP

Ilpuxnao 2.1. Po3p’s3yBaHHS 331a4i JiHIHHOTO iporpaMmyBaHHs (N = 2)
rpadiuyanM criocoooM. Hexait HeoOXimHO po3B’s13aTH 3a1ady:

f (X1, X2) =5X + 6%, — max,
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0,2x +0,3%, <18;

0,2% +0,1x, <1,2;

0,3x +0,3x, < 2,4;
X =0, Xx,2>0.

(2.15)

O6nactp gomyctumux po3s’si3kiB (2.15) 300paxeHo Ha puc. 2.7.
Koxna npsima AB;j i=12,3, ska BianoBigae KOHKpeTHOMY oOMe-
xenuro (2.15), moxinste TUIONMHY Ha ABi MIBIUIOIMKAHK. JIJIs BHIiTEHHS
MIBIIOIIVHM, 110 33J0BOJIbHAE OOMEXKEHHS, 3pYYHO IiJICTABJIATH B 00-
mesxenHs Touky (0; 0).

Koskna i3 mapanensHux npsiMux (puc. 2.8) Bianosinae komOiHa-
IisIM 3Ha4Y€Hb X | Xp, IUIsS IKUX 3Ha4eHHs QyHKUii Y =5X; +6X, € cra-
ne. I'padik miei GpyHKIIT nepecyBaemo B3I0BXK rpazgieHTa (5, 6).

Puc. 2.7. Buznauenust OJIP Puc. 2.8. BusHaueHHs eKCTpEeMyMy

Bepxus npsMa miHis, ska me Mictuth Touky OJ1P, Bu3Havae Mak-
cUMaybHe 3HaueHHs QyHKIiT MeTH. Touka, yepe3 Ky MpoCTATAEThCS LISt
JiHifA, € PO3B’SI3KOM IMOCTaBlIeHOi 3aaaui. Jlerko nepexoHatuck rpadiu-
HO, III0 ONTUMAJBHUHA PO3B’SI30K 3a1aui, Ky PO3IIIAEMO, € €JHHUM 1
nepeOyBae Ha MEPETUHI NPSAMHX, BU3HAYEHHUX IMEPIIUMH JIBOMA YMOBa-
M (2.15). Omxe, onTUManbHUI PO3B’SI30K MOYKHA BU3HAYUTHU , PO3B’s-

0,2x +0,3xy =18;

3aBIIHM CHCTEMY PiBHSHb
0,2x +0,1x, =1,2.

3Biacu otpuMaemMo X1 =45 X, =3;  f(X,Xp)=40,5.
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2.4. BaacTuBocTi po3B’a3KiB 3a1a4i JiHiiiHOr0 MporpaMmyBaHHs

Posrismaemo xaHOHIYHY opMy 3ajadi JIHIHHOTO MPOrpaMyBaH-
ms (2.10), (2.11). Cucrema oomexens (2.11) 3amae MHOKUHY

X:{YGR”:AY=5, Xzﬁn}, A0, (2.16)
ne A — MaTpuId po3MIpHOCTI MxNi rang A=m.

[IpunymenHss mpo Te, mo rang 4 =m, o3Havae BUIYYCHHS JiHiH-
HO 3aJICKHHUX PiBHAHB 3 (2.11), y 1ibomy Bumagky m <n. Skmo m =n,
TOMI y KpamoMy BHUMAaKy X MICTHUTh JIUIIE OMHY TOYKY 1 3ajada cTae
HenikaBoro. CrcreMy piBHsHB AX =b, 3rizo 3 (2.4) i (2.11), MoxHa
3aIlMCcaT TaK.

n _
j=1

Osnauenns 2.7. Byap-aki M HeBimoMHMX (3MIHHHMX) CHCTEMH DiBHSHB

(2.17) na3uBaroTh Oa3uUCHUMU, KO BU3HAYHUK MATPUL Koe]illieHTIB

npu HUX (Oasuchuil MiHop MATPHIIi) HE JOPIBHIOE HyJeBi. Pemra N —m

3MIHHHX Ha3MBalOTh Hebasuctumu (a00 inbrumu).

. . * - —
O3nauenns 2.8. bynp-sxuii HaOip 3MIHHUX X j (j =1, n), mwo 3amoBo-

JIBHSIE CHCTeMy piBHSAHB (2.17), Ha3MBalOTh p036°A3KOM TIET CHCTEMHU.
Po3B’s130k cucremu (2.17) Ha3UBaKOTh donycmumuM, IO yCi HOTO KOM-
MOHEHTH € HEeBiJ ' éMHUMH (TOOTO JAOIMYCTUMI PO3B’SI3KH 33 J0BOJIBHAIOTh
cuctemy oomexeHb (2.16) kanoniunoi 3JIIT).
Osnauenns 2.9. Bazuchum pose’sskom cucteMu piBHsAHb (2.17) Hasu-
BalOTh PO3B’SA30K, Y AKOTO YCi N — M BUILHUX 3MIHHUX JIOPIBHIOIOTH HY-
JTO.

MakcuMaIbHO MOKITUBA KUTBKICTh PI3HUX KOMIHAIA M HEBilO-

n!

MHUX 3 YCIX N HEBIIOMUX JOPIBHIOE , OTO KUIBKICTH Oa3uc-

mi(n—m)
HUX PO3B’SI3KIB € CKIHUEHHOIO.

O3nauenns 2.10. basucHmiA po3B’sI30K, y SKOTO X04a O OJHE 3 OCHOB-
HHX HEBIJOMHX JOPIBHIOE HYJIIO, HA3UBAIOTH UPOOICEHUM.

O3nauenns 2.11. basucHuit nomycTUMHUN PO3B’ 30K HA3UBAIOTh ONOP-
Hum po3B’szkom 3JII1.
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He BTpauaroum 3araibHOCTI, BBA)KATUMEMO, IO MEpIi M HEBiT0-
MHX (Xq,...,Xm ) cuctemu piBHAHb (2.17) € 6asuchumu (ToOTO BEKTOPH

Ay,...., Ay € niniiiHO HesanexHnMT). SIKIIO BBECTH TIO3HAYCHHSL:
Ao = (A Am ) As = (Amizron B )
Koy = (X0 X )T 3 X = (Xppagoeens X ) T
TO CHCTEMY piBHSIHB (2.17) MOYKHA 3aIIFCaTH IIE TaK:
AXy + AXs =h. (2.18)
Mix omopuumu po3B’s3kamu (abo onoprumu naanamu) 3JIIT i

KyTOBUMH TOYKaMH 00JIACTi JOMYCTUMHUX PO3B’A3KiB ICHY€ B3a€EMHO-O/I-
HO3HAYHA Bi/IMOBITHICT, SIKY C(OPMYIILOBAHO TAKOIO TEOPEMOIO.

Teopema 2.1. Hexaii nernoposkast MHoxnHa X — R" BusHaueHa 3rigso
(2.16). Izt Toro, mob Touka X € X Oyia KyTOBOO, HEOOXiIHO i 10CcTa-

THBO, 100 iCHYBaIM HOMEPU J;  Jm (1< je<n, e=1..,m) Taxi, mo

Kjlxh +...+ijij 26; Xj 20, ji je, (219)

MIPUYOMY CTOBIIII Aje JHIHO He3aIeXKHi.

» Heooxionicms. Hexait X € X KyToBa Touka MHOXHMHHU X. He 3men-

HIyIOYM 3arajibHOCTi, BBaXatmMemo, mo X = (X,...,Xk,0,...0), nme
Xj > 0, j=1k. Hosenemo (Bix cympotuBHoro), mo A,..., Ay — JniHitiHo

nesanexcri. Hexail ne e tak, togli 3 A j (] =1,_k), SIKi HE BC1 JOPIBHIO-

k _ _
FOTh HYJIIO ¥ Taki, mo | XjAj =0. ITo3Haunmo A = (kl,...,kk ,0,...,0)T.
j=1

Hexait X;=X+ak, Xp=X—ak, ge >0, >0 i X>0.
k k _ k _
Busnaunmo AX; = Z(Xj'*‘a}\jﬁj =2 XjAj+a X AjA; =Db. Anaino-
= =1 =

riyHo otpuMaemMo AXp =b. Omxe, X € X 1 Xp € X .
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Ockinbku Xq # Xp 1 Y=0,5-(X1+Y2), TO LE cynepeuums TOMY,
mo X — KyToBa Touka. OTxe, Kl,...,ﬂk — JIHIAHO He3ajJeXHi, a Ie 03-
Hauae, mo kK <m. I3 pemrru N—K croBmmiB 06epemMo M—K Tak, o6 BOHHK
Pa30M 3 MEPIIHMHI CTOBIISME A YTBOPIOBAIH M JIHIIHO HE3aNEKHIX
BekTopiB. OTke, 3amuc Burisay (2.19) npaBuiibHUiA.

Jlocmammnuicms. Hexaii neska Touka X € X 3aJ0BOJIbHSIE YMOBY

(2.19). He BTpauarouu 3araibHOCTi, BBaKaTuMeMo, 1o Jj =1, i=1,m

(TobTO BEkTOPH K&,..., A, — niniiiHo He3anexHi i det 4, #0). Ockinbku
=1
% =0, m: XeX, 10 %= A x=| P b

n-m

>0, (To6T0 X — Omop-

Hu# po3B’s30k 3J1IT).
HoBenemo, mo X € X — KyToBa Touka MHOXKUHHU X. [Ipumycru-
MO, O X =AXy + (l—k)iz, ae X, Xoe X, Ae (0,1). 3anuiemMo Tak:
X

X X _ _ _
Xl = (_llj, XZ = (_21} € X11, X91 € Rm y X12, X0 € Rn m.
X12 X22

—1p %, X. - -
Tomi fb b = K(_llJnL (1— k{_ﬂ} Ockinbku X > 0, Xp 20,
On—m X12 X22

T0 Xq2 = X9 =Op_pm 1 Ab_16 =A%11 + (1-A)Xp1. 3Bimcum orpuMyemo:
b =A(Ap¥Xiq) + AL—1)(ApXp1). Ockimbkn ApXqq =ApXpq =b, To X1 =
=Xp1 = Ab_15 1 X, =Xp =X. Omke, X — KyToBa To4ka. <

3 Heobxionoi ymosu Teopemu 2.1 BUILIMBAE TaKe:
SKIIO (X1, ..., Xm, 0, ..., 0) — kymosa mouxa muoxuun X (X 20, i =1,_m),
TO BEKTOPH Ki, KZ, Km — JIHIHHO HEe3aJIeXKH] 1 CIPaBIKY€E€ThCS YMOBA
(2.19), a e o3Havae, mo (x1, X2, ..., Xm, 0, ..., 0) —onopruii po3s’s30k 3JII1.

3 docmammuboi ymoeu Teopemu 2.1 BUILTUBAE TaKe:

ko (X1, X2, ..., Xm, 0, ..., 0) — omopHmii po3B’s30k 3amaui JIII, TO
(o1, X2, <oy Xm,y O, ..., 0) = kymosa mouxa MHOKUHYA X.
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O3nauennsa 2.12. Cucremy BektopiB A,..., Ay, AKi 33J0BOJILHAIOTH

TeopeMy 2.1, Ha3UBAIOTh OA3UCOM KYMOGOI mouKu, a BIAMOBIIHI 11010
HUX KOOPAWHATU KyTOBOI TOUKH — 6a3ucHumuy. SIkiio yci 6a3ucHi Koop-
JIMHATH JIOJIaTHI, TO TaKy TOYKY HA3UBAIOTh HeBUPOOIICeHO0; SKIIO Ce-
pen 0a3ucHUX KOOPIWHAT € Xo4da O O/JHa, IO AOPIBHIOE HYIIO, TO TaKy
TOYKY HA3UBAIOTH BUPOOICEHOIO.
3 teopemu 2.1 BUIUIMBAIOTH TaKi OUEBUIHI HACTIIKH:
n!

1. KigpKicTh KYTOBHUX TOYOK MHOXXUHHU X HE Oinplmla ——— .
mi(n—m)
2. KyrtoBa Touka MHOXHHH X Ma€ He OuIbIe M TOJATHUX KOOPIUHAT.
3. HeBupokeHa KyToBa TOUKa Ma€ €0unuil 06a3uc, sIKUil yTBOPIOIOTh

CTOBIIII 3 TUMU HOMEpaMH, sIKi BiMOBIJAIOTh JOJaTHUM KOOPJIH-

HaTaM KyTOBOT TOYUKH.

4. BupomxeHa KyToBa TOUKa MOKE MaTH JeKiibKka 0a3uciB.

o

MuoxunHa gomyctumux po3s’sizkis 3JII1 € onyxiow MHOXHUHOLO.

6. Omnopuwuii wian 3JIIT mae He Ginbine M HEHYJIBOBHX (IOJATHHUX)
3MIHHUX.

7. Kinbkicte onopaux miadiB 3JII1 € ckiHgeHHOIO.

Teopema 2.2. SIxkmo MHOXHMHA JNOMycTUMHX po3B’s3kiB 3JII1 — weno-
POJICHsL, TO BOHA Ma€ Xo4a O OIMH OMOPHHUI po3B’ 130K (IU1aH).

» ®akTyHO HEOOXIiTHO JIOBECTH, IO iICHY€E TAKUH JOMYCTUMUMN pO3B’s-
30K, SIKUil Mae He OibIie M HEeHyIbOBUX 3MiHHMX. Hexalh MHOXHHA J10-

nyctumux po3s’sskiB X < R", Busnadena 3rigHo 3 (2.16), € HEmoposx-
HBOIO 1 X = (Xq,..., X, 0,...0) — momyctumuii po3B’si30k. SIKIIO BiAMOBIN-
Hi CTOBIIIII Kl,..., Kk — NiHiHO He3aexHi, To K <M (TeopeMy y IIbOMY
BHIIAJIKy TOBEIEHO).

Hexait crosmmi K&,..., Kk — JHIAHO 3a1eXH1, Toal o j (] =1,_k):

M~
M=

OLJ'AJ' =0m,

‘Otj‘>0.
1 j=1

]

#0 (1£p§k),T0)1i

Cepen xoedillieHTiB o j BHIIJIMMO JOBUILHHI O »
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—_ k o |—
A, = _ Z -—1IA j- Hicnst nporo cucremy pisHsib (2.17) MoxHa
= (j=p)\ %p
Kk (X,j — —
3aIMCaTH TaK: > Xj——X, |Aj =Db. 3Hayenns
i=l (j#p) %p
Xi——-X ’ =4 K, # 1
xj={1 T, e AT RIER (2.20)
0, i=k+Ln, j=p

bopmytoTh HOBHIT po3B’s130k X' cucTemHu piBHSHB (2.17), y SIKOTO Killb-
KiCTh HEHYJIBOBHX KOOPJIWHAT NMPUHANMHI Ha OJMHUIIIO MEHIIA 32 KiJlb-
KICTh HEHYJIbOBHX KoopauHAT X . IIpojoBkyroun MipKyBaTH MOIIOHUM
YUHOM, 3PEIITOI0 MMPUXOIUMO J0 PO3B’ 3Ky, SIKUHA MaTHUMeE He OiTbIe M
HEHYJIbOBHX KOPAMHAT.

Koediuient a , #0 (1£ p< k) MOYKHa BHOpaTH Tak, mpo y (2.20)
yCi 3HaYCHHS x'j OynyTh Hesid’ emuumu (ToOTO Po3B’sa30k X' Oyae 0o-

nycmumum). Cepen TUCHUX YUCET O j (j =ﬁ ) € xoua 0 ofHE HOJaTHE
k k

YHCJI0, OCKIIBKH CITIBBIIHOMICHHS Y, O jKj :6m iy (—oc j )KJ— :6m
=l i=

exBiBalleHTHI. Hexaii J {1, 2,..., k} — MHOYXHHA 1HJEKCIB j, JUTS SIKHX

X X

aj >0. SIkwo Homep p oGpatn TaK, 1Wo £ _ r_nin—J, TO yCi 3HaueH-
Ap jed Qj

Ha Xj y (2.20) 6ynyTe reeio’ emuumu. <

Teopema 2.3. Slxmo 3JII1 Mae onTuManbHUHN MJIaH, TO EKCTPEMAIBHOTO
3HAYCHHS IITh0Ba QYHKITiST HaOyBae Xo4ya O B omHINA KyTOBiH TOUIl Oa-

raTorpaHHOi MHOXHHA X C Rn, BH3HAYEHOI 3rigHo 3 (2.18). Sxmo -
mhoBa (DyHKIS HaOyBae eKCTpEeMaIbHOTO 3HAYCHHS y NEKUTBKOX KYTO-
BUX TOYKAaXx IIi€i MHOXXHHH, TO BOHA JOCATA€ HOro 1 B Oyab-sAKid TOYIII,
sIKa € OMYKJIOK KOMOIHAIII€I0 TAKUX TOYOK.
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» [IpumycTuMo CrodaTKy, 1110 MHOXKHHA JTOITyCTUMHX PO3B’A3KiB 3a1a4i
niniitroro nporpamysanns X < R" € onyknum 6aeamozpannurom 3 Ky-
TOBUMU TOUKAMU X, X2, ..., )_cp. Hexaii y nesikiil Touni xg € X 1inbosa
¢ynkmia (2.10) mocsrae miniMmymy, T06T0 VX € X ! f(io)s f(?). Sk-
IO X — KyTOBa TOUKA, TO MEPIIy YACTUHY TEOPEMHU JOBEICHO.

Hexaii Xy HE € KyTOBOIO TOUKOIO, TOI, 3T1THO 3 JeMoto 2.2, ii MOox-
Ha 300pasutn y Burimsii (2.13). Ockinbku ¢yukiis (2.10) mimiiiaa, To

£(%)= Dot (%) (2.21)
i=1

VY posknani (2.21) cepen 3Ha4YCHDb f(ii) (i =1,_p) o0upaeMo HaliMeH-
mre. [Ipunyckaemo, 110 BOHO BiANOBiAa€e KyToBiil Toumi Xy (1 <k< p) i

MMO3HAYMMO HOro (, ToOTO f(Yk)z g. 3aminumo y (2.21) xoxHe 3Ha-

YeHHS f(ii) (i =1,_p) 3HAYEHHAM (], TOI f(YO)Z g- Zp:aj =q-1=q.
i=1
Onmax, 3rizmo 3 npumymennsm, (Xg)< (X )=q. Orox f(Xp)= (X )
(icHye npuHaiiMHI O/IHa KyTOBa TOYKA, y SIKill LIbOBA (YHKIIis HA0yBa€e
eKCTPEeMaJIbHOTO 3HAYCHHs, 1110 1 Tpeba OyJio T0BECTH).
Hexaii tenep ¢ynkmionan (2.10) mabyBae cBOro HaiWMEHIIOTO
3HAa4YeHHs ( y AEKUIbKOX KYTOBHX TOYKax X; |I =1,_|): f(Xj) =q. Byns-

| _ 1
sKa iXHsA OMyKJa KOMOiHaIlis £- > aiXj, me aj>0,i=L1l; Yo;=1
i=1 i=1

I |
Hanae (2.10) 3naueHHs f(ﬁ): > f(ii ): gqY.oj=q-1=q.
i=1 i=1

JloBEeIeHHS TEOPEMH IS ONYKA020 6a2amocpaHHUKA 3aBEPIICHO.
Hexait MHOXKHMHA TOTYCTUMHX PO3B’SI3KIB 3a1adi JIHIHHOTO MPo-
rpamyBanast X  R" e neobmedicenon. Ockinbkn icHye onTHMATbHUIL
WIaH Xxg, To Ao oomexeHb 3JII1 moxkHa nomath oOMexeHHA X < X,

sike He BIUIMHE Ha 3Ha4yeHHs (2.10), ogHak mepeTBOPUTH X B OMYKIIHiA
OaraTorpanHuK (Leil BUMAZ0K MU yKe 10BesH). <
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OTXe, HaMU TIPOJAEMOHCTPOBAHO, IO JJIs KAaHOHIYHOI 3ajadi ic-
Hye Xoua O oJlHAa KyTOBa TOYKa MHOXUHH X, skio X# J. OTtoxk, Ha
MIEPIIUI MOTIISI, MOXKHA BH3HAYUTH yC1 KYTOBI TOYKH, OOUYHMCIUTH 3HA-
YyeHHs! QyHKIT (6, Y) y IIMX TOYKax W oOpaT HaliMeHIle, TOOTO BHUKO-
pUCTaTH METOJ 3BHUalHOro nepeOupanHs. Takui migxig 10 Po3B’s3y-
BaHHs 3ajaudi JII1, HaBiTh 3a cydacHOi OOYHMCIIOBATBHOI TEXHIKUA, MOXKE
BHUSIBUTHCS HEMOXKIIMBUM 32 PO3yMHHI IPOMIKOK Yacy.

Ines cumnnexcroeo memody monsrae y TOCTIIOBHOMY II€pPEeXoli
BiJI OHOT'O OMIOPHOTO IIIaHy IO 1HIIIOTO TaK, 00 3HaYeHHsS (HYHKITIOHA-
na (2.10) 3menmnryBanocsi. OCKUIbKH KUTBKICTh OTMIOPHUX IUIAHIB € CKiH-
YEHHOIO, TO 33 CKIHUEHHY KUTBKiCTh KPOKIB TaKHI METOJ JJa€ 3MOTY BiJl-
ITyKaTH ONTHUMAJBLHUN IIaH, a00 MepeKOHaTHCS y TOMY, IO (PyHKIiO-
Hai (2.10) Ha MHOXHHI IUTaHIB € HEOOMEKeHUM (ONTUMAJIBHOTO TUTaHY
He icHye). [y 3acTOCYBaHHS CHMITJIEKCHOTO METOIY HEOOXiTHO MaTH
JOBUIBHUH nouamxosuil OTIOPHUH TUIAH.

2.5. CumiuiekcHmii MeTo po3B’si3yBaHHs 3agayvi JIIT

Posrnsmaemo kaHoHiIYHY QopMy 3ajadi JiHIHHOTO MpOrpaMyBaH-
Hs (2.10), (2.11). Cucrema oOmexensb (2.11) 3agae MHOKHHY X, sIKa BU-
3HaYaeThes 3riaHO 3 (2.16). Ionosni oomexenns miei 3JIIT onucye cuc-
Tema piBHsHb (2.17).

He BTpadaroum 3araiabHOCTI, BBaKATUMEMO, IO TIEPITi M HEBiI0-
MHX (X{,...,Xm ) cucTeMu piBHAHb (2.17) € b6asuchumu (T0OTO BEKTOpH

Kl,..., 'Km € JMiHIHO He3anexxHumn). Toxi cuctemy piBHsHB (2.17) MOX-
Ha 3amucatd y Burismi (2.18). Bexropu Kl,..., Km (hopMyIOTH KBajpaT-
HY MaTpuIio 4, po3mipxocti M, npudomy det 4y = 0.

Kosxken 3 BekTOpiB Kj (j =1,_n) €IMHUM CITOCOOOM MOXKHA PO3-
KJIaCTH 3a BEKTOpamu 06as3ucy: gyijﬂi = Kj (abo Ayyj= KJ- ), e Bek-

i=1

TOp 7V j =(yl jrY2jiTmj )T 3amae koedimieHTH Takoro poskiamy. Oc-
kineku det 4, #0, To icHye Agl 17 =Ab_lKj. Bekropu ¥1,..,Ym

(hOpPMYIOTH OMHUYHY MATPHINO PO3MIPHOCTI M (IOBEIITH CAMOCTIHHO).
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Buokpemumo koedirientn niniiiHo1 ¢popmu (2.10), siki Bifmosi-
Jar0Th 0a3MCHUM 3MIHHMM, YBIBIIM IIO3HAYEHHS Cp = (cl,...,cm )T . s
HACTYITHOTO aHaNi3y Ba)KJIMBUMH € 3HAUCHHS

AjZ(Eb,Ab_lxj)—CjZEJVj—Cj,j:]], (2.22)
SIKi Ha3WBAIOTh cumniexc-piznuysmy (abo OIIHKAMH BiIMOBITHUX BEK-
TOpiB MIaHy). 3ayBaXxumMo, mo A j =0 s iHAEKCIB j:l,_m, SIK1 Bif-
MOBIIAI0OTh BeKTOpaM 0asucy (0oeedins camocmiiino).

ITepemuokyroun o0unsi wactunu (2.18) Ha A, 1, OTPUMAEMO
X + A5 "AKs = Ay, 3sincu musmauaemo X, = 45 (0 — AXs ). Sxmo
BUIBHUM HEBIIOMHM (TOOTO KOMIIOHEHTaM Xg) HaJaBaTH JOBUIBHUX
YHUCJIOBUX 3HAYCHb, TO OTPUMYBAaTUMEMO BIAMOBIIAHI 3HAYCHHs Oa3uc-

HUX HeBizomux. OTKe, VIS JOBIIBHOTO BeKTOpa Xg € R =M gektop
1= _
— | 457 b = AX
x:( b (_ As S)]ER” (2.23)
Xg

€ 3a2a1bHUM PO3B’SI3KOM CUCTEeMH PiBHsHB (2.17). Skino 1ei po3s’si30k
HiICTaBUTH y HIbOBY (yHKito (2.10), To

f(X)=(C%)= (e %)+ 2 cjxj=| @ A - 3 AAX |+

j=m+1 j=m+1
" % i =@, 457D )- J%ﬂ(((?b’/*t?lﬂj)—cj)xjy
abo
f(x):(&b,Ab—lB) > Ajx;. (2.24)
j=m+1

Hexaii Xg = 0,_p . 3 (2.23) Ta o3nauenns 2.11 BuruimBae, mo

_ Ab 1b vb
V= (On—m] (On—mJ (2.25)
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6yne onoprum pose’szkom 3JII (2.10), (2.11), sxmo Vj, > Oy, . Hanani
BBOKAaTUMEMO V ONOPHUM pPO3B’s3KOM. J[si omopHOTO pO3B’s3Ky V
iapoBa (DYHKITiS Ma€ 3HAYCHHS:

t(0) = (e, A0 =) A5™D =] W, (2.26)
Bpaxosytoun (2.26), oTpumaemo:
n
fx)=1f")- X Ajxj (2.27)
j=m+1

Inest cumnnexcrnozo memody moiusirae B TOMy, 1100, BUXOASIUYH 3
MOYAaTKOBOTO OMOPHOTO PO3B’s13Ky V , BU3HAUCHOTO 3riaHo 3 (2.25), Bia-
IIyKAaTH HOBUIl OMOPHUI PO3B’SI30K V', BHJIyYarOuu Ui bOTO JSSKHIA

croBieib A (I =1,m) 3 mouarkoBoro 6asucy A, i 3amiHIOIOUH i{Or0
nesikuM HeOazucHuM croBrieM A, (K =m-+1n). YMoBu Takoi 3amiHu
MOJISITAI0Th Y TOMY, 00 JOMTy4YEeHHs CTOBIIS A, He MOTIPIIHIO 3HA-

yenus pynkiionana (2.27), a BUIyYeHHS K| 3a0€3meuniio OTPUMAaHHS
HOBOT'O 0nopHo20 PO3B’13Ky. Bpaxoyroun (2.23) i (2.25), orpumaemo:

- L e . p
Xo=RAgb— X ASAX =V — X ¥jXj,

j=m+1 j=m+1

a00 B TIOKOOPAMHATHOMY BHUIJISIII:

n
Xi=Vvi— X YijXj, “/ij=(?j)i:i=l,m- (2.28)
j=m+1

Tenep kanoniuny 3azmauy (2.10), (2.11) moxHa chopmyioBaTi
TaK: MiHiMi3yBaTH (QyHKi0 (2.27) 32 ymosu (2.28) i X > 0.

s 3amaya He cTaja JETHIO, MPOTe MU MEepeHIuIn A0 Hebasuc-
Hix 3MIHHHX i Terep Jerko MPOCTEXHTH 3a THM, sK 3miHroeTes | (X)
BHACJIIJIOK TIEpeXOy Bill OAHOTO OMTOPHOTO PO3B’SI3KY IO 1HIIOTO.

Mu HamMaraTUMeMOocCs 3MIHHWTH JIHIIE OJHY i3 HEOA3UCHUX 3MiH-

HEX X (M<K<n), a iHoni HeOGa3uCHI 3MiHHI 3aJMIIAMO HYJIbOBHUMH.
Toni 3i ciiBBigHOIICHHS (2.28) OTpHUMaEMO:

X1 = V1= Y1k Xk Xm = Vi~ Vmk Xk - (2.29)
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dyHKIioHAT f()?) HaOyJle BUTIISATY:
f(X)=f(V)—Apxk. (2.30)
Heo0OxiaHo 006patu HebasucHy 3MiHHY Xk >0 (M <k <n) tak, mo6
HOBH# pO3B’A30K \7’=(vi,...,v}n,V}n+1,...,v|'<,...,v;1)T, y SIKOTO Vi = X,
Vi = Vi —Yik Xk (i :1,_m); V'j =0,m< j<n (j=k), 3agoBonbHSB BU-
morn AV’ =b, V>0, f(V')< f(V) (6axano, mo6 f(V')< f(V)).

Vmosa AV =D BHUKOHYBaTUMETHCS 3riaHO (2.29) 3a JOBLILHOTO
BHOOpY Xk = 0. AHamizyroun, 3riguo 3 (2.29) 1 (2.30), Ag i Yk, MOXHa

3a70BOTbHMTH iHIN ymosu ( V' >0, f(\7')£ f(V)) i Bkasats mpaBmio

BHOOpPY OTPiOHOTO Xi > 0. PO3riIsHEMO TP MOXKIMBI BUIAIKH.
Bunaooxk 1. Hexaif BUKOHYIOTHCSI HEPIBHOCTI

AJ—SO, j=m+1n. (2.31)

Teopema 2.4. BuxkoHauuss ymoB (2.31) € 03HaKOI0O TOrO, HIO OMOPHUIA
po3B’s130K V € onmumanvrum po3s’sizkom 3JII1 (2.10), (2.11).

n
> 3rigo 3 (2.27) £(X)=f(V)+ X (-Aj)xj=f(V)+E, ne E>0.
j=m+1
Omxe, f(X)> (V) ms VX e X. A ue o3nauae, mo ymosa (2.31)

€ O3HAKOIO 3HANICHOTO ONMUMANILHO20 PO3B’ 3Ky (TOOTO ONOPHHIA PO3-
B’S130K V € ontuMaibHUM po3B’sizkom 3JIIT). <

Bunaook 2.Icuye Takuii HoMmep M<Kk <n, 1o
Ak >0, Yik SO, |=1,_m (232)

Teopema 2.5. Bukonanus ymoB (2.32) € o3nakoro Toro, mo 3JII1 ne mae
O3B’ S3KiB.

> Y 11b0My BUINAAKY Xp =V, — (Ab_ 1Kk )xk > 0y, Juis Beix Xy >0 i, kpim
LBOTO, f(i) = f(\7)— Ay Xy — —© mpu Xx — +o ToOTo icHye KyTOBHit

HAIpsAM, Y3I0BX SAKOrO 3HAYeHHs (YHKIT METH HECKIHYEHHO CIIajae
(To6To, inf (E, Y) = —0). 3amaua JIIT ne mac po3s’s3kiB. <
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Bunaook 3.Icuyrors Homepu K Ta | (M <k <n, 1 <1< m) raki, mo
Ak >0, Yik > 0. (2.33)

Teopema 2.6. Bukonanust ymoB (2.33) mae 3Mory nepeiTu Bij omopHo-
IO pO3B’SI3Ky V 10 iHIIOTO OIMIOPHOTO PO3B’SI3KY.
> Busnaunmo MEOXKHHY inaexcis I ={i:1<i<m, yy >0} = .

JIyist TOYKH X , KOOPJMHATH SIKOT BM3HA4aroTh 3 (2.29), 3a 10Bib-
woro X¢ >0, srigao 3 (2.30), mMaTMemo f()?)z f(V)—Aka < f(\7).
Samo x Xx >0, 10 f(X)=f(V)-Apxk < £(V).

Oxkpim 11p0r0, HeoOXinHOW € yMoBa xj >0 (i = 1,_m) Sk 6auuMmo 3
(2.29), nast yj <0: Xi =Vi —yjXk =V >0 3a goBineHOrO X) > 0.

N 'H
Sxmo yijx >0, To mpu X > _m|n—', BEIUYMHA Xi =Vi — Yk Xk
iel Yik
CTaHe BijJ’€MHOIO X04a O JiIs OTHOTO HOMepa i € [y OTOXK Xx HEoOXif-

HO o0upaTh 3 yMOBH ( < X < minv_',
el Yik
Ockinbku | #@, To icHye xoua 6 oxun HOMep | € Iy, o0
Vi . Vi
SIKOTO 111 YMOBa BUKOHY€EThCS. O6epeMo Xy = —— = Mmin—. OTxe, Ha-
Yik i€l Yik

MH JOBEJCHO, 1110 TOYKa V' = (Vi,...,vﬁq,v{ml,...,vi(,...,Vﬁ)T , Y AKOT

Vi vi . — . .
Vk =—, Vi =Vj —Yik L (i=1m), vi =0, m<j<n(j=k), (2.34)

Yk Yk
€ HOBHM OIOPHHUM PO3B’A3KOM, JJIs SIKOTO f(\7’)£ f(\T). Y upomy BH-
nmaaky V| =0 (3miHHa X; 3 Ga3MCHHX MEPeXOAUTh y HEOA3WCHI, a Xk —
3 HeOa3ucHuX y 6aszucui). <

dopmyiu (2.34) 3a1ar0Th TpaBUIIa OJCPIKAHHS HOBOTO OTIOPHOTO
po3B’si3Ky V' 3 Ga3HCHUMH 3MIHHUMH Vi,..., V|_1,V{41,--» Vi,V - Biz-
[TYKaHHS HOBHX OIIOPHUX PO3B’S3KiB MIPOJOBKYEMO JOTH, IOKU HE Iiii-
neMo BUTAAKy 1 um 2.
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2.6. AITOPUTM CUMILJIEKCHOTO METOXY

Ha ocHoBi martepiany momnepeaHboro naparpada chopMyIoeMo
aneopumm Cumniekchozo memooy (abo cumniexc-memoody) po3B’s3y-
BanHs 3JII1 y kanoHiuHi# ¢opmi (2.10), (2.11), sikuii ckIafaeTbes 3 mo-
YaTKOBOI iTeparlii Ta AeKiIbKoX 0a30BUX iTepariil.

llouamkoea imepayis
Y MaTtpuili yMoB A BiAIIYKOBYIOTH M JTIHIHHO HE3AICKHUX CTOBII-
1iB Kje (13 Je<n, e =1,...,m). @®opmytoTh MaTpulio Ay, BEKTOP

Cp 1BHU3HAYAIOTh MATPUIIO Ay, ! 3rigno 3 (2.25) obGuucmo0Th Vi) i
($hopMyIOTh BeKTOp V — MOYaTKOBUI onopHU# po3s’s3ok 3JII1.

Ob6uncmoTh ¥ j = Ay 1Kj (j :L_n) BEKTOP CHUMILICKC-Pi3HUITH

(Al,..., An) 3rigHo 3 (2.22) i 3nauenns dynkuii f(V ) 3rigHo 3 (2.26).
BBaxkaTuMeMo, 10 6a3McoM KyTOBOi TOUKH € opmu mpoctopy R™.
Toni Ab = A 1 =y, ne In—onuHMYHa MaTpui po3mipHocti M. He

BTpAvalO4M 3arajbHOCTi, BBA)KaTUMEMO Takok, mo b >0 (skmo icHye
bj <0 (i =1, m), TO BiIMOBiIHE [-T¢ PiBHSHHS cHcTeMH (2.11) MHOKUMO
Ha —1). 3a 1IUX yMOB OTPUMYEMO:

= W (g N T = N =T= U
Vb:b, V:(beon_m) , ’YJ:AJ, Aj:Cb'Yj—Cj, f(V)ZCbey

me j=1n.

[Ipouenypy po3B’si3yBaHHS 3ajadvi JIHIHHOTO MPOrpaMyBaHHS
CHUMITICKC-METOJIOM 3PYYHO 300paxkaTtd cummiekc-mabauysmu, OCHO-
BOIO SIKUX € piBHAHHA (2.28) Ta 300paXKeHHsT CUMIUIEKC-PI3HUIL (POPMY-
namu (2.22). Kpim 11p0ro, cUMIUIEKC-Ta0IuII BioOpaxaTh iHpopMa-
1if0 Tpo Oa3ucHi/HeOAa3MCHI 3MiHHI, TOTOYHHI OMOPHHUI PO3B’SI30K V i
3HAYCHHs ib0BOT pyHKii f(V ).

CuMITIeKC-Ta0IUIIS BioOpaXkae OJHY UM JEKilIbKa iTeparii cuM-
iekc-meroy. [1o9aTkoBy CHMITICKC-TaONUII0 HaBeneHo y Tabm. 2.1
(mo3nauenus: [ —HOMEp iTepartii cumruiekc-mMeTony; b3 — 6a3ucHi 3miH-
Hi).
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Tabnuysa 2.1. [loyatkosa iTeparis cumiuiekc-tadmur 3JIIT

Ll B3 | X | X2 || X | Xmaa | | x, Vp=b
X1 1 0 | .. 0 Yim+l | ... | 7n v =by
Xo 0 1 | .. 0 Yomel | o | Yon | V2=Dp
0
Xm 0 0 | .. 1 | Ymma| | Ymn | Ym =bm
0 0 | .. 0 Apnsa | | Ap f(\7)

— X — X9 — min;

Ilpuxnao 2.2. Po3p’s3atu 3agaqy JIII: 4 —Xp=Xg=1

X2+X4=2,
XjZO,jZl,_4.
1-1-10\ — (1) _ .
» BusHaunmo A= , b= , C=(—1,—1, 0, O) . CroBI-
0101 2

ui Ay 1 Ay — miHIAHO HE3aJeXHi, OTXKe X1, X2 — 0a3ucHi 3miHHI. Toxai

10 _ (1 -1
Ab:Aglz(O J,vbzAglbz(zJ,Eb:(oj, v=(1002),
1 _ _
f(V)=cp ¥ =(-1,0) (Zj:_l’ (AZ'AS):(EJAZ —Cp, EJA3)=

((—110){_11}1 (—1,0)(_1D=(2, 1), vij =(Aj);i=14 j=23,

0

OTpUMy€EMO MOYATKOBY iTEPALiI0 CUMIUIEKC-TAOIHIII:

I b3 X1 X X3 X4 Vp=b
X1 1 'le = —1 ’\{13 = —1 0 1
0 X4 0 Ya2=1 Ya3= 0 1 2
0 A=2 | A= 1 0 f(v)=-1

Ockinbkn A3 =1>01  vj3<0 (i=1,4), To 3JIII ne mae po3s’s3kiB. <
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bazoea imepayisa

Kpox 1. AHamizyroTh CHMILIEKC-Pi3HHUIII (Al,..., An). Sxmo yci cum-
IUICKC-PI3HULIl € HedoOamHuMu, TO ONOPHUH PO3B’SI30Kk V €
ONMUMATLHUM PO3B’I3KOM (3aKiHUYIOMb 00UUCTEHHSL).

Inakmie Bu3HAYAIOTH iHACKC K (m <k< n), JUIS  SIKOTO
Ay > 0. fIkmo Takux iHIEKCIiB € AEKiJIbKa, TO 0OMPAIOTh iHAEKC
3 HAOUIBIIMM 3HAUCHHAM Ay .
Kpox 2. Slxmo yci enemeHTH BekTopa Yy € 6i0° emuumu, To I ne mae

PO3B’sA3KiB (3axinuyoms 06uUCHEeHHs).
VY mpoTHIEKHOMY BHIAAKy BH3HAYAIOTH iHmekc | (1S| < m),

Vi Vi
s sioro — =min—, e 1, ={izyy >0}
Vik i€l Yik

Kpox 3. 3rinHo 3 dpopmyrnamu (2.34) BU3HAYAIOTh HOBHIA OTIOPHHIA pos-
B’5130K V'. V Gasic BBOATH CTOBICI> A, 3aMicTh CTOBIIS A .

Y nosomy Gasuci usHauators f(V'), ¥, A} (] =1,n). Me-
penprcgototots sHavenns V=V, f(V):=f(V), ¥;=7v],
Aj = A'j 1 IepexosTh Ha KpoK 1.

Peamizarito TpeThoro Kpoky 0a30BoOi iTepamii po3riasHEMO e-
tanpHime. Bekrop Ay y po3kiazi 3a moyaTKOBUM 0a3MCOM Ma€ BUIJISA!

Kk =Y1kK1+...+Y|kK| +...ykam. (235)
Pozknag BeKTopa E 3a HOBHM 0a3MCOM OTPUMYIOTS 3 (2.35):
A= (Ak ~ Y2 AL~ Yk A ) (2.36)

Po3kiaz 1OBIJIBHOTO BEKTOPa Aj (j=1,n) 3a HOBuM GasucoM:
_ m _ — ’YU (_ — — ) —
Aj=21ifA = Yle1+---+W' A =Yk AL =~ Ymk Am J+ YmjAm =
i=1

Tl Yl
:(Ylj __J‘YlkJ A+t —

Yl -
Ak+ +(ij — Ymkj An.
Y1k Yk

Tik



68 JocnimkeHHs orepariit

OTpuMy€eMO Taki 3HAUCHHS:

oy, M L
ij =—J, Yij =yij—yik-—J (|=1,...,I—1,I+1,...,m,j=1,n) (237)
Yk Yk

Busnaunmo HOBi 3HaYeHHs cuMIuIeke-pisHuLpb Ay (] =ﬁ) :
A'j = yl'l.jo.l. +...+ Yi(jck +...+'Y'ijm —Cj =

Vij Vij 7lj
= 'Ylj_ylk— -Cl+...+_'Ck +... ij_Ymk'_ .Cm_Cj:

=(Y1j01 Tt Y1, 0 T V14, Ot ---+ij0m)—0j -

Yij
—Y—(Ylkcl ot Y11,k Cl-1 T Y141,k Cl+1 t T YmkCm _Ck)
Ik
Honamo 10 BUpaszy B MepIIMX OyXKax 3HAUCHHS Yj°Cl, a BiJ

BHpa3y B ApYTuX AY)KKax e 3HAYCHHS BiAHIMEMO. MaTuMeMo
A= (Y1j01 Tt Y11, G Y0 Y14, jC ---+ijCm)—Cj -

Yij
_—(Ylkcl Fo Y1 kCl-1 T YIKC Y 141,kCl41 t T Y mkCim _Ck)

Tk
OTpUMy€eEMO TaKi 3HAUEHHS HOBUX CUMILICKC-PI3HUIIb!
Nj=Aj A (j=1n). (2.38)
Tk

BukopuctoBytoun (2.34), BU3HAUUMO

o =T v
f(v") =cgv5 = V{Cf +...+ V[ Cy +...+VCyy = [vl—ylk -—'J-cl +..+
Tk

V| V| Vi
VI =YIak T A1t Ck +| Vigr = Vi4ak - |"Cl41 et
Yk Yk Yk

Vi
+(Vm —¥Ymk -Y—j-cm = VG +...+ V101 ¥ VI 11C 1 - VMl +VIC —

V|
_E(Ylkcl Fot Y11k Cr-1 + YIKC T Y140k C+1 Y mkCm + YIKCE — Sk )
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OTOX 3HAYCHHSI IITBOBOT GYHKINT 171t V' Take:
F(v)= (V) -~ Ay (2.39)
Yk

CroBuenus K, skuit BiAnoBizae 3MiHHIN Xy , HA3UBAIOTH 68€0yYUM
cmosnyem. Psinox |, sikuit BifmoBinae 3MiHHIN X| , HA3UBAIOTh 8edyyUM
paoxom. EnemeHT Tabmmui vy, SKHHA CTOITH Ha TEPETHHI BEIY4Oro
CTOBIIIA i BEYyUOTO PAJKA, HA3UBAIOTH 8€0YYUM €IeMEHMOM.

[licns BUKOHAHHA TPETHOTO KPOKY 0a30BOi iTepawii Bexyduid
CTOBIIEIb TIOTIEPEIHKOI iTeparllii B HOBIiH iTepamii crae OazucHum, oc-
KiTbKH, 3rifiHO 3 dopmynamu (2.37) i (2.38), maemo yiy =1, vijx =0

(i=1..,1-11+1..,m) i A} =0.

Ipoananisysasuu hopmyiu (2.34), (2.39), (2.37) i (2.38), noba-
YMMO, IO YIS BiAIIYKaHHS HOBOTO OIIOPHOTO PO3B’sI3Ky V' 1 3HAYEHHS
f (V") (10670 3HAUCHB (N+1)-TO CTOBIIIS), HOBUX BEKTOPIB

Y'j (J=1,n) Ta Bignosinuux cummiekc-pisanup A’y (T06TO 3HaUEHB

(m+1)-ro psika), Tpeba KOKEH eJIeMEHT CHMITIEKC-TabInI
MOTNEepeHbO] iTepalii mepeTBOPUTH 3a POpMyIaMH:

Yig=— J=Ln+1, (2.40)
Yk

Yi=vii—vik vl (=Ll -Ll+L.mm+Lj=1n+1)  (241)
IS

Ymerj =A) Ve j =87 (1=10); Ymarnar = FO), Vi = F @)
Yins1 =Vis Yip=V{ (=L..1-L11+1..,m)

®opmymu (2.40), (2.41) maroTs 3MOTyY A€Tali3yBaTH TPETii KPOK
AITOPUTMY CHMIUIEKC-METOy IIOJ0 TMOOYIOBH HOBOI iTepailii CHUMII-
JeKc-Ta0uuIti. J{1s bOro BUKOHYIOTh TaKi JIii:

1. V HoBili iTepauii Ha Micii 0a3MCHOI 3MIHHOI X| CTaBJIATBH Xj .

2. Bemyuuit psmok momnepemHbol iTeparii CHMITIEKC-Ta0NHII TiIATh Ha
Yk (pemizamis nmpaBoi wactuuu popmyiu (2.40)). Pesynpratu ninen-
Hs 3alCYIOTh Y HOBY iTEpalif0 B PSJIKY, IO BiAOBigae HOBiH Oa-
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3WCHIN 3MiHHIN Xy (peamizauis niBoi yacturu Gopmynu (2.40)). Ot-
PUMYIOTh MOOUDIKOBaAHUL BEILyINH PSOK.

3. Jlo xoxuoro i-ro paaka (i=1,...,1 =11 +1,..,m) nonepemsnoi irte-
parii AomarTh MoOughikosanuil BEIyUInd PSIOK, TTOMHOKEHUH Ha
—vik (pemizauis npaBoi yacturu ¢popmynu (2.41)). Pesynbratu 3a-
MUCYIOTh Y HOBY iTepallito Ha MicIli i-ro psjaka (peaisailis JTiBOi vac-
tuHu hopmynu (2.41)).

Omxe, MU (OpMaITbHO, 32 JOMOMOTOI0 ITepalliii CHUILIEKC-Ta0JIHII,

OTTHCAJTH MTPABUIIA TIEPEXOY BiJl OHOTO OA3UCY 70 iHIIOTO.

—2X%1 + X + X3 — X4 — min;
Hpuxnao 2.3. Po3s’s3atu 3anauy JIIT: X +Xp+ X =4,
4X1 + X3 — X4 =1,
Xj >0, ] =1,_4.
1101 — (4 _ T
» Busnaunmo A= , b= , C= (— 2,11, —1) . CroBI-
4 01-1 1
i Kg 1 K3 — JIHIAHO HE3aJIeXKH1, OTXKE X, X3 — Oa3MCHI 3MIHHI.

Toni Ab:Agl=((l) 2) vb=5=@, c—:bz(ll‘j, v=(04,10) -

4
onopHwui po3s’si30k 3aqaqi JIII, f(V)= EJ Vp =(L1) (J =5,

o) A A= 002 [ 1) 0

Yij = (Kj )i; i=2,3; j=1,4. TlouaTkoBa iTepallis CUMILICKC-METOTY:
I B3 X1 X X3 X4 \7b
X 1 1 0 1 4
0 x 4 0 1 1 1
7 0 0 1 5
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Ockinekn Ag >A3>0 1 vj1>0 (i = 2,3), TO CHPaBIKYETHCS

ymoBa (2.33), 1o Jae 3MOry MepedTH 10 iHIIIOTO OMOPHOTO PO3B’SI3KY

. . 1 4
(reopema 2.6). 3rigHo 3 (2.34) orpumaemo =3, ockinpku Z<I VY 6a-

3uci MiHsgeMo Ag Ha A (3MiHHA X3 cTae HEOA3UCHOIO 3MIHHOK, a 3MiH-
Ha x; — 6a3ucHo). [lepia iTeparlisi CHMILIEKC-METO/Y

I B3 X1 X X3 X4 \7b
X2 0 1 -1/4 5/4 15/4
1 X1 1 0 1/4 -1/4 1/4
0 0 714 11/4 13/4

Ockinbkut Ay >0 i yp4 =5/4>0, TO MOXHa mepelTH 10 iH-

[IIOT0 OTIOPHOTO PO3B’sI3Ky (3MiHHA X, CTAaE HEOA3UCHOI 3MIHHOIO, a
3MiHHa X4 — 6a3uCcHOI0). Jpyra iTepallis CUMITIIEKC-METOTY:

I B3 X1 X X3 X4 Vp
X4 0 4/5 -1/5 1 3
1 X1 1 1/5 1/5 0 1
0 -11/5 —6/5 0 -5

OCKIJIbKY CHMILIEKC-PI3HHUII yCiX HeOA3UCHUX 3MIHHUX — Bil €M-
Hi, TO PO3B’5130K V = (1, 0,0,0, 3)T € onmumansnum ( f(V)=-5). <

3rigno 3 dopmynamu (2.40) i (2.41) 3sHaueHHS OA3MCHUX CTOBII-
IiB He 3MIHIOIOTHCS, OKPIM 3HAUEHb |-T0 CTOBMII, SKi CTAaHYTh TAKUMH:
Y =i, Yi = —Yik L (i=1...1-1L1+1...mm+1). (242
Yik Yk

Hapmani BUKOpUCTOBYBAaTHMEMO CHMIUIEKC-Ta0MUI Oe3 0a3uCcCHUX
cToBMuUiB. Hanpukiam, movyatkoBa iTepariist MpUKIaay 2.2 BULISIATHME
tak (mo3na4yenus: H3 — HebGa3ucHi 3MiHHI):

I H3 X1 X4 Vb
b3
X2

o
=
w
~N (D=
|
[y
I ES
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dopmyny (2.41) MoxHa 3amKcaTH IIIe ¥ Takx:
, Yij¥Yik —YikYij . .
= el j2k (2.43)
Ik

ge i=1..,1-11+1..,mm+1 |, —MHOXHHA, IO MICTHTb IHACKCH

He0a3MCHUX CTOBIILIB Ta 1HAEKC N+1.

Dopmynu (2.40), (2.42) i (2.43) naroTh 3MOTy JeTali3yBaTu Tpe-

Tii KPOK aJITOPUTMY CHMILIEKC-METOAY 100 MoOyA0BH HOBOI iTepartii
CUMILIEKC-TA0HII Oe3 basuchux cmoenyis. Iy bOro BUKOHYIOTh TaKi

it
1.

4.

V HoBIl iTepamii Ha Micui 6a3uCHOI 3MIHHOI X| 3amUCyIOTh HeOa-
3UCHY 3MIHHY X, @ Ha MiCLll 3MIHHOI Xy 3alUCYIOTb 3MIiHHY X .
Benyunii psinok nonepeanpoi iTepaunii IiIATe Ha Y|k , YMOGHO BBa-
Karoun, o Yk =1. Pe3ynbratu AineHHs 3anKCyIOTh Y HOBY iTepa-
LiI0 B PS/KY, 1O BiAMOBiae Oa3ucHil 3MIHHIN X .

Benyuuii croBmens mnomnepeaHboi itepailii, OKpiM gedyuoco eie-
Menma, IUIATH Ha Y| . Pe3ynbraTu MiIeHHS 3 NPOTHIEKHUM 3Ha-
KOM 3aIlMCYIOTh Y HOBY iTepallito B CTOBIIIII, 110 BiJIOBigae HeOa-
3UCHIM 3MiHHINH X| (OKpiM eJeMeHTa Yj|, KU OOYHCIIOITH Ha
MOMEePETHHOMY KPOITi).

HesamnoBHeHi erleMeHTH HOBOI iTeparii BU3HA4aroTh 3riaHo 3 (2.43).
Bukonyroun o6uncienss 3a Gopmyiaamu (2.43), 3pydHO KOPHUCTY-

BaTHCS PABUIIOM “TIpsaMOKyTHHKA” (puc. 2.9).

Yij Yik

Yij ><

Yk

Puc. 2.9. TIpaBmio “npsMoxyTHHKA”

bazogi itepamnii mpukany 2.2 6e3 6a3uCHUX CTOBIIIIIB BUTIISIAIOTH TaK:

I

H3 | x3 Xa VY I H3 | x3 X2 Y
B3 B3

X2 -1/4 | 5/4 | 15/4 X4 =1/5 | 4/5 3
X1 U4 |-14 | 1/4 0 X1 15 |15 1
=714 |11/4 | 13/4 -6/5 F11/5| -5




2. JliniiiHe IporpamMyBaHHs 73

O3nauenns 2.13. 3anauy JIIT (2.10), (2.11) Ha3UBaIOTh HEGUPOOIHCEHOIO,
SIKIIO YCi KyTOBI TOYKHM MHOXHHHM X HEBHPOJUKeHi. SIKiio xoua 6 oxHa
KyTOBa TOYKa V BUPOJPKEHA, TOJI 33]1a4a € GUPOONCEHOIO.

VY Bunaiaky HeBupopkeHol 3amaui (2.10), (2.11) yci Ga3uchi
KOOpJMHATH KyTOBUX TOYOK JoaaTHi. Toi 3a o/1Hy iTepalliro CHMILIEKC-
METOJIy TEePEXOASTh Bij OJHIE] KyTOBOI TOYKH V JO IHIIOI KYTOBOI
toukn V' i f(V') < (V). SIkmo BpaxysatH, mo KilIbKiCTh KyTOBHUX
TOYOK CKiHUEHHA, TO i aJlTOPUTM JIAa€ PO3B’SI30K 3a CKiHUYeHH) KITBKICTh
KpOKIB.

VY BUMaaKy BUPOPKEHOT 337124l MOXKE BUSBUTHCS, 1110 OA3UCHI KO-
OpJMHATH TOYKU V 3 HOMepamu 1€ |y OynyTth noxathi. Toxi oaHa ite-

partis cumIuiekc-meToty npusese 1o Hosoi Toukn v’ i f (V') < (V).

. : Y
Skmo Y >0 i v =0,10 l €} i 0=min— .V upomy Bumas-
el Yik
KY OJIMH KPOK CHMILIEKC-METO/Y IIPUBOUTD JI0 TOUKH V' = V 3 iHIIHM

6asucoM Ag,...,A_1, Aitr-- A A

OCKIiJIbKY KOXHIHM KyTOBiM TOYIIl BiJMIOBIa€ CKIHYCHHA KUIBKICTh
0a3uciB, TO MOXHA BUITH 3 1i€l Touku. OHAK yV [[LOMY BHIIAIKY i
Yac Tepexo/y BiJl OMHOTO 0a3ucy 0 IHIIOTO HEOOXiTHO CTPOTrO JOTPH-
MyBaTHCs TIpaBWJIA, SKE HE JaBaTUME 3MOTH ITOBEPHYTHCS IO BIXKE
PO3IIISTHYTOrO 6a3ucy, 00 1€ CIPUYUHUTD 10 3AYUKLICHHSL.

Take TparuiseThCs, SKIIO HE BXKUBATH JOJATKOBHMX 3aXOiB, IO
YCKIIaHIOIOTh alrOpUTM. bynb-sike MmpaBmiio BHOOpPY TOJOBHOTO elle-
MEHTa, 32 JIOTIOMOTO0 SKOTO MOYKHAa YHHUKHYTH 3allMKJICHHS Y 3amadi
(2.10), (2.11), Ha3MBAIOTH AHMUYUKIIHOM.

TpamnsroThcsi JOCUTH MPOCTI AHTUIMKITIHY, OJJHAK HABITH Y TAKUX
BHIIaJKaX aJilTOPUTM PO3B’SI3KY 3ajadi CyTTEBO YCKIAIHIOEThCA. Heol-
XiJIHO BpaxyBaTH, 10 cepex mpakTudHuX 3amad JII1 BupomkeHi 3amaui
X04Y 1 4acTO TPAIUISIOTHCS, TPOTE 3AIUKIICHHS Y HUX BUHUKAE IYXKE
piako. 3 OrIsAAy Ha Iie, Ha MPAKTHII HE YaCTO KOPUCTYIOTHCS CUMILICKC-
METOAOM 3 aHTHHUKIIHOM. OTOX I[Or0 MNHWTAaHHI MH Hajadl He
TOPKaTUMEMOCH.
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2%1 +5Xp — max;
Ilpuknao 2.3. Po3s’s3atu 3J1I1: X + Xy <500,

0 < % <400,
0<x, <300.
—2X —5Xo — min;
X1 + X3 =400,
> 3Benemo 3anany 3JII1 no kaHOHIYHOI Popmu: Xo + X4 =300,
X + X + X5 =500,

X j >0, | :l,_5.
10100 100 400 0
ToniA=|0 1 0 1 O,AbzAt;l:O 1 0, %=[300|C,=|0|
11001 0 01 500 0
Cumriekc-Tabnuns npukiany 2.3
I H3 X1 X2 Vb
b3
X3 1 0 400
0 X4 0 1 300
X5 1 1 500
2 5 0
H3 X1 X4 Vb
b3
X3 1 0 400
1 X2 0 1 300
Xs 1 -1 200
2 -5 —1500
H3 X5 X4 Vb
53
X3 -1 1 200
2 X2 0 1 300
X1 1 -1 200
-2 -3 —-1900
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OCKiNbKH CHUMIUIEKC-PI3HUII YCiX HeOa3MCHHX 3MIHHUX — HYJI,
TO PO3B 30K (200, 300, 200, 0, O) € onmumanvrum. 1limeoBa QyHKITIS
3a I[bOT'0 PO3B’A3KY J0CsATae CBOro Halbimpimoro 3HaueHHs 1900, <

2.7. Bu3HaYeHHsI OMIOPHUX IJIAHIB

ITix gac 3acrocyBanHs cumIuiekc-merony no 3JIIT (2.10), (2.11)
MU TIPHITY CKANIH, IO MTOYATKOBUH OMOPHUH TIAH € gidomum. Y TPOCTUX
(yubosux) 3JII1 ueit miaH, 3a3Buuait, € oueBuanuM. OmHak aas Ginb-
mocTi mpakTHaHuX 3a1a4 JII1 mogaTkoBuit OMIOPHMIA IJIaH € HEB1TOMUM.

IcHYIOTH pi3HI crmocoOW BH3HAYEHHS MOYATKOBUX OTMOPHUX ILIa-
HiB. PO3ryIsiHEMO HaMMOMIUPEHIIUH CIIOCIO — Memoo wmyunoeo bazucy.

Leit cmoci® HesBHO 3acTOCOBYBaBCs Mija yac po3B’sizyBanHs 3J111
npuxany 2.3. IlouatkoBo mro 3amauy JIII chopmynboBaHo y BUTISAL
nepwoi cmanoapmmoi ¢popmu, OTOX IS TIEPEXOAY N0 KaHOHITHOT dop-
MU BBEJIEHO M = 3 HONOMIKHUX (wumyunux) 3MiHHHUX.

BekTopu yMOB JIONOMIKHUX 3MiHHHX € opTamMu npoctopy R™, ski
YTBOPIOIOTH HOro Oaszuc. lleit 6asuc 3yMoBIIOE “ineanbHUN BUITAIOK,

3a SIKOT'O Ab = Agl =In, Cy = Gm. A 1ie, y cBOIO uepry, 3rigHo 3 (2.22),
nepenbavae, mo AJ- =-Cj, j=m+1n.

[IponeMoHCTPYEMO 3aCTOCYBAHHS MemMOOY UWMYHUHO20 OA3UCY IS
BU3HAYCHHS moyaTkoBoro onopuoro miany 3JIIT (2.10), (2.11), 306pa-
JKeHiH y kaHoHIuHIK (hopmi. He BTpauaroun 3araibHOCTI, BBAXKaTUMEMO

b>0 (sxmo mesike by <0 (i = L_m), TO BIAMOBIJHE I-T¢ PIBHSIHHS CHUCTE-
mu (2.11) muOXMMO Ha —1).

. . . . . . n+m
Beenemo nonomikHi 3MiHHI Xp,1,...,Xpem 1Y mpoctopi R

3MIHHEX  Z = (Xq,..., Xp, Xml,...,an)T =(X,¥)" posrusHemo xoro-
MDKHY 33724y

f1(Z) = Xpi1 +--- + Xpem — MiN, (2.44)
X

7eZ= z:zz( ]ER””“, 7>0,,m CZ=AX+1,y=b} (2.45)
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3BUYAWHUM MiACTABISHHIM MOXHA JIETKO MEPEKOHATHUCS, IO TO-
YaTKOBHUM OIIOPHHUM IUTAHOM JOMOMIXKHOI 3a1adi (2.44), (2.45) € BexTOp
e -
Zp= (On, b) > Opym . Touka Zy — KyTOBa TOuka MHOXMHHM Z 3 0a3u-
coM, sKuit MicTHTB ocTanHi m crosmuis Matpuii C = (A, Iy, ). OueBua-
Ho, mo rangC =rangl,, =m.

Jliniiina ¢opma (2.44) momomixHoi 3amadi oOMeXeHa 3HU3Y Ha
mHoxuHi tiaiB Z ( f1(Z) > 0), a cama MHOXHMHA Z Ma€ KyTOBY TOYKY
Zy. Ha ocHoBi Teopemu 2.3 MOXHa CTBEp/PKYBaTH, 110 3aaada (2.44),

(2.45) mae onTUMaIBHUI OMOPHUH IITaH 1 MO0 I[HOTO MOXKIIHBI 064 6U-
naoxu.

1) min f,(z) > 0; (2.46)
2) min f(z) = 0. (2.47)

Teopema 2.7. Buxonanus ymosu (2.46) o3nauae, mo mogarkosa 3JII1
(2.10), (2.11) ne mae ancoonozo naany (TobTo cucrema il ymon (2.11) €
HECYMICHOI0).

» JloBeneMo 1ie TBEPKEHHS BiJ CympoTHBHOro. Hexali cucrema yMOB
(2.11) € cymicHoro i 3amaua JIIT (2.10), (2.11) mae mnanu. Hexaii oqHum
3 MUIaHiB € BEKTOp X = (Xi,...,X},)T. Toni Bektop Z' = (7',6m)T Oyne
IJTAHOM JIOTIOMIXHOI 3aj1adi, 3HAYCHHS JIIHIHHOT (JOPMHU SKOi JOPIBHIOE
nymo (oTpumany npotupivus). <

VY npyromy BUMAJKy ONTUMAaIbHUN IUIAH JOMOMIKHOI 3a/adi Ha-
OyBae BUIIIALYy Z*= (\7,6m)T 1 BEKTOp V CIIyI'yBaTUME ONOPHUM NJd-
nom mouaTkosoi 3JIIT (2.10), (2.11).

OTxe, KyTOBY TOUKy V € X BHU3HAYEHO, HEOOXIHO II¢ BiAlIyKa-
T rang4 i 3a3Haunrtu 6a3uc Touku V . Ockineku m=rangC >rangA, to
Gasuc Z Moske HanigyBaTH i cToBnui Marpuni |, (sxmo rangA<m,
TO TaKk 000B’I3KOBO Oy1e).

He mopymryroun y3araabHEHOCTi, BBa)KaTUMEMO, IO Oa3WCHUMH

* ry ry ry _— _— . . .
BEKTOpaMu Touku Z € Ay, Ay,..., A, €,...,60_r Marpuui C, sKi BiAmo-
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BiJAIOTb OCHOBHHUM 3MIHHUM X{,...,X; 1 ZOHOMDKHHM Xp41,---» Xnem—r -
Po3risiHEMO TpU MOXKJIMBI BUMAAKH.

Bunaook 1. Hemae psakiB 3 JONOMDKHUMH 3MiHHUMH (F=m<n i
GasucHuME € cToBrI A, Ay,..., Ay ). Y TakoMy BHIAIKy Hy1606a iTe-

parisi CUMIUTEKC-TabIUIl nowamkogoi 3a1avi 30iraeTbCs 3 OCMAHHLOI
ITEepariero CUMILIEKC-TAONNI donomidicHol 3amadi, 3 SKOI BHIyYECHO
CTOBIIL, AKI BIAITOBIZAIOTH JOIIOMIKHHUM 3MIHHUM, a TaKOXX 3allMCaHUI
BUpAa3 IUILOBOT QYHKIIT uepe3 HOBI HeOa3MCHI 3MiHHI.

Bunaook 2.Y tabmuni € psajaky, sKi BIAMOBIAAIOTH JOTIOMIKHUM 3MiH-

n r
HUM, HeXaH Xnti =Vnsi = zymi,kxk _zyn+i,n+m—r+jxn+m—r+j
k=r+1 j=1

(I<i<m-r; r+1<k<n)icepen koeilieHTiB Yp,j € aonatHi. To-
i OJIUH 3 TAKUX EJIEMEHTIB Y,k >0 obupaemo 3a Bemyumii i Biamo-
BiIHY JOTIOMiIXKHY 3MiHHY BUBOAMMO 13 0a3UCHUX, 3aMiHIOIOYH 11 OCHOB-
HOIO 3MiHHOO. Ilicns ckiHYeHHOI KITBKOCTI KPOKiB MU OTPHMA€EMO BU-
nanok 1 abo curyairito, Konu Bei eneMenTn ypijk <0.
Bunaodox 3.V upomy Bunaaky r<m, ane yp,jy <0. Ile osnauvae,
10 PAAKOBI N+ 1 BiJMOBiAa€ PIBHAHHS
Yn+i,r+1Xr+1 -t Yn+inXn + Xnsi + Yntinem-r+%n+m—r+1 +
+..+ Y ngi nem¥n+m = Vnai =0.
CroBIIi i3 TONOMDKHUMH 3MiHHUMH BIIKUAAIOTE. X, =0, 1= (1, m).
[Ticns 1pOTO OTPUMYIOTH PIBHSIHHSI:
T, % oYX =0 (P=1..,m—r).
MOKIJIMBAM € BHUIAJOK, KOJU 3a JESKOro 3HauyeHs | Ta ycix
J=r+1ln: vyn,j=0. Take piBHAHHSA 3aJ0BOJBHATHME JOBLIbHHII

BEKTOp X € X, OTOX HOro MokHa BHKpeciauTH. Skmo y (n+i)-my
pIBHSIHHI
Yn+is, < Ov---’Yn+i,sq <0, r+1< si<n,
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a perra KoeQillieHTiB JOPIBHIOIOThH HYJIIO, TO HOT0 3alUCYIOTh TaK:

Yn+i,s Xs +---+Yn+i,sq qu =0.

Ie piBHAHHSA BUKOHYBATUMETHCS JIMIIE IIPH XSl = XS2 =..= qu =0.

3MiHHI Xy, IKUM BiAnoBifae xoua 6 oauH koeimieHT Y,k <0, BHO-
KPEMHUMO MO3HAYKAMU 1 MPUIMEMO, 1110 BOHU JIOPIBHIOIOTH HYITIO.

Jns mouatkoBoi cuctemu AX = b MoxuBi Imie Taki HeBix eM-
Hi pO3B’S3KH, Yy SKHX 3a3Ha4YCHI BUILE KOOPAWHATU IOPIBHIOIOTH HYJIIO.
OckinbKU JIesiKi KOOPAWHATH YK€ BU3HAYEHO, TO 1X MOKHA BHIIYYUTH 3
po3mIIsAmy. 3 MI€I0 METOI0 BHKPECTUMO KOe(IIli€HTH, SKi BiIITOBITAIOTH
BUOKpeMJICHUM 3MiHHHM. [licns Takoi omeparlii yci piBHSAHHS, SIKi Bij-
MOBIJAIOTh AONOMDKHUM 3MiHHUM, TaK0X BUKPECITIOEMO. Y Pe3yJsbTari
OTPUMAEMO 3371ady:

r
2 CjXj+ 2CiXj —> min,
j=1 iel
Xj +Z’ijxk :Vj, Xj ZO, J:].,r,
kel
ne | — MHOKHMHA HOMEPIB TUX KOOPAUHAT 3 Xr41,..., X , IKi HE BUOKpEM-
JIEHO.

Mu oxepkanu 3amady, 3py9HY IS 3aCTOCYBAHHS CHMILICKC-Me-
tony. Jonamo 1o Hel psaoK 3 A j Ta f(\7). Jlo BiAIIyKaHOTO PO3B’S3KY

i€l 3axadi XI X:, Xi* (i € I) J0AAa€MO HyJIbOBI 3HaUCHHSA BUOKpEMJIe-
HUX KOOPJHHAT i OTPUMYEMO PO3B’ 30K MOYATKOBOT 3a/1aui.

3 BUKOHAHOTO aHANI3y BUILIUBAE NPAKMuyHe Npasuio: sKIo BHa-
CIIIJIOK 3aCTOCYBaHHSI CUMILJICKC-METO/Y JIesiKa 3 JOMOMIXKHHUX 3MiHHUX
nepeiinuia B HeOa3HCHi, TO BIAMOBIIHMIA 11 CTOBIEIH JOIITHPHO BHKpEC-
JIMTH 3 PO3TIISTY.

Jam HaBeaemMo TPUKIIAIH, SKI LUTFOCTPYIOTH YCI MOXIIMBI BHIIAI-
KH, 1110 BUHUKAIOTh ITi]] 4YaC BU3HAYCHHS OYaTKOBOI'O OMOPHOTO IJIaHY.
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Ipuknao 2.4. Pose’szatu 3JIIL: £ (X)=5%) +3Xy + X3 — 4X4 —> min,
X1+X2+2X3+X4 =5,
X1 — 2X2 +3X3 =5,

3%+ TXg+2X%X4 =13, X; 20, i=14.
» BBeznemo 3MiHHI Xg, Xg, X7 1 B IIPOCTOP1 R’ pO3TIIsTHEMO 3aj1auy:
f1(2)= X5+ Xg + X7 &> Min,  X| +Xo +2X3 + X4 + X5 =5,
Xg —2Xp +3X3  +Xg =5, 3%+ TX3+2X4 +x7=13, X; 20, i =17.
Po3B’si3yBaHHs TOMOMIXHOI 3aj1aui HaBeleHO y Ta0i. 2.2, 1e fl(f) 3a-
nucano uepes HebasucHi sminmi: f)(Z)=23-5x + X —12X3 —3Xy.

Tabnuys 2.2. CuMriuiekc-TabnuIst JONOMIKHOT 3a/1a4i pukiiany 2.4

H3 -
1 B3 X1 X2 X3 X4 Vp
Xg 1 1 1 5
Xg 1 2 3 0 5
0 X7 3 0 7 2 13
5 -1 12 3 23
H3 -
B3 X X2 *3 Vb
Xy 1 1 2 5
! Xg 1 -2 3 5
Xo 1 -2 3 3
2 i 6 8
H3 —
B X2, 0 X3 ,0 Vp
X4 3 -1 2
2 X6 0
X1 -2
0 0 fl =2

Ockinbku 1 =2, To nouarkoBa 3anayda JII1 He mae po3B’s3kiB. <
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Ilpuknao 2.5. Po3s’si3atu 3J1I1:
f(X) =X, + Xy + 2X3 +3%4 — min,
X| +Xp +3X3 +4X%X4 =12,
Xp—Xp +X3—X4 =2, Xj =0, i=14.
> Po3p’si3yemo pomomixkay 3amaay: f;(Z)= X5 + Xxg — min,
Xq+ X +3%X3 +4Xg + X5 =12, X1 —Xo + X3 —Xg + Xg =2, X =0, i =1,6.
Po3B’s13yBaHHs TOMIOMIXKHOI 337124l HaBeACHO y Ta0u. 2.3, e 3HaUeHHS
f1 (Z) 3amnmcaHe yepe3 HebasucHi 3MiHHI: ] (Z) =14-2x —4x3 —-3X4.

Tabnuys 2.3. CuMiuiekc-TalbiuIst JONOMIDKHOT 3a/1a4i npukIiany 2.5

] Heb6a3ucHi 3miHHI .
ITepanis B3 X Xo Xa X4 Vp
Xg 1 1 3 4 12

0 X6 1 -1 1 -1 2
0 4 3 14
B3 X1 X2 Xg X4 Vb

1 Xg -2 4 7 6

X3 1 -1 -1 2

-2 4 7
B3 X1 X5 X6 Xq Vb
2 X -1/2 7/4 3/2
X3 1/2 3/4 712
0 0 f, =0

Po3B’s30k nonomixkuoi 3agavi f; =0. [ToyaTkoBUM OMOPHUM ILIa-

HOM OCHOBHOT 3aJ1a4i € BEKTOp V = (0, 3/2,7/ 2,0)T . basucHi 3MiHHI X,
X3 Ta Qynknis f BupaxaroTbcs uepe3 HeOA3UCHI 3MiHHI TaK:
Xo=3/241/2-% —T14-Xg4, X3=T12-1/2-% —3/4- X4,
f=xq+(3/2+1/2-% —7/4-%4)+2-(7/12-1/2-% —3/4-X4)+3%4 =
=17/12+1/2-% —1/4- xg4.
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Po3B’s13yBaHHsI MOYaTKOBOI 3a7aui npuknaay 2.5 HaBeaeHo y Tabm. 2.4.

Tabnuya 2.4. CuMruiekc-TaONrI TOYaTKOBOI 3a1ai MpuKiIany 2.5

Iteparis Bazuchi He6asucHi 3MiHHI v

3MiHHI X1 Xq b

0 Xo -1/2 7/4 312

X3 1/2 3/4 712
-1/2 1/4 17/2

53?:1121{(;{}:1 He6a3ucHi 3MiHHI Y

X X2
1 X4 =27 a/7 6/7
X3 5/7 =3/7 2017
=3/7 -1/7 f=58/7

Otxe, MOYaTKOBY 3amauy npukiaany (2.6) pos3s’szano. Onrumans-
norw € touka X =(0,0,20/7, 6/7)T i 3HAYEHHS I[iTLOBOT QYHKIT v IIiff
Toutli gopisuoe 58/7. <
Ilpuknao 2.6. Po3s’sizatu 3JII1:

f(X)=3x; +4xy —3xg3 — 2X4 — min,
X1+ Xp +7X3+ X4 =6, Xp +X3—2X4 =3,
X1 +2X3+X4 =1, X; 20, izﬁ
» Sk 1 panime, 1uis BiAITyKaHHS TOYaTKOBOI KyTOBOI TOUKH PO3TJIsia-
I0Th JOTIOMDKHY 337124y
£1(Z) = X5 + Xg + X; — min
3% + X9 + X3 + X4 + X5 =6,
X2 +X3—2X4+X6 :3, X1+2X3+X4+X7 =1,
Xj 2 0, i =]7

[poriec po3B’s13yBaHHs JOMOMDKHOI 3a7a4i HaBeaeHO y Ta0i. 2.5. Y Ha-
momy Bunanky f =10—4x; —2x, —10x3.
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Tabnuys 2.5. CuMIutekc-TabaMIs TOTIOMDKHOT 33/1a4i ipukiany 2.6

ITepa- Ea3.1/1(:1-¥i HebasucHi 3miHHI v
111 3M1HH1 X]_ X2 X3 X4
X5 3 1 7 1

0 X6 0 1 -2 3

X7 1 0 2 1 1

4 2 10 0 10

i | 9 e | 6 | o | W

X5 1 1 -2 3

1 Xg 1 1 -2 3

X1 0 2 1 1

2 2 -4 6

Bagucgi X7 Xs X X, Y

3M1HH1

X9 1 -2 3

2 X6 0 0 0

X1 2 1 1

0 0 fi=0

VY toumi Z =(1,3,0,O,O,0,O)T ¢yukuis f; =0 1 mocsirae cBoro

MiHiMyMy. HonomixHy 3amady npuknany 2.6 poss’s3ano. Touka Zj €

KYTOBOKO TOYKOI MHOXHHHU Z | BOJHOYAC TOUKA X = (1,3,0,0)T € KyTO-
BOIO TOUYKOIO 1t MHOKUHH X. OiHak cepes 6a3MCHUX 3MIHHHUX € JIOTO-
MDKHa 3MiHHA Xg .

VY rtabmuni 2.5 (itepauis 2) 3MiHHIIl Xg BiJNOBiAae PSIOK 3 Hy-
JILOBUMH Koe(illieHTaMH, a IIe 03HaYae, 110 OJHE 3 PIBHIHb y CHCTEMI

oboMexxenb ocHOBHOI 3amaui JIIT € miHiIHHOI0 KOMOIHALIEI0 ABOX I1HIIHX
(miticHoO, mepiie PiBHSHHS JOPIBHIOE CyMi JPYTOro i MOTPOEHOTO Tpe-
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THOT'0), OTOXK TaKHH PSIIOK 3 PO3IIISTY BHIYYEHO i OTPHMAaHO HOBY 3a-
Jagy.
f(X)=3% + 4% —3%g — 2X4 = 3(L— 2X3 — X4 )+ 4(3— X3 + 2%, ) —
—3X3 — 2X4 =15-13X3 + 3X4 — min

3 OOMEXKEHHAMH Xp =3— X3 +2Xy4, X =1—-2X3 — X4, Xj 20, 1=14.

[Iporec po3B’si3yBaHHs 1Ii€i 3a7a4i HaBeAeHO y Ta0I. 2.6.

Tabnuya 2.6. CuMrutiekc-Ta0ONuIs TOYaTKOBOI 3aa4i mpukiany 2.6

) Heba3ucHi 3miHHI _
ITepamis B3 X3 Xa Vp
X2 1 -2 3
0 X1 2 1 1
13 -3 15
B3 xq X4 Vp
1 X9 -1/2 —5/2 5/2
X3 1/2 1/2 1/2
-13/2 -19/2 f =172

Orxe, TMoOYaTKOBY 3ajady Hpukiaamy 2.6 poss’szano. Onruma-
JIBHOIO € TOYKa X =(0,5/2,l/2,0)T 1 3HaYeHHsI ITbOBOI (YHKIII y IIiif
Toutli nopiBHoe 17/2. <
Ilpuknao 2.7. Po3s’sizatu 3J1I1:

f(x)= % —2Xy +3%3 —4%4 —5x5 — min,
2X +Xg + X3 —Xg4 + X5 =5, —4X) —2Xp + X3+ X4 +3X5 =9,
2% +2Xp +2X3 — X4 +3X5 =12, %; 20, i =1,_5.
> BBoxumo fomomixkay 3amauy: f;(Z)= Xg + X7 + Xg — min,
2%+ Xg + X3 = X4 + X5+ Xg =5, —4X; —2Xp + X3+ X4 +3X5 + X7 =9,
2%X] +2Xp +2Xg3 — X4 +3%X5 + Xg =12, x; 20, i =18.

[Iporec po3B’si3yBaHHS TOTIOMIXHOI 3aj]adi HaBeIeHO y Ta0I. 2.7.
Y upoMy BUNIAAKY fl(Z)z 26— X9 —4Xg+ X4 — TXs5.
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Tabnuys 2.7. CuMIutekc-TabaMIs TOTIOMDKHOT 33/1a4i pukiany 2.7

Trepa- He6a3ucHi 3MinHi _
st B3 Vp
X1 X2 X3 Xq Xg
X6 2 1 1 -1 1
X7 -4 -2 1 1 3
0
Xg 2 2 2 -1 3 12
0 1 4 -1 7 26
B3 X1 X2 Xg X4 Xg Vb
L X3 2 1 -1 1
X7 -6 -3 2 2 4
Xg -2 0 1 1 2
-8 -3 3 3 6
B3 X1 X2 Xg Xg Xg Vb
X3 0 1 2 7
2 X7 -2 -3 0 0
X4 -2 0 1 2
-2 -3 0 f]_ =0

Touka X = (0,0,7,2,0)T € KYyTOBOIO JIJIs1 MHOKUHH X, OJTHAK Cepenl
0a3MCHHUX 3MIHHHX € JIOTIOMiXKHA 3MiHHA X7, AKiil BiJIIIOBiIa€ PSIOK, IO
Ma€ TiJIbKH BiJ €MHI eleMeHTH. Lle o3Hadae, 10 BIOMOBIIHI iM 3MiHHI
ocHoBHOI 3agadi JIIT € HympoBuME (X =X =0).

OTxe, 11 BU3HAYCHHS ONTHUMAIBHOIO PO3B’ 3Ky MOYATKOBOI 3a-
nadi MaeMo OOMeXeHHsT X3 =7—2Xg5, X4 =2—X5, % =X, =0. Dynk-
mist f(X)=3xg —4x4 —5x5 = 3(7 — 2x5) — 4(2 — X5 ) — 5x5 =13 7xs.

OntuManbHuii po3B’s30K gocsaraethes B Toumi X* =(0,0,3,0,2)
(po3B’smKiTH cCaMOCTIiTHO). <



2. JliniiiHe IporpamMyBaHHs 85

2.8. IBoicTicTs y JiHiliHOMY mporpamMyBaHHi

KoxHiit 3amai JiHIHHOTO MporpaMyBaHHsI BiJIIIOBiae 3aaava Ji-
HIfHOTO TIpOTpaMyBaHHS, Ky Ha3HBAIOTH 0goicmoio (ab0 cnpsowcernoio)
no Buxigaoi. 11[o6 kpare 3po3yMiTH MOHSTTS ABOICTOCTI, BUKJIA]l MaTe-
piaity po3MoYyHEeMO 3 TaKOTO MPUKIATY.

IIpuknao 2.8. ®ipma B 3akynoBye pecypcu S; (i =1,_m) y ¢ipmu 4 i 3a-
LiKaBjIeHa y TOMY, 100 BUTPaTH Ha 3aKyIiBIIO IUX PECYPCIB y KiIbKO-
crsix b 3a mimamm, BianowinHO, Y; Oynu minimanshumu. Tlpore dipma
A 3amikaBiieHa y TOMY, MO0 oJiepXKaHa BHPYYKa BiJl MPOJAXKY pecypciB
Oyna He MEHIIOIO 3a CyMy, SIKy (ipMa MOXKe OfepKaTH HpH mepepooii
pecypciB y roToBy npoaykuito. Ha Burotoinenss ogunuii npoaykuii P;
3a niHoto ¢j ( j = ZL_n) BHUTPAYaEThCS ajj OAUHULB pecypey Si. HeobxinHo
3armycaTi eKOHOMIKO-MaTeMaTHYHI MoJIeNi i1 000X (ipM.
» Jlns dipmu A HE0OXiAHO 3a0€3MIEYNTH TaKMK IJIaH BUITYCKY IPOIYK-
i X = (X, X, v, Xn)T , 32 SIKOTO MPUOYTOK Bia peaizarlii mpoayKiii
Oyne maxcumanbHum 32 YMOBH, II0 BUKOPUCTAaHHS KOKHOTO BUAY pe-
CypCy He NEepEeBUINUThH BEJIMYUHH b (i =1,_m) Otpumyemo 3JII1 y mep-
. . . T AX <b,
il cranaaptHii popwmi (2.6), (2.7): f(X) = ¢ X—>max, { £>0
= Yn

g ¢ipMu B HeoOXigHO BIANIyKaTH Takwi Habip IIiH

Y=(Y1,Y2: - ¥m )T Ha pecypcH, 3a SIKMX 3arajbHi eumpamu Ha pecyp-
CH TIpH BUPOOHHMIITBI KOKHOTO BHIY MPOAYKUii ¢ipMoro 4 OyayTh Oidb-
UMK a00 JIOPIBHIOBATUMYTE npuOymKogi Bij peaiizailii boro BHIY
npoaykiti (to6To dipmi 4 BurigHime Oyjae mpoaaBaTH PeCypcH, a He
BHTOTOBJIATH TpoAykKitifo). Orpumyemo 3JIIT y mpyriii craHmapTHii
¢dopmi BUTTISIAY:

2(y)= b' y—>min, (2.48)
T-o =

Ay=e, (2.49)
y> 0y,

3anauay (2.6), (2.7) HasuBaroTh npsimoio, a 3amaady (2.48), (2.49) —
08oicmoio 110 Hel. <
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IMobyayemo nBoicTy 3amgauy a0 3amadi (2.48), (2.49). 3 mieto me-
TOIO 3aMUILIEMO 11 y IepIIii cTaHAapTHIN GopMi:

—2(Y)=-b' y>max, _é y=-¢
y20n
JIBoicToro 10 HEl € 3a7aua
TV es i
—f(X) = - Xx—>min, (—A ) Xz-b,
X=>0,,

ska ekBiBasneHTHa 3ana4i JIIT (2.6), (2.7) i Bimpi3HA€ThCS Bi HEl TINBKH
thopmoro 3ammcy.

Orxe, moHATTS nBoicTocti 3JII1 € B3aeMHMM. SIkmo Oynmp-siKy 3
[IUX 3a71a9 BBAXATH npsmoio, TOMI iHINa 6yne dgoicmoro 1o Hed.

3anaui (2.6), (2.7) i (2.48), (2.49) HasuBarOTh 83a€MHO 08OICUMU
3a0auamu y cumempuyniiu ¢popmi. 11i 3a1adi BOJIOAIIOTh TAKUMH BIACTH-
BOCTSIMHU:

— B OJIHIN 3 3aJ1a4 IIYKAKOTh MAKCUMYM, @ B THIIIH — MIHIMYM;
—  KkoedimieHTH Oinsl 3MIHHUX Y JNiHIHHIA QyHKIIT oxHIET 3amadi €
BIJIBHUMU YJIEHAMU CUCTEMU OOMEKEHD B 1HIIII;

— mpsAMa i JBOICTa 3a/adi 3aMMcaHo y pi3HUX CTaHIApTHUX (Qopmax
(0omosumocs npsmy 3JII1 3anucyBaTu y nepuiti cranaapTHiit dop-
Mi, a IBOICTY — y Opyeiti CTaHAapTHIH Popmi);

—  Marpuui KoedimieHTiB 0N HEBIJOMHUX y cUCTEMax 0OMEXeHb 000X
3aj7a4 € TPaHCIIOHOBAaHWMH OJIHA IIOJI0 1HIIOf,

—  KUJIBKICTH HEpiBHOCTEH y cucTeMi oOMexeHb ofHiei 3amaui 30ira-
€TBCS 3 KUIBKICTIO HEBIJOMHUX 1HIIOI 3a7a4i;

—  YMOBH Hegi0’ emHocmi Hegidomux € B 000X 3amadax.
JBoicti HeBizoMi Y =(Yy, Yo, ..., ym)T Ha3UBAKOTh GHYMPIUHIMU

(abo minvosumu) minamu. BOHU HarOTh 3MOTY OI[iHMTH BapTiCTh BHKO-
PUCTOBYBaHHMX PECYPCIB, OTOXK iX Ie HA3UBAIOTh oyinkamu pecypcis. 1li-

Hu C = (Cy, Cy, ..., C, )T HA3UBAIOTh 308HIUHIMY T[IHAMY Ha TIPOIYKIIIIO.

s 0yap-sxoi 3amadi JII1, o Mae noButbHY (hOpMY, MOXKHA I10-
oynysaru neoicty 3JII1. 3 miero metoro noyarkoBy 3JII1 HeoOXiaHO 1T0-
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MEPEeIHBO 3BECTU JO0 neputoi cmanoapmuoi GOpMU 3aIUCy, BUKOPUC-
TOBYIOYM BIiAMOBiMHI mMpaBuia nepeTBopeHb (auB. § 2.1). PosrisiHemo
npuktagu 2.9 1 2.10.
X| —4Xy — X3 — min;

3% +4Xo + X3 <7,
Hpuknao 2.9. Jlns 3amaui JIIT X| +2Xy + X3 =6,  moOynysatu
X3 > 4,

X; 20, =13,

JIBOICTY 3a/1a4y.

» 3Benemo novatkoBy 3JII1 no neputoi’ cmanoapmuoi popmu 3anucy:

— X1 +4Xy + X3 = max; .
7y1 +6Yy, —6y3 —4y, — min;

3X1+4X2 + X3 <7,
3yn+y2-vy3=-1,

X+ 2Xp + X3 <6,

X — 2% — X3 < -, JBoicTa 3ama4a: 4y) +2yy —2y3 >4,
— X3 <-4, Y1+y2>;y§ —1}'_121,
Xj>0, j=13 yi 20, i=14.

Skmo y nBoicTiil 3amadi BBECTH HOBE HEBimoMme Y =Y, — Y3, siKe He
obmedicene y 3HaKy, TO T 3ajava 3BOAUTHCS JO MiHiMi3allii QyHKIil
Z=7Yy;+6Yy—4y, npu 0OMEKECHHSIX:

By1+y=-1 4y +2y=4, yy+y-ys21 y1 20, y420. <

Hpuxnao 2.10. [Tns 3agaqi JIIT: 6% +10X — max;
5% +3x>10, X, —x<4,% =0

o0y IyBaTH IBOICTY 3a7ady.
» 3Benemo novatkoBy 3JII1 no neputoi cmanoapmuoi popmu 3amnucy.
Hexail X=Xy —X3, e X9 20 1 X3 >0. Toxi npsima 3a1a4a JiHIHHOTO
6% +10xy —10x3 — max;
—5x — 3y + 3x3 < -10,

X — Xo + X3 < 4,

Xj >0, j :ﬁ

mporpamyBaHHs HaOy/ie BUTIISAY:
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—-10y; +4y, — min;
-5y, +Y, 26,
JIBoicTa ;1o Hel 3ama4a MaTHME BUTJIS; — 3y1 —Yy 2 10,
3y, +Y, 2-10,
y12=0, y, >0.

Oo6mexennst —3y; — Yo 210 1 3y; + Yy > —10 MoxHa 3aMiHUTH OIHUM
oOMexxeHHsM Tuly piBHOCTI 3Y; + Yo =—10. <

V 3arajgpHOMY BUIIAJIKy MOXKHA IpoaeMoHcTpyBatH [31], mio:

e KO y TpsIMiA 3amadi JiHIHOTO MporpaMyBaHHS € OOMEKEHHS
THITY PIBHOCTI, TO Y ABOICTiH 3a1adi iM BiITOBITAIOTH 3MiHHI, SIKi HE
oOMesxeHi 3HaKoM (auB. mpukiazn 2.9);

e  SKIIO B IpsMiil 3a7adi JiHIKHOTO pOTpaMyBaHHS € 3MiHHI, SIKi HE
00OMeKeHI 3HAKOM, TO Y JIBOICTIi 3ajadi IM BiJOBigae 0OMEKCHHS
Ty piBHOCTI (1uB. npuknaz 2.10).

Jnst 3711 y xanonivsiit popmi (2.10), (2.11) aBoicroro € Taka 3aaya:

2(y)= b' y—>max, (2.50)
ATy <. (2.51)

3amaudi (2.10), (2.11) i (2.50), (2.51) HasuBarOTH 830€MHO 080IC-
mumu 3a0auamu y wecumempuunii ¢popmi. Jlomosumocs 3JII1 y kaHo-
HiuHii ¢opmi (2.10), (2.11) BBaxkatu npsmoro 3anauero, a 3JII1 (2.50),
(2.51) — 0soicmoio. YMOBU He6i0’emHOCHI He8iOOMUX HASIBHI TINBKH Y
npsamiit 3JII1.

3B’S30K MK ONTUMAJIBHHMH PO3B’S3KaMH TPSMOI Ta ABOICTOI
3a]]a4 BCTAHOBJIIOIOTH JIEMHU Ta TEOPEMH JIBOICTOCTI.
Jdema 2.5. Ocnoena mepisnicmo meopii 0soicmocmi. SIkuio mpsima
(2.6), (2.7) 1 nBoicra no uei (2.48), (2.49) 3amadi JAiHIHHOTO MPOTpPaMy-
BaHHS MafOTh HEITOPOXKHI 0OMEkeHI MHOKHUHU X 1 Y JTOIMyCTUMHX PO3-
B’sI3KiB, TO 1Js Oyap-skux X € X 1 Y €Y cnpaBeminBa HEPiBHICTb:

¢ x<b'y. (2.52)
» 3a yM0oBOrO MHOXMHHU X 1 Y HenopoxxHi. Hexait Xe X 1 yeY .
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' BekropHa HepiBHicTh AX <b € cykymHic-

n —
TIO CKQJIAPHUX HEPIBHOCTEH - &jjXj <bj, i=1m.
=1
[lepeMHOXKYIOUM KOXHY i-Ty HEPIBHICTh IIi€i CYKYIHOCTI Ha
m n m
Yi 20 i cymyroun iX, orpuMyemMo HepiBHICTB Vi 2. &jjXj < 2 Yibj
i-1 j-1 i-1

a00 y MaTpU4HO-BEKTOPHOMY BHUIJIALL VT AX < VT b.

AHAJOTI4HO, 3 BEKTOPHUX HEPIBHOCTEH AT y=Ci X2>0, moxHa

OTpPHMAaTH HEpiBHICTh xTAT = X'¢c.

Orxke, C X=X C<X Aly=V AX<V'b=Db'"Y, sBimxu it Bu-
IIMBa€ HepiBHICTH (2.52). <

CoopmMyroeMo BiIIOBIIHY JieMy JJIsl B3AEMHO JBOICTHX 3a/ad y
HECUMETPHUYHIN (opMi.
Jdema 2.5*. Sxmo npsma (2.10), (2.11) i gBoicta mo mei (2.50), (2.51)
3anadi JII1 MatoTh HEMOpPOkHI 0OMekeHi MHOKHUHHU X 1 Y JOITyCTUMHUX
PO3B’A3KiB, TO st Oyab-skux X € X 1 Y €Y crnpaBemnBa HEPiBHICTE:

b y<e&' x. (2.53)

» 3a ymoBoro MHOXHMHHU X 1 Y HenopoxkHi. Hexait Xe X 1 yeY .

[AX=b, . - __ o - = :
Toni { i AT y <C. BekropHa piBHicte Ax =b € cykymHicTiO

n
CKaJspHUX piBHOCTEH . aj;Xj =hj, i=1m.

IlepeMHOXyIOUN KOXKHY i-Ty HEpIBHICTb 1li€i CyKYHNHOCTI Ha Yj 1

m n m
CyMyrouH iX, OTpUMY€EMO DIBHICTb Y > &jjXj = 2 Yibj , abo y mar-
i=1 j=1 i=1

PHUYHO-BEKTOPHOMY BHTJISII )7T AX = YT b.

AHAJIOTIYHO 3 BEKTOPHUX HEPiBHOCTEH AT y<Ci X20, moxHa
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OTpPHMAaTH HEepiBHICTh xTAT y< X'¢c.

Orke, b'y=y' b=y AX=X ATy<X'C=C'X, 3sinku it Bu-
mmBae HepiBHicTh (2.53). <
Hepisrocri (2.52) i (2.53) cynepeuars Mixk cob0r0 i3-3a pi3HHX
HPUIYIICHb TIPO ApsMy 3a/1ady B Mapi npsama 3adava — 0soicma 3a0aua
(mpoanamnizyiiTe caMoCTiiiHO). ['0OJIOBHUH 61/CHOBOK 3 IMX HEPIBHOCTEIA:
3HauenHs hynkyionana (Ha makcumym) oowiei 3a0aui He nepesuuyye

3Hauenns pynxyionanra (na Minimym) 080oicmoi 3a0aui O OOBLIbHUX
0ONYCMUMUX PO38’3Ki6 8I0N0BIOHUX 300aHU.

Jdema 2.6. [locmamus ymosa onmumanvHocmi 0goicmux 3aday. SIKIo
npsma (2.6), (2.7) i aBoicta no nei (2.48), (2.49) 3anaui JII1 maroTh He-
MTOPOXHI 00MekeHi MHOXKUHH X 1 Y TOMyCTUMHUX PO3B’S3KiB, IPUIOMY
ICHYIOTb Taki AOImycTuMi po3B’s3ku X*€ X 1 y*e€Y , mo

el X*=b" y*, (2.54)

TO JIOITYCTHMI PO3B’S3KU X * 1 Y * € onmumansuumuy po3B’ I3KaMu.

» 3rigHo 3 ieMoro 2.5, aiist OyAb-IKOTO JOIMYCTUMOTO PO3B’si3Ky X € X

mpsAMoi 33/1a4i BUKOHY€ETHCSI HEPIBHICTh ¢l X<b' y*. Orxe, sKuo ic-

T T

Hye X*e X , 1m0 cnpaBmkye piBHIcTh (2.54), T0o ¢ X<¢' X * (X* —on-

THMaJIbHUI PO3B’ 30K MPsAMOT 3a/1a4i).

AmHanoriyHo, IS Oymb-KOTO IOIMYCTHMOTO pO3B’s3Ky Y eY
IBOICTOT 3a/1a4i BUKOHYETHCS HEPIBHICTh ET X*< BT y. Otrxe, sKIIO
icHye y*eY , mo cnpaBkye piBHicTh (2.54), To b’ y*< bT y (y* -
ONTHMAJILHUH PO3B’sI30K IBOICTOI 3a1aui). <

CdopMyITFoEMO BIITOBITHY JIEMY JUTSI B3Aa€EMHO JBOICTHX 3a1ad y
HecUMeTpHuHiil Gopmi.

Jema 2.6*. Sxmo npsma (2.10), (2.11) i xsoicra go uei (2.50), (2.51)
3amadi JII1 MaroTh HEMOpPOXkHI OOMEXeHI MHOKHUHH X 1 Y ITOIMyCTHMHX
pO3B’SI3KiB, MPUYOMY ICHYIOTH TaKi JOMYyCTHMi pO3B’si3km X*e€ X i
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y*eY , mo BUKOHY€EThCS piBHICTE (2.54), To momycTuMi po3B’sisku X *
i Y* € onTUMabHUMU PO3B’SI3KAMH.

» JloBeleHHs aHAJOTIYHE HOBeIeHHO jJeMu 2.6 (camocTiiino). <

Teopema 2.8. [lepwa meopema osoicmocmi. SIkio onHa 3 mapu B3a-
emuo asoictux 3amad JIII (y cuMmeTpruHiii 4n HECHMETPUUHIN (Gopmi)
Ma€ ONTUMAJIbHUN PO3B’S30K, TO W Jpyra 3ajladya TaKOX MAa€ OITH-
MaJbHHUN PO3B’SI30K, MPUUOMY /ISl ONTHMATBHUX PO3B’SI3KiB 3HAUCHHS
IiThoBHUX (GYHKITIH 30iraroThest. SIKio minboBa GyHKIiS ofHI€eT i3 3ama4
Ha HEMOPOXHIN MHOXKHHI JOIMyCTHMHX PO3B’SI3KIB He 0OMediceHd, TO
MHOXHHA JIOIyCTUMHX po3B’a3KiB iH0i 3JII1 € nopooscnvoro.

» Ockinbku 10BUIBHY 3aga4y JIIT MoskHA 3BeCTH 10 KAaHOHIYHOT (hopMH,
TO 0OMEXHMMOCS TOBEACHHIM TEOPEMH ISl TAPU B3AEMHO JBOICTHX 3a-
nay JII1 y necumerpuuniit ¢popmi (2.10), (2.11) i (2.50), (2.51). Bpaxo-
BYIOUH B3a€MHY ABOICTICTh IuX 3anad JIII, qoBemeHHs TOCUTH 3MIHCHU-
TH, Oepyur 3a TIOYaTKOBY OIHY 3 HuX, Hampukiax (2.10), (2.11).

Hexaii 3amaua JIIT (2.10), (2.11) mae onTuUMajbHUN PO3B’A30K

* - — — — —_—
(mosHauumo X * = (Xl, Xn)T, Tomi min f(X) = f(X*)=¢' X*). Jlo-
BemeMo, mo 3amada JIIT (2.50), (2.51) tex Mae onTtuManbHUN Po3B’s-
30K, IPUYOMY JIJIsl ONITUMAIILHUX PO3B’SI3KiB 3HAYCHHS LITbOBUX (PyHK-

1iit 30iratotecs (cripaBeyinBa piBHICTB (2.54)).
3anuiemMo Bupas s 1iiboBO1 QYHKIIT 3rigHO 3 (2.24):

1 (=T aA-1 T _ -TalE * <
() Abb (bAbAs_Cs )is—chbb_As'XSv
ne ¢s = (Cmits-- Cn) — BIATOBITHUIA BEKTOP CHUMILIEKC-Pi3HHIIb.
Ha ocranniii itepauii y CI/IMnneKc-TaGJII/Iui PO3B’SI30K € ONMUMAIbHUM.
A 1e o3Hauae, o0 AS <0, to6TO

_T p-1

G Ay tA—C) <0 A TAC<T]
Hexaii y' = EbT Agl. Toni VTAb =EbT, VTAS SEST. O6’enHyroun oc-

: TaoaT To.=

TaHHI BUpasu, maemo Y A<T , abo A y <C.

IMopiBHIOIOYK OfiepkaHi 0OMexeHHs 3 oOMexeHHsMu (2.51), me-
PEKOHYEMOCS Y TOMY, 10 Y € JOIyCTUMHUM PO3B’SI3KOM JIBOICTOI 3a1adi
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(2.50), (2.51). Mosememo, 1m0 Y € ONTHMAIBLHUM PO3B’I3KOM IIi€l 3a-
Jadgi. 3amuIiemMo Tax:
v b =Cp Ablb —EbTxE =7'%.

Orxe, 3HAYCHHS IUTHOBOI (PYHKIIT ABOICTOI 3amadi g IOMycC-
TUMOTO PO3B’SI3Ky Y JIOpPIBHIOE 3HAYEHHIO MUTLOBOI (PyHKIII mpsmoi
3amavi Ui il ONTUMAJIBHOTO PO3B’sA3Ky X * (cmpaBeminBa pPiBHICTH
(2.54)). 3rigao 3 jemoro 2.6*, me o3Hayae, MO0 Y — ONTHMAJIBHUI
po3B’s130Kk aBoicToi 3aaaui JIIT (2.50), (2.51).

JloBeneMo npyry 4yacTHHY Teopemu. Hexail BijoMo, 110 HiJIboBa
¢byukris mpsamoi 3agadi (2.10), (2.11) ne obmesrcena 3nu3y Ha HETOPOK-
Hill MHOKUHI JJOITyCTUMHX PO3B’S3KiB. Y IIbOMY BUIAKy MHOXHHA JI0-
MyCTUMHX po3B’si3KiB qBoictoi 3axayi JIIT (2.50), (2.51) € nopooicnvoro.

Hosenemo Bia cynpomusnozo. Hexaii 3amaga JIIT (2.50), (2.51)
Mae€ JIOMyCTUMI PO3B’SI3KK 1 Y — OJWH 3 HUX. 3rigHO 3 IemMor 2.5%, ic-

HY€ TaKdi JIOMyCTUMUI PO3B’SI30K MpsAMOI 3amadi X , IO bTVS c'x

(TobTO TMiNBbOBA (GYHKINS MPAMOI 3amaui obmedxcena 31uu3y). OTpuMaTn
MPOTHPIYYSL.
ExoHOMIUHUN 3MIiCT nepuoi meopemu 08oicmocmi.

_ * * . . . . .
[Inan BupoOHHITBA X * = (Xq ,..., Xn)T i HaOip wiH (OIiHOK) pecypciB

y*= (yf ,y;, y:q)T € ONTUMAJIBLHMMHU TOHI 1 TUTBKA TOMi, KOJIH

npubymox B TPOAaXy MPOMYKIlii, pO3paxOBaHWN MPHU 30BHINIHIX

(3a3maneriap BiIOMHMX) IiHAX C1, C, .., Cn, JOPIBHIOE gumpamam Ha

pecypcu 3a BHYTPIlIHIMH (BU3HAYCHUMHM 3a PO3B’SI3KOM 3ajadi) Ii-
HaMHu VY1, Y2, ..., Ym.

ExoHOMiIYHMIT 3MICT TepIToi TeOpeMH TBOICTOCTI MOYKHA TPAKTY-

BaTH 1 TaK: MiAIPUEMCTBY 00HAK060, Y BUPOOJISITH MPOAYKIIIIO 32 OIl-

* T . o
TUMAaJIbHAM TUIAHOM X * = (Xl, ,Xn) 1 OTpUMAaTH MaKCHUMaJIbHUHN TPH-

—_— _* .
GYTOK C‘TX , UA  NOpodgaTu peCypCu 3a ONTHUMAJIbHUMH I[IHAMU

* * * . . . . .
=(Y1, Y2, s ym)T 1 BIIMIKOAYBAaTH 3 MPOAAXY MiHIMAIIbHI BUTPATH

Ha pecypcu VT b
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pr— * * .
Teopema 2.9. /[pyea meopema 0goicmocmi. Hexait X* = (Xq,..., Xn)T i

_ *  * * . , . . o
V*=(Y1,Y2, --r) ym)T — IOMYyCTUMIi pO3B’A3KH, BiIIIOBiIHO, TPSIMOI Ta
neoicroi 3amau JIIT (y cuMerpuuHiii un HecuMeTpuuHii dopmi). Jlis
ONTHUMAJIBHOCT] WX PO3B’SI3KiB HEOXIJHO 1 JIOCTaTHKO, 100 BUKOHYBa-
JIACSL YMOBU OONOBHIOBANLHOL HENCOPCMKOCMI.

m * * i -
(Zaijyi —cjjxj =0, j=1n; (2.55)
i=1

n - * P

zainj—bi Yi =0,i=1m. (2.56)
j=1

» Ockinbky noBUTEHY 3anaudy JIIT MoskHa 3BeCTH IO KaHOHIYHOT (OpMH,
TO 0OMEXHMMOCS JOBEJCHHIM TEOPEMH Ul Tapy B3a€EMHO JBOICTHX 3a-
nau JITT y wecumeTpuuniit popmi (2.10), (2.11) i (2.50), (2.51).
Heobxionicms. Hexaéi X* 1 Yy* —ontumanbHi pO3B’sI3KH,
BianoBigHo, npsiMoi (2.10), (2.11) Ta nBoicroi (2.50), (2.51) 3agau JIII.
JloBenemo, 1110 BUKOHYIOThCSI yMoBH (2.55), (2.56).
Ockiibku X* 1 y* —po3s’sizku 3JII1, TO BUKOHYIOTHCS CITiB-
BITHOIIIEHHS
AX =b, X 20,, ATy <T. (2.57)
3 nMX CIIBBIIHOIIEHDL BUILIMBAE, 110
' =(x) T2(X) ATy =(7) A =(y) b=b"y"
3a mepIIoro TeOPEeMOoI0 JBOICTOCTI ol x*=hb' y*. Orox
(xe=(x ATy= ()T A =(7)b,

aso (X (ATy*—cl0; () (Ax"=b)=0.
3anuIIeMo OCTaHHI JIB1 PIBHOCTI y CKIIPHOMY BUTJISII:
n * m * m * n *
> xj(Xajyi —¢j) =0 Xy (X ajx;—b)=0. (2.58)
j=1 =l i=1  j=1

3rigHo 3 (2.57) maemo:

*

n _ * m *
Zaijxj—bi =0, i=1m; x;=0, _Zlaijyi -¢j<0, j=1n.
1= i=
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Bpaxyemo y mepuriii piBHocTi (2.58), mo cyma HemomaTHUX
JOJTAaHKIB JIOPIBHIOE HYJIO JIUIIE TOJi, KOJIH KOXKEH JAOJAAHOK JIOPiBHIOE
Hymro. Y apyrii piBHOCTI (2.58) KOKEH IOMAHOK MOPIBHIOE HYIIIO 3a
yMOBOIO po3B’si3anHs npsmoi 3JII1. 3Bifcu i BUIUIMBAE CIIPaBEIIUBICTD
ymoB (2.55), (2.56).

JMocmamuicms. Hexaii BukoHyroTscst ymoBu (2.55), (2.56). Jlo-
BeneMo, mo X* i Y* —onTuMmanbHI pPO3B’S3KH, BIAIOBIIHO, MPSMOI
(2.10), (2.11) Ta nBoicroi (2.50), (2.51) 3anau JIII.

B ymoBax (2.55) i (2.56) po3kpueMo Iy’KKH Ta MiJICyMy€EMO YMO-
By (2.55) 3a i (i :1,m), a yMoBy (2.56) —3a | (j =1,n). OTpumaemo:

m n e Mo m n T .
> X aiXpyi = Xhiyis XX &jXjY; = X ¢jXj.
i=1j=1 i=1 i=1j=1 ji=1

.. ) _ m L, n .
JIiBi 4YaCTHHM OTPUMaHHX PiBHAHB O1HAKOBI. OTXKe: D by = Y. C iXj-
i=1 j=1

Tomi, 3rigHO 3 TeMor0 2.6*, X* i Y* — onTHManbHI po3B’I3KH, OCKIIb-

KM 3HAYCHHS MUTHOBUX (QYHKITIH TIPsIMOi Ta JBOICTOI 3a/1a4i 30iraroThCS.
TeopeMy moBeneHO. <

B3aeM03B’ 30K MiK ONTUMAJIBHUMH IJIAHAMH MPSAMOI Ta BOic-
toi 3amau JII1 y cumerpuuHiii (hopMi BCTAHOBIIOE HACIIOOK 3 APYTOi
TEOPEMH ABOiCTOCTI.

Hacniook (3 meopemu 2.9). SIKIo i gac ImiacTaHOBKYM ONTHMa-
JIHOTO PO3B’sI3Ky OJHIET 3 Mapu B3aeMHO ABoicTux 3anay JIII y cumer-
puuHiii popMi y cucTeMy 0OMeXKeHb Ii€i 3aadi i-Te 0OMEKCHHST BUKO-
HYETBCS SIK CTpOTa HEPIBHICTH, TO BiAMOBigHA i-Ta KOMIIOHEHTA OIITH-
MaJIbHOTO TIJIaHy JBOICTOI 3a7adi JOpiBHIOE HyI0. SIKIo i-Ta KOMIIO-
HEHTa ONTUMAJILHOTO PO3B’ 3Ky OJHIET i3 3a/1a4 JI0/1aTHA, TO BIAMOBITHE
i-Te 0OMeXXeHHs JBOICTOI 3a/1aui BUKOHYETBCS JJIsl ONTHMAIBHOTO PO3-
B’SI3KY SIK PiBHICTb.

Hacninok 3 Teopemu 2.9 mis mapu B3aeMHO aBoicTux 3amad JIIT
y HECUMETPHUUHIN (opMi IeTaabHO MPOoaHaIi30BaHO MiA Yac PO3TIALY
TpaHcmopTHOT 3a1a4i (po3aia 4).
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ExoHoMiuHUU 3MicT Opyeoi meopemu Osoicmocmi TIOAO
ONTHMAJILHOTO IIaHy X* mpsiMoi 3amadi. SIKMIO JIsi BUTOTOBJICHHS
yci€el mpoaykiii B 00Cs31, 0 BU3HAYAETHCS ONTUMAILHUAM IUIAHOM X *,
BUTpPATHU I-r0 Pecypcy CTPOro MEHII, Hix #oro 3aranbHuii obcsr by, To

. . . *
BI/INOBIJHA OLIIHKA Takoro pecypcy Vi (KOMIOHEHTa ONTHMAaIbHOTO

MTaHy JBOICTOI 3a/1a4i) TOPIBHIOBATHME HYIIO, TOOTO TaKWii pecypc 3a
JAHUX YMOB JIJIsl BUPOOHUIITBA HE € “IliIHHUM .

SIKI0 K BUTpPATH pecypcy JOPiBHIOIOTH HOTO HasBHOMY OOCSTOBI
bj , ToOTO IiOr0 BUKOPUCTAHO MaKCUMAIIBHO, TO BiH € “I[IHHUM” JUIS BH-

. o . * . .
pOOHHMIITBA, 1 HOTO0 OLiHKA Yj Oyae cTporo OUIBILIOO BiJ HYJIS.
ExoHoMiuHUN 3MicT Opyeoi meopemu 0Osoicmocmi TIOAO
ONTHMAJILHOTO IUIaHy Y * nBoicTol 3amadi. Y pasi, Koiu Aeske j-Te

OOMEKEHHSI BUKOHYETBCSI SIK HEpiBHICTb, TOOTO yci BHUTpaTu Ha

BUPOOHUIITBO OJMHHIN j-TO BUAY MPOAYKINI MEPEBUINYIOTH 11 LIHY ¢j,

BHPOOHMIITBO TAaKOTO BHAY TPOAYKII € HEIOIMUIbHHM, 1 B

. .. . .. e *

ONTHMANbHOMY IUIaHi MNpsMOi 3ajadi OOCSr TaKol HPORYKUIl xj
JOPIBHIOE HYJIIO.

SIKIIO BUTpATH HA BUPOOHHIITBO J-TO BHJY MPOAYKINT JOPIBHIO-

IOTh I[iHI OJUHUIN TPOAYKIIi ¢j, TO i1 HEOOXITHO BUTOTOBISTH B 00Cs31,

. *
SIKUM BU3HAYA€ ONTUMAJIbHUH TIJIaH IPSAMOI 3a/1a4dl X j >0,

2.9. IBoicTuii cuMIJIEKCHU MeTo/ po3B’si3yBaHHs 3axayvi JIIT

Posrissemo 3JIIT y kanoHiuHii dopmi (2.10), (2.11). Sxuro 1o
3a/1a4y po3B’SI3yIOTh CUMILICKCHUM METOJIOM, TO IiCHs KOXKHOI iTeparii
OTPHUMYIOTh OTOpHHI po3B’a30k V >0, cuctemu (2.11). Skmo x yHa-
CIIZOK JIeSAKOil iTepartii cpaBauThes e i ymosa (2.31), To Bimmosin-
HHW OTIOPHUH PO3B’SA30K OYIIe ONMuMAaibHUM.

HepiBHocri \726n Ha3UBAIOTb YMOBaMH OONYCMUMOCHI, a
(2.31) — ymoBamu onmumanvrocmi. OTKE, CUMNIEKCHUL MemOoo TIepe]i-
0ayae Taki MepeTBOPEHHS OMOPHOTO IUIaHY, SIKi MpU 30epekeHHI YMOB
JOIyCTUMOCTI JalOTh 3MOTY JOCSTTH YMOB ONTHMasbHOCTI. Lleit meton
Ha3WBAIOTh TAKOXXK METOTOM NOCII008HO20 NONINULEHHS NAAHY .
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Heoicmuii cumniexcrhui Memoo Tependadae Taki MepeTBOPEHHS
bazucnux po3B’sa3kiB cuctemu (2.11), 3a sxux 30epiratoThCsi YMOBH OII-
THMAaJIBHOCTI (Taki po3B’sI3KH HA3MBAIOThH ncesdoniaarom). Lli meperBo-
PCHHS BUKOHYIOTH Tak, 100 JOCATTH YMOB JOMYCTUMOCTI. JIBoicTuit
CHUMIUIEKCHHUII METOJ HAa3MBaIOTh 1€ METOAOM HOCAI006HO20 MNOJIN-
WEeHHs OYIHOK.

Buxnagemo 1ieit Meton 03 IeTamsHOTO OOTPYHTYBaHHS. 3i CTpO-
UM OOTPYHTYBaHHSIM JBOICTOTO CHMILIEKCHOTO METOJY MOXKHA O3Ha-
Homutucs y mxepenax [6, 13, 16].

VY matpuui ymoB A4 cucremu (2.11) BigmykyroTh M JiHIHHO He-
3aJIOKHAX CTOBMIIB A j (1< je<n, e=1..,m). He sMeHuytoun 3a-
TaJIbHOCTI, BBaXAIOTh HAaJaJi, 10 HE3aJICKHUMH € TepIii M CTOBIIIIIB.
@®opmyroTh MaTpuio Ay, BeKTOp C, 1 BU3HAYAOThb MaTpulo Ay L
3rimHo 3 (2.25) BiamykyroTh 0a3MCHUI PO3B’SI30K LT=(LTb,6n_m)T =

= (Uq,...,Un ,0,...,O)T , IKUA MOYKE MICTUTH BiJl’ €MHI KOMIIOHEHTH.

O6uncnoTh ¥ j = Ay 1KJ— (j :1_n) BEKTOP CHMILICKC-PI3HHUITH
(Al,..., An), 3rigno 3 (2.22), i 3naueHns ¢yukuii f(U ), 3rigHo 3 (2.24).
®opMyIOTh TAOJIHIIO TOYATKOBOI iTepallii IBOICTOr0 CHMILIEK-METOLY

TaK caMmo, K 1 TaOJHUITI0 MOYaTKOBOI iTepallii CHMIUICK-METOAY, 3 TIEI0
JMIIE PI3HULEHO, 10 3aMiCTh CTOBILSA V), BiToOpaXkaloTb CTOBHELb Uy, .

VY npsiMOMy CHMIUIEKC-METOIi CIIOYATKy BUSBISIOTH 3MIHHY, SIKY
6800amb 'y 0a3uc, a B JBOICTOMY CUMILJIEKC-METO/1 HABIAaKH — CIIOYaTKY
BU3HAYAIOTh 3MIHHY, SKY 6u1yuaroms 3 0a3ucy.

PosrnsnemMo takuil azeopumm IBOICTOTO CUMILIEK-METOLY .

1. SAxmo yeci uj >0 (i :1,_m), TO ONTHMAJIBHHUNA PO3B’SI30K 3HAUOEHO
(3asepwyromsv obuucnenns). Inakiie HeoOXiMHO BUOpaTH Hall-
Oinbmry 3a mMoayiem kKommoHeHTy Up <0 (1 =m) i BigmoBimgHy
3MiHHY X| BIJIYYUTH 3 Oa3ucy.

2. Sxmio B I-My psAaKy cuMmIuIeKc-TabuIl, 1110 BiAMOBIAE 3MIHHIH X,
He MicTUThes xoaHoro ;< 0 ( j=m+1, n), To moyarkoBa 3agaua
He mae po3B’ 3Ky (3aseputyiomv 06YUCTEHH).
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[Hakire BU3HAvYaroTh iHAEKC K (m +1<k < n), JUISL IKOTO

Ak A .
— = mln—,z[e ‘]k ={j:'}/|j <0}
Yik  J€dk Yij

SIKIO TakMX HaWMEHIIMX BiIHOUICHb € JCKUIbKa, TO MOXHA
B3SITH JIOBIIBHE 3 HUX.
3. Bedyuum enemenmom oOUPAIOTh Y| 1 BUKOHYIOTh TPETil KPOK IIps-
MOTO CHMIUIEKC-METOLY.
19x%; + 21Xy — min;
2% +5x, 2 20,
4X1 + X2 > 20,
X120, X, 20.

Ilpuknao 2.11. Po3p’si3atu 3JII1:

19 + 21Xy — min;

. . - 2X1 —5X2 +X3 = —20,
» 3BeneMo 3a7ady J0 KaHOHIYHOI (POpPMH:
— 4% — Xo + X4 =—20,

Xj = 0, j=15.
Cumrniekc-Tabmuns npukiaany 2.11
1 H3 X1 X2 Ub
b3
X3 -2 =5 -20
0 X4 —4 -1 =20
-19 =21 0
H3 X1 X3 Ub
b3
X2 2/5 -1/5 4
1 X4 —18/5 -1/5 -16
—53/5 =21/5 84
H3 X4 X3 Ub
53
X2 1/9 -2/9 20/9
2 X1 —-5/18 1/18 40/9
-53/18 —-65/18 1180/9

Otxe, ONTUMAIBHUM PO3B’sI3KOM 33/1a4i € BekTop (40/9, 20/9). <
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? 3anuTaHHs 115 caMonepeBipKH

© N U~ WD

e ol el =
g WN RO

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.

28.

29.
30.

3anuiniTh y CKaJIsipHOMY BUIIISLAL niepiny cranaaptHy Gopmy 3JII1.
3anuiiTe y BEKTOPHOMY BHUIUISLAL niepiny crannaptay ¢opmy 3J1I1.
3anumIiTe y MaTpUYHOMY BHTIIAII ITEpITy cTaHAapTHY Gopmy 3JIIL.
3anuiuiTe y CKaJIsipHOMY BUIIISAL ApyTy crangapTHy (opmy 3JII1.
3anuIiTh y BEKTOPHOMY BHIJISII Ipyry cranaaptHy dhopmy 3JII1.
3anuiiTe y MATpUYHOMY BUIIIAL Apyry ctanaapTay dopmy 3JII1.
3anuImIiTe y CKaIApHOMY BUTIISAL KaHOHIUHY dopmy 3JII1.
3anuiuiTe y BEKTOPHOMY BUIIISAI KaHOHIUHY (opmy 3JIIT.
3anuiniTh y MaTpUYHOMY BUTJISI KaHOHIUHY (opmy 3JII1.

. Cohopmyrroiite mpaBmiIo epeTBOPEHHS MiN (pyHKIioHaNa) Ha Max.

. Chopmyimoiite mpaBmiio meperBoperHs max (pyHkiionana) ga min.

. ChopmyiroiiTe mpaBUiIo 3MiHN 3HAKA HEPIBHOCTI.

. CchopmytoliTe paBuiIo IIEpeTBOPEHHSI PIBHOCTI Y CUCTEMY HEPIBHOCTEH.

. CchopmytoiiTe paBuiio epeTBOPEHHs HEPIBHOCTEH y PIBHOCTI.

. CopmymroiiTe IpaBUiIO MOJOJIAHHS ABOCTOPOHHBOTO OOMEKEHHS i Jac

3BeleHHs 10 KaHoHiYHOI ¢opmu 3JIIT.

CcopmymioiiTe TpaBWiIO TOAONAHHS BIJICYyTHOCTI BHUMOTH Ha He-
BiJl’€MHICTh 3MiHHUX TIi/I 9ac 3BEJCHHS 10 KaHOHIUHO1 (hopmu 3JII1.

JaiiTe o3HaueHHs1 6araTorpaHHOi MHOKHHHU.

JaiiTe 03Ha4YeHHS OIYKJIOro OaraTorpaHHUKA.

[Io Take kyroBa Touka? Il{o Take 0a3uc KyTOBOI TOUKH?

o Take KyTOBHUII HATIPSIM MHO>KAHH?

[Io Take momycTUMI Ta OMOPHI TUIAHKU?

I{o Take onTUMAaNbHHMN IaH?

KopoTko onuiiTe CyTh CUINIEKCHOTO METOY.

o Take cUMIDIEKC-Pi3HAIII?

Y yoMmy nossirae BUpOKEHICTh ONOPHOTO IUIaHy?

I{o Take aHTUIIUKITIH?

Kopotko chopmymroiite mpaBuino moOyaoBH IBoicToi 3ajmadi Ui 3ajadi
JIT1, 306paskeH0i y mepImiii cTangapTHIHA ¢hopmi.

Kopotko chopmymroiite mpaBuino moOyaoBH BoicToi 3amadi i 3ajgadi
JIII, 306paskeHo0i y KaHOHI4HIiH (opmi.

CdopmymroiiTe eKOHOMIYHY iIHTEPIIPETAIIO IEePIIOi TCOPEMH ABOICTOCTI.
CdopmyitioiiTe eKOHOMIUHY IHTEpIPETAIliI0 JPYroi TEOPEMH JIBOICTOCTI.
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3aBaaHHs JJ1s1 CAMOCTIiiiHOI podoTH

3aBaanns 2.1. 3Bectu 10 kaHOHIUHOT hopmu Taki 3JII1:

1. X; — X9 +3%3 — min, 2. — X1 + X9 + 2X3 —> max,

2X%1 — Xo +3X3 <5,
X1+ 2X3 =8,
— X1 —2Xp 21,

X =0, X,2>0.

N

X[ — Xo + X3 —> min,

TX1 —Xp + X3 <7,
8% + X3 =5,

X —2Xp 23,
X120, Xp20.

. 2%1 — X9 — X3 — MaXx,

X —Xo + X3 <7,
8%+ X3 =5,
X1 —2Xp 23,
X =0, 2<xy <7.

—5X —Xo +2X3 =5,
X1 — 3X3 =3,

X1+ 2%y 2 2,
X1 =0, x3=0.

4. X1 + Xo —5X3 — max,

X| — 2X9 +4X3 26,
X + 3X3 <3,
X1+ 2Xy =2,
1<x <5, x3=0.

6. X| —Xo —2X3 —> min,

X1 —2X9 +4X%3 > 6,
X1+ 3X3 <3,
X1+ 2%y =2,
0<x <2, x320.

3apnanns 2.2. 3eect 10 nepoi cranaaptHoi Gopmu 3JII1 1 — 9 (3apn. 2.1).
3apaanus 2.3. 3Bectr 10 Apyroi cranmaptaoi popmu 3JIIT 1 — 9 (3aex. 2.1).
3aBnanns 2.4. [IpencTaButu MaTeMaTUIHy MOJEH 3a]ladi YXBAJICHHS PilllcH-
Hs (3aBn.1.1) sik 3amady JiHIFHOTO MporpamMmyBaHHS Ta OTPUMATH ii PO3B’A30K
rpadiganM crocobom. CQopMmynoBaTH peKOMEHIAIl IIOA0 BUPOOHHUIITBA
BHpPOOIB, CKIIaMy Mmaifka TOoIIo.

3apmanns 2.5. Hexaii nesika ipMa BUTOTOBIISE 4 BUIHM MPOIYKIIii, BHKOPUCTO-
BYIOUYH [UIS HOTO 3 BUIH pecypciB. MOXIIHMBHIA 00’ €M CIOKUBAHHS I-T0 pecyp-

cy (i =1, 3) oOMexeHuit HeBi eMHOIO BeanuuHOW bj, a BUTparu i-ro pecypcy

Ha BUTOTOBJICHHs OMHULI j-ro Buy npoaykuii ( ] =1, 4) cranosists a;; ymo-
BHUX OJHMHUIG. [IpUOYTOK BiJ MPOAaXy OJMHHUIIL j-TO BUAY MPOAYKINI JOPiB-
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HIOE Cj YMOBHHX I'DOLIOBUX OJMHUIL. HeoOXinHo BU3HAUMTH Taki 06’eMM BU-
TOTOBJICHHS KOXHOTO J-T0 BHAY MPOIYKIIi, siki 3a0e3neyars GpipMi MakCHMAalb-

HUI cyMapHHHA JOXi[ BiJI iXHBOT peaizartii.

IIpencTaBuT MaTeMaTW4YHy MOJACTbL 3a/adi yXBAJCHHS PIIICHHS SIK
3aja4y JIHIHHOrO NpOrpaMyBaHHS Ta OTPUMATH il PO3B’SI30K CHUMILIEKC-
MeTogoM. ChopMyTroBaTH peKOMEHAAIIIT MO0 BUITYCKY MPOIYKINi. Y HaBee-
HUX HIDKYE 33JauaxX Mmepen0adeHo, o MOXKIUBI 00’ €MU CITOKUBAHHS PECYpPCiB

3aJar0Thcs BekTopoM D, a mpuOyTKM Bim mpogaxy BUIIB MPOAYKII — BEK-

_T. . .
TopoM C ; BUTpATH PecypciB Ha BUTOTOBJICHHS OAMHHIb BUAIB MPOAYKII 3a-

JAIOThCS MaTpHUIIEIo A.

3. 4=

4. A=

5 A=

21054
15 3 0§,
3061

6 3 2473

6:

4 5 1310 b=

36 07 0 11

145 4 3
51 415j
6 17 10 6

16 12 4 7
6 5 1218}
564811 1

84,6 431
859316}
36 038

0 747
481531
6 1351

b =

b =

2400
1200
3000

1000
2100
2000

400
200
1000

3200
3100
3000

100

200 |;

200

1400
1100
2400

. 21 =(75; 30; 60; 120).

.1 =(91; 40; 55; 30).

¢! =(111; 50; 77; 70).

. ¢ =(21; 60; 71; 80).

¢l =(9; 4;5: 3).

. ¢ =(165; 140; 155; 130).
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6 14 24 33 900

7.4=/0523 0| b=[1300]; " =(131 120; 5; 50).
67 011 2400
16 23 24 3 800

8. A=|14 25 3 15| Db=| 900 |; &' =(213;145; 75; 88).
3617 10 0 1000
9132 0 1700

9. A=|2415 3 0| b=[3100]; &' =(222;50;155;120).
16 17 10 21 3000
16 23 24 23 1600

10. A=|24 2513 20|, b=|1400|; &' =(95; 60; 85; 80).
26 0 10 11 3200
1301 4

11. A=|2100] b=|3]; el =(2 411
0141 3
1248 24

12. A=|3510] b=[12]; &' =(0,4;02;05;08).
6031 35
2415 34

13. A=|4141] b=[16|; &' =(2517;19;12).
2312 22
2525215 100

14. 4= 4 10 4 6 | b=|260|; &' =(40; 50; 100; 80).
8 7 410 370



102 JocnimkeHHs orepariit

1231 1000
15. 4=|2100 b=|500|; &' =(2; 40;10;15).
0141 1200

3aBnanus 2.6. 3HaliTH onTUMAaNBHUI PO3B’ 130K TakuXx 3aaa4 JIIT:
X1+2X2—X3 21,

1. 2% +10Xy — 2X3 — max;
2Xy — X9 +2X3 < 3.

2X1+X2—X327,

N

3% + 4%y —2%3 —> min; (3% —2Xo +3%x3 29,
X1—2X2—X325.

3% +4Xy — X3 =4,

w

X + X +2X3 —> MaX; <X —Xp +2X3 =6,
2X1 + X3 =5,

S5X1 +4Xy —3X3 — X4 =7,

~

. 2% +3X9 — X3 +5X4 > min; (X +2Xy — X3 =3,
2X1+X2+X3+3X4 =8.
X1+3X2+X3+2X4 =5
2X1+X2+2X3+3X4 <8,

ol

. 2X) — Xg + X3+ 3X4 + X5 — Max;
X| + Xo +3Xg + X4 +2X5 <9,

— X1 —2Xp + X3+ 3X4 — X5 < 4.

2X1—X2 +2X3—3X4 212,
. TX +6Xp +3X3 —Xg4 = MiN; =X +2Xy — X3 + X4 <10,

(o2]

3% +5Xg + X4 =17.
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3. IJIOYUCEJIBHE JIHIAHE TPOTPAMYBAHHSA

I1an BUKJIAMy MaTepiany:
1. ITocranoBka 3amadi.

2. Meroau po3B’si3yBaHHS 3a/1a4 I[LIOYMCENBHOTO JIIHIHHOTO Mporpamy-
Banus (LJIIT).
3. Meronx I"'omopi po3B’s3yBanns 3agau LJIIT.
4. Meroj rinok i Mex po3B’s3yBanHs 3axa4d LIJIIT.
5. 3agava KoMiBOsDKEpa.
6. MeTox riJiok i MeX po3B’A3yBaHHS 3a]a4ui KOMIBOsDKEpa.
&~ KiarouoBi Tepminu po3ainy
Y Yacmxogo yinouucenvha 3a0aia Y Linkosumo yinouucenvna sadava
Y Memoo 3aokpyenenns (M3) Y Memoou eiomunanHs
Y Kombinamopui memoou Y [aminemonie yuki
Y 36edenns mampuyi siocmanen ¥ Koncmanmu 36e0enHs

3.1. lTocranoBKka 3axaui

[Ipu po3B’s3yBaHHI 0araThoX ONTUMI3allifHUX 33724 HEOOXiTHO,
o0 HEBiJOMI BEIWYWHU IOAABAIW I[IIUMH dyuciaamMu. Taki 3amaui 3a-
YHUCIIEHO JI0 3a/1a4 YLIOYUCENAbHO20 NPOcpaAMy8aHnHs. BOHH MOXYTh OyTH
TMiHIHHAMY 1 HenmiHIHHUME. OOMEXHMOCS PO3TIISIOM 33114 YiioylUcelb-
Ho20 ninitino2o npozpamyeanns (LIJIIT), xomu GyHKINS METH i 0OMEKEH-
HSI 3371341 € JIHIUHUMU.

Slkmo BUMOTa MUTOYMCETHHOCTI TMOITUPIOETHC HA yci HEBiIOMI

BeIMYMHU 3ajadi, To 3anady LJIII Ha3uBarOTh yitkogumo NiIOYUCEIh-
HOIO; SIKIIO K I BUMOTa MOIIUPIOETHCS JIUIIE HA YaCmuH) HEBIIOMUX
BEIUYUH — YACMKOB0 LIJIOYHCEILHOIO.
» Ilpuknao 3.1. Ha BupoOHUUil IijsSHINI HEOOXiIHO BCTAHOBHMTH YC-
TaTKyBaHHsS TPhOX THIIIB. BapTicTh OAMHUII yCTaTKyBaHHS MEPLIOTO
TUIY CTAHOBUTH 2 MITH T'PH., IPYroro — 3 MJIH TpH. i TpeTboro —1 MitH
rpH. Ha 3akymiBmio ycrarkyBaHHs BuaiieHo 20 muH rpH. [Inoma Bu-
pOOHUYOT AUIAHKYA CcTaHOBUTH 40 M2, [IpoXyKTUBHICTh OJUHUII KOXK-
HOTO TUIY YCTaTKyBaHHS, BiANOBIIHO, NOpiBHIOE 2, 4 1 3 oauMHUII 3a
3MiHy. BU3HAYNTH, CKUTBKM YCTAaTKyBaHHS KOXKHOTO THITY HEOOXiTHO
3aKyINUTH, 11100 OJepKaTh MAaKCHUMAaJIbHY MPOIYyKTHUBHICTH BUPOOHUYOT
JUISTHKH, SIKIIO JJIsSi YCTAHOBKW OJIMHUII YCTATKyBaHHS MEPIIOrO THUITY
BUMaraethest 9 M2 rrom, Apyroro — 7 i Tperhoro — 10 M2,
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» Tlo3HaumMo Yepe3 Xj, Xo 1 X3 KUIBKICTh YCTATKyBaHHS KOXHOTO TH-
my, 110 3aKyNOBY€eThcs. Tozi MaTeMaTn4Ha MOJENb 3a1a4i Ha0y/ie BHT-

gy 2% +4Xo +3X3 > max, 2%q +3Xp + X3 <20,
9% +7x +10x3 <40, xj=0; Xj —mimi (j=13). <

Ilpuknao 3.2. TpancnopTHE CyAHO BaHTaXKOMIAHOMHICTIO P 1 MiCTKICTIO
V 3aBaHTaXyeThCs N HEMOAUTBHUMH Pi3HUMH TIpeAMeTaMu. J[is KoxHO-
ro MpeaMeTa BiJJoMi Taki BEIMYHMHH, K Bara [ i BapTiCTh MepeBe3CHHS

Cj io0’em Vj (] =1,_n) Heo0xigHo 3aBaHTaXUTH CyAHO MpeaMETaMH

TakK, MO0 iXHJ CyMapHa BapTiCTh IEpeBe3eHHS Oyja MaKCUMAaIBHOIO 1
BUKOHYBAJIUCS 0OMEKEHHS 3 BAHTAKOITi THOMHOCTI Ta MICTKOCTI.

> SIkmo no3HayuTH

o = 1, saxmio j — AnpeaMeT 3aBaHTaXYEThes Ha CYOHO ( =1,_n);
' o, y TPOTHJIEKHOMY BHIIAJIKY,

TO MaTeMaTHYHa MOJEIh 3a/1a4i HaOy1e BUTIISY:
n n n
2 Cixjomax; X pjxj<P, Y vjx;sV. <
j=1 j=1 j=1

3anmuimemMo MaTeMaTH4YHy MOJIENb IIJIKOBHTO LIIOYHUCENBHOI 3a-
nayi LUIIT y kaHoHI4HIN dopmi:

n
f(X, X2, Xp) = 2 €jXj — min, (3.1)
j=1
n -
Zainiji,iZL m; (32)
j=1
xj=0 (j=1n), (3.3)
xjeZ (j=1n), (3.4)

e Z — MHOYKVHA [IJINX YHUCEIT.
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3.2. Metoau po3B’si3yBaHHs 3a1a4 UiJ04YHCEIbHOrO JiHIiIHOr0 Mpo-
rpaMyBaHHS

Ha mepmmuii morisan HaKpamyaM METOJIOM PO3B’SI3yBaHHS 3ajad
LIJIOYMCEIBHOIO MPOrPaMYBaHHS € MemoO 3A0Kpy2ieHHs, peai3allis
SIKOTO BiOYBa€ThCsl y JBa eTanu. Ha meprmiomy erami BiANIYKYHOTh OII-
TAMAaJBHUN PO3B’ 30K 3a/1adi JIIHIHHOTO IPOTpaMyBaHHS 3 HOCAAOeHU-
mu oomescennamu (6€3 BUMOTH IITOYMCENBHOCTI 3MIHHHX).

Ha npyromy erami 3Ha4eHHS 3MiHHUX B ONTHMAaJILHOMY PO3B’si3-
Ky, II0 HE € LIMMH, OKPYIJISIOTH TaK, 00 OJep)KaTH JOIYCTUMHIMA
PO3B’S30K 3 LIJIOYHCEIbHUMH 3HAUCHHSIMU.

CroKycC/IuBICTh BUKOPHCTAHHS METOXY 3a0KPYTJICHHS 3p0O3yMiJa,
OJTHAK MOTO MpaKTHYHA peaTizailis MOXe CHPUIHHUATH JI0 JTOIYCTUMOTO
pPO3B’SI3Ky, SKHMI 3HAYHO BIJIPI3HAETHCA BiJ ONTHMAIBHOTO PO3B’SI3KY
BHXI1JTHOT 331241 LIJIOYHNCENBFHOTO IPOrpaMyBaHHSL.

Ilpuknao 3.3. Po3rissHeMO LiJIOYMCENbHY 3afady: X +1,5Xo — max;
2% +4Xy <17,10x% + 4%y <45, Xj >0, Xj eZ (j=1 2).

» OnruMaibpHuii po3B’s30K BignosigHoi 3JII1 3 mocmabaeHuME 00OMe-
xeHHsaMu (7/2; 5/2)7 MOXKHA OTPEMATH FEOMETPHYHHM METOJOM. 3Ha-
YeHHs MUThOBOI QYHKIII y IbOMY BUMNAIKY JIOpiBHIOE 7,25. Metomom
3a0KPYTIICHHS OCPKYEMO IOMyCTHMHUI po3s’sizok (3; 2)!, 3Haduenms
iTbOBOI (YHKIIIT Ha SKOMY JopiBHIOE 6. OHaK HACTpaBai ONTUMAIb-
HEM PO3B’S3KOM ILTOUHCETbHOT 3aaui € po3s’s3ok (2; 3)', 3HaueHHs
ITBOBOI (BYHKINT HA TKOMY JTopiBHIOE 6,5. <

HecnipoMokHICTh METOy 3a0KpPYTJICHHS 3YMOBIICHAa HE TiIBKU
MO>KJIMBICTIO OfIepKaHHS HEONTHMABbHOTO po3B’s3Ky. CIipaBa B TOMY,
mo 0e3utiv 3a7a4 MaTeMaTHYHOTO HPOrpaMyBaHHS MOXHa copMyITio-
BaTH 5K 331241 MIJIOYHCETHHOTO MPOTrpaMyBaHHsl, Y KX 3MiHHI MOJei
HaOyBaroTh 3HaueHsb i3 Muoxkunan {0, 1}. V wiit curyariii nporemypa 3ao-
KPYTJICHHS € JOTIYHO HETIPUIHATHOIO.

BuokpeMITIolOTh Ba muny TOYHUX METOJIIB PO3B’SI3yBaHHS 3a/1a4
LJITT: metomu giomunanns i xkombinamopui Metomu. OCHOBHA ines
METOMIB BIATWHAHHS PO3B’SI3yBaHHS ITIJIKOBUTO ITIIOYHCEIBHUX 3aaad
(3.1) — (3.4) monsATae B TaKOMYy.

MuoxuHa pomyctumux po3s’sa3kiB 3JII1 3 mocnabiennmu oome-
xeHHsaMHu (Tobto 3amaui (3.1) —(3.3)) € onykimMm OaraTorpaHHUKOM
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X < R". Muosxuna momycrumux po3s’sikis 3JIIT (3.1) — (3.4) € cykyn-
Hicmo 130JTbOBAHUX TOYOK 3 ITUIOYMCEILHUMH KOOpJIWHATaMH, sIKi Ha-
nexaTh X (mosHaunmo ii uepes G, G < X ).

Sxmo y 3anauyi (3.1) — (3.4) MHOXHHY JTOMYyCTUMHX PO3B’sA3KiB X
3aMIHUTH MHOXHHOI0 G, TO e He MOXE CIPUYMHHTH 10 3MiHH ii
ONTUMAJIBHOTO PO3B’SI3KYy, OCKUIbKA G OTpuMaHOo 3 X MUIIXOM 8i0mu-
HanHs BiJ HEl MIJIMHOXXWHU, SIKa HE MICTUTh JOMYCTHUMHX PO3B’S3KiB,
110 3aI0BUILHAIOTH BUMO31 LIJTOYUCENHLHOCTI.

OnHak y NIBbOMY BWITAIKy OITHMAIbHUH PO3B’S30K 3a/adi Ji-
HIHHOTO MPOTPaMyBaHHS 3 MOCJIA0JIEHUMH OOMEKEHHAMHU 1 MHOKHUHOIO
G momycTUMUX PO3B’SA3KIB BIAMOBINa€E KpaliHiit Toulli MHOXUHH G.

Sk HacHimok, 1ed po3B’S30K 3a70BOJIbHSE BUMO3i HIJIOYHCEIh-
HOCTI ¥ 3a0e3medye eKcTpeManbHe 3HaUYeHHS [iTh0BO1 (PyHKIIIT HE TiTb-
ku Ha G, ane it Ha X, TOOTO € ONTUMAIBHUM PO3B’I3KOM BUXITHOI IIiJI-
KOBHUTO IIJIOYHCEIbHOT 3a1a4i. OCHOBHI PO301XKHOCTI Y METOAax BiATH-
HaHHS CTOCYIOTHCS MPOIICIyP BUOKPEMJICHHS MiAMHOXUHN G.

B ocHOBY rombinamopuux memooié po3s’s3yBanHs 3anad L[JII1
MIOKJTAJICHO 1JIeI0 nepebupants eNeMeHTiB X 3 METOI BiIIIyKaHHS OIl-
TUMAJILHOTO pilieHHs. [Ipyu 11bOMy 3a paxyHOK BHUKOPUCTAHHS Pi3HUX
CHEIIaIbHUX TPOIENyp Oe3MOCepeIHbO PO3TISAAITE JIUIIE YACHMUHY
€JIEMEHTIB X, 110 3aJ0BOJILHIIOTE BUMO31 LIUTOYHCENbLHOCTI. HaliBiiomi-
UM KOMOIHATOPHUM METOAOM € Memood 2iioK i Medic, OCHOBHA imest
SIKOT'O TIOJISITA€ B TAKOMY .

Sxmo onTuManeHUE po3B’s3ok x * 3amadi LJII 3 mocnabnenu-
MM OOMEKCHHSMHM HE 3aJ0BOJIbHSAE BUMO31 IIJIOYHCEIBHOCTI, TO 13 MHO-
KUHHM X JOMyCTUMHUX PO3B’S3KiB BUOKPEMITIOIOTH JIBI OMYKJIUX ITiJMHO-
xuan K 1 K, 1110 He epeTHHArOThCS, SKi MICTATh YCI AOMYCTUMI pO3-
B’SI3KHU 3 X, IO 3aJ0BOJIBHSIOTH BUMO31 IIJIOYMCEIBHOCTI Ta HE MICTITh
x*. Ile mae 3MOTy 3aMiHUTH PO3TJSIHYTY 3a/1a4y MiJTOYHCETBLHOTO MPO-
TpaMyBaHHS CYKYITHICTIO TBOX €KBIBaJICHTHHUX Ti 3a7ad i3 MHOXWHAMH
noryctTuMux po3B’sa3kiB Ky 1 Ky, Biamorigno. Koxna 3 1ux 3amad, y
CBOIO Yepry, MOXKE PO3AUTUTHUCS Ha JIB1 HOBI 1 T.1I.

KomOiHaTopHi MeTOOM IIMPOKO BUKOPHCTOBYIOTH Ui PO3B’s-
3yBaHHS 33Jla4 OY1e8020 NpOSPAMY8aHHS, TOOTO IS PO3B’SI3yBaHHS
IIUTKOBHUTO ITIJIOYHCENBHUX 3a7ad, 3MiHHI SKUX HaOyBarOTh 3HAUCHHS 3
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muoxuan {0, 1}. 3amaui LJIIT Ta 3amadi OyjeBoro mporpamyBaHHS
HaJIekKaTh JI0 IIUPIIOTO KIACy 33724 OUCKPEMHO20 NPOSPAMYEAHHSL.

3a3HaumMo, IO iCHYIOTh U 1HIII MiAXOAX A0 PO3B’A3yBaHHS 3a7ad
LIJI0YMCEIBHOrO MPOrpaMyBaHHsl, SIKi B 3araJlbHOMY BHITaJKy HE rapaH-
TYIOTh BH3HAUEHHS ONTHUMAJILHOIO PO3B 3Ky, MPOTE JAIOTh 3MOTY BiJl-
IIYKaTH JOMYCTUMHUN PO3B’A30K, OMU3bKUi (I1010 3HAYEHHS IiTHOBOT
(byHKIIT) 10 ONTUMATIBHOTO, 1HOI 30iral0YHCh 3 HUM.

3.3. Metoxa I'omopi po3s’sa3yBanns 3agayu LIJITT

Meton 'omopi 0a3yeTbesi Ha 3aCTOCYBaHHI CHMITIEKC-METOMAY 1
METOJy BIITUHAHHS. [/1es floro JOCTaTHBO MPOCTA 1 MOJISATAE B TAKOMY.

Crioyatky HeOOXiZHO BiALIYKaTH ONTHMAalIbHUI PO3B’SI30K 3a4adi
(3.1) — (3.3) cummekc-MeToZ0M. SIKIIO OJepKaHUIM PO3B’A30K LiTOYUH-
CENBHUM, TO MUTb TOCATHYTO. SIKIITO K ONMTHMaTLHUN PO3B’ 30K HE € ITi-
JIOUUCETFHUM, TO B YMOBH 33J1adi BBOJSITE 000AMKOBE 0OMeEMHCEeHHS, TKE
BIITHHAE BiJ OOJIACTI AOMYCTUMHUX PO3B’SI3KIB OJEPKAHUM HEIJIOUH-
CEIPHUM PO3B’SA30K 1 HE BiITHHAE BiJ HEl )KOMHOI TOUKH i3 IMIIOUHCEITh-
HUMH KOOPIUHATAMH.

Jani cuMITIeKC-METOI0M PO3B’A3YIOTh posuupery 3aaady (Tooto
3amgauy (3.1) — (3.3) 3 mogaTKOBUM 0OMEKEHHAM). SIKIIO HOBUI PO3B’s-
30K He Oy/Ie IIIOYUCETBHUM, TO BBOJASTD IHIIIE JJOJATKOBE OOMEKCHHSI.

[Ipomec moOymOBH TOAATKOBUX OOMEKEHB 1 PO3B’SI3yBaHHS PO3-
NIMPEHOT 33J1a4i CUMILIEKC-METOJIOM MPOJOBXKYIOTh JOTH, IOKH HE Bij-
IIYKalOTh ONTUMAIBHUNA IUIOYHUCETbHUN PO3B’SI30K a00 HE BCTaHOB-
JSTh, IO HOTO HE ICHYE.

JonaTtkoBe oOMeKeHHS Oyae npasuivbHuM, SKIIO BOHO JIiHIHHE,
BiITHHAE ONTHMAIILHY HeliIouncenabHy Touky Binm OJIP i1 He BiaTuHae
JKOHOT 1inouncenbHOi Touku B OJIP.

PosrisHeMo muTaHHS TOOYIOBH MPaBWILHOTO J0JATKOBOTO 00-
MexxeHHst. Hexalt mix yac po3s’si3yBanHs 3aaudi (3.1) — (3.3) cummekc-
METOZIOM OTPUMAHO ONTHUMAIbHUI pO3B’s30k V =(Vq,...,Vpy, 0, ..., 0),

SIKUM € pe3yJIbTaTOM MOT0 OCIManHboi imepayii.
Skimo yei Vi (i =1, m) —1[iJti, TO V € ONTHMAaJbHUM PO3B’SI3KOM
3amaui (3.1) — (3.4) i o6uKCIEeHHs 3aBEPITYIOTh.
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Hexaii y posB’sisky V KOMIIOHGHT Vi (p =1, m) — IpOOOBHIA.
Po3skiaz 3MiHHOI X, 3rinHO 3 (2.28), MaTHMe Takuil BUTIISL
n
Xp =Vp__z 'ijXj. (35)
j=m+1
Sxmo yci koedinientn vy (j=m+1n) y (3.5) — yini, T0 321292
(3.1) - (3.4) He mac po3B’sI3KY, OCKUIBKH Y I[bOMY BHIAJKy HE MOXHA
migiopaTe MUIHX 3HAYEHb X j j=m+1 n) tak, mod BUKOHATH YMOBY
LUIOYHUCETBHOCTI X,
[pumyctumo, wo cepen koediuientis ypj (j=m+1n) e apo-
6oBi yncina. L{iny yactuny uncna b mo3nauatumemo yepes [b] (HaiOiLIb-

1Ie IiJIe YKHCIIOo, SIKe He MepeBHIlye yncia b), a apoboBy yacTuHy — ue-
pe3 a, Tomi b =[b]+« . Hanpukman: 53=5+0,3; -53=-6+0,7.

IMokaskemo, 1m0 Ha 6a3i pO3KIaTy 3MIHHOI X, 3rigHO 3 (3.5), MOX-
Ha c(hOpPMYITIOBATH MTPaBUIHHE TOJATKOBE OOMEXEHHS. 3alUIIIeMO TaK:

vp:[vp]Jrocp;ypj:[ypj]+apj,j:m+l,n. (3.6)
Ockinbku Vp — IpobOBe YHCIO, @ cepel KOCPILIEHTIB Y pj MOXYTh
OyTu sk 1, TaK i Apobosi uncaa, To 0<op <1, 0<ay; <1

IMigcrasumo (3.6) y (3.5) i micimst mpOCTHX HEPETBOPEHD OJEPIKIMO
n n
sz[vp]__z [’\{pj]Xj+OLp—_z OijXj. (37)
j=m+1 j=m+1

PiBHicTs (3.7) CIIpaBIKYETHCS IS JOBLILHOTO PO3B’ 3Ky 3a1adi
(3.1) - (3.3), y Tomy umcHi i yinouucenrbHo2o, 3a SKOTO 3HAYCHHS BEJU-
n
YHH Xp, [Vp]— j % 1[y Dj ]Xj e uinumu. Togi 3 (3.7) ogepxumo
=M+

n
Op— > OijXj=Z, (38)

j=m+1

nez-— I[OHOMi)KHa BCIIMYMHA, sKa Ha6yBae uiﬂux 3HA4YCHb.
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n
SAxmo npumycruty, mo 221, to o, = > opjXj+z21 mo
j=m+1

cynepeuntume ymoBi 0<ap <1. Tomy sammuaerscs BBaxaru Z <0,
TOOTO CIIPaBEIITUBOIO € HEPIBHICTH
n
jz%_'_lot i Xj 2 Qp- (3.9
Herrimourcenpauii onTUManbHuii po3s’s30k V. 3amaui (3.1) —
(3.3) me samoBombnse oOmexenns (3.9), ockimbkn 0<op <1, a nisa
vactuna (3.9) nopieaioe Hymo, 6o V=0 (j =m+1, n). Boanouac
OyIlb-SKWI{ ONTUMANBHUH ITUTOYHCETLHUN PO3B’SI30K 3aI0BOJIBHSIE 00-
MeskeHHs (3.9) K CTpOry PiBHICTb, OCKiIbKH 0L =0 (p =1,_m)
OTxe, HaMu JToBeJIcHO, 10 oomexenHs (3.9) € npasunbrum o-

natkoBuM oOMexeHusM 3amadi (3.1) — (3.4). Beememo HOmOMDKHY

n
3MIHHY Xn+1 TaK, 06 30 OLpjXj — Xpyg =0t p. Toxi
j=m+1

n
Xn+1=—(1p—_ > (—(ij)Xj. (310)
j=m+1

3 BBEACHUM JOJATKOBHM OOMEKEHHSIM paHillle 3HaiijeHuil or-
TUMAITEHUH PO3B’S30K CTA€ HEOIOPHUM, OCKIJIBKH — Ol p < 0. Tomy anst

pPO3B’sI3yBaHHs PO3IIMPEHOI 3134yl BUKOPHCTOBYIOTH JBOICTHI CHMII-
JIEKC-METO/I.
3acrocyBanHs MeToay ['omopi po3risiHeMo Ha mpukiazi 3.1.
» 3anuiieMo 3a1auy y KAHOHIYHOMY BUTJISI:
—2X%1 —4Xy —3X3 — min,
2X1 +3X2 +X3+ Xy = 20,
9X1 + 7X2 +10X3 + X5 = 40,
Xj >0, Xj el (j =1,5).

[TouaTkoBy iTepallito CUMILIEKC-METOTy 300paxkeHo y Tabui. 3.1.
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Tabnuysa 3.1. TlouaTkoBa iTepallisi CHMIUIEKC-METOLY

53 o X| X2 X3 Vb
X4 2 3 1 20

X5 9 7 10 40

2 4 3 0

OJIEPKYEMO YK€ Ha TIepIiii iTepallii CHMIUIEKC-METOTY.

OnrtuManbHUi, TPOTe HEHUIOYHCENbHUNA pPO3B’s30K (Tabi. 3.2)

Tabruys 3.2. Tlepiia iTepallisi CHMILUIEKC-METOLY

5 w X| X5 X3 Vb
Xq -13/7 =3/7 -23/7 2017
Xo 9/7 117 1017 4077
2217 —4/7 -19/7 ~160/7

HonatkoBe obMmexxeHHS y Tabn. 3.3 GopMyroTh

Ipyroro psaka 3riguo 3 (3.10).
Tabnuys 3.3. BBeJieHHS 101aTKOBOTO OOMEKEHHS

3a CICMCHTaAMU

5 3 X X5 X3 Up
X4 ~13/7 -3/7 -23/7 20/7
X9 917 7 10/7 4017
X 217 17 317 —5/7
—22/7 —A/7 —19/7 —160/7

ONITUMAJILHUH IIJIOYHCENbHUN PO3B’ 30K mpukiamy 3.1.

3riIHO 3 ABOICTHM CHMILIEKC-METOMIOM, V Ta0l. 3.4 omepKyeMo

Tabauys 3.4. OTUMAaNBHUH IITOYUCENBHAN PO3B 30K MpUKiIagy 3.1

5 v X Xg X3 Up
X4 -1 -3 -2 5
Xo 1 1 5
X5 2 -7 3 5

-2 -4 -1 20

OTxe, onTUManbHUM po3B’si3koM 3aaadi € Bektop (0, 5, 0). <
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3.4. MeTton rinok i mexx po3B’sisyBanns 3aaaq LJIT

3aranpHy CXeMy METOJY TIIOK 1 MEX MPOUTIOCTPYEMO Ha 3a1adi
OUCKPEmMHO20 HNpOcPAMY8aHHs. HEOOXITHO 3HAWTH MiHIMyM (QYHKIIIi

f (X) 3a ymoBH, 110 X = (xl, o X )T € G, ae G — ckiHUCHHA MHOKHHA.
Hexait §(G) — nuorcns mesca yuxuii f(X) Ha MHOXKUHI G (TOO-
To VXeG: f(X)>E(G)). Peamizariisn Metony 6asyeThcs Ha pO3OUTTI

(eanyorcenni) mouaTtkoBoi MHOKMHH G Ha IMOCTITOBHICTE ITiIMHOHH,

s s
SKi He mepeTuHaroThes: G = UG-l, ﬂG-l =(J . O4eBUIHO, IO HIKHS
i=1 i=1
Mexa OyIb-sKOi 3 WX IiIMHOKUH HEe MEHIIA 32 HIDKHIO MexXy G, ToOTO

&(Gi) = §(G). (3.11)

Ha xoxHIA mAMHOXKHHI Gll, G%, e G% pPO3B’S3YIOTh YaCTKOBY
3a/lauy JUCKPETHOTO MpOorpaMyBaHHS. SIKIO BIIIyKadd TOYHHHA PO3-
B’S30K 3a11a4l HA NEAKIA M IMHOXKHAHI G& (13 k < S), TO WOT0 BBAXAIOTh

NnomoyHuUM ONITUMATIELHAM PO3B’S3KOM TMOYATKOBOI 3amadi X *. Skimo
pPO3B’S3KiB € JIeKiJIbKa, TO 32 X * 0OMparOTh TOH 3 HUX, IO Ma€ HaMEH-
e 3HaueHas f (X*).

Yci niaMHOKUHA Gil, Ha SIKMX &(Gll) > f(X*) abo icHye TOYHUIT
PO3B’A30K, GuIyuaiomsy 3 OAAIBIIOTO po3risny. Cepes pemTu miaMHo-

KHUH G% BU3HAYAIOTh Min E_,(G%) = é(G|1) . SIKII0 TOYHUX PO3B’A3KIB HE
]

BiJIIyKaJlk, TO min é(G%) = <";(G|1). MHOKHHY G|1 3HOBY pO30HBAIOThH
1< j<s

Ha JIGKUIbKA IiJIMHOXHH, SKi HE TIEPETUHAIOTHCS 1 00’ €IHAHHS AKUX JIA€
G|1. Ha mux migMHOKMHAX 3HOBY PO3B’SA3YIOTh YAaCTKOBI 3ajadi 1 31itic-
HIOIOTh BIATIOBIHUI aHai3. SIKIIO SKUICh 3 HOBUX PO3B’S3KIB Xy Mae
snauenns f(Xp) < f(X*), 1o X*:=Xp.

[Iporiec ranxyeHHs IPOJOBKYIOTh IOTH, JOKU € HEBHJIyUCHI ITijI-

MHOXHHHU. Lleii mponec ckiH4eHHHH i3-3a CKIHYEHHOCTI MHOXXUHH G.
Po3B’s13x0M IOYaTKOBOI 331241 OyJie OCTaHHE 3HAlJICHE 3HAUCHHS X * .
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[Tix gac peanizarliii 3arajJpbHOI CXeMHU METOAY TUIOK 1 MEX JIJIS KOH-
KpemHux 3a0ay IACKPETHOTO TMPOTrpaMyBaHHS HEOOXiIHO pO3pOOIIsATH
TIpaBUJjIa TaTy>KEeHHS, CITOCOON 0OYMCIICHHS HIDKHIX MEX 1 3HaXODKEHHS
pO3B’sI31B, BUXOJISTIH 31 CIISITUDIKH X 3a/1a4.

PosriissHeMo peasizaiiiro METOAy TUIOK 1 MEX JUIS YLIKOGUMO Yi-
noyucenvroi 3amaui LI (3.1) — (3.4) (mo3naummo IJIT10). Criouatky
po3B’s3yroTh Bigmosigay 3JIIT 3 mocaabnennMu oOMekeHHSIMH (TOOTO
3amaqy (3.1) — (3.3)).

Hexa#t MHOKHHA HOMycTHMHX po3B’s3kiB 3amaui (3.1) — (3.3) €

omykiuM Gararorpanankom X  R". Ckinuenna muoxuua G jormyc-
tiumux po3B’si3kiB 3111 (3.1) — (3.4) € cykynuicmro 1301b0BaHUX TOYOK 3
LIOYMCENTBHUME KOOpAWHATaMu, siki Hanexarb X (tooro G c X).
Ouesuano, 1o min f(X) > min f (X). dxmro 3agaya (3.1) — (3.3) He Mae
xeG XeX

PO3B’sI3KiB, TO pO3B’s3KiB He Mae i 3amaya (3.1) — (3.4).

SIkiio onTuManbHUi po3B 30k X 3amadi (3.1) —(3.3) — uinoun-
CETIbHUM, TO 00YUCIeHHs 3a6epulyioms. Y TIPOTUICKHOMY BHIIAKy 3Ha-
4eHHs HuIboBoI GyHKUIT Yo = f(Xg) nmae nuorcnio mesrcy 1uis nrykanoro

po3B’si3ky, To6TO &(G) = Y.

Hexaii B onTumansHOMy po3B’si3Ky Xp 3MiHHa X| (1<1<n) mae
apodose 3Ha4yeHHs V| . Jlani obupaemo 3MiHHYy X| (Ha3BeMo il 3minHOW
eanydcennsi) i 3a Hewo OyayemMo J1Ba HOBI oOMexeHHs: X <[v|] i
X; 2[vi]1+1, ne, sk i Bumie, [V|] o3Havae winy yacTuHy V .

P03i6’eMo ckiHueHHY MHOKHUHY G Ha TPH MiAMHOXHHH:

G; — 3aioBosbHsIEe oOMexeHHs 3anayi LIJITI0 i ymoBy x| <[v;];
G, — 3aioBosbHsIE oOMexeHHs 3anayi LIJITI0 i ymoBy x| >[vi]+1;
G3 — 3ai0BosbHsIEe oOMexeHHs 3aayqi LUITI0 i ymoBy X € ([v],[vi]1+1).

3 3
Ouesuno, mo G = JGj, NG =<. Ha nux nigmMHoxuHax Gop-
i=1 i=1
myemo HoBi 3anaui LJIIT 3 nineoBoro ¢ynkuieto (3.1). Ha migmMHOXHHI
G; ozmepxatu yinkoeumo UIOYUCENBHUN PO3B’SI30K HEMOXKIUBO, TOMY
1 BWIy4aroTh 3 HOAAIBIIOTO PO3IIISAAY.
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le exBiBasenTHO 3amini 3aaa4i LIJITI0 nBoMa nopodocenumu 3a-
mavamu: IJITIT1 (OJIP 36iraerses 3 migmuoxkuaor Gi) i ILIJIII2 (OOP
36iracTbcsa 3 miAMHOXKHHOIO Gy). 3rimmo 31 cmemmdikoro 3amau JIII,
crpaBKy0Thes yMoBH (3.11). HoBi 0OMeKeHHS € B3aEMHOBUITY YHUMH,
otox nopopkeHi 3aaaqi LI i IJIT2 e wezaneschumu 3anavamu LJIIT.

KoxHa 3 mOpopkeHuX 3ajad Miclisi OTPUMaHHS ONTHUMAJILHOTO
po3B’s3Ky BimmoBigHOI 3amadi JIII 3 mocmabiaeHUME OOMEXEHHSIMH, Y
CBOIO Yepry, MOXe rany3utucs Ha aBi HOBI 3axaui LIJIIT i T.4. Jluxoro-
Mis 3a51a4 — 0a3a KOHIICIIIIIT ea/1yoicenHst y METOII TUTOK 1 MeX JUTs 3a/1a4
TJITT.

BHaciIok Takoro rajxyXeHHs OTPUMYIOTh 08ilikoge 0epego To-
pomkenux 3anad LJII1. OckibKH iICHYIOTh Pi3HI CITOCOON 00XOMy NBiMi-
KOBOT'O JIepeBa, TO Y JITepaTypi TPAILISIOTHCS pi3Hi ONMUCH peatizailii
MeToay TUTOK 1 Mex st 3amayu LI [4, 5, 6, 9, 15, 16]. Onwumiemo
MO(DIKAIIiO I[HOTO METOJTY, CIIMPAIOYHCH Ha MiApydHHK [15].

Homepn 3amau 30epiratumemMo y crteky. Omepamis “ompumamu
HoMep 3adaui 3i cmeky” Mae 3arallbHONPHUHATHN 3MICT: OTpUMaHHS
HOMEpa 3 BEPUIMHHM CTeKa 3 OJHOYACHUM BWJIYYCHHSIM HOTO 31 CTEKa.
3aHeceHHs HOBHX HOMEpIB y CTEK Bi0OYBa€ThCS depe3 HOro BEpIIHHY.
BBeneMo Taki mo3HAYCHHS:

— Xp —ontumaneHuil po3B’sa30k BianosigHoi 3amadi JIII 3 mocnaGe-
HAMH 0OMEKEHHSIMH TSI IIOTOYHO1 TTopopKeHo1 3anayi LIJIIT;
— Yo = f(Xg) — BiznoBinHe 3HaueHHS 1ITHOBOT QYHKIIT (HIKHS MexKa
[IYKAHOTO IIJIOYHCENFHOTO PO3B’ SI3KY Ha IMOTOYHIH ITiAMHOKHUHI);
— X* —mnotounuid po3B’s30k 3amaui (3.1) —(3.4); micns 3aBepleHHS
AITOPUTMY X * — ONTHMaIbHUI po3B’ 130K 3amadi (3.1) —(3.4);
— y*= f(X*) — BianoBinHe 3HaYCHHS HILOBOT QYHKIIIT.
Aneopumm MeToy TIOK 1 Mex st 3aaa4 LIJITT:
Kpox 0. Po3s’si3yemo 3amaay (3.1) — (3.3).
Sxmo 3amada He Mae PoO3B’SI3KiB, TO BUBEACHHS IOBIIOMIICHHS
“sa0aua (3.1) — (3.4) ne mae po3s’s3kie” i mepexia HA KPOK 5.
Skmo Xy — HiIoYMCceNnbHUM po3B 30K, TO X *:=Xgy; Y*'= Yy 1
Tepexia Ha Kpok 4.
VY NpOTHIISKHOMY BHIMAJAKY Y* = +o0.
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Kpox 1. 3a nOBiBbHOIO 3MiHHOIO Tady)KEHHS HELIIOYHCENBHOrO POo3-
B’s13Ky Xg popmyemo aBi nopomxkeni 3amadi LIJIII 1 ixui HOMe-
pH Y TOBUIBHOMY MOPSIAKY 3aHOCHMO Y CTEK.

Kpox 2. Otpumyemo nHomep 3amaui LIJIIT 31 cTeka i po3B’s3yemo
BiamoBigHy 3agady JII1 3 mociaabieHUMH 0OMEKESHHSIMHU.

Sk1o 3a7aya He Mae po3B’SI3KiB, TO MEPeXi Ha KPoK 3.
Skmo Xy — HiTouuceNnbHUR po3B 30K 1 Y* > Yo, To X *:1=Xq;
y* = Yyp 1nepexig Ha KpoK 3.
SKmo Xy — LiJIOYMCENIBHUM PO3B 30K 1 Y* < Y, TO Iepexia Ha
KpOK 3.
SIkmo Xy — HeUiIouuceNnbHUN po3B 30K 1 Y* < Yq, TO mepexin
Ha KpoK 3.
Y mpoTriIe)KHOMY BUTIAAKY Iepexia Ha Kpok 1.

Kpox 3. SIkio crek He MOPOKHIM, TO Hepexia Ha KPOoK 2.

Kpox 4. Slkmo y* =+o0, TO BUBE/ICHHS MOBiIOMIICHHS “3a0aua (3.1) —
(3.4) ne mae po36’a3kie” i mepexif Ha KPOK 5.
IHakie BUBEIEHHS pe3yabTaTiB o0uncieHns (X *, y*).

Kpox 5. 3aBepiiieHHs1 00YHCIICHB.

Mpuxaan 3.4. Bimmykatn MiHiMyM QyHKIIl Y =—X —2Xp 3a oOMe-
KEHb! X +5X%p <35, —2X +3X, <6, X; 20, xjeZ (j=1 2).
» Po3p’s3aBim BiAnoBigHy 3amauy JIII 3 mocinabieHMMH OOMEKEHHS-
MH, ofepxkyeMo Xg = (2,42; 3,61), yo=—9,64. Toni y*:=+wo i popmy-
€MO nopo pkeHi 3anayi LJITT:
3aoaua LJIIT1 3aoaua L[JIIT2

— X1 — 2X9 — min, — X — 2X9 — min,

X +5%X9 <35, —2X% +3Xy <6, 7X1 +5X9 <35, —2X% +3Xy <6,

Xo <3, Xj >0, X; €Z (j=12). | xp =4, Xj >0, Xj eZ (j=1 2).

Cmex: 2, 1 (Ha BepIIMHi CTEKa pO3MIIIICHHI HOMED 2).
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Otpumyemo Homep 2 3i creka (y cTeky 3amumaerbes 1) i s 3a-
nmadi 1JIT12 po3s’s3yemo BignosigHy 3amady JIII 3 mocmabienumu o0-
MexxeHHAMH. Ls 3amagya He Mae po3B’s3kiB. Ilepexin Ha kpok 3.

OCKIiJIBbKY CTEK HE TIOPOXKHiH, TO Tepexij] Ha KPoK 2.

Otpumyemo HOMmep 1 3i creka (CTek MOPOXHIi) 1 s 3amadi
LJITI1 po3B’si3yemMo BiAmoBinHy 3anady JII1 3 mocmabieHUME 0OMEKEH-
wsamu. L 3amaya mae pos3B’sizok Xg = (2,86; 3), Yo=—8,86. Ockinbku

Xo — HEeLUIOYHCeIbHUN PO3B’sI30K 1 Y* > Yq, TO mepexiJ Ha Kpok 1.

®dopmyemo mopopxeri 3amaui LJIIT:

3aoaua LJJII13 3aoaua LJIT14
— X1 — 2Xo — min, —Xq —2X9 — min,
7X +5%X9 <35, —2X1 +3Xy <6, TX +5%X9 <35, —2X1 +3%y <6,
X1 <2, Xp <3, X =3, Xo<3,
XjZO, xjeZ (=1 2). XjZO, XjEZ (j=1 2).
Cmex: 3, 4.

Otpumyemo Homep 3 3i creka (y cTeky 3anumaerbes 4) i s 3a-
nadi 1[JITI3 po3s’s3yemo Bignosigny 3amauy JII1 3 mocmabienumu o0-
MexxeHHsAMU. Llg 3anaga mMae po3B’s3ok Xy = (2; 3), Yo= —8. Ockinbku
X — LLIOYMCENBbHUN PO3B’A30K 1 Y*> Yy, To X*:=(2;3); y*=-81i
nepexif Ha Kpok 3. OCKiIBKH CTEK He MOPOXKHIiH, TO Iepexia Ha KpoK 2.

Otpumyemo HoMmep 4 3i creka (CTEK MOPOXKHIN) 1 Juisi 3amayi
LJITT4 po3s’s3yemo BiamoBinHy 3anavy JIII 3 mocnabneHnmu oOMexeH-
Hsmu. Lls 3anaua mae po3s’sizok Xy = (3; 2,8), Yo= —8,6. Ockinbku Xy —
HELJIOYUCENbHUMN PO3B 30K 1 Y* > Yp, TO mepexin Ha Kpok 1.

Dopmyemo nopomkeni 3agaui LUJIIT:

3aoaua LJIIT5 3aoaua LIJIT16
— X — 2Xp — min, — X1 —2Xo — min,
X +5%X9 <35, —2X1 +3Xy <6, X +5%X9 <35, —2X1 +3%y <6,
X1 =3, Xy <2, X =3, Xo 23,
XjZO, XjEZ (j=1 2). XjZO, XjEZ (j=1 2.

Cmex: 5, 6.
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Otpumyemo Homep 5 3i creka (y cTeky 3amumaeTbes 6) i s 3a-
nmadi 1JITIS po3s’s3yemo BignosigHy 3amady JIII 3 mocmabnenumu o0-
MexeHHAMH. Ls 3a1aua mae po3B’sa3ok Xy = (3,57; 2), Yo= —7. Ockinbku

Xo — HeLIOuUCeNbHUHN O3B 30K 1 Y* < Yq, TO Iepexia Ha KpoK 3.

OCKIUIBKH CTEK HE MOPOXKHIH, TO Tepexia Ha KPoK 2.

Otpumyemo Homep 6 3i creka (CTek MOpPOXHIN) 1 it 3agadi
LJITI6 po3r’s3yemo BiAmoBinHy 3anauy JIII 3 mocnabneHnmu oOMexeH-
HaMmu. Ll 3amaga He Mae po3B’a3kiB. [lepexin Ha Kpok 3.

OCKUIBKH CTEK TOPOKHIH, TO pealli3yeMO BUBEICHHS PO3B’SI3KY
X*=(2; 3); y*= -8. Bakinuyemo obuuciaeHus. <

AJNTOPUTM METOJy TLIOK 1 MEX MOKE 3aCTOCOBYBATHUCS 1 ISl PO3-
B’sI3yBaHHS uacmkoso ninodncenbHux 3anad [JII1. ¥V npomy Bumanky,
SIKIIO Jiesika 3MiHHA Ha0yBae MiHCHUX 3Ha4YeHb, TO BOHA HIKOJIM HE 00H-
PAETHCS 3MIHHOIO TATYKEHHS.

3.5. 3agaua komiBosKepa

Maemo N wict. Biacrani Mixk Oyab-sIKOIO ITapoi0 MICT BioMmi i
cranoiate Q; (i, ] = 1,n,i# j). ko npsaMoro mMapmpyTy Mix Mic-
TamMu | Ta | He iCHYyE, TO a;; = 00. Bizcrai MK MICTaMH 3py9HO 3a-
IMCYBATH y BUIISIA MaTpHL A= (jj)nxn AC ajj = .

KowmiBospkep, BHDKIKAIOYN 3 OYIb-SKOTO MiCTa, TIOBHHEH BiJBi-
JaTH BCl MicTa, MOOyBaBIIM B KOXKHOMY 3 HHX TUIBKH OJUH pa3, i Io-
BEpPHYTHUCS y TO4YaTKOBe MicTo. HeoOXilHO BU3HAYHMTH TaKy MOCIiIOB-
HICTh 00’131y MicCT, 3a K01 TOBXHHA MapIIpyTy Oyina O HalHMEHIIIOTO.

SIK1mo MicTaM TIOCTaBUTH y BIAMTOBITHICTH BEPITHHHU Tpada, a 1o-
poram, 1o iX 3’ €IHYIOTh, IyTH, TO B TePMiHaxX Teopii rpadis 3agada mno-
JIITa€ y BU3HAYCHHI raMiJIbTOHOBOTO IUKJY MiHIMAJIBHOT JIOBKHHU.

Taminemonogum yuxknom y 3B’s3aHOMY Tpadi Ha3MBaIOTH LUIAX,
SIKUI TIOYMHAETHCS 1 3aKIHYYEThCSI B JIEsAKiIH BepimHI rpada, a depes
KOXKHY 3 pemTH BepIuH Tpada BiH MPOXOAUTH TOYHO onauH pas. Ilix
JIOBXXHHOIO LIUKITY PO3YMIIOTh CyMY JTOBXKHH AYT, IO HAIIYY€E IIUKIL.
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Busnaunumo 6ynesi 3minHi:
« 1, sixio koMiBosDKep iepeikpKae i3micra 1 Bmicro j (i, j=1,n),
ij =
! 0, y IpOTHIIEKHOMY BUTIA]IKY .

Toni 3amaya MoJjsrae y BiIIyKaHHI 3HAYCHb 3MIHHUX Xij , IO MiHi-

Mi3yIOTb
nn
= Z Z aij Xij , (312)
i=1j=1
3a 0OMEXKEHD
n _
>xij=1 j=Ln (B’i3ny micto J); (3.13)
i=1
n a— . . -
> Xjj =1 i=1n (ui3x i3 micta 1); (3.14)
j=1
U —u;+nx; <n=Li,j=Ln(i=j). (315
3MiHHI Uj, i=1,_n MOXXYTh Ha0yBaTH JIOBUIBHHUX 3HAY€Hb, MPOTE

0e3 ’)KOIHOTO 30MTKY Ha HHX MOXXHA HaKJIaCTH YMOBY HEBiJl'€MHOCTI Ta
[JIOYMCETTHHOCTI.

Jlema 3.1. Obmexenns (3.15) BumararoTh, 1100 MapuIpyT yTBOPIOBaB
LUKJI 1 POXOIUB Yepe3 yci MicTa.
» Po3risiHEMO YaCTKOBHMH LUK, IO MPOXOAUTh 4epe3 K mict (k <n),

BU3HAYEHUI 3HAYECHHSAMU X; =1 nna K meBimomux. omaroum yci He-

piBrocti Bursany (3.15), mo mictate K HeBigommx X;; =1, mo Biamno-
BIIAfOTh JyraM, SIKi yTBOPIOIOTh YaCTKOBHIA LIUKII, OAEPKUMO HEIOIMyC-
tumy Hepisuicts NK < (N—1)k (mpu nomasammi Bei pisammi U; —U;
B3aEMHO 3HHINYIOThCs). OTke, ymoBa (3.15) BUKIFOUaE MOXKIIMBICTD YT-
BOPEHHSI Oy 1b-SIKOTO YaCTKOBOT'O LIUKITY.

Tenep BCTaHOBMMO, 110 ICHYIOTh 3HaYE€HHS 3MIHHHMX U; fKi 3310~

BOJIBHAIOTh 0OMesxeHHs (3.15) st Oy/1b-SIKOTO TaMiJIbTOHOBOTO IHKITY.
Hexait uj=p (p=12,..,n), sKkmo MicTo | B TraMiJbTOHOBOMY LMKIi
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BIZIBIZY€TBCS p-M 32 MOPAIKOM, fie Uy =1, uj=uj+1, ] =2,n; j - Ho-
Mep MicTa B raMiIbTOHOBOMY Iwkii. Hampuximan, y mukmi 1 -3 -6 —
8 — ... 3Hauenns U; taki: U, =Lu, =2;u, =3;Uy =4, ...

3 NpUITyIIEHHs BUIUIMBAE, IO IIPH Xjj =0 BIAINOBIAHA HEPIBHICTH
(3.15) mae Burmsam Uj—Uu j<n —1 1 3aBXKAM BHKOHYETHCS, OCKIIBKH
ui<n i uj>1 npu j=1.Ilpu Xjj =1 1i OOMEeKEHHS BUKOHYIOTBCS 5K
pIBHOCTI: Uj —Uj +nXjj = p—(p+1)+n-1=n-1.

OTmxe, cipaBeyIUBICTh JieMu 3.1 MiTKOBUTO OBeeHO. <

g 3amaui koMiBosDKepa, SK 1 TS iHIMUX KOMOIHATOPHHX 3a/1ad,
MPUTAMAHHUM € TIOEJHAHHS NPOCMOMU NOCMAHOBKU 31 CKAAOHICMIO
PO3B’SI3Ky, IPUYOMY IIi TPYAHOIIII BUKITFOYHO OOUHCIIOBAIBHOTO XapaK-
Tepy. OnTuManbHuil MapIIpyT MOXHA BiJIIYKaTH MUISIXOM NepeOupaH-
HA 1 TOPIBHSHHSA YCIX MOKJIMBHUX MAapIIpyTiB, OCKUTGKH IXHE YHCIIO
CKiHYCHHE.

[IpoTe 3i 301IBIICHHSIM YUCTA MICT KUTBKICTh MOXKJIMBHX MapIil-
PYTIiB MIBHAKO 3pocTae (KiABKICTh MOMKIMBHX MApIIPYTIB T N MICT
nopisaroe (N—1)!). Ockinbku 9ac po3s’s3aHHs 3a4a4i NPONOPLIHHMN
YHCITy MOXJIMBUX MapuIPyTiB, BUUEpIIHE MepeOupaHHs BapiaHTiB Mpak-
TUYHO HETPHUUHSATHE HABITh 32 BUKOPUCTAHHS HAIIIBUIKOIIIOYHX KOM-
T TOTEPIB.

3.6. MeTon rijiok i Mexk po3B’si3yBaHH 3a/1a4i KOMiBOsSKepa

CporoaHi po3po0ieHo YUMaio ajaropuTMiB Uil PO3B’s3aHHS 3a-
nadi KoMiBospkepa. HalleekTUBHIIINM 3 HUX € Memoo 2iioK ma medic,
sampornonoBanmii 1963 p. rpymoro asropiB (JIx. Jlita, K. Myprti,
I. Cyiui, K. Kepon).

Criouatky JIsi MHOKMHU R yCiX raMijJbTOHOBHMX IIMKIIIB BHU3HA-
YarTh AEAKY HIDKHIO MEXY QR IXHbBOI JOBXHHU. I10TIM MHOXHHY yCiX
raMiJIbTOHOBUX IHMKJIIB PO30MBAIOTh Ha MBI MiAMHOXWHU. [lepma minx-
MHOKWHA HaJIiUy€ TaMiIBTOHOBI IUKIIH 3 JIeTKOI0 ayroro (i, j) (ro3Ha-

quMo i {(i, j)}). A 1pyra Hajgiuye raMiJbTOHOBI IUKIN Oe3 i€l ayru

(mo3Haunmo {(ﬁ)})
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JI1a KOXKHOT 3 IiAMHOXHH {(i, j)} i {ii, j F} BU3HAYAIOTHh HUKHIO

MCKY HOBXHWHU TaMUIbTOHOBUX IIMKJI1B (p(hj) 1 (Pm Koxxna HOBa

HUXHSI MEXKa BUSBJISIETHCS HE MCHIIIOKO 33 HIDKHIO MEXKY BCi€i MHOKUHU
raMiJIbTOHOBUX LUKIIB QR . Cepen nuxX MiIMHOXXUH OOMPArOTh MiJMHO-
WKHUHY 3 HAUMEHUIO00 HIKHBOIO MEXEIO.

1ro miAMHOXKXHHY 3HOBY pO30MBAaIOTh HA JIB1 1 IJIs1 yTBOPEHUX TIiA-
MHOXHH OOYHCITIOIOTH HIDKHI Mexi. [Iporiec po30UTTS MiIMHOKHH TIPO-
JIOBXKY€ETHCS IOTH, JOKH HE OyJie 0/IepKaHO MATPHIIi BiJIcTaHEH po3Mip-
HOCTI 2x2.

B3aeM03B 30K MiIMHOXHH, OJIEPKAHUX B Pe3yNbTaTi PO30OHTTH,
300pakaroTh AEPEBOM, BEPLIMHAM SKOTO MPHITMCYIOTHCS HIDKHI MEXI.
Ile nepeBo mae 3MOTY BHOKPEMHTH #OMOYHUL TAMUTBTOHIB IIHKJL.

SIKIo HYOKHI MEXI1 IMIMHOMKHWH, SIKi BiJINIOBIAIOTh JESIKHM 00ip-
BaHUM T'1JIKaM, BUSABJISATHCS MEHIIUMHM 3a JOBKHHY HOMOYHO20 TaMijib-
TOHOBOTO LIUKJIY, TO Il TUIKK PO30MBAIOThH 3a THUM K€ MpaBUioM. Y pe-
3yJNbTaTi MOXHA OTPUMATH HOBi TaMiJIbTOHOBI LMKIH. Y I[bOMY BUMA[-
Ky TTOPIBHIOIOTH JIOBKWHHU YCiX OJIep’KaHUX TaMUTbTOHOBUX IHUKIIB 1 10-
MmouHuM cepell HIX 0OMPAIOTh IUKIT 3 HAUMEHULOI0 O0BIHCUHOIO.

Po3B’s130K 3a/a4i BBaKAIOTH 3aBEPIICHUM, SIKIIO HIKHI MEXI
00ipBaHMX TIJIOK HE MEHINI 3a JIOBXHWHY MOTOYHOTO T'aMUILTOHOBOTO
nukny. OCTaHHIA TOTOYHHMI TaMilIbTOHIB IUKI BBAXAKTH ONMUMANb-
Hum. PO3paxyHOK HIDKHIX MeX 0a3yeThCcsl Ha TaKil JIeMi.

Jema 3.2. SIkmio BimmIyKaTH AOBXKHWHY ONTHMAIBHOTO TaMiIbTOHOBOTO
IUKJTY 3 MaTPUIICIO BiJICTAHEH A, a MOTIM BiJ] €JIEMEHTIB JISIKOTO PsijIKa
abo0 cToBMUA MaTpulli A BIAHATH AEsAKE YKCIIO 1 3HOBY pO3B’A3aTH 3aja-
9y 3 HOBOIO MaTPHIIEIO, TO TAMIUIBTOHIB ITMKJI KOMIBOsKEpa HE 3MiHUTh-
cs1, a JIOBYKMHA MOTO 3MEHILIUTHCS Ha 1€ YUCIIO.

» JloRXMHAa ONTHMAJbHOTO TaMUIBTOHOBOTO IIMKIY KOMIBOsDKEpa
CKJIQIA€ThCs 3 CyMH N uucen (eJIeMEHTIB MaTpHIli BiJICTaHEl), y3sTHX
[0 OJTHOMY 3 KOXXKHOTO PSIJIKA i 3 KOXKHOTO CTOBIIIA. OTke, 3MiHA BCIX
EJIEMEHTIB psjka a0d0 CTOBIIA HA OJHE 1 Te X YHCJIO HE BIUIMBAE HA
ONTHUMAJIGHUHA PO3B’ 30K 3aadi. SKIo omepariro BilHIMAHHS BUKOHATH
1 s iHIIUX PSAKIB 1 CTOBMINB, TO JOBXHUHA ONTHUMAJIbHOTO IUKITY
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3a/1avi 31 3MIHCHOK) MATPHIICIO BiJPi3HITUMETHCS BiJl JIOBXHHH OIITH-
MaJILHOTO UKy 3a/1adi 3 MOYaTKOBOIO MATPUIICI0 HA CYMYy YHCEll, IO
BiJTHIMAIOTBCS BiJl €IEMEHTIB PSJIKIB 1 CTOBMIB. <

Orxe, I BU3HAYCHHS HIDKHBOT MEXI MHOKHWHHU yCiX TaMilIbTO-
HOBUX IIMKJIIB HEOOXITHO B KOKHOMY PSJKY MaTpHIli A BiJIIyKaTH Mi-

HiMaIbHUH eneMeHT o =Minajj (i=1n), i BigaaTu foro Bix ycix
J

€JIEMEHTIB I[LOTO PsiiKa (TaKy OIMepaIlito Ha3UBAIOTh 36€0CHHIM MAMPU-
yi siocmanetl 3a psokamu). Y pe3yiabTaTi 3BEJACHHS y KOKHOMY DPSAKY
MaTpuili Oyae xoda 6 OJTWH HYJIb.

IToTiM y MaTpwuIli, 3BeIeHIA 3a PSAIKAMH, BU3HAYAEMO MiHIMaTb-
HUH eneMeHT 3 j Y KOKXHOMY CTOBIIIi 1 3BOAMMO i1 3a CTOBIIISIMH. Mart-
PUIIIO, 3BEJIEHY 3a PSAJAKAMH 1 CTOBIISIMHU, HA3UBAKOTh YLIKOGUMO 36€0e-
noto, a Bemmannn 0, 1 B (i, j =1,n) — koncmanmamu séedenns. Llinko-
BHTO 3BEJICHA MATPHIIA MICTUTh X04a O OJIMH HYJb y KOXHOMY PSJKY i
KOXXHOMY CTOBIIII].

OcCKkinbKy TOBXHHA L; ONTHMaNBHOTO TaMiIbTOHOBOTO LUKIY B
3a/1a4i 3 MITKOBUTO 3BEICHOI0 MATPHIICIO BiJIPI3HAETHCS BiJl JOBXKHHH L
ONTHMAJIBHOTO TaMIUJIbTOHOBOI'O LMKy B 33Jladi 3 HE3BEJICHOI MaTpH-

n n
LCI0 HAa CyMy KOHCTAHT 3BeJIeHHs ¥ =Y i+ > Bj, 10 L=Lg+7.
i=1  j=l
VY 1inKoBUTO 3BEAEHIH MaTpUIll yci €JIeMEHTH HEBiJ €MHi, OTOX
L, 20 i y moxHa BHOpaTH K HIKHIO MEXY JOBXHHH TaMiIbTOHO-

BOTO LUKy, TOOTO QR =7 .

Posrasemo croci6 Bubopy ayru (i, j), anpiopHe J10mydeHHs K0T
B TaMiIIbTOHIB MK (200 BHJIYYEHHS 3 TaMiIbTOHOBOTO IHUKITY) PO30H-
Ba€ BCKO MHOXKMHY TaMiJIbTOHOBHX IMKJIIB Ha I1JIMHOXXHHHU.

Anpiopne eunyuenns 6ynp-sxoi gyru (i, J) 3 raMiTbTOHOBOTO LUK~
Ty 3[IACHIOETBCS 3aMiHOIO BIATIOBIIHOTO €IIEMEHTY MATpHIl BijcTaHEH

Ha o0 . BuirydeHHs mae 3MOTy BUKOHATH JOAATKOBE 3BEIACHHS MATpPHII i
TTOKPAIUTH HIKHIO MEXKY .
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Anpiopne oonyuenns xyru (i, ]) y ramiabTOHIB IMKI Ja€ 3MOry

CKOPOTHTH PO3MIip MaTpHIli BiJICTaHEH BHACIIIOK BUKPECITIOBAHHS i-TO
psanka i j-ro crosmi. SIkmo myra (a, b) € mouaTtkom ramimeTOHOBOTO
LMKy, TO TIpy gonydensi gyru (I, ) y IuKiI HE0OXiHO OJHOYACHO 6u-

Jayuumu 3 H0TO ayTy (j,a) A YHUKHEHHS HEraMiIbTOHOBOTO IHKIY.

Jlo OoNTHMAaIBHOTO TaMUTBTOHOBOTO LUKy YBIHIYTb IYTH, SIKUM
y 3BeJICHI MaTpULi BiAOBiAAalOTh HYJBOBI eneMeHTH. OTox BUOIp ay-
M 3AIACHIOBATUMEMO Tak. VY 3BeieHil MaTpuui enement ajj =0 ymoB-

HO 3aMiHUMO Ha oo . [I[[00 BU3HAYNTH CyMy KOHCTAHT 3BEJICHHS OfiepiKa-
HOi MaTpulli, HEOOXiHO J0JATH MiHIMAJIBLHUNA €IeMEHT O i-TO PsIKa

J10 MiHIMAJILHOTO €eMeHTa 3 J-TO CTOBILS, OCKUIBKM PEITa PAIKIB i

CTOBIIIIB MICTUTh X04a O OJTUH HYJIb.
[To3HaunMo cyMy KOHCTAaHT 3BEACHHS MATPHIi 3 BUIyYCHOIO JIy-
roto (i, j) uepes R OTxe, Tap = % +Pj . Ananoriunuii pospaxy-

HOK BHKOHYEMO IIOJIO PEIUTH HYJIBOBHX E€JIIEMEHTIB MATpPHIli, YMOBHO
3aMiHIOIOUM 1X Ha 0. [lepemyciM BWIIydyaTHMEMO 3 TaMiJIbTOHOBOTO
UKy JyTy, U SIKOT CyMa KOHCTAHT 3BEICHHS Yij € HaubinbLULOI0,

OCKUIBKH B IIbOMY BHIIQJIKY BiIOYAEThCS HaMpi3Killla 3MiHa OLIHKH.
Hexait ans xyru (F,S) cyMa KOHCTaHT 3BEIEHHS MaKCHMAllbHa,

TOOTO Yos) = max{yﬁ}. Toni, Buwtyuusmm ayry (r,S) 3 raminsro-
HOBOT'O ITUKITY, OJICPKUMO I IMHOKUHY ITHKIIIB {(E)} 1, JOJTYYHBIIH
IF0 JYTY B TAMIJIBTOHIB I[UKJI, OJICPKUMO ITiIMHOKHUHY IHKJTiB {(I’, S)}
HuxHsa Mexa miIMHOXUHT [IUKIIIB {(E
Plrsy PRy =V V(e -
HuxHsa Mexa miIMHOXUHT [IUKIIIB {(r S)} :
P(rs) =PR T Y(r,s) =Y+ Y(r,s):
A€ Y(r,s) JOPIBHIOE CyMi KOHCTAHT 3BEJICHHS CKOPOYEHOT MaTpuili (CKo-

pOYEHY MATPHII0 OAEPKAHO 3 MOYATKOBOI IUIAXOM BUKPECITIOBAHHSA
r-ro psiika i S-ro CTOBIIIS Ta 3aMiHM JISSIKOTO €JIEMEHTa MaTpHIli Ha 00).
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Ha mpaxTuui npouec po30WUTTS MHOXHHM TaMUIBTOHOBHX LHKIIIB
Ha MiJIMHOKUHH TIPOJIOBXKYETHCS JIOTH, IOKH He OyJie 0JIepKaHO MaTpH-
i BiicTaHe# po3MipHOCTI 2x2.

[Ticns 3BeneHHs 1€l MaTpuLi HYJIBOBI 11 eEMEHTH, pO3TalIOBaHi
CHMETPHYHO, NPSIMO BKa3ylOTh Ha JyId, SIKi HEOOXiTHO IOJIyYHTH B
ramMiJIbTOHIB IUKJI. J[OBXKHMHA TaMiIBTOHOBOTO IIUKIY BH3HAYAETHCS
JIOJTAaBAaHHSIM JI0 HIXKHBOI MEXI1 BIAMTOBIAHOT MiJIMHOXKUHU IUKIIB CYMHU
KOHCTaHT 3BeJleHHd Matpuili 2x2. Bcei posrmsHyTi mii mis Oinbmioi
YITKOCTi CIOPMYITIOEMO Y BUTJISIII TAKOTO aJIrOPUTMY.

Aneopumm memooy 2inok i mexc po3B’sI3yBaHHS 3a/a4i KOMiBOS-
xKepa:

1. 3600amb MaTpuUIIO BifcTaHElH 3a psAAKAMH i CTOBMISIMHU. Bu3Haua-
FOTh HIDKHIO MEXY BCi€l MHOKWHU MapIIpyTiB:

n n
PR =7v=20aj+ X2 Bj.
=1 j=l

2. KoxeH HyJnb y 3BE/IEHIH MaTpHIll YMOBHO 3aMiHIOIOMb HA OO 1 3Ha-
XOZIATH CyMy KOHCTAHT 3BEJICHHS V(i) = O +pj. BnaueHHs L)
3aMUCYIOTh Y BiIMTOBIAHI KIITHHKA TTOPSI 3 HYJISIMH.

3. Anpiopno eunyuaioms 3 TaMinbToHOBOrO MUKy ayry (i, J), mis sxoi
CyMa KOHCTAaHT 3BEICHHS MAKCUMAAbHA. Y PE3yNbTaTi BUIyYCHHS
(i, j) yTBOPIOETBCS MiMHOKHUHA TaMiIbTOHOBHX IIUKJIIB {m)} .

4. 3800samb onepxKaHy MATPUITIO BiJICTAHEW 1 BU3HAYAIOTh HIDKHIO Me-

Ky (Pﬁ IMAMHOXXHAHU FaMUIbTOHOBUX IIUKIIIB {il, ] i}

5. Anpiopuo donyuaioms dyzy (i, ]) B raMiIbTOHIB LUK, IO CIIPHYHU-

HUTH JI0 BHJIyYCHHS B MaTPUIli, OJCPKAHIN IMiCsl BUKOHAHHS 1. 2,
[-TO ps/IKa Ta j-TO CTOBIIISA. 3aMIHIOIOTh OJMH 3 €IEMEHTIB MaTPHIIi
Ha 00, 1100 HEe JAOIYCTUTH YTBOPSHHS HEraMiJIbTOHOBOIO IIUKIIY.

6. 3BoMATH CKOPOYCHY MATPULIO i BU3HAYAIOTH HIKHIO MEXKY @ j)
MiIMHOXXHHU MapIIpyTiB {(i, j)}

7. SIKmo ckopodeHa MaTpHIsl Ma€ PO3MIPHICTh 2X2, TO MEPEXOATh JI0
BUKOHAHHS 11. 9.
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8. IlopiBHIOIOTb HIXKHI MEXI MAMHOKHMH FaMUIBTOHOBUX LHKIIB Q(j j)

i (Pﬁ 1 mepexoisaTh 10 BUKOHaHHS 1. 2. [lpu 1pomy, sKIIo

Pi 7 <9G,j) T PO3OUTTIO MiUIATAE T IMHOXKHHA {ii, j F} aHaizy-

I0Th MaTPHIIIO, OJICP’KaHy B Pe3yJIbTaTi OCTAHHBOTO BUKOHAHHS II. 4.
Sxkwo ¢, jy <@g T PpO30OUTTIO miAjsrae MmiAMHOKUHA {(i, j)}

aHANI3YIOTh MAaTPUIIIO, OJIEpPKaHy IiCIIsi OCTAaHHBOT'O BUKOHAHHS I1. 6.
PesynbraTti po30UTTS BioOpaXKaroTh Ha JEpPeBi.

9. Bu3HauaroTh NOTOYHUI raMiIbTOHIB IIUKJI 1 HOTO TOBXXHHY .

10.ITopiBHIOIOTH TOBKHUHY HOTOYHOTO raMijIbTOHOBOI'O LIUKIY 3 HMKHI-
MU MEXaMHu 00IpBaHMX TiJIOK. SIKIIO HOro JOBXKMHA HE TIECPEBHUIIYE
HIDKHIX MeX 00ipBaHMX TUIOK JepeBa, TO 3aJady po3B’s3aHo. SKmio
K TOBKMHA TIOTOYHOTO MUKy OibINa 3a HIDKHIO MEXY JESIKUX Ti-
JIOK, TO, JIIFOYH 32 aJITOPUTMOM, PO3BUBAIOTH I1i TUIKH JIOTH, JOKH HE
OJICPKaTh IMKJI 3 MEHIIOI JOBXHHOK a00 HE MEePEKOHAIOTHCS, 110
Horo He icCHYE.

Ilpuknao 3.5. Marpuiito BificTaHEeH MiX IT’AThbMa MiCTaMU IIpeJICTaBIIe-

HO y Ta0a. 3.5. HeoOXigHO BiAlIyKaTH I'aMiJIbTOHIB UK 00’134y MICT

MIHIMAJILHOI TOBKWUHU.

Tabnuys 3.5. Bigctani Mixk MicTaMu

aE 2 3 4 5 Q
1 0 9 8 4 10 4
2 6 % 4 5 7 4
3 5 3 o 6 2 2
4 1 7 2 % 8 1
5 2 4 5 2 % 2

> Jlnsg BU3HAYCHHS HWKHBOI MEXKI MHOXHHU YCIX TraMiIbTOHOBHX
LUKIIB QR 3AiMCHIOEMO 3BEJECHHS MAaTpHUIl BiACTaHEH. 3 IIi€l0 METOIO B
JO/IaTKOBUH CcTOBHEUs TaOil. 3.5 3amuimmemMo KOHCTAHTH 3BEACHHS O
(i=15) 3a psukamu. MaTpuIo, 3BeleHy 3a PAAKAMH, IPEICTABICHO y
Tabn. 3.6. Y nmomaTKoBOMy psAKY L€l MaTpHii 3alMcaHO KOHCTaHTH
3BEJICHHS 3a CTOBOISIMA. BHKOHYIOYHM 3BEJCHHS 32 CTOBMIIMH,
OJIEPKMMO IIIIKOBUTO 3BeIeHy MaTpuilto (Tadm. 3.7).
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Tabnuys 3.6 Tabnuys 3.7

i J11 2 3 4 s i J11 2 3 4 5

1 |©o 5 4 0 6 1 | 4 4 04) 6

2 |2 o 0 1 3 2 |2 o 0@ 1 3

3 |3 1 o 4 0 3 |3 0(1) o« 4 0(3)
4 |0 6 1 oo 7 4 0@ 5 1 o 7

5 |0 2 3 0 o 5 |00 1 3 0(0) oo
Bjlo 1 0 0 o0

HuskHst MeKa MHOKMHM YCIX TaMiIbTOHOBUX HUKIIB R :

5 5
PR=Y=20{+ > Bj =13+1=14.
i-1  j=
BimirykaemMo ayry, BUIYYEHHS SKOi MAaKCHUMAJILHO 301JbIITYBaTH-
M€ MEXY, 1 po3i0’eMO BCIO MHOXKHHY TaMUTBTOHOBHUX ITUKIIIB OO i€l
JIyTH Ha JIBi MIJIMHOXXUHHU. 3 II€}0 METOI0 BHU3HAYUMO CyMy KOHCTaHT
3BEJICHHS JUIS BCIX KIIITHHOK MATPHIli 3 HYJIbOBUMH €IIEMEHTaAMH, YMOB-
HO 3aMiHIOOYX HYJI Ha 00.
3aMIHUMO, HAIIPUKIIAJ, €IeMEHT a,, = 0 (tabn. 3.7) ma . Toxi

KOHCTaHTa 3BEJICHHS 32 1-M psiikoM JOpiBHIOE 4, a 3a 4-M CTOBMIIEM —
Hymo. CyMy KOHCTaHT 3BEIEHHS YAy =t B4 =4+0=4 3amucano

y ayxkax B kimituHi (1, 4).

AHaJIOTiYHO O0YMCIICHO PEIITy KOHCTAHT 1 3alMCaHo Y BiAMOBI-
Hi kmiTruHKE Taoi. 3.8. Haiibinpina cymMa KOHCTAHT 3BEICHHS JOPIBHIOE
4 (Bianosimae my3i (1, 4)). Omke, MHOXHMHA R po30uBa€eThCs HA MiAMHO-

KUHU {1,4}} i {1,4)}. Posnounemo opmysatu nepeso (puc. 3.1).
Buntyuennst ayru (1, 4) 3 raMiTbTOHOBOTO IHMKITY 3/iHCHIOETHCS
3amiHOIO y Tabn. 3.4 enemeHTa ajq =0 Ha 0. Taka 3amiHa nmae 3Mory

BHKOHATH JIOJAaTKOBE 3BEJCHHS MATPHII IIJIIXOM BiTHIMAaHHS Bij elie-
MeHTiB 1-ro psanka 4, a Big enementiB 4-ro croBmois — 0. V pe3ynbrati

3BEACHHS MaTPHILI BiCTaHEH IS MIMHOXKUHE {1,4)( HaOyae BUTIAAY,
MIPOLTFOCTPOBAHOTO Y Tabi. 3.9, a HIKHS MeXa TOBXHH TaMiIbTOHOBUAX
LUKJIB Ii€]l TiIMHOXKXUHA (p(ﬁ) =Q(R) + y(ﬁ) =14+4=18.
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Puc. 3.1. JlepeBo po30HUTTSI MHOXKMHH I'aMUIBTOHOBUX ITMKJIIB

Jonyuenns nyru (1, 4) y nykanuii MUK CIPUYUHATE 10 BUITyUEH-
Hs eJeMeHTIB 1-To psaka i 4-ro cromis Tadi. 3.6. OKpiM TOro, eIeMEHT

a,, =0 3amiHroeMo Ha 0, MO0 HE JOIMYCTHTH YTBOPEHHS HEraMijbTO-
HoBoro mukiy (1 —4 — 1). CkopoueHy MaTpHIlO HaBeaeHo B Ta0u. 3.9.

Tabnuys 3.8 Tabnuys 3.9
i Jl1 2 3 4 s i 1 2 3 5 Qg
1 [0 0 0 o 2 2 2 o 0 3 0
2 |2 o 0 1 3 3 3 0 o 0 0
3 |3 0 o 4 0 4 ©o 5 1 7 1
4 |0 5 1 o 7 5 0 1 3 o 0
5 |0 1 3 0 0 .
Bj [0 0 0 o0

s maTpuist gomyckae TOIaTKOBE 3BE/IEHHS Ha 1 OUHUIIO Tib-
Ku 3a 4-m paaxoMm. KoHcTaHTH 3BEeJCHHS 3alMCaHO y CTOBHILI O 1

PAIKY Bj . Cyma KOHCTaHT 3Be/IEHHSI CKOPOUEHOI MaTPHII:

Y(@,4) :Zai +ZBJ =1+0=1.
! J

[Ticnst 3BeneHHsT CKOPOUYEHY MaTpHIlto 300paxeHo y Tadm. 3.10. Hmwxuas
MéeXKa JOBKHUH FaMUIbTOHOBHX LIUKIIIB IT1AMHOKXUHHI {(1,4)}:

(0] =) +’Y(1,4) =14+1=15.
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OCKUIBKY TICIISI CKOPOUYEHHS OJIep)KaHO MaTpHIo 4x4, mepexo-
JTIAMO IO TIOPIBHSHHS OITIHOK Pray T PL4)- [TomamemoMy po30OHUTTIO

miiarae miamuoxkuiHa {(1,4)}, OCKIMBKH Ti HIKHS MeXa MEHIIIA.

Tabnuys 3.10 Tabnuys 3.11
N2 83 s SJ1ro2 8 s
2 2 0 02 3 2 2 o 0 3
3 3 0(1) o 0@ 3 3 0 o 0
4 0 4 0(4) 6 4 o 0 o 2
5 03 1 3 o0 5 0 1 3 00

Bimmrykaemo ayry, BHIIYYEHHS SIKOI MaKCHMMalbHO 301bIIyBa-
TUME HUXKHIO MEXY. 3 I[i€10 METOI BU3HAUYMMO CyMy KOHCTAHT 3BEJICH-
HS U1 KOKHOI KITHHKA 3 HyneMm (ta6n. 3.10). MakcumansHa cyma
KOHCTAHT 3BENCHHA Y735 = 04 +B3=4+0=4 Bianosinae aysi (4, 3).

ITicist 3aminu enementa 8,, = 0 (Tabn. 3.10) Ha o0 i 3BexeHHS MaTpHIi

pe3ynbraTi 300pakeHo y tadur. 3.11. HukHs Mexa JOBXKUH TaMiuJIbTO-
HOBUX IIMKJIIB IIIMHOKHHHA (p[(1 2) @] =Q4) + Y@ = 15+4=19.

Honyuennss ayru (4, 3) B raMilbTOHIB LUK CIPHYHHHTE 10
BUJIY4eHHs 3 Hboro nyT (4, 2) i (4, 5), TOOTO enemMeHTiB 4-ro psiika Ma-
tpui (tabn. 3.10), a Takox ayr (2, 3) i (5, 3), ToOTO enemeHTIB 3-T0
croBmust. OKpiM TOro, BHIydaeMo 3 ukiy ayry (3, 1), mob He momyc-
THTH YTBOPEHHS HeramigbToHOBOro IukiIy (1 -4 —3 - 1). CropoueHa
marpuis (Tabm. 3.12) nomyckae 3BeieHHS 3a 2-M PAAKOM Ha JIBi OJHHU-
ui. [Ticns 3BeAeHHS 1110 MaTpUIto 300pakeHo y Tadur. 3.13.

Tabauys 3.12 Tabnuys 3.13
N1 2 s g i 1 2 5
2 2 o 3 2 2 01 oo 1
3 o 0 0 0 3 0 0(1) 0()
5 0 1 o 0 5 o 1 00
Bij 0 0 0

CyMa KOHCTaHT 3BEICHHS Y(43) = 2+0=2, a HKHA MeXa J10B-

JKHH TaMiTbTOHOBUX LHKIIB. ©[(1,4),(4,3)] = P(L4) T V(4,3) =15+ 2=17.
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Ockinbk - @[(1,4,(4,3)] =17 < (p[(l, 4)’@] =19, 1O mnoOmamBIIOMY

TaJTy’KeHHIO TUIATaE I IMHOXHHA {(1,4), (4,3)}. Vi cyMH KOHCTaHT
3BeJICHHS JUIS KITHHOK 3 Hyssimu (tabur. 3.13) piBHi, 0TOX 0OMpaeMo
Oyab-sKy 3 ayr, Hanpukinazn (2, 1), i po3ouBaeMo {(1,4), (4,3)} Ha JBi
HOBi IIiIMHOXWHU {(1,4), (4,3), (2_,1)} Ta {(1,4), (4,3), (2,1)}. ITicas Bu-
nydenust gyrd (2, 1) 1 3BeeHHS MaTpHIli BiJCTaHEH OHEPKUMO HOBY
Matpuio (Tabi. 3.14), mis sxoi Y2 =1.

Tabnuys 3.14

| 1 2 5

2 o0 oo 0 ()
3 o0 0 (1) 0(0)
5 0 () 1 o0

Hrxasa Mexa miaAMHOKUHA {(1,4), (4,3), @}
Olwa) 43,20 = Vlaa.@a] + 1y =17 +1=18.

Honyuennst ayru (2, 1) B UK CIPUYMHUTD JI0 BUITYUYEHHST 2-TO
psanka i 1-ro crosmis tabm. 3.13, a Takox ayru (3, 2). CkopodeHy Ma-
TpHIIO 300paxenHo y Tabi. 3.15. Cyma KOHCTAHT 3BEICHHS I1i€1 MaTpHIIi
Y(2,1) =1. 3Beneny marpuuio npeacrasieHo B Tabn. 3.16. Hiokns mexa

IIIMHOKVHY LIUKJIIB {(1,4), (4,3), (2,1)} :

P[(1,4).(4.3).2D)] = P[(1.4)(4,3)] + V(21 =17 +1=18.
OCKinbKM B PE3yJbTaTi CKOPOYEHHS OJIEPYKAHO MATPHIIO 2X 2
(tabu. 3.16), To B LIyKaHWI TaMUIBTOHIB HUKI IodydaeMo ayru (3, 5) i
(5, 2), AKi BIAMOBIIAIOTH HYJIHOBUM eneMeHTaMm Iiiel MaTtpuii. Cyma
KOHCTAHT 3BeJIeHHs Ta0u. 3.16 mopiBHIOE HYITIO.
Tabnuya 3.15 Tabruysa 3.16

N
(S
N
(6]

i i
3 3
5 00 5

=8
o
8
o
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OTKe, JOBXKUHA IaMiIbTOHOBOIO LMKy 30ira€ThCs 3 HHKHBOKO
MEXKEIO MiIMHOKUHU {(1,4), (4,3), (2,1)} i mopiBHioe 18.

Bimnosigao mo mepesa ramyxens (puc. 3.1), raMiJbTOHIB IIHKI
yrBopiotoTh ayru (1, 4) (4, 3) (2, 1) (3, 5) (5, 2). Po3ramyemo ix, nouu-
HarouM 3 Micta 1, Tak, o0 KiHemb OJHI€T yru 30iraBcsi 3 MOYaTKOM
iHmmoi. OgepXKUMO TaMiTBTOHIB ITUKJI, SIKUH BiAIOBIZIa€ ITOCITITOBHOCTI
00’131y MicT KOoMiBoskepoM p=(1-4-3-5-2-1).

JloBkrHA BHU3HAYEHOTO MapHIpyTy 00 i34y MICT HE MEPEBHIILYE
HIKHIX MEXK OOIpBaHMX TiJOK, OTXKE, BOHA € ONTUMAaJbHOIO. IIpoTe
MOJKJIMBO, 1[0 TaMIJIbTOHIB IIUKJI [l HE €IUHUHN, OCKUIBKH € I IMHOMXH-

HU LIUKJIiB {(1,4), (4,3), (2_,1)} Ta {(1,_4)}, HIKHI MEXKI1 SIKHX TaKo piBHi 18.

[IpoaOBKUMO TaTy>KEHHS I IMHOXHHH {(1,4), (4,3), (2_,1)} Cruigy-

I0YM ITOPUTMY, 3HAHIEMO CyMy KOHCT@HT 3BEJCHHS /IS KOXKHOI KIIi-
THHKY 3 HyneM (tabm. 3.15). MakcumansHa cyma, piBHA 00, TPHIIAIAE
Ha aBi kiiTuHKY: (2, 5) 1 (5, 1). Obupaemo Oyab-sKy IyTy, HallPpUKIA,

(2, 5), 1 po36MBaEMO MiAMHOXHHY {(1,4), (4,3), (2_,1)} Ha JIBi MiAMHOXUHA

{(1,4?, (43).20.25) i {14)(43),(21).(25)}. Huxui mexi mizio-

JKHUH.

P[(1,4),(4.3)20).25)] =18+ =2+ 9[1,4)(4.3) 20, (25)| ~ 18 +0=18.

[IponoBxxytoun OOYHUCIICHHS, 3HAWIEMO NIPYTHi ONTHMATbHUIMA
raminbToHiB 1ukn p'=(1-4-3-2-5-1). MoxHa BigmykaTu I[ie
OJIMH ONTHMAJIbHHIA TaMIJIbTOHIB IUKJI, MPOJIOBKYIOYH PO3BUTOK TiJIKH,

BIJITOBITHOL ITIAMHOKHHI [[UKIIIB {(1,4)}. <

? 3anuTaHHd IJ8 caMonepeBipKu

1o po3yMirOTh I1iJ] HLIOYMCETHHUM JiHIHHUM IPOrpaMyBaHHIM?
Cdopmyroiite 3amaay 1JIII.

1o po3yMirOTh I1iJ] YaCTKOBOIO LIIOYUCEIBbHO 3a1aueto [JIT1?
OnwuiriTe MaTeMaTH4Hy Moaenb 3anadi LIJIIT.

KopoTtko oxapakrepusyiite MeToau po3B’si3yBanHs 3agad LIJIIT.

o gk whE

BxkaxiTh HeZ0NIIKH METO/y 3a0KpYyIIIeHHs po3B’a3yBanHs 3ana4 LJII.
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7.

9.
10.
11.

12.
13.

14.
15.

16.

17.
18.
19.
20.
21.

[N

Kopotko oxapakrepusyliTe KOMOIHATOpPHI METOAM PO3B’SI3yBaHHS 3a/ad
LJIIT.

Kopotko oxapakrepu3ylTe METOJM BINTHHAHHS pO3B’SI3yBaHHSA 3alad
IJITL.

OnwuiriTh y 3araibHuX prcax Metoz ['omopi po3s’s3yBanns 3amau LIJIIT.
Sk BBOASATH OAATKOBE OOMEXKEHHs B yMOBH 3aaui [JII1?

OnuiriTe y 3aralbHUX pUCAaX METOH TIJIOK 1 MEX PO3B’sS3yBaHHS 3a1ad
LJIIT.

CdopmyiroiiTe 3aa9y KOMIBOSDKEPA.

CdopmyiroiiTe 1 1OBeAITh JeMy PO OOMEKEHHS, SKi 3a0€3Me4YyI0Th YTBO-
PEHHSI UKITY JJIsl MApUIPYTY 1 HOTO MPOXOKSHHS Yepe3 yCi MicTa.

IIlo Take raMigbTOHIB IIUKIT?

OnuiriTe y 3araJbHUX pPHCaX METOJ TIJIOK i MeX pO3B’s3aHHS 3aJ]ladi KO-
MiBOsIKEpA.

CdopmymroiiTe i OBemiTh JIeMy, Ha OCHOBI SKOI 37IMCHIOETBCS pO3paxy-
HOK HH)KHIX MEX.

Sk BinOyBaethest po3outts OJIP Ha nBi obmacTi?

Sk BinOyBa€eThCsI 3BEICHHS MATPUII BiJicTaHEH?

IIlo Take KOHCTaHTH 3BECHHA?

Sk BinOyBaeThCs anpiopHE TOTYyYCHHS TYTH B IIHKII?

Sk BinOyBaeThCs arpiopHe BUIIyYESHHS JYTH 3 IUKITY?

3aBaaHHs IS CAMOCTIiHHOI podoTH

3aBnanns 3.1. BukoHaiite 3a60anns 2.1, HakI1agar0uu Ha 3MiHHI YMOBY HLJIO-
yncenbHOCTI. {7 po3B’s3anns 3agadi LIJIIT sukopucraiite metox 'omopi.

3aBnanns 3.2. Bukonaiite 3as0anns 2.5, HaKJIaIal04YM HA 3MiHHI YMOBY IIiJIO-
yrcenbHOCTI. J{ist po3s’sizanns 3amadi [JII1 BukopucTaiTe METOT T1IJIOK 1 MEXK.

3aBpanns 3.3. Po3s’sokith 3aqaui LIJII1, BUKOPHCTOBYIOUHM METOJI T1JIOK 1 MEXK:

1.

SX1 +7Xy > max; 2% + X <13, 6% +9x, <41,
XjZO, XjEZ (j=1, 2)

5% +4Xo > max; —3x% —2Xp <=5, —2%; —3Xp <7,
XjZO, XjEZ (j=1, 2)
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3. X +Xp > max; 2x; +5xy <16, 6x; +5%, <27,
Xj >0, Xj el (j=1, 2)
4. 2% +3Xo = max; 5x; + 77Xy <35, 4X +9Xp <36,
Xj ZO, Xj el (j=1, 2)
5. 3% +2Xo > max; 2% +2X <9, 3x; +3Xy 218,
Xj ZO, Xj el (j=1, 2)
3apaanns 3.4. Po3s’sokite 3amaui LI 3a60anus 3.3 METOIOM TiIOK 1 MEX,
BBaXAIOYH, [0 HAa 3MIHHY X; HE HAKJIQJICHO YMOBY LIJIOYHCEIBEHOCTI.

3aBnannsa 3.5. Matpuiro BijcTaHed MK IT'SITbMa MICTaMH MPEICTABICHO Y
tabn. 3.18 — 3.21. HeoOxigHO BiAlIyKaTH raMiIbTOHIB LUKJ 00’131y MicT Mi-
HIMaJIbHOI JOBXKHHH.

Tabnuys 3.18 Tabnuys 3.19
i J1l1 2 3 4 5 i 11 2 3 4 5
1 © 4 7 9 11 1 | 10 9 5 11
2 |16 o 14 4 9 2 |7 o 5 6 8
3 |6 5 o 7 6 3 /6 4 o 7 3
4 |5 9 2 o 8 4 |2 8 3 o 9
5 |2 4 7 8 o 5 |3 5 6 3

Tabnuysa 3.20 Tabnuysa 3.21
i Jl1 2 3 4 s i Jl1 2 3 4 5
1 © 8 7 3 9 1 | 10 7 5 9
2 |5 o 4 5 7 2 |7 o 3 6 8
3 |4 4 o 9 2 3 |4 6 o 5 4
4 |1 7 4 o 8 4 |2 6 3 oo 7
5 |7 4 5 3 o 5 |3 5 6 1 oo
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4. TPAHCIIOPTHA 3AJTAYA

Ilnan BUKJIaxy MmaTtepiany:

1. TlocraHOBKa TpaHCIOPTHOI 3a7adi.
BiracTuBOCTI 3aKpHTOT TPAHCIOPTHOI 3a1a4i.
BrnactrBOCTI OMMOPHUX TUIAHIB TPAHCIIOPTHOI 3a/1a4i.
AJITOpUTMH TTOOYIOBH OIIOPHUX ILTaHIB TPAHCIIOPTHOT 3a1adi.
Kpurepiii onTuMaibHOCTI IUIaHy epeBe3eHb.
AJNropuTM METOly OTEHIiaiB.
[Mpuknagy 3axa4, sIKi 3BOAATHCS A0 TPAHCIIOPTHOT 3a1adi.
3anava npo NpU3HAYCHHS.
9. TpancnoprHa 3aa4a 3a KpUTEPIiEM Yacy.

NG~ WN

s~ KurrouoBi Tepminu po3ainy

Y Tpancnopmua saoaua (13) Y 3akpuma mpancnopmua 3a0aua

Y Biokpuma T3 Y OcHogni oomedxncenus T3

Y Jlonycmumi naanu nepegesenv Y Pane mampuyi ocnosnux oomedicens T3

Y Icnysanns po3e’szkie T3 Y 3sedenns saxpumoi T3 0o eiokpumoi T3

Y Onopnuii naan (OI) T3 Y Bupoodoicenuti i neeupodicenuti OIT

Y Jlanyooscku knimunok, yukau, Y Heobxiona i docmamus ymosu icHyeaH-
MemoO 8UKPECTHOBAHHS na OI1 y mabauyi nepesesets

Y Baszuc onopHozo niauy Y Memoo niguiuno-3axionozo kyma oas OI1

Y Ilooonanns supooscenocmi OI1 Y Memoo minimanvroeo eremenma ons OI1

Y Memoo @orens ons OI1 Y Kpumepiti onmumanvrocmi naany T3

Y Memoo nomenyianie Y Veopcokuii memoo

4.1. [TocTaHoOBKA TPAHCHOPTHOI 3a1a4i

CUMIUTEKCHUH METOJ € YHIBEPCATLHUM CIIOCOOOM PO3B’sI3yBaHHS
3aJ1a4 JIHIMHOTO MporpaMyBaHHs 3 HeMepepBHUMU apryMeHTamu. [1poTe
OKpeMi TUMH 33134 JiHIHHOTO MpOrpaMyBaHHs MalOTh TaKy CTPYKTYpY,
sKa Jja€ 3MOry moOyTyBaTH 3HAYHO MPOCTIIlli 38 CUMIUICKCHUI MeTOu
po3B’si3yBaHHs. HallBaXXITMBIIIUM THIIOM TaKUX 3a]a4 € MPAHCHOPMHA
3a0aua (T3).

o TpaHCOpTHOT 3324l MOXKYTh 3BouTHCA iHIII 3ama4i 1O, ki
Ha MEePIIN MOTJISIT He MalOTh HIYOTO CHIJBHOTO 3 MepeBe3cHHAMU. Ta-
KHUMH 3aJladaM¥ € 3a/1a4i ONTUMAIBHOTO PO3MIIIEHHS BUPOOHUIITBA, 0a3
Ta CKIIaiB; ONTUMAIBHHNA T00Ip y IIIEMIHHIN CIIpaBi TOIIO.
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Tocmanoexa mpancnopmnoi 3adaui. Hexait y m nynkrax Ay, Ay, ..., An
30CepeKeH0 OMHOPIIHUM BaHTaX y KimbkocTsax a; (I =1, m), akuit He-
00XiHO IITKOBUTO PO3BE3TH Yy N iHIMUX MyHKTIB B, By, ..., By y Kinb-
kocrsix by (J=1,n). OueBuano, mo ;> 0, i=1,m; b>0, j=1 n. Bi-
JIOMO, 11O BapTiCTh NEPEBE3CHHS OJUHHMLII BAHTAXY 3 MYHKTY Aj y MyHKT
Bj nopiBHioe Cjj. HeoOxigHo MiHIMI3yBaTH 3arajbHy BapTiCTh I€peBe-
3¢Hb 32 YMOBH IIUTKOBUTOTO BUBE3CHHS BAHTAXY 3 ITyHKTIB BiIIIPaBKH i
PO3BE3CHHS MOTO Y MOTPIOHMX KUTBKOCTSAX Y ITyHKTH TTPU3HAYCHHS.
[To6ymyemo maremaTnuny mozenb T3. Hexail Xjj — KUIBKICTb OJ1H-
HHLb BAaHTAXYy, fKi HEOOXiHO HepeBe3TH 3 MyHKTy A; 10 MyHKTy B;.
Toni:
m n
Z=3 X.CjjXj — min, (4.1)

i=1j=1

X: =a; i=1m, 4.2)

x.=b., j=1n. 4.3)

VYMmoBa (4.2) rapaHTye LIJIKOBUTE BUBE3EHHS BaHTAXY 3 YCIX IyH-
KTiB, a (4.3) — 03HAYaE IIIKOBUTE 3a{0BOJICHHS TIOMUTY B yCiX MyHKTaxX
npu3HadeHHs. YMoBH (4.2) i (4.3) Ha3UBAIOTh OCHOGHUMU OOMEIICEHHSI-
mu T3. OueBujHA TakoX HEOOXIIHICTH HAKIIAJAEHHS HA 3MIHHI 3a1adl
MIPUPOTHUX 0OMEKEHb HEBiI €MHOCTI:

X;j >0, i=1m; j=1n, (4.4)

OCKUIBKM IEpEeBE3eHHs 3 IMyHKTIB Bj y myHkTn A; He nomyckaroTecs. 3a-
nauy (4.1) — (4.4) Ha3UBAIOTH MPAHCNOPMHOIO 3a0ayel0 38 KpUTEpieM
BapTOCTi IIEPEBE3CHb.

Otxe, T3 € 3amauero JiHIMHOrO MporpamMyBaHHS 3 MN YHCIOM
sMinaEX; (M+N) 00MEKEHHAMU-PIBHOCTAME Ta MN 0OMEKEHHIMU-HE-

Ha3MBaIOTh MAaTPUIECIO 8ap-

iBHOCTAMU. Matpuiro C :HC” _
p pun g i=1,m;j=1,n

. —_-_ T
mocmi nepegezenv. Bekrop a =(a;, @, ... @n) HA3MBAIOTh BEKTOPOM

3anacis, a BEKTOp b =(b1, by, ..., by)" — BexTOpOM HOMPER.
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Jnst icHyBaHHA po3B’si3Ky T3 BaKJIMBMM NHUTaHHSM € CITiBBiIHO-

m n

WIEHHS MK CyMOIO 3amaciB ».@; Ta cymoto notpe6 »'b;. Slkmo cyma
i=1 j=1

3araciB JJOPIBHIOE CyMi TOTped, ToOTO

m n
Zai = ij, (45)
i=1 j=1
TO TPAHCIOPTHY 3aJady Ha3WBaIOTh 3axpumoro. CriBBinHOIEHHS (4.5)
Ha3WBAIOTh YMOBOIO OAIAHCY.
V pasi nopyiieHHs criBBigHOIeHHS (4.5) oTprMy€eMO TpaHCIOp-
THY 3aJa4y 3 nopyueHum 6anancom (ado siokpumy T3).

4.2. BracTuBOCTi 3aKpPUTOI TPAHCIOPTHOI 3aga4i

3akputa T3 Mae neski BaXIUBI gracmusocmi, SIKi JalOTh 3MOTY
CIPOCTHUTH 11 pO3B’sI3aHHS MOPIBHIHO 13 CUMIUIEKC-METOOM:

1. Koxny 3MiHHy Xjj T3 Hanidye cucreMa OCHOBHHUX OOMEKEHb JIMINE
nBiui: Briepine y (4.2), a Bapyre —y (4.3).

2. EnemeHTH MaTpHIll OCHOBHHX OOMEKEHb — II¢ HyJIi Ta oguHulli. Ko-
JKEH CTOBIICI[b MATPHIII Ma€ JIUIIC JB1 OJUHMUIII, PEIITa SICMECHTIB —
uymi. KoxkeHn psaok MaTpuii Mae N abo M OJWHHUIG, peliTa ee-
MEHTIB — HyJIi. 3anuiiemo, Hanpukiaz, (4.1) — (4.3) mis m=2 i n=3:
Z = CyaX11 + CipXap + C13Xa3 + CorXor + CooXoz + Co3Xpz —MN;

X11+X12 HX13=81, Xo1+X22+X03= A, X11+X21= D1, X12+X02= Dy, X13+X23= Ds.

11100 0)(*u a
00011 1||%2| |a
Matpuyna popma oomexkens: (1 0 0 1 0 O X3 | b |
010010 g b,
001001 bs

Cucremy niHiliHUX anreOpuyHux piBHsHB (4.2) 1 (4.3), sika 3amae
OCHOBHI oOMexxeHHs1 T3, 3amumiemo y MatpuuHiii popmi AX =B,

Y . . . T
e X = (Xl].’ X12, . X1n1 X21, X22, . in, ceey Xmlv Xm2, . an) -
BEKTOP-CTOBIICHb HeBiHOMI/IX, 110 Ma€e MN KOMIOHEHT,

B = (g, ay, ..., ay; by, by, ..., b, )T — BEKTOP-CTOBIECIb 0OMEKECHb;
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A=(Pi1, Pz, s Bni Pos Pogy oo Pont o3 Pty Py oy Prpn) — maar-
i

.o A T
puws, B sixid B =(0,0,...,10,...,010,...,0) — BeKTOp nepesesens
—

m+ )

m+n
BaHTaxy 3 HyHKTY A; (i=1m) y nyHkr B; (j:ZL_n), SAKUN
BiJIMIOBi/1a€ HEBiIOMOMY Xij -

3. Teopema 4.1. Panr marpuili A CUCTEMH JHIHHUX alreOpUYHHUX PiB-
HsHb (4.2) 1 (4.3), sxa 3agae OCHOBHI 0OMexeHHs 3akpuroi T3, mo-
piBHIROE M + N — 1.

» Hexaii r — panr marpuiti 4. [TokaxkeMo criovatky, 1o r < m+n —1.
Iomamo Bci piBHsauHSA (4.3), a moTiM BigHiMeMO BCi piBHsHHS (4.2)
nm m n n m
3a BUHSTKOM IIEPLIOTo, TOOTO: Z Z Xij — z _inj = _Zb i~ Z a .
j=li=1 i=2 j=1 j=1 i=2
ITicis OYeBHIHMX IIEPETBOPEHD, 3 YpaxyBaHHM (4.5), MacMo yMOBY
n
jzz:lxl j =@, W0 € Iepimum piBastHEAM (4.2). OTXe, TIepiie piBHIHHS
cuctemiu (4.2) i (4.3) € niHiiiHOO KOMOIHAII€0 YCIX IHIIMX PiBHSHb.
A 1ie o3Hauae, mo r < m+n -1.
Hosenemo, o = m+n —1. 3 mi€ro METO0 OCUTH Y MaTpHIli 4 BHO-
KPEMHTH KBaJpaTHY i MaTPHIIIO TOPSAAKY M+N —1, BU3HAYHKK SIKOT
He JiopiBHIOE HyIt0. Lle, Hanmpukiaa, Moke OyTH i IMaTpUIIs, CKIla-
JleHa 3 mepmux M+n —1 kommonent Bextopie Py, Pop, ..., Pony Py,
10..011...1
01...000...0

512, ey ﬁ’n_l. Busnaunuk 1i€l miaMaTpui: 88::: (1) (1) 8 8 =1. <
00...001...0

00..000...1
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4. Teopema 4.2. [Ins po3s’szanns T3 HEOOXiAHO i JOCTaTHBO, MO0
BUKOHYBasiacst ymoBa Ganancy (4.5).

. . y N * *
» Heobxionicms. Po3s’si30k X =(X 11, ..., X mn)T T3 3am0BOIBHAE
criBBigHomenus (4.2) i (4.3). lomarouu JiBi i mpaBi YaCTHHH CHCTE-

m n m
mu (4.2), OTpUMAEMO . >, X*ij = > a; . Taka xx cama Ais 1O CUCTEMHU
i=1j=1 i=1

(4.3) nae ZZX i —Zb Toni Za —Zb

j=1i=1
Jlocmammuicme. HexaI/I yMOBa 6anchy (4.5) BHKOHY€TCS. Benmmunnu
ab. — —

Xij=—" (i=Lm; j=Ln,d=>a=>b)
d i1 =1

yTBOPIOIOTH JOMYCTUMU# 11aH 3a1adi (4.1) — (4.4). JlificHo, OCKib-
ki8>0, bj>01id>0, To X;; >0 i, oTKe, 3a10BONBHAETHCS OOMe-
xeHHs (4.4). beanocepeqHiM MiICTaBISHHIM NEPEKOHYEMOCS, IO
X'ij 3aJI0BOJILHSIOTH OCHOBHi 0OMeXeHHS 3a/1a4i:

ab. ab, ad
ZXU_Z__—:bJ" ZXU z d _(Ij—zai.
j=1
OT;Ke, T3 Ma€ IOMyCTHMI TUIAHH. OCKIJ‘IBKI/I 0 <x;; <min(aj, b;), To
MO’KHA CTBEPIDKYBATH, 10 00JIaCTh JOMYCTUMUX IUIaHiB T3 — neno-
POdicHsL, 3amKkHyma i oomesxcena (yTBOpIO€ Komnaxm). Tlokaxemo

obmencenicmo @ynryii 7. O6epemo cepen BemuuuH Cj (i=1,m;

j= Ln ) HaiibibIIe (Crax) 1 HaliMeHIIIE (Cmin) 3HAUeHHS. Toi:

Z ZCIJXIJ = Z zcmax Cmaxg(ixij) :Cmaxin:ai = Crnaxd,

—1]—1 —lj =1 i=1 j=1 i=1
m n m
Z—ZZC”XU —ZZCmm CminZ(ZXij):Cmin 2.8 = Cpind
i=1j=1 i=1j=1 i=1l j=1 i=1

3BIIKH Cppjnd < Z < Cpppd.

HenepepeHa QyHKIIis Z 06Mmedcena Ha KOMRAKmi JOMyCTUMUX
IUIaHIB, OTOX Ha0yBa€ Ha I[bOMY KOMIIAKTi CBOTO HAWMEHIIOrO
3HAYCHHS, 110 i JOBOJUTh ICHYBaHHS onmumanbrozo Tnany T3. <
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3 Teopemu 4.2 BUILIIKBAE, 10 TOOYAYBaTH PO3B’SI30K MOXKHA TiJTb-
ku A 3akputoi T3. s po3s’si3anHs Binkputoi T3 1i momepenHbo He-
00Xi7HO 3BeCTH 110 3akpuToi. [IpoimocTpyemo 1e.

m n
Hexaii > a; < }'b; (mepesnmenns norped Hax 3amacamu). Y
i-1 j=1

IbOMY BUTIAJIKY BBOJAATH (iKMUEHO20 TIOCTAYATBHUKA Am+1 3 PECYPCOM

n m
An1 = ij - zai-
=1 i1

m n
Hexail > a; > »'b; (nepeBumenns samacis Haj norpebamu). v
i=1 j=1
LBOMY BUMAJKY BBOASATH (ikmugHo2o CrokuBaya Bns+y 3 MOTPEOOIO
m n
by = 28 — 2b;.
i1 =l
Bapricth nepeBe3eHHs Bifl (hikmueHo20 moctadyanbHuKa Am+y (200
7110 GIKTHBHOTO CIOXKMBaYa Bp:1) BBAXKAIOTH PIBHOO HYJIIO.

4.3. BracTuBOCTi ONOPHUX IJIAHIB TPAHCIOPTHOI 3agayi

3 Teopemu 4.1 momepenHbOro maparpada BUILUIMBAE, IO CEPE.
M + N JiHIHO 3aNIeKHUX PiBHSAHB cuctemu (4.2), (4.3) 3 mn HeBigomu-
MU MO>XHa BHOKPEMHTH IIJICUCTEMH, SIKi MICTATH M + N -1 miHiiHO
HE3IC)KHUX PIBHIHB.

Buokpemiioroun y Takux MiACUCTEMaX Oa3ucki HEBiIOMi, MOXKHA
3HaliTH 6azucui donycmumi pose’sasku (a00 onopui nianu) X, on CHCTE-
mu (4.2) — (4.4). Koxxen omopHuii mian Mae He Oiibiie M + N —1 Heny-
JTbOBHX (HONATHUX) KOMIIOHEHT Ta He MeHme mn—-(m+n-1)=
=(m-1)(n-1) HynbOBUX.

Omnopuuii wian T3 (Bekrop ion), AKUH MICTUTH M + N -1 HeHy-
JHOBUX KOMITOHEHT, Ha3UBAIOTh HEGUPOOICEHUM. Y BUPOOICEHO20 OTIO-
PHOTO MJaHy KUTBKICTh HEHYJIbOBUX KOMIIOHEHT € MEHIIIO0 3a M + N —1.

KoskHilt KOMIIOHEHTI X j = OHMOPHOro Iiany X, B3a€MHO-OHO-

3HAYHO BiJINIOBIIA€ BEKTOP Hepege3eHb Pio i

myHKT B j,- Hexait E,, — cucrema BEeKTOpiB IlepeBe3€Hb, 1110 BiANOBiAa-

BaHTaXy 3 NIyHKTY Ay
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I0Th KOMIIOHeHTaM X, . OueBuaHO, mo E , € cucremoro zinitino nesa-
JeIHCHUX 6EKMOPIE.

ITig yac oOuucneHHs iaHiB T3 3py4HO KOPHCTYBATHCS MPSMO-
KYTHOIO Ta0nwiero po3MmipoM Mxn. KimituHKy TabmuIl, ska po3MilieHa
Ha TIEPETHHI i-TO PAJKa Ta j-TO CTOBII, MO3HAYUMO (i, j). Y KmiTHHI
(4, J) 3anuCyIOTH 3HAYeHHS Cj X; Ta IHIIMX BeIMuuH. Hexall cumBon
“<>” mo3Hauae B3aEMHO-OJHO3HAYHY BiAMOBIHICTb, TOI

(@, 1) o xpxjo P =30 ]) o Py

BsaemHo-on1HO3Ha4Ha BianoBiaHicTs (7, J) <> Pj

TEpNpeTyBaTH Jii Haj BekTopamu E ., Ak meBHI Aii HaJx KIITHHKaMU

Ja€ 3MOry iH-

tabmmmi. 1lg iHTeprpeTamis IMMONIeTIIye pO3yMiHHS alTOPUTMIB 3HAXO-
JUKSHHS OTIOPHOTO Ta ONITHMAJILHOTO TuTaHiB T3.

Knitusky (i, j) 38’43y10Tb TaKoX 3 komyHixayicto A;Bj (LUIX0M)
MDXK IIyHKTOM IIOCTauyaHHsS A; Ta IyHKTOM CIOXKUBaHHS Bj. SIkimo nepe-

MilaTtucs BiJ A; 10 Bj, TO TaKOMY MEPEMILIICHHIO Bi/IITOBiIa€ BEKTOP Pl]- ,

HNEPEMIIIEHHIO Bifl Bj 10 A;BiINOBiJa€ BEKTOp — 5” . HabGip xmitun
(i1, J1), (i, 1), (@2, J2)s (i3, J2)- -, @00 (i1, Ju), (i1, J2), (2, J2), (i2y J3y )y oo

HA3UBAIOTh JAanyloNcKamu nepemiugens (Ipocto aanyrodckamu). Koxna
napa KJIITHUHOK JIAHYIOJICKA MICTHTBCS a00 B OZJHOMY PSAKY, a00 B OJHO-

MYy CTOBIIII TaOJNHIII TaK, IO JEsKi TPH YK OUTBIIE KIITHHOK HaOOpy He
€ KIIITHHKaMH OJTHOTO PsIIKa 200 OJTHOTO CTOBIIIIS.

Tlepmmii maHITIOKOK 3aJa€ TakKi TMEPEMIIEHHS MiX ITyHKTaMH
(cuMBOI “—” TO3HAYAE HATIPSIM MIEPEMIIIICHH):
A =B > A o Bj > A -
Jpyruii TaHITIOKOK 3aJ1a€ TaKi MEPEeMIllICHHS MiXK ITyHKTaMU:
Bj,—> A, —Bj, > A, > Bj —
KoxxHOMY JaHIIOKKY TIepeMIllleHb BIJAIMOBIJae IEBHA JiHiHA

KomOiHalis BekTopiB mepeBeseHb: B —F ; +R ;-

+... (w1 gpyroro yaH-

R,j, - (ms
MEPIIOTO JAHIFOKKA) 1 — Ri,*Ri, R, th.i

ITFOYKKA).
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Jantoxok Burisany (iy, j1), (ia, j1), (i2, j2)s -+ (s Js)s (i1, Js), abo
(ill j1)1 (ill j2)1 (i21 j2)1 ey (iki jk)a (ikl Jl) € SAMKHYmMuM. 3aMKHyTHﬁ
JIAHITFOKOK 1HOJII Ha3UBAIOTh YUKIOM.

[Meprumii 3aMKHYTHI JTaHIFOXKOK 3a/1a€ TaKi IEPEMIICHHS:
A —>Bj > A B »>.> A >B >A.
Jpyruii 3aMKHYTHI JTaHIIOKOK 33/1a€ TaKi HepeMillleHHS:
B,—> A —-Bj, > A >..->Bj > A —> B
B 000x BuUmagkax KiHIEBUI MYHKT MepeMilleHHs 30ira€Thcs 3 1o-
YaTKOBUM IYHKTOM. A Il O3HaYae, IO BiZIOBiTHA JiHIiHA KOMOIHAIiSA

BEKTOPIB IepeMilieHs 10piBHIOE 0 ; PI P2 it PI i, et P P =0

1 — P . ) . +P . =
(mo1st IIEpIIOTO JIAHIIOXKKA) 1 PI1 i, PI1 i, -P, i, T PIklk F’Ikll 0 (ILJISI
Japyroro naHiioxka). OTKe, cUCTeMa BEKTOPIB MepeBe3eHb, KA BiaO-
Bi/Ta€ 3aMKHYTOMY JIAHITIOKKY, € JIHIUHO 3A1EHCHOIO.

Ipuknao 4.1. Nozuauntu nanmoxku {(2, 1), (5, 1), (5, 3), (4, 3), (4, 2),
(2, 2)} (mosnauenns cumBosiom “o”) i {(4, 1), (1, 1), (1, 3), (3, 3), (3, 4)}
(mo3HaueHHs CUMBOJIOM “*”) y MIPSIMOKYTHI# TabnuIi po3mipom 5x4.

i j 1 2 3 4

................... -

@ oo Y

QB (WIN(F-

> [Tepunii naHIFOKOK, TO3HAYEHUH CUMBOJIOM ‘", € 3aMKHYTHUM.
3ayBaXuMo, M0 Kodcen PmoK (CTOBMEIh), B SIKOMY PO3MIIlEHI KJTi-
TUHKHA 3aMKHYTOTO IIAHITFO)KKA, MICTUTH PIBHO [IBI KIIITUHKH TaKOTO
naHIoKKa. OTKe, KiibKicmb KIImMuHOK 3aMKHYTOTO JIAHITIOKKA 3aBXKITH
napua. <

Hexait £ — mesika cucteMa BEKTOPIB ITePEBE3CHb F’lJ , a I — MHO-

’KMHA nap iHACKCIB (7, J), AKi BIIIOBIIAIOTH BEKTOpaM CHCTEMH E.
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Teopema 4.3. Cuctema BEKTOPIB NIepeBe3CHb E JIiHIlIHO He3anediCHa TOM1
1 TUMBKY TOMI, KOJH 3 K2imuH, SK1 BiATIOBITAIOTh BEKTOPaM CHCTEMH E,
He MOJCHA CKAACTIU 3AMKHYMULL 1anyioxcox (IIAKII).

» Heobxionicms. CucteMa E JiHIIHO He3alIe)KHA = 3 KJIITHH, K1 BIJIIO-
BiJIAtOTh E, He MOJICHA CKIACTH UK (JIOBEAEMO BiJf CyMPOTHBHOTO).

Hexaii icnye wakn (ir, j1), (i2, J1), (2, J2), -+, (&5, Js), (i, Js), yTBO-
peHuii 3 KINTHHOK, SKi BiAMOBINAIOTH IEIKUM BeKTopaM E. 3 momnepen-

i i, =0

2
3 E € mi-

HiX MIpKyBaHb BUIUIMBa€, 1o P

N +I:)izj2_"'+|3isjs_
Omxe, mincucrema sektopis B, P, P i .- B R

HIMHO 3aJIC)KHOIO, [0 03HAYAE JiHIHHY 3a1eXHICTh E (IpoTHpivus).

ljs
2! 1Js
Jocmammuicmo. 3 KIIITHH, IO BiAMOBIIAIOTE £, He ModcHa CKIIACTH
UK = cucrema E JiHiiHO He3aaexHa (Bif CYIIPOTHBHOTO).

Hexait E niHiiiHO 3aJie)kHA CHCTEMa BEKTOPIB NepeBe3eHb. 1ol
icHyIOTh Taki uncina Ajj (mapa ingexcis (i, j)€/), cepen SKHUX € BiIMiHHI
BiJl HYJISI, TS IKUX CTPABEJINBE CMiBBIMHONICHHS Y. 7hij P,j =0.

@i, jel
Hexaii kil i 0. TTepenecemo BeKTOp P,l j, 10 TIPABOI YaCTHHHU

X MR =P (4.6)
(i, el
ne [1=I\(i1, j1). Komnonenra i; y mpasiii gactuni (4.6) He mopiBHIOE
HYJIIO, OTOX Cepell BEeKTOpiB JiBoi yacTuHu (4.6) icHye xo4a O oauH
BEKTOp BUITIAAY ﬁ,l i, 3 KoediieHToM }‘il i * 0. Ilepenecemo iioro y
mpaBy dactuHy (4.6), orpumaemMo:;
X MRy =R
(Iv J)GIZ
ne LL,=N\(i1, j2). Ockinbku j; # j,, TO KOMIOHEHTa M+j, y mpaBiii 4a-

i P ~ i Py (4.7)
crudi (4.7) He IDOPIBHIOE HYIFO, OTOX CEPEl BEKTOPIB JiBOI YaCTHHU
(4.7) icuye xo4a 6 OMH BEKTOP BUILY 5,2 j, 3 KoedilieHToM iy j, %0
IMepenecemo #oro y npaBy yactuny (4.7), OTpUMaEMo:
> iRy =i, Poiy — i, Puj, M

(i, )els
ne I3=L\(iz, j2). Take mepeHeceHHss BUKOHYBATHMEMO JIAT.

Wit Thh T Ml Ty T izjzp'zl'z'
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[Ticast (2k-1)-ro kpoky MaeMo CHIBBiIHOLICHHS
k-1 _
> R =—z A =% i P @8)
(i, el p=1

ne D-1=lw-o\(ix, jx). Sxmio iy = |S (1< s<k=2), To mporiec mepeHeCceHHs

Iy uJ

BEKTOPIB MPHUIHUHAEMO, OCKITLKH OTPUMYEMO npomupivys. JlificHo, y
OMY BUITJIKy 3 JAESKHX KIITHHOK JIaHIIOKKA, SIKi BiJIMOBIIalOTh Be-
KTOopam mpaBoi yactua (4.8), MOXKHA YTBOPUTH IUKIT:

(isy Js+1)y (st Js1)s  wvvy (Bns J) (ko Ji) = (s Ji)-

Sxmo i #ig (1<s<k-1), To cepen BekTopiB JiBoi yacTuHu (4.8)

icHye xo4a © OJMH BEKTOp BUIY Eik j, 3 KoebiuieHtom X,k i 0.
[epenecemo #oro y npaBy qaCTHHy (4 8), orpumaemo:
k _
Z }\'Ij j = Z }“I JH W _Elkiujwlﬂujwl’ (4-9)

(i, el
D= i \(iky Jk+1)- SKIIO jk+1 = J; (11 <k-1), To nmporec nepeHeceHHs
BEKTOPIB MPHUIHHIEMO, OCKUTBKM OTPUMYEMO npomupiyys. JlificHo, y
LOMY BUITJIKy 3 JAESKHX KIITHHOK JIaHIIOXKKA, SIKi BiJIMOBIIAIOTh Be-
KTopam mpaBoi yactuau (4.9), MOXKHA YTBOPHTH IMKIT:

(@ 30y G Jien)s ooes G 30 (i i) = i J)-

[Iporec nepeHeceHHst He MOXe OYTH HECKIHYEHHUM, OCKIITbKH BCi
BEKTOpH, IO MEPEHOCATHCS MPaBoOpyd, € pisHUMH. OTOXK Yepe3 CKiH-
YeHHY KiUJIbKICTh KPOKIB MPUHZEMO 0 OJHOTO 3 BHIAKIB, AKi 3yMOB-
JIIOIOTH JI0 YTBOPEHHS IMKIIIB., <

SIkmo onopHuii mwaH X, 3amMcaTé y BTV TaOIMI mepese-

3¢Hb, TO BOHA Ma€ He OUIbIe K M + N —1 KIITHHOK, V SKUX 3HAXOJSATh-
cs moaaTHi 3HadeHHsA. 1[I KIITHHKHM BiAMOBIZAIOTh OAa3HMCHHM 3MIiHHHM,
OTOX IX HAa3WBAKTh OQ3UCHUMU KIIMUHKAMU, & PEIITYy — GLIbHUMU.
CrpaBeyBHUil TaKWH HACHIIOK 3 Teopemu 4.3.

Hacniook 4.1 (3 Teopemu 4.3). J{ns Toro, mo6 AeAKuil IaH y TaOIuUIi
NepeBe3eHb OyB onopHum, HEOOXITHO 1 JOCTaTHBO, MO0 i3 0a3MCHUX
KIITHHOK HE MOXKHA OyJI0 CKIACTH 3aMKHYTHH JaHIIONKOK (iHuwwmu
crogamu’ 3 KOMYHIKAIliH, sSKi BIONOBIAAIOTh 0a3WCHUM KIITHHKAM, HE
MOJKHa OyJI0 CKIIaCTH 3aMKHYTHIA MapIipyT).
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I 1 2 3 4 i 1 2 3 4
1 3 0 0 3 1 1 2 0 0
2 0 2 2 0 2 3 0 4 0
3 4 0 0 5 3 0 0 2 5
1. Ilnan He € OTIOPHUM, a/KE iICHY€ 2. OnopHuii raH

maki (1, 1), (1, 4), (3, 4), (3, 1)

3a BeNMMKUX pOMIpiB TaOJHUINl TEPEBE3CHb BI3yAIBHHH ITOTITYK
3aMKHYTHX JIAHIFOKKIB (IUKITIB) € TOCUThH CKIaTHIM. MOKHA alrOpUT-
Mi3yBaTH MOIIYK IUKJIIB 32 JIOIOMOTOI0 Meno0y 8UKPECTIOBAHHSL.

Hexaii R — MHOXXMHA HEHYJIBOBHX E€IIEMEHTIB y TalOJHIli mepese-
3eHb 7. BU3HAYNTH HAsIBHITH NUKIIB y TaOomuIi 7.
ANTOPUTM Memody GUKPECTIOBAHHSL:

1. Tlepernsmaemo yci psaku Tabmuili 7 i BUKPECITIOEMO Ti 3 HUX, AKi
HE MaroTh €JeMEeHTiB R ab0 MaloTh TUTbKH OWH efeMeHT R.

2. Tlepernsgaemo yci ctoBril Ta0aumi 7' 1 BUKPECTIOEMO Ti 3 HHX,
sIK1 HEe MarOTh eleMeHTIB R a00 MaroTh TUIBKHA OOUH eleMeHT R.
Paniwe euxpecneni enemenmu 0o ygazu ne bepymo.

[ToBTOproemo kpoku 1 — 2. Ilicns ckiHYEHHOI KiTBKOCTI KPOKIB TPO-

IIEC BUKPECTIOBAHHS 3aBepIIMTHCH. SIKIo yci psaku (cToBmi) Ta6-

s T BUKPECIEHi, To OOy AyBaTH UK He MOXKHa (TUIaH onophuil).

SKIIO 3anMIuIacs MiATa0IuIs, Y KOXKHOMY PSJIKY 1 CTOBII SKOi €

HE MEHIIIe JIBOX ejieMeHTiB R, To R mictuth nuki (1uknum) i Bigmo-

BiJIHUI IJIaH HE € OTIOPHHM.

Ilpuknao 4.3. 3a 1OTIOMOTOI0 Memody BUKDECIIO8AHHA BCTAHOBHUTH, YU
BKa3zaHuii mian € onopuum (mus. npuknan 4.2). Homepu niHiil BKa3yoOTh
Ha MOPSIIOK BUKPECICHHSI.

™~ 1 2 3 4 ™~ 1 2 3 4
1 3 0 ( 3 1 T P q Q 3
2 0 2 y 0 3 2 3 D 4 [l
3 4 g ( 5 3 Y 4 5 4
1 2 5 1 6 2
1. [lnaH He € OIOPHUM, AJKE iICHYE 2. OnopHuii wiaH

muka (1, 1), (1, 4), (3,4), (3, 1)
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Hexaii £ — nesika JTiHIMHO HE3aJIe)KHA CHCTEMa BEKTOPIB MepeBe-

3eHb Py, a By — BeKTop, 1m0 He BxoauTh y E (10670 By & E).

Teopema 4.4. ]Ina toro, mod Bexktop B, ¢ E OyB miHIfHOIO KOMOiHa-
IIi€F0 BEKTOPIB cUCTeMH E, HEOOXiaHO 1 JOCTAaTHRO, MO0 3 KIIITUHOK, SKi

BI/INOBIZAlOTh BEKTOpaM cHcTeMHU E, MOXHa OyJIO CKJIACTH 3aMKHYTHI
JaHII0XKOK (KK, 10 3aMHuKaeThes Ha kmituami (K, 1).

» HeoOxionicms. Bexkrop B, € niHiliHOIO KOMOIHAIli€l0 BEKTOPIB CHC-

TeMu £ = 3 KJIITHHOK, SKi BiJIIOBIIAIOTh BEKTOPaM CUCTeMH F, MOX-
Ha CKJIACTH IHKJI, 110 3aMHUKaeThes Ha kimituni (K, 1).

Cucrema BekTOpiB £, sika CKJIAJAa€ThCS 3 BEKTOPIB cUCTeMHU E i
BekTopa By, € niniiiHo 3anexHoro. 3 Teopemu 4.3 (AMB. JOBEACHHS

IOCTATHOCTI) BHIUTMBAE, IO 3 KIIITHHOK, SIKi BiIMTOBIiZarOTh BEKTOpaM
cructeMu E7, MoxHa TOOyayBaTH UK. TaKuil UK 0008’ 13K060 Ma€E
mictuta kmiTHKY (K, 1). V mportwminesxHoMy BHIamKy BiH CKIIamaBcs O
TIJIBKHU 3 KIITHHOK E, a 11e 03Hayasuo O, mo £ ainiino 3anedcua.
Jlocmamuicmes. 3 KIITHHOK, SKI  BIJNOBIJAIOTh BEKTOpaM
cucreMd E, MOXHA CKIACTH LHMKJI, IO 3aMHUKAETHCA HA KIITHHII

(k, I) = Bektop R € miHiitHOI0 KOMOiHAIIEO BEKTOPIB CUCTEMH E.

Hexait ki mae Burisin (K, ji), (i, jl),_(il, J_z) veey (I Js), (s I)_, (k, 1),
tomi By —Bj +Rj —.—R j *R—PFq=0.Ilepenocsan By, maemo
Pa =R, -Rj +Rj R,

Sk BimoMoO 3 JNiHIHHOI anreOpu, AOBITBHUI BEKTOP JCSIKOTO BEK-
TOPHOTO MPOCTOPY OOHO3HAYHO PO3KIANAETHCS UYepe3 BEKTOpU Oazucy

BOT0 MpocTopy. OTOXK BBOJUMO MOHSTTS Oa3uc)y OTIOPHOTO TUIAHY.

+ EU , o i Tpeba Oyio goBectu. <

Bbasucom onopHoro miany X, T3 BBaxarumemo OyIb-sKy CHC-

TeMy 3 M+ N -1 JiHIAHO HE3aNEXHHUX BEKTOPIB mepeBeseHb P, ska
MICTHUTh YCI BEKTOPH, IO BiANOBIJAIOTh JOJAaTHUM IEPEBE3CHHSIM.

Sxmo X, — HEBUPOKEHUl, To Horo 06a3uc BU3HAYAIOTH OOHO-

3uauno. SIkmo X, —BUPOMKEHHH, TO Horo 6a3uc BU3HAYAIOTh HEOOHO-

3nauno (MICTUTH yCi BEKTOPH, SIKi BiAMOBIIAIOTH MOJATHUM IEPEBE3ECH-
HSIM, i OKpEeMi BEKTOPH, SIKi BIAMOBIJA0Th HYJIbOBHM TIEPEBE3CHHSIM).
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Hexait B — MHOXWHA KJIITUHOK, SIKi Bi/IMTOBIaIOTh BEKTOpaM Iie-
pesesenb P bazucy nesikoro omopHoro miany X, T3, a kimiTuHka

(k, ) ¢ B. CripaBeyinBHii Takuil HACTIIOK 3 TeOpeMu 4.4.
Hacniook 4.2 (3 Teopemu 4.4). 3 KIIITHHOK MHOXXMHH B MOYXKHa CKJIaCTH
€TMHWH JTAHITIOKOK, AKUH 3aMuKaeThes Ha Kmituati (K, 1).

€ounicme iCHyBaHHS JIAHIIOXKKA, SIKMH 3aMUKA€ThCSA HA KIITHHII
(k, I), BumMBae 3 TOro, MO BEKTOP 5k| €IMHAM YHHOM PO3KIIaJA€ThCs

yepe3 BEeKTOpU 0a3uCy OMOPHOTO IJIaHy.
4.4. AnroputMM no0y10BM ONOPHMX IJIAHIB TPAHCIIOPTHOI 3aayi

Sk i B 3BUYalfHOMY CHMIUIEKCHOMY MeTO[i, po3B’sizanHs T3 mo-
nsirae 'y niepe0opi 1 mepeBipili Ha ONTHMAaTBHICTh ONMOPHUX IUIAHIB 3aja-
yi, Uit 40ro Tpeba 3HAWTH OYaTKOBHI OTIOPHUM ILIAH.

4.4.1. Ilo6yoosa onopnozo nnany T3 memodom nieniuno-3axionozo

Kyma

Ha3zBa meTomy moB’si3aHa 3 THM, 110 HA KOXKHOMY KpOILi BU3Haya-
€THCS BEJMYMHA TEPEBE3CHHS IS 8€pPXHbOI 60l KIITHHKK (IiBHIYHO-
3axiHO1) HE3aIMOBHEHOI TIPAMOKYTHOI TaOJIHIII TIEpEBE3ECHb.

Ha mouatky nepuiozo kpoxy Tabnuus nepeBe3eHb € He3aloBHE-
HOIO, OKpIM CTOBIIS 3amaciB Ta psaka motped. s nepoi gepxusoi ji-
soi kmituakH (1, 1) posrnsaaemo Benuyunu @; i b;. MoxkuBi Bunaaku:

e a;>b; — morpeby b; MokHa 3a10BOBHUTH 3a paxyHOK 3amacy a;
(X121 =by), orox 3 immmx myskrtiB A; (i=2,3,...,m) y nyHkT B;
3aBO3UTH BKe He Tpeba Hidoro (Xp1 = X3p = ... = Xm1 = 0) — suxpec-
Joemo nepuuii cmogneys. Ha micui @; 3anumemo & = a; — by.

e a; <b; — yBech 3amac a; BUBO3UMO y MyHKT By (X113 = a3), 3a10BOJTB-
HSIOYM JIHIIe YacTuHy Horo motped. Tomi Xip = X33 =... X1n =0 — 6u-
kpecoemo nepuwutl psioox. Ha micri by 3ammmemo by = by—a;.

e by=a; =Xy — morpeba i 3amac 30irafoThCs. TOMi Xpp =X31 = ... =
=Xm1 = X2 = X13 =... X1n =0 — 6uxpeciroemo nepwuii cmosneys i
nepuutl psook.
OTke, B ycixX BUIagkax mpuitMaemMo Xi; = min(ag; by).
Jaini po3risgaeMo HE3allOBHEHY YaCTHHY TaOJUIl, SKa TaKOXK €
IpsSMOKYTHO. JIJist 11i€l He3armoBHEHOT TaONWIN aHani3yemMo 3HAYCHHS
3amaciB/moTped BEPXHBOI JiBOI KITHHKK (Ha JPYroMy KpOIli Ife MOXe
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Ooytu wmitnaka (1, 2), abo wimituhka (2, 1), abo wimituHka (2, 2)) 3a
aHAJIOTI€I0 3 TepIIMM KpokoM. Yepes 0OMeKEHICTh YnCiIa eIeMEHTIB d;
(i=L, m) ta bj (j=1,n) onucanwuit anropur™ € ckinyeHHUM. OTpUMaHHI
IUIaH € ONOPHUM, OCKIIBKH 3 WOTO KIIITHHOK, 3alIOBHEHHX JOJaTHHUMU
MepeBe3eHHSAMH, 3TiIHO 3 MOOYAOBOIO, HE MOXKHA CKIIACTH 3aMKHYTHH
JIAHIIIOKOK.

Homosumocsi HybOBI TIEpEeBE3CHHs y TaOnuili He BKasyBatH (3a-
JIMIIATH KJIITHHKA HE3alTOBHEHUMHM), BUKPECITIOBAHHS 3/iHCHIOBATH YsIB-
HO, a cTapi Ta HOBI 3HAYCHHSI 3anaciB/moTped BiJOKPEMITIOBATH Y BiAIO-
BIJIHOMY CTOBIILI/PSAKY Yepe3 KOCi PUCKH.

Ilpuknao 4.4. 3naiitn novatkoBuid omopHuil mnan T3, 3amanuii Taod-
JIMIIEI0, B SIKil BKa3aHO BapTOCTI ITepeBe3eHb, 3amacy (a;) 1 morpedu (b;).

j 1 2 3 4 a
i
1 10 20 11 15
2 12 9 20 25
3 14 16 18 10
b; 5 15 15 15 > =50
> BaptocTi nepeBe3eHb npu n00Y10B1 OMIOPHOTO T1any T3 MeTo-

JIOM TIBHIYHO-3aXiTHOTO KyTa HE MaloTh 3HAYCHHS, OTOX iX TPH TO-
Oy/I0Bi ONIOPHOTO TUIaHY HE BKa3yBaTUMEMO.

il 1 2 3 4 |a
i
1 5 10 15/10
2 5 15 5 | 25/20/5
3 10 |10
b; 5 15/5 15 15/10 | ¥ =50

CipuM KOJIbOpPOM MO3Ha4YeHO 0a3ucHi KiaiTuHkH (6 KriTuHOK). OT-
pUMaHuil omopHHUW TWIaH € Hesupoddcenum (6 =3+ 4 —1). CymapHa
BapTicTh nepepeseHHs Z=5x10+10x2+5x7+15x9+5x20+10x18=520. <
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Omnopuuit mnan T3 000B’SI3KOBO Ma€e B KOXKHOMY DPSIKY 1 B KOXK-
HOMY CTOBIIII TaOJMI[I TEpeBe3eHp Xo4Ya O OJUH JOJATHUM EIIEeMEHT,
amke aiz0 (i=1,m) ib=0 (j=1 n), oTox HaiiMeHIIEC MOXKIIMBE YHCIIO
JOJATHUX 3MIHHHX X;j mopiBHIoe N = max(m, n). Ha xoxxHOMY Kpoii
METOZy 3HAXOAMMO JIUIIE OJMH eneMeHT X;; >0, a Ha micui xoda 6 on-
HOTO 3 €JIEMEHTIB &; uM D; Bunnkae Hynb. Ha octaHHBOMY Kpori Ha micti
am 1 b, Hynb BUHHKaE ogHOYAacHO. OTXKE, HANHOLIBIIE MOXKIMBE YHUCIO
J0IaTHUX 3MIHHUX Xj; 1opiBHIOE N = n + m -1,

SAxmo N <n+m-1, To onopHuii 1wian € BupomkeHuM. [lpuan-
HOIO BHPOPKEHOCTI OTIOPHOTO IUIaHY € pigHicmb nompebdu i 3anacy Ha
npomisicnomy (He OCTAaHHBOMY) KpOIIi JITOPUTMY, a/DKE Y [IbOMY BHUITaJI-
Ky OJIHOYACHO BHKPECIIOETHCSA 1 PAAOK, 1 cTOBMElb. YUCIO 0a3MCHUX
3MIHHHX, SIKI JOPIBHIOBATUMYTh HYJO, 30IraTUMETHCS 3 YHCIOM ITUX
BUIIAJIKIB.

Jns BUpODKEHMX OMOPHUX IUIaHIB 0a3ucHI 3MiHHI (OPMYIOTH
TaK: JIOZATHI 3MiHHI Xjj ZONOBHIOIOTH (M + N —1) — N HyIb0BUMH 3MiH-
HHMMH Xjj TaK, 1100 BOHU Pa3oM 3 J0JaTHUMH 3MIHHUMHU HE yTBOPIOBAIIH
LUKIIB. [Jomoeumocs nadani 6xkasyeamu y maoauyi Hy1608i nepese3ents
minbKy 015 OA3UCHUX 3MIHHUX.

Ilpuknao 4.5. 3naiiTn NoYaTKOBHUH onopHuid miaH T3, A SKO1 BEKTOp
a=(1,2,3,4,5) asexrop b=(2,1,5,7)"

i 1 2 3 4 a
i
1 1 1
2 1 1 2/1
3 0 3 3
4 2 2 4/2
5 5 5
bj 2/1 1 5/2 7/5 3y =15

» JlopaTHi nepeBe3eHHs IJIaHy MICTAThCS Y 7-MU KiliTHHKax. OTpuma-
HUI OTMOpHUH TUIaH € 6upodcenum (71 <5+ 4 —1). Orox mo yucna Oa-
3UCHUX KITITHHOK JOAAaMO KIITHHKY (3, 2) 3 HyJTbOBUM IIEPEBE3CHHSIM.
IIpu moOynoBi OIl MeToI0M MiBHIYHO-3aX1THOTO KyTa HE OepyTh 110
yBaru BapTOCTI TIEpEBE3€Hb, OTOX ONOPHUH IJJAaH MOXE HAJTO
BiZIPI3HATHMETHCA BiJl ONTUMAIILHOTO IJIaHY. <
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4.4.2. Ilo6yoosa onopnozo naany T3 memooom minimanvHozo ene-
Menma

Meroa MiHIMATBEHOTO €JIEMEHTa J1a€ 3MOTY MOOYIyBaTH Biapasy
JIOCTATHHO CKOHOMIYHUI OMOPHUH IJIaH, 10 CKOPOUYYE 3arajibHE YHUCIIO
iTepalii mpu Horo HaCTymHii ontuMmisaii (MOPIBHSAHO 3 METOAOM IiB-
HigHO-3aximHoro KyTa). Ile mocsraerbest tum, mo B OIT o6uparoTs Taki
JOJIaTHI TIEPEBE3CHHS, KM BiIIOBiTa€ HalMEHIIA BAPTiCTh.

Kopucryrouncs Marpuiieio nepeBe3eHb, Ha TEpIIoOMy KpoIll BH3-
HAa4yaeMOo TaKe 3HAUEHHS Xij, JJIS SIKOTO BEJIMUYHMHA Cjj € MIHIMAJIBHOIO, TO-
ai Xi=min(aj, bj). MoxuBi Tpu BUMagKu:

e KO a;<bj, To pemTy KIITHHOK i-r0 pAaKa 3aTIOBHIOEMO HYJISMY,

e SKIIO a;>hj, TO pemTy KIITHHOK j-rO CTOBIIS 3aIIOBHIOEMO HYJISIMH,;

e SKIIO &;=Dj, To pemTy KIITHHOK i-r0 psjIKa Ta j-ro CTOBIIII 3alOB-
HIOEMO HYJISIMU.

Jani 1ieif mporiec MOBTOPIOEMO 3 HE3aNOBHEHOK YACTHHOKO Tal-
murti. OTpUMaHWH TIAH € onopHuUM, OCKUTEKH 3 HOTO KITITHHOK, 3aITOB-
HEHHX JIOJJATHUMH TIEPEBE3CHHSAMH, HE MOXKHA CKIIACTH ITHUKJL.

JlomoBHUMOCS 6apmocmi TiepeBe3eHb (cjj) y TabnuIi BKa3yBaTH y
npagomy 6epxuboMy KyTi KIITHHKH, a eeruuunu TepeBe3eHb (Xij) — y
HUIICHbOMY NI60MY KYTI;, 3aMIiCTh HOMEPIB PSIKiB/ CTOBIIIIB Oe3mocepe-
HBO BKa3yBaTUMEMO BEJIMUYHMHH 3a11aciB/moTped BiAMOBIAHOTO MMyHKTY.
Ilpuknao 4.6. 3uaiiTn onopHuii tiad T3 3 npukiany 4.4 mMetonoMm Mi-
HIMaJBHOTO €JIEMEHTa

b; 5 15 15 15/10
2]

15 10 2 20 11
15 0

25/10 12 7 9 20
15 10

10/5 4 14 16 18
5 5

> IMocmigoBHicTh 3amoBHeHHs Kiaitunok: (1, 2), (3, 1), (2, 3), (3,

4), (2, 4). Otpumanuii omopHHMii TIaH € supoocenum (5 < 3 +4 —1); no
yrcia 6asucHux goaamo KimiTiHKY (1, 4). CymapHa BapTiCTh IepeBe3eH-
a1 2=15%2+5x4+15x9+5x18+10x20=475 (z=520 — y nmpuknazni 4.4). <
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4.4.3. Ilodyooea onoprozo nnany T3 memooom @orens.

Ha noBinbHOMY KpoOIIi METOAY:
® ISl KOXKHOTO PSIJIKA Ta CTOBIIS OOYMCIIOEThCS pisHULL (wmpag)
MK 3HAQUEHHSIMU HalMEHIIOi BapTOCTi Ta BapTOCTi, HACTYMHOI 3a
BEJIMYMHOKO;
e o0umcieHi mrpadu 3aUCYIOTh Y JJOJATKOBI CTOBIIII Ta PSIKH,
®  GUOKPEMIIOEMO PAMOK YU CTOBIIEIb 3 Haubiibwum mTpahom (SKIIo
X meKiNbKa, To 00MpaeMo AOBLILHHIH 3 HUX);
® y BHOKPEMIJICHOMY DSAKY/CTOBII 0Oupaemo KIITHHKY 3 HAlMeH-
L0110 BAPTICTIO,;
e Juis OOpaHOi KIITHHKU 6CHMAHOGNIOEMO BEIMYUHY TIePEBE3CHHS
(amasoriuHo METOIY MiHIMATBLHOTO €JIEMEHTA);
®  guxpecnioemo pAnOK i/abo croBmens (aHAIOTIYHO METOAY MiHi-
MaJIbHOTO SJICMEHTA).
Jani et mporec MOBTOPIOEMO 3 HE3aMTOBHEHOKO YaCTUHOIO Ta0-
matti T3. OTpumaHuii TIIaH € onopHuM, OCKIIBKA 3 HOTO KIIITHHOK, 3a-
MOBHEHUX JIOJIATHUMH MTEPEBE3CHHSIMHU, HE MOKHA CKIIACTH ITHKIT.

Ilpuknao 4.7. 3uaiitu OI1 3anayi 3 npukiany 4.4 merogom dorens

b; 5 15 15 15 [pad
a JUTS PAJIKIB
15 10 2 20 11 [10-2=
15 0 =8 9 —
25/10 12 7 9 20 | 9-7=
15 10 =2 2 11
10/5 4 14 16 18 |14-4=
5 5 =10 |2 2
Mrpad |10-4 =6 |72 =5 [16-9 =7 18-11 =7
ISt CTO- - 5 7 7
BIILIIB - - 7 2

»  TlocmimoswicTs 3amoBHenHs kmituHoK: (3, 1), (1, 2), (2, 3), (3, 4),
(2, 4). Orpumanuii OI1 € supooocenum (5 < 3 + 4 —1); 1o uucna Gaswuc-
HUX ponamo kiiTuHKY (1, 4). CymapHa BapTicTh nepeBe3eHHs Z=15x2+-
+5x4+15x9+5x18+10x20=475 (z=520 — y npuknani 4.4). 3HaueHHS 11i-
THOBO1 (DYHKIIII Take Xk, SIK 1 B METO/i MiHIMaJIbHOTO eJIeMeHTa. 3a3BU-
gait, Mmeton dorens nae HaltKkpamwii MOYaTKOBUH po3B’si30k T3. <
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4.5. Kpurepiii onTUMaIbHOCTI IJIaHY NepeBe3eHb

Husa T3 icHye aBoicta 10 Hei 3amava. 3MiHHI ABOICTOI 3a/1a4i 1103-

HAYUMO Y1, Y2, ...y Yn, =21, =22, ..., —Zm. 3amaua (4.1) — (4.4) 3BomuthCs 10
HACTYITHOT IBOICTOT 3a1a4i
n m
j=1 i-1
yi—z<cj (i=1m;j=1n). (4.11)

OCHOBHMM METOJIOM BiQIIYKaHHS ONTHMAJIBHOTO IUIaHY Iepe-
BE3€Hb € Memoo0 nomeHyianie, B OCHOBY SIKOTO MOKJIaIeHO Teopemy 4.5.

Teopema 4.5. Jlins Toro, mob AesSKuil miaH X T3 OyB ONTHMAJIEHUM,

HEOOXI1JIHO 1 IOCTaTHRO, 1100 oMY BiIOBimaNa cucTeMa i3 M+n vucen
V1, Vo, ..., Vp, Ug, Us, ..., Uy, OJIS SIKOI.

Vj — Ui < Cjj, (j=1,n; i= 1,m), (412)

Vj— Ui = Cjj ms tux (i, j), mo Xj; > 0. (4.13)

> Heobxionicmo. Hexait maan X — ontumansanii. Ha ocHOBI meprmof

TEOPEMH JABOICTOCTI iCHY€e ONTUMAaNbHUU IIaH Yj = Vj, Xi = Ui j=1,n;

i =1,m), mo 3amoBomsuse (4.10), (4.11). Orox (4.12) BUKOHY€ETHCS

aBTOMATHYHO.

3 npyroi Teopemu aBoicTOCTi MaeMo (Vj — Ui — Cjj) Xjj = 0
A 1e o3Hauae: mig Tux (i, j), mo Xj; >0, 060B’13k0BO Vj — Ui — Cjj = 0,
TOOTO BUKOHYEThCS (4.13).

Jocmamuicmo. Hexait nus mnany X wmaemo umcna Vj (j=1,n) Ta u;

(i= 1,_m), UL SIKHX BHKOHyeThest (4.12), (4.13). ITokaxemo, mo X —

OHTI/IMaJILHI/IfI Sxmo pOBFJ'I)lHyTI/I 6yz[L-$[KI/H7I iHmI/Iﬁ wian X", To

Z(X")— ZC.JX.,ZZZ(V —Uj)Xjj = Zv Zx 1u Zx

i=1j=1 j=1 "=l j=

Il
M=

vibj - Zua,_Zv ZX,J _Zu ZX.J ZZ(V —Uj)X;j =
1 i=1 j=1 "i=1 i=1l j=1 i=1j=1

—
I

CijXij = 2(X). Omxe, z2(X")>2z(X) —man X onmumanshuii.<

1]
—

I
NGE]
M=

1
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VYmosu (4.12), (4.13) HasHBAIOTh yMosamu ROMEHYIANbHOCHI, &
gucna V; (j=1,n), u; (i=1,m) — nomenyianamu BigNOBIIHUX ITyHKTIB
TTOCTaYaHHS 1 CTOXXKWUBaHHA. SIKIO BBakaTH, m0 U; — BApPTICTh OXUHUIT
OpoayKuii y TMyHKTI Aj, a Vj — BapTiCTh OAMHUII MPOYKIIi micis
THIepeBE3eHHs y MyHKT Bj, To ekoHOMiuHMI 3MicT Teopemu 4.5 Takuii:

CYMApHI MPAHCHOPMHI UMPAmu 3a ONMUMANILHO20 NIAHY hepege-
3€HHSI OOPIGHIOIOMb 30INLULEHHIO CYMAPHOL 8apmocmi npooyKyii ni-
cas it nepese3ents y NYHKMU CHONCUBAHHSL, MOOMO'

m n n m
Z ZCinij ZZbJV] —.Zaiui . (414)
i=1j=1 =1 i=1

4.6. AaropuT™M MeTOoay MOTeHIliaTiB

ANTOPUTM METONy TOTEHIANB CKIAJAETBCI 3 HONEPEOHbO2O
€TaIy 1 0CHOBHO20 eTaIly, SIKUM MIOBTOPIOETHCAL.
Ha nonepemapomMy erarti He0OXiTHO BUKOHATH TaKi il

1.  Cxusactu mouyatkoBuii onopuuit man X, T3 i BUSHAYUTH MHO-

KHMHY Oa3sUCHUX KINTHHOK B (KIITHHKH, IO MICTATH JOJATHI ITe-
pEeBE3EHHS 1 Ti HYJIBOBI MEPEBE3CHHS, 1110 JOMOBHIOIOTh IUIAH JI0
HEBHPO/HKEHOTO BUMAIKY).
2. Jma X, ckimactu cucreMy 3 m+n gmcen V; j=1,n), u (i=1,m)
TaKuX, 1[0 BUKOHYETHCS YMOBa
Vj — U; = Cjj, (I, ]) eB (415)

3. ITman X
Vi — U SCij, (l,j) ¢ B.

on IEPEBIPUTH HA ONITUMAJIBHICTH, TOOTO

Veaza! Cucrema(4.15) mae m + n -1 piBHgHL 3 M+N HeBigoMuMH. J[iist
pO3B’sI3yBaHHS CHCTEMU JOCUTH, 1100 U; = 0. Toi 3HaUeHHs iHIIHUX He-
BIJOMHX MOYKHA aBTOMATHYHO, OJHE 3a OJHHMM, BU3HAYNUTH 3 CHCTEMH,
ajpKe BCl 0a30B1 KIIITHHKH 3’ €THYIOThCS JIAHITIOIKKOM.

OCHOBHHMII eTan BHKOHY€ETHCS, SIKIIO X, 3HAlACHUH Ha more-
peIHBOMY €Talli, He € onTUManibHUM. OCHOBHHUI €Tall Ma€ TPU KPOKH:
1. IHoninwenns onopnozo naamy — IEPEXiJ 10 HOBOTO OMOPHOTO TUIaHy
-y iy _
X&n Takoro, mo z(X;,) <z(X,,).

o1
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2. I X[, cknacTu cucteMy 3 M+N gucer Vi (=Ln), ui (i=1m)
TaKUX, IO BUKOHYETHCA YMOBa
Vi - U =cj (i) e B, (4.16)

ne B' — MHOXHMHA 6a30BUX KITITHHOK IUIaHy X/ .
3. Tlnan X, mepeBipsA€ThCs HA ONTUMANBHICTB: Vi —Ui < Cj, (i, J) & B'.

OCHOBHUH eTan TpUBA€ JOTH, JOKH HE 3HAIIEHO ONTUMAJIbHUN TUIaH.
Toninwenns onoproeo nnany. Hexait omopHmii miad X HE ONTHMANh-
uuit. Toxi icHye xoua 6 omua kmitHKA (i, j), MO SKOT BUKOHYETHCS
HepiBHICTH Vj — U; — Cjj > 0. Cepen ycix IUX KIITUHOK BU3HAYAEMO TaKy
kiTHHKY (ig, jo), VI SKOT

max(v; — Uj— Cj) = Vi, - U —¢; >0 (4.17)

loJo

SIKIIIO MakCHMyM Ma€eMo Ui JeKiTbKoX map inmekcis (i, j), To 3a
(io, Jo) oOupaemo mapy, sKiii BimmoBizae MiHIMagbHa BapTiCTh MEpeBe-
3eHb. Kiitunka (ig, jo) 3 4aCTHHOO 0a3MCHHUX KIIITHHOK IUIaHy, 3TiIHO 3
HACJIIKOM 4.2, YTBOPIOE YUK Y.

[MToGymyemo et HUKIT TPOTH TOIMHHUKOBOI CTPLUIKH, IIOYMHAIOYN
3 KiiTHHKA (ig, jo), 1 MO3HaAYaEMO HOTO KIIITHHKH MOMEPEMIHHO 3HAKAMHU
“+7 1 “=" (xmitunKa (ig, jo) Mae 3Hak “+”). KuliTHHKY, TO3HAYCHI 3HAKOM
“+”  yTBOPIOIOTH JOJATHHIA TiBIAHIFOXKOK |, @ 3HAKOM “—" —
Bi/IeMHUH MiBnanIoxkok Y. Hexalt 0= min  Xj; = Xgt .

(i.))ey™

SIKIII0 MiHIMYM JTOCATAEThCS JUTS JAEeKiTbKOX map ingekcis (i, j), To
3a (S,t) oOupaemo Ty mapy, sKiii BiANOBiZa€e MakcMMajbHA BapTiCTh
nepeBe3eHb. HoBHIA ONOPHUIA TU1aH Oy IyeMO 3a IPaBHIIOM:

Xjj — 0, AKmo i, Dey;
Xij =1Xij +0, sxmo (i, J) eyt (4.18)
Xjj — s pewTd 6a3MCHUX KIITHHOK.
Buacrizox (4.18) Maemo HOBHiT omopHHit mtan X, , y AKOMY:

e iiTuHKa (S, t) BUBomuThCA 3 6azucy (Xg =0);

e ximitunKa (lg, jo) BBOAUTHCA y Oasuc (xiojo =0).
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3anuIuiiocss TPOJAEMOHCTPYBATH, IO TpH BHKOHaHHI (4.17) i
(4.18) orpumaemo 3MeHIieHHs (MpUHAWMHI, HE 30UIBIICHHS) ILIHOBOT

dymxuii, To6To Z(X.,) < 2(X,,).

» Hexaii [ — MHOXwMHA Tap iHaekciB (4, j), AKi BIAMOBIIAIOTH KIITHHKAM,

0 HE BBIMIUIN Yy 3aMKHYTHH JTaHIIOKOK Y BUTIISIITY

(ioy Jo), (io,'l) (il,'l) (i1, J2), -+

Toni Z(Xon) ZZC le

Z Cijxij+ z cij(xij+9)+

@i,j)el

= 2 GjXjt+ X

@i,j)el

- Z z C'J X'J + e(CloJo C'oll JrC'1J1

i=1j=1

= 2(Xon) *+0(Ci j, — (vj, — Uiy )+ (vj, =) = (vj, —j) —
—U; )= (vj, —u;,)) =
Z(ion)_e(vjo -

+(vJs

1

—u; )= (v;,
= 2(X o) +0(Cigj, — (Vj, —Uj,)) =

Bpaxosytoun (4.17), orpumaemo z(X! ) <z(X,,).

i=1j=1

(i, j)er”

(i.j)er”

(i1, Js-1)y (is-1, Js), (iss Js), (Gs, Jo)-

Zcx+ > cx+ > c,JxIJ

(i,))er

2 G-

(i,))ev”

(i Dey”

—Ui )+ (v,

0) =

Cinij+ Z Cinij"'e( Z Cij—
j (i, p)ey”

(i.))ey

2 Gj)=
(i,)ey”

wFCig oy ~Cig s+ Cigjs ~ Cigio) =

et

Uiy —Cigjo )-

Ilpuknao 4.8. 3uaiitu po3s’ 130k T3, 5Ky 3a1aHO OTIOPHHUM IIJIAHOM:

b; 150 120 80 50
d
3 7 11
100 100
1 6 3
130 | 59 80
5 12 7
170 40 80 50
> IMouaTKOBHIA ONIOPHUIA TTaH Hesupodcenuil (6 = 3 + 4 —1), 3Ha-

yeHHs NiHiitHoT popmu z=100x3+50x1+80x4+40x8+80x12+50x7=2300.
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3HalieMo MOTEeHIIaMH Uy, Uy, Uz, V1, Vy, V3, V4 13 CHCTEMH PiBHSIHB.
Vi—U1=3; V1 — Uy=1; Vo — Uy=4; Vo — U3=8; V53— U3=12; V4— U3=T7.
Hexait u; = 0. Buzraunmo V1=3; U,=2; V,=6; U3= —2; V3=10; V4=5.

Vj 3 6 10 5
Ui
= + 7 11
0 100
+ = 6 3
2 50 80
9 + - 12 7
40 80 50

[lepeBipumo omopHuii miaH Ha onTHMalbHICTh. Cepell BEIHYNH

Vj — Ui — Cjj 1 BUIBHMX KJIITUHOK € JOJATHI:

V2 — U —5=6 -0 - 5=1; vs—U; — 7=10 — 0 — 7=3; v3—U,— 6=10 — 2—- 6=2.
Otxe, (g, jo)=(1, 3). Y Tabmumi copMyeMo TomaTHHMH i Bix’ €MHMIA ITiB-
MaHIIOKKK. 3HalaemMo = min Xj; = X33 =80. ¥V noninmenomy niaxi

(i.))er”
samicTh kiituHKH (3, 3) BBomMMO KimitHHKY (1, 3). Ilepepaxyemo 3Ha-
YeHHS [MOTEHIIAIIB:

Vi—U =3 v3—u=7;vi—Up =L vo —up =4; vy, —uz =8; vy —Uz =7.

Hexait u; =0, Tomi vj =3; V3 =7; Uy =2; V5 =6; U3 =—2; v; =5.

[MoninieHuii OMOPHUH TJIaH 3 HOBUMH 3HAYCHHSAMU TOTSHIN B!

Vj 3 6 7 5
Ui
0 - 3 + 5 7 11
20 80
+ - 6 3
2 130 0
) 12 7
120 50

IMopymuienns ontuManbHOCTi y Kimithaii (1, 2): v~u;-5=6-0-5=1 > 0.
Omxe, (io, jo)=(1, 2). Y tabauii chopmyeMo gomaTHHNA Ta Bix €eMHHI
TiBJIaHIIOXKKH. 3HainemMo 0 =minXjj =Xy, =0.

(i Dey
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VY noninieHoMy IUIaHi 3aMiCTh KIITHHKH (2, 2) BBOAUMO KIIITHH-
Ky (1, 2). Tlepepaxyemo 3Ha4€HHS TIOTEHIaTiB:

Vi—U=3Vo—U =5Vv3—-Uu =7V —Uu; =1 vy, —u3 =8 vy —uz ="7.
Hexait Uy =0, Tomi vj =3; V5 =5 v3=7; U5 =2; u3 =-3; V' = 4.
[Tomninmenunii oMOpHWH TJIaH 3 HOBUMH TIOTEHITIaJIaMH

Vj 3 5 7
Ui
0 2—0 + % 7 11
2 | 130 j ’
3|7 120 8 50 '

IMopymenss onTuMansHOCTI v KinithHi (3, 1): vi—Ug—5=3+3-5 > 0.
VY Ttabnuii chopMyeMO IONATHHM Ta BiJl’EMHUN ITiBJIAHIIIOKKH.

3uatizeMo 0= min
(i,j)ey”

Ky (3, 1). [Tepepaxyemo mOTEHIIATH:

1Xij =X11= 20.

VY nosninmeHoMy 1aHi 3amicts KaiTuHKH (1, 1) BBOAUMO KITITHH-

V3—Up=7;Vy—U; =5Vy—U3 =8 vy —U3=7;vy —u3 =5v —up =1.

Hexait Uy =0, Tomi V3 =7;Vy =5 U3 =-3; vj =4; vy =2; U =1.

[Toninmrennit ONOPHUH TUTaH 3 HOBUMH ITOTSHITIATAMH

v 2 5 7
Ui
7 11
0 20 80
6 3
L1130
S 12 7
20 100 50

Otpumanuil mwiaH € onmumanvHum. 3HadeHHs JiHIHHOT Qopmu

7=20x5+80x7+130x1+20x5+100x8+50x7=2040. [lnst 3HaAXOIKCHHS
ONTUMANBHOTO TUIAHy OYyJM 3MiMCHEHI mpu Kpoku TIONIIMIIEHHS OTOp-
HOTO IJIaHy. 3Ha4eHHs (YHKIT METH 3MEHIIUI0Ch Ha 260 oquuuip. <
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Ilpuknao 4.9. 3naiitn ontuMansHuii mian T3 npukiany 4.4, onopHuit
IUIaH SAKOI 3HAWIEHO METOI0M MiHIMAILHOTO eemMenTa (mpukiaz 2.6).

3HalaeMo TOTeHIIaMM Uy, Uy, Us, Vi, V2, V3, V4 13 CHCTEMH PIBHSHB!

Vo—U1=2; V4— U1=11; v3— U,=9; v4— U,=20; v; — Uz3=4; v4— U3=18.

Hexaii u; = 0, Ttomi vV,=2; V,=11; u,=-9; v3=0; uz=-7; v;==-3.

Vj -3 2 0 11
Ui
0 10 | - 2 20 | + 11
15 0
9 12 | + 7 9| - 20
15 10
7 4 14 16 18
5 5

IMopytieHHS ONTUMAIBLHOCTI Y KITHHI (2, 2): Vo—U—7=2+9-7 > 0.

VY Tabmutii chopMyeMO TOJATHHM Ta BiJl’ €MHUH MIBIAHITIOKKA. 3HAMIE-
min_ Xjj = Xp4 =10. ¥V nonimuenomy miani 3amicTb KIiTHHKH

Mo 0=

(i,j)er

(2, 4) BBOMMO KITITHHKY (2, 2). TlepemiunMo OTeHITianu:
Vo—U =2,V —Up =1L vo —uy =7;v53—Uy =9; vy —U3 =4; vy —usy =18.

Hexait u; =0, Toni Vv, = 2; vy =11, u5 =-5; vg =4, u3 =—7;v; =-3.

Vj -3 2 4 11

Ui

0 10 2 20 11
5 10

5 12 7 9 20
10 15

_7 4 14 16 18

5 5

OTpumaHuii TWIaH € onmumaivHum. 3HAYCHHS JIHIHHOT (hopMH
Z = 5x2+10x11+10x7+15x9+5x4+5x18 = 435. Jlng BHU3HAYCHHSA OII-
TUMAaJIBHOTO TUIaHY 3I1HCHEHO MinbKu 0OUH KpOK TIONIMIIEHHS ONOPHO-
ro miany. 3Ha4eHHs! QyHKUil MeTH 3MeHImIoch Ha 40 omuane. <
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4.7. llpuknagu 3aga4, AKi 3BOASATHCH 10 TPAHCHOPTHOI 3a1a4i

MarematndHa cTpykrypa T3 mpuTamMaHHa JUIS BEIUKOTO KIIacy
3agau JII1. PeanpHuii 3MiCT Takux 3agad Moxe OyTH Halpi3sHOMaHiTHi-
MM, 30BCiM HE 3B’sI3aHUM 13 3a/1a4€I0 TICPEBE3CHHS BAHTAXIB.

4.7.1. 3aoaua npo po3nodin niowy nid nocieu ciibCbKO20CHOOAPCLKUX

KyJ1omyp

Ha npinguxax Dq, Dy 1 D mmomero Sq, S, 1 Ss, BiAnoBigHO, MOXKHA
BUpOIyBaTH cinbrocnkynsTypu Ki, K, K3 i1 K, IlnanoBe 3aBnaHHS
MOJIATAaE B OTPUMAHHI BPOXKAKO IUX KYJIBTYp Y KUTbKOCTSX D1, Dy, D3 1 by

TOHH, BiAmoBigHO. Bigoma marpuns C , €TIEMEHT C;j AKOi

= ey ”i:ﬁ; j-ia
JOPIBHIOE npubymKy B OIUHHUIIX rpolieil BiA peanizauii KyapTypu Kj
(j= 14 ), BupotieHoi Ha aisHi D; (i =1,_3) YpoxaiiHicTh KyJIbTYpH
Ki(j= 1_4) nopiBHIOE Pj 1/ra (yposKaltHICTb Bii AUISHKH HE 3aJICKHTB).

CkiacTyi MaTeMaTHYHY MOJENb 3ajadi, 10 JaBaTUME 3MOTY 3HAWTH
TaKW# MIaH PO3MOALTY IUIOII Mijl MOCIBH CUTBCHKOTOCIOAAPCHKUX KYJITh-
Typ, SAKHHA TIependadaTiMe MaKCuMAaabHull npubymox BiI peaizarii
YpPOXKaro KYJIbTYp.

ITo3zHaunmo uepes x;; IIIOILY B Ia, IKYy HEOOXiZHO BHOKPEMHUTH Ha
aimstH D, (1 =1, 3) s BupontyBanss KyineTypu Kj (j =1,4).

3 4
Linbosa Qynkuis Mae purnsz z = . > (—Cjj)x; — min.
i=1j=1

4 _
YMOBa BUKOPUCTAHHS IUIONI YCiX AUIHOK: Y Xjj = Sj, 1 =1, 3,
j=1

Hexaii w; (] = 1,4 ) — 3aranpHa ruiomia (B ra), HeoOXiHa JUIs BH-

polyBaHHs KyJIbTypH Kj. 3 ypaxyBaHHSAM IUIAHOBOI'O 3aBIaHHs Ta ypo-

P, b;-10
KaHHOCTI KyIbTyp MaeMo W =b J-(T):l—(])(%a)z JP- (ra).
]

YmoBa IIiJ'IKOBI/ITOFO BUKOPHUCTAaHHS ITJIOLT yciMa KYyJIbTypaMHu.
3 10-b; L —

injZWj,He sz y J=1,4.

i=1

Pj
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20 50 24 10 300} _;
Hexait C=|25 40 10 20|; S =|500 | b_TZ(GO(_)' 15_00’_ 225, 1250),
30 15 20 15 qo0) P =(20:30:15:50).
3 4
O6unciuMo W' = (300; 500; 150; 250). Ockinbku Y S; = ZWJ- =1200,
i=1 j=1
T0 T3 € 3aKpUTOIO0, ONTOPHUI MJIaH AKOi MaTUME BUTJIAL!
W 300 500 150 250
Si
-20 -50 —24 -10
300 300
-25 —40 -10 -20
500 200 50 250
-30 -15 -20 -15
400 300 100

3HaiineMo moTeHIiamu Uy, Uy, Us, Vi, V2, V3, V4 13 CHCTEMH PiBHSHB.

Vo—U;==50; V—U,=—40; V3—U,=-10; v4—U,= —20; v;—U3=-30; vs—uz= —20.

Hexait u; = 0, Toxi v,=-50; u,=-10; v,=-30; v;=—20; uz= 0; v;=-30.

Vj -30 -50 -20 -30

Ui

0 =20 -50 -24 -10
300

10 + -25 -40 | - -10 -20
200 50 250

0 - =30 =15 | + =20 -15

300 100

IlepeBipuMo omopHUI TUTaH Ha ONTUMANBHICTE. Cepen BETHYUH
Vj — Uj — Cjj ISt BUIBHUX KJIITUHOK € JOJATHI;
V3 — Ug +24=-20+24=4; v;—u, +25=-30+10+25=5.
Otxe, (g, jo)=(2, 1).
BII'€EMHUI ITBJIAHITIOXKKH.

chopmyeMo momaTHWA i
0= min Xij = Xo3 =50. V
(i,))ev”
THOJIIMIIICHOMY TUIaHi 3aMicTh KITUHKH (2, 3) BBOAUMO KIITHHKY (2, 1).

YV Tabmuui
3HaigeMo
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[epeniunmo 3HaYCHHS MOTEHINAIB!
Vp —Uy =—50; V5 —uy = —40; v —u) =—-25; vy —u) =—-20;
v; —uz =-30; v3 —ug =—20. Hexait u; =0, Toxi
v, =-50; u, =-10; v; =-35; v; =—-30; u3 = -5; v5 = -25.

[Momninmenuii OMOPHUH TIaH 3 HOBUMH 3HAYCHHSIMU MOTCHINAJIB!

Vj -35 -50 -25 -30
Ui
0 -20 -50 -24 -10
300

10 -25 -40 -10 -20
50 200 250

5 -30 -15 -20 -15
250 150

Otpumanuii mnaH € onmumanvHum. 3HAYEHHs JiHIHHOT QopMu
z=300x(-50)+50x(—25)+200x(—40)+250x(—20)+250x(-30)+150x(-20)=
=-39750. Omxe, makcumanvHuil npubdymox BiIl peaizaiii ypoxkaro
KyJIbTyp cTaHOBUTH 39750 rpomoBux OAUHUIIb.

4.7.2. 3a0aua onmumizayii ce3oHHUX 3anacie

Jlesika ¢dabpuka 4acTHHY CBOiX BUPOOHUYMX MOTYKHOCTEH BUKO-
PHUCTOBYE Ul BUTOTOBJICHHSI CE30HHUX BHUPOOIB, TIOMUT Ha SIKi ITiTpU-
MY€ETBCS BIPOJIOBK YOTHPHOX MICSIiB. 3aMOBJICHHs Ha BUPOOH y 111 Mi-
caui, BiamosigHo, gopieHiooTs 100, 200, 180 i 300 omuuuis BHPOOIB.
[Iporsrom nux Mmicsiie (padpuka MoO)Ke BUTOTOBWMTH, BimmoimnHo, 50,
180, 280 i 270 ompuHus BUPOOIB. BuTpaTn Ha BUTOTOBJICHHS OJMHUIL
BUpOOY CTaHOBIATH 4 yMOBHI ofuHwuil (y.0.). 30epiraHHs OAWHMII BH-
poOy Ha cKJaai MpoTAroM oaHoro micsus aopisuioe 0,5 y.o. lltpad om-
TOBOMY TIOKYIILIEBI 32 HEJOMOCTABKY OJIUHHIII BUPOOY JOPiBHIOE 2 Y.O.
CknacTu IUIaH MOCTavyaHHS TOTOBOI MPOMYKINi ONTOBOMY IMOKYIIIIEBI,
10 TaBaTUME 3MOTY MiHiMi3yéamu BUTPATH, 3B’ sI3aHI 3 TIPOESKTOM pealli-
3ar1il Ce30HHUX BHPOOIB MPOTATOM YOTHPHOX MICSIIIB.

Iro 3amady MoxHa chopMymoBaTH y TepMinax T3, SKio:

e myHKT nocradanss [ (i =1, 4) 3aMiHUTH Micayem supobHUYMEQ,

e myHKT ciokuBanus j ( J =1,4 ) 3aminuTH Micayem nocmauanns;
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e BenuuuHy 3amaciB «; (i =1, 4) 3aMiHUTH KiIBKICTIO 6U2OMOGNEeHUX
OJUHHUIL BUPOOY B i-My MICSIIIi;

e BemuuuHy notped by (= 1,_4) 3aMIHUTH KIUTBKICTIO GIONYyueHux
OJIMHUIIb BUPOOY B J-My MicCSIl;

®  3a ¢; BBAXATH 6umMpamu, Mo CTOCYIOThCS IOCTAYaHHS Y - My Micstii
(j=1, 4) OJIMHMIII BUPOOY, BHpoOIEHOI B i-My Micai (i =1, 4) SAKi
BU3HAYAIOTHCS HOPMYIIOI0

4, KO 1= J;

C::

ij =14+0,5(]-1), sxwo i< j;

4+2(i-j), sxmo i> j.
JBi iHmm knacuysi 3aaa4i JIO (3amauy mpo npusHauenHs i T3 3a

KPHUTEPIEM Yacy) pO3IIITHEMO B OKPEMHX maparpadax, OCKUIbKH JUIs iX-
HBOTO PO3B’SI3aHHS PO3POOIICHI CIIeiaIbHI METOIH.

4.8. 3agaya npo Npu3HAYEHHS

Hexaii MaemMo N pi3HUX POOIT, KOXKHY 3 SKHX MOKE BUKOHATH
Oyab-siKkuii 3 N poGitHuKiB. Bapricts Bukonanus i-oi (=1, N) po6oru

j-M (J =1, n) pobiTHUKOM [OPIBHIOE ¢;j TPOLIOBUX OAMHHUIL. HeoOxin-
HO npu3Ha4umu KOXKHOTO pOOITHUKA Ha KOHKPETHY pOOOTY TaK, M100 mi-
HiMI3yéamuy CyMapHy BapTicTh pOOiT.

Y IO 1mo 3amady Ha3WBaIOTh 3adaueio npo npusHayeHwHs. SIKIo

1, k110 j poOITHHK MpHU3HAYCHMIA HA POOOTY i;
BU3HAYATH Xjj = .
0, BIHINIMX BUIIAAKAX,

nn n n _
TO Maemo 13: z = z z Cijxij — min; z Xij =1, _inj =1;1, ] =1n.
i=1j=1 j=1 i=1
Teopema 4.6. OnTuManbHUR PO3B’SA30K 3a/adi MpPO NpPU3HAUCHHS HE
3MIHUTBCS, SIKIIO JIO BCIX ENEMEHTIB JIESIKOro psaka i/abo CTOBMIS Ma-
TPHIl BAPTOCTEH T01aTH KOHCTAHTY (200 BigHATH ii).
> Hexait p; 1 0j — KOHCTaHTH, SKi BiJHIMAIOTBCS BiJ] €JI€MEHTIB i-TO PsJI-
Ka Ta |-TO CTOBIIS MaTpUIl BapTocTeil ogHO49acHO. Toxi BapTiCTh ¢jj
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3MIHHUTBCA 1 JOPIBHIOBATHME ci’j = ¢;—p—0Q;. Jani npoaeMoHCTpyeMo,
110 3HavYeHHs (QyHKIii MeTH 3a KoeilieHTiB Ci’j BiZIpi3HAETBCSA BiX i1
3HAUEHHS 3a KOE(III€HTIB ¢;j HA AEAKY KOHCTAaHTY K

n n

nn nn n n
ZZ(Cij—pi—qJ‘)Xij=ZZCinij—Z Pi 2 xij = 2| 4 2% |=
j

i=1j-1 i=1j-1 i-l j=1 =\ im
nn n n nn n n
=2 2 Cjxij — 2P~ 2 0= X X Gjxjj — K, ne K= 3. p; + X qj.
i=1j-1 i1 j=1 0 ilj=1 i1 j=

OTxe, 3a JOBITBHOrO IOMYyCTHMOrO PO3B’si3ky X 3ajadi mpo
npusHaueHHs (y TiM 49ucai ¥ 3a ONTHMAIBHOTO), 3HAYEHHS (YHKIIi
METH BIPI3HSIOTHCS HA KOHCTAHTY (TOOTO HE 3aJIeXkAaTh BiJl X ). <

Skmo Maemo 1Bi 3ajadi Mpo MpHU3HAYEHHS 3 OJHIEIO 1 TIEHO XK
MHOXKHHOIO JIOIyCTUMHX PO3B’S3KiB, TO iXHI ONTHMaJIbHI PO3B’SI3KH
30iraTuMyThcst. MOKHA TIEPEKOHATHCS, 1110 aHAJIOTIYHY BJIACTUBICTh Ma€
i 3akputa T3 (dosedimb camocmiiino).

V 3agaui mpo npu3HaYeHHs 3MiHHA X;; MO>ke HaOyBaTH 3HaueHHs O
a6o 1, a Oymp-sSKHiA JOITYCTUMHUHN PO3B’ 30K MICTUTh TUTBKH N OXMHUITE.
OTox MOBUIBHUE IJIaH 3aJla4i PO MPHU3HAYCHHS Oyae eupoodsiceHum i
3aCTOCYBaHHS MeToAy moreHmianiB  HeedekrtuBHe. Cnenundiuni
BJIACTHUBOCTI 3aJ1adi PO MPU3HAYCHHS JAIA 3MOTY PO3POOHTH CIIEIiallb-
HU# MeTof ii po3B’sA3aHHS, BiTOMHUIL K yeopcbkuii memoo (METOM BIEp-
mre y 1931 porii 3anporonyBaB yropchbkuii Marematuk Erepsapi).

OcHOBHa iies YTOPCbKOTO METOAY IOJISTae y Mepexoil BiJ Mo-
4aTKoBOI MaTpuili Baprocteit C 1o ekBiBalieHTHOI Matpuii C* 3 He-
BiJl’€EMHMMH €IEMEHTAMH i CUCTEMOIO N nezanedxchux wynie (CyKyIHICTIO
HYJBOBHX €JCMCHTIB MATpHIl, 3 SKUX OJHHX JIBA HE HaJe)KaTh
OJTHOMY 1 TOMY X PSIIKY 200 OJJHOMY i TOMY K CTOBIILIO).

V 3amaui mpo MpH3HAYCHHS PO3B’S30K X Mae MICTUTH N OH-
HUIIb, 3 SIKUX YKOJTHI JIBI HE HAJIeXKATh OJTHOMY 1 TOMY XK paKy abo oaHO-
My i ToMy % cToBmmo. OTOX, AKIIO N OMHHUIL PO3B’A3Ky X po3Tary-
BaTH BIJMOBIHO JI0 PO3TAIIyBaHHS HE3ANE)HCHUX HYNi6, TO OTPHUMAEMO
donycmumuii po36’ 30K 3amadi mpo npusHadeHHs. 1leit po3B’ 130k ciyry-
BaTUME ONMUMALbHUM PO3B’I3KOM, OCKIJIBKH HOMY BIAOBIJaTHUME H)-
JIbO6e 3HAYCHHS (DYHKIIIT METH, SIKE HE MOYKHA JIaJli 3MCHIITUTH.
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Hacniook 4.3 (3 teopemu 4.6). BHacniiok 3acTOCYyBaHHS YTOPCHKOTO
METO/Ty OTPHMYEMO ONMUMALbHUG PO3B’ 30K X , VIS IKOTO CIIPABEIIH-
non n n
BE CHIBBIIHOWIEHHS Y. Y CjjXjj = > P; + 2 dj (dosedimb camocmiiino).
i=1j=1 i-1 j=1
ANTOPUTM YTOPCHKOTO METONy PO3B’S3yBaHHS 3ajadi mpo MpH3-
HAYEHHS CKJIAJa€ThC 3 NONnepeOnbo2o eTaiy 1 He Oinplie, Hix N — 2 ite-
patliif ocHogHo2o eTaty.
Tlonepeowniii eman CKIAIAETHCS 3 TAKUX TTOCIITOBHUX KPOKIB!
1. V¥V wmarpumi BapTocTeld Y KOKHOMY PSIIKY BH3HAYMTH HaiMEHIIy
BapTICTh 1 BIAHATH 11 Bifl YCIX €IEMEHTIB I[bOI'0 PSIIKA.
2. B orpumaHiii MaTpuii y KO)KHOMY CTOBII BU3HAUYUTH HaHMEHIIY
BapTICTh 1 BIHATH ii BiJ] YCIX €JIEMEHTIB I[LOTO CTOBIIIISL.
3. B oTpumaHiii MaTpuIli BUSHAYUTH CUCTEMY HE3AAEHCHUX HYIIG.

4. Slkmo cucrema He3ale)KHUX HYJIIB Mae N HyJiB, TO OTPUMAHO Onmu-
MmaneHuil po3sg’azok (po3TalryBaTd N OJWHHIE PO3B’SI3KY 3TiAHO 3
PO3TALIYBaHHAM HE3aIeHCHUX HYAIg). SIKIIO cHcTeMa He3aleKHUX
HYJIIB Ma€ MEHIIIe, HXK N HYJIIB, TO MEPEUTH 10 OCHOBHO20 €TaIly.

OcHosHull eman CKIANAETHCS 3 TAKUX MTOCTIIOBHUX KPOKIB:

1. B ocranHiif MaTpuLi IPOBECTH MIHIMATLHY KiTbKICMb TOPU3OHTAIIB-
HUX 1 BEPTHKAIGHUX JIHIN y pAaKax 1 CTOBMOISIX 3 THUM, II00 BU-
KPECIIUTH Y MaTPUI 8c¢i HYIII.

2. 3HalTH HauMeHwull HesuKpecieHull IEMEHT, 6iOHsmu WOTro Bin
YCIX HegukpecieHux €JIEMEHTIB 1 dodamu J0 SJIEMEHTIB, SKi CTOSThH
Ha nepemumi npsIMux.

3. B oTpumaHiii MaTpuUIli BUSHAYUTH CUCTEMY HE3AAEHCHUX HYILG.

4. Skmo cucteMa He3aJleKHUX HYJIB MICTHUTH N HYJIB, TO OTPUMAaHO
onmumanvHutl po3e’szox (po3ranryBaTd N OJUHUIG PO3B’I3KY 3Tij-
HO 3 PO3TAIlyBaHHSIM HE3AJICKHHUX HYJIIB). SIKIIIO CHCTEMa He3aJeK-
HUX HYJIB MICTUTh MEHIIIE, HIX N HYJIIiB, TO MepeiTn 10 1-ro KPoKy.

KopekTHicTh anroputMy yropchbKoro MeETOJy MOKHA JIOBECTH,

BHXOJSTYM 3 TEOpeM MBOICTOCTi. 3 HacHiaky 4.3 BUIUIMBaE, MO Cyma

n n
2P+ 2 qj € dyHKuieto MeTH 1BOICTOI 3a1a4i.
i-1  j=1
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Ilpuknao 4.10. Po3r’s13aTu 3a7auy npo MpHU3HAYCHHS, Ky 33JaHO Ma-

15 10 9
tpureto Baptocti C=| 9 15 10| » Minimymu psaakis: p;=9, p,=9,
10 12 8
6 1 0
ps=8: C'=|0 6 1| Minimymun croBmiiB: =0, =1, (3=0:
2 40
6 00 6 0* O
C"=|0 5 1 :C*=|0* 5 1 Z>X12=1;X21=1;X33=1. <
2 30 2 3 0%

Bapricts pobit 10+9+8 = (9+9+8) + (0+1+0) = 27 (y.o0.).

Ilpuknao 4.11. Po3B’s13aTu 3aady mpo MPHU3HAYCHHS, SKY 3a7aHO Ma-

5 6 7 1
. 10 4 7 .. .
Tpuriero Baprocti C = £ 3 5l » Minimymu psiakie: p1=1, p,=4,
12 5 9 8
4 56 0
6 0 2 3 . .
p3=3, ps=5: C' = . Minimymu crosmmiB: ;=4, ,=0, 03=0,
52 0 2
7 0 4 3
0 560 0* 5 6 0
, |2 0 2 3 2 0* 2 3
0,=0: ("= ;7 C*= —  cHucTeMma
1 2 0 2 1 2 0* 2
3 0 4 3 3 0 4 3

He3aJeKHUX HyJiB Mae 3 Hyi (Mae OyTu 4 Hyi).
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0560
5 2 0 2 3
Ocnosnuii eman. C" = 1 5 0 2f Haiimenmii HeBUKpeCIeHuit ere-
3 04 3
0 76 0 0O 7 6 O0*
. .. (00 01 0* 0 0 1
MEHT A0piBHIOE 2, Toni C" = ; C*=
1 4 0 2 1 0*
1021 1 0* 2

= X4 =1 X921 =1 X33 =1 X42 =1.
Bapricts pobit 1+10+3+5 = (1+4+3+5) + (4)+ (2) = 19 (y.0.). <

Ha mpakTumi TparoisiroThCsl 3afjadi Mpo TPU3HAYECHHA, Y SKHX

3a]aH0 BeMuKHy e(eKTMBHOCTI BUKOHaHHs i-0i (1 =1, N) poGortu j-m

(J=1 n) pobiraukom. Y 1bOMy BHUIAAKy HEOOXiJHO BU3HAUMTU MAK-
cumym UNbOBOT QyHKIi. ExBiBaJeHTHY 10 Hel 3a1ady MiHiMi3arlii
nn
Z= z z (—Cij)Xij — min (419)
i=1j=1
(hopMabHO HE MOXXHA BBaKaTH 337adeio MPO MPHU3HAYEHHS, OCKIIBKH

koedirieHTn ii k0RO QyHKIT € Bix eMHuMH. {10 HEBIAOBIAHICTH
MOJKHA TTO10J1aTH, 3aMiuforoun (4.19) exBiBaIIEHTHOO 331a4€i0

nn
z= 3% % (=cjj)%j — min,
i=1j=1

y SIKI’ Ci'j = Cjj — Maxcjj, iz]ﬁ, OCKUJIBKH TOJI1 —Ci’j >0.

d

4.9. TpaHncnopTHa 3a7a4a 3a KpUTEPieM yacy

V nesxux T3 3a kpurepiit 6epyTh uac tjj nepeBe3eHHs OJHOPIAHUX
BaHTaXIB Bix i-ro myHkTy mocradanHs (i=1,m) mo j-ro (j=1,n)
MYHKTY CHOXHMBaHHS (IIepeBe3eHHS CBDKHMX IMPOAYKTIB, €BAKyaIlisl JIrO-
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Jel Toro). 3amava Moisrae y BH3HAYCHHI TAKOTO TUIAHY TEPEBE3CHb
||Xijl[mn, 32 SIKMM 6ech BaHTa)k Oyjae IOCTAaBICHO CIIOKHMBAYAM y HAUKO-
pomuuil mepmin 3rigHo 3 ymoBamu (4.2) — (4.5).

PosrnsineMo mocraHoBKy 3anaui oemanvuiuie. Cepell 3Ha4YeHb tj
BHOKPEMHUMO HaiOibmIe (MO3HAYMMO lna). BenmmumHa iy, BHU3HaYae
qac, MPOTATOM SIKOTO GUKOHAECMbCS TIOTOYHUN TUIAH HepeBe3eHb ||Xij||mn.
Heo0xinHO BU3HAUNTH TaKWii TUIaH, MO0 tmax OYI0 Hatlmerwum.

ITouaTkoBwuii onopHuii ran T3 3HAXOAUMO OJHHUM 3 BiJOMHUX Me-
TOiB (MMBHIYHO-3aXiTHOTO KyTa, MIHIMAIBHOTO eneMeHTa ToIo). Hexaii
krituaka (K, |) mporo mmaHy MicTHTB OodamHe TEPEBE3CHHS, IO
BUMarae raubinbuio2o yacy (mosHauumo ty = T).

[MounHar4M 3 OMOPHOTO MJIaHy, OyIyBaTUMEMO HACTYIHI IJIaHH,
BH3HAYAIOYH Ha KOXHIH iTeparlii MoCITHyTe 3HaUYeHHS 1. YCi 8inbHi KITi-
THHKH, SIKUM BiANOBiIal0Th 3Ha4eHHs tj; > T, 3aBaHTa)KyBaTH HEIOLiNb-
HO, OCKLJIBKH II¢ 30UThIIHATE T. OTOX, BUKPECTIOIOYH IIi KIIITHHKU, BUITY-
4aeMo X 3 MOJATIBIIOr0 PO3TIISIY.

VY tabnuui, mo 3anumminacs, Tpeda Buwryuntu KutueKy (K, 1). 3
LIEI0 METOI MOOYAYEMO PO36AHMANCYSANbHUL TUKI, SKUHA CKJIaJaTH-
MeTbhCs 3 0a3MCHHX 1 BITBHUX KOMIpOK. Bin’eMHMI TiBIAHITIONKOK Y TIO-
yrHaeThes 3 KITHHKY (K, 1). Pemira KIITHHOK 1[bOTO MiBIAHIIOKKA — Oa-
sucui xnituaky (i, j). Y gogaTHUI MiBIAHIOKOK Y MOXKYTh BXOJUTH K
0a3ucHI, TaK 1 BUIbHI KIITHHKH. SIKIO JIAHIFOKOK Y BIAIOCS MO0y MyBa-
TH, TO 3aCTOCOBY€eMO hopmyy (4.18).

Skmo 6 = Xy , To kmiturka (K, I) ninkoBUTO 3BiNBHAETHCS 1 B 11O-
JaNbIIOMy HE PO3IJISIAeThCs (3aKpecioeTses). SKmo xk 0 < Xy, TO
BAHTAX Y Wil KIITHHII 3MEHIIYETBCS: Xi| = X — 6. Y 1boMy BHIIagKy
OyIyBaTUMEMO HOBHI PO3BaHTaKyBAJIbHUH IUKI JIOTH, JOKH HE OTPH-
maemo Xy =0. Ha iipomy ozHa itepamis 3akiHdyeThes. Jlani 3HOBY BU3-
HagaTUMEMO HOBeE 3HadeHHs 1" < T, 3aKpeCiIfOl0YN KIIITHHKH 31 3HAYCH-
Hsmu t; > 7. TIpooBxkyBaTHUMEMO 1i€if Ipolec 10TH, JOKU Ha JesKi iTe-
partii Bke HEMOXKIUBO Oyzae moOyayBaTH JaHIIOKOK Y. Ile o3HagaTnMme,
1110 JIOCSTHYTO ONTHMAJIbHOTO 3HAYCHHSI.

Ilpuknao 4.12. Po3B’s13aTH TPaHCHIOPTHY 3ajJadyy 3a KPUTEPIEM dYacy,
3HAIOUU 11 ONOpHUIL 1maH. JloMOBUMOCS 3HAYEHHS Lmay TT1IKPECITIOBATH.
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JochimkeHHs omrepariit

b; 5 15 15 15
d
21 | - 2 20 | + 11
15 15 0
12 7 9| - 20
25 + 15 10
4 14 16 18
10 5 5
JIaHII0KOK Y BAajocs mobymyBaTu. 3actocoByemo (opmyiy (4.18).
b; 5 15 15 15
<]
- 2 + 11
15 5 10
12 | + 7| - 9 20
25 10 15
4 14 | + 16 | — 18
10 5 5
JIaHII0KOK Y BAajocs mobymyBatu. 3actocoByemo (opmyiy (4.18).
b; 5 15 15 15
d
2 11
15 15
12 | - 7|+ 9
25 15 10
4+ 14 | - 16 18
10 5 5
JIaHIr03K0K Yy BHajocs mobymyBatu. 3actocoByeMo (popmyiy (4.18).
b; 5 15 15 15
4
2 11
15 15
12 7 9
25 10 15
4 14 16
10 5 5

JlanH1I0KOK Y MO0y IyBaTH He Baajocs. [lman onTuMansHAH.
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? 3anuTaHHd IJ8 caMonepeBipKu

ROo~Nog~WNE

NNNNNNNNNRPRPRPERRRERRPRERE
NOUIARRNPROOINDIEWNEO

28.
|

Hagenits 3microBHe GopmyroBanus T3.

Hagenits hopmansHy nocraHoBky T3.

ITo € ocHOBHUMH 0OMexeHHSIMH T37?

o Take ymoBa OanaHcy?

Jaiite o3HaueHHs Bigkputoi T3.

Jaiite o3HaueHHs 3akpuroi T3.

Sk 3Bectu 3akputy T3 1o Binkpuroi T3?

HageniTh 0ocHOBHI BiacTHBOCTI 3akpuToi T3.

Coopmyitioiite TeopeMy Mpo paHT MAaTPUIl OCHOBHUX 0OMexeHb T3.

. JloBemiTh TeopeMy Mpo PaHT MATPHUIli OCHOBHUX OOMEkeHb T3.

Coopmyitoiite 1 1oBeiTH HEOOXiIHY YMOBY iCHYBaHHS po3B’si3kiB T3.
CdopmyiioiiTe 1 1OBeAiTH JOCTATHIO YMOBY iICHYBaHHS po3B’s3kiB T3.
o take onopHuit mian T3? 1o Take BupomxeHuit/HeBupomxenuii OI17?

. JlafiTe 03HaYEHHS JIAaHITIO)KKA KITITHHOK. [1lo Take 1uk?

OnuiriTe anropuT™M METOAY BUKPECITIOBAHHS.
CdopmymroiiTe i goBeniTh He0OXiaHY yMOBY icHyBaHHS OII.
CdopmymroiiTe i goBemiTh AocTaTHIO YMOBY icHyBaHHs OIl.
1o Take 6a3uc OIOPHOTO IIaHy?

. SIk mojionaTi BUPOPKEHICTh OIIOPHOTO IJIaHy?

OnuuriTe aJropuT™M METOly MIBHIYHO-3aXiTHOTO KyTa mo0yosu OIT.
Onuurite aJropuTM METOLy MiHIMaJIbHOTO eneMenTa nmooynosu OIl.
Onunrites anroputM Metoxy Dorenst nodymosu OIL.

Coopmyiioiite 1 1OBeiTH TEOPEMY TIPO ONTUMAIBHICTH TuTaHy T3.
OnumIiTe aJropyuTM IMOIEPETHHOT0 KPOKY METO/1y MOTEHIIialiB.
OnumIiTe aJropuT™M OCHOBHOT'O KPOKY METOY IOTEHIIIaIB.

. Hagenits ¢opManbHy IMOCTaHOBKY 33/1a4i IPO PU3HAYCHHS.

OnuiriTe anropuT™M YTOPCHKOTO METOY PO3B’S3YBaHHA 33a[adi Mpo TPHU3-
HaYeHHS.
OnuiriTe anropuT™ po3B’si3yBaHHA T3 3a KpUTEpieM dacy.

3aBaaHHs IS CAMOCTIiHHOI podoTH

3apnanns 4.1. Tpu potu, mo maroth a; (1 =1, 3) conpar, po3mMiHOBYIOTh 4OTH-

pu

MiHHI IOJIL, UL 4Oro HEOoOXiJHO BHIINMTH, BiIMOBITHO, D (j=14)

conpar. 3amaHo marpuio C, y sKiif ¢jj— KilbKiCTh MiH i-TO TIOJA, IO MOXeE
PO3MiHYBaTH CONIAT j-01 POTH 3a 3MiHy. HeoOXiHO PO3MOAIIMTH COJIAT TaK,
1100 3a 3MiHy BOHM PO3MiHyBaJI MAaKCUMAJIHO MOXKJIMBY KiJIbKICTh MiH.
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JochimkeHHs omrepariit

1.Cc=

3.C=

5.C=

7.C=

9.C=

© N 00 © OO © M OO O N © 0O © O o
~N © A OO N NOO N © 00 oM~ O
gl 0 N 00 U1l Ol © N 0 0 o N~ M~ 00 ©
o o o U N o1 ook~ OO N N O

11.Cc=

13.Cc =

15.Cc =

A O © A OO N © O
~N O N N o N © o o
© N 00 © N 0o o 0o b

3aaanns 4.2.

. 7465)
. b'=(3632 2418), bT —(28; 15; 37; 20),
;T _ 2.c{7568[ 1

al =(20, 35 55). 047 4] @ =35 25 40).

- 6968) 7

. bl =(14 26,16, 34), b1 =(30; 18: 40; 22),
T a.c={5987f L "

al =(30 40, 20). 546 8 =(25 35 50)

- 4566) 7

b'=(32 24 28 16), b1 =(20; 22; 18; 30),
;1 _ 6.C=|67 409 T

al =(30; 25, 45). 26 g4/ @ =(4515 30)

- 65409) 1

b =(15 35 21, 24), b7 =(60; 25; 30; 15),
;T 8.C=|4675]| T

al =(40, 30, 25). 84096 —(35; 40; 55).

b =(2215 23 30 7695 bT 30: 14; 26; 20),

al =(25 30, 35). 4359 " &l =(20; 45; 25).
") 5T =30, 18 40 22 6968 o1 14061634
9;7T‘(’ 40, 22), 12.C=5987;7T_(’ 16, 34),
5 | @' =(253550). 546 ) 3 =@04020).
) BT —(20: 22 18: 20 45663 o1 32040816
5;7T_(’ + 18; 30), 14.c:6749;7T_(2’&)’
5 | &' =(45;15; 30). g4 @ =(302549.
M) BT —(20; 22: 18: 20 4560 BT 3040816
5;7T‘(' + 18, 30), 16.C=6749;7T_(2’a)’
5 | & =(45:15; 30). g4 @ =(302549.

Po3B’s13aTH TPAaHCIIOPTHY 3ajady 3a kpumepiem yacy. YMOBH
3aj1a4 HeoOXiHO BHOUpATH i3 3aBianHHs 2.1, BBAXKAIOYM d BEKTOPOM 3aIlacis, a

b — BexTopoM notpe6. 3agana Matpuus C MICTUTh Yac tjj mepeBe3eHHs OJHO-

pinHuX BaHTaxiB Bin i-ro myHkry moctadanns (i=1,3) no jro (j=1 4)

IIYHKTY CITOKWUBaHHA.

3aBnanns 4.3. Po3p’s3aru 3aady mpo TMpU3HAUCHHS, SKY 3a7aHO MATPHUIICIO
BaptocTi C. Matpumio C HeoOXigHO BHOMpaTH i3 3aBmaHHS 4.1, Bigknmaroun
[IPY IIbOMY OCTaHHIi CTOBMEIb.
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