Beryn. TeopeTuyHi OCHOBH XOCJIiIsKeHHSI onepanin

1.1. TocaigskeHHsI onepaniid AK HAYKa Ta MUCTETBO

OcHOBHa MeTa MOPOILIECY MOCTIPKEHHS Omepalliil moJisirae B TOMY,
100 BHUSBUTH BUTIIHMM (ONTUMAIbLHUM) CIMOCIO 11 Mpy poO3B’sI3aHHI Ti€l
4M 1HIIOL 3a/1a4l OPraHi3aliiiHOro KepyBaHHsS B YMOBaX, MPHU SIKUX MarOTh
Miciie  OOMEXKEHHsS BIJHOCHO TEXHIKO-€KOHOMIYHHUX XapaKTEPHUCTHK 1
nedinuty pecypcHoi 0a3u. BHKOpUCTaHHS TEpMiHY JOCIHIIKCHHS
oriepariii 3aBxIu 3YMOBJIIOE€ 3aCTOCYBAHHS MaTEeMaTHYHHX METOMIB IS
MOJICJIIOBaHHS ~ MPOIECIB  €KOHOMIYHMX CHCTEM 1 aHamzy  ix
(GYHKI[IOHAJIbBHUX XapaKTepUCTUK. ToMy MareMaTH4yHI METOAU W Mojei
3aliMaroTh y JOCIKEHHX onepalliid neHTpaibHe Mmicue. [Ipore ciig matu
Ha yBa3l, 10 PO3B’SA3aHHS 3aJlad OPraHi3allifHOTO KEepPYBaHHS HE 3aBXKIU
3BOAUTHCS 710 MOOYA0BM MOJENEH 1 BUKOHAHHS BiJMIOBIIHUX PO3PaxXyHKIB.
Ile BUKIMKAHO THM, IO IIiJT Yac (I)OpMyBaHHﬂ Kepylomx plLHeHB JacoMm
3yCTpIYalOThCS 3 UMHHUKAMH, SIKI JJIs  BIPOTITHOCTI  PO3B’S3KY
MOCTaBJIEHOT 3aJayl € CyTTEBUMH, aje He NIIJAI0ThCs CTPOrii
MaTeMaTH4Hiil ¢opmaimizauii Ta, 4K HACIIJOK, HE MOXYTb OyTH
Oe3rocepeHLO BKJIIOUYCHHMMH Y MaTeMaTH4Hy Mojenb. Jlo Takux
YUHHHMKIB MOKHA BiJTHECTH JIFOJCHKUN (PaKTop.

[lin omepaiisiMiu  pO3YMIIOTh OyJIb-SIKMI  KEpOBaHUW  3axij,
CIPSIMOBaHMI Ha JOCSITHEHHS IOCTaBlieHOI MeTHh. PesynbTaT omepariii
3QJICKUTh BI1J METOJIB 1i NMPOBEACHHA Ta BMUIOI oOprasizailii, ToOTO
BUOOPY MESIKHUX XapaKTePUCTUYHUX IMapaMeTPiB CHUCTEMH. bByab-skuit
BU3HAYEHUN BHOIp MapaMeTpiB HA3UBAETHCA PO3B’sI3KOM. ONTUMATBHUMU
PaxyroThCs T1 PO3B’SI3KHU, SIK1 32 IEBHUMHU KPUTEPISIMHU MEPEBaKAOThH 1HIIII.
TomMy OCHOBHOIO 33J]a4€l0 JIOCIIJPKEHHS omnepaliid € IonepeHe KUIbKICHE
OOrpYHTYBaHHSI ONTUMAJILHUX PO3B’A3KIB.

JlocmimpkeHHsT omepaliiii SK I€BUH 1HCTPYMEHT PO3B’SI3Ky 3aaad
OpraHi3aliiiHOro KepyBaHHS MOXKHA PO3TJISAaTH 13 JBOX MO3UIINH — SK
HayKy 1 sIK MUCTeNTBO. CripaBeIMBICTh TBEPAKCHHS BITHOCHO HAYKOBOTO
nigxony 10 (opMyBaHHS KEPYIOUMX PIlIEHb BUIUIMBAE 3 Ti€i OOCTaBUHH,
10 MIPY BUPILICHH] ICHYIOUUX OpOOJeM JOCUThH BJAJI0 BUKOPUCTOBYIOTHCS
MaTeMaTUYHI METOAM Ta MOJeli. ¥ TOH K€ Yac JOCIIKCHHS oIeparrii
MOXHa PO3MJISJATH 1 SK MHUCTEITBO, OCKUIBKM SIKICHE BUKOHAHHS
KOMIUIEKCY €TamiB JOCHIUKEHHS — BiJ MOro mo4aTky 10 peami3arii
PO3B’ 53Ky, OTPUMAHOTO 3 JOIMOMOTI'0O0 MOOY/I0BaHOI MO, - Y 3HA4YHIN
MIp1 BUBHAYAETHCS TBOPUYUMHU 3J10HOCTSIMHU Ta IHTYILI€I0 JoCcHiaHuKa. OCh



YOMY JIOCIAHUK MTOBUHEH BM1JIO BUKOPHUCTOBYBAaTH MaTeMaTHYHUI arapar
1 OJIHOYACHO BOJIOJITA TEBHUMHM HAaBUYKAMHU E€BPUCTUYHOIO aHAI3Y
peabHOI CUTYyaIlii.

Ax 0Gaunmo, B JAOCIIJKEHHI OMEpalii rojoBHA pOJib HAJIEKUTh
MaTeMaTHYHOMY MOJIeToBaHHI0. JIJis 1oOya0BM MaTeMaTUYHO! MOJEi
HEOOXITHO MaTH CTPOTe YSABJICHHS BiAHOCHO METH (PYHKIIIOHYBaHHS
JTOCHIIHKYIOU0T CUCTEMH 1 BOJIOAITA 1HQOpMAIIEI0 MPO OOMEXKEHHS, 110
BU3HAYAIOTh 00JIACTH JIOMYCTUMUX 3HAUYCHb KEPOBAHUX 3MIHHMX. MeTa Ta
oOMeXeHHs TIOBUHHI OyTH TIpeACTaBji€HI y BHUIIAAl GYHKIINA Bij
KepoBaHUX 3MiHHUX. [IpoBeieHni €EKOHOMIKO-MaTEMaTUHYHUN PO3PaXyHOK
Ma€ MPUBECTU 10 BU3HAYECHHS ONTUMAIbHOI CTpaTerii BIUIUBY Ha 00 €KT
KEpyBaHHS 32 YMOBU BUKOHAHHSI MHOXUHU PUIHATUX OOMEXEHb.

CkiaHICTh 1 BEJIMKAa PO3MIPHICTh CHCTEM, 30KpeMa COlliajabHO-
CKOHOMIYHUX, MOXE NyXe€ YCKJIQJHUTH MPOIEC BiAOOpaKEHHSI METU Ta
oOMeXeHb y aHaJIITUYHOMY BHUIJIAAl. TOMy BHHHMKAaE HEOOXITHICTH ¥
OPOBEACHHI MPOLEAYpPH 3MEHIIEHHS pealbHOI PO3MIPHOCTI 3aaadl 10
TaKMX MEX, sSKI O 13 JIOCTaTHHOIO CTCIEHIO TOYHOCTI aJeKBAaTHO
B1100pa3miM peaiabHy AIMCHICTh. He TUBIAYNCH HA BEIUKE YHCIIO 3MIHHUX
1 oOMeXeHb, fIKI Ha TEepIIMd TOTJIAA CJ1J BpaxOBYyBaTH MpU aHami3l
peabHUX CUTYaIli, JIIIIE HEBEJHMKA iX YaCTHUHA BUSBISETHCA CYTTEBOIO
JUISL OTNKCY TMOBEIIHKK JOCTIKYIOUMX CHUCTeM. ToMy NIpu BHKOHaHHI
MPOLIEAYPH CIPOIIEHHS OMHUCY pealbHUX CHUCTEM, Ha OCHOBI sIKOi Oyne
noOy/I0BaHa Ta 4Yd 1HIIA MOJIEIb, HacaMIiepe]l HEOOX1THO 11eHTU(IKYBaTH
JIOMIHYIOY1 3MiHHI, MTapaMeTPpy Ta OOMEKECHHS.

CxematnyHe 300pake€HHsS PIiBHIB aOCTpakilii, sKI BIJMOBIJAIOTh
IpoIeAypl MPOIECY TEPEXOoay BIJ CHUCTEMH-OPHUTIHANY A0 ii MOZE,
npeacTapieHe Ha puc. 1.1. [Ipoobpa3 peanbHOI CUCTEMH BiIPI3HIETHCS BiJT
CUCTEMU-OPUTIHATY THUM, 1[0 B HbOMY 3HAXOJSATh BIJOOPaXEHHS TIJIbKU
JOMIHYIOUYl YMHHUKH (3MiHHI, TapaMeTpu i 0OMEXEeHHS ), K1 BU3HAYAIOTh
reHepajbHy CTPATETi0 MOBEIIHKK pealibHOI cucTeMu. Mojenb, Oyayud y
noAaJbIIOMy MPOOOpa3OoM pPeadbHOI CUCTEMH, TMPEACTABIsAE COOOIO
HAaWOUIBII CYTTEBI JJIS OINHUCY CHUCTEMHU CINIBBIIHOMICHHS Yy BHUTJISAIL
1JIb0BO1 (DYHKIIIT T4 CYKYITHOCTI O0OMEKEHb.

[Ipu po3B’si3aHHI KOHKPETHHUX MPHUKIATHUX 3a7a4 KEpyBaHHS
BUKOPHUCTAHHS METO/IIB JOCIKCHHS OIepaIiii pUITyCKae:

- ToOyJIOBY €KOHOMIKO-MaT€MaTHUYHUX MOJeleld misg  3ajaad

OPUUHSTTS PIIICHb y CKIAJHUX CUTYyalllsiX ad00 B yMOBaX PU3UKY
Ta HEBU3HAYCHOCTI;



- BUBYCHHS B3a€MO3B’SI3KIB 1 3aJI€KHOCTEH, fKI B MaillOyTHbOMY
MOCTY>KaTh OCHOBOIO MPUUHSATTSA BUTIJHUX PIIICHb 1 BUPOOJICHHS
KpUTEPiiB €hEeKTUBHOCTI, fAKI JIalOThb MOXJIMBICTh OIlIHUTH
nepeBary TOro 4 1HIIOTO CIIEHApil0 PO3BUTKY.

PeanbHa cucrema

Moaean

IIpooopa3
peajibHOI cuCTeMU

Puc. 1.1. AGctpakTHe 300paskeHHS PIBHIB CUCTEMHU.

MoxHa ckaszaTy, 110 JOCIKEHHS OIepalliii — MaTeMaTu4Ha Teopis
BUKOPUCTAHHS KUIbKICHUX METOIB aHaji3y B MPOIeCl IPUUHATTS PIllICHb
y PI3HUX Taly3siX MLUIECTPIMOBAHOT isUIbHOCTI. OCHOBHUM METOJIOM
TeOopli JOCHIIKEHHS omepaliii € MeToJ MaTeMaTUYHOTO MOJICIIOBAHHS B
TICHOMY TIO€IHaHHI 3 BUKOPHUCTaHHSAM MPOTPAMHHUX MPOAYKTIB 1 3aC001B
KOMII IOTEPHOI TEXHIKH.

1.1.11oHsATTSa MO€JIi TA MOJACJTIOBAHHSA

Y PpUHKOBHUX YMOBax TOCHOJApPIOBaHHS METOAM JOCHIIKEHHS
onepariii
CTalOTh BAXJIMBUM IHCTPYMEHTOM JUIsi OTPUMAHHS OUIBII TIMOOKHUX 1
MOBHHMX 3HAHb PO KIJIBKICHI Ta SIKICHI CTOPOHU €KOHOMIYHOTO MEXaHI3My
THX YU 1HIIUX MPOLECIB 1 ABUILI.

Meron “npo6 1 MOMUJIOK” y Halll JHI HENPUIATHUM, TyKEe Malo
yacy 3allUIIA€ThCA I “mpo0” 1 JOCUTh JOPOTUMH MOXYTh OyTH
MOMUJIKK. Y PUHKOBUX YMOBAaX HE MOBUHHO OyTH MICIl CBaBUILHUM, TaK
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3BaHUM “BOJILOBUM™~ pimieHHsAM. CrTpaTeriuydi pilieHHS HeoO0X1IHO
npuiiMaTd HE I1HTYITMBHO, a Ha MIJCTaBl BCEOIYHOTO CTATUCTUYHOTO
aHai3y Ta MaTEMaTUYHUX PO3paxyHKiB. | He BUIAaJKOBO, came B Hall yac,
BIJI3HAYAETHCS AKTHUBHUU PICT BUKOPUCTAHHS MAaTEMAaTUYHUX METOMIB B
MaKpo- Ta MIKPOEKOHOMIYHUX JOCHIJKEHHSIX. 3aMICTh TOro, 100
“mpoOyBaTl 1 MOMUWJISATUCS Ha peATbHUX 00’€KTaX, aHAIITHUKH JTal0Th
nepeBary poOUTH 1€ 3 JIOMOMOTOI0 €KOHOMIKO-MAaTeMaTUYHUX MOJIEIIEH.
[ToOynoBa Takux MOACICH € OMHIEI0 3 HAWBAXIUBIIINX 3a7a4 MPUKIATHOT
MaTEMAaTHKHU.

BHYTpIIIHBOIO ~ XapaKTEPUCTUKOK  PallOHAIBHOIO  KEPYyBaHHS
rOCIOIAPCHKOT0 KOMILUIEKCY Ta HOTO CKJIAJIOBUX € ONTHUMAJIbHICThH, TOOTO
BUOIp 13 MHOXHHHU BCEMOXJIMBHX BaplaHTIB €KOHOMIYHOTO PO3BHUTKY
TaKOr0, IKUM J1a€ MOKJIMBICTh Haille()eKTUBHIIIE BUKOPUCTOBYBATH HasABHI
BUPOOHNYI Ta (PIHAHCOBI PECYPCH.

3 TOYKM 30py ONTUMAJbLHOIO IUIAaHYBAaHHS Ta KepyBaHHS,
HOIAIPUEMCTBO a00 CTPYKTYPHHI HIAPO3ALT PO3TISIAETHCA SIK CUCTEMA, B
SKIM KOMIUIEKCHO  B1IOOpa)Kae€ThCsl TEXHOJIOTIYHUM, €KOHOMIYHHUM Ta
OpraHizamiiHuil B3a€MO3B’S30K KEPOBAHOrO 00’€KTa, a TaKoX MOro
CKJIQJJOBUX.

OnTuMalibH1 TUIAaHKW BUPOOHUYUX Ta TOCHOJAPCHKUX CTPYKTYP
MOBUHHI 3a0€3MeuyBaTh OATaHCOBUM B3a€MO3B’ 30K 3aBAaHb JJI BUITYCKY
OpOAYKII 3 BUPOOHMYMMU Ta (PIHAHCOBUMHU pecypcamu, sKi € B
HasBHOCTI. Jlpyra 3amada ONTUMaNbHOTO IUIAaHYBaHHS — e(eKTUBHE
BUKOPUCTAHHS BUPOOHWYUX Ta (DIHAHCOBHX PECYpCiB MpH JOTPUMaHHI
ONTUMAJIBHUX CTPYKTYPHHUX MPOTIOPITIH.

KoHienirisi onTuManbHOTO KEPYBaHHS HAPOJHUM TOCIIOAApPCTBOM Ta
fioro ramy3sMu Oepe CBifi MOYATOK B HAyKOBHX Mpallsix akanaemikiB JI.B.
Kanroposuua, B.B. HoBoxunoBa, B.C. HemuuHoBa Ta iH. 3a BHUCJIOBOM
JI.B. KanTopoBrnua, onTUMaibHUN PO3PAXYHOK — 1€ TPETS KOMIIOHEHTA,
AKa Ja€ MOXJIMBICTb OTPUMATHU JOJATKOBUNM €(EeKT mpu THUX CaMHX
pecypcax, aje 3a KOpOTKHM yac. TakuM 4WHOM, ONTUMAJIbHUM — 1€ TaAKUH
IiaH, KU 3a0e3nedyye BUKOHAHHS JaHOI BUPOOHWYOI MporpaMu MpHU
MIHIMQJIbHUX BHUPOOHMYMX BHUTpaTax ab0 MaKCUMaJIbHUN BUPOOHWUYMI
edeKT npu 3a7aHOMy 00Cs31 pecypciB.

3 oNnTUMaJIbHUM IIJITAHOM O€3MOCEepeIHbO OB’ S3aHE TOHATTS
€KOHOMIKO-MAaTEMATUYHOT MOJIENI, aKa MIPEJICTaBIISIE c00010
KOHIICHTPOBAHUI BUpPa3 ICHYIOUMX B3a€EMO3B’SI3KIB 1 3aKOHOMIPHOCTEH
nporiecy GyHKIIIOHYBaHHS €KOHOMIYHOI CHCTEMH B MaTeMaTH4YHIN (opmi.
Jlanuii BuUpa3 CKJIAAAETbCA 13 CYKYNHOCTI TIOB’SI3aHUX MIXK COOOIO
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MaTEMATUYHUX 3aJI€KHOCTEH y BUIJIAAL (POpMYJ, piBHSAHb, HEPIBHOCTEH,
JOTIYHUX YMOB Ta (HaKTOPHUX BEJIMYMH, BCi a00 4YaCTMHA SIKUX Mae
€KOHOMIYHUI 3MICT. 32 CBOIM MPU3HAUYCHHSIM B €KOHOMIKO-MaTEeMaTUYHUX
Mojensax 11 ¢GakTopu JOUUIBHO TMOJUIMTH Ha MapamMeTpu Ta
xapakrepuctuku (puc. 1.2.). Ilpu upomy mnapamerpamu 00’ €KTa
Ha3uBalOTh  (HAKTOPH, SKI XapaKTEPHU3YIOTh BJIACTHUBOCTI 00’e€kTa abo
CKJIaJIOBUX MOro ejaeMeHTiB. Y mpoleci JOCHIIKEHHS 00 €KTa psij
napamMeTpiB MOK€ 3MIHIOBATHUCS, TOMY iX Ha3WBaIOTh 3MIHHMMH, SIKI B
CBOIO Uepry IMOJIISIOTHECS Ha 3MIHHI CTaHy Ta 3MiHHI KepyBaHHA. Sk
paBUJI0, 3MIHHI CTaHy 00’ €KTa SBISAIOTHCA (PYHKIIE€I0 3MIHHUX KEPYBaHHS
Ta il 30BHINIHBROTO CEPEOBUINA. XapaKTePUCTHKAMHU  (BUXIJIHUMU
XapaKTepPUCTUKAMU) HA3UBAIOThCA  Oe3mocepe/iHi KIHIIEBI pe3ysibTaTu
¢yHKIIOHYBaHHsI 00’e€KTa (3pO3yMUIO, IO BXIJHI XapaKTEPUCTUKHU
SBJISIIOTHCS 3MIHHUMU CTaHiB). BiIMOBIIHO XapaKTEPUCTUKHU 30BHIITHBOTO
CEpEeIOBUINA OMUCYIOTh HOTO BJIACTUBOCTI, SIKI BIUIMBAIOTh Ha MPOLEC Ta
pe3ysbTaT (YHKIIOHYBaHHS 00’e€kTa. 3HA4YeHHs psay (akTopiB, SKI
BU3HAYAIOTh MMOYATKOBHM CTaH 00’€kTa ab0 30BHINIHHOTO CEPEIOBHIIA,
HA3UBAIOTHCS MOYATKOBUMH YMOBaMHU.

Monens
00’exTa
po T :
1 1
1 1 . .
.. R | R Buxinui
Buxiagi > . >
4 o ! y XapaKTePUCTUKU
XapaKTepUCTUKH _ _ _ »  3MiHHI : > 5
30BHIIIHBOTO — 1 ] — i ' > 00 €rra
i | 1 CTaH1B :
cepeloBuma i ™ : >
! | | |
: q | I_A__Ai ________ ]k__ﬂ_l
ta |
: I
T
PR
: |
Q) .
! S I B A !
! I 3MiHHI1 |
: bl .
L [ |
i1 MOBH oo .
i Yy o K€PYBaHH:
! |

Puc. 1.2. Knacudikauis gaktopis 3a iX MICIIEM B €KOHOMIKO-
MaTeMaTUYHUX MOJEIAX.

12



MogentoBaHHsT — Mpoliec MOOYAOBU MOJIEN, 3a JOMOMOTOK SIKOTO
BUBYAETHCS (DYHKIIOHYBaHHA 00’ €KTIB pi3HOI Npupoau. Bin ckinagaeThes 3
TPHhOX OCHOBHHX €JIEMEHTIB: Cy0’€KTa, 00’ €KTa JOCIIIPKEHHS Ta MOJIEN, 3a
JIOTIOMOTO10 SIKO1 Cy0’€KT Mi3HA€E 00’ €KT.

Mogens — 1e Takuid MarepiaabHO abo0 PO3yMOBO 300pa)KyBaHUU
00’€KT, IKUM y TPOIEC] AOCIIKCHHS 3aMiHIOE 00’ €KT - OpUTIHAT TaKUM
YUHOM, 110 MOro Oe3rnocepelHe BUBUCHHS Ja€ HOBI 3HAHHA MpoO Iei
00’ €KT.

3araipbHe cXeMaTUYHE 300paKeHHSI OCHOBHHUX €TarliB I[bOTO MPOIECY
MO/ICJIFOBaHHS TTOKa3aHo Ha puc. 1.3.

Po3pizHAI0TH bi3uyHe Ta MaTeMaTUYHE MOJIEITIOBaHHS.
MaremaTuuyHe MOJENIOBaHHA — yHIBEpCcalbHUM Ta edeKTUBHUU
IHCTPYMEHT MI3HAHHS BHYTPIIIHIX 3aKOHOMIPHOCTEH, BIaCTUBUX SBUIIAM 1
nporiecaM. BOHO da€e MOXIIMBICTh BHBYUTH KUIBKICHI B3a€EMO3B’SI3KH 1
B3a€EMO3AJIEKHOCTI MOJEITIOI0YO0I CUCTEMH 1 BJIOCKOHAIUTH 11 IMOJATBIINI
PO3BUTOK Ta ()YHKI[IOHYBaHHS.

Cepen ICHYIOUMX CHCTEM €KOHOMIYHI CHCTEMH € HaWCKIaTHIIITHAMH,
TOMY TIpH TTOOYIOB1 iX MoOAeNeH i BioOpakaTu TUIBKU HANBaKIIUBIIIII
Ta HalXapaKTEpHIIll BIACTUBOCTI MPOIECIB a00 SIBHIL, IO BHUBYAIOTHCA.
Bracnigok 1boro BCl MOJIeNl € CIHPOIIEHUM BigoOpaKeHHSM peaabHOI
CHUCTEMH, aJie SKIIO0 1€ MpolleC BUKOHAHO KOPEKTHO, TO OTPUMAaHE
HaOJIMKEHE BIJOOpaKEHHS peajdbHOlI CHUTYyaIlli Ja€ MOXJMBICTH MaTH
JOCTATHBO TOYHI XapaKTEPUCTUKU 00’ €KTA TOCIIIKCHHS.

Eram 1
O0’ekT »| Monens
_ [ToO6ynoBa mojeni
Eran IV | Ilepeipka Ta Etan Il | Bypyenns
BUKOPHCTAHHS Moeni
3HaHb
A\ 4

3HaHHs Eran 111 3HaHHs

po < npo
06’ €KT - Ilepenecenns 3HaHb 3 MOJIENIb
opuriHan MOJICITi Ha OpUTIHAII

Puc. 1.3. OcHOBHI eTanu MOJETFOBAHHSA
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Jns Toro, moOM MOJENIOBAHHS CTaJIO [JIIOYUM 1HCTPYMEHTOM
MI3HAHHS, HEOOXIJHO MPaBUJIBHO TNOOYJyBaTH MaTEMAaTU4YHY MOJENb,
aJIcKBaTHY Mpolecy, 10 BUBYAEThCA. OTKe, MaTeMaTUYHA MOJIEIb SIBJISIE
co00I0 cUCTEMY MaTreMaTHYHUX (OpMyJl, HEPIBHOCTEW abO pIBHSIHB, SKi
O11bII @00 MEHIII aJICKBATHO OMHUCYIOTh SIBUINIA Ta MPOIECH, 1110 BJIACTHUBI
OpUTiHAITY.

ExoHOMIKO-MaTeMaTHU4H1 MOJIEJII caMi 10 cO01 HE CTBOPIOIOTh HOBUX
1 HE 3MIHIOIOTh ICHYIOUMX NPUHIMIIB Ta METOJOJOTIYHUX OCHOB
€KOHOMIYHO1 Teopii, a TUIbKH, CIIUPAIOYHCh HA HUX, 3MIHIOIOTh CIIOCOOM iX
BUKOPHUCTAHHS JUIsi BCEOIYHOTO KUIBKICHOTO Ta SKICHOTO aHaiizy
3aKOHOMIPHOCTEH 1 B3a€MO3B’A3KIB €EKOHOMIUYHUX TTPOIIECIB.

[Ipu m1oOyI0BI E€KOHOMIKO-MAaTe€MaTUYHOI MOJACTI CJiJl BMILJIO
BOJIOJIITH HACTYNMHUMHU TMOHATTSIMHU: KPHUTEPIM ONTHUMAalIbHOCTI, I1IJIbOBA
byHKIIIs, cCUCTEMa 0OMEXEHb, PIBHSIHHS 3B’ 513Ky, PO3B’SI30K MOJIETII.

KputepieM onTUManbHOCTI HA3UBAETHCS ACSKUMN TTOKA3HUK, SKUM Mae
€KOHOMIYHUM 3MICT Ta CIYKUTh CLIOCOOOM (hopMmasizailii KOHKPETHOI METH
KEpyBaHHS 1 BHPAXa€ThCAd 3a JOMOMOIOI0 IIJILOBOI (DYHKINT dYepe3
daxkTopu mozeni. Kpurepiil onTUMaIbHOCTI BU3HAYA€ PO3YMIHHS 3MICTY
IIIb0BOT PYHKIT. Y JESKUX BUIMAJIKAX B SIKOCTI KPUTEPIIO ONTUMATbHOCTI
MOX€ BHUCTyHaTH OJHa 13 BHUXIJIHUX XapaKTEPUCTUK  00’€KTa
MOJICJIFOBAHHSI.

IlinboBa (yHKISA MaTeMaTH4YHO 3B’sA3y€ MIXK €000 (akTopu
MOJIE, 1 Ti 3HaUYEeHHSI BU3HAYAETHCS 3HAYCHHAMH IIUX BEJIMYMH. 3MICTOBHE
TJyMa4yeHHs IIJIb0B1#M (DYHKIIIT HaJa€ TIILKU KPUTEPiil ONTUMAIBHOCTI.

He cnig 3minryBatu KpuTepii OoNTUMAIBHOCTI Ta HUIBOBY (DYHKIIIIO.
Tak, Hampuknag, Kputepid npuOyTKYy Ta KpUTEpid 3arajibHOi BapTOCTI
BUMYIICHUX 1HBECTUIIIMHOI KOMITAHIEID aKI[Id MOXKYTh OIKMCYBaTHUCS
OJHIEIO 1 TIEIO XK IIJIbOBOIO (PYHKIIIEIO:

Z=YC X, - max, (1.1
i=1

ne | - ingexc BuAy akuiii i = 1,n; X, - oOcsr BUmycKy akuii i-ro suay; C. -
npuOyTOK BiJ{ BUIYCKY OJNWHUII aKIliid i-ro BHIy a00 BapTiCTh OIWHHMIII
aKIIil 1-T0 BHIY B 3aJICKHOCTI BiJI 3MICTY KPUTEPit0 ONTUMATBHOCTI.

Kputepiit nmpubyTKy Moxke OYTH pO3paxOBaHUN 3a JOMOMOIOIO
HEJIHIMHOT TbOBOT (DYHKIIII:

Z=3C,(X,)X, - max, (1.2))
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SKIIO MPUOYTOK BiX BUITYyCKY oauHHMII akuiil i-ro Buny (C,)e ¢dyHKIiE0
B1J 00cATYy BUIIyCKYy X, .

[Ipu HasSBHOCTI JIEKIIbKOX KPUTEPIiB ONTUMATBLHOCTI KOXHUM 3 HUX
Oyne ¢opmani3oBaHUI CBOEIO YaCTKOBOIO IUTHOBOIO QyHKIiE0 Z, , ne k-

iHgeKkc kpurepito ontuManbHocTi K =1, K. i1 KOMIIPOMiCHOTO BHOOpPY
ONTUMAJIBHOTO PO3B’A3KY MOXHa C(HOPMYITIOBATH HOBY LIJIBOBY (DYHKIIIIO:
Z=1(Z,..,2,)— extr (1.3.)

[Ipore mana mipoBa (DYHKISI MOXKE BXKE€ HE MaTH €KOHOMIYHOIO
3MICTY, B TAKOMY BUIAJKy KPUTEPIA ONTUMAILHOCTI JIJIs HET BIICYTHIM.

Cucrema oOMeXeHb BU3HAYA€ TPaHULIl, ICHYBaHHS OOJACTI MIMCHUX
Ta JONYCTUMHUX PO3B’A3KIB 1 XapakTEepU3y€ OCHOBHI 30BHIIIHI Ta
BHYTpIIIHI BJacTUBOCTI 00’ekta. OOMEXKEHHS BH3HA4YalOTh O00JacTh
BIIOYTTS IPOLIECY, TPAHUII 3MIHU NTApaMETPIB Ta XapaKTEPUCTUK 00’ €KTA.

PiBHSHHSA 3B’S3Ky SBISIIOTBCS MaTeMaTUYHOIO  (popmasizarii€ero
CUCTeMHU OOMEXeHb. MK MOHITTSAMH ‘‘CUCTeMa OOMEXEHb ™ Ta “pIBHSHHS
3B’SI3Ky’’ ICHY€ TOYHO TaKa caMa aHaJIoTisl, SIK MIX MOHATTAMM ‘‘KpUTEpli
ONTUMAJILHOCTI” Ta “HiIboBa (QYHKINSA: pi3HI 3a 3MICTOM OOMEKECHHS
MOXXYTh ONHCYBATUCS OJHAKOBUMH DPIBHSHHSMHM 3B’SI3KYy, a OJHE 1 T€ XK
caMe OOMEXKEHHS B PIZHMX MOJEISAX MOXE 3alUCyBaTUCh PIZHUMU
PIBHSIHHSAMM 3B’ SI3KY.

TakuM 4MHOM, caMe KPUTEPI ONTUMAJIBHOCTI Ta CUCTEMa OOMEKEHb
B IEpILIy 4Yepry BU3HAYAIOTh KOHUEIMIIK (PYHKIIOHYBaHHS MalOyTHBHOI
MaTeMaTUYHOI MOAEHi, i1 KOHIENTyaJbHY MOJACHb, a iX (opmaii3airis,
TOOTO MOOYJA0Ba IUIKOBOI (PYHKIIi Ta PIBHSAHB 3B’S3KY, MPEICTABISIOTH
co000 MaTEMaTUYHy MOJIEIb.

Po3B’s13k0M MaTeMaTH4HOI MOJeNll  Ha3MBA€TbCS Takuil HaOip
(CYKyIIHICTh) 3HAY€Hb 3MIHHMX, SIK1 3aJJ0BOJILHSIOTH 1i PIBHSHHS 3B’ SI3KY.
Po3B’43kH, 5IKI MarOTh E€KOHOMIYHUW 3MICT, HA3UBAIOTHCS CTPYKTYPHO
TOmyCTUMUMU. Mojeni, sAKI MaloTh 0Oarato po3B’s3KiB, Ha3WBAIOTHCS
BaplaHTHUMH Ha BIMIHY BiJ 0€3 BapiaHTHHX, 5Kl MalOTh OJIMH PO3B’S30K.
Cepen CTPYKTYpHO JAONYCTUMHUX BaplaHTHUX PO3B’S3KIB MOACH, K
PaBUJI0, 3HAXOAUTHCSA OJUH PO3B’A30K, MPU AKOMY IIIhOBAa (PYHKIIIS B
3aJIEKHOCTI BiJ 3MICTY MOJIEi Ma€ HailOuiblie a00 HallMEeHIlle 3HAYEHHS.
Takuii po3B’S30K, AK 1 BIANOBIIHE 3HAYEHHS IIJILOBOI  (DYHKIII,
HA3UBAETHCS ONTUMATBHUM.
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1.3. TeopeTr4Hi 0CHOBH MAaTEMATHYHOI'0 MOJEJTIOBAHHS Ta
kiaacudikanisa moaesei

EKOHOMIKO — MaTeMaTHU4HE MOJICJIFOBAHHS € OJHUM 13 €()EKTUBHUX
METOJIIB omucy (YHKIIOHYBAaHHS CKJIAJHUX COIlaIbHO-€KOHOMIYHUX
00’€KTIB Ta MPOIIECIB y BUAI MaTeMaTUYHUX MOJeieH, 00’ €THYIOUH THUM
CaMHMM B €MHE I11JIe¢ EKOHOMIKY Ta MaTEeMaTHKY.

Y CTpyKTypl €KOHOMIKO-MaTEMaTHUYHHUX METOAIB MOKHA BHUIIJIUTH
HACTYIHI JUCLMIUIIHU Ta iX PO3JLIH, 5Kl CKIIAJal0Th TEOPETUUHY OCHOBY
MaTeMaTUYHOTO MOJCTIOBAHHS:

® CKOHOMIYHY KiOEpHETHUKY (CHUCTEMHMM aHalli3 €KOHOMIKH, TEOPII0
€KOHOMIYHO1 1H(popMallii, TEOPIIO KEPYIOUUX CUCTEM 1 T.1.);

® CKOHOMETPiIO (JAUCHEpCIMHUN  aHalli3, KOPEJALIMHUN  aHai3,
perpeciiiHuii  aHaii3, OaraToMmipHWil aHami3, (AKTOPHUI aHai3,

KJIACTEPHMI aHaI3 1 T.]1.);

® MaTeMaTUYHy EKOHOMIKY (TEOpil0 EKOHOMIYHOIO pOCTYy, Teopii

BUPOOHMYMX (YHKI[IH, MIDKraimy3eBl OajaHCH, HAIllOHAIBHI paxyHKH,

aHal3 TOMUTY Ta TMPOMO3HUIIiM, PETiIOHATBHUN Ta MPOCTOPOBUI

aHaJlii3, riodajabHe MOACIIOBAHHSA 1 T.]1.);

® METOJIM JOCHII/DKCHHS omepaliii (MaTeMaThudHe MporpaMyBaHHS,
CITKOBE MOJICJIFOBaHHS, TEOPil0 MACOBOTO OOCIYyTOBYBaHHS, METOH
KepyBaHHS 3alacamu, TEOPIK0 1rop Ta METOAU MPUNHATTS PIllIeHb 1

T.J.);
® CKCHEPTHI METOAM EKOHOMIKM (MaTeMaTU4HI METOJW aHamizy 1
MJIaHYBAHHS €KOHOMIYHUX EKCTICPUMEHTIB, iMiTaIiitHe

MOJICTIOBAHHSI, IUIOBI IFPH, METOJM €KCIIEPTHUX OLIHOK 1 T.[I.);

® METOJU MPOTHO3yBaHHSI.

Y npuknagHuX JOCHIDKCHHSX CEKOHOMIYHUX TIPOIIECIB 1 SIBHIIL
BUKOPHUCTOBYIOTHCA PI3HI THUNM MOJENEH, Kl BIIPIZHAIOTHCS LIIBOBUM
MPU3HAYEHHSIM MOJIEJl, XapaKTepoOM 3ajiadl, CTYINEHEM aJIeKBaTHOCTI,
MaTeMaTHUYHUM amnapatoMm Ta iH. [ToOygoBa omHi€l €AMHOT MaTeMaTUIHOT
Mojeai (YHKIIOHYBaHHS OyJb-IKOi E€KOHOMIYHOI CcuCTeMu abo Ti
CKJIQJIOBUX TPAKTUYHO HE TMPEJCTABISIETHCS MOXIMBUM 0€3 PO3pOOKHU
JOMOMDKHUX MoOJieJiel, TOOTO TIEBHOIO KOMIUIEKCY B3a€EMO3B’SI3aHUX
MOJIEJIEH.

Bujg 1 xapakTtep €KOHOMIKO-MAaT€MaTUYHUX MOJICJIEN BU3HAYAETHCS
B3a€EMO3B’SI3KAMU  Ta  B3aEMO3AJICKHOCTSAMH  EKOHOMIYHHUX  CHUCTEM.
B3aeM0O3B 3K OJHHUX CHUCTEM MOYKHA OMNKWCATH HA OCHOB1 JIHIMHUX
PIBHSIHb 1 HEPIBHOCTEH, IPYTMX — HA OCHOBI PIBHSIHBb 1 HEPIBHOCTEM OLIbIII
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BUCOKHX MOPSIKIB, TPETIX — HA OCHOBI KOPEJIALIIHHOTO aHali3y, YeTBEPTUX
— Ha OCHOBI T€Opil UMOBIPHOCTEH 1 T.]I.

B ocHoBy kiacudikaiii €KOHOMIKO-MaTEeMaTHYHUX  MOJeein
MOKJIaJICHO HACTYIHI O3HAKMU:

1) 32 [UILOBUM MPU3HAYCHHSIM — TEOPETUKO-aHANITUYHI Ta
MIPUKJIaaH1 MOJE;

2) 32 CTYNEHEM arperyBaHHs OO0 €KTIB — MaKpOEKOHOMIYHI Ta
MIKPOEKOHOMIYH1 MOJEIII;

3) 34 KOHKpPETHHMM IIpM3HAYEHHSIM — OajJaHCOBl, TPEHJIOBI,

OIITUMI3AI[IHI, IMITAI[IHI MOJIENI;

4) 3a TunoMm iH(opMmailii, BUKOPUCTAHOI B MOJIET1 — aHAIITHUYHI Ta
11eHTr(1KOBaH1 MOACII;

5) 3a BpaxyBaHHSIM (pakTopa HEBU3HAYEHOCTI — JIETEPMIHOBAaHI Ta
CTOXaCTHYHI MOJEIII;

6) 3a XapakTe€poM MaTeMaTHYHOI'O amapaTy — MaTpuU4yHI MOJEI,
MOZEN JIHIMHOTO Ta HEJIIHIMHOTO IPOrpaMyBaHHsl, KOPEJSIiHHO-
perpeciitHi Mojesni, MOJeNl Teopii MacoBOTO OOCTyrOBYBaHHS,
MOJIeJIl CITKOBOTO IUIAaHYBaHHS Ta KepyBaHHs, MOJIEJ1 Teopii 1rop
1 T.IL;

7) 3a TAMOM MIAXOAY A0 AOCIIKYIOUHMX CUCTEM — JECKPUITHBHI
(ommucoBi) Mozeni (Hampukiaj, 0aJaHCOBI Ta TPEHIOBI MOJIEINI) Ta
HOPMAaTHUBHI MOJIeJI1 (ONITUMI3AIIAH] Ta MOJE1 PIBHS )KUTTH);

8) 3a CTPYKTYpPOIO MOJICJIEH Ta XapaKTEpOM iX CKJIaJOBHX — OJHO- Ta
OaratodakTOpHI MOJIeJl, CTATUYHI Ta JUHAMIYHI MOJEII, MOJe1
IIPOCTO1 TA CKJIAAHOI CTPYKTYPH;

9) 38 4yacoBUMH  XapaKTepUCTUKaMH  —  JIOBTOTEPMIHOBI,
CepEeIHbOTEPMIHOBI Ta KOPOTKOTEPMIHOBI MO/IEIII.

Jlo u4wncaa CKJIQAHOI KOMOIHOBAHOI C€KOHOMIKO-MAaTEMAaTHYHOI
MOJIEI, HaANpHUKIad, MOXHA BITHECTH €KOHOMIKO-MaTeMaTHYHy MOICIb
MDKTalTly3eBOro 0OajaHCy, sSKa SBISETbCS 3a BHIIE MNPUBEICHOIO
Kiacudikamiero  MPUKIAIHOI, MAaKPOCKOHOMIYHOIO,  aHATITHYHOIO,
JECKPUNITUBHOIO, JETEPMIHOBAHOI0, 0AIaHCOBOIO, MATPUYHOIO MOJIEILIIO,
OPUYOMY PO3PI3HSIOTH SIK CTATUYHI, TaK 1 JMHAMIYHI MOJETI.

Po3ristHeMO KOpPOTKO OCHOBHI SIKICHI XapaKTEPUCTUKH JICSIKUX
EKOHOMIYHUX MOJIEJIEH.

MakpOoeKOHOMIYH1 MOJIEJII NTEPEBAXKHO OMUCYIOTh €KOHOMIKY KpaiHH
SK €IUHE IlJIe, 3B’SA3yI0UM MiXK COOOK y3arajibHIOKYl MaTrepiajbHl Ta
(G1HaHCOBI TOKa3HUKH: BAJOBUN BHYTPIIIHIA TPOAYKT, CIOXKHWBAHHS,
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1HBECTHIIII, 3alHATICTD, OIOJIKET, 1H}sAIIITO, I[IHOYTBOPEHHS,
ONOJATKyBaHHS Ta iH.

MiKpOeKOHOMIYHI MOJEIl OMHUCYIOTh B3a€EMOJII0 CTPYKTYPHHUX Ta
(YHKIIOHAJIBHUX CKJIAJOBUX €KOHOMIKM a00 X aBTOHOMHY MOBEAIHKY B
nepexiiHoMy a00 PUHKOBOMY CEPEIOBHII, CTpaTerii moBeaiHKu GipM B
yMOBaX OJIITOMOJII 3 BUKOPUCTAHHSIM METOJIIB ONTHUMI3aIlii Ta Teopii irop
Ta 1H.

TeopetnuHi Mojeni BiIOOpa)KarOTh 3arajibH1 BIACTUBOCTI €KOHOMIKHU
Ta 11 KOMIIOHEHTIB 3 JEAYKII€I0 BUCHOBKIB 13 (hOpMaJlbHUX TEpPEIyMOB.
[IpukianHi mozeni 3a0e3MeuyloTh MOXIMBICTh OILIIHKM —HapameTpiB
(GyHKIIIOHYBaHHSI ~KOHKPETHUX  TEXHIKO-€KOHOMIYHMX OO0’€KTIB Ta
OOTpyHTYBaHHSI BUCHOBKIB ISl IPUMHATTS YIIPABIIHCHKUX PIIIEHb (710 iX
Yyuciaa BIIHOCATHCS HacaMIiepe], €KOHOMETPUYHI MOJelNi, fKI JaloTh
MO>JIMBICTh CTAQTUCTUYHO OIIHIOBATH YHCIOBI 3HAYEHHS E€KOHOMIYHUX
MOKA3HHMKIB Ha OCHOB1 HAABHUX CIIOCTEPEIKECHB ).

PiBHOBarosi Mozeni ONUCYIOTh MOBEJIHKY cy0’€eKTiB
roCroJIapIOBaHHs SIK B CTaOUIBHUX CTIMKUX CTaHax, Tak 1 B yMOBax
HECTIMKOr0 EKOHOMIYHOT'O CEpe/IOBMINA, J€ HEpIBHOBara 3a OJHUMH
napaMeTpamMu KOMIICHCYETbCsl 1HIMMMU  dakTopamu. OnTtumizaiiiHi
MOJIeJTi 3B’13aH1 B OCHOBHOMY 3 MIKPOPIBHEM, Ha MaKPOPIBHI PE3yIbTaTOM
palioHAILHOTO BUOOPY TMOBEAIHKH CYO’€KTIB SIBISIETBCA ACSKWUNA CTaH
pPIBHOBArw.

CratuuHi MOJI€Jl OMHUCYIOTh CTaH EKOHOMIYHOTO OO0’€KTy B
KOHKPETHUM TOTOYHMI MOMEHT abo TMepioj vacy, AMHAMIYHI MOJE,
HaBIAKH, BKIIFOYAIOTh B3a€EMO3B’SI3KM 3MIHHUX B Yacl.

VY cTaTuyHUX MOJENAX MEPeBaXKHO 3a(IKCOBAaHI 3HAYEHHS IEAKUX
BEJINYMH, K1 € 3SMIHHUMU B JUHAMIIll, HAITPUKJIA, KamiTalbHi BKJIAICHHS,
iHU 1 T.4. JMHaMigyHa MOJieNIb HE 3BOAUTHCS 1O MPOCTOTO CYMYBaHHS
NESAKUX CTaTUYHUX BEJIMYMH, a ONHMCYE CHIIM Ta B3a€EMO/IIi B €KOHOMIII, 5Kl
BU3HAYAIOTh XiJ TIipoleciB B HikM. JluHamiuHi MoAeni MepeBaKHO
BUKOPUCTOBYIOTh amapaT Iu(epeHIliaJbHuX Ta PI3HUIEBUX PIBHIHB,
BapiaIiiHOTO YMCICHHS.

JleTepMiHOBaHI MOJIeNll MPUIYCKAIOTh ICHYBAHHS ()YHKI[IOHAIbHUX
3B’3KIB MDK 3MIHHUMH MOJIENl, a CTOXAaCTHYHI MOJEIl JOIMYCKarTh
HaSIBHICTD BUITAIKOBUX hgh Ha TOCHIKyBaHi IMOKa3HUKH,
BUKOPHUCTOBYIOUM B SIKOCTI 1HCTPYMEHTapil0 METOAU TEOpii MMOBIPHOCTI
Ta eKOHOMETPII.

OcHOBY MaTeMaTHUYHOTO anaparTy JOCIIIKEHHS onepaliiii CKJIa1atoTh
METOAM MaTeMaTUYHOTO MPOTrpaMyBaHHS, METOJHM TeOpii KOPUCHOCTI Ta
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OPUUHATTA  pIIIEHb, METOAM W  aJIrOPpUTMU  TEOpPi  MacoBOTO
00CIIyrOByBaHHs, IrOp 1 MapKIBCBKMX MPOIIECIB, METOAW YHpPaBIIHHS
3amacaMy, CITKOBOI'O Ta IMITAI[IMHOTO MOJEIIOBAaHHS. 3ragaHl METOIU
CIIy’KaThb J1€BHUM I1HCTPYMEHTOM MpH pO3B’SI3aHHI BIAMNOBIJHUX THIIIB
NPUKIIAHUX 33]1a4.

1.4. llpyHuunu Ta eTanu NMOOyI0BU €KOHOMIKO-MATEeMATHYHHUX
MojaeJen

Jnst moOyaoBH K KOMILJIEKCY B3a€EMO3B’SI3aHMX EKOHOMIKO-
MaTeMaTUYHHX MOJEICH, Tak 1 Oyab-fKOi OKpemMoi Moje, HeoOXigHa
MEeBHA CYKYIHICTh MNPUHIUINIB (MpaBUil TpU), SKI JAIOTh MOXKJIUBICThH
KOPEKTHO 3A1MCHIOBATH Tporiec ¢opmaiizaiii MOACTIOI0YUX CUCTEM Ta
00’ €KTIB.

3arajgbHl  NPUHIMIN  E€KOHOMIKO-MaTEMaTHUYHOTO  MOJICIIOBAHHS
BUIUIMBAIOTh 13 3araJilbHUX OCHOB CHCTEMHOr0 aHajiidy, TOOTO BOHHU
MOBHHHI OYTH BIJIMOBIISIMU HAa HACTYIIHI 3allUTaHHS: 1) 1110 TOBUHHO OyTH
3p0o0JeHO; 2) KOJW TMOBUHHO OYyTH 3p00ieHO0; 3) 3 JOMOMOIOK KOTO
MOBHHHO OyTH 3p00sieHO; 4) Ha OCHOBI K01 iH(poOpMaIli 3a1HCHIOIOTHCS
BIJIMOBIIHI [1i; 5) AKUW pe3ysibTaT MOBUHEH OyTH OTPUMAaHHU Ha OCHOBI
LUX JIH.

Tomy B SIKOCTI 3arajJbHHUX MOPUHIUIIB €KOHOMIKO-MAaT€MaTUYHOIO
MOJICTIOBAHHS JIOUUIBHO MPUMHATH HACTYMHI MPUHIIUIMU: JOCTATHOCTI Ta
1HBApIaHTHOCTI ~ BUKOPUCTAHOTO  1H(OpMaLIMHOrO  3a0e3nedeHHS,
HACTYITHOCTI Ta €(EeKTHUBHOCTI peajizailii cucteM Mojeneil. PosrisHeMo
ORI IIUPIIE KOKHUM 3 IIUX MPUHITUIIIB.

[IpuHUMI JOCTATHOCTI BUKOPUCTAHOI iH(opMallii o3Havae, 10 B
KOKHIM OKpeMiil MoJieJii TOBUHHO BHUKOPUCTOBYBATUCSA TIIbKU TE
iHpopmarriitHe 3a0e3IeueHHs, IKe BiJoMe 3 HEOOXITHOK IS Pe3yIbTaTiB
MOJIeNIIOBaHHS TO4YHICTIO. [Ii BimoMum iH(pOpMaLiiiHUM 3a0€3MeUeHHIM
PO3yMilOTh HOPMATHBHI, JOBIJIKOBI, 3BITHI Ta IHII XapaKTEPUCTUYHI JaHI
PO peajibHi €KOHOMIYHI CHCTEMM Ta iX CKJIaJ0B1, HasBHI 0 MOMEHTY
MOJICJIIOBAHHS. Y 3B’S3Ky 3 TMOCIIJOBHOIO PO3POOKOI0 KOMIUIEKCY
MOJICJIeH, AKlI OMUCYIOTh CKJIaJAHUN 00’€KT 1 ¢dopmanizoBaHl OKPEMOIO
MOJIEUTIO, BCsl 1HGOpMAIIisl PO MOJIETIOI0UY CHUCTEMY MOXKe OyTH He
MOBHICTIO BIIOMa JI0 MOMEHTY pO3B’sI3KY Jesakoi 3aaadi. I[Ipore 1e He
3aBa)ka€ BUKOPHUCTAHHIO OKPEMOI MOJeNll, SKIIO BOHa moOyjoBaHa 3
JOTPUMAHHSM MPUHIIMITY TOCTATHOCTI. KpiM 11bOr0, BUKOHAHHS IPUHIIUAITY
JIOCTATHOCT1 Ja€ MOKJIUBICTh TEPEXOAUTH BIJ 3arajbHUX MOJEIEH 10
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OUTbII  JIeTaJbHUX, IIOCTYMOBO YTOYHIOIOYM Ta KOHKPETH3YHOUH
pe3ynabTaTH JOCHIIKEHb.

[IpuHIIMT 1HBapiaHTHOCTI iHpoOpMaIlli BUMarae, oo B MoJieJi BXigHa
iH(popMaliis Oyna He3aJIeKHA BiJl MapaMeTPiB MOJEIIOYO0I CUCTEMHU, SIK1
e HE BIJIOMI Ha JAaHIM cTajail JOCHIKeHHsA. BHUKOpHCTaHHS IIbOTO
NPUHIMIY J1a€ MOXJIUBICTH MO30yTHCS TpH MOOYJ0BI MOJENIE YacTo
3yCTPIYar0uoro 3aMKHYTOTO KOJja, KOJM B MOJEI BUKOPHUCTOBYETHCS
iHbopmariis, sgKka Moxe OyTH BigoMa JIMIIE 3a pe3yJbTaTaMu
MOJICJIFOBAHHSI.

BukopuctaHHsd  OPUHUMIIIB  JOCTATHOCTI Ta  1HBAPIAHTHOCTI
IPUBOAUTEL 0 (hOPMYyBaHHs l€papXii EKOHOMIKO-MaTEMAaTUUYHUX MOJIEeH
JUISL CKJIQAHOTO OO €KTY, AO3BOJISIE CTPOrO0 BU3HAYWMTU BXIJIHI MapaMeTpu
PIBHSHHS 3B 5131<y 1 1UI0oBI  (PyHKITIT, (I)opMam?,yBaTH KpHTepu
ONTUMAJIBLHOCTI 1 OOMEKEHHSI JJI1 KOKHOT OKpeMoi Mojieni. Tak, BXiTHUMU
napaMeTpamMu IS 3arajlbHOTO BHUMAJKy MOXYTh OyTH a00 BXIJHI JaHi
MOJIJIEN MOMEePETHbOrO PIBHS, 200 pe3ysbTaTh (YyHKIIIOHYBaHHS MOJIEei
HUKHIX PIBHIB 1€papxii, aje OTpuMaHi Ha OCHOBI i1H(opMaIli,
1HBapiaHTHOI BITHOCHO ITyKaHUX Ha JAHOMY PiBHI 3MIHHHX.

3MICT TPUHLMIY HACTYMHOCTI 3BOJUTHCS JIO TOrO, IO KOXHA
MOJIeJIb HE TOBHUHHA IMOPYIIYBAaTH BJIACTUBOCTEH 00’€KTY, BCTAHOBJIECHUX
ab0 B1AOOpaXEHUX Yy TOMEPENHIX MOJENsAX KoMiuiekcy. OTxe, BUOIp
KpUTEPIiB Ta MOJICJII MOBUHEH B MEPIIY YEPTY TPYHTYBATUCA HA PUHLIMIIL
HACTYITHOCTI TIPM YMOBI, IO 3a0e€3Meuy€eThbCcsi BUKOHAHHS IPUHIUITIB
JIOCTATHOCTI Ta I1HBApPIaHTHOCTI BUKOPHUCTaHOi 1HGopmMalii. Skmo x
HACTyIHa MOJIEJIb HE € CKJIAJ0BOIO IMOIMEPE/IHIX, TO paHiiie noOyI0BaH1
MOJENI TOBUHHI OyTHM CKOpUrOBaHi Jyisi 3a0€3MEUYeHHs] MPUHIUITY
HACTYITHOCTI.

BaxxnmuBuM 13 TOYKHM 30py MPAKTUYHOTO BHUKOPUCTAHHS KOMILIECKCY
Mojelie € mpuHIUN e(EeKTUBHOCTI peamizailii. J[as HOro BUKOHAHHS
HEOOX1HO, MIOOM KOXXHA OKpeMa MOJeIb Morjia OyTH peaji3oBaHa 3
JIOTIOMOTOI0 CyYacCHMX MPOTPAaMHMX Ta TEXHIYHUX 3aco0iB. 3 Jpyroi
CTOpPOHW, BHUKOHAHHsS JaHOTO TMPHUHIMIY BHUMAarae 3a0e3MeUeHHS
BIJIMOBIJTHOI TOYHOCTI BXIJTHUX JaHUX, TOYHOCTI PO3B’SI3KY 3ajadyi 1 Ti€l
TOYHOCTI Pe3yNbTyH0UO0i 1HGOpMAIIi, sSKa JOCTAaTHS I HMPAKTHYHHUX
IiJIeH.

[Togani OpUHIMIIK AAIOTh MOXJIMBICTH OyIyBaTH JOBLIBHY OKpEMY
MOJIETb (PYHKITIOHYBaHHS €KOHOMIYHHUX CHCTEM 1 TapaHTYIOTh MOXKJIUBICTh
il MOBHOT CYMICHOCTI 3 IHIIIUMH €KOHOMIKO-MAaTeMaTUYHUMU MO/IEIISIMHU.
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[Iponieaypy mnoOyaoBM MOJEAl Ta MIATOTOBKY YIPaBIIHCHKOIO
pIIICHHST HAa OCHOBI E€KOHOMIKO-MaTEMAaTUYHUX METOJIIB  MOXHA
OpEeACTaBUTA 3 JOMOMOTOI0 Py B3a€EMO3B’SI3aHUX €TaliB, Xo4ya B
KOHKPETHUX BUMAJKaX JICSIKI €Tald MOXYTh OIyCKaTHUCS, a psi poOIT Juist
noOy10BH MOJIEN — BECTUCH TTapasiesIbHO.

bazoBoro ocHOBOW Uit TOOYJAOBHM MOJell O00’€KTa € Moro
KOHIIENTyajdbHa Mofdenb. Il KOHIENTyaabHOI MOJEII0 00’ €KTa
PO3YMIEMO CYKYITHICTh SIKICHUX 3aJIC)KHOCTEH KPUTEPIiB ONTUMAIBHOCTI 1
pI3HOTO pojly OOMEXeHb Bia (DAKTOPIB, CYTTEBUX IS aJ€KBATHOIO
BII0OpakeHHsT  (PyHKUIOHYBaHHS 00’ekta. KoHunenTtyanbHa MOJEb
B1JI0Opaka€ HACTYIHI OCHOBHI MOMEHTH:

e yMOBH (DYHKIIOHYBaHHS 00’€KTa, BHM3HAUEHI XapaKTEepOM
B3a€EMOJIIM MK OO0 €KTOM Ta HMOIro OTOYCHHSM, a TaKOXK MIXK
eJIEMEHTAMH 00’ €KTa;

® METy JOCIIDKEHHS O00’€KTa Ta HaNpsIMOK MOKpAIlEHHS HOTo
(GyHKIIIOHYBaHHS;

® MOXJHMBOCTI KEpyBaHHA O0O0’€KTOM, BH3HAUYCHHS  CKJIaay
KEpOBaHUX 3MIHHUX 00’ €KTa.

VY nporieci hopmMyIIrOBaHHS KOHLIENTYaJIbHOI MOJIEi 00’ €KTa MOXYTh

BUHMKATU TaKl TPOOJIEMHU:

e 1100y/I0Ba CHPOIIEHOT0 1 B TOM >K€ Yac aJeKBaTHOI'O IOCTaBJICHIN
METi JOCIIIPKEHHS ClieHapito (YHKI[IOHYBAHHS 00’ €KTA;
dbopMyIIOBaHHS Ta YTOUHEHHS METH JOCIIKCHHS,
dbopmanizailisi METH B KPUTEPil ONTUMATIBHOCTI;
dbopmaiizallisi 30BHIIITHIX Ta BHYTPIIIHIX OOMEXKEHb;

BHOIp (haKTOpiB, AKI OMHCYIOTh O0’€KT 1 MOr0 OTOYECHHS, KOTpi
NMOBUHHI OyTH BpaxoBaHi IIPH JIOCIIIKEHHI 1 BIIMOBIIHO BKJIIOYCHI B
MaTeMaTHYHY MOJIEb;

e inacudikamis ¢(akTopiB 1 BUOIp cepeq HHUX B IMEpHIy Yepry

KEpOBaHUX 3MIHHHX.

[ToOynoBa  KOHIENTyalbHOI MOJENl € BaXJIUBUM  €TArlOM
MOJICTIOBAHHS, OCKIIbKM BIH BH3HAYa€ HANPSMKH, I Ta 00JIACTh
JTOCHTIHKEHHS. 3aBepIIaIbHUM KPOKOM MOOYI0BU KOHIIENITYaIbHOI MOJIE1
€ OI[IHKA 1i aJICKBATHOCTI MOJICTIOIOY1 CUTYaIli.

Hactynaum eranom € (opMyBaHHS Ha OCHOBI KOHIIENTYaJbHOI
MO YMCJIOBOI MaTeMaTHM4HOI Mojesll 00’ekta. I'ojoBHa mpobiema
JAHOTO €Taly — BU3HAUYEHHS KUIBKICHUX MAaTeMaTUYHHMX CITIBBIIHOIIEHbD,
K1 (popMamizyroTh SIKICHI 3aJIe)KHOCTI KOHIENTyaiabHO1 Mojeni. HasiTh
IpU HAsIBHOCTI MOBHICTIO MOOYJAOBAHOI'O CIIEHAPIO 11 CHIBBIIHOIICHHS
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MOXYTh OyTH HEOYEBHIHUMH. Y 3B’S3Ky 3 IIMM 4YacTO BHHHKAE
HEOOXIIHICTh Yy BHUKOHAHHI TMPOMDKHOTO €Tamy MK MOOyJ0BOIO
KOHIIENITyaJbHOI 1 MaTeMaTH4HOI Mojefied 00’e€KkTa — TEpPETBOPEHHS
CILICHApII0 B aJITOPUTM, SIKUA MOJCIIOE B3a€EMOJIIIO €JIEMEHTIB MiXK COOO0
Ta OTOYEHHSIM B JUHAMILII.

Jlns  peamizaiii  MaTeMaTUYHOI  MOJENl Ha  MEPCOHAIBHUX
KOMIT FOTE€pax BOHA MOBUHHA OyTH TpEACTaBI€HA y YHUCIOBi (dopmi,
TOOTO 3a7aH1 YUCJIOBl 3HAYEHHS KOHCTAHT, TPAHUIIl 3MIHU HEBU3HAUYCHUX
dakTOpiB Ta KEPOBAaHUX 3MIHHUX, 3aKOHM PO3IMOJLTY BHUIIAIKOBUX
BEJMYWH. 3aBepIIaibHUM KPOKOM (OpPMYyBaHHS MaTEMaTHYHOI MOJIEIl €
OITIHKA i1 aJICKBAaTHOCTI 1O BiAHOIICHHIO 1O KOHIICITYJIbHOT MOCI.

Etan nmocnipkeHHS MaTeMaTUYHOI MOJEN PO3MOYMHAETHCS 3 11
aHami3y (BiAHOIIEHHS JO MEBHOrO Kjacy Mojelei), BUOOpY BiAMOBIIHOTO
METOJy i1 PO3B’SI3Ky Ta MpOrpamMHOro 3abesnedeHHs. ['ogoBHA mpodiiema
BOTO €Tamy — po3po0Ka ajJropuTMy ONTHUMAJIBLHOIO ab0 HaWKpamoro B
3aJIaHMX YMOBaxX PoO3B’ 3Ky MEBHOI 3aj1a4i.

3aBepmiaIbHUM  KPOKOM  MPOLEAypH  MOOYAOBH  E€KOHOMIKO-
MaTeMaTUYHOI MOl € OIlIHKa TOYHOCTI OJIep’KaHUX PO3pPaxXyHKIB Ta
BUPOOJICHHS Ha 1X OCHOB1 €()EKTUBHUX MPUKIIATHUX PIIICHb.

EdeKkTuBHICT, NpUMHATTSA PINICHb Y BEJIUKIA MIpl 3aJeXUTh BiJ
pPIBHSL JIOCATHYTOI Il JOCIHIPKCHHS, SKa B CBOIO 4UEpPry BHU3HAYAETHCS
METOI MO0y 0BU Mojienl. Mojeni MOXyTh OyAyBaTUCh JJIsi JOCSITHEHHS
HACTYIHUX ITICH:

1. BusaBiaeHHs (QyHKIIOHATbHUX CIIBBIAHOIIEHh — BHU3HAYCHHS
KUTBKICHUX 3QJIEKHOCTEH MK BXITHUMH (haKTOpaMH MOJIEIIl Ta BUX1THUMHA
XapakTepucTukaMu 00’ekTy nocuipkeHHs. [logioHoro poay moneni 3a
CBOIM XapaKTEPOM € ONMKMCOBHMMH 1 MPUCYTHI MPH MOOYAO0BI MAaTEMaTHIHUX
MoJieJie Oy ib-SKUX TUIIIB.

2. AnHaniz 4yTJIMBOCTI — BCTAHOBJIEHHS 3 BEJIMKOIO YMCJAa HasBHHUX
bakTopiB THX, K1 Y 3HAYHIN Mipi BIUIMBAIOTh HA BUXIJIHI XapaKTEPUCTUKHU
00’ekTa mociipkeHHss. Mopen aHai3y 4yTJIMBOCTI TOBUHHI 000B’SI3KOBO
nepeadavyaTu MOXKJIUBICTH Bapiaiii psaxy ¢GakTopiB 1 MOXYTb OyTH
BUKOPHUCTAHI TaK CaMoO JJIsI OIIHKM TOYHOCTI PO3B’SI3KiB, OTPUMAHUX 3a
MOJICIISIMU OY/Ib-IKUX THIIIB.

3. IIporuo3 — oIliHKa MOBEAIHKA 00’€KTa Ha 4YaCOBOMY IHTEpBaIl IMPHU
NEAKOMY JOMYyCTUMOMY MO€JIHAHHI 30BHIIIHIX yMOB. IlepeBakHO 3amauyi
NPOTHO3Y € JWHAMIYHUMHU BIJHOCHO BXIJHMX IapaMmeTpiB, 1 B SIKOCTI
HE3QJIC)KHOI 3MIHHOI BHUCTymae dac. Mojeni MporHo3dy TaKoXK €
OTTMCOBUMHU.
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4. OmiHKa — BU3HAYEHHS, HACKLIbKU aJIEKBAaTHO 00’ €KT JOCIIKCHHS
OyJie BIAMOBIIATH JEeIKUM KpuTepisaMm. Ha BiIMiHY BiJ pO3TJSHYTHX BHIIE
TUITIB MOJEJIEH MOJeNl OIIHKK BKJIIOYAlOTh PO3PAXYHKH I1HTErpaibHUX
XapaKTePUCTUK — KpUTEPIiB, 5Kl (PopManmi3yroTb METY AOCIIIKEHHS.
Mogeni OIlIHKM 3ailMalOTh MTPOMIXKHE MICIE MDK OINUCOBUMHU Ta
ONTUMI3AIINHUMU MOJACISIMUA. Y HHX 3aJaHl KpUTEpi 1 Horo mjeske
“KpUTHYHE” 3HAYEHHS, aje MPOBOJUTHCS HE ONTUMIZAllld, a JIUIIE
MOPIBHSHHS PO3PaXyHKOBOTO 3HAYEHHS 3 “KPUTUYHUM, MICIS YOTO
NpUUMAEThCA  PIMICHHS NP0 3aJ0BOJICHHS XapaKTEPUCTUK 00’ €KTa
MOCTaBJICHUM BUMOTaM.

5. IlopiBHAHHS — CHIBCTAaBJICHHS OOMEXKEHOTO YHWCiia aIbTePHATUBHUX
BapiaHTIB CUCTEeM a00 CIIBCTaBJICHHS JEKIJIbKOX MPUIMYCTUMUX MPUHITUITIB
YU METOIIB 1.

Yucno BapiaHTIB MPUITYCKAETHCS HE3HAYHUM, Y 3B’SI3KYy 3 UHUM
OIIIHIOIOTBCA BCl BapiaHTH, TOOTO 3IMCHIOETHCS TMPAMUMN TepeOip BCiel
MHOXXUHM. Xo04Ya MOJEJl JAaHOrO THUIy OJu3bKI J0 ONTUMI3alliiHUX,
crieliaibHUM OJIOK ONMTHUMI3allli Y HUX BIJICYTHIM.

6. Ontumizaiiss — TOYHE BHU3HAYECHHS TAKOrO0 NOEAHAHHSA 3MIHHUX
KEpYBaHHs, MPU SIKOMY 3a0€3MeUy€eThCsl eKCTpEMabHE (MakcuMaibHe abo
MIHIMaJIbHE B 3aJIEKHOCTI BiJl 3MICTY KPUTEPII0 ONTUMAILHOCTI) 3HAUCHHS
1iboBoi GyHKIli. CyTTeBa PI3HUIA BIJ HABEICHOTO BHUINEC BUMAAKY —
HAsgBHICTh  CHEIIAJIBHOrO  OJIOKY  ONTUMI3allli, SKUHA  JI03BOJISIE
IIJIECIIPSIMOBAHO 1 HAWOLIBIT €()EeKTUBHO 3 OOUYHCIIOBAILHOT TOUYKH 30Dy
NeperyisaiaTi MHOKUHY ajJbTEpHATUBHUX BapiaHTIB.

1.5. ExoHoMiKa SIK 00’€KT MaTeMaTHYHOI0 MOJAEJTIOBAHHS

JlocnipkeHHsT omepaliii — HaykoBa JUCIMILIIHA, SKa 3alMa€eThbCs
po3po0KOI0 Ta TMPAKTUYHUM BUKOPHUCTAHHSIM METOJIB  HaWOUIbII
BUT1IHOTO KEpyBaHHA pI3HUMHU OpraHizamiiHumMu cucremamu. Jlo
OpraHi3aliiHUX CUCTEM BIJHOCATHCS MPOMUCIOBI MIJAMPUEMCTBA PI3HUX
dbopMm BIacHOCTI, BUPOOHWYI 00’ €THAHHS, KOHIEPHHU, AaKI[IOHEpHI U
OPUBATHI MiANPUEMCTBA, EKOHOMIKAa HAPOJAHOTOCIOAAPCHKOTO KOMIUIEKCY
K y IIJIOMY, TaK 1 3 ii CTPYKTYpHUMHU CKJIAJJOBUMMU.

KepyBaHHs JOBIIBHOIO CHCTEMOIO PEANI3YEThCS SAK MPOIEC, SKUH
HIIIOPSIAKOBYETBCS ~ TIEBHUM  3aKOHOMIPDHOCTSIM.  3HAHHA  IIUX
3aKOHOMIPHOCTEH JO0MOMara€ BHU3HAYUTH YMOBH HEOOXIIHOCTI Ta
JOCTaTHOCT1 YCHIIIHOTO BiAOYyTTA AaHoro mponecy. s 1mporo Bci
napaMeTpH, 1110 XapaKTEePU3YIOTh MPOIIEC 1 30BHIIITHI YMOBH, TOBUHHI OyTH
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KUIbKICHO BH3HaueHUMHU. OTXKe, METOAU JOCHIKEHHsS omepaiii —
KUIbKICHE OOTPYHTYBaHHS MPUUHSATTS PIllIEHh BIIHOCHO OPraHi3amiifHOTO
KEepyBaHHS.

CyyacHa €KOHOMIYHA HayKa, SIK Ha MIKpO-, TaK 1 HA MaKpOpPIiBHSIX Y
CBOIX MPHUKIAAHUX JOCTIHDKEHHSAX IITUPOKO BUKOPUCTOBYE HaSBHUI
IHCTpyMEHTapii MaTeMaTHYHUX METOMIB sl (OpMali30BaHOTO OIHUCY
ICHYIOUMX CTIMKMX KUIBKICHUX XapaKTepUCTHK Ta 3aKOHOMIPHOCTEH
PO3BUTKY COIIATbHO-EKOHOMIYHUX CHCTEM

[lix comianbHO-EKOHOMIYHOIO CUCTEMOIO OyIeMO PO3YyMITH CKJIAIHY
AMOBIpHICHY JWHaMi4Hy CHUCTEMY, SKa BKJIIOYae B ce0de Mpolecu
BUPOOHUIITBA, OOMIHY, PpO3MOJLITY Ta CIOXXHWBAaHHS MaTepialbHUX Ta
iHmux Onar. BoHa BiAHOCUTBCS MO KiIacy KIOGpHETHYHUX, TOOTO
KEPYIOUHX CHUCTEM.

€IMHOrO BU3HAYEHHS KAaTeropii CHCTEMHU HE ICHye. Y CBOIiX
JOCHIPKEHHSIX MM OyJeMO KOPHUCTYBAaTHCS HACTYIHHUM: CHCTEMOIO
HA3WBAETHCS CYKYITHICTh B3a€MO3B’S3aHUX CTPYKTYPHUX CJIEMCHTIB,
CYMICHO peaii3ylouuX TeBHI BU3HaueHl I, JlOCTHipKyrody MHOXKUHY
€JIEMEHTIB MOKHA PO3IJISIIATH SIK CUCTEMY, SIKIIIO BUKOHYIOTHCSI HACTYIIHI
YOTHPH O3HAKH:

® I[IJIICHICTb CUCTEMH, TOOTO HE3BIIHICTH BJIACTHUBOCTEU CUCTEMH IO
CYMH BJIaCTUBOCTEH CKJIQJIOBHX i1 €JICMEHTIB;

® HAsSBHICTh METH Ta KPUTEPIIO JOCIIKCHHS JIaHOI MHOXHHHU
CJICMCHTIB;

® HASBHICTb OUIbLI  CTPYKTYPHO-JOTIYHOI  30BHIIIHBOI IO
BIIHOIIICHHIO /10 JJAHO1, CHCTEMH, TaK 3BAHOI ‘‘CepeOBUIIEM ;

® MOJKJIMBICTh BUIUICHHS B JAHIM CUCTEMI B3a€MO3B’SI3aHMX YaCTUH
(macuctem).

3 HOHSATTSM CHUCTEMH TICHO B3a€MOIIOB’A3aH1 KaTeropii HaCUCTEMHU 1
nigcucremu. Hajacuctema — OTOYyrHOYE CUCTEMY CEPEAOBHIIE, B SIKOMY
dbyHkiionye cucrema. lligcucrema — mMiIAMHOXHMHA €JIEMEHTIB, SKi
peaizyroTh 11111, TOTOHKEH1 3 IUIIMH CUCTEMHU.

OCHOBHMMH METOJaMH JIOCTIPKCHHSI CUCTEMH SBJISIETBCS METOJ
MOJICTIOBAHHS, TOOTO 1IHCTPYMEHT TEOPETUYHOTO aHa3y Ta MPaKTUIHUX
T, CIpsIMOBaHMM Ha pO3pOOKY, BUBUCHHS Ta BUKOPUCTAHHS MOJIEIICH.

PosristneMo xapakTepHi 0COOTMBOCTI MAaTEMAaTHIHOTO MOJICITFOBAHHS
CKOHOMIYHUX ITPOIIECIB.

[To-nepire, MmaTeMaTUYHE MOJIEITIOBAHHS K METOJOJIOT1S HayKOBHUX
JOCIIIPKeHb TIOEIHYE B CO01 JOCBIJ PI3HUX rajly3ed HayKd Mpo MPUPOIY
Ta CYCIUIBCTBO, a caMme: MPHUKJIaAHOI MaTeMaTWKH, 1H(QOpMaTHKU Ta
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CUCTEMHOI'0 aHaji3y AJis BHUpINICHHS (PYyHIaMEHTalIbHUX MpOOJieM, SKi
MalTh  BaXJIMBE  MAaKpPOCKOHOMIYHE  3HaueHHI.  MaTemaTuyHe
MOJICJIIOBaHHSI OO €KTIB CKJIAAHOI MPUPOAM — €IUHUI 3aMKHYTHH ITUKI
po3p0o0OK  BiA  (QyHAAMEHTAJIBHOIO  JIOCHIPKEHHS  IpoljieMu  JI0
KOHKPETHUX  YHCJIOBUX  PO3PAaXyHKIB  TMOKa3HUKIB  €(PEKTUBHOCTI
byHKIIOHYBaHHS 00’€kTa. Pe3ynabTaroM po3poOOK Moxe OyTH cucTtema
MaTEeMAaTUYHUX  MOJENEH, SKI  ONHUCYIOTh  SIKICHO  PI3HOMaHITHI
3aKOHOMIPHOCTI (DYHKIIIOHYBaHHS 00’€KTa Ta HOro €BOJIOLIIO B IIJIOMY,
K CKJIaJIHOI CUCTEMH B PI3HMX yMOBaX. PO3paxyHKOBI €KCIEPUMEHTH 3
IOIIOMOI'OK0 MaTEMaTUYHUX MOJEJIEN Nar0Th BUXIIHI HaHl IS OLIHKHU
MOKa3HUKIB e(PeKTUBHOCTI (yHKIIIOHYBaHHs 00’€kTa. ToMy MaTemMaTH4YHE
MOJICTIOBAHHS, SK METOJOJIOTisS OpraHi3aiii HayKOBOi €KCIEpPTHU3HU
BEJIMKUX MpOOJIEM, € HE3aMIHHMM MpH po3poOIl MaKpOEKOHOMIYHHUX
pIIIEHb.

[To-npyre, 3a CBOEIO CYTTIO MaTeMaTUYHE MOJCIIIOBAHHS € METOJIOM
pPO3B’SI3Ky HOBHUX CKJIaAHUX MpoOJieM, TOMY JOCHIIKEHHS BIAHOCHO
MaTeMAaTUYHOTO MOJICIIOBAaHHS TOBMHHO OyTH YNEPEIKYIOUUM: CIiT
3aBYacy pO3pOOJISATH HOBI METOAM Ta TOTYBAaTHU CHEIIAIiCTIB-aHATITUKIB,
Kl BMIIOTh 31 3HaHHSIM CIpaBd BHKOPUCTOBYBAaTHM Il METOAM s
PO3B’sI3aHHSI HOBUX MPUKJIAJIHUX 3a/ad.

[To-TpeTe, Ti, BIA KOTO 3alieKUTh PO3MOALT PECypCiB, IIE HE
MOBHICTIO YCBIJIOMWJIH, 1[0 METOJAM MAaTEMATUYHOTO MO/JICJIFOBAHHS MAlOTh
BEJIMKE HApOJIHOTOCIOAAPChKE 3HAYEHHSA 1 BiJ iX PO3BUTKY 3aJICKHUTh
PO3BUTOK COIIIaJIbHO-€KOHOMIYHOTO Ta HAYKOBO-TEXHIYHOT'O IIPOTPECY
kpainu. JlocBin TMOKazye, 110 BIIHOCHO KOMIIAKTHI, ajie ao0pe
CTPYKTYpOBaHI MaTeMaTH4YHI MOJel Jal0Th MOXJIUBICTh OTPUMYBaTH
HETPHUBIaJbHI PO3B’A3KH CKJIAJIHUX €KOHOMIYHUX MPOTpPaM.

Y Toii e 4Yac HEOOXITHO 3BEpHYTH YBary Ha J[IBl BaXKJIMBI
0COOJIMBOCTI EKOHOMIKH K 00’ €KTa MOJICTTFOBAHHS

® B CKOHOMIII HEMOXJIMBI MOJIEJ1 MOAIOHOCTI, SIKi 3 BEJIMKUM YCITIXOM
BUKOPUCTOBYIOTHCS B TEXHIII;
® B CKOHOMIIIl  JAyXX€  OOMEXKEHI  MOXJIMBOCTI  JIOKQJIbHUX

CKCIICpUMEHTIB, OCKIJIbKHM BCl 11 CKJIaJIOBI TICHO B3a€EMOIIOB’S3aHI

MDK CO0010, 1 SIK HACTIAOK, “YUCTUI €KCIIEPUMEHT HEMOIKIIMBUH.

VY TakoMy BUIAQJKy MPOTHO3HUI PO3BUTOK Ta MepeadadyeHHs Horo
HaCJJAKIB MOJXJIMBI JIMIIE HAa OCHOBI KOHIENTYAJIbHUX MOJACHeH
(GYHKI[IOHYBaHHSI €KOHOMIKH, SIKI B CBOIO YEPry CKJIAIalTh (PyHIAMEHT
MaTeMaTUYHOT'O0 MOJICJIFOBAHHS.
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IIporiec po3poOKKM MaTEMAaTUYHUX MOJEIEH JTOCUTh TPYAOMICTKUH,
aje 1€ BaxXdye JOCAITH BHUCOKOI CTEMNEeHl aJeKBaTHOCTI 00’€KTa
JOCHIIKEHHS Ta MOJENI.

[Ipy BUKOHAaHHI CBO€I TOJIOBHOI (YHKIi E€KOHOMIYHA CHCTEMA
3MIMCHIOE HACTYIHI [ii: PpO3MINIye pPecypcH, BHUPOOISIE MPOIAYKIIIIO,
PO3MOJIISIE TPEIMETH CIOXUBAHHS Ta 3JIMCHIOE HarpoMaJKCHHS
(puc.1.4.).

Exonomika
Bamnosuii
IPUPOIHI BHYTPIIIHIN NPOAYKT
pecypen CIIO’KUBaHHS
> BUPOOHUIITBO PO3MOILT

\4
v

TPY/I0BI
pecypcu

Puc. 1.4. ExoHOoMiKa sIK mijcucTeMa IpUpoau Ta CyCIIIbCTBA

OcHOBHa Me€Ta €KOHOMIKHU — 3a0€3MEeUYEHHSI CyCIUJIbCTBA MPEIMETAMHU
CIIO’KMBAHHSI, B TOMY YHCJII TaKUMH, sIKI CTBOPIOIOTh YMOBH JJIsl O€3IEeKU
cycniuibcTBa. EKOHOMIKA CKIIaJa€ThCsid 3 €IEMEHTIB — TOCIOJAPChKUX
ONUHMIL (MiAnpueMCTB, ¢ipMm, OaHkiB, kommaHid 1 T.1.). Hamcucrtema
E€KOHOMIKHM — MpHUpOJa 1 CYCHIIbCTBO, JABI 11 TOJIOBHUX TIJCUCTEMH —
BUpoOHHMYa Ta (iHaHCcoBo-KpeauTHa. DyHKIIS ¢GIHAHCOBO-KPEAUTHOT
MIJICUCTEMH TIOJISITAa€ B PETYJIIOBaHHI (DIHAHCOBUX MOTOKIB (K1 WIYyTh B
3BOPOTHOMY HAINpPSAMKY IO BITHOIIECHHIO O MAaTE€PIaJIbHUX) TAKUM YHUHOM,
o0 3abe3reunTH CTAaOUIbHUN 1 CIHpaBeUIMBUM OOMIH TOBapaMH Ta
MOCIyTraMU SIK MK TOCTIOAAPChKUMH OJMHUIPIMHU Ta 1X 00’ € THAHHSMH, TaK
1 MDK OKpEeMHUMH 4iI€HaMHU CYCIUIbCTBA, a TAaKOXK 3a0e3neuntu (hiHaHCOBI
YMOBH JJIsI PO3BUTKY BUPOOHUIITBA. B 1IX yMOBax rpoiiii Ta 1iHHI Hanepu
CKJIaJIal0Th OCHOBY (DiIHAHCOBUX PECYPCIB.

1.6. 3anuTaHHA Ta 3aBAAHHA AJIA CAMOCTINHOI po0OTH

1. JlaiiTe BUBHAUYCHHS IPEAMETY TOCTIIKEHHS OTneparii.
2. IIlo o3Hayae TepMiH “onepariris’?
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3. SIxi 3agayi po3B’s3y€ HayKa JOCHTIIKEHHS onepariii?

4. OnumniTe a0CTpaKTHE 300paKEHHS PIBHIB CUCTEMU.

5. OxapakTepu3yuTe NOHITTS €KOHOMIKO-MaTEMaTUYHOT MOJIEIIL.

6. OnuIIiTh OCHOBHI €Tany MOJCITIOBAHHS, 1X XapaKTePUCTHKHU.

7. 3 IKMX €JIEMEHTIB CKJIAJIA€ThCSI MOJIEIb?

8. Jlaiite TiaymMadeHHS OCHOBHHUX  CKJIaJOBHUX  EKOHOMIKO-
MaTeMaTUYHOI MOJIEIII.

9.4xi TUCHMIUTIHK CKJIaJal0Th TEOPETUYHY OCHOBY MAaTE€MaTUYHOTO
MozenoBaHHA? KOpOTKO ONMUIIIITE X CTPYKTYPY.

10. Yum BHU3HAYAETHCA BHUJ 1 XapakTep E€KOHOMIKO-MaTeMaTHYHOI
Mozei?

11. SIki o3HaKW TIOKJIQJCHO B OCHOBY Kiacu@ikarii €KOHOMIKO-
MaTEMAaTUYHUX MOJIeNIeii?

12.0numiith  SKICHI  XapaKTePUCTHUKA OCHOBHMX E€KOHOMIYHHUX
MOJIEJIEH.

13.Y 4oMy CyTHICTh 3arajJlbHUX  IMPHUHIMIIB  EKOHOMIKO-
MaTeMaTUYHOTO MOJICITFOBAHHS?

14. Jlaiite TiayMadeHHS 3arajbHUX MPUHIMIIB E€KOHOMIKO-
MaTeMaTHYHOTO MOJICITFOBAHHS.

15. Ilo € 6a30B0OI0 OCHOBOIO JIJIsI MOOY0BU MO/IeIl 00’ €KTa?

16. OnumIiTe OCHOBHI 1111 TOOYIOBU MOJIEIII.

17. JlaiiTe 03HAUYEHHS CUCTEMU, HAJICUCTEMHU Ta I ACUCTEMHU.
18.Ha3BiTh Ta OMMIIITH XapaKTEpHI OCOOJMBOCTI MaTEMaTUYHOTO
MOJICJIFOBAHHS.

19. o cknagae OCHOBY MAaTeMaTUYHOI'O amnapary JOCIIIKECHHS
orneparii?
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IIporpama qucuurutinu ,,JlocsixxeHHs onepamiin”

MoayJs 1. MeToau onTHMaabHOIO YIPABJIHHSA pecypcaMu.

Beryn. Ictopist BuHUKHEHHS Ta GopMyBaHHS Kypey “lociipkeHHs oneparin’.
Busnauennst gocnimpkeHHst omepamiif. OO’exT, mnpeaMer, MeTa, 3aBJaHHS Ta
CTPYKTypa HaBUAJIbHOI JUCIUILIIHA. MicIie 1 poJjib METO/IB JTOCTIIHKEHHS OIeparliii y
MiJTOTOBI{l BHUCOKOKBAMI()IKOBAHMX aHATITHKIB. B3aeMO03B’sI30K Kypcy 3 IHIIUMHU
mucruiutinamu. [lorsaTTs moxeni ta mMozaentoBaHHsA. OCHOBHI CTPYKTYpPHI CKJIa/I0Bi
€KOHOMIKO-MaTeMaTUYHOTO MOJICIIIOBaHHs, iX kKiacudikaris. [IpuHuumu ta eramm
no0y/I0BU €KOHOMIKO-MAaTEeMaTUYHUX MOJICIICH.

Jlitepatypa: [1]-[4].

Tema 1. MoaeJii onTUMaJBHOTO PO3NOALTY pecypciB.
3aragpHa TMOCTAHOBKA 3a/lad JWHAMIYHOTO TIporpamyBaHHs. PiBHSHHS
P. bennmana. Mogens onrumizarmii  po3noainy (iHaHcOBHX pecypciB. Mojenb
ONTUMAJIBHOI 3aMIHU YCTaTKyBaHHSI.

Jlitepatypa: [1]-[4].

Tema 2. 3agaui oNTUMAJIBHOI0 YIIPABJIIHHA 3alIaCaMH.

3aragpHa TIOCTAaHOBKAa 3a7adi Ta THUNW MOJIEICH yIpaBIiHHS 3alacami.
CratudyHa MOJIeJIb €KOHOMIYHOTO 3aMOBJICHHS 3 BIJCYTHICTIO JedimuTy 3amacis.
CratuyHa MOJENIb €KOHOMIYHOTO 3aMOBJICHHS 3 HAsSBHICTIO Je(diIUTy 3aracis.
Mopens ympaBiiHHS 3amacaMd 3 JUCKPETHUM PO3MOAUIOM MONUTy. Mojenb
YIPABJIIHHS 3al1aCaMHU 3 HENEPEPBHUM PO3IOA1IOM HOMUTY.

Jlitepatypa: [1]-[4].

Mopayap 2. 3agavi njaHyBaHHS, MAacOBOro OOCIYrOBYBaHHSl Ta irposi
MeTO/IM.

Tema 3. MoaeJi Teopii MacoBOro o0c,JIyroByBaHHsI.

OCHOBHI €JIEMEHTH CHCTEMH MAacOBOTO OOCIYroByBaHHS Ta KUIbKICHI
xapakTepucTuku. KinbKiCHI  OIIIHKM  OJHO- Ta OaraToOKaHAJIbHUX  CHUCTEM
00CIIyroByBaHHsSI 3 OOMEXKEHMM 4YHCIOM BUMOTr. OnTuMizallisi CUCTEeMH MacOBOTO
00CIIyroByBaHHsI 13 3MIHHUM YHCJIOM KaHaJ1B.

Jlitepatypa: [1]-[4].

Tema 4. OcHOBH CITHOBOI0 MO/AEJIIOBAHHS.

CitkoBa Mopenb 1 i1i OCHOBHI eneMeHTH. [lopsigoxk 1 mpaBuia mnoOya0BU
CITKOBUX MoJeneil. YnopsaakyBaHHs ciTkoBoro rpadika. Buam nuisixiB. Yacosi
napaMmeTpu CITKOBUX rpadikiB. AHai3 1 oNTUMI3allis CITKOBUX rpadikis.

Jlitepatypa: [1]-[4].

Tema 5. IIpuitHATTS pilieHb B yMOBaX HEBU3HAYEHOCTI.



ITocTaHoBKa 3aaadi NMPUUHATTA pIIIEHb B YMOBax HeBHU3HaueHOCTI. OCHOBHI
OPUYUHHA HEBU3HAYeHOCTI. Kpurepii npuiHATTS pillieHb B YMOBaX HEBH3HAYEHOCTI:
Jlannaca, Banwna, Cesimxka, ['ypsina, beiteca, MiHiIMyM cepeaHboro Ta Xojxeca-
Jlemana.

Jlitepatypa: [1]-[4].

Tema 6. Teopis irop Ta irpoBe MoeJIIOBAHHS.

OcHOBHI MOHATTS Teopii irop 1 kinacudikaris 3amgad. OnTUMaNbHUN PO3B’A30K
B Irpax JBOX OCI0 3 HYJbOBOIO CyMoOw. 3mimani crtpaterii. I'padiunuii meron
pO3B’s3yBaHHS 3a7a4 Teopii irop. 3BeICHHS 3aaad Teopii irop 10 3aaad JIHIHHOTO
IporpaMmyBaHHS.

Jlitepatypa: [1]-[4].



Tema 1. Moaesi onTMMaJBLHOI0 PO3NOALILY pecypciB

1. 1. Moaejb ONTHMAJIBLHOIO PO3NMOAiaYy (PIHAHCOBHX pecypcCiB
MiK iIHBeCTULHIHHUMM MPOEKTAMH

Jlocuth dacTto (iHAHCOBUM MpoIlecaM BJIACTUBUN JUHAMIYHUN
XapakTep, TOOTO MU MAaeMO CHpaBy 3 MIpolLecamu, SKi (QPYHKIIOHYIOTH 1
PO3BHUBAIOTHCS Y TPOCTOPI 1 B yaci. Po3B’a3aHHs Takoro TUIy 3aaa4 (3aaa4
JUHAMIYHOTO TpOrpaMyBaHHsI) 3[IMCHIOETHCS NUISIXOM IX PO3KJIaay Ha
BIJIHOCHO HEBEJIMKY Ta MEHII CKJaJHi miazagadi. s mporo migxomay
XapakTepHUM € PO3B’SI30K 3ajiayl 3 JOMOMOIOI0 PSy €TaliB, MOB’sI3aHUX
MDK CO00I0 KepOBaHOIO 3MiHHOIO. Halip peKypeHTHHX OOUYHCIIIOBAIBHUX
npouenyp (CHiBBIIHOUIEHB), SIKI 3B’SI3yIOTh MIDX COOOIO pI3HI €Tamw,
3a0e3meyTe OTPUMAaHHs ONTHMAJIIBHOTO PO3B’S3KY 3a/adl B IIIJIOMY IpHU
3aBEpIICHH] OCTAHHBHOTO €TaITy.

[TocTaHOBKY 3ajadi pO3MVISIHEMO Ha TMPUKIAAl ONTUMAIBHOIO
PO3MOJIUTY PECYpPCiB MIXK 1HBECTHUILIMHUMH MpOeKTaMH. I MOXKIHMBOTO
PO3IIUPEHHS MOTYXXKHOCTEH (ipMa BUalIsie (PiHAHCOBI pecypcu po3MipoM
X TpOUIOBUX OAMHUIb, SKI HEOOXITHO PO3AUIMTH B Takuil crocid, 1mo0
0JIepKaTH MaKCUMAJIbHO MOXKJIMBUNA CyMapHUN MPUOYTOK.

[TozHauuMo wyepe3 Xx— poO3MIp IHBECTHINN, BHAUICHUX IIIJI i—THM
npoekT (i =1,n), A€ i— IHEKC TPoekTy. OTKe, Ma€e Micle PIBHICTb

X +xX +..+x =X (1.1)

Ha ocHOBI momepeaHbOro aHaididy BCTAHOBJIEHO, IO MNPHUOYTOK
BHACJIIJJOK peati3ailii i—TOro MpoeKTy 3aJa€Tbcsl PyHKIEW f.(x,) (TOOTO
3QJICKUTH BIJI BUAUIEHOI MiJ L€ MPOEKT CyMU (PIHAHCOBUX PECYPCIB X; 1
HE 3QJICKUTH B1Jl TOTO, sIKa cyma OyJia BUAUIEHA MiJ] 1HIIUNA TPoeKT). Tol
CyMapHHil TpuOyTOK PipMU CTAHOBUTUME

F(X)= iﬁ(xi) (1.2)

Hama 3amada mossirae y 3HAXOJKEHHI TaKWX 3HA4eHb x, >0 sKi

3a7I0BOJIBHAIOTE oOMexxkeHHs (1.1) 1 3a0e3nedyroTh MakCUMyM (yHKITT
(1.2).
[TpunycTtumMo, M0 MakKCUMaJIbHUN CyMapHUN MPUOYTOK, OJIepKaHUN
P PO3MHOJILII IHBECTULINA po3MipoM X JIsl MEPIIUX k& IPOEKTIB Oyze
F =max[f (x)+ f,(x,)+...+ f,(x,)], OppIOMY x, +x, +...+x, =X, x, 20.
Jnst Bu3HaueHHs UMX (YHKIIH NMOOYIyeEMO PEKYpEHTHE PIBHSHHS
pU JOTIOMO31 HACTYITHUX €TaiB.



[ToyneMo 3 poO3MOALTY HAsBHUX KOINTIB JJIsS IEPIIOTO ITPOCKTY.
3HaiiIeM0O MaKCUMaJIbHE 3HaUYE€HHS IPUOYTKY 3a (hOpMYJIOL0:

E(X) =max[/,(x)]= £,(X) (1.3)

0<x, <X

[lepexonumo A0 aApyroro eramy po3paxyHkiB. Ham HeoOxigHO
3HAWTU ONTUMAJbHUNM BapiaHT PO3MOJILIY IHBECTHUIIA po3MipoMm X, mpu
yMOBI, II0 BOHHM BHJUICHI TEpPHIOMY Ta Apyromy mnpoekty. TyT ciin
BpaxOBYBaTH OTPUMaHy HaWKpairy e(QeKTHBHICTH JJIs MEPIIOTrO MPOEKTY.
[Tpunyctumo, 10 Ha JPYTHIl IPOEKT BUJIICH] IHBECTHUIIIT PO3MIPOM X, SIK1
IawTh  f,(x,) OpUOYTKy, a 3aauiiok (X—x,) BUIUISETHCA MEPIIOMY
MPOEKTY 1 BiH Ja€ F, (X —x,) mpuOyTKy. Toal MakCUMaJIbHUI MPUOYTOK,
OTPUMAHMI B1J] ONTUMAJIBHOTO PO3MOIIIY BCIX 1HBECTHUIIIN M1k MEPIIUM 1
JIPYTUM TIPpOEKTaMu Oy/ie:

F;(X):maX[fz(xz)"_E(X_xz)] (14)

0<x, <X

IlepexoquMo A0 TpPETHOro €Tamy, Ha SKOMY HEOOXIJIHO 3HaWTU
ONTUMAJIBHUNA BapiaHT PO3MOJUTY IHBECTUIIM TpPH YMOBi, IO BOHU
BUJIUISIIOTHCS JIJIS TIEPIIUX TPHOX ITPOCKTIB Pa30M.

Hexaii Ha TpeTiii NpOEKT BUILIECHO X3 OJIMHUIIL KOLITIB, SIKI B CBOIO
4yepry JanyTh nOpuOyToK po3mipoMm f,(x,). HasBumit 3amumok (X-—x;3)
BUJIJIUMO TIEPIIOMY Ta JPYroMy IpPOEKTaM, SKI TPH ONTUMAIbHOMY
po3noAuIl AaayTh npuOyToK F,(X —x,) Tpoml of. Toai MakCUMaIbHUN
npuOyTOK, OTPUMAHUM Bij] PO3MOJILUTY 1HBECTHULIN MIX MEPIIMMHU TPhOMa
poeKTamMu Oye:

F;(X):maX[fs(x3)+Fz(X_x3)] (15)

0<x, <X
PosristneMo 3araabHUI BUTIAJIOK PO3MOJLTY 1HBECTHUIIN JJIsI TIEPIIUX
k mpoekTtiB. Hexail k —ToMy NpOEKTy BUIUJICHO x, OAWHHUIIb 1HBECTHIIIH,
AK1 3a0e3neyaTb WOMY MPUOYTOK PO3MIPOM  f,(x,).3aTUIIOK 1HBECTHUIIN
(X—x,) nmepenamo nepuuM (x-1) mpoekTaMm, 1€ BOHU NpHU ONTUMAIBLHOMY
po3noautl mpuHecyTh (pipmi F_ (X —x,) npubytky. Ilpu mpomy dipma
OTpUMa€E CYMapHUI MaKCUMaJIbHUM MPUOYTOK PIBHMUIA:
F (X)) =max[/, (x,) + F (X = x,)] (1.6)

0<x, <X
OTxe, MU BHUBEIU pEKypeHTHe cHiBBigHOIIEHHs (1.6), sKe €
piBHsHHAM P. bennvana nis 3amaqi (1.1)—(1.2).



[Mpukmanm 1.1.

dipMa po3rAmae  MOXIMBICT BKJIAJECHHS KOIITIB Yy TpHU
1HBECTHUIIIHI TIpoeKTH y po3Mipi 200 muH. rpH. HeoOx11HO po3paxyBaTu
ONTUMAJIbHUNA BapiaHT BKJAJEHb KOIITIB, SIKU 3a0e3neuuTsh Qipmi
OTPUMAaHHSI MaKCUMAJILHOTO MPUOYTKY.

Tabnwuus 1.1
Posmip IIpupicm doxodis
IHeecmuyiil, Si(x) £5(x) f5(x)
X Min.2pH.
0 0 0 0
100 70 90 60
200 150 140 170

Po36’azanna. JIna 3HaXOMKEHHST ONTHUMAIbHOTO BapiaHTy BKJIaJCHb
KOIITIB BUKOpUCTaEMO (yHKIIOHAIbHE piBHAHHSA (1.6). Po3paxyHku
npoBeAemMo y Tpu etanu. Hacammepen 3HaliieMoO onTUMajibHE 3HAYCHHS

BaplaHTy BKJIaJICHb TUTSL NEpIIOTO IIPOEKTY. OckinbKu

F(X)=maxLf.(x)]=f,(X), TO ePEXOAUMO 110 BU3HAYCHHS
0<x <X

ONTUMAJIBHOTO 3HAYEHHS PO3MOJAUTY 1HBECTUIM , BHUAUICHUX JIBOM

NepIIMM MOpoeKTaM pa3zoM. Jiig 1poro BUKOpHUCTAEMO (popmyiy
F,(X)=max[f,(x,)+F(X —x,)], y fKIi HagaMoO X, YCiX MOXJIHUBUX

3HaueHb (100; 200). PosrasiHeMO BHUIAIOK PO3MOAUTY 1HBECTHIIIH
po3mipom 100 miH. rpH. OTpuMaemo:
F,(100) = max[f,(x,) + £,(100 - x,)]= max[/,(0) + £ (100); £,(100) + £(0)] =

0<x,<X 0<x,<X

—max[0+70; 90+ 0]=90 miH. rpH.

0<x,<X
MakcumanbHe 3HAYE€HHS OJIEP’KAHO 3a PAXyHOK JPYroro 4ieHa,
T00TO f,(100)+ F,(0). Ile o3Hayae, 110 APYyroMy MPOEKTY CIIJ BUIIIUTH

100 MJH. TpH., a IEpIIIOMY HE BUAUIATH HIYOTO.
AHaJIOTIYHO MPOBOJUMO OOYHMCIICHHS JIJIsi 3HAYEHHsS BKJajeHb 200
MJIH. TPH.:

F,(200) = max [/ (x,) + £1(200 — x,)] = max [ /,(0) + £(200); £,(100) + £ (100);

0<x,<X 0<x,<X

£,(200) + F.(0)] = max[0 +150; 90 + 70; 140+ 0]=160 MiH. rpH.

0<x,<X
OpnepxaHuil pe3ysbTaT IMOKa3zye, 10 1HBeCTHUIli po3mipom 200
MJTH. TPH HEOOX1THO MOPIBHO MOAUIMTH M1k MEPIIMMH JBOMA ITPOCKTAMHU.



Ilepexoqumo 110 Tperboro eramy. Po3paxyHKH TPOBOIUMO
ananoriu”o. IIpu npomy ciif BpaxoByBaTH OTpUMaHl Ha JPyroMy erami
3Ha4YeHHA F,(X).

£(100) = max [/, (x;) + £,(100 - x,)] = max[£;(0) + £,(100); £,(100) + F, (0)] =

0<x;<X 0<x;<X

—max[0+90; 50 + 0]=90 maH. rpH.

0<x,<X

£(200) = max[/f;(x;) + £,(200 — x;)] = max [/;(0) + £,(200); f;(100) + £, (100);

0<x;<X 0<x;<X

£,(200) + F,(0)] = max[0 + 160; 50+90; 170+ 0]=170 . rpH.

0<x;<X

OTxe, B pe3yJibTaTi BKJIAJAEHHS KOIWITIB Y po3Mmipi 200 MIIH. TpH. Y
TpU NPOEKTH (PipmMa oTpumae npudbyToK y cymi 170 muH. rpH. [Ipu nipomy
BC1 KOIIITH PEKOMEHAY€ETHCS BKJIACTH Y TPETIN MPOECKT.

1. 2. MogeJsib ONTUMAJIBbHOI 3AMiHU YCTATKYBAHHS

Ha nouaTky miaHOBOro nepiojay, KUl CKIIaJaeThCs 3 KIJTBKOX POKIB,
BUPOOHUYMM TIAPO3AUT MAa€ B HASABHOCTI OJHY OJWHHMINIO yCTAaTKyBaHHS
(1KCOBaHOI KUIBKOCTI PpOKIB €KCIulyaraiii. Y TMpolecl eKCIulyaTalil
yCTAaTKyBaHHS Jla€ WIOPIYHUN NOpHOYTOK, MOTpeldye eKCIUTyaTalliiiHux
BUTpPAT 1 Mae BIAMOBIIHY 3aJUIIKOBY BapTICTh, MPUYOMY BCl 3rajaHi
XapaKTEPUCTUKH 3aJIe)KaTh Bl BIKY yCTaTKyBaHHSI.

Y HOBIIBHMI pIK yCTAaTKYBaHHS MOKHA 30€pertd 4u MOpoJIaTH IO
3QJIMIIIKOBIM BapTOCTI ¥ KYNMUTH 3aMICTh HbOI'O HOBE YCTAaTKyBaHHS 3a
BIJIOMOIO I[IHOIO, KOTpa MOKE 3MIHIOBAaTHCS B 4aci. 3ajada MoJisirae B
TOMYy, IO JJisl IUJIAHOBOTO MEPIOAY HEOOXiTHO 3HAWTH ONTUMAJIbHY
(3aragpHHU TPUOYTOK 3a MEPioa) TAKTUKY 3aMiHU (30€peKeHHS) TaHOTO
yCTaTKyBaHHS, TOOTO ISl KOKHOTO POKY B IJITAaHOBOMY Tiepioai Tpeba
NPUMHSITH PIIICHHS : 30€piraTu HasiBHE YCTATKyBaHHS HAa JJAHWI MOMEHT
a0o mpoaaTH Moro ¥ mpuadaTh HOBE, 100 3araJibHUN MPUOYTOK 3a BECh
IJIaHOBUH Tep1o OyB MaKCUMaJIbHUM.

Jns  noOynoBHM  €KOHOMIKO-MAaTEMAaTHYHOI  MOJIENII  BBEJEMO

MO3HA4YeHHA: ! — BIK yctatkyBanHs, ¢ = 0, 1, 2, ... (=0 BigmoBimae
BUKOPUCTAHHIO HOBOTO YCTaTKyBaHHS; ¢ = | BiANOBIiJIa€ BUKOPHUCTAHHIO
YCTaTKyBaHHS BIKOM OJIMH pIK TONIO); X(f) — BapTICThb MNPOAYKIII,

BUTOTOBJICHOI MPOTATOM OJIHOTO POKY Ha yCTaTKyBaHHI BIKOM f; S (f) —
3QJIMIIIKOBA BApTICTh YCTaTKyBaHHA BIKOM f; 7 - MOPOMDKHUM Yac y



IUIAHOBOMY TMepiofl; P - I[ilHa HOBOrO  yCTaTKyBaHHS;  u(f) —
eKCIUTyaTalliiHl BUTPATU 3a OJIMH PIK HAa YCTAaTKyBaHHS BIKOM f; f;, —
MOYATKOBUM BIK YCTAaTKyBaHHS ; N — IJIAHOBUI MEPIO/I.

[To3zHauumMo uyepes f, (f) cymMapHuil OpuOYTOK 3a OCTaHHI 7 POKIB
MJIAHOBOTO TIEPIOJy MPY YMOBI, 1[0 HA MOYATKY LBOTO MEPIOy 3 7 POKIB Y
HAssBHOCTI € YCTaKyBaHHS BIKOM #, 1 MU JOTPUMYEMOCS ONTHUMAaIbHOT
noiTuky B 3aMiHi. [Ipu npomy, n = 1 03Hayae OCTaHHIN PIK MIAHOBOTO
nepioay (A0 KiHI TJIAHOBOTO TMEPioAy 3aJIMIIUBCS OJIUH PIK);, n = 2 —
OCTaHHIX JIBa POKH IIJIJAHOBOTO TEpioay (/10 KIiHIM IUIAHOBOTO IMEpioay
3IMIIMIIOCS JABa POKH); n = N — ocTaHHIX N POKIB IJIAaHOBOrO MEPioay,
TOOTO BIJINOBIAa€ BChOMY TUIAHOBOMY TIEPIOTY.

[Tpunyctumo, 1o pimieHHs npuiMaeTbesi B MOMeHT yacy =0, 1, 2,
..., N—1 (mpu cucrtemi BIJIJIIKY BIJTHOCHO MapameTpa # 1ie o3Havae n=N , N
—1 ,...,1). OTxe, mIaHOBUM TEPIOJ UIUTHCS HAa IHTEPBAIM JOBXKHUHOIO
OJWH PIK, y KOXXKHOMY 3 SKMX NPUUMAEThCA PIIICHHS — 30epiratd 4u
3aMIHHATH YCTAaTKyBaHHSI.

Skio B MOMEHT 7 = i (II0YaTOK i—TO POKY, TYT # = 7 - i ) CUCTEMa
nepeOyBae B cTaH1 ¢ (BIK YCTaTKyBaHHS f) 1 IPUUHSITO pillIeHHs “30epiraTu
yCTaTKyBaHHs’, TO I O3HAuae, IO JIaHEe YCTaTKyBaHHS, MOIPAI[fOBABIIN
OIMH PIK, “mocTapie” W OMMHUTHCS HAa MOMEHT 7 = [ +1 (Ha moyaTok
HACTYITHOTO POKY) B cTaHi ¢ +1- Oyjae matu Bik ¢ +1. SIKI0 Ha MOMEHT
T = 1 yCTaTKyBaHHS 3HAXOJWJIOCA B CTaHI f 1 TPUUHATO PIIICHHS
“3aMIHMTH yCTaTKyBaHHsS , TO I1I€ O3HAYa€, IO B MOMEHT [ HasBHE
yCTaTKyBaHHS MPOJAETHCS, a HATOMICTh KYIYIOTh HOBE (BiK 0 POKIB); BOHO
mpaipe OJWH PIK 1 JO MOMEHTY [ +1 cuctemMa BUSIBUTHCS B CTaHi 1
(ycTaTKyBaHHS BIKOM OJMH PiK).
3amiHa ICHYIOUOI'O YCTaTKyBaHHS BIKOM / Ha HOBE JOLLUIbHA B TOMY
BUIAJIKY, KOJIM TPUOYTOK BiJ HOBOT'O YCTaTKyBaHHS OUIBIINIA Bl CTaporo,
TOOTO

S(t)— p+x(0)—u(0) > x(¢) —u(t).

Axkmo S(¢)— p+x(0)—u(0) < x(¢) —u(t), TO HasiBHE yCTAaTKyBaHHS
ciij 30eperTu.

Y BIANOBIAHOCTI [0 AJTOPUTMY JAWHAMIYHOTO MPOrpamMyBaHHS
CIIOYATKYy IUIAHYEThCSI OCTAHHIM KPOK, JIJIS SKOTO MPUUMAETHCS PIIICHHS
TaKUM YWUHOM, 00 OTpUMATH MaKCUMajdbHUU mpuOyTOoK. Buxomsuu 3
TOrO, 10 f|(¢) - MpUOYTOK, SKUM Ha OCTAaHHLOMY €Tarll OyJe JOpIBHIOBATH
HaWOUIBIIIOMY 3HAYEHHIO [IMX JIBOX BUPa3iB, JICTAHEMO:



x(t)—ult) 30epertu
f.(¢) = max , (1.7)
S(t)— p+x(0)—u(0) s3aminmTn.

OnTumMaibHUM PIICHHSIM 3a OocTaHH1 (n+1) poku, npu yMOBi, IO HA
movyaTKy Iboro mepiogy 3 (n+l) poOKy € ycTraTKyBaHHSA BIKOM f, Oyne
pilleHHA, sKe 3a0e3Me4uTh 3a OCTaHHIX (n+l)  poOKM MaKCUMaIbHUUN
npuOYTOK, SIKWH BU3HAYAETHCS 3 BUPA3Y

x(t)—ult)+ f.(¢+1) 30epertu

f,.. ()= max | (1.8)
S(¢)— p+x(0)-u(0)+ £(1) 3aMIHHTH.

CriseigHomeHHs (1.7) 1 (1.8) BCTaHOBIIOIOTH 3B’ 130K M1 BHpa3aMu
t, Ta t,y;. Lle peKypeHTH1 CHiBBIJHOILICHHS, 3a SIKUMU MOXHA 3HAUTH
PO3B’SI30K 3a/1a4l METOJIOM JUHAMIYHOTO MPOrpaMyBaHHS.

Ipuknazg 1.2.. Jlo moyaTky IJIaHOBOTO MEPIOAY B 11€Xy BCTAHOBJICHO
yCTaTKyBaHHS. 3aJIKHICTh IPOTYKTUBHOCTI I[bOTO YCTaTKYBaHHS Bl 4acy
BUKOPUCTAHHS HOT0 IIEXOM, a TaKOX 3aJCKHICTh BUTPAT HA YyTPUMAaHHS U
PEMOHT YCTaTKyBaHHS MPH Pi3HUX TE€PMiHAaX HOT0 BUKOPUCTAHHS HaBEICHI

B Ta0mI 1.2.
Tabomuus 1.2.

Yac, npoTarom sKoro

XapakTepuCTUKa YCTATKyBAHHS BUKOPUCTOBYETHCS YCTATKYBaHHS

0 1 2 3 4 5

Piunmii Bunyck npoaykuii, i, rpa. | 100 | 85 75 70 70 65

Piuni  BuTpaTH, T1OB’sA3aHI 3
YTPUMaHHAM 1 PEMOHTOM
yCTaTKyBaHHS, MJIH. TPH.

30 35 40 | 45 55 65

Butpatu Ha mnpua0aHHsS Ta BCTAHOBJICHHSI HOBOT'O YCTaTKyBaHHS
ckianaroTh 50 MJIH. TpH. YCTaTKyBaHHS, IO 3aMIHIOIOTh, CIUCYETHCS
(3aIMIIIKOBA BapTICTh OPIBHIOE HYIIO). [To0ymyBaTu Takuii miiaH 3aMiHU
yCTAaTKyBaHHS, 3a SKUM MNOpHOYTOK 3a JaHuW mepiog dvacy Oyne
MaKCUMaJIbHUM.

Poss’azanna. 1louHeEMO 3 BU3HAYEHHS YMOBHOI'O ONTHMAJIbHOTO
pPO3B’SI3KY MJI1 OCTAaHHBOTO POKY IIaHOBOro mepiony. OCKUIBKH J0
MoYaTKy IIJIAHOBOTO TEpioAy II€X Ma€ HOBE YCTaTKyBaHHS, TO BIK
yCTaTKyBaHHS 70 MOYaTKy OCTAaHHbOrO eramy Moxke Oyt 1, 2, 3 abo 4
POKHU.




Jnd KOXHOrO 3HaueHHd [ 3HAWJAEMO YMOBHO ONTUMAJIbHUMN
PO3B’S30K 1 BiANOBiAHO 3HaYeHHS PYyHKIIIT f;(7) HAa ocHOB1 hopmynu (1.7).

() 85—35
= max
: 100-30-50

lﬁ(z)zlnax{75-4o

100 -30-50
70—-45
£.(3) = max =25 30epertu;

100-30-50
f(4)= max{

65-55
100—-30-50
Bik ycTaTkyBaHHS /10 MOYATKy YE€TBEPTOTO POKY IIJIAHOBOTO MEPi0Iy
(n =2) moxe nopsHioBatu =1, 2, 3. Kopucryrwuuce dopmyiorw (1.8),
3HAUAEMO:

} =50 30eperTu;

} =35 30eperTu;

} =20 3aMIHUTH.

85—-35+35 .
£,(1)= max{100_30_50+50} =35 30eperTy;
75— 40 +25 |
f2(2):max{100_30_50+50}:70 3aMiHUTH;

70— 45+20 ,
/>(3)=max =70  3amiHuTH.
100—-30-50+50

MoxIMBUM BiK yCTaTKyBaHHS JI0 IMOYaTKy poKy (n = 3) Moxke
nopiBHioBaTu ¢ = 1, 2. Ha ocHoBi dopmyiu (1.8) po3paxyemMo 3HaUCHHS f;3

(9):

85-35+70
1, (1) = max{

=120 30eperTu;
100-30-50+85

£(2)=max 7540+ 70
A 100 —30—50+85

AHAaJIOTIYHO PO3TJsIHEMO BUMNAAOK 1 n = 4, Tobto ¢ = 0. OTxe,
npoOeMu BUOOpPY HEMAE: yCTaTKyBaHHs Tpeba 30epertu, a
/:(0)=100-30+120=190.
BpaxoBytoun, 1110 BiK YCTaTKyBaHHS J0 TIOYATKY IJIAHOBOTO MEPioy
t = 0, 1 KOPUCTYIOUUCh OTPUMAHUMHU PO3PAXYHKOBUMHU pe3yJbTaTaMH B
oOepHEHOMY TOPSAIKY iX (opMyBaHHS, MOOYAYEMO ONTHUMAIbHY TaKTHUKY
3aMIHM ycTaTKyBaHHs (Ta0i. 1.3).

} =105 30eperTu.



Tao6murs 1.3.

Poku miaHOBOTrO nepiogy

Hepiozn 1 2 3 4 5
1 | 306epertu | 30epertu | 30epertu | 30epertu | 30epertu
Bix 2 30eperTi |3aMiHUTH | 30eperTu
yCTaTKyBaHH 3 3aMIHHUTH | 30€perTu
4 3aMiHUTH
OnTumanbHUM :
, 30eperTu | 30epertu | 30eperTu |3aMiHUTH | 30€perTu
pPO3B’SI30K

OTxe, onTUMAJIbHUN PO3B’SA30K JaHO1 3ajayl OyJe TakuM: 3aMiHU
yCTaTKyBaHHS IIPOBOJIMTH HA MOYATKYy YETBEPTOTrO MEPiody.




Tema 1. Moaesi onTMMaJBLHOI0 PO3NOALILY pecypciB

1. 1. Moaejb ONTHMAJIBLHOIO PO3NMOAiaYy (PIHAHCOBHX pecypcCiB
MiK iIHBeCTULHIHHUMM MPOEKTAMH

Jlocuth dacTto (iHAHCOBUM MpoIlecaM BJIACTUBUN JUHAMIYHUN
XapakTep, TOOTO MU MAaeMO CHpaBy 3 MIpolLecamu, SKi (QPYHKIIOHYIOTH 1
PO3BHUBAIOTHCS Y TPOCTOPI 1 B yaci. Po3B’a3aHHs Takoro TUIy 3aaa4 (3aaa4
JUHAMIYHOTO TpOrpaMyBaHHsI) 3[IMCHIOETHCS NUISIXOM IX PO3KJIaay Ha
BIJIHOCHO HEBEJIMKY Ta MEHII CKJaJHi miazagadi. s mporo migxomay
XapakTepHUM € PO3B’SI30K 3ajiayl 3 JOMOMOIOI0 PSy €TaliB, MOB’sI3aHUX
MDK CO00I0 KepOBaHOIO 3MiHHOIO. Halip peKypeHTHHX OOUYHCIIIOBAIBHUX
npouenyp (CHiBBIIHOUIEHB), SIKI 3B’SI3yIOTh MIDX COOOIO pI3HI €Tamw,
3a0e3meyTe OTPUMAaHHs ONTHMAJIIBHOTO PO3B’S3KY 3a/adl B IIIJIOMY IpHU
3aBEpIICHH] OCTAHHBHOTO €TaITy.

[TocTaHOBKY 3ajadi pO3MVISIHEMO Ha TMPUKIAAl ONTUMAIBHOIO
PO3MOJIUTY PECYpPCiB MIXK 1HBECTHUILIMHUMH MpOeKTaMH. I MOXKIHMBOTO
PO3IIUPEHHS MOTYXXKHOCTEH (ipMa BUalIsie (PiHAHCOBI pecypcu po3MipoM
X TpOUIOBUX OAMHUIb, SKI HEOOXITHO PO3AUIMTH B Takuil crocid, 1mo0
0JIepKaTH MaKCUMAJIbHO MOXKJIMBUNA CyMapHUN MPUOYTOK.

[TozHauuMo wyepe3 Xx— poO3MIp IHBECTHINN, BHAUICHUX IIIJI i—THM
npoekT (i =1,n), A€ i— IHEKC TPoekTy. OTKe, Ma€e Micle PIBHICTb

X +xX +..+x =X (1.1)

Ha ocHOBI momepeaHbOro aHaididy BCTAHOBJIEHO, IO MNPHUOYTOK
BHACJIIJJOK peati3ailii i—TOro MpoeKTy 3aJa€Tbcsl PyHKIEW f.(x,) (TOOTO
3QJICKUTH BIJI BUAUIEHOI MiJ L€ MPOEKT CyMU (PIHAHCOBUX PECYPCIB X; 1
HE 3QJICKUTH B1Jl TOTO, sIKa cyma OyJia BUAUIEHA MiJ] 1HIIUNA TPoeKT). Tol
CyMapHHil TpuOyTOK PipMU CTAHOBUTUME

F(X)= iﬁ(xi) (1.2)

Hama 3amada mossirae y 3HAXOJKEHHI TaKWX 3HA4eHb x, >0 sKi

3a7I0BOJIBHAIOTE oOMexxkeHHs (1.1) 1 3a0e3nedyroTh MakCUMyM (yHKITT
(1.2).
[TpunycTtumMo, M0 MakKCUMaJIbHUN CyMapHUN MPUOYTOK, OJIepKaHUN
P PO3MHOJILII IHBECTULINA po3MipoM X JIsl MEPIIUX k& IPOEKTIB Oyze
F =max[f (x)+ f,(x,)+...+ f,(x,)], OppIOMY x, +x, +...+x, =X, x, 20.
Jnst Bu3HaueHHs UMX (YHKIIH NMOOYIyeEMO PEKYpEHTHE PIBHSHHS
pU JOTIOMO31 HACTYITHUX €TaiB.



[ToyneMo 3 poO3MOALTY HAsBHUX KOINTIB JJIsS IEPIIOTO ITPOCKTY.
3HaiiIeM0O MaKCUMaJIbHE 3HaUYE€HHS IPUOYTKY 3a (hOpMYJIOL0:

E(X) =max[/,(x)]= £,(X) (1.3)

0<x, <X

[lepexonumo A0 aApyroro eramy po3paxyHkiB. Ham HeoOxigHO
3HAWTU ONTUMAJbHUNM BapiaHT PO3MOJILIY IHBECTHUIIA po3MipoMm X, mpu
yMOBI, II0 BOHHM BHJUICHI TEpPHIOMY Ta Apyromy mnpoekty. TyT ciin
BpaxOBYBaTH OTPUMaHy HaWKpairy e(QeKTHBHICTH JJIs MEPIIOTrO MPOEKTY.
[Tpunyctumo, 10 Ha JPYTHIl IPOEKT BUJIICH] IHBECTHUIIIT PO3MIPOM X, SIK1
IawTh  f,(x,) OpUOYTKy, a 3aauiiok (X—x,) BUIUISETHCA MEPIIOMY
MPOEKTY 1 BiH Ja€ F, (X —x,) mpuOyTKy. Toal MakCUMaJIbHUI MPUOYTOK,
OTPUMAHMI B1J] ONTUMAJIBHOTO PO3MOIIIY BCIX 1HBECTHUIIIN M1k MEPIIUM 1
JIPYTUM TIPpOEKTaMu Oy/ie:

F;(X):maX[fz(xz)"_E(X_xz)] (14)

0<x, <X

IlepexoquMo A0 TpPETHOro €Tamy, Ha SKOMY HEOOXIJIHO 3HaWTU
ONTUMAJIBHUNA BapiaHT PO3MOJUTY IHBECTUIIM TpPH YMOBi, IO BOHU
BUJIUISIIOTHCS JIJIS TIEPIIUX TPHOX ITPOCKTIB Pa30M.

Hexaii Ha TpeTiii NpOEKT BUILIECHO X3 OJIMHUIIL KOLITIB, SIKI B CBOIO
4yepry JanyTh nOpuOyToK po3mipoMm f,(x,). HasBumit 3amumok (X-—x;3)
BUJIJIUMO TIEPIIOMY Ta JPYroMy IpPOEKTaM, SKI TPH ONTUMAIbHOMY
po3noAuIl AaayTh npuOyToK F,(X —x,) Tpoml of. Toai MakCUMaIbHUN
npuOyTOK, OTPUMAHUM Bij] PO3MOJILUTY 1HBECTHULIN MIX MEPIIMMHU TPhOMa
poeKTamMu Oye:

F;(X):maX[fs(x3)+Fz(X_x3)] (15)

0<x, <X
PosristneMo 3araabHUI BUTIAJIOK PO3MOJLTY 1HBECTHUIIN JJIsI TIEPIIUX
k mpoekTtiB. Hexail k —ToMy NpOEKTy BUIUJICHO x, OAWHHUIIb 1HBECTHIIIH,
AK1 3a0e3neyaTb WOMY MPUOYTOK PO3MIPOM  f,(x,).3aTUIIOK 1HBECTHUIIN
(X—x,) nmepenamo nepuuM (x-1) mpoekTaMm, 1€ BOHU NpHU ONTUMAIBLHOMY
po3noautl mpuHecyTh (pipmi F_ (X —x,) npubytky. Ilpu mpomy dipma
OTpUMa€E CYMapHUI MaKCUMaJIbHUM MPUOYTOK PIBHMUIA:
F (X)) =max[/, (x,) + F (X = x,)] (1.6)

0<x, <X
OTxe, MU BHUBEIU pEKypeHTHe cHiBBigHOIIEHHs (1.6), sKe €
piBHsHHAM P. bennvana nis 3amaqi (1.1)—(1.2).



[Mpukmanm 1.1.

dipMa po3rAmae  MOXIMBICT BKJIAJECHHS KOIITIB Yy TpHU
1HBECTHUIIIHI TIpoeKTH y po3Mipi 200 muH. rpH. HeoOx11HO po3paxyBaTu
ONTUMAJIbHUNA BapiaHT BKJAJEHb KOIITIB, SIKU 3a0e3neuuTsh Qipmi
OTPUMAaHHSI MaKCUMAJILHOTO MPUOYTKY.

Tabnwuus 1.1
Posmip IIpupicm doxodis
IHeecmuyiil, Si(x) £5(x) f5(x)
X Min.2pH.
0 0 0 0
100 70 90 60
200 150 140 170

Po36’azanna. JIna 3HaXOMKEHHST ONTHUMAIbHOTO BapiaHTy BKJIaJCHb
KOIITIB BUKOpUCTaEMO (yHKIIOHAIbHE piBHAHHSA (1.6). Po3paxyHku
npoBeAemMo y Tpu etanu. Hacammepen 3HaliieMoO onTUMajibHE 3HAYCHHS

BaplaHTy BKJIaJICHb TUTSL NEpIIOTO IIPOEKTY. OckinbKu

F(X)=maxLf.(x)]=f,(X), TO ePEXOAUMO 110 BU3HAYCHHS
0<x <X

ONTUMAJIBHOTO 3HAYEHHS PO3MOJAUTY 1HBECTUIM , BHUAUICHUX JIBOM

NepIIMM MOpoeKTaM pa3zoM. Jiig 1poro BUKOpHUCTAEMO (popmyiy
F,(X)=max[f,(x,)+F(X —x,)], y fKIi HagaMoO X, YCiX MOXJIHUBUX

3HaueHb (100; 200). PosrasiHeMO BHUIAIOK PO3MOAUTY 1HBECTHIIIH
po3mipom 100 miH. rpH. OTpuMaemo:
F,(100) = max[f,(x,) + £,(100 - x,)]= max[/,(0) + £ (100); £,(100) + £(0)] =

0<x,<X 0<x,<X

—max[0+70; 90+ 0]=90 miH. rpH.

0<x,<X
MakcumanbHe 3HAYE€HHS OJIEP’KAHO 3a PAXyHOK JPYroro 4ieHa,
T00TO f,(100)+ F,(0). Ile o3Hayae, 110 APYyroMy MPOEKTY CIIJ BUIIIUTH

100 MJH. TpH., a IEpIIIOMY HE BUAUIATH HIYOTO.
AHaJIOTIYHO MPOBOJUMO OOYHMCIICHHS JIJIsi 3HAYEHHsS BKJajeHb 200
MJIH. TPH.:

F,(200) = max [/ (x,) + £1(200 — x,)] = max [ /,(0) + £(200); £,(100) + £ (100);

0<x,<X 0<x,<X

£,(200) + F.(0)] = max[0 +150; 90 + 70; 140+ 0]=160 MiH. rpH.

0<x,<X
OpnepxaHuil pe3ysbTaT IMOKa3zye, 10 1HBeCTHUIli po3mipom 200
MJTH. TPH HEOOX1THO MOPIBHO MOAUIMTH M1k MEPIIMMH JBOMA ITPOCKTAMHU.



Ilepexoqumo 110 Tperboro eramy. Po3paxyHKH TPOBOIUMO
ananoriu”o. IIpu npomy ciif BpaxoByBaTH OTpUMaHl Ha JPyroMy erami
3Ha4YeHHA F,(X).

£(100) = max [/, (x;) + £,(100 - x,)] = max[£;(0) + £,(100); £,(100) + F, (0)] =

0<x;<X 0<x;<X

—max[0+90; 50 + 0]=90 maH. rpH.

0<x,<X

£(200) = max[/f;(x;) + £,(200 — x;)] = max [/;(0) + £,(200); f;(100) + £, (100);

0<x;<X 0<x;<X

£,(200) + F,(0)] = max[0 + 160; 50+90; 170+ 0]=170 . rpH.

0<x;<X

OTxe, B pe3yJibTaTi BKJIAJAEHHS KOIWITIB Y po3Mmipi 200 MIIH. TpH. Y
TpU NPOEKTH (PipmMa oTpumae npudbyToK y cymi 170 muH. rpH. [Ipu nipomy
BC1 KOIIITH PEKOMEHAY€ETHCS BKJIACTH Y TPETIN MPOECKT.

1. 2. MogeJsib ONTUMAJIBbHOI 3AMiHU YCTATKYBAHHS

Ha nouaTky miaHOBOro nepiojay, KUl CKIIaJaeThCs 3 KIJTBKOX POKIB,
BUPOOHUYMM TIAPO3AUT MAa€ B HASABHOCTI OJHY OJWHHMINIO yCTAaTKyBaHHS
(1KCOBaHOI KUIBKOCTI PpOKIB €KCIulyaraiii. Y TMpolecl eKCIulyaTalil
yCTAaTKyBaHHS Jla€ WIOPIYHUN NOpHOYTOK, MOTpeldye eKCIUTyaTalliiiHux
BUTpPAT 1 Mae BIAMOBIIHY 3aJUIIKOBY BapTICTh, MPUYOMY BCl 3rajaHi
XapaKTEPUCTUKH 3aJIe)KaTh Bl BIKY yCTaTKyBaHHSI.

Y HOBIIBHMI pIK yCTAaTKYBaHHS MOKHA 30€pertd 4u MOpoJIaTH IO
3QJIMIIIKOBIM BapTOCTI ¥ KYNMUTH 3aMICTh HbOI'O HOBE YCTAaTKyBaHHS 3a
BIJIOMOIO I[IHOIO, KOTpa MOKE 3MIHIOBAaTHCS B 4aci. 3ajada MoJisirae B
TOMYy, IO JJisl IUJIAHOBOTO MEPIOAY HEOOXiTHO 3HAWTH ONTUMAJIbHY
(3aragpHHU TPUOYTOK 3a MEPioa) TAKTUKY 3aMiHU (30€peKeHHS) TaHOTO
yCTaTKyBaHHS, TOOTO ISl KOKHOTO POKY B IJITAaHOBOMY Tiepioai Tpeba
NPUMHSITH PIIICHHS : 30€piraTu HasiBHE YCTATKyBaHHS HAa JJAHWI MOMEHT
a0o mpoaaTH Moro ¥ mpuadaTh HOBE, 100 3araJibHUN MPUOYTOK 3a BECh
IJIaHOBUH Tep1o OyB MaKCUMaJIbHUM.

Jns  noOynoBHM  €KOHOMIKO-MAaTEMAaTHYHOI  MOJIENII  BBEJEMO

MO3HA4YeHHA: ! — BIK yctatkyBanHs, ¢ = 0, 1, 2, ... (=0 BigmoBimae
BUKOPUCTAHHIO HOBOTO YCTaTKyBaHHS; ¢ = | BiANOBIiJIa€ BUKOPHUCTAHHIO
YCTaTKyBaHHS BIKOM OJIMH pIK TONIO); X(f) — BapTICThb MNPOAYKIII,

BUTOTOBJICHOI MPOTATOM OJIHOTO POKY Ha yCTaTKyBaHHI BIKOM f; S (f) —
3QJIMIIIKOBA BApTICTh YCTaTKyBaHHA BIKOM f; 7 - MOPOMDKHUM Yac y



IUIAHOBOMY TMepiofl; P - I[ilHa HOBOrO  yCTaTKyBaHHS;  u(f) —
eKCIUTyaTalliiHl BUTPATU 3a OJIMH PIK HAa YCTAaTKyBaHHS BIKOM f; f;, —
MOYATKOBUM BIK YCTAaTKyBaHHS ; N — IJIAHOBUI MEPIO/I.

[To3zHauumMo uyepes f, (f) cymMapHuil OpuOYTOK 3a OCTaHHI 7 POKIB
MJIAHOBOTO TIEPIOJy MPY YMOBI, 1[0 HA MOYATKY LBOTO MEPIOy 3 7 POKIB Y
HAssBHOCTI € YCTaKyBaHHS BIKOM #, 1 MU JOTPUMYEMOCS ONTHUMAaIbHOT
noiTuky B 3aMiHi. [Ipu npomy, n = 1 03Hayae OCTaHHIN PIK MIAHOBOTO
nepioay (A0 KiHI TJIAHOBOTO TMEPioAy 3aJIMIIUBCS OJIUH PIK);, n = 2 —
OCTaHHIX JIBa POKH IIJIJAHOBOTO TEpioay (/10 KIiHIM IUIAHOBOTO IMEpioay
3IMIIMIIOCS JABa POKH); n = N — ocTaHHIX N POKIB IJIAaHOBOrO MEPioay,
TOOTO BIJINOBIAa€ BChOMY TUIAHOBOMY TIEPIOTY.

[Tpunyctumo, 1o pimieHHs npuiMaeTbesi B MOMeHT yacy =0, 1, 2,
..., N—1 (mpu cucrtemi BIJIJIIKY BIJTHOCHO MapameTpa # 1ie o3Havae n=N , N
—1 ,...,1). OTxe, mIaHOBUM TEPIOJ UIUTHCS HAa IHTEPBAIM JOBXKHUHOIO
OJWH PIK, y KOXXKHOMY 3 SKMX NPUUMAEThCA PIIICHHS — 30epiratd 4u
3aMIHHATH YCTAaTKyBaHHSI.

Skio B MOMEHT 7 = i (II0YaTOK i—TO POKY, TYT # = 7 - i ) CUCTEMa
nepeOyBae B cTaH1 ¢ (BIK YCTaTKyBaHHS f) 1 IPUUHSITO pillIeHHs “30epiraTu
yCTaTKyBaHHs’, TO I O3HAuae, IO JIaHEe YCTaTKyBaHHS, MOIPAI[fOBABIIN
OIMH PIK, “mocTapie” W OMMHUTHCS HAa MOMEHT 7 = [ +1 (Ha moyaTok
HACTYITHOTO POKY) B cTaHi ¢ +1- Oyjae matu Bik ¢ +1. SIKI0 Ha MOMEHT
T = 1 yCTaTKyBaHHS 3HAXOJWJIOCA B CTaHI f 1 TPUUHATO PIIICHHS
“3aMIHMTH yCTaTKyBaHHsS , TO I1I€ O3HAYa€, IO B MOMEHT [ HasBHE
yCTaTKyBaHHS MPOJAETHCS, a HATOMICTh KYIYIOTh HOBE (BiK 0 POKIB); BOHO
mpaipe OJWH PIK 1 JO MOMEHTY [ +1 cuctemMa BUSIBUTHCS B CTaHi 1
(ycTaTKyBaHHS BIKOM OJMH PiK).
3amiHa ICHYIOUOI'O YCTaTKyBaHHS BIKOM / Ha HOBE JOLLUIbHA B TOMY
BUIAJIKY, KOJIM TPUOYTOK BiJ HOBOT'O YCTaTKyBaHHS OUIBIINIA Bl CTaporo,
TOOTO

S(t)— p+x(0)—u(0) > x(¢) —u(t).

Axkmo S(¢)— p+x(0)—u(0) < x(¢) —u(t), TO HasiBHE yCTAaTKyBaHHS
ciij 30eperTu.

Y BIANOBIAHOCTI [0 AJTOPUTMY JAWHAMIYHOTO MPOrpamMyBaHHS
CIIOYATKYy IUIAHYEThCSI OCTAHHIM KPOK, JIJIS SKOTO MPUUMAETHCS PIIICHHS
TaKUM YWUHOM, 00 OTpUMATH MaKCUMajdbHUU mpuOyTOoK. Buxomsuu 3
TOrO, 10 f|(¢) - MpUOYTOK, SKUM Ha OCTAaHHLOMY €Tarll OyJe JOpIBHIOBATH
HaWOUIBIIIOMY 3HAYEHHIO [IMX JIBOX BUPa3iB, JICTAHEMO:



x(t)—ult) 30epertu
f.(¢) = max , (1.7)
S(t)— p+x(0)—u(0) s3aminmTn.

OnTumMaibHUM PIICHHSIM 3a OocTaHH1 (n+1) poku, npu yMOBi, IO HA
movyaTKy Iboro mepiogy 3 (n+l) poOKy € ycTraTKyBaHHSA BIKOM f, Oyne
pilleHHA, sKe 3a0e3Me4uTh 3a OCTaHHIX (n+l)  poOKM MaKCUMaIbHUUN
npuOYTOK, SIKWH BU3HAYAETHCS 3 BUPA3Y

x(t)—ult)+ f.(¢+1) 30epertu

f,.. ()= max | (1.8)
S(¢)— p+x(0)-u(0)+ £(1) 3aMIHHTH.

CriseigHomeHHs (1.7) 1 (1.8) BCTaHOBIIOIOTH 3B’ 130K M1 BHpa3aMu
t, Ta t,y;. Lle peKypeHTH1 CHiBBIJHOILICHHS, 3a SIKUMU MOXHA 3HAUTH
PO3B’SI30K 3a/1a4l METOJIOM JUHAMIYHOTO MPOrpaMyBaHHS.

Ipuknazg 1.2.. Jlo moyaTky IJIaHOBOTO MEPIOAY B 11€Xy BCTAHOBJICHO
yCTaTKyBaHHS. 3aJIKHICTh IPOTYKTUBHOCTI I[bOTO YCTaTKYBaHHS Bl 4acy
BUKOPUCTAHHS HOT0 IIEXOM, a TaKOX 3aJCKHICTh BUTPAT HA YyTPUMAaHHS U
PEMOHT YCTaTKyBaHHS MPH Pi3HUX TE€PMiHAaX HOT0 BUKOPUCTAHHS HaBEICHI

B Ta0mI 1.2.
Tabomuus 1.2.

Yac, npoTarom sKoro

XapakTepuCTUKa YCTATKyBAHHS BUKOPUCTOBYETHCS YCTATKYBaHHS

0 1 2 3 4 5

Piunmii Bunyck npoaykuii, i, rpa. | 100 | 85 75 70 70 65

Piuni  BuTpaTH, T1OB’sA3aHI 3
YTPUMaHHAM 1 PEMOHTOM
yCTaTKyBaHHS, MJIH. TPH.

30 35 40 | 45 55 65

Butpatu Ha mnpua0aHHsS Ta BCTAHOBJICHHSI HOBOT'O YCTaTKyBaHHS
ckianaroTh 50 MJIH. TpH. YCTaTKyBaHHS, IO 3aMIHIOIOTh, CIUCYETHCS
(3aIMIIIKOBA BapTICTh OPIBHIOE HYIIO). [To0ymyBaTu Takuii miiaH 3aMiHU
yCTAaTKyBaHHS, 3a SKUM MNOpHOYTOK 3a JaHuW mepiog dvacy Oyne
MaKCUMaJIbHUM.

Poss’azanna. 1louHeEMO 3 BU3HAYEHHS YMOBHOI'O ONTHMAJIbHOTO
pPO3B’SI3KY MJI1 OCTAaHHBOTO POKY IIaHOBOro mepiony. OCKUIBKH J0
MoYaTKy IIJIAHOBOTO TEpioAy II€X Ma€ HOBE YCTaTKyBaHHS, TO BIK
yCTaTKyBaHHS 70 MOYaTKy OCTAaHHbOrO eramy Moxke Oyt 1, 2, 3 abo 4
POKHU.




Jnd KOXHOrO 3HaueHHd [ 3HAWJAEMO YMOBHO ONTUMAJIbHUMN
PO3B’S30K 1 BiANOBiAHO 3HaYeHHS PYyHKIIIT f;(7) HAa ocHOB1 hopmynu (1.7).

() 85—35
= max
: 100-30-50

lﬁ(z)zlnax{75-4o

100 -30-50
70—-45
£.(3) = max =25 30epertu;

100-30-50
f(4)= max{

65-55
100—-30-50
Bik ycTaTkyBaHHS /10 MOYATKy YE€TBEPTOTO POKY IIJIAHOBOTO MEPi0Iy
(n =2) moxe nopsHioBatu =1, 2, 3. Kopucryrwuuce dopmyiorw (1.8),
3HAUAEMO:

} =50 30eperTu;

} =35 30eperTu;

} =20 3aMIHUTH.

85—-35+35 .
£,(1)= max{100_30_50+50} =35 30eperTy;
75— 40 +25 |
f2(2):max{100_30_50+50}:70 3aMiHUTH;

70— 45+20 ,
/>(3)=max =70  3amiHuTH.
100—-30-50+50

MoxIMBUM BiK yCTaTKyBaHHS JI0 IMOYaTKy poKy (n = 3) Moxke
nopiBHioBaTu ¢ = 1, 2. Ha ocHoBi dopmyiu (1.8) po3paxyemMo 3HaUCHHS f;3

(9):

85-35+70
1, (1) = max{

=120 30eperTu;
100-30-50+85

£(2)=max 7540+ 70
A 100 —30—50+85

AHAaJIOTIYHO PO3TJsIHEMO BUMNAAOK 1 n = 4, Tobto ¢ = 0. OTxe,
npoOeMu BUOOpPY HEMAE: yCTaTKyBaHHs Tpeba 30epertu, a
/:(0)=100-30+120=190.
BpaxoBytoun, 1110 BiK YCTaTKyBaHHS J0 TIOYATKY IJIAHOBOTO MEPioy
t = 0, 1 KOPUCTYIOUUCh OTPUMAHUMHU PO3PAXYHKOBUMHU pe3yJbTaTaMH B
oOepHEHOMY TOPSAIKY iX (opMyBaHHS, MOOYAYEMO ONTHUMAIbHY TaKTHUKY
3aMIHM ycTaTKyBaHHs (Ta0i. 1.3).

} =105 30eperTu.



Tao6murs 1.3.

Poku miaHOBOTrO nepiogy

Hepiozn 1 2 3 4 5
1 | 306epertu | 30epertu | 30epertu | 30epertu | 30epertu
Bix 2 30eperTi |3aMiHUTH | 30eperTu
yCTaTKyBaHH 3 3aMIHHUTH | 30€perTu
4 3aMiHUTH
OnTumanbHUM :
, 30eperTu | 30epertu | 30eperTu |3aMiHUTH | 30€perTu
pPO3B’SI30K

OTxe, onTUMAJIbHUN PO3B’SA30K JaHO1 3ajayl OyJe TakuM: 3aMiHU
yCTaTKyBaHHS IIPOBOJIMTH HA MOYATKYy YETBEPTOTrO MEPiody.




Tema 3. MogeJii Teopii MacoBOro 00CJIYroByBaHHS Ta iX
BUKOPHCTAHHS B CUCTEMIi YNIPaBJIIHHA

3. 1. OCHOBHI eJiIeMeHTH CHUCTEMH MACOBOI0 00CJIYTOBYBAHHSA Ta
IX XapaKTepuCTUKH

VY BUpOOHMUIN AISAIBHOCTI MIJMPUEMCTB Ta OpraHizallid JIy»e 4acTo
3yCTpIYAIOThCS  TaKl BUIAJKH, KOJM BHUHHMKAE HEOOXIAHICTH B
0o0ciTyroByBaHHI BUMOI a00 3adBOK, SIKI HaJIWILIM Yy AESKY CHUCTEMY.
[HkoMM cuctemMu  OOCIYroByBaHHS  MalOTh OOMEXEHI MPOMYCKHI
MOXJIMBOCT1 JIJISl 3aJ0OBOJICHHSI TOIMUTY, IO MNPUBOJIUTH IO YTBOPECHHS
4yepr, HanmpukiajJ, OOCIYyroByBaHHS 1 PEMOHT YCTaTKyBaHHA Ta
MEXaHi3MiB, 3aBaHTAXKECHHSI TPAHCIIOPTHUX 3aCO0IB FOTOBOIO MPOAYKIIIEID
TOIIIO.

3amayaMu TEOpii MAacoBOrO OOCIYTOBYBAaHHS SBJISIIOTHCS aHAII3 Ta
JOCJIJI)KEHHSI SIBUILl Ta MPOLECIB, 110 BUHHUKAIOTh B CHCTEMAaX MacOBOTO
oocnyroByBanHsi (CMQO). OpHuM 13 OCHOBHUX 3aBJaHb Teopii €
BU3HAYEHHS TaKUX XapaKTEPHUX O3HAK CHUCTEMH, SKI 3a0e3MeUyIOTh
3a7aHy SKICTh ii €(QEeKTUBHOTO (YHKI[IOHYBAaHHS: MIHIMAJIbHHUI dYac
OUIKYyBaHHS, MiHIMaJIbHA CEPETHS TOBXKHMHA YEPT'y TOIIIO.

HosinbHa CMO cknagaeTses 13 BXIAHOTO MOTOKY, YEpru, anaparTiB
(kaHaJiB) OOCTYyTrOBYBaHHS Ta BUXITHOTO MOTOKY (puc. 3.1). Hampukian,
HAJXO/KEHHS 3asgBOK Ha PEMOHT YCTaTKyBaHb — BXIJHUWA TMOTIK;
OUIKyBaHHSI PEMOHTY — 4Yepra; pEMOHTHI Opuragu — amnapaTu
00CITyroBYBaHHS; BIAPEMOHTOBAaHE YCTAaTKyBaHHS — BUX1AHUHN TOTIK.

Yepra AnapaTu (KaHajM)
00CITyroByBaHHs

Bxignuit O_’ Buxigauii

MOTIK Q \ TOTIK
OO0O0O0——0O O O— —OO000
O O— 9

O—»

Puc. 3.1.




Exonomiuna edexktuBHicte CMO Oyne 3anexaTd BiJ BXIJHOTO
MOTOKY, KUIBKOCTI KaHaldiB OOCIyroByBaHHSI Ta OpraHizallii CHUCTeMU
obciyroByBaHHs. Tak, OyaiBesIbHa OpraHi3ailisi B CBOEMY PO3IOPSIKCHHI
Ma€ JJig TPaHCHOPTYBaHHS 3emill 5 ekckaBaTopiB i 15 aBromammH. Y
JAHOMY BHIIQJIKy MA€MO J€KUIbKa BapiaHTIB BHBE3EHHS 3eMJl 13
OyniBeabHUX 00’€KTiB. MO)XHA BC1 €KCKaBaTOPU 30CEPEAUTH HA OJHOMY
00’ekTi, TOAl €(QEeKTUBHO OyAyTb BUKOPHUCTOBYBATHUCS TPAHCIOPTHI
3aco0u, aje Oyle BTpaydaTHUCs Yac Ha MEpei3]l eKCKaBaTOPIB BiJl OJHOTO
o0’ekTa A0 1HIIOrO. SIKIO HasABHUM TMapK EKCKaBaTOPIB PIBHOMIPHO
PO3NOAUIMTH MiX OyJIIBeIbHUMHU 00’ €KTamMu, TOJlI €KCKaBaTOpu OymyThb
POCTOIOBATH B OYIKYBaHHI TPaHCHOPTHHUX 3aco0iB. OTKE, B KOKHOMY
OKpPEMOMY BHUITQJKy HEOOX1THO BUOUpATH Ty a0o 1HITY (hopMy opraHizaiii
oOcnyroByBaHHs.  Jlyxe  4yacto sk Kpurepid  e(peKTUBHOCTI
BUKOPHUCTOBYETHCSI MIHIMyM TMOBHOI BapTOCTI OYIKYBaHHS BUMOT B 4ep3i
Ta MPOCTOIO0 KaHAIIB 0OCITYTOBYBaHHSI.

[TpurycTMo, 0 B CUCTEMY BXOJATh S KaHaIIB OOCITYTrOBYBaHHS.
[TozHauumo: M, - cepeiHe 4YHUCIIO BUMOT B 4ep3l; M, - cepelHE Yncio

BUIBHUX KaHaJIB 00ciyroByBaHHs; C, - BapTICThb OYIKYBaHHS OJHI€]
BUMOTHY 3a OAMHHUILIIO yacy; C, - BapTICTh MPOCTOIO OAHOIO amapara 3a

OJIMHUILII0 Yacy. BpaxoByiouu BBEJEHI IMO3HAYCHHS, MOBHA BapTICTh
BUTPAT, OB’ SI3aHUX 3 OUIKYBAaHHSIM 1 MPOCTOEM 3a IHTEpBal yacy 7, Oyje:
F(S)=(CM,+C,M,)T — min. (3.1)

JoBuibHa CMO Mae cBOIO BIJNOBIAHY OpraHi3alliiHy CTPYKTYpy. 3a
CBOE€IO CTPYKTYpPOIO BOHH MOXYTh OyTH OJHO- YM OaraTOKaHAJIbHUMH.
Hamnpukian, B 1exXy neBHUN BUJ YCTaTKyBaHHS 0OCIyTOBY€ OJiHa Opuraja
— CHCTeMa OJIHOKaHajbHA; T€ caMme, TUIbKA TpU OpuUrajgud - CHUCTEMa
OaratokaHajibHa.

[HI010  KMacuQiKaIIHOW O3HAKOK € 4Yac TepeOyBaHHS BUMOT Y
CHCTEMI J0 TOoYaTKy oOciIyroByBaHHs. Ha OCHOBI JaHOi O3Hakud BCl
CUCTEMU MO>KHA TIOJUIUTH Ha TPU TPYIH: CUCTEMH 3 HECOOMEKEHUM 4acoM
OUIKYyBaHHS, CUCTEMH 3 BiIHOBJIEHHSIM (BTpaTaMM) Ta CUCTEMH 3MIIIIAHOTO
THUITY.

VY cucrtemi 3 BIAMOBOIO Oy/b-fKa BUMOTA, 3aCTaBIIM BCl KaHAJIH
3aliHATUMU, TIOKHUIA€E ii. B cucremax 3 HEOOMEXEHHUM YacoM OYIKYBaHHS
BHUMOTA, 3aCTaBIIN BC1 KaHAIM 3aHITUMH, BUMYIIICHA OYIKYyBaTH YEPTH JI0
TO1 MOPH, MOKK OJHWH 13 HUX HE 3BUILHUTHCSH. CUCTEMHU 3MIIIAHOTO THUITY
XapaKTEePU3YIOThCA TUM, III0 BUMOTH, K1 HAJIWIIIN, 3HAXOASITHCSA B 4ep3l
OOMEKEHHMI  dYac, MICII TOro, HE JOYECKABIINCh  3aKIHYCHHS



00CITyrOBYBaHHS, 3aIMIIAIOTE cucTeMy. CHCTEeMH 3 BIIMOBJICHHSIMH Ta
OYIKyBaHHSIMHU € YaCTKOBUMH BUTIQJIKAMHU CUCTEM 3MIIIAHOTO THUITY.

OTxe, TUN 3aJadyl MacoBOrO OOCITYTOBYBaHHS BH3HAYA€ThCS 3a
TaKUMHU O3HAKaAMH:

1) XxapakTEepUCTUKOIO BX1JJHOT'O MOTOKY;

2) XxapaKkTepoM PO3IOLIy Yacy 0OCIyroByBaHHS BUMOT;

3) yucaOM KaHaliB 0OCIYyrOByBaHHS;

4) MOpsIKOM YTBOPEHHS YE€PTryl BUMOT Ta OOCITYyTrOBYBaHHS;

5) XapaKTEepUCTUKOIO BUX1THOTO IMOTOKY.

Bigomo, 1m0 mporiec HaAXOMKEHHS BHMOT HOCHUTH BHUIAIKOBHIMA
XapakTep, 1 Horo MaTeMaTuyHa MOJAEIb € IIJTIOYMCETLHO (PYHKITIEO x(t),

sIKa JIOPIBHIOE YHUCITy BUMOT, 1[0 HAJIXOASTh B CHCTEMY 3a MPOMIKOK Jacy
(0, t). Ha nmpaktuii gy’ke 4acTO BUKOPUCTOBYIOTH MPOCTUM MOTIK BUMOT,

SKUM Ma€e Taki BJIACTHMBOCTI: CTaIllOHAPHICTh, BiACYTHICTh HACIIJKIB 1
OpPJIMHAPHICTb.

BracTuBicTh CTaIliOHapHOCTI TMOJSATa€E B TOMY, IO 1MOBIPHICTH
HAJXOKEHHS OYyJb-sIKOi KUIBKOCTI BUMOT MPOTSITOM IIEBHOTO Yacy He
3QJICKUTh BIJI MOYATKYy BLIJIIKY Yacy, a TUIBKM BiJ JOBXKUHHU IIHOTO
npoMikKy. OTKe, IMOBIPHICTh MOSBU K BUMOT MPOTATOM MPOMIXKKY Hacy
BIJl fy 10 ¢, + ¢ HE 3aJEKUTH BiA #, 1 € PyHKIIEO TUIBKK apamMeTpiB kK 1 7.

BiacTuBicTe  BIACYTHOCTI HACIHIJKIB MOJISITA€E B TOMY, 11O

HMOBIpHICTh HAXOKEHHS k BEMOT HPOTATOM MPOMIXKKY dacy (f,,t, +1),

HE 3aJICKUTh BiJ] TOTO, CKIJIbKU OYJIO BUMOT 1 SIK BOHU MOCTYMAJIH 0 IIbOTO
npoMikKy. OpAuHApHICTE TIOTOKY BHMOT BHPaXa€TbCS  YMOBOIO
MPaKTUIHOT HEMOJXKJIMBOCTI TMOSBU JIBOX a00 MEKIIbKOX BHMOT B OJMH 1
TOM CaMMU MOMEHT.

[TopiBHIOIOYM BJIACTUBOCTI MPOCTOTO IMOTOKY 13 BJIACTUBOCTSIMU
posnoaury Ilyaccona, MokHa TEPEKOHATHUCh B 1X 1AEHTHYHOCTI. Tomy
MaTeMaTUYHO MPOCTUM TOTIK MOKHA MPEACTABUTH SK ITyacCOHIBCHKHUI
PO3IOALT:

P

k

(t)=e‘”(%y, k=1,m, 3.2)

ne P, (t)- fiMoBipHicTh HaaXOKEHHs & BUMOT 3a TIpomixok dacy (0;2); A -

IHTEHCUBHICTh MOTOKY, TOOTO CEPE/IHE YHUCIIO BUMOT 32 OJUHUIIIO Yacy.
3amadi MacoBOro OOCIYrOBYBaHHSI MOXKHA pO3MJIsiAaTH B JIBOX
acreKkTax: JyIsl JII04MX 1 JJIsl IPOCKTHUX CUCTEM.
Y cucremi ympaBiiHHS BUPOOHHUIITBOM, SIK IPABWIO, HEOOXiTHO
BMITH KIJIbKICHO OIIHUTH €(PEKTUBHICTh (PYHKIIIOHYBAHHS 10901 CUCTEMH



0o0CITyroByBaHHs 3 OUYiKyBaHHSAM. [[1s 1bOoro HEOOXITHO po3paxyBaTH
Cepe/iH1 3HAYEHHS TapaMeTpiB:

1) KUIBKICTh BUMOT Y Yep3i Ta CUCTEMI;

2) 4yac OYIKyBaHHSI BUMOT Y 4ep3i;

3) YHUCJI0 He3aWHATHX KaHaAIIB 00CIIyrOByBaHHS;

4) Koe(ILIEHTH TTPOCTOIO Y YeP31 Ta CUCTEMI;

5) KOe(iIi€EHTH MTPOCTOIO KaHAJIIB OOCIYyTrOBYBAaHHSI.

3.2. KigbkicHi OIIHKM OJHO- Ta 0araTokaHaJbHUX CHCTEM
00CJIyroByBaHHS 3 00MEKeHUM YHUCJIOM BUMOT

PosrnsiHemMo  cuctemy, fika  CKJQJaeThbcs 3 S KaHaJiB
o6ciyroByBanHsa. KoXHMII 13 KaHaJIiB MOXE€ OJHOYACHO OOCITY>KUTH
TIIBKU OJIHY BUMOTY. B cuctemy mocrymnae oOMexXeHUW MOTIK BUMOT (HE
Oisibllie m BUMOT) 3 iIHTEHCUBHICTIO A. BuMora, sika Hajiiiia B CUCTEMY 1
3acTajia Xo4ya O OJAWMH KaHal BIIBHUM, BIApa3dy IIOCTyHae Ha
o0ciyroByBaHHs. SIKIIO BCl KaHAJIM 3alHATI, BUMOTa CTaBUThLCS B 4ePTy 1
00CIIyTOBY€TbCSI MICS TOTO, KOJU OyAyTh 3aJI0BOJICHI BCl BHUMOTH, IIIO
nocTynuian panime. CepeaHe 4Uca0 BUMOT, SIKE 0OCIyTOBYETHCS OJIHHM
KaHaJOM 3a OJWHMINI0 Yacy, CTaHOBUTh (. OTxke, I1HTEHCUBHICTh

A :
obciyroByBaHHsa Oyne p =—. Yac oOciyroByBaHHsI PO3MOIIISETHCS 3a

MOKa3HUKOBUM 3aKOHOM.

VY naHomy BUIMAJIKy YMCIIO BUMOT B CUCTEMI OOMEXEHO BEJIUYHUHOIO
m 1, SIK HAC1JOK, CUCTEMAa MOKE 3HAXOJUTHCS B JIOBUIbHUN MOMEHT Hacy
B OJJHOMY 3 m + 1 CTaHiB.

PosrnsitHeMo  po3paxyHOK — KUTBKICHUX — OIIIHOK Y BHUMAAKY
OJIHOKaHAJIBHOT CHCTEMH OOCITYTOBYBAaHHS 3 0OMEKEHUM YUCIIOM BUMOT.

1. IMOBipHiCTB TOTO, 1110 B CHCTEMi 3HAXOIHUTHCS k BUMOT

P=(m—-k+1)pP_, 1<k<m. (3.3)
2. VIMOBipHICTB TOTO, 1[0 B CHCTEMi HEMAE 3KOHOT BUMOTH
1
Py=—o T (3.4)
1+) =
; (m—k)

3. MaremaTu4He CHOJIBaHHA 4YHCIAa BUMOT Yy u4ep3i (cepemHs
JOBKUHA YEPTH)



M, =Y (k-S)P. 3.5)

k=S+1
4. MaremMaTnuuHe CIOJIBAaHHS 4YHCJIa BUMOT Yy 4Yep3l Ta Ha
00CJIyroByBaHHI1 (B CUCTEMI)

M. =YkP,. (3.6)
k=1
5. MaremaTu4He CHO/11BaHHS MPOCTOIO KaHaIIB 00CIyrOBYBaHHS
M, = Z (S—k)P, . (3.7)

6. CepenHiil 4yac OYiKyBaHHSI BUMOT y 4ep3i

) M, M,
)l wa) .

7. KoedirieHT MpoCTOI0 BUMOT y 4ep3i

M
o, =—-. (3.9)
m
8. KoedimieHT mpocTor BUMOT y CUCTEMI
M
a, <. (3.10)
m
9. KoedimieHT MpocTOr0 KaHAIIB 00CITYyTrOBYBaHHS
M
a, =—>. (3.11)
S

ITepeitnemo 10 po3paxyHKy mapameTpiB OaraTokaHajIbHOI CUCTEMHU 3
OOMEXEHHM  YHCJIOM  BUMOI  oOcimyroByBaHHs.  llopiBHsiHO 3
OJHOKAHAJBbHOIO CHCTEMOIO BHHATOK CKJIadaloTh Tineku P; 1 P, 1l
BEJIMYUHU PO3PAXOBYIOTHCS BIAMOBIAHO /10 (DOPMYII:

P, =a,P; (3.12)
m_—kJrl,oak_1 npul <k <S;

a, = ]‘;( 1 (3.13)
%,oak1 npu S <k <m,

npuiomy, a, = 1.

1

1+Zm:ak
k=1

[H111 MapameTpu o1iHIThHCS 3a hopmynamu (3.5) — (3.11).
IMpuknang 3.1. ¥V mexy € ciM OJHOTUIHUX YCTaTKyBaHb, SKI
IPaIlOI0Th HE3aJIEKHO OJWH Bia ofHOro. Hemomnaaku, 10 BUHUKAIOTH 3

P

0

(3.14)



yCTaTKyBaHHSM, HOCSTh BHIAQJAKOBUM XapakTep 1 PO3MOJUISIOTHCS 3a
3akoHOM Ilyaccona. IlpoTsrom ojHI€I TOAUHM B CEPEIHHOMY 13 JIaay
BUXOJWTh JIBa yCTaTKyBaHHs. [[I Hemojaaku IKBIZOBYIOTHCS OJHUM
MEXaHIKOM, SIKU MOK€ OOCITYKUTH MPOTATOM OJIHI€1 TOAMHU 8 BUMOT.

HeoOximHO po3paxyBaTtu: KoedIMIEHTH MPOCTOK BHMOT B 4ep3i Ta
cucTeMl; KOoe(]Ili€EHT MPOCTOK MEXaHIKa Ta CEepeaHId 4Yac OYIKyBaHHS
BUMOT B 4ep3i.

Po36’s3annsa. BianmoBigHO 10 BBEICHUX MO3HAYCHH T4 YMOBH 3aj]1adi
Maemo: S=LA=2; u=8,m="17.

3HaiiieMO IHTEHCHUBHICTh OOCIIYTOBYBaHHS O = 4 = % =0,25.
7,

3a nonoMoroto (314) BuzHauumo Py:

1 1
P = e ; - —~ =0,063.
710,25 0,25 0,25 0,25 0,25
1+> 1+ 7! - ot +
= (7-k) 6! 5! 1! 0!

TakyM 4YHMHOM, WMOBIPHICTH TOTrO, 11O B CHUCTEMI He Oyje >KOJIHOI
BUMOTH abo0, T€ caMe, BCl ycTaTKyBaHHs crpaBHi, Oynae 0,063. Ha ocHoBi
(3.3) 3Haitnemo

P =(7-k+1)025P_, k=1,7;
P =(7-1+1)0,25P, =0,11; P, =(7-2+1)0,25P, =0,165;

—_

P, =(7-3+1)0,25P, =0,206; P, =(7 — 4 +1)0,25P, =0,206;
P, =(7-5+1)0,25P, =0,154; P, =(7 -6 +1)0,25P, =0,077;
P, =(7-7+1)0,25P, =0,019.

OOuucnuBmm 3HadeHHA P,

OCHOBHMX YHMCJIOBHUX XapaKTEPUCTHUK 3aJlaHOI CUCTEMHU OOCIyrOBYyBaHHSI.
Tak, MaTeMaTU4YHE CIOJIIBAHHS YKCJia BUMOT y Yep3l

7
M =>(k-1)P, =P, +2P, +3P, +4P, + 5P, + 6P, =2,31.
k=2

MOKEMO HCpCﬁTH J0 BH3HAYCHHA

Otxe, B cepeanuboMy y dep3i mpoctoroe 2,31 Bumor. KoedimieHT

MIPOCTOIO0 BUMOT B Yep3i

M 231
a =—-=—"-—=0,33.
m 7
TobTo, 33 % poboyoro dyacy uepe3 HEMOJAJKH YCTaTKyBaHHS
MIPOCTOIOE B U€p3l, YEKAIOUX Ha 0OCITyTrOByBaHHS.




BuzHaunmo KoedilieHT NPOCTO yCTaTKyBaHb B cucTeMi. [{is boro
CIIOYaTKy HEO0OX1AHO OOYMCIUTH MaTeMaTU4YHE CIOJIBAHHS YHMCJIa BUMOT
cuctemi (B uep3i Ta 00CIIyroByBaHHI):

7
M_.=> kP, =P +2P,+3P, +4P, + 5P, + 6P, + TP, =3,247.
k=1

TakuM YMHOM, y CepeHhOMY B uep3l Ta Ha OOCIyroByBaHHI
3HAXOIUThCA 3,247 yCTaTKyBaHHS.

KoediiieHT nmpocToro ycTaTKyBaHHS B CUCTEM1 CTAHOBUTD:
M. =3’247=0,46.
m

Jlns Bu3HA4YeHHs KoedilieHTa MPOCTOI KaHaIiB OOCIyroBYyBaHHS
HEOOXITHO 3HAWTHM MaTeMaTUYHE OYIKYBaHHS TMPOCTOI0  KaHAIIIB
OOCITyTOBYBaHHSI B CHCTEMI. Y BHUIAJKy OJIHOKaHAJIBHOI CHUCTEMU
00CJIyrOByBaHHSI OTPUMAEMO

a. =

M, =Y (1-k)P, = P, =0,063.

k=0
OTxe,

a, = M, =0,063.
s
Takum 4YMHOM, Y CEepelHbOMY MeEXaHIK MpocTorwe 6,3 % cBoro
po0O0OYOro Yacy, 1o CBiAYUTH PO HOTO BUCOKY 3aBAHTAXKEHICTh.
3HailIeMo CepeiHIil yac OYiKyBaHHSI BUMOT y 4ep3i:

t, = M, = 2,31 =0,3078 200 ~ 18,47 xs¢.
" Am-M,) 2(7-3,247)

Sk Oauumo, mpU ICHYHOUIM Oprasizaiii NPOBEICHHS PEMOHTHHUX
pOOIT yCTaTKyBaHHSI BEJIMKY YacCTUHY po0OOYOro 4acy BUTpPAyalOTh Ha
YCYHEHHS HEMOJaJ0K, 1110 MTPU3BOJUTH /10 3HAYHUX €KOHOMIYHMX BHUTpAT.
3MEHIIIUTU BUTPATU MO’KHA 3a JOIMOMOTOI0 301IBIICHHS 4YKCiia KaHAIiB
00CIyrOByBaHHS, TOOTO 4KMcjIa MeXaHiKiB. TakuM 4YMHOM, BUHUKAE 3a7a4a
OaratokaHaJabHOT CUCTEMH OOCITYTOBYBaHHS.

[IpunmyctumMo, 1m0 B 1LEXy MOpalfoe JBa MEXaHiKa 3 OJIHAKOBOKO
NPOAYKTUBHICTIO. BX1/1H1 mapaMeTpy CUCTEMHU 3AJIUIIAIOTHCS HE3MIHHUMH.

JInst  BHU3HAUYEHHA YMCIOBHX XapaKTEpPUCTHK OaraTOKaHAJIbHOI
CUCTeMHM HacaMmIiiepesl BHU3HauMuMo 3a jomnomorow  (3.12)—3.14)
WMOBIPHICTh TOTO, III0 B CUCTEMY HaJiiae k BUMOT (1 <k< 7). Bigomo,

8 (0)

:320,125, a, =1, S=2.
16



3Haiinemo 13 popmyiu (3.13) 3HaUEHHS KOEPILIEHTIB @, :

a, = 7_11+1pa0 _0875; a, =2t b0 — 032813
a =13 010254 a, ==L L —0,02563:
a =1 —0,00481; ¢, == 0F Lo —0,0006;
ay =1 = 0,0000375.
Tom
P-—— 1 _0479;
1+ > a,

P =a,P,=037441;P, =a,P, =0,14041; P, =a,P, =0,0439;
P,=a,P,=0,011; P, =a,P, =0,00206; P, =a P, =0,00026;
P, =a,P, =0,00002.
OOuucnumo 3HaueHHs M, M .1 M ;:
7
M, =Y (k-2)P, =P, +2P, +3P, +4P, + 5P, =0,073;
k=3
M_.=> kP, =P +2P, +3P, +4P, + 5P, + 6P, + TP, =0,843;
k=1
2
M,=>(2-k)P. =2P, + P =1,23.
k=0

KoeiiieHT npocToro ycTaTKyBaHHS B OUIKYBaHHI PEMOHTY

M
o, =—"= 0.073 =0,0104.
m
KoedimieHT mpocTor0 yCTaTKyBaHHS B CUCTEMI
M 4
Q. =—=5= 0,843 =0,1204.
m 7
KoedirieHT mpocToro MexaHiKiB
M, 1,2
g=—2== 3:0,615.
S
Cepenniii yac O4iKyBaHHSI BUMOT Yy 4ep3i
_ M
{, = d = 0,073 =0,0059 200 ~ 0,36 xs.

Y Am—-M_) 2(7-0,843)



OTXe, BUKOPUCTAHHS JOAATKOBO Ha PEMOHTI L€ OJIHOIO MEXaHiKa
JIO3BOJINTh €(EKTUBHIIIE BUKOPUCTOBYBATU Yy BHPOOHHUOMY MPOIIEC]
HasBHUM MapK ycTaTKyBaHb. ¥ ToM ke yac 61,5% cBoro pobouoro yacy
MEXaHIKM OyAyTh MNPOCTOKOBATH. TOAl MOUIIBHO PO3TJISHYTH BapiaHT
30UIBIIIEHHS YHUCJIA YCTAaTKyBaHHS, 3aKPIMJIEHOTO 3a HUMH.

3.3. OnrTumizamis cucTeMH MacoBOro OOCJIYrOBYBaHHSl i3
3MIHHUM YHCJIOM KAHAJIB

Meroauka ~ BH3HAY€HHS  ONTHUMAJIBHOIO yycia  KaHajiB
00CITyrOBYBaHHS IMOJISATAE€ B HACTYITHOMY:
1. Jns 3amaHOl CHMCTEMHM MacoOBOTO OOCIYyTOBYBaHHSI MOCJIiJIOBHO
pO3MIISIAEThCSA  pI3HA  KUIBKICTHh ~ KaHAIB  OOCIYyrOBYBaHHS
(S=12,...,n).
2. Jlns KOXHOI KIJBKOCTI KaHaJlIB PO3PAXOBYIOTHCS OCHOBHI
napaMeTpu CHUCTEMH OOCIYyroBYBaHHS, B TOMY YHCJI CEpEIIHIM 4ac
IPOCTOI0 BUMOTH B CUCTEMI Ig.
3. BCTaHOBMIOETHCA CEpPEIHA BAPTICTh BUTPAT €, BHACHIIOK MPOCTOIO
BUMOT 33 OJMHUILIIO Yacy.
4. Bu3HayaloTbhCSd BUTpPATH HAa YTPUMaAHHS OJHOTO KaHAIy
00CIIyrOBYBaHHS C; 32 OJUHULIIO 4acy.
5. Po3paxoByroThCS BHUTpaTH, IOB’S3aHl 3 IPOCTOEM BHUMOT MPH
KUIBKOCT1 KaHAJTIB § 3a MEPIoJI 7

L,,=Ct AT.
6. OOYHUCIIOIOTBCA CyMapHI BUTpATH Ha YTPUMaHHS S KaHaliB
00CJIyrOBYBaHHS 3a MEPIOJ 7

L,=CMST.

7. 3HaXOoJATh CyMapHl BUTpaTH B CHUCTEMI OOCIyrOBYBaHHS IpHU
PI3H1M KIJIBKOCTI KaHAJIIB:

Lig=Ly+L.
8. Bubuparors MiHiManbpHI BUTpatH L :m}n{LS}, SKHM BIATIOBlIA€

ONTUMAaJIbHE 3HAYEHHS YKCJia KaHaldiB 00CITyroByBaHHS.



3. 4. 3anuTaHHA TA 3aBJaHHA 151 CAMOCTIHHOI po0oTH

1. TIlpuBectm cXemMaTUYHY CTPYKTYpy CHCTEMH  MacOBOIO
00CITyrOBYBaHHS.

2. Ha3BaTtu 03HaKH, 3a JOIIOMOTOIO SKHUX BH3HAYAETHCSA THII 3a/Jadl
MacOBOTO 0OCTyTOBYBaHHSI.

3. Ilo Ttake mnpocTuii mnorik BuMmor? Has3Batu OCHOBHI MHOro
BJIACTHUBOCTI.

4. SlkuMHU OCHOBHMMHU TlapaMeTpaMU XapaKTePHU3YIOThCA CHUCTEMU
MacOBOI'0 0OCITyTOBYBaHHSI?

5. 3amucatu QopMmynau Ui PO3PAXYHKY KUIbKICHUX OIIIHOK
OJHOKAHAJIBLHOI CHCTEMH 3 OOMEKECHHM YHCJIIOM BHMOT.

6. Y YoMy CHUIBHICTH 1 BIAMIHHICTh KUIBKICHUX OLIIHOK OJIHO- Ta
OaraTokaHaJbHHUX CHCTEM 3 OOMEKECHHUM YHCJIIOM BHUMOT?

7. IlpuBecTH aNropuT™M 3a7a4l ONTUMI3AIlli CHCTEMU MacOBOTO
00CJIyrOoByBaHHS 31 3SMIHHUM YHUCJIOM KaHaJiB.

8. 3 10MOMOTOI0 SIKOTO PO3MOIITy MOKHA MPEJCTABUTH MPOCTUN
ITOTIK?

9. 3anucatu GpopMyiu AJid pO3paxyHKY KUIbKICHUX OI[IHOK
OaraTokaHaJbHOI CHCTEMH 3 OOMEKEHHUM YHCJIOM BHMOT.

10. Po3p’si3atu mpukian 3.1, skmo A =4, u=12;m=5;8 =115 =3.
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Tema 4. OcHOBH CITKOBOIro MOJIeJIOBAHHSA
4. 1. OcHOBH CITKOBOI'0 MOJCJIOBAHHSA

KinpkicHuii aHami3 BUKOHAHHSA BUPOOHWYMX Mporpam, ado
KOMIUIEKCY pOOIT B OCHOBHOMY 3aJICKHUTh BIJT HACTYIMHUX YUHHUKIB:
NPaBUJIBHICTh TPUHUHATUX pIllIeHb, TOYHICTh iX BHKOHAHHS, METOJIB
KOHTPOJ0 1 Aid. CXeMaTUYHO 1€ MOXHA MPEJCTaBUTHU 3 JOMOMOIOIO
HacTynHoi cxemu (puc. 4.1).

PopMyBaHHS METHU Ta

HNPUIHATTS piLLIEHb

\ 4 \ 4

MeToau KOHTPOJIIO, MonentoBaHHA
aHaNi3y Ta OLIHKA | »| KoMmIuiekcy poOit Ta
BUKOHAHHSI aHaJ3 BUKOHAHHS
Puc.4.1.

Y npuBeneHiM 3aMKHYTIM CXeMi [OYaTKOBUMH YMOBaMHU €
BU3HAYCHHS METH Ta NPUUHATTS pIlIeHb 13 BpaxXyBaHHSIM OCHOBHHUX
napamMeTpiB BUPOOHHUUYOI mporpamu. JUIs JOCATHEHHS IOCTaBJICHOI METH
OiaIpueEMElb, Ha OCHOBI TMPUHHATHX pillleHb, (QopMye JOTIUHY
B3a€EMO3B’s13aHy BUPOOHUYY MPOTpamMy, 1 y BIJIMOBIHOCTI 3 HEIO 3/1HCHIOE
PO3MOAIT HasBHUX PECYPCIB Ta aHAII3y€ B AWHAMILI X1J1 ii BUKOHAHHS.
[Iporpama mpeacTaBise OO0 CYKYHHICTh JIOTIYHO B3a€EMO3B’SI3aHUX
poOiT abo onepaiii, 1K1 HeOOX1AHO BUKOHYBATH B IEBHOMY MOPSAIKY, 100
JOCSITT TOCTaBieHOi MeTu. Omepailii JOriYHO BIOPSAJIKOBaHI B TOMY
PO3YMiHHI, III0 OJHUX HE MOKHA MOYMHATH, TTOKM HE OyIyTh 3aBEpIICHI
iHIml. MaremMaTUYHUM amnapatoM pO3B’SA3KYy TaKOrO Kiacy 3ajJady MOXe
OyTH CITKOBE MO/ICJIFOBaHHS.

CiTKkOBE MOJIETIOBAaHHS Ta YHpPAaBJIIHHSA MpOrpamMu BKJIOYae B cebe
TPHU OCHOBHI €TaIn: CTPYKTYpHE MOJICIIOBaHHS, KAJICHIapHE IJIAaHYBaHHS 1
OTiepaTUBHE yIIPaBIIHHS.

Etan CTpyKTypHOrO MOJCIIOBAHHS TMOYMHAETHCA 3 PO30OUTTA
KaJICHAApHOI TMPOTrpaMu Ha YITKO BU3HAudeHi poOotu (omeparii). ITicas
IIOI'O BU3HAYAIOTHCS OLIHKA TPHUBAJIOCTI poOIT 1 OymyeTbcs CITKOBA
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MOJIeJIb, KOKHA JTyTa SKOi BimoOpakae podory. [ToOymoBaHa TakuM YMHOM
CITKOBa MOJIEJIb Y IIIJIOMY € rpadp1uHUM MPEACTABICHHIM B3a€MO3B’ SI3aHUX
pOOIT Iporpamu.

Ha erami cTpyKTypHOTO MOJICJIFOBaHHS MPOLIEC MOOYIOBH CITKOBOI
MOJIE Ja€ MOXJIMBICTH JIETAJIBHO MpPOAaHAII3yBaTH BCi pOOOTH 1 BHECTH
MOKPAIIIEHHS B CTPYKTYPY MpOrpamu Iie 0 movaTKy ii peanizairii.

KinmeBoro MeTow eramy KajeHJapHOTO IUIaHYBaHHS SBIISETHCS
nodynoBa rpadiky, SKMW BH3HAYa€ MOMEHTH IOYATKy Ta 3aKiHUCHHS
KOXKHOI poOOTH, a TAaKOXK 11 B3a€EMO3B’I3KH 3 1HIIUMHU POOOTaMHU.

Kpim 1nporo kamengapHuil rpadik MOBHUHEH JaBaTH MOXJIMBICTb
BUSIBJISITA T1 KPUTHUYHI POOOTH (3 TOYKH 30pYy Hacy), SKMM HEO0OX1JTHO
OPUIIIATA OCOOJIUBY yBary, 00 3aBEpIIUTH MPOTpaMy B JUPEKTUBHHUI
TepMiH. BiJHOCHO HEKPUTHYHUX POOIT KaJICHAAPHHUI IUIAaH TOBUHEH
J03BOJISITY  BU3HAYUTH 1XHI pE3€pBM Yacy, II0 MOXKHA BHI1JIHO
BUKOPUCTATH TP 3aTPUMIIl BUKOHAHHS TakuxX poOIT, abo 3 mo3uilii
€()eKTUBHOT'O BUKOPUCTAHHSI PECYPCIB.

3aBepIIaIbHUM ~ €TaroM  SIBJISIETBCA ~ ONEpaTUBHE  yMIPABIIHHSA
npoiiecoM peanizaiii mporpamu. lleii eram BkIOYAa€ BUKOPUCTAHHS
MOJICITI Ta KaJeHaapHOTro Tpadika 11l CKIIaTaHHs HGplOI[I/I‘IHI/IX 3BITIB mpo
X1 BUKOHaHHS mporpamu. CiTKOBa MOJENIb MIIAAETHCA aHATIZY 1 Yy
BUIAJIKY HEOOXITHOCTI KOPEKTYEThCA. Y TAaHOMY BHUIAQJKY PO3POOJISIETHCS
HOBU KQJICHIAPHUM TJIAH BUKOHAHHS HE3aBEPIIEHOI YaCTUHU [IPOTPaMHU.

CiTkoBe MojemoBaHHs 0a3yeTbcs Ha Teopli rpadis. B #ioro ocHOBY
MOKJIaJICHO TMPEJICTaBICHHS KOMIUIEKCY POOIT BUPOOHMYHMX MporpaM y
BUTJISI1 Tpada.

[Tix rpadom (puc. 4.2) po3yMieThCsl CKIHUEHHA MHOXKHMHA KIJIEIb Ha
ILUTOIIMHI, KOKHE 13 AKUX 3’ €IHaHE 3 IHIIUMHU KUIBIAMHM I[1€] MHOXXHUHHU 3
JIOIIOMOTOI0 OPIEHTOBAHUX CTPUIOK. Kinblld Ha3UMBarOThCA BEPIIMHAMU, a
cTpiuiku — ayramu rpada. Citka — 1e rpad, y aKoro ojHa BXigHA W OJHA
BuximHa ayra. Imsx — 1me mocaioBHICT, Ayr rpada, B SKiM KIHEIb
MOINEepeAHbOI  JAYyTM  €ThCA  IIOYATKOM  HacTymHoi. Jlyram  CiTKu
NPUNUCYIOThCS YHUCJA, $KI Ha3WBAaIOThCS JOBXKMHAMU Ayr. JloBxkuHa
HUISIXY pIBHA CyMI JOBXKHH JYT, sIKI YTBOPIOIOTH el nuiax. Koxuuit rpad
Ma€ JEeKUIbKa NUIAXiB. J[oBUIbHUN CyO’€KT ympaBlliHHS MOKHA OINMUCATH
OJHIEIO CITKOIO a00 JCKIJIbKOMa, TOOTO B 3aJIEKHOCTI BiJ IIOTO CITKOBE
MOJICTIOBAHHS MOX€ OyTH OAHO- ab0 0aratoCiTKOBUM. Y TOH ke yac y
3aJIEKHOCTI BiJ YKCiia HIJIEH — OJTHO- UM 0araToIIIbOBUM.



Puc. 4.2.

BigHocHO mapaMeTpiB YNpaBIiHHS X PO3AUIAIOTh Ha CUCTEMMU:

1) 3 KOHTpOJIEM TEPMiHIB Ta 3aTpaT;

2) 3 KOHTPOJIEM TEPMiHIB, 3aTpaT 1 TEXHIYHUX XapaKTePUCTHK;

3) 3 HasIBHICTIO OOMEXKEHB O pecypcax 1 0e3 BpaxyBaHHA iX;

4) 3 BpaxyBaHHSM OOMEXCHb IO JaHOMY a0o0 ACKUIBKOX BHJIAaX
pecypciB.

OTXe, OCHOBY CITKOBOI MOJEINI CKJIaJa€e CITKOBUM rpadik, ToOTO
JoriyHa MoOJenb abo HarjsigHe B1IOOpaKeHHS CYKYIHOCTI poOiT, ix
pe3yJIbTaTiB, a TaKOXX TEXHOJIOTIYHUX 3B’SI3KIB Ta 3aJIeKHOCTEH MIK
OKpEMUMH poOOTaMU OYIb-SIKOTO KOMILUIEKCY ONepallii, siki MatoTh €IUHY
KIHIIEBY METY. Y JTOBLIBHIN Tajly31 HAPOJAHOTO FOCIOIapCTBA BUPOOHUYIMI
Opoliec NpeaAcTaBisie cOOO0I TOCHIIOBHE YK MapalieibHe BUKOHAHHS
KOMIUIEKCY poOIT ab0 OKpeMHUX TEXHOJOTIYHUX omepaiiil. Hampukmnan,
3aKIHYEHHSI BUTOTOBJICHHS JICTaJIl HA TOKAPHOMY BEPCTaTl Ja€ MOKIIUBICTh
moyJaTH Ha 1i OCHOBI 30ip arperary.

VY CITKOBUX MOJACNSIX BUKOPHUCTOBYETHCSA JIBA OCHOBHHX JIOTTYHHX
CJIEMEHTH: TIpolleC B yaci Ta pe3ynbTaT. PesynbTaT ¢ikcye 3aKiHUCHHS
nomnepeHboi poOOTH Ta MOYATOK HACTYMHOI, TOOTO BiH BUKOHYE (DYHKIIIFO
JaHKH 3B 3Ky MK OKpEeMUMH poOoTamMu. TomMy TOJOBHUMHU CKJIaJOBUMU
ciTkoBoro rpadiky € moxii Ta podbotu. Pobora Bumarae 3aTpar dacy Ta
pecypciB 1 Ha rpadiky ii TpeACTaBISIIOTh 3 JOMOMOTOK CTPUIKH. XBICT
CTPIJIKHM O3HAYa€ MOYaToK poOOTH, a BEPIIMHA — KIHEIb. BepiinHa cTpiiku
3aBXKIM HampaBjeHa 0 poOOTH, sika HE MOXKe OyTH TodaTa, MOKH HE
3aBEpIINTHCS poOOTa, 3’ €JHAHA 3 XBOCTOM CTPLIKH (puc. 4.3).



(mis) PoGoTa
Po6ora (mis)

(mist) PoGoTta

Po6ota (mis)

Puc. 4.3.

Pobota, sika BuUMarae 3aTpaT 4Yacy Ta pPECypCiB, Ha3UBAETHCS
nivicHoro. PoGoTa, ska BuUMarae TIJIBKM 3aTpaT 4acy 1 HE MOTpedye
pecypciB, Ha3UBAEThCA OUiIKyBaHHAM. @DIKTHBHA poOOTa MPEACTaBISE
c00OI0 JIOrTYHUH 3B’ SI30K MK JIBOMA UM JIEKUIbLKOMA ITOJISIMU 1 HE BUMAarae
JUISl CBOTO 3/IIMCHEHHS H1 3aTpaT 4acy, Hi peCypciB.

CiTkoBa MOJeNb BITOOpaka€ B3a€EMO3B’SI3KM MK poOOTaMu Ta
HOPSIIOK X BUKOHAHHA (B1JHOIIEHHS BIOPSAJKOBAHOCTI YM HACTYIHOCTI).
BigHoiieHHs yropsKOBaHOCTI MK poOOTaMM 3aa€ThCs 3a JOTIOMOTOIO
noxiil. [logiss BU3BHAYA€THCS K MOMEHT 4acy, MpH SIKOMY 3aBEpIIYIOThCS
OJIH1 poOOTH 1 MOUYMHAIOTHCS 1HIIII.

[Tin momiero po3ymieTbes (akT 3aKkiHUCHHS OJHIET ab0 AEKUIBKOX
poOIT, HEOOXITHUX 1 JOCTATHIX JJIS TOYaTKy HAacTymHUX poOit. [loxis, sika
HE Mae€ ToNepeHIX pPoOIT, HA3UBAETHCS BUXIAHOIO (MTOYATKOBOKO) 1
SBJISIETHCS BIJAMIPABHUM MOMEHTOM IOYaTKy POOIT MO JAaHOMY CITKOBOMY
rpadiky. Ilomis, 1m0 HE Ma€e HACTYHHUX poOOIT, HA3UBAETHCS
3aBepiaibHO. T00TO, B 3aBepIIAlIbHIN MO1i TUIBKH CXOASITHCS pOOOTH, 1
H1 071Ha poOoTa 3 Hel He BUXOIUTb.

[lepexin Bix oAHIET pOOOTH A0 1HIIOI, 3B’SI3aHOT 3 HEIO, MOKIUBUIM
TUIBKA B TOMY BUMAJAKYy, KOJIU MOMNEPEAHsI poOOTa BUKOHAHA, OJIEPHKAHO
MEBHUI Pe3ysbTaT, 1 SIK HACHIIOK BiIOYBA€ThCS MOJIs, 10 XapaKTEPU3YeE
JaHy poOoTy.

TakuM 4HMHOM, KOXHa poOoTa OOMEKeHa JABOMA MOJMISIMHU: OJHA 13
HUX (z' — 1) XapaKTEepU3y€e MOYATOK poOOTH A; apyra i - 3aKiHUEHHS TIEl
pobotu (puc. 4.4). OgHovyacHo moxis i € moyatkom pobotu b. Ilpu
posrnsai pobotm A momis (i —1) nepeaye HACTYIUICHHIO i-01 TOmii 1
HA3UBAETHCA MONEPETHBOIO0, a MO HA3UBAETHCS HACTYITHOIO.
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TPUBAJIICTh TPUBAJIICTh
pobotu poboTtu

Puc. 4.4.IlonepenHs Ta HACTYIHI OAIT 1 poOOTH
BignocHo apyroro croco0Oy citkoBuil rpad OyayeThes 3paszy, 0e3
BUKOPUCTAHHS Tiepeniky poOit. [Ipu niboMy moOy10By MOKHA BECTHU “‘311Ba
Harpapo”, TOOTO MOYMHAIOYHM 13 MOYATKOBOI MMOli, ado ‘“‘cripaBa BIIIBO”,
KOJIM MEPIIUM BiOOpakaeThCs KiHIIEBA IMOJis, a MOTIM BCi 1HII poOOTH,
K1 CIIPSIMOBaH1 Ha JOCSTHEHHS MTOCTaBJIEHOT METH.

4. 2. llopsiaok i mpaBuja moOyA0BH CiTKOBOIO rpagika

[Iporec CITKOBOTO MOJICNIIOBAHHS CKJIATHUX OO0 €KTIB Ta CHCTEM
NEepPEeBaKHO PO3OMBAETHCA HA PSSl CKIAJOBUX YACTUH 1 TICIS IBOTO
noOy10BaHi 4acTKOB1 Tpadiku 00’ €qHYI0ThCS B equnuid rpad. [lodymosa
JacTKOBUX TpadikiB Ta iX 00’€qHAHHS BUMAarae JOTPUMaHHS HACTYITHHUX
paBuUJL.

Puc. 4.5



1. KoxxHa poGota Ha rpadiky OpeACTaBISETbCA OJHIEIO 1 TIIBKHU
oAHle€0 Ayrow (cTpiakoro). Hi ogHa 13 poOIT HE MOBUMHHA MOSBIISITHACS B
MOJel JBi4l, TOOTO B CITKOBOMY rpadiky He Mae OyTH 3aMKHYTHX
KOHTYpiB (puc. 4.5a) ta nerens (puc. 4.50). Ilpu iXx mosBi HEOOXITHO
MOBEPHYTHUCHh JIO AaHali3y 3aIllJJaHOBAaHUX poOOIT 1 YCYHYTH BKa3aHi
HETOJIKH.

2. Hi onna mapa poOIT HE MOBMHHA BH3HAYATUCh OJHAKOBUMH
MOYATKOBUMH 1 KIHIEBUMU MOMISIMH. MOXIUBICTh HEOJHO3HAYHOTO
BU3HAYEHHS POOIT uepe3 MOl MOSBIAETHCS Y BHUMAAKY, KOJHM B 200
O1JIbIlI€ YKCIIO POOIT AOIMYCTUMO BUKOHYBATH OJJHOYACHO.

[Ipu BuKOHaHHI MapajieabHUX poOIT (puc. 4.6a) BBOAUTHCS MOIIS 2’
Ta (IKTUBHI pOOOTH (2’ — 2), 1 0JTHA 3 TapajeabHUX POOIT 3aMUKAETHCS HA

1110 (hikTUBHY poOOoTY (pHc. 4.6 0).

o OO
© ,

a)

Puc. 4.6
3. Hi oxna 13 po0OIT HE MOXKE PO3MOYaTUCh, MIOKK BC1 MOMEPEIHI 10
Hei pobotu He OyayTh 3aBepiueHi. Hampukian, 13 ananmizy ¢parmeHry
rpadika 3agayl MOJCIIOBAHHS ONTUMAIBHOIO IIaHy (puc. 4.7) 6auumo,
o poboTa “po3paxyHOK ONTUMaJbHOrO TiaHy” (4-5) He Moxe OyTu
OYaTol0, MOKM HE 3aBepliaTbCs MomnepeaHi poOoTu: “popMyBaHHS
iHpopmarii” (2-4) 1 “po3podOka Ta Bijyiaro/keHHs nporpamu’ (3-4).

O

Puc. 4.7 I'padiune npeacTaBaeHHs 3aJIeKHOCTI HACTYITHUX POOIT
BiJ IOIepeIHIX



4. YV ciTKOBIi MOAENl HE MOBUHHO OYyTH “TyHIKOBUX MOAIH, TOOTO
noAid, 13 SIKMX HE BHUXOJIWTh >KOJHA po0O0Ta, 3a BUKIIOYEHHSIM
3aBepIalibHOI moii (puc. 4.8a).

VY nanomy Bumaaky abo podora (1-3) He nmotpiOHa 1 ii ¢l BIAKUHYTH, a00
HE 3ayBak€Ha HEOOX1JIHICTh HACTYITHOI pOOOTH, 110 CHiaye 3a momdiero. Js
YCYHEHHs ~ 3raJlaHuX  HEJOJIKIB  HEOoOXigHO  OUIbII  AETajJbHO
mpoaHadi3yBaTU B3a€MO3B’A3KM MO Ta pPoOIT, BJIACTUBUX JaHUM

IpoIIecaM. :

a) 0)
Puc. 4.8

5.¥ citkoBoMy Tpadiky HE MOBUHHO OyTH “XBOCTOBHX’ MOAIN (Kpim
BUXIJIHO1), B SIKI HE BXOJUTh *o0AHA pobOota (puc. 4.80). TyT BiaCcyTHs
pobora, sika mepenye momaii 4. Tomy momis 4 HE MOXe BIIOYTHCH, 1 K
HACJIJIOK, HE MOXe OyTH BHKOHaHa pobOora (4-5). BusBHBIIM TakKy
CUTYyallll0, HEOOX1THO BKa3aTH MOMEPEHIO pOOOTY, SKIIO BOHA ICHYE, IS
noii 4.

HasiBHICTH “TynukoBHX” 1 “XBOCTOBUX’ TMOJIIM BKa3y€ Ha JIOMYIIECHY
MIOMMJIKY, SIKa IOJIsIra€ B TOMY, 110 a00 IpOIyIIeHO poOoTy, abo JaHa
pobota 3aiiBa. TynmukoBiCTh moJii 3 1 4 yCyBa€eThCsl LIJISXOM BBEICHHS
0AaTKOBUX (DIKTUBHUX POOIT.

6. Ilpy BUKOHAaHHI CKJIAaJHUX POOIT, KOJIM BUKOHAHHS JESAKOI ii
YAaCTUHHM JIa€ MOXKJIMBICTh IOYATH OJHY a0O0 JEKIIbKa IHIIUX POOIT,
HEOOX1THO JaHy poOOTY pO3OMTH Ha PsiA MOCTIJOBHUX POOIT, BIJ SKHUX
OepyTh MOYATOK 1HII poOOoTH (puc. 4.9).

[Ipu po3misal Apyroro mnpaBwia BKa3aHO Ha OJWH 13 BHUIIAJIKIB
BBeJIcHHsI (DIKTUBHUX PpOOIT 1 mojiid. BoHu paroth MOXIUBICTH (puc. 4.9)
NpaBWIbHO BI1IOOpPA3UTU JIOTIYHI 3B’A3KH, 5KI 0e€3 iX JO0mOMOTHd
HEMOXKJIMBO 3aJIaTH Ha rpadi.

JpyruM BUIAIKOM SIBJISE€THCS B1AOOpaKeHHs 3aJ€AKHOCTI MOI1M, HE
3B’SI3aHUX 13 BUKOHAHHSIM peaibHUX poOiT. [IpunycTtumMo, Hanpukiaji, 1o
pob6oTu A Ta b MOXYyTh BUKOHYBAaTHUCh HE3AJIEKHO OJIHA B1JI OJIHOT, ajie iX



© ()

Puc. 4.9.I'padiune 300pakeHHs CKJIAJHUX POOIT.
BUKOHAHHS BUMAarae OJHOTO ¥ TOTO X OOJaJHaHHS, TOMY poOoTa b He
MOJKE€ TIOYaTHCh, MIOKU HE 3aKIHUUTHCSI BUKOHAHHS POoOOTH 4 Ha JaHOMY
oOJiaiHaHHI. AHaJI3 JJaHOI CUTYyallli MOKa3ye€ Ha HEOOXIJIHICTh BBEJCHHS
bikTuBHOI podoTu B (puc. 4.10a).

ORO=ONONING

OO
O -

B) r)

Puc. 4.10. I'padiune npeacraBiaeHHs (pIKTUBHUX POOIT
Tpetiii BUaJoK BBEICHHS (PIKTUBHUX POOIT Ta MO1M MOB’A3aHUM 13
HETIOBHOK 3ajIekHICTIO poOiT. Ilpunmyctumo, podora B (puc. 4.10 0)
noTpedye Jis CBOTO IMOYATKy 3aBepIieHHs poOiT 4 Tta b, ane pobora I’



3B’s13aHa TUIbKU 3 poO0TOI0 b, a BiJl poO0TH A HezanexHa. To/1 HeoOX1THO
BBecTU (PIKTUBHY o0 3 1 GpikTuBHY podoty [ (puc. 4.10 B). Kpim uporo,
MPOBEIEMO aHaji3 1HIIOI MOXJIMBOI cuTyarli. IlpumycTtumo, 1mo mcis
3aKiHYEHHS poOIT 4 Ta b MoxHa noyatu poOoty I, a moyaTtok podotu B
3aJIC)KUTh TUIBKU Big A 1 modaTok /[ 3ajeXuTh TUILKU Big b. Y manii
CUTyallli BBOJAUTHCS J0JaTKOBa Mol 5 1 aBi (ikTUBHI podotu £ Ta €
(puc. 4.10r).

YeTBepTHil BUIAI0K BBEICHHS (DIKTUBHUX POOIT — M€ MOJICITIOBAHHS
peabHUX BIICTPOUYOK Ta OUYIKYBaHb, K1 BJIACTHBI MEBHUM TE€XHOJOTTYHUM
npoiiecam (3acTUraHHs OeToHy, BUCHXaHHs (apOu, mpoiec OpomiHHSA 1
T.A.). Y TakuxX CHUTyallsX peajdbHa poOOoTa HE NPOBOJIUTHCS, aje
HACTYMHUH eTam poOIT JO0 TMEBHOTO 4Yacy HE MOXKE po3MovyaTuch. s
ObOr0 B CITKOBUW rpadik HEOOXITHO BBECTH (IKTUBHI pOOOTH, AKI Ha
BIIMIHY B1JI MOMIEPEAHIX MAOTh TPHUBAIICTh B Yaci.

4.3. Ilpoueaypa BHOPSIAKYBAHHSA CITKOBOIO rpagika

[Ticns moOyAOBM TMOYATKOBOTO BaplaHTy CITKOBOro rpadiky
HEOOXI/IHO TPOBECTH aHaji3 MOro YHOPSAKOBAHOCTI. YMOPSIAKYBaHHS
CITKOBOro rpagiky mosisirae B TaKOMY PO3MIILIECHHI MO Ta poOiIT, mpu
AKOMY JiJIsi OyJIb-IKO1 pOOOTH MomepeaHs ii Mmojis po3MilleHa J1BOpyY 1
Ma€ MEHIITMKA HOMEP B MOPIBHAHHI 13 3aBEPIIATBLHOI0 JaHy POOOTY IMOIIETO.
OTxe, B YIOPSAKOBAHOMY CITKOBOMY I'padiKy BCl CTPUIKH (IyrH) poOOTH
HaIpaBJieHl 3J1iBa HampaBo, TOOTO BiJ MOAIN 3 MEHIIMMH A0 TMOJINA 3
O1TBIITUMU HOMEPAMHU.

[ToOynoBy Ta ymopsiAKyBaHHSI CITKOBOTO TpadiKy pO3TJISTHEMO Ha
YUCJIOBOMY MPHUKIIA/II.

[lpuknang 4.1. YMOBHUN TEXHOJOTIYHUM TMPOILIEC OMUCYETHCA 3
nonomoroto 13 mopiii Ta 23 po6iT. JIoriuHuid B3a€MO3B’ 130K Ta TPUBATICTh
BUKOHAHHS BIJAMOBIAHMX poOIT mpuBeaeHo B Tabn. 4.1. HeobximHo
noOyayBaTH BIIOPSAKOBAHWM CITKOBHH rpadik Ta MpOBECTH BiANMOBIIHHUI
aHaJi3 Ha yIOPSIAKOBaHICTb.

AHanmi3ylouu HaBeACHUW TMepenik poOIT, TMOYATKOBOIO TMOJIIEI0
ciTkoBoro rpadiky Oyne momist 1, a 3aBepmansHo0 — 12. Kopuctyrounch
NPUBEJACHUMH BUIIE MpaBWIaMHU, TOTOYHUN BapiaHT CITKOBOTO Tpadika
npuiime Bug (puc. 4.11).



Taonuys 4.1

Ne Bunn [Tonepenni TpuBanicte | Ne | Buanu [Tonepenni TpuBanicts
m\n | poboTu pobotu pobotu, 1Hi | m\n | poboTH pobotu poboTH, nHi
1 A - 5 13 K B,3 9
2 B - 4 14 T 1K 8
3 B - 6 15/ M LLJI 4
4 r A 5 16| H KN 6
5 11 A 6 17| O XK, 3
6 E A 3 18| I KN 4
7 € b,E 5 19 P KIT 5
8 XK b,E 12 20 C O,p 3
9 3 b,E 2 21 T M,H,C 8
10 I r 10 22 y O,P 2
11 I ILE 3 23 () Y 7
12 u I,E 7

Puc. 4.11. IToyaTkoBuii BapiaHT CITKOBOTO rpadika
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ITonepenniii ananiz mokasye, 1o ciTkoBui rpadik (puc. 4.11) He
MOBHICTIO YIOPSIKOBAHUH.

Jlnst ynopsiakyBaHHs rpadiKy BUKOPUCTAEMO METO/ BUKPECIIOBAHHS
nyT (puc. 4.12), anropuT™ SIKOTO MOJSATA€ B HACTYITHOMY:

1. Ha mmonuHy HaHOCMMO PsiJT YMOBHO-BEPTHUKAJIBHUX JlarpaMm 1
no3HauuMo ix nudpamu. [lomaism, ki OyayTh OMIIIEH] B i—Ty Alarpamy
IIPUCBOIOETHCS i — 1 PaHT.

2. Ha citkoBoMy Trpadiky 3HAXOAWMO TIOYATKOBY TOMAIIO 1
noMiimaemMo ii B aiarpamy Hymdb (puc. 4.12). Tum camuMm maHik nomii (B
HalIoMy MpUKIaal noxais 1) Oyae NpUCBOEHO HYJIbOBUM pPAaHT. YMOBHO
BUKPECJIUMO BCi pOOOTH (IyrH), IO BUXOMATH 13 TOMAIM 3 HYJIHOBUM
panrom. Y gaHomy BUNaAky 1e Oyayts pooortu (1-2), (1-3) Ta (1-4) (puc.
4.11).

3. YV mepmy paiarpaMmy 3aHOCMMO Ti MOMii, B SKHX IIICIIA
MOMEepPeTHbOr0 €Taly BiACYTHI BXigHI poboTu. Panr mux momii Oyne
p1BHUM OuHUII. B HalmoMy npukiiajl Takok MojIi€0 Oyae eauHa mojis 2.

Otxe, Ha Tpadi Moke OyTH oaHa abo JeKiabka Takux mojii. Ilomii,
0 MalTh PaHT PIBHUM OJIMHMIN, XapaKTEPU3YIOTHCA THUM, IO YHCIO
pOOIT, K1 3’€THYIOThH 1X 3 IOJIISIMU HYJILOBOT'O PAHTy, PIBHE OAUHUIII.

YMOBHO BHUKPECIMMO BCi poOOTH, IO BUXOIATH 13 MOAIN MEPIIOTO
paHry.

4. Y npyry aiarpaMmy MOMICTUMO Ti MOli, B SIKUX Ha JIAHOMY KpOIIl
BIJICYTHI BX1IHI poOOTH (CTPUIKK) 1 HAAAEMO 1M 3HAYEHHsI paHry asa. [[ns
JAHUX TOJIM BJIACTUBUM € T€, IO MaKCHUMajbHE YHCIO pOOIT, fKI
3’€IHYIOTh JIaH1 MO/Iii 3 MOAISIMHU HYJIbOBOI'O PaHTy, piBHE JIBOM. Y JaHOMY
BUIMAJKy TakuMH moaisiMmu € 3 1 5. Jlami BukpeciatoeMo BCi poOOTH, fKi
BUXOJISTH 3 MO PaHTOM JIBa.

5. B i-Ty aiarpamy moMicTUMO T1 MOJIIi (paHT iX PIBHUM i), IJIS SIKUX
MaKCUMaJbHE YUCJIO POoOIT, IO 3’€IHYE AaHY MOAII0 3 MOJIEI0 HYIHOBOTO
panry, piBHe . IIpoBomumo uyeproBe BHKpecieHHs poOiT. Ilicns
PO3MIIIIEHHS 3aBEpIIAIbHOT TOAII B OCTaHHIO jiarpamy (puc. 4.12)
NepexoIMMO JI0 aHaITi3y YIOPSIKOBaHOCTI rpadika.

6. AHasi3 PO3MIILEHHS MOMAIN y JlarpaMax MoOJisiTa€ B TOMY, LIO B
aiarpami 3 OUIBIIMM HOMEPOM HE IMOBHHHI MICTHUTHCH IIOJII MEHIIO1
Hymepaiii. Tak y mgiarpami 3 MicTUThCS mofis 4, B TOM dYac, K B
nomnepeIHIN alarpami € mojis 5. AHaJIOT14HO Ma€ Micile i giarpamu S 14
(momii 7 ta 8) Ta 716 (momii 10 ta 11).

VY Takux BUMaaKax HEOOX1THO 3aMIHUTH 1X HyMmepaliro. Hanpukmnasn,
3aMIHWTHU NOAI0 5 Ta 4 B Apyriil Alarpami, a B TPETiil — HABIAKH.
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Puc. 4.12
AHaJIOT1YHO HEOOX1JIHO mpoBecTd 1 3 moxaisimu 7 Tta 8 1 10 ta 11. Tum
caMuM OyJie BUKOHaHE BIOPSIAKYBaHHS MO/I1i 32 pAHTOM.

7. Ilicns 3aBeplieHHS PO3MOAUTY BCIX MOAIN 3a paHroM HEOOXiAHO,
mo0 Mojli OJHOTO paHTy Majll HYMEpalilo 3BepXy AOHU3Y. AHaIi3
MPUBEACHOTO MPUKIAAY MOKA3ye, 10 JAHUWA MYHKT HE BUKOHYETHCS IS
npyroi (moaii 4, 3) 1 Tpetwoi (moxaii 6, 5) miarpam. s npuBeaeHHS Y
BIJIMOBIJIHICTh TTOMIHSIEMO MICI[IMH HyMEpallilo B 3rajlaHux aiarpamax. Y
pe3yabTaTi  BHKOHAHHS TMPUBEJACHUX  BHIINE IMYHKTIB  OACPKHUMO
yIopsiAKOBaHUM ciTkoBuUM rpadik (puc. 4.13).

Puc. 4.13. YnopsiakoBanuii ciTkoBHii rpadik.
12



4. 4. YacoBi XapaKTepHUCTHKH CITKOBUX rpagikis

[ToOynoBa yIHOPSAKOBAHOI CITKOBOI MOJIENl SIBIISIETBCSA  JIMIIIE
nepmmM  eTarnoM Uit (GOpMyBaHHS KaJeHIApPHOTO IUTaHYy BUKOHAHHS
KOMIUIEKCY po0iT. HacTymHuM eTanmoM CITKOBOTO MOJICNIIOBAHHSL €
POBEICHHS aHalli3y rpadika BiIHOCHO YaCOBUX MapaMETPiB.

[lepm1 HIX nepedTH 10 BUKIALY METOAMKHA aHANI3y YaCOBHUX
napameTpiB CITKOBUX I'padikiB, pO3TISHEMO MOHATTS KPUTUYHOTO IUISIXY.
[Ticns mnoOymoBu ciTkoBoro Tpadiky s BCIX Ha3BaHUX PoOOIT
BCTAHOBIIIOETHCA TPUBAIICTh 1X BUKOHaHHSA. Hamami gana iHdopmariis
Oyle ckiajgaTd OCHOBY ISl PO3PAXyHKIB IIISAXIB Ta IHIIUX I[MapaMeTpiB
rpadika. Ilig nusixom po3yMmieMo JTOBUTBHY HENEPEPBHY IOCIITOBHICTH
poOiT Ha ciTKoBOMY rpadiky. Po3pi3HSAI0TH B OCHOBHOMY HUISIXH YOTUPHOX
BHUJIIB, SIKI BIAPI3HSIIOTHCA OJWH BiJ OJHOTO TPUBATICTIO (IOBXKHHOIO).
JloBKMHA JOBIILHOTO HUISIXY CITKOBOTO Tpadiky MK MOMIAMH i Ta
(mo3HaumMo ii yepes L, ) piBHA CyMi TPUBAJIOCTI HOr0 CKIIaJ0BUX POOIT.

[I1sX, mOYaToOK SIKOrO CIIBIIAJA€ 3 IMMOYATKOBOIO MOIEI0, a KIHEHb -
13 3aBepIIATBHOIO TMOJIEI0 CITKOBOTO Trpadiky, HA3UBAETHCA IMOBHHUM.
[Insix Big MOYaTKOBOI TMOAIL 70 JAaHOI moaii rpadika Ha3UBAETHCS
morepeaHIM I 1mojli, a IUIIX, SKUM 3’€Hye€ JaHy IOl 13
3aBEpIIAIbHOI0, HA3UBAETHCS HACTYNMHUM i AaHoi nomiil. Imax, saxuid
3’enHye Ha rpadiky 1Bl momii i-Ty Ta ;-Ty (KpIM IIO4aTKOBOi Ta
3aBEpIIAIBHOI ), HA3UBAETHCS NUISIXOM MK noaisimu. LInax, skuii Bupaxae
HaOUIBII TpHUBAly TMOCHIJOBHICTh Ha CITKOBOMY TIpadiky, TOOTO
HAWOUIBIINI MOBHUM HUIAX, OyleMO Ha3sMBATU KPUTUYHUM LUIAXOM (L,).

PobGotn Ta mojli, po3MilleHI HAa KPUTUYHOMY UUISXY, Ha3UBAIOThCS
KPUTUYHUMH. 3MEHIICHHSI a00 301IbIIEHHS TPUBAIOCTI KPUTHUHUX POOIT
BI/IMOBITHO 3MEHIINYE a0o0 30UIbINyE 3arajbHy TPUBAIICTh BUKOHAHHS
BUPOOHUYOI TMporpamu. K0 TpUBANIICTh OYJb-SIKOTO MUIAXY MAaJo
BIJIPI3HSAETHCA B TPUBAJIOCTI KPUTUYHOTO, TO MHOro Ha3BEMO
H1JKPUTUYHUM.

OTxe, TOJOBHMM 3aBJaHHSIM JUIsI aHaTI3y 3arajbHOTO Yacy
BUKOHAHHS POOIT BHUPOOHUYMX TIPOTpaM SIBISAETHCS  3HAXO/KCHHS
KPUTUYHOTO NUIIXYy Ta #oro TpuBajiocti. [ 1poro, Hacammepen,
HEOOXIIHO 3HAaWTH BCl NMOBHI NUIAXW. Tak, HampuWKIaa, 3a CITKOBUM
rpadgikom (puc. 4.14) He BaXKO BCTAHOBHUTH, IO 3 BUXITHOI MOMII 10
3aBepIIaIbHOI BEJIE IIICTh MIJIAXIB.

JIAs KOXKHOTO NUISIXY MiAPAaXOBYEMO CYMapHi 3aTpaTd dacy U
oJiepKaHl pe3yJbTaTH TOMICTUMO B Ta0II. 4.2.
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Puc. 4.14.

Tabnuys 4.2
[ToBHMI IIISAX [Tepenik moii JloBkuHA NUISIXY, AHI

L, 1-2-5-7 5+4+110=19

L, 1-2-4-5-7 5+8+3+10=26

L; 1-2-4-7 5+8+7=20

Ly 1-3-4-5-7 6+5+3+10=24

Ls 1-3-4-7 6+5+7=18

Lg 1-3-6-7 6+2+4=10

Toni, BIAMOBIHO 0 O3HAYEHHSI KPUTUYHOTO HUISIXY
L, = maX{Ll., i = 1,6}= L, =26 ouis.

OTxe, TPUBAIICTh KPUTUYHOTO NUIAXY CKiaae 26 JIHiIB, TOOTO aJis
MOBHOTO BUKOHAHHSA BHUPOOHWYOI mporpamu moTpiOHO 26 paHiB. Ha
rpadiky KpUTHYHUN NUISX BIIOOpakaeMoO 3 JOMOMOTOI0 MOJBINHOI 4u
KUPHOI JIiHIT. BUKOHAaTH 3aBJaHHS paHillle HEMOXIJIMBO, OCKUIBKM JIJIs
JOCSTHEHHSI 3aBepIlagbHOi MOl HEO0OXiMHO OOO0B’S3KOBO MPOWTHU
KPUTUYHUHN LUIAX.

BuzHaBmm KpUTHYHUN MUISIX, MH OJJHOYACHO BCTAHOBUMO KPUTHYHI
noqii rpadiky 1, 2, 4, 5 Ta 7 Ta kputnuni podotu A-I'-E-1.

Ha OCHOB1 BHCIIOBJIEHOTO BHUILE MOKHA 3pOOUTH PSAJ MPAKTUUHUX
pekomenamiii. Ilignpuemens y mepilry 4epry NOBUHEH HOPUAUISATH
MaKCUMaJbHY yBary aHajii3y CBO€YACHOTO BHUKOHAHHS KPUTHUYHHUX POOIT,
3a0€3MEeUYEHHIO X HEOOXITHUMHU TPYJOBUMH 1 MAaTEPIAIbHUMU PECYPCAMHU.
JIist 3MEHIIEHHST BUTPAT 4acy HAa BUKOHAHHS 3aINIAHOBAHOTO KOMILIEKCY
poOIT HEOOX1AHO HacaMmepe ] 3MEHIITYBAaTU TPUBATICTh KPUTHUHUX POOIT.
30UIbIIIEHHS] 4Yacy BUKOHAHHS Oy/Ab-sIKOi KPUTUYHOI pOOOTH Bele M0
BIIKJIAJIJAaHHSI TEPMIHY 3aBEPIICHHS BChOIO MPOEKTY. Y TOM XKe dYac
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3aTpUMKa BUKOHAHHS HEKPUTHUYHHUX POOIT MOXKE HE BIUIMHYTH Ha TEPMIH
HACTYIUICHHS 3aBEPIIAIbHOIL MO/IIi.

VY peanbHux CiTKOBUX rpadikax KpUTHYHI POOOTH CKIAJalOTh HE
oineme 20 % BIiI 3arajJbHOrO YHCJIa PoOIT, TOMY CTa€ 3PO3yMUIOIO
NpaKTUYHA I[IHHICTh METOAUKH KPUTUYHOTO NUISIXY B €()EKTUBHOMY
yOpaBJIiHHI Ta aHali3l CKJIaAHUMU BUPOOHMYMMH MpPOIECaMU. 3aMICTh
TOTO 1I00M TOCTIHHO TPUMATH TIiJI KOHTPOJIEM YBECh KOMILIEKC
3allJIaHOBaHUX POOIT, MIAMPUEMELL MOXKE 30CEPEIUTU OCHOBHY yBary Ta
3YCHJLISI HA aHaJl131 BUKOHAHHS TUIbKY MEBHOI YaCTUHHU POOIT.

Y 3amponoHoBaHoMmy npukianl (puc. 4.14) TOBHUX INUISIXiB
BUSIBUJIIOCH HE0arato, TOMy cepell HUX JIErko Oyjio BUOpaTH KPUTUUHUMH.
[IpoTe mpu BHUKOHAHHI peajbHUX BUPOOHWUYUX IMPOTpaM, KOJIW MOJIM Ta
pOOIT € BETUKE YMUCIO, MPOCTUH Mepedip yCiX MOBHUX HUISIXIB ABJISETHCA
JOCUTh  TPYAOMICTKMM. PoO3riisitHEMO METOAMKY TPUCKOPEHHS  Ta
dbopmaiizaliii 3HaX0KeHHSI KPpUTUYHOTO IUIIXY, sika 0a3y€eThCsl Ha aHami31
YUCJIOBUX XapaKTEPUCTUK CITKOBOTO Ipadika.

OCHOBHMMM YaCOBUMH IMapaMeTpaMH CITKOBOTO Tpadika sSBISIETHCS
paHHIN 1 MI3HIA TEpMIH HACTaHHS IOJIM, HA OCHOBI SKHWX BHU3HAYaIOTh
4acoBl mapaMeTpyd poOIT: MOXKJIMBO paHHIN 1 MI3HIM 4Yac MOYaTKy Ta
3aKIHYEHHS POOIT, TPUBAIICTh KPUTUYHOTO Ta MIAKPUTUYHOTO MUISAXIB,
pe3epBy Yacy Ta 1HIII MOKa3HUKH.

Jlnst  po3paxyHKy TapaMeTpiB  BBEIEMO  HACTYMHI  YMOBHI
MO3HAYCHHSI.

ITo3nauumo: i, j,k - HOMEpHU MOIH; (z’, j) - HOMEp pOOOTH; t(z’, j) -
TPHUBAIICTh POOOTH; tp(i), t (i) - pammiit (mi3miif) TepMiH HacTaHHA i-Oi
monii; (i) - momoMikHA pO3paxyHKOBa BEJMYMHA, SKA BU3HAYAE
MaKCHMaJlbHy TPHUBAIICTh HUISAXY B MOMAIl [ J0 3aBEpIICHHS MOAll
(untaeTbcs ¢ oOOepHEHa BIT i); tpn(i, i) z‘pg(i, j) - pamHilf mo4aTok
(saximuenns) pobotu (i, j); t.,.(i,j)t,(i,j) - misHiii mouaTOK
(3aK1HUEHHS) poOOTH (i, Jj ); R, - peseps yacy i-oi nonii; R, (z’, j) - MIOBHUM
pesepB uacy poboru (i, j); RB(i, j) - BUIBHHI pe3epB Hacy poOoTH (i, j);

T - TpUBANICTh KPUTUYHOTO LHUISAXY.
Kp

JIst 3pydHINIOrO aHaji3dy CITKOBOTO Tpadika, KOXHY MO0 Ha
MAJIOHKY 300paK€HO BEIMKHUM KPY>KEUKOM, SIKMU po310°’€MO Ha YOTHUPHU
CEKTOpH. Y BEPXHHOMY CEKTOP1 MOMICTUMO HOMEp MO/Iii, Y HUKHbOMY —
3HAYEHHSI PEe3epBY Yacy Mo/ii, y JiBOMY — iH(popMmaIliro mpo paHHIi TEpMiH
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HACTaHHs MOJii, Y MpaBoMy — MpO MI3HIA TEPMIH HACTaHHA MOJii (puc.
4.15).

Pucynoxk 4.15.

Tenep omnwuiieMo OCHOBHI 4YacoOBI IMapaMeTpu CITKOBOTO Tpadika i
MPUBEJAEMO PO3PaxXyHKOBI ¢opmynu g ix aHamizy. IlouHemo omuc
PO3paxyHKIB 13 BU3HAUEHHS PAHHBOI'O TEPMIHY HACTaHHS KOXKHOI MOJIIi.
Bigomo, mio i-Ta mojis HE MOXE€ HacTaTH paHilie, HDK BIIOYAYThCS BCl
nonepenHi noxii i He Oy yTh BUKOHaHI BCl nonepenni podoru. Tomy £,(i)
ABJISIE COOOK0 TEPMIH, SIKHW BIJIOOpa)kae 3aBEpILICHHS MONEpPEeAHIX PoOIT
(oHI 3 HMX 3aBEpIIYIOThCA paHilie, iHII mi3Hime). ToMy mif paHHIM
TEPMIHOM HACTaHHS i-01 MOJIi PO3yMIEMO TOM MaKCHUMaJIbHHUM Yac, KN
BIJIMOBIZIa€ 3aBEPIICHHIO BCiX Oe3mocepennpo mnomepedaHix pooOir. ILlei
napameTp po3paxoBYEThCA 3a (HOPMYJIIOO:

t (i) =maxi, (k) +t(k,i)], (4.1)

keK

ne K-MHOXHUHA TOJIiH, siKi 0€3MmocepeIHhO MepeayoTh moil i. Po3paxyHok
PaHHIX TEPMIHIB HACTAHHS MOJIM PO3MOYMHAETHCA BiJ MOYATKOBOI IO/,
UL AKOI WOMY HAJa€TbCsd HYJbOBE 3HaueHHdA. [Ipumyctumo, 1m0
noyaTkoBa nofigs mae Homep 1, tomi f£,(i) =0. Ilicnsa 3HaxXOmKEeHHSA
PaHHBOI'O TEPMIHY HACTaHHS 3aBEpPIIAbHOI MOAIl MEPEXOJUMO O
BU3HAYEHHS III3HIX TEPMIHIB HacTaHHs i-o1 mojli. Ilpumyctumo, 110
3aBepIlajibHa TMOJig Mae HoMep #. Toal 3po3ymino, IO BUPOOHHYA
nporpama He Moke OyTH BUKOHAHOIO paHille, HiK 3a 4ac #,(n). OueBuaHo,
o #,(n)= Typ 1 CAYKUTH OCHOBOIO JJIsl 3HAXODKEHHS KPUTUYHUX LUIAXIB.
Toni MOCHIOBHICTh CTPLIOK CITKOBOTO Tpadika, 10 al0Th MaKCUMyM
IpY BU3HAYECHHI f,(7) BiJ IMOYATKOBOI MOJIi J0 3aBEpLIAIbHOI, POPMYIOTH
KPUTUYHUN MIISAX.

[lin mi3HIM TEepMiHOM HAcTaHHS [-01 monii OyaeMo po3yMITU
HAMOLIBII MI3HIM TEpMIH HACTAaHHA JAHOI MOAll, HPHU SIKOMY IUIAHOBUH
TEPMIH 3aBEPIICHHS BUPOOHUUOI MPOTPaMHU HE 3MIHUTHCS. 3PO3yMLNO, 110
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JUTsl 3aBEpIIAIBLHOT MOJIi Mi3HIM TEPMIH HACTAHHS CHIBIAJA€ 3 ii paHHIM
TEPMIHOM, TOOTO CIIpaBeIJIMBa PIBHICTD:

[1i3H1 TepMiHM HACTaHHS MO MOYMHAIOTH PO3PAXOBYBATHCS BiJ
3aBepIIAIHHOI MO/IIT 0 TOYAaTKOBOT 3 JOTIOMOTOIO TaKoi (hOpMyJIu:

t,(i)=minit, (j) - (7, )}, (4.3)
ne [ — MHOKMHA TO/JT1H, sIKi 0€310CcepeIHhO MEPEAYIOTh MO/ i.
KpiM 1poro, mi3Hi TE€pMiHM HACTaHHS MO MOXKHA BHU3HAUYUTHU 3
JIOTIOMOT OO (hOPMYJIH:

t,(i)=T, —1,(), (4.4)
J1C
toﬁ(i): maX{toﬁ(j)_l_t(i’j)}' (4-5)

jel
3pO3yMiJIO, IO JJIsi KPUTUYHUX POOIT paHHI Ta IMi3HI TEPMIHU
HACTaHHs MOJIM CIiBNaAalTh, TOOTO Il MO/1i HE MaIOTh PE3EPBY YaCy s
CBOT0 HacTaHHs. Pe3epB vacy i-01 moii po3paxoByeThCA 3a GOPMYJIOO:
R =1(i)-1(i). (4.6)
Bin mokasye, Ha KW AOMYCTUMHUNA NEPIo 4acy MOXKHA 3aTpUMaTh
HACTaHHs I[i€l MOAll, MPU I[LOMY HE 30UIBIIYIOUM TEPMiIHY BUKOHAHHS
BUPOOHUYOI MPOTPAMH.
3aMiHMMO TPUBAJIOCTI BUKOHAHHS pOOIT B YMOBI mpukiany 4.1, sxi
BKaxkeMo Ha rpadiky (puc. 4.16). Jlami qis maHoro CITKOBOro rpadika
MPOBEJIEMO PO3PAXYHKH YACOBUX XAPAKTEPUCTUK Moil. OcKiabku momis 1
€ no4arkoBoro, To #,(1) = 0. Tomi, ckopucraBmmce QGopmyior (4.1),
OTPUMY€EMO 3HAUYCHHS PaHHIX TEPMIHIB HACTaHHS 1HIIUX ToAiN (puc. 4.16):
t (2)=p,(1)+1,(1,2)=0+8=8;1,(3)=1,(2) + 1,(2,3) =8 + 3 =11.
Jlns mopii 4 icHye nBa nonepennix nuiaxu L(1-2-4) ta L (1-4). OTxe,
Ma€eMO:
t (4)=maxy,(2)+¢,(2,4)¢,(1)+¢,(1,4);= max{8+10; 1+ 2} =18.
AHQJIOTIYHO MPOBOAUMO OOYHMCIEHHS [JIs 1HIIKMX mnomid. VY
BIIIOBITHOCTI JI0 NMPUMHATUX MO3HAYEHb MOMIIIAEMO iX y JIIBY YaCTHUHY

Kpyxkeuka (puc. 4.16). Jlns 3aBepiiaibHOT TOA1T OTPUMAEMO:
¢ (13)=maxyt, (11)+¢, (11,13)¢,(12)+¢,(11,13); = max{70 + 8; 63 + 1} = 78.

BpaxoByrouu, mo f£,(13) = 78, oTpuMy€eMO 3HaYE€HHS KPUTHYHOI'O LUIAXY:
Ty = £,(13) =78. Pyxarouucs Y 3BOPOTHOMY HAIPAMKY, T0§To BiJ mofii 13
10 1, 00uncIMMO 3HAUYEHHS Mi3HIX TEPMiHIB HACTAHHS MO,

Ha ocnoBi (4.2) orpumyemo: t,(13) = 78. g mnoaaabIIux
po3paxyHkiB BukopucraeMo (4.3). Toxi
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(13)-£(11,13) = 78 -8 = 70;
(13)-1(12,13) =78 -1 =177.

» 50 K 55 Q
N s\
Puc. 4.16

Ockinpku, 11t moAil 10 icHye ABa HACTYMHUX IUISIXHM, TO MAa€ MICIIE
t (10)=min{t,(11)—£(10,11);2,(12) - £(10,12) } = min{70 - 9; 77 — 2} = 61.
AHAaJIOTIYHO MPOBEAEMO PO3PaXyHKH IS IHIIMX MOJdiH, 1 OTpUMaHUN
pe3yabpTaT BiioOpa3uMo B MpaBiil YaCTUHI KpyxkeukiB (puc. 4.16).
Kopucryrouncsr ¢dopmynoro (4.6), 3HaieMO pe3epBU dYacy IS
KOKHOI MOJi1 ¥ BIIOOpa3uMO iX y HIDKHIN YaCTHHI KPYy’)KEUKa BIMOBIIHUX
nonaiit (puc.4.16).
Maewmo:
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R =t,(1)-¢,(1)=0-0=0,
R, =t,(1)-¢,(2)=8-8=0,
R =t,(1)-1,3)=63-11=52,

R,=t,(1)-¢,(4)=18-18=0,it.x.

Hanpuknan, pe3eps yacy R;=52 o3Hauae, 1110 BIAOYTTS MO 3 MOXKeE
OyTH 3aTpUMaHUM Ha 52 oOjuHHUII dYacy Oe3 30UIbIICHHS 3arajbHOro
TEPMIHY BUKOHAHHA poOOYOi MmporpaMu. AHanii3 MpoOBEICHUX OOpaXyHKIB
MOKAa3ye, 110 MO/ii, Kl YTBOPIOIOTh KPUTUYHUHN 1UISIX, HE MalOTh PE3EPBIB
yacy. Temep mnepelaeMo a0 aHaIi3y YacCOBUX XapaKTEPUCTUK POOIT
CITKOBOTO rpadika.

PanniM mouatkom pobotu (i, j) € HalOUIbII paHHIA 3 MOXKIUBHUX
TEpMiHIB MOYaTKy poOOoTH. /[0 TaHOTO TEPMIHY MalOTh OYTH 3aBEpIIIEHI BCI
po0oTH, sKI NEepeAyroTh naHiil. O4YeBHIHO, IO PaHHIM TEPMIH MOYATKY
po0OTH criBmajae 3 paHHIM TEPMIHOM HACTaHHA i-0i MOJli, TOOTO Mae
MICII€ PiBHICTh

tonic ) = 1300 (4.7)

[lim panHIM TepMiHOM 3aBepiieHHS PoOOTH (i, j) MH PO3YMIEMO
HaWOUIBIII paHHINA 13 MHOXXHHU MOJKJIMBHUX TEPMIiHIB 3aBEpIICHHS POOOTH.
Jlo 1TaHOTO TEPMIHY MarOTh 3aBEPIUIMTUCS BCl MOMEPEaH] pOOOTH, a TAaKOK
JaHa pooora.

Panniii TepMiH 3aBepiieHHs poOoTH (i, j) 0OpaxoBYyeTbCs 3a
dbopmyIioro

e, (i, j)=1t()+1(i, j). (4.8)

Hi sxogna poGota (i, j) HEe MOXeE 3aBEpPIIUTUCA  Mi3HIIIEC
JOMYCTUMOTO MI3HBOIO TEPMiHY HacTaHH# j-0i nojii. OTxe, mi3HiiA TepMIiH
3aBepIICHHSI POOOTHU € HAMOUIBII Mi3HIM TEPMIHOM 3aBEpIICHHS POOOTH ,
Opy SIKOMY IUIAHOBUM TEpMIiH BUKOHAHHS BUPOOHMYOI MIporpamMu He
3MIHUTBCS. TOMy J1s1 HOTO PO3paxyHKY MOXHA BUKOPUCTATH 3aJI€KHICTh:

£ (i) =1,(7)- (4.9)

Toxal mi3HIM TepMiH MoYaTKy poOoTu (i, j) Oyae HaAMOUIBII Mi3HIM
TEPMIHOM TOYAaTKy POOOTHU, NPHU SKOMY IIJIAHOBUM TEPMIH BHUKOHAHHS
BUPOOHUYOI MPOTpaMH HE 3MIHUTHCS. Po3paxyBaTu 1€l TOKa3HUK MOYKHA
3a (hopMYIIOIO:

i )= 1,(7) =1, /). (4.10)

JI1st KpUTUYHUX POOIT XapaKTEPHUM € CIIBMAAIHHS PaHHIX 1 Mi3HIX
TEPMIHIB TIOYaTKy pOOOTH, a TaKOXX paHHIX 1 MI3HIX TEpMIHIB Ti
3aBepieHHA. KOpOTKO pO3risiHeMO MOHATTSA Pe3epBy yacy LUISXY, SIKAN
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BJIACTHBUH YCIM HEKPUTHYHUM HUIsIXaM. Pe3epB yacy miisxy BH3HAYAIOTh
SK PI3HUIIIO MK JJOBKUHAMH KPUTUIHOTO Ta JAHOTO IUIAXY
R(L)=T, —¢(L). (4.11)

Bin moka3sye, Ha CKUIBKM B CyMI MOKHA 301JBIIATH TPUBATICTh YCIX
poOIT maHOrO NUBIXY. SKIO 3aTpUMaTH BUKOHAHHS POOIT JAHOTO HUIAXY
Ha 4yac, OUTbIIMM, HIK R(L), TO KPUTUYHUH MUISX MEPEMICTUTHCSA Ha MIISAX
L. Otmxe, Oyap-sika poOoTa HUIAXy L Ha IUIBHMIN, SIKa HE CIIBIIAJA€ 3
KPUTUYHUM IIJITXOM, MAa€ pe3epB vacy.

OkpiM TMepeiyeHuX BHIIE YaCOBUX XapPaKTEPUCTUK CITKOBOTO
rpadika, TpPaKkTUYHE 3HAYCHHS MAalOTh OI[IHKKM pe3epBy dYacy poOiT.
PosristHeMo 4oTupu TUTIHA pe3epBY Yacy: MOBHUM 1 BUILHUM PE3EpBU Yacy,
YaCTKOBHI pe3epB Yacy MepIIoro BUAY Ta HE3AJICKHUM pe3epB.

[ToBHMiI1 pe3epB uacy poOoTu (i, j) MOKa3zye, HACKUIBKA MOKHA
30UTBIIUTHA TPUBAIICTH JAHOT pOOOTH YW 3MICTUTH 11 MOYATOK BUKOHAHHS,
HE 3MIHIOIOYM DPAHHBOTO TEPMIHY HACTaHHS MOYATKOBOI MOAIl i, MpHU
YMOBI, 10 MOAIS j HACTaHE HE Mi3Hille CBOTO Mi3HbOrO TepMiny. st ioro
3HAXOJ[KEHHS BUKOPUCTOBYEMO (hOPMYITY:

R,(i,)) = 1,0, ) = 1, ) = 1, ) = 1,6, 1) = 1,() = 4, (1) = 1(i, /) (4.12)

[loBHUIT pe3epB yacy poOOTH PIBHUM pe3epBY MaKCUMAJIBHOTO 13
INUISIXIB, AKI TPOXOASITh uepe3 AaHy poOory. Llum pesepBoM MoOxHA
PO3MOPSKATUCS TTPU BUKOHAHHI JJAaHOI poOOTH, SKIIO i1 MOYaTKOBA MOMis
HACTYNHUTh Y CaMHUW paHHIA TEepMiH, 1 MOXKHA JOMYCTUTH BIAOYTTS Ti
KIHIIEBOI [MO/111 B Mi3HIIIKM TepMiH (puc. 4.17).

BaxxynBoro BIacTUBICTIO MOBHOTO pe3epBy yacy (i, j) € Te, 1o BiH

HAJeKUTh HE TUIBKM JaHiil poOoTi, a ¥ yCiIM NOBHHUM MIIsAXaM, SKi
NpOXOAATh 4epe3 Hei. SKimio OyJie BUKOPHCTAHO IIOBHUM pe3epB dYacy
TIIBKU OJIHIET pOOOTH, TO PE3EPBH HACy IHIIMX POOIT MAKCUMAaIbHOTO
HUISIXY, 10 MPOXOJUTh Yepe3 Hel, OyayTh BUuepmadi. Pe3epBu yacy poOiT
HE MaKCUMaJbHUX NUILIXIB, SKI TPOXOASITh depe3 AaHy pooOoTy,
3MEHIIIAThCS BIAMOBIAHO HA BEJIMUUHY BUKOPUCTAHOTO PE3EPBY.
BinpHuil pe3epB yacy (Y4acTKOBHH pe3epB yacy APYroro BHUIY), PE3EPB
yacy po0otu (i, j) npeacTtasisie cCoO0I0 YaCTUHY OBHOT'O pe3epBYy yacy, Ha
AKYy MOXHa 30UIBIIMTH TPUBAIICTb POOOTH, MPH LOMY HE 3MIHUBIIU
PaHHBOTO TEPMIHY 11 KiHIeBOi moxii (puc.4.17). ToOTo, BiH MOKa3ye,
HACKUTHbKA MOKHA 301IBIIUTH TPUBATICTH poOoTH (i, j) a00 BIACTPOUUTH
MOYaTOK il BUKOHAHHS 3a YMOBH, IMOYATKOBA IO { Ta KiHIIEBA MOMIS j
HACTaHyTh y paHH1i yac. Jlyist oOuuciaeHb BUIBHOTO pe3epBy poboTu (i, f)
BHKOPHUCTAEMO (POpMYIIY:
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RGO ; ; R() ' Yac
(1) t(i) t(j) tfj)
a) i | > i >
tprlé( I, ) : tp3(iyj) : tn(:i)
; Ru (5)) ; t(i, j) ;
tp (iyij) i tHII(i’ j) i tHS’iq)
60 ti,j) .. RiJj) i
i tn() i t()
i R; (i;4) > i j) >
! , tin(i, ), tz (i, j)
B) | 1, j) o Rp(i, ) :
whp 40 s
B Rx(i, j) e (i, j) R |
0, i i i
F) i( t (i’ j) < RH(i’ j) >i i

1
1
I
I
I
1
1
1
»!
7
I

Rufij) (i)

A

Puc. 4.17. I'padiunuii anani3z pe3epBiB yacy nojiiii Ta pooirt.

BinpHuil pe3epB yacy MOHa BUKOPUCTOBYBATH JJIs 3alI00ITaHHS 1110
BUIAIKOBOCTEHN, AKI MOXYTh BHHUKHYTH B TPOIIECI BHUKOHAHHS POOIT.
S0 niaHyBaTM BUKOHAHHS POOIT MO paHHIX TEpMiHAX iX MOYaTKy Ta
3aKIHYEHHSI, TO 3aBXKIU MPHU MOTPeO1 Oy1e MOXKIMBICTh MEPEUTH HA MI3HI
TEPMIHU TTOYATKY Ta 3aBEPIICHHS POOIT.

YacTtkoBuil pe3eps nepiioro Buay Ri(i, j) podotu (i, j) siBisie cod0r0
CKJIaZIOBY YaCTUHY IOBHOIO PE3EpBY 4Yacy, Ha Ky MOKHA 30UIbIIUTH
TPUBAIICTh POOOTH, HE 3MIHMBIIM MPHU I[bOMY II3HBOTO TEPMIHY Ii
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noyaTkoBoi nmoAii. [lum pe3epBoM MOKHa KOPUCTYBATHUCS MIPU BUKOHAHHI
pobotu (i, j) mpu yMOBI, IO ii MOYaTKOBa Ta KiHIIEBa MOl HACTAHYTh Y
ni3H1 TepMinu (puc. 4.17 6). Jlis po3paxyHKy BUKOPUCTAEMO (popmMyITy:

R =1,(j)~1,()~t(iy). (4.14)

Hezanexuuit pesepp uvacy R, (i, j) pobotu (i, j) — L€ 4YacTHHA
MOBHOT'O pPE3epBY Hacy, OTpPUMaHa JUIsl BUMNAJKY, KOJM BCl MOIEpeaH]
poOOTH 3aKIHUYIOTHCSA B Mi3HI TEPMIHHU, & BCl HACTYIHI MOYMHAIOTHCS B
panHi TepMiau (puc. 4.17). Bin 06paxoByeThes 3a OpPMYJIIOHO:

R, (ij)=t,(j)=t,(i)-ij). (4.15)

BukopucranHsa HE3aJleXHOTO PE3EPBY YaCy HE BIUIMBAE HA BEIUUYUHY
pe3epBiB  yacy 1HmuMx poOiT. PesepBu Ry (i, j) craparoTbcs
BUKOPUCTOBYBATH TO/I1, KOJIM 3aKIHUCHHS MOINEPEIHbOI pOOOTH BiAOYI0CS
B MI3HIN JONMYCTUMHUNA TEPMiH, a HACTYIHI pOOOTH XOUyTh BUKOHATHUCH Y
panHiii Tepmin. Axmo R, (i, /)= 0, To Taka MOXJIUBICT Mae micue. Y
OPOTWICKHOMY BHUIMAJIKY TaKoi MOXJIMBOCTI HE 1CHY€E, OCKUIbKHU
nomnepeaHs podoTa 1€ HE 3aBeplIWIacs, a HACTYIHA B)XE I[OBUHHA
nounHatucs. Tomy, nipu R, (7, j)<O BiacyTHIN peanbHuil 3mMicT. DaKTUUHUI
HE3AJIC)KHUM pe3epB 4yacy MaroTh JMIIE Ti poOOTH, KOTPi HE HaJEKaTh
MaKCUMaJbHUM IUIAXaM, SKI MPOXOJATh Yepe3 iX MOYAaTKOBI Ta KIHIIEBI
moaii.

BpaxoByrouu ckazaHe, MOXKHa 3pOOUTH Psifi BUCHOBKIB, sIKi OyayTh
KOPDUCHUMH I TJMOOKOrOo aHali3dy CITKOBUX TrpadikiB. Skio
MOYaTKOBHM pe3epB Hacy MEPIIOro BHAY MOXe OyTH BUKOPHUCTAHUM Ha
30UIBIIIEHHS TPUBAJIOCTI JIaHOI Ta HACTYMHOI poOIT Oe3 3aTpaT pe3epBy
yacy MOIepeaHIX poOIT, BUIBHUM pe3epB — Ha 30UIbLIECHHS TPUBAJIOCTI
JaHO1 Ta ToMepeHiX podiT 0e3 MOpYIIECHHS Pe3epBY Yacy HACTYHHUX, TO
HE3AJICKHUM PE3epB Yacy MOXKHA BUKOPUCTATH IS 301IbIICHHS
TPUBAJIOCTI TUIbKK JTaHOI poOOTH. SIKIIO HA KPUTUUHOMY IUIAXY JIEKHUTH
II0YaTKOBA MOIS { , TO Ma€ MICIIE

R,(i,7)=R, (i j), (4.16)
SKIIO 5K — KIHIIEBA j, TO
R, (i, /)=R,(i, ). (4.17)

SKI110 Ha KPUTUYHOMY JICKUTh TTOYATKOBA il KiHIIeBa MOl i Ta j, aje
cama po0oTa HE HAJIEKUTh JAHOMY MUISIXY, TO CIpPaBEIJIUBI
CHIBBI1IHOIIECHHS

Rn(i’j):Ri(i7j):RB(i7j):Rﬂ(i’j)' (4.18)

Akmo noBHUM pe3epB AeAK0i poOoTH (i, j) pIBHUM HYJIO, TO

R, (i, j): 0. Jlngs umx JBOX  Ppe3epBiB  3aBXKIW  CIIPaBEIJIMBE
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crisBimmomenns R (i, j)> R (i, /). Sxmo tpuBanicte pobotu (i, j)
36impmmT Ha Bemmumny 7, (z, < R, (i, j)), TO paHHIA TEPMIH MOYATKY

HACTyHOI pOOOTH HE 3MIHUTHCA. Y MPOTWICKHOMY BHMNAAKy PpPaHHIN
TEPMIH TIOYaTKy HACTymHOi poOOTH 30UIBIIUTHCA HA BEJIMYHHY
T, —RB(i, j). Skmo TpuBamicTh poOOTH (i, j) 30UIBIIUTH HA BEJIUYUHY
R (i, j), TO YTBOPUTHCS HOBUW KPUTHUHHUH IIIAX, TPUBATICTh SKOTO TEX
Oyne piBHOIO Ty, . ‘

Sxmo TpuBamicte podotn (i, j) 3OUIBIIUTH Ha BEIUYUHY
z, <R (i, j), TO KpUTHUHMI UUIAX He 3MiHUTHCA. SIKuIO i1 36iMBIATH HA

BEIIMYUHY 7, >R, (i, j), TO 3°BUTbCS HOBHM KPUTUYHUM [UIAX,

TPUBAJICTh SIKOTO IEPEBUIIMTL TPHUBAIICTh MONEPEIHLOI0 (CTaporo) Ha
Bemmunny 7, — R_ (7, /).

IIpoBenemo aHami3 4YacoBHX IIapaMeTpPiB POOIT I CITKOBOTO
rpadika, 300pakeHoro Ha puc. 4.16. Jlng OLIbll  HATJISIHOTO
BIJIOOpKEHHS PE3yJIbTAaTH PO3PAXYHKIB MPEACTABUMO Ta0auuero 4.3,

Hanpuknan, po3riasaeMo poooty (5, 8).

3a dhopmyoro (4.7) 3HalIeMoO paHHINA TePMiH TOYATKy POOOTH

t.(58)=t (5)=30(mm.).

3a dhopmyoro (4.8) 3HalIeMO paHHIN TepMiH 3aBEpIICHHS pOOOTH

t,(5.8)=t (5)+(58)=30+5=35(an.).

3a ¢popmynoro (4.10) 3HalieMo Mi3HINA TEPMIH MOYaTKy POOOTH

t (58)=t_(8)+1(58)=67—-5=62(un.).
3a dhopmyoro (4.9) 3HalimemMo mi3HIN TepMiH 3aBEPIICHHS pOOOTH
t (58)=t_(8)=67(mm.).

Otxe, sK mokazye aHaji3, podora (5, §8) MOBUMHHA MOYATHUCS B
inTepBani (30 — 62 ) ani ¥ 3akiHUMTHCSA B iHTepBail (36 - 67) nHIB Bif
MOYaTKy BUKOHAHHS BUPOOHUYOI MPOrpaMH.

Kopucryrouncs ¢popmyiioro (4.12), 3HaiineMo noBHUM pe3epB poOOTH
(5, 8):

R (58)=t_(58)=67-35=32 (mn.).

Ile o3Hauvae, 110 TEpMIH podOTH (5, 8) MOXKHA 30UIBIIUTH Ha 32 AHI,
Opu I[bOMY TEPMIH BHKOHAHHS BUPOOHMYOI MPOTPAMHU HE 3MIHUTHCA.
[Ipoananizyemo Ha mpukiaai podotu (5, 8) cipaBeaIUBICTh TBEPIKESHHS
po Te, 110 TIOBHUM pe3epB "acy poOOTH PIBHUN Pe3epBY MaKCHUMAaIbLHOTO
13 IUIAX1B, SIKI MPOXOAATH 4epe3 JaHy pobory. Uepes pobdoty (5, 8)
MPOXOJIATh TaKi MOBHI IIJISIXHU:

L1 (1-2-5-8-11-13)=25(an.);

23



[2(1-2-4-5-8-11-13)=46 (oun.);
L3(1-4-5-8-11-13)=30 (un.).

3BiJicH, JOBKMHA MaKCHMAJIbHOTO IMOBHOTO MNUIAXYy Oyae 46 IHIB

(mutsax L2). 3a dopmynoro (4.11) 3HaiiiemMo pe3epBu yacy nuisixy L2:
R(L,)=T, —t(L,)=78—-46=32 (an.).

Otrxe, mu oxepxanmu, mo Ruo (5, 8) = R (L2). Tenep moxemo
3pOOMTH BHUCHOBOK: SIKIIO 301JIBIIUTH TPUBAJIICTh BUKOHAHHS POOOTH Ha
32 nmHi, ToOTO 3 5 M0 37 AHIB, TO MOBHICTIO OyA¢ BHUEPIAaHUM PE3epPB Yacy
nuisixy L2. Toxi nuisix L2 cTaHe KPUTUYHUM, a PE3EPBU 4acCy IHIIUX
[IUIAX1B BIAIIOBIJIHO 3MEHIIATHLCA HA 32 JHI.

4. 5. OnTuMmizanis ciTkoBuX rpagikis

OnTuMizanist CITKOBOro rpadika € MpoIecoM YIOCKOHAJICHHS
oprasizaili BAKOHaHHs pOOIT MPOTrpaMH 3 ypaxyBaHHSIM TEPMIHIB iX 3/1a4l.
3arutaHoBaH1 3aXOJM CIPSMOBAHI HAa CKOPOYEHHS JIOBKUHH KPUTUYHOTO
NUISIXY, BHUPIBHIOBAHHS KOE(QIIIEHTIB HAMPYXEHOCTI poOIT, OLIbII
palioHaJIbHE BUKOPUCTAHHS PECYPCIB.

Hacamnepen mnpuiiMaroThbCsl 3aXO0/id, CIHPSIMOBAaHI Ha 3MEHIICHHS
TPUBAJIOCTI POOIT KPUTUYHOTO NUIAXY: MEPEPO3NOJILT PECYPCiB YCIX BUAIB
13 pe3epBHUX Yy KPUTUYHI 30HU; 3MEHIIEHHS TPYJAOMICTKOCTI KPUTHYHUX
poOIT 3a paxyHOK Tepeaadl YaCTUHM POOIT HA NMUISXHM 3 PE3EPBOM HaCY;
aHajl3 TOIOJOTIl CITKW, 3MiHa CKJaay poOIT; BBEACHHS IapajelbHOIrO
BUKOHAHHS POOIT KPUTUYHOTO HUIAXY. [Ipomec ckopoueHHsI TpUBaJIOCTI
BUKOHAHHS POOIT MOKE MPUBECTH JI0 YTBOPEHHSI KPUTHUYHOTO HUIAXY. Y
TaKOMy BHIAJKy CJiJl TEPEHECTH TMpOoIeC ONTUMI3allli Ha HOBUU
KPUTUYHUA TIUISX 1 TaK MPOAOBXKYBAaTH 10 OACPKaHHSA €(PEKTHBHOTO
BapiaHTy. BukoHaHHS BHUPOOHMYOI TIPOTpaMu TICHO TOB’si3aHE 3
BapTICHUMM YMHHUKAMU BHUKOHaHHS poOiT. BapTicHuil hakTop BBOIUTHCS
B CITKOBY MOJIeJIb IUISIXOM BH3HAUE€HHS 3aJIe)KHOCTI  “BapTiCTh-
TPUBATICTE” 71 KOKHOT POOOTH BUPOOHHYOT IIPOTPaMH.

JlaHiil 3aJIe)KHOCTI BIACTUBUM OOEPHEHO MPOMOPIIIHHUIN 3B’ 530K,
TOOTO 3MEHILEHHS TPUBAJIOCTI POOOTH MPOMOPIINAHE 3POCTAHHIO Ti
BaptocTi. (Puc. 4.18). Jlist koxHOT poboTH (I, /) Mae MicIie:

ali, j)< (i, 7)< b, ),
ne a(i, j) — MiHiMaibHa (IHTEHCHMBHA) TPUBAIICTH podotH (i, j); b(i, j) —
MaKcHUManbHa (€KCTEeHCHBHA) TPUBAIICTD poOO0TH (i, ).
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A
Baprictb
Cux (i ] ) ___________ A- TOYKa MAKCHMAIILHOTO PEKUMY
E B- rtouka minimansHOrO pekumMy

(. /) §

i) !
Cmin (i ’ ] ) E i i B

0 a(i, j) (i, ) b(i, j) TpusamicTs

Puc. 4.18. 3anexHicTh BapTOCTI pOOOTH BIJ ii TPUBAJIOCTI.

Touka B BIJNOBiIa€ MIHIMAJIbHOMY PEXUMY BHUKOHAHHS PoOOTH (I,
j). TpuBamictb pobotu B (i, j) MOXKHA 3MEHIIUTH, 3O0UIBIIMBIIN
IHTCHCUBHICTh BHUKOPHCTAaHHS pecypciB (TOOTO KiNBKICTh PECYpCIB,
BUTPAUYCHUX HA BUKOHAHHS POOOTH 3a OJMHMIIO 4acy), 1 SIK HACIIJOK —
BapTICTh JNaHoi poOotu 3pocte. IIpore icHye mexa a(i, j), 3a AKOIO
nojabIie 3017bIICHHS] IHTEHCUBHOCTI BUKOPHUCTAHHS PECYpPCIB MPHU3BEE
auIie 10 30UTbIICHHS 3aTpaT 0€3 CKOPOYEHHS TPUBAIIOCTI POOIT (TOUKa A).

[Ipu wupomy Bapticte C(ij) pobotu (i,j) mnpuiiMe 3HAYEHHS
C(i,j)elc. (i )xC,. (i,j)], ne C. (i, /) - BapricTs Tpn MaKcHMaIBHiit
TpuBasocti poodoru (i, j), C__ (i, j) - BapTICTb MpPU MIHIMAJbHIN
TpUBAIOCTI poOOTH (I, f).

[Ilo6 mpoBectu kpuBy (puc. 4.19), BUKOHaAEMO ampOKCHUMAIIIIO IO
mpsaMili i 3HaiinemMo 3miny BaptocTi pobotn AC(i, j) P CKOPOYECHHI il
TpuBanocti Ha Bemmunny [b(i, j)— (i, j)]:

AC(, j)=[bi, j)~2(i, )% kG, /), (4.19)
Cas(0:7) = €, (07)
b(i, j) - ali, )
pobotu (i, j) (y MOpIBHSIHHI 3 MAaKCUMAJIbHOIK TPUBAIICTIO) HA OJUHUITIO

4yacy; « .- KyT HaXWily aipOKCUMOBAaHOI IPSAMOI.

Ie k(i, j):tga = [I0Ka3y€ 3aTpaTd Ha IMPUCKOPEHHS
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[IpoBeneMo  onTuUMi3aliHUI  aHalmi3  CITKOBOro rpadika 3
JIOTIOMOT'0I0 pe3epBiB yacy poOiT. TpuBamicTh KOXHOI poOOTH OyaeMo
30UIBIITYBATH 10 TOI MOPHU, MIOKK HE OyJie BUKOPUCTAHUM ICHYIOUHH pe3epB
4acy, yd He Oy/ie TOCATHYTa BEPXHS MeXa TPUBAJIOCTI b(z’, Jj )

Y  pesymbrari, mnouatkoBa Bapricte mporpamu C= Y C (i. j)

(i./)eL
3MEHIIUTHCS HA BEJIMYUHY

AC = 3 AC(.j)= X [bli. /) -, j)]x k(. j).

(i.j)eL (i,7)eL
Posrnsinemo  onTuMizaiiio  citkoBoro rpadika (puc. 4.16),
JIOTIOBHUBIIK HOr0 TPaHMYHUMH 3HaYeHHsIMU a(i, j) Ta b(i, j) 1 BapTiCHUMHU

mapametpamu C. (i, j),C(i, j),C.. (i, j).(tabm. 4.3.)
[Ipunyctumo, 1o BapTICTh POOIT, SIKI HE MAKOTh BUIBHOTO PE3EpPBY
yacy (ta6:a. 3)cranoButh 100 rpH. Toxl MOBHA BapTICTh HOBOTO BapiaHTY

rpadika oyae (100 + 980) — 689,5 = 12905 rpH., TOOTO BOHA 3MEHILIUTHCS
Ha 34,82% (puc. 4.19).

Puc. 4.19. Ontumizaiiitnuii BapiaHT ciTKOBOTo rpadika.
Ha mpaktuil Moke BHHUKHYTH OOEpHEHa 3ajada, IOB A3aHa 3
iHTeHCU(]IKAIliE0 BUPOOHWYOI MpPOrpamMu. 3MEHIICHHS TPUBAJIOCTI
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BUKOHAHHS KOMILJIEKCY pOOIT npuBee 10 30UIbIICHHS 3arajibHOi BapTOCTI
BUPOOHMYOI mporpamu. ToMy BHHHMKAaE€ HEOOXIIHICTh y BHU3HAYCHHI
ONTUMAJILHOTO CIIBBIIHOIIEHHS MiX 1iHOIO TiporpaMu C 1 3aTpaTaMu yacy
{ Ha i BUKOHaHHS. B3aeMO3B’A30K MDK Ha3BaHUMU YMHHHUKAMH MO>KHA
npeacTaBuTi Qynkuicio C = f(¢).

Posrnsitnemo  omrtumizaiiiio  citkoBoro rpadika (puc. 4.20) 3
JIOIIOMOT' 00 HACTYITHOT METOJUKH.

15

Puc. 4.20.

J1J1s1 TOYaTKOBOTO aHaJ13y MPUUMEMO TPUBATICTh BUKOHAHHS KOXHOT
pPOOOTH PIBHOIO MAaKCUMAaJIbHO JIONYCTUMOMY 3HAa4€HHIO B (i, j) (Tabn.4.4).
Toxl miHIMambHA BapTICTh AaHOi BUPOOHWYOI mporpamu Oyme C = 560
TPH.

Tabnuys 4.4.
Koedirient Baprictb
No Po6Gota Tpusamnicts podboTu 3aTpar Ha BHUKOHAHO1
n/n MPUCKOPEHHS | poOOTH, TPH.
(i,)) min(i,j) | maxb(i,j) k(i,j) Ciyj)
1 (1,2) 5 25 8 70
2 (2,5) 6 15 4 40
3 (5,7 10 30 5 80
4 2,4 3 14 3 55
5 4, 35) 2 10 2 30
6 (4, 6) 8 20 6 95
7 (1,3) 2 16 5 50
8 (3, 6) 5 21 2 65
9 (6,7) 4 10 4 75
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Jlami mpeacTaBisIEMO BCI TOBHI INUISIXM Ta OOYMCIIOEMO iX
TPUBAJIOCTI.

OTpumMyemo:
L(1-2-5-7) t(L,)=50nn.
L(1-2-4-5-7) «L,)=
L(1-2-4-6-7) t(L,)=69 an.

L,(1-3-6-7) t(L,)=47nn.
JI1st mpoBeAEHHS HACTYIMHUX PO3PaXyHKIB CKOPUCTAEMOCS puc. 5.22,

€ Haa CTpUIKaMH TIOCTaBUMO KoedimieHTu k(i,j), a TiJg HUMU
MaKCHMAaJIbHO MOYJIUBE 3MEHILICHHS TPUBAJIOCTI poOit

Ali, j)=b(i, j)—alis j).

79 IH. - KpUTUYHUN IJTAX,

8 3 6 4
O e O e O e O O
20 11 12 6

5 2 4
O O (o —()
4 NG
14 16 6

Puc. 5.21. IlpeacraBieHHs TOBHUX IILISIB.

[IpoBenemo aHali3 MOAAJBIIMX OOYMCICHL Yy BUIJISAI HACTYIHHUX
€TaITIB.

Etamn 1. BimoMo, 1110 3MEHIIUTH TPUBAIICTh BUKOHAHHS BUPOOHUYOT
IporpaMu MOXHa 32 PaXyHOK CKOPOUEHHSI TPUBAJIOCTI POOIT KPUTUUHOTO
NUISIXY. Y HAloMy BUIAJIKy KPUTUYHUM € 1uisix Ly. PoOota (4, 5) manoro
KPUTUYHOTO NUIIXYy Ma€ HaWMEHIe 3Ha4yeHHsS KoedillieHTa 3aTpaT Ha
IPUCKOPEHHS:

k. (i, 7)=min{k(1,2), k(2,4); k(5,7)} = min{8,3,2,5} = 2.

(i.j)els

Orxe, k_ (i,j)=2.

(i.j)eLy
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Tpusanicte podoTu (4, 5) MOXKHAa CKOPOTUTH HE OLIbIIE, HIXK Ha §
naHIB. ToJl TOBXKHWHA KPUTUYHOTO LIISAXY 3MIHUTBCA Ha 8 JHIB. Y TOM XkKe
Jac, 3a paXyHOK IHTEHCHUBHOCTI poOoTH (4, 5) BapTICTh MpOrpaMu 3pOCTe
10 560 + 2x8 = 576 rpH.

OTxe, Ha MEPIIOMY €Talli MU OTPUMAJIU 3aJICKHICTh

C=560+2x(79—1t),ne71<t<79.

Oxpim mporo #(L, )=50, t(L,)=71,#(L,)=69, (L, )=47.

[Iepexoaumo 10 apyroro eramy.

Etan II. Kputnunnii nuisix 3anvimmBces Ha L, 3HAXO0AMMO HalMEHIIIE
3Ha4YeHHs KoeiiieHTa k(i,j), sikuii Oyae piBaum 3. Ile Oyne BiamoBigaTu
po6ori (2, 4). TpuBamicTs pOOOTH MOKHA 3MCHIIIMTH HE OLIBIIE, HIXK SK Ha
11 nuiB. Ha nany BelM4MHY 3MEHIIUTHCS KPUTUYHUN HUISAX 1 TUIAX L3, 1 9K
HACJIJOK BapTICTh MPOrpaMu 301IbIIUTECA Big 576 no 576 + 3x11 = 609
TpH.

Hpyruy eran Ham Jae:

C=576+3x(71—t), ne60 <t <71,
t(L,)=50, t(L,)=61,4(L,)=59,¢(L,)=47.

AHaJi3 NoJaNbIIMX €TaIiB ONTUMI3allill NPEeICTaBUMO 3 JOITOMOI'OK)
Tabnuil 4.6.

OTxe, aHadl3 MOKa3zye, M0 HAa BOCBMOMY €Talll MM 3aBEpPIIWIN
QJITOPUTM ONTHUMI3allll MPUBEACHOTO CITKOBOro rpadika. 3aljiaHOBaHy
nporpaMy MOXHa BUKOHaTU 3a 21 jeHb. Alle mpu I[bOMY ii BapTICTh
3pocTe Oublie, K y 3 pasu. OKpiM IOTO, ICHYE 1€ MOXJIUBUM BapiaHT
3MEHILICHHSI TPUBAJIOCTI poOoTH (2, 5). OnHak, 11€ He 3MIHUTh 3arajibHOTO
yacy BUKOHAHHS BCI€l MPOTPaMHU B IIJIOMY.

4. 6. 3anuTaHHA Ta 3aBAAHHA /I CAMOCTIHHOI po0oTH

OnuiiiTh OCHOBHI €Talu CITKOBOTO MOJICTFOBAHHS.

Ha yomy 6a3zyeTbcsi CITKOBE MOJIETTIOBAHHSA?

OxapakTepu3yiTe OCHOBHI €JIEMEHTH CITKOBOTO rpadika.
OnuiiiTh OCHOBHI ITpaBuWJia MOOYI0BU CITKOBUX Ipadikis.
OnuuriTe Npoueaypy YHOPSAKYBaHHS CITKOBOTO Tpadika.

JlaliTe TIIyMadeHHs NUISAXY Ta OMUIIITh HOTO BUJIH.
OxapakTepu3yiTe OCHOBHI YaCOB1 TapaMeTpH CITKOBOTO rpadika.
3po6iTh rpadiuyHuil aHa13 pe3epBiB Yacy Mol 1 pooiT.

OnuuiiTe Npoueaypy Ipoliecy onTruMiszalii CiTkoBoro rpadika.

WX R W =
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10. OnuumiTe OCHOBHI €TalmM MpPOLECYy ONTUMI3Allli CITKOBOIO
rpadika.

11. [l yMOBHOTIO TE€XHOJIOTIYHOTO MPOILIECY, SKUW OMUCYETHCS 3
JIOTIOMOTOI0 CITKOBOTO Tpadika (puc. 4.22) po3paxyBaTu HOro
OCHOBHI YaCOBI [TapaMeTPH.
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Tabauys 4.3.

Ne i/t PoGora t () Tepmin moyaTky Ta 3aKiH4eHHsI poboTH Pe3epBu uacy poooTu
§)] / tou(l, j) | to3(G,j) | tn(i, )) | tw(G,j) | Ru(i,j) | Re(i)) | RiGGj) | R(i j)
1 (1,2) 8 0 8 0 8 0 0 0 0
2 (1,4) 2 0 2 16 18 16 16 16 16
3 (1, 6) 5 0 5 45 50 45 15 45 15
4 (2,3) 3 8 11 60 63 52 0 52 0
5 (2,5) 1 8 9 29 30 21 21 21 21
6 (2,4) 10 8 18 8 18 0 0 0 0
7 4,5) 12 18 30 18 30 0 0 0 0
8 4,7) 4 18 22 41 45 23 23 23 23
9 (4, 6) 2 18 20 48 50 30 0 30 0
10 (3,8) 4 11 15 63 67 52 34 0 -18
11 (5,8) 5 30 35 62 67 32 14 32 14
12 (5,7) 15 30 45 30 45 0 0 0 0
13 (6,9) 5 20 25 50 55 30 30 0 0
14 (7, 8) 4 45 49 63 67 18 0 18 0
15 (8, 11) 3 49 52 67 70 18 18 18 0
16 (7, 11) 2 45 47 68 70 23 23 23 23
17 (7, 10) 3 45 48 58 61 13 13 13 13
18 (7,9) 10 45 45 45 55 0 0 0 0
19 (9, 10) 6 55 55 55 61 0 0 0 0
20 (10, 11) 9 61 61 61 70 0 0 0 0
21 (11, 13) 8 70 70 70 78 0 0 0 0
22 (10, 12) 2 61 61 75 77 14 0 14 0
23 (12, 13) 1 63 63 77 78 14 14 14 14
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Tabnuys. 4.5

Binsanit Koedirient 3MeEHIIEeHHSA

No PobGota TpuBanicte podOTH, JTH. pe3epB yacy Bapricts po6oTu, rpa 3aTpar Ha BapTOCTI
w/n pobotu IPUCKOPEHHS | poOOTH, TPH

Gj) | a@p | 1) | b)) R(ij) | Cowlid) | Cl) | Cunid) | kG, j) AC(, j)
1 (1,4) 1 2 10 16 50 40 5 5.0 8x5.0 =40.0
2 (1, 6) 2 5 20 15 130 120 20 6.1 10x5.0=61.0
3 (2,5) 1 1 10 21 40 30 5 3.7 9x3.7=33.3
4 4,7) 1 4 15 23 80 70 10 5.0 11x5.0 =55.0
5 (3, 8) 2 4 20 34 90 80 15 4.2 16x4.2 = 67.2
6 (5, 8) 2 5 25 14 150 130 30 52 9%x5.2 =46.8
7 (6,9) 3 5 15 30 180 160 40 11.7 10x11.7 =117
8 (8, 11) 1 3 10 18 130 120 30 11.1 17x11.1 =77.7
9 (7, 11) 1 2 12 23 100 90 10 8.2 10x8.2 =82.0
10 (7, 10) 2 3 18 13 110 80 20 5.6 10x5.6 =56.0
11 | (12,13) 1 1 6 14 80 60 5 10.7 5%x10.7 =53.5
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Tabnuys 4.6.

i 3Ha4YeHHS JOBXKUHU IUISIX1B min PoGora C C=f(¢)
(L) | L) | dL) | AL) | o, kG j) | Adig) G ))

1 50 71 69 47 79 2 8 4, 5) 57 560+2x(79-t)
2 50 61 59 47 71 3 11 (2,4) 609 576+3%x(71-1)
3 30 41 59 47 61 5 20 (5,7) 709 609+5x%(61-t)
4 30 41 53 41 59 4 6 (6,7) 735 709+4%(59-1)
5 30 41 41 41 53 6 12 (4, 6) 807 735+6%(53-1)
6 30 41 41 25 41 2 16 (3, 6) 839 807+2x(41-t)
7 10 21 21 25 41 8 20 (1,2) 999 839+8x(41-t)
8 10 21 21 11 25 5 14 (1, 3) 1069 999+5x%(25-1)
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Tema S. IIpyHATTA pilieHb B YMOBAX HEBU3HAYECHOCTI

3ajadya OpUUHATTS pIlIEHb B YMOBAaX HEBU3HAYEHOCTI BUHMKAE MPU
HEOOXiTHOCTI JiATH B CHTYallii, Aka BioMa He MOBHIcTIO. i GopMyIIOI0TE
NEePEeBAXHO SK 3a/Ja4y IMOIIYKy OKPEMOro Halkpamoro (B TEBHOMY
PO3YMiHH1) pIIICHHS Ha HaIepen 3aJaHiii MHOKHHI JOMyCTUMHUX PIIICHb.
OcHoBHa 1po0JieMa B TOMY, 1110 HACJIJKHU, OB’ sI3aH1 3 TPUUHATTSM TOTO
Yy IHIIOTO pIIICHHS, 3ajJeXaTh Big HeBigomoi cutryamii. CTymiHb
HETIPUMHATHOCTI 1MX HACHIAKIB MPUHHATO BHUMIPIOBATH  YMOBHHUMH
OJIMHUILIMUA — BTpaTaMHM, SKMX 3a MPHUIYIICHHIM MOXKE 3a3HAaTH aKTHBHA
ocoba (Toi, XxTo mpuiitmae pimieHHs). OCHOBHOIO BXIJHOIO 1H(opMaIli€ro,
HEOOX1HOIO ISl PO3B’sI3aHHS 3a7a4 TaKOTO THUITY, € (DYHKIIISI BTpaT, sKa
ABJsiEe COOOK0 3aJ€XKHICTh BTpAT BIJ JBOX AapryMEHTIB: pIIIEHHA Ta
cutyarii. OCHOBHUM KpOK TIpM pO3B’SI3yBaHHI 3ajayl TMOJAra€e B
nepeTBopeHH1 (yHKIT BTpar Ha (YHKIIO PHU3UKY, sKa BigoOpaxkae
3QJICKHICTh CTYNEHS PU3UKY, HA SIKUH 171e akTuBHa oco0a. Crocid Takoro
MEPETBOPEHHSI HEOJTHO3HAYHMM 1 3aJI€KUTh BiJ KPUTEPIIO PU3HKY, SKUH
BHOpaja akTHBHA 0co0a.

OCHOBHMMH NPUYUHAMHU HEBU3HAYEHOCTI €:

- HEBU3HAYCHUH XapakTep HAyKOBO-TEXHIYHOTO MPOILIECY;

- JWHaMIYHI 3MIHM BHYTPIIIHIX 1 30BHINIHIX YMOB PO3BUTKY

CKOHOMIKH;

- HEMHUHYY1 TOXUOKH MPH aHaTi31 CKIaJHUX CUCTEM;

- IMOBIPHOCHHUH XapaKTep OCHOBHUX €KOHOMIYHUX MapaMeTpiB;

- PO3BHUTOK 1 PO3MIMPEHHS TBOPYOI AKTUBHOCTI IMPale3JaTHOro

HACEJICHHS;
- HEOOXiAHICTh MPOEKTYBAaHHS MOTYXXHHUX 1HGOPMAIIHUX MOTOKIB
Ha KOMIT'FOTEpH1H 0a3i.

B sikocTi pu3uKy MU PO3IIISIIAEMO TaKi CUTYAIlll, TPU SIKUX HACTAHHS
HEBIJOMUX MO TyKe MUMOBIpHE 1 MOXe OyTH 3HaleHUM. Y TOH ke 4yac
CUTYyallls, TpU SAKi IMOBIPHICTh HACTAaHHS HEBIJIOMUX MOJIN 3aBYACHO HE
MOXe OyTH HamMu BCTAHOBJICHOIO, YU HE MOXKE OyTH BCTaHOBJICHOIO
TpaaULIITHUMM 3acO0aMU, HA3UBAETHCSI HEBU3HAYEHICTIO.

[ToHATTS TOCTIOAAPCHKOTO PU3UKY Ta YMOBU HOTO BUHUKHEHHS TiICHO
NoB’si3aH1 3 TIOHATTAM HEBU3HAaueHOCTI ¥ edextuBHOCTI. OCh HYOMY
IPOILIECY 3HAXOJIKEHHSI HaHO1IbII €()eKTUBHOTO BapiaHTy PO3BUTKY JIESIKOT
BUPOOHMYOI CHUCTEMM BJIACTUBHI TOCHOJApPChKHMMl  pusuk. OTxe,
palioHagbHl METOAM MPUUHSTTS PIIICHb B YyMOBaxX PHU3MKY IOB’s3aHi 3
MHO>KUHOIO JIONMYCTUMUX (30a71aHCOBaHUX) IJIAHIB 1 iX €()EKTUBHOCTSAMH,



Kl € CKJIaJOBUMHM ONTUMAJIBHOIO IUIaHyBaHHA. ToOTO, palloHaIbHI
PIIIIEHHS B YMOBaX PU3UKY € ONTHUMaTbHUMU.

3a HasIBHOCT1 PU3UKY, & OTKE  HEBU3HAYCHOCTI, 111 30aJITaHCOBAaHUM
IUIAHOM Y€ HEJOCTaTHhO PO3YMITH ILJIAH, Y3TOJKEHUW 13 BHYTPIIIHIMU
Ta 30BHINIHIMA MapaMeTpaMu JHUIIE 3a YCEPEIHCHUMHU OYIKyBaHUMU
00’€MHUMHM TTOKa3HUKAMH, OCKUIBKH 1X JIHCHI 3HA4Y€HHS MOXKYTh 1CTOTHO
BIJIPI3HATUCA BIJ O4YIKyBaHMX. TyT HEOOXiZIHO BpaxOBYBAaTH Bapiallito
HEBU3HAYEHUX TapaMeTpPiB 1 YaCTOTH, 3 SIKUMH BOHU MOTPAILISIIOTH Y TOM
a00 1HITUHI 1HTEpBAJ.

Omaum 13 OCHOBHUX Ccrioco01B M1 IBULIEHHS CTYIICHS
30aJJaHCOBAHOCTI IUJIJaHYy B YMOBaX HEBHM3HA4Y€HOCTI € (opMyBaHHS
HEOOX1THUX PE3EPBIB.

JIns TOpuUMAHATTS  pillleHb B yMOBax HEBU3HAYEHOCTI BXIJIHA
iHoOpMaIlisa 3a7a€ThCsl Y BHUTIISAI MATPHIll, CTPIUYKH SKOI BIAMOBIAAIOTH
MO>KJIMBUM aJIbTEPHATHUBAM, a CTOBIIl — CTAHAM CHUCTEM.

KoxHiil anbTepHATUBI Ta KOXXHOMY CTaHy CHCTEMH BIANOBIAA€E
pe3yabpTaTr (HaciioK), KUK BHU3HA4ae BUrpaml (abo BTpaTH) MpU BUOOPI
JaHOi ajbTEepHATHBM U peami3aiii gaHoro ctany. OTxe, AKIIO «;

IpeCcTaBIAc anbTepHaTuBy [ (i =1,n), §; npeacrasisgec MOXKIMBHUNA CTaH j

(j :L_m), TO V(al.,Sj) OMKUCY€ BIAMOBIIHUN pe3yJbTar. Y 3arajbHOMY
BUMAJKY V(al.,Sj) MOXe OyTH HEeepepBHOIO (DYHKIIIEI0 apryMEHTIB @; Ta
S;.

Y  IUCKpeTHOMY BHIIQJKy BKa3zaHl JlaHl IPEACTaBIISIIOTHCS
MaTpPHIIEIO:

S S
a; V(al,Sl) V(al:Sm)
a, V(an’Sl) V(an’Sm)

Taka dbopma MPEJCTaBICHHS B NOoAATbIIOMY oyne
BUKOPHUCTOBYBATHUCS MPU PO3TIISAlI KPUTEPIIB NPUNHATTS PILLIEHh B YMOBAX
HEBU3HAYEHOCTI.



5. 1. Kpurepiu Jlanaca

Kpurepiit Jlannaca BUKOPUCTOBYETHCS MPH YMOBI, KOJIM HMOBIPHOCTI
MOXJIMBUX CTaHIB CHCTEM HEBIJOMi, TOOTO B YyMOBax IOBHOI
HEBU3HA4YeHOCTI. JlaHuil kpuTepiid 0a3yeThCcs HA BUKOPUCTAHHI MPUHITUITY
HEJIOCTaTHHLOTO OOTPYHTYBaHHS, SIKUH CTBEPIKY€, IO CTaHU CHUCTEMU
S.,S,,...,S, ~MarTb piBHI HMMOBIpHOCTI. BpaxoByrouu BHILE CKa3aHe,

MOYATKOBY 3a7a4y MOKHA PO3IVISAaTH K 3ajady MPUHHATTS PIIIEHb B
yMOBaX PHU3HUKY, KOJU BHOMPAETHCS allbTEpPHATHBA @;, AKa Ja€ HAHOLIbII
OUiKyBaHMM Burpam R; (Koiu V(al.,S ].) MOJICNIIOE MPUOYTOK) abo
HaMEHIINKM O4iKyBaHUU mporpail R, (Koiu V(al.,Sj) MOJICIIIOE BUTPATH).
OTxe, 114 3HAXO/PKCHHSI BEJTMYMHU R| Ma€ Micle:
e 1 m
max —ZV(a[,S ) , SIKIIIO V(al.,S .)—an/I6yTOK
; ms J J

R, =+ ) , (5.1)
rn_in{l > V(al. ny )}, AKIIO V(al. ny )— BUTPATU

! m j=1

Jie —- IMOBIPHICTh peai3aiii CTany S, ( j=1, m)
m
JlaHuii KpuTepii JOIIILHO BUKOPHUCTOBYBATH B TUX BHUMAAKaX, KOJU
pI3HUIL MK OKpPEMHMHM CTaHaMH CHUCTEMH BeJIMKa, TOOTO BEJIMKa
JICTIEPCisl 3HAUCHb.

[puknan 5.1. IlignpueMcTBO MOBMHHO BU3HAYWUTU PIBEHb BUPOOHMIITBA
MIEBHOTO BHUIY MPOAYKIIII TakK, OO 3aJ0BOJIBHUTH MOTPeOy CIOKMBAUiIB
MPOTATOM TIEBHOTO Tepioay dYacy. KOHKpeTHa KIJIbKICTh CIIOKHBadiB
HEBIJIOMa, aJle OYIKYEThCSA , IO BOHA MOXKE CTAaHOBUTH OJIHE 3 II'SITH
3Hauenb: 250, 300, 350, 400, a6o 450. /i KOKHOTO 3 IMX MOKIMBHX
3HAQYeHb ICHy€ HaMKpalmuii piBeHb TMPOMO3MINI YM  HaWKpalia
albTEpHATUBA (3 TOYKU 30pY MOXJIMBUX 3arpaT). BiaxuieHHs Bi IUX
pPIBHIB TPUBOJIWUTH 10 JOJATKOBUX BHTpPAT a00 dYepe3 TNEPEBUINCHHS
OPOMO3UIlli HaJa TMOMUTOM, a00 dYepe3 HEMOBHE 3aJI0BOJICHHS TMOIMUTY.
Po3mip BTpaT (THC. TpH.) npuBeJeHMN y Tadja. 5.1. BukopucToByrouu
Kputepii Jlannaca, 3HalTH ONTUMaJIbHY allbTE€PHATUBY.



Tab6murs 5.1.

CrioxxuBaui . 1 iV( g )
AnprepHatuBa ZV(ai,Sj) m 7 i min
S S| S| S| S| A i
& 4 122 15 | 16 | 29 86 17.2
& 10 [ 15] 26 | 12 | 10 73 14.6
a 8 |19 6 | 24 | 5 62 12.4 Ri=12.4
y 30 [25] 5 14 | 16 90 18.0
as 1515130 22| 9 81 16.2

Posze’sa3anus.
[Mpuanun Jlammaca mpumyckae, mo momii Sy, S, 83, Si  Ss
1

piBHOMMOBIpHI. ToOTO p(S =S, ): 3 j= 1,5. MaTemaTiuHi CIIO/iBaHHS
BUTPAT NPU PI3HUX AJIbTEPHATUBAX OYyTh:
M(a,)=172; Ml(a,)=14.6; M(a,)=12.4, M(a,)=18.0; M(a,)=16.2.
Toni R =min{M(a,)}=min{l7.2; 14.6; 12.4; 18.0; 16.2 }=12.4.

OTxe, BpaxoByro4H Kputepii Jlammaca, HalKpaliiorw aJlbTepPHATUBOIO
OyJie albTepHATHBA 3.

5. 2. KpuTtepiii Baabaa

Januii kputepiil € HalOLIbII 00EPEKHUM, OCKUIBKU BiH TPYHTYETHCS
Ha BUOOp1 albTEPHATUBHU 3 YCIX HAUTIPII MOXJIMBHUX. Y 3B’SI3Ky 3 IIUM
Kputepiit Baibaa 4acTo Ha3MBarOTh MAaKCUMIHUM (MIHIMAKCHHM).

Axiio pe3ynbTart V(al.,Sj) BiJI0Opakae BTpaTH 0coOH, 110 MpUMae

pILLIEHHS, TO IS albTEPHATUBM @; HAaWOUIbIII BTpaTH, HE3aJCKHO BiJ
MOXIIMBOTO CTaHy Sj, OylyTb PIBHUMHU maX{V(ai,Sj )} BignosigHo 1o
J

MIHIMaKCHOTO KPHUTEPil0 HaWKpalllolo BUOUPAETHCA albTEPHATUBA a;, AKa

nae R, = rniin m]ax{V al.,Sj )} AHaJIOTIYHO B TOMY BUIAJIKY, KOJIU V(a,.,Sj)

B1JI0Opaka€e BUTPAIll, BIAMOBIAHO 10 MAKCUMIHOTO KPUTEPIIO, BAOUPAETHCS

aJIbTEpHATHBA a;, KA Aa€ R, = max min{V(al. S ; )}
i J :

[Mpuknan 5.2. Kopucryrouuck kputepieM Banbaa, 3HaWTH pO3B’A30K
npukianay S.1.




Posé’azanns.
OckibKU V(al. ,S}.) B1JI00pakae BTpaTH, BUKOPUCTAEMO MIHIMAKCHUM

Kputepid. [l 3HAXO/KEHHS HaAWKpallloi aJbTepHATUBU TMOOYAYEMO
TaOIULIIO.

Taomung 5.2.
S| S| s | s | s | M Vla:.S; )
a, | 4 | 22 | 15 | 16 | 29 29
a | 10 | 15 | 26 | 12 | 10 26
a | 8 | 19 6 24 | 5 24 «— min
a, | 30 | 25 5 14 | 16 30 ’
as | 15| 5 30 | 22 | 9 30

R, = min{29;26; 24; 30; 30} = 24.
OTxe, MIHIMAKCHOIO albTEepPHATUBOIO Oyne as. OTpumaHuii
pE3yNbTAT CHIBIAAAE 3 PE3YIbTATOM NpUKIany S.1.

5. 3. Kpurepii CeBixxa

Bukopucranus kputepito Banpga  1HKOIM  TPUBOAUTH 10
CYNEepeUIuBUX BUCHOBKIB. PO3rIsiHEMO TaKy MaTpuIItO BTpaT (TPH.).

Si S, max
Via,sS,)- ay 50 210 210
& 150 200 200 < min

Kopucryrouncr kpurepieM Banpna, mnpuxoaumo 110 BHOOpPY
AIbTEPHATUBU ). IHTYITUBHO TPOCUTHCS BHUOpATH d;, OCKUIbKH HE
BUKJTIOYEHO, 1110 S = S). Toxai Brpatu cknaxyth Tinbku S0 rpH. [Tpu Bubopi
JIbTEPHATUBU @, BTPATHU 3aBXIU OyyTh HE MeHIIMMH 150 rpH.

Posrnstnemo kputepiit CeBijpka, SIKMl TPYHTYETHCS HA MPUHIIUII
MIHIMaKca HaCIiAKIB MPUHHSATOTO MOMMJIKOBOTO PIIIEHHS 1 CTapaeThCs
MiHiMi3yBaTH BTpadeHy BUroxy. Moro 3micT nonsrae y ¢opMyBaHHi HOBOT
MaTtpuill BTpat W al.,Sj) 3 IOMIOMOTO0 HACTYMHOI (POpMYJIH:

rnkaX{V(a S )}— V(al.,Sj ), SIKIIIO V(al.,Sj )—an6yTOK

k> j

V(a S )—mkin{V(al.,Sj)},ﬂKLuo V(Cll.,Sj)—BTpaTI/I.

k>~ j

wla,,s )= (5.2)

OTpumaHi 3HAYCHHS TOKA3YIOTh BEJIWYUHY PHU3HUKY, TOMY KpUTEpid
CeBipka Ha3MBaIOTh KPUTEPIEM MIHIMAIBHOTO PHU3UKY. Y TMEpPIIOMY

5



BUIAJIKY W(al.,S].) € PI3HMLCIO HAMKpamoro 3HA4YeHHS B CTOBHII Sj 1
3HAYCHHSIM V(al.,Sj). 3a 3MICTOM, W(al.,S j) BUPAXKAE «CHIBUYTTS» 0COOI,

10 TpuiiMaia pillieHHs], B 3B’ 513Ky 3 TUM, III0 BOHA HE BUOpasia HallKpauioi
Iii BIJTHOCHO CTaHy ;.

Y npyromy BUINAJKYy W(al.,Sj) BiJIOOpaXKkae PI3HUILO V(al. S _I.) Ta
HaWTipIIOro 3HAYEHHS B CTOBIILI S .

HesanexxHo Bij TOTO, € V(al.,Sj) npuOyTKOM ab0 BTpaTaMu, (PyHKIIIS

W(al.,Sj) B 000X BHUIIQJKaX BU3HAyae€ BTpatu. Tomy 10 W(al.,Sj) CHIT

BUKOPUCTOBYBATH TUILKH MiHIMAKCHUIN KpUTEPIi.
Otrxe, ¢Qopmyna s BHOOPY ONTUMAIBHOI aJdbTEPHATUBU 3
JIOTIOMOTOI0 KPUTEPisi MIHIMAJIBHOTO pU3UKY HaOyBa€ BUTIISAY:

R, =minmaxW{a,,S, ).
i

Ilpuknang 5.3. Kopuctyrouuce kputepiem CeBimka, 3HAWTH
PO3B’A30K mpukiangy J.1.

Po3é’azanna. BignoBimHO 10 yMOBH Tmpukiamy S.1 wmaTtpuils
V(al.,Sj) BijoOpaxkae BTpatu. OTxKe, JJisl JTAHOTO BUIIAJIKy MAa€ MiCIe

dbopmyna

wla,.S,)=Va,.s,)-min{(a,.S ) k=15.
3Haii1IeMO YKMCIIOBI 3HAUECHHS
mkin{V(ak .S =4 nrlkin{V(azk,S2 ) =5;
mkin{V(ak,S3 )} = 6; mkin{V(ak .S, ) =12;.
mkin{V(ak,S5 ) =5, k=15
Tomi mIykaHa BeJIMYMHA PU3HKY W(al. ") j) IIpUMMa€e BUIJIAI
(Tabm. 5.3).

Tabmug 5.3.
s|s|s|s| s |maxWl.s)
a, | 0 |17]10] 4 | 24 24
W(a,»,S,-)Z a | 6 |10 |21 | 0 5 21
a | 4 |14 1 ]12] 0 14 < min
a, | 2620 0] 2] 11 26 "
as | 11| o |25]10] 4 25

OtpuMyeMoO, R, = min{24; 21; 14; 26; 25}=14.



OTxe, HAaKpalol0 aJbTEPHATUBOIO 3HOBY BUSIBUJIACS 3.

PosrnstnyTuii  kputepii  JOCUTH YacTO BUKOPUCTOBYETHCS B
NpPaKTUYHIA JISJIBHOCTI TPH  MPUHHATTI YIPABIIHCHKUX pIlIEHb Ha
TpuBanuii nepioa. Hanpuknaa: npu po3noaiii KamiTaIbHUX BKIIAJIEHb Ha
NEPCIEKTUBY BIH JIa€ I0OP1 pe3yIbTaTH.

5. 4. Kpurepii I'ypBiuna ( kpurepiid onTuMizMy-necumizmy)

Kpurepiii ['ypBilla B CBOEMY aJITOPUTMI OXOILIIOE ICKUIbKA ITiAXO/IB
0 TPUUHATTSA pIlIeHb: BiJl HAWMOUIBII ONTUMICTUYHOTO A0 HAWOLIbII
IIECUMICTUYHOTO.

[Ipr HaWOLIBIT ONTUMICTUYHOMY MIAXOJ1 MOXKHA BUOpaTH
aJIbTCPHATUBY, SKa A€ miaxmlax{V(al.,Sj )}, )i (s V(al.,Sj) SIBJISIE CO0OI0

BUTrpal (MpudyToK).
AHaJIOTIYHO JJIsI HAWOUIBII TECHMICTUYHUX MPHUITYIIEHb BUOpaHa
aJbTEpHATHUBA BiAMOBIIA€
max min{V(ai S, )} (5.3)

i J
Kpurepiii ['ypBilla BCTaHOBIIIOE OanaHC MiX BUITAJIKaMU KPaWHbOTO
ONTUMI3MY i KpalHbOT'O TIECUMI3MY, TTOPIBHIOIOYH OOU/IB1 aJIbTEPHATHUBH 3
JIOTIOMOTOI0 BIMOBIAHUX KoedimieHTiB a, Ta (a-1), ne 0L «a <1. Sxkiio
V(al. ,Sj) npeAcTaBisie MpUOYTOK, TO BUOUPAEMO albTEPHATUBY, SIKa J1a€

R, = maxla max{V(al. S )}— (1- a)mjin{V(al. S )}J (5.4)
j ) -
Y Bumaznky, Ko Vle;,S;) IpencTaBise BTpaTH, KpPUTEpil BHOMpae

aJIbTEpPHATUBY, SIKa J1A€
R, = rniin[a min{V(ai S )}4— (1- a)maX{V(ai S )}J (8.5)

[Tapamerp « sdABAsie C€O0OI0 TMOKAa3HUK ONTUMI3MY (CTYIiHb
BIIEBHEHOCTI1): NMpU =1, KpuTepid ayxe ONTUMICTUUHMM; npu o = 0 —
nyxe necumictuuHui. 3HaueHHs « (0 <o < 1) MoXe BU3HAUUTHUCA B
3aJIEKHOCTI BiJI XapakTepy ocoOu, sika IMpuiMae pillieHHs, TOOTo, 10 i
OMBII  XapaKTEpHO: TecuMi3M abo onTuMmisM. YuMm ckiIajgHima
rocrnojilapcbka CUTyallis, YuM OuIblie B Hi xode miactpaxyBaTuch OIIP,
TUM OJI)KYE J10 HYJIsI BUOUpPAEThCS . SIKIO @@ HAOIMXKAETHCA 10 HYJISA, TO
30UTBIIYETHCS HEBIEBHEHICTh MPU JOCATHEHHI ycmixy. Bukopuctans
JAHOTO KPHUTEPII0 YCKIAIHIOETbCS TIPU  BIICYTHOCTI  JOCTaTHBOI
iHpopmallli mpo BEIMYMHY MapamMerpa «, SKUl B CHIIy Cy0’€KTHBHUX
OPUYMH TpPU PI3HUX PIMICHHSX 1 B PI3HUX CUTYyallsIX NpUKAMae pi3Hi



3HaueHHs. [Ipu BiACyTHOCTI 1HPOpMAILT PO SBHO BUPAKEHUM XapaKTep
ocobu o npuiMaeThbest piBHUM 0.5.

[Ipunyctumo, mo o = 0, ToOro OIIP Mae wmano HazAli Ha
CIIPUATIIMBUM HACTIJIOK, TOJ1 OTPUMAEMO
R, = ml_axi() - max V(al.,Sj )+ (1-0)- rnjin V(al.,Sj )}: ml_elxmin{V(ai,S_j )}: R,.

J
[Ipu abCoIIOTHIM BNEBHEHOCTI B JIOCATHEHHI YCHIXy ( 3HAYEHHA «
npuiiMaemo 3a 1) MaemMo KpalHiil ONTUMI3M:
R, = rnlaxil -max V(al. "y )+ (1-1)- min V(al. S )}z max max{V(al. "y )}

J
3a ymoBu, 1o OIIP He Mae 3MOrM BHU3HAUUTH KOE(DILIEHT «, a
KOMIIPOMIC MK ONTUMICTUYHUM 1 MECUMICTUYHHUM PIIICHHSAM Oa)kKaHuil
BUKOPHUCTOBYEMO BHUpa3

max{V'(a,, S, )i+ min(a,, S, )}

max 5 , AKIIO V(al. S, ) - IpUOYTOK
B2 Tmaxlla,s Y+ minfr(a,s,) (6
rniin ! 5 / — |, SIKII[O V(al. "y ) - BTpaTH.

[Ipukinan 5.4. Kopuctytouuck kputepieMm ['ypBina, 3HalTH po3B’ 30K
npukianay S.1.

Posé’a3anns.

BukopuctoByemo kputepiit ['ypBina g0 ymoBu mpukiaxy S.1.
IToxnanemo o=0,5.

JI71s1 3HaXOIPKEHHST ONTUMAJILHOTO PIIICHHS MOOYAyEMO TaOJIHITIO:

Tabnuus 5.4.
mintla, 5, )| "V SH @minl a5, ) 0- amartr o, )
J J J
20} 4 29 16.5
2 10 26 18 |
3 5 24 14.5 < min
ay 5 30 17.5
as 5 30 17.5

R, =min{l6.5; 18;14.5;17.5; 17.5}=14.5.
OTxe, onTUMaibHE PIICHHS MOJISTae y BUOOP1 aIbTEPHATUBH d3.



5. 5. Kpurepiii beiteca (MakcuMyM cepeAHbOr0 BUTPAaIILy)

JlaHuii KpuTepii BUKOPUCTOBYETHCS 3a YMOBH, KOJU BigOMHUU
po3MnoAil WUMOBIpHOCTEN BiAOYTTA cTaHiB cuctemu. [Ipumyctumo, mo HaMm

B1JIOM1 3HA4YEHHS MMOBIPHOCTEH {p}., j= l,m} HACTaHHS CTaHIB CHUCTEMU

{S )= l,m}, K1 33JaI0ThCA TAKUM PO3MOI1TIOM:

3 > =L S L 10sp <1

P, P Pr | | P | T

[cHyBaHHS 3aKOHY pO3MOJLTy WMOBIPHOCTEW CTaHIB CUCTEMHU A€
MOXJIMBICTh BUBHAYUTH MaTEMaTUYHE CITOIBaHHS KOPUCHOCTI MPHU BUOOP1
KOXKHO1 anbTepHaTHBU. ONTHMAIBHOK BBAXKAETHCSA Ta aJbTEPHATHBA, SKa
3abe3neuye  ekcTpeMaibHe (min ab0 max) 3HAYCHHS  JTaHOTO
MaTEMaTUIHOTO CIIOJ[iBaHHS:

rmax i D, {V(al. ny )}, AKIIO V(al. ny )- npuOyTOK
i

R, =3 ; (5.7.)
min) p. - {V(al.,S]. )}, AKILO V(al.,S].)- BTpaTH.
b | |

[puknan 5.5. Kopuctyrouuces kpurepiem belieca, 3HalTH PO3B’SI30K
npukiany 5.1, axmo Bimomi WMoBipHOcTi ctadiB {0.2; 0.15; 0.3; 0.25;
0.1}.

Po3é’s13anns.
Po3B’s130K 3a7a4l npeACcTaBUMO TadauIeo 5.5.

Tabmuus 5.5.
3 mm
§ S S S S S 5 i
= V.
S 8ol g el g o] 8] o8B
¥a| — o~ on [%a)
3 N n N N g

| 4 |08]22 (33|15 45|16 40|29 | 29 15.5

& | 10 |20 ] 15 22526 |78 12 [3.0] 10 | 1.0 16.05

a| 8 | 1.6] 19 |28 6 | 18|24 60| 5 0.5 12.75 | <= min

a| 30 [60]25|375| 5 | 15|14 |35] 16| 1.6 16.35 l

a | 15 30| 5 |075)/30 190]22 55| 9 | 09 19.15

P 0.2 0.15 0.3 0.25 0.1

OTxe, ONTUMaIbHUM PIIICHHSM € BUOIp aJbTEPHATUBH d3.



5. 6. Kpurepiii MiHIMyMy cepeIHBOT0 PU3UKY

[Tpunyctumo, mo OIIP Bonomie iHpopMalii€ro mpo 3aK0H PO3MOILTY
MMOBIpHOCTEH \p,, J = l,m} HAaCTaHHs CTaHIB cUCTeMHU 1S, j = l,m}, 1
CTaBUTH Mepej cO00I0 3aBAaHHs MiHIMI3yBaTH CEPEIHIN pU3UK. Y daHOMY
BUIAJIKY KPUTEPiN IpUitMe BUI:

S plmattta, s ]-Ma.s | mansa,s )-npuGyrox

. A . J=
R =mirp a5 ) -mi : 59

i = i m i )
leij _V(al. S ) —n%nﬁV(ak S )]l HKIII(V(CII. S ) —BHUTpATH.
/=

Ilpuknang 5.6. KopucTyrouuch KpPUTEpPIEM MIHIMyMY CEpPEIHbOTO
PU3UKY, 3HAUTH pO3B’A30K Mpukiamxy 5.1, SKimo BiloMi HMOBIPHOCTI
craniB {0.2; 0.15; 0.3; 0.25; 0.1}.

Po3e ’sazanns.
Jlns po3B’sI3Ky JaHOi 3ajadl HEOOXITHO MaTH MATPHIIO0 BEIWYUH
5K351:9% [W a.s, )J, 3HAYEHHS SIKO1 3HAMICH] B MPUKJIAIL 5.3.

Janeiie BukopuctaemMo (opmyiy (5.8) 1 mpeacTaBUMO PO3B’SI30K
3aaaydl Tabnuuero 5.6.
OTxe, ONTUMABHOIO aJTbTEPHATUBOIO 3HOBY OY/IE ; .

5. 7. Kpurepiui Xomxeca-JIlemana

Jlanuii KputTepii BUKOPHUCTOBYE JBa CYO €KTUBHUX TMOKA3HUKH:
3aKOH PO3IMOJiILy HMOBIPHOCTEH \p,, j = l,m} HACTaHHS CTAaHIB CUCTEMH

{S )= I,_m} 1 mapameTp ONTUMI3MY « ISl Kputepito ['ypaila.

Jlst 3aranbpHOTO BUMANIKy Kputepit Xokeca-JleMaHna BU3HAYA€ThCS
BHUPA30OM:

miax{ai ij(ai ,Sj.)+ (1 - a)miin V(ai,Sj) , SIKITIO V(a,. ,Sj.)— npudyTOK
R, = | - (5.9)
m_in{az ij(ai ,Sj)+ (1 - a)max V(ai,Sj) , AIKIIIO V(al. ,SJ.)— BHUTPATH,
i = 3

ne0<a<l,0<p<l, ¥ p =1
j=t
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ITpuxnan 5.7. Kopucryrouuck kputepieM Xomxkeca-JleMana, 3HaliTH
PO3B’s130K npukianay 3.1, axuro Bigomi MoBipHOCTI ctaHiB {0.2; 0.15; 0.3;
0.25; 0.1} Ta 3HaueHns “‘napamertpiB ontumizmy” {0.3; 0.6; 0.8}.

[TokyiaBmu B OCHOBY po3paxyHKiB ¢popmyity (5.9) 1 BUKOPUCTOBYIOUH
pe3ynbTaT MpUKIazy 5.5, po3B’s30K IaHO1 3aj1a4i MpeJICTaABUMO TaOIUIICIO
5.7.

Tabmuns 5.7.
. 5 5
% ijV(ai,Sj) maxV(w,S-) (prjV(ai,Sj)+(1—(x)mj§sz(ai,Sj)
S j=1 ;i =y j=1
< a=03 | M | g=06 | ™" | g=08 | ™"
oM 15.5 29 2495 209 18.2
o5 16.05 26 23.015 20.03 18.4
a3 12.75 24 20.625 | min 17.25 min 15.0 | min
ay 16.35 30 25.905 21.81 19.08
as 19.15 30 26.745 23.49 21.32

PesynbpraT OTpUMaHUX pPO3paxyHKIB y TaOi. 5.7 3a KpuUTepieMm
Xomxkeca-Jlemana aJjisi BCiX 3HAY€Hb « IMOKa3ylOTh, 110 ONTUMAJIbHOIO
aJIbTEPHATUBOIO OYJIE 3.

Po3rmstHeMoO MOXKJIMBI  9acTKOBI BHMAAKH KPUTEPIIO XoOKeca-
Jlemana:

- a=1, orpumyemMo popmyiy kpurepito belieca;

- a=0, orpumyemo popmyny kputepito Banbaa.

OnuiHI0I0YM HEOOX1IHY MOYaTKOBY iH(pOopMallio Kputepiro XoKeca-
Jlemana, MoOkHa 3pOOMTH BHCHOBOK IMpO CTYHiHb HOr0 CKJIaJIHOCTI.
OCHOBHUM HEAOJIKOM PO3TISHYTOTO KPUTEPIIO € T€, 110 B HOTO aJITOPUTMI
BUKOPHUCTOBYETHCS OaraTo cyd’eKTUBHUX (haKTOPIB.

5. 8. 3anuTaHHs Ta 3aBJAHHA JJIs1 CAMOCTIHHOI po0oTH

. ChopmymnroiiTe OCHOBHI IPUYWHA HEBH3HAYCHOCTI.
. 3a JIOTIOMOTrOI0 YOro 3aJa€Thbcsl BXigHA 1HMOpMarlis mpu
OPUKHSTTI PIIIEHh B yMOBAaX HEBU3HAYEHOCTI.
3. SIxi xpuTepii MOKIAJAEHI B OCHOBY MPUMHATTS PIIIEHh B YMOBaXx
HEBU3HAYEHOCT1?
4. 3a AKMX YMOB BHUKOPHUCTOBY€ThCSl KpuTepiil Jlamnaca Ta Ha YoMy
BiH 0a3yeTbCs ?

Ny —
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3.

N

9.

Omnrcatn ajarOpuTM BUKOPUCTAHHS KpuTepito Bampma ms
NPUAHATTA PillIeHb B YMOBaX HEBU3HAUYCHOCTI.

3anucatu GopMyity, IO MOKJIA/IeHa B OCHOBY KpuTepito CeBixa.
Mix 4iM 1 Ha OCHOB1 YOr0 BCTAHOBJIIOE OanaHc KpuTepiit ['ypBina
B PUMHSATTI PillIEHb B YMOBaX HEBU3HAYEHOCTI1?

3a AKUX YMOB BHKOPHUCTOBYEThCS KpuTepidi belieca 1 sika Horo
po3paxyHkoBa hopmya’?

3anucatu ¢dopmyisy, IO TMOKJIaJ€Ha B OCHOBY KPHUTEPIIO
Xomkeca-Jlemana.

10. AKIioOHEepHE TOBApUCTBO BUITYCKAE MOJOYHY MPOAYKIIIIO,

11.

dacye ii B SIIIUKH 711 TTOAAIBINOT peari3arii B TOPrOBUX TOYKaX
Micta. IMOBIpHOCTI TOro, MO MOMUT MPOTATOM JHS Ha JaHy
npoaykuito oyne 5, 6, 7, 8 Ta 9 sumkiB piBHI BianoBiaHo 0.15,
0.2, 0.35, 0.12, 0.18. Burparm Ha BHIIyCK OJHOIO SIIHKa
ckianarTh 1.25 tuc. rpH. AT npogae KoKeH SAIMIUK MO MiHl 2.65
THUC. TPH. SKILIO SIIUK 13 CHPOBUHOIO HE PEAII30BYETHCS MPOTATOM
TTHSI, TO CHPOBHHA CTa€ HEMPUJIATHOK W TOBAPHUCTBO HE OTPUMYE
npuOyTKy. Po3paxyBatu ONTHUMaJbHY CTpPATEril0o  BHUITYCKY
POJIYKTY.

Po3B’s3atu mpukiazn 5.1, SKo MaTpurs IpuoOyTKiB Oyae:

50 40 80 90 60]

40 80 60 70 75
/(a,.s,)]=| 80 100 110 120 70].
60 120 100 110 90
100 80 90 60 55

12



Tabnuys 5.6.

Sy S S SH Ss
5
> p; Wy miin
AnbprepHaTuBa = - ;:' o . g‘l‘ - . ;‘3 < < g‘—' ,Q " é‘—’ J=1
> | = = | > | =S| F ||| F7]|>]= = R -
=N 4 0 0 22 17 | 255 15 9 2.7 16 4 1.0 | 29 24 | 24 8.65
& 10 6 1.2 15 13 | 1.95 | 26 20 | 6.0 12 0 0 10 5 0.5 9.65
a3 8 4 0.2 19 14 | 2.1 6 0 0 24 12 | 3.0 5 0 0 5.3 )
<— min
i
y 30 26 | 52 | 25 23 1345 5 2 0.6 14 2 0.5 16 11 1.1 10.85
as 15 11 22 5 0 0 30 24 | 72 | 22 10 | 25 9 4 0.4 12.3
ImoBipHiCcTH 0.2 0.15 0.3 0.25 0.1
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Tema 6. Teopis irop Ta irpoBe MoaeJII0BAHHA
6. 1. OcHOBHI NOHATTH TEOPii irop

[Ipu po3B’si3yBaHHI psiAy EKOHOMIYHMX 3a/ad Jy»Ke 4YacTo
BUHUKAIOTh KOH(IIKTHI CHUTYyaIlil, SIKI MOPO/KYIOTHCS CYNEpPEeWIMBUMU
iHTEepecaMu BUPOOHMUMX a0 3alllKaBIEHUX CTPYKTYp. MareMaTUu4HUM
amapaToM PO3B’A3KY JIaHOTO THUITYy 3aJad € Teopis Irop, sika MpeacTaBise
co00l0 Teopiro MOOYyJAOBM  MaTeMaTUYHUX  MOJICJIE  NPUUHSATTS
ONTUMAJBHUX pIlIEHb B yMoOBaxX KOH(DIIKTY. OCKUIBKH CTOPOHH, IO
OepyTh y4acTb y BUPIIIEHHI KOH(JIIKTIB, 3aI[IKaBJICH] Y TPUXOBAHHI CBOIX
HaMipiB BiJ| CyNpPOTUBHUKA, NPUNHATTS PIIIEHb B yMOBaX KOH(IIKTY
BUSIBJISIETHCA MEPEBAKHO MPUUHATTSAM pIllIEHb B YMOBaX HEBU3HAYEHOCTI.
dakTop HEBU3HAYEHOCTI B JIaHIM CHUTYyalli MOXKHa IHTEpPIPETYBaTU SIK
CYIpPOTHBHUKA CY0’€KTa, 1110 MpUHMae PillIeHHS.

JloriuHOIO OCHOBOIO TeOpii irop € popmaiizailisi TpPbOX MOHATH, SAKI
BXOJSTh y 11 BU3HAUEHHS W € 0a30BUMU ISl BCIE€I Teopli: KOHQIIKTY,
OPUUHATTSA PINIEHHS B HHBOMY Ta ONTUMAJbHICTh I[OIO PIIICHHS.
Curyalisi Ha3UBA€ThCA KOHQIIKTHOIO, SIKIIO B HI NpUNAMaIOTh y4dacTb
CTOPOHH, THTEPECU KOTPHUX IMOBHICTIO YU YAaCTKOBO MPOTUIEKHI. ['pa — e
niicHuit abo (popMasibHUN KOH(IIIKT, B IKOMY O€pyTh ydacTh X04 OW JBa
y4aCHUKHU (TpaBIli), KOXXKHHH 13 SKUX MparHe JOCSATTH BJIACHOI METH.
Jonmyctumi i KOKHOTO 3 TPaBIiB, CIOPSMOBaHI Ha JOCSITHEHHS NESKOI
METH, Ha3UBaIOThCA MpaBuwiamMu Tpu. KoXHUN TpaBellb Mae JAEsIKy
MHOXXUHY (CKIHUEHHY 4YHM HECKIHUYCHHY) MOXJIMBUX BHOOpIB, sKa
Ha3MBA€EThCS cTparerisMu. Ctpareris rpaBisl HA3UBAETHCS ONTHUMAIBHOIO,
AKIIO0 TIpU OaraToKpaTHOMY IOBTOPEHHI Ipu BOHa 3abe3rmeuye TpaBIIEBi
MaKCHMaJIbHO MOJIMBUU cepeHIi BHUTpail (a00 MiHIMAaJIbHO MOKJIHUBHUI
nporpar).

B ocHoBy kinacudikallii irop MHOKJIAACHO TaKl O3HAKH: KIUIBKICTh
rpaBIliB, KIIBKICTh  CTpaTerii, XapakTep B3a€MOBIJHOCHH, XapakTep
BUTpAIIlIB, BUTJISAJ BUTPAIB, KUIBKICTh XOJIB, cTaH iH(opmarlii (TadJ.
6.1).

3aexHo BIJl KUTBKOCTI TPaBIliB ICHYIOTh ITPU: OJTHOTO TPAaBIl, JBOX
rpaBIliB, k-rpaBIliB. ['pa Ha3MBAETHCS MApHOIO, SAKIIO B HI NMPUKUMAIOTh
y4acTh TUIbKU JB1 cTOpoHH (AB1 ocobu). I1{omo KIIBKOCTI CTpaTeriil irpu
UISATHCS HA CKIHYEHH] Ta



Tab6murs 6.1.

Ne ni/nn KrnacudikaiiitHi 03HaKH ['pynw irop

OpHoro rpasus
JIBOX TpaBIiB
. k- rpaBiiB

1 Yucno rpasiiB

Cki"ueHHi
Heckinuenni

2 KinbkicTe cTpareriit

Beskoamnimiiai
KoormneparusHi
Koamiuiiini

3 XapakTep B3a€MOBIJTHOCHUH

HynwoBoro cymoro
HenynpoBoro cyMoro

4 XapakTep BUTPAILIB

Matpuuni 4. Bunyxkm
bimatpuyusi 5. CemnapabenbHi
HenepepsHi 6. Tuny nyemi

5 Burmsin ¢pyHkuii Burpamris

OHOKPOKOBI
bararokpokoBi (mo3uiliiiHi, CTOXaCTUY-
Hi, AudepeHItianbHi, TUIY ayemi).

6 KinpkicTe X018

D= D =D = 0 D = = L0 D =

—_

3 MOBHOIO 1HPOPMAITIEIO
2. 3 HEmoBHOIO iHpOpMaLli€I0

7 Cran iHpopMarii

HECKIHUCHHI. SIKIO B Ipl KOXKEH 13 TpaBIliB Ma€ CKIHYECHHE YHCIIO
CTpaTeriii, TO BOHa HAa3UBAEThCA CKIHYEHHOIO. SIKIO X XO4Y OM OJUH 13
IPaBI[IB Ma€ HECKIHYCHHY KUIbKICTh MOXJIHMBUX CTpaTerid, TO Taka rpa
OyJZle Ha3uBATHUCS HECKIHYEHHOIO. 3a XapaKTEpOM B3aEMOBITHOCHH I'PaBIIIB
Irpy  TOAUISIIOTBCS HAa OE3KOAIIiHI, KOOMEPAaTHBHI Ta KOAIIIIHI.
be3koaninifHUMU Ha3WBalOTh ITPU, B SIKUX TpaBli HE MalOTh IIpaBa
JIOMOBJISITUCS MIDK COOOI0, TOOTO YTBOPIOBATH KOAMIIlli. Y KOONEpaTUBHIN
rpi Koajiiii Harepe1 BiaoMmi.

3a xapakTepoM BUTPAIIIB ITPU MOJUISIOTHCA Ha ITPU 3 HYJIHOBOIO
CYMOIO Ta ITPHU 3 HEHYJIbOBOIO CyMO10. ['pa HA3UBAETHCS TPOIO 3 HYJIHOBOIO
CYyMOI0, SIKIIIO CyMa BUTPAIIIB yCIX TPaBIliB y KOXHIN 11 MapTii JOPIBHIOE
HYJII0, TOOTO 3arajbHUN KamiTajd YCiX I'paBIliB HE 3MIHIOETHCS, a TUIbKHU
NePePO3MOIUIIETHCA MK TPABISIMH 3QJICKHO BiJl OTPUMAHUX HACTIIKIB.

3anexxHo Bia BUAY (DYHKIII BUTpAIIIB irpU AUISTHCS HAa MaTpPUYHI,
OimMaTpu4Hi, HEIEPEPBHI1, BUITYKJI1, cenapalebHi, TUITY JyeJi TOLIO.

BigHocHO KIIBKOCTI XOMIB Irpyd TMOJUIAIOTH HA OJHOKPOKOBI M
O0aratokpokoBl. OJHOKPOKOBI 1rpW 3aKIHUYIOTbCA TICJSI 3aKIHYCHHS
OJTHOTO XOJy KOXHOTO TIpaBlisd. baraTOKpoKOBi irpu MNOAUISAIOTHCA Ha
MO3UITIHHI, CTOXaCTUYHI1, Ju(epeHITIabHI, TUITY Ayei TOIIO.

3anexxHo BiJ cTaHy iH(OpMaIlli pO3pPI3HAIOTH ITpU 3 MOBHOI Ta
HEMOBHOIO 1H(opMaIlli€ro. SKI0 Ha KOXHOMY KpOIll TPU KOXKHOMY
rpaBUEB] BIAOMO, sIKl Ail Oyiu 3poOJieHI TpaBUSMM paHille, TO Taka rpa




HA3UBAETHCA TPOIO 3 MOBHOIO 1H(OpMAIlI€I0, KO ) HE BCE BIIOMO MPO
MONEPEIHI [Iii, TO — IPOIO 3 HEMOBHOIO 1H(POpMaIII€LO.

6. 2. OnTumMaJbHUIl PO3B’A30K B irpax JABOX 0Ci0 3 HYJbOBOIO
CYMOI0

Posrnsinemo rpy, B siKiil OepyTh ydacTh JBa TpaBIli, OAUH 3 SKUX
MOK€ JOTPUMYBATUCS CTpATerii i 3 n CBOIX MOXJIMBHX cTpareriid (i =I,
2,..., n), a Ipyrui, He 3HAI0YU BUOOPY MEPIIIOTO, BUOMPAE CTpATETIIO j 13 m
CBOIX MOXJUBHX ctparerii ( j =1, 2, ..., m). Y pe3ynpTari nepumi
rpaseub (4) Burpae a;; , a Apyrui (B) mporpae 1ro BEJIUYUHY.

BennuuHu a;; yTBOPIOIOTH IUTATIKHY MATPUIIO (MaTPHILIO I'PH):

Bl T Bm
Al all alm
Az a,, e 4,
o, =727 T (6.1)
An L anl Tt anm _
Psaaxu marpuni [a;] BIANOBIAAIOTE cTpaTeriam (4;, ..., A,) rpaBus A.
A croBmui — ctparerism (B;, ..., B,) rpaBus B. JlaHi cTparerii

Ha3MBAIOTLCS YMCTUMM. bynemo BBaxkaru, mo npu a; > 0 rpasenp A4
BUIpae€, a rpaBelb B mporpae BeauuuHy a;. SIkimo a; < 0, T0 HaBIaky,
BUTI'pA€E TpaBellb B 1 Mporpae rpaBelb A.

CnouaTky 3HaijeMo HaWKpaily 13 cTpaTerii rpaBis A, ToOTO
Halikpamy cepen A; ..., A, 3 ypaxyBaHHSM MOJIMBHUX BapiaHTIB
BIIMOBIIeH Ha Hel rpaBud B. [Ipu nbomy HEOOX1THO BpaxOBYBaTH Te, IO
Ha JOBUIBHY CTpaTerito A; TpaBenpb B BIANOBINAE CTPATETIErO B;, I K01
BUrpam rpasusd A Oyne MiHiManbHuUM. [l 3HaXOJUKEHHS cTparerii B,
HEOOX1HO B i-My PSIKY IUIATDKHOI MAaTpuLl 3HAWTH «, = mjin{ay}. [Ipu

3MiHI cTpaTerii rpaBisl 4 OJJHOYACHO OyIyTh 3MIHIOBATHCS BIAMOBIIHI M
gucia ;. 3po3yMijio, IO TPpaBleBl A BUTITHO 3aBXIW 3YNMUHATUCS Ha
Takiif cTparerii A; ;oA AKOi 3HaueHHA o =max{a,}, a6o, BPaXOBYIOUH
NPEACTaBICHHS «;, OTPUMAEMO & = maxmin{ay.}.
i J

Uucino o Ha3WBA€ThCA HIKHBOIO I[IHOIO TPU YU MAKCHUMIHOM, a
BIJIMOB1IHA HOMY cTpaTeris (psiioK) — MaKCUMIHHOIO.

Axmo rpaBemns 4 Oyje JTOTpUMyBaTHUCS MaKCHMIHHOI CTparerii, TO
oMy, TIpu JOBUIbHIM TOBEMIHIl TpaBls B, y OyAb-IKOMYy BHUMNAAKY



rapaHTOBaHUWW BUTpAIll, HE MEHIIUNA ¢ AHAJIOTIYHO MOKHAa BU3HAYUTU
HaMKpallly CTpaTerito s rpaBUd B, MeTa SKOro — MNPHUBECTHU BUTpaLl
rpaBus A 10 MiHiMyMmy. s nporo rpaBelps B nparHe A KOKHOI CBOET
cTparerii B; OTpMMaTH MaKCUMMajbHE 3HAYEHHsA BUIPALLy NPH JOBIIbHIN
crparerii rpaBus A;, TOOTO BiH LIyKa€ 3HAYCHHS [ = maxia, . [Ipote

rpaBeilb B HE MOXKe PO3paxOBYBaTH Ha Te, IO rpaBellb 4 T03BOJIUTH HOMY
OTpuMaTy Oylb-AKHi 13 BUurpamis f. €auHe, Ha 0 MOKE PO3PaXOBYyBaTH
rpaBelpb B, TO 1le Ha Te, 00 OTpUMAaTH BUTpall, IKUH Oy/le HE MEHIIUM
BENMYUHU [ = mjin miax{aij } BennuuHa [ Ha3uBa€eTbCsl BEPXHBOIO LIHOIO

IpU, Y4 MIHIMAKCOM, a BIJNOBIJHA MOMY cCTparteris rpabls (CTOBIIELB)-
MIHIMaKCHOI. MIiHIMaKCHa cTpaTeris — HaloOepekHIIa cTpaTeris s
rpaBisi B. Bona 3a0e3reuye oMy B Oyab-SKOMY BHIIQJIKy IMpOTparll, He
OuIbIIMK £, 1 BIAMOBIJHO BUTpAIl I'paBlEBl A, TeX HE OuIbIIUN BiI L
SIKII0 o= =v, TO YUCJIO V HA3UBAETHCS I[IHOIO TPH.

I'pa, mns skoi o = [, TOOTO MIHIMAKCHE 3HAYCHHS pIBHE
MaKCHMIHHOMY, HAa3WBA€ThCA TPOIO 13 CIIJIOBOIO TOukoro. Jlms rpu 31
C1JJIOBOIO TOUKOIO PO3B’A30K MOJIATAE Y BUOOPI MAKCUMIHOL i MiHIMAaKCHOT
cTpaTerii, Mo € OonTUMaibHUMHU. “ONTUMaNBHICTH TYT O3HAYa€, IO
KOJCH TpaBellb HE IparHe 3MIHUTH CBOKO CTPATErii0, OCKUIBKH MHOTO
CYNIEpHHK MOX€E BIJIMOBICTH Ha I1€¢ BUOOPOM IHIIOI CTpaTerii, sKa MOXe
JaTU TIPIIMK pe3ynbTaT I Teprioro. B3arami 3Ha4YeHHS TpU MOBHUHHO
3aI0BIJIbHSITH HEPIBHICTD:

[MakcuminHe 3HadyeHHs| < [3HaueHHs rpu| < [MiHiIMakcHe
3HAYCHHS |

[puknan 9.1. [lianpuemctBa A Ta B BUPOOJAIOTH IBa KOHKYPYIOUHUX
BUJIM MPOAYKIIii. Y JaHWi 4yac KOXKHUM BUJ POAYKIIi “KoHTpostoe” 50%
puHKy. [l mokpamieHHs SIKOCTI MPOAYKIIi MIAMPUEMCTBA IJIAHYIOTH
PO3TOPHYTH pEKJIaMHi 3axoad. Skmo oOuaBa MiANPUEMCTBA HE OYIyTh
bOT'O POOUTH, TO CTAH PUHKY HE 3MIHUTHCS. OOCTEKEHHSI PUHKY MOKa3YE,
mo 50% TOTEeHHIWHMX TMOKYIIIB OTPUMYIOTh 1H(opMaliio dYepe3
tenebaueHHs1, 30% - uepes npecy i ocranHi 25% - yepe3 paaioMOBIICHHS.

Merta KOXXHOrO TIANPUEMCTBA — BUOpath e(EKTUBHI 3aco0u
pexiamu. Jlany 3amady HeoOXigHO cOpPMYINIOBATH K TPy JABOX 0OCi0 3
HYJIBOBOIO CYMOIO Ta 3HAUTH ONTUMAJIbHI CTpaTertii.

Po36’s3anns. YdacHukamu rpu € aBa mianpuemctsa A 1 B. KoxeH 13
IPaBI[IB Ma€ TPU CTpaTerii BUKOPUCTaHHS pekiaamMu — TenebaueHHs (1),
npeca (2) ¥ pamiomoBieHHs (3). Skmo obuaBa TpaBili BUOEPYTh IS
peKyIiaMu CBO€ET IPOAYKIIil OJJHAKOB1 3aco0u iH(opmallii, To iXHiil BIUIMB Ha

4



PUHOK HE 3MIHUTHCS. [IpunmycTuMo, 110 SKIIO MiANPUEMCTBO 4 BUOPAJIO SIK
3aci0 pexyiamu TenedadueHHs (A4;), To MANPUEMCTBO B MOXke BUOpaTH st
pexiiamu TenebadyeHHs (B;), mpecy (B,), uu panmiomoBieHHs (Bj3). Y
pe3yNbTaTi TAKOTO BUOOPY BIUIMB HA PUHOK JUJISl A B MEPIIIOMY BUITAJIKy HE
3MIHUTBCS, B JAPYrOMYy ¥ TPEeTbOMY BIAMOBIAHO 30UIbIIMTHECS Ha 20% 1
30%. Sxmo mianpueMcTBo A BUOEpE 3a CTpATETiio peKiiaMy 4epes3 Mpecy
(4;), o B w™Moxe BuOpatu TenedbaueHus (B;), mnpecy (B,), uu
pazioMoBieHHsA. ToAl B MepUIOMY BHUIAJKY MIANPUEMCTBO A BTPaTUTh
20% cnoxuBadiB, y TpeThOoMy — mnomnut 3pocte Ha 10%. AHanmoriuno
aHaII3yeMO TPETHO cTpaTerito. OCTaTOUYHO OTPUMYEMO IJIATIKHY MAaTPHULIO

[a;]:

B min B psJKax
B; B, B;
A A, 0 | 20 | 30 0 « wmakcMmin
max —» A> -20 0 10 |-20
Y CTOBIIISAX A; -30 | -10 0 -30
0 20 30
T minimaxe

3Hal1IeMO HIDKHIO Ta BEPXHIO IIHU JJAHOI TPH:
o = max m_in{al.]. }: maX{O;— 20;— 30} =0;
i J :

S =min m_ax{ai]. }: min{0;20;30} = 0.

Ockubku @ = f = 0, To rpa Mae CIIJIOBY TOUYKy. OnTuMaibHUMU
OynyTh cTpaterii A; nna mignpuemctBa A 1 By g B, To0TO 000M
MIJMPUEMCTBAM CJI1JT BUKOPUCTATU JIJI PEKJIaMH TeJIeOayeHHs, K 3aci0
1H(opmarrii.

6. 3. 3mimamni crparerii

HasBHICT, y TIpl CIIJI0BOI TOYKH JAa€ MOJKJIMBICTH BHU3HAYUTH
HEOOXI1/IHI ONTHMAalbHI CTpaTerii. AJle JesKl Irpu HE 3aBXKIU MalOTh
CLIJIOBI TOYKH, TOOTO MAaKCHUMIHHO-MIHIMAKCHI CTpaTerii HeONTHUMAaJbHi.
Ile mpu3BOAUTH IO TOrO, IO KOXKHHUW 13 TPABI[IB MOXE MOJIMIIUTUA CBOE
CTAaHOBHIIE, BUOpABIIM 1HIIY CTpaTerito. Y JaHOMY BHUIIAJIKy BUHUKAE
noTpe0da y BUKOPUCTAHHI 3MIIIAHUX CTPATETIH.

3MilIaHi cTpaTerii — 11e MaTeMaTU4Ha MOJIENTb MOXJIMBOI M THYYKO1
TaKTUKHU TPABIS, MPH SKil CympOTUBHUN HOMY TpaBellb HE MOXE 3HATH
HaIepe], CUTYallilo, 3 KO MOMY NPUIAEThCA 3ITKHYTUCh y T'pl, TOMY
nepes; KOKHOI0 MapTIE0 MPOBOJIUTHCS BUIMAJAKOBHI BUOIP OJHIET 3 UMCTUX



CTpAaTeriil 3 JOMIOMOIOI0 JIESIKOTO MEXaH13MYy, SIKHil 3/11iCHIOE 1Iel BUOIp 13
BU3HAUYCHUMU U HaNepe]] 3aIaHUMH MMOBIPHOCTSIMU.

PosrnstneMo rpy 1BoX 0c¢i0, MaTpHIlA IUIATEXIB SIKOi Ma€ PO3MIPHICTh
n x m. Hexaii rpaBeinb A Mae n cTpaTerii, a rpaBellb B - m cTpaTerii.
IToznauumo uwepes p = (p;, p2 ,...pn) 1 ¢ = (91, g>,...,4,n) BEKTOPHU
WMOBIpHOCTEH, 3 IKUMH TpaBIli A Ta B BiAMOBIIHO BUOMPAIOTH CBOT YHUCTI
ctparerii. OCKUIBKH 11 CTPATErii 32 YMOBOIO I'PU MOBHICTIO BUYEPIYIOTh
MOKJIMBI XOJH I'paBlliB A 1 B, ToO BOHU yTBOPIOIOTH IOBHY I'PyIy MHOMIIH.

Tomy Mae Micrie: Z D, = iq}. : (6.2)
i=1 j=l

Sxmo a; — (i, j)-i €eIEMEHT MaTPUIll TPH, TO IUIATIHKHA MaTPULA Mae
BUTJISI

BianoBigHO 1O OCHOBHOI TEOPEMH TEOPli IrOp KOKHA CKIHYEHHA Tpa
Mae x04 OM OJIMH PO3B’ 30K, KW BU3HAYAE TIEBHA 3MIIIaHA CTPATETIsl.

Bl BZ Bm
qi q> dm
A DI ajj ap Aim
An pn anl an2 Aum

Meroauka BU3HAYEHHS PO3B’S3KY I'pU MPHU 3MIIIAHUX CTPATETIsIX B
OCHOBHOMY TaKO» TPYHTY€TbCSI Ha BHUKOPHUCTAaHHI KPUTEPIIO MIHIMAKCY.
Pisnunst monsrae B TOMy, MmO rpaBeub A BuOupae P; Tak, 1100
MaKCHUMI3yBaTH HaMMEHIIMM  CIOJIBaHWUW  BUTpall (MaTeMaTH4YHE
CIIOMIBAaHHA) IO CTOBILAX, TOAl AK rpaBelb B BHOMpac ¢; 3 METOIO
MIHIMIi3a1lili HaO1IBIIIOr0 CIOIBAHOTO BUTPAIY MO psaax. MaTeMaTuaHO
KpUTEPil MIHIMAKCy Ui 3MIMIAHUX CTPATETi OIMUCYETHhCS HACTYITHUM
yuHoM. ['paBenib A BUOUpae cTparterito 4;, aKa J1ae

mPaX{min(zailpi>Zai2pi>'”9zaimpij} ) (6.3)
, i1 i=1 i1

1

a rpaBelb B BMOMpac CTpareriio Bj, AKka aae
min max(z a,q,,2.a,,4, ,...,Zanjqjj : (6.4)
q; j=1 j=1 Jj=1
Ili BeMMYMHM BH3HAYAIOTHCS BIAMOBIAHO SK CHOAIBaHI MaKCHUMIHHI
Ta MiHIMakKcHI Tuatexi. [Ipu nbomMy Mae miciie CriBBITHOIICHHS:



MiHIMaKCHHUHN CIIOqIBAaHUNA MaxkcuMI1HUI CIIOA1BaHUI
mporpart BUTpAIl
Jgkmo p; 1 g BIANOBINAIOTH ONTHMAJBHUM DO3B’SA3KaM, TOOTO

BUKOHYETHCSI CTpOTa PIBHICTb, TO PE3YyJbTyIOUe 3HAYCHHS JOPIBHIOE
CHO/IiBAHOMY (ONTUMAIIBHOMY) 3HAYEHHIO TpU. SIKIo p; iqj. ONTUMAJIbH1

PO3B’SI3KM sl 000X TPaBIIB, TO KOXXKHOMY €JIEMEHTY IUIaTIKHOI MaTpuIIl
Bimnosimae ¥MOBIpHICTE p. ¢ . OTKe, ONTHMAIbHE CIOAIBAHE 3HAUYCHHS
! J

(iHa) rpU
v =2.2.4,p4,. (6.5)
i=1 j=I
JIst 3HaXOJKEHHsI ONTUMaJIbHUX CTpaTerii B irpax ABOX OCIO 3
HYJIbOBOIO CYMOIO MOHa BUKOPUCTATHU rpadiuyHuil Meto (AJ1s1 irop BUIy
2 x m abo 2 x n), a TAKOK MIPUBECTH 3a]a4y JI0 JIHIHHOTO MPOTrpaMyBaHHSI.

6.4. I'padgiunuii MeTO PO3B’A3KY irop BUaAy 2 X min x 2
PozristneMo rpy Buay 2 X m, sika HE Ma€ Ci/1JI0BO1 TOUKH.

B
B B, B,
qi q> dm
A, P ajg aps A
A Ay | p~=l-p; | ay az ... Ao

Ockunbku rpaBeilb 4 Mae nBl ctpaterii (4,1 A4y), 10 p, = 1- p;.
3HaiiieMo crojiBaHi Burpair (MaTeMaTWYHE CHOMAIBaHHA TpaBis) A
3aJIKHO BIJl YUCTUX CTPATETiH IpaBls B:

Mj (pl ) =a,; - p, + a,, " p, = (alj —a,; )pl + a,;, ] = L_m (66)
OTpuMani pe3yJabTaTH IPEACTABUMO y BUIIS1 Ta0m. 9.2.

Tabnuus. 62.
Hucri crparerii CromiBadi Burparii rpaBms A
rpasus B 8 P P
1 (an-ax)p1 +a=M; (p))
2 (ai-axn)p: tan=>mM, (p))
m (alm- a2m)p1 +a2m:Mm (Pl)




I3 Tabnumi 6.2. BUIUIMBAE, O CIIOAIBaHUK BUrpam rpasus A M;(p;)
JIHIAHO 3aJI€KUTH BiJ p 1 ABJIsIE COOOI0 MPSAMY JIHIIO.
Mera rpaBiig B nojsarae B MiHiMi3allii BUTpaIry rpaBiis 4 3a paXyHOK
BHOOPY CBOiX cTpateriii, To6To M (p, )= min {M ; ( pl) . Ha puc. 6.1 Touka
J

M* osuauae smauemns M(p' ), sxe micramm mpu p, = p'. llima rpu
v=M ( ; ) Takum ynHOM, rpadiyHO BU3HAYAETHCS ONTUMAJbHA 3MillIaHa
cTpareris p, = p, NEPUIOro IpaBlid i Iapa YacTHX CTpaTerid Apyroro
rpaBlisl, K1 B MEPETHUHI YTBOPIOIOTHh TOUKY M* (Ha puc. 6.1 11e BiamoBigae
IT 1 III cTpaTerisim rpaBiis B).

PosB’s3aBIun  cucTeMy piBHSHB M (p,)=v(j=2,3), 3maiinemo
TOYHE 3Ha4YeHHs p, 1 v. [licist uporo, HamaBum ¢;= 0 IS THX j, IS SIKHX

M(p,) HE yTBOPIOIOTH TOUYKY M, MOKEMO 3HAaWTH 3HAYEHHA ¢ IS THX j,
st AKkuX Mj( py ) yTBOPIOIOTh TOUKY M , PO3B’SI3aBIINA CUCTEMY

a,q, +adyq; =V

| 6.7)
asq, +a,q,=v
A
M
M,
M;
v
M;
A 2y 1 )2
M,

Puc. 6.1
IIpuknan 6.2 Ha ocHOBI HasBHOro 1000BOTO 0OCSTY CHPOBUHHU
MIMNPUEMCTBO Ma€ MOXJIMBICTh BUIYCKAaTH JBa BUIMA MPOJYKIIi, sKa
MIBUJIKO TICyeThcs. [lpuOyTok miAnpUeMCTBA 3aJ€XKUTh BiJ 00cCAry
peaii3oBaHoOl MPOAYKIlI KOXKHOTO BHUIY, sIKa B CBOIO YEPry 3aJCKHUTh BIJ
MIOTOJIH.




Peanizariss mepmioro BuAYy MNPOAYKTY BHIA 3a TEIUJIOI IMOTO/H,
JIpyroro — 3a npoxojoaHoi. CTaH IOrogd MOKHA PO3IIISAATH SK Takl
cTpaTerii NMpUpoOAu: JEHb MEKy4YUd CyXui, MEeKy4YHil BOJOTHUM, TETUIHI
CyXUH, TEIUIMH BOJIOTMU, MPOXOJOJHUNA CYXHUM, HNPOXOJOAHUN BOJOTHHU.
Binoma matpung npuOyTKy (THUC. TPH.) MIANPUEMCTBA 33 KOXKHUM BHUJIOM
MPOAYKIIIT 3aJI€’KHO BiJl CTaHy TOTOIH:

12 9 7 5 4 2

3 56 8 9 10/

3a qonomororw rpadiuHOro METOly 3HAWTH ONTUMAJIbHI CTPATETIi O
oprasizailii BUIyCKY MPOAYKIIii M1AMPUEMCTBOM.

Po3zs’sz3anns. TloOynoBaHa rpa HE Mae€ CiJUIOBOT TOYKM B YHCTHX
CTpaTerisix, TOMY [JIi BHU3HAUCHHsS ONTHUMAJIbHUX CTpaTerii MOXHa
ckopuctatucs rpapiyHuM MetofgoMm. CTpaTerisiMu MiAIPUEMCTBA €
BUPOOHUIITBO MPOAYKIIi mepumoro abo apyroro Buuay. bynemo BBaxkaTu
MiIPUEMCTBO MEPIIUM TPaBIeM, a pUpoay — ApyrumM. [lozHaunmo dyepes
p1 IMOBIPHICTh BUKOPHUCTAHHS CBOET MEPIIOi CTpaTerii MepIiimM IpaBlieM,
yepes q(q1, g2, --., gs) — 3MIIIAHY CTpaTErito apyroro rpasis. [looymyeMo
rpadiki CepelHiX BHUTpalIiB mepumoro rpaeisg (puc. 9.2.), mis I1OTO
3Hainemo M;(p,):

M
10 M;
9 M,

8
M;

\%

6
5 My
M;s

3
Ms

\4

Puc. 6.2



M,(p,)=(12-3)p, +3=9p, +3; M,(p,)=(0-5)p, +5=4p, +5,
M3(p1)=(7—6)p1 +6=p, +6; M4(p1):(5_8)p1 +8=-3p, +8;
M,(p,)=(4-9)p, +9==5p, +9; M (p,)=(2-10)p, +10=-8p, +10.
HwxHs TpaHulsi MHOXHHM OOMEXKEHb 300pakeHa Ha puc. 6.2
KUPHOIO JiHIe. Ak O6aunmo, maxM (p,) HOCATA€EThCA B TOYIN M, mwo
YTBOPIOEThCA JiHIAMU M{(p1) 1 My(p,). [loknanemo g,= g;= qs= q6—0. Hns

3HAXO/UKEHHS pi, P, (1, {4, V HEOOXIJIHO PO3B’s3aTH TaKl CUCTEMU
PIBHSHB:

12p, +3p, =v, 12g, +3q, =,
Spl +8p2 =V, 5% +8g4 =V,
P, =1—p2, Q2:1_Q1'
Po3B’sa3kamMu IMX cucTeM OyJe:
L —l'V—ZMHHFH
P, 12:172 12,% 12944 12’ 1 -IpH.

Mu oTpuMaJIM TaKUK ONITUMAIBHUM PO3B’S30K.

[TinnpueMcTBY HE0OXimHO 5/12 0OCATIB CHPOBMHHU BUKOPHUCTATH HA
BUTOTOBJICHHSI MEPUIOrO BHAY MNpoAayKuii, a 7/12 — gns gpyroro Buumy
npoaykii. [Ipu 11boMy oTpuMaeMo MaKCUMaJIbHUN MPUOYTOK Yy PO3MIpi
6.75 MJIH. TpH.

6.5. 3BemenHss 3aga4 Teopil irop a0 3amad  JIHHIAHOTO
NnporpaMyBaHHsI

PosrnssHemMmo wmatpuuHy Tpy n X m, 3aJlaHy MaTpHUIEIO [aijJ.

[TosHauuMo 4Yepe3 p = (pl*,p;,...,p: ),q* = (ql*,q;,...,q;) iMoBipHOCTI
ONTUMAJBHUX 3MIMIAHUX CTpaTerid BIAMOBIIHO NEPIIOr0 Ta JIPYroro
TpaBIliB, a uepes v- 1iHy rpu. be3 qoBeaeHHs CPOPMYITHOEMO TeopeMmy.

Teopema. [na moeo, wob uucno v 6yno yiHow epu, a p i ¢
BeKMOpamu  UMOBIPHOCMEl ONMUMAIbHUX cmpamezii, HeoOXiOHe U
00CMAamMHE BUKOHAHHS CUCEMU HePIBHOCMeEll.

Ya,p zv. j=1m (6.8)
i a,q, <v,i=1n. (6.9)
=

s mpoctotn mpunmyctumo, mo v > 0. [lporo 3aBxkam MoxHa
JIOCSITHYTH 3aBJISIKU JOJIABAHHIO JI0 BCIX €JIEMEHTIB MATPHUIIl [al.jJ OJHOTO U
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TOTO X MOCTIAHOrO uKcia k. Taka mpolenypa HE BIUIMHE Ha ONTUMAaJbHI
cTparerii, a TUIbKM 30UIBIIUTD I[IHY I'PH Ha k.

Mera mnepumioro rpaBlsg TMOJSTa€ B OTPUMaHHI MaKCHUMaJbHOTO
BUTpally, a Jpyroro — MiHIMQJIbHOTO mporpamy. KopucTyrouuck
c(hOpMyYJILOBAaHOIO TEOPEMOIO, 3aJadyy MaKCHMI3allii TapaHTOBAaHOTO
BUTpAIITy MEPIIOro rpaBIs 1 3a4a4y MiHIMI3allll rapaHTOBAaHOTO TIPOTPaIIly
JIPYroro TpaBlid MOXKHA MPEACTAaBUTH SIK TMAapy B3a€EMHO JBOICTHX 3ajiay
JTIHIAHOTO MPOTrpaMyBaHHS:

3aeoanns I epasys

Z =v— max

Z}aijpl. >y, j=1,m

>.p =1
i=1

D, ZO,i:L_n.

(6.10)

3asoanus Il epasys
F' =v— min

m —_
Z;al.jqj <v,i=Ln
]:

i

g, 20,j=1Lm.

6.11)

3anuiieMo cucteMy oomexkeHs (6.10) y posmmupeniit popmi:
ay,p, *a,p, +..+a,p, 2v

(6.12)

a, p, ta,p,+..ta p =V

p,+p,+..+p =1
[Toxinumo npaBy i JIIBY YaCTUHY HEPIBHOCTI HA V. OTPUMY€EMO:
a,p. /vta,p,/v+..+a, p lv=v/v

nm

a, p /v+a, p,/v+..+a, p, =v/v

p/v+p,/v+..+p lv=1/v

. D, . T
3pobumo 3aminy: — =x,,i =1,n. Maemo:
v
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a, x, +a,x,+..+a x 21

(6.14)
a, x +a, x,+..+a x =1.
. n " n * n . n 1
Bigomo, mo >, p, =1. O1xe, Zp— =Y x,.3Bigcu: Y x, =—.
i=1 i=1 'V i=1 i=1 A%

OCKUIBKM METOIO MEPIIOro IrpaBlisl € MaKCUMaJIbHUI BUTpalll, TO BiH

1 .
Ma€ 3a0e3IeYnTH min —. OT)KC, BU3HAYCHHA OIITUMAJIBHO1 CTPATCT1l IJIA
v

MEpIIOTO TPaBIA 3BOAUTHCS 1O BHUPIIMIEHHS TaKOi 3ajadl JIHIMHOTO
porpaMyBaHHS:
3HaWTH Z =X, + X, +...+X, — min Ipu BUKOHAHH]I YMOB

a, x, +..+a x =1

(6.15)

a, x +.+a, x =1

x,20,i=1n.
AHaJIOT1YHI MIpKyBaHHS MO>KHa MPOBECTH BIJHOCHO 3ajadl APYroro

*

rpaBus. BukoHaBim 3aMiny g _ Y ;» OTPUMAEMO HACTYTIHY 3a/1a4y:
v |

3HaliTh F =y, +y, +...+ ¥ —> max IpH BUKOHAHHI yMOB
a,y,+..+a, y <1

6.16
ay, +..+a, vy <1 (6.16)

y, 20,i=1m.

3amada Ipyroro rpaBlis € ABOICTOIO J0 3a7a4l IEPIIOro rpaBiis.

[Iporec 3HAXOKEHHS PO3B’SI3KY T'PH 3 BUKOPUCTAHHSAM JIIHIHHOTO
MpOTrpaMyBaHHS CKJIAIA€ThCA 3 TAKUX €TaIllB:

I — moOynoBa mapu ABOICTUX 3a1ad JIHIKHOTO MpPOrpamMyBaHHS,
€KBIBAJICHTHUX JaH1d MAaTPUYHIN Tpi;

II — 3HaXO0IPKEHHS ONTUMAaJIbLHUX TIJIaHIB MTapy ABOICTUX 3a]ay;

[l —  3HaXxoOmKEHHS  PpO3B’A3KYy TIpPH, BHKOPUCTOBYIOUU
CHIBBIIHOIIECHHS MDK IUIaHAMM [JBOICTUX 33Ja4 1 ONTUMaJILHUMH
CTpaTerisiMu Ta IIHOIO TPH.

[puknan 6.3. JIBi GipMu MOXKYTh BKJIACTH CBIM HassBHUM KamiTan y
OyniBHUIITBO T1I'siTH 00’€ekTiB. CTpareris (ipM: i-Ta cTpaTeris MoJisirae y
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¢iHaHcyBaHHI i-ro0 00’exty (I = 1, 2, ...,5). BpaxoBytouu 0COOIMBOCTI
BKJIQJIIB ¥ 1HII yMOBH, MPUOYTOK (PipMU BHUPAKAETHCS 3a JOTIOMOTOIO
MaTpuili A.

2 0 1 -3 4
0O -2 -1 4 3
A=|2 0 3 2 -1}
o -3 1 0 1
3 0 0 -2 2
[TpubyTok mepimoi GipMu € BEMMIUHOIO 30UTKY Jpyroi, TOOTO AaHy

Py MOKHA PO3TJISIAATH SIK TPY JBOX OCi0 3 HYJIbOBOIO CYMOIO.
Posze’sizanns. Jnga 3BeAeHHS OaHOI 3amadi g0 3a7adl JIHIMHOTO
mporpaMyBaHHs HEOOX1IHO, Hacammepes, 10 KOXHOTO €JIeMEHTY MaTpPHIll

noaatu uucio k = 4 (HeoOxiaHO, MO0 yci eneMeHTH maTpuill A Oynu
nonatHiMu). OTpUMy€eMO:

6 4 5 1 8
4 2 3 8 7
A={6 4 7 6 3|
4 1 5 4 5
7 4 4 2 6
BBoaumo HeB1OMI BGJII/I‘II/I_HI/I X1y X2y oon, x5_. Toxai oTpumyeMo Taky

3a/1a4y JIHIHHOTO MPOTrpaMyBaHHS:

3HAUTM  Z =X, +X, + X, + X, +X, = min

IIpY BUKOHAHH1 YMOB
6x, +4x, +6x, +4x, +7x, 21
4x, +2x, +4x, +x, +4x, 21
5x,+3x, +7x, +5x, +4x, =21
x, +8x, +6x, +4x, +2x, =21
8x, +7x, +3x, +5x, +6x, 21
x, 20, i=15.

Po3B’s3k0Mm 111€1 331241 Oy e

xl = 0,')(:2 = 0,' X3 = O 125, X4 = 0,' x5 = O 125 .

: 1
Ockuibku x, +Xx, +x, +x, + X, =—, TO
v
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1 B 1 1 _4
X, +x,+x,+x, +x;, 0.125+0.125 0.25

Yy =

P,
3HAK4M Te, U0 X, = —, OTPUMY€EMO: p, =X, -V; p1=0; p,=0;
v

p3=0.5;p4=0; ps=0.5.
[ToGyayemo mo maHOi 3amadi ABOICTY. 3a HEBIAOMI BI3bMEMO Vi, Vs,
Y3, V4, ¥s. Maemo
F:yl +y,+y,+y,+y, > max
IIpY BUKOHAHH1 YMOB
6y, +4y, +5yx, +y, +8y,. <1
4y, +2y, +3y,+8y, +7y, <1
6y, +4y, +7y, +6y, +3y, <1
4y, +y, +5y, +4y, +5y, <1
Ty, +4y, +4y, +2y, +6y, <1

v, 20, i= 1,_5
Po3B’s13x0M 1€l 3a7a4l oyne
vy, =0y,=025y, =0y, =0, y. =0. Kopucryrouucs  popmyioro

q. o
y, = —, 3HAaUJAEMO:
v

4, =y, v;iq, = 0,9, =1;q, =0,q, = 0,9, = 0.
OTxe, BEKTOpM HMOBIPHOCTEM ONTUMAJIbHUX 3MIIIAHUX CTpaTerii
BIJIIIOB1THO TUISt nepumoi Ta Ipyroi dipmu OyIyTh:
p= (O; 0;0.5;0; 0.5); q = (O;l; 0;0; 0), a 1iHa moyatkoBoirpu v-. =v—4=0.

6.6. 3anuTaHHs Ta 3aBAAHHSA ISl CAMOCTIHHOI po00TH

1. SIxi 03HaKM MOKJIaJICHI B OCHOBY Kiacuikarli irop?

2. ChopmyntoBaTd €KOHOMIYHY TIOCTAaHOBKY 3ajiayl BU3HAYCHHS
ONTUMAJIBLHOTO PO3B’A3KY B Irpax JABOX OCI0 3 HYJILOBOIO CYMOIO.

3. SIxa rpa Mae Ha3BY I'pH 3 C1IJIOBOIO TOYKOIO?

4. o Take 3MillIaHi CTpaTerii?

5. Ha 4yomy TIpyHTy€ThCS METOAMKA BU3HAYEHHSA PO3B’S3KY IMpHU
3MIIIAHUX CTPATET1sIX?

6. Onucatu anropuT™M rpadiyHOTrO METOAY PO3B’S3KY irop BUILY 2 X
minx?2.
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7. Onucatu METOAMKY 3BEICHHS 3ajad Teopli irop 10 3aaad
J1HIMHOTO MPOrpamMyBaHHSI.

8. 3 AKUX eTalliB CKJIAIa€ThCs MPOLIEC 3HAXOKEHHS PO3B’SI3KY TPHU 3
BUKOPHUCTAHHSM JIIHIMHOTO MPOrpaMyBaHHs?
9. Po3p’a3atu npuknaz 6.3, sAKIIO:

5 0 2 -3 -5 8

-2 0 5 0 -3
4 -8 -6 2 0
3 5 8 -6 -7
2 0 7 5 -6
0 -5 -4 9 -9

oo W o O B~
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