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Bcmyn

[IpakTUKyM TPUCBAYCHUN NHTAHHAM MPAKTUYHOTO BUKOPUCTAHHS METO/IB
CTaTMYHOI ONTHUMI3allii A MpakTUYHUX poOiT. OCHOBHA yBara NpuAUIIE€THCA METOAaM
1 ajaroputMam, IO BHKOPUCTOBYIOTbCS TMpPU NPOEKTyBaHHI, KEpPyBaHHI 1 aHami3i
(GYHKIIOHYBaHHS TEXHOJOTIYHUX 00 €KTIB. PO3MISIMarOTECS METOMU  TOCTIIKCHHS
GYHKIIH KJIACUYHOTO aHami3y, METOAM JIHIMHOTO NpOrpaMyBaHHS, SK PpO3ILTY
JOCIIIJPKEHHS Omepalid , Kl 3HAWILIM 3aCTOCYBaHHA IpPU BHPIIMICHHI 3a7ad, IIO
NOB’s13aH1 3 €)EKTUBHUM BUKOPUCTAHHSAM OOMEXEHUX pecypciB. MeTonu HEIlHIHHOTO
MporpaMyBaHHs OPIEHTOBAHI HA BUPIMICHHSA 3a7a4 3 0OMEKECHHIMU.

MeTta TpaKTHKyMy JOMOMOTTH CTyJEHTaM OCBOITH PO3JITH  CTaTHYHOI
ONTUMI3aIli1 1 3aCTOCYBATH 3HAHHA Ha MpUKIaAaxX, NIpeAcTaBIeHUX y (popMaiizoBaHOMY

BUTJISL.



1. IToctanoBka 3agau ontumizamii. [Ipukiaaau moaeseii mpouecis.
1.1. Tenj1000MiHHUKM THITY «3MilllyBaHHS — 3MilllyBAHHSD)

MarteMaTu4Ha MO/e/Ib

SIK mpuKIagM MaTeMaTUYHUX MoJeJell TerIoOOMIHHMX amapariB  HUXK4Ye
MIPOAHAII30BaHI MOJEN TETUIOOOMIHHUKIB TPOCTIIINX THIIB, B SKUX 3I1HCHIOETHCS
nepegada Termia MK JBOMa TOTOKAMH — TEIUIOHOCIEM 1 XJaJoareHToM. Y BCIX
MaTEeMaTHYHUX OIHUCaxX IepeadavyaeTbes, MO pyX MOTOKIB TEIJIOHOCIS 1 XJiaJoareHTa
XapaKTEPU3YETHCS MPOCTUMHU TiIPOTUHAMIYHUMHU MOJICTISIMU «iJIeabHEe 3MINTyBaHHSD» 1
«ijeanbHe BUTICHEHHs». KpiM Toro, momyckaeThes, 1m0 Koe(iIieHT Terionepeaayl
yepe3 CTIHKY, L0 PO3AUISE TEIJIOHOCIM 1 XJIaJ0areHT, € TMOCTIMHOK 3aJaHOr0
BEJIMYMHOIO, SIKa HE 3aJIEXKUTh B 1X 00'eMHHX BUTpaT. OCTAHHE NOMYILEHHS, CTPOrO
Kaxydw, HeToyHe [l], mpoTe BOHO MpHUIHATE B MaHOyTHHOMY ISl CIIPOIICHHS
MaTE€MaTUYHUX BUKJIAJIEHb [IPU BUPILIEHH] 3aBJAaHb ONTUMI3ALI].

TennooOMIHHUK TUITY «3MIITyBaHHS — 3MiTyBaHHs» (puc. 1.1). Marematuunuii

ONKC TEIIOOOMIHHUKA B JAHOMY BHUIIAJIKY 33J1al0Th CUCTEMOIO PIBHSHb TUITY
dfve,T)

dt = U(O)CPOT © —pr +Vq'|' 1

ne V - 00’eM 30HHM ineanbHOro 3mimryBanHs, mM°; Cp - TEIUIOEMHICTB TOTOKY

. e . K2,
TEIJIOHOC1, _3k V- BUTpPATHU TCIUIOHOCISI, —
M c

vV, C'p _. T[D] Vi Cpx .- TJD"

T j +\_ T




Puc. 1.1. CxematuyHe 300pa)keHHS TEIJIOOOMIHHUKA THIY ,,3MIIIyBaHHS —
3MILTyBaHHS .
10 BiJTHOCSTHCS 10 000X TEIUIOHOCIIB. [HTEHCHUBHICTD JKepesa Teria Npu oMY

BU3HAYAETHCS CIHIBBIIHOIICHHIM
Q =F K (T"-T),

.. . Bm . . 2
ne Kt - koedilieHT Temionepeaayi, R Fr - moBepxHs Teri000MiHy, M*.
M

CramioHapHHN pPEXHUM TEIUIOOOMIHHMKAa MOJKHA OINKCATH HECTAI[iOHAPHUMU
PIBHSIHHSMU, B SKUX IMOX1JIHI 32 YaCOM BBa)XKalOThCSl PIBHUMHU HYJO. B pesynbTaTi Oye
CIIpaBe/IMBa HACTYIHA CUCTEMAa PIBHSHb:
ve, (TO —TW)-K FT® -T)=0

p

(0) _T(k))+ K, F(T (k) _T(k)): 0

X X X

UCpy (T
siKa MOKe OyTH BHpIIICHA BITHOCHO OyAb-sSKUX JIBOX IapaMETpIB, IO BXOJSTH B
1i piBHAHHSA. 30KpeMa, 18 BUXiTHUX Temreparyp TemtoHocis T® i xmagoarenta T

MOJXHA OTPUMATH BHUPA3U:

(0)
1+ K F ! +TX(O)- !
70 _T0) Oy T UG
1+KTF( L +i

v,C,  UC,

()

T _T0 Bl U
1+ K, F L +i

v,C, UC

IIpu po3paxyHkax TEIUIOOOMIHHUX amnapaTiB 3a3BUYail 3a/al0Th TEIJIOBE
HaBaHTAXXEHHs Ha TEIJI0OOMIHHUK Q, TOOTO KUIBKICTh TEIUIA, SIKE MOTPIOHO MepeaaTu
BiJI TEIJIOHOCIS XJIaJIoareHTy B OJWHUIIIO 4acy. [l TeBHOI BUTpATH TEIUIOHOCIS,
B1JIOMO1 HOT0 TEIUIOEMHOCTI 1 331aHO1 BX1AHOI TEMIIEpaTypH L€ MO CyTi €KBIBAJIEHTHUN
3aBJIJaHHIO HEOOX1HOT BUX1THOI TeMIIepaTypH TEIJIOHOCIs, OCKUIbKU

Q=UCp(T(O)—T(k))

3aBIaHHS PO3PAXyHKY TEIMJIOOOMIHHUKA CTaBUTHCS SIK 3aBJaHHS BU3HAUYCHHS
MOBEepxHI TemiooOMiHy F. B gaHoMy BuUIaIKy OOYHMCIIOIOTH TaKOX BHXIJIHY
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Temneparypy xnamoarenta TX), gy MoxxHa 3HATH i3 3aragbHOro OalaHCy TeILa, He

3aJIEKHOTO Bl THUIIA TEIIOOOMIHHUKA

ve, (TO-TO)pe (TO-TH)=0

p X px X

3BiAKHA

[TincraBnstourn B pIBHAHHSA a00 BHUPaXEHHS JUIS BXIJHOI TeMIepaTypu

XJIaJloareHTa 1 BUPINIYIOUM OTPUMAHE PIBHSAHHS BIJHOCHO IOBEPXHI TEIJIOOOMIHY,

3HAUJIEMO:
F _ UXCpX
chpx
K:|v -1
e
p
Jle
T(k) _T(O)
7O W

3HaMEHHUK BUpa3y MOXKE IepEeTBOPIOBATHUCS HA HYJIb 400 HaOyBaTH HETaTUBHUX
3HaueHb. [Ipu 1bOMY TIOBEpXHsI TEIIOOOMIHY, BHU3HAUeHa BKAa3aHUM PIBHSHHSM,
JIOPIBHIOE HECKIHYEHHOCTI 200 Bij’€MHa, 110 B 000X BUIAJKaX 03HAYA€ HEMOXKJIMBICTh
CTBOPEHHSI TEIUIOOOMIHHMKA Ha 3aJaHe TEIUIOBE HABAHTAXEHHS MPU MPUHHATHUX
napamMeTpax XJajgoareHra. TomMy ymoBa JOJaTHOCTI 3HAMEHHHMKA Y BHUpa3l MOXHa
po3mIsiIaTH SIK yMoBa (i3UYHOI peatizallii TerIo00OMiHHHMKA MPHU 3aJaHuX apameTpax

TEIUIOHOCIA 1 XJ1aJJ0arcHTa;

Onrumizanis Ten1000MiHHUX anapariB
OCHOBHUM THUTaHHSAM, SKE€ JOBOJUTHCS PO3TISIATH TIPU TPOCKTYBaHHI
TEMJI0O00OMIHHHMX amnapartiB, € BUOIp MOBEPXHOCTI TemI00OMiHy F 1 BiAMOBITHOTO HEIO

HAaBAHTAXXCHHA II0 XJIaJ0arcHry o, I 3aJaHOro TCIVIOBOTIO HABAHTAXKCHHS Ha

TermIooOMIHHUK Q. V 3B'S3Kky 3 IUM I €KOHOMIYHOI OIlIHKK €(eKTUBHOCTI

TEIJIOOOMIHHHMKA 3a/JlaHOi  KOHCTPYKINI MOXe OyTH BHUKOPHUCTAHHM KpUTEPii



ONTUMANILHOCTI, 00'enHyrOuUMii mapamerpu F 1 v,, KOTpuil MOxe OyTH 3amucaHuil y
BUTJISII] CIIBBIIHOIICHHS

R=s,0,+s:F

y SIKOMY S, — BapTICTh OJUHUIII 00'€My XJIaJloareHTa; S, — BapTICTh OJUHUIII
MOBEPXHI  TEIUIOOOMIHY, III0 OOYHCIIOETBCS 3  BpaxyBaHHAM  aMOpTH3aIlii
TEMJI000MIHHHUKA.

Kputepiéi € cymapHuMHM BHUTpaTaMd Ha EKCIUTyaTallll0 TEIUIOOOMIHHUKA B
onuHuIo 4acy. I[IpuponHbo, 1O 3B'SI30K IUX BHUTPAT 3 BEJIMYMHOIO IOBEPXHI
TEIJIO00MIHY Ma€ 3HAYHO CKJIAJIHININNA XapakTep, MPOTe B MepIIoMy HaOIMKEeHHI ii Bce
K MO’KHa 3aCTOCOBYBaTH y (opMi BuUpaszy HJisi UIIOCTpallii 3arajibHOi METOJUKHU
ONTHUMI3aIlil TETUIOOOMIHHUX anaparis.

[Ilo6 oTpuMaTh MOMJIMBICTH BUKOPUCTOBYBATH KPUTEPIA ONTUMAIBHOCTI MJIs

BUOOPY ONTUMAJIbHOI TIOBEPXHI TEIIo00MiHy F 1 ONTUMAJIbHOI BUTpaTH

onm

XJIaloare’Hra o HEOOX1HO 3HAWTH 3B'SI30K MiX F 1 o, SKy HalOTh PIBHSHHS

X,onm 2

MaTEMaTUYHOTO OIKCY TEIJI0OOOMIHHMKA. 3pO3YyMUIO, IO Ha BUOIp ONTUMATbHUX

3HaYeHb F 1 v, Tpu 1bOMY POOUTH BIUIUB THUI BUKOPUCTAHOTO TETIOOOMIHHOTO

anmapary. Tomy mpH pillleHH] 3a7a4l ONTUMAJIbHOTO MPOEKTYBAaHHSA MOTPIOHO TaKOXK
PO3MIISIHYTH MOKJIMBI BaplaHTW peajizaiii TerjaooOMiHy, TOOTO MO CyTl OI[IHUTH
C€KOHOMIYHY €(EeKTHUBHICTh BiJi BUKOPHUCTAHHS TOTO ab0 1HIIOTO BapiaHTy
TETMJI000MIHHHKA.

Jlnst pi3HUX TETIOOOMIHHUKIB MOXe OyTH OTpHMMaHa 3aJIeKHICTh MOBEPXHI
TerooOMeHa F Bij BUTpaTH XjajoareHTa JIJis 33JJaHOTO TEIJIOBOTO HaBAaHTAXEHHS Ha
TEMJIOOOMIHHHK, IO XapaKTEPU3YEThCS MapaMeTpaMu TEIUIOHOCIS— TeMIIepaTyporo,
TEITIOEMHICTIO 1 BUTPATOXO, TOOTO

F=F(V¥).

CKOpHUCTaBIINCH JAHOIO 3AJICKHICTIO B 3arajbHOMY BUTJIAJI, 3 BHpa3y MOXKHA
BU3HAYUTH HEOOXITHI YMOBHM ONTUMANbHOCTI. JlJis 1mbhoro mpoaudepeHIlitoeMO
KpUTEpid Mo v, 1 MPUPIBHIEMO OTPUMAHHWI BHpa3 Hym0. B pe3ymbrari oTpuMaeMo

PIBHSHHS



sx+sF§—F:O
¥

X

SIKOMY TTIOBHHHI 33J0BOJIGHSITH ONTUMAaJIbHI 3HaYeHHS F 1 v, .

OCkilbKM B JaHOMY BHUIAAKYy BHKOPHUCTOBYETHCS 3aJI€KHICTh, (HAKTUYHO

BU3HAYECHHIO IIJUIATa€ JMIIEe 3HA4YEHHA v,,., BKHBaHE IIOTIM JUI1 DPO3PaXxyHKy

ONTUMAJILHOI MOBEPXHI TEIIIO0OMIHY.

PosrnstHemMo  nmesiki  9acTWHHI  3aBIaHHS  ONTHMI3AIil  TCIIOOOMIHHUKIB,
MaTEeMaTU4YHI OTIUCH, TKMX HABEJICHI BUIIIC.

TennooOMIHHUK THUIY «3MIIIyBaHHS — 3MilIyBaHHs». [ TermnooOMiHHMKA
bOr0 TUMY OyJia OTPUMaHa 3aJICKHICTh MTOBEPXHI TEIJIOOOMIHY B1J] HABaHTaKEHHS T10
xjajoare’ty y ¢opmi Bupaszy. B pe3ynbrarTi nudepeHIiiroBaHHs IILOTO BUpa3zy Mo
BUTPATI XJIaJI0ar€HTa 3HAX0IUMO:

S
de KT L, C ?
v
UC

[lincTaHoBKa BUpa3y B piBHSHHS JIA€:

2
B .

e, s, K;

VUxCpx

PiBHSIHHSAM € yMOBa TIEPETBOPEHHS HA HYyJb MOXIAHOI BiJ KPUTEPIIO
ONTUMANbHOCTI. BUpilIeHHS OO pIBHAHHA JO3BOJSE OTPUMATH JIBA 3HAUYCHHS
HABAHTAKEHHS M0 XJIAJI0areHTY:

0,5
’ _w, 1 SECox
x1
Ve s, K-

px

e s.c )
v, =% 1+(Mj

VC,, s, K;

Kpim Toro, 3rigHo 3 mnpaBuUiaMH JOCHIPKEHHS (QYHKIII OJIHIET 3MIHHOI],
ONTUMAJIbHE 3HAYEHHSI CJIIJI IIYKaTH TAaKOXX B THUX TOYKaX, JI€ MOXI1JHA BiJl KPUTEPIiIO

ONTUMAIBHOCTI HE ICHY€. Y HAIlIOMy BUIAJIKy € Taka TOYKa, B AKii nmoxigHa dF/dv, He

ICHYE 1 fIKa BIJMIOBIJIa€ IEPETBOPEHHIO HA HYJIb 3HAMEHHUKA BUPa3y:



Takum YHMHOM, € CYKYHHiCTI) TPbOX 3HAYCHb v,, KOXHC 3 JAKHX Mac€ 6}7TI/I

nepeBipeHe Ha ekcTpeMyM ¢yHKIT R. AHaji3 JOCTaTHIX YMOB B JaHOMY BHIIAJIKY
JOIIJIEHO TPOBECTH, BUXOMASYM 3 (DI3UUYHOTO CEHCY BHUPINIYBAHOI'O 3aBJIaHHS. 3 IIEIO
METOIO PO3TJITHEMO BHpa3 JJIs MMOBEPXHI TETUIOOOMIHY:

F _ UXCpX

L, C
K| v
UCP

O‘-IGBI/II[HO, 1o (biBI/I‘-IHI/Iﬁ CCHC MOJXC MaTH JIMIIC AO0AATHE 3HAYCHHS BCIIMYHMHU

noBepxHi F . e BiAMOBIja€ BUKOHAHHIO YMOBU:

YMOBI 3a/10BOJIBHSIE JIMILIE€ 3HAYECHHS v,, BU3HAUyBaHE (POPMYIO0. 3aTHUIIAE€ThCS
MEePEBIPUTH, YU TIPU JAHOMY 3HAYEHHl v,, JOCATATUMEThCA MIHIMAJbHE 3HAYEHHS

KPUTEPII0 ONTUMAIIBHOCTI.
1.2. PeakTopHu ineajibHOr0 3MilllyBaHHSA
MaremaTu4Ha Mojeb
MareMaTHYHUN OMUC JAHOTO PEaKTOpa MOXHA OTPUMATH 13 3arajbHUX PiBHSIHB

T1IPOAMHAMIKY MOTOKY ISl BUMAJIKY 1€a7IbHOTO 3MIIIEHHS

div) = 0% —ux, +Vg,
dt
d(\/c T)
—p0c T0©
d—tp_u Cool  —uc, T +VOy,

ne Xi© - Bximni xonnenrpauii pearenris, T® - Temneparypa cymimi Ha BXoni B
peakTop, V - 006’eM peareHTa, ( - TeTUIOBUM e(PeKT cTaaii peakiii.

SIKIIO MiJICTABUTH B HUX BIJMOBIJHI BUpa3u Jisl IHTCHCUBHOCTI JKEpEaI MacH 1
Tersa. [HTEHCUBHICTH JpKepesl Macu B I[bOMY BHUINAJKY JIOPIBHIOE IIBUAKOCTSIM
YTBOPEHHsI peareHriB. BBaxarouu, 110 B Tpoleci XIMIYHOTO MEPETBOPEHHS YMCIIO
MOJIEJIEH pearylounx pPEUYOBHH HE 3MIHIOEThCS, 3HAXOASATh HACTYMHI PIBHAHHS IS

KJIFOYOBUX KOMITOHEHTIB PEaKIIii:



V. % =o(xV-x )+V.o i=1...m,

7€ Wi - IIBUAKICTH YTBOPECHHSI POIYKTY.
3a HasIBHOCTI TEIUIOBOTO €(eKTy peakxliii cucremMa piBHSIHb Ma€e OyTH JOMOBHEHA
CITIBBIIHOIIICHHSM, III0 BHU3HA4Ya€ XapakTep 3MIHM TeMImepaTypud B 30HI peakiiii, sKe

MO>KHa OTPUMATH 3 PIBHSIHHS:

d (VCpT) _ U(o)c

. 0T —e, T +Vg,

VY 3aranbHOMY BHUIIAJIKy MOXJIMBUN TETIOOOMIH pearyro4oi CyMmili i3 30BHIITHIM
terioHocieM. Il[o6 BpaxyBatu #HoOro, moTpiOHO BUKOPUCTOBYBATH BHUPAKECHHS IS
JoKepena Teria y Gopmi piBHSHHS

Gr = Qr + QT

TOOTO 3 BKJIIOUYEHHSIM Y HROTO TEIIOBOTO €eKTy peakilii 1 Teruionepeaayi:

Ve dT

O g = ve, (TOLT)+V,Q, + K, F(T, -T)

IIpu 3amuci BUpa3y mependavacThes, MO TEMIOEMHICT €, PEaryruoi CyMilli He
3MIHIOETBCS B MPOIECT XIMIYHOT PeaKilii.

CrisibHe BUPINICHHS CUCTEMU pIBHSHb, JIONIOBHEHE TMPU HEOOXITHOCTI
CTEX1IOMETPUYHUMH CHIBBIIHONIEHHSMH JJiIi HEKJIIIOYOBHX PEareHTiB, BU3HAYAE TIPU
3pO0JICHHX BHINE TPUMYIIEHHAX MOBEIIHKY pPEAaKTOpa 17eajbHOTO 3MIIICHHS B pasi
HECTaIllOHApHUX pexumiB. [lnsg Toro, moO OTpuMaTd CHUCTEMY pIBHSAHbB, IO
XapaKTEepPU3y€E CTAIIOHAPHI PEKUMU PEaKTOpa, TOCUThH B PIBHSHHSIX MOKJIACTH MOXI1JIHI
3a 4acoOM PIBHUMH HYIIIO.

B pe3ynbraTi cucTeMa KiHIIeBUX PIBHAHD 3alMILETHCS Y BUTIIAI

u(xi(o)—xi)JrV,a), =0 i=1..,m

ve, (TO-T )}+V,Q, + K, F(T,-T)=0

3BIIKM I CTAIlIOHAPHOTO PEXUMY MOKHA 3HAWTH 3HAUYCHHS KOHIICHTpAIlii
peareHTiB 1 TeMIEepaTypu B PEaKTOpi MNpH 3aJaHUX 3HAUYEHHAX BXIJHUX KOHUEHTpalii
pearentis x®Temneparypu cymimi T, mo nomaeTscs B peakTop, i TeMiepaTypu

TEIUIOHOCIA T, .
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Cucrema piBHSIHb MOKe OYTH MepenucaHa B 3py4YHINIOMY BHUIJISIAL, SKIO BBECTU

MO3HAYEHHS JJIsl CEpeAHBOr0 yacy nepeOyBaHHs peareHTiB B anapari:

3 ypaxyBaHHSM SIKOTO PIBHSHHSI HAOEPYTh BUTIISIAY:

Xi(o) —X +7@, =0

TO7 4, & KF (T,-T)=0

Cp UG

Hwxye po3rissHyTUi psill MPUKIIAIiB MOOYJOBU MAaTEMAaTHUYHOIO OMKCY peakTopa
171ealbHOr0 3MIMICHHS IS PI3HUX THIIB XIMIYHMX pPEakIid, 0 MPOBOMSITHCI B
130TepPMIYHUX YMOBAX.

Ipuxnao.

Jlns peaxinii Tumna

A—>P

HIBUJKICTD SIKOT BUPAKAETHCS PIBHSIHHIM

r =kx,

3HAUTH CKJIaJ CyMIIIl HAa BUXO/1 peaKkTopa 11€aIbHOr0 3MIIIECHHS.

Po3zs’sa30k.

JUist onucy 130TEPMIYHOTO PEXKHUMY amnapary B JaHOMY BHUIIAJKYy JOCUTh MaTu
JUIIe OJHE pPIBHSHHS, IO XapaKTepu3ye KOHIICHTPAIliI0 OJHOTO 3 pEearcHTIB,
Harnpukiaja, pedoBuHN 4. KOHIIEHTpallifo Ipyroro peareHty Mmpu bOMY O0OYHCITIOEMO

13 CIIBBITHOIIICHHS

3 BpaxyBaHHSAM BUpa3y AJis LIBUJKOCTI CTaJlli 3HAXOIMMO HIBUIKICTh YTBOPEHHS
peareHty A:
@, =—KX,
CKOpHUCTaBIIMCh OAHUM 3 PIBHSIHb CHCTEMHU, OTPUMYEMO
0)

X —x, —kx, =0

3BIJKU JIETKO PO3PAaXOBYEMO KOHLEHTPALIIO peareHTy A JUisl 3aJaHOTO 3HAYEHHS

11



Xa

»
>

T
Puc. 1.2. 3miHa KOHIIEHTpalllil B peakTopi 1€ IbHOTO 3MIIIEHHS 3aJICKHO BIJI
yacy nepeOyBaHHs 7 I peakiii A—P.
CEpeHbOr0 Yacy nepeOyBaHHS 7 MPH 3aJaHii KOHCTAHTI MIBUIKOCTI peakili k,
3HAYEHHS SIKOi BU3HAYAETHCS TEMIIEPATYPOIO Pearyrodoi CyMiIli:

O

X, =
A 144k

Ha puc. 1.2 nokasanuii Xapakrep 3MIHM KOHLIEHTPALIA X, 1 X, 3aJI€KHO BiJ 9acy

nepeOyBaHHS 7 .
Onrumizanis peakTopis i1eaJbHOI0 3MillICHHS.
[lin onTUManbHUMU YMOBAMH PO3YMIIOThCS ONTUMAJILHUA dYac mepeOyBaHHs

peareHTiB B peakTopi z,,, 1 ONTUMalbHa TeMIeparypa peakiii T, , 110 3a0e3MeuyoTh

onm 9

MakCcMMaJlbHEe a00 MiHIMaJdbHE (3aJ€KHO BiJ TIOCTAHOBKM 3aB/IaHHS) 3HAYCHHS
3aJIaHOTO KpUTEPIO R.

Ipuxnao.

Jlns peaxuii MEepHioro MOPSAKY BU3HAYWTH ONTHUMAaIbHI yYMOBH, TPH SIKUX
co01BapTICTh MPOAYKTY P Oyne MiHiMaiabHOIO. [Ipu oOumcieHH1 co0iBapTOCTI MOXKHA

CKOPpHUCTATUCA BUPA30OM

1
R=s =——(s,ox9+sV +s
o o v sV s,

e S, — BapTICTb OAWHUIIl CHUPOBUHU, IO BUTPAYAETHCS; S, — BAPTICThH
OAMHMII 00'€eMy peakTopa, 10 OOYUCIIOCTHCSA 3 OOJIKOM MOro amopTusauii; s, —

BapTICTh JIOAATKOBOTO YCTaTKyBaHHS PEAKTOpa, IO OOYHUCITIOETHCS 3 BPaxXyBaHHIM
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aMopTHM3alli; © —— HABAHTAXEHHSA pPEaKTOpa MO BHMXIAHIA CUPOBHMHI, X, —

KOHIIEHTpALlis OTPUMYBAHOTO MPOAYKTY MICIS pPeaKIlii.
[IpuiimaeTnCs, 10 HABAHTAXKEHHS HA peakTop v 3anaHa. [Ipy npomy BU3HAYEHHSA
ONTUMAJIFHOTO 4Yacy NepeOyBaHHs pEareHTIB B PeakTopl (PaKTUUYHO 3BOAUTHCA O

3HAXOPKCHHS HOT0 ONTHUMAIIBHOTO 00'eMy V.

Po3ze’azox
Jl5is naHoTO BUMAKy KOHIEHTPALlisl MPOAYKTY peakilii Ha BUXO/1 peakTopa MOXKe
OyTH BU3HAYCHA 13 CITIBBITHOIICHB!

x, =x9 +(x?-x, )

(0)
X, = Xa
1+ 1k

3BIJIKH 3HAXOIUMO:

« :zkx(Ao)
P14+

[lizcTaHOBKA CHIBBIAHOLIEHHS Y BUPQXXEHHS AJI1 KPUTEPIO ONITUMAJIBHOCTI JA€:
R= (SA +%J(i+lj+%(zk +1)
X, N\ K KX,

3 BpaxyBaHHSM OTPUMAHOI 3aJIEKHOCTI KpPUTEpid oNTHUMaNbHOCTI R Moxe
po3risinatucs sk (QyHKLIS JBOX 3MIHHMX-4yacy nepeOyBaHHS r 1 Temmeparypu 7, Bin
SIKOT 3aJICKUATh 3HAYCHHS KOHCTAHTH INBHJKOCTI XiMiuHOT peakiii K. J{ims crpomieHHs
3aMiCTh 3MIHHOI 7 B JIJaHOMY BHWIIaJKy MOXHa BUKOPUCTATH 3MiHHY K, OCKIJIBKH
nepeadavaeThes, M0 MK HUMH ICHYE OJIHO3HAYHA 3aJICKHICTh, BU3HAYCHA PIBHSHHSAM

ApeHiyca.

kj(T)zkjmexp(—iJ

R T
HeoOxinni ymoBuH ekcTpemyMy ¢yHkuii R Moxyrs OyTM oTpuMaHi
mudepenuitoBanHsIM  QyHKIIi R mo o60oM 3MIHHUM 1 NPUPIBHIOBAHHSIM MOXIJTHUX

Hy0. B pe3ynbTarti 3Haiinemo:
oR s, )1 s,
or ( A UXSB)J 2k X

13



a_R:_(SA_FS_ﬂ]i_,_S_V:o
ok o k2 k2x

Jlerko 6aunTH, MO OCTAaHHE PIBHSIHHSI HE MOKE 3aJ0BUIHHATH KOAHUM KiHIIEBUM
3HAYCHHAM ¢ 1 K. €IMHAa MOXJIMBICTH HOTO BUKOHAHHS Oyje B TOMY BHIIAIKY, SKIIO
NPUHHATH IS KOHCTAaHTH IIBHUJKOCTI peakilii HECKIHUCHHO BeauKe 3HadeHHs. [Ipu
IbOMY JUIS KIHIICBHMX 3Ha4YeHb K moximHa OR/ok  3aBXKAM 3aJIMIIAETHCS BiJl €MHOIO
BEITMYMHOIO, IO XapaKTePU3y€ MOKIUBICTh OCSTHEHHS MIHIMAJIBHOTO 3HAYCHHS
KpuTepito R nuie mpu HECKIHYEHHO BeJHMKIA Temmeparypi peakiii. OCKUTbKH B
peaNbHUX YMOBaX TEMIIEpaTypa pPeakilii 3aBKIu 0OMeXeHa TIEBHUMH TEXHOJIOTTYHIMHU
MeXaMH, OTPUMaHI Pe3yIbTaTH O3HAYAIOTh, IO HAOIMKCHHS JO ONTHMAIBHUX yYMOB
MOXHa JIOCATTH JIMIIE TPOBEACHHSIM TMPOIECY TMPH MaAKCHMAIbHO MOKIIUBII
TeMIiepaTypi. PiBHSHHS, IO 3aJMIIAE€THCS, B IBOMY BHITAJIKy JO3BOJISE€ 3HANUTH
ONTUMAalbHE 3HAYEHHsA 4Yacy TMepeOyBaHHSA, BIJANOBIIHE 3aJaHOMY 3HAYEHHIO
TEMITepaTypPH MPOIIECY:
0,5

(0)
SAUX +S

s, UK

z-(mm -

[TimcTaHoBKa CHIBBIJHOIICHHS Y BUPAa3 ISl KPUTEPIIO ONTUMAIBLHOCTI JO3BOJISIE
BU3HAYUTH WMOro MiHIMajdbHE 3HAYEHHS JUIsI 33JaHOTO MaKCHUMAaJIbHO MOKIIHMBOTO
3HAa4YCHHS TemIeparypu 7.

0 0,572
R =% ok SRR+
A Sy UK
3a ponmomororo (opmMys MOXKHA OTPUMAaTH TaKOXK KUIBKICHY 1 SKICHY OLIHKH

ONTUMAIbHUX YMOB MPOBEACHHS peakiii JOCTaTHIM 3arajibHOr0 BUPAKEHHSI KPUTEPIIO

OIITUMAJILHOCTI.

2. MeToau aocjigzkeHHs1 QYHKIIN KJIACHYHOT0 aHAI3Y

Metoau nociipkeHHs QYHKIIINA KIACUYHOTO aHaJI3Y - 1€ HalB1IOMIIlll METOAU

PO3B's13aHHSI MOPIBHAHO HECKJIAIHUX ONTUMANBbHUX 3a1a4. Lle nepemycim:
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1) meTox momryky 6€3yMOBHUX €KCTPEMYMIB;
2) MeTOJT HeBU3HAYCHUX MHOXKHHKIB Jlarpamxa.

Metonu mociiKeHHsT (PYHKIIN KIACHYHOTO aHalli3y B OCHOBHOMY 3aCTOCOBYIOTH TO,
KOJM BiJJOMO aHATITUYHHNA BUIIIL 3aleKHOCTI (yHKIil, mo onrtumizyerbes f Big
HE3ICKHUX 3MIHHHUX X,. Lle 703BoIsie 3HANTH TaKOXX B aHATITHYHOMY BUTJISAJII TTOXITHI
ONTUMI30BaHOi (PYHKIII, BUKOPUCTAHHS SKUX 1 (HOPMYIIOIOTH MOTPIOHI Ta JOCTaTHI

YMOBH ICHYBaHHS €KCTPEMYMY.

2.1. MeToa nomyky 0e3yMOBHUX eKCTPeMYyMiB

[leit meTon MOXXKHA 3aCTOCOBYBAaTH JJIsl PO3B'SI3aHHS 3a/ayl ONTUMI3allli, SKIO0 HEMae
oOMexxeHb. BiH OCHOBaHMII Ha 3HAXO/KEHHI MNEPHIOi MOXiAHOI LUIbOBOI (YHKLIT 1
NpYPIBHIOBaHHI ii 10 HyJs. [Ipy bOMy MOKHA pO3B'sI3yBaTy OararornapaMeTpuyHy 3aaaqy,
TOOTO 3ajady 3 KUIbKOMa BapilloBaHMMM mapameTpamu. /[ng po3B'sizaHHA Takoi 3aaadi
Tpeba 3HANTW mepill MOXIJHI 32 KOKHUM 3 BapldOBHUX MapaMmeTpiB, 1 BCi Ll MOXIIHI
OpUpIBHATH 10 HyJs. [lpy 1boMy MOTpIOHO PO3B'SI3aTH CHCTEMY KIHLIEBUX PIBHSHB,
HaifyacTilie HeMHIMHUX.

JlonaTtkoBi YCKIaJHEHHS BUHUKAIOTh YHACHIJOK TOrO, LIO PO3B'A30K 3ajayl MOILIYKY
ONTUMYMY Ja€ JiMile HeoOXiAHl, ajleé He JOCTaTHI yMOBU. Tomy BCl PO3B'SI3KM 1€l
CUCTEMH HAJICKUTh TMEPEBIPIATH HA JOCTOBIpHICTb. KpiM TOro, MeTomu IOCIIHKEHHS
(GYHKIN KJIaCMYHOTO aHali3y HE JO03BOJISIIOTH BiJpa3y BUILIUTU TJIOOATBHUN €KCTPEMYM.
ToMy micis nepeBipky po3B'sA3Ky ONTUMAIIBHOI 331a4l Ha JOCTOBIPHICT BUKOHYIOTH MOIIYK

cepell po3B'sS3KiB II100aTBHOTO EKCTPEMYMY.

2.2. Matpuus I'ecce
Heo6XiqHuMu yMOBaMu HassBHOCTI B TOYI X JIOKQJILHOTO MiHIMyMY € BUKOHAHHS
PIBHOCTI
vi(X)=0,
i MmaTtpuns V> f(X") - 104aTHO HaIliBBH3HAYECHA.
JlocTaTHIMH yMOBaMH TOro, mo X - TOYKa i30JIb0BAHOIO (CTPOIOro) JOKAILHOIO

MIHIMYMY, €

15



V(X" =0,

i Matpuirg V2 f(X") - 101aTHO BU3HAYEHA.

3a3Buuail TOBOIUTHCA OOMEKYBATHUCh 3HAXO/KCHHSM JIOKATBHOTO MiHIMyMYy. Ale

SKIIO MOKHA mokazatd, mo AX'V*f(X®)AX >0 mmt Bcix X, To f(X) Ha3HBaIOTh

OTYKJIOIO (PYHKITI€I0, a JIOKATBHUN MIHIMYM BUSBIISIETCSI TTI00ATTEHAM.

SIkmio B crarionapsiit Touri X Mmatpuis ['ecce V2 f(X) - Bix'eMHO BH3HAYeHa, TO

II¢ TOYKa MaKCUMyMY, Ko V> f(X) - He BU3HAYEHA, TO 1€ Ci/IJI0BA TOUKA.

V MarpuuHiil popMi MOKHA 3amKcaTH MaTpuIio [ecce - kBaapaTHy MaTpuIio

APYTUX YaCTUHHUX MOXimHux f(X), y3stux y Touri X ®:

V2§ ()= H(X )

a2 (x®)
ox;
21(kv)
OX,, 0%,

JInst BUnasKy 1BOX 3MIHHHX

H(X ®)=

azf(x(k)) azf(X(k))

82 (x®)

o1

ox; OX,0%,

FHx®) g(x®)

OX,0%, Ox5

IIpuxnao.

Posrnsaemo ¢yHKITiT0

f(X) = 2% +4x X3 —10%,X, + X2,

OX,0X,,

6)(2

JiHiT piBHA K01 300paxkeno Ha puc.2.3. [lorpiOHO KiacudikyBaTu Touky X =[0,0].
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f(x)=2x] +4xx; ~10xx, + X;

240

1,20

{ C--20,000

N\

G

~240 100 0,00
X1

bR

Jlinii

piBHA
A - -40,000
B - -30,000

D - -10,000
E- 0,000
F—-10,000
G - 20,000
H - 30,000
1 - 40,000
J - 50,000

Puc. 2.3. JliHii piBHS HEMHIAHOL (DYHKIIIT JBOX 3MIHHHX

Po3ze'azanns:

oA 4x, +4x5 —10X,;

0%,

a . 12x,x5 —10%, + 2X,;
X2

vi(x)=[0,0]".

Toxil Touka X - cTallioHapHa:

2
0 f2 _4
0%
2
q = 24X X, +2=42;
X2
2
ot =12x> -10=-10.
0%, X,
Tomi
+4 -10
VZE(X)=H,(X)= :
0-+,@- "0 3]

17



Marpuus V?f(X) - HeBusHaueHa. ToMy X sBsie COOOKO CiIIIOBY TOUKY, 11O i
300pakeHo Ha puc. 2.3.
3aBaanns 2.1.
BuznaunTt 1 kiacugikyBaTu cTalioOHapH1 TOUYKU QYHKITIT.

2.1. 2.2.

f(X) = X7 — XX, + X2 —2X, — 2%, +3X, — 4; f(X) = 2x] +4x,X5 —10%,X, + X>;

2.3. 2.4.

f(X) =% — X X7 +4x; —2X, - 6; f(X) = 2x7 — 6%, X2 —10%/X, + X7 — 4.

2.3. MeTon MHOKHUKIB Jlarpan:xa
1. JliHifiHa cucTeMa ONMUCY€EThCS PIBHIHHAM
f(X,U)=AX +BU +C =0
[ noTpi6HO MiHIMI3yBaTH (PYHKIIIIO BAPTOCTI

I(X,U):%XTQX +%UTRU

3anucatu ¢yHkuiro Jlarpanxka i HE0OX1HI YMOBH ONTUMAJILHOCTI Ta ONITUMAaJIbHE

KEepyBaHHS.
Bionoegiow.:

Oynkiris Jlarpanxka GopMyeTbes HACTYITHUM YHHOM:

L=%UTRU +%XTQX + A [AX +BU +C]

Heo06xi1H1 yMOBU ONTUMAaILHOCTI

i:QX+AT/1:O
oX

i=RU +B'A=0
oU

OnTumanbHe KEpyBaHHS:
U =—R'B"2
2. 3HaiiTu onTtumanbHe KepyBaHHS U BUKOPUCTOBYIOYM METOJI MHOXKHHKIB
Jlarpanxa
| =X*+U? > min

18



Ipu XU =1
Bionogios:
Oynkuis Jlarpanxa
L=x*+U?+A(xU -1)

Heo06xi1H1 yMOBU ONITUMAIBHOCTI

%=2x+}tu =0
OX

i:2U +Ax=0
ouU

Po3B’s13yemo cuctemy piBHAHb METOJIOM IiJICTAHOBKH

X
u

2
-2 g U=x
U

A=

3 o6MexeHHAM U? =1; U  =+41
3. I[ToOyayBatu ¢dyHkIio Jlarpanka 1 HEOOX1/IHI YMOBHU ONTUMAJIBHOCTI J1J14 3a7a4l
YMOBHOI ONTUMI3aIlli
Z=—X+X,+2%
3%, +4x%, =12
—X +2X,=6
Bionogios:
Oynkmis Jlarpanxka
L ==X, + X, +2X7 + A, (3%, + 4%, =12)+ A, (— X, +2x, —6)
Heo06xiaH1 yMOBU ONITUMAaIBHOCTI

oL
—=-1+4x,+34,-4,=0
o~ I +3h-4,
i=1+4ﬂi+2&2=0
X2

—L=3x1+4x2—12:0
0

i:—x1+2x2—6=0
04,

4. TlepeBiputu un Ma€ QyHKI(s F(X) = X X, +2x —4x* CiIJI0BY TOUKY Ha IUIOIIKHI X.
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Bionoeios:

Heo0OxigH1 yMOBU ONITUMAIBHOCTI

X, +4x1}_0

['panienT ¢ynkiii VF(X) :{x o
1 972

Matpuns ['ecce V2F(X) = E &13}

Marpuns lecce He Bu3HaueHa i Touka X =[0 0] — cijoBa Touka.
5. Knacudikysaru Touky X =[0 O] misa dpynkmii
f(X)=2x% +4xX5-10x, + X

Bionosiow:

4x, +4x3-10x, }

I'pagieut pyukmi Vf(X) =
P by (X) [12x1x§—10x1+2x2

To6T1o T. X — cTarioHapHa.

Matpuns 'ecce V2 f(X) ={

_ [ 4 -10
sz(X):{ }20
~10 2

4 12x2-10
12x2-10 24x,X,+2

Marpuns V2 f(X) — HeBu3HAueHa i X — CiIJI0OBa TOYKA.

Ipuknao.
3HANTH TOYKH YMOBHOTO €KCTpeMyMy (PYHKITIT

Z=x +x,+2x]
3x, +4x, =12
-x,+2x,=6

[Tob6ynyemo dyukIrito Jlarpanka
F=—x, +x, +2x) + 4,(3x, +4x, —12) + A, (—x, +2x, — 6)
1 3HaIEeMO i1 MOXigHI 32 x,,x,,4,,4,.

[TpupiBHsaBIIM 3100yTI BUpa3u 10 HYJIs, 1ICTAHEMO CUCTEMY PiBHSHb
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oF

8_=_1+4X1 +34,-4,=0
1

or =1+44,+4,=0
2

oF

S =3X, +4X,-12=0
oA,

STF:X1+2X2—6:O

2

Po3g's3aBmm mro cuctemy metoqom JXKopaana-I'ayca, gictanemo x; =0; x, =3.
Ipuxnao.

BupoOHuk OnsmaHux KOHCEpBHUX 0aHOK Oaka€ MaKCHUMI3yBaTH JCSKY MapTir0 OaHOK
13 331aHOIO TUIOLIEIO KECTI.

O6’em V (r,1) = ar’l.

[roma A(r,1)=2ar* +2ar°l = A,

PosrnsiHeMo 3amauy, BUKOPUCTOBYIOUM MHOXHUK Jlarpanxka. Crnoudatky chopmyeMo
GyHKLIEO

V= (r 1) =V (r, 1)+ A1) - A

ne A - mHoxHMK Jlarpamxka. Llenm Bupa3d MoxHa 3amucaTd 4epe3 IapaMeTpu
KOHCEPBHOI OaHKM TaK:

V(1) = 2% + 2% + 2711 - A, |

BizpMeMoO mepiry 4acTMHHY MOXIJHY 32 KOKHOIO 3MIHHOKO 1 MPUPIBHSAEMO 10 HYJIS.

OTpHMyeMO:
al
r

Po3paxyemo Temep A 3 ypaxyBaHHSM 3aJaHOr0 oOOMexeHHs A(r,l)=A, uYu
A, = 2% +2arl . OnepKyemo

A = 27822 )+ 27(22)-44),

Toni A=+/A,/24z.

Orxe, MaeMo r=2./A, /1 24z, | =4,/A 1247,
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3aBaanns 2.2.

BukopuctoBytoun MeToJ MHOKHUKIB Jlarpanska, 3HAUTH TOYKA YMOBHOTO €KCTPEMYMY

byHkii Z.

2.5. 2.6.
Z = X2+ 2% +3x2; Z =2X% X, +X3;
X, +2X, +X; =8. 2X, +4x, =8.
2.7. 2.8.
Z =X} +2X, + X2 —5X,; Z =3x7 + 2%, + X5 —2X,;
X, +3X, =6. 2%, +3X, =5,

X, +4X, =17.

3. Jliniiine mporpamyBaHHs

3.1. 'eomeTpuyHa iHTepnpeTanis 3a1a4 JiHIiiHOT0 NpOrpaMyBaHHA

lpuxnao.

Po3B’s3aTu rpadivHO Taky 3amady JiHiHHOTO TporpamyBanHs (puc.2.1.):

Z =X, + 2X,(max)
2X, +4x, =8
2X, —3X, <6

-3X, +2X, =29

X, 20,x, =0
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X, |

1 U S

Puc. 2.1.

3aBaanus 3.1.

Po3B’s3aTu rpadiuHO Taki 3a7a4i JIHIHOTO NPOrpaMyBaHHS:

3.1.  Z=7x, +6X,(max) 3.2.  Z=5X, +X,(max) 33. Z=5x, —3X,(min)
2X, +5x, =210 X, +X, =2 3X, +2X, =6
oX; +2X, =210 X, —X, <2 2X, —3X, =26
X, <6 4x, —8x, >16 X, +X, <4
X, <5 X, 21 4x, +7X, <28
X, 20, x,2>0 0<x,<3 X, 20, x,2>0

BukopucroByroun F€OMETPUYHY  IHTEpIpETAaIliIo 3amavi JHIAHOTO
nmporpamyBaHHs B 3a7a4ax 3.4.-3.6., BU3HAUUTH 00JACTh 3MIHIOBAHHS TTapaMeTpiB, JJIs

SAKUX:
a) 3a71a4a HECYMICHa;
0) o06acTh HEOOMEXKEHa;
B) 3a/1a4a Ma€ po3B’sA30K;
') 00J1acTh PO3B’A3yBaHHS 300pakeHa TOYKOIO;

1) AKIIO 3ajladya HeCyMiCHAa 4u 00JacTh HEOOMEXeHa, TO 3MIHUTH YMOBH, 1100

3a71a4a Maja po3B’s30K.
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34. Z=X;+X,(max) 35.  Z=X;—X,(min) 3.6. Z=2x,+3x,(min)

X, +ax, <1 X, <1 X, +X%X, <1

ax; — X, <1 -axX, +X, >4 X, +bx, <1

X, X, 20 X, X, 20 X, —X, =C
X1, X, 20

3.2. CumIiekc MeTo/1 po3B’sI3yBaHHA 3a/1a4 JiHiliHOro mporpaMyBaHHs

Poszensnemo npuxnao:

Z =5X%, +2X, - 6X,(max)

X, +2X, +X; =8 1)
3x, +5x, <15 )
6X, +X, =12 (3)
X, >0,j=13

3BegeMo cucteMy OOMEKEHb J0 CTaHAapTHOro Burismy. Jus 1mporo B
obmexeHnHs (2) 1 (3) BBeeMO J0AaTKOBI 3MiHHI. Y IIJIbOBY (DYHKITIIO JOJXATKOBI 3MiHHI
BXOJISITh 3 HYJIbOBUMH KOE(11l1EHTAMH.

Z =5X, +2X, -6X, +0x, +0x,(max)

X, +2X, +X; =8
3X, +5X, +X, =15
6X, + X, =X, =12

x, >0,]=1.3

3anumemMo MaTpulllo A i1 Bektop B, yTBopeHi koedilieHTaMu pu 3MIHHUX:

>
>
>
>
>
% wl

W
N
(e
S
—_—
N
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VY cucremi HeMae OIMHUYHOTO Oa3uca, TOMy JAJsl HOTO YTBOPEHHsI HE BUCTAdae

BeKkTOpa As!

0

0

1

[Ilo6 micratu #oro, BBeAEMO IITY4YHY 3MIHHY B TpeTe PiBHAHHA. B 1160BY
byHKIIIO X yBiMAe 3 KoedimieHToM -M, TOoMy IO IIbOBa  (YHKIA

MaKCI/IMiSYBaTI/IMeTBCH. I[iCTaHGMO:

Z =5X, +2X, -6X; +0x, +0x.(max)
X, +2X, +X, =8
3X; +5X, +X, =15
BX; +X, — X5 + Xz =12

X; =0

3a pomomororo M-meroma (Meroaa BenMKUX IITpadiB) MOOYIyEMO MEpUIy
cuMIUIeKcHy Tabmumio (tab.3.1.) 1 OymemMo gami po3B’si3yBaTH 3anadyy B TaOIUYHIN

dbopMi 10 3100yTTSI ONTUMATILHOTO TUIAHY:

Ta6auus 3.1.
Coas | Basuc | Ao 5 2 -6 0 0 -M
X1 X2 X3 X4 X5 X6
-6 X3 8 1 2 1 0 0 0 8
0 X4 15 3 5 0 1 0 0 5 min
{8,5,2}=2
-M X6 12 6 1 0 0 -1 0 2
Zj-Cj 0 -48 -29 -14 0 0 0 0 x1=(0,0,8,15,12)
-12M -M -M 0 0 M 0 Z1=-48, -12M
-6 X3 6 0 11/6 1 0 1/6 36/11
0 X4 9 0 9/2 0 1 1/2 2
5 X1 2 1 1/6 0 0 -1/6 12
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Zj-Cj 0 -26 0 -73/6 0 0 -11/6 X2 =(2,0,6,9,0)
Z2=-26
-6 X3 7/3 0 0 1 -11/27 | -1/27 917
2 X2 2 0 1 0 2/9 1/9 18
5 X1 5/3 1 0 0 -1/27 | -5/27 -9
Zj-Cj 0 -5/3 0 0 0 73127 | -20/27 x3 = (5/3,2,7/3,0)
Z3=-5/3
-6 X3 3 0 1/3 1 -1/3 0
0 X5 18 0 9 0 2 1
5 X1 5 1 5/3 0 1/3 0 Xo = (5,0,3,0,18)
Zj-Cj 0 7 0 13/3 0 11/3 0 Zmax =7

Yeci Zj-Cj >0; oTxe, IUIaH ONTHMAIbHUI.
BignmoBink: Xonr = (5,0,3,0,18); Zmax = 7.
BukopucTaeMo ABOETAITHUN CUMILIEKC-METO/ /ISl PO3B 3Ky MPUKIAIY:
-3X, —4x, =Z—->min

X, 210

-X, +4x, <20

BBeneMo noxaTKkoB1 3MIHHI:
X1—X3=10
X2 -X4=5
X1+X2 +X5=20
-X1+4X> +Xe=20
3MiHUMO JBa TiepIri 0OMEXCHHS, YBIBIIU IITYYHI 3MIHHH X7 | Xg 1 MiHIMI3yBaTH
WITY4YHY UUTbOBY QYHKIII0 W=X7+Xg. ¥ KaHOHIUHII (pOpMi OTPUMAEMO:
-X1-X2+X3+X4=W-15. Po3B's130K 3a JOMOMOIOI0 [IBOETAIIHOI'O CHMILIEKC-METOIY

MoKa3aHo y 1abi.3.2
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Taoauus 3.2.

X8

X7

X6

0.25
-0.25
0.25

-0.2

0.2

-0.2

0.2

0.2

X5

1

0.8

0.2

0.8

0.2

3.2

X4

0

1

X3

-0.25
1.25
-0.25

X2

1

0

X1

3HaYeHHA

10

20
20

15
10

10
30
30

10

10
50

10
7.5
2.5
2.5

60
12

68

Ba3zuc

X7

X8

X5

X6

X1

X8

X5

X6

X1

X2

X5

X6

X1

X2

X5

X4

X1

X2

X3

X4

ITepami
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3apnanns 3.2.

Po3B’s13aTH ABOETAIIHUM CUMIUIEKC METOIOM TaKl 3a7adql:

3.7.  Z=6X,+5X, +X;(max) 3.8. Z=2x,-3X, +X;(min) 3.9. Z=-X, +X, +X;(max)

X, +4X, +2X,; =8 X, +3X, +8X; =24 4X, +5X, +X; <24
2X, +X, + X5 210 2X, + X, + %X, 218 - 6X, —8X, > 24
X, +3X, +X; =12 X, +3X, +2X, =18 X; +5X, +X; <15

X;20 X;=20 X;20

3.3. /IBoicTa 3a1aua

Ipuxnao.
Hexaii 3anaHa moyaTkoBa 3a1ada
Z =8x, +6X, +9x,;(max)
X, +2X, + X, =12
3X, +X, +2X, =18
X;20
TpeOa 3HaiiTu PO3B’S30K SK 3aJaHOI 3a/ayi, Tak 1 ABOicTOl ayig Hel. bymyemo
JBOICTY 3aJ1a4y
F =12y, +18y,(min)
y, +3y, =8
2y, +y, =6
y,+2y, =9
X;20
Y1, Y2 - ,0y/b SIKI 3HAUEHHS
VY nBoicToi 3agaudil (HECUMETPUYHIN) BIJICYTHI YMOBHM HEBiJ’€MHOCTI 3MIHHUX.
Tomy ii po3B’si3yBaTH 0€3M0CEePEeIHHO CUMIUIIEKCHUM METOJIOM HE MOKHA.
Po3B’skeMo moyaTkoBy 3ajauy 1 3a il po3B’S3KOM 3HANUIEMO PO3B’SI30K JABOICTOI

3ajmayi (Tadm. 3.3.).

Ta6auusa 3.3.

28



ba3uc | 3navenns | X1 X2 X3 X4 X5
X4 12 1 2 1 1 0 12
X5 18 3 1 2 0 1 6
-Zj 0 -8 -6 -9 0 0
-W -30 -4 -3 -3 0 0
X4 6 0 5/3 1/3 1 -1/3 | 18/5
X1 6 1 1/3 213 0 1/3 18
-Zj 48 0 -10/3 1/3 0 8/3
-W -6 0 -5/3 3/3 0 1/3
X2 18/5 0 1 1/5 | 3/5 -1/5 18
X1 24/5 1 0 3/5 | -1/5 2/5 8
-Zj 60 0 0 -3 2 2
-W 0 0 0 0
X2 2 -1/3 1 0 213 -1/3
X3 8 5/3 0 1 -1/3 213
-Zj 84 5 0 0 1 4

3HalizeMo po3B’A30K JBOICTOT 3a1a4i 32 OPMYIO0 Yorr = Coas * D?,
Ac C6a3:(6;9);
D_( 2/3 —1/3}
\-1/3 2/3
Y -6 ( 2/3 -1/3) »
0 =G 1y5 23/ =T

Fmin = 12*1+18*4 = 84

ITepeBipka Zmax = Fmin = 84.

Ipuxnao.

Ha ocHoBi rpadigHoro anamizy ABOICTOi 3amadi JO TOYATKOBOI JOCIHIIUTH
pO3B’s30K 000X 3a7ad 1 B pa3l WOro MPUCYTHOCTI 3HAWTH ONTHUMAJIbHUI PO3B’S30K,
BUKOPUCTOBYIOUH APYTY TEOPEMY ABOICTOCTI.

ITouaTkoBa 3agaya:

F =y + vy, (mx
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-3y, +2y, <1
2y, +2y, <13
3y, — y,<12

y,20,y,=20

Po3B’sxemMo rpadivno aBoicty 3amady (puc. 2.2.)

ok A4

i 2

Fmax

1}<0 @ ® v,
Puc. 2.2.

[ToO6ynyemo OaraToxkyTHUK po3B’si3ky. KokHe oOMexeHHs € MiBILIOIIMHOIO.

IlepernHanHs BIANOBIAHUX IIBIUIOIIMH 3 YMOBOI HEBIJ’€MHOCTI 3MIHHHX Y, >0

yTBOpUTH OaraTokyTHHUK po3B’sizanHs ABCDEO.

BusnauumMo kpaifHIO KyTOBY TOYKY, B fKIA TpsiMa IUIbOBOI (yHKIII Oyne
onopHoro. Takoro Toukoro Oyne Touka C. Koopaumnatu Ttouku C BH3HAYAIOTH,
PO3B’A3YIOUM CUCTEMY PIBHSIHb JUIS MPAMUX, SIK1 epeTuHaroThest B Toulll C (mpsimi 2 1
3)

y, +2y, =14
2y, + y, =13

Po3B’s130K cUCTEMHU BU3HAYNTH ONITUMAIBLHUH IJ1aH IBOICTOI 3a1a4l
y1=4;Y2=5; Yo = (4,5); Fmax = 9.
3riJIHO 3 MEPUIOK TEOPEMOIO JABOICTOCTI MaTUME PO3B’SA30K 1 TOYATKOBA 3aj1ay4a,

npudomy Zmin = Fmax.
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JIst BU3HAYEHHS ONTUMAIBHOTO IIAHY MOYaTKOBOI 3a7a4l BUKOPUCTAEMO APYTY
TEOpEeMY ABOICTOCTI. SIKIIO MiJCTaBUMO ONTHUMAJIBHHI PO3B’S30K JIBOICTOI 3a1adi B
MIEPITy 1 YeTBEPTY HEPIBHOCTI CHCTEMHU OOMEXEHHS IIi€l 3amadi, To mobadnumo, 1o I
HEPIBHOCTI BUKOHYIOTBCS SIK CTPOTi, TOOTO

-12+10=-2<1, 12-10<L12,
Omxe, BIAMOBIAHI 3MIHHI X1 1 X4 TOYATKOBOi 3a7adi MOBHWHHI JOPIBHIOBATH
HymOo (3rigHO 3 Teopemoro  nBoictocTi). OOMEXKEHHs IMOYaTKOBOI  3ajadi
NEPETBOPIOIOTHCSA B PIBHSAHHS, TOMY IO BIAMOBIIHI iM 3MiHHI
yi=4>0; 1 Y2 =5>0.
Toni 3 cuctemMu piBHSIHB MOYATKOBOI 3a1a4l

X, +2X, =1
2X, + Xz =1

Omxe, x0=(0,1/3,1/3,0) Zmin=9
[Tpu ipomy Zmin = Fmax = 9, 1m0 miaTBepaKye NpaBWIbHICTh PO3B’SI3KY.
3aBaanHs 3.3.
[ToGynyBaTtu nBOICTY 3a1auy A0 MOYaTKoBOi. Po3B’si3aTu ofHy 3 mapu 3ajad 1
3HANJIEHUM PO3B’SI3KOM JICTaTH PO3B’ 30K ABOICTOI 3aa4i:

3.10. Z=6x,+7X, +8x;(max) 3.11. Z=5x, +X, +4x;(max)  3.12. Z=5x, +6X, +X,(min)

4, +4X, + X, =12 X, +4X, +X; =8 X; +4X, +3X, <12
X, +2X, + 2%, 212 2X, +4X, +X; =8 2X, + X, + X5 212
X, +5X, + X, =20 X, +5X, +6X, =30 X, +X, +3X; =6
X;=20 X; =20 X;=20

AJITOpPUTM TIOJBIMHOTO CHUMILIEKC-MeTO/a OyB BHUBEICHHI O3 3BEpHEHHS J10
nBoictocti. OJHaK JBOICTICTh JO3BOJISAE MOMJITHYTH Ha MIPOIEAYPY O THIIIOMY.

Poszenanemo 3aoauy:

3HaiiTk Taki X, >0 ,Xx,>0 ,x,>0 110
X, +3X5 23
X, +2X5 25

Ta QYHKLIIO 4X, +6X, +18X, = Z Ma€ MiHIMaJIbHE 3HAUYEHHS.
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Ockinpku KoediieHTH y Bupasi st GyHKIIi Z 10AaTHI, MOXJIMBO YHUKHYTH
BBEJICHHS INTYYHUX 3MIHHUX Ta BUPIIIATU 3a7a4y 3 BHUKOPUCTAHHSM IOJBIMHOTO
CUMILJIEKC-METOY.

CuMInNIEKC-MHOKHHUKHT JOPHUBHIOIOTD:

' =—(B)" *CB:_%LZ —01} LZ} ) _{2—/? lﬂ m i m

1 [2/3 -1][-1 1 0] [-2/3 2/3 -
5 A‘L/s OMO 0 1Hv3 -3 o}

[TpuBeaemMo TaOIHITIO MOCIIIOBHUX O0UYHCIIEHD IMOJBIMHUM CUMILIEKC METOIOM:

Taoauus 3.4.

ITepanis Bba3uc 3HaYeHHA X, X, X, X, X;
0 X, -3 -1 0 -3 1 0
X -5 0 -1* -2 0 1

-Z 0 4 6 18 0 0

1 X, -3 -1 0 -3 1 0
X 5 0 1 2 0 -1

-Z -30 4 0 6 0 6

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

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

-Z -36 2 0 0 2 6

TakyMm YMHOM B ONTUMATBHOMY PIlIEHH]

x,=0, x,=3, x,=1 Ta Zin=36.

CuMIUIEKC-MHOKHHKN (KOE(IIIEHTH NP HOBUX 3MIHHHUX X, Ta X; KIHIIEBOMY
BUTIISIAL 1715t QyHKIIIT Z) TOPIBHIOIOTH 71;122 Ta 7c2=6.

Posrnsemo aBoicty 3amavy:

3naiitu Taki y,20, y,20, mo
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y.<4
Y= 6
y; ty,<18
ta ¢pyHkuis 3y, + 5y, =W mae MakcuMasbHe 3HaYECHHS.

[Tpu 3BUUaliHOMY MIAXO/1 0 3a7a4l MiHIMI3yeEMO (PYHKIIIIO
| -
W' = -3y, -5y,

[TpuBenemMo TabIUIIO TOCTITOBHIUX OOYUCIICHD:

Tabauus 3.5.

ITepanis basuc 3HaveHHs Y, Y, Y Y., Ys
0 Y, 4 1 0 1 0 0
Y, 6 0 1* 0 1 0
Ys 18 3 2 0 0 1
-W’ 0 -3 -5 0 0 0
1 Y, 4 1 0 1 0 0
Y, 6 0 1 0 1 0
Ve 6 3* 0 0 -2 1
-W’ 30 -3 0 0 5 0

2 A 2 0 0 1 213 -1/3
Y, 6 0 1 0 1 0

Y, 2 1 0 0 -1/3 1/3
-W’ 36 0 0 0 3 1

Cumriekc-MHOXKHUKM (a1 uinbosoi  ynkuii  W') p =0, p=3, p,.=1,
(koediLIEHTH ITPH HOBHMX 3MIHHMX Y, Y, Y:). BOHM nafoTe 3HaueHHA 3MIHHUX
npsiMoi 3ajadl. JIBoicTi 3MiHHI Y,=2 Ta Y,=6 € CUMIUIEKC-MHOKHUKaMH MPSIMOI

3a/1a4i. Y NpoBEACHUX OOUYMCICHHSX MOABIMHUN CHMIUIEKC-METO JJI PIIICHHS
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npsiMOi 3a/1ayl Ta CHUMIUIEKC-METOJ JUIsl PILICHHS 3BOPOTHOI 3a/aadyi, 3a CYTTIO,

1IEHTUYHI.

3asaannga 3.4.

Po3p’s3atu ipsimy 3a/1avy 1 HOPIBHSTH 3 PIIIICHHSIM JIBOICTOT 3aaui.

313, -2%X,-5X, +X, =7 3.14. -Xx, +6X, +2X;—X, =22
-5X; —2X, + X3 +X, 26 X, +7X, =3X; =X, =2-1
X; 20 j =14 X; 20 j =14
Z=-10x, —10x, +6x, -5x, (min) Z=3X, +42x, +6X, -4x, (min)
3.15. -2x, +3x,+3X, <3 3.16. x, +3x, —-5x,>1
-X; —2X, +4X, <2 2X; —5X, —3X; =2
X; 20 j=13 X;=0 j=13
Z=-14x, —9x, + 27X, (max) Z=15x%, +8X, - 26X, (min)

3.4. TpaHcnopTHa 3a]a4a JiHiliHOro MporpaMmyBaHHs.

TpaHCHOpPTHOIO 3a/ayero JIHIMHOTO MPOTPaMyBaHHS HAa3UBaIOTh CHELU(IUYHY
3a/layy MOLIYKYy HaMOUIbIl €KOHOMIYHOI'O BapiaHTy TPAHCHOPTYBAaHHS BaHTaXy Bij
KUIBKOX IMYHKTIB, /¢ BaHTaX 3HAXOJMBCS CIOYATKY, /10 MYyHKTIB JIe HOro moTpedyroTh
cnoxkuBayl. TpaHcnopTHa 3ajada 1€ 3ajaya JIHIHHOTO MPOTpaMyBaHHs, SIKY MOXHa
pO3B’sA3aTH 3BUYAHUM CHUMILIEKCHUM METOJIOM, ajie ii 3HAYHO JIerie Ta e(heKTUBHIIIEe
pPO3B’A3yBaTH CHellalbHUMU alrOpUTMaMH, 30KpeMa METOA0M MOTEHII1AIB.

3aranpHa MOCTAaHOBKA TPAHCIOPTHOI 3a/1a4l Ma€ TaKUM BUTJISAL;

n o m
Z=Y%"Ci;x;; = (min);

j=1 =1

n -
DX <a;i=1,m
=1
[

>x;;2b;j=1nx,; >0,
i1
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ne Cij - koe(ilieHT MUTOMUX TPAHCHIOPTHUX BUTPAT IPU MEPEBE3CHHI BAHTAXY 3
IYHKTY 1 10 MYHKTY j; X - KUIbKICTb BaHTaXYy, KU MEPEBO3UTHCS 3 MyHKTY (1 = 1,m)

70 yHKTY j (j = 1,n); aj - MOTY>XHICTh MOCTaBIIUKA 1; bj - TOTY>XHICTh CIIOKHMBAUI ].

m n
Y ToMy pasi, KO )_a; = » b;, TpaHCIIOPTHA 3a]1a4a € 3aKPUTOIO.
i-1 =1

Komu x ) a; # » b, BIpoBauKyeThcst QIKTHBHHI NOCTAaBIIUK ab0 CHOXKUBAY

3aJie)KHO BiJ] TOTO, J€¢ CyMapHa TOTY)KHICTb MeHIma 3a po3Mipom. Jlo matpwuii
KOe(]iII€EHTIB MUTOMUX TPAHCIOPTHUX BHUTPAT JOMAETHCS CTOBIMYUK a00 PAIOK 3
HYJbOBUMH NUTOMUMH BUTpaTamMu C; j (3aJ€XHO BiJ TOTO, € J0JA€ThCS (PIKTUBHUN
KOHTpPAreHr).

Po3B’si3aHHA TpaHCHOPTHOI 3ajladl CKJIAJA€ThCs 3 JIBOX OCHOBHUX eramiB. Ha
nepuoMy OyayeThCsl MOYATKOBUM OMIOPHUMN TUTaH, HA IPYTroMy - MOIIYK ONTUMAJIbLHOTO
wiady. llepmwmii onmopHMii TjaH MOXKHAa OyJyBaTH OJIHMUM 3 YOTHUPHOX METOIB:
MIBHIYHO-3aX1IHOTO KyTa, MIHIMAJbHOTO €JEeMEHTa, IOABIMHOI TIepeBaru Ta
anpokcumaiiii @orens. [lomryk onTuMalibHOTO IJIaHY Ha JAPYroMy erari Tpeda poOutu
3 JIOMOMOTroI0 MeToAy moTeHIianiB. Ilnan mepeBe3eHb Oyne ONTUMAIbHUM, SKIIO
3HAWJEHO cucTeMy 3 (N+M) uKcen «;, f; , Kl BIINOBIAAIOTH yMOBaM

o +f = Cij pu X;; > 0
o i+Bj Cij JUISLX =0

abo
Ai=Cij=(a0+Bp O

Ilpuxnao.

Po3B’s13aTH TpaHCTIOPTHY 3a7a4y MEPEBE3CHb OJTHOPITHOTO BAaHTAXKY.

e [lotyxHocTi moctaBmukis: a; = (40, 30, 20),

e moTyxHOCTi criokuBadiB bj = (40, 30, 40, 10).

e MaTpuiis koeilieHTIB MUTOMUX TPAHCTIOPTHUX BUTPAT

@)

[
(NN S
w N P
w N
w N P
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[epuuit onmopHMii miiaH No0yIyeMO METOOM MOABIHHOT epeBaru. Bin maTume

takuid BUrIS (Tadmn. 3.6.).

Taoauus 3.6.

ai IlepeBe3enns A bi

40 30 40 10 ocj
40 4 30 ! + 2 -10 1 0
30 5 2 30 4 +0 2 1
20 20 ! 3 3 3 -2
30 0 0 10 0 0 -3
Bj 3 1 3 1

Jl71st mepioro BapiaHTy IUIaHy IUTbOBa PYHKITIS
Z=30x1+10x1+30x4+0x2+20x1+20x0+10x0=180.
JI71s mepeBipKy ONTUMAIBHOTO TUIAHY OOYUCIMMO 3HAYCHHS
Ay = Ch-(a; +B)).

Cepen HHX BigOepeMo JIMIIE A, IO MEHIIE 3a HyJb. Y JaHOMY pa3l 1ie

ijo
BCHOT'O OJIHE 3HAYEHHS (SIKIIO 1X Oys0 O KiJibKa, TO BUOMpaiu 6 MakCUMaJbHE 3a
Moxaysem). Takum 4uHOM,
A;=2-(3+0)=-1

[To6ynyemo nukn y kiitusi (1,3). [loTiMm 3a 3aiiHATUMH MapIIpyTamMmu abo
KJIITUHKaMU TOOYyAyeMO LHMKJI TMepeOdyaoBU IUIaHy (MOro BIOCKOHAJIEHHS).

e 9

[lepenyMepyeMO BEpIIMHU LUKy 3HaKaMu ““+7° 1 , TTIOYMHAKYU 3 HOBOIL

¢ 9
M

kimituaky  (1,3). Jlami BuOGepemo 3a MapuipyToMm, MO3HAYEHUM 3HAKOM
Haiimente yucio (10). e o3nauae, mo x13 = 10.
Yucno 10 gomamo 10 KITBKOCTI BaHTa)Xy B KIITHHKAX, MO3HAYECHHUX

(132

3HaKoM ~+”, Ta BIAHIMEMO B KJITHMHKAX, ITO3HAYCHHUX 3HAKoM “‘-”. Ilicis mporo
no6aymMo, 10 OJAWH MapuIpyT BBIWIIOB J0 TUIaHy, a OJWH BHUHIIOB 3 HBOTO.

TakuM 4MHOM, JiCTaau HOBHI IiaH. BiH Mae Takuii Bursn (ta0i. 2.7.).
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Taoauusa 3.7.

ai IlepeBe3enns A bi

40 30 40 10 ocj
40 4 -30 ! +10 2 1 0
30 ° + 2 -20 4 10 2 2
20 20 ! 3 3 3 -1
30 20 0 0 10 0 0 -2
Bj 2 1 2 1

3HOB 00YMCIUMO 3HAYEHHS A ., Cepell SIKUX B1J’€EMHUM OYyJe T€, sIKE BIJMOBIAAE

ijo
Mapuipyty (2,3):

Ay =2-1+2=-1

[Tobynyemo nwmkn 3MiHM TutaHy. Bin BimoOpaskeHHil Ha cXeMl TPaHCIOPTHOI

3amayl. JlicTaHeMo ONTUMAaJIbHUN PO3B’S30K, SIKUA Mae€ Takuid BUTIsT (TabIl.

2.8.).

Taéauuns 3.8.

ai IlepeBe3enns A bi

40 30 40 10 ocj
40 4 10 ! 30 2 ! 0
30 ° 20 2 4 10 2 1
20 20 ! 3 8 3 3 -1
30 20 0 0 0 10 0 0 -2
Bij 2 1 2 1

Z=10x1+30x2+20x2+10x2+20x1+20x0+10x0=150.
3aBaanus 3.5.

Po3B’s13aTH TpaHCHIOPTHY 3a7a4y:
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317. a=(20, 10, 15, 8): 3.18. a=(8, 7, 15 15; 3.19. a=(80, 40, 80, 80):
b=(10, 17, 15, 6); b=(6, 9, 20, 22); b=(90, 60, 20, 40);
10 11 12 16 4 6 2 3 78 4 4
21 15 13 18 58 7 4 3 45 2
C= C= C=
17 10 11 12 9 1 2 7 2 6 2 7
14 13 9 8 1 4 5 3 3 5 4 2
4. IlinouncioBe MPOrpaMmyBaHHA
Ipuxnao.

3HaiiTH po3B'A30K 3a1a4i

Z =x,+4x, (min),
X, +2x, +x;, =2,

3x, +2x, +x, =6,

x, >0, j=14

X, — yin
3agava po3B'sI3yEThCA METOJOM BIATUHaOUMX IiomuH (Meron ['omopi). Ha nepmomy
eTami po3B'I3aHHS BIAKHJA€EMO YMOBY I[IJIOYMCEIBHOCTI 1 pO3B'SI3yeEMO 3amavdy

3BHYAHUM CUMILIEKC-MeTo0M (Tadi. 4.1.)

Taoaunsa 4.1.
Basnc Céas A 1 4 0 0
X1 X2 X3 X4
X3 0 2 -1 2 1 0 1
X4 0 6 3 2 0 1 3
Zi-Ci 0 1 -4 0 0
X2 4 1 -1/2 1 1/2 0 -
X4 0 4 4 0 -1 1 1
Zi-C; 4 -3 0 2 0
X2 4 3/2 0 1 3/8 1/8
X1 1 1 1 0 -1/4 1/4
Z-C; 7 0 0 5/4 3/4

3no0ytuit mman x=(1,3/2,0,0) - yMOBHO ONTHMAaJbHHI BIIHOCHO JaHOI IMOYAaTKOBOI
3ajadi, ockibkH BCi (Z -Ci>0 1151 BCiX A;), ajle He BUKOHYEThCS YMOBA I[LJIOYMCEIIbHOCTI
3MiHHUX. Ha apyromy erami po3B'si3Ky MepexoJuMO A0 PO3B'A3aHHS 3ajayl 3 L€

yMOBOI0. 3anuiiemMo nepiuii nepepis ['omopi:

[ fsk =
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a0o

(et

Jlomamo 3100yTe pIBHSHHS JO JBOX PIBHSHb OCTaHHBOI CUMILIEKCHOI Tabmuili (Tabi.

4.1.) nictranemo HOBY 3ajady (Taour. 4.2.). 3HaiieMo 11 po3B'SI30K .

Taoauus 4.2.
Bazuc Céas A 1 4 0 0 0 -M Qi
X1 X2 X3 X4 X5 Wy
X1 4 32 0 1 3/8 1/8 0 0 4
X2 1 1 1 0 -1/4 1/4 0 0 —
W -M 1/2 0 0 3/8 1/8 -1 1 4/3
Z-C; 7 0 0 5/4 3/4 0 0
1/2 0 0 -3/8 -3/8 0
X1 4 1 0 1 0 0 1
X2 1 4/3 1 0 0 1/3 -2/3
X3 0 4/3 0 0 1 1/3 -8/3
Zi-Cj 16/3 0 0 0 1/3 10/3

3HOB AiliCTAaHEMO YMOBHO ONITUMAJIbLHUM TUIaH. BUX014M 3 IIbOTO Mepei1eMo 10
noOy10BH HOBOT
3amayi (Ta0:1.4.3.).

Hpyruit nepepiz 'omopi Mmae BUTIISA

({5026

a00 MicIs 3aKIHYEHHS [IePETBOPIOBAHD

1

1 1
—X, +§x5 —Xxs +W, 25.

3
Taoauus 4.3.
Basuc | Céas A 1 4 0 0 0 0 -M Qi
X1 X2 X3 X4 X5 X6 W
X2 4 1 0 1 0 0 1 0 0
X1 1 4/3 1 0 0 1/3 -213 0 0 4
X3 0 4/3 0 0 1 1/3 -8/3 0 0 4
W> -M 1/3 0 0 0 1/3 1/3 -1 1 1
Zj-Cj 16/3 0 0 0 1/3 10/3 0 0
1/3 0 0 0 -1/3 -1/3 M 0




X2 4 1 0 1 0 0 1 0
X1 1 1 1 0 0 0 -3 0
X3 0 1 0 0 1 0 -3 1
X4 0 1 0 0 0 1 1 -3

Zj-Cj 5 0 0 0 0 3 1

3100yTuii maan Oyjae ONTUMaILHUM 1 OJTHOYACHO BIJMOBIIATUME YMOBI

IJIOYHUCETTHLHOCTI:

x, =111

)’Zmax = 5

3aBaanus 4.1.

Ha ocHOB1 yMOBHO-ONTHUMAJIBHOTO IIAHY LIJIOYMCIOBHUX 3a]1ay MOOyayBaTH JA0JIaTKOBI

00OMEKEHHS 1 IPHUETHABILH X J0 IUIAHY, 3HAUTHU LIJIOYMCIOBUN PO3B'A30K.

4.1.
C Basuc [Tnan -1 2 0 3 4
X1 X2 X3 X4 X5
-1 X1 714 1 1/4 -3/4 712 0
-5 X= 3/2 0 1/2 YV -1/2 1
Zi-G; -37/4 0 -19/4 -47/4 -9/4 0
4.2.
C Bbasuc IIman 5 10 2 0 0
X1 X2 X3 X4 X5
2 X3 1/6 0 0 1 -7/3 5/6
5 X1 1/2 1 0 0 -1/6 -2/3
Zi-G; 67/6 0 0 0 716 5/3
4.3.
C bazuc ITman 1 -2 0 0 0
X1 X2 X3 X4 X5
-2 X2 1/5 6/5 1 0 0 1/5
0 X3 7/5 8/5 0 1 0 -13/5
0 Xa 3/5 3/5 0 0 1 2/5
Z;-C; -2/6 -17/5 0 0 0 -2/5
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5. HeqiniiiHe mporpaMmyBaHHS

5.1. 'eomeTpuyHa iHTepnpeTanisi 3a1a4 HeJiHIHHOT0 MPOrpaMyBaHHS

Ilpuxnao.
Po3B's13aTH 3a1a4y HEMHIKHOTO MPOTpaMyBaHHS.

Z = x,x, —> max;
6x, +6x, <36;
X, +2x, 22;

2x, +x, <10;

x; =20

O06nacTh NMPUITYCTUMUX PO3B'sI3KIB cuctemu - 6aratokyTHuk ABCB. LlinboBa dyHKIIis
pHU CTAJIOMy 3Ha4eHH1 Z- rinepbona Xp,=7/X1 3 HEHTPOM y MouyaTky koopaunar. [Ipu
30UIbIIIEHH] 3HaYeHHs Z Tinep0oia 3MIIy€eThCs Bropy, JOKH HE 3ITKHETHCS 3 MEKOIO
00JyacTi mpuUIycTUMUX po3B'si3kiB y Touli M KoopauHaTu 1i€i TOYKH 3HAXOIUMO,
BUXOJISIYM 3 TOTO, IO Touka M nexxuth Ha nipsmiit BC 1 € TOUKor0 TOTHUKY ITI€T MPSIMOT 3
rinepbosnoro. Otmxke, KyToBHil koediuieHT mnpsimoi BC 30iraerbcst 31 3HaAYEHHSIMU
noxiaHoi pyHkii Z=X1X, y Touii M.

Hudepenuirotoun ¢yukimito Z=X31Xy sSK HESABHY, MICTAHEMO Bl yMOBH, 3 SKHX

3HaiaemMo koopauHaTu Touku M (Puc. 5.1.)

Puc. 5.1.
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le + X2m = 6
X
1m — 2
X2m
M(33%Z,, =9
3aBaannsa 5.1.
pO3B's13aTH TpadiyHUM METOAOM (3HAUTH HANO1IbIIE 1 HAMMEHIIIE 3HAaUCHHS (PYHKIIIT)

3a7a4l HETHIMHOTO ITPOTrpaMyBaHHS.

5.1. 5.2,
Z=(x, -2 +%,; Z=3%+X;;
4x, +8x, < 36; (x, —3)+(x, —6) > 4;
10x, +5x, <54, (x, —=3)+(x, —6) <12
X, 20 X, 22, X, 25
5.3. 5.4.
Z =(x =5)" +(x, -3 Z=(x -2 +(x, - 4);
3%, =X, =21, 3%, =X, =21,
— X, +3X, <13; - X, +3X, <13,
2%, — X, £9; 2%, — X, £9;
X, +4X, 29; X, +4x, 29,
X, 20 X; >0

5.2. KBaapaTuyHe nNporpaMmyBaHHS

Ipuknao.
Po3B's3atu 3a1a4y KBaipaTUYHOTO TPOTrpaMyBaHHs, BUKOPUCTABIIIA METO]] MHOKHHKIB
Jlarpanxa.

Z =—(x, —1)" +2x, — max;
X, +2X,<4

X, <3

X,,X, 20

KBaapatuuna dpopma ¢yHkiii Z € Bii'eMHO BU3HA4YeHa, TOOTO BrHyTa. OnTUMaThHUN

PO3B'SI30K ITi€1 33291 MOKHA 3HANTH SK OTIOPHMH TUTaH 3a/1a4i 3 0OMEKSCHHIMHU

X, +2X,+X, =4
X, +X,=3

X, 20, j=14
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CxnaBmu CUCTCMY HOJaTKOBUX 00MEKEHb BUTIIAY

8—2—2/1[ ca; +u, =0
8Xj - Y

3a yMOBH Xj«uj = 0 (114 6cix j), 1OAATKOB1 OOMEKEHHS MalOTh BUTJISIL

22X+ 2 - M - M + u; = 0
2 —2M + Uy, = 0,

- M + us = 0

- M + us = 0

Bukiarounmo 3 miel cucteMu Aq 1 Ao.
[Ticist mpocTUX MEPETBOPEHD ICTAHEMO CUCTEMY, OTIOPHUI PO3B'A30K SIKOT CIIiJT 3HAUTH
(Ta6mn.5.1.).

X, +2x, +x; =8;

x, +x,=9;

2x, —u, +uy +u, =2

2x, —u, +2uy =2

x;20,u, 20;

x;u; =0 Taoauus 5.1.
X1 X2 X3 Xa Uz Uz Us Us bi
1 2 1 0 0 0 0 0 8
1 0 0 1 0 0 0 0 9
2 0 0 0 -1 0 1 1 2
2 0 0 0 0 -1 2 0 2
0 2 1 0 1/2 0 -1/2 -1/2 7
0 0 0 1 1/2 0 -1/2 -1/2 8
1 0 0 0 -1/2 0 1/2 1/2 1
0 0 0 0 0 -1 2 0 2
0 1 1/2 0 1/4 0 -1/4 -1/4 712
0 0 0 1 1/2 0 -1/2 -1/2 8
1 0 0 0 -1/2 0 1/2 1/2 1
0 0 0 0 0 -1 2 0 2
0 1 1/2 0 1/4 -1/8 0 -1/4 15/4
0 0 0 1 1/2 -1/4 0 -1/2 17/2
1 0 0 0 -1/2 1/4 0 1/2 1/2
0 0 0 0 0 -1/2 1 0 1
Po3B's3aHHs.
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x, =1/2, x, =15/4, x,=0, x,=17/2,

3aBaannsa 5.2.

Po3B'si3atu 3a1a41 KBaApaTUYHOTO MPOTPaMyBaHHs.

5.5. 5.6.
Z =—X7 +5X%, +X, = max; Z =X} — 4%, + 2XZ — 4x, —> min;
— X, +2X, <8; 3X, +2X%, <12;
2%, + X, <12; 2%, + X, <12;
x; > 0. X, = 0.
5.7. 5.8.
Z =(x, —3)* +(x, —3)* — min; Z =(x, —3)* + X, - max;
—2X, +X, £2; — 2%, +4X, <8;
X, +3X, <09; 2%, +3%, <12,
X; 0. X; 2 0.
6. luHaMiuHe NPOorpaMmyBaHHS
Ipuknao.
Jlyist 301IbIIEHHS] BUMTYCKY MPOAYKIIT TPbhOX MIAMPUEMCTB ranysi BuauieHo xi = .700
THUC. TPHU.

Bukopucranusi K0O)XKHUM MIAMPUEMCTBOM Xj THC. TPH. 3a3HAUYCHUX KOINTIB 3a0e3mevye

npupict BUpoOHuUITBa nmpoaykiii fi (x;) (Tabm. 6.1.)

Z = 8(max)

Taoauns 6.1.
Xi THC.TPH fi (xi)
0 0 0 0
100 30 50 40
200 50 80 50
300 90 90 110
400 110 150 120
500 170 190 180
600 180 210 220
700 210 220 240

Jlst po3B'sizaHHs 337241 TpeOa CKIIACTH PEKYPEHTHI CriBBiAHOMIECHHS bemmana. Y

IbOMY pa3i I CIiBBITHOIIEHHS 3BOJSATH 10 TAKUX (PYHKII1IOHATBHUX PIBHSIHB!
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@, (x) = max{f, (x, )}
0<x <x

@, (x) = max{ 2(x2 )}"' ?, {(x —X )}»
0<x,<x

sk ok sk ok skosk skosk ok sk sk sk sk sk sk sk sk ok sk ok

@, () =max {f,., (x, )+, {(x—x, )

0<x,, <x

Oyukuii i(x),i =1,n -1 BU3HaUal0OTh MaKCUMAJIbHUN TIPUPICT BUPOOHUIITBA MPOAYKIIi1
npu

BIJIMOBIAHOMY PO3IMO/LIL X THUC. TPH., KOUITIB MK MiANPUEMCTBAMH. BukopucToByroun
BUXI/JHI JJaH1 1 PEKYPEHTHI CI1BBIAHOLIEHHS, BU3HAYUMO CIIOYaTKYy YMOBHO-
ONTUMAJIbHUH, a MOTIM ONTUMAJIBHUN PO3MOJIILL.

CroyaTKy BU3BHAYUMO YMOBHO-ONTUMAaJIbHI KOILITH X BUAUICH] HEPIIOMY

niAIpUEMCTBY. {111 IbOro 3Hal1eMO 3HaYEHHS ISl KOXKHOTO X:

?,0)=0 x =0;
0 0
(01(100)=max{30}=30 x, =100 ¢,(200) = max{30+ =50 x, =200
50
0
0
30
30
¢,(300) = max o[ =20 X =300 ¢,(400)=max{ 50 ;=110 x, = 400
90
90
110
0
0
30
30
50
50
¢,(500) = max o0 [ =170 x =500 ¢,(600) = max4 90 + =180 x, =600
110
110
170
170
180
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0
30
50
90

¢,(700) = max =210 x, =700

110
170
180
210

PesynbpraTu 3anumemo B Tabm. 6.2.

Taoauus 6.2.
X ©i(X) THC. TPH. Xi
0 0 0
100 30 100
200 50 200
300 90 300
400 100 400
500 170 500
600 180 600
700 210 700

BuxkopucrtoByrouu nani tad:a. 6.1. 1 6.2., BU3Ha4a€EMO yMOBHO-ONITUMAJIIbHY KIJIBKICTh

KOIITIB, BUJIJICHUX JAPYTOMY HIATPUEMCTBY:

§92(O):0 x, =0;

+

100 0430
= max =
2 5040

0+50
¢,(200) = max{50+30
80+0

0+110
50+90
¢,(400) = max{80+ 50
90+30
150+0

50 x, =100
—80 x, =200 9,(300) = max
=150 x, =400 ¢,(500) = max
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0+90
50+50
80+ 30
90+0

0+170
50+110
80+90

90+50

150+30
190+0

=110 x, =300

=190 x, =500



0+210
0+180
50+180
50+170
80+170
80+110
90+110
¢,(600) = max{ 90+90 ¢ =220 x, =600 ¢,(700) = max =250 x, =700
150+90
150+50
190+50
190+30
210+30
21040
220+0
Pe3ynbratu po3paxyHKiB 3anucyeMo B Tab. 6.3.
Taoauus 6.3.
X (pz(X) X2
0 0 0
100 50 100
200 80 100
300 110 200
400 150 400
500 190 500
600 220 100
700 250 200

BukopucrtoBytouu aani tabm. 6.1.- 6.3., 3HaX01UMO

Ps(x) = max{f3 (x3 )}"' ?, {(x — X3 )}»

0<x,<x
OCKUJIBKY B IIbOMY pa3i MiANPUEMCTB TPH, TO POOMMO PO3paxyHOK JIHUIIIE JIJIsi OJTHOTO

3gauenHsa x =700:

0+250
40+ 220
50+190
110+150
¢,(700) = max 1204110 =270 x, =700
180+ 80
220+50

240+0

OTxe, MaKCUMAaITLHUN TIPUPICT BUPOOHUIITBA MPOAYKITli mopiBHIoe 270 Trc. rpH. Lle
OyBae TOJ1, KOJIM TPEThOMY MiANPUEMCTBY BUAUISIEThCS: 600 THC. TpH., a IepIomy i
apyromy - 100 tuc.rpH.

Po3B'sizaTu 3a1a4i AMHAMIYHOIO0 NPOrpaMyBaHHS.
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A) Jlnis 36151bIIeHHS BUPOOHUIITBA MPOAYKIIIT T AMTPUEMCTBAM BHUILICH]

KallTaJOBKJIAJICHHS 8

THUC. TpH. (3aBmaHHs 6.1.- 6.4.). BukopucranHs i-M MiANPUEMCTBOM X1 TUC. TPH.

3abe3rneuye

IPHUPICT BUPOOHUIITBA MpoayKIIii f1(x1).

BusnaunTu po3noia KamTaaoBKIaAeHb MIX MIANPUEMCTBAMH, SIKUKM OU 3a0e31eunB

MaKCHUMaJIbHE 301JIbIIIEHHS] BUPOOHHUIITBA IIPOTYKIIIi.

3aBaannga 6.1.

X1, THC.TPH. f1(x1) 3a1eXkHO Bijl KamiTaIOBKIIAAEHb, THC. TPH. TI0 MiANPUEMCTBAX
1 2 3 4
0 0 0 0 0
20 12 14 13 18
40 33 28 38 39
60 44 38 47 48
80 64 56 62 65
100 78 80 79 82
3aBaannga 6.2.
X1, THC.TPH. f1(x1) 3aJeKHO BiJ KamiTalOBKJIaCHb, TUC. TPH. IO MiIIPUEMCTBAX
1 2 3
0 0 0 0
50 20 40 30
100 50 60 40
150 90 100 80
200 110 120 100
3aBaanng 6.3.
X1, THC.TPH. f1(x1) 3a/eXHO BiJ KamiTalOBKIAIeHb, TUC. TPH. 1O MiAMPUEMCTBAX
1 2 3
0 0 0 0
10 8 5 3
20 12 7 5
30 14 10 10
40 16 17 14
50 19 21 24
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3aBaannga 6.4.

X1, TUC.TPH. fi(x1) 3ayexHO BiJ KamiTalOBKIaeHb, TUC. TPH. IO MiINPUEMCTBAX
1 2 3 4

0 0 0 0 0

20 8 7 6 12

40 11 9 10 14

60 14 13 12 17

80 20 16 19 22
100 26 18 25 24

b) lna BuniB poOiT HampamsitoTbesa X ociO. [lomepenns oiiHka epekTy BUKOHAHHS

poOIT BH3HAYAETHCH JTHINHOI QyHKIE fi(x1)

(3amanus 6.5.-6.7.). CKiIbKH

pPOOITHUKIB JOIIILHO HANpaBUTH HAa BHUKOHAHHS KOXHOI poOOTH, 100 JicTaTh

MaKkCUMaJIbHUM epeKrT?

3aBaanng 6.5.

X1, THC.TPH. fi(x1) mns migmpuemcTBa
1 2 3
0 0 0 0
1 50 30 200
2 100 60 350
3 150 120 450
4 250 180 550
5 350 300 600
6 500 550 650
3aBaanns 6.6.
X1, THC.TPH. fi(x1) most mianpuemcTBa
1 2 3 4
0 0 0 0 0
1 30 20 40 10
2 60 40 60 30
3 90 80 80 60
4 120 80 140 100
5 150 80 200 140
3aBaanng 6.7.
X1, TUC.TPH. fi(x1) nns mignpuemcTBa
1 2 3 4
0 0 0 0 0
1 100 70 100 80
2 200 140 200 100
3 250 210 300 120
4 300 250 350 200
5 320 300 400 280
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