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cepedosuwyi MATLAB



Beryn

PO3BUTOK CydaCcHOTrO CyCIiJIbCTBA  XapaKTepU3YETbCA  MiJBULLIEHHAM
TEeXHIUHOTO PiBHS, YCK/IaJHEHHSM OpraHi3alliiHOi CTPYKTypd BHPOOHUIITBA,
TOTTMO/IEHHSAM CYCITiZIBHOTO TIOZiTY TIpalli, Tpej'sBJIeHHSIM BHUCOKHUX BHMOT [0
MeTO/IB IUIaHYBaHHS 1 TOCIOJAapCHKOrO KepiBHMLTBA. Y LUX yMOBax TiJIbKA
HAyKOBUU MiAXiZ [0 KepiBHULITBA €KOHOMIUHMM KUTTSIM CYCITi/IbCTBA [103BOJIUTH

3abe3meurTH BUCOKI TeMIU PO3BUTKY HapOAHOI0 rOCIOZAApCTBa.

HeobximHOIO yMOBOIO TIO[A/bBIIOTO PO3BUTKY €KOHOMIUHOI HayKd €
3aCTOCYBaHHS TOYHMX METOJIB KIJIbKICHOTO aHaji3y, IIMPOKe BUKOPUCTAHHS
MareMaTUKu. B [aHuMKA 4YaC HOBITHI [JOCSATHEHHSI MaTeMaTMKM 1 Cyd4acCHOI
o0uMC/TIOBaIbHOT TeXHIKM 3HaXOASATh Bce OUIBIT IIMPOKe 3aCTOCYBaHHS B

€KOHOMIUHUX JOC/IiPKeHHSX 1 [JIaHyBaHHI.

OgHMM 3 OCHOBHMX CTa€ 3aBJaHHSI CTBOPEHHS €[WHOI CHUCTeMH
OTTUMA/IbHOTO TIJIAaHYBaHHS Ta YIpaBIiHHS HApOJHUM TOCTOAApCTBOM Ha 06as3i
IIIMPOKOT0 3aCTOCYBaHHS MaTeMaTUYHUX MeTO/iB i e/leKTPOHHO-00UNC/IIOBaIbHOI

TeXHIKU B €KOHOMILIi.

Opniero 3 BakIuMBUX cdep BUKOPUCTAHHS CUCTEM KOMII HOTepPHOI
MaremaTuky, Takux, ik MATLAB y HaykOBUX JOC/I[)KeHHSIX i yHiBepcUTeTax €
PO3B’A3yBaHHS 1 JOCIIPKeHHSI eKCTpeMa/IbHUX 3a/au, 1[0 BUHUKAKOTh Yy PI3HUX
rajay3sx JIFOACBKOI JisZIbHOCTI: Bifi caMOi MaTeMaTUuKU [0 KOMIT FOTEPHOI TeXHIKH,
€KOHOMIKH, YIIpaB/iHHA TOL0. PO3yMiHHA Ba)K/IMBOIL POJIi 3a/a4 AaHOro Kiacy AJis
PO3BUTKY CYy4aCHOTO IIOCTiHAyCTpPia/lbHOTO CYCITi/IbCTBa OOYMOBHW/IO Te, II[O
HaBYa/IbHI TIaHM 0OaraThOX CIIellia/IbHOCTeld MaTeMaTHYHOro, KOMIT' FOTEePHOTO,
TeXHIYHOIO Ta EKOHOMIYHOIO HarpsiMiB MiATOTOBKM MICTATh AUCLIUIUIIHM,

OCHOBHHMM MpPeJIMETOM BUBYEHHS SIKMUX € ONTUMI3aLliiHi 3a7adi i Mozeti.

Y nmaniii pobori Oyzme PpO3IASHYTO OAWH 3 HaWKpal[dxX, 3a JaHUMH

nocnimkenHs C. CreiiHxayca [1], yHiBepcanbHUM MaTeMaTuuHuii makeT MATLAB,



IpoaHai30BaHO MOro OCHOBHiI 3aco0W, TIpu3HaueHi [yid  3HaXO/KeHHS
eKcTpeMyMiB (pyHKI[i!i Bifi 6araTbox 3MiHHMX, a TAKOXK JJisi PO3B’s3yBaHHS 3a/au

niporpaMmyBaHHsi. Lle 00yMoBieHO TUM, 111O:

— TIO-TIepiIe, He OUBIAYUCHL Ha Te, 0 MOH YkpaiHu BU3HAuW/IO MakeT
MATLAB sk 6asoBuii s BH3 YkpaiHM, BUKOPUCTaHHSI LIbOTO TaKeTy IpU
BUBUEHHI MaTeMaTM4YHUX [AUCLMIUIH, 3a JaHWMu nposegeHoro FO. Tpuycom Ta
M. JKanpakoMm [2] aHKeTyBaHHSI BUK/aZiauiB, € HeBUIIpaBJaHO HU3bKUM (7% 3 70

PeCIIOH/IeHTIB);

— mo-Jipyre, maketr MATLAB, 3a pe3ysbTaTamu 0C/TiPKeHHs, Ma€ HaUOiTbIIT
TIOTY>KHi i THyuKi 3aco0M po3B’si3yBaHHS eKCTpeMalbHUX 3ajlau, siKi ZI03BOJISIOTh
He J/Mille Ofiep>KaTh HaO/MkKeHi DPO3B’SI3KA [OCUTh IIMPOKOTO KJacy 3ajau
onTUMi3allii, afe ¥ 3aBJsAKH MPSIMOMY JOCTYITy /10 IIMPOKOTO Habopy mapameTpiB,
TIPOBOJIMTH BCeOiUHMI aHasIi3 iTepallifHOro Mporecy Ta MeTO[iB, sKi TPU I[[bOMY

BUKOPUCTOBYHOThCSI.



1. Xapakrepuctuka cepenopuiia MATLAB Ta J0NOMIXXHOr0 makKeTry

Optimization Toolbox

MATLAB (ckopoueHo Bix Matrix Laboratory, po3pobseHa ¢ipmoro The
MathWorks, Inc. (CIIIA, m. HeiiTik, mT. Maccauycerc)) — HalbibIll po3BUHEHA
cuCTeMa TporpamyBaHHsS [Jid HAyKOBO-TEXHIUHUX pO3PaxyHKIB, JOIMOBHeHa [0
TETepilTHbOr0 Yacy KiJIbkOMa JleCATKaMy OifbIll Crielfia/li3oBaHUX AOAATKIB, IO
BiHOCATBCS [0  OOUMC/IIOBA/IbHOI ~ MaTeMaTHKH, 00pobku  iHdopMariii,
KOHCTPYIOBaHHS eJIeKTPOHHUX TIpWIaZiB, €KOHOMIKM Ta PAAY IHIUIKWX PO3ALIIB

TIPUKJIaJHOI HAYKH.

MATLAB mnpu3HaueHuM Hacamriepes /s TPOrpamMyBaHHS YMCEJbHUX
airoputMiB. BiH po3pobsisieTbest Bxke Ginbiiie 15 pPOKiB i BUHMK Ha OCHOBi OifbIil
panHix npuknagaHux naketiB LINPACK i EIGPACK, ctBopenux B 1970-i pp. B
CIIIA, i B cBOI uepry BIUIMHYB Ha MOsIBy Takux cuctem, sk MathCad, MAPLE i
Mathematica. YnockonanenHs cucremu MATLAB BigOyBanocs sSiK y 3B'SI3Ky 3
JIOCSITHEHHSIMHA B OOUMC/TFOBa/IbHIM MaTeMaTuili, Tak i y 3B'A3Ky i3 3MiHamMu B
apXiTeKTypi IepCcOHa/JbHUX KOMIT'IOTepiB 1 PO3BUTKOM 3arajbHOCUCTEMHUX
3acobiB. 3 vacom MATLAB OyB /0TOBHeHM IIi/IiM pSIZIOM B)Ke 3raflyBaHUX

noJaTKiB (toolboxes), 1110 36inbIIMIN MeXKi 100 3aCTOCOBHOCTI.

MATLAB - cuctema mporpaMmyBaHHSI BHMCOKOI'O PiBHS, IO MpPaLfO€ SK
iHTepripeTaTop i BK/IKOUA€E BeAUKWN Habip iHCTPYKLiM (KOMaH[) AJii BUKOHAHHS
HaWpi3HOMaHITHIIMX O0OUMC/IeHb, 3aBJaHHS CTPYKTYpP JaHMX Ta rpadiuHoro
nipefcTaB/ieHHs iHdopmarljii. KomaHgu 1i po30uTi Ha TemaTWuHi TPYIH,
pO3TalliOBaHI B PI3HUX [OUPEKTOPisAX CUCTeMU. 3apa3 y CUCTeMi HalluyeTbCs
6mispko 800 kKomaHA, i TIPUOMM3HO TIOJIOBMHA 3 HHUX IIJIKOM [IOCTYITHA
TOYMHAIOUOMY KOpUCTyBaueBi. KomaHAM 3 BeIMKUM MOX/IMBUM 06CAromM
obuuc/ieHb HamvcaHi Ha MOBi mporpamyBaHHs C, TOMy cuCTeMa BUSIBISIETHCS

MalbKe BiJKPUTOI [Jisi KOpPHUCTyBaua. € Be/IMKi MOXX/JMBOCTI [Ji1 BUBEJIeHHS



JBOBUMIipHOI i TpUBHUMIipHOI Tpadiku i 3acobu yripaBsiHHs Heto. KopucTyBau Moske
6e3 0cobMBUX TPYAHOILIB [J0ZIABaTH CBOI KOMaH/| i MycaTy MporpamMmu B TepMiHax
B)Ke ICHyrouux KomaH[. CTUCIICT, 1 HAOUYHICTH MpOrpamMyBaHHS 1 BUHATKOBI
MOXX/IUBOCTi Bi3yasi3alii pe3ynbTaTiB poOsisiTh cucTteMy Ayxke e(eKTHBHOIO TIpU
TIOIIyKax i arpobaliii HOBUX a/rOpUTMIB, TIPH MPOBEEHHI pa30BUX PO3PaxyHKIB i
B HaBYa/JIbHOMY TIpOlieci, OCKi/ibkM ii MO)KHa OCBOOBaTH 0e3 TOrepeHbOIOo
3HaWOMCTBa 3 OCHOBaMU IIPOrpaMyBaHHsS W BUKOHYBATH TaKi CK/IaZHI MPUKIIAH,

SIKi HEMOXKJTUBO POOWTH 3 BUKOPUCTAHHSM iHILIKUX CUCTEM.

PoboTa 3 cHCTeMOIO B PeXHMi MpSMUX OOUMC/IeHb HOCHTH [liaJIOTOBHI
xapakrep. KopuctyBau Habupae Ha KiaBiaTypi BHUpa)keHHS, II0 OOUYHCISIETHCS,
pefarye Woro B KOMaHJHOMY DSIIKY i 3aBepllye BBeJEeHHSI HATUCHEHHSIM KJIaBillli

ENTER.
[Ipu 1bomy:
* 17151 BKa3iBKU BBeJIeHHS TI0YaTKOBUX JaHUX BUKOPUCTOBYEThCS CUMBOJI»;
* laHi BBOAATBCSA 3a JOIOMOI'OF0 HAMIIPOCTILIOrO PSAKOBOrO peflakTopa;

* 17151 6/I0KyBaHHS BUBeZIeHHsI 00UMC/IeHb ZIesTKoro BHUpas3y Iic/s Hhoro Tpeba

BCTAaHOBUTH 3HaK; (Kparka 3 KOMOI0);

* SKI[0 He BKa3aHa 3MiHHa 3i 3HaueHHSAM pe3yabTaTy OoOuKCIeHb, TO

MATLAB npusHauae Taky 3MiHHY 3 iM’gM ans;

* 3HAKOM TMpUB/JACHEHHSI € 3BUYHUM MaTeMaTHlli 3HaK PiBHOCTI =, a He

KOMOiHOBaHMM 3HAK: =, dK B 0araTboX iHIIMX MaTeMaTUYHUX crucreMax,

 BOygoBaHi (yHKIIii (HampuKIa/, Sin) 3amMMCylOTbCS MalUMH OyKBaMH i iX

apryMeHTH BKa3ylOTbCS B KDYIVIMX [JY>KKaX;
* pe3ysibTaT 00uKC/eHb BUBOJUTHCS B PsiIKax BUCHOBKY (0e3 3HaKy»);

* Jiasior BiI0yBa€TbCSA B CTUJIi «3a/jaB ITUTAHHS — OTPHUMAaB Bi/ITTOBiIb».



[Ons  BuUpillleHHsT onTuUMi3aliiHUX 3afau y cepenoBuili MATLAB

BUKOPUCTOBYETHCS MakKeT orntyuMisaliii Optimization Toolbox.

[MakeT omntumizarii (Optimization Toolbox) — 11e 6ibsioTeka (QyHKIiH, 1110
PO3IIMPIOE MOKIUBOCTI cictemMud MATLAB B ob6nacTi uncenbHHUX PO3paxyHKIB Ta
rpy3HaueHa [/l BUPIlLIeHHsS 3aJj|ad OMNTHUMi3allil i CUCTeM HeJiHIMHUX piBHSHb.

[TigTprMy€e OCHOBHI MeTOAM ONTHUMI3aLlii PyHKLIIN Py 3MIHHUX:
« Oe3yMOBHa orTuMi3allisi HeiHIMHUX QyHKITiM;
* MeTO/, HaMeHILVX KBa/paris;
* BUpIillIeHHSI HeJTIHIMHUX PiBHSIHB;
* JIiHIVHE TTPOrpamMyBaHHS;
* KBa/[paTU4YHe NIPOrpaMyBaHHS;
* YMOBHa MiHiMi3allisi HeiHiMHUX (PYyHKIIil;
* METOAU MiHIMakKCy;
* DaraTokpuTepiasbHa ONTHMi3allisl.

Lleli makeT /[Ja€ MOXK/IMBICTb BHUPpIllyBaTW 3ajaui MiHiMi3zalii GyHKIiN
3HaXO/[)KeHHsI PO3B’SI3KiB PiBHSHb, 3a/laui arpoKcuMallii («KOpeKIlii» KpPUBUX i
eKcriepuMeHTanbHi faHi). Bci QyHKIT, siKi BUKOPHCTOBYIOTHCSI B L[bOMY MaKeTi,
TpU3HAUeHi /i po3B’si3yBaHHA 3a7iau  MiHimizarlii. Tomy sKio HeoOXigHO
po3B’si3aTH 3a/lady Makcumisallii, TO JOCUTh Tiepe]] LiJIbOBOKO (YHKIIi€O

TOCTAaBUTH 3HaK «MiHYC» i CKOPUCTATHCs OZIHi€r0 3 HAasiBHUX (PYHKI[iM MiHiMi3allii.

MATLAB i Optimization Toolbox HagawoTh (iHAaHCOBUM aHaJiTUKaM,
ilKeHepaM Ta AOC/TigHUKaM 3acobu, HeoOXifHi A/ TOIIyKy ONTHMaabHHUX Ta
KOMITPDOMIiCHUX pillleHb, AO3BOJISIFOTh HAJIAIITOBYBAaTU Ta MPOBOAUTH JiarHOCTUKY
3aflau OITHMi3allii i mBUAKO 00’€HYBAaTH CTaHAAPTHI a/JIFOPUTMU OMTHMI3allii 3a

CBOIMM BJaCHUMM MeToAamMu. BukopucToByrourd QYHKIII pe3y/ibTaTy MOXKHa



30epirat mapamMeTpy iTepaliiiHOTO TIpOIleCy i CTBOPIOBAaTH BJIAaCHI KpuTepil
3yNUHKU po3paxyHKy. @yHkiiii Optimization Toolbox HanucaHi Ha BiAKpUTiii MOBI
MATLAB, wmo [03BO/ISIE KOPUCTYBauyeBi KOHTPOJIIOBATU BUKOHAHHS aITOPUTMY,

3MIHIOBaTH BUXIiJJHUM KOJI, @ TAKO)K CTBOPIOBATH BJIaCHI (PYHKLIIT i a/IrOPUTMHU.

2. ®yskuina linprog Ta ii 3acrocyBaHHs y BHUPpillleHHI ONTHUMi3aliiHUX

3aja4

[nst po3B’si3aHHS 33j/lay JIiHIKHOTO MPOrpaMyBaHHS Yy MaKeTi OMNTUMIi3aLiil
Optimization Toolbox BukopucToByeTbCsi dyHKIIisl linprog. BoHa nipu3HaueHa Ajist

pO3B’sI3yBaHHS 3a/a4di BUAY:



n

chxj :<C, x>—> min

fx) = = , (1)
Ax<b, (2)
Aeq-x = beq, (3)
Ib < x < ub, (4)

ne ¢, x, b, beq, Ib, ub — BekTOp-CTOBIMUUKU, A, Aeq — IPSIMOKYTHi MaTpHuili, i

sIKa Ma€ TaKUU CUHTAKCUC:

x = linprog (c, A, b, Aeq, beq);

x = linprog (c, A, b, Aeq, beq, 1b, ub);

x = linprog (c, A, b, Aeq, beq, 1b, ub, x0);

x = linprog (c, A, b, Aeq, beq, 1b, ub, x0, options);
[x, fval] = linprog(...);

[x, fval, exitflag] = linprog(...);

[x, fval, exitflag, output] = linprog(...);

[x, fval, exitflag, output, lambda] = linprog(...).

Po3rnssHemMo ocobOsuBocti  mapameTpiB  exitflag, lambda, output, ki
BUKOPUCTOBYIOThCSI B (yHKIIiT linprog. Tak mapametp exitflag mpuiimae gojaTHe
3HAUeHHs, SIKILO iTepaliiHUKM TIPOLieC 3aBeplUMBCS Y BIJAMOBIIHOCTI 0 3aAaHol
TOYHOCTi 0OuUMC/ieHb; BiZi’eMHe 3HaueHHs, $KIINO iTepaljiiHuil TIpollec He

36iraeTbcsi 0 po3B’s3ky, i 0, siKio Oy/s0 TMepeBUILIEHO MaKCHMMa/bHY Ki/bKiCTb



iTepaliii, sika BU3HAUa€ThCs 3a rapaMeTpoM MaxlIten, abo MakCMMasbHY KiJIbKiCTh
obumc/ieHb 3HaueHb I[ibOBOI (YHKI[il, fKa BHU3HAYAETHCS 3a I[1apaMeTpoOM

MaxFunEvals.

[TapameTp lambda sBnAsie co6O0 CTPYKTYpy 3 MOASIMH, SIKi MIiCTSITh
MHOXXHUKHU JlarpaH)a [i/isi KO)KHOI Tpyrnud oOMeXxXeHb 3ajjaui B TOUIlli X, IO €

pe3y/bTaToM pO3B’sI3yBaHHS IMOCTABJ/IEHO] 3a/jaui:
— ineglin — #7151 06MeKeHb-HEPiBHOCTeH,
— eqlin — gyt 06MerkeHb-PiBHSHb,
— upper — /i IpSIMUX 00MeXkeHb TUITY X < ub,
— lower — g1 ipsiMux oOMexkeHb Tury [b < x,

MpU LIbOMY HEHY/IbOBi €JleMeHTH BeKTOpiB y Mosigx napamerpa lambda

Bi/ITIOBiIalOTh aKTUBHUM 0OMEKeHHSIM [I/Is 3HaM/IeHO1 TOUKH X.

Ao B yMOBI 3a7aui JesKi BXIJHI JaHi BiICYTHI, TO 3aMiCThb BIJTIOBIJHUX
BeMurH Tpeba craButu []. Hampukiaz, skimo B yMoBi 3agaui (1) — (4) BiacyTHi

obMeskeHHsI-HepiBHOCTI BUy (2), To Tpeba BBectr A=[] i b=[].

DyHKIIiST MO)Ke BUKOPHCTOBYBAaTH a/IFOPUTM BeIUKOI po3MipHOCTi lipsol abo

aJITOPUTM CepeHbOI PO3MiPHOCTI (METOZ, MPOEeKLIii).

3. [Ipukiaja BUpilIeHHsI ONITUMI3aL{iiHOI 3a]aui

Po3rnsitHeMo TpWK/aaj BUpILIEHHS 3afiadi JIIHIMHOrO TIPOrpamMyBaHHSI Yy

cepegosuiyi MATLAB.

3Hait f(X) = X1 — 4%2 — 2X3 - min



-X; + 2X2 + 2X3 <8

< X1+X2—X3S2

2X1 — 3X2 + 3X3 <6

XjZO,j=1,2,3

Po3Bs’s3anusa

Bxigni gaHi 3ajaul rozamMo y MarpyuyHOMY BUrisafi. [ag 1boro y BiKHI
Command Window nakety MATLAB Tpe6a BUKOHaTH TIOC/iJOBHO TaKi KOMaHAU

(%-... — KOMeHTapi 10 BiAMOBIAHUX [iK):
>>f =1, -4, -2];% Bekrop KoeillieHTiB MiHIMHOI 11i/IbOBOT PYyHKIIii
>>9% Marpulis KoedillieHTiB 0OMeKeHb-HepiBHOCTe
>A=[-122;11-1;2-33];
>>b = [8; 2; 6];% BekTop 00Me)keHb-HepiBHOCTeH
>> |b=zeros (3,1),
Jle (PyHKIIisl Zeros CTBOPIOE MaCHB 3 HY/TbOBUMHU eJIeMEHTaMU.

[Ticnst uboro Tpeba HabpaTy i BUKOHATU KOMaHAY

>> [x, fval, exitflag, output, lambda] = linprog (f, A, b, [1, [1, Ib);

[Tpu poMy Oyzie oflep>KaHO TaKHil pe3y/bTar:



Optimization terminated successfully.
X =

0.0000

3.0000

1.0000

fval =

-14.0000

exitflag =

1

output =

iterations: 6

algorithm: 'large-scale: interior point'
cgiterations: 0

message: 'Optimization terminated successfully.'
lambda =

ineqlin: [3x1 double]

eqlin: [0x1 double]

upper: [3x1 double]

lower: [3x1 double]

TakuM unHOM, MU OauHMO, I110:



- onTuMaabHUK po3B’sa30K X = [0.0000 3.0000 1.0000];
- MiHiMa/ibHe 3HaueHHs 1[i1boBOI (yHKIIil fopiBHIOE -14.0000;
- pPO3paxyHKM 3aKiHUMIMCh 3HaXO/)KeHHSIM po3B’ 513Ky (exitflag>0);

- BCHOTO Oy/I0 BUKOHAHO 6 iTepariii;

OyB BUKOpPHCTaHMM MeTof, BHYTpilmHbOi Toukd LIPSOL - Linear
Interior Point Solver, sKuii 3aCTOCOBY€ETHCS, SIK MPAaBUJIO, /11 PO3B’sI3yBaHHS 3a/ia4y

BeJIMKOI po3MipHocTi (large-scale).



BucHoBku

[IIupoki aHamiTHuHi, OOUMC/IOBa/IbHI i rpadiuHi MOMKIMBOCTI CydaCHHUX
MaTeMaTUUHUX TlakeTiB poOnsTh iX OJHMMU 3 OCHOBHUX IHCTPYMEHTIB Y
npoeciliHii  [is/IbHOCTI  MaTeMaTWKa-aHa/liTWKa, iHXXeHepa, eKOHOMicCTa-
KibepHeTrKa ToIl0. ToMy iX BHUKODHCTAHHsS y HaBuaabHOMY Tipoijeci BH3 mipu
BUBUEHHI MaTeMaTUYHUX [JUCLIUIUIIH [103BOJIUTH Mi/IBUIIUTH piBeHb MpodeciiHOol
MiJTOTOBKU CTY/IeHTiB, piBeHb iX MaTemMaTWuHOI Ta iHdOpMalliliHOI KyJbTYpH,
3poOuTH MalOyTHiX (axiBLiB KOHKYPEHTOCIIDOMOKHMMH Ha Mi>XKHapogHOMY

PUHKY Mparji.

MOH Ykpaiau Ta BH3 Heo6xifHO 31ilICHUTH peasibHi KPOKH [I/Is1 TOTO, 11100
SIKHAWILIBU/ILIE JIiLIeH3iMHI MaTeMaTHUYHi MaKeTH B IOCTATHIM KUIBKOCTI 3’ IBUIUCS
Ha MareMaTMUHUX Kadeapax /s 3abe3reueHHsT HaBYaJbHOTO TIpoliecy Ha
MaTeMaTU4YHUX, T[PUPOAHUUMUX, KOMII FOTEPHUX, TEXHIYHUX Ta eKOHOMIUHUX

CrierfiaJlibHOCTSIX.
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