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JANUHAMIYHA MOJEJIb YIIPABJIIHHA 3AITACAMMU 3 IHTEPBAJIb-
HOIO HEBU3HAYEHICTIO IIOIIUTY

THE DYNAMIC INVENTORY MANAGEMENT MODEL WITH INTERVAL
UNCERTAINTY OF DEMAND

B cmammi poszenanymo mooenb 00HoMenKiamypHoi cucmemu ynpasiiHus 3anacamu 3 nepi-
0OUYHUM KOHMPOTIeM Npu IHMePBAIbHO 3A0AHOMY NONUMI, MUMMEBUX NOCMABKAX, 0OMeNCeHHI Ha
pieens 3anacy i 6eUUUHY 3AMOBIeHHs, ma KiHyesomy nepiodi niauvysanus. Ha ocnosi 3anponomno-
sanoi mooeni onsi TOB «Ceimnosi Texnonociiy 00cniodceHo OUHAMIKY 3MIHU PI6HS 3anacy npu
ONMUMANbHIU cmpamezii YnpagiiHtsL.

B cmamve paccmompena mooensb 0OHOMEHKAAMYPHOU CUCTeMbl YAPABLeHUs 3anacamu ¢
nepuooOUYecKUM KOHMPOLEM NPU UHMEPBATbHO 3A0AHHOM CNPOCe, MCHOBEHHbIX NOCMABKAX, 02Pd-
HUYeHUU HA YPOBEHb 3aNaca U 8eIUYUHY 3aKa3d, U KOHeuHOM nepuode nianuposanus. Ha ocnoge
npeonoxcenrou modenu 011 OO0 «Ceemogvle Texnonoeuuy ucciedo8ana OUHAMUKA USMEHEHUS
VPOBHA 3anaca npu ONMUMAIbHOU CMpame2u YnpaeieHus.

In the article it was proposed to use interval methods for modelling and optimization of in-
ventory management systems with uncertainty in the data. For interval model of one range inven-
tory management system inventory level was defined as the sum of current stock and stock of or-
ders at the current time. Dynamics of the stock was determined by the equation, in which there
was a new component (demand), which can take values in a given interval. The boundaries of this
interval is always possible to estimate with sufficient accuracy for the statistical data, or guided
by experience and intuitive assumptions. It was developed computational algorithm for construct-
ing an optimal admissible strategy, under which the optimal control at each step is determined for
the Bellman principle of optimality. To solve the problem of interval constructed by dynamic pro-
gramming was used maximin approach, which provides a guaranteed result for any value of the
unknown parameter of a given interval. Our goal was to analyse the results of numerical calcula-
tions of model for Ltd. "Light Technologies".

KirouoBi cioBa: cuctema ynpaBlliHHS 3allacaMd, HEBU3HAUEHUI IONMWT, 1HTEPBAIbHUN
aHaJli3, IMHAMIYHE [TPOTrpaMyBaHHSI.

Beryn. [IpoGiiema yrmpaBiiiHHS 3amacaMH € OJIHIEIO 3 HAWOUIBII BaXKJIIMBUX B
OpratizaniifHoMy ympaBiiHHI. 3amacy pi3HOTO poay MarepiaJbHUX I[IHHOCTEH BU-
HUKAIOTh Maii’ke y BCIX JJAHKAaX CUCTEMHU BUPOOHUITBA — PO3IMOALITY — CIIOKUBAHHS.
[Tix 3amacom MaeThCsl HA yBasl HE TUIbKW HAasIBHICTh JESKOrO TOBApY YM MPOJYKIIii
Ha CKJajl, a 1 BUpPOOHMUYI, TPAHCIIOPTHI, TPYJOBI, iH(OpMAaIliiiHi, BOJHI pecypcH,
¢diHaHcoBuii KamiTan 1 T.1. ToMy MoJzeni yrnpaBJiHHS 3aacaMy OMUCYIOTh HIMPOKE



KOJIO 3aBJlaHb ONTHUMAJIBLHOTO IJIaHYBaHHS BUPOOHUYMX, TPAHCIOPTHUX, 1HGOpMa-
IAHUX, (IHAHCOBUX, BOJIOTOCIOIAPCHKUX, EHEPTETUYHUX Ta HIIUX CUCTEM.

[Ipu nedinuTi 3amaciB MOPYyIIyeETbCS HOPMAJIBHUM XiJ BUPOOHMIITBA, 3pHUBA-
€THCS MTOCTAYaHHS CIOXKUBAYiB, 1[0 MPU3BOAUTH J0 BTPATU MPUOYTKY 1 permyTarlii
KOMITaHii — mTpady 3a He3aA0BoOJeHUH a00 BiakiaaeHui nonut. [lpu HeBumnpasga-
HO BHCOKOMY DiBHI 3aIiaciB KOMIIaHis HECe BTPATH BiJ OMEPTBIHHS KamiTally B 3a-
macax 1 ymoBUIbHEHHS HOro 000pOTHOCTI.

VY nanuit yac B 00JacTi METOMOJOTII, amapary Ta PO3BUTKY MoJelel Teopil
yIpaBIiHHS 3aMlacaMi MOXHA BKa3aTH HACTYITHI OCHOBHI TEHJICHIII:

— TEpeBAXXHUN PO3BUTOK CTOXACTUYHUX MOJEIeH 1 CTaTUCTUYHUX METOJIIB
yopaBJiHHS 3amnacamu [1];

— TOIIMPEHHS aJaNTUBHOTO MIAXOJy Ta METOJIB YINPaBIiHHSA 32 HEMOBHUMU
Janumi [1];

— JIOCHIIKEHHS I'POBUX MOCTAHOBOK 3a/1ay yIpaBJiiHH 3amacamu [2];

— JOCHIKEHHS] 0araTOHOMEHKJIATYPHUX CUCTEM YIPaBJIIHHS 3amacaMu 3 Kope-
JbOBaHUM MOTUTOM [3];

— JIOCHIJKEHHSI CHCTEM YIPaBJIIHHS 3amacamMH 3 YacTKOBO CIIOCTEPEKYBaHUM
MOITKMTOM 1 3aMKHYTHX 32 TIOITUTOM cucteM [1];

— JIOCTIJKEHHS 1€papX14HUX CUCTEM YIPaBIIIHHS 3anacamu [4].

B po0orti [3] 3a3HauaeThes, 110 "ynpaBiiHHSA 3amacamu, 3 OAHIET CTOPOHU, Mae
HaWOUIBII MOMJIMBOCTI IJI1 IPAKTUYHOIO 3aCTOCYBAHHS 1 3 IHIIOTO — HAMOUIbII
po3BuHeHy Teopit". Ilopsan 3 IMOBIpHICHUMH METOAaMU Ta METOJAaMHU JIHIMHOTO
porpaMyBaHHS TE€OPisl YIPaBIIiHHS 3allacaMi aKTUBHO BUKOPHCTOBYE arapar Teo-
pii aBTOMaTHUYHOTO yIpaBiiHHs. [I[pONOHYIOTECS aIrOpUTMHU YIPABIIIHHS 3aracaMu,
pO3p0o0JIeHI Ha OCHOBI CYYaCHMX METOJIB Teopii ajamnTariii, i1eHTudikaiii, croxac-
TUYHOI ONTHUMI3Allil, MPUHIUIY MaKCUMyMy, AUHAMIYHOTO MpOTpaMyBaHHs, Map-
KIBCHKHX TPOIIECIB 3 JJOXOJAaMH 1 T.]I.

TakuM 4MHOM, cydacHa Teopisl J03BOJSE ONTUMAIbHO (HAPUKIAI, 3 TOUYKU
30py MIHIMyMYy BUTpAT) YIOPaBJISATH SK JETEPMIHOBAHUMH, TaK 1 CTOXaCTUYHUMU
cUCTeMaMu ynpaBiiHHS 3anacamu. OpHak, JEeTEpMiHOBaHI MOJEI HE BPaXOBYIOTh
anpiopHy HEBU3HAYEHICTh (B MOIMUTI, MOCTABKAaX, 4aci 3aTPUMOK 1 T.J.), BIACTUBY
peaNbHUM CHCTEMAaM YNpaBIIiHHS 3anacamu. IMOBIpHICHI — BUMAraroTh TOYHOTO 3a-
JaHHS IMOBIPHICHUX XapaKTEPUCTUK HEBU3HAUYECHUX NapaMeTPiB CUCTEMH ((PaKkTopiB
HeBH3HavYeHocTi). [Ipu poMy, y OaraThoX BUIAJKaX HEMAE MIACTaBU ab0 HEIOCTa-
THBO 1HpOpMaIii, o0 po3riAaaTH GaKTOPU HEBU3HAYEHOCTI SIK BUIAJIKOBI (TOOTO
aJICKBaTHO OIMUCYBAaHUMHU TEOPETUKO-IMOBIPHICHUMHU MOJIEISIMU), 1II0O POOUTH Hee-
(eKTUBHUM 3aCTOCYBAaHHS TAaKUX MOJIEJCH MpHU BUPIMICHHI MPAKTHYHUX 3aB/IaHb.
Cx1aiHiCTh OTPUMAHHS YUCEIBHUX PE3YNIBTATIB MPU POOOTI 3 BUIMAIKOBUMU BEITH-
YUHAMH TaKOXX 3HIKY€E MPAKTHUHY LIHHICTH CTOXACTUYHHUX MOJENEH YIpaBiIiHHS
3arnacamu. Lle mpu3BoAUTH A0 HEOOX1IHOCTI 00JIIKY HEBU3HAYEHOCTI HECTOXACTUY-
HOI IPUPOIH.



[ixaBuii miaxig Qi AAHAMIYHUX MOJEJICH, 3aCHOBAHUM Ha OITHMI3aIlli CHC-
TEeM YIpaBJIiHHS 3aracaMu 3 HECTOXACTUYHOIO HEBU3HAYEHICTIO B JAHHUX 3a JOIO-
MOTOIO arapaTy IHT€pBaJbHOTO aHali3y, MpomnoHyeThecsi B poboti E. B. YaycoBoi
[5].

IMocTanoBka 3aBaanHs. JlocmipKeHHs Ta aHalli3 MOJIEIl BU3HAYEHHS PO3MIPY
napTii CUCTEMH 3 TIEPIOTUYHUM KOHTPOJIEM B YMOBAX HECTOXACTHUYHOI HEBH3HAUeE-
HOCTI TIOTIHTY.

MetonoJiorisi. MeTo0510T19HOI0 0623010 JOCIIHKEHHS € TTOHATTS 1 METOU Te-
opii IHTEPBAIBHOTO aHaJI3y, TEOpii MHOKHH, TEOPii yNpaBIiHHS 3aMacaMu, METOIU
JTUHAMIYHOTO TIPOTPaMyBaHHSI.

Pe3yabTatu gociaimkeHns. Y poOoti [S] mams MomentoBaHHS Ta ONTHMI3aIlii
CUCTEM YIIpaBJIiHHS 3aMacaMy 3 HEBU3HAUCHICTIO B JJAHUX MPOMOHYETHCS BUKOPHC-
TOBYBaTH amnapaT 1HTepBajJbHOro aHamizy. HeBuU3HAuE€HOCTI B cHCTEMi 3aJal0ThCs
IHTEepBajaMH, B MeXaX SKUX HEBIJOMI MapameTpu JOBUIBHUM YHMHOM HPHUIMAIOTh
cBOi 3HaueHHs. L1 Mexi 3aBXKIM MOXKHA OIIHUTHU 3 JOCTAaTHIM CTyII€HEM JOCTOBIP-
HOCTI 32 CTATUCTUYHUMU JTAHUMH.

VY poboTi [5] po3risaaeTbcsi OAHOHOMEHKIIATYpHA CUCTEMA YIIpaBJIiHHS 3ara-
caMu 3 MepIOANYHUM KOHTPOJIEM PIBHS 3aIaciB MPH IHTEPBAILHO 33JIaHOMY TOIHUTI,
MUTTEBUX MOCTABKAX 1 KIHIEBOMY MEPIO/1 IIaHyBaHHs 3anaciB. JluHaMika cUCTEMHU
OMHCYETHCS TAKUM PI3HULEBUM PIBHSIHHSIM:

X(t+2)=x(t)+u(t)—-d(), t=0T -1, 1)
ne X(t) — cran cucremu (piBeHb 3amacy) B MOMEHT 4acy t ;
u(t) — ympaiiHHs (BeTMUMHA 3aKa3y Ha TIOMOBHEHHS 3aacy) B MOMEHT 4acy t;
d(t) — momut Ha Biapisky [t,t+1];
T — mutanoBu# niepion.
BimnocHo nonuty d(t) BigoMo JuIe Te, MO BiH JOBUIBHUM YHMHOM MPUHMAE
3HAYCHHS Ha 33/IaHOMY 1HTEpBai
dit)eD, t=0,T -1, (2)
ne DelR, D=[D,D], D>O0.
Ha cranu cuctemu X(t) i ympasiiaas U(t) B MOMEHT yacy t HakiIaIarOThCs
0OMeXXeHHSI, SIKi 00YMOBJICHI MOXKJIMBOCTSIMU CUCTEMH,
X(t)e X, t=0T, (3)
ut)eU, t=0T -1, (4)
me XelR, X=[0,X]; UelR U=[0,U].
KpiMm ToTO, MpUITyCKA€THCS TTOBHE 1 CBOEYACHE 3aJ0BOJICHHS MOTHUTY y MEXKax
KOXKHOTO BiIpi3ky [t,t+1), t= O,T——l, TOOTO MeilUT 3amacy B CHCTEMI HE JIOIyC-
Ka€ThCS.



Hexait ¢ynkmis u(t) =U(x(t),t), u(t) e U, e nomyctumum Ha iHTepBami X

ynpaBimiHHAM s ctany X(t) B MomeHt vacy t, t=0,T —1, takum, mo s Oyab-
skoro 3HadeHHs nonuty d(t) € D Bukonyerscs BriaroueHHs X(t+1) € X, me X(t)
BU3HAYAETHCS] PEKYPEHTHUM CHIBBiTHOLIECHHIM (1).

Hexaii crpareris @ ={u(0),u(d),...u(T =1}, u(t)eU, t=0,T -1, € gomycru-
MO0 Ha iHTepBaji X CTpaTeri€o yrpaBmiHHA 1isg nodaTtkoBoro crany X(0) € X,
TaKoIo, MmO I Oynb-skoro 3HadeHHs monuTy d(t) e D BukOHaHE BKIIOYCHHS
X(t+1) € X, neX(t) Bu3HAYa€ThCSA PEKYPEHTHUM CITiBBIAHOIICHHSIM (1).

Butpatu cucremu Ha (opMyBaHHS 1 MIATPUMKY 3aMacy BU3HAYAIOTHCSI CTAHOM
CHUCTEeMH Ha KiHellb KO>kHOro Biapisky [t,t+1), t=0,T —1. Toxai mig Oyab-IKOro

¢bikcoBanoro 3HaueHHs monuty d(t) € D Butpatu cucremu Ha Bimpisky [t,t+1)

npu piBHi 3amacy X(t) 1 BenmmuuHi 3aka3y U(t) onmuCcyrOThCS (QYHKITIETO:
COx(®),u(),d®),1) =g(®) +c(t) -u® +h(®) - (xO +u® -d(®),t=0T -1 (5)

ne g(t) — ¢ikcoBaHa yacTka TPaHCIIOPTHUX BUTPAT Ta BUTPAT HA PO3MIIIICHHS 3aKa-

3y B MOMEHT 4acy ! (BUTpaTu Ha 3amyCK BUPOOHUIITBA ISl BAPOOHUYHUX CUCTEM);
c(t) — BuTpaTH Ha MOCTABKY OJMHHUIII 3amacy B MOMCHT 4acy t (BUTpaTH Ha BHPOO-

HUILITBO OJIMHUII MPOYKIIIT);
h(t) — BuTpaTn Ha 30epiraHHs OJUHUII 3amacy Ha BiApi3Ky [t,t+1).

BpaxoByroun 1HTepBajJbHY HEBH3HAYEHICTh MOMUTY (2), MPEACTaBUMO (PYHK-
10 BUTPAT CUCTEMH Y BUIJISII IPUPOAHOTO 1HTEPBAIBHOIO PO3IIUPEHHS (YHKIIIT

(5):
C(x(t),u(t),D,t) =g(t) +c(t) -u(t) + h(t) - (x(t) +u()—-D), t=0,T -1
Toni, s Oyap-sikoro 3HadeHHs d(t) € D cnpaBeyuBe BKIFOUCHHS
C(x(t),u(t),d(t),t) e C(x(t),u(t),D,t), t=0,T -1

HeoOxi1HO BHU3HAYMTH ONTUMAJIbHY JOIMYCTUMY Ha I1HTEpBaJlli X CTpaTerito
ynpasainag @ ={u”(0),u”(@),...,u (T —1)},sxa miHimMi3ye cymapHi BUTpAaTH CHCTE-
MU B MIaHOBOMY Tiepiomi. Kpim Toro, 6ynemo BumaraTu, 1100 3arac Ha KiHEIb Te-
piony mianyBauus X(T) He mepeBHIIyBaB 3amaHoro piBHs X1, Xr e X. Takum
YUHOM, MA€EMO HACTYNHY ONTUMI3allliHY 3a1aqy

gc:(x(t),u(t), D,t) = min (6)

Ded(x(0))
pu OOMeKEeHH1
X(T) < X+ (7)
ne Xt eX; @(x(0)) MHOXMHA cTpaTeriii, ZOMYCTHMHX MPH IOYATKOBOMY 3araci
X(0) € X(x(0) nependayaeTbes BiIOMHIM).



Jins Oynb-sikoro crady cucremu X(t) € X momyctume Ha iHTepBaii X ympas-
JiHHS 31 3BopoTHMM 3B’s3koM  U(t) =U (x(t),t), u(t) e U, B MomeHnT wacy t,

t=0,T —1, icHye 1 BU3HAYA€THCS 13 BKIIOUCHHS

X(t) + u(t) e X+ dual D, (8)

TOJ1 1 TIJIBKH TO/JI1, KOJIM BUKOHAHI YMOBH
X +dual D €lR, 9)
Dc U. (10)

s Oynb-sikoro mouaTkoBoro crany cuctemu X(0) € X icHye momyctuma Ha
iHTepBati X ctpareris ymnpaBmiaHa @ € @(X(0)), sixka TapaHTye BKIIIOYCHHS
X(T) e X;, Toxi i TINBKK TOMI, SIKIIO BUKOHaHI yMOBH (9), (10), iHTepBan A0MyCTH-
MUX TIOYaTKOBHX CTaHIB Ma€ BUTIIS

X, =X, (11)
a I‘paHI/I‘lHI/II?'I 3ariac Ha KiHeHB HepiO,Z[y IUIaHYBAHHA 3a10BOJIbHAEC YMOBY
Xt eX(D-D, X). (12)

JI1st BU3HAYEHHS! ONTUMAJIbHOT B PO3YMIHH1 KpUTEPIO (6) CTparterii ynpasiiH-
HS CKOPHCTAEMOCS METOJIOM JAMHAMIYHOTO MpOrpamMyBaHHS. 3TiAHO 3 TMPHHIUIIOM
ontUMalibHOCTI bemmana [6] mist QyHKIT BUTpaT pillieHHS Ha BCl BIAPI3KH, IO
3QJIMIITUIMCS TIOBUHHI CKJIaJaTH ONTHMAJIbHY MOBEAIHKY BIJTHOCHO CTaHy, OTpUMa-
HOTO B pe3yJIbTaTl MOMEPEIHHOTO PIIICHHS, HE3AJICKHO BiJ] paHillle NPUNHHATUX Pi-
IIeHb 1 TOYaTKOBOI'O CTaHy. BU3HauMMO NOCIIIOBHICTh (DYHKIIIMH:

f ()= min S Cx(t),u),D,t) k=0T -1

u(k),...u(T-1) &5

ne f (X) — minimanbHi BuTpaty 3a T —K BiJpi3KiB, IO 3aJIMAMIMIINCS 0 KiHIA ITe-

pilony TUIaHyBaHHsI, P PiBHI 3amacy X;

u(t) — gomycruMe yrpasmisgs ;s crany X(t) B Moment wacy t,t=Kk, T —1;

X(k) =X, a X(t),t=k+1,T —1, BU3HAYA€TbCSA PEKYPESHTHUM CITiBBIAHOIICHHSM (1).
Toni nns Oynb-akoro X € X, peKypeHTHE CIIBBIIHOIIECHHS AMHAMIYHOTO IIPO-

rpaMyBaHHS Ma€ BUTJISI:

f () =min{C(x,u,D,) + f,(x+u-D)}, t=T-10, £ (x)=0 (13)
ne X, 1U,;:

X, =(X,,+dual D-U)NX, t=T-10, X, =X(0,X,), (14)

U, =(X,, +dual D—x) V). (15)

TakuM YMHOM, OTPUMYEMO 3a/layy IHTEPBAJIBHOTO JIMHAMIYHOIO MpPOrpamy-
BaHHs. J{J1s 11 po3B’sI3Ky MOKHA BUKOPUCTOBYBATH M1JX1J1, 3alIPONOHOBAaHUH B [4,7]
JUIsL ONTUMI3AIlll CUCTEM B yMOBaxX 1HTEpBaJIbHOI HEBM3HAYEHOCTI. 3rigHO 3 [4,7],
MaKCHUMIHHA MOJIeNb 3a0e3Meuye rapaHTOBaHUI Pe3yJIbTaT 1HTEPBAIBHO 33JaHOTO
napameTtpa cucreMu. Toni st 6yap-sikoro X € X, 3 (13) Oynemo matu



ft(x):TagmiUn{C(x,u,D,t)Jrft+1(x+u—d)}, t=T-10, f.(x)=0 (16)

ne X, 1 U, Bu3HavaroThed criBBiHOLIEHHAME (14), (15).

Otpumani criBBigHOmEHHS (16) M03BOJSAIOTH MOOYIyBATH aJTOPUTM YUCENTh-
HOTO PO3B’s3Ky 3aaadi (6). Ha mepmiomy kpomi (t=T —1) mias BCiX JOMYyCTUMHUX
X(T -1 e X,, obGuncmororeesi f. (X) 1 BH3HAUArOTHCS BIANOBIAHI ONTHMANIBHI
ynpasninss U (T —1). [Tortim aus Beix gomycrumux X(t) € X, t=T —2,1, 3a cnis-
BiHOIEHHAM (16) pexypeHTHO obuucioroThes f,(X) 1 BU3Ha4arOTHCS ONTHMAbHI
u'(t). Ha ocranabsomy kpoui (t=0) obuucmoerses tineku f (x(0)) i Biamosigue
u"(0) mns 3amanoro mouarkosoro crany X(0) € X. B pesynbrari, it II04aTKOBOIO
crany X(0) oTpumyeMo ONTHMalbHY B CEHCI KpHUTepito (6) CTpATerito yHpaBIiHHS
@ ={u (0),u”(),...u (T -1}

PosrisitHeMo mpakThyHEe 3aCTOCYBaHHS JaHOiI MOJIEJl Ta BUKOHAEMO PO3paxy-
HKH 3a po3pobieHuM anroputMoM. Tak mis TOB «CBiTiIOB1 TEXHOJIOT1» HEOOXiI-
HO PO3pOOUTH KaJeHAapHY IIporpamy IJIaHyBaHHS 3aMaciB TOTOBOI MPOAYKITT (TeX-
HIYHUX CBITWJIBbHUKIB) Ha MiBpoKy Brepen (T =6). [Ipumyctumo, 1o nonuT, Benu-
YiHa 3aMOBJICHHS 1 PO3MIp 3amacy MOXKYTh MPUHAMATH TIIBKU LU 3HaYeHHs. Tomi
Ha KO’)KHOMY KpOILll ONTUMaJIbHE YIPABIIHHS, IKE 3a10BOJIbHSE (16), MOKHA BU3HA-
YUTHU 3BUYAHUM 1epeOopoM (B HEMTEPEPBHOMY BHUIIAJIKy BUKOPHCTOBYIOTHCS YHCE-
JbH1 METO/H). By0o CTaTUCTUYHO BU3HAYEHO MEKI IHTEPBAITY MOMKJIMBOT'O MOMUTY —
D =[5,6]. [Torouna BepxHs Mexa 3aBAHTAXKCHOCTI CKIIaay — 7 THC OJX., TOOTO
X =[0,7]. MakcuMaJIbHO MOXKJIUBHUI pO3Mip MOMOBHEHHS 3amacy — 9 Tuc. o., ToO-
to U =[0,9].

KoeditieHTH BUTpAT MpOTAroM YChOro MEpioAy IUIAHYBAaHHS MOCTIWHI 1 JUIs
6yab-skoro t, t=0,5, dikcoBaHa uacTka BHTpaT Ha po3MilieHHs 3akasy ¢(t)

CTaHOBUTH 13 y.0. (KO poOUTHCS 3aKa3), BUTPATU HA TTOCTABKY OJWHUII MPOTYK-
1ii — 2 y.0., BATpATH Ha 30epiraHHs oauHuIll npoaykiii — 1 y.o. O1xe,

o(t) = {O’ Pl =0 o hiy =1,
13, npu u(t) >0,

['pannyHuil piBeHb 3amacy Ha KiHellb MJIAHOBOTO TEPioly MOBUHEH OYTHU MiHI-
MaJIbHUM, OTXKE, X =1.

Jnst nanoi cucremu ymoBH (9), (10) 1 (12) Bukonani. [HTepBamu JomycTUMUX
CTaHIB CHCTEMHU MAIOTh TaKWUW BUTJISIT

X, =[01]; X, =[06]; X =X, t=4,0.

PesynbpTaTi po3paxyHky onTuMaiabHOI cTpaterii 3a ¢popmyoro (16) nmpeacras-

JeHi y Tabaumi 1.
Tabnuys 1
Pe3ysibTaTu po3paxyHKy ONTHMAJIBLHOI cTpaTerii



y t=6 t=5 t=4 t=3 t=2 t=1
u(x) fx) | ux) | fX) | ux) | fx) | u®) | fx) | ux) | fx) | ux) | f(x)
0 6 26 6 51 6 76 9 97 6 122 6 147
1 5 24 5 49 5 74 8 95 5 120 5 145
2 4 22 4 47 4 72 7 93 4 118 4 143
3 3 20 3 45 9 63 9 88 9 113 9 134
4 2 18 2 43 8 61 8 86 8 111 8 132
5 1 16 1 41 7 59 7 84 7 109 7 130
6 0 1 0 26 0 51 0 76 0 97 0 122
7 0 0 0 25 0 50 0 75 0 96 0 121

[Ipu t =6 piBeHb 3anacy X =7 He JOMYCTUMUH.

Hexait moyatkoBwmii piBeHb 3amacy B cucteMi X(0) =3 i MOIUT IpoTAroM mepi-
oJly IUIaHyBaHHs npuiiMaB Taki 3Hauenns d = (5,6,5,5,6,6). Toxi oTpuMaemo HacTy-
Hi pe3ynbTatu (Tadm. 2):

Tabnuys 2
Pe3ysibTaT po3paxyHKy ontuMasbHoi crparerii 1iast X(0) =3

x (3 |7 |1 |4 |7 |1 |0
u |9 [0 |8 |8 |0 |5 -

[HTepnpeTyeMO pPO3B’A3KU: ONTHMAaJbHA CTpATErisl YIpPABIIIHHA Ma€ BUIJISA[
@ ={9,0,8,8,0,5}, piBenn 3amacy Ha Kineup nepioxy mianysanus X(6) =0, cymap-
HI BUTpPATH CHUCTEMH 3a IMEpioj IUIAHYBAHHS MPU ONTUMAJIbHOMY YIpaBIIHHI
@ cranoBisate C =121 y.0.(MakcuMansHO MOXKIUBI cymapui Butparu f (3) =134.

Ha pucynky 1 mokazaHa quHamika 3MIHM 3amacy NpU ONTUMAJbHINA cTpaTerii
yIpaBIiHHSA 3 Ta0mwmui 1 s pisHux piBHIB mouatkoBoro 3amacy X(0). 3 pucyHky 1
BUJIHO, 1[0 PiBEHb 3aracy MNpOTArOM yChOTO MEpioay IJIaHyBaHHS 3HAXOIUTHCS B
Mexax gomycrtumoro iHrepBairy X =[0,7], a 3anac Ha KiHellb NepioAy MIaHyBaHHS

HE NepEeBUIILYE 3aJaHOT0 piBHA X1 =1.
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Puc.1. /lunamika 3MiHU piBHS 3amacy MpH ONTHMAJIbHIN cTpaTterii ynpaBiiHHS (JiHis 1:
x(0)=0,®" ={6,58,9,0,4}, d = (5,5,6,5,5,6); minis 2: x(0) =5, @ ={7,0,8,9,0,5}, d = (6,5,6,6,5,6); ninis 3:
x(0)=4, @" ={8,0,7,8,0,5}, d = (5,5,5,6,5,6); ninis 4: x(0) =7, ®" ={0,4,8,8,0,5}, d = (5,5,5,6,5,5); niHis 5:
x(0)=2, @ ={4,5,9,8,0,5}, d = (5,6,5,5,6,5); ninisa 6: x(0)=6,® ={0,5,9,9,0,5}, d = (5,6,6,6,5,5); niHis 7:
x(0)=1, @" ={5,58,8,0,5}, d = (5,5,5,6,5,5);)

BucHoBku. Ha 0cHOBI MOIeIi OTHOHOMEHKJIATYPHOT CUCTEMH YITPABITIHHS 3a-
nacamu 3 MepioJUYHIM KOHTPOJIEM IPH iIHTEPBAIBHO 3aJaHOMY TOTHTI, MUTTEBUX
MOCTaBKax, 00OMEXEHHI Ha PIBEHb 3amacy 1 BEJIUYMHY 3aMOBJICHHS, 1 KIHIIEBOMY I1e-
pioi mmaHyBaHHs po3pobieHa KajleHaapHa MporpaMa IiaHyBaHHsI 3aaciB TOTOBOI
NPOJYKIlIi Ta BU3HAUEHA ONTHMayibHa cTpateris ympaiinHsa aig TOB «Caitiosi
Texnounorii». HaBeeHo pe3ynbTaTi YHCETbHUX PO3PAXyHKIB.

Jlireparypa

1. Jlorouxuit B.A., Mannens A.C. Moaenu u Metozsl ynpasieHnus 3anacamu. — M.: Hay-
Ka, 2006.

2. XouHceMmeH O. [IpumeHeHne MaTeMaTHYeCKUX METOOB B YIPaBICHUH MTPOU3BOJICTBOM
u 3anacamu. — M.: IIporpecc, 2001.

3. PwokukoB FO.U. Teopus ouepeneit u ympasnenue 3anacamu. — CII6.: ITutep, 2001. —
181 c.

4. Bomunun A.Il., Cotupos I'.P. Ontumusanus B ycIOBHUSIX HEOMPEIEICHHOCTH. — M.:
W3-80 MOU; Texunka, 1989. — 416 c.

5. UYaycona E. B. J/lunamuyeckas MOZieNb YIpaBJIeHUs 3allacaMy ¢ HHTEPBAIBHON Heompe-
neneHHocThIO cnpoca / E. B. Haycoa // Bectauk ToMCKOro rocyapcTBEHHOTO YHHBE-
pcutera. — 2002. — Ne 1(1). — C. 195-200.

6. bemnman P. Jlunammuueckoe mporpammupoBanue. — M.: M3a-Bo MHocTpanHas imTepa-
Typa, 1960. — 434 c.

7. Bommnaun A.Il., CotupoB I'.P. Ontumu3zanust B yCiIOBHUSIX HEONpeaeIeHHOCTH. — M.:
N3n-Bo MOU; Texuuka, 1989. — 416 c.



