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VIIK 697.1
A. C. KYIEHKO, B. H. TOBAKHAHCKHI

KOMBHUHHUPOBAHHASI CUCTEMA ABTOMATHYECKOI'O YITIPABJIEHUS TEIIVIOBBIM
COCTOSIHUEM 3JIAHMS C IIPOTHO3UPYIOHIEN MOJIEJBIO

PaccmaTpuBaercs akTyaibHas 3a7a4a CTPYKTYPHOTO CHHTE3a CHCTEMbI aBTOMAaTHYECKOT'O YIIPABJICHUS HHUBUIYaTbHBIM TEIUIOBBIM ITYHKTOM YKUJIBIX,
MPOM3BOJCTBEHHBIX M O(QUCHBIX 31aHMid. Ha OCHOBE YIPOIIEHHOW MaTEeMaTHYeCKOW MOJIENH IIpolecca TEIUIOCHA0KEeHUs, OTpaKarouieid B
6e3pa3MepHoii (hopMe OCHOBHBIE KOHCTPYKTUBHBIC MApaMETPhI 3/1aHus, ¢ IOMOIIBIO MPHHIIAIIA MAKCUMyMa Hali/IeH ONTHMAJIbHBIA 3aKOH yIpPaBICHUS
TEIUIOBOW MOILHOCTBIO C YYETOM KPaTKOCPOYHOro MporHosa morofsl. [lomydeHHOe MporpaMMHOE yHpaBieHHE MO BO3MYLICHHIO KOPPEKTHPYETCs
YIPaBJICHUEM T10 OTKJIOHCHHIO TEMIIEPATYPhI IOMEIICHHS OT 33JJaHHOTO0 KOM(OPTHOTO 3HAYCHHSL.

KaioueBble cjI0Ba: ONTUMAIBHOE YIPABJICHHE TEIUIOCHAO)KEHHEM, KOMOWHHUPOBAHHOE YHpaBICHHE, YIPABICHHE C MPOTHO3UPYIOLICH
MO/IEJIbIO, METO/ I10CIIEA0BATENBHBIX TPUOIHKEHUH.

PosrisigaeTbest akTyanbHa 3ajja4a CTPYKTYPHOTO CHHTE3y CHCTEMH aBTOMATUYHOTO YIPABIiHHS IHIMBITyallbHUM TEIUIOBMM ITYHKTOM >KHTJIOBHX,
BUpOOHHYKX 1 odicHUX OyxiBens. Ha ocHOBI crnpomieHoi MaTeMaTHYHOI MOZENI MPOLECY TEIUIONOCTauyaHHs, 0 BiOUBae B Oe3po3MipHO0 (opmi
OCHOBHI KOHCTPYKTHBHI I1apameTpy Oy[iBii, 3a JOIIOMOrOI MNPHHIHMILY MaKCHMyMy 3HAil/ICcHHIl ONTHMAJIbHHI 3aKOH KEPyBAaHHS TEIUIOBOKO
HOTY)KHICTIO 3 ypaxXyBaHHSIM KOPOTKOCTPOKOBOIO HPOrHO3y noroau. OTpuMaHe MPOrpaMHE YIpaBiliHHS 3 00yPEHHIO KOPUTYEThCS YIPABIIHHAM IO
BIJIXHJICHHIO TEMIIEpaTypH IPUMILICHHS BiJl 331aHOr0 KOM(OPTHOTO 3HAYCHHSL. .

Kiao4oBi cioBa: onTHManbHE YIPaBIiHHS TEIUIONOCTAYaHHSM, KOMOIHOBAaHE yHPABIIHHS, YHPABIHHS 3 HPOTHO3YIOYOI MOJEIUIIO, METOJ
MOCJIIIOBHUX HAOJIMKEHbD.

The actual problem of structural synthesis of the automatic control system for the thermal state of housing, industrial and office buildings is
considered. Based on the simplified mathematical model of the main thermal processes of the heated building and short-term weather forecast, the
method and algorithm of the thermal power optimal control the were developed based on the criterion of the internal air temperature minimum
deviation from the specified comfort value. The application of the maximum principle and the numerical method of fixed-point iterations for solving
the two-point boundary problem allowed to find the thermal power software control online, which corresponds to the ideology of the MPC method.
Program control errors caused by the inaccuracy of the mathematical model and the weather forecast is proposed to compensate in control circuit by
the deviation of the actual internal temperature from its comfort value. The corresponding block diagram of the combined control system is proposed.
Key words: optimal heating control, combined control, control with predictive model, fixed-point iterations.

yeckoe 3HaueHne. HecMoTpsi Ha TO, 4TO TeruiocHa0KeHHe
HOMCI_HEHI/Iﬁ ABJIACTCA OJHUM H3 OCHOBHBIX IIPOIICCCOB,
00eCTIeuynBaIOIINX JKU3HEACITEIHHOCTh YEJIOBEKa, a €ro
HayYHO-TEXHUYECKas MOAICPIKKAa B BHUIE TAKUX HAYIHBIX
JTUCTIHTUIMH KaK TeXHIMYECKask TePMOJTUHAMHUKA, TETIOTEX -
HUKA W THAPOAdPOMEXaHHKAa UMeeT Ooliee 4eM JBYXCOT-
JETHIOI HCTOPHIO, HWHTEPEC K COBEPIICHCTBOBAHUIO
OpTraHW3aIli OTONHTEIBHBIX IPOILECCOB 3a IOCICIHUE
HECKOJIBPKO JECATHIICTHH MOMHSUICA HA MPHHIUIIHAIBHO
HOBBIN ypoBeHb. Ha mporskenunm mnocnegaux 50 ner
cymectBoBanusi CCCP mpobneme COBEpPIIEHCTBOBAHHUS

Cnucok 0003HAYEHUH.

T — ycpenHenHas Temreparypa Orpax/IcHHUs.

T, — ycpenHeHHas TemnepaTypa BHYTPEHHHX
AKKYMYJIHPYIOIIHMX 3JICMEHTOB.

Q — TemIoBOil MOTOK OTOMUTENBLHBIX TPHUOOPOB.

T, — Temnepatypa BHyTPEHHETO BO3/lyXa.

*
T, — 3amaHMe IO TeMIepaType BHYTPEHHErO

BO3yXa.
T,. — Temnepartypa OKpy Karolen cpeibl.

A

T,. — mporHo3upyeMasi TeMIlepaTypa OKPY)Kalolleld  CHCTeM TEIUIOCHAOXKEHHS HE YAeISUIOCh JOJDKHOTO BHH-

cpeib. MaHH B CBA3M C HEIOIYCTUMO HU3KHMH IIEHAMHU Ha SHep-
= TOHOCHTEINH, YTO MPHUBOAMIO K 3HAYUTEIHHBIM IOTEPSM
T, — cpeldHecyro4HOe 3HAUCHUE TEMIIEPaTyphl

TEIJIOBOM OHEPIruu CKBO3b YPE3MEPHO OCTCKIICHHBIC

Hapy>KHOTO BO3MyXa. 5 GETOHHBIE OIPAXKICHUS, JUIMHHBIE TEILIOTPACCHI U HECO-
AT - awmmrysa  KoneGaHMH - TeMIepaTypsl BEPILEHHBIE OTOMUTENLHBIE MPUOOPBL. ITO OOYCIOBHIIO
HapyXHOI'0 OTABIXA. . HeOOXOIMMOCTH DEIICHHS KOMIUICKCA B3aHMOCBSI3aHHBIX
p — OTHOWICHWE  TEIUIOBBIX  COMPOTHBICHUH 33513y 110 0becriedeHH0 KOM(OPTHBIX YCIOBUA B OTAILIH-
OTpaXACHUA u BHYTPCHHHX AKKYMYJIMPDYIOLIIUX  Ba€MbIX MNOMEIICHMSIX, CHMIXKECHHIO PAacXOJ0B JHEProHO-
3JIEMEHTOB. cuteJiei, 3KOJOrHYECKOMY COBEPIIEHCTBOBAHUIO MPOLEC-
® — OTHONICHWE TEIUIOBBIX COMNPOTUBJICHHH  COB IIPOM3BOJCTBA, TPAHCIOPTMPOBKU M HCIOJNb30BAHUS

OTPAXIACHUA U OCTCKICHUA.

T — NOCTOSAHHasd BPEMCHH BHCIIHCTO OrpaXIACHUA
3OaHUs.

& — OTHOIICHUE MTOCTOAHHBIX BPEMEHHN OI'PpaXKIACHUA

1 BHYTPEHHHUX aKKyMYJIHPYIOIIHAX JIEMEHTOB.

BBenenune. DphekTHBHOE TEIIIOCHAOKEHHUE YKHITBIX
1 IPOMBIIIJICHHBIX 3/ITAaHUN SBISETCS OJHOM M3 KIFOUEBBIX
npoOsieM COBpeMEHHOW YKpauHbI, MMEIOLIEH IMepBocTe-
NIEHHOE COLMAbHOE, YKOHOMUYECKOE M BHEIIHENOIUTH-

TEIJIOBOM HEPTUHU B YCIOBUAX PHIHOYHON 3KOHOMUKHU.
BropeiM daxTopoMm, OmpeAemnsromnuM HU3KOe Kade-
CTBO OTONUTEJBHBIX IIPOIECCOB, SBIISETCS OOIIEIPHUHATOES
Ka4eCTBEHHOE pETyJMpOBaHHE TEIUIOCHAOXKEeHUS NpHu
KOTOPOM BCE€ 3[aHUsl OTONUTENILHOM paiiOHE MOIy4YaroT
TEIUIOHOCHUTENb, TeMIepaTypa KOTOPOrO M3MEHSeTCs IO
(UKCHpOBaHHOMY TeMIlepaTypHOMY Tpaduky, 3aaaBae-
MOMY T€HEepUpYoIlel KoTeIbHOH ycTaHoBKoi. Komngec-
TBO K€ TEIJIOTHI, TOTPEOIIEMON KaXKIbIM KOHKPETHBIM
3aHueM, B OOJIBLIIMHCTBE CIIy4acB HE perysmpyercs. JTo

©A. C. Kyuenko, B.U. Topaxusuckuii 2017
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NPUBOANT KaK K HapyOICHUI0 KOM(OPTHOTO TemIepa-
TYpPHOTO peXuma IOMELIEHUNA ¢ OJHOM CTOPOHBI, TaK U K
JIOTIOJTHUTEIBHBIM SHEPTeTHUECKUM HOTEPSM IIPH PyYHOM
YIPaBICHNUH TEIIOBBIM PEKUMOM OTACIBHBIMH MOTPEOU-
TEeNIMU IIyTeM NpPOBETPUBAHMUA WM TOAKIIOYECHUS
3JIeKTpooOOrpeBarTeieii B 3aBUCUMOCTH OT COOTHOIICHHS
TeMIepaTypbl OKpyXarmlleil cpeasl U BHYTPEHHEro
BO3/yXa.

OnHUM U3 ITyTeH Mpeo1oIeHus Tpo0IeM, CBSI3aHHBIX
C LEHTPAIN30BAHHBIM TEIUIOCHAOKEHUEM, SIBISETCS €ro
JELeHTPaIn3alns MyTeM YCTAaHOBKM B MHOTO3Ta)KHBIX
CTPOCHUSAX WHAWBUAYAIBHBIX TEIUOBBIX IyHKTOB (MTII)
OCHAIIICHHBIX CHCTEMOW AaBTOMAaTHYECKOTO YIpaBICHUS
KOJIMYECTBOM TEIUIOTHI, HANpaBJIEHHBIM HAa OTOIUICHHE
3aHHS.

Ha aBromatmsupoBanssiii UTII MoryT OBITH BO3JIO-
XKeHbl (QYHKIUH MOJAEPXKaHUS 3alaHHOW (KOM(pOPTHOH)
TeMIepaTypbl BHYTPEHHET0 BO3/lyXa, a TaKXkKe MporpamMM-
HOT'O M3MEHEHHUS IOJBOJAMMOM TEIUIOBOM MOILHOCTH IIPH
MIPEPBIBUCTOM PEKUME OTOILUICHUS.

Buenpenue UTII no3BoaseT yuyecTb BCEBO3MOXKHBIE
(haKkTOpHI, BIUSIONINE HAa TEIJIOBOE COCTOsIHME 31aHmsA. K
MOCJIEIHUM OTHOCSATCSI KaK KOHCTPYKTHUBHBIE OCOOEHHO-
cth (MaTepwad W TONIIMHA BHEIIHETO OTPAKICHUS,
MIOBEPXHOCTh OCTEKJICHWS) TaK W BHEUIHHE BO3MYIICHHS
(TemIiepaTypa OKpYKaroIei cCpesbl, TeMIepaTypa TeIuIo-
HOCUTEIS, TEHEPUPYEMOTO LEHTPAIBHOW KOTEIbHOM
YCTAHOBKOH U Jp.).

Llenbto paboThI sBIAETCS OOOCHOBAaHHE CTPYKTYPHI
CHCTEM aBTOMATHYECKOI'O YIPABIECHUS MHIUBUAYaTIbHBIM
TEIUIOBBIM ITYHKTOM, (YHKIMOHUPYIOUIMX B YCIOBHSX
HEOIPEIeIEHHOCTH MaTeMaTH4eCKOM MOJENH TEIIOBOTO
rpol1iecca 3/JaHrs U BO3MYILAOIINX BO31EHCTBUI.

O030p JuTepaTypbl. AHaNIM3 BCEro KOMILIEKCA
MOJXOM0B K aBTOMAaTH3allUU IPOLECCOB, CBS3aHHBIX C
TEIUIOCHA0KEHNEeM MOXKHO Haité B pabote [1]. Cucrem-
HBII MOAXOA K KOHCTPYHPOBAaHUIO MAaTE€MaTHYECKHX
MoJieNield ¥ ONTUMM3AINK TeIIOBOH 3()(EeKTHBHOCTH Jie-
TaJIBHO paccMaTpUBaeTcs B MOHOTpaduu [2]. ITH paboTHI
SIBIIIIOTCSL TUIHYHBIMH  TIPEICTaBUTEISIMA  MHOXECTBA
HCCIICIOBAaHNUH, MHUIIMHPOBAHHBIX CIIEIHAJINCTaMH B 00-
JIACTH TETUIOTEXHUKH, TIOCTABUBIIUMHU IIepe]] COOOH Ieb
(dbopmMupoBaTh MPOOJIEMY YIIpaBICHHUS TEIJIOCHAOKCHUEM
Ha S3BIKE MAaKCHMAalbHO OJM3KOM K SI3BIKY TEOPHH
aBTOMAaTHUYECKOTO ynpasyieHUs. VIX OCHOBHBIMHU HEJOCTAT-
KaMU SIBJII€TCSI MPEJACTAaBICHHE TEIJIOBBIX MPOLECCOB B
OTAaIUIMBa€MOM 3JaHMM KaK KBa3HCTaTUYECKHX, HE
YUUTBIBAIOUINX MPOLECCH aKKYMYJIUPOBAHHS TEMIOTHI BO
BHEIIHUX OrpaxKAeHUsX. B mporuBoBec KkBazucrarudec-
KHM MOJENSIM IIUPOKO NPUMEHSIOTCS MaTeMaTHYECKUE
MOJIeNH, OCHOBAaHHBIE HAa YPAaBHEHWH TEIUIONPOBOAHOCTU
B YaCTHBIX IIPOU3BOJIHBIX, PEIIEHHE KOTOPOTO, HAXOAUTCS
YUCJICHHBIMU MeToaaMH. Takod MoaXxoi, B HauOOJbIIEH
Mepe, OpHECHTHPOBAaH Ha peIICHWe 3ajad aHaIu3a
TEIUIOBOTO COCTOSHUS 37aHuA. s pemieHus xe 3agad
CHHTE3a 3aKOHOB YIIPABJICHHUS TaKOW MOIXOJ MAaJIOIpPH-
TOJIEH.

BosbiimHCTBO 3apyOeKHBIX IyOJIMKalMi B 3TOM
HANpaBICHUU OPUEHTUPYIOTCS HAa  KOHEYHOMEPHBII
MOJIX0A K MaTeMaTHUYECKOMY MOJENUPOBAHHUIO TEIJIOBBIX
nporieccoB 3aanuii [3]. B pesynpTare Takoro mojaxona

MaTeMaTHdecKas MOJENb IIpolecca TEIUIOCHA0KEHHS
MPEACTaBIsIET COOOH YIpaBIIIEMYI0 CHCTEMY JHHEHHBIX
OOBIKHOBEHHBIX g depeHITnaIbHBIX YpaBHEHHIA,
KOTOpBIC HCIIONB3YIOTCSI B KAa4ECTBE IPOTHO3HPYIOIINX
it Metona MPC ympaBieHUs C HPOTHO3UPYIOMIMMHU
mozemsiMu (modeling predictive control). B Toxe Bpems,
npejaaraeMple MaTeMaTHYeCKUe MOJIEH JUIsl pealn3alyn
MPC umeroT psan HpUHIMNIHAIBHBIX HeXocTaTKoB. Bo-
NEepBBIX,  OTCYTCTBYET  Kakoe-TMbo  0OOCHOBaHHE
pa3sMEpHOCTH MOJICTMPYIOILEH CHCTEMBI
g depeHIraTbHBIX YpaBHCHHI. Bo-BTOpBIX,
ype3MepHas AeTalu3alus MaTeMaTHYECKOH MOJIENIH
MPUBOINT K MIOSIBJICHUIO 6oIbIIoro qrcia
HEOTIPEICNICHHBIX MapaMeTpoB. V, HakoHEIN, 3TO HEydeT
Pa3HOTEMIIOBOCTH IMHAMHYECKHX MPOLECCOB B TaKHX
KITIOYEBBIX DJIEMEHTAaX CHUCTEMBbl Kak BHEIIHEE W
BHYTPEHHEE OTpa)kJICHUE, MOJIE3HOE HAIIOJHEHHE 3aHus,
BHYTPEHHUH BO3/YX.

OHpe}IeHeHHI)Ie maru B HanpaBJICHUU yue€Ta
MepEeYCICHHBIX HEAOCTATKOB OBLIM CleNlaHbl B paborax
aBTopos [4, 5].

AHanu3  peasbHBIX CHCTEM  aBTOMAaTHYECKOTO
YIIPaBIECHUS TECTUIOBBIM COCTOSIHHEM [6] maeT ocHOBaHUS
yIBEpXKAaTh, YTO B HMX OCHOBE JIEKHUT HPUHIHII
KOJIMYECTBCHHOTO PETYJMPOBAHUSI MAacCOBOTO Pacxoia
TOPSYEro TEIUIOHOCUTETSI B COOTBETCTBHUH C 33JaHHBIM
TEMIIEPaTypHBIM TpadUKOM, MPEACTABISIIONIMM COOOH
3apaHee C(OPMYIHPOBAHHYIO 3aBHCHMOCTb IOJOXKECHUS
PEryJIMPYIOLIETO KJIallaHa OT TeMIIEPaTyphbl OKPYKaroIe
Cpeanbl B }:[aHHI)II‘/’I MOMCHT BPEMCHMU. O‘-ICBI/I}:[HI)I
MPUHIUIIAAIIBHBIE HEAOCTAaTKM TaKOoro Imoaxoaa: I3TO
HeyueT uH}oOpManMM O  pealbHOM  TemIeparype
BHYTPEHHErO0 BO31yXa, 4 TAKXKE HEY4YET JUHAMHUYECKHUX
KaueCTB KOHKPETHOTO 3/aHHi U  KpPaTKOCPOYHOTO
MporHo3a noroyel. OTMEYEHHBIE HEIOCTATKH MOTYT OBITh
yCTpaHEHbl Ha OCHOBE KOMOWHHMPOBAaHHOW CHCTEMBI
YIpaBIeHUs] C TPOTHO3MPYIOIIEH MOJENbI0 B KaHale
YIIPaBIICHUS 110 BOSMYILIEHHUIO, YTO M COCTABIISIET MPEAMET
HACTOSIIIET0 NCCIIeIOBAHMS.

IMocranoBka 3a1a4m uccjieroBaHusl. YIPOLICHHAs
MaremMaTtuueckas MoOJelib Ipolecca TerJIOCHAOKEHUs,
000CcHOBaHME KOTOPOIl puBeeHo B paboTtax [4, 5] umeer
BHUIT

dT
45~ Lr2p+o)l +pTo+a+(+proliy

dT,

15~ 5T e+ o)l +BaTy +E0, )
6= 1+p—+m(q +T +pT, + 0Ty )

e 9=t/t /(1+ p+ 0)) — Oe3pasmeproe Bpems, (=QR

—  TCIUIOBOH IIOTOK  OTOIIMUTCIIbHBIX HpI/I60p0B B
TEMIIEPATYPHOM HU3MEpCHUH, R — TCILJIOBOC
COIIPOTUBJICHUC.

Kpurepuii kauecTBa mpolecca TEIIOCHAOKEHUS
MPUMEM MHTErpalibHbIM KBaJIPaTHUECKUM

J= %j[(T (t)—Tg*(t))zdt} , @)
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OILIEHMBAIOIINM OTKJIOHCHHE TEMIEPATYPhI IIOMEIIECHHS OT
MIPOTPaMMHOTO 3HAYCHHUS.

IIporHo3 TtemmepaTypbl OKpy)Kawolled Ccpeasl Ha
HHTEPBAJIE BPEMEHHU [to,tl] MIPEAIIO0JIaraeTCsl JOCTaTOYHO
000CHOBaHHBIM.

HeoOxonnMo HaWTH 3aKOH YIPaBICHUS TETUIOBOM
MOIIHOCTBIO q(t), MHUHUMH3HPYIOIIUH KpUTEPHi (2).

CHHTe3 NPOrpaMMHOIO YHpPaBJIEHHSl TeII0BOii
MOIIHOCTBIO. Iyl pemieHus TOCTaBICHHOW 3ajadyu
ONTUMAJIBHOTO YIPAaBICHUS BOCHOIb3yeMCS MPUHIUIOM
MakcumyMa. [lociie moncraHoBKU TpeThero ypaBHeHHs (1)
B (2) raMUIbTOHNAH 33/1a41 MOXKHO 3alucaTh KaK

1 *
H=E[a(q+T +pT, +0°Toc)_T6]z+ (3)

+ A [-BT +pT 4G +CTo [+ A, [T —dT, +q+ 0T, | &,

e a=(1+p+o) ", b=1+2p+w), c=1+p+20,
d=1+o.

CootsercTByIomas cucreMa au(pdepeHIHaTbHBIX
YPaBHEHMH JUIsl CONPSDKEHHBIX TEPEMEHHBIX A; U A,

IPpUMET BUI

% = _[a(q +T +pT, +mTOC)—T8*]a+ b, —EA,,
o )
T Jala+T +pT, v Ty )T, o phy + £,

W3 ycnoBus cranmonapHocTy ¢pyHkmu H 1o g

% = a[a(q +T +pT, +mTOC)—T:]+Ll +A,E=0
HaﬁHeM 3aKOH OIITUMAJIBHOI'O praBHeHI/IH JUJIA

0<q<0ya BBHUIC
q=—(T+pT,+oTy)+a2(aT A —A,E).  (5)
Ecnu BbIYMCIEHHOE B COOTBETCTBHHU C (5) 3HaUEHUE
q He OyIeT YIOBICTBOPATH 3alaHHBIM rpaHumam 0 u

qmax, TO B KauyecTBe (] BBI6I/IpaIOTC$I COOTBETCTBYIOIIIUC

TPaHUYHBIC 3HAYCHUS.

Takum oOpa3oM, mosHas cucteMa nuddepeHITais-
HBIX ypaBHeHI/Iﬁ JJIA pEeIICHNA 3aaa49n ONTUMAJIBLHONH KOM-
TIeHCAllUM BHELIHETO BO3MYLIEHHS T, (t) MIPUMET BH]T

g—; =—bT +pT, +q(-)+ Ty,
dT ©)
——=&T - ‘EsdTa + ‘tsq(')"' ‘EsmToc
d9
da
d_Sl =—a’T —a’pT, +bA, —EA, —
~a’q()-a’wT, +aT,, 0
%2 =—a’pT —a’pT, —ph +E&dA, -

- azpq(')_ aZp-l—oc + apT:,

rie q() BBIYMCIIIETCS B COOTBETCTBHH ¢ (5)
OTPaHUYCHUSIMH.

CdhopmynupoBaHHas 3a7a4a OITUMAILHOTO
YIpaBJICHUS OTHOCHTCS K KJAacCy 3ajad co CBOOOJHBIM
MpPaBbIM KOHIIOM. B CBSI3W C 3THM TpaHUYHBIC YCIOBHUS
JUTS COTIPSDKEHHOM CHCTEMBI (7) UMEIOT BUJL

Mt)=0, Ap(t)=0. 8)

HauanpHble ycnoBus 11 TEMIEPATypsl OTPaXICHUSI
W TEMIIEpaTypbl BHYTPEHHETr0 HATIOJIHEHUS] HE MOTYT OBITh
U3MEpPEHBl HEMOCPEACTBEHHO. B CBSA3M ¢ 3TUM B KadyecTBe
T(to) uT, (to) MIPUHUMAIOTCA 3HAYEHUS, BBIYUCIICHHBIC

0 CTaTUYECKOI MOJIENHU

Tlto) =5 {1 t6) Tl

Talto) =T, (to)

Jns pelieHus NOJdy4YeHHOW ABYXTOUYEYHOH KpaeBOU
3ala4d BOCIIOJb3YEMCSI METOJOM aHAJIOTMYHBIM METOLY
MOCTEOBATENbHBIX  NPHOMMKEHUH, Haest KOTOPOro
npuHaexkuT YepHoycoko [7]. Ha mepBom miare 3amaercs
HEKOTOPBIA IPOU3BOJBHBIA 3aKOH YIPAaBICHUS q(t) u

©)

uHTerpupyercs cucrema (6). Jlanmee wuHTEerpupyercs
comnpsbkeHHas cucteMa (7) B 00paTHOM BPEMEHH C yIETOM
(8), mpum STOM Ha KaXKIOM Ilare HHTETPUPOBAHUS
BBIUUCIIACTCS ONTUMAIILHOE yIpaBiicHue 1o dpopmyiie (5).
[MonydeHubIe TPAaEKTOPUHU kl(t) , A, (t) ,

HCHOJIB3YIOTCA AJI1 BBIYUCICHUA q(t) B COOTB€TCTBHHU C

(5) n uHTErpUpOBaHUA CUCTEMBI (6) B IPSIMOM BpPEMEHH.
HadanbHble yClIOBUS U1 MHTETPHPOBAHUS STON CHCTEMBI
BpiOupatorcs uau B Buge (9) npu t=t;, wm Ha

OCHOBAaHMM 3aMEpPOB  TEMIEpaTypbl OTpakKACHHUS U
TEMITEPaTypHI BHYTPEHHETO BO3JlyXa, KOTOpast
NPUHMMAeTCsl B KauyeCTBE HayalbHOW TeMIlepaTyphbl
BHYTpeHHero HamonHeHHd. IlomydeHHBle B Tmporiecce
HHTETPUPOBAHUA CUCTEMBI (6) 3HAYEHHsS TeMIepaTyphbl
WCIIOJIB3YIOTCS JUISI TIOCJIEYIOIIEeT0 HHTerpupoBanus (7) B
oOpaTHOM BPEMEHH. HrepanyoHHbIM IIpoLecc
MPOJIOJDKAETCST 0 JOCTMDKEHHMS ~ CXOAMMOCTH IO
TPAeKTOPHUSIM q(t), T(t), Ta(t) H Tg(t). YuceHHble
9KCIEPUMEHTHI MoKa3ain BBICOKYIO CKOpPOCTh
CXOMMOCTH HTEpAIOHHOTO mporiecca. OTHOCUTEIHHOE
OTKJIOHEHWE Tmocienymomeld urepanuii meHee yem 0,01
JIOCTUTAIOCH He Oosee yeM Ha 15 mukie ureparmoHHOTO
mporiecca. Ha puc. | mpuBeneH mpumep 3aBHCHMOCTH
ONTHMAJILHOHM TEIUIOBOM MOIIHOCTH NPH I'APMOHUYECKOM
N3MEHEHHH TEMIIEPaTypbl OKpYXKaIoel cpebl

Toe(8)=Ty +ATsINQY.

Kpyrosas yacrora € omnpezemnsieTcst COOTHOIIEHHEM
MEXy pealbHbIM BpeMeHeM t u Oe3pasmepHbM 3, T.c.
KOHCTPYKTUBHBIMHU TTapaMeTPaMu 3/1aHHMs:

Q=2nl,

rne | -  KkommuectBO  Cyrok B HMHTepBaie,
COOTBETCTBYIOIEM SHHHLE Oe3pa3MepHOTO BPEMEHH 3 .
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Puc. 1 — I'paduku u3MEHEHUS TEIUIOBOH MOITHOCTH U
TeMIIepaTypbl HApy>KHOTO BO3yXa

W3 puc. 1 BuaHO, 4YTO ONTUMANBHBIH 3aKOH
YIpaBiICHUS] TEIUIOBOH MOIIMHOCTBIO TOAOOCH 3aKOHY
N3MEHEHHSI TEMIIEpaTyphl OKpY)KAaloIleH cpeasl HO

¢ fac

P

cMemed 10 (a3e OTHOCHTENBHO TeMIepaTyPHBIX
KoleOaHWH, B 4YeM U TMPOSBILIETCS MPHHIUIHAIBHOE
OTIIMYHE ONTHUMAIIFHOTO YIPABICHUS C MIPOTHO3UPYIOMIEH
MOJIENIBI0  OT TOTOMHOTO pErylIHpoBaHUs. Bemnmunna
(ha3oBoro ciBUra ONpeneNseTcs B OCHOBHOM MOCTOSIHHOU
BpPEMEHH 3/1aHHS.

[Nonyuennas ONTHUMAaNbHast nporpamma
NPUOIMKEHHO COOTBETCTBYET PEAbHOCTH, IOCKOJIBKY
OHA OCHOBaHAa Ha YIPOLIECHHOW MaTeMaTHYeCKOH MOJeIH
nporecca TerocHa0)eHus. s komneHcauy OmuooK,
BBI3BAHHBIX ~ HETOYHOCTHIO  MOJENH,  €CTECTBEHHO
JOTIONTHUTH ~ TIPOLIECC  YTPABIICHUS  COCTABILIIOMICH,
c(OpMHUPOBAHHOW HA OCHOBE OTKIJIOHEHHS TEMIIEPaTypHI
BO3AyXa OT 3aJaHHOTO 3HAYCHHSA, T.e. OCYIIECTBUTH
KOMOWHHpPOBAHHOE  yIpaBleHWE. TakuM  oOpa3om,
VIpOIICHHAs CTPYKTYpHas cXeMa KOMOMHHPOBAHHOTO
peryiasTopa  TEIUIOBOTO  COCTOSIHHS — OTaIUIMBAaeMOro
3nanust (O3) mpuMeT BujI, H300paXKCHHBIN Ha PHC 2.

PQ

e

o3

1

——— 7¢

Puc. 2 — CrpykrypHast cxeMa KOMOHHHPOBAHHOTO PETYISITOPA TEIUIOBOH MOIITHOCTH C MPOTHO3HUPYIOMIEH MOIEIBIO

Ha pumc. 2 perynmstop P 1o oTkioHeHHIO

*
e=T, =T, dopmupyer nonpasky A( K BBIYUCICHHOMY
perynsitopoM [/P nporpaMMHOMY 3HAU€HHUIO TEIJIOBOM

*
MOILIHOCTH (] IlonyuenHoe cymMapHoOe

x
a=q +Aq
KauecTBE 3aJlaHus [Ulsl BHYyTPEHHETO KOHTYpPA YIIpaBJICHHUS
TEIJIOBBIM  IIOTOKOM, OCYLIECTBIIIOIIEIO H3MEHEHUE
pacxojla TEIUIOHOCHUTENA, IIOCTYNAIOMET0 B CHCTEMY
oromitenus. Perymstop PQ u  ucmogHHTENbHOE

3HAYCHUC

TEIJIOBOI MOIIHOCTHU HCHOJIB3YCTCA B

ycTpoiicTBo MY peanusyroT 3aKoH ynpaBlIeHUs] pacXxoJoM
TEIUIOHOCUTENs] Ha OCHOBE OTKJIOHEHUS 3afaHus IO
TEIUIOBOM MOIIHOCTH (] OT U3MEPEHHOH TEeIIOBBIM

cuerynkoM TC peampHOW TEMJIOBOM MOIMHOCTH

oTomuTeNbHOTO  mpubopa.  Takum  obOpaszom, B
npejyiaraéMoi CTPYKTYpHOM CXeMe TEIUIOBOM CUETYHK
KpoMe (GYHKINHM MOHHTOPUHTA WCIONHSACT (DYHKITHIO
JaTddka BO BHYTPEHHEM KOHTYpPE PEryJIMpOBaHUS
TEIUIOBON MOLTHOCTH.

BriBoasl. Ha ocHOBe ynpolieHHO# MaTeMaTu4eckoil
MOJIEI OCHOBHBIX TEIUIOBBIX MPOLECCOB OTAILIMBAEMOIO
3[aHUS] ¥ KPATKOCPOYHOTO MPOTHO3a MOTrojbl pa3paboTaH

METOJl M allTOPUTM ONTHUMAIBHOTO YIIPABICHHUS TEIIOBOU
MOULIHOCTHIO TI0 KPHUTEPUI0 MHHUMYMa OTKJIOHEHHS
TEeMIIepaTypbl BHYTPEHHEro BO3JyXa OT 33/IaHHOTO
KOM(OpTHOTO 3HAYCHUSI.

[Ipumenenne mpuHIMIIA MaKCUMyMa W YHCIIEHHOTO
METoJ1a MOCJIEI0BATENbHBIX MPUOIKSHUH ISl pPeIIeHHs
MOJYYSeHHOW ABYXTOYEYHOM KpaeBOW 3ajauyd MO3BOJIMIO
HaxOAWTb  NPOrpaMMHOE  yIIpaBlI€HHE  TEIUIOBOU
MOIMHOCTREO B pekume oOnline, 4ro cooTBeTcTBYET
npeosoruu MPC merona.

Ommbxu NIPOrPAMMHOI0 yIpaBJIEHUs,
00yCIIOBJICHHBIE HETOYHOCTHIO MAaTEMAaTH9YECKOH MOIeTn
W TPOTHO3a MOTOJbI IMpPEAJaraeTcsi KOMIICHCUPOBATh B
KOHTYpE YIpaBlieHHs [0 OTKJIOHEHHIO  peaJbHOU
TEeMITEpaTypbl BHYTPEHHETO BO3[yXa OT €e KOM(pOPTHOTrO
3HaueHMs. [IpemoxkeHa COOTBETCTBYIOWIAas CTPYKTypHas
cXeMa KOMOMHUPOBAaHHOM CHCTEMBbI yIIPaBICHUSL.
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YJIK 62-5:620.9
E.H. HUKYJ/IHHA, B. Il. CEBEPHH, /. A. 1'YKHHOBA

MOJEJTUPOBAHMUE NNEPEXO/HbBIX PEXKUMOB AJEPHOI'O PEAKTOPA BBOP-1000 C YHETOM
BOPHOI'O PETYJIMPOBAHUA

Po3pobneno mozeni peakropa BBEP-1000 y Burisizi cucteM audepeHIialbHUX PiBHAHD 3 BIAHOCHHUMH 3MIHHHMH CTaHY, IO OMHCYIOTh HEUTPOHHY
KiHETHKY peaKTopa, TeIIOBI IIPOLECH, 3MiHH KOHIICHTPAIlil KceHOHY i 6opy. O04ncieHi NOCTiiHI TapaMeTpy MaTeMaTHYHUX MOAENeH 3 ypaXyBaHHIM
GopHoro perymoBaHHsi. Ha mincraBi MateMaTHYHHMX MoJeseil peakTopa OTPHMaHi MepexigHi MpOLecH Ui BBEACHHS OOPHOI KUCIOTH B PEakTop,
MPOAHATI30BAHO 3MiHN HAWBAXIMBILIMX 3MIHHUX CTaHy aKTUBHOI 30HH PeaKTopa.

Kuro4oBi ciioBa: siiepHHil peakTop, OOpHE PEryiiroBaHHs, IEPEXiAHNI PEKUM, MATEMaTHIHA MOJICIIb, TAPAMETPH MOJEI.

Paspabotanel Mozenn peakropa BBOP-1000 B Bume cucrem nuddepeHIUANbHBIX ypaBHEHHII ¢ OTHOCHTENBHBIMU II€PEMEHHBIMH COCTOSHUS,
OIICHIBAIONINE HEHTPOHHYIO KHHETHKY PEakTopa, TEIUIOBBIe IPOIECCHl, M3MEHCHHs KOHIEHTpaluil KCeHoHa M Oopa. BEIMHCIEHBI IOCTOSHHBIE
IapaMeTpbl MaTeMaTH4eCKHX Mojeneil ¢ yderoM OopHoro perynupoBaHus. Ha OCHOBaHMM MaTeMaTH4ECKHX MOJENEH peakTopa IONyqeHbI
NIepEeXOIHBIE IPOLIECCH JUTS BBOJA OOPHOI KHUCIIOTHI B PEaKTOp, IPOAHATN3HPOBAHEl H3MEHEHHSI BAYKHEHIIINX [IEPEMEHHBIX COCTOSIHHS aKTHBHOH 30HBI
peakxTopa.

KuroueBble ci10Ba: saepHblii peakTop, OOpHOE PeryInpoBaHNEe, HEPEXOIHOH PEXKIM, MATEMAaTHYECKAst MOJEIIb, [TAPAMETPhl MOJICIIH.

The mathematical models of the VVVER-1000 reactor of the V-320 series are constructed in the form of systems of differential equations with relative
state variables describing the neutron kinetics of the reactor, gradual heat release, thermal processes, and changes in the concentrations of xenon and
boron. The design parameters and parameters of the VVER-1000 reactor of the V-320 series are used to calculate the constant parameters of
mathematical models, taking into account boron regulation. Based on mathematical models of the reactor, by numerical integration of differential
equations, transient processes for introducing boric acid into the reactor have been obtained, which allows one to analyze changes in the most

important variables of the state of the reactor core.

Keywords: nuclear reactor, boron control, transition mode, mathematical model, model parameters.

Beenenne. B sHeprocucreMe YKpanHbl HA aTOMHBIX
anekrprdecknx craHnusax (ADC) skcruryarupyrorces 13
9HEProOJIOKOB ¢ saepHbIMEH peakTtopamu BBDOP-1000, u3
nux 11 peakropoB Tumnosoii cepun B-320 [1]. Pemenue
HACyIIHOM TPOOJIEMBI 3IHEPTrOCOEPEeKEHUsI CBS3aHO C
obecrieueHHEeM PEXUMOB MaHEBPHPOBAHUS MOITHOCTHIO
sHeprobiokoB ADC [2,3]. Hnsg COBEpUICHCTBOBAHHUS
CHCTEM YIPABJICHUS U TEOPETHUYECKOTO pEIIeHHs 3agadu
MaHEBPUPOBAHUS MOIITHOCTBIO 9HEProOJIOKOB
HEOOXOIUMBI UX MaTeMaTUYECKHE MOJIEIH, HA OCHOBAHUH
KOTOPBIX BBITIONHACTCSI CHHTE3 ONTHMANbHBIX CHCTEM
ABTOMATHUYECKOTO  YNpPABICHUS 9HEProOiokoB [4-6].
SnepHblil peakTop SABJISETCS CIOXHEUIIUM U BaXKHEUIITUM
anmeMeHTOM »Heprodioka ADC, MOITOMY aKTyalbHOU
3ajadell s MOCHEAYIOIETo YIYYIIeHUs IIPOIECCOB
YIpaBieHUs] JHEProOJIOKOB B MAaHEBPEHHBIX PEXUMAX
SKCITyaTalliy SIBIISIETCS pa3paboTka MaTeMaTHYECKHX
Mozeneit peaktopa BBOP-1000 cepun B-320.

AHATU3 JUTEePaTypPHBIX JaHHBIX.
MHOXKECTBO  MaTeMaTHYECKMX MOZENeH  pazamyHON
CTeTIeH! CII0’KHOCTH, TTO3BOJISIOIINX U3ydJaTh
HECTAIlMOHAPHBIE MPOIECCH, MPOTEKAIONMe B BOJO-
BOJSHOM  DHepreTuueckoM peaktope BBDOP.  Jlns
UCCIICIOBAaHMs MEPEeXOAHBIX IIPOLIECCOB B PEAKTOpe
BBOP-1000 paspaboTtaHbl HeNMHEIHBIE W JIMHEHHBIE
MOJIENIM B IPOCTPAHCTBE COCTOSHUH C OTHOCHTEIBHBIMH
NepeMEHHbIMHU, KOTOpbIe BKIIOYAa0T AU depeHnnaabHbIe
ypaBHeHust (/1Y) HEWTpPOHHON KMHETHKH C KOJNYECTBOM
rpym 3ana3aeBaromux HeiiTporos (3H) 1, 2 u 6, a Taxke
cucreMy  nuddepennuansaeix  ypaBHenmid  (CLY)
TEIUIOBBIX ~ TPOLIECCOB B  TOIUIMBE, O0OOJIOYKE W
TernoHocuTene [7]. B aTHX Momemsx yduTeHsl 3¢ ¢exT
PEaKTHBHOCTH  OT  TEPEeMEIICHUs  YHPaBISIONINX
CTep)KHEH, MOIMHOCTHON M TeMmepaTypHbId 3()QeKTs
peakTuBHOCTH. Ha ocHOBaHMM Mofeneil MpoBenEHO

CymiectByeT

UCCIIEI0OBAaHUE IUHAMUKH PEAKTOPa IIyTeM IMOCTPOCHUS
HNEPEXOAHBIX IPOLECCOB MPHU CTYNEHYATOM W3MEHEHHUU
peakTuBHOCTH. [lOKa3aHO, YTO ypaBHEHUS HEUTPOHHOU
KMHETUKH ¢ ofHOM rpynnoid 3H UMET CylecTBEHHYIO
HNOTPEHIHOCTE MO CPAaBHEHHIO C MOJENBI0 C IIECTBIO
rpynnamu 3H. OTu Monenu UCHoiab30BaHBI AJI CHHTE3a
ONTHUMANIBHBIX CHUCTEM aBTOMAaTHUYECKOTO YIpaBJICHUS
9HeprobiokoB [4—6]. Hu B oaHOW M3 paccCMOTPEHHBIX
MoOJeNeli  He  yYTeHbl  IPONIECCHl  MOCTENEHHOTO
TEIIOBBIACIICHUS, U3MEHEHUI KOHLIEHTPALMKH KCEHOHA U
6opa, KOTOpBIE CYIIECTBEHHO BIHUSIIOT Ha JTUHAMUKY
peakropa [2, 8, 9].

ear u 3agauum ucciaegoBanus. llens crarbu
COCTOMT B IIPEICTABICHUH PE3YIbTATOB MaTEMATUYECKOTO
MOJICIUPOBAHMS TIEPEXOJHBIX IIPOLECCOB B SAEPHOM
peakrope BBOP-1000 cepum B-320 gns wusyuyeHus
s dexra O6opHOTO peryIupoBaHHS BHavaje
CTallMOHAPHOM 3arpy3Ku TOIIMBA.

Jnsg NOCTHKEHUsT HaMEYEHHOW LEJIU IIOCTaBJIECHbI
3a/1a4un:

— onMcaTth u3BecTHbIe /Y HEUTPOHHBIX U TEIUIOBBIX

MPOIIECCOB, a TaKkKe MIPOLIECCOB H3MEHCHHI
KOHIIEHTpalluid KCeHOHa u Oopa B AaKTUBHOW 30HE
peakTopa;

— IIOCTPOUTh MaTEMaTH4YeCKHE MOJIEIH SAEPHOTO
peakropa BBOP-1000 B OTHOCHTENIBHBIX NEpEMEHHBIX
COCTOSIHHS C Y4ETOM BBOJIa OOPHOIT KHCIOTHI B aKTHBHYIO
30HY peaKkTopa;

—Ha OCHOBaHHHU KOHCTPYKTHBHBIX u
TEXHOJIOTHYECKUX MapamMeTpoB peakropa BBDOP-1000
cepun B-320 BBIYMCINTE TapamMeTpsl MaTeMaTHIECKHUX
MoJIesieli BHadYaJle CTAaI[IOHAPHON 3arPy3KH TOIIIHBA;

— IOJIYYUTh TPOIECCHl W3MEHEHHWS  MOIIHOCTH
simepHoro peaktopa BBOP-1000 cepum B-320 nipu BBOIE
OOpHOH KHCIIOTHI B aKTUBHYIO 30HY peaKkTopa.

© E. H. Huxymuna, B. I1. CeBepun, JI. A. Jlykunosa, 2017
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MopenupoBanue siiepHoro peakropa. Jlus
MOJIENMPOBaHUs TEPEXOIHBIX IPOLIECCOB B aKTUBHON
30HE peaKkTopa Mpu BBOJE OOpHOW KHUCIOTHI HEOOXOIMMO
paccMOTpeTh  YpaBHEHMsT  HEUTPOHHOM  KHUHETHKH,
TEIUIOBBIX IPOILIECCOB, a TaKXKEe MPOIECCOB W3MEHEHUM
KOHLIEHTpAIMii KCeHOHa U Oopa.

YpaBHeHHMS  TOYEYHOM  HEWTPOHHOM  KUHETUKHU
peakTopa ¢ yuetom mectu rpymnn 3H umerot Bug [7, 9]:

dn/dt=(r-p)n/i* + 37 4,C;, "
dC; /dt = B; n/1I* =%,C;, i =18,
roae N

6
peakTopa, = Z:lﬁi
cpennee 3bdeKTUBHOE BpeMs KU3HU HEUTPOHOB, A; U C;

— IUIOTHOCTh HEHUTPOHOB, I — PEAKTUBHOCTh

— cymmapuas nons 3H, " —
— MTOCTOSIHHBIE PAaAMOAKTUBHOTO PACIaa M KOHIIEHTPALUH
anep-usnydareneir 3H, B; — momu 3H, A; =1/I;, |,

cpemHee BpeMs JKU3HHU sep-u3iydaTesedl i -Tod rpyImsl

3H. Kounenrpauuu  saep-uznyuyatener 3H B
HOMHHAJIBHOM pexume HMEIOT 3HA4YCHUSA

Coi =Bing /(Kil*), i=16. B paBHOBECHOM COCTOSIHHH
HOMMHAQJIBHOTO DPEXHMa pEaKTopa HayalbHbIE YCIOBHUS
CAY (1) n=ny, C;=Cy;, i=16.

B ypaBHeHUsIX HeHTpOHHOU KMHETHKH peaktopa (1)
nepeiieM K OTHOCUTEIbHBIM IIEPEMEHHBIM:

v=n/n,, p=r/B, & =C;/Cy , i=16, t=t/t,

rie n, =N, — 6a30BO€ 3HaYEHHE MIIOTHOCTH HEHTPOHOB,
Coi = Coi
usnyyarenedl 3H, t, =1c — 6a30Boe 3HaYeHHE BPEMEHHU.
*
a, = Btb /I '

IIoCJIC

0a30BbIE 3HAYCHHUS KOHICHTpauu AAep-

OmnpenennM  mapameTpsl

i =Bi /B, i=16,

peoOpa3oBaHU IOTYUYUM MOJIETh KHHETHKH:

dV/dT = 0('v[(p _1)V + Ziszluigi]! (2)
dg; [dr=0;(v-§;),i=16.

(X,i = 7“itb )

anre6panquKI/Ix

Havaneueie ycnmoBust mns 9toit CHAY COOTBETCTBYIOT
&i=1, 1=16,

o, =304, ocTanbHbIe NapaMeTpsl IPUBEIEHBI B TaOI. 1.

HOMHUHAJIEHOMY DpEXKHMY: vg =1,

Tabmuma 1 — [Mapamerpsr CIY 3H

i 1 2 3 4 5 6
M | 0.033 | 0.221 | 0.196 | 0.396 | 0.114 | 0.041
a; | 0.014 | 0.030 | 0.111 | 0.300 | 1.124 | 3.012

TenoBbIIeNeHNE B TOIINBE MIPH AACPHBIX PEAKINAX
paccumnrbiBaercs o dopmyne Q, =Qqy(e,Vv +£pn) , TIe

€n=089% u &£,=0078 - nomm MrHOBeHHOro n
Q -
peakTopa B HOMHHAJIEHOM
OTHOCHTENIbHAs

TOCTCIICHHOT'O TGHHOBBI,I[CHCHI/II‘/‘I, TCIJI0BaA
MOLIHOCTb

n=m+mn; +MN3 -

pexume,
MOIIHOCTb

nocrenenHoro temnossiaencnus [8]. Ilepemennsie 1y,

Ny » Mg Haxomar uz CHY:

Ti dni/dt"'ni:KiV’ izﬁ,
rnie T, u K; NOCTOAHHBIE IapaMeTpel. Ilo aTuM
YpaBHEHUSAM ¢ O0O3HAYEHUSIMHU b, = Kty /T;
G A =1,3 momyunM MOJENb OTHOCHTENHHOTO
TemosbLIeneHns B popme Komm:

dni/d‘t:bivv_ainni y I :B (3)
Hawanenele ycnosuss stoi CHAY ng =K;, i=13.

[MapameTpsr Monenu (3) mpuUBEACHH B Ta0MI. 2.

Ta6nuna 2 — 3Ha4eHUsI TAPAMETPOB MOJIEITH

TEIUIOBBIACICHUS
i Ki &y biy
1 0.05 0.6 0.012
2 0.33 -1.999 0.01
3 0.62 -1.114 526x107%4
VpaBHeHUsT TemmoBoro Oajamca s TOIUIMBA,

000JI0YKH U TeIUIOHOCUTENSI uMetoT Buf [7, 9]:

c M, dt, /dt =Q, —a,F, (t, —t,),
CzMzdtz/dtzaze(tu _tz)_aer(tz _tr)v (4)
¢, M, dt, /dt=Q, +a,F,(t, -t,)—c,G, (t, —t,),

rae ¢, 1 M, — ylenbpHas TEMIOEMKOCTh U Macca TOI-
IMBa — JIByOKUCH ypaHa, t, ¥ t, — CPEJHHME TEMIIEPATYPEI

TMOBEPXHOCTU TOIUIMBA U 000JI0YKH TBYJIA W3 IIUPKOHHUC-
BOro CiuiaBa, o, — KOZ—)(i)(i)I/IL[I/IeHT TCIIOOTAAYU OT TOII-

nuBa K obonouke, F,

CZ u MZ — yAeCJIbHas TCINIOEMKOCTh U CyMMapHas Macca

— CyMMapHas miomaiab 060.]'[0‘161(,

000J104EK BCEX TBAJIOB B aKTHBHOM 30HE, o, — K03(hdu-
IIMEHT TEIUIOOTAAYH OT 0O0JIOUKH K TETUIOHOCHTEIIO, t, —

CpeaHsisl TeMmIlepaTypa TEIUIOHOCUTENS B aKTUBHOM 30HE,
C, ¥ M, — ylenbHas TEIUIOEMKOCTh M Macca TEIUIOHOCH-

Tes B aKTHBHOH 30He, Q, — TEIUIOBBIAENCHHE B TEILIO-
HOCHTeIe BCIEICTBUE 3aMeIeHUs] HEHTpoHOB, G, — pac-
X0l TETUIOHOCHUTESI depe3 aKTHBHYIO 30HY, {, — TeMIepa-

Typa TEIUIOHOCHUTENS Ha BXOJE B aKTHBHYIO 30HY.
Tennoseinenenne B TemnoHocutene Q, =Qupe, v,

raie €, =0.026 — moms MrHOBEHHOTO TEMIIOBBIICICHUS

IIpY 3aMeJIEHUY HEUTPOHOB.

OGosmaunm  ty,, ty,, to, W ty — 3HadeHus
TEeMIepaTyp B  HOMUHAIBHOM  PEXHME, KOTOpBIE
ompeznensior HadaneHele ycnosus  CHY  (4). Tlo

W3BECTHBIM 3HAYEHUSIM TeMIIEpaTyp B HOMHMHAJIBHOM
pexuMme Ha BXome fy M BBIXOJAE t;, AKTMBHOH 30HEI

HalJeM CPEIHION TeMneparypy to, = (to +ton)/2 -
Beenem 06a3zoBoe 3HaueHHME TeMIepaTypsl T, H
nepeiieM K OTHOCHTEIBHBIM MEPEMEHHbIM:
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Oy =ty /Ty 0, =1, /Ty, O, =t /Ty, 6, =1, /Ty, .

[IpeoOpa3yst ypaBHeHus (4), BBeneM OOO3HAYEHUS JUIA
MIOCTOSTHHBIX [TAPaMETPOB:

a :_azetb — 0Lzetb _ Qogmnbtb
" CuMu " CuMu o CuMunOTb
_ Qog ply _o,Ft _ (o, +o)Ft
uq vl 2z
CuMuTb , CZMZ , CZMZ ,
_ ot _o Rty __oF+cG t
zr CzMz rz Cer s Cer b
b, = Gty _ QoBeMoly
Tl u —
M, c, M, ngTy .

Tor,ua MOJIYy4uM MOJECJIb TEIJIOOTBOAA B OTHOCUTCIBHBIX
TIEPEMEHHBIX COCTOAHUA:

do, /dr=a,,6, +a,0, +by,v+b,m,
dez/dr:azueu +azzez +azrerv 5)
do, /dr=a,,0, +a,0, +b,0, +b,v.

Jlnsi HOMHUHAIBHOTO pEKMMa HaYalbHBIE YCIOBHS
oroii CIY O, =toy /Ty» Oo; =to;/To» Bor =tor /Ty »
Og =1t /Ty - Mozenu TemaoorBoma  (5)
Npe/ICTaBJIeHbI B Ta0J. 3.

[TapameTpbl

Ta6mmia 3 — [NapameTpbl MOJIEITH TEILIOOTBOIA

Ilapamerp | 3nauenue | Ilapamerp | 3HaueHHe

ay, -0.217 Ay, -1.937

a, 0.217 byq 0.116

bun 1.338 bry 0.0055

ay, 0.741 Oy 10.32

a,, -13.814 0o; 3.4

a, 13.073 Oor 3.05

a, 0.538 0q 29
JuddepennnansHeie YpaBHEHUS W3MEHEHUS

KOHLEHTpalui iojja 1 KCeHOHa UMEIOT BuA [9]:

6
de/dt=YXszJ(D+7\,JNJ _GQ(NX(D_?\’XNX! ()

rie N; u Ny — KOHUEHTpauuu saep Hoja M KCEHOHa,
Y3 U Yy — YAEIbHBIE BEIXOABI /IEP H0/1a U KCEHOHA IIPH
pC€akuun ACJICHUA TOIUIMBA, ZLfJ — MAaKpPOCKOITUYECKOEC
CedeHHe JIeNIeHNs] TEIUIOBBIMU HEHTPOHAMU aTOMOB ypaHa,
® =nvV, — INIOTHOCTh NTOTOKA HEWTPOHOB, V, — CPEIHAIA
CKOPOCTh HEHTPOHOB OTHOCHTENLHO SAEP, Aj U Ay —

HOCTOSHHBIE PAJMOAKTHBHOIO pacnaja #oaa u KCeHOHa.
B HOMHUHAILHOM pEXMME KOHLEHTPALHMH aTOMOB
Homa m kceHoHa mMeloT 3HadeHHs Ng; u Ngy . B

ypaBHeHusAX  (6) mepeiijeM K = OTHOCUTEIbHBIM

nepemMeHHbIM vy =Nj /Ngj, vy =Ny /Ngy u BBemeM
0003Ha4YeHMs [ TTIOCTOSAHHBIX TAPAMETPOB:

U

va ZYJZf nOVntb/NOJ , aJJ :}\thb!
U

bxy :szfnovntb/NOX v Axx =Axly,

X
ayy =A3Nosty /Nox ,  8xy =02 NoVly.

Tornma MoJIyduM MOACJIb HU3MCHCHHUA KOHUCHTpalUHH
KCE€HOHA B OTHOCUTCIIbHBIX IEPEMECHHBIX COCTOAHUS:

U]

[apameTpsr Mmonenu (7) mpuBecHH B Ta0M. 4.

Tabnuna 4 — [TapaMeTpbl MOJICIIH KOHIICHTPAIMH KCCHOHA

[Tapametp 3HaveHne [Tapamerp 3HavyeHue

by, 2.895x10°° Axx 2.12x10°°

ajj 2.895x107° Ay, 4.296x107°

by 2.301x107° ay, 2.406x107°
BopHoe peryiumpoBanue. YpaBHeHHe OanaHca
6GOpHOI KHCIIOTHI B IEpBOM KOHType onuckiBaercs 1Y [9]
P,V dCg /dt =Cy Gy —CgGy (8)
rae  p, IJIOTHOCTh TEIIIOHOCUTENA, V; — o00beM

TEIUIOHOCHUTENS B IEPBOM KOHTYpE, Cy, — KOHLEHTpauus
GopHoii kucnoTHl B 6ake 6opHOrO perynuposanus, Gy, H
GL — MaCCOBBI€ paCXOJabl CUCTEMBI IMOANUTKU U APECHAXKa
nepBoro KoHTypa. O003Ha4ass Maccy TEIUIOHOCHTENS B

nepsoM KoHType M, =p,V; U yuureBasg, 4YTrO B
HOpPMaJbHOM  pEeXUME pPaboThbl MEpBOrO0  KOHTYpa
Gy =G, , ypaBHenue (8) nmpumer BUA
M, dCg /dt =Gy (Cy —Cg) - 9

[epetineM Kk OTHOCHUTEIBFHBIM IIEPEMEHHBIM:

€6 =Cg/Cay+ &w =Cm/Cay+ 9m =Gwm /Gay
rae Cg, — 0a30Boe 3HAauY€HHE KOHLEHTPaUMU OOPHOM
kucnotel, Gg, =Gy, — 06a30Boe 3Ha4Ye€HHE MACCOBOIO
pacxosa CHCTEMBI NOINUTKH. BBexeM o0003Ha4YeHHE

ag =Ggpty/M;.  Torma  mocne  mpeoOpa3oBaHMS
ypaeuenust (9) momyunm 1Y BBoJa GOPHOM KHCIIOTHI B

OTHOCUTEJILHOHM NEPEMEHHON COCTOSHUS

dép /dr=aggm (Em —&s) -

Hauanenoe ycnosue 1yist atoro 1YV &yg =Cyg /Cay,

(10)

rne  Cyg — KOHUEHTpauus OOpHOM KHCIOTBI B
HOMHHAJIEHOM pexume. [TapameTpsr 6opHoro
PEerynupoBaHus MPUBEJIEHBI B Ta0M. 5.

Onpenenenne PeaKTHBHOCTH peakTopa.
PeakTuBHOCTL ~ peakTOpa  NpPEACTaBUM B BHJE
r=ry+Ar, +Ar, +Ary +Arg, rme I, — Ha4daabHOE
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3HAYEHUE PEAKTHBHOCTH, Ar, u Ar,
PEAKTHBHOCTH IIPH HM3MEHEHHH TEMIEPAaTyp TOIUIMBA U

TCIIJIOHOCHUTCIIA, Arx u ArB — U3MCHCHUS PCAKTUBHOCTH

N3MCHCHUA

IIPY U3MEHEHUH KOHLEHTpaIMi KceHoHa u 6opa [9].

Tabmuma 5 — [TapameTps! MoJen GOPHOTO PETYINPOBAHUS

ITapamerp 3HayeHHe [Tapamerp 3HayeHHe
Kg,xkrr™ | -00135 | Cyg,rkr 8.69
Pr,Kr'M > 724.4 M;, 268
oM® 370 Gy tut 40
Cy  rxr 40 ag 4.146x10°°
Cgp.rkr * 10 Eos 0.869
M3menenus pE€axkTUBHOCTH OIPENETAOTCA

MpUpaICHUAMU IICPEMCHHBIX COCTOSAHHUSA PCAKTOpA:

Ary =Ky (ty —toy), AR =Kyt —tg)
Aty =—(Nx =Nox)oa 0, /2, Arg =Kg(Cg —Cog),

rie K, u K, — KOd(pOHUIMEHTB PEaKTUBHOCTH IO

u
X
TeMIeparypaMm TOIUIMBAa UW  TCIIJIOHOCHUTCIIA, (oY -

MUKPOCKOIIMYECKOE CEUEHUE
HEHTPOHOB AaTOMAaMHM KCEHOHa, 6,

TOTJIOIIEHHUS ~ TETUIOBBIX
— KO3} HUIHEHT
UCIIONIb30BAaHMs TEIUIOBBIX HEHTPOHOB B HEOTPABJICHHOM
peakrope, EE :csl‘.;lJ Nou — MaKpOCKOIHYECKOE CEYEHHE
3axBaTa HEHTPOHOB spaMu ypaHa, Ng, — KOHIEHTpalus
aTOMOB

ypaHa B HOMHMHAIBHOM pexume, Kg -

KOX(Q(QUIHUEHT PEaKTHBHOCTH OOPHON KHUCIOTHI,
HOMHHAIIBHOTO pexunma Iy =0.

IS

[lepeiineM K OTHOCUTENbHBIM IEPEMEHHBIM U
0003HaYUM

oy :KuTb/B'

ax =-050,Nox /(BogNoy), og =KgCpqy/B.

(% =Kth/B,

Torma mnomayuyuM ypaBHEHHE
OTHOCHUTEJIbHBIX IEPEMEHHBIX

PCaKTUBHOCTH B

p:au(eu_ew)"'at(er_ew)"' (11)
+oyx (Vx —Vox)+ag(€g —&op)-
[TapaMeTphl 3TOr0 ypaBHEHHMs IPUBEICHBI B TabI. 6.

Tab6nuua 6 — [TapameTpbl peakKTUBHOCTH

ITapamerp | 3nauenme | Ilapamerp | 3HaueHue
o, -0.313 Olx —2.255
ol —-1.565 Qg -21.127

IIpouecc BBoaa OopHoii kuca0THI B peakTop. C
LIEJTBIO UCCIIEIOBAHMS BIMAHUS BBOJA OOPHOM KHCIOTHI Ha
IIEpEMEHHBIC COCTOSHHS AaKTHBHOM 30HBI  SAEPHOTO
peaktopa BBOP-1000 cepun B-320 oO0beauHuM Monenu
2), 3), (5), (7), (10), (11) B ogay moznens. UuTErpupys
nonydyeHnyto  CHAY  npu  HavyadbHBIX  YCJIOBHUSIX

HOMHHAJIBHOTO PEKHUMA, [IOIYINUM IIEPEXOIHBIE MPOLECCHI
M3MCHCHHS IEPEMEHHBIX cocTosiHms. [Iporeccs Ha puc. 1
— 3 IPEACTAaBIAOT U3MECHEHHE EPEMEHHBIX COCTOSHUS B
3aBHCHMOCTH OT BpeMeHH B MuHyTax t, =1/60, a Ha

puc. 4 m 5 — B 3aBUCHMOCTH OT BpEMCHHU B 4Yacax
th = tm /60 .
DN
v X
g7 08
N
3] N
&3 0.6
------ N\
ty N
04
13} N
Cee N
&g N
T 02
N
N\
NN
0 R
0 5 10 15 20 25 30

'm

Puc. 1 — [lepeMeHHBIE HEHTPOHHOI KHHETHKA

IIpouecc uU3MEHEHMS  HEUTPOHHOW  MOILIHOCTHU
peakTopa Ha puc. | MOKa3bIBAET, YTO PEAKTOP MEPEXOTUT
13 HOMHHAIIFHOTO PEXXUMa B PEKUM HYIIEBOH MOIIHOCTH
3a 26 MuHyT. KOoHUEHTpaluuy 3ana3bIBatouX HEUTPOHOB
MOHOTOHHO YOBIBaIOT OT HOMHUHAIBHBIX 3HAYCHUH 10
HYJICBBIX 3HAYCHUH.

"3 \
0.2 : ™~

0 10 20 30 40 50 60

'm

Puc. 2 — I3MeHeHne nepeMeHHBIX TeIIOBbIISICHUS

[lepeMeHHbIE IOCTENEHHOTO TEIJIOBBIACICHHS Ha
pHC. 2 MOHOTOHHO YOBIBAIOT OT HOMUHAJIBHBIX 3HAYCHUM
JIO HYJIEBBIX 3HAYCHUH C Pa3InYHON CKOPOCTHIO.

Temneparypbl TOILTHBA, 000JIOYKH U TEIIOHOCUTEJISI
peakrtopa Ha pHC. 3 MOHOTOHHO YOBIBAIOT OT 3HAYCHUIA
TEMIIEPATYp B HOMHHAILHOM PEXHME 10 TEMIEPATYPhI
TEIJIOHOCHUTEJISl Ha BXOJIE B aKTUBHYIO 30HY.

Ha puc.4 KOHUEHTpalus KCEHOHa CHaydaia
BO3pacTaeT OT HOMHHAIILHOTO 3HAYEHHS, & 3aTeM yObIBaeT
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J0 HYJIEBOTrO 3HAYCHHSA, KOHOCHTpAIUA Hoxa MOHOTOHHO
y6bIBaCT OT HOMHUHAJIBHOI'O 3HAYCHHUSA [0 HYJIEBOIO
S3HA4YCHMU.

Puc. 3 — V3meHenue Temmepatyp
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Puc. 4 — I3MeHeHne KOHIIEHTpANXi O 1 KCEHOHA
Konuentparust OopHOH  KHCIOTBI Ha  pHC. 5

MOHOTOHHO BO3pacTacT OT HOMHMHAJIBHOTO 3HAYCHHS [0
KOHIICHTPAIUH B O0ake OOPHOTO PeryIMpOBaHHS.
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Puc. 5 — V3MeHeHne KOHIIEHTpauu 6opa
Takum  oOpa3oMm, HEWTPOHHBIE ¥  TEIJIOBEIC

nmpoHecchl MpoOUCXOoAdAT B TEUYCHUE MACCATKOB MHUHYT, a
MpoUeCChbl UBMCHCHU L KOHHCHTpaHI/Iﬁ KCCHOHA U 6opa —B
TCUYCHUC NCCATKOB 4acCOB.

BeiBoabl. IlocTpoeHBI MaTeMaTHYECKHE MOJIENN
peaktopa BBOP-1000 cepum B-320 B BHzme cucrem
muddepeHINANBHBIX YPaBHEHHH C  OTHOCHTEIBHBIMH
NEPEMEHHBIMHA COCTOSIHHSA, OINHKCBHIBAIONINE HEUTPOHHYIO
KHHETHKY peakTopa, IIOCTEIEHHOE TEIUIOBBIAEICHNUE,
TEIUIOBBIE ~ IIPOLECCHl B TOIUIMBE, O00OJOYKax U
TEIUIOHOCHUTENE, U3MEHEHHs KOHIIEHTpAluil KCEeHOHa U
O6opa. Ilo KOHCTPYKTMBHBIM M  TEXHOJOTHYECKHM
napamerpam  peakropa BBDP-1000 cepum B-320
BBIUUCIICHBl IIOCTOSHHBIC IapaMeTpbl MaTeMaTHYECKHUX
Momeneii ¢ yderom OoOpHOTO peryiampoBaHus. Ha
OCHOBAaHMM MaTEMaTHYECKUX MOJENEH peaKkropa IyTeM
YHCIEHHOTO  WHTErPUpOBaHMsA AU QEepeHIINAaTbHBIX
YPaBHEHHH MOIYYEHBI MEPEXOJHBIE TPOLECCH! A BBOJA
OGOpHOH  KHCIOTBI B  PEaKTOp, YTO  MO3BOJSET
MPOaHATN3UPOBATh U3MEHEHHS BaKHEHIINX IEPEMEHHBIX
COCTOSIHUSL aKTUBHOM 30HBI PEAKTOPA.
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VJIK 681.513.5:622.279

B. B. BOJIOBEIIbKHH, C. B. BACHJIEHKO, O. 0. BUTA3b,
B. C. FOPHH, O. M. LlIUPbA, A. B. THITKO

BUBIP PAIIIOHAJILHOT'O PEXKUMY NEPIOJUYHOI EKCIIJTY ATAIII TA3OBHUX TA
I'ABOKOHJIEHCATHUX CBEPAJIOBUH

B crarTi po3riIsSHYTO MEpioAMYHY EKCIUIyaTal[ilo Ta30BHX Ta Ta30KOH/ICHCATHUX CBEPUIOBHH Ha 3aBepIUAbHIA cTazii po3poOKH POJOBHIL.
Excrutyarariis Takux CBEPUIOBHH XapaKTEPH3YEThCsl YCKJIAIHCHHSMH IIPH BHAOOYBAaHHI BYIVICBOJIHIB. 3alpONOHOBAHO IUIIXH aBTOMATH3aLlil
MepioaUYHOI eKCIUTyaTalil CBEp/UIOBHH 32 PaXyHOK BCTAHOBJICHHS HA BXiIHOMY ra30MpOBO/I YCTAHOBKH IiATOTOBKH ra3y CHCTEMH PEry/IIOBaHHS. 3a
JIOTIOMOT'O0 CHCTEMH PEryJIIOBaHHs MPU 3POCTaHHI ab0 3HM)KEHHI TUCKY Ha BXOAI YCTaHOBKM MiArOTOBKM a3y BIAINOBITHO 3iMCHIOETHCS IYCK B
eKCIUTyaTawito CBEpJIOBUH abo iX 3ymuHKa. BIpoBamkeHHs JaHOTO 3aX0/y JO3BOJINTH KOHTPOJIFOBATH YMOBH €KCILTYaTallii CBEpAIOBHH.

KaiouoBi cioBa: cBepIoBHHa, Ta3, HuUeid, mepioauyHa eKcIutyarTawis, TeXHOJIOTIYHUIT PE)KUM, aBTOMATU30BAHE YIPABIiHHS.

B cratbe paccMOTpeHO MNEPUOAMYECKYI0 OKCIUTyaTallMI0 Ta30BBIX M Ta30KOHAEHCATHBIX CKBAXHUH Ha 3aBepIIAIONICH CTaguu pa3paboTKU
MECTOPOKASHUH. DKCIUTyaTalls TAKUX CKBa)KHH XapaKTePU3yeTcs OCIOKHEHHAMHU IPpU H00bIUE YIIeBoAopoaoB. IIpeanoxkeHs! yTH aBTOMAaTU3aLUN
MIEPHOANIECKON IKCIUTyaTalli CKBKHH 32 CUET YCTAaHOBJICHHS Ha BXOZHOM Ia30IPOBOJE YCTAaHOBKH IOATOTOBKH Ta3a CHCTEMSBI peryaupoBanus. C
TIOMOIIBIO CUCTEMBI PETYIMPOBAHUS IPU POCTE WIIM CHYKEHUM J[ABJIEHMS HAa BXOJE YCTAHOBKH NOJATOTOBKM Ia3a COOTBETCTBEHHO OCYIIECTBISAETCS
IIyCK B 9KCILTyaTalluI0 CKBA)KUH MJIU UX OCTaHOBKA. BHe#peHne 1aHHOTO MEepOIPHATUS HO3BOJIUT KOHTPOIUPOBATH YCIOBUS IKCILTyaTallUM CKBaYKUH.
KioueBble c10Ba: CKBa)XHHA, I'a3, NUTeH(, HepuoandecKas SKCILTyaTalns, TEXHOJIOTHIECKHI PEeXXUM, aBTOMAaTH3UPOBAaHHOE YIIPaBJICHHE.

The article describes the periodic operation of gas and gas-condensate wells at the final stage of field development. The operation of such wells is
characterized by complications in the process of hydrocarbons production. The authors have proposed the ways to automate the periodic operation of
wells by means of installing the control system at the inlet gas line of gas treatment unit. In case of pressure rise or drop at the inlet of gas treatment
unit the control system regulates bringing wells into production or their shutdown. The introduction of the proposed method will help to control the

well production conditions.

Keywords: well, gas, line, periodic operation, technological mode, automated control.

Beryn. ¥V munyni pokn mis motped YkpaiHH BHKO-
PHCTOBYBCSI TPUPOIHUI Ta3 BIACHOTO BUIOOYTKY, a TAKOXK
iMIoproBaHuii 3 €Bpornelicbkux Kpaid Ta Pocificbkoi De-
neparii. [Ipore y 2016-My pomi HaAXOMKEHHS IMIIOPTOBA-
HOTO MPHUPOJIHOTO ra3y B YKpaiHy 31iHCHIOBAIOCH BUKJIIO-
YHO 3 €BPOIEHCHKOTO ra30BOT0 PUHKY. TeXHIYHO IIe CTano
MOXJIMBUM 3aBIISIKM 3HAYHOMY 30UIBIIEHHIO TOTYXHOCTI
peBepCHUX MOTOKIB. JIJis1 3a0e3eueHHs CHEPreTHYHOI He-
3JIEKHOCTI PO3POONIAETHCS Ta BIOPOBAKYETHCSI TMMAIIO
3axO0JliB, SKi CIIPSIMOBAHI Ha 301TBIICHHS BJIACHOTO BHIO-
OyTKY IPUPOTHOTO Ta3y 1 BiAOBITHO 3MEHIIICHHS BUKOPHU-
cTaHHs Ta iMropty. KpiMm 11p0ro, BUpIIIyeThCsl KOMILIEK-
CHO 3MCHIIEHHS BUKOPHUCTAHHS IPUPOIHOTO Ta3y IMIISIXOM
3aCTOCYBaHHS aJbTEPHATHBHUX JDKEpeNl eHeprii, BIpoBa-
JDKEHHS €Hepro30epiralounx TeXHOJIOTIH Ta 0araTo iHIITHX.

Tak, 3a ocranHi Tpu poku 3 2014-ro mo 2016-i pik
CHOCTEpIraeThcsl MO3UTUBHA JMHAMIKA IIOA0 3MEHIICHHS
BUKOPUCTaHHS MPUPOAHOTO ra3zy B Ykpaini. Hampukian,
32 2014-# pik  3HHSWINCH OOCSTH  BHKOPHUCTAHHS
IPUPOIHOTO rasy Ha 7,8 Mupa. M° (1o 42,6 Mapa. m°) aGo
16 % mopisasHo 3 2013-M poxom (504 mumpm.m’). V
2015-My  pomi  3HHU3WIMCH OOCSTH  BUKOPUCTAHHS
npUpoIHOTo rasy Ha 8,8 Mpa. M° (10 33,8 mapa. M°) a6o
21 % mopiBastHO 3 2014-M poxoM. VY 2016-my pomi
3HU3WINCH OOCSTH BHKOPHCTaHHS IPUPOAHOTO rasy Ha
0,6 mipa. M° (10 33,2 Mupa. M°) aGo Ha 2 % TOpIBHAHO 3
2015-m pokom [1].

Bapto BiamiTuTH, 110 32 OcTaHHI TpH poku 3 2014-To
mo 2016-# pik cmocTepiraeTbCs MO3WTHBHA IHHAMiKa
3MEHIIEHHs 00CATY IMIOPTY MPHUPOAHOTO Ta3zy B YKpaiHy.
3a 2014-i1 pik y mopiBHsaHHI 3 2013-M pokoM, iIMITOPT MpH-
poxHOro rasy 3meHmmBes Ha 30 % 3 27,9 MIpA. M° 110
19,5 mapa. M°. 3a 2015-it pix y mopimsiagi 3 2014-M po-
KOM, IMIIOPT HPUPOAHOTO ra3y 3MeHUmHMBCsS Ha 16% 1o

16,4 mupz. M°. 3a 2016-if pik y mopisusiaHi 3 2015-M po-
KOM, IMIIOPT HPUPOJHOTO ra3y 3MeHImuBcs Ha 32 % 1o
11,1 mapm. m [1].

OO6csr BiacHOTO BHIOOYTKY HPUPOIJHOTO Tasy 3a
ocranHi Tpu poku 3 2014-ro mo 2016-i pik nemro
3un3uBcs. Y 2014-my poui BUIOOYTOK NPUPOIHOTO raszy
sumsuBest Ha 1,0 mmpa. M (mo 20,5 Mapa. M°) abo Ha
4,7 % mopisasro 3 2013-M poxom (21,5-mmpm. M°). Y
2015-my pori BHIOOYyTOK HPHUPOAHOIO Ta3y 3HU3MBCS Ha
0,6 Mapa. M° (2o 19,9 mapa. M°) aGo Ha 3 % MOpiBHAHO 3
2014-m poxom. Y 2016-my pomi BUIOOYTOK TPUPOTHOTO
ra3y 30iutpmuBcs Ha 0,2 Mip. M (mo 20,1 mupn. M3) abo
Ha 1 % mopiBHsHO 3 2015-M pokom [1].

[Ipote, YkpaiHa Ha CHOTOIHINIHIA JI€Hh BUKOPHUCTO-
By€ 3HA4HHH 00’€M TpHUpomHOTO ra3zy. Tomy HEoOXiTHO
MPAIfOBAaTH Ha/l 3MEHIICHHSIM BUKOPHCTAHHS ITPUPOJTHOTO
rasy, a TakoX 301JIbIIEHHSM BIACHOTO BUAOOYTKY.

AHaJi3 ocTtaHHix gociaixkens i myomikauii. On-
HI€IO 13 aKTyaJIbHUX MpoOJieM 3abe3redeHHs eHepreTHIHOT
HE3aJIe)KHOCTI HAIOl JepKaBU 3aTUINAETHCS 301TbIICHHS
BJIACHOTO BHUIOOYTKY ByI7ieBOAHIB. OCHOBHOIO KOMITaHI€IO
3 BUAOOYBaHHS MPHUPOIHOTO a3y B YkpaiHi € [TAT «VYkp-
ra3Bu00yBaHH». Tak, 10 CKilaqy KOMIaHil BXOJHUTH Jie-
catb Qinii. Tpu 3 HUX — 1€ Ta30POMUCIIOB] YIIPABIiHHS,
3okpema [ITIY  «lllebenuukara3sunoOyBanus», [TIY
«[TonraBarazsunodyBannsn», ['T1Y «JIbBiBra3zBuno0yBaH-
HsI», AKi 3a0e3neuytoTh noHax 70% BuIOOYTKY mpupon-
HOTO ra3y B YKpaiHi. BpaxoBytouu 1ie, HaBeeMo BH100Y-
TOK TpupofHoro ra3zy kommasiero ITAT «VYkpra3zsumoOy-
BaHHS 32 OCTaHHI II'ATh pokiB 3 2012-ro mo 2016-i1 pik.
Y 2012-my pomi miIMpHEMCTBAMH KOMIIaHIl BHI0O0YyTO
npupogHoro rasy 15,0 mapm. M°, 'y 2013-my  pori
15,1 mapa. M°, y 2014-my pomi 15,1 mupz. m°, y 2015-my
poui 14,5 mup. M°, y 2016-my poui 14,6 mapa. m” [1-4].
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Crig BIAMITUTH, 110 HE 3Ba)KAlOYH Ha T€, IIO OlIb-
mricte pomosuin [TAT «Ykpra3sunoOyBaHHS» BHCHaKEH] 1
3HAXOIATHCSA Ha 3aBEpIIaiIbHINA cTaxil po3poOKH, BOAETHC
YTPUMYBATH 3HaUHHH 00CAT BUIOOYTKY MPHUPOIHOTO Ta3y.
VY 3B’S3KY 3 IIUM aKTYaJIbHOKO 3aJIMINAETHCS 3aa4a 3a0e3-
MEYECHHSI MAaKCUMAJILHUX BiJOOPIB BYIVIEBOJHIB 3 POIOBHIIL
3a]J1s1 BSMEHIIECHHS IMIOPTY TIPHPOAHOTO Tasy.

s 3abe3neycHHsT CTaOIIBbHOTO BHIIOOYBaHHS rasy,
Ha(TH Ta KOHAEHCATY ra30IPOMHCIOBIMH YIPaBIiHHIMU
IMAT «Ykpra3zsunoOyBaHHS» CTBOPIOIOTbCS Ta peajizy-
I0TBCS 6araro pi3HuX 3axofiB. KpiM 1mporo, po3poOisroTs-
ci Ppi3HI TmporpamMH IIEPCIEKTUBHOTO pO3BUTKY Ha
HACTYTIHI POKH. CroromHi nepexn AT
«YKpra3BugoOyBaHHS» MOCTaJO 3aBJaHHSI HE MPOCTO
YTpUMYBaTH piBeHb BHIOOYTKY BYIJICBOIHIB, a 3HAYHO
HApOCTHUTH Horo oOcsaru. s mporo (axiBIsIMU KOMITaHiT
cTBOpeHa mporpama «20/20», ska nepenbadae BUAOOYTOK
20 MyIpa. M’ IPUPOIHOTO rasy B 2020-My potii.

HeoOxigHO 3a3Ha4uTH, IO OCOONMBHM IEPiOJOM
PO3pOOKH POOBHINA € HOrO 3aBepIIaibHa CTalis, AKa Mo-
TpeOye BOPOBAHKEHHS HOBHUX TEXHOJIOTIH BHIOOYTKY 1
3HAYHMX KamiTanoBkiaaeHb. Ha 3aBepmranbHiil cranii pos-
pOOKM pONOBWIN BHHUKAIOTh pi3HI YCKIATHCHHA, Y
3B’S3Ky 3 UMM (OHI CBEpIJIOBUH EKCIUIyaTyeThCS
NEepiOANYHO, 110 HEraTMBHO BIUIMBAaE Ha 00CATH
BHIOOYBaHHS BYINIEBOMHIB. ToMmy B Tmporeci po3poOku
POMOBHI HEOOXiJHO [AETANbHO aHaNi3yBaTH HapaMeTpu
eKCIUTyaTalii CBEp/UIOBUH 3 METOI0 IMOIEepeIHKEeHHS
MOJJIMBUX YCKIIaJHEHb [5, 6].

Jliis ipukiany, Ha CBEpUIOBHHAX poaoBuil FOmiiBeh-
KOro Liexy 3 BuaoOyBaHHsi HaTH, razy Ta KOHJEHCATy
(FOLIBHI'K) 6yi10 po3po0ieHo psijl 3aX0iB, CIPSIMOBAHIX
Ha cralimizaiito BUIOOYBaHHS BYIVe-BOJIHIB, LIO JI03BO-
JISIJI0 OTPUMYBATU O3UTUBHUM pe3ynsraT [7-9].

3BaXkarouM Ha Te, 110 301TBITY€ETHCS KITBKICTh BHCHA-
KEHHUX POIOBHII i CBEPAJIOBUHN EKCILTYaTYIOTHCS 3 Tepio-
JWYHAM BiTOOpOM rasy, Ba)KJIMBUM 3aBIAaHHSIM € BH3Ha-
YeHHS abTCPHATUBHUX IIUIIXIB ONTHMI3alii MepiognaHol
eKCILTyaTaIlii.

VY [10] po3missHyTO ONTHMI3allil0 MEPIOANYHOI eKC-
IuTyaTaiii CBepJIOBUH 32 paXyHOK aBTOMaTH30BaHOI 3yITHU-
HKH 1 IYCKY IIUISIXOM MOHTaXy CHCTEMH PEryJroBaHHS. 3a
JIOTIOMOTOI0 CHCTEMHU DEryJIIOBaHHs, BCTaHOBJIEHOT Ha
BXiJIHOMY Ta30IpOBOAI YCTAaHOBKH ITIATOTOBKH Ta3y
(VIIT'), MO>KHA PEeryioBaTu peKUM poOOTH CBEPIOBHH.

BaxBoro npo0ieMoro Ha 6arathboX poIOBHINAX 3a-
JIMIIAETHCS TIEPIOMYHA eKCIUTyaTallisl JIBOX, TPhOX Tra3o-
BUX a00 TA30KOHAEHCATHHX CBEPUIOBHH, ITiAKIIOYEHUX
OJHUM IUIeH(OM 10 yCTaHOBKM MiArotoBku rasy [11]. Y
3B 513Ky 3 IIMM 3aIPONOHOBAHO BCTAHOBUTH Ha YCTi KOM-
wiekc perymoBaHHs pobotu cepanoBuH (KPPC) mms
3a0e3medeHdss HaIiiHOT eKCIUTyaTamii CBEepUIOBHH. 3a
noromororo  KPPC moxHa 3a0e3meunT perymroBaHHS
pexuMy poOOTH, SIK OAHI€T CBEPIJIOBHHHU, TAK 1 JEKIIBKOX
IHAWBIAYaTbHO, 10 MiAKIIOYEHI J0 OHOTO MUTeH(Y.

VY [12] po3rsanyTo wotupu Bapiantu KPPC 3 anano-
TOBOIO Ta JJUCKPETHOIO CUCTEMOIO YIPaBIIiHHS, IO JI03BO-
JIUThH PETYIIOBATH PEKUM POOOTH CBEP/JIOBUHH 1HIMBIIY-
QJIBHO.

TakuM YwHOM, MOXHA 3a0e3ledyBaTH €(PEKTHBHY
MEPIOANYHY €KCIUTYaTallif0 Ta30BHX Ta ra30KOHAECHCATHUX
CBEP/JIOBHH 3a JOMOMOTOI0 aBTOMATH30BaHNX CHCTEM.

@opmya0oBaHHSl Uijeld crarTi. 3aBmaHHA wi€l
poboTn monsrac 'y BHOOpI PpAalliOHATBHOTO PEXKHMY
eKCIUTyaTalii CBEpJJIOBMH B YMOBaxX IEPiOJUYHOTO
BiI0OpY rasy 3a paxyHOK aBTOMaTH30BaHOTO yIIPaBIIiHHS.

Bukaan ocHoBHOro Marepiany gociaimkeHb. ['azo-
KOH/ICHCAaTHI Ta Ta30Bl CBEP/UIOBHHHU EKCIUIyaTyIOThCS
3TiHO  TEXHOJIOTIYHOTO  PEXHMY Ha  YCTAHOBKY
MATOTOBKA Ta3zy. TeXHONOTIYHWI pexuM Iependadae
eKCILTyaTamito CBEpAJIOBHH  TIPH  BCTAHOBICHHUX
onTMMalBHUX ~ yMmMoBax. Ilim  dWac  excruryaramii
CBEPIJIOBHHH MOXYTh BHHHKAaTH YCKJIQOHEHHS, IO
moB’si3aHi 3 BigkimamaHHsaM rifparie B koioHi HKT, mo
nuieidy, a TakoX HaKONMWYEHHS pIiTUHM Ha BHOOI Ta
NOHIDKCHUX  AUBIHKaX — nuieldy  Tomo.  Bkaszawi
YCKJIQIHEHHS TIPU3BOJATH 10 3MiHM THUCKIB TPyOHOTO Ta
3atpybHoro npoctopy (Ptp, P3arp), Tucky Ha Bxomi PBx B
VIII, a Takox 3HIXKEHHs neOiTy rasy Qr He BiAmoBiaae
TEXHOJIOTIYHOMY pEXHuMy. Y 3B’SI3Ky 3 LUM MEpCOHAN
VIII' cruimkye 3a HOTPUMaHHAM pPEXHMY EKCIDTyaTariil
KOKHOI ~ cBeputoBMHH. KoHTpoip 3a mapaMeTpamu
eKCIUTyaTanii CBEPIJIOBUH 3/IMCHIOEThCA 3a JOMOMOTOIO
TEXHIYHUX MAaHOMETPIB Ta MPHUJIaaiB 00Ky BYIJICBOIHIB.

IIpn excmmyaramii cBepAJIOBMH Ha 3aBepLIATBbHIN
cTamii po3poOKH pOHOBUII Yy 3B’S3Ky 13 HHU3BKAM
IUIACTOBMM  THCKOM,  3HIDKEHHSM  KOJEKTOPCHKHX
BJIACTHUBOCTEH, BEJIMKUM THCKOM Ta3030ipHOTO KOJEKTOpa
Ta IHIIMX MPUYHMH TEXHOJIOTIYHUM PEKUMOM TependadeHo
MEePiIOTUYHU# BiIOip Ta3y.

EdexruBHicTh NepiognvHOl eKcIuTyaTaiii cBepio-
BUH 3QJIS)KUTh BiJl BUOOPY ONTHMAalbHUX TEXHOJIOTIYHUX
PEXUMIB, SIKi BU3HAYAIOTH ITiCIIS MIPOBEACHHS PSIy JAOCITi-
JUKEHb. 3a pe3ylibTaTaMy aHalizy iX eKCIuTyaTallil BU3Ha-
4aroTh (aKTUYHUH Tiepion podotu Ta 3ymuHKH [13].

Ha mpomucnax reonoramu CHijibHO 3 MaifcTpamu Ta
TEXHOJIOTAMH  CKJaNaeTbes Tpadik ix mepiogmdHOl
eKCIUTyaTallii Ha KBapTau (Micsip). B nanomy rpadiky s
KOKHOI CBEPJUIOBHHU BKa3y€ThCS MEPIOAUYHICTD MYCKY B
eKCIUTyaTallifo, HampuKiIaa, OJHH abo [eKiibka pa3 Ha
00y, TWXJIeHb Tomo. BinmoBimHo 3rigHO 3 Tpadikom
3MIACHIOETHCS CKCIUTyarTalliss 1uX cBepmioBuH [14]. Y
3B’513Ky 3 1IuM Tiepconan YIII, 6e3nocepesHpo oneparopu
3 BU100yBaHHS HATH 1 ra3y, KOHTPOJIIOIOTh TUCK Ha BXOJI
Pex B VIII' xoxHOi cBeptoBuHH. Tak, MpH 3pOCTaHHI
THUCKY PBX 1O MakCHMaJbHOTO 3HAYEHHS 3JIHCHIOETHCS
MyCK B EKCIUTyaTallilo CBEP/UIOBHHM 1 BIINOBIHO IpH
3HMKEHHI THUCKY PBX 110 MiHIManbHOTO 3HA4YeHHs — i
3yNUHKA.

Ha To4HiCTh 3HATTS JaHWX BIUIMBAE JIIOACHKUHN (ak-
TOP, L0 MOXKE PU3BECTH JIO TMOPYIICHHS TEXHOJIOTTYHOTO
pexumy. OTxe, pi3Hi Cy0’€KTHBHI Ta 00’ €KTUBHI MPUUUHU
MOXYTh CIIOHYKaTH JI0 TIePEeAYacHOro MyCcKy B eKCIlIyara-
1it0 a00 3yNMUHKH, 10 BIUIMBAE Ha 00’ €M BUI00YTOTO Ta3y.

Buxoasuu 3 Bullle HaBEAEHOr0, HEOOXITHO 3a3HAYM-
TH, 110 BaXXKO 3/{iHCHIOBaTH KOHTPOJb 32 pOOOTOIO CBEPII-
JIOBUH, L0 E€KCILTYaTYIOThCs MEPiOJIMYHO, Ta 3a0€3MeUUTH
HeoOXigHui BunoOyToK rasy. ToMy HOLIIBHO PO3IISTHYTH
BapiaHTH miABUINEHHA edekTBHOI eKciulyaranii 3a
paxyHOK aBTOMaTH30BaHOI 3yIIMHKH 1 IyCKY CBEP/UIOBHH.
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KpiMm 1mpOTO, IOMINBEHO PO3MISHYTH MOMKIHUBICTH
BCTAHOBJICHHS KOHTPOJIbHO-BHMIPIOBAIBHUX  IIPUIIAMiB
U TUCTAHIIMHOTO KOHTPOJIO TapaMmeTpiB  pobotu
CBEpUIOBHH, a caMme, BCTAaHOBUTH, fK Ha YCTi, Tak i Ha
BXIJTHUX HUTKaX JAaTYMKH THCKY Ta TeMIieparypu [14].

BpaxoByroun Bullle BUKJIAJeHE, aKTyaJbHUM B TeIle-
pIlIHIN Yac € pi3Hi aJbTepHATUBHI BapiaHTH aBTOMATH30-
BAHOTO IYCKY Ta 3YNHMHKH CBEPIJIOBUH MEPIOAMYHOI eKC-
IuTyaTamii, 1o J03BOJIMTh BUKIIOYMTH PyYyHE KEPyBaHHS,
siKke 3JiificHIoeThecs mpaniBHukoM YIII 1 He 3aBxan
00’ €KTHBHO.

Po3rsiHEMO HIDKYE TpH BapiaHTH aBTOMATH30BaHOI
3yNUHKH 1 IyCKY CBEPUIOBHH IIUIIXOM BCTaHOBIICHHS CHC-
TEMH PETYNIOBaHHS PEKUMY eKcInryararii. Tak, Ha mpH-
KJIaJi cXxeMH O00B’SI3KM BXiZHOTO rasonpoBony Ha YKIIT'-2
IOmniicproro HI'KP 3ampomoHoBaHo pi3Hi BapiaHTH aBTO-
MaTH30BaHOTO YIPaBIIiHHS CBEPIOBUHOIO.

VY 3B’s13Ky 3 LIMM 3alPONOHOBAHO Ha BXiJHOMY Ta3o-
npoBoai Ha YKII[-2 BHKOHATH BCTAHOBJICHHS CHUCTEMHU
PETYIIOBaHHS PEXUMY EKCIUTyaTallii cBepaaoBuH (puc. 1)
3 BHKOPHUCTAHHSAM PI3HOTO OONAHAHHS, OAHY 3 SKHX
MOXHa BUOpATH SK ONTHMAaJIbHY.

Cxema 1. 3a maHUM BapiaHTOM PO3POOIICHO CHCTEMY
pETYIIOBaHHS, SIKa BKIIIOYAE: KIIAalaH 3allipHAN roldacTuit
DN 15 PN 16 I[IAT «KoHoTOonChkHUi apMaTypHHUHA 3aBOI»
(mo3. 1), matuuk tucky OBEH I1 100-115-EXD wmikpo-
mporiecopHnii (Hampyra >kuBieHHsS 12-36 B, BuxigHuit
curnan 4-20 mA) xomnanii «OBEH» (mmo3. 2), ITI/I-pery-
nsitop Mikporpouecopuuit OBEH TPM 210 3 intepoeii-
com RS-485 (3miHHmii cTpym, Hampyra xusjieHHs 90—
245 B, Buxiguuii curnan 4-20 MA) xommnanii «OBEH»
(mo3. 3), KimamaH peryarunil — MHEBMATHYHHA OJHOCI-
JenbHUH  BUKOHaBuMi mpuctpiit  [IOY-7  (ymoBHHMI
nmiamerp [y 15 mm, HOMiHanbHHN THCK OO0 Py 6,4 MIla)
I[NAT «KoHOTOIICBKUI apMaTypHHI 3aBOI» 3 TO3HIIIO-
HepoM enekrpornHeBMaTndeuM [1EIT-3 (BXigHMM cHTHa-
oM 4-20 MA) TTAT «HBII TemnoaBromaty (1o3. 4), 610K
xusneHas OBEH BI104b-/12-24 (ranpyra sxuBneHHs 90—
264 B, BuximHa wHampyra 24 B) xommanii «OBEH»
(m03. 5), 3BOPOTHHH KJIallaH B KOMILIEKTI (1103. 6).

3aBIsKM BCTAHOBJICHHIO CHCTEMH DETYIIOBAaHHS 3a
cxemMoro 1 mpu 3pocTaHHi a00 3HWKEHHI BXiTHOTO THCKY
Ha YIII' BiAMOBIIHO 3IIMCHIOETHCS MYyCK B €KCILTyaTalliio
CBEpIOBUHHM a00 11 3yNMHKA — IUITXOM BiIKpUBaHHS abo
3aKpHBaHHA KiamaHa perymotouoro — [10Y-7. Jiana3oH
3MIiHHM THUCKY KOHTPOJIIOETHCS 32 JIOMIOMOI'OI0 MiKpOIIpoILie-
copHoro garunka Tucky OBEH I1/1 100-115-EXD, Buxin-
Huil curHan (4-20 MA) 3 sxoro mogaetscs Ha [1I/I-pery-
nstop  Mikponpouecopuuit OBEH TPM  210. Tlotim
BuXigHUi kepyrounii curHan 3 III/I-perymsitopa Mikpo-
nporecopuoro OBEH TPM 210 momaeTscss Ha MO3HU-
mionep enexkrponHeBMarnganid [IEIT-3, mo 3abesmeuye
KepyBaHHSA mHeBMompuBogoM [IOY-7, sxuii mIaBHO
BiIKPHBA€THCS 00 3aKPUBAETHCS.

MIA-perynstop OBEH TPM 210 ta 6ok XKUBJICHHS
OBEH BbI104b-/12-24 He0o0XiqHO PO3MICTHTH y OIEpaTop-
HY /U1 3aXUCTY Bifl BIUINBY HABKOJIMITHBOTO CEPEOBHUINA.

Cxema 2. 3a 1aHUM BapiaHTOM PO3pOOIICHO CHUCTEMY
peryioBaHHs, sIKa BKIIOYA€: KJanaH 3amipHuil cHib(oH-
nuit KC 1 DN 15 IIpAT «Manomerp-Xapkis» (11o3. 1),
narauk THCKy «Cadip M» mikponponecopHuid (Harpyra

kuBneHHs 15-42 B, Buximauii curnan 4-20 mA) [IpAT
«ManomeTp-XapKiB» (mo3. 2), perymsTop
Mmikpomponecopanit MUK-111H (manpyra >xusrieHHs 18—
36 B, Buximaumii curran 4-20 MA, iaTepdeiic RS-485)
TOB «Mixkpon» (no3. 3), kianan perymotounii Fisher D4
3  eNeKTpUYHUM TpuBOIOM  easy-Drive  (Hampyra
kuBJeHHs 24 B, curHan  ympaBniHHg  4-20 MA,
HOMiHaNBbHUH THCK a0 29,3 MIla) xommnanii "Emerson
Electric Co" (mo3. 4), 610k xusnennst «Cadip» bI12-24
(nanpyra sxuBnenHs 100-250 B, Buxinna nampyra 24 B)
IIpAT «Manometp-XapkiB» (1103. 5), 3BOPOTHHIA KJIaraH B
KOMITICKTI (1103. 6).

3aBASKM BCTAaHOBJICHHIO CHCTEMH PETYIIOBaHHS 3a
CXEMOI0 2 TpW 3pOCTaHHi ab0 3HIKEHHI BXiTHOTO THCKY
Ha YIII" BiInOBigHO 3IIMCHIOETHCA MTyCK B €KCILTyaTaIlifo
CBEpUTOBHHU a00 11 3yNHMHKa — NIIIXOM BiTKpHBaHHS a0o
3aKpHBaHHs KianaHa perymotodoro Fisher D4. Jliamazon
3MIHH TUCKY KOHTPOJIOETHCS 32 IOTIOMOTOI0 MIKpOIIpolie-
copHoro naryvka TUCKy «Cadip-M», BUXIIHMH CHTrHANI
(420MA) 3 AKOTO TIONAETbCA  HA  PErynATop
mikponporiecopunii  MUK-111H.  Ilorim  BuximHwii
KepYIOUMH CHTHAlI 3 pETYyIsITopa MIiKpOIPOIIECOPHOTO
MUK-111H monaeTscs Ha eJIEKTPUYHUHA TPHUBIA easy-
Drive xmamana perymrorodoro Fisher D4, sxuit mimaBHO
BIIKPUBAETHCS a00 3aKPUBAETHCA.

Perymsarop mikponpouecopumiit MUK-111H Ta 6nok
xkuBneHHs «Cagip» BI12-24 HeoOXimHO pO3MICTHTH Y
OINepaTopHy JUIs 3aXUCTy BiJi BIUIMBY HaBKOJIMIIHBOTO
CepeloBHUINA.

Cucrema perysroBaHHs 3a cxemamu 1 abo 2 € miHili-
Hot. Tak, 3a momomororo III/[-perynaropa OBEH TPM
210 abo perymnsaropa mikpomnpouecopraoro MUK-111H 3a-
Oe3neuyeThesl aBTOMAaTHYHE 11 ITPUMaHHS 33/1aHOTO Ha pe-
TYIATOPI MapaMeTpy TUCKY Ha Bxoai Pex B VIIT.

Cxema 3. 3a maHUM BapiaHTOM PO3POOJICHO CHCTEMY
pETYIIIOBaHHS, sKa BKJIIOYAae: BEHTHWIH S5SVSP kommanii
BULK srl (mo3. 1), MaHOMETp eNEeKTPOKOHTAKTHUH BHOY-
xo3axumenuit [IM2005¢Crl1Ex (xmac Tounocti 1,0) AO
«I10 ®usrex» (mo3. 2), mporpamysansHe peae OBEH TP
200-24.1.1 3 intepdeiicom RS-485 (mHampyra KuBIeHHS
24 B) xommauii «OBEH» (1103. 3), ki1anaH enekrpoMarHir-
Huit KPT 025.040.12 ([dy 25 mMm, Py 4,0 Mlla, nanpyra
xusneHns 24 B) kommanii AO «I'CA-rpyn» (1103. 4), 0ok
xusneHHa «Cagip» bI12-24 (mampyra sxunenHs 100-
250 B, Buxigna Hampyra 24 B) TIpAT «Manomerp-Xap-
KiB» (1103. 5), 3BOPOTHUIA KJIaraH B KOMIUIEKTI (1103. 6).

[IporpamyBansne pene OBEH IIP 200-24.1.1 Ta
610Kk >xuBieHHs1 «Cagip» BI12-24 HeoOXigHO pO3MICTHTH
y OIepaTopHy U 3aXUCTy Bijl BIUINBY HaBKOJIMIIHHOTO
cepeoBHINA. 3aBSKH BCTAHOBIICHHIO CHCTEMH DEryJIro-
BaHHS 3a CXEMOIO 3 TpW 3pOCTaHHI ab0 3HWKEHHI BXif-
Horo Trcky Ha YIII' BiIMOBiIHO 3HIMCHIOETBCA TYCK B
eKCIUTyaTaIlil0 CBep/UIOBMHU abo0 il 3ymMHKA — MUITXOM
BiKpWBaHHSI ab0 3aKpMBaHHA KIIAallaHa EJIeKTPOMArHiT-
moro KPT 025.040.12. [liama3oH 3MiHH THCKY
KOHTPOJTIOETHCS 32 JIOTIOMOTOI0 MAaHOMETpPa €JIEKTPOKOH-
TakTHOTO BHOyX03axuimeHoro AM2005¢CrlEx, konTaxr-
Ha CUCTEeMa SIKOro uepes nporpamysanbHe peae OBEH ITP
200-24.1.1 npuiiMae y4acTb B CXEMi KepyBaHHs KiarnaHa
enekrpomarHiTHoro KPT 025.040.12, sikuii BiAKpUBaeTHCS
a00 3aKpHBAETHCSL.
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Cxema | - Cucrema perynBaHHs
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no3.6 ityuep nos.4 Knanan KyTosui
amipha PETYIIORUHiT 3anipHui
niHig 1Ip-12
OcHorHa [ @akenbHa
niHis ¥ mimia
L] 1 n
¥ _ il A/
‘YMOBHI IO3HAYEHHS: (R —
1 - knanas 3anipuui cunsgorruii KC1 DN 15; L S . -l -+
2 - matunk Tcky Cadip-M MikpomnpoliecopHHii; a3 Bix
3 - perynatop mikponporecopuuit MUK-111 H 3 inTepdeiicom RS-485; CBEPIOBHHH

4 - xnanan perymotoumii Fisher D4 3 enektpuuHiM IpHEOIOM easy-Drive;
5 - Gnok susnenns Cadip BI12-24;
6 - 3BOPOTHHIA KJIAMAH B KOMIUICKTI,

Cxema 3 - Cucrema peryiai0BaHHA

Knana kyToBmii
Tepmomerp Knanan kytoBuit

Knanan kyTosuii —_— Manonmcrp Manomerp 3anipHuit 3
sanipuuit Mq’ T ! ! ?ﬂ ﬂ €J1IeKTPONIPUBOJIOM
ne3.6 MIrynep no3.4 Knanan kyroBuii
3amipua peryneorouHi 3amipHHA
ninisg Lp-12
OcHoBHa . QakenbHa
Tinis A NiHiA
. : '
v . ] ] T v
YMOBHI MO3HAUEHHS: R - P
1 - Bertuns S5VSP; '-------------14_
2 - MaHOMETp eNeKTPOKOHTAKTHHIT BuOyxo3axuwennii AM2005¢CrlEx; [as Bix
3 - mporpamysanshne pene OBEH ITP 200-24.1.1 3 inTepdeiicom RS-485; CBEDIVIOBHEN

4 - knanan enexkrpomarsiTauit KPT 025.040.12;
5 - 6nok xusneans Cadip BI12-24;
6 - 3BOPOTHHH KIalmaH B KOMILUIEKTI.

Puc. 1 — Cxema 00B’s13kM CHCTEMH PETYIIOBAHHS HA BXiZHOMY razomnposoxi Ha YKIIT'-2
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Cucrema perymoBaHHS 32 CXeMOIO 3 € HeliHiIHOIO.
Tax, Ha MaHOMETpi €JICKTPOKOHTAKTHOMY
JAM2005¢Crl1Ex CTpLIKaMHU BHCTABIISIOTh nBa
MmojaokeHHs1 Pmax Ta Pmin, To0TO MakcMMalabHHH Ta
MiHIMAIbHUA THUCKH, B MEXaX sKUX Oyme TNparroBaTu
KiamaH enekrpomarHitTHud. Ilpm 3pocTaHHI THCKY Ha
Bxoai PBx VIII' nmo MakcumanpHOro Pmax xiamad
BIZIKPUBAETHCS, TIPH 3HIKEHHI THCKY Ha Bxoai Pex VIII
no Pmin kiamaH 3akpuBaeThes. Pmax Ta Pmin moxna
3MiHroBaTH Ha Manometpi AIM2005¢Crl1Ex.

CucteMy peryiaroBaHHS 332 CXEMOIO 3 MOXKHAa BHKO-
Hath i3 skuBieHHsAM 220 B. Jlnma mporo cmig (mos. 3,
mo3. 4) BuOpartu 3 iHIINMH XapakTepucTukamu Ha 220 B.

3a maBemeHMMH cxemamu 1, 2, 3 3abesmedyeThcs
MOJUIUBICTh  PETYNIOBaHHS pOOOTH CBEPUIOBHH IO
MEBHUX HEOOXiMHMX mapameTpiB. BpaxoByroum pizHY
NPOIMYCKHY 3JaTHICTh KJalnaHa peryiouoro, ioro
MOKHA ITiI0paTy 3 IHIINMH TEXHIYHUMH TTapaMeTpamu.

Kpim mporo, y cxemax 1, 2, 3 moxHa (1mo3.3)
MiAKIIOYUTH 10 TEpCOHAIBHOTO KOMIT'oTepa 1 3a
JIOTIOMOT'OI0 CIIEIiaJIbHOTO MPOTPAaMHOTO 3a0€3MeUeHHs Ta
OJATKOBOTO  OONagHaHHSA CIHIAKYBaTH 3a POOOTOIO
KJIalTaHa PEryJII0I0U0ro Ha MOHITOPI B pealbHOMY 4aci (on
line) Ta mporsAmaTH apXiBHI JaHi.

HeoOxigHO BIAMITHUTH, IO TpH BCTAaHOBICHI
CHCTEMH PETYIIIOBaHHA Ha BXigHOMY raszomposony YKIII -
2 @A eKcIuTyaramii CBEpIJIOBHH INTYHEP PETYIIOI0UHH
IIP-12 cmig BIAKPUTH TOBHICTIO ab0 3HATH Ta
BCTaHOBUTH KOTYLIKY.

BcraHoBieHHST 3BOPOTHOTO KJlallaHa Ha BXIJIHOMY
razonpoBozi YKII[-2 BUKIIOUNTH HEOOXIIHICTH PYYHOIO
KepyBaHHsI, BIIIKDMBaHHS Ta 3aKpHBaHHS 3alipHOI apMa-
TYpH IPaLiBHUKOM JUIS IICKY Ta 3yITHHKH CBEP/JIOBUHH.

BupoBamkeHHS OyIb-IKOTO i3 PO3IISIHYTHX BapiaH-
TiB aBTOMaTHU30BaHOTO ITyCKY Ta 3yNWHKH CBEPJIOBUH IIe-
pioAnNYHOI eKCIuTyarallii J03BOINTh BIOCKOHAINTH TEXHO-
JIOTi10 BUTOOYTKY BYTJICBOIHIB.

TexHomoriss aBroMarm3amii mporecy BUAOOyBaHHI
MIPUPOAHOTO Tra3y mepeOyBae B IMOYATKOBIMA cTafii i ToMy
MOCTa€ 3aBJAHHS TOCTIHHOT €BOJIOLIi TEXHOJOTrTYHOT
0a3u. BaxJMBUM  HampsIMKOM Takoi EBOJIOIII €
PO3pO0JIEHHS CHCTEM KepyBaHHS MPOLECOM BHI00YyBaHHS
NPUPOJHOrO Tazy Ha 0a3i METOIB HEYiTKOI JIOTIKH —
Fuzzy Logic Toolbox 3 po3po0Okoro mpaBUI-MPOIYKITiT
Mampaani. Opna 3 TOJNOBHHMX IIepeBar ILMX METO/IB
MOJIATAE Y TOMY, IO PETYISATOP Ha OCHOBI HEUITKOI JIOTIKH
MOXHa CTBOPHTM 32 JIHTBICTHYHHMH IIpaBHJIaMHU.
KepyBanHsi B 1bOMYy BHUNAAKYy 3IiHCHIOETBCS 3a
JIOTIOMOT'010 Ha0Opy YMOBHHUX JIHI'BICTUYHHX OIEpaTopiB
abo mpaBwi  (HEUITKMX  AacOLIaTHBHUX  MaTPHYHHUX
MpaBUi), SKi 3aal0Th KOHKPETHI CHUTyamii KepyBaHHS.
Taxi YMOBHI JHTBICTHYHI IIpaBuiIa MO>KHa
c(hopMyITIOBaTH, BUXOAMYN 3 JTOCBiAy Ta iHTYimii excrep-
TiB, 3 MIpKyBaHb 3I0OPOBOTO TIy3Qy a00 TEXHOJOTIYHUX
JTAaHUX TPO MPOIIeC, AKi OTPUMaHi IIJITXOM eKCIICPUMEHTY.
Perynstopu Ha 6a3i HEUITKOI JIOTIKA MOXYTh IPAIFOBATH 3
HEMOBHICTIO ONMUCAHUMH CHCTEMaMH 3  HEBIZIOMOIO
JMHAMIKOIO, JUIsi HUX HOTpiOHa ampiopHa MaTeMaTudHa
Mozenb o0’ekra kepyBaHHs. Ille oxgHa mepesara
peryiasiTopa Ha OCHOBI HEYITKOI JIOTIKHM HOJISATaE B TOMY,
mo  #oro Jerko  peajizyBaTH  Ha  HU(PPOBHX

CHeIiali30BaHMX  BENUKUX  IHTETPAIPHUX  CXeMax.
BunoOyBaHHA TPUPOTHOTO Ta3y € OOCHUTh CKIAIHUM i
HeTepe0avyBaHIM TIPOIIECOM, 0Cco0IHMBO Ha
3aBepIIaibHIl cramii po3poOKu POIOBHIIL.
[TporHo3yBaHHs BCiX MOXJIMBHX BHUIAJKIB 1 BKIIIOUSHHS 1X
B aBTOMAaTH4YHy CHUCTEMY YIpaBIiHHA, sKa Oyzne
0a3yBaTHCsl HAa HEUITKOMY DPEryJsTOpi, MOXE IiJBUILIUTH
e(eKTUBHICTh BHJO0YTKY a3y i3 CBEp/UIOBHH 1 3MEHIIUTH
MarepialibHi 3aTparu.

BucHoBkH.

1. Inst migBuImeHHs epeKTUBHOCTI MePioANTHOT eKC-
IUTyaTalii Tra3oBUX Ta Ta30KOHACHCATHUX CBEPIUIOBHH
HEOOXi/THO BIPOBAKYBaTH TEXHOJIOTi] aBTOMaTH30BaHOTO
BUAOOyBaHHA. Y 3B 53Ky 3 IMM Ha BXiIHUX ra3omnpoBojax
YCTaHOBKH MiZATOTOBKH I'a3y CJiJ BCTAHOBUTH CHUCTEMY pe-
TYIIOBaHHS VIS IEPIOJMYHOT eKCIUTyaTallii CBEepAIOBHH.

2. 3anpoNOHOBAaHO BCTAHOBUTU JATYMKH THUCKY 1
TEMIICpaTypd Ha YyCTI CBEPAJOBHH Ta Ha BXIiTHHX
ra3olnpoBOJax YCTAaHOBKHU IMIATOTOBKHU Tazy, IO JIO3BOJIUTH
3MICHIOBATH AMCTAHIIMHUI KOHTPONH 3a MapameTpamu
POOOTH CBEPIOBHH.

3. 3a paxyHOK aBTOMaTH30BaHOTO ITyCKY Ta 3yNUHKH
CBEp/UTOBMH MOJKHA MiTIOpaTy pamioHaTbHUA TEXHOJIOTIY-
HUM peXuM iX eKcIuTyaTamii, II0 JO3BOJNUTH 301IBIIHTH
BinOip rasy.

4.B momanpmioMy AOWITBHUM OyJe CTBOPEHHS He-
YiTKOT MaTeMaTHYHOI MOJIEITi AJIsl TPHOX BapiaHTIB aBTOMa-
TH30BAHOTO BiZOOPY rady Ta Ha OCHOBI aHAJI3y SKICHHX
MOKa3HHUKIB BUOPATH PEXKUM EKCILTyaTallii CBEp/JIOBHH.
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YJIK 681.5.013
10. 4. JOPO®EEB, A. A. HUKYJ/IBYEHKO

JECKPAUNITOPHBIN MOJAXOJ K CUHTE3Y JENEHTPAJIM30BAHHOI'O TAPAHTHUPYIOIIETO
YIPABJIEHUSA 3AITACAMMU B CETSIX IOCTABOK C HEOITIPEJAEJIEHHBIMHA
3AITA3/IBIBAHUSIMU

[pornonyeThCs MiAXiA 10 BUPILICHHS 3a1a4i CHHTE3y rapaHTyIOuoro YIpaBiliHHS 3allacaMd B MEPEXax MOCTABOK 3 HEBH3HAYCHHMH TPAHCIIOPTHUMHU
3aIi3HEHHSMHI B yMOBax Jil «HEBIZOMOro, ajie 0OMeXeHOro» monury. Ha OCHOBI IeCKPUITOPHOTO MEPETBOPEHHS AMCKPETHOI MOZEII By3Ja Mepexi
MOCTaBOK MoOya0BaHO ¢GyHKIioHaN JIsmyHoBa-KpacoBchKOro, sSIKHil 3aJ1€KHTh BiJl MAKCUMAJIBHOI BEJIMYMHY 3aMi3HeHHS. JI0BeIeHO, 1110 HE3pOCTAHHS
3Ha4YCeHHs (QYHKLIOHANY B3IOBXK Oyab-sIKOI TPAaEKTOpIii 3aMKHYTOI JIOKAJIbHOI MiJCHCTEMH rapaHTye il aCUMITOTHUYHY CTiHKicT. OTpHUMaHO yMOBY
iCHyBaHHS DPETyJISTOpa, IO peaiidye JIOKAIbHUM 3aKOH YNPaBIiHHA y BHUIVILAL JNiHIHHOIO 3BOPOTHOrO 3B’S3Ky 3a cTaHOM. Ha ocHOBI Mertomy
IHBapiaHTHHX EJIMCOIAIB 32 JOMOMOIO0 TEXHIKM JHIHHMX MaTPUYHHX HEPIBHOCTEH 3a4ady CHHTE3y PEryjsiTopa, sKdil MiHiMi3ye BEpXHE rpaHHYHE
3HA4YCHHs KBaJ]PATHYHOTO KPUTEPIiIO SKOCTI, 3BEJICHO 10 33/1ayi HalliBBU3HAYEHOTO IPOrpaMyBaHHs. PO3IISIHYTO YlCeNbHUN IPUKIIA.

Kurouosi cioBa: ynpasiiHHS 3amacamu, TapaHTyloue yIPaBIiHHS, METOJ iHBapiaHTHHX emincoinis, ¢yHkuionan JlsmynoBa-Kpacoscbkoro,
JiHIHA MaTPHYHA HEPIBHICTH, 3a/1a4a HAIIBBU3HAYCHOTO IIPOTrPaMyBaHHS.

IMpennaraercst HOAXOM K PEIICHHIO 3aa4i CHHTe3a FAapaHTHPYIOIIETo YIIPaBICHHS 3allacaMy B CETSIX OCTaBOK ¢ HEOIPeIeIeHHBIMU TPAHCIIOPTHBIMH
3ama3/bIBaHHAMHI B YCIOBHSAX JCHCTBHS «HEHU3BECTHOTO, HO OrPaHMYCHHOrO» crpoca. Ha ocHOBe IECKPHIITOPHOro IpeoOpa3oBaHUs AUCKPETHOM
MOJIENIH y371a CEeTH II0CTaBOK HOCTpoeH (yHKIHoHan JismyHoBa-KpacoBckoro, 3aBUCSIIMNA OT MaKCHMaJIbHOH BEIHMYMHEI 3ama3ibiBaHus. JlokazaHo,
YTO HEBO3pacTaHWe 3HaueHUs (YHKIMOHAla BIOJb JIIOOOH TPaeKTOPHM 3aMKHYTOH JIOKaJIbHOH IMOJICHCTEMBI TapaHTUPYET €€ ACHMIITOTHYECKYIO
yCTOHUUBOCTB. [10yueHO yca0BHE CYILIECTBOBAHUS PETYIIATOPA, PEAUIU3YIOIIET0 JIOKAJIbHBIN 3aKOH YIPABJICHUS B BUJIE IMHEHHOW 00paTHOIl CBS3M 1O
cocrosiHuio. Ha ocHOBe MeTosa MHBapHAHTHBIX JJUIMIICOMIOB C MOMOIIBIO TEXHUKH JIMHEHHBIX MAaTPUYHBIX HEPAaBEHCTB 3a7auya CHHTE3a PEryisiTopa,
KOTOPBIi MHHHMH3UPYET BEpXHee TIpaHHYHOE 3HAUCHHE KBAJPaTUYHOIO KpPUTEpHs KadecTBa, CBEAEHAa K 3aJade IOJIyOIPeeIeHHOTO
MIPOrpaMMHUpPOBaHus. PacCMOTpPEH YUCIICHHbIH IpUMeEp.

KaioueBble c10Ba: ympaBleHHE 3allacaMy, TapaHTUPYIONIee YyIpaBiIeHHE, METOJ HWHBAPUAHTHBIX JJUIMICOMAOB, (YHKIMOHan JlamyHoBa-
KpacoBckoro, TMHEtHOE MaTpUYHOE HEPABEHCTBO, 33/1a4a IIOJIyONpelelIeHHOrO POrpaMMHIPOBAHHSL.

The approach for solving the decentralized guaranteed cost inventory control synthesis problem in supply chains with uncertain transport delays under
the conditions of the "unknown but bounded" demand is proposed. The value of delays in each period is assumed to be unknown, but bounded by
some maximum value. Using the descriptor transformation of the discrete model of the supply network node, the Lyapunov-Krasovskii functional that
depends on the maximum value of the delay is constructed. It is proved that none increasing of this functional along any trajectory of the closed local
subsystem guarantees asymptotic stability of such subsystem. The condition of existence for controller that implements a local control law in the form
of linear feedback with respect to deviation between on hand and safety stock levels is obtained. The problem of the controller synthesis, which
minimizes the upper boundary value of the quadratic quality criterion, is reduced to the problem of semidefinite programming on the basis of the
invariant ellipsoids method using the technique of linear matrix inequalities. The vector Lyapunov functions method and the comparison method are
used to analyze the stability of a decentralized inventory control system in supply chain. A numerical example is provided.

Keywords: inventory control, guaranteed cost control, invariant ellipsoids method, Lyapunov-Krasovskii functional, linear matrix inequality,
semidefinite programming.

BBenenne. XapakTepHOW OCOOCHHOCTBIO CHCTEM
MIPOM3BO/ICTBA-XPAHEHU-PACIIPE/ICIICHUS PECYPCOB SIBIIS-
eTCsl HAIMYME 3aIla3/ibIBaHus MEXTy MOMEHTOM (OpMH-
POBaHMS 3aKa3a Ha TOTIOJIHEHUE 3aM1acoB M IMTOCTYIUICHHEM
pecypcoB Ha cCKiaj. 3ama3[blBaHMs BO3HMKAIOT BCIEI-
CTBHE 3aTpaT BpEMEHHM Ha MepepaboTKy ChIpbs |
nonyabpukaToB B y3Jax CETH, HAa TPAHCHOPTHPOBKY
pecypcoB MeEXIy y3JaMH, HaIU4YUsl YeJIOBEUECKOTro
¢daxropa. IlockonbKy HamMuMe 3amas3/blBaHUS 110
YIPABJICHUIO SIBISETCS MPUIHHON MOTEPH YCTOHYIHBOCTH
00 yXyIIIEHHS KadyecTBa pabOThl CHUCTEMBI, 3HAYM-
TEJIbHOE BHUMaHHME yneJsieTcs IpobjeMaM —aHaim3a
YCTOMYMBOCTH M CHUHTE3a PEryJNsATOPOB Uil CUCTEM C
BPEMEHHBIMHU 3a/iepKkamu (cM. [1] 1 cchuTkH B Heil).

B nocnenHee BpemMs OTMeEuaeTcs IOBBIIICHHBIN
HWHTEpeC K MpobiieMe aHaM3a YCTOMYMBOCTH JIMHEHHBIX
JUCKPETHBIX CHCTEM C HEH3BECTHBIM, HO OTPAHWYCHHBIM
3ama3fpIBaHUEM, JUII KOTOPBIX TIONYYeH ps YCIOBHH
yeroitunBoctr [2, 3]. B To Bpems kak st cucteMm 6e3
3ama3pIBaHMs METOABI aHAJN3a YCTOHYNBOCTH OCHOBAHBI
Ha CYIIECTBOBAaHHH CTPOro yObIBatomed (yHKINH
9HepruM, HasBaHHOW (yHkumeil Jlsmynosa (PJI), knac-
cudeckast Teopus JIsmyHoBa He MPUMEHUMa HANpPAMYIO K
CUCTEMaM C 3ama3jblBaHHEM. OTO CBSI3aHO C TEM, 4TO
BIMSIHAE 3ala3[bIBAIONINX COCTOSHMM MOXET BBI3BaTh

HapyIIeHHEe YCIOBHS MOHOTOHHOTO YOBIBaHUS, KOTOPOMY
ynosuerBopsier cranmaptHas PJI. [Tosromy Ut aHamm3a
YCTOWYMBOCTH CHCTEM C 3alla3iblBAHHEM INPUMEHSIOTCS
0000mmennss MetonoB JlsmyHoBa. B wactHOCTH, GonbIioe
3Ha4eHHe UMEIT paboThl, TIe PaccMaTPHUBAIOTCS
¢ynkunonais! Jismynosa-Kpacosckoro (DJIK), obmanaro-
M€ aHAJOTHYHBIMU CBOWCTBaMH. OJHAKO JOJTOe BpeMs
OTCYTCTBOBAJIM ~ QJTOPUTMBI  IIOCTPOEHHUS  yKa3aHHBIX
¢yHkunoHaoB. TodbKO Moce TOTro, Kak MCCIIeI0BAaTEIH
CTaly TPHUMEHATh TEXHWKY JIMHEWHBIX MaTPUYHBIX
HepaBeHCTB (JIMH), a Taxke ObUTM pa3BUTHI BBIYHCIIH-
TENbHbIE METOJbl, OCHOBAaHHBIE HA HJESIX BBIIYKION
ONTUMU3ALMHY, YAAJIOCh YIPOCTUTh MPOLECC MOCTPOEHUS
@®JIK, 49TO C€HOCOOCTBOBANO PAa3BUTHIO WU INPUMEHEHHIO
JIAHHOTO METOJa.

W3BecTHO, YTO CyYIIECTBOBaHHE IIOJTHOTO KBajpa-
traaoro OJIK (ITKDJIK) amst cucteMsl ¢ 3ama3abIBAaHHEM
SBISIETCS. HEOOXOAMMBIM M JOCTATOYHBIM YCIIOBHEM €€
acumnToTrndeckon ycrounBoctu [3]. [lockonbKy mocTpo-
eane IIK®JIK mnpuBOoguT K CIOXHBIM OECKOHEYHO-
MepHbIM JIMH, MHOrHe aBTOpBI UCIIOIB30BAJIN CIIELUAIIb-
Hele Gopmbl DJIK, koTopsie mo3BosoT nosyunts JIMH
KOHEUHOM  pasMmepHocTu. IlomydeHHBle  pe3ynbTaThl
OCHOBaHbl Ha JOCTaTOYHBIX YCIOBUSAX YCTOHYMBOCTH,
BCJIEJCTBHE YEr0 OHU MHPUBOAAT K «KOHCEPBATHUBHBIM

© 10. 1. lopodees, A. A. Huxynpuenko, 2017
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pesynbrataM. OCHOBHOI NPUYMHONW KOHCEpBAaTH3Ma SIBIIS-
€TCsl IPUMEHEHHE Pa3IMYHBIX CIOcO00B MpeoOpa3oBaHUL
MOJIETIH, OIHCHIBAIOIICH CHCTEMY C 3ala3bIBAHUEM.

ITonck Hanbomee ymoOHOTO ITpeodpa3oBaHus IIPUBEI
K HCIOJIb30BAaHHUIO JIECKPHIITOPHOIO  IPEJCTABICHUS
cucTeMbl [5], KOTOpOe 3KBUBATIECHTHO HCXOTHOH CHCTEME
U CBOOUT K MHUHMMYMY KOHcepBatu3M. Ecim mnpu
MOCTPOEHHU MoJieNielil OOBEKTOB YIPaBJICHHUS BBOMASATCS
JIOTIOJTHUTENbHBIE TIEPEMEHHBIE COCTOSIHMH, KOTOpBIE
anreOpandeckl CBS3aHBl C OCHOBHBIMH IEPEMEHHBIMH,
CHCTEMbI HAa3bIBAIOT JECKPUNTOpHBIMH. HazBanme mon-
YEpPKUBACT, UYTO JONOJHHUTEIbHBIE IIEPEMEHHBIC HMEIOT
ONMCATENBHBIN CMBICH. M3-3a HanW4Ms JOMOIHUTEIBHBIX
anreOpanmdecKuX CBI3EH MEXITy IMepeMeHHBIMH COCTOSTHUN
JIECKPUNITOPHBIE MOJENN INPHOOPETal0T CBOMCTBA, HE
XapaKTepHbIE I TPAAWUIMOHHOTO CIIOCO0a OIMCAHUS
CHCTEM, YTO IPEJOCTaBIACT Pa3pabOTUUKy JOMOJHUTENb-
HBIC BO3BMOXXHOCTH.

BoNbIIMHCTBO padOT, MUCIONB3YIONIMX JACCKPHIITOP-
HBII MOAXO0J, MOCBALICHBI aHAJIM3y U CUHTC3Y CUCTEM B
HenpepbIBHOM BpeMeHHu. Cpeau myOiaukanuif, B KOTOPBIX

JECKPUNITOPHOE ~ TIpeoOpasoBaHHe MPUMEHSETCA IS
IUCKPETHBIX ~ CHCTEM, CJEAYeT OTMETHTh  paboTy
W. Zhang u ap. [6].

Ha ocHOBe [eCKpUIITOPHOTO — MpeoOpasoBaHus

Monenu u noctpoerns GJIK B cTatbe mpemrokeH moaxo.n
K CHHTE3Y CHUCTEMBI ICUECHTPAIN30BAHHOTO YIPABICHUS
3amacaMy B JUCKPETHBIX CETSIX MOCTAaBOK C HEOMpeesieH-
HBIMH 3aMa3[bIBaHMSIMH B YCJIOBHUSX HEHU3BECTHOTO, HO
OTPaHUYECHHOTO BHEIIIHETO CIpoca.

IMocranoBka 3agaum. PaccMOTpuUM JHCKPETHYIO
MOJIeNIb TPOM3BOJACTBEHHONM CHCTEMBI C 3aJiepKKamMH
MIOCTAaBOK, COCTOSIIEH M3 N Y3JI0B, KXKABIH U3 KOTOPBIX
OTIMCHIBAETCS] Pa3HOCTHBIM YPaBHEHHUEM C 3alla3/IbIBAHUEM

X, (K +1) = X, (k) + Buy (k =y (k) + Gw; (), i =1n,(2)
rne k=0,1... — HOMep AUCKPETHOTO HHTEPBANA;

X; (k) e R™ — BekTop cocTostHumii i -ro y3ma, KOMIO-
HEHTBI KOTOPOT'O OIMCHIBAIOT YPOBHH 3aM1acOB PECYPCOB;
m;
u(k)eR
KOMITOHEHTBI KOTOPOTO OIHCHIBAIOT pa3Mephl 3aKa30B Ha
HOCTaBKY PECYPCOB;

— BEKTOpP YIPABIIOIIUX BO3ACHCTBUI,

w, (k) e R™ — BekTOp BHEIIHMX BO3MYIIEHUI Y3714,

B, eR"™, G, eR"™ — marpuup! BiustHus ynpas-
JICHUH U BO3MYILIEHHH, COOTBETCTBEHHO);

h(k) — menoe monoXXUTENBHOE 4YHUCIO, KPaTHOE
BBIOPaHHOMY TIEPHOAY JUCKPETU3ALMH, KOTOPOe Ofpere-
JSeT BEJNHWYMHY 3aJEePXKKH IIOMOJHCHHS 3alacoB U
HPEIONAraeTcss HEM3BECTHBIM, HO YIOBJIETBODPSFOIIHM
HepaseHcTBY 0<h, (k) <h™, rme h™ m3BecTHo.

x(k) = col{x, (k), X, (K),...,

CocTaBHOW  BEKTOD

n
Xy (K)} pasmeproctn N :Zni , TIOCTPOEHHBIH U3
i=1
BEKTOPOB  COCTOSTHHUH  OTHEIHHBIX  y3JIOB,
BEKTOPOM COCTOSIHUH CETH MOCTABOK.
Buemnue BO3ACHCTBHA KaXXIOTO Y3Jia BKIIOYAIOT
(YHKIIMU BHEITHETO CIpoca M crpoca, (GopMupyemoro

ABJISICTCSA

y3IaMH CeTH, UI1 KOTOPBIX JaHHBIA y3eNl SBISETCS
MOCTaBIIMKOM PECYpPCOB

N
Wi(k) = zHij uj(k) + Hid(k)- (2)
=1, j#i
rme u j(k) eR™ — BEKTOp YIPABISIONINX BO3ACHCTBHUI

j -ro y31a;
d(k) e RY — BekTOp BHENIHNX BO3MYIICHUI, KOMIIO-
HEHTBI KOTOPOT'O OTUCHIBAIOT Pa3Mepbl BHEIIHETO CIIPOCa;
IT; € R™™ 1, j =1n - MPOAYKTHUBHBIE MaTpHIIEI,

KOTOpble  ()OPMHUPYIOTCSI HAa OCHOBAHHUHM  OIHMCAHHUS
TEXHOJIOTHYECKOT0 Ipoliecca, 00ecreunBaeMOro CeThIo
NOCTaBOK: 3HaueHue snementa [II;], paBHO KomM4ecTBY

1
enuEMI pecypca P=1n, ysma i, HeoGXomuMOro s
TPOM3BO/ICTBA EIMHHIIBI pecypca I =1n; y3iom j;

H, e R"* — MaTpuua BIUSHUA BHEIIHUX BO3MYILE-

HHI Ha BEKTOP COCTOSIHHH y3i1a | .

1-[.].1 Hln
brnouynas marpuna II = : Ppa3MepHOCTH
nt*"" o
NxN  momHOCTPIO XapaKTepu3yeT B3aWMOJCHCTBHE
y3]10B, ONpeAensIeMOe CTPYKTYpoll CeTH MOCTaBOK U

3aJJaHHBIM TEXHOJIOTHYECKUAM MPOIECCOM.

Ha nmpaktuke, Kak TpaBUWIO,  OTCYTCTBYET
uHdOpMaIMs JUIS  TIOCTPOEHUS  aJEKBATHOH MOJIENH
cnpoca. OJHMM W3 TOAXONOB K pENICHUIO 3a1a4d
YIpABJIEHHs] 3aMacaMd B YCJIOBHUSX HEOIPEAESIEHHOCTH
CIpoca SIBISIETCS MCTIOJB30BAHHE KOHIIETIIUN «HEN3BECT-
HBIX, HO OTPAaHMYEHHBIX» BO3ACHCTBHUMN, B COOTBETCTBUH C
KOTOPOM HEOMNPENENEHHOCTh CIPOCa  OMKCHIBAETCS  C
[OMOIIbI0 Habopa WHTEPBAIOB, B MpEAEiax KOTOPBIX
KOMIOHEHTH BekropHOd Qymkuunm O (K) npuamMaroT

3HAYeHHS [TPOU3BOJILHBIM 00pa3oM. ['paHHUIIBI HHTEPBAJIOB
OIPEAEIAIOTCd Ha OCHOBAaHUU CTAaTUCTUKU IPOLILIBIX
mpojaxx. B pesynbrare  BHEIIHUME  BO3MYLICHMS
YAOBIIETBOPSAIOT OTPaHUUYEHUSAM

d(k)eD={fd eR%: 0<d™ <d <d™}, (3)

rne Bexkropel d™ u  d™, koTopnle ompenensOT
rpaHUYHbIEC 3HAYEHUsI CIIPOCA, CYMTAIOTCS U3BECTHBIMHU.

VYipaiieHue 3anacaMu 3aKI04YaeTcs B ONPEIesICHUN
MOMEHTOB BpEMEHH (POPMHPOBAHUS 3aKa30B M Pa3MEpOB
3aKa30B Ha BOCIIOJNHCHHE 3amacoB. B paboTe HCmoib3y-
eTcsi Mojedb IMEepUOJAMYECKON TMPOBEPKH, KOTOpas
MpearnoJiaraer KOHTPOJTb YpOBHS 3aI1acoB u
(hopmupoBaHue 3aKa30B B KXKJOM MEPHO/IE.

TpaIuIMOHHBIM CPEJICTBOM YIPABICHUS B YCIOBHIX
HEOTPEACIIEHHOCTH CIIpOca SBIISETCS CO3JaHHME CTPaxo-
BBIX 3amacoB. Pa3mMephl CTPaxoBbhIX 3aMaCOB BBIYUCIISIOTCS
C TMOMONIbIO MPOAYKTUBHOM Mozenu JleoHTheBa Ha
OCHOBE BEPXHHUX I'PaHUYHBIX 3HAYEHUH CIIpoca

Hl

X'=(l,-I* : [d™. (4)
H

n
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®opmyna (4) mmeer cwmbica, ecaun MaTtpuma Il
MPOXYKTUBHA, YTO MMEET MECTO TOT[a W TOJBKO TOT/a,
xkorna  Marpuma, obparnas warpuune (I —TI),
CYIIECTBYET H €€ JIEMEHTHI HEOTPUIIATEIBHBI.

IIpn mocTpoeHMHM MOAETH CETH MOCTABOK Y3IIBI
HYMEPYIOTCS W TPYNIHUPYIOTCS. B COOTBETCTBUH CO
CTamusAMH TepepabOTKA CBIpbI U MMOIy(haOpHKaTOB,
HadMHAsA C TE€X, HAa KOTOPHIE IIOCTYNAEeT BHEIIHHH CIPOC.
ITpu atom mob6oi y3en ciost | sBIsIeTCST MOCTaBLIIMKOM
pecypcoB s Y370B, NPHHAAICKALIMX CIOSAM  C
HoMepamu Menbine |, mubo y3moB cinos | ¢ HoMepamu
Oonmpine  paHHOro.  Tamke — TpenamosaraeTcsi,  4YTO
OpPUEHTHPOBAHHBIN rpad, MPEeJCTABIAIONINN MOJIENb CETH
MIOCTAaBOK, HE UMEET LIUKJIOB.

YrBepxnenue 1. JloctaTogHOe ycliOBHE HMPOTYyKTHUB-
HOCTU MaTpHIbI II cocrour B TOM, 4YTO OHa ABJIACTCA
HIDKHEH TpeyrojabHOW, Ha TJIaBHOM AMAroHaJM MaTPHII
CTOSIT HYyNMW, a 3HA4YCHHs D3JEMEHTOB HIDKE TIJIaBHOH
JMarOHAIH SIBIITIOTCS HEOTPHLIATEITbHBIMH.

JoxkazarenscTBo yTBepxkaeHus 1. Paccmorpum cetsb
MIOCTABOK, COCTOSAIIYI0 W3 JBYX IIOCIEIOBATEIHHO
CBSI3aHHBIX Y3JI0B, Pa3MEPHOCTH KOTOPBIX paBHbI 1. Torna

N =2, a marpuna Il = [8 8} YIIOBIIETBOPSIET YCIOBUSIM

yrBepxxaenus. Matpuna (I, —IT) = [_11 ﬂ SIBJIACTCSI
YHUTPEYTOJIbHOM, @ 3HAYCHMsI JJIEMEHTOB HHWXKE INIABHOM
JMarOHaNHU SBIAIOTCS HETOJIOXKUTENbHBIMU. B pe3ynbpTare

1|10
nomyanm (1, —1I) :l:ll}’ T.e. Mmatpuna Il sBhseTcs
MPOYKTUBHOM.
Ipeamonoxum, uro mpu N =N, tae N — mpous-
BOJIBHOE HATypaJlbHOE 4YHUCJIO, 3HAYEHUS DIIEMEHTOB

marpunsl (1 —II)’1 SIBIIIIOTCS  HEOTPUIIATEIbHBIMHU.
Hokaxem, uro mpu N =n+1 >1eMEHTH MaTPHIIBI
-1
(I N H) Ole
TaKXKe SBISIOTCS HEOTPHUIATSIIEHBIMU,

Vi 1
roe 0., — HyJeBas MaTpHIa COOTBETCTBYOMIEH

Pa3MepHOCTH;

V — BEKTOp-CTPOKA C HEMOJIOKUTEIbHBIMHU JJICMCH-
TaMH.
B cootBerctBUM C dopmynoit DPpobennyca s

oOpamieHnuss  HEBBIPOXKJACHHOH  OJIOYHOH  MaTpPHIIBI
-1 B
(IN_H) 0N><1 (IN_H)1 Ole
MOJIYy4YUM = o
Vi 1 ~V(,-m* 1

HetpynHo y0OenuTbesi, 4TO 3HAYEHHUS BCEX JIIEMEHTOB
MTOJTyICHHOM MaTPHUIBl HEOTPUIATENBHEL. TakuM 00pa3om,
COTIJIaCHO METony MaTeMaTHIECKOU WHAYKITIH,
yTBepXKIeHHe | crpaBeqMBO U JF0O0TO HATYpPalbHOTO
guciaa N . YrBepkaenue 1 mokasaHo.

st yuera 3amepxek B IIONOJHEHUM 3alacoB
pa3Mephl CTPaxoBBIX 3aI1aCOB IIEPECUUTHIBAIOTCS C YIETOM
3ana3/IbIBaHuN

X, =h™ X", i=1n. (5)

[Ipennonaraercs, 9TO HaIWYHBIE YPOBHH 3aracoB
peCypcoB AOCTYIHBI IJIsI HEITOCPEACTBEHHOTO N3MEPCHUSI.
Torna 3aKoH JEHEHTPANTN30BAHHOTO YIPABICHUS IS y37Ia
i crpoutcs B BHAE 0OPATHOM CBSI3U 110 PacCOTITACOBAHUIO
MEXAYy HAJIMYHBIMH M CTPaxOBBIMH YPOBHSMH 3aIlacoB

pecypcos

U, (K) = K (% (k) = %) , (6)
e K, eR™™"
CBSI3M.

VYpaBHeHHE y311a, 3aMKHYTOr0 00paTHOM CBsi3bio (6),
MPEJICTABUM B BUJIE

X; (k +l) =X (k) + Bi Ki(Xi (k - hi (k)) - Xi*)+GiWi (k) (7)

— Marpuna Kod3()(UIIHEHTOB 0OpaTHOM

JlokanbHbII  KpuTepuil  KadecTBa B Cllydae
0ECKOHEUHOI0 BpEMEHHOT0 TOPU30HTa BBIOpaH B BUJIE

3700 = LB (040 X)W, (.0 - X))+ 0 OW,u,0)
@

e W, eR", W, e R™™ — nonoxurensno onpeae-
JICHHBIC THAarOHAIBHBIC BECOBBIC MATPHIIHI;

0 <P <1 — xoddpunmeHT AUCKOHTHPOBAHHSL.

ITepBoe crnaraemoe B BeIpakeHHH (8) ompenensiet
pasMepsl mTpadoB 3a OTKIOHCHHE TEKYIIUX YPOBHEH
3almacoB PecypcoB OT CTPAXOBBIX, BTOPOE — CTOMMOCTB
NPOM3BOJACTBA M XPAHEHHS  PECypCcOB,  HaJIHYHe
MHOKHTENS B' 00€CIeurBaET OrPAHUYEHHOCT KPUTEPHUS]
Ha OECKOHEYHOM BPEMEHHOM HHTEpBAJIe.

Hast  cuctemsr (1), (2) ¢ orpanmuenusmu (3)
HEOOXOAUMO PENINTh 3ajJady cuHTe3a ympasieHus (6),
kotopoe i Jioboro gomycrumoro cropoca d(k) e D

Vk >0 n3anasaeBanns 0<h (k) <h™ obecneunBaer:

1) IIOJTHOC n CBOCBPCMCHHOC  YHAOBJICTBOPCHUC
CIIpOCa Ha pPECypcChbl, TO C€CTb BbIIIOJIHCHUC Tp€6OBaHI/I$I
HEOTPULATCIIBHOCTHU 3HAYCHMI COCTOSHHUI

x(k)eX, ={x, eR": 0<x}, i=Ln;  (9)

2) pobacTHyI0 yCTOWYHUBOCTH 3aMKHYTON CHCTEMBI
),

3) rapaHnTUPOBaHHYIO CTOUMOCTD YiipaBJi€HUA,
KOTOpasi 03Ha4yaeT, 4yTo 3HAYEHUE KpUTepHs KauecTBa (8)
1A 3aMKHYTOI'O y3Jla CE€TU HE IMPEBBICUT HEKOTOPOTO
IPaHUYHOIO 3HAYEHHUA J; .

JeckpunropHoe mpeodpazoBanne Moaean. UtoOsr
YHOPOCTUTH 3allCh, B ﬂaﬂbHeﬁIHeM OITYCTUM HHACKC ((i ».
BBC,Z[CM JAOTIOJIHUTCJIbHYIO IICPEMEHHYTO

y(k) = x(k +1) - x(k) (10)
1 BBITIOJIHUM MTpeoOpa3oBaHue 3aMKHyToH Moerw (7)
x(k+1)] x(k)+ y(k)
[ 0., } =]~ y(k) + BK(x(k— h(k)) - x )+ Gw(k) [ 1V

HCprHHO y6€ILI/ITLC${, YTO BBIIIOJIHACTCSA PaBEHCTBO
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(SO UL IecKpurTopHoit  cuctemsl  (14)  dyHKUHOHAN
x(k —h(k)) = x(k) - 2 y(i)- (12) JIsnynoBa-Kpacosckoro

j=k=h(k)
Cucremy (11) ¢ yuetom (12) npencrtaBum B BHIC V() =V'()+V(K), (15)

x(k+1)] x(K) + V'(k) =B &7 (K EPEE(K) =B (x(k) = x") P, (x(k) - X), (16)
Ona |~ L= Y(K) = x(Kk) + x(K) + BKx(K) -

VIR =B S Sy ()ZY(j), 0<Z =27 eR™. (17)
+ y(k) i=—h™aX j=k-+i

k-1
—BK z y(j)— BKx" +Gw(k) [ (13) Brrurcium nepByro passocts o k ®JIK (15-17) B
j=k=h(K) cuity cuctemsl (14):

IocTpouM  COCTaBHOM BekTop  cocrogHuit  AV'(K)=V'(k +1)-V'(k) =

neckpunroproii Momemn  &(K) = col{x(k) - x", y(k)} wu ZBk[B (x(k +1) = x) TP, (x(k +1) - X) -
I, 0} A:[ L1, } — (x(K) = X) P(x(K) = x) |=

BBeneM o0o3HaueHus: E :[

onxn Onxn BK - In K T *
1o _ o =[x~ x)T B - DR (x(K) - ) +
° {B”k“} © =[ G} +(x(k) = X")BPBK (x(k = h(K) - ') +
OxoHuaTenbHo nomyduM aeckpuntophylo momems T (X(K) - X')TBPG(d(k)~d") + (x(k) - x)'BRGd" +
y3J1a, 3aMKHYTOTO yIpaBieHHeM (6) +(x(k=h(k)) - x)"BK BT P.(x(k) - x)+
E&(k+1) = AE(k)— B iy(j)+6W(k). (14) +(X(k—h(k))—Xi)TBKTBTPlBK(X(k—h(k))—x*)+
j=koh(k) +(x(k =h(k))-x")"BK'B"P,G(d(k) -d") +

Taxum  obpasom, ecmu  mocienosatenbrocts  + (X(K—h(k)) - x)'BKTBTP,Gd" +

X(k), k=0,1,... sBasercs pemenuem cucremst (7), Torma (d(K)—d") BGTP(x(K) - X') +

col{x(k)-x", y(k)}, k=0,1,..., rne y(k) ompemenstercs (d(k)—d")"BGTP,BK (x(k — h(k)) - X") +

I}; f{(;(())%ze;ocTTBnn ¢ (10), sBisieTcs pemiennem cuctems (14) 1 (d(K)-d") BGTPG(d(K)~d") + (d(k)—d") PG PGd" +
Cuntes rapantupylomero ynpasiemns samaca- +d° GTP(x(k)— x")+d” GTPBK (x(k —h(k)) - X") +

mu. TapanTupyromuMu [7] HasbIBAalOT YIPABJISIOIINE oTT . T 7 *]

BO3JEHCTBYS, TIpH KOTOPBIX FAPAHTUPYETCS MUHUMH3AIHS | d G RG((k)-d)+d G RGd |

BEPXHETO TPAHUYHOrO 3HAYEHUS [OKAa3aTeNsi KavyecTBa , e SO )

NOpU  JIFOOBIX  JIOMYCTHMBIX BO3MYILEHHAX W JIIOOOM AV(k) =B"| h™y (k) Zy(k) - ' z y (D2Zy()) | =

BApHUAHTE PEAIU3AlMU HEONPEAEIEHHOCTH MOJEIH, TO J=k=tn

€CTb BBIMOIHSICTCSI =B~ [hmax Yy (k)Zy(k) + (x(K) = x )T Z(x(k) = x") -

J'=inf  sup JI7(K). = (x(k) = x") " Z(x(k —h™) = x") +
A0t + (x(k=h™) =X )T Z(x(k —h™) = x")]

Hust Toro, uto6sl QyHKIHOHAN (8) OBUT KOHEYEH,
HEOOXOJMMO M JTOCTaTOYHO, uTOOBI crctema (14) Obuia

yCTOWYHBA. AV (k) = AV'(K) + AV"(K) = s (K)IT'(h™)s(k) ,

B pesynbrate noxyanm

P, P
Omnpenenum Onounyro marpuny P :L;T PZ} rae
2 3

0<P, eR™, j=123, P =P, P,=P,, n mocrponm
me s(k) = col{B(x(k) - X", K (x(k ~h(K)) - X"), B (x(k ~h™) = "), B y(k), B(d (k) —d"), Bd" ;

'B-)P,+Zz pPB -Z 0,, PBPG BPG |
* BBTPlB O0pner Opon BBTPlG BBTPlG
max * * Z Onxn OI"IXI’\ onxn .
rie = * * * h™z 0 O |
* * *  *  BG'PG PG'PG
* * * * * ﬁGTple

CHUMBOJ «*» 0003HaUaeT COOTBETCTBYIONINH OJIOK B CHMMETPHUECKON MaTpHIle HEpaBEHCTBA.
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IMotpebyem, urtobsl 3Hauenme OJIK (15-17) ¢
TEUYEHHEM BPEMEHH YObIBAJIO ¢ HEKOTOPOH TapaHTHPOBAH-
HOM CKOpOCTBIO, OINpPEAENAEMON TEKYLIUM 3HAa4eHHEM
kpurepus (8)

AV (K) < —B* (x(K) = X")T (W, + KW, K)(x(k) — x"). (18)

IlpocymmupoBaB  neBele M NpaBble  4YacTu
HepaserncTBa (18) mo k ot 0 10 oo, mosmyuum
I7(k) < (x(0) = X)) P (x(0) = x) +
(19)

Hh™YT)Z y(O) - 3y (DZ y(i).

j==hn

T0 ectb ®JIK (15-17), BBIYHCIICHHBI B MOMEHT BPEMEHH
k=0, ompeznenser BepxHee TIpaHMYHOE 3HAYCHHE
kpurepust (8). Toraa 3amaua cUHTE3a TapaHTHPYIOLIETO
yIpaBJeHUs YKBUBAJICHTHA 3a/1a4e

u(k) =arg min V(0) . (20)
u(k)eu
Knaccuyeckuii OIX0 K PELIEHAIO 3a0a4d CUHTE3a
YIPaBJIEHUs, MUHUMHU3HUPYIOLIEr0 KBaAPaTHUHBIH KpUTE-
puil KadyecTBa, OCHOBAH HAa PEIIEHMH AIreGpanyeckoro
ypaBHEHUS PHUKKaTM W TapaHTUPYET ONTUMAIbHOE
peUICHUC UIA MPOU3BOJIBHBIX HadaJlbHBIX yCHOBHﬁ. STHM
yIpaBlICHUE, TIOJYUYECHHOE B PE3YJbTATE PELICHHS 3a1auH
(20), oriamuaeTcs OT Kiaaccuueckoro. UtoObl MONTYyYHUTH
aHAJIOTMYHBIN pe3yabpTar MIPUMEHUM MeTO]
WHBAPHAHTHBIX DJUTANICOM 0B [8].
DIUIUATICOU I, ONUCHLIBAEMBIN ypaBHEHUEM

E(X",Q) ={x eR" :(x(k) - x)" Q" (x(k) - x")<I}, (21)

Ha3bIBACTCSl WMHBAPUAHTHBIM [0  COCTOSIHUIO IS
paccMaTpUBaeMON CHCTEMBI, €CIH Jto0as TpaeKTopus
CHCTEMBbI, HAYaBIINCh B AJIMIICOUJIE, OCTACTCS B HEM JIJIsI
mo60ro MoMeHTa BpeMeHH K > 0.

Mo awamormm c¢ (21) omnpexenuMm ceMeicTBO
QJUIMICOMJIOB,  MHBAapUAaHTHBIX MO  COCTOSIHUIO  C
3arnas/ibIBaHieM

E;(x’,R)={xeR":

X X (22)
(x(k=1)=x) R (x(k=J)-x")<I},

j =l,hmax.

Bynem noHuMare cymMMy U pa3HOCTb JJUIMIICOUIOB B
CMBICJIE CYMMBI M Pa3HOCTH MHO>XECTB 110 MHUHKOBCKOMY

[9]. Torma cymma wmHBapwauTHOTO 3yumhrconaa (21) u
cemeiicTBa mnconnoB (21) MOKeT paccMaTpHBATHCS B
KauecTBE aIlPOKCHMallil MHOXXECTBAa JOCTHXKUMOCTH
neckpunropHoit  cuctemsl  (14), TO ecTh MO3BOJISET
XapaKTepU30BaTh BIHSHHE BHEIIHUX BO3MYIICHHI Ha
TPaeKTOPHUIO CUCTEMBI.

Bropoe cmaraemoe B ®JIK (15-17) mpeacraBum B
BUjIC

V(k) =B [0 (x(€) — X)T Z(x(K) - X7) -

- i(x(k—i)—x*)TZ(x(k—i)—x*)] (3)

j=—pmax

Cpasuenne Beipaxenunit (16) u (21), a taxxe (23) u
(22) moszBomsier yTBepKIaTh, YTO €CIU BBIIOJIHSIIOTCS
YCIIOBHS

P=Q"' ZzZ=R" (24)
T0 cymma smuncouna (21) u cemelicTBa IIUTHIICOUIOB
(22) mpencraBnser  MHOXKECTBO, KOTOPOE€  MOXET
paccMarpuBaThCsi B KauecTBE  BEpPXHEH  OICHKHU
MHOXkecTBa ypoBus DJIK (15-17).

Takum o0Opa3om, 3agaya CBOJHUTCS K IOCTPOCHUIO
peryisiTopa, KOTOpbI oOecreuyrMBaeT MUHHMH3ALHUIO 10
HEKOTOPOMY  KPHUTEpUI0  CYMMBbI  HHBapHaHTHBIX
SJUIMIICOMIOB TIPY 3aJaHHBIX OrpaHMYeHUsX. B kauecTBe
KpUTepHuss BbIOpaHa CyMMa KBaJpaToOB  IOJyocei
SIUTHIICOMIOB, TO €CTh CyMMa ciiefia Matpuiel Q u ciena

Mmarpuisl R .

PesynbraT pemieHus 3a1a4d CHHTE3a ONTHMAIBHOTO
rapaHTHPYIOILIETO0  yNpaBJeHWs 3amacaMH B CeTsX
MOCTaBOK  C  HEONpEJEeNIEHHBIMU  3ala3/bIBaHUSIMHU
NPEJ/ICTABIICH B BUIIE TEOPEMBI.

Teopema. Paccmotpum cuctemy (1), (2) ¢ orpanude-

musvu (3) w myets matpunel Q € R™, Y eR™ nu
R € R™ nosy4eHsl B pe3yibrare pelieHus 3a1auu

trQ +trR — min (25)

npu OrpaHUYCHUU Ha MaTpHUYHBbIC TIEPEMECHHBIC

Q=Q">0, R=R">0, Y wu ckamspHeli mapamerp
oa>0

-Q p*Q p*B 0,, 0, PG p*G 0, O, O,

* -Q 0, Q@ 0, 0, 0, Q QW* YW}

* % 0pp Op, O O, O, 0. 0. 0.

* * * -R 0, 0, 0pn 0. O, 0,

oo SR 0 O O Oy Oy | (26)
ok x *  -aQ) O, 0, 0. 0.

* * * * * 0 O 0 0

* * * * * * * *n _n;:
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rie Q, eR™
o0beMa, KOTOpBIH anmpoKCHMHPYET MHOXECTBO 3Haye-
HUW BHEIIHUX BO3/EUCTBUH y37a.

Ecim  3apmawa  (25) MuHMMU3auuu — JIMHEHHOMN
(GYHKIMM TIpE OTPaHWYEHWH, TNPEICTaBICHHOM B BHAE

JIMH (26), koTopast sBIseTCSA 3afadeil MoIyonpenescH-

— MaTpuna BSJUIMIICONJAa HAWMCEHBIIETO

HOT'O MPOrpaMMHUPOBaHus, uMeeT pemerre o, Q, R, Y,
TO:
1) mis moboro HavambHOTO coctosHus X(0) > X",

d(k)e D
0<h(k) <h™
cucrema (14) sBiseTcs

JFO0OTO  TOIMYCTUMOTO  BHEIIHETO
vk>0 wu
3aMKHYyTasg JECKPUITOpHAs
poOacTHO yCTOWYMBOMH;

2) cpemu Bcex nHMHEHHBIX yrnpaBieHuidl Buga (6)
perynsTop ¢ MaTpHIei

crpoca

BCJIMYHUHBI 3aJICPIKKU

A A

K=YQ™ (@7)

JIOCTAaBISIET MHUHHMYM II0 KPHUTEPHIO CII€Aa MAaTpPHUIIBI
CyMMe HHBapWaHTHOro »iutunconna (21) u cemeiicta
amuricou10B (22) B MOMEHT BpeMeHH K ;

3) 3Ha4YeHHE JOKAIHLHOTO KPUTEpHUS KadecTBa y3Ia,
3aMKHYTOTO OOpaTHOW CBs3pl0 ¢ Matpuieit  (27),
YIIOBIIETBOPSIET HEPABEHCTBY

I7(K) SA™(QIQ Q) +h™A™(QRTQ,) =J", (28)

rie A™ () o0o3HauaeT MaKCHMalTbHOE COOCTBEHHOE
9UCII0 MaTpULBL (-).

HoxazarenbctBo Teopembl. BpINOIHUM anmpokcu-
MAaIlMI0 MHOJKECTBA 3HAYCHUM BHEIITHHX BO3JCHCTBHH IS
KaXIOTO Yy3Ja JIUIAICOMAOM HAaWMEHBIIET0 00BeMa,
KOTOPBI 3a/1a€TCsl ypaBHEHUEM

EW,Q,) ={weR": (w(k) -w")"Q, (w(k) -w") <1}.(29)

Matpuna smmnconna  Q,eR™ n

KoopMHaT neHTpa W € R" ompesensiioTest B pesynbrate
pellleHys 3aJa4yd IOJIyONpPEeAeIeHHOT0 IpOorpaMMUpOBa-
HUsI aHAJIOTHYHO TOMY, Kak 3TO chenano B pabore [10].
IIpu 3TOM BepxXHUE IpaHUYHbIC 3HAYEHUS BO3ZACICTBUIA

BEKTOP

paBHbl W™ =X , a HIKHHE BBIYMCIISIOTCS 110 (opMmyJie

4) ¢ 3aMeHOM BEKTOpa d mex Ha BEKTOP dmin .
BBCIICM 0003HaYEeHU:

f(s)=s"M,s, M, e RE™™GmM j_0 1

Q ppB -2 0, BP.G BP.G
* BBTPlB On Oien BBTPlG BBTPlG
Mo — * * Z 0nxn Onxq Onxq ,
* * * max
h™ZzZ 0pq Opg
* 0 x *  *  BG'PG PBGTPG
* * * * * BGTPlG

Q=B-1)P,+Z+W, + K'W,K,
M, = block diag{0,.,, O+ Oy Ones Q'+ O -

Torma  HepaBenctBo  (18),  obecneunBaroriee
yosiBanne @DJIK (15-17) Bmoms 000 TpaekTOpHU

cuctembl (14), 3amkHyTO# ympaBieHHeM (6), a TakKke

HEpaBEHCTBO (29), OIMCHIBAIOIIEE SIUINIICON]I,
AMIpPOKCUMUPYIOIUN TOMYCTUMOE MHOKECTBO 3HAYEHUI
BHEIITHUX BO3JEICTBUH, 3aInIIeM B BUE
f,(s)<0 Vvs: f(s)<1.

C ydgeToM HeymepOHOCTH S-TIpOLEAYpPHI IPH OTHOM
orpanndeHun [8] MOCTaTOUHBIM YCIOBHEM 3HAKOOIpE/Ie-
JICHHOCTH 3allUCaHHBIX KBaJpaTHYHBIX (OpPM SBIAETCS
BBIIIOJIHEHHE Ul HEKOTOPOTO CKAJSIPHOTO IapaMerpa
a>0 marpuynoro HepaBeHcTBa M, <oM,, KoTopoe

TMpEACTaBUM B BUIC

B}/z
p"B’
U [ %ok he gé ]
0 P(K)PB* p*B 0, 0, B*G P G|+
Ixn
p*G
p G
_Q_ Bpl Om><m -Z 0nxn Onxn 0n><n |
* Ome Omxn Oan Oan Omxn
* * Z Oan Oan 0n><n
+ =<0
* * * hmaxz Onxn Oan
* * * * _ O(Q_l 0
i * * * * * Onxn_

Ucmonezys momubukanmo Jemmel  Llypa s
HECTPOTMX MAaTpUYHBIX HepaBeHCTB [8], mocienHee
HEPaBEHCTBO 3alMIIEM B BUJIE

-P* p* BB 0, 0, BG PG
* Q- Bpl Onxm -Z Onxn Onxn Onxn
* * Ome Oan Oan Omxn Omxn
* * * Z Onxn Onxn Onxn jo
* * * * h i Z Oan On><n
* * * * * _ OLQ -1 0
w nxn
* * * * * * 0
L nxn _|
Beenem  marpuunyro nepemennyw Y =KQ.

Otkyna B cmry Q >0 marpuma K BoccramaBimBaercs

€MHCTBEHHBIM 00Pa30M B COOTBETCTBUU C (27).

BHoBp mnpumenuB nemmy Illypa u wucnons3zoBas
MaTpUYHbIe TepeMeHHble (24), a TakKe NPUMEHHB K
MOJIy4eHHOW MAaTpHUIle HEpaBEHCTBA KOHTPYIHTHOE IIpe-
o0pa3oBaHKe ¢ TOMOIIBIO OJOYHO-ANArOHAIFHON MaTpH-
ust  block diag{1,,P, " 1,,—Z,—=Z7 1,1, 1,,1,,1.},
nonyaum JIMH (26).

Takum o6pazom, eciu 3a7a4a (25) npu orpaHUueHUN

n

(26) umeer momycrtumoe pemenue 0, Q, R, Y, to
3aKOH yIpaBJIeHUs B BUJIE 0OPAaTHOM CBA3U

u(k) =Y Q*(x(k) — x") (30)

obecrieynBaeT ONTHUMAJBFHOE TapaHTHPYIOIIee YIpaBiIe-
HHE 3aracaMy JOKAIBHOTO y3J1a CETH TOCTABOK.

26 Bicnux Hayionanvnoeo mexuniunozo ynisepcumemy «XIIy». 2017. Ne 51 (1272)



ISSN 2079-0023 (print)
ISSN 2410-2857 (online)

CucmemHuil ananiz, ynpagiinHs ma iHghopmMayiiini mexHono2il

BepxHee rpaHUYHOE 3HAUCHUE KPUTEPHsI KAYECTBA B
(19) zaBucuT OT HauambHBIX ycioBuit cuctemsl (1), (2).
Yr1oObl YCTPaHHUTh 3Ty 3aBUCHMOCTH MPUMEHHM MOMIXO]I,
npemproxkeHHsrit B [11]. Ilpeamonoxxum, 9T0 HavdaabHOE
COCTOSIHHE KaXJOro y3llda CeTH MPOM3BOJIBHO, HO
NPHUHAJIEIKUT SILTUIICOUTY

E(x",Q,)={x(-i)eR": 1)
(x(=i) = X) T QM(xX(=) - x') <1, i=0,1..,h™},

BEKTOp KOOPIMHAT LEHTPa KOTOPOTO COBIANAET C BEKTO-
POM CTPaXOBHIX 3aIacoB X , a MaTpuia Q, BBIYHCIAETCS

u3 ycnosust (9) B pe3ynbTaTe pelIeHUs: COOTBETCTBYOIICH
3alaud MOJIYONpeaeTIeHHOr0 MmporpaMMupoBaHus. Toraa
omerka (19) npuBOAUT K HEPABCHCTBY

I7(K) <A™ (Q/P.Q,) +h™A™(Q/ZQ,),

OTKyjia ¢ ydeToM o0o3HaueHui (24) ciemayer HEPaBEHCTBO

(28) s oneHKHM BepxXHEH TPAHUIIBI J"  noxaszarens
KavyecTBa y3Ja, 3aMKHyToro ympasieHueM (30). Teopema
JOKa3aHa.

AHaJIM3 yCTOMYMBOCTH ceTH mnocraBok. [locie
TOT0, KaK Ui KaXJIOTo y3/1a CeTH HaWJeHbI ONMyCTUMBIE
pemeHuss 3amadud  (25) npu  orpaHmueHuu  (26),
BBIMOJIHACTCS. aHAIU3 YCTOHYMBOCTH B3aHMMOCBSI3aHHOMN
CeTM TOCTaBOK. J[mg 93TOro mpHUMeEHSeTcs METOX
BEKTOPHBIX (hyHKLMi JIAyHOBA M METO]] CpaBHEHUSI.

VYpaBHEHUE 3aMKHYTOM JI€CKPUINTOPHOM MOJEIU
y3J1a ¢ y4eTOM B3aMMOCBs3eH (2) mpuMeT BU

E&i(k+1)=Ag k) - éi ié(])"‘ Zn:Bijuj(k)+ Fd(k),

j=k—h(k) =L j#i

(32)
e éi =[0 E], B =(?iH

ocJie MOJICTAHOBKY yIpaBieHus (6) naer

2n;xn; ij? i it i

Eek+)=ALK-B S&()+
j=k-h(k)

£ Y BK, (x,(K) - X)) + Fd(K).

=LA

BrInoiaHuM pacmmpeHne NpOCTPaHCTBA COCTOSHUMN
JECKpUNTOPHOM MOJENU Yy31a, AJS YEero IOCTPOUM
COCTaBHOU BEKTOP COCTOSIHHI

& (K) = COH&,(K).& (k~D),....& (K ~h™)}eR™, 1 sre-

AEM OJI0YHBIE MaTpulbl:

E, =blockdiag{E,, E,, ..., E;}e R"™ |
A -B -B 8]

— 2n,x2n; I2”| - Bi — %i -

Ai = 02nlx2nI Oznlxznl I2”| — Bi = RNiXNi ,
_Oznixzni Oznix2nI 2n,x2n,; I2ni ]

— ) .

Fij = blOdelag{Bij KJ—, 02nix2nj1 . 02nix2nj}€ R™

= : : T N

Fi = _FiT : O-zrni><q : : O-ZI—nixq:I e RN. q,

rae N, =2n,1+h™).
Pacuupennyto
MPEACTABUM B BUJIE

JECKPUIITOPHYIO  MOZETb  y37a

ELk+D=AgK+ YFE K +FdK). (33)

j=1, ji

Hns ceTm TOCTaBOK, COCTOSIIEH M3 B3aUMO-
CBSI3aHHBIX Y3JIOB, OINHCHIBa€MbIX ypaBHeHUEM (33),
MOCTPOUM BEKTOpHYIO (yHKIHIO JIsmyHOBa

W(k) = col{V, (K), ..., V, (K)}, (34)

KOMITIOHEHTaMu KoTopoit saBisitoTcs DJIK  oTaenbHBIX
y310B B popme (15-17). Ha ocHOBe BekTOpHOU (hyHKIIMU
(34) crpourcs obwmas pynkuus JlsmyHosa

Vo (k) = z PoiV; (k) =Py ¥ (k) , (35)
i-0
e B, = [pmv---l pon]E R™, Py >0, i :ﬁ-
ConocraBuM  HAabOpy  JIOKANBHBIX  MOACHCTEM
JMHEHHYI0  CHCTEMY  CpPaBHEHHS,  OOYCJIOBIEHHYIO
Pa3HOCTHBIMU YPABHCHUSIMMU:
v(k +1) = Av(k), v(0) =¥(0),
(k+1) (k), »(0)="(0) (36)

n(k) = P v(k),

rie v(k) eR" — BEKTOp COCTOSHHMI CHCTEMBI CpaBHE-
HHS,

n(k) — cxamspHas QyHKUMS, KOTOpas SBISIETCS
BBIXO/IOM CHCTEMBI CPaBHEHHS;

A e R™ — Martpuila JMHAMHUKA C HEOTPHUIIATEIbHBI-
MU 3JIEMEHTAMHU.

KBagparnunsie  Qopmbr  V, (F_”(k)) u V()
ornpezensoT nydok dopm V, (F_ij(k))—;.LVj (kK), tme p —
HEKOTOPbIH MmapaMeTp. BeluuciieHne 3JeMeHTOB MaTPHILIBI
A BBINONHSETCSA O XapPaKTePHCTUYECKUM YPABHEHHAM
MYYKOB KBapaTHIHbIX Gopm [12]:

_T_— —_— . —
det(Al Pi'Ai_MiiPi)zov I=1n,

det(F, P F,—u,P)=0, i,j=1n, j=i,

max (2 max
rie  [A]; :(pij y, K~ — MaKCHMaJbHOE 3HAYEHHUE

KOPHsI COOTBETCTBYIOILCTO YPABHCHMS,

P = blockdiag(E,| 1 Falg, |00 2| L% 2
= | . : ' '
. ock diag{ E; T op, |0, o [0, o,

Pe REXW',

; OJIOYHBIX

Mmarpuusl P Matpury P

1
BBIYMCIISIOTCST B COOTBETCTBMM C (24) mocne peuieHus
3aga4 (25), matpunpl P,, u P, BbIOMparoTcs Npou3BOIb-
HO, TaK KaK OHM HE OKa3bIBAIOT BIIMSHUS Ha PE3yJIbTaT.

B pesynprate mis BektopHOW (34) m obOmeit (35)
¢yHkimii  JIamyHOBa CeTH MOCTABOK  BBITIOJHSIOTCS
HepaBeHCTBa!

Pk) <vk), V,K)<nK).
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Takum  oOpasoM, cuctema cpaBHenus  (36)
MOKOMITOHEHTHO M)XOPHPYET BEKTOPHYI0 U OOIIyIo
¢bynkmun JIsamyHOBa, MOCTPOEHHBIE IS YIPaBIsIEMOH
CeTH IOCTaBOK. B pe3ynpTaTe aHain3 yCTOMYHUBOCTH
JICLIEHTPAIM30BaHHON CHCTEMBI YIPABJICHUs 3aracaMi B
CeTH TMOCTaBOK CBOAMTCS K aHalM3y YCTOWYHMBOCTH
JIMHEHHOW TOJIOKUTENBHON cUCTeMbl cpaBHeHust (36).
CrnenoBarenbHO  aisi  oOecredyeHHs — yCTOHYMBOCTH
YIpaBIsIeMOH CETH MOCTABOK, Y3JIbI KOTOPOH 3aMKHYTBHI
00paTHBIMU CBSI3SIMU C PEryJISITOPAaMH, MaTPHILBI KOTOPBIX
BEIUUCIIIOTCS] Ha OCHOBAaHUH (27), HE0OX0IUMO BHIOMPATh
TaKHe 3HAUCHHSI BECOBBIX MATPHI] JIOKAIBHBIX KPUTCPHEB
kadecTBa (§), IpH KOTOPHIX BHITIOIHSACTCS YCIIOBHE

o(A) <1, (37)

rae of) — cleKTpaibHbIN paguyc MaTpuus (-).
Uucnaennblii mnpumep. B kadectBe mpumepa

uccienyeTcss KOMIIAHHS, 3aHMMAIOMIAscs MpOoJakeH

AJIKOTOJIBHOW TIPOXyKIWH. [laHHBIC AT MOJEIUPOBAHUS

dy

Puc. 1 — CtpykTypa ceTH mocTaBokK:

KoMnanuioo uHTEpecyeT BOIPOC ONTUMHU3ALUH
nporecca TPAaHCIIOPTHPOBKH MyTEM OTIPAaBKU NPOAYKIUH
X, B y3en 2, ans xotoporo y3en 1 6yaer dopmupoBatsh
3aKas3bl Ha ee MocTaBKy (cM. puc. 1, 6). Bpems BeimosnHe-
Hust 3aka3oB hy, cocraBmser ot 1 1o 2 cyTok.

PasmepHOCTH ~ MOIENHM  paBHEI n=m=2,
n,=m,=1, n,=m,=2, N =5. Bapuanty a cooT-
BETCTBYIOT CIICAYIOIIME 3HAYCHHS MATPHL], OIIKCHI-

BAIOIIMX B3aHMOCBSI3M MEXIY Y3IaMu: H21=[0 O],

1'[31:[%) ﬂ, Hsz:[ﬂ; BapHUaHTy 0. l'[21=[0 1],

00 1

100
W‘bl&’

I0,, = [1 0:| , I, = [O} . Marpunp!l BIMSHHS BHELIHETO

crpoca H, = [0 0 1],

+-[388).

Ha ocnoBe mHpopmanmum 006 obbemax mHpojax 3a
nepBele 50 nueit 2017 roma omnpeneneHbl TpaHUYHBIE
3HAYCHUS crpoca d™ =col{112; 326; 263} u
d™ =col{6;19; 22}.

B cootBerctBun ¢ (4), (5) ompexmeneHsl pa3Mepsbl

CTPaxOBBIX 3allaCOB PECypcoB IiIsi O00OWX BapHaHTOB,
KOTOpbIe BHIOpaHBl B KadeCTBE HAYAIBHOTO COCTOSHHS

X, (0) = x, =col{672;1956;1052; 112; 589},
X, (0) = x, =col{672; 652, 2356;112;589}.
yOeIUTHCS, YTO CYMMAapHBIE Pa3Mephl CTPAXOBBIX 3aI1aCOB

paBHBL:

CHUCTCMBI

Herpynuno

TIPEIOCTABIICHBI KOMIIaHUEN CloudWorks LTD,
r. Xapekos (http://www.cloudwk.com/), xotopast paspa-
OaTpIBaeT mporpaMMHOE OOecIieueHHe Uil aBTOMATH3H-
POBaHHBIX  CHUCTEM  yIpaBlieHHs 3amacamu.  Jlis
MOJICITUPOBAHHUs BBIOpaHbl JBa Haubosiee MOMYyJSIPHBIX
BUIA MPOIYKIHH, MPOJAXKH KOTOPBIX OCYIIECTBISIFOTCS
HE3aBUCHMO Jpyr oT japyra. CTpyKTypa CeTH MOCTaBOK
npescTaBieHa Ha puc. 1.

B Hacrosimiee Bpems y3en 1 peanmusyer 1Ba Buzaa
HOPONYKIHUH X, U X,, ¥ TOMOIHACT MX 3aIlachl HAIps-
Myt co ckiaga 3. Ilepwon amckpermzanum paBeH 1
cyTkaMm. Bpems BeInonHeHus 3aka3a h, cocrasiseT ot 2

10 6 cyTok. Y3en 2 peanusyer NPOAYKIHMIO X, H IOMOJ-
HSCT 3aIachl co cKiana 3. Bpems BbimonHeHus 3akasa h,,
coctasisier oT 2 1o 4 cyrok. dyru d,, d, u d,, usobpa-

JKEHHbBIC IYHKTHPOM, 0003HAYalOT BHEIIHHUI CIIpOC (CM.
puc. 1, a).

a — cymIecTBYIOIIas; O — MpeaiaraeMas

B 000OMX BapHaHTaX COBNAJAIOT, OHU JUIIb TI0 Pa3HOMY
pacrpeneeHbl MeXIy y3JIaMH CETH.

UnciaeHHOE pEeLIeHHe COOTBETCTBYIOIIMX — 3ajad
MOJIyOTIPEIEIEHHOT0 MPOTPaMMUPOBAHMS BBINOIHEHO B
cpene MATLAB c momompio CBOOOJHO pacmpocTpa-
Hsiemoro makera cvx [13]. B pesynbrare ompezeneHs
mapamerpsl  AIUTHNCOUI0B  (29), anmpoKCUMHPYIOMIHX
MHOXXE€CTBAa 3HAQUEHUH BHEIIHUX BO3JAEHCTBUI  id
KaXXJIOTO y3J1a CeTH.

Hns 1-ro y3ma noJdydeHsl
BapHaHT 4.

Q,, =diag{5,616-10% 4,713-10"}, w; =coK{59;172,5};

TaKU€ PE3YJIbTAThI:

BapHaHT 6: JJIsl pa3HBIX BHJOB MPOAYKIMH 33adH pelle-
HBI HE3aBUCHMO (BEIMYMHBI 3aMa3bIBAHNUS OTIHYAIOTCS),
B PE3YJIbTATE JUIMIICOUIBI BBIPOKIAIOTCS B OTPE3KHU:

Qu, =2809-10°, wy; =59,
Qu, =2356-10%, wy, =1725.
Z[J'ISI 2-ro y3jia SJUITUIICOU TAaKIKE BBIPOKIACTCSA B
OTPE30K: Qu, =1,452-10", w, =1425;
Bapuant 6. W, =315, Q,, = 7,508-10* .

Hnst 3-ro y3ma mapaMeTpsl SJUIMIICOMIA B 000X
BapUaHTaX COBIIAJAIOT:

w; = col{59; 315}, Q,, = diag{5,616-10%;1,502-10°} .

B KaXJIOM TIICPpUOAC

BapuaHT 4.

Bemmuuaer 3ana3abIBaHuN

h(k)e[2;4] n h,(k) e[l 2]

TeHepUPOBaIACh CIydaiiHeIM obpaszoMm, =0,8.
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Vcnonp3ys pe3ynbTaThl penieHus Ui KaKA0ro y3ia 5145.10™ 0 0 0
3amaun (25) mpu orpanmdeHHU (26), B COOTBETCTBHH C 0 5.050-107* 0 0
27 Bbl'éncgngeﬁm é\/IanI/IL[bI PerysisTOpOB Ul BapuaHTa a. A= 0 4164-10" 5,010-107* 0
_| 0139 -0,167 _ 3,353-10" 0 3,333-10™" 7,646-10™*
K. = [— 0,033 —0,192} K, =-0243, | | |
— 0143 —0.243 HetpynmHo yOemuThCs, 9TO YCIOBHE YCTOHYMBOCTH
K, =[ 0 é N 0'699} ; mBapmanTa 0. K, =-0,242, (37) Bemonusercs. Takum 0Opa3oM, cHCTeMa CpaBHEHUS,
' ' a, CIEIOBATENIbHO, M YIpaBiseMas CeTh IOCTABOK
-0119 -0,201 SIBIISTIOTCS YCTOMIUBBIMH.
= = K = ’ ! .
Ky, =-0,420, K, =-0222, K, [ 0,341 - 0,699} PesynbraThl MOAEIMPOBAHWS [l BapuaHta o
Jlis Mojenu CeTH MOCTaBOK B 00oMx BapuaHtax ~ HMPHBCIACHBI Ha pHC. 2 — puc.4, rne a — 3HAYCHHA
IIOCTPOCHA CHUCTEMa CpaBHEHHS. ManI/IHa OUHAMHKH CTPaxoOBOT'0 U HAJIUIHOTO ypOBHeﬁ 3aI1acoB, 6 — 3HAa4YECHUS
CHCTEMBI CPAaBHCHUS V11 BapHuaHTa 3] paBHa CIIpoca, HOMHMHAJIBHOTO W  PEAJIbHOTO (C y4e€ToOM
3ara3/bIBaHus) YIPABISIFOUIAX BO3ACHCTBHIA.
700 250 di; uyy, en. |
™
:: = dl (k)
600 LH
200 :: —u, (k)
500 :: ==u,,(k-h (k)
I -
10 n
400 150 1o n
H 1 I 1
L h n 1 1
1 1 1l 1 1 1n
300 \ L : I
100} ol i H 1y
i o n A o
200 i n hpoon R AT
i . ONT
—_— 50/~ i ! 1
100 11
—X, ](k)
% 10 20 30 40 50 % 10 20 30 40 20
k, maen k, naen
a o

Puc. 2 — I'pauku H3MEHEHHS Pa3MEPOB 3aMacoB NPOIYKIHA X, |

d-: Uy, €.
a0 220 Hhas |

............... S SN SO = d,(k)
: i 350

700

=

600 — le(k)

500 == u]z(k'hlg(k))

400

300

200

*

; 12
1 —*1,®

0 10 20 30 40

100 =X

50
k, nHeH k, nHew

Puc. 3 — I'paduxu u3MeHEHHUs pa3MEpPOB 3aMacoB IPOAYKIMH X,
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Puc. 4 — 'pauku n3MeHEHHs pa3sMEPOB 3aMacoB NPOJAYKIHU X,

W3 rpa¢ukoB BHIOHO, YTO HAMUWE 3ara3IbIBaHUI
MIPUBOJUT K MPOIMYCKaM B ITOCTaBKaxX M HEPABHOMEPHOCTH
pa3MepoB TOCTaBOK BCJIEICTBHE OOBEAWHEHHS 3aKa30B,
CICTAHHBIX B pa3HbIX mepuonax. OqHaKo, MpenIoKeHHas
CTpaTerusi  YOpaBICHHWS  3amacaMd  O0ecIieYrBaeT
OTCYTCTBHE Ne(HUIINTA PECYpPCOB B y3JIaX CETH, a TaKKe
rapaHTUPOBaHHBIE pa3Mepbl 3aTpaT Ha MPOU3BOJCTBO U
XpaHEHHUE PeCypCcoB.

3HaueHue KpUTEpHUs KadecTBa, MOJYYCHHOE ITyTeM
CyMMHUpPOBaHHS  3HAUCHHHA  JIOKAIBHBIX  KPHUTEPHUEB,
BBIYHCIIEHHBIX B COOTBETCTBHM C (8), a1 BapuaHTa 6
pasHo J; (k) = 2,585-10°, uro Ha 40,8 % MeHbIIe 3HAUC-

HUsSI, TIOJIyYEHHOTO JUIss BapuaHta a. TakuM oOpasom,
cXeMa TPaHCIIOPTHPOBKU PECYPCOB, IpEJCTaBlICHHAs Ha
puc. 1, 6, sBnsercs 6osee BEIroHON. BepxHee rpaHHYHOE
3HAYCHUE KPUTEPHs, MOIYUYCHHOE MyTeM CYMMHPOBAHHS
JIOKANbHBIX TPAHUYHBIX 3HAYCHHH, BBIYUCICHHBIX B
cootserctBu ¢ (28), papuo J; =3157-10".

BriBoabl. B cTaThe npeiiokeH noaxoa K pelieHuto
3a/1a4d CHUHTe3a JICLICHTPAIM30BaHHOTO TapaHTHPYIOLIEro
yIOpaBJIeHUs 3aracamMu B CETSAX MOCTABOK C HEONpeeeH-
HBIMH TPAHCIIOPTHBIMM 3ala3/IbIBAaHUSIMH B YCJIOBHUSAX
JIEHCTBUS «HEU3BECTHOTO, HO OIpaHUYeHHOTO» crpoca. C
MTOMOIIBIO IECKPUIITOPHOTO IPE0O0pa3oBaHUs TUCKPETHON
MOJIEJIM y3Jla CETH MOCTABOK B MPOCTPAHCTBE COCTOSHUI
IoJTy4eHa MoJieNb Oe3 3ama3apiBanuii. [Tytem noctpoeHus
U JICCKPUNTOPHOW  MOAETH  y3ia  (YHKIHOHANIA
JIsmynoBa-KpacoBckoro, 3aBUCSIIEr0 OT MaKCUMaIbHON
BEJIMYHMHEI 3aIa3IbIBaHu, MOJIy4€HO yCIIOBUE
CYIIECTBOBAHUS rapaHTUPYIOUIETO perynaropa,
peanM3yIomero JOKAIbHBIM 3aKOH YNPaBICHHsS B BHIE
JMHEHHONW OOpaTHOM CBSI3M IO PACCOTJIACOBAHUIO MEXIY
HaJIMYHBIMHM U CTPAXOBBIMH YPOBHSIMH 3aI1acoB PECypPCOB.
Ha ocHOBe wMeTola WHBAapHAHTHBIX JJUIATICOWIIOB C
MOMOIIbIO TEeXHUKH JIMH 3a7a4ya CUHTE3a
rapaHTUPYIOUIETO PEryJsTOpa, KOTOPHIH MHUHHUMHU3UPYET
BEpXHEE I'PAaHUYHOE 3HAYEHUE KBAaIPATUYHOI'O KPUTEPHS

praBJ’IﬂeMOﬁ CCTHU TIOCTABOK HNPHUMCHACTCSA

METOA
BEKTOPHBIX (QyHKIHIA JIAITyHOBA I METO CpaBHEHHUS.
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uUDC 004.9
M. D. GODLEVSKYI, A. A. GOLOSKOKOVA, A. A. CHIPIZHENKO

MEDIUM-TERM PLANNING INFORMATION TECHNOLOGY FOR QUALITY IMPROVMENT OF
THE SOFTWARE DEVELOPMENT PROCESS BASED ON THE CMMI MODEL

Po3risigaetbest TEXHONOTIS ISl BUPIIICHHS 3324l CepeIHbOCTPOKOBOrO IIAHYBaHHs (AMHAMIYHA TOCTAHOBKA 3a71adi) MOKPAIIEHH SKOCTI MpoLecy
PO3poOKH IporpaMHoro 3adesnedeHHs Ha ocHOBI Mozpeni CMMI. Po3risHyTo TecToBuMi IPHKIaj [T IPYToro PiBHS 3pilocTi opraHizanii po3poOHuKa
nporpamMHoro 3abesneuenHs. [1aHOBHI Mepiof CKIIAAAETHCS 3 TPHOX MiJANEPioaiB, a LiTbOBUHA NPO(AiiI MOXKE MICTUTH AOBUIbHY KUIbKICTh MPAKTHK.
[IpoBeaeHo aHai3 OTPUMAHUX PE3YIIBTATIB, IKi € BUXIIHOMO iHHOPMALI€IO AT CTATHYHOI TOCTAHOBKH 3a/1a4i.

Kurouosi cioBa: nuHaMiuHa MOCTaHOBKA 3ajadi, po3poOka mporpamHoro 3abesnedenss, Mogens CMMI, npyruit piBeHb 3pinocTi, HiTbOBHIL
npocaii.

PaccmatpuBaeTcst TEXHOJIOIUSI PELICHHS 3a/1a41 CPEAHECPOYHOrO UIAHMPOBAHMS (IMHAMHYECKast TOCTAHOBKA 3a/1a4H) yJTy4IICHHs] Ka4eCTBa MpoLecca
pa3paboTku mporpaMMmHoro obecnedeHus: Ha ocHoBe mopenu CMMI. PaccmoTpeH TecToBbIid IpUMEp IJis BTOPOTO YPOBHS 3PEJIOCTH OpPraHH3alUH
pa3paboTdrka MpOrpaMMHOro obecriedeHus. [DIaHOBBIH IMEPHOA COCTOMT M3 TPEX MOIIEPHOAOB, a ILENEBOH mHpodaill MOXeT colepKarh
[IPOM3BOJIBHOE KOJIMYECTBO MPAKTHK. [IpOBE/CH aHAIN3 MOIYYECHHBIX PE3yJbTaTOB, KOTOPHIC SBISIIOTCS BBHIXOAHOW MH(OpMALUEH Uil CTaTHIeCKOi
HIOCTaHOBKH 331a4H.

KuroueBble ci10Ba: IuHAMHUYECKas IIOCTAHOBKA 3aJ1a4H, pa3paboTka nporpaMmMHOro obecredeHns, mogens CMMI, Bropoit ypoBers 3penocty,
LieTIeBOit Ipodaiii.

Information technology is considered for medium-term planning for quality improvement of the software development process based on the CMMI
model for the dynamic problem statement. The information system forms a rational plan for the software development process improvement and also
allows, within the defined planning period, to determine precisely those practices and focus areas of the maturity model, for which it is necessary to
increase the capability level, under conditions of limited resources. The test case for the second level of maturity of the software company is
considered. The scheduled period consists of three sub periods, and the target profile may contain any quantity of practices. The analysis of the

obtained results, which are the input data of the information system that solves the static problem, is carried out.
Keywords: dynamic problem statement, software development, CMMI model, the second level of maturity, target profile.

Introduction. The qualitative characteristics of
software are paid more and more attention all over the
world. The competitiveness of the software company
depends directly on the quality of the software
development process, and for this reason, software quality
assurance issues are one of the top priorities for such
companies. The issues related to the organization and
improvement of the software development process, the
management of the developers team, the development, and
implementation of software tools to support the software
development lifecycle fall into the field of software
engineering. Software development process has a
hierarchical architecture, including a number of life cycle
processes of the software system. At present, there are
various standards governing the sets of lifecycle process
of software systems, such as 1SO-12207, CMMI [1, 2] and
other. The purpose of these standards is to ensure the end
product to meet market requirements and to satisfy end
users needs. The flexibility of the continuous CMMI
model [3] allows the developer company to evaluate the
most important stages of the software development
process, as well as the maturity level of the entire software
development process.

CMMI model was formalized in work [4]. Also,
mathematical dynamic model and algorithm for planning
the improvement of the software development process
quality were developed.

Studies have shown that the problem is NP-complex.
Therefore, relevant studies are devoted to the further
revision of the model and algorithm according to the
adequacy of the software and the speed of work, as well as
designing and developing an information system for
solving the problem of medium-term planning directly.

Problem statement. The task of planning for the
quality improvement of the software development process
can be presented by a rolling planning problem, which
involves the synthesis of static and dynamic models
(models of current and medium-term planning). In work
[5] static models of planning for the quality improvement
of the software development process were developed on
the basis of the CMMI maturity model, the initial
information for which is the result of solving the dynamic
problem.

In a dynamic problem description statement, the task
is to determine the first choice of the software
development process progress within a planned [0, T] to a
higher quality level, where T is the duration of the planned
period. According to the dynamic problem statement,
quality is characterized by alternative options for the
progress of the software development process to a higher
level of maturity in accordance with the CMMI model, as
well as strategies for using different types of resources to
achieve a certain level of maturity.

The aim of the research is to develop an information
technology of planning for the quality improvement of
software development process based on a dynamic model.

Model and algorithm for medium-term planning
under dynamic problem statement. During the
development of information technology for solving the
problem of medium-term planning to improve the quality
of the software development process, a mathematical
model was developed in work [6].

A model analysis of medium term planning for
improving the quality of the software development
process by the algorithms which can be used in the
problem solution showed the relevance of the time-series
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technique.

This method features a multi-step process, at each
t-th step of which many uncompetitive options are
ignored.

An algorithm "Kiev broom" was implemented by
Ukrainian scientists V. S. Mikhalevich and N. Z. Shor on
the basis of the time-series technique. The idea of this
algorithm was used in the work to solve the problem of
quality management process of software development.
When using this algorithm for real data it has been shown
that modern computers can not cope with the task since it
is NP-complex. Therefore, there was a need to improve it

in order to reduce the time for the task implementation. It
was suggested to formulate and solve individual
optimization problems in the course of the works of the
"Kiev broom" algorithm.

Quality management technology of the software
development process. When designing the system, the
diagram of the processes IDEFO (Fig. 1) was used as the
basis. This diagram describes the high-level representation
of the quality management of the software development
process based on the maturity model.

[ [ [/ [}
CMMI Optimization
model algorithms
Software Dynamic
development srmine th Clirent programming
procass L)c-lurr[u:c t 'I?n state algorithms
— current state of the
= software development Target
process. 7 state
i Formation of
target state
— 2 Formation of Valid
e 4 valid options for options
Information the state of the
about financial software A
— resources development Improvement The optimal
= = rocess. 2
- ey e pk i - Construction of optons trajectory on the
Financial improvements i interval [0;T)
resources options on the
constraints | __| l/—- t+1-th subperiod Getting rid of
= X Adl : uncompetitive o
N Decision _J| UL improvement >
Weights Decision_- Droducer. | opucHS oo options
/‘ n maker i subperiod [0:4] A5
_Decision
| :
= producer
Expert
M rn [ [

Fig. 1 — Process diagram

According to the technology of solving the problem,
the first business process Al determines the current state
of the software development process. As an input data, the
initial state of the software development process of the
investigated software company is proposed. The software
development process is evaluated according to the CMMI
model. At the same time, the evaluation is carried out at
the level of the initial state of the individual practices,
which are defined by such a concept as the "level of
capability” [7] in the range from zero to three.

In this work, the experts from the investigated
software company who assessed the "level of capability"”
for practices were involved assess the current state of the
software development process and the performance testing
of the developed technology. The processing of this
information was carried out by analysts-individuals who
formulate solutions based on the methodology of
collective expert evaluation [8]. The result of the business
process Al is the current state of the software
development process.

Business process A2 is intended for the formation of
a target profile, which defines the software company goals
to improve the quality of the software development
process. These goals are set by the decision-maker basing
on the financial constraints, as well as the expert
assessments of the required resources to achieve the goals
set separately for each practice of the focus areas.

The aforementioned dynamic model and algorithm
for quality management of software development process
based on the model of maturity of CMMI are used for the
formation of an optimal plan for the improvement of the
software development process (business processes A3—
ADb). The initial state of the software development process,
the target profile, the necessary financial resources for
each practice belonging to the target profile; and the
restrictions on financial resources that can be used in this
planning period are used as input data.

The business process A3 is intended to form the sets
of valid options of the state of the software development
process on each considered scheduled sub period, taking
into account the constraints on the financial resources
allocated in each planning sub period, these resources can
be carried over to the next (t+1) sub period, if they are not
spent on t-th sub period.

Business processes A4, A5 implement the dynamic
model of a task, which is an additive target function with
financial constraints and variables that determine the level
of capabilities for individual practices that are part of the
target profile. An algorithm for sequential analysis of
options is used for the formation of the optimal plan of the
software development process improvement program. At
each step of this algorithm, uncompetitive options for the
improvement of the software development process are
rejected. In the course of the quality management
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technology for software development process, an optimal
trajectory for the software development process is formed.

Tools for information technology building. To
construct an information system that solves the
investigated problem, it was necessary to transform the
mathematical model and algorithms of its processing into
the corresponding components of the software.

The main programming language was C #, which is
an object-oriented, strongly typed programming language
for the .NET platform, it was developed by Anders
Gailsberg, Scott Wiltamut, and Peter Gold, under the
auspices of Microsoft Research.

Most of the calculations necessary for solving the
problem are related to the solution of complex
optimization problems, therefore all mathematical
operations of the information system are performed using
the Microsoft Solver Foundation 3.1 package — a set of
development tools for mathematical programming,
modeling and solving optimization problems.

To construct the information system, an appropriate
data model was created. This data model accurately
describes the mathematical and algorithmic models which
were used in this work. ERWin Modeler [9] is a tool for
designing and documenting databases. ERWin Modeler
allows to create, document, and maintain databases. This

tool was used as a tool for designing the necessary data
model.

MS SQL Server served for storing and processing
the data. The main advantages of this tool is high-speed of
data processing, as well as the presence of built-in
debugging capabilities of data models.

The Microsoft Visual Studio 2015 product was taken
as an integrated development environment (IDE).

When designing the information system, 3-level
"client-server” architecture with a dedicated application
server was selected as an architecture model of the
software system. This architecture model has another node
called Application Server, which hosts the entire business
logic, resulting in the database server being unloaded and
only used for the data accessing. This model was chosen
basing on the following benefits:

1) maximum scalability;

2) unloading the database server, opportunity to
increase the performance of the entire system by
configuring the application server according to the tasks
that are being solved.

Fig. 2 shows the component deployment diagram
within the client-server architecture with a dedicated
application server. This diagram shows the physical
relationships between software and hardware components
of the system.

Web server: IIS

Database: MS SQL

1
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Model mapping
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Fig. 2 — Component diagram of the information system

We will briefly consider the placement diagram of
the software system main components. Within the
database server (Database: MS SQL) Application
Database component that encapsulates the database and all
the necessary configuration components has been
dedicated. The application server (IS Web Server)
includes the following components required for the
system:

e Entity Framework — ORM library;

e Data Level — this component works with the

input data;

e MS Solver Foundation — library for mathematical

calculations;

e Logic Component — a component that contains

the basic mathematical and algorithmic logic of
the software system;

e Data View Model i Model Mapping -
infrastructure-level components that act as a
middleware between business logic and the
presentation level of the system (Web API
component).

e The Client
components:

e JS Frameworks — a set of tools for implementing
a part of business logic on the client side;

e Browser — customer-side software, which aims to
provide the user with the ability to interact with
resources that are located on a web server using a
graphical user interface.

Software testing. For a test example, the software

development process of an "N" IT company is considered.
The input data, as well as the target profile of the software

WorkStation  includes  two
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development process, are shown in Table 1. The initial
and target state of practice is measured in the "level of

capability" scale in the range from zero to three. In our
case, the initial state of the practice of local areas for the

Table 1 — The target profile of the software development process of an "N" IT company.
The software development process target profile

Maturity level

2

Kareropist Project management

Focus area (FA) SAM - Supplier Agreement Management
Goasl SAM1 SAM2
Practices (P) 1 2 3 4 5 6
Initial state 0 0 0 0 0 0
Target profile 2 2 2 2 2 2
Needed resources, c.u. | 1000/2200 1000/ 2200 | 1000/2200 | 1000/2200 | 1000/2200 | 1000/2200
(first/second levels)
Weights for P 0.5 0.25 0.25 0.3 0.3 0.4
Weights for goals 0.5 0.5
Weights for FA 0.4

Focus area (FA) REQM — Requirements Management
Goasl REQM1
Practices (P) 4 5
Initial state 1 1
Target profile 2 2
Needed resources, c.u. 4300 4300
(first/second levels)
Weights for P 0.6 0.4
Weights for goals 1
Weights for FA 0.3

Focus area (FA)

PMC - Project Monitoring and Control

Goasl

PMC1

Practices (P)

Initial state

WIN |-

Target profile

N
o
o

Needed resources, c.u. 2
(first/second levels)

N
S|wW (NN

Weights for P 0.8

0.2

Weights for goals

1

Weights for FA

0.3

second level of maturity and the target one at the end of
the planning period are determined basing on experts'
assessments. The "Required Resources" column shows
funding needed to move from zero/ first to the
second/third level of capability. The decision of the
dynamic task of forming a plan for improving the software
development process is considered in the planning period,
consisting of three sub periods. As it can be seen from the
given data, 32200 c.u. of resources are needed for the full
transfer of all practices to the required level. For this
example, 25700 c.u. of resources (~80 %) were allocated
for all sub periods. The investigated period was divided
into 3 sub periods for each of them 8000, 10 000 and 7700
units of resources were allocated, respectively.

Based on the above initial data, the following results
were obtained. As a result of the first sub period, the
following  practices were promoted: PMC_1 1;
SAM_2 5;SAM 2 6;SAM 1 1.

Four practices have moved to a new level of
capability, two of them (SAM_1 1, SAM_2 6) have
moved from 0 to 2 level of capability. It cost 7600 c.u. of
resources, 400 c.u. were moved to the next sub period.

As a result of the second sub period, the following
practices were promoted: REQM_ 1 4; SAM 2 4;
SAM_1 2; SAM_1_3.

Four practices have moved to a new level of
capability, two of them (SAM_2_4, SAM_1_2) have
moved from 0 to 2 level of capability, 10400 c.u. of
resources were spent, 700 c.u. were moved to the next sub
period.

As a result of the third sub period, the following
practices were promoted: REQM_1 5; PMC_1 2.

Two practices have moved to a new level of
capability, 8400 c.u. of resources were spent, 1900 c.u. of
resources remained. Figure 3 depicts a histogram showing
the process of raising the level of capability for specified
practices during the three test sub periods.

Conclusions. The developed information technology
solves the problem of medium-term planning of
improving the quality of the software development
process based on the CMMI model and forms a rational
plan for developing the software development process.
This allows within the defined planning period, under
conditions of limited resources, to determine precisely
those practices and focus areas of the CMMI model for
which it is necessary to increase the level of capability.
The mentioned above technology compared with the
system [10] is characterized by higher productivity by
solving individual optimization tasks at each step of the
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Fig. 3 — Results of calculations for the category "Project Management"

algorithm to identify uncompetitive options for the
improvement of the software development process. This
question is particularly relevant because the problem
under consideration is NP-complete. The results obtained
in the first sub period are the input data of the information
system that solves the static problem.

The purpose of further research is to test the
developed information system on full-scale data volumes,
as well as to study the information system in terms of the
problem  solution speed when increasing its
dimensionality.

As part of the further research, it is planned to design
and develop an information system that will integrate the
developed system and the system for solving static
problems.
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YK 681.518.658.519
V. E. SOKOL, M. V. TKACHUK, Y. M. VASETSKA

ADAPTIVE TRAINING SYSTEM FOR IT-COMPANIES PERSONNEL: DESIGN PRINCIPALS,
ARCHITECTURAL MODELS AND IMPLEMENTATION TECHNOLOGY

JlocmimpkeHi npo6iaemMu, MOB's3aHi 3 KOPIOPATHBHUM HAaBYaHHAM HepcoHany IT-koMmaHii, BUBYCHO aKTyalbHICTh Ta METY CTBOPEHHS aJalTHBHHX
cucteM TpeHiHriB. [lepersisHyTi iCHyrOuUi CHCTEMH Ui NEpPerisay OCHOBHHX (DYHKI[IOHAJIbHHX MOXJIMBOCTeW. JlocimipkeHi 3aco0M BU3HAYCHHS
KOMIIeTeHLIT Ta HaBHYOK, 30kpema, e-CF ta SFIA. IleperisHyTi apXiTeKTypH Ta MOAENI, sIKi MOXKYTh OYTH BHKOPHCTAHi Ui CHCTEM TPCHIHTIB.
3anpornoHOBaHa OHTOJIOTIS Ta AJITOPUTM CTBOPEHHS TPEHIHTY.

KoarouoBi ciioBa: ajanraiiis, aganTuBHa CHCTeMa, KOpIopaTiBHE HaBuaHHs, [T-kommawis, e-CF, SFIA.

HccnenoBans! IpoOIeMbl, CBS3aHHbBIE ¢ KOPHOPaTHBHBIM 00ydeHneM nepconana 1T-koMmaHuil, H3ydeHbl akTyalbHOCTb U IeJIb CO3JJaHus aJalTHBHBIX
CHCTEM TPEHUHIOB. PaccMOTpeHBI CyIecTBYIOIIHE CHCTEMBI IS aHalN3a OCHOBHBIX (PyHKIIMOHANBHBIX BO3MOXKHOCTeil. MccienoBaHbl crocoOBI
OIpe/IeeHHs] KOMIIETEHIIMH U HaBBIKOB, B 4acTHOCTH, e-CF u SFIA. PaccMOTpeHbl apXUTEKTypbl M MOJIENH, KOTOPbIE MOT'YT OBbITh MCIIOJIb30BAHbI JUIS
cHCTeM TPeHHHTOB. [IpenoxkeHa OHTOIOTUS U AITOPUTM CO3IaHUS TPEHHUHTA.

KuroueBble ci10Ba: ajanraiys, aJallTHBHAs CUCTEMa, KopriopatuBHoe o0ydenue, IT-komnanus, e-CF, SFIA.

Investigated problems and not resolved issues related to corporate training for IT-companies personnel, explored the actuality and goal of creating
adaptive training and learning systems r to improve the quality and speed of competence growth of IT-companies’ personnel. Reviewed learning and
training systems structures and main differences. Reviewed existing top learning and training systems and selected two of them — Explore Gate and
Forma LMS — to be basically tested to explore the common requirements, functionality and not resolved issues. Investigated frameworks for IT
competences and skills, exactly e-CF (European e-Competence Framework) and SFIA (Skills Framework for the Information Age). These frameworks
are proposed to be used in training system for IT companies’ personnel. Reviewed architectures and models that can be used for adaptive learning and
training systems. Proposed ontology of adaptive training system for IT-companies personnel and algorithm to create the training track for employee

according to the selected competence, current level of knowledge and skills, aim level of competence and preferences.
Keywords: Adaptation, adaptive system, corporate training, IT-company, e-CF, SFIA.

Introduction: Problem Actuality and Research
Goal. The theory of adaptive systems arose due to the
necessity to solve a large number of applied problems, for
which it is impossible to use traditional methods that
require knowledge of an adequate mathematical model of
an object. The quality of traditional (non-adaptive) ways
of managing depends on the amount of priory information
about the object and its operating conditions. In practice, it
is quite difficult to provide an exact mathematical
description of the object of management. And for
educational systems, adaptability provides such an
important advantage as the individualization of the
learning process. In the process of classical learning in the
“person — person” format, an experienced teacher can
identify the strengths and weaknesses of the student
evaluate his overall erudition and level of knowledge of a
particular discipline — and, based on these data, determine
the volume and the optimal presentation of the
material [1].

The main issue of the adaptive learning systems is
the individual characteristics of each particular student
highlighting and representing the data exactly according
it. The construction of the training systems is also
connected with the support of high reliability.

The idea of such systems is to create algorithms and
tools for collecting information about the user in order to
use this information for determining the learning track of
the trainees. In addition, taking into account the student's
knowledge of the course, the amount of submitted
teaching material and the form of its presentation may be
regulated: text format, hypermedia, presentation of the
image, etc. [2].

Learning and training systems structure.
Considering the problem of developing computer training

systems in general, distinguish two main processes:
“studying as learning” and “studying as tutoring” [3]. The
direction of learning (learning systems) implies self-
education, mentoring, adaptation, self-organization, etc.
Therefore, in the development of educational systems,
models that demonstrate the ability to adapt to the
environment through the accumulation of information are
explored. The direction of tutoring (educational systems)
is closely linked with the questions of “who to teach?”
(model of learner), as well as “what to teach?” (model of
learning) and even “how to teach” (model of explanation),
that is here models of information and knowledge transfer
from mentor through computer. The heuristic learning
model is displayed on fig. 1.

Existing systems overview. Nowadays there are a
lot of learning systems. Some of them were investigated
deeply to get information about main functional areas of
learning systems. Explore Gate [5] and Forma LMS [6]
systems were reviewed (some features are summarized in
table 1).

Table 1 — The main features existing learning
systems [5-6]

Explore Gate Forma LMS
Learning with mentor - +
Training auto-generation - -
Career track constructor + -
Courses constructor + +

It is basically web-based corporate training systems
that allow tailoring individual training plans for
employees, clients and partners. Additionally, systems
may include automated administration, evaluation,
certification and no integration problems. System should
provide correct knowledge sets according to competence.

© V. E. Sokol, M. V. Tkachuk, Y. M. Vasetska, 2017

38 Bicnux Hayionanvnoeo mexuniunozo ynisepcumemy «XIIy». 2017. Ne 51 (1272)



ISSN 2079-0023 (print)
ISSN 2410-2857 (online)

CucmemHuil ananiz, ynpagiinHs ma iHghopmMayiiini mexHono2il

(

LHeuristic learning model }

h 4

Learner model

Learning model

A d

[Explanation model]

General information about learner,
start competence level, final
competence level, algorithm to
check current competence level.

Learner models multiplicity,
learning strategies
multiplicity, algorithms to
generate learning strategies.

Aim of explanation, amount of
explanation details, adaptive
algorithm that adapts logic out
stream to requests of every user.

Figure 1 — Heuristic learning model [4]

But the main idea of adaptive training systems for
IT companies personnel is to provide ability
automatically build the learning track of every employee
according to the current level of knowledge and to the
expected level of knowledge (current competence and
expected competence). This functionality does still not
exist as the common approach.

Competences and skills frameworks. For the IT
companies’ personnel several documents are developed
to combine information about competences and levels of
competences and for IT skills. Such frameworks as e-CF
(“The European e-Competence Framework™) [7-9] and
SFIA (“The Skills Framework for the Information
Age”) [10] can be used for the developing of training as
the base proofed knowledge about IT competences and
necessary skills.

Architectural models for adaptive solutions of
training systems. In scope of work several architecture
models were investigated [11]:

(1) AHAM: A Reference Model to Support

Adaptive Hypermedia Authoring [11].
(2) LAOS: Layered AHS Authoring-Model and
Operators [11].

AHAM model describes an adaptive hypermedia
system consisting of several layers. AHAM focuses on
Storage Levels that include the Domain Model, User
Information Model, and Adaptation Model [11]. The
domain model of the adaptive system consists of a set of
concepts and concepts of relationships. Relationships can
be used to create a hierarchy of concepts, which is used
to represent the structure of small and large themes,
perhaps small concepts, sections and chapters, the text of
the course. Another common use of relationships is the
notion of reason where hypermedia wants to provide as
much navigation as the set of available links can be
adapted or annotated with the user having previously
visited. The prior requirements help the user avoid the
following links to information that cannot (yet) be clear
or help the system decide whether or not to include
additional explanations [11].

The LAOS model [11] is a common basis for
authoring adaptive hypermedia based on the AHAM
model. Its main components are shown in Figure 2:

Domain Model (DM), Goal and Limit Model (GM), User
Model (UM), Adaptation Model (AM), and Model
Representation (PM). The structure defines the elements
of each model based on conceptual map representations,
except for the adaptive model based on the LAG
adaptability model [11]. The main difference from
AHAM (and other models) is the clear division of
information about the primitive information (content) and
the purpose of the presentation.

For example, since the preconditions are not leading
in the domain model, the domain elements can be used in
different settings and orders than originally intended.
Thus, LAOS promotes a high degree of reuse of
information by separating fragments information from a
specific context. This division is expressed by the
presence of two different models, rather than one:
domain model (DM) and target model and limitations
(GM). Separation can be easily understood if we use the
metaphor of the encyclopedia: DM represents the book
(book) on which the presentation is based (for example,
PowerPoint presentation, represented by GM) [11].

DM contains knowledge resources. From DM
different presentations can be built
(in GM), depending on the purpose. The presentation
does not contain the entire book, only part (limited) of it.
In addition, the presentation may contain information
from several books. Thus, the separation provides a high
degree of flexibility, based on the multicomponent DM-
GM dependency. Another important difference from
AHAM is the notion of “concept” used in the domain
model. In LAQOS, concepts have different representations,
defined through attributes, and are limited to representing
semantic unity (as opposed to AHAM). This is provided
if only stand-alone attributes are allowed (without direct
or indirect dependencies). This option allows you to
flexibly change the order of the attributes. Therefore, the
links are external and can be dynamic [11].

The LAOS model for adaptive training purposes
can be transformed and used for corporate training areas
as presented on fig. 2. Architecture that can be used for
system is presented on fig. 3.

Common ontology of adaptive training system.
Basic concepts of the subject area:
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Figure 2 — LAOS model using for corporate training system (to compare with the scheme given in [11])
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Figure 3 — Training system architecture based on LAOS model [11]

(3) Form of presentation of the content.

(4) Initial level of competence.
(5) Final level of competence.

(6) Training.
(7) skill.

Relationships in terms of hyponym/hyperonium,

holonym/meronym:

(1) “Competence” meronyms: “skill”, “initial level
of competence”, “final level of competence”.

(2) “Competence” is a holonym for “ability”,

CEINNTS

initial

level of knowledge of competence”, “the final

level of competence”.
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(3) “Employee” meronyms: “initial level of
compliance”, “final level of competence”,
“skill”.

(4) “Employee” is a holonym for “initial level of

competence”, “final level of competence”,
“ability”.

(5) “Competence” hyponyms: “the initial level of
competence”.

(6) “Competence” is a hyperonium for “the initial
level of competence”.

(7) “Initial level of competence” is a holonym for
“ability”.

(8) “Initial level of competence” meronyms: “skill”.

(9) “Competence” hyponyms: “the final level of

competence”.

(10) “Competence” is a hyperonium for “final level
of competence”.

(11) “Final level of competence” is a holonym for
“ability”.

(12) “Final level of competence” meronyms: “skill”.
(13) “Training” meronyms: “skill”.
Also additional entities and relationships can be

added in future work.

Proposed approach. The system should provide
several levels of access: the administrator and the user
(employee).

Each employee has his or her profile, which contains
the basic information about it, as well as information
about the current level of competence and the competence
to be achieved. Then system creates a training, which
contains a set of courses for necessary skills to achieve the
selected competence level of each employee.

Also, for each user, system allows selecting a setting
that will describe the user's priorities, for example: quick
study, the most complete study, and more. In accordance
with these priorities training is under way.

Each level of competence contains set of skills and
set of knowledge. Thus, in order to acquire skills to
achieve a certain level of competence, the employee is
given a set of courses, compiled in a single training.

To analyze and track the progress of employee
growth, there are reports that are available to users at the
level of the administrator.

Summarized algorithm to create the training track
from the Administrator view is presented on fig. 4 in the
form of a sequence diagram.

Presentation Layer

Administrator

I
|

1. Authentication bl 11 I

13 e 12
2 Requestto see all employees T |
bj_ 21 |
23 e jj]
= T |
3 Create new employee | |
L '
an I
4: Fill main information about employee b I
4.1 I
5:Select work area, competence and aim level 5.1: Selected data is sent to Server to be analysed I

5.1.1: List of skills that are not stored for
5.1.2: employee to specify the current level
€ |
B: Enter employee's actual skills levels, preferences |
|
< E.1: |
___________________________ |
7:Request to generate trainings course 7.1 |
L —

<_______."£.£Z ___________________ 7.1.1: Generated training
|
|
|
L L i

Figure 4 — Summarized algorithm from the Administrator view

Algorithm to create training for employee:

(1) Select area and competence to improve level
from the list of e-CF [7—9] competences.

(2) Set final competence level that should be
achieved. Competence levels are taken from
e-CF [7-9].

(3) Select current level of skills that needed for the
selected competence (levels are got from the
e-CF framework [7-9]). Only knowledge and
skills levels with no information for the current
employee should be configured/selected in this
step.

(4) Select preferences: quick learning, only main
data, deep learning.

(5) System checks the necessary levels of all skills
for the selected competence and final level of
competence.

(6) System checks user preferences and select
corresponding courses. There are such proposed
preferences to be selected: quick learning — there
are only courses that have time frames less than
1 (system has 3 levels of time: 1 — minimum
time, 3 — maximum time) and with importance
level more than 2 (system has 5 levels of
importance: 1 — minimum importance, 5 —
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maximum importance); deep learning — all
courses that user don’t have knowledge and
experience; only main data — all courses with
importance more than 2.

(7) System gives the user a list of courses (generated
according to preferences) that are necessary for
the selected competence and selected level of
competence, current level of knowledge and
skills.

(8) After running the course by user system updates
the levels of knowledge and the statistics about
ran courses are saved into database. Then for the
future quizzes (when new competence is selected
to improve knowledge and skills) user will not be
asked about levels of knowledge and skills that
are already stored in database. So the system will
know about what user has already known and
what he should learn additionally.

Quality metrics. A designed adaptive learning
system should provide such benefits as minimizing time to
support the training of each employee (by avoiding extra
time of mentors’ support), improving the content provided
to a particular user according to the employee preferences,
matching employees' competencies to European standards
(e-CF [7-9] and SFIA [10]).

Also, according to business statistics [12],
automation of training and training systems should
increase such indicators as employee satisfaction,
productivity and performance of work commitments [12].

Conclusions and Future Work. In this paper some
existing approaches for training systems were described
and main functionality of such systems was analyzed.

The proposed approach is based on the combined
usage of the competence framework e-CF [7-9], skills
framework SFIA [10] and LAOS model [11] as the base
of architectural structure.

The proposed algorithm allows creating of adaptive
training for every employee based on selected
competence, current levels of knowledge and skills, the
start and the aim competence levels. Also the adaptation
algorithm should be configurable by preferences that give
opportunity to manipulate the time of achieving the aim
competence level, the depth of knowledge. Owing to the
fact of using recognized frameworks as e-CF [7-9] and
SFIA [10] training track for every person should be built
with all necessary skills and knowledge courses.

Future work concerns final implementation of
prototype of the proposed tool, as well as creating
improved adaptive algorithm to achieve necessary levels
of competence skills and knowledge. This tool should be
tested to meet quality levels that are necessary for such
types of systems.
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VJIK 658.511.3
A. M. KOPP, D. L. ORLOVSKYI, D. O. KUKA

AN APPROACH TO FORMING DASHBOARDS FOR BUSINESS PROCESSES STATE ANALYSIS

Po3rismaoTecss OCHOBHI OCOOJIMBOCTI IaHeNeH iHAMKATOpIB, IX Miclle Ta pollb B YIpaBIiHHI Oi3Hec-IIpoIlecaMM, OCHOBHI THIH, Pi3HOMaHiTHI
pexoMeHpanii 3 To0yI0BY, a TAaKOXK OCHOBHI IHCTpYMeHTH Bisyamizamii. [IpomonyeTses miaxin 1o GpopMyBaHHS MaHeNned iHIUKATOPiB, MIPH3HAYECHUX
Ul aHai3y craHy Oi3Hec-TpoLeciB. 3aCTOCYBaHHs 3alpOIOHOBAHOIO MiAXOAY PO3MIAAAEThCS IS aHaidy CTaHy Oi3HEeC-POLeCY IOCTaBKH
npoaykuii. B pe3ynbrati 3acTocyBaHHS 3alpOIIOHOBAHOTO MiAX0Ly OyB po3poOIeHHI IPOTOTHII TAHEN iHIMKATOPIB, IPU3HAUCHOI AT aHANI3y CTaHy
0i3Hec-TIpolecy MOCTaBKH IPOIYKIIii.

KurouoBi ciioBa: ynpasminHs Gi3Hec-IpoLiecaMu, MaHeIb 1HIHKATOPIB, MOKa3HUKK e(heKTHBHOCTI, CHCTEMA ILIKAJI, aHATi3.

PaccmatpuBatoTcsi OCHOBHbIE OCOOCHHOCTH HaHeleil HHAMKAaTOPOB, MX MECTO U POJIb B YIIPABICHUH OM3HEC-TIPOLIECCAMHU, OCHOBHBIE THIIbI, PA3JINYHBIC
PEKOMEH/IaLlNH 110 IOCTPOCHHUIO, & TAKXKE OCHOBHBIC MHCTPYMEHTHI BU3yanu3auuu. [Ipennaraercs moaxon K GOpMHPOBAHHIO MaHENEH MHINKATOPOB,
IpeIHa3HAYeHHBIX M1 aHAIlM3a COCTOSHUS Ou3Hec-TponeccoB. [IpuMeHeHNe MpesIoKeHHOro MOAXO0Ja PACcCMAaTPHBACTCS UL aHANIN3a COCTOSHHS
Ou3Hec-mporiecca MOCTaBKU HPOAYKLMHU. B pe3ynbraTe NPUMEHEHHs HPEMIOKEHHOrO MOAXOAA ObUI pa3paboTaH NPOTOTHI IAHEIW WHANKATOPOB,
IpeIHa3HaueHHOH I aHaIu3a COCTOSHHA OM3HEC-TIPOoLecca MOCTABKU IIPOLYKIIHH.

KuaroueBkble ci10Ba: yrpaBieHHe OH3HeC-TIPOIIeCCaMy, TTaHEeNIb HHANKATOPOB, OKa3aTeNl 3G (EeKTHBHOCTH, CHCTEMA [IKaJI, aHAIH3.

There have been considered basic features of dashboards, their place and role in business process management concept, considered basic dashboards
types, considered various recommendations of dashboards construction, and also considered basic visualization tools such as bar and line graphs, pie
and scatter charts, bullet graphs and dials. An approach to formation of dashboards, used for the analysis of product supply business process state, has
been proposed. Therefore, a set of performance indicators and a related system of scales have been defined. In order to solve the problem of dashboard
design which means definition of number, type and place of visualization tools, mathematical models of unbounded and continuous knapsack
problems have been applied. As a result of the proposed approach application, a prototype of a dashboard used for the analysis of product supply

business process state has been developed.

Keywords: business process management, dashboard, performance indicators, system of scales, analysis.

Introduction. Today Business Process Management
(BPM) is a dominate concept of an organizational
management. BPM includes a set of methods, techniques,
and tools, intended to modeling, execution, and analysis of
organization’s business processes [1].

Recently, BPM is supported by a set of tools,
integrated in order to support business processes life cycle
(fig. 1). Hence, business analysts can create business
process models which further will be transformed into
executable models by IT specialists. Executable process
models are deployed in a process engine which is intended
to execute processes by delegating tasks to humans and
services. Usually the process execution is based on using
of Service Oriented Architecture (SOA) concept [2].

Process
identification

Process discovery

Process
monitoring and
controlling

Business
Process
Management

Process analysis

Process
implementation

Process redesign

Fig. 1 - BPM lifecycle

An important aspect of BPM lifecycle is continuous

analysis of business processes state. It is usually supported
by Business Activity Monitoring (BAM) technology
which allows performing continuous, literally real-time,
business processes monitoring [2].

Therefore analysts define a set of Key Performance
Indicators (KPI) and their target values, based on
organization’s business goals. One of the main features of
BAM is presentation of KPIs as dashboards which provide
visibility of business performance [2].

Literature review. According to [3], a dashboard is
a multilayer application based on business analysis and
data integration infrastructure which allows organization
performing measurement, monitoring, and business
management in more efficient way.

A dashboard allows users tracking organization’s
performance by comparing actual indicators with
indicators defined by a corporate strategy [3].

Difference between dashboards and Balancing Score
Cards (BSC) is that dashboards are used to tracking
operational business processes, while BSC are used to
tracking achievement of analytical and strategic goals [3].

Usually a frequency of data insights depends on
business process and how critical data is. Hence there
have been defined three types of dashboards: operational,
analytical, and strategic (tab. 1) [3, 4].

Table 1 — Dashboard types

Category Timeline for insights | Update frequency
Strategic Months or years Moderate
Operational | Minutes or days High
Analytical Minutes to years Low

Operational level allows users controlling primary
business processes: sales, supplies, manufacturing etc.
Most of indicators on operational dashboards is repeatedly

© A. M. Kopp, D. L. Orlovskyi, D. O. Kuka, 2017
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updating with frequency from several minutes to several
hours during the day. Therefore, operational dashboards
are focused on monitoring, rather than analysis and
management [3].

While the analytical and strategic dashboards are
focused on analysis and management, rather than
monitoring. The analytical dashboards are intended
comparing indicators to plans, forecasts, and results, while
the strategic dashboards allow tracking the achievement of
the strategic goals and often are based on BSC [3, 4].

Usually, dashboards present KPIs in visual form
using diagrams or plain images, for example using images
of measuring instruments [3]. Recommendations that
allow creating efficient and usable dashboard have been
proposed in work [4].

It is necessary to choose data visualization
techniques which are clear, easy interpretable, space
efficient, attractive, and legible, lead user to the further
steps (analysis, decision, action) and allow user
performing tasks to achieve its goal (e.g., perform
comparisons or monitor performance) [4].

An approach considered in work [5]
following steps:

o define data and reasons why this data should be
measured — it allows interpreting correctly and
reusing data in further projects;

e define visualization techniques which allow
reducing time that need to understand the data.

Moreover, a dashboard is considered as a system
which performing visualization of data which is used for
decision making [5].

The most common visualization tools are various
graphs and diagrams. Each tool has its own purpose, while
some tools are more efficient than others [6, 7]:

e bar graphs;
line graphs;
pie charts;
scatter charts;
bullet graphs;
speedometer dials or gauges.

Bar graphs are used to visualize nominal or ordinal
scales. Horizontal bar graphs (fig. 2) are considered the
most appropriate in a way of information perception [7].

includes

100%

0% Customer satisfaction

Product A

|

Product B ‘
Product C ‘ ‘

|

|

Product D

Product E

Product F

Fig. 2 — Example of a horizontal bar graph

Some bar graphs which are known as grouped bar
graphs, allow illustrating more than one measured value,
while stacked bar graphs allow illustrating the
accumulation effect [6, 7].

Line graphs (fig. 3) are perfect to display time-
related data. They are good in illustration of trends,
fluctuations, cycles, rates of changes, and allow
comparing several sets of time-related data [6].

A

5K Orders for Product C
4K
3K
2K

1K

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months, Year 2014

Fig. 3 — Example of a line graph

Pie charts (fig. 4) demonstrate various segments
which are presenting data as a percentage of total volume
[6]. In most cases bar graphs are better choice, because pie
charts are recommended to be used if there are less than
six segments. Otherwise they become too complicated for
perception of difference between displayed values [7].

Yotes

u Yes
M

Fig. 4 — Example of a pie chart

To demonstrate the correlation between two datasets,
and also illustrate the strength and direction of this
relationship, scatter charts are used (fig. 5) [6].

Spent
5K ° ... i ®
Y4 o
L] o0
4K I
o o .:g: Had
3K . .:.:... .« . .
2K * ot e
1K

v

0 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k
Income

Fig. 5 — Example of a scatter chart

Despite of a huge popularity of speedometer dials
(fig. 6) in various KPI reports and dashboards, in most
cases their usage isn’t appropriate. Unlike the car speed,
KPIs are more static and don’t increase or decrease
continuously in time.
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Besides, speedometer dials aren’t space efficient and
can obstruct the indicators comparison [6]. Authors of
works [6, 7] recommend avoiding usage of speedometer
dials whenever it’s possible.

Fig. 6 — Example of a speedometer dial

Bullet graphs (fig. 7) are more appropriate for
dashboards than speedometer dials. They have been
developed by visualization expert Stephen Few. Bullet
graphs are more space efficient, which makes them simple
for perception and comparison to other tools [6, 7].

Revenue 2014 YTD
(US $ in million)

0 50 100 150 200 250 300

Fig. 7 — Example of a bullet graph

Two main principles which define the choice of one
or another visualization tool have been proposed in
work [7]:

e it has to be the best tool for displaying the data of

a certain type on a dashboard;

e it has to be capable of serving its purpose even
when its size is changed in order to place it into
the small space.

Besides the recommendations, work [7] considers
the basic mistakes of dashboards construction. Errors
associated with the choice of inappropriate visualization
tools are the most common.

According to the research [8], the prevalence and
value for each of the considered visualization tools has
been defined (tab. 2).

Table 2 — Prevalence and value of visualization tools

Visualization tools | Prevalence, % | Value, %
Bar graphs 55 53
Line graphs 38 46
Pie charts 8 10
Scatter charts 3 23
Bullet graphs 20 25
Speedometer dials 5 12
Hence, the most prevalent and informative

visualization tools used to create dashboards are bar
graphs, line graphs, and bullet graphs [8].

Another research [4] also notes that bar graphs, line
graphs, and bullet graphs are the most efficient

visualization tools which are appropriate for a quick
comparison.

Besides the using of efficient visualization tools, it’s
necessary to use a color codes to draw user’s attention to
the KPIs values [4, 5, 7]:

e red code illustrates the serious divergence of
actual and target values of KPIs and hence
necessity of immediate actions;

e green code shows good performance;

o yellow code could be used to display that no
actions are required.

Development of the efficient and usable dashboards
is necessary to support the analysis of business processes
state according to the BPM lifecycle [1, 2].

According to the BPM concept, dashboards should
provide users real-time data, using measuring tools that
are easy to use and perception [9].

Besides KPIs which are used to measure business
processes are often grouped into categories of quality,
time, flexibility, and cost [10]. It’s recommended to use
considered visualization tools, such as bar graphs, line
graphs etc, to illustrate KPIs values of each
category [4, 8].

Four types of KPIs with recommended visualization
tools have been considered according to the best practices
of dashboards design [11]:

e Quantitative — bar graphs;

o directional — line graphs, scatter charts;

e actionable — bullet graphs, speedometer dials;

o distribution — pie charts.

Most of BPM systems provide business process
monitoring. They allow obtaining data about business
process events. BAM tools allow using simulation
techniques or Business Intelligence (BI) to extract patterns
from data and display information using real-time
dashboards [12].

Real-time Event Processing which is base of BAM
concept allows timely processing and reacting to critical
KPIs changes [10].

According to a research [12], organizations are
interested in application of business processes monitoring.
The interest which declined in 2013 began to grow again
(fig. 8). Of the 116 organizations that participated in the
survey in 2016, 20 organizations are already using and
another 15 are planning to use dashboards to monitor
business process performance.

23
529 /TN
g 13 \ e
T
2005 2007 2009 2011 2013 2015
W ear

Fig. 8 — Organizations interested in process monitoring

Therefore, the problem of the dashboard design,
which is intended for the analysis of organizational
business processes state, becomes relevant. It requires
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placing various visualization tools in a small space, while
keeping it accessible and easy to understand.

Formulation of the problem. The research goal is
to develop an approach to forming dashboards which are
intended to analyze business processes state.

To accomplish the goal, the following tasks should
be considered:

e to choose a business process which state is

supposed to be analyzed, and its KPIs;

o to define a system of scales that will be used to
measure the KPIs in order to analyze the
business process state;

e to choose the mathematical models intended to
solve the problem of the dashboard design,
which allow defining the number, types and
placement of the visualization tools.

An approach to forming dashboards for business

organizational  business processes which requires
continuous monitoring and enhancement, is the products
supply process. There have been accumulated a lot of
experience in order to solve such problems, which has to
be analyzed and applied considering features of the
specific enterprise. Using of reference models is one of
such approaches [13].

Today SCOR (Supply-Chain Operations Reference)
is an international inter-industrial standard of supply
chains planning and management. It defines three levels of
processes and related KPIs (fig. 9). First level is used for
diagnostics of the supply chain state. Second level
includes indicators are used to diagnosis of the first level’s
processes. Third level includes indicators are used to
diagnosis of the second level’s processes respectively.
Analysis of indicators through these three levels allows
defining business processes that have to be considered

processes state analysis. One of the primary Mmore detailed [13, 14].
Level 1 Source
SX
Level 2 Source Product
SX.1 SX.5
Schedule SX'.2 SX.'3 SX.4 Authorize
Level 3 > Receive > Verify Transfer -
Products Supplier
A Products Products Products
Deliveries Payment
SX.1.1 Check pending orders
Level 4  |SX.1.2 Contatct supplier
(Optional) |SX.1.3 Confirm schedule

Fig. 9 — Supply process according to the SCOR model

According to the SCOR model, the products supply
process is measured by following second-level
KPIs [13, 14]:

e cost to supply CtS;
supply cycle time SCT ;
percentage of supplies delivered in full OSFy,;

e percentage of supplies delivered in time OST,, .

Hence, the cost to supply indicator CtS s
decomposed to following third-level indicators [13]:

e cost to schedule product deliveries CoSS (about

12 % of CtS);
e cost to receive products CoRS (about 26 % of

CtS);

e cost to verify products CoVS (about 10% of
CtS);

e cost to transfer products CoTS (about 46% of
CtS);

e cost to authorize supplier payment CoASP
(about 6% of CtS).
In its turn, supply cycle time SCT is decomposed to
following third-level indicators [13]:
e time to schedule product deliveries SSCT ;
e time to receive products RSCT ;

e time to verify products VSCT ;

e time to transfer products TSCT ;

e time to authorize supplier payment ASPCT .

Structure of the products supply business process can
be changed according to requirements of the specific
organization, considering its KPIs [13].

Formally, measurement of the business processes
KPIs includes determination of the sign system
corresponding to the measured KPIs. Thus, the scale of
measure can be defined as a tuple [15]:

<KPI, f,Y >, (D)
here KP1={x,,X,,...,x,,R,} — the indicator that
includes the set of attributes x;, i=1,n with the ratio Ry

is determined according to the measurement purposes;
Y ={f(x,), F0x, )., f(x,} R, } — the system with
the ratio R, which is mapping the KPI to the numerical

system corresponding to the measured indicator;
f(x) — the function which is determining

correspondence between the KPl and Y .
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During the measurement of business process KPI it
is necessary to map the attributes x; € X and numbers

characterizing these attributes.
Types of scales (1) are determined using the set of

allowable transformations x; — y;, i =1n. According to

the scales of measurement classification, there are several
types of scales [16]:

e nominal;

e ordinal;

e interval and ratio;
e absolute.

To measure the cost to supply CtS and the supply
cycle time SCT it’s necessary to use ratio scales which
are invariant related to the linear transformations [15, 16]:

fIinear (X) =a-X,
ﬁ _ flinear (Xl) _ a-x; = const (2)
X Fiinear (Xz) a-Xz

here xeY - the scaling values from the definition area
A

a —the real number, a>0.

To measure the percentage of supplies delivered in
full OSF,, and the percentage of supplies delivered in
time OST,, it’s necessary to use absolute scales which are
invariant related to the invariant transformations [15, 16]:

fidentic (X) = {e}' e(x) =X ©)

Thus, the following system of scales will be used to
measure KPIs of products supply business process:

{< CtS, flinear (X) = ags - % Yais >,
<SCT, flinear (X) = asct - %, Yoer >,
< OSFy, figentic (X) = {e}vYOSF% >
< OSTy,, figentic (X) = {e}vYOST% >}-

For example, the conversion of minutes to hours
when measuring the supply cycle time SCT will be
performed according to the linear transformation
flinear (X), Where the ag-r ~0,0167. For the measurement
of the percentage of supplies delivered in full OSF,,, x
are integers (3).

If the measurement of KPIs requires obtaining
aggregated information, the average could be calculated

(4)

for the homogeneous characteristics vy;, i=1n,
calculated in the same scale of measure [15]:
1 n
Yaverage = = Z Yi- )
nia

Event Processing allows processing and reacting to
the critical changes of KPIs in a timely manner, using the
mapping between the f(x) and Y . Each event belongs to

the specific process definition (model) and correspondent
process instance [10].

To perform continuous monitoring of the KPIs of the
products supply process, which is based on the system of

scales (4) and Event Processing, it’s necessary to design
the correspondent dashboard.

As was noted, the main problem of the dashboard
design is placing various visualization tools in a small
space, while keeping it accessible and easy to understand
[7]1. The visualization tools considered above should be
used to display information on the dashboard. Prevalence
and informativeness values have been defined in the study
[8] for each of the considered visualization tools.

It has been also recommended to place all the
visualization tools used on the dashboard into the space
that suites to the size of a single screen [17].

Usually space becomes a deficit resource due to an
unavoidable growth of the processed KPIs amount. This
problem could be formalized using the Knapsack Problem
with the space as the limited resource and informativeness
of the visualization tools as the cost [18].

Therefore to solve the dashboard design problem a
following mathematical model has been proposed:

n
Z:vixi — max,
i=1

Zn:sixiss, (8)

,i=1n,

AR
o

here n — the number of the visualization tools that could
be used to design the dashboard;

S _the percentage of the workspace that could be
used to place the visualization tools, S €[0,1];

i the percentage of the workspace, required to

place the i th visualization tool, s, €[0,1], i=1n;
v, — the informativeness of the ith visualization

tool, v, €[0,1], i=1n;

% _ the amount (integer value) of instances of the
i th visualization tool that has been chosen to design the
dashboard.

Each of the n visualization tools can be picked
multiple times in order to design the dashboard.

The problem (8) can be solved as the Unbounded
Knapsack Problem using the dynamic programming
technique [19].

The informativeness values v, for each of the

considered visualization tool (tab. 3) have been obtained
using the results of the study [8].

Table 3 — Value and informativeness of visualization tools

Visualization tools | Value, % | Informativeness, V;
Bar graphs 53 0,53
Line graphs 46 0,46
Pie charts 10 0,10
Scatter charts 23 0,23
Bullet graphs 25 0,25
Speedometer dials 12 0,12
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The values S and s; should be defined according to
a project features and capabilities of the software and
devices used to design the dashboard.

The proposed mathematical model (8) is universal
and could be used to provide recommendations in order to
design the dashboard intended for the analysis of various
business processes state.

Approbation of research results. To solve the
problem of the dashboard design, which is intended to the
analysis of the products supply process state, the second-
level KPIs of the SCOR reference model (7) are used.

According to the recommendations [11], the CtS
and SCT indicators could be displayed using the
following visualization tools:

e Dbargraph— x ;

e line graph— x,.

While the OSF, and OST,, indicators could be
displayed using the following visualization tools:

e piechart — x,;

e Dbullet graph — x,;

e speedometer dial — X, .

Thus, the proposed model (8) should be completed
with the following bounds:

X +X, =2,
1 2 B (9)
Xg+ X, + %X = 2.

Considering usage of an 80% of the screen space to
place the dashboard visualization tools (considering S =
0,8), while the others 10% are using to place the
dashboard toolbar, and the s, values based on the
recommendations [4, 6, 7], the solving of the problem (8)
with the bounds (9) respectively has given the following
results (tab. 4).

Table 4 — Obtained results

i | Visualizationtools | Size, s, [ Apount, X
1 | Bar graphs 0,35 1
2 | Line graphs 0,25 1
3 | Pie charts 0,20 0
4 | Bullet graphs 0,10 2
5 | Speedometer dials 0,20 0

Thus, the bar graph and line graph could be used to
display the CtS and SCT indicators, while the two bullet

graphs could be used to display the OSF, and OST,,
indicators respectively (fig. 10).

Bar graph

Toolbar

Bullet graph

Line graph
Bullet graph

Fig. 10 — Dashboard structure according to the results in tab. 4

Existing BAM and BI solutions [10, 12] provide
users with the flexible dashboards customization,
including the placing and sizing options.

Therefore, to take the account of these features, the
proposed mathematical model (8) should be transformed
in the following manner:

n
> vy, - max,
i=1

(10)

here 'y, —the amount of instances of the i th visualization

tool (real value) that has been chosen to design the
dashboard.

This problem (10) can be solved as the Continuous
Knapsack Problem using the Greedy algorithm that allows
obtaining optimal solution in that case [19].

Thus, the transformed model (10) should be
completed with the following bounds:

Yy +Y, >0,

11
Y3+ Y, +Ys >0 )

As a result of solving the problem (10) with the
bounds (11) and the same input conditions, the following
results have been obtained (tab. 5).

Table 5 — Obtained results for the modified model

i | Visualization tools | Size, s; | Amount, yi*
1 | Bar graphs 0,35 1,0
2 | Line graphs 0,25 1,0
3 | Pie charts 0,20 0,0
4 | Bullet graphs 0,10 1,0
5 | Speedometer dials 0,20 0,5

According to the results, obtained as a result of
solving problem (10) with bounds (11), bullet graph and
speedometer dial, which is reduced in size by 50%, could
be used to display the OSF, and OST, indicators

respectively (fig. 11).

Bar graph

Toolbar

Dial
Line graph 1
Bullet graph

Fig. 11 — Dashboard structure according to the results in tab. 5

However according to the recommendations [6, 7],
using of bullet graph instead of speedometer dial is more
informative, which is confirmed by the objective function
values of the problems (8) and (10):
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5., 5., following visualization tools are recommended according
Z;Vi X =1,49> Zl:"i y, =13, (12) o the obtained results (12):
. . e bar graph to display CtS indicator;

here x. — the ith element of the problem’s (8) optimal o line graph to display SCT indicator;

solution vector; e two bullet graphs to display the OSF, and

Yi _ the i th element of the problem’s (10) optimal OST,, indicators respectively.
solution vector. A prototype of the designed dashboard (fig. 12) has
Thus, to design the dashboard which is intended for ~ been developed using Microsoft Power Bl according to
the analysis of the products supply process state, the the obtained recommendations.

r = [7 +ee1
CtS by Process Instance
£00
400
| |
} I l I
L ] 2 4 6 8 10 12 16 3
r = = ..aF = = -
SCT by Process Instance OSF, %
: I i
85.00
7337
0.00 Fa.ad 100,00
L = . |
I5 ''r = = ...1
OST, %
o
4 o 20,00
L ° 5 - 10 5 g 0o 6000 =7 100,00 3
Fig. 12 — Dashboard prototype
To compare (tab. 6) the designed dashboard to the e “Shipping Status Dashboard” which contains the
existing solutions presented on market, we have used the bar graph and pie chart;
supply_chain dashboard examplgs (fig. 13) provided by e “Warehouse Order Performance Dashboard”
the online dashboard platform Klipfolio [20]: which contains the bar graph, line graph, and
e “Supply Chain KPI Dashboard” which contains speedometer dial.
the line graph, bar graph, and pie chart;
Title
Text Line graph
Bar graph Pie chart
Footer
a
Title Title
Text ;
Speedometer dial
Table Table Bar graph P
Pie chart . Map
Bar graph Line graph
Table Footer
b c

Fig. 13 — Structure of Klipfolio supply chain dashboard examples:
a — “Supply Chain KPI Dashboard”; b — “Shipping Status Dashboard”; ¢ — “Warehouse Order Performance Dashboard”
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Table 6 — Comparison of dashboard solutions

Rank Dashboard solutions Objective function
1 Proposed design 1,49
2 Whs. Order Performance 1,11
3 Supply Chain KPI 1,09
4 Shipping Status 0,63

According to the objective function (8) values, the
proposed dashboard design (fig. 12) is more informative
than supply chain dashboard examples provided by the
Klipfolio.

Additional visualization tools and formal approaches
used to solve the dashboard design problem will be
considered in future research on this problem.

Conclusion. As the result of this study, the approach
to forming dashboards which are intended to analyze
business processes state, has been developed.

As a business process which state is supposed to be
analyzed, we have chosen the products supply process and
its second-level KPIs according to the reference SCOR
model.

To measure the KPIs in order to analyze the products
supply process state, we have defined the system of scales
which includes the ratio scales used to measure the cost to
supply and the supply cycle time as well as the absolute
scales used to measure the percentage of supplies
delivered in full and the percentage of supplies delivered
in time.

To solve the problem of the dashboard design, we
have chosen the mathematical models represented the
Unbounded and Continuous Knapsack Problems, which
allowed defining the number, types, and placement of the
visualization tools.

As a result of the proposed approach application, the
prototype of the dashboard which is intended to analyze
the products supply process state has been developed.
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VJIK 004.82
C. ®. YAJTHH, I. B. TEBHKIH

METO/JU JUHAMIYHOI'O BUBHAYEHHS TPIOPUTETIB JOCTYIIY 1O PECYPCIB B 3AJJAYAX
HNPENEJEHTHOI'O YIIPABJIIHHSA HACKPI3BHUMMU BI3HEC-ITPONECAMMU

B po6oTi po3risiHyTO HpobieMy MPEeLeIeHTHOro YIIPaBIiHHSI MHOXKHHOIO HACKPi3HHX Oi3Hec-mpoueciB. [lokasaHo, 10 peatisamis NpeLeIeHTHOro
YIpaBIiHHA NOTpeOye YNOPSAKYBaHHS JOCTYIy A0 PECypCiB IUIIXOM BH3HAYCHHS NPIOPUTETIB UL i IMX MpoNeciB. 3alpOIOHOBAHO METOIH
JIMHAMIYHOTO BU3HAYCHHS MPIOPUTETIB IOCTYIy 10 pecypciB. [lepiiuii MeToa mpu3HaueHUH 1Uisl BU3HAYCHHS IPIOPUTETIB JOCTYIY A0 PECYpCiB st
HackpizHux BII 6e3 ypaxyBaHHs 0OMeXKeHb Ha 4ac iX BUKOHAHHS. MeTo/ 103BOJIsIE i ABUIUTH e(pEeKTUBHICTh BUKOPUCTAHHS PECYPCIB MiAMPUEMCTBA
IIIIXOM MiHiMi3amii cyMapHOTro 4acy O4iKyBaHHSI KOJKHOTO 3 IIMX pecypciB./lpyruil MeTon HampaBieHUH Ha KOpPEryBaHHS HMPIOPUTETIB JOCTYIY IO
pecypciB st HackpisHux BII 3 ypaxyBaHHsM oOMexeHb Ha yac iX BUKOHaHHS. MeToJ BpaxoBye aOCONIFOTHE 3HAYCHHS BIIXUICHHS IIPOrHO3YEMOTO
CTPOKY BHKOHAHHS KOXKHOTO Oi3HEc-Tpoliecy BiJj 3aIJaHOBAHOTO, Ta IIOCIIZOBHO KOPHUIYE IIPIOPHTETH JOCTYIY JIO PECYpCIB JUISL OKpPEeMHX Hiit
KOXXHOTO IIPOLIECY 3 THM, 1100 3MEHIINTH BKa3aHE BiIXMICHHS.
KurouoBi ci1oBa: Hackpi3HHil 6i3Hec-Tipoliec, POLECHE YIIPaBIiHHS, PECYPCH, IHTEPBaJ OUiKyBaHHS.

B pabore paccmoTpeHa mpoOieMa IIPELeNeHTHOrO YIpPABICHHS MHOXECTBOM CKBO3HBIX Om3Hec-mporeccoB. IlokaszaHo, 9TO peanu3anus
MPEeLeICHTHOTO YNpaBlIeHus: TpeOyeT YHOpsIOueHUs AOCTyHa K pecypcaM IyTeM OIpENeNeHHs IPHOPUTETOB I AEHCTBHH 3THUX HPOLECCOB.
IpenyokeHsl METOIBl JHHAMHYECKOIO OIPENeNeHHs IPHOPHUTETOB HOCTyma K pecypcaM. IlepBblif MeTon mpemHasHadeH JUI ONpeAeNeHHs
NIPHOPHUTETOB JIOCTYIIa K pecypcaM miIs CKBO3HBIX BII 0e3 ydera orpaHmueHMii Ha BpeMs HMX BBIIOJIHEHHWS. MeToX II03BOJISET IIOBHICHTH
3¢ (heKTUBHOCTD HCIIONIB30BAHUS PECYPCOB MPEANPHATUS IyTEM MUHUMH3ALHN CyMMapHOTO BPEMEHH OXKMAAHUS KaXI0ro U3 3THX pecypcoB. Bropoit
METOJI HallpaBJIeH Ha KOPPEKTHPOBKY IIPHOPHTETOB JOCTYIIA K pecypcaM Al CKBO3HBIX BII ¢ yuerom orpaHmdeHHil Ha BpeMs UX BBINONTHEHHs. MeTox
YUHTHIBaeT aOCONIOTHOE 3HAUCHHE OTKIOHEHWS HPOTHO3HPYEMOTO CpOKa BBIIOMHEHUS KaKAOro OM3Hec-Tpolecca OT 3alUIaHUPOBAHHOTO, M
MOCIIEIOBATEIbHO KOPPEKTUPYeT IPHOPUTETHl AOCTyHAa K pecypcaM s OTAENbHBIX AEHCTBHH KaXKIOro Ipolecca € TeM, 4TOOBl YMEHBIIUTh
YKa3aHHOE OTKJIOHEHHE.
KioueBble c10Ba: CKBO3HOI OM3HEC-TIpoLiece, IIPOLECCHOE YIIPaBICHHE, PECYPCHI, HHTEPBAIl OXKUAHU.

The paper considers the problem of precedent management of a set of cross-cutting business processes. It has been shown that the implementation of
case management requires streamlining of access to resources by identifying priorities for the actions of these processes. The methods of dynamic
determination of priorities of access to resources are offered. The first method is intended to determine the priorities of access to resources for cross-
border BP without taking into account the restrictions at the time of their implementation. The method allows to increase the efficiency of using
enterprise resources by minimizing the total waiting time for each of these resources. The second method is aimed at adjusting the priorities of access
to resources for cross-cutting BP, taking into account restrictions at the time of their implementation. The method takes into account the absolute value
of the deviation of the predicted runtime of each business process from the planned time and consistently adjusts the resource access priorities for
individual actions of each process in order to reduce the specified deviation.
Keywords: business process, process management, resources, wait intervals.

YIPaBIiHHS MHOXHHOIO B3a€MOJIIOYMX Oi3HEC-TIPOIIECIB,
o mnependayae BUOIp Ta 3aMyCcK HA BUKOHAHHS KOXHOTO

Beryn. [IpouecHuit  miaxix g0 ympaBiiHHS
noB'si3aHuii 3 moOyJOBOIO  ONMCY  JSUIBHOCTI

HIANPUEMCTBA Y BUTJISLII MHOXKUHH Oi3Hec-nipoueciB (BIT)
Ta MOJANBIIOMY YIPABIiHHI IUMH miporiecamu [1].

Jns  peamizamii KJIIOYOBHX IepeBar IPOLECHOTO
VOpaBIiHHA  BHKOPHCTOBYIOTBCS  HACKpi3HI  Oi3Hec-
mporiecn (HBII). IIpm mnpoekryBaHHi HackpizHuX BII
oprasizamniifHa CTPYKTYpa MATPHEMCTBA HE
BPAaxOBYETHCS, BOHM  IIPOHU3YIOTH»  MiAPO3.LIH,
iHTerpyroun ix JisuibHICTh. BiAmoBinambHICTh 3a mporec
Hece BIACHUK, SIKUM BUKOPHCTOBYE iH(pOpMAIi0 Tpo
MporecH, TepcoHal, iH(pacTpykTypi, o0OJiagHaHHI,
TexHoyorii 1 T.m. ToMy 3B'I30K MDK MiIpO3IilaMH HpU
moOyI0Bi TaKMX MpOIeciB TpaHC(HOPMYeETBCS B 3B'SI30K
MK HackpisHMMH Oi3Hec-mpomecamu. Tomy mpu
ynpasiiaHi HBIT noTpibHo BpaxoByBaTh SIK 0COOIMBOCTI
MOBEMIHKM OKPEeMHX TIpOLECiB, TaKk 1 OCOOJMBOCTI
B3a€EMOAIi MK HHMMH, [0 moTpedye pearizamii
JIBOKOHTYPHOT'O TIPOLIECHOTO YNpaBJiHHI. BHyTpimHiH
KOHTYp B JaHii KOHIENII IPU3HAYAETBCS  JUIs
YOPaBIiHHA OKPEMHUMH HACKpI3HUMH Oi3Hec-Tporecamu.
VYropaBimiHHA Yy BHYTPIIIHBOMY KOHTYpPI BHKOHYETBHCS
TPAJAMIAHO JIJISl MPOIECHOTO MiIXOMy, 32 BiIXUICHHIM
MMOKa3HUKIB Oi3HEC-TIpoliecy. B 3a1eKHOCTI BiJi BETUIHHH
BiIXWJIeHb MOKa3HUKIB BIl BUKOHYIOTBCS ympaBisrodi Jii,
oo 3abe3nedyyloTh KOpPUTyBaHHS abo0 IomnepeKeHHS
BiaxuieHb. KOHTYp NpereneHTHOro yIpaBliHHs pealizye

GizHec-Tporiecy 3 ypaxyBaHHAM OOMEXEHb 1O HasBHUM
pecypcam, 110 BUKOPHCTOBYIOTHCS Oi3HEC-TIPOIIECAMH.

KnrouoBa 0co0amBICTh 1aHOTO KOHTYpY OB sI3aHA 3
BUKOPHCTaHHSIM mpeneeHTiB [2,3] y skocTi 1inboBOi
MOJIeNi IS 3aImymeHnx Oi3Hec-mporneciB. OxHaK MOJemi
MPELEeCHTIB B CHIY OCOONMMBOCTEH iX mMoOymoOBH HE
BpPaxOBYIOTh KOHKYpEHIIF0 Oi3HEC-TIPOIECIB 3a pecypcH
Ha 1ToTouHOMy  migmpuemctBi. Tomy  mpoGnema
MPEIEACHTHOIO YIIPABIiHHSI MHOXXHHOI HAacKpizHux BII
MOB’si3aHa 3 PO3IMOMIJIOM Yacy BHKOPHCTAHHS PECypciB
MiATPHEMCTBA MK TporecaMu. [IoCiiZOBHICTh TOCTYITy
JI0 pecypciB BH3Ha4dae€ eQeKTHBHICTH okpemux bBIIL
3a3HayeHe CBIAYUTH MPO AKTYAIBHICTh BH3HAYEHHS
HOPSIAKY JOCTYIy /0 pecypciB Ha OCHOBI BHM3HAuCHHS
NPIOPHUTETIB MPOLECy Ta HOTO OKPEMHUX JiH.

AHaJi3 ocTaHHIX aociigxenb i nmy6aikauiid. Ilpu
YIpaBJIiHHI HaCKPI3HUMH TPOLECAMH BUKOPHCTOBYIOTHCS
Taki migxonu [1, 4]: iHpopmaniiiHmii; Ha OCHOBI poO0OYOT
rpymnu; MaTpU4YHe yIpaBJIiHHS; KypaTopcTBO
KepiBHULITBOM MiATIPHIEMCTBA, KOMOiHOBaHHUI:
VOpaBIiHHSA BIACHUKOM 3 KypaTOPCTBOM BiJl BHIIOTO
KEpiBHUIITBA; YIPABIiHHA Yepe3 perJaMeHTH.

KirrouoBi HeZoOMIKM BKa3aHUX IMIAXOMIB BIZHOCHO
HacKpi3HHX Oi3HEC MpOIeCiB TOB’s3aHI 3 OpraHizalli€eio
JIOCTYIy 10 pecypciB. 3okpema, iHdopMmaLiitHuil migxin
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He rependadae KOHTPONIO JOCTYIy X0 pecypciB. [limxin
Ha OCHOBI po0o0dOi TPyNMW HANpaBICHUH Ha JIOKATBHUH
KOHTPOJb pecypciB. PesynpraTomMm MaTpuaHOi opraHizamii
VOpaBIiHHA € B PO3MHUTITS TMpaB Ta O0OOB’S3KiB
CHIBPOOITHUKIB MiJNPUEMCTBA, 11O MPHU3BOAUTH 1O
KOHKypyBaHHS 3a pecypcu. Ilpm Hemocraui pecypciB
BJIACHUKH MOXYTb BTPaTHTH KOHTPOJIb Hax Oi3Hec-
nporiecaMu. KoMOiHOBaHMI MinXi MNPU3BOAMUTH IO
JIBOWHOTO MIANOPSIIKYBaHHS BUKOHABIIB HackpizHoro bIT.
VYnpaBniHHS ~HAacKpi3HMMH  Oi3Hec-lipolecaMu  4epes
periaaMeHTH MOoTpedye 3MiHH periIaMeHTy y BHIAIKY
OTepaTWBHOI ajamnTamii HacKpi3HOTo Oi3Hec-Tporecy I0
3MiH y 30BHIIIHBOMY CEPEAOBHIIII.

TakuMm YHHOM, iICHYIOUI MIAXOAH M0 MPOIECHOTO
VOpaBIiHHA  HE  MNPHOULIIOTE  JOCTaTHBO  yBard
¢dopmarmizamii Ta MOJANBIIIA aBTOMATH3AIIl JOCTYIY IO
pecypciB, 3a sIKi KOHKYPYIOTh 013HEC-TIPOIIECH.

Metoro mi€i crarti € po3poOka MeroniB, ki 0
3a0e3MeumIi OpPraHizallito JOCTYIy HACKpi3HUX Oi3Hec-
MPOIIECIB JI0 3arajibHUX PECYPCiB MiAIPUEMCTBA HA OCHOBI
JUHAMIYHOTO BHM3HAUEHHS NPIOPUTETIB BUKOPHUCTAHHS
pecypciB 3 TuM, o0 3MEHIUUTH 3araJbHUil dac
OUIKyBaHHSA Ta 3aJOBUTPHUTH OOMEXCHHS Ha TPHUBAIICTh
BukoHaHHs1 HBIL.

3agaya mnpenegeHTHOro ymnpapiaiHHs. OO0'ekToMm
NPELeICHTHOTO YIPABIIHHA € CYKYIHICTh HAacKpi3HHX
0i3Hec-TIpOoIeCiB, MPUUOMY IIiIEOBA MOJIENb KOXKHOTO 3
HUX IIPEACTaBIICHA MPELEISHTOM. 3aada NpereeHTHOTO
YIpaBJIiHHS € 3a/1a4el0 3MiHM CKJIaly MHOXXKHUHH Oi3Hec-
NpPOLIECiB, 110 BHUKOHYIOTHCS, 3 METOI MiHiMi3amii 4acy
OYiKyBaHHS PECYPCIB IPU OOMEKCHHSX Ha YaC BUKOHAHHS
KOYKHOTO 3 ITUX MPOIIECIB:

min(Z:‘cth)|‘v’Bpi T <, (1)

ne 1" — cymapHuil yac O4iKyBaHHS pecypciB 1uisi Gi3Hec-
nporecy Bp,; T — 3arambHHI Yac BHKOHaHHsA Oi3Hec-

npouecy Bp;; T — oOMEKeHHS Ha 4ac BUKOHAHHS
OizHec-mipouecy Bp; .
Yac ouikyBaHHS Ui KOXKHOTO Oi3HEC-TIPOIECY

BHM3HAUYAETHCS K CyMapHUH 4Yac OYiKYyBaHHS JOCTYIY JIO

pecypcis.
Hackpizsi Oi3Hec-mporecu B 3amagax
MPELEIEHTHOIO YIpaBITiHHSA XapaKTEepU3yHTHCS

HabopaMu MOCIiJOBHOCTEH i, TAKOK MOTOYHUM CTAaHOM
(BukoHaHMMU IisiMK). [H(MOpMaris po Hackpi3Hi Oi3Hec-
MIPOLIECH MICTUTB y COO1 HACTYIIHI CKJIAI0BI:

— miZMHOXKMHa Habopy mpeneznentis M ={M }
HBII, mo BHUKOHYIOTBCS Ha MOMEHT YTOYHEHHS
IIPIOPHTETIB;

—iHdopmaliss TPO TMOTOYHMH CTaH KOXHOTO 3
0i3HEC-TIPOIIECiB, 0 BUKOHYIOTHCS B MOMECHT BU3HAUCHHS
MPIOPUTETIB, MOTOYHUN CTaH XapaKTCPU3YETHCS MiIMHU
mporiecy, mo OyTu BHKOHAHI 10 MOMEHTY BHU3HAYCHHS
IIPIOPHUTETIB;

— MIepeNik 3arajbHUX PEecypciB MiANPUEMCTBA, SIKi
BHKOPUCTOBYIOTHCS JICKIIBKOMAa HACKpi3HUMHU Oi3Hec-
mporecaMu; TakKi pecypcd BHCTYNAlOThb B SIKOCTI
obmesxens gt HBIT;

—indopmanis mpo ©HoBi HBII, ski mmanyerbes
3alMyCTUTH HAa BHKOHAHHS, MOTOYHUA CTaH KOMKHOTO
TAKOrO MpOLIECY BU3HAYAETHCS SIK TOTOBHICTH JIO
BUKOHAHHSA  TIepmoi fmii Ha  3afgaHii  MHOXHWHI
nociigoBHocreit aii Wf; .

[IpenenenTn 3amal0Th MOPSAOK Ta TMOCHTIJOBHICTH
BUKOHAHHS pOOIT I IEKUIBKOX BapiaHTIB peaii3armil
Oi3Hec-mporiecy. s KOXKHOI Aii mporiecy BU3HAYAIOTHCS
HEOOXiZHI pecypcH, IO Aa€ MOXIHBICTh YIOPSAKYBAaTH
JIOCTYII JI0 PECypCiB MiANPUEMCTBA MUIIXOM BH3HAYCHHS
npiopuretiB  ans  koxkHoro HBII BigHOCHO KOXHOTO
CILIBHOTO pecypey [ .

Juis BupimeHHs 3a7a4i MpeneAeHTHOTO YIIPaBIIiHHS
HEOoOXiJTHO OTpHUMAaTH HPIOPUTETH JOCTYIY A0 KOXKHOTO

CHUIBHOTO pecypcy I, 3 TuM, OO MiHIMi3yBaTH

BiIXWJICHHS BiJ] 3aJJaHUX CTPOKIB BUKOHAHHS HACKPI3HOTO
Oi3Hec-mporiecy.

Mogenp Hackpi3HOro Oi3Hec-poliecy B paMKax
naHoi 3ajadi Moxe OyTu BimoOpakeHa Yy BUIIIII
MHOXKMHU aJbTEPHATHBHUX IOCHimoBHOCTeH Wf,  miit

P, =W, X0;,, KOXKHA 3 SKUX CKIAJa€Thcs 3 IHTEPBAIIB

OUIKYBaHHS PEeCypCiB Ta BUKOHAHHS il

|
Bp = v wf,,
PEL @
wf; =w, Xo; , Xw, , Xo, , X..w, | X0, ... Xw, | X0, |,
ne W, — inTepsan ouikysanns | — xii | — mpomecy; o, —
| — nmiss | — mpomecy.
Taki MOCTHITOBHOCTI Oif  MOXYTh  YacTKOBO

cuniBnagata. OIHAK TPUBAIICTh IHTEPBANIB OYIKYBaHHSA 1
TPHUBANICTh Mi BIAMOBIAHO 3alle)KUTh BiJ TOPSIKY
JIOCTYIY J0 CHUIBHHUX PecypciB mianpuemctBa. Tomy mpu
BUKOHAHHI KOXHOI mocmimoBHocti Wf, mna miit p;,
JOLITBPHO  OOYHMCIIOBATH  IHTEpBAI  OYIKYBaHHA 3
ypaxyBaHHSM TPIOPUTETY JAOCTYIy JO MiJAMHOXHUHH
pecypeis I;:
ki K, j

p',l — i Xoi,l 1 (3)

e | — iHOeKC MiIMHOXHMHHU PECYPCiB, IO MOTPIOHI st

BUKOHAHHSA 1ii P;,, K— mpiopurer noctymy jo pecypcis

r, s aii p; .
HBII maroTh Taki 0cOOIMBOCTI:
— nit P;;, 110 BUKOPUCTOBYIOTb  CIiIbHY

NiIMHOXHHY PECYpCiB [, Halexarb 10 Pi3HHX Oi3Hec-

MPOIIECiB;

— NIPIOPUTETH JOCTYITy /10 PECypCiB BH3HAYAIOTHCS
HE JJI MpOoLeCy B IIJIOMY, a JUIsl HOTO OKpeMuX mii, a
TaKO’X MOXYTh 3MIHIOBAaTHCh y XOJi BHKOHaHHA Oi3Hec-
MIPOIIECIB 3 METOIO MiHIMI3yBaTH Yac OYiKyBaHHS PeCypciB
IpH OOMEXEHHSIX Ha 9ac BUKOHAHHS KoXHOTOo BII;

—Tpu  peamizamii KOXXHOTO Oi3HEec-mporecy B
KO)KHUH MOMEHT 4Yacy BHKOHYETBCS JIMIIE OJHA
HOCIIIOBHICTb Oiit W, ;

— BHACJIJIOK TOro, IO MOCTiXOBHOCTI Wf, MOXyTb

MaTh CHUIbHI i, TOTpiOHO BpaxoByBaTH BCi Taki
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MTOCTITOBHOCTI; TO Mipi BHKOHAHHS IIPOILECY KiNBbKIiCTh
MTOCTITOBHOCTEH, IO BimOOpa)karoThb MOJKIIMBI BapiaHTH
PO3BUTKY MPOLIECY, 3MECHIIYEThCS.

Ha puc. 1 HaBeneHo mpHKIax HOEOHAHHS TPbOX
MOCNiIOBHOCTEH 1iil B eauHiit Moneni npouecy. [epia Ta
JIpyra JIis HaleXaTh JO BCIX IOCTIJOBHOCTCH, TOMY
HeoOXinHO BuOMpaTH mpiopuretn mns miit 3 wf, wf, i
wi,
oOMe)keHp Ha 4Yac BHKOHAaHHA UL BCIX TPBOX
mociimoBHOcTe. Skmo ok mpm  peamzamii  HBII
BUKOHYETBCS  JisI Py;, TO Lie O3HAYae, IO B naHii

3 YypaxyBaHHSIM CYMApHOIO 4Yacy 3aTpUMKHU Ta

pearmizarii Tpomec BHUKOPHUCTOBYE JHUIIE MOCTIIOBHICTH
wf,, ToMy nma nii 3 mocmimosHocTelr Wf, i Wi,
MIPIOPUTETH JIOCTYIY JI0 PECYPCiB MOKHA HE BU3HAYATH.

Puc. 1 — INoeauanns nocaigoBHOCTER Aiil B Moeni Oi3Hec-
nporiecy

MeTon BH3HAYEeHHsS TNPIOPHUTETIB JoCTyMy 10
pecypciB  ansa  HackpisHux BII 0e3 ypaxyBanus
o0Me:keHb HAa Yac iX BHKOHAHHA. 3arajbHUN 3B'SI30K
MDK TpIiOpUTETaMH Ta IOCHTIJOBHICTIO jaocTymy Oi3Hec-
MIPOLIECIB JI0 pECYPCIB MIANPUEMCTBA MA€ TAKUN BHUTIIS.

Jis 3 mepmuM MpiOpUTETOM OTPUMYE pecypc 0Oe3
3aTPUMKH, TOOTO:

(W) =0, (4)

ne t(w') - TpuBamicTb iHTepBaTy O4iKYyBAHHSL

Jis 3 OpyruM MpiOpUTETOM OTPUMYE pecypc i3
3aTPUMKOIO, IIOHAiMEHIe pIiBHOIO TpHUBAIOCTI 1ii 3
MIepIIUM MPIOPUTETOM:

(w') = (o)), (5)

AmnanoriyHo, [Oii 3 MEHIIMMH [piopUTETaMu
OYiKyIOTh BUKOHAHHS /il 3 OLIBIIMMHU NPIOPUTETAMH:

(W) = (wi) + (o), (6)

[Ipuknan nomaTky 3aTpUMOK Ha OCHOBI BHOOpPY
MIPIOPUTETIB OCTYIy A0 MiAMHOXHUHH pecypci HaBEACHO
Ha puc. 2.

Hiarpama nmiit

Ipiopurer HBIT

Ne HBIT

-
w

Y [euaTh KHUKHO
06.11

- 'E4aTE BROKa

neyars Gnoka

Puc. 2 — BuzHaveHHs 3aTpUMOK JAOCTYITY 1O i IMHOKUHH
pecypciB 3 ypaxyBaHHSM MPiOPUTETIB OKPEMHUX Jiil mporecy

3anponoHOBaHUN METOJ BU3HAYCHHS IIPIOPUTETIB
MICTHTB y c001 HacTymHi 0a30Bi eTamm.

Eran1l. BuGip mnigMHOXMHH pecypciB [

BHU3HAYEHHS MPIOPUTETIB 3a KpHUTEpiiM HalMeHIol
BiJICTaHI BiJ MOMEHTY BH3HAUEHHS TIPIOPHUTETIB JIO
MOMEHTY HOT0 BUKOPHCTaHHS HA HA YACOBIH LIKaJIi.

JUISL

Ertan 2. Ilonepenne BU3HAYEHHS TPIOPUTETIB IS
nii  xkoxknoro HBIT 3 BUKOpPHCTaHHSAM TiAMHOXHUHHU
pecypciB  I;, 3a  KpuTepiem  Mmin Z 7:(V\li"v,+ Ly

Bp, wf;
OCOONMBICTh JaHOTO €Taly I[ONIsIrae B TOMY, IO
PO3paXxyHOK KpPHTEPiF0 BUKOHYETHCA JJIS  KOXKHOI
KOMOiHaIi moCHiJOBHOCTEH Jiii  Oi3HEec-TpoIleciB 3
ypaxyBaHHIM BHUpasy (2).

Etan 3. Binbip Takoi KoMOiHAIii JOMYyCTUMHX
HOoCJiIOBHOCTEH [iif 3 pi3HMx Oi3Hec-mpoueciB i3
BCTaHOBJICHUMU MIPiOPUTETAMH, 10 3abe3neuye
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BHKOHaHHA

max > t(wS ) min( Y| t(wit v

Bp,wf;

KpHUTEpiro:

MeTton koperyBaHHS NpiopUTETIB d0CTYmy /10
pecypciB  aas  Hackpismmx BII 3 ypaxyBanusm
o0MekeHb HA Yac iX BUKOHAHHS.

ITomepenHiii MeTon mae MOXIHMBICTE MiHIMi3yBaTH
gac OYIKyBaHHA pECypCiB Ha MHOXHHI TpEIeleHTIB
0i3Hec-TIpOoIIeCiB, II0 BUKOHYIOTHCS Ha TIINPUEMCTBI B
MOMEHT po3paxyHKy. OTHAaK IOCATHEHHS TII00aIHHOTO
MiHIMyMy min(z 1) "wacy ouikyBaHHS peCypCiB 10 BCiM

Bp, Bimmosimmo mo (1) He TapaHTye BHKOHAHHI
0OMeEXEHb T Srimax mis  Bcix HBII. Takox cmixg

3a3HAuUTH, IO OUIBII paHHE BUKOHAHHs Oi3Hec-Tpolecy,
T00TO0 T < '™, MOXKe CBiTUMTH Tpo HeedeKTUBHE

BUKOPUCTAHHS pecypciB. 30Kpema,
OYiKyBaHHS Ui TIOTOYHOTO MPOIECY

3MEHIIEHHS Yacy
HPU3BOIUTE 10
. it . .

30iIbIICHHS T, Ul IHIIMX HPOLECIB, IO OJHOYACHO 3

MOTOYHUM BUKOPHCTOBYIOTH Ti 3K CaMi pecypcH.

TakuMm 9UHOM, MOULTBHO PO3MIUPUTH OOMEKCHHS i3
Bupasy (1) 3 Meroro BHUKOHaHHS Oi3HEC-TIPOIECIB 3a
TEXHOJNOTIER  «just in time». ®opmansbHO 3amaua
MPELe/ICHTHOTO yhpaBiiHHg y dopmi «just in time» mae
TaKWH BUTIISI;

min(>" ") if vBp, |r 1™ |<s, @)

ge e€—0 — BigxuieHss BUKOHAHHS
HACKPi3HOTO Oi3HeC-Tporiecy.

Jdnsi 3apmaui y HaBeJeHiId MOCTaHOBLI (YHKIIs

y CTpOKax

OLIIHIOBaHHS  4Yacy  O4iKyBaHHS  pecypciB | —
MOCTIIOBHOCTI  Ail Oi3Hec-Tiporiecy Mae HACTYIHHU
BUIJISL;

|
Z’Ci —'rim"+'ci”}'l T <™
=1
Ci =1 (8)
Do -t —r}?")2|tl > ™
=

max

ac T,

™ — oOMexeHHs Ha Yac BUKOHAHHA | - Oi3Hec-

nporiecy, 1mo 3amartees OIP; T — yac BUKOHaHHS | -
I
0i3Hec-Tporecy 3a onTHMIi3aIii

BUKOPHCTAHHS PECYpCiB, 0€3 ypaxyBaHHS OOMEXKEHb T,
p pecypcis, ypaxy i

pe3yiapTaTaMu

. t . - . . . o
, Ty —dac ouikyBaHHs ] — pecypcy i — nociinosHito i

0i3Hec-TIpoIIeCy.

Jlana QyHKIisS BH3HAYa€e BENMYMHY «ITpadiB» mpu
BIIXWJIEHHI CTPOKIB BHUKOHaHHS Oi3Hec-Tpomecy BiX
3alIaHoBaHMX. HecBoeyacHe BHKOHAHHS —OI[IHIOETHCS
MIPONOPIIHHO KBagpaTy BiAXwieHHS (pucC. 3), OCKUIBKH
MPU3BOJANTH IO HECBOEYACHOI IMOCTaBKM  KIII€HTOBI
pe3ynbTaTiB Oi3HEC-TPOIIECy 1, K HACTIIOK, IO CYTTEBHX
JTIOJTATKOBUX BTPAT Ha MiANPUEMCTBI.

Bimbmr  mBuake BuxonanHs HBIT ownidroerses
MIPONOPIIHHO 3HAYEHHIO BiJIXMJICHHS, OCKIJIbKA
MPU3BOAWTH JO MEHII €()EeKTUBHOTO BUKOPUCTAHHS
pecypciB  Ha MANPHUEMCTBI, OJHAK HE BIUIMBAaE Ha

KITFOYOBY XapaKTEPHCTHKY, 3a SIKOIO OLIHIOETHCS Oi3HEeC-
TIpOIIeC — CTYIIiHb 3aI0BOJICHHS KITI€HTA.

ct

Puc. 3 — @yHKLis OLiHIOBaHHS Yacy
OUIKyBaHHS PECYPCIB 3 ypaxyBaHHIM 0OMEKCHb
Ha yac BukoHanHs1 HBIT

3 Bupa3sy (8) BUAHO, L0 y BUIAAKY MEPEBUILECHHSI
CTPOKIB BUKOHAHHSI HEOOXITHO ITiABHUIIYBATH IPIOPUTETH
moctymy nsoro HBIT no pecypcis I} 3 METO0 3MEHILCHHS

satpumkn T .Y

BUKOHaHHA Bp, HaBmakm, MOTpiOHO 3HU3MTH NPIOPUTETH

Hacy BUIIAAKY  JOCTPOKOBOTI'O

AoCTYmy [0 pecypeiB I; 3 THM, W00 3BUILHUTH

oOnmamHaHHA [N OOpPOOKM MOXKIIMBHX —JIOJATKOBHX
3aBJIaHb (HOBHX 3aKa3iB BiJ] KJTIEHTIB).

3anpornoHOBaHUi METOJl YTOYHEHHS IPIOPUTETIB
JIOCTYITY 70 pecypciB st Hackpisuux BII 3 ypaxyBaHHSIM
00MeXeHb Ha 4ac X BUKOHAHHS MICTUTh y cO01 HACTYIHI
eTarnu.

Eram 1. PO3paxXyHOK
HECBOEYACHOCTI BUKOHAHHS A; ISl KOXKHOI JIOIyCTHMOI

[TouatkoBuii KPHUTEPIO

nociigoBHocTi mii Wf, xoxsxoro Bp , mio BuKOHyeTBCS
Ha [T MPHEMCTBI B MOMEHT PO3PaxyHKY:
|t, —t{"ax| if A, >¢

0if A <e

A= )

Etam 2. Bubip HBII, mo mMae mocmigoBHICTh mild 3
MaKCHMaJIbHIUM 3HaYCHHSAM TTOKa3HUKa A, .

Eran 3. Bubip pecypcy I; mis 3MiHM npioputery
IocTymy s npouecy Bp; 3a kpurepiem:
m.in|1:i - —rivj-“| if © >,
‘ (10)

m_in|t, -1 +'ci”}" if T <1™
M ;

Etanm 4. BcraHoBlEHHS MakKCHMajJbHO MOJKIHBOTO
MPIOPUTETY Prj' BHUKOPHCTaHHS pecypcy [ mpoiuecom
Bp

. BIJIMOBIJTHO 710 BUpa3y:

Prj = R k . (11)
min(Pr;) =1, if 3Bp, Aj <Ay

Etan 5. 3miHa mnpiopuTeTiB IHIIMX MNpoOLECIB 3a
> Prk
ymosu Pr; > Pr; .
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Eran 6. Ilotounmii pospaxyHok A, s BCiX

MIPOLIECIB, 1110 BUKOHYIOTHCS.
Eran 7. IlepeBipka ymoBn A; <& I NOTOYHOTO

HBII. Slkimo BUKOHY€ETBCS, TO Epexin a0 eTamy 2.

Eran 8. [IlepeBipka MHOXHHH pECypCiB, IO
BUKOPHCTOBYE MOTOYHMI mpouec. SIKmio Bci pecypcu
PO3INIAHYTO, TO BU3HA4YCHHS IIOTOYHOIO IPOLECY K
TaKOro0, 10 HE 3aJI0BOJIbHSAE OOMEKEHHSIM.

Eran 9. IlepeBipka MHOXHMHH mpoueciB 3 A, >0.

SIKIo He BCi MPOLIECH PO3IIISIHYTO, TO MEPEUTH 10 eTarry
2.

BucnoBkun. Po3poOneHo MeTonM  TMHAMIYHOTO
BU3HAYCHHS MPIOPUTETIB JOCTYILY JI0 PECYPCIB B 3a1adax
MPELEJICHTHOTO YIPABJIiHHSA HACKpPI3HUMHU Oi3Hec-mpolie-
camu. Ilepmmii MeTox NpU3HAYEHUH AN BU3HAYEHHS
MIPIOPUTETIB TOCTYITY IO pecypciB st HackpizHuX BII 6e3
ypaxyBaHHs 0OOMEXeHb Ha 4Jac iX BUKOHaHHS. Metop 1o-
3BOJISIE MABUIUTH €(EKTUBHICTH BUKOPUCTAHHS PECypCiB
MATPHEMCTBA IUBIXM MiHIMi3amii cyMapHOTO 4acy O4iKy-
BaHHS KOXKHOTO 3 IUX pecypciB. Jpyruil MeTox Hampas-
JICHWI1 Ha KOperyBaHHs MPIOPUTETIB AOCTYITy JI0 PECYpCiB
1t HackpizHux BIl 3 ypaxyBaHHSM 0OMeXeHb Ha 4ac iX
BHUKOHAHHSA. METOJI OCITIOBHO KOPUTYE MPIOPUTETH T0C-
TyIy 10 PECYpPCIB Ui OKPEeMHUX Jili KOXKHOTO MpOIECy 3
TUM, 00 3MCHIIUTH BiJIXUJICHHS PO3PaxOBAaHOTO CTPOKY
BukoHaHHs BII Bix 3ariaHoBaHOTO.
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YK 519.876.2:336
T. B. HECKOPO/JEBA

INPABHUJIA 1 COCTABHBIE YACTU METOJUKHN OBOBIIEHHO-MHOKECTBEHHOI'O
OTOBPAKEHUSI THOPOPMAIIMHA B TIOJJCUCTEME DKCIIPECC-AHAJIN3A CIIIIP AYJIUTA

Busnauena indopMaisi CHHTETHYHOTO OOJIKY, SIKa XapaKTepU3ye CTaH i pe3yJbTaTH AiSUTBHOCTI MiANPHEMCTBA 32 TEPIOJ MEPEeBIpKUA Ha BEPXHBOMY
piBHI. BCcTaHOBIEHO B3a€MO3B’3KH CHHTETHYHOTO OOMIKY i XapaKTEepHCTUK MiANPHEMCTBA K 00'ekTa ympasiiHHsg. DopMaiizoBaHi (yHKIOHAIbHI
3aJIeKHOCTI, 10 XapakTepusyoTh B3aemomiro 3miHHUX CIIIIP ayauty. Busnaueno mpaBuia i BIACTHUBOCTI BiIIMOBIZHOCTI BiZOOpPaKEHb MHOXXHH
YHCENBHUX 3HAYCHb 3MIHHHUX SIK MOMEpEHiil eTan MiArOTOBKH JaHHMX IJisd ayauty. Ha mizcraBi oTpumanux pesyibTatiB chOpMyaboBaHa CYTHICTh
METO/IUKH y3aralbHeHO-MHOXXHHHOTO BinoOpaskeHHs iHpopmanii B CIIITP ayaury.

KarouoBi cioBa: cuHTeTH4HHN 001K, iHpopmariiina Texuoioris, CIIIIP ayaury, meTomuka y3araJbHEHO-MHOXXHHHOIO BiJOOpa)KeHHs
iH(popmarii.

OmnpeeneHa HHPOPMALNS CHHTETHYECKOTO YUeTa XapaKTePH3YIOLiasi COCTOSIHUE U PE3yJIbTaThl ACATEIbHOCTH NPEANPHATHS 3a NEPUOJ] IIPOBEPKH Ha
BEpXHEM YpOBHE. YCTaHOBJICHBI B3aHMOCBSI3M CHHTETHYECKOIO ydeTa M XapaKTePUCTHK NPEeINpUATHI Kak o0bekTa ynpasieHus. PopMann3oBaHbI
(yHKIMOHAIBHBIC 3aBUCHMOCTH, XapaKTepusyronue B3anmoeiictsue nepemenubix CIITIP aynnta. OnpeneneHsl MpaBuiia U CBOMCTBA COOTBETCTBHS
0TOOpaKeHHH MHOXECTB YHCJICHHBIX 3HAYCHMII NMEPEeMEHHBIX KaK IPEIBApUTE/IbHBII 3Tal MOATOTOBKM [aHHBIX Juii ayauta. Ha ocHoBaHuM
MIOJTy9EHHBIX PE3yIbTaTOB C(HOPMYITUPOBaAHA CYLTHOCTH METOAUKH 0000IIEHHO-MHOXKECTBEHHOT0 0ToOpaskeHust nH(opmanyu B CIIIIP ayaura.

KnaioueBble c10Ba: CHHTeTHYeCKHH yder, uHpopManmonHas TtexHonorus, CIIIIP aynura, Mmeromuka o0000OIIEHHO-MHOXXECTBEHHOTO
0TOOpaKEHUST MHPOPMALIUH.

The information of the synthetic account which characterizing a state and enterprise activity results for the check period on the top level is defined.
The relationship between the synthetic accounting and the characteristics of the enterprise as an object of management is established. Functional
dependencies which characterizing the interaction of the DSS audit variables are formalized. The rules and properties of sets mappings correspondence
of numerical values of variables are defined as a preliminary stage of data preparation for audit. Based on the obtained results, the essence of the
generalized-multiple information mapping technique in the DSS of the audit is formulated. The application of this technique will allow: to reduce the
volume of analyzed multidimensional data or actual verification at lower levels by allocating equivalent subsets at the upper levels; use the results of a
polyalternative analysis on a set of characteristics of data sets for preparing decision-making with polyalternative criteria for assessing the equivalence
of sets in IT multi-level DSS audit; determine the reason for the lack of data equivalence, through the definition of functional relationships, the
implementation of which does not correspond to the properties of mappings.
Keywords: synthetic accounting, information technology, DSS of audit, methodology of generalized-multiple mapping of information.

BBegenne. B Hacrosimiee Bpems  aKTyalbHOH
HAyYHO-TEXHHYECKOH  TpoOIeMoil  WH(POPMAIMOHHBIX

Be/leHHWs1 OW3Heca, ¢ APYTMMH CHCTEMaMH B CTPYKType
HallMOHaIbHOHN 3KOHOMHMKH. COBpEMEHHass MEeTOOJIOTHS

TEXHOJIOTHH (PMHAHCOBO-3KOHOMHYECKOH CEPHI SIBISIETCS
aBTOMAaTH3alusl aHanu3a OOJIBIINX OOBEMOB JaHHBIX
(DMHAHCOBO-KOHOMUYECKOH HH(GOPMAIMH PEATIPUATHH
[1] xpaHAmMXCS M MOCTYMAIOUINX B PEXHME OHJIAHH B
6a3bl TaHHBIX JOKAIBHBIX M INI00ANBHBIX KOMITBIOTEPHBIX
cucteM ¢ Uenbio  (OPMHPOBAHUS  PEKOMEHAAMi
MIPUHATHUS PeIICHUH IpU ayauTe.

CymiectBytoiue Ha cerofusmuuid neas UT aynuta
MTO3BOJISIFOT aBTOMATHU3UPOBATh TOJIBKO OTJEIBHBIE TIPOIIe-
JypBl aHaIM3a WIKA IPOBECTH aHAIUTHYECKUE MPOLETYPBI
B CIIEIMANBHBIX ciydasx [2, 3]. [pynma meromoB oOHapy-
JKEHMs MOLIEHHUYECTBA, OCHOBAHHAs HAa MNPUMEHEHUU
Mozenen HEIPOHHBIX (BEpOSITHOCTHBIX) ceTel,
JIOTUCTUYECKUX  perpeccuii,  JIepeBbAX  pEIleHUi,
npejacTaBieHa B paborax [4-6], TO ecTh cyllecTByeT
po6JIeMa MOHOTHI, YHUBEPCATBHOCTH U KOMIUIEKCHOCTH
WUT ananmza. Taxxke cymectsyromme MT xapaxrepu-
3YIOTCSL CIEAYIOIIMMH TpoOiIeMaMH: aBTOMATH3ALUU
B3aMMOCBSI3aHHOTO (TT0 MHOKECTBAM M 33jJa4aM) aHAIN3a,
oOpaTHOW CBA3M O €ro  pPE3yJbTaTHBHOCTH U
3G PEKTUBHOCTH, ONTHMHU3ALNN aHAIN3a B COOTBETCTBUU
C LesIMU U orpaHudeHusiMu, 3agaHueiMu JIIIP, a Takxe
nuanora ¢ JI[TP Ha s3bIke MpeAMETHOM 00IacTh Ha Tamax
3a[aHys 3374l U UHTEPIPETALUHN PE3YIbTaTOB aHAIN3A.

[peanpusitue, Kak 0OOBEKT ayAUTa, XapaKTePU3yeTCs
r7100aJbHOM MHOTOYPOBHEBOW MEPapXUYHOM CTPYKTYpOH
Pa3HOPOJHBIX, MHOTO(AKTOPHBIX, MHOTO(YHKIHOHAIb-
HBIX CBS3€H, B3aMMO3aBHCHMOCTEH M B3aUMOACHCTBHI
ero moncuctem, ¢ WUT koHTpons, ydera, ynpaBleHUS,

MPUKIAHOTO CHCTEMHOTO aHANIHW3a HE COOTBETCTBYET
JMaHHBIM TpeboBaHuAM [7]. ClieoBaTebHO, CYIIECTBYET
mpobiemMa  pa3pabOTKH  METOMOJIOTHYECKUX  OCHOB
npoekruposanus UT aynura.

IIpumeHeHe COBPEMEHHBIX CHCTEM y4eTa U yIpaB-
JIEHUS], HAa TPENNPUSITHA KOTOPble HUHTETPUPOBAHBI B TJI0-
OaylbHbIE, MHOTOYPOBHEBbBIE CHUCTEMBI WH(GOPMAIIMOHHBIX
KOMITBIOTEPHBIX CETeH JaeT MOTEHIUANbHBIE BO3MOXKHO-
¢t 00paboTku OOJBUIMX OOBEMOB JaHHBIX, KOTOpbIE
HCIOJIB3YIOTCS HE B IoJHOM Mepe [7]. B [8] npencrasiena
apXUTEKTypa TIIOJCUCTEM BHENIHETO U BHYTPCHHETO
ayaura CHUCTEMBI Audit 4.0, BHEJ[pEHHE u
(hYHKIIMOHHPOBAaHUE KOTOPBIX CTAIKHBACTCS C MPOOIEMOt
00paboTku OonpmIMX OOBEMOB JIaHHBIX. Takke Ha
CEerOJHAIIHUNA JeHb B TNPAKTUUYECKUX M  HAYUYHBIX
WMCTOYHUKAX, HW3YYAOIIHUX TMPOOJeMbl M IEPCIEKTUBBI
pa3BUTHA  ayaWTa  pacCMaTpPUBAETCI  BO3MOXKHOCTH
MPUHSTHS 3aKOHOJATENBHBIX aKTOB, KOTOPHIE ITO3BOJISIT
WCTIONIb30BaTh  aHAJIWTHYECKHWE  JIOKa3aTenbcTBa (B
YaCTHOCTH TIPOTHBOPEYMBOCTH JAHHBIX) IMOJYICHHBIE TIPH
aHanuze OONBIIMX OO0OBEMOB JAaHHBIX B  KayeCTBE
000CHOBaHHS CyNICOHBIX PEHICHUH 0e3 TOKYMEHTAIBLHOTO
HCCIIeI0OBaHUs IEPBUYHBIX IOKYMEHTOB [9].

IlepBuunbiit Mmoayns CIIIP aynura — moacucrema
JKCIIpecCc-ayAuTa, B KOTOPOW pelaeTcs 3ajaya dKCIpecc-
aHanM3a JJaHHBIX cuHTeTHdeckoro yuera [10] u pekomeH-
Januil  yraoyOJNeHHOTo aHaiM3a W ayJuTa Ha HIDKHUX
YPOBHSIX.

eab craTbU: CO3MaHUE METONWKH TPUMEHEHUS
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CHELHATBHOTO MAaTEMaTHdeCKOro M HMH(OPMAIOHHOTO
obecrieueHUs TMOICUCTEMBI dKcmpecc-aHammza CIIITP
ayAuTa CHUHTETHYECKOTO y4YeTa, KaKk OJHAa W3 Ioj3anad
npoektupoBanuss CIIIP aymura. [nga moctmkeHus
JAaHHOHM IIeJIM COTJIACHO TpaBHJaM CHUCTEMHOTO aHau3a
NpeAnpusiTHs Kak oObeKTa yIpaBieHUS HEOOXOAMMO
OTIpEIeIUTh COCTaBHBIE 4acTH METOJIMKHI
MIPOEKTUPOBAHMS IOJCHCTEMBI JKcrpecc ayauTa. Jlis
9TOT0 HEOOXOANMO PEIIUTh CIACAYIOIINE 3aTauH:

e ompenenuTh  HMHPOPMAIMIO  CHHTETHYECKOTO
ydeTa XapaKTepU3yIOUIyl0 COCTOSHHE U PE3ylib-
TaTbl AEATEIBHOCTH MPEANPUATHS 3a MEPHOA
MPOBEPKH HAa BEPXHEM yYPOBHE.

¢ YCTaHOBHTH B3aHMMOCBS3H CHHTETHYECKOTO ydeTa
M XapaKTePUCTHK NPEANpPHUATHS Kak oOBeKTa
yIIpaBIECHUSL.

o BBIIIOJIHUTH KJ'IaCCI/I(bI/IKaIlI/IIO NEPEMECHHBIX, Xa-
PaKTEepU3yIOUIMX COCTOSIHUE W PE3YNbTaThl Jiesi-
TEJIHHOCTH KaK 00bEKTa yIpaBlIeHUs.

e (opmamu3oBath  (YHKIHOHAIBHBIC  3aBUCH-
MOCTH, XapaKTEepH3YIOIIHe B3aHUMOJICHCTBHE
nepemenHbix CIITIP ayaura.

e ONpenenuTh NpaBuia 0000IIEHHO-MHOXECTBEH-

HOTO OTOOpakKeHHsS MHOXECTB  YHCIICHHBIX

3HAYEHUI TIEPEMEHHBIX.

e  ONpeAeIuTh CBOICTBa COOTBETCTBUS
OTOOpa)XEHHH  MHOXECTB  YHCIICHHBIX
3HAYEHUN MIEPEMEHHBIX KakK
IIpeIBapUTEIIbHBIN JTan HOJArOTOBKHU

JAHHBIX IS ayIuTa.

Ha nepBom 3Tamne pa3paboTKH CIELMAILHOTO Mate-
MaTHYECKOT'0 00ECTIeYeHUsI TOJCUCTEMbBI CHHTETHIECKOTO
ydera Ha BepxHeMm yposHe CIIIIP aymura HeoOxomumo
OTIPEJICTINTH JJAHHBIE CHHTETHUYECKOTO ydeTa XapaKTepu3y-
IONIYI0  COCTOSIHHE W PE3YJbTaThl  JIESTENbHOCTH
TIPEATIPUSATHS 32 TIEPUOJT TPOBEPKH.

1. Mudopmauusi CHHTETHYECKOI0 y4YeTa XapaKre-
pU3YIOIIAsi COCTOSIHME W Pe3yJIbTAThI JesITeJbHOCTH
NpeANpUATHA 3a @epuoa mnpoBepku. Ha BepxHem
YpOBHE  ayauTa  pacCMaTpPUBAEeTCs  JESTENbHOCTb
NPEANPUSTHSL 332 MEPUOA NPOBEPKH | M COCTOSHHE Ha
MomeHT Bpemenu ty+T . Ha BepxHem ypoBHe yuera
JaHHblE  XapaKTePUCTUKU  MPEANpHUATUS  OTpaxaer
CJIEAYIOIEEe MHOKECTBO JAHHBIX CHHTETHYECKOTO y4eTa:

Q°(T) = {C,(to +T), 065 (T), s e M,
SE(T),S5(T),(5,€) A (g,5) € G} (1)

rie Q°— MHOKECTBO MOKasaTelledl CHHTETHIECKOTO
ydeTa Ha BEpXHEM YPOBHE,

to 1 T — Havamo meproa U MepHOL ydeTa COOTBET-
CTBEHHO,

S,e, g — HOMEpA CYETOB,

M — MHOXecTBO CYCTOB, IPUMCHACMBIX B YUYETC,

C — ocTaToK Ha CYETYy HA MOMEHT BPEMEHH,

d u k — meber u KpeauT cuera COOTBETCTBEHHO,

062 ,O6§ — 000pOTHI 3a Hepuos Mo AedeTy U Kpe-

JUTYy c4eTa S COOTBETCTBEHHO,

(s,e)u (9,S) — KOppeCIOHAEHIIUS OTIEPALMH 110 Je-
GETy U KpeqUTy COOTBETCTBEHHO,

S
S M Sy — CyMMBI YaCTHYHBEIX 000POTOB 32 MIEPHOJT

¢ koppecnionaenuueit (S,e) u (g,S) mo aebery U Kpeaury
cyera S COOTBETCTBEHHO,

G — rpad KOppECIOHACHIUI Omepanuil IesITeNb-
HOCTH TIPEIIPHUSITHSL.

CorylacHO TpaBHJaM CHUCTEMHOTO aHallu3a AKOHO-
MHKO-TIDOM3BOACTBEHHON  JIESITENILHOCTH ~ HEOOXOMMO
OIIPEICTNTh B3aUMOCBSI3M TOKa3aTelel CHHTETHIECKOTO
ydera MHOXecTBa (1), XapakTepm3yloUIMX OCOOCHHOCTH
MpeanpusaTHI Kak 00beKTa ynpasieHus. s 3Toro HeoO-
XOAMMO BBINOJIHUTH UX KiIaccudukaruio. [Ipu sTom Hamo
YUYeCTh, YTO KaK OOBEKT YIPaBICHUS IPEANPUITHE XapaK-
TepU3yeTC:

®  COCTOSHHEM Ha MOMEHT BPEMEHH;
®  [IEPEMEHHBLIMH, XapaKTepHU3yIOIHUMU
ACATCIIBHOCTD NPCATTPUATHUSA.

Kak mpenBaputenpHbli 3Tan KiaccupUKauuy nepe-
MEHHBIX, ONPEJCINM B3aUMOCBSI3H TI0Ka3aTeleil CHHTETH-
YECKOro ydyera ¢ JaHHbIMU XapaKTCPUCTUKAMU.

2. B3anMoCBsi3b JAHHBIX CHHTETHYECKOI0 yiera ¢
XapaKTePUCTUKAMHU  MPeANpPHUATHA Kak 00beKTa
ynpaBieHus. CorigacHO 3aKOHOJATEIbHBIM HOpPMam
[Tnana cyeTtoB M MeTOAWYECKHX PEKOMEHIAIHH IO €ro
NPUMEHEHHIO  COOTBETCTBHE MEXIY IEPEMEHHBIMU
cuHTeTHueckoro ydeta (1) u  XapakTepHCTHKaMHU
NPEANpUsTHS, KaK OOBEKTa YIPABJICHHS OIpEAeNsIeTCs
creayronM oopasom (tabi. 1).

Ha BepxHeM ypoBHE B MOJCUCTEME CUHTETHUUECKOIO
yueTa pacCMaTpUBAIOTCSl  CIEAYIOI[ME IepEeMEHHbIE,
XapaKTepU3yIOLINE COCTOSTHUE TPEIPHUSITHS:

Homep cuera S — kon XO3MHCTBEHHOTO CpeEJNCTBA
MpeaAnpuATUA A WJIM UCTOYHHKA XO3SIHCTBEHHBIX CpCacCTB
I1, xoToprEIM BIazieeT NpEANIpUATHE.

M, — MHOXXECTBO XO3SIHCTBEHHBIX CpeICTB A H uc-

TOYHHKOB  XO3SMCTBEHHBIX CpCACTB 11 ,  KOTOPBIMH
BJIaZICET NPEATIPUATHEC HA MOMCHT.
Ocrarku Cs Ha cyeTtax S — OLEHKU OCTaTKOB

XO3SAMCTBEHHBIX ~ CPENCTB  Tpenmpustuss A W WX
HUCTOUYHUKOB [l B JEHEKHBIX €IMHUIIAX Ha MOMEHT
BpeMeHU. JKOHOMUYECKUH CMBICIT TIEPEMEHHBIX CHHTETH-
YECKOro y4e€ra U uX B3aMMOCBS3U IIPUBCACHLI B Ta6J'II/IL[e.

Ha BepxHEM ypoBHE B MOACUCTEME CUHTETHUYECKOIO
ydeta pacCMaTpPHBAIOTCS  CIEAYIONIME TIEPEMEHHBIE,
XapaKTEPU3YIOLINE NEITENBHOCTD IPEATIPUATHS.

O00poTHI O6§j u O6§ mo Je0eTy U KpeauTy cuera
S COOTBETCTBEHHO — OIEHKU B ICHEXKHBIX €IUHHUIAX
npeoOpa3oBaHusi  XO3MHCTBEHHOTO  CPEACTBA WM
HUCTOYHHKA ES B HanpaBJICHUN YBEJIMYCHUA H

YMEHBIIEHHS COOTBETCTBEHHO.
Koppecnonaennus onepamuu (S,€) mo nedery cuera

S ONpEeAEeNseT BUJ ONEPALUM, KOTOpas IMPUBOIAMT K Mpe-
00pa3oBaHMIO XO3AHCTBEHHBIX CPEJICTB WM MCTOYHHKOB
npepnpustust E; u E, B Hampasienun ysennueHuns

XO3SIHCTBEHHOI'O CpCACTBa NpCANPUATUA Ee WJIn yMCHb-

IICHHS UCTOYHHUKA XO3SHCTBEHHBIX Cpe€acTB ES .
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Tabmuua 1 - B3auMocBs3b IEpEMEHHBIX CHHTETUIECKOTO ydeTa € XapaKTepHCTUKAMHU NPEANPUSITUS Kak 00BbEKTa yIIpaBIeHUS]

O603Ha- IMepemennas XapakTepuCTHKa TIPEATPHUATHS DopMaM3aIys B3anMOCBA3H
IeHHe CHHTETUYECKOTO yJeTa
S Howmep cuera Bun xossiicTBeHHOro cpencrTsa A. .S — aKTHBHBIN CUeT
S s
A WIH HCTOYHHKA s = I .
XO3SMCTBEHHBIX cpencT 11 s+S ~ MACCHBHBIH CHeT
M MHOXeCTBO C4YeToB, | MHOXKeCTBO BHIOB | M, = Us
PUMEHSAEMBIX B ydeTe XO3SIACTBEHHBIX cpeacTB A u ux
ucrounukoB  II,  xoropsmvu
BIIaZICET IPEAIPUSITHE
C, Ocrarok cuera S KomnnuectBo XO3HCTBEHHOTO M(A,), S — AKTHBHBII1 CueT,
cpenctBa A WM MCTOYHHKA s = 0 .
XO3SMCTBEHHBIX cpencT 11 m(IL), s — maccuBHbIii cuer
(s,€) Koppecmonaeniust Ompenenser  Bup  omepauud, | (S,€) <> T
omeparuy 1mo aedery cuera | KoTopas [PUBOIUT K .
S peobpa3oBaHUI0 XO3AHCTBEHHBIX on(E{ ,E.).E € UA
CpeAcTB WA HCTOYHUKOB r— on(E; E+) E EUH,
s1—e /r=s
(9,5) Koppecnonaerust mpenmpusitust E; u B, B
, onepaiti - 1o KpeAUTY | 1 ipaprennu BEJINYEHHS
cuera S b2 y (g,9) 1
XO3SUCTBEHHOTO cpencraa
IPeIPHUATHS E, HITH on(E{ E; ), Eq € UA
YMEHBIICHUS HCTOYHHUKA re on(Eg E;) E, EUH’
1 L
Xo3s1iicTBeHHBIX cpencts Ey
G I'padp  xoppecmoHneHMH | MHOXKECTBO BHIOB  OIEpAIHiA, R L
onepanuit KOTOpBIE ocymecreser | G <> U rUI
TPEAPUSITHE r=1 1=1
e Cymma gacTHUHBIX | OLEHKa B JIEHEKHOM H3MEPECHUH e _ e
Ss o6opoToB 1o nebery cuera > e Ss = u(On;)
s p AcDeTy @ | mHoxectB omepammii  Ong ¢
(Sg ) S ¢ KoppecrmoHJeHIMeiH i (s.€) S S
KOPPeCIOHICHIHeH -
(s,€) PP AleHI ' (Sg _;u(ong))
s .
(o xpemnty cuera S c¢ | (ONg ¢ koppecnonnenmueii
xoppecrnonzenmueii (4, S) ) (9,s))
d Ob6opotsl mo nebery cdera | OUEHKH B AEHEXKHBIX EJUHHUIAX d _ +
06 P nedety u A eannnuax | 062 = 4, (On(E; ),
S npeoOpa3oBaHus XO3SHCTBEHHOTO
K cpescrBa maM ucrouHnka Eg B K _
(O6g) | (obopotsl MO Kpemuty (064 = 1(On(Ey)))
HaTIpaBJICHAN yBEINYCHHS
cueraS)
(YMEHBIICHUS)

CyMMBI 4aCTHYHBIX 000POTOB S 1 S; o nebery

A KpeOuTy cdYeTra s COOTBETCTBEHHO — OILICHKU B
JIGHEe)KHOM ~ U3MEPEHHMM  MHOXECTB  omepaudid  C
KOppEeCIOHIeHIIUEH (s,e) u (9,S) cooTBETCTBEHHO.

I'pad xoppecnonneHnny onepauii G — MHOKECTBO
BHUJIOB OIlEpaluii, KOTOpPbIE OCYIIECTBISET NPEANpPHUATHE.
Bsaumocssa3u NEPEMEHHBIX CUHTECTUYECKOIO y4d€Tra C Xa-
PaKTepUCTHKAMHU MPEANPUATHS KaKk OOBEKTa YIpaBICHUS
(Tabn. 1) ompenensiroT WX CBONCTBA M B3aWMOCBSI3H U
SIBIIAOTCA OCHOBAHUEM JJIs1 Knaccnquauml
IIEPEMEHHBIX.

Juis knmaccuukanmuu TEpEeMEHHBIX JEeSITeIbHOCTH,
COMIACHO TMPaBIJIaM CHCTEMHOTO aHallu3a HYXHO OIpeJie-
JUTh B3aUMOJICHCTBUE MHOXECTB, XapaKTEPHU3YOIIIX
NESTENPHOCTh MPEIIPHUATHS Ha BEPXHEM YpOBHE U
CTPYKTYPY HMX B3aMMHOTO COOTHOIICHHS, ONPECACICHHYIO
cormmacHo [lonoxenusM (craHmapraMm) OyXraiaTepcKoro
yuera (II(c)BY). CornmacHo 3TOMy, MHOXECTBO OIepaIffit
B 0000OIEHHOM BHIE MOXXHO TIPEJACTaBUTh B BHIE

HEIEPECCKAIOMUXCSA MMOAMHOXKECTB onepauuﬁ 10 BHJaM
JACATCIBbHOCTHU

On = UOHvid » Onyg, N Ony, =4, @
vid eVid

rae Om— MHOXECTBO onepanuii,
vid m Vid - Bufg
JIESITETTFHOCTH TPEIIPHUSITHS.
CTpyKTypy B3aMMHOT'O COOTHOIIEHHS M B3aMMOJIEHi-
CTBHSI OTIepalnii KaKAOTO BHJA JACSATEIBHOCTH MPEIpHUs-
THS MOXXHO TIPEJICTABUTH B BUE HETIEPECEKAIONIMXCS TTOA-
MHOYECTB OIIepaIiii pacXoJ0B U T0XOJIOB:

U MHOXCECTBO BHJOB

OHVid = OH\eid UOH\Z,[id , Oneid mOH\I,[id = @,Vid eVid y (3)

rae  On — MHOXECTBO OIEpalui,

vid u Vid — BUA U MHOXKECTBO BHJOB
JEATENBHOCTH IPEAIPHUATHS,
P — UHJIEKC OTIEPAIMH PACXOJIOB,

A — UHOCKC onepanuun J0X040B.
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CrpyKTypy B3aUMHOTO COOTHOIICHHS M B3aHMOJCH-
CTBHS MHOXXECTBA OICpalliii PACXOAOB JAESATEIBHOCTH
MPEATIPUATHS MOXKHO HPEICTABUTH B BHJIE HEIEPECEKAO-
IIHAXCS TIOAMHOXKECTB TI0 BUJAM OIlepanuii pacxooB:

Riid
Only = Jon} . On®, NOnP, =@videVid, (4)
Wid

rae Om — MHOKECTBO ONEpaIHi,

vid u Vid — BHI 1 MHOXECTBO BHIIOB JIEITEIFHOCTH
TIPEOIPHUATHSA,

p — HHICKC OTEparny pacxoIoB,

' u R — HOMEp W KOJMYECTBO BHUJOB OINepanui
pacxomos.

CTpyKTypy B3aUMHOTO COOTHOIICHHMS M B3aUMOJIEH-
CTBUS MHOXECTBA OIEpaluil J0XOJIOB JesTeNbHOCTH
TIPEIIPUATHS MOKHO MIPEICTaBUTh B BHJIE
HETIePECEKAIOIIUXCS TTOJAMHOXKECTB IO BHIAM OIIepamuii
JIOXO/IOB:

Lyig

Onjyy = (JOm , Om} NOm, =2, (5)
Ivid vid vid

rae  On— MHOXKECTBO OTIEpaIyH,

1l — UHJEKC OIIepaIiy JOXO/0B,

| 1 L — HOMEep M KOIMYIECTBO BHUIOB OINEpaIvii 0-
XOJIOB.

CormacHo ompeneneHHo# cTpykrype (2)—(5) B3amMm-
HOTO COOTHOIICHUS U B3aHMMOJECHUCTBHS MHOXECTB Xapak-
TEPU3YIOUINX JESTEIFHOCTh NPENNPUSITHS Ha BEPXHEM
YPOBHE BBINOJIHUM KJIACCH(HUKALNIO TIEPEMEHHBIX 9KOHO-
MHKO-TIDOM3BOICTBEHHOH JIESTENEHOCTH PEIIPHUSTHSI.

3. Kuaaccuduxkauuss nepeMeHHbIX 3KOHOMUKO-
NMPOM3BOJCTBEHHOMH /esiTeJbHOCTH mpennpusitusi. B
COOTBETCTBUM C IpaBWIaMu (OPMUPOBAHHS BXOAHBIX W
BBIXOJIHBIX TIEPEMEHHBIX Ha BEpXHEM ypoBHe (Tabu. 1) u
COTJIaCHO OIPEJEJIEHHOM CTPYKTYpEe B3aUMOACUCTBUSA
oneparnuii (2)—(5) 1 coryiacHO TOTO, YTO ENb YIIPaBICHUS
JEATENIbHOCTRIO TIPENPHUATHS — IIOJydeHHE MPUOBLIH

(Bce omepammu pacxomoB Omnb,, mHo KaxaoMy BHIY

JEATENbHOCTH  OCYIIECTBJIAIOTCA  TOJBKO C  LIENBIO
NONTyYEHUs  JOXOJOB 10 COOTBETCTBYIOLIEMY  BHJY
nesitenbHOCTH O11ly ) BBIITOJTHAM KJ1accU(QUKaLUIo

MEpPEMEHHBIX CHUHTEeTHYecKoro yuera. Ha ocHoBaHuu
BBIIIE CKA3aHHOTO, ONpPENENAeM, UTO IEPEMEHHBIE CYMM
YaCTHYHBIX 00OPOTOB ONEpaIii PacX0oJ0B KaXKJOr0 BHAA
JIeATEIbHOCTH Ha BEPXHEM ypOBHE (TIPH CHHTETHYECKOM
ydere) o0pa3yloT COBOKYNTHOCTh BXOJHBIX I€PEMEHHBIX
X, vid » TEPEMEHHBIE CyMM JaCTHIHBIX 000POTOB OMEpanui
JOXOJ0B —

COBOKYIHOCTb  BBIXOJHBIX IIEPEMEHHBIX

COOTBETCTBYIOWIETO BUJA AEATENBHOCTH Y, 3y ©
Xio =(85,55,5eM, (5.0 A (.96} (6)
oy =(s6,55,5eM,(5,0) A (0,5) Gy, ) (D)

rge X — BEKTOP BXOJAHBIX MEPEMEHHBIX JAESITEeIbHOCTH
NPEANPUSTHS,

Y — BEKTOp BBIXOJHBIX MEPEMEHHBIX ICATEIbHOCTH
MpeANpUsTHS,

S — cyMMa omepanuii 3a Nepuof,

S,e, g — HOMepa CUETOB,

M — MHOXECTBO CUETOB, IPUMEHACMBIX B yUETE,

(s,e), (9,5) — koppecmoHIeHLMs cUeTa S IO
oreparysM, KOTOpbIe YYUTHIBAIOTCS Ha Jle0eTe U KpenuTe
COOTBETCTBEHHO,

Gy — rpad KoppecrnoHIeHINH Onepauuii pacxoioB,

Gy — rpad KoppecrnoHIeHINH ONepaluii JOX0I0B.

OcymiecTBieHHE NEATENbHOCTH NPEANPUSITHS MO BU-
maMm  MHOkectBa  Vid OCYIIECTBJISIETCST  3a  CYET
npeoOpa3oBaHMsl XO3SMMCTBEHHBIX CPEACTB NPEAIPHATHS U
UX WCTOYHHKOB E (S eM ) MO3TOMY TI€PEMCHHBIE
BUJIOB ACATCIBHOCTH ABJIIKOTCSA BXOJHBIMHU OJI1 CHUCTEMbI
YIpPAaBJICHUS  XO3SMCTBEHHBIMU  CPEACTBAMU U HX
HNCTOYHHMKAaMH, a BBIXOJHBIC NEPEMCHHBLIC — 06’])6MI)I ux
npeoOpa3oBaHKsi B HANpaBICHUU  YBEJIMYEHHS U
yMEHbIIeHUs (000pOTHI 10 AebeTy T KpeAUTy) M OCTATKU
(canpmo):

X =(s2.(s,0) Gy, v Gy, vid eVid )

v =(06% )sem, (8)
X =(53.(0,9) Gy, v Gy, vid eVid)

v =(06%)sem, ©)

Xe, =(06¢,08¢ )V, =(C)seMm, (10)
rie X¢ m X — Bextopa BXOMHBIX MEpeMenHBIX PE0G-
Pa30BaHMs XO3AMCTBEHHOI'O CPEJACTBA IPEANPHATUS WM
HCTOYHNKa E, B HampaBieHWH YBENMYCHHS WIH YMEHB-
IIEHHs COOTBETCTBEHHO,

Y0 m YX — Bekropa BBIXONHBIX MePEMEHHBIX
npeoOpa3oBaHus XO3SHCTBEHHOTO CPEICTBA MPEIIPUITHS
WIH HMCTOYHMKA [E, B HAlpaBIeHHH YBEIMYCHHS WM
YMEHbBILIEHUS COOTBETCTBEHHO,

X E M Y_ES — BEKTOpA BXOJHBIX U BBIXOAHBIX IIEpE-
MEHHBIX COCTOSHHS XO3SCTBEHHOTO CPENCTBA MPEIIIPHUS-
THS WK uctounuka Eg ,

S — cyMMa omneparuii,

S,€, g — HOMepa CYETOB,

M — MHOKECTBO CYETOB, IPUMEHAEMBIX B YUETE,

(s,e), (9,5) — xoppecmoHgeHUMs cueTa S IO
omnepanusaM, KOTOPbIE YUYUTBIBAIOTCS Ha Je6eTe U KpeauTe
COOTBETCTBEHHO,

Gy — rpadh KOppecHOHIEHIINH OlIepaliii PacXo/I0B,

Gy — rpat) KOPPeCIOH/ICHIIMH OIEPALHii JOXO/OB,

vil u Vid - Bux u MHOKeCTBO
JIeATENBHOCTH NIPEANPUATHS,
C — OoCTaToK Ha CUETYy,

BHJIOB

062,065— 000pOTHI 1O Ae0eTy M KpEenuTy cuera
COOTBETCTBEHHO.
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Mexay BXOOHBIMH W BBIXOJHBIMH TI€PEMEHHBIMH
MTOJICICTEMBI CHHTETHYECKOTO Y9eTa, OINpeeNICHHBIMHI B
(6)—(10) cymrecTBYIOT MHOXECTBa B3aWMOCBs3EH U
3aBHCUMOCTEH, KOTOpPhIE HEOOXOIWMO HCCIEeNOBATH IS
pa3paboTKu CIIeUATBHOTO MaTeMaTH4YeCKOro
oGecrnieuennst CIITIP aynnTa BepxHero ypoBHs.

4. Onpenesienue (GyHKIUOHAJIBHBIX 3aBHCHUMO-
cTeil XapakTepu3ylOIIMX B3auMojeiicTBHe IepeMeH-
Hbpix CIIIP ayauTa. Mexay BXOJHBIMU U BBIXOJHBIMU
MIEPEMEHHBIMU TOJCUCTEMBl CHUHTETUYECKOTO YydeTa IO
BHJAM NIESTEIHHOCTH, ompeaeiacHHMA B (6)—(10) cymie-
CTBYIOT MHOXECTBA B3aMMOCBS3EH, KOTOpPBIE XapaKTepH-
3YIOT 0COOEHHOCTH JIeATEeNFHOCTH (Tpeobpa3oBaHne pac-
XOZOB B JJOXOZBI), IPAaBWJIa © HOPMATUBH YIETHOW ITOJIH-

THKH TIPE/IPUATHSA HA BepxHeM ypoBHe N°:

vid (Xfid +Yyia » Nvig ) vid eVid , (11)
rae X — BEKTOp BXOIHBIX HEPEMEHHBIX IEATEILHOCTH
HpeﬂHpI/IﬂTI/Iﬂ,

Y — BEKTOp BBIXOJHBIX MEPEMEHHBIX ACSTEIBHOCTH
HIPEANPUATHS,

N — BekTOp HOPMATHUBHBIX [JAHHBIX ACATSIHHOCTH
TIPEIIPUATHSA,

vidl mw Vid — BHI ®W MHOXeECTBO
JESITeTFHOCTH TPEIIPHUATHSA,

B — HHAEKC BEPXHETO YPOBHS,

® — MHOXXECTBO B3aHMOCBSI3CH.

Jarnee, yauThIBasi, CTPYKTYpY MHOXKECTB OIIepanuit
(2)—(4), MHOXECTBO KOPPECHOHJAEHIIMI BCEeX Olepaiui
MPEJICTaBUM B BHJC OOBEAUHCHHS HEMEePECEKAIOMIIXCS
MHOJKECTB OMEpallfii M0 BHAaM JCSITEIbHOCTH, PACXOI0B
u  jgoxo070B. CrieoBaTeabHO, B3aUMOCBS3H  MEKIY
rpadaMu KOPPECIIOHICHIINU OTIEPAIHil JAHHBIX MHOYKECTB
MOJKHO TPEACTABUTH CIICAYIOUIIM 00pa3oM:

G= U vaid UGYvid’
vid eVid

BUIOB

(12)

rne G — rpad KOppecmoHACHIIMU ONepaluii Mpearnpus-
TS,
Gy — rpad) KoppecrnoHACHINH OlIepaLii PACXOOB,

Gy — rpad) KOppecroHACHINH OIIepaLii JOXOI0B,

vid m Vid — BuE M MHOXECTBO
eI TeTBHOCTH PSP THS.

Mexay mepeMeHHBIMH YIPAaBICHUS XO3AHCTBEH-
HBIMH CPEIICTBAMH M UCTOYHUKAMHU, CYIIECTBYIOT MHOXE-
CTBa B3aUMOCBSI3€H, KOTOpPBHIE XapaKTEpPU3YIOT UX
peoOpa3oBaHUE B Pe3yiIbTaTe NEATCIBHOCTH:

BUIOB

06k = X(s3,(0,5) € G)seM, (13)
067 =2 (S¢,(s,6) €G)s e M, (14)
C, =a¢(06¢,06 )seM (15)

rae © — pyHKIHUOHAIBHAS 3aBUCHMOCTb.

Bzanmocsszu (13)—(15) cormacuo II(c)BY ompene-
JICHBI B SIBHOM BHJIE Ha BEPXHEM YPOBHE U HX peau3alist
3a IIepHO/I TIPOBEPKU MOXKET ObITh MPOBEPEHA B aBTOMATH-

YECKOM PEXUME
CHCTEMBI y4eTa).

B3anmocBs3un MexXay HNEpeMEHHBIMU JESTEIBHOCTH
(6), (7) ABISAIOTCS KOMITO3UIMEH B3aMMOCBS3EH MEPEMEH-
HBIX HWKHUX YPOBHEH M MeXIy ypoBHsAMH. Tak Kak pas-
MEpHOCTb, 00BEMbI JITaHHBIX U B3aHMOCBSI3EH Ha HIDKEM
YPOBHE PE3KO BO3pACTalOT, TO X HENOCPEICTBEHHAs IPO-
BepKa TpeOyeT 3HAYMTENIbHBIX BBIYHCIUTEIBHBIX pecyp-
coB. [[ns co3ganust METOMKY MMPUMEHEHHS CIIeUaIbHOTO
MaTeMaTHYecKoro olecredyeHuss MX HpPOBEpPKH HeoOXo-
JIFIMO paccMoTpeTh TIpaBmIa (hopMupoBaHUSI
0TOOpaKeHMI UX YUCICHHBIX 3HAYCHUI.

5. IpaBuia 006001IEHHO-MHOKECTBEHHOTO 0TO00-
paskeHHsl JaHHBIX NpeINPUATHA. MHOXeCTBa (QYHKIHO-
HaJIbHBIX B3aMMOCBSA3EH MEXy BXOZHBIMHU M BBIXOJHBIMU
MEpEeMEHHBIMU NIEATENILHOCTH, omnpeneneHusie B (11) mo-
POXKIAIOT OTOOpPaKCHHE TMOAMHOXKECTB JaHHBIX CHHTCTH-
YecKOro  ydera BXOAHBIX IepeMeHHBX (6) B
MOJIMHOXKECTBA JaHHBIX BBIXOJHBIX TMepeMeHHBIX (7) 3a
nepuon T :

(HampuMep, TIyTeM TECTHPOBAHUS

X (T)—s Y (T), (16)

rae  Xg(T) — MOAMHOKECTBO 3HAYEHHH BXOIHBIX IHEpe-
MEHHBIX CHHTETHYECKOTO y4eTa,

Y_g;‘ (T) — moaAMHOXKECTBO 3HAUCHUH BBIXOAHBIX Iepe-
MEHHBIX CHHTETHYECKOTO y4eTa,

f; — oToOpaxkeHHE IOAMHOMKECTBA 3HAUEHUH BXO-

HBIX TIEPEMEHHBIX 32 IepHOJl 1 B MOJAMHOXECTBA 3Haue-
HUN BBIXOJHBIX IIEPEMEHHBIX CHHTETHYECKOIO Y4eTa
JIEATEIbHOCTH.

[IpaBuna u napameTpsl oToOpakeHnit  f

B
R

oTpenes-
I0TCSI CBOWCTBaMH M NapameTpamMu (DyHKIMOHAJIBHBIX B3a-
nmocBszei (11) Mexay COOTBETCTBYIOIIMMHU IIE€PEMEH-
HbIMH. JIJI1 MX NIPOBEPKM HEOOXOAMMO OMNPENeNUTbh UX
CBOWCTBA.

6. CaoiicTBa oTOoOpaKeHuit MHOKECTB
YHCIEeHHBIX 3HAYeHU nepeMeHHbIX KaK

NMpeABAPUTENBHBIH 3Tall MOATOTOBKH [AaHHBIX IS

aynura. MHOXeCTBa JaHHBIX B oToOpaxeHuu (16)
XapaKTepU3yloT MHOXECTBA OIepaluil  pacxoioB |
JIOXOJIOB:
X3 (T) = plont, ), (17)
V(1) = ulond (), (18)

rae p— OICHKAa MHOKECTB onepaunﬁ B JICHCKHBIX

CAUHHNLax.

Ha ocHOBaHmMM TeopuH MHOXECTB PacCMOTPUM
CICAYIOMNE BUABI XapaKTCPUCTUK MHOXKCECTB ITaHHBIX
omepanuii, onpeneneHHsx B (17) u (18), cooTBercTBHE
MEXIy OIEHKaMH, KOTOPBIX HEOOXOIMMO IPOBEPUTH, U
OIpENENNM X 3KOHOMUKO-TIPOU3BOACTBEHHBIN CMBICIL:

1) MOITHOCTh — CBOHCTBO MHOKECTB JIaHHBIX BEpX-
HEr0 YypOBHS Y4eTa, KOTOPOE XapaKTEPHU3YIOT
pasHooOpa3ue (KOJMYECTBO BHIOB OICPAIHiA,
3aracoB, MOCTAaBILMKOB, MOKyNaTened u T.4.) U
MacmTad JesTeIbHOCTH HPEAIPUSITHS: KOJYe-
CTBO OIEpanuii 1Mo BUJaM, KOJMYECTBO XO35i-
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CTBEHHBIX CPEICTB M HCTOYHHKOB IO BHIAM;
pa3sMEpPHOCTh — CBOWCTBO MHOXXECTB, KOTOPOE
OTIpEETIeT KOJNMYECTBO XapPaKTEPUCTHK [es-
TEJAbHOCTU MPEANPUATHS: ONEpaluld, XO3sH-
CTBEHHBIX CPEJCTB M MCTOYHHKOB — MHOXECTBO

XapaKTepHUCTHK x';

2) 3aMKHYTOCTB, OTKPBITOCTB, IPEACIbHBIE TOUKH —
CBOMCTBA MHOXECTB JJaHHBIX BEPXHEr0 YpPOBHS
ydeTa, KOTOPBIE XapaKTepU3yIOT SKOHOMHKO-
MPOU3BOJCTBEHHYIO JIESATEIbHOCTD NMPEIIPUATHS

C TOYKHM 3pEHMS JOCTHXKEHUS IpelesIbHbIX
3HA4YEHHH 110 3 MEPUOJ OTYETHOCTH (MOIIHOCTH
HpeIIpHATHS, (MHAHCOBBIE pecypcsl,
000poTHBIE CpencTna) - MHOYECTBO

3aKOHOMepHOCTe 2 ;

3) IUIOTHOCTH, H30JMPOBAHHBIC, TOYKU CIYLICHHS —
CBOHCTBA CTPYKTYpPHl MHOXKECTB JIaHHBIX BepX-
HEro YPOBHSA yd4eTa, KOTOPBIE XapaKTEpU3YIOT
HETIPEPHIBHOCTh U PABHOMEPHOCTh 3KOHOMHUKO-
MPOU3BOJICTBEHHOH IEATEIbHOCTH MPEAIPHATHS,
HalpuMep, 10 BPEMEHH, WIH JPYIHM IOKa3aTe-
JSIM MHOJKECTB OTIEPAMi MM UX KOMOWHAIMSIM

— MHOXECTBO SaKOHOMCpHOCTeﬁ X3 ,

4) B3aUMOCBS3M DIICMCHTOB MHOXECTB — CBOICTBa
MHOXKECTB JIJaHHBIX BEPXHEr0 YpOBHS Y4eTa,
KOTOpbIE XapaKTEepHU3YIOT OCOOEHHOCTH OCYy-
IIECTBJICHUS] MHOXKECTB U IOJMHOXECTB OIepa-
LUH — MHOKECTBO 3aKOHOMEPHOCTEHN x4 .

B cnencteue ortobpaxenus (16) m cooTHoIeHU

(17) m (18), cymecTByeT OTOOpak€HHE XapaKTEPUCTHK
JIAHHBIX MHOKECTB!

2((Ony (T))——%(0n)

rae ) — Habop XapaKTepHCTUK MHOYKECTB OIEPalUii.

(19)

Bekrop XxapakTepuUCTUK,
HMEET CIIEAYIOUIYIO CTPYKTYpPY:

ompeneneHHsii B (19)

XZ(Xl,XZyX?’aX‘l), (20)

rie Xk , k=14 xapakTepuCTHKH MHOXECTBa, OIpe.e-
JICHHBIC BEIIIE.

CyIIHOCTh METOAMKH 0000IIEHHO-MHOKECTBEHHOTO
oToOpakeHHsT HH(POPMAINH 3aKITI0YaeTCA B CICAYIOIIEM.
Ha ocHoBanmm mTipaBuia  OTOOpaKEHUS  MHOYKECTB
OTIPENIEIAIOTCS B3aUMHO-OJHO3HAYHBIE COOTBETCTBHSA HX
0000IIEHHBIX XapakTepUCTUK. Ha oCHOBaHMM NPOBEPKH
peamm3an  B3aMMHO-OJHO3HAYHOTO  COOTBETCTBHUS
0000IIEHHBIX XapaKTePUCTUK X BBIJICIISTFOTCS

OKBHBAJICHTHBIC ITIOJMHOXCCTBA. HO}IMHO)KCCTB&, MCXIY
KOTOPBIMHM HET B3aUMHO-OAHO3HAYHOI'O0 COOTBETCTBHUA

000OIIEHHBIX XAPAKTEPUCTHK 7 OINPEAEISIOTCS KaK He

SKBHUBAJICHTHBIE M  MOCTYMAlOT B  IOJCHCTEMY
AQHATUTHYECKOTO ydYeTa Ui yriayOJIEHHOro aHaiu3a.
Taxxke JCJIA0TCA BBIBO/IbI 10 COOTBETCTBHUIO
0TOOpaKEHUH (YHKITMOHATLHBIM B3aUMOCBS3SM, a Ha UX
OCHOBaHHU BEBIBOJIBI 0 peamm3anmuyd  TAHHBIX
B3aUMOCBSI3EH.

Bo3MoxkHOCTM M npeuMMyllecTBa JAHHOH MeTo-
auku. [TpuMeHeHne naHHON METOAMKY O3BOJIUT:

®  YMEHBIIUTH 00BeM aHAJIU3UPYEMBIX
MHOTOMEPHBIX JaHHBIX HIH (PaKTHIECKOI
MPOBEPKM Ha HIKHHUX YPOBHAX 3a CUET
BBIJICTICHUS] 3KBUBAJICHTHBIX MOJMHOXKECTB
Ha BEpXHUX YPOBHSX;

®  CIHOJb30BAaTh PE3yIbTaThl NOJIHAIbTEPHA-
TUBHOTO aHanm3a o Habopy
XapaKTepUCTUK MHOXKECTB JAHHBIX IS
MOJATOTOBKM  MNPHHATUS  PEOIEHHH  C
MOJINAIIbTEPHATUBHBIMU KPUTEPHIMU
OLICHUBAHHS KBUBAJICHTHOCTH MHOKECTB B
UT muoroyposHeoii CIIIIP aymnuTa;

e  ONpeAensaTh NPUYMHY HEIKBUBAJICHTHOCTH
JTAHHBIX, 3a cyer oTnpeneneHus
(bYHKIMOHATIBHBIX B3aUMOCBS3EH,
peanu3anys KOTOPBIX HE COOTBETCTBYET
CBOWCTBaM OTOOpayKeHHH.

BeiBoabl. IIpencraBieHHble pe3yibTaThl SIBISIOTCS
COCTaBJIIOMIMMU METOAUKW TMPUMCECHCHUA CIHCUATIBHOI'O
MaTeMaTHYecKoro M HH()OPMALMOHHOTO oOOecTeueHHs
OPH TPOEKTUPOBAHMHM IOACHCTEMBI JKCIpEcC-ayAHuTa
BepxHero ypoBHs CIIIP aynura.

JanpHeimme uccienoBaHus MpeanonaraT Gopmu-
POBaHUE METOUKHU CO3JaHHs CIENMAIBHOTO MaTeMaTHye-
CKOTO W HH(OPMAIIIOHHOTO OO0ECHEeYCHUs] MpU Ipo-
EKTHPOBAHMH IOJICHCTEM YITyOJCHHOTO ayauTa Ha cpej-
HEM U HU)KHEM YPOBHE U B3aHMMOCBS3eH MCXKIY HUMHU.
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VIIK 004.891
T. B. XOM’SIK, I. 0. CYIMA

PO3POBKA CUCTEMUY MIATPUMKM I IPUAHATTSA PILIEHD ITPU BIAKPUTTI 3AKJIATY
PECTOPAHHOTI'O T'OCIIOJAPCTBA

IIporoHyeThest PO3MIISIHYTH IIpoLieC BHOOPY THITy 3aKiiay PECTOPAaHHOrO TOCIOAAPCTBA, a TAKOX MICLS pO3TAllyBaHHS HPUMIIICHHS 3a
[pen’sIBICHUMH KPHTEPIsIME 0COOH, W0 MpUiMae pilieHHs s oOpaHOro THILy 3akiaxy. BUpilnyeTsest 3amada 3a JOMOMOIOK METOMIB 3 CHCTEM
I ITPUMKH IPUAHATTSA pillieHb Ta iHpOPMALIIHUX CUCTEM B HIPOLECi BUOOPY Miclisl pO3MillleHHs 3aKJIaly PECTOPAaHHOTO FOCHOJapCTRa.
3po0iieHi BUCHOBKH 100 BHOOPY THITY 3aKJIay PECTOPAHHOIO FOCHOAPCTBA Ta HOro po3miieHHs y M. JHimpo.

KurouoBsi c10Ba: 3a1aua po3MillieHHs, CHCTEMH MIATPUMKY Ta NpUiHATTS pimens(CIITIP), MeTox HexoMiHOBaHUX aNbTepHATHB, iHGOpMamiiiHi
IHTEJIEKTYaJIbHI CHCTEMH, €KCIIEPTHI CHCTEMHU.

Ipennaraercst paccMOTpeTh MPOLECC BEIOOpA THIA 3aBEJICHHS PECTOPAHHOTO XO35ICTBA, a TAKKe MECTa PACIIONOKEHUS TIOMEIIEHNUS 110 3asBICHHBIM
KPUTEpUsIM JIMYHOCTH, NpuHHMatomed pemenus (OIIP) mis BeiGpanHoro Tuma 3aBeleHMs. Pemraercs 3azaya OpH HOMOLIM METOJOB CHCTEM
MIOAJEPIKKU U MIPUHATUS pelIeHni 1 HHPOPMAIIMOHHBIX CHCTEM B IIpoLiecce BEIOOpa MecTa pacIioNoKEHHUs 3aBeICHNS PECTOPAHHOTO XO3SIHCTBA.
CrenaHsl BEIBOJBI O BEIOOpE THIIA 3aBEICHHS PECTOPAHHOTO XO3SHCTBA U €TI0 pa3MelleHus B I. [{Herp.

KuroueBble ci10Ba: 3ajaya pasMeElLIEHHs, CUCTEMbI nojjepkku npunsatus peuienuit (CIIIIP), meTon HEIOMHHMPOBAHHBIX AbTEPHATHUB,
HH()OPMaLIOHHbIE HHTEIUIEKTYaIbHbIE CHCTEMBI, SKCIIEPTHBIE CHCTEMBI.

It is proposed to consider the process of choosing the type of restaurant industry, as well as the location of the premises according to the declared
criteria of the person making decisions for the chosen type of institution. The issue is solved with the methods from support and decision-making
systems and information system in choosing the type of restaurant industry from the restaurant business. System analysis and its decomposition into
subsystems were done in the decision-making process. This process is shown in the schemes. It is made the conclusion about choosing the type and

placing the establishment of the restaurant industry in the city Dnipro.

Keywords: allocation problem, support system and decision-making system, method of nondominant alternatives, information intelligent

systems, expert systems.

Beryn. Ha ceorozHi, B ramysi TOpriBii HaiOunbLI
JMHAMIYHO PO3BHBAETHCS pECTOpaHHUi Oi3Hec. BiH €
ONHIEI0 13 HaWOUIBII 3HAYYIIMX CKJIAZOBUX IHAYCTpIi
rocTuHHOCTI. BomHowac, pecropanHmii Oi3Hec, 3 OJHOTO
00Ky, € omHMM i3 3acO0iB  BHCOKOJIKBIJIHOTO
BUKOPHCTAaHHS KalliTaly, a 3 1HIIOTO — CEPEeJOBHILEM i3
BHCOKOIO KiJIBKICTIO KOHKYPEHTIB.

Y 1mmBiII30BaHOMY CBITI BiH € OJHHM i3 HaiOLIBII
PO3IOBCIO/KEHNX BHUJIIB Majoro Oi3Hecy, TOMY 3aKialu
Ta MiAMPUEMCTBA BEAYTh MXK COOOIO TIOCTiHHY OOpPOTHOY
3a CErMEHTAI[II0 PHHKY; 32 MOIIYK HOBUX Ta 332 yTPUMaHHS
MOCTIAHKX CIIOKUBAYIB IXHBOT MPOIYKIIIi T TOCIYT.

SIk BIIOMO, TIOHSTTSI «PECTOPAHHUK Oi3HEC» st
VYkpaiHu 3’SBUIIOCH BiJJHOCHO HEJaBHO, TOMY came Jyis

VYkpaiHu  pecTopaHHUM 6i3Hec € OJJHUM 3
HaWIepCIIeKTUBHIIINX.
AKTyaJIbHICTD TEMH JIOCHI/DKEHHS TOJSTae B

OCOONHUBIM pONIi PECTOpPAaHHHX TIOCIYT B CY4acHOMY
yKpaiHCbKOMY cycninbeTBi. [yt Micus posramryBaHHS

3aKJaJly ~ PECTOPAHHOTO  TOCIOAApPCTBa  MOTPIOHO
PO3TISIHYTH 1[0 33Jja4y B IIUIOMY Ta 3 Pi3HUX PaKypcCiB.
Hnst MMOBHOTH pPO3B’SI3KY 3a1adi, JIOTIITEHO

BHKOpHUCTOBYBatH pizHi Meroau 3 CIITIP Ta mopiBHIOBaTH
pesynbrarty [1].

Metoro pobOTH € aHami3 Miclb IS BiTKPHUTTS
3aKjaJy PpEeCTOPaHHOrO TOCIOAapCTBA Ta BHUBYCHHS
METOJIiB 3 CHCTEMH IiITPUMKH Ta NPUHHATTS pillleHb, sKi
BUPINIYIOTH IO 33/1a4y.

O0’€XTOM JOCITIKEHHSI B pOoOOTi € mporec BUOOpY
THUITy 3aKiaay pectopanHoro rocrnoaapcersa (PI0), a takox
Miclsl pO3TallyBaHHS MNPUMIMIEHHS 3a TNpeJ’ sIBICHUMH
kputepismu OIIP st o6panoro tumy 3aknany [2].

IIpeaMeToM AOCHIDKEHHS € METOAM 3 CHCTeM
MIITPUMKH TPUHHSTTS pillleHb Ta iHGOpPMAIIiiiHI CUCTEMH
B Tpoleci BUOOpPY MiCIl  pO3MIIICHHS — 3aKiany

PECTOPaHHOTO rOCIOIapCTBa.
Metonu mociimkenHs. [y BUPINICHHS CKJIQIHOTO
NPOLIECY «BIAKPHUTTS 3aKiay» BHUKOPHCTAHO CHCTEMHHI
aHami3 Ta CKIameHo (QYHKIIOHANBHY MOAETh 3
PO3KJIAIaHHSM 10 TPETHOTO PIiBHS AeTatizallii BKIFOYHO.
[Ipy TpoOBelEeHI CHCTEMHOTO aHANi3y OTPHMAHO 3a1ady
oOpaHHS THUITy 3aKiany, sIKy OyJo BHUPIIICHO NPOrpamMHO
3a JIOTOMOTOK0 METO/a HEIOMIHOBAaHHMX aJIbTCPHATHB.
3amady oOpaHHS MiCL BHPILICHO 33 JONOMOTOK METOIY
aHajizy lepapxii Ta TpPOrpamMHO, 32 JOIOMOTIOIO
iHTeNneKTyanpHol iHdopMmartiiaoi cuctemu (11C)[2].
HaykoBa HOBHM3HA OTPHMaHMX pPe3yJbTATIB HOJSTAE
Yy BHKOPHCTaHHI CHCTEMHOT'O MiIXOAYy Ui aHaji3y 3ajadi
B LJIoMy Ta po30uTTs ii Ha mig3azadi. YJI0CKOHAJIEHO

METOJi HeAOMiHOBaHMX ambTepHatTuB Ta [IC  3a
JIOIIOMOT OO0 HAIMCaHHS CIIeLiaIbHUX BY3BKO
HarpasJeHux nporpam [3, 4].

PesynbratoM poOOTH € pPO3pOONICHUH KOMILICKC

iHTeJNeKTyanbHO iH(opMauiiiHol cucteMu a1 BUOOPY
Mmicus  PO3MILCHHS 3aKJagy ~ PECTOPaHHOTO
roCroJIapcTBa, PEKOMEH/IOBAHO JIO BIPOBAKEHHS Y
3a/1a4ax OB’ A3aHUX 3 OOPAHHSAM MPUMIIICHHS.

Onuc 06’ekty. B chorosieHHi 3’ ABISIOTHCS JECITKH
pizHUX HOBUX o(iciB, OyayroThcs Oi3HEC-TIEHTPH,
3AIOTHCSI TOPTIBEIBbHI Ta JKUTIOBI 1iomi. Typucrw,
odicHI TpamiBHUKH, MICTSIHH, CTYAGHTH — yCi BOHH
NIOACHHO  MOTPeOYIOTh  BHpINICHHS  NHTaHHI 3
XapuyyBaHHSM Ta ITPOBEJICHHSIM CBOTO BUIBHOTO Yacy.

Tomy, BinkpurTs 3akiany PI" Oyme HalqoninbHIITIM
BUPIMICHHSM IIMX IUTaHb.

Pecropanna ayauropis 3menmmnach Ha 30-40% 3a
2014-2017 poku 1O  3pIBHSAHHIO  JOKPH30BHM
nepiogom [5]. Anme, Ha JaHWA dYac TNCHS 3aKPUTTA
3aKJIalliB  PECTOPAHHOTO TOCIOJApIOBaHHS 3BUIBHUJIACH
Iy)ke BelMKa Hilma IJs BIIKPUTTS HOBUX 3aKJIaIiB

© 1 O. Cyima, T. B. Xom’sik, 2017
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XapuyBaHHA. AJe CIiJ] ITaM’STaTH, o MOTPiOHO peTernpHO
OTIpAIFOBATH SIK Oi3HEC-IIIaH, TaK 1 KOHICIIIIO 3aKiIany,
iHTEp €py, a TaKOXK He 3a0yTH PO TOJOBHY CKIAIOBY —
BHOpaTH TIpaBWIbHE MICIE pO3TAllyBaHHA Ta THI
3aKnany.

Jo cepu pecropaHHOTO rOCIOAAPCTBA BXOASATH TaKi
THUIH 3aKJIaJiB: pectopaH, 0ap, kade, kaderepii, inanpHs,
3akycouHa, Oyder, ¢dabpuka-3aroriBenbHs, Qabdpuka-
KyXHsl, JIOMOBAa KYyXHs, pPECTOpaH 3a CIeliaJbHUMHU
3amoBIeHHsAMHE (Catering) [6].

Tob6To, moO6 BimkputH OyApb—sIKHH  3aKiaj
PECTOpaHHOTO TOCIONAPCTBA, IOTPIOHO 0OpaTH MEBHHUI
THUII 3aKJagy B3TiJHO 3 JCepKaBHUM CTaHIApTOM Ta
CTBOPIOBAaTH YMOBH 3TiHO i3 3aKOHOM. 3pO3yMillo, IO
BHOIp  Micug  BIAKpUTTS  3aKiIagy  PECTOPAHHOTO
rOCIIOAApCTBA MPOBOJUTHCA BXKE MICHS TOro, SK Oyne
BiJIOMO THII 3aKJIaJly T YCi YMOBH [UIS HBOTO.

@DyHKIiOHATbHA Moje1b CHCTEMH. st
BU3HAYCHHS TIPOLeCy BUOOPY KOHKPETHOTO TUILY 3aKNIaay,
SIKMI HAWIOLIJBHINEG BIIKPUBATA Yy JaHUH MOMEHT, Ta
HOro Micisl po3TallyBaHHS MOOYAOBaHO MOJETb (JUB.

puc.l), ne |1 — Mmicig, |2 — pi3HMI THIT 3aKJaJiB, Cl —
CHHP,C2 — BKa3iBKM 0COOHW, L0 NpHHAMae pilleHHS
(OI1P), Ml — OOMeXeHHS OIODKETY, |\/|2 — CTaH MicCI,
M, — nnoma 06’exkra, M, — mice 3naxomxenns, O, —

pexoMeHaaIii 10 oOpaHHs Micli, 02 — peKoMeHaaIll 10

oOpaHHs THITY 3aknany [3].

Ha KoHTekcTHIM niarpami MO4YaTKOBOI'O DiBHS
(muB. puc. 1) mokaszano, siki akTopu HEOOXimHI HA BXOII
(micus Ta TMou 3aknagiB).  Kepysatu  mporiecom

SIKmIo BCi yMOBH BUKOHYIOTBCS, TO HA BUXOJII OTPUMYEMO
pe3yIbTaT Y BUTILAI pEKOMEHIANiN 010 0OpaHHs MicCIls
Ta THITY 3aKJ1ajy pecTOpaHHoro rocromapcTsa [7].

HactymauM piBHEM (QyHKIIOHATBHOI MOIENi €
JICKOMIIO3HIIist KOHTEKCTHOT Aiarpamu (quB. puc. 2).

Oyukuito «BinkpuTTs 3aknany PI» nekommozoBano
Ha i yHKIIIT:

e Amnani3 mobaxans OIIP,

e OOpoOka maHuX;

e AHaii3 pe3yJbTaTiB.

OyHKIIA «obpobOka
JIEKOMITO30BaHa Ha MiA(YHKIII:

e Bubip Tumy 3axnany;

e [lixGip mpuMimieHs;

e OrmiHKa MPUMILICHB;

B nexommosumii giarpamMu € JOAATKOBI KpHTepii

TTAHAX» (muB. puc. 3)

OIIHKH s oOpaHHA THI 3akiany PI° — M 5 . g nyra ne

We Ha JiarpaMu BHUIIOTO PIiBHSA, TaK 5K € JOJIaTKOBOIO
3MIHHOIO.

OyHKIS ~ «aHam3  pe3ynpTaTiB»y  (muB. puc. 4)
JEKOMII030BaHa Ha!

e  OTpuMaHHA NOPIBHAIHHOI TAONHII;

e  DopMyBaHHS BHCHOBKY.

Ilicts  npoBemeHoi  NEKOMIIO3ULII  mponecy

«B1IKpUTTA 3aknany PI», 6aunmo, mo yum touHime OITP
BUCIIOBJIIOE CBOi BHMOTM Ta KpHUTEpii OLIHKK IIOJ0
oOpaHHs Miclb, TUM TOYHIille 1 OOIpyHTOBaHUM Oyxe
pe3yJnbTar.

OOrpynToBanuii  BuOip  Micus Juis  3aKjIamy
CYCNIUJILHOTO XapuyBaHHs JacTh NO3WTHBHUH BKIal B
€KOHOMIYHHI PO3BUTOK JaHOTO pailoHy, TaKOX Lied BHOIp
rapaHTye TOIHWT BHWIIE CEPEIHbOr0, MLI0 JO3BOJHTH

«BigkputTs 3anany PI'» Oyne OIIP ta pexomenpamii 3 ~ pO3BHBaTUCh IIANPHEMCTBY Ta HE NpHUBEAE IO
CIIITP. OuiHooOThCS MicHs 32 JIOIOMOTOI0 TakWX  OaHKpPYTCTBA.
KpUTEpiiB: 0OMekeHHs OroKeTy (TOOTO IiHA 332 OPEHIY
MPUMIIICHHS), IUToma O0’€KTa, MICIe 3HAXOKCHHS.
| c
I, O
» 1 »
Ll >
! 5 R Binxpurts 3akmany PT° O2 -~
Ll »
M| M, M| M,

Puc. 1 — Mopnens npouecy BiIKpUTTS 3aKJIaly PECTOPAHHOTO TOCIIOAAPCTBA
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Puc. 3 — Jlekomno3utis npouecy «O0poOka JaHux»
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Pesynbratu
M0 KPUTEPisiM OtpumanHst

»|  MOpIBHAUTLHOT TaOIHII Tabmuus
L s Y v
OI

®dopMyBaHHS BUCHOBKY

Puc. 4 — Jlexommo3uitist mporecy «AHaii3 pe3yJbTaTiB»

OTmxe, 1i1s 3aa4i BUOOPY THITY 3aKJIay MPOBEICHO
CHUCTEMHHUI aHai3 U KOHKPETH3allil KOXKHOTO eTaly, Ha
OCHOBI SIKOTO 0OpaHO HAMTOUITBHINI METOAN BUPIIICHHS
3amgaui [8].

3agaya o0paHHsS THNY 3aKJAaAy PecTOPAHHOIO
rocroIapcTBa MeTO0M HEIOMiHOBAHUX AJILTEPHATHB.

[TocranoBka 3ana4i. [lomaHO MHOXWHY DPi3HOBHIIB
TUIIB 3aKJIa/IiB pecTopaHHOTO rOCIoIapcTBa

A={a,,a,,a,,8,,8;,8,}, ne @& - pecropan, &, —
Oap, d, — kade, d, — kadetepill, 8; — 3aKycoyHa, ag —
""catering" (pecTtopaH, 3a crenialbHIMHU 3aMOBJIEHHSIMH).

IlojiaHO YOTHPH HEwiTKi BigHOmeHHs nepeBarn: R,
R2 ., R, R4, 3HAYYIIiCTh SKUX, Ha AymKy OIIP,
JIOPIBHIOE BIiIIIOBITHO /11 =04, ﬂq =0.3, /13 =0.2,
4, =0.1.

Tyr R, — saiinsricts punky came uum THmom
3aKnajly Ha pPHHKY pecTopaHHoro Gismecy; R, -
aKTyaJbHICTh BIAKPUTTA (HM3BKHH PH3WK IIPOBAIY
BiJIKPHTT); R3 — aCOpPTUMEHT NPOAYKIii 3rifHO 3
JIep)KaBHUM  CTaHIapTOM; R, —  MOJKJIMBOCTI
OOC/TyrOBYBaHHS ~ pi3HMX  Tpyn  HaceleHHs, R —

j
BimHOIIEHHS iepeBar [4].

OTxe, HEOOXiAHO 3MIMCHUTH paIliOHAIBHUI BHOIp
aIbTEPHATMBM 3 MHOXMHM A Ha OCHOBI 3aJaHMX
BiJTHOIIICHb TIEPEBAry.

IIporpama Ha OCHOBI METOAy HEIOMIHOBAHHX
anpTepHATHB. [ CHpOIIEHHS TpoIlecy BHUPIMICHHS
3amadi  MPUHAHATTA pIIEeHbh TPW  KUTBKOX — 3aJaHuX
BIIHOIIEHh TepeBarm HAa MHOXHWHI  aJbTEPHATHB,

CKIIa[ICHO MPOrpaMy Ha OCHOBI METOIy HEIOMIHOBAaHHX
anpTepHatuB y cepenosuini Visual Basic for Application.

JaHi mpo HEYITKI BiJAHOUICHHS R, RZ' R3, R4
MepeBary Ta BIAMOBIIHI CTYIICHI BaXKIMBOCTI ﬂ‘l, A, 3.3

, 14 3anucyroThes Ha et Microsoft Excel y Bignosiani

KJIITHHKH.

Cnix  3a3HauuTH, O OIiHKA  MOPIBHIHHA

anpTepHATHB 3a KpuTepiamu R, RZ, R,, R4 JUISL yCix

aIbTEPHATHB 3 MHOXMHM A Oyau  BuCTaBjeHi
eKCIepTamMH, sKi CHHPaJHCh Ha CTaHJIAPT Ta pealbHy
CHUTYaI[il0 HACUYEHOCTI PUHKY M. J[HINPO KOXXHUM THIIOM
3akmany. [lomapHi OIHKM  KOXHOI — aJbTepHATUBH
3HaxoasaTees Big 0 mo 1 BiiarouyHo, Ae 1 — HaWOLIBIINMKA
CTYIIIHb MPUHAIEKHOCTI IEBHOMY KPUTEPIIO.

[porpama 3untye nani 3 Jlucra Microsoft Excel Ta
BUBOJUTH PE3yJbTaTH y MiAJIOTOBE BIKHO 3 MOETATHUMH
po3paxyHKamu (IUB. puc. 5).

[P E——— ===

Bimsomerss Q2 =
0 02 012 008 0

048 1 022 052 04 066

0 0 1 004 004 004

042 006 012 1 0,04 004
048 006 006 006 1 0
05 03 03 03 03 1

Pospaxysatn

BusecTn wa reicr Excel

i

Crpore pinHomenna Q2=
0 02 0
048 0 0,22 046
0 0 0 0
03 0 0,08 0
04 0 0,02 002
056 0 0,26 026

36 Buin

coocooo

3
Henominorai ameTepramien 3 Q1 =
088 1 092 084 08 076
Henomizopani aneTepHamuzi 3 Q2 =
1 0,74 054 062 064
TepeTiH HeTOMIHOBAHIX ANTLTEPHATHE =
044 1 074 054 062 064
CTYMiHE i Ty

HOMEPOM: 2,

Led

Puc. 5— Jlianorose BikHO po3po0JIeHOI Iporpamu
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Takox, yci moeramHi po3paxyHKH MO>KHA BHBECTH
ua Jlucr Microsoft Excel mms mepemipku mpaBuibHOCTI
00YHCICHP Ta TPOCHIOKYBATH KOXHHH KpPOK BHOOpY
paIioHaNBHOI aNbTePHATHBH.

OTxe, 32 JOMOMOTOI0 TPOTrpaMu OyJI0 OTPUMAHO, 1110
abTepHATHBa 3 HOMepoM 2 Tumy "0ap", Ha nymKky OIIP, €
PO3B’SI3KOM 3ajadi BUOOpPY THUIY 3aKJIaJy PECTOPaHHOTO
rOCII0/IapCTBA.

3agauya BHOOPY Micusl pO3TALIYBAHHA 3aKJAaxy
pecTOpaHHOro rocrnogapcTBa. Po3podka
iHTeeKTyaJbHOI CcHCTeMHM WiIATPUMKH NPUAHATTS
piliens 151 BUOOPY Micus po3MinieHHs 6apy.

ITocranoBka  3amadi. [oTpibHO  pO3podUTH
IHTETIeKTyaNbHy CHCTEMY U1 BUPIMICHHS 3a1adi 0OpaHHS
Micus po3TanryBaHHA 3aKIany PECTOPAHHOTO
rOCIIo/IapCcTBa TUIy «0ap» 3a JOMOMOror 0a3W NaHWX 3
BiZIOMHMHU (peaJIbHUMH) 00’ €KTaMHU.

CkianeHo 0a3y naHMX 3 IUSITAECSATbMa BapiaHTaMHU
PO3MIIIIEHHSI 3aKJIaJly PECTOPAHHOrO TOCHOAApPCTBA Ha
ocHoBi caiitis [9,10].

Jns  moctaBneHOi 3amayi, oOpaHa MPOIYKIIiiHA
MOJIETb TPEACTaBICHHA 3HaHb. Lle MOB’s3aHO 3 THM, IO
3a JIOTIOMOTOI0 TIPaBWI, OyIYETHCS JIOTIYHHWI BHCHOBOK
Bim ¢akTiB g0 pimeHs abo Bix TimoTe3 mo ix
MiATBEPIKCHHS 91 CIIPOCTYBaHHA [§].

Takox, NPOAYKIiifHA MOJETh € HAaWIpPOCTIIIOK B
peamizamii, = JOCTaTHbO  HATSIAHOKO  Ta  JIETKO
MoudikoBaHOW0. BiNbLIICTh MPOMHUCIOBUX EKCHEPTHUX
CHUCTEM BHKOPUCTOBYIOTH CaMe NpOIYKLIHYy MO/eNnb
NpeACTaBICHHS  3HaHb. Jlns  CTBOpPeHHS  3ajJaHoi
IHTeNeKTyaJIbHOT ~ cucTeMH OyJo oOpaHO  MaliuHy
BHCHOBKY 3 MPSIMUM TIOIIYKOM BIIHD.

Tak sk KUIBKICTh NMOTEHLIHHUX pilleHb Benuka (50
BapiaHTIB BUPINICHHS IMHUTaHH:A), OepyThcs BCl (akTH 3 ix
JOCTOBIPHOCTSIMH 1 BHOYJOBYETHCS MHOXKHHA JIAHIIOTIB
IO BCIX MOXJHMBHX 3a HMOBIpHiCTIO pimeHb. JlaHa
cTpaTeris 000B’3KOBO nependavae MEXaHi3M
TIPUCKOPEHHS.

Sk BimOMO, IJISI CTBOPEHHS EKCHEPTHOI CHCTEMH
MOTpiOHO po3poduTH 0a3y AaHHX, B sKid OynyTh 3i0paHi
yci albTEpPHATHBU JUIs TIOJANBIIOTO0 BUKOPUCTAHHS B
pOoOOTI EKCIEPTHOT CUCTEMHU.

Baza gmaHmx gusd  IHTENEKTyalnbHOI  CHCTEMHU
MATPUMKE 1 TPUHAHATTA pilleHs A0 BHOOPY MicCI
po3TamnryBaHHA Ka)e B IPUMIIICHHI Ma€ TaKi MOJS:

1. Ne 00’exTy — mone miis BimoOpakaHHS HOPSIIKOBOTO
HOMepy 00’€KTy B 0a3i JaHUX.

2. Anmpeca  00’ekTy —  aapeca  pO3TallyBaHHS
NPUMILICHHS.
3. Paiion posramryBaHHs — paifoH po3TallyBaHHA
NPUMILICHHS.

4. Tlnoma, M° — IIOmA NPUMILICHHS, BHPAXKEHA Y
METpax KBaJpaTHUX

5. Ilima 3a 1 KkB.M. OpeHOW, TpPH. — IliHA OIHOTO
KBaZIpaTHOTO METPa B TPUBHSX.

6. Cran mnpuMimeHHS — CTaH TPHUMIOICHHA, SKUI
OLIIHIOETECS 3a 10-0anbpHOIO MmIKamoro, Ae 1 — HaWHMK4Ya
OIIiHKa, a 10 — HalOiIbImIa .

7. TloTik TOTCHLIHHUX KIIEHTIB — OI[IHKA TOTOKY
MOTCHI[IHUX KIIEHTIB y 4YHUCIOBOMY Burisami 3a 10-
0aNbHOIO IMIKANOLO.

8. HasBHIiCTD Micls JUIs MAPKIHTY — OIUCYE, YH HAsIBHE
CHeIiajJbHO BINBEACHE Miclle [UIs MapKIHTY Tepen
MIPUMIIICHHSIM.

9. 3pyuHuil mn’i3g Mo 00’€KTy — OMHUCYe, UM HasBHA
3pydHa J0pora Uil MiABO3y XapdiB, OOJamHAHHA Ta
IHILIOTO 3 «IOPHOTO» XOY.

10. TpancopTtHa poO3B’s3KA(HAHOMIKYI 3yNMUHKH), M —
OMHCY€, B CKUTBKOX METPIB 3HAXOOUTHCA HaWOMMK4Ia
3yNUHKA.

11.Yucmo KOHKYpPEHTIB y pamiyci

KUTBKICTh KOHKYPEHTIB B pasiyci 300 m.

Jly11 TOBHOTH OomHCy 00’ €KTy BUKOPHCTOBYIOTBCS YCi
moJist 3 6a3u aHUX I po3poOKHU 0a3u 3HAHb.

s moOymoBH TpPaBMJI B BUMUIAAL TPOAYKINHHOT
MOJIeNIi TPENCTAaBICHHS 3HaHb, IOTPIOHO CIIOYATKY
NPOBECTH aHali3 HaHuX 3 0asu 3HaHb. [ig 1BOTO,
o0y IyeMO TicTorpamu It 4 KPUTEPIiB, sIKi € HEIITKUMHU
Ta TPOBEJAEMO iMeHTHU(IKAIIID 3aKOHIB PO3IOMITICHHS
BEJINYWH IS HUX.

Sx  BuUgHO 3 puC. 6, 3aKOH  PO3MOAUICHHA
ineHTH(iKyBaTH CKIJIQJHO, TOMY IpaBWiIa 3aJaeMO JUIs
TPbOX, PIBHMX 3a BEJIMYMHOIO BiJpi3kiB. Tak camo
aHaJIi3yeMO TOJIsl 3HAHb «IliHa 3a 1 KB.M», «TPaHCIIOPTHA
PO3B’sI3Ka, «UUCIO KOHKYPEHTIBY.

300M — omucye
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Puc. 6 — Inenrudikanis 3aKoHy po3IOIIICHHS:
a — TicTorpama 4acTOTH BEJIMYMH IUIONII; 6 — Tpadik QyHKIIIT TPHUHAICKHOCTI 3HAYSHb IO

Bicnux Hayionanvnoeo mexuiunozo yuisepcumemy «XIIy. 2017. Ne 51 (1272) 69



Cucmemnuil ananis, ynpagiiHHa ma iHpopmayitini mexHonio2iy

ISSN 2079-0023 (print)
ISSN 2410-2857 (online)

Jus  Bcix IHDMX KpuUTepiiB, MpaBmia BHOOPY
BHATIIAAIOTH K YiTKI MHOXHWHH Ta 3a/aHi y BHIIIIIL
TaOJIHIIb:

1. Cran npumitnesss (auB. Tabn. 1).

Tabmu 1 — [NpaBnna BUOopy cTaHy IPUMIIICHHS

baqm| 1-2 | 34|56 | 78] 9 10
2 1 08 | 04 0 0 0
-4 | 0,8 1 06 | 04 0 0
6
8

02 | 05 1 06 | 01 ] 01
0 01|04 1 0,7 | 0,2
9 0 0 03 | 0,7 1 0,3
10 0 0 0102 ] 07 1

2. TloTik NOTEHIIHHUX KITIEHTIB (IuB. Ta0I. 2).

Tabmuus 2 — [paBrina BUOOPY MOTOKY KITi€HTIB

Omninka | Husekwuit | [Tomipuuii | Bucoxnit
Huspxuit 1 0,4 0
[omipauit 0,3 1 0,5
Bucokuii 0 0,2 1

3. Hassuicts Micist st napkinry (aus. tabm. 3).

Tabmums 3. [IpaBuna BUOOPY MICII U1 TAPKIHTY

TaK Hi
TaK 1 0,01
Hi 0,01 1

4. 3pyunwuii min’i3a 10 06’ekry (quB. Tabm. 4).

Ta6muws 4. [paBuna Bubopy [utst mosist 3pyuHuit min’ i3z

TaK Hi
TakK 1 0,01
Hi 0,01 1

Pobora ekcniepTHOL
puc. 7 Ta puc. 8.

CUCTEMU TIIPCACTABJICHA Ha

Bubip ob'exta |
MapkiHr I Mig 38 4o ob'exTy 1 3yNuUHKM 1 KOHKYpeHTH I
Mnowa 1 Uinazaakem 1 CTaH NpMMILLEHHA ‘ MoTik knieHTiE I

flka nAowWa NpUMILLEHHA NOBMHE ByTH?

' mManeHbka
 cepeaHn
" Benuka
Hackineku 33 10 6aNbHOIO WKANOIG ANA BAC BAXKAMEMIA Ll

KpUTEPIf(Ae 0 - He M3E 3HaYEHHS, 3 10 - M€ HaMICTOTHIWE 3HaUeHHA
AnA Bac)?

| F
Poapaxysatn Buxig
L

Puc. 7 — Mianorose BikHO mporpaMu «Bubip 00’ exTa»

p— [
e [ Azpeca | BignosigricTe -
13 Byn Bockpeccoia 16 0, 744408680 ¥
32 syn. Kanmosa 3 0,686982277
43 npocn. Marapida, 90 0,680928431
33 npocn. CnobaxaHcskni 1 0,678336536
2% Bynssap Cnasn 26 0,657326394
16 np. [l Asopryuskoro 68 0,650772049
5 Byn. AsopHLLKOro 6 0,56500582
2 Byn. PoTopra 16 (Mpuari 054953456
39 Byn. bornana XmenoHmw  0,548546373
18 Byn. Ciuecnascesa Habep 0,532768698
40 By LWHpuwosa 4 0,52962862
a7 YN, Ceposa 2 0,52943854
P By, Cepria Eppenosa 26 0,523340688
12 BynBocpecceka 18 0,521583955
25 Byn. Pafiora 198 0,504142963
19 By, MoHacTHpaskid Ot 0,50227338
17 Byn. 3anopisbke Woce 5 0,50152432
9 ynBockpeciceka 22 0,499157606
B Byn. Bonogymipa Monon:  0,432768014
35 Byn KowoBuHaksoro 2 0,48540645
41 Byn. MNanikaxu 15 0,482773308
5 Byn Marnefiypcsioro npe 0,476955781
31 BYN. Hanl AneKceeHko 65 0,475080246 -

AeTansHiwe Buxig

Puc. 8 — Pesynbrati poOOTH EKCIIEPTHOT CUCTEMH

BucnoBku. [l CTpPYyKTypyBaHHS Ta BHIUICHHS
KOHKPETHHX €TamiB poOIT TpH BIIKPUTTI 3aKIamy
pectopanHoro Gi3Hecy, MPOBEACHO cucTeMHui anaiis. e
JTO3BOJIMJIO PO3AUIMTH TMOJaHE MUTAHHSA HA J[BI OCHOBHI
mij3amadi Ta BHIUIMTH TOJIOBHI KpPUTEpii OI[HKH IS
OIIP. /IomaTKOBOIO 3aJa4C0 MiCisl ISKOMITO3UINT MOaei
CTaNo «o0paHHs THITY 3aKiany». Lfo 3a1agy BHpIlIEHO 3a
nmoromororo ogHoro i3 metoxis CIIIIP, a came mMeTtomom
HEIOMIHOBaHMX aJbTEPHATHB Ta CKJIAICHO Ha HOTO OCHOBI
nporpamy. Y pe3yibrari 0yj0 OTPUMaHO pEeKOMEHMAIii
IIOJI0 BiJKPUTTS 3aKiaay Tumy «Oap». ['onoBHY 3agauy
«oOpaHHA MICII»  BHpIIIEHO 32 JIOTIOMOTOIO
BUKOPHCTAHHS TEXHOJIOTIH 3 IHTEJIEKTyaJIbHUX CUCTEM.

OT1xe, po3po0NeHU MPOTpaMHHUIA KOMIUIEKC MOXKE
SIKICHO OILIIHIOBATH BUIbHI MPUMIIIEHHS Ta 00MpaTd TOU
THI 3aKJIaJy PECTOPAHHOTO TOCIOAAPCTBA, SIKUI 3TiHO 3
EKCIICPTHUMH OIIHKaMU CHUTYallii Ha pUHKY PECTOPAHHOTO
0i3Hecy HalJOLIIbHIIIE BIIKPUBATH caMe B 1€l yac Ta B
I[BOMY MICITi.
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