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YJIK 536.2.01: 621.039.5
A. B. EOUMOB, I0. B. POMALIOB, /. A. YHUEHCOB

MOJIEJTMPOBAHUE OCECUMMETPAUYHOM TEIJIONPOBOJIHOCTH B KOMIIAKTHBIX
M3AEJINAX KEPAMAYECKOI'O AJEPHOI'O TOIIVIMBA C YYETOM TEMITIEPATYPHBIX
3ABUCUMOCTEM TEILIO®U3UYECKUX XAPAKTEPUCTHUK

OO0CyXIar0TCsl BO3MOXKHOCTH MPUMEHEHUS PA3IMYHBIX MaTeMaTHYECKUX (POPMYIHPOBOK ISl MOACIUPOBAHHUS OCECUMMETPUYHO TEIUIONPOBOJAHOCTH
KOMITAaKTHBIX H3/ICIHI KePaAMHYECKOT0 siAepHOro Toruea. [lokazaHo, 4TO NpHUMEHEHHE YPaBHEHUS TEILIONPOBOIHOCTH, 3aIIHCAHHOTO OTHOCHTEIBHO
TEMIIEPATypPbl, MOXKET BHOCUTH MOTPEIIHOCTH, CBA3aHHBIC C HEONPEACICHHOCTHIO UCXOAHBIX JaHHBIX O MPOM3BOIHOI TEMIEpaTypHOU 3aBHCUMOCTH
k03(uLKeHTa TEIUIONPOBOIHOCTH, KOTOpasi JOCTYIHA HMCKIIOYUTEIBHO B TaOYJIUPOBaHHOW (opMme Uil 3HAYCHHUH TeMIEpaTyphl, pa3lIeleHHBIX
JIOCTATOYHO OONBLIMM I[IArOM. OTO OOCTOSATENHCTBO SBISIETCS CYIIECTBEHHBIM JUISI MOJCIUPOBAHHS OCECHMMETPHYHON TEIIONPOBOIHOCTH
KOMITaKTHBIX U3/ICNIUI KEPaMHYECKOTO SJEPHOTO TOIUIMBA, TOCKOJBKY €ro TeIIONPOBOIHOCTh CYIIECTBEHHO 3aBHCUT OT TEMIIEPATyphl, YMEHBIIASACH B
2,5 pasza npu m3MmeHeHnn temrepatypsl oT 323 K go 1073K. TlokazaHo, 4TO AJsi M3y4EHHS OCECUMMETPUYHOU TEILIONPOBOJHOCTH KOMITAKTHBIX
U3/IENUI  KepaMHUYECKOro SIACPHOrO TOIUIMBA HAWOONBIIMN HMHTEpEC MPEACTABISIET CMEIIAHHAs MaTeMaTuyeckas (OpMyIHpOBKa 3a1adu
TEIUIONPOBOTHOCTH OTHOCHTEINILHO TOJICH TeMIepaTyphl U BEKTOPa TEIIOBOTO MOTOKA, MOCKOJIBbKY COOTBETCTBYIOIINE AU PepeHIIMAIbHBIC YPaBHEHUS
HE coJlepKaT MPOU3BOIHOM TeMIIepaTypHOH 3aBUCUMOCTH KO3 (DUIMEHTa TeIIONpOBOAHOCTH. [Ipy 3TOM MOrpEUIHOCTH, BHOCUMbIE allPOKCUMALUeH
3HaYeHHH KOA((DHIIEHTa TEIIONPOBOAHOCTH IO HMEIOIIUMCS TaOIHYHBIM JTaHHBIM, OyIyT OrpaHHYEHbI MOTPEIIHOCTHIO ANMPOKCHMALNK 3HAYCHHI
k03(puLKEHTa TEIIONPOBOJHOCTH, KOTOpas JIETKO KOHTPOJMPYETCS [0 MMEIOMIMMCS TaONMYHBIM JIAHHBIM O 3HAYCHUSAX KOd(DPHIIUCHT
TEIUIONPOBOIHOCTH. Il pellleHUs] 3a/laud TEIUIONPOBOIHOCTH, (OPMYJIUPOBAHHONW B CMELIAHHOW (POpPME OTHOCHTENBHO IIOJICH TeMIeparypbl H
BEKTOpa TEIIOBOTO MOTOKA, MPEAIAraeTcsl HCIONB30BaTh METO/I TOJIY-HCKPETH3ALMH, KOTOPhIA CBOAUT PACCMATPHBAEMYIO 33aa4y K OMpEICICHUI0
BPEMECHHBIX 3aBHCUMOCTEH HCKOMBIX BEJIMYUH B OTJCIBHBIX TOUYKAX UCCIIEAYyEeMOi 00JIaCTH KOMITAKTHOTO M3/eIHsl KEPAMUYECKOr0 SAEPHOTO TOILUIHUBA.
Jlns aTOrO MpeaiaraeTcs KOHEYHO-Pa3sHOCTHBIMU (DOPMyJIaMHU 3aMEHSTh MPOU3BOIHBIC TOJBKO MO HMPOCTPAHCTBEHHBIM KOOPIMHATAM, YTO MO3BOJUT
HOJIYYHTh OOBIKHOBEHHbIE NU(PepeHIAIbHbIE YPABHEHHS C HAYAILHBIMHU YCIIOBHSMU J1JIsl OLIPEIEIEHHUS Y3I0BbIX 3HAYEHUH HCKOMBIX BEJIMYHH. )

KuroueBble cjIoBa: MareMaTH4ecKas MOJIElb, TEIUIONPOBOAHOCTD, TEIIOPU3NYECKUE XapaKTEPUCTHKH, KEPaMHUYECKOE SACPHOE TOILIUBO,
K03(h(DULKEHT TEIIONPOBOJHOCTH, METOJ TTOJTY-TUCKPETU3ALINH.

0. B.EDIMOB, 0. B. POMALLIOB, ]]. O. YIBICOB

MOJIEJTIOBAHHA OCECMMETPIYHOI TEIJIOITPOBIJTHOCTI B KOMITAKTHUX BUPOBAX
KEPAMIYHOT O SIIEPHOI'O ITAJIUBA 3 YPAXYBAHHAM TEMIEPATYPHUX 3AJIEXKHOCTEN
TEIIJIO®PIBNYHUX XAPAKTEPUCTUK

OOroBOPIOIOTHCS MOMIIMBOCTI IOAO 3aCTOCYBAHHS Pi3HHX MaTeMAaTHIHUX (DOPMYIIOBAaHb Ui MOJCTIOBAHHS OCECHMETPHYHOI TEIUIOMPOBIAHOCTI
KOMITAaKTHUX BUPOOIB KepaMiqHOTro siiepHOro nanusa. [lokasaHo, o 3acTocyBaHHs PiBHSHHS TEIUIONPOBITHOCTI, 3aIICAaHOTO BIiTHOCHO TEMIIEPATypH,
MO’Ke BHOCUTHU MOXUOKH, OB sI3aHi 3 HEBU3HAYEHICTIO BUXIIHUX TaHUX MPO MOXITHY TEMIIEPaTypHOI 3aIeKHOCTI KOedilli€eHTa TEIUIOMPOBIHOCTI, SKa
JIOCTYIHA BUKJIIOYHO B TaOMM4Hii (HOpMi BiJIOBITHO OKPEMHM 3HAYEHHSM TEMIIEPaTypu, PO3MUIEHHX JOCUTh BEIMKUM KpokoMm. Lls oOcraBuHa €
ICTOTHOIO JUII MOJEINIOBAaHHS OCECHMETPUYHOI TEIUIONPOBIJHOCTI KOMIIAKTHUX BHPOOIB KEpaMidHOTO SIEPHOTO IIaliBa, OCKUIBKH IXHS
TEIJIONPOBIHICTh ICTOTHO 3AJISKHUTH BiJl TEMIIEPATYPH, 3MEHIIYIOUHCH B 2,5 pa3u npu 3MiHi Temneparypu Big 323 K no 1073K. IToka3zano, mo s
BHUBYEHHS OCECHMETPUYHOI TEIUIONPOBITHOCTI KOMIAKTHUX BHPOOIB KEpaMiyHOrO SACPHOTO MajuBa HAHOUIBIIMK IHTEpeC MpeicTaBiisie 3MilllaHa
MaTeMaTH4yHa (OPMYJTIOBaHHS 3amadi TEIUIONPOBITHOCTI IIOAO IIOJTIB TEMIIEPATYpH i BEKTOpa TEIUIOBOTO MOTOKY, OCKUIBKH BIANOBIJHI TakOMY
hopmymoBaHHIO ArdepeHIiaNbHI PIBHAHHS HE MICTSTh MOXIAHOIO TEMIIEPATyPHOI 3aIeKHOCTI KoedilieHTa TermonpoBigHocTi. [Ipu nboMy MOXHOKH,
110 BHOCATBCA ANPOKCHMAIli€I0 3HAa4eHb Koe(dillieHTa TeIUIONpOBIAHOCTI 32 HAsSBHUMM TaOJMYHMMH JIaHUMH, OyIayTh OOMEXeHI MOXHOKO
aTnpoKcHMalii 3HaueHb KoedillieHTa TEIUIONPOBIJHOCTI, SKa JIETKO KOHTPOIIOETHCS 32 HASIBHUMH TAONMYHUMHU JaHHMH TIPO 3HAYEHHSX KoedilieHTa
TEeIIonpoBiAHOCTI. [l BUpimIeHHs 3a/a4i TEIUIONPOBiAHOCTI, CHOPMYITHOBAHOI B 3MilIaHii GopMi MIOI0 MOMIB TEMIIEPATYPH i BEKTOpa TEIIOBOTO
MIOTOKY, MPOHOHYETHCS BUKOPHCTOBYBATH METOA HAIliB-AHCKPETH3aLlii, KUl 3BOAUTH PO3IJIHYTY 3a7ady A0 BH3HAUCHHS 3aJ€KHOCTEH B 4acy
NIyKaHUX BEIWYMH B OKPEMHX TOYKaX JOCII/PKYBaHOI o0JiacTi KOMIIAKTHOTO BHPOOY KepaMiuHOTrO sijepHOro manmea. st I[bOTO NPONOHYETHCS 3a
JIOTIOMOTOI0 BUKOPUCTAHHSI CKIHUYEHMX PI3HOCTEH 3aMiHIOBATH MOXiJHI TUIBKM MO MPOCTOPOBMM KOOpJMHATaM, Ha HE MO 4acy, IO J03BOJHTh
OTPUMATH 3BHYaiiHi JudepeHiaabHi piBHIHHS 3 HOYaTKOBHMH YMOBaMH ISl BU3HAYCHHS BY3/IOBHX 3HA4Y€Hb IIYKaHUX BEIMYHH.

KarodoBi cioBa: MaTeMaTHdyHa MOJENb, TEIUIONPOBIIHICTh, TEIUIO(I3HYHI XapaKTEpPUCTHUKH, KepaMidHe siepHe maianmBo, KoedimieHT
TEIJIONPOBIJHOCTI, METO HalliB-TUCKPETH3ALLI1.

0.V.YEFIMOV, YU. V. ROMASHOV, D. O. CHIBISOV

MODELING OF AXISYMMETRIC HEAT CONDUCTION IN COMPACT PRODUCTS OF CERAMIC
NUCLEAR FUEL WITH THE TEMPERATURE DEPENDENCIES OF THERMOPHYSICAL
CHARACTERISTICS

The possibilities of using of various mathematical formulations for modelling the axisymmetric heat conduction of compact products of ceramic
nuclear fuel are discussed. It is shown that the application of the heat equation wrote with respect to temperature can introduce errors due to the
uncertainty of the initial data on the derivative of the temperature dependence of the thermal conductivity, which is available exclusively in a tabulated
form for temperature values separated by a sufficiently large step. This circumstance is essential for modelling the axisymmetric heat conduction of
compact products of ceramic nuclear fuel, since its thermal conductivity depends significantly on temperature, decreasing by a factor of 2.5 with a
temperature change from 323 K to 1073K. It is shown that to study of the axisymmetric heat conduction of compact products of ceramic nuclear fuel,
the most interesting is the mixed mathematical formulation of the heat conduction problem with respect to the temperature fields and the heat flux
vector, since the corresponding differential equations do not contain the derivative of the temperature dependence of the thermal conductivity. In this
case, the approximations of the values the thermal conductivity coefficient from the available tabular data will be limited by the error in approximating
the values of the thermal conductivity, which is easily monitored from the available tabular data on the values of the thermal conductivity coefficient.
To solve the heat conduction problem, formulated in mixed form with respect to the temperature fields and the heat flux vector, it is proposed to use
the semi-discretisation method, which reduces the problem under consideration to determining the time dependences of the unknown quantities at
individual points of the investigated region of a compact product of ceramic nuclear fuel. To this end, it is proposed to replace finite-difference
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formulas by finite-difference formulas only in terms of spatial coordinates, which will allow us to obtain ordinary differential equations with initial

conditions for determining the nodal values of the unknown quantities.

Keywords: mathematical model, heat conduction, thermo-physical characteristics, ceramic nuclear fuel, thermal conductivity coefficient, semi-

sampling method.

Beenenne. MojenupoBaHue TEIUIONPOBOAHOCTU B
KOMIIAKTHBIX  M3JEJNUAX  KEPaMUYECKOro  SAEpPHOTO
TOIUIMBA,  KOTOpbIE  IIUPOKO  HUCIONB3yeTcd B
COBPEMEHHBIX  SJCPHBIX JHEPIETHUECKHX PEAKTOpax,
MPEACTABISIET 3HAYMTEIBbHBIH HHTEpEC AN pa3paboTKu
HOBBIX M YCOBEPIICHCTBOBAaHMS H3BECTHBIX BHJIOB
KepaMHIecKoro sizepHoro Tommmea [1-5]. Takoit uHTEpec
CBS3aH CO CHCHU(PHISCKIMH CBOWCTBAMH, HU3KOU
TEIJIONIPOBOJHOCTRIO M CYLIECTBEHHOM TEMIIEPATYpHOI
3aBUCHMOCTBIO  TETNIOQU3MYECKUX  XapaKTEPHUCTHK, —
KOTOpBIE  TIOPOXKIAIOT  OCOOEHHBIE  3aKOHOMEPHOCTH
MIPOIIECCOB TEIUIONPOBOAHOCTU B KOMIIAKTHBIX HM3AETHAX
KepaMH4eCKOro  SAepHOro  TOIUIMBA,  CYIIECTBEHHO
OTPaHMUYMBAIOIINE €ro PabOTOCIOCOOHOCTh S SIACPHBIX
SHepreTuueckux peakropax. lloatomy Tema paHHON
paboTel, B KOTOpOH paccMaTpuBaeTcs creruduka
MOJETIMPOBAHMS  TEIUIONPOBOJHOCTH B  KOMIIAKTHBIX
M3AEINAX KEPaMHUIECKOTO SICPHOTO TOIUIMBA C yYETOM
TEMIIEPaTYPHBIX 3aBHCHUMOCTEH €ro Termmo(U3NIECKUX
XapaKTEPUCTHUK, ABISETCS aKTyaJIbHOM.

YpaBHeHus, HayaJlbHble M I'PAHUYHBIC YCJOBHUS

TEIJIONMPOBOJIHOCTH. Hccnenoranue TEMIIEPATYPHOTO
COCTOSIHHUA KOMITaKTHBIX 21631 (S 0707 KEpaMHUICCKOTO
AACPHOTO  TOINIMBA CBOAUTCA K PCIICHUIO 3aJlavdu
TCIJIOMPOBOJHOCTH, KOoTOpas JA0CTaTOYHO Xopouio

pa3paboraHa B Hactosiee Bpems [6—8]. KommaktHbie
N3AETNs KePaMHUYECKOTO SAEPHOTO TOIIIMBA JJIS SIICPHBIX
SHEPreTUYECKUX PEaKTOPOB BBHIMOJHAIOT Yallle BCETO B
WIMHAPUYEeCKoil (opme, Kak, HampuMep, B TBeJlax
simepHBIX  peakTopoB BBOP-1000 (puc. 1), mostomy
YpaBHEHHsI 3aJladdl OCECHMMETPUYHON HeCcTallnoOHapHOH
TEIUIONPOBOJHOCTH PAaCCMOTPUM B IMJIMHAPHUYECKHUX
koopauHaTax [6-9]:

aT oq q\ 2
= (=421 = 1
cp at (6r+r>+ Y ¢, @)
oT
= —)— 2
q s (2

rme T=T(r,t) u q=q(rt)—Temneparypa ¥
paauaNbHBINA TEMIOBOH NMOTOK;

C, p 1 A — TEIUIOEMKOCTb, INIOTHOCTh U KO3 Puuu-
€HT TEIUIONPOBOIHOCTH TOILJIHBA;

T ¥ t — paanaigbHas KOOPIMHATA U BPEMS;

Yf M Y — MaKpOCKOIMYECKOE CEYEHHE JENEHHS H
BENTMYMHA, OOpaTHAas SHEPTHH, MPHUXOMAIICHCS Ha OJUH
aKT JICJICHUS;

®(r) — IIOTHOCTH HEUTPOHHOTO MOTOKA.

HenyseBass MOLIHOCTh BHYTPEHHHX HCTOYHHMKOB
TerJia B ypaBHeHUH (1) YUUTBIBAaeT BIACICHUE YHEPTHH B
enuHULEe 00beMa TOIUIMBA BCJICACTBUE SICPHON pEaKiMu
JIeNIeHNs, KOTOPOE ONpeeNsieTcs] TUIOTHOCThI0 HEHTpPOH-
HOT'O MOTOKA; MPEAIOJaraeTcsi, 4YTo MIOTHOCTh HEHTPOH-
HOTO MOTOKa HaiileHa u3 (U3MYECKOTO pacueTa peakropa
[9]. HeobxoamMoCTh yYHTHIBATE MOIIHOCTH BHYTPEHHHUX

WCTOYHHMKOB TeIUIa SIBJIAETCS CIEnU(pUKONH MOIEIHpoBa-
HUS TEIJIONPOBOJHOCTH B KOMIIAKTHBIX M3JENIHAX Kepa-
MHYECKOTO SIEPHOTO TOIUIMBA, MOCKOJIBKY B OOJIBIINH-
CTBE JpPYTUX HHXXEHEPHBIX NPUWIOKEHUM YypaBHEHUIl
TETIONPOBOIHOCTH MOIIHOCTh BHYTPEHHHX HCTOYHHKOB
TeIuta OOBIYHO paBHA HYJIIO.
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Puc. 1. Ceuenne u pasmepsl (B MM) TOIUTMBHOM TaONETKH U3
kepamuku U O, uis TB3JI0B siiepHoro peaktopa BBOP-1000

VYpasuenus (1), (2) cremyer paccMaTpuBaTh C
YYETOM Ha4yajibHOro YCJIOBHS, KOTOPOC OIPEACIACT I0JIC
TEMIIEPATypPhl B HAYaJIbHbI MOMEHT BpEMEHHU ¢ = ty!

T(r, ty) = To(r), 3)

rae Ty (r) —3amaHHOE IMONIE TEMIICPaTypbl B HaYalbHbIH
MOMEHT BPEMEHH.

HauasnpHoe mone temnepatypst Ty (1) BeIOMpaeTcs ¢
yuyeToM Iiejeld  MonenupoBaHHMsA. Tak, Hampumep,
HayalbHOE IIOJIe  TeMIepaTypbl MOXET OTBevarb
COCTOSIHMIO B HOPMAJIBHBIX YCJIOBHSIX SKCILTyaTallH, €CIN
HEOOXOAMMO pacCMOTPETh HM3MEHEHHE TeMIIepaTyphl
BCIICJICTBHE KaKUX-TMOO BO3MYIICHHUH OTHOCHTEIBHO
HOPMaJIbHBIX YCJIOBHH SKCILTyaTalHH.

VYpaerenust (1), (2) cuemyer paccMaTpuBaTh C
Y4EeTOM TPAaHHYHBIX YCJIOBHH, KOTOpBIC ONPEACIIIOT
TEIJIOOOMEH Ha TPaHUYHBIX MOBEPXHOCTSAX u3zaenus. B
HacTosilllee  BpeMsl  KOMIIAKTHbIE  LMJIMHIPUYECKHE
M3/IeJMsl KEPAMUUECKOT0 SIAEPHOTO TOILIMBA BBITOJHSIOT
C LEHTPaJIbHBIM OTBepcTHeM (puc. 1), mosToMmy maiee
paccMmarpuBaeM TpaHUYHBIE YCJIOBHS Ha BHYTpEHHEH 1 =
a ¥ HapyXHOW T = b TOBEPXHOCTSX, TAC A — PajHyc
otBepcTHsi U b — pagmyc m3nenus. [Ipy MoaenupoBaHUH
TETIONPOBOIHOCTH B U3AEIUAX KEPAMUUECKOTO SJEPHOTO
TOIUIMBA B KayeCcTBE TaKUX YCIOBHH NPHUXOAMTCS
paccMmarpuBaTth YCJIOBHS TEINIOOOMEHa!

a,(T, — T(a, t)), (4)

q(a,t)

q(b, t) = ap(T (b, t) = Tp), (®)

e o, " 0y — KO3PPUIHEHTHI
MOBEPXHOCTAX ' = @ U T = b;

T,, n T, —TemnepaTypbl TIa30BOrO HalOJIHUTEISA
(00BIYHO — 3TO TeMHif) B 00JIACTH OTBEPCTHS U B 3a30pe
ME1y TOIUITUBOM M 00OJIOYKOM.

OCHOBHBIE TPYAHOCTU MOJEIMPOBAHUS IPOLIECCOB
TEIUIONPOBOAHOCTH B KOMIAKTHBIX U3IEIUSAX Kepamu-

TCINIOOTAa4YHn Ha
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YECKOr0 SIAEPHOTO TOILIUBA COCTOST B TOM, YTO BETHYMHBI
Ty, n T, anpuopu He M3BECTHBI M U1 UX OIpEeNICHHS
coBMecTHO ¢ 3azaueii (1)—(5) npuxoauTcst paccMaTpuBaTh
3aJady TEIJIONPOBOJHOCTH Ta30BOTO HAMOJHUTENS, a
TaKKe 3a/Jady TEIUIONPOBOJHOCTH OOOJIOYKH TBIJIA C
Y4EeTOM €€ TeINIOOOMEHa C JBIXKYIIUMCS TEIIOHO-
CHUTEJIEM.

BeiOop  paspemarommx  ypaBHeHuil.  Ilpu
pPacCMOTPEHHH MPOLECCOB TEIIONPOBOJHOCTH BMECTO
ypaBHeHHH (1), (2) TpagUIMOHHO WCIIONB3YIOT OIHO
ypaBHEHUE TEILIONPOBOAHOCTH OTHOCUTEJIBHO
TeMIepaTypbl, KOTOpPOE MOXHO JIETKO IOJy4HTb,
noacraBuB 3akoH Pypee (2) B ypaBHeHue OanaHca
terioThl (1). B wactHOM ciyuae, koraa Teroduznyeckue
XapaKTepUCTUKU MaTepHaja (TeII0EMKOCTb, IIJIOTHOCTh U
TEIUIONPOBOAHOCTE)  XapaKTepPU3YyIOTCA  YHUCIOBBIMU
KOHCTaHTaMH, YpPaBHEHHE TEIUIONIPOBOAHOCTH Oyner
JMHEHHBIM, YTO CYIIECTBEHHO YNPOINAET PEIICHHE 3a1ad
TETUIONPOBOIHOCTH KaK aHAJINTHYECKH, TaK M YHCICHHO
[6-8]. B T0 ke Bpemsi, Temopu3nIeckue XapakTepUucTUKn
KEPaMHUYECKOTO SIEPHOTO TOIUIMBA CYIIECCTBEHHO 3aBUCST
OT TeMIlepaTypsl, 4TO JUIA 3Ha4eHHs KoddduimeHTa
TEIUIONPOBOJHOCTH PAcIpPOCTPAHEHHOTO B HACTOSILEE
BpeMsI KepaMH4ecKoro sigepHoro TormBa UQ, moka3aHO
Ha pUC. 2, KOTOPBIA MOCTPOEH MO JaHHBIM padoTsl [10].
Jnst ydera Takux TeMIIEpaTypHBIX 3aBUCUMOCTEH B
KauyecTBe TEIUIO(PU3NYECKUX XapaKTEPUCTUK MaTepHaja
MOXHO HCIIONIb30BaTh CPEIHME 3HAYECHHS B HEKOTOPOM
TEMIIepaTypHOM HHTEpBae:

T;

1

o)

To

ol
|

- [ omar, )

>

1

rae ¢, p u A— oTBedaromue untepsany [Ty, T;] cpemnue
3HAYCHHUE TEIUIOEMKOCTH, IUIOTHOCTH U KO3(dHUIMECHTA
TETJIONPOBOIHOCTH;

c(T), p(T) u A(T) — TeMneparypHble 3aBUCHMOCTH
TEIMJIOEMKOCTH, MJIOTHOCTH u KoaddunmeHTa
TETJIONPOBOIHOCTH.

Ilpu cooTBeTCTBYIONIEM BhIOOpE MHTEpBana [Ty, Ty ]
ucrionp3oBaHue cpeanux 3HaueHnd (3)—(5) B kauecTBe
TEIIO(PU3NYECKUX XAPAKTEPUCTHK Marepuana He Oyner
BHOCHTH 3aMETHOH IOTPEIIHOCTH B Pe3yJIbTaThl PacueToB
IIpU pelIeHuH ypaBHeHui TerutonpoBoaHoctH (1), (2), Ho
Opd 3TOM 3TH ypaBHEHUS OyOyT JIMHEWHBIMH, YTO
CYIIECTBEHHO YNPOIIAET UX pellieHne. B kauecTBe rpaHHuil
untepBana [Ty, T;] cnenyer BeIOMpaTh MUHUMAIBHYIO M
MaKCHMaJIbHYIO TEeMIlepaTypbl B HCCIEAyeMOi 00iacT,
KOTOpbIE B HEKOTOPBIX CIydasX MOXKHO YCTaHOBUTH U3
(OPMYIIMPOBKH 33/1a4 TEIUIONPOBOIHOCTH, HAIPUMEp, B

cily4yae, KOTla B TOUKaxX TPaHUYHbBIX IMOBEPXHOCTEH ' = a
u r =D>b 3amaHbl TemmepaTyphl. B ciydae rpaHUYHBIX
yenosuil Buzia (4), (5) onpenencuue unrepsana [Ty, Ty]
it BeucneHnid 1mo Qopmynam (3)—(5) okaspBaeTcs
3aTPYOHUTENEHBIM, U, TIOATOMY, HEOOXOIUMO YYHTHIBATH
TEeMIepaTypHbIe 3aBUCHUMOCTH [UII TeIUIO()H3UIECKIX
XapaKTepUCTHK U PacCMATPHBATh HETHHEWHBIC YPaBHEHNUS
terutonpoBoaHocTH (1), (2).

" Br 10
M- K
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0
300 500 700 900 oo 7.K

Puc. 2. TemneparypHas 3aBUCHMOCTB K03 (pHIHEHTA
TETUIONPOBOAHOCTH KepaMuku U0,

TpaguumonHoe cBenerne ypaBHeHWH (1), (2)
OJTHOMY YPaBHEHHUIO TEILIOMPOBOIHOCTH OTHOCHUTEIBHO
TEMIICpaTypbl TMPHBOJAUT K HW3BECTHOMY HEIUHCHHOMY
quddepennuansHOMy ypaBHeHuto [6-8]:

dA(BT)Z
or

aT
P = AV2T + —

2f
I +7¢m, %)

rane V2T = 02T /dr? + (0T /0r)/r — nannacuas.
[IpuHUMOMANBHBIE TPYAHOCTH TPH NPUMEHEHHUH
ypaBHeHus (9) st MOAECTUPOBAHUS TEIIONPOBOIHOCTH B
KOMITaKTHBIX ~ M3JICJIUSIX ~ KEePaMHYECKOro  SIEpPHOTO
TOIUIMBA COCTOAT B TOM, HYTO (YHKIMOHAJIbHAS
3agucuMocTh A(T) 3amaHa B TaGuuuHOM (opme, T.e.
W3BECTHBI 3HaueHUs1 KO3(Q(HUIMEHTa TEIUIONPOBOIHOCTH,
OTBEYAIOIIME OTAEIBHBIM 3HAYEHHSIM TEMIIEpaTyphbl,
PacIOJIOKEHHBIM C JIOCTAaTOYHO OOJBLIMM mIaroM. Tak,
HarpuMmep, Mapkepbl Ha pHUC. 2 OTBEYAIOT TOYKaM U3
COOTBETCTBYIOIINX TaOJMYHBIX JaHHBIX, a JIMHUSA — 3TO
JIOMaHasi, coefuHsomas 3TH ToYkH. C MOMOIIBIO TaKUX
TaOJMYHBIX JaHHBIX 3HAYEHUS A JUI1 IIPOM3BOJILHOM
TEeMIIEpaTypbl MOXXHO JIOCTATOYHO TOYHO OIIPEAEIIATh,
HarpuMmep, MyTeM JIMHEHHOW MHTEePIOJILNY, OJTHAKO NIPU
9TOM, OYEBHJIHO, HE HMEEM BO3MOXXHOCTEH TOYHO
ONpeeNaTh W KOHTPOJIMPOBATH MOTPEIIHOCTh  IpH
NpUOIMKEHHOM ONpENeNICHUH 3HAYEeHUs] IPOM3BOJAHON
d\/dT, xoropas Bxomur B ypaBHenue (9). Takum
obpa3om, TpaIWIMOHHBIA  TOAXOJA K  mpoOieme
TEIUIONPOBOJHOCTH, B KOTOPOM 3aja4da CBOJIUTCS K
onHOMY A depeHIIHaTFHOMY YPAaBHEHHIO OTHOCHTEIBHO
TEeMIIepaTypbl, MPH MOJCIHUPOBAHUU TEILIONPOBOAHOCTH
KOMITAKTHBIX U3JIENINil KepaMHYIECKOT0 SIIEPHOTO TOILTHBA
BCJIC/ICTBHE  CIIENM(PUKH HWCXOJHBIX JaHHBIX Oyner
BHOCHTH B pE3YJIbTaThl pPacyeToB HEKOHTPOJIUPYEMYIO
MOTPENIHOCTh. B CBS3M C 3TUM cleqyeT OTMETHTh, 4TO
cucrema ypaBHeHui (1), (2) HE cOnepKUT claraeMoro c
mHOXHUTeneM — dA/dT,  KOTOpBIi  3aTPyIHUTEIHHO
ONPEEIATh MO CHEHU()PUIECKUM HCXOTHBIM JAHHBIM O
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TEIUIONPOBOAHOCTU KEPAMHUYECKOTO SIAEPHOTO TOILIMBA.
Takum 00pa3oM, BMECTO TpPAAWUIMOHHOTO MOJX0Ja,
CBOJISIIIETOCS. K OJIHOMY ypaBHEHHIO (9) OTHOCHTENBHO
TEMIIEpaTyphl, U U3yYEHHUS TEIJIONPOBOJHOCTH B KOM-
MAaKTHBIX M3JIENUSAX KePaMHUYECKOrO SIEpHOTO TOILTHBA
LENIECO00PAa3HO  HCIONB30BATh  CHCTEMY  ypaBHEHHH
TerronpoBogHOCTH (1), (2) OTHOCHTENBFHO TEMIIEPaTypHI
1 BEKTOpa TEIIOBOTO MOTOKA.

Meron 4YMCIEHHOIO HHTerpupoBaHMs. PemieHue
HEJIMHEHHBIX ypaBHEHWil TerumonpoBoxHocTd (1), (2), B
KOTOPBIX YYHTHIBAIOTCS TEMIIEPATYPHBIC 3aBUCHMOCTH
TETIO(U3NIECKUX XapaKTEepUCTHK, HPE/ICTaBISIET
3HAYUTEJIbHBIE TPYAHOCTH U MOXET OBITh B 00ILEM ClTy4ae
pELICHO TOJBKO NP IMOMOIIM YHCJIECHHBIX METOHOB. B
pabore [11] s pemieHUs JHMHEWHOTO YpaBHEHUS
TEIUIONPOBOAHOCTU TpPEAsaraeTcs HUCIONb30BaTh METOJ
MOJTy-AUCKPETU3allui C KOHEYHBIMH pa3HOCTAMH. nes
3TOTO MOJXO0Ia COCTOUT B TOM, YTOOBI CBECTH HAa4YaJIbHO-
KpaeBylo 3a1ady i auddepeHnnansHeIx ypaBHeHw (1),
(2) x uaTerpHpOBaHUio N PepeHINANTEHBIX YPaBHEHUH €
HayalbHBIMHA  YCIOBUSIMH IIPH  IIOMOIIM  XOPOIIO
pa3pabOTaHHBIX UI 3THX LEJNCH YHCICHHBIX METO/OB
[12]. [Jna oToro wucCmonb3yeM KOHEYHBIE pa3HOCTH,
KOTOpBIE TIPHUMEHSIEM TOJNBKO JUIS MPOM3BOJAHBIX IO
KOOpJHMHATE 7', YTO TO3BOJISIET MOIYyYUTh OOBIKHOBEHHBIE
muddepeHmanpHple ypaBHEHUSI OTHOCUTEIBHO (DYHKLUIA
BPEMEHU JUIsl HEU3BECTHBIX 3a/1a4M B y3JaxX CETKU. Takoi
noaxon o0JagaeT NPEeMMYyIIEeCTBOM [0 CPaBHEHHUIO C
TPAaAUIOHHBIM METOAOM CETOK IO KOOPIMHATaM H IIO
BpemMeHu [11]. OcCHOBHBIE NpPEUMYILIECTBA CBSI3aHBl C
IIMPOKMMH BO3MOXXHOCTSAMH  BBIOOpa METONOB  JUIA
YHUCJIICHHOTO WHTETPUPOBAHUS 110 BPEMEHH, TOTJA KakK B
KJIACCMYECKOM  METO/€ CETOK HHTETPHUPOBaHHE IO
BPEMEHH OCYIIECTBISIETCA IO CYIIECTBY INPH ITOMOIIU
IpocTeiIiero Meroaa — MeTona Oinepa. B pabote [11]
MOKa3aHO, YTO MAJISl pEIIeHHs 3a1ad TeIUIONPOBOIHOCTH
IIPU MOJEIHPOBAHUH TEMIEPATYPHOTO COCTOSHHS KOM-
MaKTHBIX W3IENUI KepaMH4YeCKOro SAEPHOTO TOIUTMBA
BeChbMa IEPCHEKTUBHBIM SBIIAETCS MeToJ MepcoHa cC
aBTOMAaTHUECKMM  BBIOOpDOM  IlIara HMHTETPUPOBAHUS,
KOTOpBIH TIO3BOJIIET COTJIACOBBIBATH IIar HMHTETPH-
POBaHMS 110 BPEMEHH C IIaroM CETKH 10 KOOPJIMHATE.

BeiBoabl. IlpencraBneHHble B paboTe pe3yibTaThl
TEOPETHYECKUX  HCCIEJOBAaHWH  IO3BOJSIOT  C/ENATh
CJIEYIOIIE BBIBOABI, KOTOPBIE MPEAOCTABIISIOT BO3ZMOXK-
HOCTH CPOPMYIINPOBATH MPAKTHIECKIE PEKOMEHIAINH T10
BEITMIOJTHEHUIO MOJEIUPOBAHMUSA TPOIECCOB  TEIUIONPO-
BOJIHOCTH B KOMIIAKTHBIX H3JCNUSIX KepaMHYEeCKOTo
SIEpPHOTO TOILINBA.

[Ipumenerne  ypaBHEHHMS  TEIUIOIPOBOAHOCTH,
3allCAHHOTO OTHOCHTEIILHO HCKOMOW TEMIIepaTyphbl,
MOXET BHOCHTH IOTPELIHOCTH B pE3yJbTaThl PacueToB,
CBSI3aHHBIE C HEONPE/EIEHHOCThI0 MCXOJIHBIX JAaHHBIX O
MIPOM3BOIHOM TEMIlepaTypHOi 3aBHCUMOCTH K03 u-
LMEHTa TEIUIONPOBOIHOCTH, KOTOPas Ul KEPaMHYECKOTO
SOEPHOTO  TOIUIMBA  JIOCTYNHAa  HWCKIIIOYHTEIHHO B
Ta0ynUpOBaHHOW (opMe sl 3HAUYEHWUH TeMIIepaTyphl,
pa3lieNeHHbIX JTOCTAaTOYHO OONBIIUM IaroM. 9TO 00CTO-
ATEJBCTBO SBJISAETCS CYIIECTBEHHBIM JJISI MOJCIHPOBAHUS
MIPOIIECCOB  OCECHMMMETPHYHOH  TEIUIONMPOBOAHOCTH B
KOMIIAKTHBIX ~ M3JENUSIX  KEePaMHUYECKOTO  SAEPHOTO

TOIUIMBA, IIOCKOJBKY TEIJIONPOBOJHOCTh Marepuaja
SJEPHOTO TOIUIMBA CYLIECTBEHHO 3aBUCHT OT TeEMIIe-
patypbl, yMeHbIIasiCh B 2,5 paza IpH H3MEHEHUH
temnepatypsl oT 323 K no 1073K.

Jns m3ydeHUsl MPOIECCOB OCECUMMETPUYHOM Ter-
JIOIIPOBOHOCTH B KOMIIAKTHBIX H3/CIUSAX KEPAMUUECKOTO
SNEPHOTO TOIIMBA HAMOONBIIMN HHTEPEC NPEACTABICT
Marematudeckas (popMynIupoBKa 3aau TEIUIONPOBOIHO-
CTH B CMEIIAHHOW (hopMe OTHOCHUTENIFHO TOJEeH TeMIiepa-
TYpBI ¥ BEKTOpA TEIJIOBOTO MTOTOKA, TIOCKOIBKY COOTBETC-
TByfomue auddepeHrnaabHble ypaBHEHNST HE COoAepkaT
MPOM3BOTHOM TEMIIEpaTypHOH 3aBUCHMOCTH Kod(duiue-
HTa TeIUIONPOBOAHOCTH. IIpM »3TOM mOrpenIHocty,
BHOCHMBIE allpoKcuManued 3HadeHus koddduimeHta
TEIJIONPOBOTHOCTH 0 UMEIOIUMCS TAOJIMYHBIM JTaHHBIM,
OyZmyT OorpaHHUYEHBI MOTPEIIHOCTHIO ANMPOKCUMALUK 3Ha-
YeHHH K0 PHULIMECHTA TEMJIONPOBOIHOCTH, KOTOPAs JIETKO
KOHTPOJIMPYETCS IO MMEIOIMIMMCS TaOJMYHBIM JaHHBIM O
3HaUCHMAX K03((PHUINCHTA TETTIONPOBOIHOCTH.

Jdnst  pemeHMs  3aadd  TETIONPOBOIHOCTH,
(hopMyTHpPOBAaHHOW B CMENIaHHOH (opMe OTHOCHUTEIBHO
MOJNEH TeMIepaTypbl M BEKTOpa TEMJIOBOTO IIOTOKa,
npelaraeTcs UCIoJIb30BaTh METOA IOy -TUCKPETH3AINY,
KOTOPBI CBOJUT paccMaTpUBAEMy0 3ajady K oOIpeje-
JICHUIO BPEMECHHBIX 3aBUCUMOCTEH HCKOMBIX BEJIUYHH B
OTACJIIBHBIX TOYKaX HCCHeﬂyeMOﬁ 001aCcTH KOMIIAKTHOTO
U3JleNN KePaMUYeCcKOro sAepHOro Torumaa. /s 3Toro
npejaiaraeTcs — KOHEYHO-Pa3HOCTHBIMH  (hopMynamu
3aMEHATh MPOWU3BOAHBIC TOJBKO IO NMPOCTPAHCTBEHHBIM
KOOpJMHATaM, YTO IO3BOJIUT IIOJIYYHUTh OOBIKHOBEHHBIE
muddepeHnnansHple ypaBHEHHUS ¢ HadalbHBIMU YCJIOBHU-
SAMH JUIS ONpPEJENCHNs] Y3JIOBBIX 3HAYEHUH MCKOMBIX
BEJINYHMH.
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E. N. NIKULINA, V. P. SEVERYN, N. V. KOTSIUBA

OPTIMIZATION OF DIRECT QUALITY INDEXES OF AUTOMATIC CONTROL SYSTEMS OF
STEAM GENERATOR PRODUCTIVITY

The system of automatic control of the productivity of the PGV-1000 steam generator of the power unit of the nuclear power plant with the WWER-
1000 reactor is considered. This control system includes a system for automatically controlling the water level in the steam generator. The error signal,
which is fed to the input of the productivity controller, is generated by the signal of the specified speed of the drive turbine, as well as pulses from the
thermal power sensor and from the water and vapor pressure sensors. Based on the model of the water level control system in the steam generator,
mathematical models of performance control systems have been developed under various control laws. To formulate optimization tasks for
performance management systems, vectors from variable parameters of performance controllers are formed, constraints on these parameters are
imposed, constraints are created for the areas of system stability, direct indexes of system quality are introduced, and a vector objective function is
created that takes into account all imposed restrictions and quality criteria. Computational experiments on optimizing the controllers of productivity
control systems were performed on the basis of direct quality indexes of systems by modified methods of step adaptation and Nelder — Mead. Analysis
of the results of optimization of performance control systems allows us to conclude that, in comparison with the minimization of integral quadratic
estimates, the optimization of direct quality indexes has made it possible to substantially improve the speed of the systems. The greatest value of the
control time takes place for the differential controller, and the smallest identical values — for the proportional-integral and proportional-integral-
differential regulators. Theoretically, the expediency of using a more simple proportional-integral controller in the steam generator productivity control
system is justified. Additional analysis of the state variables in the productivity control system and comparison of transients before and after
optimization allows us to conclude that the maximum deviation of the water level in the steam generator has decreased and its oscillations have
disappeared. Also, fluctuations in water flow disappeared, the maximum deviation and oscillation of the control error decreased substantially, the
overshoot and oscillations of other state variables practically disappeared. Thus, the optimization of the quality indexes of the automatic control system
of the steam generator’s productivity has made it possible to significantly improve the main processes in it.

Keywords: the steam generator of the nuclear power plant, the regulator of steam generator productivity, the automatic control system, the
mathematical model, the direct quality indexes, the vector objective function, the optimization method.

O. M. HIKYJIIHA, B. I1. CEBEPHH, H. B. KOI]IObA
ONITUMIBALIA TPAMUX ITOKA3ZHHUKIB AKOCTI CUCTEM ABTOMATHYHOI'O KEPYBAHHA
MNPOAYKTUBHICTIO TAPOI'EHEPATOPA

Po3rmsiHyTO CHCTEMy aBTOMAaTHYHOIO YIPaBIiHHSA IPOXYKTUBHICTIO maporeneparopa III'B-1000 enepro®moky aTOMHOI eIEKTPHYHOI CTaHIMIi 3
peaktopom BBEP-1000. Lls crictema ympaBiiHH BKIIOYAE CHCTEMY aBTOMATHYHOTO YIPABIiHHS piBHEM BOAM B maporeHepaTopi. CUrHam MOMUIIKH,
SKUI HAIXOAUTH HA BXiJ] PETyasTOpa NPOAyKTUBHOCTI, ()OPMYETHCS CUTHAJIOM 3a/1aHOI 9acTOTH 00epTaHHs MPUBOIHOI TYpOiHH, a TAKOXK iMITyIbCAMI
3 JaTYMKa TEIUIOBOI IIOTY)KHOCTI Ta 3 IAaTYMKIB THUCKY Boxu i mapu. Ha minmcraBi mMonenmi CHCTEMM YIpPaBIiHHS piBHEM BOAM B IIapOreHEpaTopi
pO3po0iIeHi MaTeMaTH4Hi MOJENi CUCTEM YNpPAaBIiHHS MPOXYKTHBHICTIO HPHU PI3HUX 3aKOHAX peryiioBaHHsA. JIis MOCTAHOBKM 3a/ad ONTHMI3awil
CHCTEM YIPaBIIiHHA NPOTYKTHBHICTIO c()OPMOBaHI BEKTOPM 3i 3MIHHHX ITapaMeTpiB PETyIATOpiB NPOXYKTHBHOCTI, HAKIaneHi oOMEeXeHHs Ha I
mapaMeTpH, c(hopMOoBaHi OOMEKEHHs I 00acTelt CTIHKOCTI CHCTeM, BBEJIEHI MpsMi NMOKAa3HUKH SKOCTI CHCTeM i c()opMOBaHAa BEKTOpPHA IiIbOBA
(dyHKIis, ska BpaxoBYy€ BCi BBeAeHI 0OMEXeHHs i kputepii sikocTi. [IpoBemeHo 0OUHCITIOBATIbHI €KCIEPHUMEHTH 3 ONTHMI3ALli PEryJsITOPIB CHCTEM
YTIpaBJIiHHS TIPOMXYKTUBHICTIO HA MiJCTaBI NMPSIMUX MOKA3HHUKIB AKOCTI cHCTeM MOJH(iKOBaHMMM MeToJaMu ajantarii xpoky i Hemmepa — Mina.
AmRaini3 pe3yapTaTiB ONTHMI3aIlii CHCTEM yNpaBIiHHS NPOIYKTHBHICTIO O3BOJISIE 3pOOMTH BHCHOBOK, IO B MOPIBHAHHI 3 MiHIMI3aIli€fo iHTETpaNbHIX
KBaJ[PaTUYHHUX OLIHOK ONTHUMI3alisl MPsIMUX IOKA3HUKIB SIKOCTI JIO3BOJIMJIA iICTOTHO MHiJBUIMTH LIBUAKOAIO cucTeM. HaiiOinbie 3HaueHHS yacy
peryIroBaHHS Mae Micle Il TuQepeHmiaIbHOTO PEryisTopa, a HaiiMeHII OJHaKOBI 3HAYEHHS — JUIS NIPOIOPIIHHO-IHTErPAIBHOTO 1 IPOIOPLiifHO-
iHTErpabHO-IN(EPEHITIAIBHOTO PEryIaATopiB. TeopeTHyHO OOTPYHTOBAHO OLUIBHICTh 3aCTOCYBAaHHS B CHCTEMi YNPABIiHHA HPOTYKTHBHICTO
naporeHeparopa OifblI HPOCTOTO MPOMOPIIHHO-IHTErpaibHOro perynstopa. JloJaTKoBHH aHajii3 3MIHHUX CTaHy B CHCTEMI YIpaBJiHHA
TIPOJYKTHBHICTIO 1 TMOPIiBHAHHS MEPEeXifHMX IPOIECiB 10 1 Ticas onTuMi3amii 03BONSAE 3POOMTH BHCHOBOK, IO 3MEHIIMIIOCS MaKCHMAalbHE
BIZIXMJICHHS PiBHS BOJIM B MAPOTE€HEPATOPi Ta 3HUKIM HOTro KoamBaHHS. TakoX 3HUKIM KOJNMBAHHS BUTPATH BOJM, ICTOTHO 3HM3HIIMCS MaKCHMalbHE
BIIXWJICHHS 1 KOJMBaHHS INOMHWJIKM YIPABIIiHHS, MPAKTUYHO 3HUKIIM TEPEPeryaioBaHHS 1 KOJNMBAHHA IHIIMX 3MIHHMX CTaHy. TakuM YHHOM,
OINTHMI3allisl NMOKa3HUKIB SIKOCTI CHCTEMH aBTOMATHYHOTO YIPABIIHHS IPONYKTHUBHICTIO HaporeHepaTopa JO3BOJNIJIA iCTOTHO IOJINIINTH OCHOBHI
TIPOIIECH, KOTPi B Hiif IPOTIKArOT.

Ku1ro4oBi cj1oBa: maporenepaTop aTOMHOI €IeKTPOCTaHIIIi, PEryJISTOp MPOAYKTUBHOCTI MTAPOreHepaToOpa, CHCTEMa aBTOMATHYHOTO YIIPaBIIiHHS,
MaTeMaTHYHa MOZIENb, MPAMi TOKa3HUKH SIKOCTi, BEKTOPHA IiIb0BA (ByHKILisl, METOJ ONITHMi3aIlii.

E. H. HUKYJIHHA, B. II. CEBEPHH, H. B. KOI[IObA
OINTUMM3ALIAA ITPSAMBIX ITIOKA3ATEJENA KAYUECTBA CUCTEM ABTOMATHYECKOT'O
YHPABJIEHUS TPOU3BOJAUTEJIBHOCTBIO TAPOI'EHEPATOPA

PaccMoTpeHna cucteMa aBTOMATHUECKOTO YIPABJICHHS MPOU3BOJUTENBHOCTHIO maporeHeparopa [1I'B-1000 sHeprobioka aTOMHO# 37I€KTPUYECKOM
cranuu ¢ peakropom BBOP-1000. Dta cuctema ynpasieHHs! BKIIOYAET CHCTEMY aBTOMAaTHYECKOTO YIPABICHHS YPOBHEM BOJbI B TapOreHepaTope.
Curnan omuOKH, KOTOPBIH ITOCTYNaeT Ha BXOJ] PEryJIsaTopa MPOU3BOAUTEIBHOCTH, (JOPMUPYETCS CHTHAJIOM 33/IaHHOM 9acTOTHI BPAILICHHs TPUBOTHON
TYpOHHBI, @ TAKXKE UMITYJILCAMH C JaTYMKa TEIIOBOH MOIIHOCTH U C JATYHKOB JAaBJICHHS BOJbI U Mapa. Ha OCHOBaHMHM MOJENH CHCTEMBI YIIPaBICHHS
YpPOBHEM BOJBI B MaporeHepatope pa3pabOTaHbl MAaTEMaTHYECKHE MOJACIM CHCTEM YIPABJICHHS MPOU3BOAUTEIBHOCTHIO TPH PA3IMYHBIX 3aKOHAX
perynupoBaHus. Jis IOCTaHOBKM 3a7a4 ONTUMHU3ALMU CHCTEM YIPaBICHHS NPOHU3BOAUTEIBHOCTHIO C(HOPMUPOBAHBI BEKTOPHI M3 IEPEMEHHBIX
[apaMeTPOB PEryISTOPOB IPOU3BOJUTEIBHOCTH, HAIOXKCHBI OrPAHHYCHHS HA OTH IapaMeTpbl, CHOPMHUPOBAHBI OTpaHWYCHHS Ui OOmacTei
YCTONYMBOCTH CHCTEM, BBEJCHBI NMPsIMbIEC MOKA3aTeNH Ka4ecTBa CHCTEM M C(OPMHUPOBAHA BEKTOpHAs IeeBast (yHKIHs, KOTOpas y4YHTBHIBACT BCE
BBEJICHHbIC OTPAaHUYCHHS M KPUTEPHU KadecTBa. [IpoBeleHBI BHIYHMCIIUTENEHBIE SKCIIEPHMEHTHI IO ONTHMH3AIUH PETYISITOPOB CHCTEM YIIPaBICHHS
[POM3BOUTENHHOCTBIO HA OCHOBAHHH MPSMBIX ITOKa3aTesel KagecTBa CHCTEM MOANU(HIIMPOBAaHHBIMU METOJAMH afanTaruy nrara 1 Hennepa — Muna.
AHanu3 pe3yabTaToOB ONTHMH3AINM CHCTEM YHPABICHHS MPOU3BOJUTEIBHOCTHIO MO3BOSIET 3aKIIOYMTH, YTO II0 CPABHCHHWIO C MHHHMHM3AIHCH
HHTErPaJbHBIX KBAJPAaTHYHBIX OLEHOK ONTHMHU3ALMS MPSMBIX MOKa3aTeNel KayecTBa MO3BOJIMIIA CYIIECTBEHHO ITOBBICHTH OBICTPOJCHCTBHE CHCTEM.
HauGosblnee 3HaUYCHUE BPEMEHH PETYIHPOBAHUS MMEET MECTO Uit AU((EpeHIHANTBHOrO PEryIsiTopa, a HAUMEHBIIINE OHHAKOBBIC 3HAYCHUS — JUIS

© E. N.Nikulina, V. P. Severyn, N. V. Kotsiuba, 2018
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TPONOpUUOHAIBHO-UHTEIPATIBHOT'O u

HPONOPLMOHAIEHO-HHTET palIbHO- AU (D PepeHIIHAIBHOTO

perymsatopoB.  Teopetnueckn  00OCHOBaHA

1[e71ecO00Pa3HOCTh MIPHMEHEHHS B CHCTEME YIIPaBICHHS IPOU3BOJUTEIFHOCTHIO ITIaporeHepaTopa 0ojee MpoCTOro MPpONOPLIHOHAILHO-HHTETPAIbHOTO
perynsropa. JlonoIHUTENbHbIN aHaIN3 IEPEMEHHBIX COCTOSIHUA B CUCTEME yIPaBJIEHHS IIPOU3BOAUTEIBHOCTBIO U CPaBHEHUE IIEPEXOIHBIX IPOLIECCOB
JI0 U 10C/Ie ONTHMH3allUH MO3BOJIET 3aKIIOYUTh, YTO YMEHBIIHIOCh MAaKCHMalbHOE OTKJIOHEHHE YPOBHS BOJbI B MAPOIrEHEPATOpE U UCUE3NH €ro
xonebanus. Taxoke mcyes3nu KomeGaHHS PacxXofa BOABI, CYLIIECTBEHHO CHH3WINCh MAKCHMAIbHOE OTKJIOHEHHE M KOJNEOaHWs OIMOKU YIpaBICHUS,
HPAKTUYECKH HCYUE3NHU IepPeperyInpoBaHue U KoueOaHMs JPYTHX HEPEeMEHHBIX COCTOSHUsA. TakuM 0oOpa3oM, ONTHMH3ALUs MOKa3aTeleld KauecTBa
CHCTEMbI aBTOMAaTH4ECKOTr0 YIPaBJIEHUS IPOU3BOIUTEILHOCTBIO IAPOreHepaTopa MO3BONUIIA CYLIECTBEHHO YIy4YIIMTh OCHOBHBIE IIPOTEKAIONINE B HEH

IPOLIECCHL.

KuroueBble cJ10Ba: maporeHepaTtop aTOMHON 3JIEKTPOCTAHIUHM, PErYJISTOpP MPOM3BOAUTEILHOCTH [IAPOreHepaTopa, CHCTEMa aBTOMATHYECKOTO
YHPABIICHUS, MATEMAaTHYECKasi MOJIEIIb, PSIMbIE [IOKA3aTe/Il Ka4ecTBa, BEKTOPHAs IielieBast (PYHKIMSA, METOJ] ONTHMH3ALHH.

Introduction. Water feeding department of the
steam generator (SG) of the power-generating unit of the
nuclear power plant equipped with a WWER reactor, is a
critical element of heat schedule [1-5]. Its reliable and
efficient work provides reliability and efficiency of work
of a power-generating unit [2, 3, 6]. The steam generator
control is performed by two main automatic control
systems (ACS): ACS of the water level in the SG (LACS),
and ACS of the feeding department productivity (PACS),
including LACS [6]. Synthesis of optimal control
schedules of the steam generator PGV-1000, which is
included in the composition of WWER-1000 equipped
NPP power-generating units, is a non-resolved task
relevant with modernization of running power-generating
units of the energy system of Ukraine.

The optimal PACS synthesis task for SG PGV-1000
is a task of multi-criteria optimization and includes setting
of varying variables, forming of the ACS quality
parameters and restriction of varying parameters [7-9].
The varying parameters are the parameters of the ACS
regulators, the quality criteria are the direct quality
indexes (DQI) of the ACS. The conditions of technical
workability of the systems in a form of two-sided
inequalities and the ACS stability condition are
superimposed on the varying parameters.

Publications review. In the present time, a general
methodic is developed for ACS many-criteria synthesis of
the NPP power-generating unit based on models and
techniques of the ACS quality criteria optimization [10].
For the ACS quality criteria optimization, the OPTLAB
laboratory is used, including variety of one-dimensional
and many-dimensional optimization techniques [10, 11].

The NPP power-generating unit ACS mathematic
models are represented in the form of the differential
equations systems (DESs). Those systems are stiff and for
their solution, the matrix integrating techniques are
developed [11].

The controlled value transition process quality is
estimated by the quality numerical indexes, direct and
indirect. By the DES integrating, a transition process
graph is plotted, where the DQI are determined: over-
regulation, oscillations factors, regulation time [11]. The
indirect quality ACS factors are calculated simpler than
DQI, without the DES integrating. They include integral
quadric estimates (IQEs), that are expressed by an integral
from the regulation mistake function square and gives
uniform numerical quality indicator characterizing the
over-regulation and damping rate of the transition process
in aggregate [10, 11].

During the ACS quality indexes optimization, it is
necessary to consider variety of restrictions of varying

parameters, including the technical feasibility restrictions
and the ACS stability conditions. For a consistent
accounting of all the restrictions, a step-by-step approach
is proposed for the IQE and DQI optimization tasks [10,
11]. Such approach realization is based on the
optimization of vector objective functions [11].

The mathematic models of the LACS and PACS of
the SG are developed [10]. An identifying of the NPP
power-generating unit SG PACS parameters is performed
by the experimental characteristics [12]. Multi-criteria
synthesis of the SG PACS is performed through the
minimization of the IQE [10]. The SG PACS synthesis by
the DQI isn’t described in any of the analyzed sources.

Research models and techniques. SG PACS is
designed to regulate the feeding water consumption in the
steam generator, maintain a balance between the feeding
water pressure and pressure of the steam supplied into the
turbine. The PACS basic diagram is presented at the
Fig. 1. The PACS is three-impulse: error signal fed at the
productivity regulator (PR) enter is formed by the signal
of the driving turbine rotation frequency master w, and
impulses from the heat capacity gauge Q, and from the
gauges of water pressure P, and steam pressure P,. The
productivity regulator signal influences the actuating
device (PAD) changing the variable m, of the steam
feeding regulating valve (SFRV) with discharge flow G4
for the driving turbine. By the rotation frequency change
@ of the driving turbine, the feeding turbo pump (FTP)
productivity changes, where the feeding water with
discharge G, is applied. From the FTP, the feeding water
through tubes passes the high pressure heater (HPH) and
is supplied at the feeding valve regulator (FVR). The FVR
is driven by the level regulator (LR). The error signal fed
at the LR enter, is formed by the level master signal Hy,
level master impulses H and from the water discharge G,,
and steam discharge G, gauges. The feeding regulator
signal influences the level actuating device (LAC)
changing the m,, variable of the FVR. The ACS input
actions are the heat carrier heat capacity Q;, variable m;
of the turbine regulating valve (TRV), the driving turbine
rotation frequency w,, steam discharge G, to the driving
turbine and the feeding water discharge G,,.

Basing on the steam generator level ACS model with
Pl regulating law, the mathematical models of the SG
PACS are developed with various regulating laws, and the
model parameters identifying with Pl regulators is
performed [10, 12]. Let’s calculate parameter values of
the SG PACS by the steam generator ACS DQI
optimization with objective of choice of most efficient
productivity regulator of minimal complexity.
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Gw

FVR Ye— LAD

HPH

Fig. 1. Steam regulator ACS basic diagram

To set the problem of the PACS parameters
optimization, form the vector x € RP of the PR varying
parameters K, A, and A,. Depending of the productivity
regulator type p € {1, 2, 3}: for a proportional (P), integral
() and differential (D) regulators p = 1, for PI, ID and
PID regulators p = 2, for a PID regulator p = 3. For a PR
parametric synthesis under a disturbing action ug and
outgoing variable of the feeding water flow g, let’s
represent a PR PACS model in the form:

dX

e AX + B,@;+B,q+B,u,, g, =CX. (1)
The matrix and model vectors parameters (1) are

obtained on the basis of experimental processes and

corresponds to the different regulators types [10, 12].
Apply the restrictions on the varying parameters:

a; < x; < b;, i =1, p. Using the cut-off operation |y| =

max{y, 0} form the penalty function

p
S@) = ) lla = x] + Lx; — ill.
i=1
To account the PACS stability by its model stage
matrix A(x) form the characteristic polynomial a(x, s) =
=" a;(x)s™" and calculate the Routh table first
column factor p(x), k = 0,n. Determine the PACS
stability region:
o;(x)>0,i=0,n, p,(x) >0,k=2n—-1. (3)

The first unequalities group violation stage (3)
represent by a penalty function

TRP
MSC =
P Qs s
-y Y ©
AP -L, Ts
>~ VAP [—(Q)—
\/
HPC
PR |«
\ i
l, SSS
PAD
S
SFRV
@ G,
FTP
n
P() = ) -l @
i=0

DQI are the over-regulation o(x), oscillations range
{(x), regulation time t.(x) and its relative value t(x) =
= t.(x)/T¢. Regulation time must be minimal under the
system stability and the factors restrictions:

o(x) < oy, Ux) <y, t(x) = min. (5)
All the inequalities correspond with the restrictions
fulfillment regions:
Gy = {xla; < x; < b;, i =1,p},
Gy = {x|ay(x) > 0,i = 0,n},
G = {xlpp(x) > 0}, k =3,n,

Gpyr = {xlc(x) < Gm}> Gpyz = {x|<(x) < Zm}

Form a system of quasi-allowable regions from
them:

Dy =Gy, Dy =Dp-1 NGy, k=2,n+2.

Build the non-intersecting regions of the restrictions
levels:
Hy = RP\Dy,
Hk = Dk\Dk+1’ k = 1, n+ 1,
Hyy2 = Dyyo.
Introduce the factors deviations Ac(x) = o(x)—0,,,
Al(x) = {(x) — {,,,. Basing on the functions (2)—(5) we
form the two-dimension multilevel objective function
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(0; S(x)), X € Hy,
(1, P(0), x € H,
(ki —pe(®), x€H,, k=2n-1,
F(x) =< (n:00(), xeH, (6)
(n +1 AZ(x))’ X € Hyyq,
(n+2; ©(x)), x € Hyso.

This vector function in the form of F(x) = (F;(x);
F,(x)) considers two-sided restrictions of varying
parameters, necessary and sufficient conditions of the
ACS steadiness and the demands for its DQI. For the
optimization task solution of the SG PACS regulator
parameters the function (6) will be optimized considering
the priority of its components: the first component F; (x)
is a level function, with maximizing priority, and the
second F,(x) — the penalty function — is minimizing [10,
11]. For the function (6) optimization, modify the methods
of unconditional minimization by introduction of the
"better" operation < for two values of the function (6)
U= (U, U,)and V = (V, V) [10, 11]:

LU >V, VU, =V, AU, <V,
U<V—{0, Uy SVVU =V AU, >V, )

The methods of unconditional optimization, solving
the optimization task for multilevel function (6) are
modified, where the usual scalar comparison < is replaced
for the "better” operation < by the formula (7). For the
research, the one-dimension search step adaptation
method and multi-dimension optimization Nelder — Mead
method are chosen [11].

Calculation experiments of the control systems
synthesis methods. Perform SG PACS analysis with
productivity regulators various types by model (1) under
disturbing action ug = 1(t). Form function (6), impose
two-sided restrictions on varying parameters values: a; <
x;<b;, a;=0, b =100, i =1,p. For obtaining of
the optimum processes with minimal regulation time, set
the DQI restrictions: the maximum deviation value of the
water flow variable o, = 1, permissible value of the
system’s variability ¢,, = 0,65. DES (1) integrating by
matrix method [11] with input parameters values —
integration time T,,, = 500s, integration steps quantity
L = 200, process established value y, = 1, regulation
time interval parameter §, = 0,05, calculate the DQI
value, form the function (6) and optimize it by the
modified numerical method.

The function (6) optimization graphs for PACS with
Pl regulator modified by the Nelder — Mead method are
represented at the Fig. 2 u 3. The varying parameters are
x; = K, and x, = A;. All the search points are shown by
the thin line, the better points — by thick line, the initial
point is marked by a circle, the final — by a rhombus.
Fig. 2 reflects the level function F;(x) optimization
process and permits to conclude that in the final point all
the restrictions of the optimization task are fulfilled. Fig. 3
reflects the penalty function F,(x) minimization process

and shows that the regulation time minimum point is
obtained.

The control systems synthesis results. The PACS
synthesis results by the function (6) optimization with
different varying regulators parameters P, I, D, PI, PD, ID
and PID are presented in the table 1, where the PR types
are represented, the function N, calculations quantity,
regulators optimal parameters Kp, A;, A, and also
corresponding function values (6) F; u F;, index of
oscillation ¢*, regulation time t;. Those results show that
all restrictions of the optimization task of the regulators
parameters and DQI restrictions are fulfilled at the optimal
points, maximum regulation time values t; are obtained,
which will permit to comparison the regulators efficiency.

Fig. 2. The level function and the PI regulator parameters
optimization trajectory

Fig. 3. Penalty function and the PI regulator parameters
optimization trajectory

Basing in the table 1 it is necessary to conclude that
the regulators Pl and PID has maximum speed of
operation. For the Pl regulator at the Fig. 4 the feeding
water flow variable change processes graphs are showed
y = g, in initial and final search points. Thin line marks
the process in the initial point, and thick — at the final
point. Near the stationary value y,, = 1 the dashed line
marks the zone corresponding to the. A, = 0,05.
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Table 1 — DQI SG PACS optimization results

PR Ny Ky Ap, st Ap, st F F; T te, S
P 62 61,1431 _ 16 0,3708 0,54 185
| 62 _ 0,8356 17 0,3151 0,65 157
D 76 _ _ 100 17 1,3071 0,26 653
Pl 377 16,0178 0,3741 _ 17 0,2635 0,65 131
PD 345 63,6232 _ 22,0041 17 0,3691 0,54 185
1D 308 _ 0,6714 0,0047 18 0,2788 0,65 140
PID 606 15,6927 0,3886 0,2676 18 0,2625 0,65 131

Fig. 4. The feeding water flow change

The function (6) optimization modified methods
permit to solve all the synthesis tasks of the optimum SG
PACS with various PR types. To optimize PRs with one
variable parameter, a modified method is used of step
adaptation, and for the PR optimization with several
varying parameters — the Nelder — Mead modified method.
Authenticity of obtained results of the optimal SG PACS
synthesis is confirmed by successful solution of a number
of analogous synthesis tasks for another ACS of a NPP
power-generating units by different optimization
techniques [10, 11].

The optimum SG PACS synthesis results, presented
in the table 1, permits to make the following conclusions.
Comparing to the IQE minimization, the DQI
optimization permits to increase significantly the SG
PACS performance speed. The maximum regulation time
t: happens for the D regulator, and the minimal similar
values — for Pl and PID regulators. The practicability of
the PI regulator in the SG PACS is theoretically grounded,
because the PI regulator is simpler than PID regulator.

The stage variables change additional analysis in the
SG PACS and comparison of the transients before and
after the optimization permits to conclude that the
maximum deviation of the SG water level variable
decreased and its oscillations vanished. Also, the water
flow variables oscillations, FTP and HPH pressures
vanished, maximum deviation and error oscillations
significantly decreased, over-regulation and the FVR and

PAD variables oscillations virtually vanished. Thus, the
PACS quality indexes optimization permits significant
enhancement of the main regulating processes happening
inside it [10]. The considered methodic for the optimum
ACS synthesis can be recommended also for synthesis of
the other complicated control systems.

Conclusions. The PGV-1000 SG of an NPP power-
generation unit with a WWER-1000 reactor productivity
optimal automatic control systems synthesis task is
solved. Basing on the ACS of the SG level, a SG
productivity ACS general mathematical model is
considered in the state space with relative variables and
various regulators, intended for a PACS parametric
synthesis. The further development is achieved by the
models and methods of parametric synthesis of the SG
control systems basing on the ACS models with utilization
of optimization methods, which permit to increase quality
of the main processes in the productivity control system.
The PACS quality indexes system permit to enhance
significantly the main control processes emerging inside
it. At the first time, basing on comparison of the various
PRs inside the SG PACS, the practicability of the PI
regulator utilization is theoretically justified. The practical
significance of the obtained results lies in the fact that to
enhance the quality of the NPP steam generator control
processes in normal operation modes, the mathematical
models of the automatic control systems in the stages
space of the PGV-1000 steam generator productivity. The
multi-criteria parametric synthesis of control systems
methods based on the modification of the one-dimension
and  multi-dimension  optimization  methods are
considered. Further research is recommended to perform
into the direction of the mathematical models
enhancement for the control systems of the steam
generator feeding department and optimal systems
synthesis. Further research is recommended to perform in
the direction.
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VJIK 681.5
A. C. KYIIEHKO, B. H. TOBAJKHAHCKHH

HUHBEPTUPOBAHUE JIMHEVNHBIX JMHAMUWYECKHUX CUCTEM B CPEJIE
KBABUT'APMOHHMYECKHUX CUTHAJIOB

Meroznsl  oOpalleHnst JUMHAMUYECKUX CHCTEM HALLIM IIMPOKOEC PACIPOCTPAHEHHE JUIS PEIICHMS 3a[ad YIPABICHHUS MEXaHHYECKHMU |
3JIEKTPUYECKUMH CHCTEMaMH. VIHBepTHpOBaHHE TMHAMUYECKUX CHCTEM ABIACTCS S(P(EKTUBHBIM CIIOCOOOM pean3alny MPOLECCOB yHPABICHUS O
BO3MYILEHHIO, a TaKKe B KOMOMHUPOBAHHBIX CHCTEMaX YIPABJIEHUS C MPOTHO3UPYIOIIeH Mozenbio. [Ipu pemennn 3a1ad oOpalieHus: BOZHUKAET Psi
TPYAHOCTEH, CBA3aHHBIX C BBICOKOW UYBCTBHTEIBHOCTBIO PE3YJIbTATOB MO OTHOIICHHUIO K TOYHOCTH 33JlaHMs [apaMEeTPOB MAaTEMaTHYECKOH MOpenn
00BbeKTa, HEYCTOHYMBOCTBIO IPH YIIPABICHUH HEMUHUMAIIbHO-()A30BBIMU 00BEKTAMH, HAPYILCHHU YCIOBUI (pU3HIECKOH peantn3yeMOCTH.
B pabore mpemmaraercst NpUONIDKEHHBIH METOA PEIICHUs 3afaddl OoOpamleHHs JIMHCHHBIX CTAlMOHAPHBIX JMHAMHYECKHX CHCTEM BO MHOTOM
CBOOOJIHBIA OT yKa3aHHBIX HEJOCTaTKOB. PaccMaTpHBAaIOTCS MaTeMaTH4YECKHE MOJEIN JIMHEHHBIX AMHAMHYECKHX CHCTEM B (hOPME «BXOI—BBIXOI,
YIOBJIETBOPSIIOIINE TPEOOBAHUSIM aCUMITOTHYECKOH YCTOMUMBOCTH, a TAKXKE YCIOBHIO PABEHCTBA Pa3MEPHOCTEH BEKTOPOB BXOJa M BbIXoJa. B ocHoBe
METO/ia JISKHUT IPEICTABICHAE BXOJHBIX WM BBIXOJHBIX CHIHAJIOB MX NPHUONIDKEHHSMH B JHHEIHOM IPOCTPAHCTBE KBAa3HTAPMOHMYECKUX (YHKITHI
BpeMeHH. OCOOCHHOCTBIO HPEUIOKEHHOTO METO/[a 00pAIleHUsl AMHAMMYECKHX CHCTEM SIBJISICTCS IPEJICTABICHUE MHOTOMEPHBIX MHOTOUICHOB B BHJIE
HPOM3BEACHUS NPAMOYTOIBHBIX MATPHUIl HAa BEKTOp cTeneHeil BpemeHu. Takoe HpencTaBiIeHHE MO3BOIMIO CBECTH OOJBIIMHCTBO MOCTAaHOBOK 3a/1a4
oOpamieHns K peIeHNIO JINHEHHBIX CHCTEM MaTPHYHBIX areOpandeckuX ypaBHEHHI.
KommbrorepHast peanusanus, IpeJIOKEHHOTO 101X0/Ja K 00paIlleHNIO IMHEHHON CUCTEMBI, pa3pa0doTaHa A «KBAAPATHBIX» JIMHEHHBIX CKAJISPHBIX
CHCTEM B YCIIOBUSIX KBa3UTAPMOHMYECKHX CHTHAJIOB M COAEPXKHUT OJIOKM alpOKCHMALMK 3a[JaHUs IO BBIXOAY, (DOPMHPOBAHHS MATPHL] JIMHEHHBIX
CHCTEM M IIPaBBIX YacTel JIMHEHHBIX alreOpandeckuX ypaBHEHHUH, OIIEHKY 4YHclia 00YCIOBICHHOCTH PEIeHHs JIMHEWHOH CHCTEMBI U OJIOK CpaBHEHHS
pe3ysbTaTa 0OpalleHHs ¢ 3aJaHHEeM Ha OCHOBE HEMOCPEICTBEHHOTO HHTErPUPOBaHUs AU((PEpeHIHAIBHBIX YPaBHEHUH MaTEMaTHYECKOH MOIEIH.
KiroueBble ci10Ba: JMHAMHYECKHE CHCTEMbI, MATEMaTHYECKHE MOJENIH, OOpalleHHe 3a/[a4yd yHpaBICHUS, KBa3UrapMOHUYECKUE (YHKIMH,
MaTpUYHBIE yPaBHEHHU, alllPOKCUMALIHSL.

0. C. KYIIEHKO, B. I. TOBAJKHAHCBKHH

ITHBEPTYBAHHS JIHIMHUAX JTUHAMIYHUX CUCTEM B CEPEJIOBHIII KBA3ITAPMOHINHUX
CUTHAJIIB

Meroau oOepHEHHsS AMHAMIYHMX CHCTEM 3HAWIUIM MIMPOKE PO3IOBCIOKCHHS I BHUPIIICHHS 3a[ad yHPABIiHHA MEXaHIYHHMHM 1 CICKTPUYHUMH
cUcTeMaMHd. [HBepTyBaHHS JUHAMIYHHX CHCTEM € e()eKTHBHHM CIOCOOOM peasi3alii mpoleciB yIpaBiiHHS 3 OOYPEHHIO, a TAKOXK B KOMOIHOBaHHX
cHcTeMax YIpaBIiHHS 3 NPOTHO3YIOUOI0 MoJemto. IIpy BupimeHHi 3a1a4 00epHEHHs BUHHKAE PSJ TPYIHOILIB, ITOB’SI3aHUX 3 BHCOKOIO Uy TJIMBICTIO
pe3yJbTaTiB MO BiAHOLIEHHIO 0 TOYHOCTI 3aBAAHHs MApaMeTpiB MAaTEeMaTHYHOI Mojeni 00’€KTa, HECTIHKICTIO MpU yNpaBiIiHHI HEMiHiMaIbHO-
(hasoBUMH 00’ €KTaMU, TOPYILICHHAM YMOB (Hi3HIHOI MOYKITMBOCTI OYTH peati3oBaHUMH.
YV po6oTi nporoHy€eThCsI HAONMKEHNIT METO/] pO3B’sI3aHHS 3aa4i 0OCpHEHHS JIIHITHUX CTalllOHApPHUX JUHAMIYHUX CHCTEM 0araTto B YOMY BiJIbHHI Bij
3a3HauYCHUX HENOMIKIB. Po3rmsmaloTbes MaTeMaTHyHI MOJENI JiHIHHMX JUHAMIYHUX cUcTeM Yy (OpMi «BXIiA—BHXIiI», SKI 33J0BOJBHSIIOTE BUMOTaM
ACMMITOTUYHOI CTIMKOCTI, @ TAaKOX YMOBI PIBHOCTI PO3MipHOCTEH BEKTOPIB BXOAY 1 BHXOAY. B OCHOBI MeTOdy JIeKHUTh 3aMiHa BXIJHUX 1 BUXIIHHX
CHTHANIB iX HAaOMMKEHHSAMM B JIHIHHOMY mpocTOpi KBasirapMoHiHHMX ¢yHKHiii dwacy. OcCOOIMBICTIO 3aNpOIIOHOBAHOTO METOAY OOEpPHEHHS
JIMHAMIYHHUX CHUCTEM € YSBJICHHS 0araTOBUMIpHMX MHOTOWIEHIB Y BUIJISI TOOYTKY MPSIMOKYTHUX MaTpPHUIlb HA BEKTODP CTYMEHIB yacy. Take ysBIeHHs
JIO3BOJIMIIO 3BECTH OLIBIIICTh MOCTAHOBOK 3a/1a4 OOEPHEHHS IO BUPIILICHHS JIIHIKHUX CUCTEM MAaTPUYHHUX aNreOpaiyHuX piBHSHB.
KowMmr’rotepHa peanizamnisi, 3aIipoIIOHOBAHOTO MiXOXy 10 0OepHEHHs JiHIHHOI cHcTeMH, po3podiieHa IS «KBaJAPAaTHUX» JTIHIHHIX CKaJIPHUX CHCTEM
B YMOBaX KBa3irapMOHIIHMX CHTHAJIB 1 MICTUTh OJIOKM anpoKcUMallii 3aBJIaHHs 110 BUXONY, GOpMyBaHHS MaTPHLb JIHIHHUX CHCTEM 1 MPAaBUX YACTUH
JIHIHHUX anreOpaidHuX piBHSAHb, OLIHKY YMClia OOyMOBJIEHOCTI PillleHHS JiHIHHOI cUcTeMH i OJIOK MOPIBHSHHA pe3yabTaTy OOCpPHEHHS i3 3aBAaHHAM
Ha OCHOBI Oe31I0CcepeIHbOTO iHTErpyBaHH AN(EepeHIliaTbHIX PiBHAHD MATEMATHIHOI MOJIEITI.

Ka1040Bi cjioBa: IUHaMiYHI CHCTEMH, MATEMATHYHI MO/, OOCpHEHHS 3aBAaHHs yIPABIiHHS, KBa3irapMOHiuHi (HYHKIIIT, MATPUYHI PiBHIHHS,
ANpPOKCUMAILis.

0. S. KUTSENKO, V. I. TOVAZHNYANSKI

INVERSION OF LINEAR DYNAMICAL SYSTEMS UNDER CONDITIONS OF QUASIHARMONIC
SIGNALS

The methods of inversion of dynamical systems are widely used for solving the problems of controlling mechanical and electrical systems. The
inverting of dynamic systems is an effective way of implementing processes of control according to disturbance, as well as in combined control
systems with a predictive model. In solving the problems of inversion, there are number of difficulties related to the high sensitivity of the results in
relation to accuracy of specifying the parameters of a mathematical model of an object, the instability in the control of non-minimal-phase objects, and
the violation of physical feasibility conditions.
The paper suggests an approximate method for solving the inversion problem for linear stationary dynamical systems that is largely free of the
indicated disadvantages. The method is based on the representation of input and output signals by their approximations in the linear space of
quasiharmonic functions of time. Consider mathematical models of linear dynamical systems in the form “input—output”. The systems under
consideration must satisfy the requirements of asymptotic stability, and also the condition of equality of dimension of the input and output vectors. A
feature of the proposed method of inversion of dynamical systems is the representation of multidimensional polynomials, approximating input and
output signals, in the form of a product of rectangular matrices and a vector of power of time. Such a representation allowed reducing most of the
statements of inversion problems to the solution of linear systems of matrix algebraic equations.
The computer implementation of the proposed approach to the inverting of the linear system is developed for "square" linear scalar systems in
conditions of polynomial signal and contains blocks of approximation of the output assignment; the formation of matrices of linear systems and right-
hand sides of linear algebraic equations; estimation of the condition number of the solution of the linear system and the block of comparison the result
of the inversion with the assignment based on the direct integration of the differential equations of the mathematical model.

Keywords: dynamical systems, mathematical model, invers problems, quasiharmonic functions, matrix equations, approximation.
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Benenne. [IpoGnema oOpaiieHuss AWHAMHYECKUX
cUCTEM HWMeeT OOIIMpHYI0 OubiInorpaduio M JIaBHIOK
npeapictoprio. OCHOBONONATraloMUMH paboTaMi B 3TOM
HATPABJICHUU MOXXHO CUMTaTh [1, 2], B KOTOPHIX 00OCHO-
BaHbl KPUTEPUH M METOJIbI IOCTPOCHHS OOpaTHBIX omepa-
TOpOB. 3HAUWTENBHBIA BKJIAI B Ppa3BUTHE TEOPUU U
MPAaKTUKA WHBEPCHUH IUHAMHYCCKUX CHCTEM CIINaH B
paborax [3-5]. B HEX mpemnokeHBI HOBBIE KPHUTEPHU
00paTUMOCTH JHHEHHBIX AWHAMHYECKIX CHCTEM M JaHBI
KOHKPETHBIE IIyTH pEIICHHs 3amaud oOpameHus. Pspg
MPAKTUIECKUX PEe3yNbTaTOB PEIICHUS 3a7ad MHBEPTHPO-
BaHMs NPUMEHHUTENIFHO K 3JEKTPUYECKUM M MeXaHuue-
CKHM CHCTEMaM MPUBEICH B padoTax [6, 7].

OcobeHHOE 3HaUeHUE TpodiIeMa oOpaleHus Ipruood-
pEeTaeT B CBSI3M C PEIICHUEM 3a/la4d CHHTE3a KOMOWHHPO-
BaHHBIX CHUCTEM aBTOMAaTHYECKOrO yHpaBiieHHs. Pazmmu-
HBbIC aCHEKTHI MPOOJieMbl OOpaiieHus st KOMOWHHPO-
BaHHBIX CHCTEM YIpaBIeHHS B Hamboiee oOmei
IIOCTaHOBKE MpenacTaBieHsl B [4]. HecmoTps Ha 3Ha4m-
TENBHBIA TPOTPECC B pPEIICHUH MPOOJIeMBl HHBEPCHU
ITUHAMAYECKUX CHCTEM Ha MPAKTUKE HMEET MECTO P
TPYAHOCTEH, CBA3aHHBIX C BBHICOKOW UYBCTBHTEIHEHOCTHIO
pe3yNbTaToB K TOYHOCTU IapaMeTPOB MaTeMaTHYeCKOMN
MOJENH OOBEKTa YNpaBJICHHS, HEYCTOHYMBOCTHIO IpH
yIpaBJIeHUH  HEMHHUMAaIbHO-(a30BBIMH  OOBEKTaMHU,
HapYIICHUIO YCIIOBHUH (U3MYECKOH peaan3yeMocTd 00-
paTHBIX orepatopos [4, 8, 9]. [lepeunciacHHbIC TPOOIECMBI
HE T03BOJISIIOT B 00IIEM Cilyyae HalTH NMPAaKTUYECKH pea-
JMU3yeMOoe pCEIICHWE 3aJadil HAXOXKICHHS O00paTHOTO
omeparopa B 3amade ympaBieHHS. TeM He MeHee, s
pelleHus psAfa TPaKTUIeCKHX 3aJad IpeJCTaBIsaeTCs
€CTECTBEHHBIM PacCMOTPETh MPUOIIMKEHHBIE MaTeMAaTH-
YecKre MOJeNd 00BEKTa YIPABICHUS M CHTHAJIOB HA €T0
BXOJaX M BBIXOJAX, AJS KOTOPBIX 3ajada OOpaIleHUs
UMEET KOPpPEeKTHOe pelleHre. B KOMOWHHPOBAaHHBIX
cUcTeMax YIpaBJICHHs yKa3aHHBbIE JOMYIIEHHs KOMIICH-
CUPYIOTCSI KOHTYPOM YIIPABJICHUSI [0 OTKJIOHEHHIO.

Takum oOpa3oM, menpl0 HacTosimieil  paboTHI
SBJSIETCST  pa3paboTKa MPUOIIKEHHOTO, MPaKTHYECKH
peaqu3yeMoro 4YMCIEHHOI'O METOJla pEeLICHUs 3aJadyu
oOpateHus Al THHEHHBIX THHAMHICCKIX CHCTEM.

IlocranoBka 3agauyum  ucciaenoBaHusi. bynem
paccMaTpuBaTh JTHHEWHBIC CTAlMOHAPHBIC TUHAMUYECKHE
CHCTEMBEI, MaTeMaTHYeCcKue MOJIENHA KOTOPBIX
MIpeCTaBICHEI B (hOpMe «BXOM — BBIXO/I»

p q
-k) _ -k
> Ay = Balh, @
k=0 k=0

rae u € R™ — BeKTOp ynpaBleHUs;

Yy € R’ — BeKTOp BBIXOAA;

Ao, Ay, ..., A, — (s X s) MaTpHIIbL;

By, By, ..., B; — (s X m) MaTpuupL.

B nanpHeiimiem OyaeMm mpeamonaraTb, 4YTO pac-
cMaTpuBaeMas ympaBiisieMas CHCTEMa ACHMITOTHYECKH
ycToifurBa, a Pa3MEpPHOCTH BEKTOpA YMpPABJICHHUS U BEK-
TOpa BBIXO/Ia COBMAAIOT T.€. (S = m).

PaccmoTrpum JIMHEWHOE MIPOCTPAHCTBO O
HETpephIBHBIX  muddepentmpyemMbix  QyHKmmid  @(t),
YIOBICTBOPSIIOIINX YCIOBHIO

do(t)
— €O 2

K rtakum D-dyHKuMSIM MOXHO OTHECTH KJacc
KBa3UTapMOHUUYECKUX (DYHKIUH BUIa

N
o) = Z R, (t) sinwy t + Q(t) cosw, t, (3)
k=1

rme Wy — HEKOTOpBIe MocTosiHHBE, a Ry (t) m Q,(t) —
BEKTOpPHBIC MHOTOWICHHI cTerieHH He Oomee [. Herpynao
HPOCTO# TPOBEpKOi yoeauThest, uto GyHKus @(t) BuIa
(3) ynosiaerBopsiet ycnoBuio (2).

JokaxxeM cieqyroliee yTBEp)KICHHE: €CJIM BXOJIHOE
Boszeiicreue u(t) sBusercst D-pynkiumeit kiacca @, 1o u
BBIHY)KACHHAs. peakius JAWHaMH4eckoil cucremsl (1)
takxke D-¢pyaknus kinacca .

Jns nokasaTeNbcTBa YTBEPXKICHHA OyaeM HCKaTh
pemenne ypaBHeHus (1) B Buge O€CKOHEYHOTO psia

¥ =) Cub, @
k=0

rie €, — HEKOTOpble M X N MaTpHIbl, MOAJIEKaIIne
OTIPEICIICHHIO.
[ocne moncranoBku (4) B (1) momydrm

p o q
Z A Z C,uktr—n = Z B; ula-n, (5)
j=0

j=0 k=0

[IpupaBHuBas MarpuuHble KOIQGHULIMEHTH NPU
nponsoHbX uUY) 0nHOrO mopsIKa B IEBOH M MpaBoil
qacTax (5), MONyYHM CHCTEMY MaTPHYHBIX YpaBHEHHUH
JUIsL BBIMUCTCHUS MaTpuLl Cj:

( j
zAp—jﬂ' C;=B,_;, j=0,p,
i:Op (6)

L ZAicH_k =0, k= 1,2,...

i=0

Cucrema (6) wuMeeT TpeyrojbHYIO CTPYKTYpY
OTHOCUTEIIBHO HCKOMBIX Matpuy C), U pemaercs
MOCE0BAaTENbHBIM HaxoxaAeHueM MaTpul] C; HauuHas ¢
Cy.

Takum 0Opa3oM, pecTaBIeHIE BEIXOJHON PEaKIiy
TUHAMHU9ecKOol cuctembl (1) mpu HyNIeBBIX HadalbHBIX
YCIIOBUSIX B BUjiE (4) SIBISIETCS] KOPPEKTHBIM, a IIOCKOJIBKY
sce u®(t) npunamiexar xiaccy @, To U HX JTHHEIHOE
npeobpasoBanune y(t) Takxke ABIsieTCS deMeHTOM D, T.e.
YTBEpIKICHHUE JOKA3aHO.

B pamkax npuBeIeHHBIX NOMYLIEHUII OTHOCUTENBHO
CTPYKTYp IMHAMHUYECKON CHCTEMBI U CUTHAJIOB Ha BXOAAX
M BBIXOJIaX MOCTAHOBKA 3a7a4M OOpalieHus MOXeET OBITh
chopMyIHpOBaHa CIEAYIOIUM 00pa3oM: HalTH BXOIHOE
BosJeiicTere U(t) Ha HHTEpBAJIE [to, t,], MpHHaJIeKaIee
HekoTopoMy kiaccy © D-dyHkumii, mpu KOTOpOM BBIXOX
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y(t) cucremsl (1) mpu HyJEBBIX HAYAIBHBIX YCIOBHSX
Oynet 3apanHoi D-yHkuumeit Toro xe kiacca .

Pemenue 3agaun nHBepTHpoBaHus. [lycTs BXOJbI
W BBIXOJBl JWHAMHUYECKOH cucteMmbl (1) mpuHammexar
KJIacCcy KBa3UTapMOHHYECKHX GyHKIuHH (3).

Bocmonb30BaBIIMCh  MAaTPUYHO-BEKTOPHBIM — MIPE/I-
craBicHreM MoJnHOMOB [10] cootHomieHue (3) MOXHO
3amucaTh B BUJC

N
o) = Z(Rk sin Wt + Qy cos wy )T, @)

k=1
rac RkI/IQk — Marpulbl, CTPOKHM KOTOPBIX COOTBECT-
CTBYIOT KOS(l)(l)I/IIlI/IeHTaM KOMITIOHCHT BCKTOPHBIX

12 hT
moauHOMOB B (3),a T = (1,t,7, 7) — (I + 1)-mepHbrii

BEKTOP-CTOJIOCII.
Jns  HaxokaeHHWs TPOW3BOIHBIX QyHKumU (7)
PaccCMOTPHUM OJHOYACTOTHYIO PYHKITHIO BHa (7)

@(t) = (Rsinwt + Q cos wt)T. (8)

[TocnenoBaTeTbHOCTh TPOM3BOIHBIX (QYyHKIUH (&)
MOYKHO 3aIIUCaTh B BUJE

d

d_(: = [(RA — Qw) sin wt
+ (Aw + BA cos wt)]T,

d*¢ 2 .

—7 = [(RA* —2QAw — Re?) sin ot
+ (QA% + 2RAw ©)
— Qw?) cos wt]T,

dk ...........................................

d—t(’? = (R* sin wt + Q* cos wt)T,

rae Matpuisl Ry U Q) BBIYHCISIOTCS MO PEKYPPEHTHBIM
COOTHOILECHUSIM

Rk — Rk—lA _ Qk_l(,l),

Qk — Qk—lA + Rk_l(x),
R =R, Q°=0Q.

(10)

Marpuna A umeer pasmeprocts(l + 1) X (I + 1), a
€€ DJIEMEHTHI HaXOIATCS B BUJIE

)Lij = 8,:’]'_'_1, l,] = 1,l+ 1.

PexyppentHoe COOTHOLLEHUE (10) MOXKHO
IIPE/ICTaBUTh B MaTpU4HOU popme
(R*: QY =®": Q“Ha, (11

rne Q—2(l+1) x2( + 1) — Gounas Matpuiia

a=(" )

-wE A (12)

Ha ocnoBanum cootHomenwii (11) m (12) moce-
JIOBAaTEIbHOCTh MATPUI] ITOJMHOMHUAIBHBIX KO3 duun-
€HTOB POM3BOHBIX OJJHOYACTOTHOH (pyHKIMH (7) MOXKHO
3amnucarthb B BUJE

(R*: @) =(R: Q0 (13)
rme matpuna QF  BblumMCiseTcs  mocrenoBaTeNbHbIM
BO3BE/ICHUEM B CTeNeHb MaTpuis! (12).

Ilycte MaTpu4yHOE MpEACTaBICHHE BXOJHBIX U

BBIXOJJHBIX CUTHAJIOB UMCCT BU

u(t) = (R, sin wt + Q,, cos wt)T,
y(t) = (Ry sinwt + Q,, cos mt)T, (14)
rie Ry, Qu Ry, @, — q X (I + 1)-MepHble MaTpuis!
K03 (QPHUINEHTOB TOIMHOMHANBHBIX MHOKHTEIEH.

Torma mnpou3BOAHBIE OT OTUX CUTHAJIOB B
COOTBETCTBHH C (9) MOKHO IPEICTaBUTh KaK

d*u . .
i (R sin wt + Q5 cos wt)T,
T (R¥ sinwt + Q¥ cos wt)T,
rae MatpuuHble  Koddduumentsr RE, QK Rg‘,, Qg‘,

HAXOJATCS B COOTBETCTBUU ¢ (hopmyrioii (13).
ITocne moncranosku (14), (15) m (13) B (1) u
cokparenus Ha T noiryuyum

14 q
Z A, YQPF = Z B, UQI*
k=0 k=0

rne Y=(Ry,! Q) u U=(R,} Q) — maTpuunoe
MpeJCTaBICHUE MOIMHOMMAIBHBIX MHOXHUTEICH Iepen
¢$yHKIMAMHU Sin wt ¥ €OS wt ISl BHIXOJHBIX U BXOJHBIX
CHTHAJIOB.

[Momyuyennoe  marpumyHOe  oToOpaxkeHme  (16)
CHMMETPUYHO W TIO3BOJIIET HAaXOJWTh pEUICHHE Kak
NpsAIMOM, Tak M OOpaTHOM 3agay yHpaBlCHHS ITyTeM
BekTopuzauuu marpul Y, U U nmoctpoeHudl Ha OCHOBE
KPOHEKEPOBCKOTO Mpou3BeAeHus MaTpuil [11].

ITony4eHHBIN pe3ynbTar JIETKO paclpoCTpaHsIeTCs Ha
CKaJIpHBIE CHCTeMBI. B aTOM ciyuae matpunsl A, u By,
MPEJICTABISIIOT CO00M CKaNsphl Ay, U by, COOTBETCTBEHHO U
MaTpudHOe ypaBHeHue (14) mprodpereT BUI

14 q
YZ ag Qp_k = UZ bkﬂq_k .
k=0 k=0

pelieHne KOTOPOro OTHOCUTENbHO BekTopoB Y wmu U
(11 3amauM  oOpamieHMs) CBOJUTCS K TpoLenype
obpaiienus Matpuil Yo_o @ QP7% wmu Y1_ b, QI7F
pasmeproct 2(1 + 1) X 2(1 + 1).

IIporpaMMHBIi KOMILIEKC AJf PelIeHHs 3a1a4
odpamenns. [IporpammHoe oOecrieueHHEe B MOJHOM
o0beMe pa3padOTaHO TPUMEHHUTENHHO K CKAISIPHBIM
CHCTEMaM M COJAEPKUT CIEAYIOIIHE OCHOBHBIE CTPYK-
TypHBIE OJOKH.

1.bnox BBOma  wWcXomHON — WMHpOpPMAIUH — —
KO3(Q(HUIHUEHTOB Ay, Ay, ..., Ap,Dg,b1, .., by.

(16)

A7)

2. bnok ¢QopmupoBaHus 3alaHMs, BKJIIOYAIOMINI
CIIyJalHBIH WM C (UKCHPOBAaHHBIM IIaroM BeIOOp N
3HaueHni Tpebyemoil (yHkumm Beixoma Yy (t) Ha

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
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(UKCUPOBAHHOM BPEMECHHOM MHTEPBAJIC, a TAKIKE 3a/IaHUC
CTCITEHH | anmpOKCUMHUPYIOUINX MOJTUHOMOB M YaCTOT Wy
U BBIYHCICHUC KOA((QUIMCHTOB MOJMHOMOB Ha OCHOBE
METOJla HAMMEHBIIMX  KBaaparoB. IIpemycMmorpeHa
ANMPOKCUMAITUS TOJIMHOMOB KYOMYECKHMU CILIAitHAMHU.

3.bnok  ¢QopmupoBaHHS ~ MAaTPHUIBI  CHCTEMEI
JTUHEWHBIX ypaBHeHWH (17) ® BHUKCIEHHE dYHCIIA
obycnosnenHoctr (cond) cucTeM NHHEHHBIX ypaBHCHH
Ha OCHOBe eBKIHAO0BOI HOpMEI [12]. Ecmn cond < 100,
TO cieayet pemieHue cucteMsl (17). B mpotuBHOM citydae
CTCTICHb AMTPOKCUMHUPYIOIIHX MTOJTUHOMOB l
YBEIUYMBACTCS HA CIUHHUILY.

4. [lpaBUIBbHOCTh pEIICHUSA 3aJa4d  OOpaIICHUsS
KOHTPOJHUPYETCS IyTeM YHCICHHOTO WHTCTPUPOBAHUS
HCXOJHBIX cHCTeM AnbepeHInaIbHbIX YPABHCHUI Mpu
HYJIEBBIX HAYaJbHBIX YCIIOBUSX U CPAaBHECHUS pe3yJbTaTa
HHTErpUpOBaHus Y(t) ¢ COOTBETCTBYIOIINMH 3HAYEHUSIMH
HCXOMHOM QyHKINH BEIXOAa V™ (t).

BeiBoabsl. B pabore paccMOTpPEeHBI YIPOICHHBIC
MaTeMaTUYeCKHe MOJIENIM CHTHAJOB Ha OCHOBE IapMo-
HUYCCKUX (DYHKIHI ¢ MOJTUHOMHAIBHO H3MEHSIOIICHCS
AMIUIATYAOM.

MatpuyHoe  MPEACTABICHHE  MOJUHOMHAIBHBIX
aMIUTUTYJ]  TIO3BOJIWJIIO  MPEACTaBUTh  YIPaBISAECMbIC
JUHAMHYECKHE TPOLECChl KaK CTATHYSCKHE JIMHECWHbBIC
npeoOpa3oBaHuss B MPOCTPAHCTBE  OPSAMOYTOJIBHBIX
marpuil.  [lodydeHbl ~ JOCTATOYHO  MPOCThIE |
3¢ QEeKTUBHBIC ANTOPUTMBI YUCICHHOIO PELICHUs 3a7adu
WHBEPCUH, a TAKXKE METO/| OIICHKU CTeNeHH POOACTHOCTH
pE3YJIbTAaTOB.
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A. C. MABMAHHIIIBHJINU, H. I'. PEIIIETHAK

YIIPABJIEHUE IIOITEPEYHBIMHU PAZMEPAMMU 3JIEKTPOHHOT' O ITYYKA
B COJIEHOUJIAJIBHOM ITOJIE MATHETPOHHOM IYIIKHA

IlpencraBieHbl pe3ynbTaThl HCCIENOBAHUS 110 (DOPMHUPOBAHHIO MONEPEYHBIX pPa3MEPOB 3IIEKTPOHHOrO IIydyKa MAarHETPOHHOW MyIIKOi ¢
BTOPHYHOIMUCCHOHHBIM KaTO/IOM B Jrana3oHe HanpspkeHuit 25..90 kB. IIpoBeneHs! ucciaeaoBaHus mpoueccoB HOpMHUPOBAHUS AIEKTPOHHBIX MYYKOB
B HCTOYHHMKAX JJIEKTPOHOB C XOJOIAHBIMU METAINIMYECKHIMH KaTOJaMH, PabOTAIONMMH B PEXHME BTOPHYHON SMHCCHH. B KadecTBe HMCTOYHHKA
3JIEKTPOHOB HCIIONB3YETCs MarHeTpOHHas mymka. [IpuHIMI paboThl TAaKUX MyIIEK OCHOBAaH Ha OOpaTHOI OOMOapIHpOBKE KaTOJa SIIEKTPOHAMU,
BO3BpAIAEMBbIMI MarHUTHBIM I10J1€M, 0OPa30BaHUH 3JIEKTPOHHOIO 0bJaka BOIN3H KaToja U pOPMUPOBAHUM ITy4Ka B CKPEIICHHBIX IEKTPUUECKOM H
MAarHUTHOM TIOJIAX. VIX OCHOBHBIM OTIMYHEM OT TEPMOIMHCCHOHHBIX ITyIIEK SBISIETCS OOMIbIIAs ITIOTHOCTh TOKA C €AMHUIBI IONEPEeYHOH MIIomaau
katoma ~50 A/cm? u GonbLIol CpOK CiykObl. [109TOMY MOMCK M HCCIEAOBaHHE HCTOYHUKOB DJICKTPOHOB C OOJBILIUM CPOKOM CIIyXObI SIBISIETCS
aKTyaJIbHOM 3agayeil. Ha 6a3e MarHeTpOHHOI IyLIKK ¢ BTOPMYHOIMHUCCHOHHBIM KaTOJIOM CO3/laH YCKOPHUTEINb IEKTPOHOB, B KOTOPOM MCIIOJIb3YyETCs
OCEBOW HIICKTPOHHBIN Iy4OK M OOJIydeHUs] METaUIMYeCKHX MUIIEeHeH M BHYTPEHHEH NMIHHAPUYECKOI IOBEPXHOCTH C MOMOILIBIO PajHaIbHOTO
3JIEKTPOHHOrO IIy4ka. B paboTe mpencTaBieHbI ONBITHBIC IaHHBIC W PE3YJbTaThl MOJICIUPYIOIIUX PACYETOB 10 (OPMHUPOBAHUIO U YHPABICHUIO
pacrpe/ieNieHus JIEKTPOHHOTO ITyYKa MAarHeTPOHHOH IMYIIKOH ¢ BTOPUYHOAMHMCCHOHHBIM KaTOOM IPH ABMXKEHHH B COJICHOMAAIBHOM MAarHUTHOM
none. VcenenoBaHa 3aBHCHMOCTh (POPMHUPOBAHHS PaJUATIbHBIX Pa3MEpPOB DJIEKTPOHHOTO ITydKa OT aMIUIUTYABl M TPaJUeHTa COJICHOWAAIBHOTO
MarHMTHOTO IOJIsI B IyIIKE, KOTOPbIH HAapacTaeT WM CIIafaeT B KaHale TPAHCIOPTUPOBKM Iyuka. [IpUBOIATCSA pe3yibTaTbl YHCICHHOTO
MO/ICIIIPOBAHUS 10 JBIKEHHIO TPYOUaTOro 3JIE€KTPOHHOTO MOTOKA B MArHUTHOM Moje coiieHouzaa. Ha ocHOBe MOmenM IBMKEHHUS 3JIEKTPOHHOIO
IIOTOKAa PAacCMOTPEHBI XapaKTEePHCTUKH PE3YJIBTUPYIONIEro IEKTPOHHOrO IIydyka. IlokazaHa BO3MOXHOCTH DErYJIHPOBKH AWAaMeTpa ITydKa ITyTeM
BapHalM{ YIPABIAIOLIET0 MAarHUTHOro mouns. [TodydeHHbIe YHCICHHBIE 3aBUCHMOCTH COTJIACYIOTCSI C DKCIICPUMEHTAIIBHBIMU pPe3yJbTaTaMH [UIs
MAarHUTHOTO HOJIs C OOJIBIINM IPAJHEHTOM. MI3yueHa BO3MOXKHOCTD YIIPABJICHHS MOIEPEYHBIMU Pa3MEpaMu MyHdKa.

KnioueBble cJ0Ba: DIEKTPOHHBIH ITy4OK, MAarHeTpOHHAs IyIIKa, MaTeMaTHYeCKoe MOJeIHpoBaHUe, Iu(pepeHIHaIbHOe ypaBHEHHE
JIBU)KCHHUS, CONICHOMAAIBHOE MarHUTHOE T10JIE, YIPABJICHHE TONIEPEYHBIMH Pa3MepaMH IyuKa.

0. C. MASMAHIIIBIII, M. I'. PEIIIETHAK
YHOPABJIIHHA NONEPEYHUMMU POSMIPAMU EJIEKTPOHHOTI'O ITYYKA B
COJIEHOITAJIBHOMY ITOJII MATHETPOHHOI TAPMATH

IlpencraBieHo pe3ynbpTaTh JOCTiIKEHHS Mo/10 GOpMyBaHHS MONEPEYHNX PO3MIPIB EIEKTPOHHOTO ITyYKa MarHIiTHOI rapMaTolO 3 BTOPUHHOEMICIHHIM
kaTonoM B JiamasoHi Hampyru 25..90 kB. IIpoBeneHo mociikeHHsS mpoleciB (OpMyBaHHS EIEKTPOHHHMX IyUYKiB B JDKepelax eJeKTPOHIB 3
XOJIOAHMMHU METAJICBUMH KaTOJAaMH, L0 IPALIOIOTh B PEXUMI BTOPUHHOI eMicil. SIk pKepeso eleKTPOHIB BUKOPUCTOBYEThCS MAarHETPOHA rapMmara.
IMpuHIMNI poOOTH TAKMX rapMat 3aCHOBAaHMIA Ha 3BOPOTHOMY OoMOap/yBaHHIO KaTo/la €IEKTPOHAMM, 110 OBEPTAIOTHCS MarHITHUM IOJIEM, CTBOPEHHI
€NeKTPOHHOT XMapH Mo6JIH3y KaTona i (opMyBaHHI Mydka B CXPEIIEHHX €IEKTPHYHOMY i MATHITHOMY TIOJNSX. IX OCHOBHOIO BifIMiHHICTIO Bif
TEPMOEMICIHHHX rapMar € BelHKa MIUIbHICTh CTPYMY 3 OJMHHMIN momepedHoi mioiii karomaa ~50 A/cm? i Benukuil TepMiH ciayx6u. Tomy morryk i
JIOCITIJDKEHHS JPKEPEN eIEeKTPOHIB 3 BEIIMKMM TEPMIiHOM CITy:KOM € aKTyanbHUM 3aBJaHHsIM. Ha 6a3i MarHeTpoHHOi rapMaTH 3 BTOPHHHOEMiCiHHIM
KaTOZOM CTBOPEHHUH MPHCKOPIOBAY ENIEKTPOHIB, B SIKOMY BUKOPHCTOBYETHCS OCHOBHI €IEKTPOHHMHI IydOK JUIsi ONPOMIHEHHS METaJIeBHX MillleHeH i
BHYTPIIIHBOT IMIIHAPUYHOI MOBEPXHI 3a JIOMOMOIOI0 pajiajibHOTO EJIEKTPOHHOIo Imydyka. B po0OoTi mpeacTaBieHi eKcnepuMeHTalbHI JaHi i
pe3ynbTaTH, IO MOJETIOIOTh PO3PaxyHKM 1o (OpMyBaHHIO 1 YNPaBINiHHIO PO3MOALTY EJNEKTPOHHOTO ITydKa MAarHEeTPOHHIii TapMaTton 3
BTOPUHHOEMICIHHIM KaToJOM TpH pyCi B COJEHOINaJbHOMY MAarHiTHOMY momi. JIOCTi/KEHO 3alleXHIiCTh (OpPMyBaHHsA pajialbHUX PO3MIpiB
BTOPMHHOEMICIHMM Iyyka BiJ| aMIUIITYAM Ta TPaji€HTa COJEHOIAATbHOTO MArHiTHOTO TOJII B rapMaTi, SKMH HapocTae abo cHajae B KaHali
TPaHCIIOPTYBaHHS Iydka. HaBOIATBCS pe3yibTaTH YMCENBHOTO MOJIETIOBAHHS MO PyXy TPyOYacTOro €IeKTPOHHOTO MOTOKY B MarHiTHOMY MO
conenoina. Ha ocHOBI Mozieni pyXy €IeKTPOHHOTO MOTOKY PO3TIISIHYTI XapaKTEePUCTHKH Pe3ylbTYIOUOro eeKTPOHHOTO myuka. [TokazaHa MOXIHBICTE
perymoBaHHs JiaMeTpa IydKa HIIIXOM Bapiallii Kepyro4oro MarHiTHOro moist. IIpuBeIeHO pe3ysbTaTH YHCICHHOTO MOJCIIOBAHHS 32 PyXOM
TpyOUYaTOro eIeKTPOHHOTO IIOTOKY B MarHITHOMY IIOJ coJieHoia. J{ociipkeHa MOXKIIMBICTh YIPaBIiHHS ITONEPEIHHMH PO3MipaMH ITydKa.

Karo4oBi ciioBa: eneKTpOHHMIT ITy4OK, MarHETpPOH TapMaTa, MaTeMaTHYHE MOJICNIIOBAHHSA, AUdepeHIliaNbHe PiBHAHHS PyX, COJNEHOiTanbHe
MarHiTHe NoJie, yrnpasliHH TOMEePEYHUX PO3MIPIB MyYOK..

0. S. MAZMANISHVILI, N. G. RESHETNEAK
CONTROLLING THE TRANSVERSE DIMENSIONS OF THE ELECTRON BEAM IN THE
SOLENOIDAL FIELD OF A MAGNETRON GUN

The results of the study on the formation of transverse dimensions of an electron beam by a magnetron gun with a secondary emission cathode in the
voltage range of 25..90 kV are presented. Investigations of the formation of electron beams in electron sources with cold metal cathodes operating in
the secondary emission regime are carried out. The electron source is a magnetron gun. The principle of operation of such guns is based on the reverse
bombardment of the cathode by electrons returned by the magnetic field, the formation of an electron cloud near the cathode and the formation of a
beam in crossed electric and magnetic fields. Their main difference from thermionic guns is the large current density from a unit of the cathode’s
cross-sectional area ~ 50 A/cm? and a long service life. Therefore, the search and investigation of electron sources with a long service life is an urgent
task. On the basis of a magnetron gun with a secondary-emission cathode, an electron accelerator is created in which an axial electron beam is used to
irradiate metal targets and the inner cylindrical surface with a radial electron beam. The article presents the experimental data and the results of
modeling calculations on the formation and control of the electron beam distribution by a magnetron gun with a secondary-emission cathode in motion
in a solenoidal magnetic field. The dependence of the formation of the radial dimensions of the electron beam on the amplitude and gradient of the
solenoidal magnetic field in the gun, which grows or falls in the channel of the beam transport, is studied. The results of numerical simulation of the
motion of a tubular electron beam in a magnetic field of a solenoid are presented. Based on the motion model of the electron beam, the characteristics
of the resultant electron beam are considered. It is shown that the diameter of the beam can be adjusted by varying the control magnetic field. The
results of numerical modeling on the motion of a tubular electron flux in a magnetic field of a solenoid are given. The possibility of controlling the
transverse dimensions of the beam is studied.

Keywords: electron beam, magnetron gun, mathematical modeling, differential equation of motion, solenoidal magnetic field, control of
transverse beam dimensions.
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Benenne. DieKTpOHHbIE MyYKH Pa3INnYHON KOHDHU-
Typalud U MHTEHCUBHOCTHU [1-3] mpuMeHSIOTCA B BBICO-
KOBOJNBTHON wuMmynscHO CBY anekTpoHHKE, 371eKT-
POHHO-TY4€BbIX TEXHOJOTHSX, YCKOPUTEIBHONH TEXHUKE U
1.1. [4-6]. B HHL «X®TW» npoBoasTcs UCCIETOBaHUS
poneccoB (POPMHUPOBAHUS HIEKTPOHHBIX ITyYKOB B UCTO-
YHUKAX 3JIEKTPOHOB C XOJOJHBIMU METANIMIECKUMH Ka-
TOoJaMH, pabOTAIOMMMH B PEKUME BTOPHYHOIN SMHCCHHU.
B kadyecTBe HCTOYHMKA 3JIEKTPOHOB HCIIOIB3YETCS MarHe-
TpoHHas mymika. [IpuHIun paboTh! TaKKX MyIIEK OCHOBAH
Ha oOpaTHO# OomOapauUpoBKe KaTola JICKTPOHAMH, BO3-
BpallaeMbIMH MarHUTHBIM I10JIeM, OOpa30BaHUM 3JIEKT-
poHHOTO oOJsaka BOJIM3M KaToja U (GOpMHUPOBAHUU ITydKa
B CKPEIEHHBIX MEKTPUUECKOM U MarHUTHOM MOyax. Mx
OCHOBHBIM OTJIMYHEM OT TEPMOIMHUCCHOHHBIX IyIIEK SB-
ssiercst OoJbIIast IVIOTHOCTh TOKA C AMHMIIBI IONIEPEYHO
wronany karoma ~50 A/cM? u GOJBLION CPOK CIyXOBI.
[TosTOMy TOMCK M HCCIENOBAaHWE HCTOYHHKOB 3JIEKTPO-
HOB C OONBIINM CPOKOM CIY’KOBI SIBIISIETCSI aKTyaJbHOW
3agadeil. Ha 6a3e MarHeTpOHHOH IyIIKH C BTOPHIHOIMHU-
CCHOHHBIM KaTOZOM CO3JaH YCKOPHUTEIb JJICKTPOHOB, B
KOTOPOM HCIIOJIB3YETCSI OCEBOM 3JIEKTPOHHBIN ITyYOK JUIS
00JTy4eHns] METAJUIMYECKHX MHIICHEH W BHYTPEHHEW IH-
JUHJIPUYECKON TOBEPXHOCTH C IOMOIIBIO PaJdalbHOrO
3NIEKTPOHHOTO TryuKka [7—10].

B nacrosme#t pabore u3ydeHa BO3MOKHOCTh YIPaB-
JICHUS TIOIEPEYHBIMU pa3MepaMH 3JICKTPOHHOTO MydKa ¢
MTOMOIIIBIO COJICHOUJAJIBHOTO MOl MAarHETPOHHOM ITyIITKH.

JKCNepUMEeHTAIbHASL YCTAHOBKA M METOIMKA
ucciaenopanuii. Ha yckopurene 371eKTpOHOB Ha OCHOBE
MarHeTpoHHOH WYIIKH C BTOPHYHOIMHCCHOHHBIM KaTo-
JIOM TIPOBE/IEHBI MCCIICIOBAHUS JTUHAMHUKH 3JIEKTPOHHOTO
Iy4Ka U U3MEPEHUIO €ro IapaMeTpoB NPH JIBHKCHUH Yac-
THII B KaHAJIE TPAHCIIOPTHPOBKH.

4

M1 M2 M3 M
=== =<

Puc. 1. brok-cxema 3KCiepUMEHTaNbHON YCTaHOBKH.
1 — BBICOKOBOJIBTHBIN UMITYJIbCHBII F'eHEpaTop,

2, 5 — u30J4TOpHL, 3 — BaKyyMHasi Kamepa, 4 — COJICHOU/I,
M1-+M4 — karymku coneHouaa, 6 — U3MepHUTeNIbHas CHCTEMa,
7 — OJIOK CHHXPOHM3ALNH, 8 — TeHEepaTop 3aIlyCKAIOLIEro
uMITyIieca, 9 — mumens, C — Katon, A — aHO.

brok-cxema ycTaHOBKM mpuBeaeHa Ha pwuc. 1. Jlus
MUTAaHUS MarHETPOHHOW MYIIKH HCIIOJB30BAJICS UM-
IyJIbCHBIM TeHepatop (1) ¢ aMIUTUTYIOH IUIOCKOM YacTh
nMmiynbca 20...100 kB, mnmurensHOcThio 50...10 MKC U
yacToToro ciefoBanus 3...10 I'u, koTopelid momaercss Ha
KaroJ NMywmkd. B cxeme rerepaTopa MCHOJIB30BAICS MOJ-

HBII pa3ps]] HAKOIMTEIBHOM €MKOCTH Ha TpaHc(hopMaTop
4yepe3 TUPATpOH. 3amyCcK BTOPUYHOIMUCCHOHHOTO pa3-
MHOXXEHHS B ITyIIKE OCYLIECTBISICTCS] UMITYJICOM Harpsi-
JKEHUS ¢ KPYTBIM CIaJ0M, [10JIaBaeMbIM Ha aHOJ| ITYILIKH,
KOTOpBIN co3naBajiicss reHepaTopoM (8) ¢ aMIuMTymou
HanpspkeHust 1o 15 xB. Hcrounuk snextponoB (C — Ka-
TON, A — aHOM) pa3MemIaercs B BakyyMHOM oOweme (3).
Jlns modydeHHs: 3JIEKTPOHHOIO ITydKa HCIIOIb30BAUChH
MarHeTpoHHasl IMyIIKa ¢ AWaMETPOM aHoja 78 MM W aua-
MeTpoM Karonaa 36 MM. MarHUTHOE TOJe Ui TeHepanun
U TPaHCIOPTHUPOBKH 3JIEKTPOHHOTO ITydKa CO3MAeTCS CO-
neHounoM (4), cocrosiM u3 4 ceKuuii (KaTymek), mira-
HHE KOTOPBIX MPOUCXOAMUIO OT UCTOYHHUKOB IOCTOSHHOTO
TOKa. Perynupyst TOk B KaTyIIKax, MO>KHO OBLJIO U3MEHSITh
aMIUIMTYAy M IPOJOJBHOE paclpeliesieHHe MarHUTHOTO
NOJIS BJOJIb OCH MarHETPOHHOW MYIIKM W KaHajla TpaHC-
MOPTUPOBKH ITy4Ka, YTO MO3BOJIUIO TOTy4aTh pa3iudHbIe
PEeXUMBI (POPMHUPOBAHUS 3JIEKTPOHHOTO ITydKa. MUIIEHb
pacronarajgach Ha pa3IMYHBIX PACCTOSIHUSX OT cpesa
aHoma (1,5 +13,5 cMm) m Takke ciyXmiaa Ui U3MEPEHUS
TOKa ITydKa B OCEBOM HampasyieHHH. O0paboTka pe3yiib-
TaTOB M3MEPEHHUH TOKOB ITydKa M UMITYJIbCa HAIPSIKECHHS
MIPOU3BOJIMIIOCH C IIOMOIIBI0 HM3MEPHUTEIBHON CHCTEMBI
(6). IMorpemHocTh M3Mepenus coctasiuseT 1...2 %. Ilome-
peUHBIe pa3Mephl MydKa U3MEPSIM IMyTeM MOTy4YeHHs OT-
MeyaTka Ha MeTANIMYEeCKUX MUIICHSX.

JUis BBINOJHEHUS MOJAETHPYIOUINX PacuyeToB IIO-
CTPOEHO IPOTrpaMMa, MO3BOJISAIOIIAs PACCUUTATh TPACKTO-
PHH IBIDKCHUS SJICKTPOHOB B 33IaHHOM MarHUTHOM I10JIC
[11]. YcToiuMBOCTH YHCIEHHOIO aJrOpPUTMa PpELICHHS
CBsi3aHa ¢ maroM AS pemieHus, rae S=Ct (¢ — cKopocTb
cBeTa, [ — Texymiee BpeMsi), ¥ JapMOPOBCKUM IapaMeTpOM
3agaun W. Takum 00pa3oMm, NP BHINOJHEHUH YCIIOBHS
PAS<<] MOXHO OXHJATh CXOJMMOCTbh YHCJIIEHHOTO pelle-
HUSI CUCTEMBI K €r0 aHAJIUTHYECKOMY aHAJIOTy. YCIIOBHE
pAsS<<1 6ynet BoimonHAThCS, eciin AS<<0.0001 m. C BbI-
YHUCIUTEJIBHOW TOYKH 3pEHHUs 3ajaya MOXeET ObITh cop-
MynupoBaHa kak 3anada Komwu [12]. PesynbraTom Oyaer
SIBIIITBCS TPAEGKTOPHUS 3JIEKTPOHA, OTBEYAIOIIasl Hadajlb-
HBIM ycioBusAM. IloTpeGoBaB BHINONHEHHUS 33aJaHHOTO
ycI0BUsI (IPOXOXKJCHUE KaHalla TPAHCTIOPTHPOBKH ITy4YKa)
MOXHO, 3a()UKCHpPOBAB 3HAUEHHS BCEX KOMIIOHEHT TpaeK-
TOPHUH 3JIEKTPOHA, CHOPMUPOBATH PE3YIbTUPYIOIIUH ITy-
YOK ¥ U3y4YHTh €TI0 CBOICTBA.

Pe3yabrarsl JKCHEpHMMEHTa M YHCJIEHHOTO
MOJeJUPOBAaHMA M MX o0cyxaeHue. IIpoBerneHHbIC
HCCIIeTOBaHMA 110 (POPMUPOBAHHIO 3JIEKTPOHHOTO ITy4YKa 1
W3MEPEHHUIO €ro NMapaMeTpoB OT HANPSHKEHHS Ha KaToJe B
nmuamazone 20...90 xB.

Ha puc. 2 npuBezneHa gotorpadusi AByX OTIEUaTKOB
MIOTOKA 3JIEKTPOHOB IIPH €T0 IOMAJaHus Ha aJOMHHHE-
BYI0 MMIIEHb, PACHOJOXKEHHYIO Ha PACCTOSHUU 7 CM OT
cpe3a aHoAA.

Otneyatku NOJdy4YeHbl Uit HoAeH Hpyax U Hyin. Tlpu
9TOM KOHOUrypauus monst Hpy,, XapakTepusyercs IoJIo-
KUTEIbHBIM T'PAJIMEHTOM, a KOHGHUrypauus monust Hpi, —
OTpHIIATENBHBIM 3a Cpe30M anoa (cM. puc. 3).

B npoBeneHHBIX HCCIEIOBAHUAX IIsI 000UX pacipe-
JIENIEHUA MarHuTHOro nons Hy.y ¥ Hyj, #DodydeHa
JIOCTATOYHO XOpOIIas OJHOPOJHOCTh Aa3UMYTaIBHOTO
pacrpezeneHuss ToKa HJIEKTPOHHOTO Mydka. OTO ObUIO
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MOATBEPKICHO pe3yJNbTaTaMU 3KCIEPUMEHTOB, BBIIOJ-
HEHHBIX C HCIOJIb30BAHUEM §-CEeKIIMOHHOTO LUJIUHpA
®dapajes, KOTOPBI pa3Melialics B MECTE€ PACIIOJIOKEHUS
MHUIIICHU.
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Puc. 2. OTnieyaTkyl 3I€KTPOHHOTO ITyYKa Ha aIFOMHUHUEBOM
MHUIICHH. 1 — HapacTaiolee MarHUTHOE 110J1e Hiyay,
2 — cnajarolee MarHuTHoOe noste Moy

YucneHHOE MOJEIMPOBAHUE OCYIIECTBIAIOCH ISt
00oux monell Hy,yx 4 Hyiy, a Takke s HaOOpa mpome-
JKYTOYHBIX TIOJIeH, KOTOpBIE C TOMOIIBIO Mapamerpa
ynpasyieHus K 3amaBaiuch no Gpopmyiie

HK = Hmin + K(Hmax _Hmin)/loz (3)

YTO IIO3BOJIMJIO TPOMOJECINPOBATh TEHACHIMH B IWHA-
MHKE paJHalbHbIX Pa3MepoB MydKa (CM. pHc. 4).

Puc. 3. [Ipumeps! KOHPUTYpALIUA MATHUTHOTO TIOJIS.
Kpectuxu — none Hyy,x € NOJOKUTENBHBIM TPAIUEHTOM,
KPYKOYKH — 110J1€ H i, C OTPUIATETEHBIM TPAAUCHTOM,

MYHKTHP — IPOMEXYTOUHBIN ciyuait Hy

BrInonaHeHsl M3MEpeHHs pa3MepoB ANEKTPOHHOIO
nyuka Ha mulleHHu. Ilpu HanpsxkeHuu Ha karoge 55 kB u
CHaJaloieM MarHWTHOM II0Jie B 00JacTH TPaHCHOPTH-
poBKH yuKa (puc. 3), KpuBast Hy,j, MarHeTpoHHas MyIIka
(dhopMupyeT B 00J1aCTH MUIICHU KOJIBIIEBOHN AIEKTPOHHBIN
my4ok ¢ TokoM 30 A W HapyXHBIM JHaMETpoM 53 MM ¢
TONMMIMHON cTeHku 3 MM. IIpu HapacTaromem MarHUTHOM
nosie (puc. 3, KpuBasi Hy,x) TOK My4Ka YMEHBIIAICS JIO
24 A, ipu 5TOM HApY>KHBIM AMAMETpP My4Ka yMEHBIIMICS
10 29,5 ¢M ¢ TOIIIMHON cTeHKH 1,8 MMm.

Ha puc. 5 noka3assl pe3yabTaThl YUCIEHHOTO MOJE-
JUPOBAHMSA [IBWKGHUS JIIEKTPOHOB (00BeM BEIOOpKH
N=500) B ABYX MarHUTHbIX NOJSAX Hpyax U Hpyin. U3
pHC. 5 MOXXHO BUJETh TUHAMUKY (pOpMHpPOBAHHS pacipe-
JIEJIEHUH 3JIEKTPOHHOTO IyYKa IPU €r0 PaclpoCTpaHSHUN
BJIOJIb OCH Z B KaHajie TpaHCHopTupoBku. U3 puc. 5 crue-

JYeT, 4TO 3JICKTPOHHBIN MYYOK MO Mepe IBHKCHHS HUCITBI-
THIBACT YMCHBILICHHE CBOHMX DPaJHaTbHBIX Pa3MepoB, UYTO
OCOOCHHO XOPOLIO BBIPAXEHO B ClIydae MoJs M,y ¢ mo-
JIOKUTEIBHBIM IPATHECHTOM.

1500+
10001

500

Puc. 4. Habop Moaenupyromux pacupeaeieHui
MarHUTHBIX NOJIel Ha nHTepBaie 20 cM

Puc. 5. Dcku3bl GOpMHUPOBaHUS pacIIpeAeeHHs MydKa
HPH €r0 JIBUKEHHHU BIOJb OCH MArHUTHOH CHCTEMBI.
CBepxy: nosie Hpyin ¢ OTpULATEIbHBIM TPAJHEHTOM,
CHM3Y: NoJIe Hyay C MOJOXKUTEIBHBIM I'PalueHTOM

Ha puc. 6 mnokasana paccuWTaHHas 3aBHCHMOCThb
CpeJHEro paJuanbHOro pa3Mepa mydka Rsr ot mapamerpa
ynpasieHust K KOHQWIypalM MarHutHoro mois. M3
pUCYHKa cIenyeT, 4YTO CpeJHHMH paiauaibHbBIl pasMmep
myuka Rsr gocruraer cBoero muHmmMyma MinR tem a¢-
(exTHBHEE, YeM OOJBLIMM SBISAETCS TPaUEHT MarHWT-
Horo mnojisi. Jlokanusanust TOUKH JOCTHXKEHHMsS] MUHUMYyMa
¢ poctoM K cmemiaercss BIOJb OCH Z TPAaHCIOPTHUPOBKH
CUCTEMBI.

Ha puc. 7 npuBeneHa mnoaydyeHHas IpU MOJEIHUPO-
BaHUH 3aBHCHMOCTh MHHHMAaJIBHOTO pammyca MinR ot
mapameTpa ynpasieHus K KOHQUTyparii MarHUTHOTO

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
20 ananis, ynpasninus ma ingopmayiiuni mexnonozii, Ne 21 (1297) 2018



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

nosis. ComnocTaBieHHE paguycoB OTICYATKOB ITydyka Ha
MPOJIETHOM PacCTOSHUM Z = 22,5 cM AJIsl HapacTarollero
MarHuTHOTO TOJIst Hpp,¢ M CIIAIAIOIIEr0 MarHUTHOTO MOJIS
Hhin, TOKa3aHHBIX HA pHC. 2, C 3aBUCUMOCTSMHU JUIS Cpe-
Hero panguyca Rsr KoJIbLEeBOro 3JeKTPOHHOTO My4Ka, IpH-
BEICHHBIMH Ha PHC. 6, JaeT BO3SMOXHOCTH 3aKIIOYHTH O
JOCTaTOYHO XOPOIIEM COOTBETCTBHU HaiiICHHBIX 3Haye-
HUH.
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Puc. 6. 3aBucuMOCTs MHHIMYMa CPEIHETO pajiyca Irydka Rsr
OT NMPOJOIBLHON JAJTUHBI Z.
Caepxy — none Hpy,y, CHU3Y — Hpin
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Puc. 7. 3aBUCHMOCTH MUHUMAJIBHOTO pajnyca MinR
OT HapaMmeTpa ynpasiaeHus K

Takum o0pazoM, yBelIWYEHHE TPAAWEHTA IIOJHOTO
MarHUTHOT'O IOJIsl IPUBOJUT K IEPECTPOIKE pacrpenese-
HUS 3JIEKTPOHOB B KOH(HUTYpalMOHHOM IPOCTPAHCTBE, B
YaCTHOCTH, K CIKaTUIO PacCIpeleIcHys YaCTULl B paiHab-
HOM HaIIpaBJICHUHU.

IIyrem yBenmuueHusl rpajleHTa MarHUTHOTO MOJIS
MOXKHO PEryJlupoBaTh IUIOTHOCTb YAacTHL B PaJHaibHOM
HarpasJIeHUH BIOJIb JUIMHBI TPYOBI.

PesynbraTel  dKCIEpUMEHTAIbHBIX HCCIEIOBAHUN

CBUACTCIILCTBYIOT O BO3MOXKHOCTH YCTOﬁQHBOFO (bOpMI/I-
POBAaHUU BJICKTPOHHOTO MYy4YKa B paJuaJibHOM HallpaBJiC-
HHUHU MaFHeTpOHHOﬁ l'[yHIKOI7I C XOJIOAHBIM BTOPHUYHOOMUC-
CHOHHBIM KaTOAOM B MarHuTHOM IIO0JIC COJICHOWAA.

BoiBoabl. B pa60Te NPEACTAaBJICHBI OIBITHBIC HaH-

HBIC U PE3YNIBTAThl MOJCIUPYIOIINX PacueToB Mo (Gopmu-
POBaHMIO W YNPABICHUIO PACIPENCICHUS IICKTPOHHOTO
Iy4yKa MAarHETPOHHON MYLIKON ¢ BTOPUYHOIMHUCCUOHHBIM
KaTOZOM TIPH JBI)KEHHU B COJICHOMJIATHbHOM MarHUTHOM
nosie. B uccnenoBaHusAX Moka3aHa BO3MOXHOCTb YCTOM-
yuBOTO  (OPMHUPOBAHHUS  PAAUAIBHOTO  AIEKTPOHHOTO
Iy4YKa C SHEpruel B JAECATKU KUIODJIEKTPOHBOIBT B Mar-
HUTHOM I10JI€ C MOJIOXKHUTEIbHBIM IPaUEHTOM.

Ha ocHoBe Moaenu ABH>KEHUS 3JICKTPOHHOT'O IMOTOKA

PacCMOTPCHBI XapaKTEPUCTUKU PE3YJIBTUPYIOIIETO 3JICK-
TPOHHOTO my4Yka. JIJii pa3muYHBIX KOHQUTYparuil Mmar-
HUTHOTO TIOJIS TPHUBOISTCS PE3yIbTaThl MOJCIHPOBAHUS
MO0 JBIXXEHUIO TPYOYaTOro 3JIEKTPOHHOrO MoToka. [loka-
3aHa BO3MOXKHOCTH PETYJIMPOBKH JHaMETpa My4Ka MyTeM
BapHalUK YIPAaBISIONIEro MarHutHoro mnoss. Iloxyuen-
HbIE YUCIICHHBIC 3aBHCHMOCTU COTJIACYIOTCS C JKCIEpH-
MEHTAJIbHBIMU PE3yJbTaTaMU Il MArHUTHOTO TIOJIS C
OOJNBIINM TPATUSHTOM.
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VIIK 338.2
A. A. HHKY/IbYEHKO

IMPOTI'HO3UPOBAHUME ITIOTPEBUTEJIBCKOI'O CITPOCA HA CE3OHHBIE TOBAPBI
C UCNOJIb30BAHUEM BEKTOPA KPUBOM ITPOJAK

IIpeanoxeH METO IPOrHO3UPOBAHHS CIIPOCA HA CE30HHBIC TOBAPbI C HCIIOIb30BAaHUEM BEKTOPA pacipesieieHss 00bEMOB IIPOAAX B TEYEHUE TOJ1a HITH
BEKTOpa KpPHBOIl IPOJaX, KOMIIOHEHTAMU KOTOPOTO SBIISIOTCS OOBEMBbI HEEIBHBIX IPOJAX PAacCMAaTPUBAEMOro JMOO aHAJIOTHYHOTO TOBApa,
MOJTy4eHHBIE Ha OCHOBE CTaTHCTHKHM IPOAaX 3a MPEAbIAYIINH KaJeHIApHBIH rof. YCIOBHEM NPUMEHHMOCTH IPEITIOKEHHOIO METOZA SIBIISETCS
BBITIOJIHEHUE THIOTE3bl O CXOAMMOCTH COOTBETCTBYIOIIMX HEJCIbHBIX OOBEMOB MPOJAX JBYX IOCICIOBATEIbHO WIYIIMX JIET M TUIOTE3bl O
CYILIECTBOBAHHHU TI'PYIII TOBAPOB CO CXOXKEH AMHAMHKOI npoiax. IIpuMeHeHne MeTosia O3BOMISIET OCTPOUTH IPOTHO3 CIIPOCa Ha TOBAp B TCUECHHE
creqyromieil Helenu Ha OCHOBE JIaHHBIX 00 00beMax MpOoAax 3a MpeAbIAyIINe HECKOIBKO Helelb TEeKYIIero U IPeblayIero rojoB, a TakxkKe JaHHBIX
00 o0beMax NpoJaXx 3a MHTEPECYIOLIYI HEAEN0 mnpensiayuiero roga. IIpexcrtaBieHbl 0OCOOCHHOCTH NMPOrpaMMHONM pealu3aluy MPEAIoKEeHHOro
METO/a MPOrHO3UPOBAHMS CIIPOCA C KCIIOJIB30BAHUEM MHKPO-CEPBHCHOW apXWTeKTypbl Ha ocHoBe miardopmel Google Cloud Platform, c
HCIOJB30BaHMEM TaKHX KoMroHeHTOB kak Google Kubernetes Engine, Google BigQuery, Redis. Jlas cHmKeHHs BBIYHUCINTENBHON HArpy3KH Ha
OCHOBHYIO CHCTEMY BBIMOJIHSCTCSI KOIMHMPOBAHUE HEOOXOAMMBIX NaHHbIX st aHamu3a B OLAP-cucremy u moctpoenue tpeGyemoro mporuosa 6e3
ucnonb3oBanuss OLTP-cuctemsl. IIpuBeneHbl pe3ysbTaThl YUCIEHHOTO KCIIEPUMEHTA IO HMPOrHO3MPOBAHHUIO CIIPOCA HA TOBAp, MOJYYEHHbIE Ha
OCHOBE pEaJIbHBIX JIaHHBIX. BBINOIHEHO cpaBHEHUE Pe3yIbTaTOB IPOrHO3UPOBAHHS CIIPOCA, OJIYISHHBIX C HCIIONB30BaHUEM BEKTOpa KPHBOIT P 0Jjax
U METOZa CKOJb3slIero cpeaHero. ITokasaHa BO3MOXKHOCTH HCIOJIB30BAaHMS JAHHOIO METOJA IPOrHO3MPOBAHMS CIIPOCA B KAUECTBE KOMIIOHEHTHI
CHCTEMbI aBTOMAaTH3HPOBAHHOI'O YIIPABJICHHS 3aI1aCaMH B CETSX [OCTABOK.

KioueBnle cj10Ba: TOBapHBIH 3amac, YIpaBJIeHHE 3allacaMi, IPOrHO3UPOBAHKE CIIpOca, BEKTOP KPHUBOIl NMPOAaX, CE30HHBIN TOBap, MHKPO-
CEepBHCHAs APXUTEKTYpa.

A. 0. HIKYJIBYEHKO
IMPOI'HO3YBAHHS CITIOKUBYOTI'O IMOIIUTY HA CE30OHHI TOBAPHU 3 BUKOPUCTAHHAM
BEKTOPA KPUBOI ITIPOJIAKIB

3anponoHOBaHO METOJ IIPOTHO3YBAHHS IIONUTY Ha CE30HHI TOBapH 3 BHKOPHCTaHHSM BEKTOpa PO3NOALTY OOCATIB IPOJAXiB HMPOTATOM POKY abo
BEKTOpPa KPUBOI NPOAAXIB, KOMIIOHEHTAMHU SIKOTO € OOCSTH TH)KHEBUX IPOJaXiB PO3IIIHYTOro abo aHAJIOTIYHOTO TOBApy, OTPHMaHI Ha OCHOBI
CTAaTHCTUKH MPOAAXKIB 3a MOMEPEAHIN KaleHAapHUIT pik. YMOBOIO 3aCTOCYBaHHS 3alMpOIOHOBAHOTO METOLY € BHKOHAHHS TIMOTE3H MPO 30DKHICTH
BIINOBITHAX TIDKHEBHX OOCSTIB IPOAAXIB JBOX POKIB, sIKi HIYyTh IOCHIINOBHO, i TIMOTE3W IPO iCHYBaHHS IPYyI TOBapiB 3i CXOXKOIO JHHAMIKOIO
IpoAaxiB. 3acTOCYBaHHS METOXy JO3BOJISIE ITOOYIyBAaTH IPOTHO3 IONUTY Ha TOBap MPOTAIOM HACTYIHOTO TIDKHS Ha OCHOBI JaHHX IIPO OOCSTH
MPOJaXiB 3a MOMEepeHi KibKa THXKHIB IIOTOYHOTO i MOMEPEAHBOr0 POKIB, a TAKOXK MaHHX PO OOCATH MPOAAXKIB 33 THXKICHD, KU I[IKaBHTb,
nornepeHboro poky. Ilpencrasieni 0coOIMBOCTI MPOrpaMHOI peatizanii 3alpONOHOBAaHOIO METOAY POTHO3YBaHHS MOIUTY 3 BUKOPHCTAHHAM MIKpO-
cepBicHOI apXiTekTypu Ha ocHOBI athopmu Google Cloud Platform, 3 Bukopucrannsm Takux komroHeHTIB sik Google Kubernetes Engine, Google
BigQuery, Redis. []ys 3HMmKEHHS] 00YMCIIOBAIBHOTO HABAHTa)KEHHS HA OCHOBHY CHCTEMY BHKOHY€ETBCS KOMIIOBaHHS HEOOXITHUX JaHUX JUIA aHali3y B
OLAP-cucteMy i mobymoBa HeobXinHoro mporsosy 6e3 Buxopucranas OLTP-cucremu. HaBeneHo pe3ynpTaTh 4MCETBFHOTO EKCIIEPHMEHTY IOJO
MIPOTHO3YBAaHHS IIOIIMTY Ha TOBap, OTpUMaHi Ha OCHOBI pealbHUX JaHWX. BHKOHAHO MOPIBHSHHS pe3ybTaTiB IPOTHO3YBaHHS HONUTY, OTPHMAHUX 3
BUKOPUCTAHHSIM BEKTOpa KPHBOI MPOJaXiB i METOAY 3MIHHOTO cepelHboro. IlokasaHa MOMKIMBICTH BUKOPHUCTAHHS JaHOTO METOAY HPOTHO3YBAHHS
TIOIHTY B SIKOCTI KOMITOHEHTH CHCTEMHU aBTOMATH30BaHOTO YIIPABIIIHHS 3allacaMi B Mepekax IOCTaBOK.

KurouoBi ciioBa: ToBapHHUIi 3amac, ynpapIiHHS 3arlacaMyl, IIPOTHO3YBaHHS MOIHTY, BEKTOP KPUBOI MPOJAXKIB, CE30HHUH TOBap, MiKpO-CcepBicHa
apxiTekTypa.

A. A. NIKULCHENKO
FORECASTING OF CUSTOMER DEMAND FOR SEASONAL GOODS USING RETAIL CURVE
VECTOR

A method for forecasting the demand for seasonal goods using the vector of distribution of sales during the year, called retail curve vector is proposed.
Components of retail curve vector are the weekly sales volumes of the considered or similar product, obtained on the basis of sales statistics for the
previous calendar year. The condition of applicability of the proposed method is the fulfillment of the hypothesis about the convergence of the
corresponding weekly sales volumes of two consecutive years and the hypothesis about the existence of goods groups with similar sales dynamics. The
application of the method allows to build a demand forecast for the goods within the next week based on sales volumes data for the previous few
weeks of the current and previous years, as well as sales volumes data for the same week of the previous year. Software architecture to implement
proposed method for forecasting demand using a micro-service architecture based on the Google Cloud Platform is presented. Such components as
Google Kubernetes Engine, Google BigQuery, Redis as used. To reduce the computational load on the main system, necessary data is copied to the
OLAP system and required forecast is build without usage of the OLTP system. The results of numerical experiment on forecasting the demand for
goods, obtained on the basis of real data, are presented. Comparison of the results of demand forecasting using the retail curve vector and the moving
average method is performed. The possibility of using proposed method of demand forecasting as a component of an automated inventory control
system in supply networks is shown.
Keywords: inventory stock, inventory control, demand forecasting, retail curve vector, seasonal goods, micro-service architecture.

Beenenne. 3agaua ynpaBiieHHsl 3alacaMu TOBAapOB
Ha CKIaje SBJSIETCSI KpaeyrojabHOW MpoOieMon Jyis
OOJIBIIMHCTBA TOPTOBBIX ceTeil. HemocTarounoe Kkoiwu-
YeCTBO TOBapa Ha CKJIa/e MOJKET MPHBECTH K HEBO3MOXK-
HOCTH CETH BOBPEMS CpearupoBaTh Ha BO3POCIINI MOTpe-
OWTENBCKUN CIPOC, YTO TPHUBOAUT K TOTEPSHHBIM
pofaxaM W CHIDKCHHIO TNPHOBIIN ceTH. V30hITouHOE
KOJIMYECTBO TOBapa Ha CKIajae, B CBOIO O4epe]b, IPUBO-

JMT K HepalHOHAIbHOMY HCIOJB30BAHUIO ONEPAHOHHOM
OpHOBUTH Ha TOKYNKY «HEHYXHBIX» TOBapOB, M Kak
pe3yibTaT, HEBO3MOXKHOCTH €€ HCIIONB30BAHUS IS APY-
TUX HYX] Ou3Heca, mopuye Win 0GECIEHMBAHHIO TOBapa,
M3ITUIITHAM PAcX0/iaM Ha XpaHeHue ToBapa u T. 1. IMeHHo
HOJTOMY 3a1ada pa3paboTKH CTPATErHH ONTHMAILHOTO
yIIpaBJIeHNUsI 3aI1acaMy BCeTa MpHUBJIeKasa OOJIbIIOe BHHU-
manue [1].

© A. A. Hukynbuenko, 2018
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OcHOBY 1000H MOZENIM YNpaBieHHs 3amacaMH Co-
CTaBJIsIET CUCTEMa IMPOTHO3MPOBAHUS MOTPEOUTEIHCKOTO
crpoca [2]. MeTonpl pemieHus 3afaqd MPOTHOZUPOBAHHS
crpoca OTJIMYAIOTCS MUl Pa3iM4HBIX TPYNI TOBApOB.
Hampumep, crpoc Ha HOBYIO Bepcuio iPhone win HOByrO
MOMYJIAPHYIO KHUTY OyZeT CYIIECTBEHHO OTIMYAThCS OT
crpoca Ha TyaJleTHyl0 Oymary WiM JIpyrHe TOBapbl Iep-
Boil HeoOxoanMocTH. CyIIeCTBYIONINE Pa3Nuins B JHA-
MHKE CIIPOCa Ha pa3lINdHbIE TOBAPHl OOBSICHIIOT HATIMIHE
GOJBIIOTO KOJIMYECTBA PA3IMYHBIX MOAENEH MPOTHO3UPO-
BaHMSA CIIPOCA, IPUMEHAEMBIX A PA3IMIHBIX KaTECTOPHH
ToBapos [3].

CyliecTBYIOINE METOABI IIPOTHO3UPOBAHUS MOTpE-
OUTENHCKOrO CIIPOCca MOXKHO Pa3JeiMTh Ha TPH OCHOBHBIC
rpynmsl [4]: MeTOABl SKCIEPTHBIX OICHOK; METOJbI aHa-
JIM3a ¥ NPOTHO3UPOBAHMS BPEMEHHBIX PSI0B; Ka3yalbHble
(IpUUMHHO-CIIEICTBEHHBIE) METO/BI.

MeTonpl 3KCHEPTHBIX OLEHOK OCHOBBIBAIOTCS HA
CyOBEKTHBHOU OICHKE (MHAMBHIYAIBHOW OO TPYIIIO-
BOM) TEKYIIETO MOMEHTa M MEPCIICKTHB Pa3BUTHUS. OTH
METOJBI 1I€7eC000Pa3HO MCIOIb30BaTh Il KOHBIOHKTYP-
HBIX OIEHOK, OCOOCHHO B CHTYaIMAX, KOT/Ia CTaTHUCTHU-
yeckas uHGpOpManus 00 00beMax MpPOLUIBIX MPOAAXK
orcytcTByer [5].

Bropass u Tperhsi TpymHmbl METOJOB OCHOBAaHBI Ha
aHaJgM3e  KOJNMYECTBEHHBIX  IOKazaTeled, HO OHH
CYIIECTBEHHO OTJIMYAIOTCS Jpyr OT aApyra. Mertous
aHaJM3a ¥ MPOTHO3UPOBAHMS BPEMEHHBIX PSJIOB CBSI3aHBI
C HCCIIEJOBAaHUEM H30JMPOBAHHBIX IOKa3aTeNeH, KayKabli
13 KOTOPBIX CKJI/IBIBACTCS U3 JIBYX 3JEMCHTOB: MPOTHO32
JICTEPMUHAPOBAHHOH  KOMIIOHEHTBI M TPOTHO3a
ciry4yaiiHOH KoMIoHeHTHI. [locTpoeHue nepBoro nporaosa
HE TIPEJICTaBIISICT OCOOBIX TPYAHOCTEH, €CIIM OmpeesieHa
OCHOBHasi TEHAEHIMSA pa3BUTHUS W BO3MOXHa €€
OKCTPAmoJsIuUd, T. €. pPacIpocTpaHeHHe Ha OynyIuee.
HauGonee W3BeCTHBIMM METO/AMH ITPOTHO3MPOBAHUS,
OCHOBaHHBIMH Ha O3KCTPAOJISALUM, SIBJISIOTCS METOIbI,
UCIIONB3YIOMUE MOJIeNb aBTOPETPECCHU U CKOJIB3AIIETO
cpennero (ARIMA). CBoeil momyJIipHOCTHIO 3TH METOIBbI,
B IIEpBYIO ouepenp, oOs3aHel paboram JIx. bokca u
I'. xenkuaca [6], NpeaoXUBLIMM ¥ Pa3BHBIIUM
0000mennyt0o momenb ARIMA. IlporHos ciydaiiHON
KOMITOHEHTHI TIOCTPOMTH CIIOKHEE, TaK Kak OH Tpedyer
ydeTa ee CTaTUCTUYECKHX CBOIMCTB M MO3BOJISIET MOJIYIUTh
pEe3yIbTaT JIMIIB C HEKOTOPOil BEPOSTHOCTHIO [7].

B ocHOBe Ka3yaJbHBIX METOJIOB NPOTrHO3MPOBAHMUS
JIOKUT TOUCK (HAaKTOPOB, KOTOPHIE BIMSIOT HA 3HAYCHHS
MPOTHO3UPYEMOro  [I0Kas3arens, YTO MHPUBOAMT K
HEOOXOJMMOCTH TOCTPOCHHSI MOJIENH, YYHUThIBAIOIICH
B3aUMOCBsI3b (hakTOpoB. B cilyuae HpPOrHO3MPOBAHUS
HOTPEOUTENBCKOTO  CIpOca HAa TOBap IOCTPOCHUE
noJoO0HONH Mozenu TpedyeT ydera O4YEHb OOJBIIOro
KOJIMYeCTBAa  Pa3HOOOPa3HBIX (AKTOpPOB U  IOTOMY
SIBJISICTCS JOCTATOYHO TPYHoeMKoii [8].

OmHuM W3 BaXHEWmMX  (aKTOpoB, KOTOpBIE
YUUTHIBAIOTCST TPH  IIOCTPOSHWH MPOTHO3a  CIIpoca
SIBIISIFOTCSL CE30HHBIE KOJIEOAHWsT — ITOBTOPSIIOLIUECS C
HEKOTOPO# IMEePUOAMYHOCTHIO HM3MEHEHHS IOoKa3aTelneil.
HaGmionass uX B TEYEHHE [UIMTEIBHOTO IPOMEXKYTKA
BPEMEHH MOXHO BBISIBUTh CKpPBIThIE 3aKOHOMEPHOCTH,
XapakTepHble Ul KaXJIOro BHAa ToBapa. Hampumep,

o0beM TMpoJaX JEeTCKOW OOyBM BO3pacraeT Iepej
HayajJoM Y4eOHOro Troja, YBEIWYEHHE TOTPeOIICHHs
CBE)KUX OBOIIEH M (PYKTOB MPOHUCXOIUT OCEHBIO,
MOBBILIEHHE 00BEMOB MPO/IAXK CTPOUTENBHBIX MaTepUajioB
— neroM H T. 1. [leproanyeckue xoneOaHust B pOZHUYHON

TOPrOBJIE ~ MOXXHO  OOHapyXHThb W B  TCUCHHUE
OIpe/IeNICHHBIX Hellelb Mecslia M Tofa.
I[Ipu amamm3e CE30HHBIX KoJeOaHWH OOBIYHO

PacCUMTHIBACTCS MHACKC Ce30HHOCTH [9] Kak OoTHOIICHHE
cpenHero odobeMa IpoJaKk 3a COOTBETCTBYIOLIMH MecsL
(mmm Hememo) K oOmeMy cpemHeMy 3HAUYEHHIO 3TOTO
MOKa3aTeJIst 3a roJ] B IPOLICHTaX.

B  jmaHHOW  craThe  paccMarpuBacTCs  METOJ
NPOTHO3UPOBAHUS CIIPOCAa HA OCHOBE MOHSATHS «KPUBAs
npoxax» (Retail Curve) [10]. HdanHbIii MeTOZ XOPOIIO
3apeKOMEeH/10BaII ce0sl JJIsl KATerOpHU TOBapOB, MMEIOIINX
ce30HHbIe KojiebaHus cripoca. [IpuMepoM MOXKET CITyKUTh
OJIeXKa, XapaKTepHOH OCOOCHHOCTBIO KOTOPOH SIBIISETCS
OYeHb JUIMHHBIA LUK pa3paboTku (BKIrOYas pa3paboTKy
Iu3aifHa, 3aKyIKy CBHIPbS, ITOLIMB U JOCTaBKY TOBapa Ha
CKJIaT), YTO TpeOyeT MOCTPOCHHs NPOTHO3a CIpoca Ha
JUTUTENIBHBIN MEPHOJ, U KaK Pe3yJbTaT, HEBO3MOXKHOCTb
UCIIONIb30BaTh METOJBI  KPaTKOCPOYHOI'O IMPOTHO3UPO-
BaHUSL.

Onucanne Merona NPOrHO3WpoBaHusA. Baenem
MOHSATHE HEACIbHOro o0beMa mpojax P(x,y,z) Kak
CyMMapHO€ KOJIMYECTBO €IUHHUI] TPOJIAHHOTO TOBapa Buaa
X B TCYCHHUE ONPEICICHHOW HENCNH Z B HEKOTOPOM TOIy
y. Torma oOmee KOJIMYECTBO CIWHHL TOBapa X,
MpoJaHHOE B TEUCHHUE rofa y, 0003HauuM P(x, y, *).

IMoctpoum  Bekrop  RCV(x,y), pa3sMepHOCTH
KOTOpPOT'O paBHA KOJMYECTBY HEZEJb B IOJy, a 3HaUCHHE
Ka)XXJJOr0 2JIEMEHTa PaBHO KOJIMUECTBY €AMHUII TOBapa X,
NPOJJAHHOMY B TEUeHHE COOTBETCTBYIOLICH HeAenu
paccmartpuBaeMoro rojga Y. IlomydeHHbli  BEKTOp
Ha3bIBAIOT PACIPEACICHUEM 00BEMOB MPOJaX B TCUCHHE
roja wim BekTopoM kpuBoi mponax (Retail Curve Vector,
RCV). Ins BeIYHCICHUS 3HAYCHUH BEKTOPa UCIIONB3YETCS

hopmyna

P(x,vy,2)

227 100 %. 1
Pley.n 0% W

RCV(x,y), =

[Ipemmaraemerii MeTOA TPOTHO3MPOBAHHUS CIIpOCa
OCHOBBIBaeTCS Ha JIBYX THUIIOTE3aX.

T'unomesa 1. Bextop KpWBOW Mpoaax Uisi JAHHOTO
BHAa TOBapa M HEKOTOPOTO TOJa HECYIIECTBEHHO
OTIIMYAETCS OT BEKTOpa KPUBOW MPOAAK JAHHOTO TOBapa
B MIPEABIAYIIEM Oy

Vx €EX, Vy€eY: @)
IRCV(x,y) —RCV(x,y — DI <8,

rae X —MHOXECTBO BCEX PacCMaTPUBAEMBIX TOBAPOB;

Y — MHO>XECTBO paccMaTpuBaeMbIX JIET, HA OCHOBE
KOTOPBIX CTPOUTCS IIPOTHO3 CIIPOCa;

O — HeKoTopas 3aJaHHasi KOHCTaHTA.

Od4eBUAHO, UTO THUMOTE3a | MOXKET OBITH BEpHA ISt
OJIHAX TOBapOB W HE BEpHA [UIsI JAPYTUX TOBapOB.
Hampumep, cipoc Ha HOBYIO TIOMYJISIPHYIO KHUTY WJIM Ha
HOBbIN iPhone Oymer wMerTh «HK» B MOMEHT BBIXOJa
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9TOTO TOBapa U, ECTECTBEHHO, HE OYAET MMETh IT0JJOOHOTO
«IHMKa» B CIEAYyIOIeM Toxy. A BOT CHPOC Ha TOBaphl
3MMHEr0 WJIHM JIETHEIO acCOPTUMEHTa OYyAeT COXpaHsTh
CBOIO CE30HHOCTh M MEPUOJUYHOCTh U3 TOAa B roj, 4TO
JlelaeT BO3MOKHBIM IPUMEHEHUE JaHHOM IMIIOTEe3kI.

Taxum 006pa3oM, MOKHO CIETaTh BBIBOJ, ITO JaHHAS
THIIOTE33, & COOTBETCTBEHHO M IIOCTPOCHHBIM Ha ee
OCHOBE METOA IIPOTHO3HMPOBAHWS, NPHUMEHUM Ul
«CE30HHBIX» TOBAapOB. I OMpenencHuss TOro, Kakue
TOBapbl MOXKHO CHYHTAaTh «CE30HHBIMHY», IIPEJIaracTcs
HCTIONIB30BATH CIEAYIONIHH alrOPUTM.

1. OnpexenuTh BeNWYMHY O, 3HAUYEHHE KOTOPOM

COOTBETCTBYET  IOMYCTUMOH  TOYHOCTH  Oyaymiero
IPOTHO3a.
2. Ucnonp3yst pmaHHble 00 o0BeMax  Mpojax

paccMaTpUBaeMOro ToBapa 3a JBa IOCIIEAO0BaTEIbHO
UAymuxX roxa, Beaucauth ||RCV(x,y) — RCV(x,y —
DII.

3. Ecim HepaBeHCTBO (2) BBIOIHACTCS, TO TOBAp X
SIBJISIETCS «CE30HHBIM.

T'unomesa 2. PaccmaTpuBaeMoe MHOKECTBO TOBApOB
X MOXHO pa30HTh HA HEKOTOPKIC TPYIINBI TAKAUM 00pa3oMm,
YTO Pa3HOCTb BEKTOPOB KPHBBIX NPOAAX ISl TOBApPOB,
OTHOCSIIMXCS K OJTHOM rpyImme, SIBIISICTCS
HE3HAYUTEIBHOW, TO €CTh BBINOJIHACTCS CIEAYIOIEe
yCIIOBHE

Vy €Y, 3G € X, Vxqi,x, € G: 3)
IRCV (x1, y) — RCV (x, Y)Il < 6.

Jlna pa30bueHuss TOBapoB HA TPYIIIBI BBIIOIHAETCS
IIpoBepKa HepaBeHCTBa (3) I KaKAOH mapsl TOBapoB
00 UCTIOB3YIOTCS PE3yNIbTaThl SKCIEPTHBIX OIIEHOK.

[Mpeanonaras, 4ro mans J000ro TOBapa X W3
MHOXXeCTBa X U JII0OOT0 rojia y BHIIOJIHSAETCS THnoTesa 1,
1 TOBapbl pa3OMTHI HA IPYIIBI TAKMM 00pa3oM, 4TO JUIs
JMOOBIX TOBApOB M3 OJHOW Tpynmel G BBIIOJIHSETCS
HepaBeHCTBO (3), NMPOTHO3 cHpoca HA OIHY HENIEINI0
BBIUHKCIIAETCS 110 hopMmyJie

Zliv=1p(xayaz_ l)
Iiv:1 RCV(X, y - 1)1

P(x,y,z) = RCV(x,y—1),, (4)

roe N —BenWYMHA BPEMEHHOTO HWHTEpBaNa, paBHAs
KOJIMYECTBY HeEIeNb, AaHHBIE O MpOJa)xkax 3a KOTOPHIE
HCTIONB3YIOTCS IS TOCTPOSHHS MPOTHO3A.

[MosichuM wmer0 MeTofa TMOCTPOSHHs IPOTHO3a
cipoca Ha npumepe. [Ipeanonoxum, 9To 3aKOHIMITACH 6-5
HEAeqsI TEKYIIEro roma, W HEOOXOOUMO IOCTPOHTH
MIPOTHO3 CIpOCa Ha CIEAYIOIIYI0 Henemo. I1o maHHBIM
MIPOIIUIOTO T'0Jia U3BECTHO, YTO 3a MEpBbIe 6 HENEeNb OBIIO
mpoJiaHo B 3 pasza OoJbllle €IWHHUI] PACCMaTPUBAEMOTO
TOBapa, 4yeM 3a 7-10 Henento. Hcmonb3ys mnepByro
THIIOTE3Y, MOXHO MPEIMOIOKNATh, YTO 3a CICAYIOUIYIO
HEJICTI0 TEKYIIEro ToJa, aHaJOTHMYHO MPOILIOMY TOIY,
OymeT mpomaHo B 3 pa3a MEHbBIIE CIUHHI[ ITaHHOTO
TOBapa, 4YeM 3a MepBbIe 6 Helelb JAHHOTO TOIa.

OpHako, maHHBle 00 00BEMax MpPOAaXk TOBapa 3a
MPOILIBI TOX MOTYT OBITH HeOCTYIHBL. Hanpumep, eciu
paccMaTpuBaeTCs OJICXKa, TO KOHKPETHAS MOJICNb KYPTKU
MOTJIa HE BBIITYCKAThCS B TPOIIJIOM IOy, HO aHaJOTUIHAS

MOJIeJIb — BBINTyCKanach. TakuM o0pa3oM, (akTHuecku
BBINOJIHACTCS ~ yCIOBHUE «CE30HHOCTU» A  TPYIIIBI
TOBApOB, a HE AJIs1 OAHOTO KOHKPETHOTO TOBapa.

Hdns ydera srtoro ¢akropa BMECTO JAaHHBIX 00
0o0BeMax Mpojaxk KOHKPETHOTO TOBapa 3a MPOIUIBINA rof

UCTIONB3YIOTCS ~ JaHHBIE 00  o0beMax  Ipomax
AHAJOTUYHBIX TOBAPOB U3 JaHHOW TPYIIIIBL.
Iporpammuas  apxurektypa. Kak mnpasuio,

JIaHHBIE 00 0O0BeMax mponax ToBapoB xpanarcs B OLTP
(On-Line  Transaction Processing) ©6a3e IaHHBIX.
Peanmzannst TpeUIOKEHHOTO alrOpUTMa IOCTPOCHUS
NPOTHO3a CHpOCa MOXKET MOTpPeOOBaTh 3HAYMTENBLHBIX
BBIYHMCIIUTEIBHBIX PECYpCOB W HAKJIAAbIBaTh CYIIECT-
BEHHYIO JIONOJHUTENbHYIO Harpy3ky Ha OLTP G6asy
JIAaHHBIX, TEM CaMbIM BHOCS cOOM B paboOTy OCHOBHOM
cucteMbl. UToOBI M30ekaTh MOAOOHBIX OTPUIATENBHBIX
3 dekToB paboOThl CHUCTEMBI NPOTHO3MPOBAHHUS CIIPOCa
Ul ee peamu3alnM  IPEIJIOKEHa apXHTeKTypa C
ucnone3oBanueM Google Cloud Platform, B wactHOCTH
TaknX ee KoMImoHeHTOB kak Google BigQuery,
npeacraBsionieM  coboir OLAP  (On-Line Analytical
Processing) [11] 6a3y mamnbix u Google Kubernetes
Engine (micro-service container platform) [12].
KomnoneHnTHas JuarpaMma pa3paboTaHHOI

apXUTEKTYpHI MpecTaBieHa Ha puc 1.

analyze-cron

table-watcher-cron

1 1
00O O

table-watcher Redis analyze-processor

o Y -\

data-reader BigQuery DataLab

oLaPDB|

OcHOBHasl 1eNb TNPEUIOKEHHON apXUTEKTYphl —
OpraHU30BaTh KOMUPOBAHUE HEOOXOMUMBIX NAHHBIX IS
ananmu3a B OLAP 6a3y naHHbIX, B JaHHOM ciydae Google
BigQuery, u moctpoenue TpeOyeMoro mporuosa 0e3 wuc-
nonb3oBanust OLTP-cuctembl. B xauecTBe BHIYMCIUTEIND-
HBIX pecypcoB ucnonb3yercs Google Kubernetes Engine —
oOnayHass TmmaTgopMa IS BBYHCICHHUS pEIICHUS C
WCIIOJIb30BAHUEM MHKPO-CEPBUCHON apXHUTEKTypHl Ha
ocHoBanuu Docker KoHTEeHHEPOB.

Onucanne KOMIIOHEHTOB CHCTEMBI MPOTHO3UPOBA-
HUS CIIpoca MpHUBEICHO B Tadmure 1.

Puc. 1. KoMmmoHeHTHas [rarpaMMa apXUTEKTyphI
CHCTEMBI TPOTHO3UPOBAHUS CIIPOCca

YuciaeHHblii JkcnepuMeHT. [Ing  BBIIOJIHEHUS
YHCICHHOTO O3KCIIEPUMEHTAa HCIIOJNB30BAHBI JIaHHBIE,
npejpocraBiieHHsle  Kommanumeir  Teamwork Retail LTD

(https://www.teamworkretail.com), xortopast 3aHmmaetcs
paspadotkoii I10 s ynpaBieHus ceTssMH MOCTaBOK. B
HeJsX KOHQUICHINATbHOCTH, Ha3BaHWE KOHKPETHOH ceTn
MOCTaBOK HE pa3IJIaIlaeTcsl.

[Iporuo3 cmpoca Ha KOHKPETHBI BHJ CE30HHOTO
ToBapa ObLT mocTpoeH Juisa 7-U, 8- u 9-ii Hemenmu 2018
rojla Ha OCHOBAaHMH JaHHBIX 00 00beMax Mposax MepBHIX
6-tu Hemep 2018 roxa u nanueix 2017 roaa.
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Ta6n1/111a 1 — KoMItoHEeHTBI APXUTCKTYPBI CUCTEMBI ITIOCTPOCHU ITPOTHO3a CIIpOCca

Komnonent Onucanue Texuonorus
OLAP DB OLAP 06a3a naHHBIX, COJIeprKaIas HCXOIHbIC TaHHBIC. B maHHOM citydae Microsoft SQL Server
ucnonssyercs Microsoft SQL Server 2016. 2016
table-watcher-cron CRON ckpunTt, 3armycKaronniics 1o yKa3aHHOMY PaclHCaHUIO U BBI3BIBAIOIIUH Google Kubernetes
table-watcher xkommnonenr. Engine CRON

table-watcher

AHanM3upyeT CHHCOK TabJHL, HeOOXOAUMBIX AJIsI CHHXPOHHU3AIHH, a TAKKe
BpeMsi OCIEAHEeH CHHXPOHHU3AIUH JUTS Ka)KA0H u3 Tabmuly (XpaHsiieecs B
Redis) u maet komany data-reader Ha CHHXPOHH3ALMIO OMpPEICICHHON
TaOJINLIBL.

Google Kubernetes
Engine, .NET Core
2.1

Redis

BricokornponsBoauTeIbHOE HEPESIIUOHHOE paclpeie€HHOE XPaHWINIIE
JAaHHBIX. B JaHHOM apXUTEKTYype UCIOIB3YeTCs ISl XPaHEeHUs TIOCIeTHEeH JaThl
CHHXPOHHU3AINHN AT K&XKIOW 13 TaOJIHIL.

Google Kubernetes
Engine, Redis 2.8

data-reader

KoMmroHeHT, nomyyaromuii 3aja4y Ha CHHXPOHH3ALHMIO ONPEEICHHOH TaOIULIBI,
Ha4yMHas ¢ yKa3aHHOTO BPEMEHH, U BBINOJIHSIOIINN YTEHHE JaHHBIX U3
yka3zanHoit Tabmuiel B OLAP 6a3e u 3anuchk konuu 31ux ganasix B OLAP 6asy.

Google Kubernetes
Engine, .NET Core
2.1

BigQuery

Google BigQuery — sto o6naunas OLAP Ga3a naHHBIX ¢ BeICOYaiIIen
CKOPOCTHIO 0OPaOOTKH OTPOMHBIX MACCHBOB JIAHHBIX.

Google BigQuery

analyze-cron

CRON ckpuIT, 3amyCKaroUnics M0 ONpeAenéHHOMY PaCIUCaHUIO 1
BhI3BIBAIOIIMI analyze-processor.

Google Kubernetes
Engine CRON

analyze-processor

BbINoJHsET aHAIM3 U CTPOUT MPOTHO3 C MCHOJIB30BAHHEM CKPHIITOB Ha ase
Google BigQuery, mociie yero coxpassieT pe3yybrar nporaosa B BigQuery.

Google Kubernetes
Engine, .NET Core
2.1
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S. V. SHEVCHENKGO, D. O. DRUPPOV, M. I. BEZMENOV

SITUATIONAL FORECASTING OF ELECTRICITY DEMAND IN THE REGION

The process of forecasting volumes of electricity sales on the wholesale market is considered. To improve the quality of the forecast, it is proposed to
use the method of machine learning Random Forests as part of the solution of the task of situational forecasting of electricity consumption. A
comparison of the Random Forests with a simple linear regression is performed. The forecast is based on historical data on electricity consumption in
Ukraine, as well as changes in cost per hour of consumption and a number of key factors. Forecasting takes into account weather conditions, macro —
financial and economic characteristics. When the software was implemented, the library used includes the implementation of the prognostic algorithms
Spark MLIib, which specializes in machine learning methods. Training samples were created based on historical data found in different open sources.
In the introduction section the justification of the problem of forecasting demand for electricity and the impossibility of taking into account all factors
affecting the environment when using standard approaches is made. In the results section, a number of indicators have been calculated capable of
determining the accuracy of the forecast: the mean square error, the mean relative error and the absolute error. In the mathematics section, a
description and analysis of the Random Forests algorithm was given. The graphs were built showing the results of the forecast in different time
periods: one day, one week, one year. The results were compared with the original historical data. Added tables that show the input data and the results
obtained using linear regression and the algorithm of machine learning Random Forests. In conclusion, conclusions were drawn about the effectiveness
of the algorithm Random Forests, as well as a possible problem when working with machine learning algorithms.
Keywords: Forecasting, Electric Power System, Smart Grid, Machine Learning, Random Forests, Algorithm.

C. B. IIEBYEHKO, /1. 0. IPYIIIIOB, M. I. BE3SMEHOB
CUTYAIIMHE MPOTHO3YBAHHSI IIONUTY HA EJIEKTPOEHEPI'TIO B PET'TOHI

PosrisigaeTbest mpolec MPOrHO3yBaHHs OOCATIB MPOAAXKY €ICKTPOCHEPrii Ha ONTOBOMY PHUHKY. JlIs MOJNINIICHHS SIKOCTI HPOTHO3Y MPOHOHYETHCS
BHUKOPHCTAaHHS METOJy MAIUIMHHOrO HaBuaHHA Random Forests y ckman i BupimieHHs 3amaqi CHTYawifHOrO INPOTHO3YBaHHS CIIOKHBAHHS
enexTpoeneprii. Poburses nopisusiHas Meroxy Random Forests 3 3guuaiinoro siHiiiHORO perpecieto. [IporHo3 BUKOHYEThCs Ha 6a3i iCTOPHYHMX TaHUX
CIIO)KMBAHHS €JIEKTpOoeHeprii B YKpaiHi, a TakoK 3MiH BapTOCTi 3a OJHY TOAMHY CIOXXHBAaHHS ENEKTPOSHepTii i psiay KiouoBux daxropis. [Ipu
IIPOTHO3YBAaHHI BPAaxOBYBAINCS IOKAa3HMKM IOTOAHMX YMOB, MakpoQiHAHCOBI Ta E€KOHOMI4HI XxapakTepucTuku. IIpm peamizamii mporpamHOro
3abe3neueHns Oyna Bukopucrana Giomioreka Spark MLIib, mo mictuTe peanizamito NPOrHOCTHYHMX AITOPHUTMIB Ta CIELIATi3yeThCS HA METOaX
MALIMHHOTO HaBYaHHs. J{JI anropuTMiB Oyii CTBOpPEHI HaBYabHI BUOIpKH Ha 6a3i ICTOPUYHMX JAHUX, 3HAWICHUX Y PI3HHUX BIAKPUTUX JKepenax. Y
po3zini Berynm poOuthcs 0OIpyHTYBaHHS aKTyalbHOCTI 3aj1adi IPOTHO3YBAaHHS IIONHUTY €JIEKTPOEHEeprii 1 HeMOKIIMBICTh BPaXxyBaHHS BCiX (aKTOpiB,
IO BIUIMBAIOTH Ha CEPENOBHUINE IPH BUKOPUCTAHHI CTAHAAPTHUX MinxoniB. OOYMCIEHO psiJ MOKA3HHKIB, 3JaTHAX BU3HAYUTH TOYHICTH NPOTHO3Y:
CepeHs KBaJpaTH4Ha MOMUIIKA, CEPeHs BiTHOCHA 1 abcomoTHa momuiki. [loGymoBano rpadiku, o BigoOpaXaroTh pe3yIbTaTH NPOrHO3Y B Pi3HUX
JacOBHX IIepioziax: OJHH JeHb, OJWH THXKIEHb, OJHH PiK. byio BHKOHAHO MOPiBHSIHHS OTPUMAHUX PE3yJIbTATIB i3 BUXITHUMH iCTOPHIHIMH JaHUMH. Y
PO3IiJTi MATEMATHYHOTO OOTPYHTYBAHHS HABOIUTHCS NeTalbHHUI omuc 1 aHami3 anmropurmy Random Forests. JTomano Tabmuil, B IKHX HaBeIEHI BXimHi
JIaHi 1 OTpUMaHi pe3yJbTaTy 3a J0MOMOrO JIiHIHHOI perpecii i arropurMy MamuHHOro HaByanHs Random Forests. Ha 3aBepiuennst 6yino 3po6ieHo
BHCHOBKH 110710 edeKkTHBHOCTI anroputMy Random Forests, a Takox MOXKINBI IpoGIeMHu pH POOOTI 3 aIrOPUTMAMH MAIIMHHOTO HABYAHHSL.
Ku11040Bi ci10Ba: IpOrHO3yBaHHs, eIeKTpOCHEpreTHYHa cucTeMa, Smart Grid, MamnmuHe HaBuanus, Random Forests, anroputm.

C.B. IIEBYEHKO, /. A. IPYIIIIOB, H. H. BE3MEHOB
CUTYALIMOHHOE IMPOI'HO3UPOBAHHUE CITPOCA HA DJIEKTPOOHEPI'IO B PETHUOHE

PaccmatpuBaercss mporecc NpOTHO3MPOBAHMS OOBEMOB MPOJAX 3JIEKTPOIHEPTHMH Ha ONTOBOM phIHKE. Js yiIydIleHHs KadecTBa IIPOTHO3a
HpejuIaraeTcsl HCIOoJb30BaHHE MeToja MaliMHHOro oOydenus Random Forests B cocraBe pemieHMs! 3afaddl CHTYallHOHHOTO IMPOTHO3MPOBAHHS
notpebnenust snekTposuHepruu. Jlenaercst cpaBHenust Metoga Random Forests ¢ oGbiyHO# nuHelHOM perpeccueii. [IporHos BeIMoNHsETCsS Ha Oase
MCTOPHYECKHX JAHHBIX MOTPEOICHNUS MEKTPOIHEPTHN B YKpaHe, a Tak)Ke M3MEHEHHI CTOMMOCTH 3JI€KTPOYHEPTHH 3a OJIMH Yac MOTPEeOIeHNUS U pssia
KITroueBbIX (hakTopoB. IIpy MporHo3npoBaHNK YUHUTHIBAIICH MOKA3aTENH OTOJHBIX YCIOBUH, MAKPO(HHAHCOBBIE 1 SKOHOMHYIECKHE XapaKTePUCTUKN.
[pu peanuszauuu NporpaMMHOro obecrieueHus Obiia ucnonb3oBana Gubnuoreka Spark MIlib, xoropas comep uT peanus3annio MPOrHOCTHYECKUX
aJTOPUTMOB M CHENMATN3MUPYETCs] HAa METOAaX MaIlMHHOTo oO0ydeHws. [l anropuTMOB OBUTM CO371aHBI OOydarolue BBHIOOPKM Ha OCHOBAHMH
MCTOPHYECKHX JAHHBIX, HAIJIEHHBIX B PA3IMYHBIA OTKPBHITEIX MCTOYHMKaX. B pasznene BBenenue smemaercs 0OOCHOBAHME M aKTyalbHOCTh 3aJadl
MPOTHO3UPOBAHMS CHPOCAa DIEKTPOSHEPIMH U HEBO3MOXHOCTh ydeTa BceX (DaKTOpOB, OKA3bIBAIOIIMX BIMSHHE Ha Cpemy IPH HCIONB30BAHHU
CTaHAAPTHBIX MOJXOJI0B. BBIUKMCIEHO psi TMOKa3aTeNeil CIOCOOHBIX ONMPENENNTh TOYHOCTh TPOTHO3a: CPEAHsASA KBajpaTHUecKas OMIMOKA, CPEeIHSS
OTHOCHTEIbHAs 1 aOCOoMoTHAs olMOKK. B pasziene MaTeMaTHIeCKOro 060CHOBAaHHUS IPHBOANTHCS IeTAIbHOE ONICAaHUe U pa3bop anroputma Random
Forests. IToctpoens! rpaduxu, oTodpaxaromnye pe3yIbTaThl IPOTHO3a B Pa3IUUHBIX BPEMEHHBIX IepHOJax: OAUH AeHb, OJHA He[ems, oquH roi. beuto
BBITIOJTHEHO CPaBHEHHUE IMOJTyYEHHBIX Pe3y/IbTaTOB C MCXOMHBIMH HCTOPHYECKUMH JaHHBIMH. Jl06aBiIeHBI TabNMIBI, B KOTOPBIX IPUBE/ICHBI BXOJHBIC
JIaHHBIC Y MOJTyYCHHbIC PEe3yJIbTAThl C TIOMOLIBIO JIMHSHHOM PErpeccuy U alropuTMa MammHHOro obydenuss Random Forests. B 3axmouenuu Gbiiu
cenansl BeIBOABI 00 3ddextuBHOCTH anmroputma Random Forests, a tarxke BO3MOXKHOW mpobieMe mpu paboTe ¢ alIrOpuTMaMH MAIIHHHOTO
o0y4eHus.
KutioueBble cJ10Ba: MPOrHO3UPOBAHHKE, dICKTPOIHEpreTudeckas cuctema, Smart Grid, Mammunoe oGy4uenne, Random Forests, anropurm.

Introduction. Operational planning and effective
management of the electricity system (ES) are impossible
without reliable forecast of the load in the nodes of the
calculation scheme, conducted in advance within a few
minutes to several days. The forecast of nodal loads is
necessary for optimization and correction of current
modes, consideration of operational dispatch requests
related to the withdrawal of electric equipment for repair,

for examinations, and others. A particular importance is
given to this problem in connection with the transition to a
competitive electricity market. Load nodes is considered
consumption of active and reactive power in the
substitution circuit of the electrical network. The load at
the node for each time period is determined by the
loadings of the set of receivers of the electrical network
connected to this EC node, and the loss of power when
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transmitting electricity to this node [1]. The need for
qualitative prediction is a result of technological and
economic reasons [2]. Technological reasons are
connected with the key role of forecasting in the processes
of planning energy balances and power system capacity,
determined by the modes of parameters: technical and
economic indicators of electricity consuming objects and
calculations of electrical loads in power nodes and
sections.

Forecasting of future indicators of electric
consumption allows achieving the most important
principle of forming a reliable and efficient operation of
the Unified Energy System ensuring a clear system
balance of production and consumption of electric energy
under the conditions of simultaneous momentum of these
processes. Balance electricity production and consumption
is the basis of technological stability of the power system,
it determines the system reliability and continuity of its
operation. In case of violations of the balance conditions,
the quality of the electricity deteriorates (changing the
parameters of the frequency and voltage of the network),
which reduces the efficiency of the work of the consumer
equipment of end users.

There is a number of economic reasons that
necessitate qualitative forecasting. Accurate calculations
provide an optimal distribution of the load between power
plants in the grid and improve the quality of electricity.
Forecasting and planning of electricity consumption
indicators for large consumers allows managing the cost
of purchasing electricity through the regulation of
equipment loading with the help of production processes
management, transforming the main volumes of electricity
consumption in the hours with the lowest cost, thereby
reducing the cost of production and the amount of
payments to energy supplying organizations.

A particular relevance the forecasting task was
acquired after the emergence of the wholesale electricity
market, the rules of which require the need for accurate
forecasting of the electricity volume in order to make its
purchase in the wholesale market [3].

In accordance with these rules, market participants
should make a forecast of their planned hourly
consumption and the day before the operational one, to
submit an hourly request for electricity consumption to the
system administrator for every hour of operating days. It
means that all market players should fulfill their electricity
consumption forecasts, as well as the hourly discretion for
a few days ahead. Substandard submission by the
enterprise of a participant in applications for electricity
can lead to significant economic losses. Mistakes in
forecasting reduce the quality of management of the
electricity supply and worsen the cost—effectiveness of its
complex regimes. In case of deviation of the actual hourly
rates from the forecast, the participants are imposed with
penalties that increase the cost of purchased electricity.
This is due to the feature of electricity as a commaodity.
Under estimation of the forecast leads to the need to use
emergency power. Exaggeration of the forecast leads to an
increase in the cost of maintaining reserve power in the
operating state. For the consumer that acquires electricity

on the wholesale and (or) retail market, there is the
problem of accurate application power consumption for
some time ahead. This is due to the fact that excessive or
inadequate electricity consumption booked by the
previous applications of the enterprise-user leads to
unscheduled costs of the supplier at the point of
generation. Therefore, increasing the accuracy of the
forecast even by a tenth of a percent can lead to a
significant reduction in the cost of paying deviations from
the plan for the supply of electricity [4]. It turns out that
the task of forecasting is highly relevant for a large
number of players operating in the wholesale electricity
market: guaranteeing suppliers serving the consumers of
entire regions, independent energy sales organizations
serving individual industrial enterprises in different
regions, and for large economic entities that buy
electricity on the wholesale market for their own
consumption needs. Therefore, qualitative forecasting of
electricity consumption for the subjects of the wholesale
market is economically feasible and in today’s highly
competitive conditions, it receives an increasing
relevance. The article describes a detailed description of
the Random Forests algorithm and based on historical data
for previous years makes a forecast that is compared with
the forecast of linear regression and real historical data.

Task setting. One of the distinguishing features of
the technological process of making decisions on the
planning of electricity supply is the cyclicality (repetition)
and the relationship of problems being solved to input and
output data. As a result on of the accuracy and reliability
of the electricity consumption forecast depends on the
accuracy of the solution of the load optimal distribution
tasks between the generating capacities, the efficiency of
the management of the combined energy system and the
management of power consumption and, that is especially
important in market conditions, the wholesale price of
purchases from the generating companies and, hence, the
wholesale price of sales to electricity suppliers at the
wholesale electricity market.

When moving to the free trade sector, in addition to
winning from participation in competitive bidding, the
wholesale market entity takes some risks associated with
the impossibility of an exact planning of the application
for electricity consumption. Deviations of actual
consumption from declared values above a certain
percentage values lead to the purchase of electricity from
a balancing market at a higher price. Deviation to the
smaller side is also punishable by payment of non—
delivered electricity, determined by the difference
between the declared and actual consumption at the
established rates. The forecast is especially responsible for
those power systems that do not have their own generating
capacities, and there is no possibility to influence the
electricity loads of consumers. The complexity of the
forecast of electricity consumption is due to the presence
of a large number of consumers and the need to take into
account many factors affecting the consumption of
electricity. This is a ambient temperature, degree of
illumination, longitude of the day, day of the week,
transitions from winter to summer time and back, the
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presence of extraordinary events (catastrophes, mass
actions), weather forecasts, the state of other factors
affecting the change in consumption in accordance with
the data obtained from the processing of consumption
statistics, planned inclusion/disconnection of energy-
intensive industries. For the solution of the problem of
forecasting power consumption, traditional statistical
models (regression models and time series models),
models based on expert systems, artificial neural networks
(ANN), and machine—driver algorithms can be used.

Ways of solution. The choice of the optimal method
for solving a particular practical problem is a separate and
rather difficult task. Up to nowadays in many
power-systems in the world, when creating forecasting
models, statistical methods of analysis are used: dynamic
(time) rows, that are ordered sequences of observations of
a process that changes over time. A sufficient number of
mathematical stochastic methods of forecasting electric
load schedules is known, their practical implementation in
order to reduce the error of calculations requires the
collection and subsequent use of significant volumes of
output retrospective data of real hourly production of
electricity. Determination and correction of errors that is
maintaining a certain level of account correctness
affecting the forecast result requires additional amount of
data.

In connection with the transition to the balancing
market and the market of bilateral agreements between
direct producers and suppliers of electricity to solve the
problem of prediction of electrical load in the ES,
including one day ahead, can find and use new
information technologies that are developed on the basis
of the device expert systems, artificial neural networks,
cellular automata, machine learning and others.

Mathematics. The decision trees are the greedy
algorithm for building the chain if then else for
constructing data forecasting models. Allows getting
stable solutions that are comparable to SVM [5] and
Neurons networks [6], while not using the high computing
power required by the previous ones.

The most effective method of improving any
algorithms based on deciduous trees was proposed by
Leo Breiman and Adele Cutler in 2001 [7, 8]. They
proposed an algorithm called Random Forests. Its main
idea is use one tree instead of a whole ensemble of
deciduous trees built with a few modified algorithms. At
the same time, the essence of the struggle with the
problem solving of ineffective selection of features was to
use in the process of constructing a tree of some random
samples that removes the determinism of tree construction
and makes this process stochastic. Let us proceed directly
to the description of the algorithm. We give a statement of
the problem in the general case. Let us give a set of A
power objectsN, a component of the learning sample and
has a set of (M + 1) attributes. The set of first M
attributes is denoted by Q. For a given set Aall (M + 1),
the attributes are known. For other (new) known elements
of the first M attributes, the target (M + 1) attribute is
needed to be found. At the same time, the parameter N,

the number M = 1, parameters m < M,mq < M,
some parameter r (0 <r < 1) and the parameter
number of trees in the ensemble NTrees > 1 are given
to the input. A generalized prediction algorithm based on
Random Forests looks like:

Basing the original training set A, a random sample
with N repetitions is generated. Basing on the generated
sample, a decision tree is constructed (in the general case,
any algorithm for constructing deciduous trees can be
used for this task). Moreover, during the construction of
the next node of a tree with M of existing features, on the
basis of which it is possible to divide the tree, we choose

mgq random. The partition decision is made on the basis of
the best of mq < M selected characteristics (ie, based on
the application of the branching criterion to mq signs).

The procedure is repeated NTrees times. The
resulting NTrees random trees combine into an ensemble.
The classes are defined for the next new element, (its
value (M + 1) parameter) using all NTrees— constructed
trees and choose the resulting class for the one that
"voted" by the most trees. Each tree is constructed using
the following algorithm in fig. 1:

Choose variable
subset

For each chosen
variables

Sample data
Sort by the variable

Compute Gini Index
at each point error

Choose training
data subset

Stoppin
conditioprgJ atgeach
node

Build the next
split
Calculate prediction
error best split

e | @

Figure 1 — Flow chart of Random Forests algorithm

Choose the

Let the number of training cases be N and the
number of variables in the classifier be M.

e Itis given the number m of input variables to be
used to determine the decision at a node of the
tree; m should be much less than M.

e Choose a training set for this tree by choosing n
times with replacement from all N available
training cases (i.e. take a bootstrap sample). Use
the rest of the cases to estimate the error of the
tree, by predicting their classes.

e For each node of the tree, randomly choose m
variables on which to base the decision at that
node. Calculate the best split [9] based on these
m variables in the training set.
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e Each tree is fully grown and not pruned (as may

be done in constructing a normal tree classifier).

For prediction, a new sample is shifted down the
tree. It is assigned the label of the training sample in the
terminal node it ends up in. This procedure is iterated over
all trees in the ensemble and the average vote of all trees
is reported as Random Forests prediction.

Consider the complexity of the proposed algorithm
based on the random forests. We will consider the variant
of the algorithm’s operation with the following
parameters; r = 1,mg = M. With these values of
parameters, the computational complexity of the algorithm
will be greatest. Then the complexity of constructing a
single tree will coincide with the complexity of
constructing the original deciduous tree without
modifications. In this case the complexity of the entire
algorithm for constructing a random forests will be
determined as follows:

Trf = O(T - NTrees) = O(NTrees - t?+ n™).

This complexity can be reduced if you do not build
the entire forest at once and engage in the construction of
only those branches in each tree from the forest, which are
needed to predict this particular element. Taking as a basis
the proposed adaptive algorithm for constructing trees in a
random forests, we asymptotically reduce the complexity
to the following value:

Trf = O(T - NTrees) = O(NTrees k- t2),

where k is the number of elements that need to be
predicted. We call the received modification of the
"Random Forests" algorithm in application to the task of
forecasting the time series of the adaptive algorithm
"Random Forests".

Methods. The method described here is simple, a
learning sample was created, based on historical data that
was taken from different public sources. That training
sample was used by the Random Forests algorithm, in our
case, we used the Spark MLIib [10] software library to
solve the regression problem, it supports different
algorithms and Random Forests in particularly. The
training sample was presented in LIBSVM [11] format. In
this format, each line represents a single set of data with
the result and attributes values.

The first value is the result, others represent the input
data. Example lines in LIBSVM format using formula:

y(result)1: x1: 2: x2: 3: x3 ... n: xn.

Then simple software program was implemented that
able to load training sample and make a prediction using
Spark MLlIib [10].

After the training sample was loaded, the training
was completed, and algorithm could make a prediction
based on new LIBSVM data in vector format. The
complexity of working with Spark MLIib comes down to
find a relevant training sample.

Results. Overall the results presented below show
that forecasting of electric energy consumption includes a
number of factors among that a considerable importance
takes weather conditions: temperature, humidity, wind
speed, and others. Weather indicators are essential factors
that influence the consumption of electricity, during the
analysis of historical data, it was concluded that at low
temperatures and high wind speed, electricity
consumption figures are increasing. Thus, indicators for
winter periods exceed the rates for the warmer ones: in the
fall or in the summer season. The main task when working
with the algorithms of machine learning is the collection
of historical data. During the computation of the results
the following data were collected. The weather data was
taken from the site [12], and data on electricity
consumption were obtained from site [13] in the interval
of 3 years 2006-2008, based on which the learning
algorithm was made. It is also worth mentioning that
weather conditions are far from all indicators that affect
consumption, but weather is a significant criterion in
forecasting demand for electricity in the region. An
important factor is the large amount of historical data, so
that the algorithm can do the training.

To test the Random Forests algorithm a sample in
the LIBSVM data format was created.

In tab. 1 contains data for the weekly chart. For a
monthly forecast, the data has a similar structure to which
month and year are added. Also, the table shows the
forecast data using linear regression to compare the
Random Forests algorithm with standard forecasting
approaches.

From the graphs in fig. 2 and fig. 3 the results of the
forecast have rather good performance. To ensure this, the
mean squared error (MSE) for the given formula is
calculated:

m =

>

A+ AT+ -+ AL A2 )
n h n

n — the number of forecasts;
A — the difference between historical data and
predicted.

The average absolute value of the error is calculated
as:

where

n
. 1
Aav. abs.err. — EZlyt - yl.fl > (2)
t=1

Average relative error (approximation error) is
calculated as:

n
1IN0 lye — el
€av.rel err. = ;Zi> (3)
o Yt

where  y,— historical value,
y:— predicted value

n — the number of forecasts.
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Table 1 — Input data and Results for forecasting electricity demand

Historical data Forecast Weather indicators
Demar!d_for Deman_d_for Demar!d_for _ A_ir_ Wind speed,
electricity electricity electricity Air Temperature (C) humidity, ms
(MW=*hour) RF REG %
590 586.4 579 -15 70 4
580 574.3 567.3 -12.9 65 5
570 566.7 564.3 -15.9 75 7
590 584.4 577.1 -16.5 65 4
600 591.1 582.5 -14.9 80 4
590 584.4 581.3 -15.2 80 1
600 593.7 588.3 -14.2 80 4

From the graphs in fig. 2 and fig. 3 the results of the

forecast have rather good performance.
Y, MW*hour Random Forest Prediction

610

600

590 =
580

570

560

550

1 2 3 4 5 6 7

——— Real

X

----B---- Prediction

Figure 2— Results of the Random Forests algorithm for a weekly
forecast

Random Forest Prediction
Y, MW*hour

2500 *\
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—&— Real
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Figure 3 — Prediction of Electricity Demand Random Forests
method

To ensure this, the mean squared error (MSE) for the
given formula is calculated: forecast data using linear
regression to compare the Random Forests (RF) algorithm
with standard forecasting approaches (REG) using
formula (1).

To estimate the accuracy of the Random Forests
algorithm, we calculate MSE for regression from tab. 1:

(590 — 579)% + -4+ (600 — 588.3)3
MgEeG = 7

=11.98.

In the same way

(590 — 586.4)% + .-+ (600 — 593.7)2
Mg = 7

= 5.83.

We have
Mgp < MRgG-

The relative average and absolute mean errors for
Linear Regression by formulas (2)—(3) were calculated:

16.26
€av. rel. err. REG — 7 ~ 2.32,
: 96.2
Agv. abs. err. REG = T ~ 13.74.

The relative average and absolute mean errors for
Random Forests were calculated

6.72
€av.rel. err.RF = ? = 0.96,
. 39.1
Aav. abs. err. RF — T = 5.57.

In tab. 2 the test data for forecasting the cost of
electricity in the wholesale market is presented.

For the forecast a number of indicators influencing
the price characteristics were selected: the cost of raw
materials: natural gas and coal were taken from the site
[14, 15], the dollar exchange rate for the current month
was obtained from the site [16] as well as the wholesale
average monthly price per hourly segments for one month
was taken from the site [13]. Also, there are a few
essential global macroeconomic parameters as Gross
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Table 2 — Results and input data for the forecast of the wholesale price of the electricity power per day

Forecast Forecast | Historical Cost of Demand Dollar Gross_ GDP Per Size of
wholesale | wholesale | wholesale domestic . .
price RF | price REG prices natural gas for_ cpal Hours exchange product capita investments
(kop / (kop/ (kop / (Dollars for | (million rate (UAH income (_U$D
kW*hour) | kW*hour) | kwhour) | MMBTU) | tons) UAH) T illion) (USD) million)
Year 2006
13.50 16.50 13.55 7.34 40.6 1 5.05 544153 7070 5737
13.45 14.30 12.91 7.34 40.6 2 5.05 544153 7070 5737
13.21 17.40 12.87 7.34 40.6 3 5.05 544153 7070 5737
12.79 18.79 12.86 7.34 40.6 4 5.05 544153 7070 5737
13.06 15.05 12.86 7.34 40.6 24 5.05 544153 7070 5737
Year 2007
14.11 17.09 13.90 7.36 40.7 1 5.03 720731 7890 9218
11.23 16.04 10.70 7.36 40.7 2 5.03 720731 7890 9218
10.91 17.49 10.47 7.36 40.7 3 5.03 720731 7890 9218
11.23 19.91 10.36 7.36 40.7 4 5.03 720731 7890 9218
13.54 19.45 14.05 7.36 40.7 24 5.03 720731 7890 9218
Year 2008
14.24 19.89 15.60 10.16 41.2 1 8.50 948056 8320 9903
13.01 18.15 12.86 10.16 41.2 2 8.50 948056 8320 9903
13.75 20.56 13.28 10.16 41.2 3 8.50 948056 8320 9903
13.80 18.09 13.29 10.16 41.2 4 8.50 948056 8320 9903
16.01 28.67 16.94 10.16 41.2 24 8.50 948056 8320 9903
domestic product [17], GDP per capita [18] and foreign List of acronyms used in the tab. 2:
investments [19]. e RF - The Random Forests algorithm;

Figure 3 shows the forecast made by the Random e REG - Algorithm of linear regression;
Forests algorithm based on the data obtained from years e MMBTU — British Thermal Unit;
2006-2008. The forecast was drawn up for a period of 10 e GDP — Gross domestic product.
months. Axis X — months of the year. Axis Y — demand Consequently, the mean square error, relative

for energy in MW*hour.

Figure 4 shows the forecast of the calculation of the
wholesale price for each hour (kop / kW*hour), predicted
by the Random Forests algorithm based on the data
obtained in the period 2006—-2008 years. Axis X — hours of
day. Axis Y — the amount on the wholesale market.
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Figure 4 — Forecast of the Random Forests algorithm to
determine the price per day

average error and absolute average error in the Random
Forests algorithm is less than in the linear regression
algorithm and can be verified that the Random Forests
algorithm has given more precise metrics.

The MSE of the regression algorithm for tab. 2 using
formula (1):

874.45
MREGg = T ~/36.43 =~ 6.03.

The MSE of the Random Forests algorithm for tab. 2

117.44
24

~/4.89 ~ 2.2.

Mgr =

We have again
MR < MREG-

The relative average and absolute mean errors for
Linear Regression were calculated by formulas (2)—(3):
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16.26
€av.rel. err. REG — =~ 15.3,
' 96.2
Aav. abs. err. REG — T ~43.

The relative average and absolute mean errors for
Random Forests were calculated:

6.72
€av.rel.err. RE = —5— = 6.46,
. 39.1
Aav. abs. err.RF — T ~ 1.84.

According to the results, the Random Forests
algorithm and in the forecast for the wholesale price gave
better performance than regression.

Conclusions. This work has been attempted to
analyze of the one of the of Machine learning algorithms,
which is used to predict the demand for electricity.

Prediction of Electricity demand is a complex task, a
lot of factors play a key role, which are very difficult to
consider. The Random Forests algorithm is really well
suited for solving prediction problems. The main
difficulty when working with the algorithm is to search for
relevant historical data that will affect the course of the
forecast. The calculated results showed that the standard
prediction algorithms based on regression gave less
accuracy in comparison with Random Forests algorithm.
However, in order to improve the accuracy of the
algorithm, a large statistic of historical data were required,
based on which the algorithm will carry out training. It
should also be noted that all algorithms of machine
learning have the so-called shortcoming as a retraining,
when some data may become irrelevant to reality and will
only worsen the accuracy of the forecast. Here you should
promptly detect such data and remove them from a
training set.
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UDC 519.2
O. I. ZINKOVSKYI, R. 0. GAMZAYEV, A. BOLLIN, M. V. TKACHUK

A FUZZY-BASED APPROACH TO AUTOMATED DEFECT IDENTIFICATION IN DISTRIBUTED
SOFTWARE SYSTEMS AND SOFTWARE PRODUCT LINES

An approach to the improvement of the efficiency of the bug tracking process in distributed software systems and software product lines via automated
identification of duplicate report groups and report groups collected from correlated bugs, combined with bug localization within a software product
line is considered. A brief overview of the problem of automated report collection and aggregation is made, several existing software tools and
solutions for report management and analysis are reviewed, and basic functionality of a typical report management system is identified. In addition to
this, a concept of a report correlation group is introduced and an automated crash report aggregation method based on the rules for comparison of crash
signatures, top frames, and frequent closed ordered sub-sets of frames of crash reports is proposed. To evaluate these rules, two separate fuzzy models
are built, the first one to calculate the output of the Frequent Closed Ordered Sub-Set Comparison rule, and the second one to interpret and combine
the output of all three rules and produce an integrated degree of crash report’s similarity to an existing report correlation group or to another report. A
prototype of a report management system with report aggregation capabilities is developed and tested using imported from the publicly available
Mozilla Crash Stats project report groups. During the experiment, a precision of 90% and a recall of 81% are achieved. Lastly, an approach to localize
the largest identified report groups and represented by them bugs within a concrete software product line based on an information basis consisting of a
feature model, a list of software components, and a mapping between features and components is proposed, conclusions are drawn, and goals for the
future work are outlined.

Keywords: crash reports, automated crash report collection and aggregation, bug localization, fuzzy logic, distributed software systems,
software product lines, Mozilla Crash Stats project, Socorro, report management system, bug tracking.

0. I. 3IHbKOBCBKHH, P. O. TAM3A€EB, A. BOJIIH, M. B. TKAYYK

MIIXIJT 3 BAKOPUCTAHHSIM HEYITKOI JIOTTKH IO ABTOMATH30BAHOI IIEHTU®IKAIIIT
JE®EKTIB B PO3MOAIIEHNX MIPOTPAMHUX CHCTEMAX TA JIHIKAX ITPOrPAMHHX
MPOJYKTIB

Po3risiHyTO miAXin [0 miaBHINEHHS e(eKTHBHOCTI MPOLeCy BiACTEKEHHS MOMHIOK B PO3MOIIICHHX MPOrPAMHUX CHCTEMAax Ta JiHIHKax MPOrpaMHUX
MPOIYKTIB HULIXOM aBTOMATH30BaHOI ieHTHdIKaLli Ay0ap0BaHUX TPYM 3BITIB Ta IPYI 3BITiB, 3i0paHHX 3 KOPEIbOBAHHX MMOMUIIOK, Y MOEAHAHHI 3
JIOKAJI3aIli€l0 TIOMIJIOK Cepell KOMIIOHEHTIB JIIHIHOK MPOTrpaMHHX NPOIYKTiB. 3po0JeHO KOPOTKHH OV MPOOJIeMH aBTOMAaTH30BaHOTrO 300py Ta
arperauii 3BiTiB, PO3IMSIHYTO KiJbKa iCHYIOUHMX IPOTrpaMHHUX 3acO0iB Ui aHAIi3y 3BiTiB, @ TAKOXK BH3HAYEHO OCHOBHI (PyHKIIOHATBHI MOMIHBOCTI
TUIIOBOI CHCTEMH YMPAaBIiHHA 3BiTamu. Kpim TOro, 3ampornoHOBaHO KOHIEMLII0 KOPENLSIIHHOI TPynH 3BITiB Ta HABEICHO aBTOMATH30BAaHHI METOX
arperanii 3BiTiB, sIKHil 0a3yeThcsl Ha IpaBHJIaX MOPIBHSHHS IMiANHCIB 3BIiTiB, BEpXHBOI (OPMH 3BITiB, Ta TpacyBaJbHHX CTEKiB 3BiTiB mpo 300i. s
OLIIHKHU LIUX MPaBHI OyIyIOThCS IBI OKpEeMi HEUiTKi MOAENi — mepiia st PO3paxyHKy pe3y IbTaTy MpaBiiia MOPIBHIHHS TPACYBaJIbHUX CTEKiB 3BITIB, a
Zpyra - Uil iHTepupeTanii Ta HOeAHAHHS Pe3yJIbTATIB yCiX TPhOX MPABHJI | CTBOPEHHS IHTEIPOBAHOTO CTYIICHS MOAIOHOCTI 3BiTY mpo 36iii 3 icHyI04Y010
KOpEJIAIIHOI0 TPYIIO 3BiTiB a00 iHIIMM 3BiTOM. 3a JOMOMOTOIO iMITOPTY TPYI 3BITiB 3 3aralbHOJOCTYITHOTO pernosutopito Mozilla, TectyeThest
Ppo3poOIeHHi IPOTOTHI CHCTEMH YIPABIiHHA Ta arperanii 3BiTiB. I1ig yac ekcIepHMeHTy JocAraeTbes TouHicTh B 90% i moBHOTa B 81%. Hapemri,
MIPOMOHYETHCS TMiAX1J 10 JIoKamizamii HaOIIbIMX 11eHTH()IKOBAaHUX TPy 3BIiTIB Ta MPEACTABICHUX HUMH MOMUIOK Y JIiHIHII NPOrpaMHUX HNPOIYKTIB
Ha OCHOBI iH(opMaIliitHOi 6a3m, 10 CKIanaeThes 3 QYHKIIOHAIBHOT MOJIENI, CITICKY MPOTPAMHIX KOMIIOHEHTIB Ta B3a€MO3B’sI3KiB MiX (QyHKIIiAMH Ta
KOMITOHEHTaMH, pOOJIATHCS BUCHOBKH Ta BU3HAYAIOTHCS LTI JJIsI HOAANBIIOI POOOTH.

Kuaiouosi ciioBa: 3BiTH mpo 300i, aBTOMaTH30BaHuii 36ip Ta arperaiis 3BiTiB, JoKamizamis 1eeKTiB, HeUiTKa JIOTiKa, PO3MOIieH] mporpamMHi
CHCTEMH, JIiHIIKM IPOrpaMHUX MPOJYKTiB, mpoekT Mozilla Crash Stats, Socorro, cicrema ynpapimiHHS 3BiTaMu, BiICTEKEHHS TTOMUIIOK.

A. H. SHHBKOBCKHH, P. A. TAM3AEB, A. FOJUIHH, H. B. TKAYYK

MOJX0/ C HCIIOJb30BAHUEM HEUETKOM JIOTUKHU J1JIs1 ABTOMATU3UPOBAHHOM
UAEHTUGUKAIIAU JEPEKTOB B PACIIPEJAEJEHHBIX TIPOTPAMMHBIX CUCTEMAX
JUHEMAKAX IPOTPAMMHBIX ITPOAYKTOB

PaccMOTpeH MOAXO[ K TOBBIIICHHIO 3()()EKTHBHOCTU Tpoliecca OTCICKUBAHMS OLIMOOK B PACIPEENCHHBIX MPOrPAMMHBIX CHCTEMaX M JHMHEHKax
MPOrPaMMHBIX IPOJYKTOB ITyTEM AaBTOMATH3MPOBAHHONW HACHTH(OHUKAIMH IyONHPOBAHHBIX TPYHII OTYETOB M TPYNI OTYETOB, COOPAHHBIX C
KOpPEINPOBAHHBIX OMMOOK, B COYETAHHUH C JIOKIH3AIMel OMMOOK cpeli KOMIIOHEHTOB JIMHEEK MPOTrpaMMHBIX NMPOAYKTOB. CrenaH KpaTkuid 0630p
mpo6aeMbl aBTOMATH3MPOBAHHOTO cOOpa M arperanud OTYETOB, PACCMOTPEHBI HECKOIBKO CYIIECTBYIOIIMX IPOTPAaMMHBIX CPEICTB Ul aHaIu3a
OTYETOB, a TaKXKE ONpPEIEJCHb OCHOBHBIC (DYHKIIMOHAJIHHBIE BO3MOXKHOCTH THIIOBOH CHCTEMBI yHpaBieHHs oTdeTaMd. Kpome Toro, mpemioxkeHa
KOHIIETIHUS KOPPEIALHOHHON IPYIIBI OTYETOB M IPHUBEIECH aBTOMAaTH3UPOBAHHBII METO]] arperanii OTYETOB, OCHOBAHHBIN Ha MpPaBUIIaX CPABHEHUS
MOJNUCce OTYETOB, BEpXHEH (GOpMBI OTUETOB, U TPACCHPOBOYHBIX CTEKOB OTYETOB O COOsX. J[Isl OIIEHKM 3THX MpPaBHJ CTPOSTCS JIBE OTIEIbHBIC
HEYeTKHe MOJENH - IepBas Ul pacuera pe3yibTaTa NpaBWiia CPaBHEHHs TPACCUPOBOYHBIX CTEKOB OTYETOB, a BTOpas - I HHTEPIPETAlMH U
COYETAHMS PE3yNbTATOB BCEX TPEX MPABWJI M CO3MaHMA HMHTETPHPOBAHHOTO ITOKA3aTeNs CTENEHHM CXOJCTBA OT4eTa O cOOe C CyMIECTBYIOMIEH
KOPPEISIIMOHHON TPYNIOH OTYETOB MM MHBIM oT4eToM. C IMOMOINBIO HMMIOpPTa TPYNI OTYETOB € OOLIEAOCTYHmHOro penosutopuss Mozilla,
TECTHpYyeTCcsl pa3pabOTaHHBI MPOTOTUII CHCTEMBI YIIPABICHHUS M arperamiy OT4eToB. Bo BpeMms sKcIiepHMeHTa NOCTHTraeTcss TOYHOCTh B 90% wu
nonHota B 81%. HakoHern, npemnaraercs MOAXOA K JIOKAJIHM3alMH KPYMHEHINNX WICHTH(QHUIMPOBAHHBIX IPYII OTYETOB M IPEICTABICHHBIX UMHU
omMOO0K B JINHEHKE IPOrpaMMHBIX MPOAYKTOB Ha OCHOBE HH(OPMAIHMOHHON 6a3bl, coCTosAmeH 13 (HYHKIMOHAIBHON MOJENH, CIIICKA IPOrPaMMHBIX
KOMIIOHEHTOB U B3aHUMOCBsI3el MeXKy QYHKIUSIMI U KOMIIOHEHTaMH, AENIal0TCsl BEIBOJBI M ONPEACIISIOTCS LIEIH TSl TajdbHeHIIe paOoThl.

KaroueBble cioBa: oTdeThl 0 c0OsIX, aBTOMATH3UPOBAHHBIA cOOp ¥ arperanus OTYETOB, JIOKaNHM3auus Ae(eKTOoB, HedeTKas JIOTHKa,
pacripe/ieNieHHbIe TPOrPaMMHBIE CUCTEMBI, JIMHEHKH MPOrpaMMHBIX MPOAYKTOB, MpoekT Mozilla Crash Stats, Socorro, cucrema ynpapieHust OTYETaMH,
OTCJIeKUBAHNE ONIHOOK.

Introduction: Problem Actuality and Research  depending on the type, both the number of defects present
Goal. Software defects (also known as bugs or issues) in the system as well as the time it takes to detect them
occur in any type of software development process, and,  can vary greatly [1].
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While most bugs can be discovered via in-house
testing, there are always issues that will be detected only
in the production environment by customers and actual
users of the system. Since the amount of errors present in
the system is never precisely known, it is impossible to
accurately estimate the time and effort it will take to fix
them. In extreme cases, tracking down and fixing bugs can
take up as much as 80 % of project’s financial costs [1]. In
principle, it is impossible to guarantee that the program is
100 % correct. The general rule is that the larger and more
complex a system is, the higher is the number of bugs.

Bug reports are crucial to identifying and solving
problems in an efficient and robust manner. It has been
observed that the more detailed the bug reports are, the
faster developers will be able to fix the bug [2]. In many
cases upon encountering a bug or a crash, users are
expected to go to a dedicated forum and fill out a bug
reporting form where they provide all necessary
information and stack traces from their locally stored logs.
Stack traces, system information, steps to reproduce the
bug, user comments, and other information help
developers reproduce and fix reported bugs by tracking
their origin. However, not all users report bugs they’ve
encountered, and for many it is simply too bothersome to
manually provide the crucial technical information.

To ensure that developers get all necessary
information needed to effectively fix bugs, many modern
software products are shipped with embedded problem
reporting tools. These tools automatically record and
submit bug reports, with very little to no effort on the
user’s part. The most famous automated crash reporting
system is the Windows Error Reporting system by
Microsoft, which was found to be 5 times more efficient
in helping fix bugs than reports submitted manually by a
human [3].

However, embedded problem reporting tools are
difficult and costly to implement, and the amount of data
they collect can be challenging to analyze even for a small
project. For example, Mozilla on average receives 96
million crash reports per month; they outnumber bug
reports by more than 20,000: 1. Furthermore, 88.19 % of
crash reports and 24.7 % of bug reports submitted to
Mozilla are marked as duplicate [4].

Therefore, to make it easier to work with collected
crash reports, most problem reporting tools aggregate the
received reports according to a set of pre-defined rules.
Many approaches to aggregation of crash reports were
proposed, however, crash report aggregation in distributed
software systems remains a non-trivial task. This is mainly
because, depending on the usage scenario, a bug may
cause multiple failures and crashes in several different
modules at once, thus propagating its influence across the
system and making the root cause of the defect harder to
find.

A software product line (SPL) is a set of software-
intensive systems that share a common, managed set of
features satisfying the specific needs of a particular
market segment or mission and that are developed from a
common set of core assets in a prescribed way [5]. In
other words, an SPL is a family of related programs that
are differentiated by a unique combination of features,

which represent increments in functionality. There exist
many modeling languages for SPL design, among which
are FODA, FORM, FeatuRSEB, PLUSS, ODM and FAST
[6].

In addition to the main issues inherent to testing and
support of distributed software systems, SPLs present a
different challenge, wherein a bug in each type of SPL
components (core, configurable, and custom) needs to be
handled in its own way within the concrete product and
sometimes even the entire SPL. Furthermore, some reports
collected during testing may be caused not by an actual
bug in the code, but rather an incorrect configuration of
the product (i.e. illegal combination of features) or errors
inside the tests themselves. As such, this type of errors
should be identified and dealt with separately.

In this paper, a brief overview of existing tools and
solutions is given and, as no available product is found
satisfactory, a method for automated crash report
aggregation (ACRA) based on a combination of 3 simple
rules and fuzzy logic is proposed. Furthermore, an
approach to bug localization within an SPL is outlined.
The objective of this combined approach is to help
developers of distributed systems and SPLs to identify
bugs as well as their scope and origin in a more efficient
way.

Overview of existing approaches. Built-in crash
reporting tools usually collect large amounts of data,
which can be extremely helpful in identifying and
localizing software defects. As the number of submitted
reports grows, manual analysis of each bug report quickly
becomes inefficient and in most cases downright
impossible. However, even automated processing of large
volumes of data gathered by popular software products
oftentimes presents unigque challenges and harsh demands
on processing power, network bandwidth, and storage
facilities. While high demand for network bandwidth is
unlikely to ever be solved, many attempts have been made
to mitigate and reduce the impact of the other two issues.

There exist several strategies that are commonly
used to reduce the load associated with analysis of a large
amount of crash reports, namely:

- Biased sampling — with so many reports it isn’t
always possible to process or display all of them.
Companies like Mozilla only process a sample of 10 %
out of their 96 million monthly crash reports [4]. This
sample is randomized, but biased towards reports with
user-provided details;

- Removal of duplicates — once a report has been
identified as a duplicate of a previously submitted report,
it is deleted and a special counter for the number of times
the issue has been encountered is updated. Out of the 10
% sample Mozilla takes, using fuzzy matching techniques
88.19 % of reports [4] are classified as duplicate and are
subsequently reduced;

- Report aggregation according to contained stack
traces, failing method, or other technical information. This
is usually the last step that is primarily aimed at the
detection of the remaining correlated and duplicate
reports.

The combination of these 3 methods helps save time
and processing power for search, filter and other analytical
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functions, as well as greatly reduces the required storage
space. However, most of the existing solutions use
relatively simple and easy to implement algorithms, and
while such approach is fast and doesn’t require a lot of
processing power, much like Mozilla’s solution it usually
can’t find all correlations present in the data [7].

There are built-in and standalone tools for log
collection and analysis available for almost any
programming language and platform, some focusing
primarily on the collection and filtering aspect, while
others are better at report analysis and dynamic
aggregation. Fig. 1 summarizes the basic functionality
required by a typical automated report management
system. However, none of the tools we looked at
implement the full list.

For example, Graylog [8], an enterprise solution for
storing, accessing, and analyzing log data, allows for
convenient log and report storage, visual representation,
and search, but lacks in flexible aggregation. The tool has
very limited ability to detect related logs, provided they
aren’t clear duplicates. For more advanced aggregation
and clustering capabilities, users must install a plugin [9]
and write their own explicit rules, resulting in a poorly
generalized and constricted system with no ability to
implement complex clustering or aggregation logic.

Sentry [10], a tool for collecting JavaScript user logs,

exceeds in capturing an unprecedented level of
information about JavaScript execution and its
environment, but fails to provide a sufficiently

customizable and flexible aggregation framework, forcing
developers to implement workarounds in their code to
integrate and expand its functions beyond the default
feature set.

Both Android [11, 12] and iOS [13] platforms offer
built-in tools for error and performance log collection,
while their respective development environments and
online platforms provide a convenient way of accessing
all collected logs and viewing general statistics about the
published applications. Furthermore, advanced
functionality that is missing by default is oftentimes
provided by third-party solutions [14, 15].

The only product that appears to be handling the

issue of duplicate reports and correlated bugs in a
configurable and robust way is Crashlytics [15]. The
downside is that Crashlytics supports only mobile
development (both Android and iOS), and, just like all
other reviewed products, doesn’t have the necessary tools
to deal with SPL testing and support.

To summarize, while popular and efficient, the
reviewed solutions for issue collection offer little in the
way of intelligent report aggregation, most systems
relying solely on stack trace analysis. In contrast to this,
systems with complex aggregation and analysis
capabilities are rare and usually require a complicated
setup process and use of a separate tool for issue
collection and even storage. Furthermore, none of the
reviewed applications had the necessary tools and
flexibility for dealing with SPLs.

The aim and benefits of automated defect
identification. In most cases developers will prioritize
bugs that occur frequently for a large percent of their user
base. However, because a bug can lead to a variety of
crashes under different usage scenarios, multiple report
groups are sometimes related to the same bug, which
makes the evaluation of bug and crash severity harder. We
refer to a set of report groups related to the same bug as
duplicate report groups. Furthermore, there are cases when
an occurrence of one bug causes the other bug to occur.
This is known as correlated bugs, and in such cases both
bugs and every related to them report group needs to be
analyzed, evaluated, and used together to fix the issue. We
refer to all report groups pertaining to a bug as well as any
report groups collected from its correlated bugs as a report
correlation group (RCG). A schematic overview of an
RCG is presented in Fig. 2.

Crash reports usually contain method signature,
stack trace of the failing thread, crash time, information
about runtime environment, and optionally user comments
and attachments regarding the crash. These reports are
aggregated into RCGs according to their similarity. The
obtained groups are then ranked according to their report
counts (i.e. frequency of crash occurrence) and bug item
entries are created for the top RCGs.

Automated Report it syst|

9

H‘ Integration and Data Collection |

‘ Data Collection | Platform Support | Integration %%
‘ Core Data | PC | Library Import }—
‘ Extra Data | Mobile | DSL }_

Message Rerouting |—|
Import From Storage |—

‘ SPL Support | ITaam Management I Task Management

#“ i Report Analysi | ‘ReportManagemem

—{Custom User Extensions and Rules| |K:rash Report Management|

—{ Detection of Duplicate Reports |

Report Aggregation

Bug Report Management

Fig. 1. Basic functionality of automated report management systems
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Fig. 2. Report correlation group (RCG)

Identification of RCGs (and therefore duplicate crash
reports and correlated bugs) on the early stages of the
debugging process can help developers fix existing
corelated bugs together, as well as increase the overall
speed and efficiency of the debugging process. It has been
suggested that by analyzing and comparing a set of
correlated bug reports, it becomes easier to track the root
cause of the bug, especially in complex distributed
systems and SPLs [2].

Identification of RCGs and, subsequently, bugs they
represent can also help development teams to better
manage their resources. One such example could be
increasing the priority of correlated bugs or assigning
more experienced developers to fix them. Furthermore, as
crash reports are continuously submitted until the
underlying bug that causes crashes is fixed, by quickly
and efficiently eliminating the bug development teams can
reduce the amount of crash reports they receive and,
therefore, hardware and human demands associated with
crash report storage and processing.

A fuzzy-based integrated approach to automated
crash report aggregation (ACRA). To better identify
duplicated and correlated crash reports, first we need to
establish several definitions.

A stack trace is an ordered set of frames (F;), each
frame consisting of a method signature (methSign) and a
fully qualified file name (gFileName). F;=
methSign;|qFileName;, where i€ {l1..n} is the
position of frame F; in a stack trace of a total frame length
n. Usually all reports belonging to a report group will
have at least one identical frame. We refer to the top
frame common to all stack traces of a report group as the
top frame of the report group. The frames after it may be
identical or vary across the group, but the method
signature of the top frame is always used as part of the
report group signature. An example stack trace is shown
in Fig. 3.

Frame Module Signature Source ;op Frame
0 libmozglue.dylib| mozalloc_abort memory/mozalloc/mozalloc_abort.cpp:34

1 libmozglue.dylib| abort memory/mozalloc/mozalloc_abort.cpp:81

2 XUL std::panicking::rust_panic| src/libpanic _abort/lib.rs:59

Fig. 3. Example of Stack Trace from Firefox

A report group signature S may be represented as
S = P;|P,] ...|B,, where each element P; in turn consists
of < File >< Operator >< Method >< Parameter > <

Memory Location >. In a report group signature, at least
one P; should not be NULL. P; can’t be formed using only
the name of an operator, which depends on the
programming language and signature composition.
Furthermore, attributes like File, Operator, Method, and
Parameter can be NULL. For example, the Mozilla’s
report group signature for the above stack trace is
“mozalloc_abort | abort | core::option::expect failed”.

A contains relation between signature elements P of
a report group S = P;|P,] ...|P, is defined as if (filei =
file]-) A {op;,meth;,param;} € {opj,methj,paramj},
then P; contains P;.

Building on top of this, a binary relation c on the set
of all RCG signatures S is defined as S, c Sy if VP2, i €
{1..n}, 3j € {1..m} | P? contains P{".

As the basis for the ACRA method we used 3 rules
suggested earlier by Shaohua Wang et al. [19], namely:

1. Crash Signature Comparison. Given two report
groups RG, and RGg with corresponding signatures Sy,
and Sz, RG, and RGg are correlated if S, < Sp or S
S,4. This is the least resource-demanding rule. It is aimed
at determining correlations by investigating the similarity
of report group signatures. An example of this rule is
signatures “nsDiskCacheStreamIO::FlushBufferToFile()”
and  “StrstrjnsDiskCacheStreamlO::FlushBufferToFile”,
which differ only slightly and, therefore, are correlated.

2. Top Frame Comparison. Given two report groups
RG, and RGy with top frames F# and FZ, RG, and RGg
are correlated if gFileName# = gFileName?. During
comparison of fully qualified file names (qFileName), all
file extensions are removed. This rule is aimed at a more
detailed analysis of stack traces, in this case their source
code paths. Much like the previous rule, it analyses and
compares only the top frame of stack traces.

3. Frequent Closed Ordered Sub-Set Comparison.
This rule is an extension of the previous rule, namely it is
aimed at analyzing fully qualified file names of all frames,
not just the top frame. A notion of relative support of the
rule is introduced, wherein relative support =
number of shared frames/total number of frames.
Only the identical and longest set of frames with the
relative support of greater or equal to 0.5 is called the
frequent closed ordered sub-set of frames. Furthermore,
the distance of the top frequent closed ordered frame to F,
is also considered during the final evaluation of the rules.

Wang et al. [16] evaluated each of these rules
separately, with report groups considered to be correlated
if at least one of the 3 rules provided a positive result. In
this paper, we propose a fuzzy-based integrated approach
to automated crash report aggregation (ACRA). Namely,
we use fuzzy logic to evaluate the combined output of
these rules and compute the degree of report’s similarity
(i.e. membership) to other reports or report groups.

Furthermore, contrary to the approach to evaluation
of the Frequent Closed Ordered Sub-Set Comparison rule
employed by Wang et al. [16], we use a separate fuzzy
model to calculate the degree of report’s similarity based
on the length of the common frame sequence as well as its
distance to the top frame of the stack trace.

The ACRA method proposed in this paper relies on
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the use of a fuzzy model to compute the final degree of
report’s membership to a given group, or alternatively the
degree of correlation between two report groups. As its
input, the model takes values received from the rules, and
by applying weight coefficients and a threshold function
produces the degree of report’s membership.

Membership function of the fuzzy variable "ReportSimilarity"

Medium High

04 0.6 0.8 1
Fig. 4. Membership function of § = “ReportSimilarity”

A linguistic variable is a set of (B, T, X, G, u), where
[ is the name of the fuzzy variable, T is a set of terms
(fuzzy values) of the variable, X is a fuzzy set that
describes the so called “base values” of the term, G is a set
of syntax rules that define the elements of T (it is possible
for G to be empty, i.e. G = 0), and u is the membership
function that maps base values to the terms contained in T.

According to the above definition, the fuzzy variable
ReportSimilarity, which represents the combined
degree of the similarity between two reports or a report
and a report group, is defined as =
“ReportSimilarity”, T =< “low”, "medium”,”high” >,
X =[0-1]. The membership function pg is shown in
Fig. 4.

Experimental results. To assess ACRA’s
performance in identification of duplicate and correlated
crash reports, an experiment was performed. A prototype
report management system was developed and tested on a
pre-downloaded and verified data set. The data set for
analysis was obtained from the Socorro server, which is
maintained as part of the open to public Mozilla Crash
Stats (MCS) project. A statistical comparison of the
number of RCGs created by the MCS project and the
prototype ACRA system was performed, and its results
are presented in Table 1 and in Fig. 5 and 6. Fig. 5 shows
the amount of reports ACRA and MCS correctly
aggregated for the top 10 control groups (the closer to the
control line, the better the result), while Fig. 6 compares
their precision and recall.

Reports relating to the newest stable version of
Mozilla Firefox were imported and analyzed.

A set of 426 reports separated by MCS into 34 RCGs
has been selected, with the resulting set being biased
towards duplicate groups that weren’t correctly
aggregated by MCS. To evaluate the performance of the
ACRA method, the report groups provided by MCS were
taken as an etalon (i.e. MCS precision = 100 %), however
their relationships were analyzed and duplicate groups
were found via analysis of the related Bugzilla bug IDs
provided by Mozilla developers for any sufficiently large
crash report group. More specifically, 21 etalon RCGs

were identified and used as a control sample for the
experiment.
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Fig. 5. Aggregated reports for the top 10 correct RCGs

Analysis of the imported from MCS report groups
showed that the top 21 groups contained 267 aggregated
reports, which is 62 % of all reports in the data set.
Contrary to this, the top 21 groups created by ACRA
contained 383 reports, albeit 38 of them (10 %) were
assigned erroneously, which results in 345 correctly
aggregated reports, or 81 % of the total number. In
general, compared to the 21 etalon groups, 34 groups were
created by Mozilla, whereas ACRA created only 25
groups, a result achieved by a more thorough and in-depth
analysis of the structure and contents of crash reports.

Table 1 — Results of the experiment

MCS ACRA
267 345
Aggregated reports, reports,
correctly 5 0 S
Created RCGs 34/21 25/21
Deleted reports N/A 18 %83 reports,

Using the metrics of information retrieval, precision
and recall values were calculated in the following way:

[{correctRCGs}N{retrievedRCGs}|

precision = |{retrievedRCGs}| ’
I - |{correctRCGs}N{retrievedRCGs}|
recall = |{correctRCGs}|

Precision reflects the fraction of created report
groups that are correct, while recall indicates the overall
fraction of correct report groups that were found.

Using crash reports obtained from the Socorro
server, a precision rate of 90 % and a recall of 81 % were
achieved. The obtained recall value is significantly higher
than the 62 % recall of the MCS project.

A statistical analysis of the duplicate report removal
feature (reports with similarity of above 0.95 %) showed
that 18 % of the previously thought to be unique reports
could be reduced to free up the storage space of the
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system, a noticeable improvement for enterprise-grade
products.

Recall and Precision
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Fig. 6. Recall and precision for the top 10 correct RCGs

The identification of RCGs allows developers to
access the groups of related crash reports and information
contained within them. Working with RCGs instead of
separate crash reports can help identify and track the
underlying cause of the crash faster, thus decreasing the
time it takes to debug and fix an error [2]. Furthermore, it
has been observed that identification of RCGs can
significantly increase the overall efficiency of the work
associated with debugging of certain types of bugs [4].

Bug localization approach within an SPL. Feature
models play a key role in testing of SPLs as they constrain
the space of products to test and enable accurate
categorization of failing tests as failures of programs or
the tests themselves, not as failures due to illegal
configurations [5]. Consequently, testing of SPLs while
ignoring such dependencies is senseless.

As part of our future work, to enable traceability
between collected crash reports and features (software
components) of an SPL, we propose the following
operating model (OM) [17] for crash report localization
(CRL). The CRL OM can be represented as a tuple:

OM(CRL) = (InfBasis,ProcAlgorithm,Metrics).

InfBasis should be built separately for each SPL
product. It consists from a valid feature model of the SPL,
a list of software artifacts (product components) belonging
to each SPL product, a mapping between components and
features, and a list of unprocessed crash reports.
ProcAlgorithm represents an expanded ACRA fuzzy
logic method that is responsible for using the technical
information present inside crash reports (mainly stack
traces and method signatures) to aggregate reports into
RCGs and establish to what type of SPL components these
groups belong. Metrics measure and provide statistics on
types of failures and their counts for various SPL
components and features, as well as reflect how reliable
the work of ProcAlgorithm is.

With the help of this OM, it is possible to connect
crash reports and implemented SPL components (features)
by using the ProcAlgorithm and data from the InfBasis

to trace sets of crash reports in relation to the implemented
software components of an SPL.

In other words, given a valid feature model, a set of
existing software artifacts, and mappings between
software components and features, it is possible to use the
technical information contained inside crash reports to
identify the type and name of the component that is most
likely responsible for the crash described by an RCG.

Conclusions and future work. Based on the results
of preliminary tests of the developed prototype ACRA
system, the proposed rules for identification of duplicate
and correlated crash reports combined with the fuzzy
evaluation approach have shown better results than the
current solution employed by Mozilla.

By optimizing the underlying fuzzy models and
implementing the suggested SPL bug localization
technique, a more efficient approach to improvement of
the bug tracking process of both distributed systems and
SPLs will be obtained. Furthermore, localization of the
RCGs identified by the ACRA method in an SPL will
allow developers to determine the scope of crashes and
corresponding to them bugs in a more efficient manner.

Our future work concerns further testing and
improvements of the ACRA method combined with
development and testing of a system that will collect crash
reports, aggregate them into crash groups using the ACRA
method, and (if needed) localize the obtained RCGs
within an SPL by using the suggested SPL bug
localization approach. Furthermore, we also plan to
expand the ACRA method to work with user-submitted
bug reports.
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VK 004.891.3
C. @. YA/IHH, €. O. BOTATOB, . b. IIPIFHIbHOBA

METO/JIA ®OPMYBAHHS YIIOPSIJIKOBAHUX 110 IMTPOILIECAM TPAC J)KYPHAJLY IOJIi B
3AJJAYAX TPOHECHOT O YIIPABJITHHSA

JociimkeHo npobieMy GopMyBaHHs BXiIHHX AaHUX UL TOOYIOBU MOJeNel Oi3Hec-mpoLeciB METOIaMH IHTENEeKTYa IbHOTo aHami3y mpouecis. [Toka-
3aHO, 1[0 KYPHAIH MOii peanbHuX iHGOPMALIHUX CHCTEM HE 3aBXKIU BIAMNOBIJAI0TH BUMOTaM MO0 BIOPSIKOBAHOCTI BXiJHUX IaHUX I10 MPOLIECaM,
TOOTO >KypHaJI MOXKe MaTH OJHY Tpacy i3 MOIisIMH 3 pi3HUX Oi3Hec-TpomneciB. BupimeHo 3aadi aHami3y ocoOIMBOCTEH Tpac B JKypHai HOiH 6i3Hec-
mpoLecy i po3podKu MeToiB GOpMYBaHHS YHOPSAAKOBAHHUX IO MpOLEcaM Tpac KypHaIy MOAii iHpopMaLiiiHOI CHCTEMHU MPOLIECHOTO YIPABIiHHSI Ha
OCHOBI MOPIBHSHHS aTpHOYTIB MO Ta HA OCHOBI MOPIBHSHHS 3 iHBapiaHTaMu aTpuOyTIB Mo JoriB 6i3Hec-mpouecis. [lepnii Mmeron Gopmye Tpa-
CH JKypHaITy Oi3Hec-IIpoliecy Ha OCHOBI IOIIAPHOTO MOPIBHSAHHS aTpHOYTIB MOIM 3a KpUTEpieM MaKcHMi3amii KUIBKOCTI CIIUIBHUX 3HAUeHb aTpHOYTIB
quis wiei mapu. MeToq mociiJOBHO BHOMpAE MOl i3 CHiMBHOI TpacH Ui JEeKiIbKOX Oi3Hec-IpOoLeCiB Ta Micis MOMapHOro MOPIBHIHHS aTpHOYTIB i3
MOAISIMU TPac KOHKPETHHX Gi3HEc-NpoLeciB BU3HAYAE HAJEKHICTh HACTYIHOI MOZIl 10 Tpacu BiAmoBigHoro npouecy. [Ipu MOpiBHAHHI BUKOHYETHCS
TaKOXX BUSIBIIEHHS KiHIeBOi mogii O6i3Hec-mipouecy. Jpyruif Metox GpopMye TpacH JIOTy Ha OCHOBI IOPIBHSHHS iHBapiaHTy aTpHOYTiB MOAIH Ta MOxii,
LI0 aHAJI3yeThCs, 32 KPUTEPiEM MaKCHMi3allii Baru 3Ha4eHb CHUIbHHX aTpuOyTiB. Ha BimmiHy Bix mepiioro merony, mpu BUOOpi HOBoOro Gi3mec-
npouecy GpopMyeTbCs IHBapiaHT y BUIVIAI CyMH Bar 3Ha4yeHb aTpuUOyTiB Jory Oi3Hec-mporecy. Baru 3HaueHbp aTpuOyTiB BimoOpaXkaroTh KiIbKIiCTh
MOSIB IIMX 3HAYCHb NPH BUKOHAHHI Oi3Hec-mpouecy. Lle nae MOXKIIMBICTH BpaxyBaTH ICTOPiF0 BUKOHAHHS Oi3Hec-Npollecy NpH peaiizauii Meroxy. Y
MPaKTHYHOMY IUIaHi 0OH/BA 3aMPONOHOBAHI METOAN JAO3BOJIOTH C(HOPMYBATH MHOXKUHY JKYPHATIB MOAI Oi3HEC-IPOLIECiB, 110 BUKOHYIOTHCS apa-
JIeNBHO, y (hOpMaTi, IPUAATHOMY ISl BUKOPUCTAHHS METOIIB Ta TEXHOJIOTIH 1HTENeKTyalIbHOTO aHali3y mpoiecis. [lepumii MeTox Mae GiTbI HU3BKY
To4HiCTh. [IpoTe Horo mepeBaroro € MOMKJIHMBICTH 3aCTOCYBAaHHS JIMIIE TP HAsBHOCTI CIJIBHOI Tpacu JIEKiNbKOX Oi3Hec-IpoleciB, 06e3 monepenHso
BIZIOMHX YIIOPSIIKOBAHHX TPAC JIOTY KOXKHOro Oi3Hec-mpouecy. Jpyruit Mero H03BOJISE MiABUIIKTH TOYHICTh BHIUICHHSI TPACH HOIH IS KOXKHOTO
6i3nec-mpouecy. Hemosik JaHOro MeToy mojisrae B TOMy, 10 BiH HOTpeOye anpiopHOro popMmyBaHHs iHBapiaHTy aTpHOYTIB mofiii Gi3Hec-mporecy.

Kurouosi ciioBa: Gi3Hec-mpoliecH, IHTEICKTyaIbHII aHai3 MPOLECiB, MPOLECHE YIIPABIiHHSI, Tpaca, >KypHall O/il, aTpuOyTH Moii, pecypcu
6i3Hec-mpolecy, TEMIIOPAIbHI XapaKTePUCTHKHU MOIi.

C. ®. YAJIBIH, E. O. BOTATOB, H. b. IIPHEBLTBHOBA
METOAbI ®OPMUPOBAHUSA YIHHOPAJOYEHHBIX 11O MIPOHECCAM TPACC KYPHAJIA
COBBITUH B 3AJTAYAX ITPOIIECCHOT'O YIIPABJIEHU S

UccnenoBana mpobiiema (hOPMHPOBAHHS BXOAHBIX J@HHBIX JUIS IIOCTPOCHHS MOJeNell OM3HEC-IPOLECCOB METOJaMH HHTEIUICKTYaIbHOTO aHaIn3a
npoueccos. [Toka3aHo, 4TO KypHAJIBI COOBITHI peaabHbIX WH(OPMALMOHHBIX CHCTEM HE BCErJa COOTBETCTBYIOT TPEOOBAHHUSIM YIIOPSIOYCHHOCTH
BXOZIHBIX JIaHHBIX I10 TIPOLIECCAaM, TO €CTh JKyPHaJ MOXKET UMETh OJHY TPaccy ¢ COOBITHAME U3 Pa3iIN4YHBIX OM3HEC-TIpoLieccoB. PemieHbl 3a1a4n aHa-
Im3a 0COOEHHOCTEH Tpacc B )KypHane coObITHH OW3Hec-Tpouecca M pa3paboTKH MeTo0B (JOPMHUPOBAHHS YIOPSIOYEHHBIX IIO MPOLECCaM TPAce
XKypHana coOBITHI MH()OPMALMOHHOH CHCTEMBI HMPOLECCHOTO YIPABICHUS HA OCHOBE CPAaBHEHHsI aTpHOYTOB COOBITHII M HAa OCHOBE CPaBHEHHSI C
MHBapHaHTaMM aTpuOyTOB COOBITHII TOroB OusHec-mpoueccoB. [lepBbIil MeTo GpopMUpPYET Tpacchl XKypHana OGu3Hec-Ipolecca Ha OCHOBE TTOMAPHOTo
CpaBHEHHs aTpHOyTOB COOBITHII 10 KPHUTEPHI0 MAKCHMH3alMM KOJIMYECTBA COBMECTHBIX 3HAUYCHMH aTpuOyTOB s 3TOW mapel. Merox
HOCJIE/IOBATENIBHO BBIOHPAET COOBITUS U3 OOIIei Tpacchl Ul HECKOJIBKHX OH3HEC-IPOLECCOB M IOCIe MapHOro CPaBHEHHUs aTpHOYTOB ¢ COOBITUSIMU
Tpacc KOHKPETHBIX OU3HEC-MPOLECCOB ONPEACIACT MPHHAICKHOCTD CISAYIONIETr0 COOBITUS K TPAacce COOTBETCTBYIOIIETO mporecca. [Ipu cpaBHeHHN
BBITIOJIHSIETCS TAK)KE BBISABJICHHS KOHEYHOTO COOBITHS On3Hec-mponecca. Bropoiit MeTox GopMupyeT Tpacchl jora Ha OCHOBE CpaBHEHHs HHBApHaHTa
aTpuOyTOB COOBITHI M COOBITHS, KOTOPOE aHAIM3UPYETCsl, 110 KPUTEPUIO MaKCHMHU3ALMK Beca 3HaueHHi 00X aTpubyToB. B ommmune ot mepsoro
MeTo/Ia, IIPH BEIOOpE HOBOTO OH3Hec-Tporecca (hOPMHUPYETCs HHBAPUAHT B BHC CyMMBI BECOB 3HAUCHHIl aTpHOYTOB Jlora OusHec-mponecca. Becot
3HAYCHUH aTpPHOYTOB OTP@KAIOT KOJNMYECTBO IOSBICHHI STHX 3HAYCHWI NPH BBHINOJHEHHH OW3HEC-Tpolecca. JTO J1aeT BO3MOXHOCTH Y4ECTh
HCTOPHIO BBHIIONHEHHS OH3HEC-TIpoLiecca NP pealn3aui MeToaa. B mpakTHueckoM IuiaHe 06a MpeioKeHHbIX METO/a MO3BOJISIIOT ChOPMHPOBATH
Habop KypHAIOB COOBITHII OM3HEC-MPOLIECCOB, BBHIMOIHIEMBIX MapaieibHO, B (opMaTe, IPUTOAHOM IS MCIOJIb30BAaHHS METOAOB M TEXHOJOTHil
MHTEJUICKTYaJIbHOTO aHanu3a mporueccoB. ITepBhlii MeTox MMeeT Ooliee HH3KYI0 TOYHOCTh. OJHAKO €ro MPEHMYIIECTBOM SBIISETCS BO3MOXHOCTD
[IPUMEHEHHS TP HAIMYHH TOJIBKO COBMECTHOM TPacChl HECKOJIIBKUX OW3HEC-MPOLIECCOB, 0€3 MPEABAPUTEILHO H3BECTHBIX YIIOPSIOYEHHBIX TPACC JIOTa
KaXk/10ro 6u3Hec-mporecca. BTopoit MeTos1 o3BOMISET MOBBICHTH TOYHOCTD BBIJCICHHUS TPACCHl COOBITHI UL Kaxkaoro 6usnec-nponecca. Hempocratok
JTAaHHOTO METO/A 3aKJII0YAETCsl B TOM, YTO OH TpeOyeT anpHOpHOTro (JOpMHUPOBAHUS HHBApHAHTa aTPHOYTOB COOBITHIT OM3Hec-nporecca.

KuioueBble ci10Ba: GU3HEC-TIPOLECCHI, HHTEIUICKTYalbHBIH aHAJIN3 MPOLECCOB, MPOLECCHOE YIPaBIIeHHE, Tpacca, JKypHaIl COObITHI, aTpHOYTHI
COOBITHH, pecypchl OM3HEC-TIpoliecca, TEMITOPATIbHBIC XapaKTEPUCTUKH COOBITHH.

S. F. CHALYI, E. O. BOGATOV, I. B. PRIBYLNOVA
TECHNIQUES OF REORDERING TRACES IN THE EVENT LOGS IN BUSINESS PROCESS
MANAGEMENT TASKS

The problem of formation of input data for construction of models of business processes by methods of the intellectual analysis of processes is studied.
It is shown that event logs of real information systems do not always meet the requirements of the ordering of input data on processes, that is, a log can
have one track with events from different business processes. The tasks of analysis of trace characteristics in the business process event log and the
development of methods for forming process events information order tracks organized on the basis of the comparison of event attributes and on the
basis of comparison with the invariants of the event attributes of the business process logs are organized in the processes of the log of events events of
the process management information system. The first method generates business process log lines based on pairwise comparison of event attributes
based on the criterion for maximizing the number of shared attribute values for this pair. The method sequentially selects events from the common path
for several business processes, and after pairwise comparison of the attributes with the events of the traces of specific business processes, determines
the belonging of the next event to the path of the corresponding process. When comparing, the end event of the business process is also detected. The
second method generates log lines based on the comparison of the invariant of the event attributes and the event, which is analyzed by the criterion of
maximizing the weight of the values of the common attributes. Unlike the first method, when choosing a new business process, an invariant is created
in the form of a sum of weights of the values of the attributes of the log of the business process. The scales of attribute values reflect the number of
occurrences of these values in the execution of the business process. This allows you to take into account the history of the implementation of the
business process in implementing the method. In practical terms, both proposed methods allow the formation of a set of business process event logs
that are executed in parallel in a format suitable for use of methods and technologies of the intellectual analysis of processes. The first method has a
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lower accuracy. However, its advantage is the ability to use in the presence of only a joint path of several business processes, without the previously
known orderly traces log of each business process. The second method allows you to increase the accuracy of the highlighting of the event path for
each business process. The disadvantage of this method is that it requires a priori formation of the invariant of the attributes of the business process

events.

Keywords: business process, process mining, process management, trace, event log, event attributes, business process resources, event time

stamp.

Beryn. B ocranHI necaTHimiTTs BiIOyIacs eBOJOIISL
MAXOMIB IO YIPABIiHHS HiAPHEMCTBOM, Bifl Opi€HTAIil
Ha BHpIIIEHHS KOHKPETHUX (YHKIIOHAJHHHUX 3aBJaHb
MATPHEMCTBA 10 CYIPOBOAY, MOHITOPHUHTY Ta aHAIi3y
MIPOIIECiB, SKi MPOHMU3YIOTH IMiAIpHUEMCTBO [1, 2].

biznec-npouecom (bIT) € mnocnigoBHicT  poOIT,
NOB’SI3aHUX MPUYMWHHO-HACIIIKOBUMH 3B’S3KaMH, sKi
BUKOHYIOTBCS Ul JOCSTHEHHS  KOHKPETHOI METH
oprasisailii, MoB’s3aHOI 3 BHUPOOHHUIITBOM MPOAYKIT YU
nociyr. YnpasninHsa — Oi3Hec-poriecamu  mepezadadae
BUpIIIEHHS 3a7a4 MOOYAOBM NPOLECHUX MOJeNed Ta
MOJANBIIe  YNPaBIiHHA 332  BIOXWICHHSAM  3TiTHO
napameTpiB nux mozenei [3, 4].

IIpu modbymoBi mopmenmi BII cmouatky Qopmyerbes
MOTOYHA MOJENb TpPOIECy <«IK €», fAKa TOTIM
TpaHCHOPMYEThCA O MoJIeNi OaXaHoro BHAY «IK
noBUHHO OyTh». [To0ynoBa MoJemi «SK €» BUKOHYETHCS B
pe3yabTaTi aHamizy 3i0paHMX Ha MONEPEAHBOMY eTarli
JaHuX. Y TIpoleci Takoro aHajizy  3IiHCHIOETBCS
BUSIBJICHHSI CTPYKTYpPHHUX €JEMEHTIB Ta 3HaHb npo bII
mignpuemctea [5, 6].

3 METOI0 CKOpPOUYEHHSI BUTPAT Yacy Ha MOOYA0BY MO-
JIeTi «SIK €» BUKOPHCTOBYIOTHCSI METOJM 1HTEIEKTYaIbHO-
ro aHaiizy 6i3Hec-mpoieciB — process mining [7].

ITobymosa moxmeneit BII B pamkax maHOi TeXHOJOTIT
3MIACHIOETHCS HUITXOM aHANITHYHOT OOpPOOKH KYypHAIIB
(;oriB) momiit iHdopmariitHoi cuctemu. KoskeH sKypHaI
MOJIH CKIIaaeThest 3 Tpac. Tpaca MICTUTH YIOPSIKOBAaHY
B yaci nocuigosHicTe noxaiil. KoxxHa nonis Binmosigae aii
6i3Hec-mpoiiecy abo 3MiHi cTaHy 1€l mii.

AHaJi3 ocTaHHiX gociailkeHb i myOJikaiii.
IcHyroui MeTOIM {HTETIEKTYaIbHOTO aHaNi3y TporeciB [7—
12] opieHTOBaHI Ha BHKOPUCTAaHHS >KypHaliB MOJIH 3
TaKUMH XapaKTePUCTHKAMU: HASBHICTb BEJIMKUX OOCATIB
JTaHWUX TIPO KOHKPETHHH Oi3Hec-Tpoliec, M0 HaKOIUYCHI B
pe3ynbTari 6araTopa3oBoro BukoHaHHs mporecy [7, 10];
HasIBHICTh TIEBHOI CTPYKTYpH B JIOTax, sika BioOpakae
3B’SI3KM MIX JiSIMH TIPOIIECY, BUKOHABIISIMH, PECYpCaMH,
tomo [7, 11].

Ha npaktuii Ha  OiANPUEMCTBI  HapajesibHO
BUKOHYETHCS MHOXHHA 6i3HEC-TIpOIIECiB, AK
(hopmMamizoBaHUX 1 MPEACTABICHUX B CUCTEMI YITPABIiHHSA,
Tak 1 JIaTeHTHHX, IIO0 BiANOBiAAaIOTH KOPIOPATHBHIN
KynabpTypi [6]. B pesyabrari mor mMoxke MicTHTH y cO6i
o1 pi3HUX IMpOIleciB y BUTIIAAL ofHiel Tpacu. Tak Tpaca
CKJIQJAEThCSl 3  YNOpsIKOBaHOI B  4Yaci 00 exHaHOl
MOCIIIIOBHOCTI MOJIiH BCiX MapasiensHuX O0i3HeC-NpoIecis.
[MocnimoBHMIA Tepexiy MK HOMISAMH JUII TaKOi Tpach
MOY€E BECTH BiJ] O/THOTO MPOIIECY A0 iHILIOTO.

3a3HayeHa 0COOJHBICTE 0O0’€HAHOTO JIOTY HE
JI03BOJISIE  BHKOPUCTOBYBATH  TPAAWILIMHI  MeTOIH
IHTEJIEKTYaIbHOTO ~ aHaJli3y TpoIeciB Juisi MoOya0BU
moneneit BII «ik e», mo morpedye po3poOKM METOIiB
(dhopMyBaHHS YMOPSIKOBAHWX TII0 TMPOIECaM JKypHaIiB

mofiii i3 Takoro 006’€IHAHOTO JIOTY Ta CBITYHTH MPO
aKTyaJbHICTh TEMH AHOI CTATTI.

Mertoro naHoi cTaTTi € po3poOKa METOAIB Tepen-
HBOI OOpOOKHM XypHalxy MO 3 TUM, MO0 PO3TUTATH
00’eHAHY Tpacy 3 MOAiH pi3HUX Oi3HEC-TPOIECiB Ha OK-
pemi Tpacu it KokHoro BII, mo mae moxnuBicts dop-
MyBaTH MOJENi Oi3HEC-TIPOIECIB «SIK €» TpamulliiiHIMU
METOJIaMH IHTEJIEKTYaJIbHOTO aHaJi3y MPOIECiB.

Jnst NOCSITHEHHSI METH BUPIIIYIOThCS 3a/1a4i:

—aHasi3 OCOONMBOCTEH Tpac B JKypHali MOAIN
Oi3Hec-mpoIiecy;

— po3poOka MeToxy GOpMyBaHHS YIOPSIIKOBAHUX I10
mpoIiecaM Tpac XypHalIy Monild iHpopMamiifHOI cucTeMu
MPOIICCHOTO  YIPAaBIiHHSA HAa OCHOBI  ITOpPIBHSHHS
aTpuOyTIB MOMIN;

— po3poOka MeToxy (GOpMyBaHHS YIOPSIIKOBAHUX I10
npolecaM Tpac KypHaly HoAid iHpopMauiiHOT cucteMu
MPOIICCHOTO YMpPABJIIHHI Ha OCHOBI TMOPIBHSAHHS 3
iHBapiaHTaMu aTpuOyTiB MOAI JIOTIiB Gi3HEC-IPOIIECiB.

Crpykrypu3anisi sKypHaay mopiii. XXypHan moniit
BiloOpa)kae TMOCITIJOBHICTh BHMKOHaHHS OJHOro abo
MIIMHOXWUHHM TIpoIieciB mianpueMcTa. Pa3a BUKOHAHHS €
onmHier0 3 (a3 KUTTEBOTO HUKIY Oi3HEC-TpoIecy, M0
BiOOpakarTh IOCiIOBHICTE peadmizarmii 3amaq
NPOLIECHOTO YNpAaBIiHHA. 3aJadi YNpaBIiHHA TaKUMH
Oi3Hec-TporiecaMy BUKOHYIOTECS Y TaKii MOCIiTOBHOCTI:

— no0ynoBa «3 YHCTOTO JIHCTa» ab0 YIOCKOHAJICHHS
Moieli Oi3Hec-TIpoIIecy;

— BNIPOBaDKEHHs (KOH]IrypyBaHHs) Mozeni Oi3Hec-
MpOILIECY B CUCTEMI MPOLIECHOTO YIPABIiHHS

— BUKOHAHHSI Ta MOHITOPHUHT Ji#l Gi3HEC-poIecy;

— aHaJi3 pe3yJbTaTiB BUKOHAHHSI.

VY pesynbTaTi BHKOHAaHHsS Hepoi 3aaadi (Gopmy-
€TBCSI MOJIEJIb TIPOLECY Y BHUIJISAI MOXKJIMBUX MOTO CTaHIB
Ta TOCHIJOBHOCTEH [, M0 TPU3BOAATH JO IEPEXOIiB
Mik craHamu. [Ipm moOymoBi Oi3Hec-TIpoIeCy MOXKYTh
OyTH BHKOPHCTaHI XypHaJIH moniil (Jorum). B Takomy Bu-

NaJKy BHKOPUCTOBYIOTBCS METOAM IHTENEKTYaIbHOIO
aHaIIi3y MPOIECiB.

Ilpu BuUKOHAaHHI Jpyroi 3amadi  BUKOHYETHCS
JIOTIOBHEHHSI ~ MOJeJIi  MOXJIMBOCTSIMH  HPOTPaMHOT

wiaTGopmMu, HANPUKIAZL MOXIUBOCTSIM aBTOMATHYHOTO
BUKOHAHHS POOIT 3 BUKOPUCTAHHSIM IPOTPAMHHX 3ac00iB
1iei maThopmu.

[Ipn BuUKOHaHHI TpPeTHOI 3amadi MOCHTIJOBHICTH
BUKOHAHHS KOXXHOTO Oi3Hec-mporecy (ikCyeThCsl B JI031
(log) cucremu nporiecHOTO YIpaBIiHHS.

[lpn BukOHaHHI deTBepTOi 3amadi IPOBOIUTHCS
nepeBipka BIACTMBOCTEH BHKOHAHOTO IPOLECY, a TaKOX
Horo BiamoBigHOCTI Mojeni. s nmpOro BHUKOHYETHCS
aHaJIi3 JIOTy mpolecy MeroAamu process mining [12]. 3a
pe3yabpTaTaMy aHajli3y BUKOHYETHCS KOPUTYBaHHS MOZETI
OizHec-Tporiecy.

[TocnimoBHICTH TOAIH Tpacu BimoOpa)kae BUKOHAHHS
OJIHOTO eK3eMIUIIpy Oi3Hec-mporecy, abo CYKYITHOCTI
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NPOLECiB, 10 BHKOHYIOThCS NapajeibHo. Koxna mopis
TpacH OIHUCYE CTaH Oi3HEC-TPOILEeCy IICIs 3aBEepLICHHS
yeprooi nii. Ilomist Xapaktepusyerbcst YacoMm i
BUHHMKHEHHS, a TAKO)X MHO>KWHOIO 3HaYE€Hb aTpUOYTiB, 1110
BiJOOpaXaroTh CTaH Jii Ta pecypciB Oi3Hec-IpoIecy,
HaTIpUKJIaa: HaiMEHYBaHHS [ii; poJib Ta iM’Sl BUKOHABIL,
Ha3Ba 00’€KTy yHpaBIiHHA; Tommo. Tpaca T; € Hampas-
JICHUM aIUKJIIYHAM TpadoM Ta MICTUTH y CO0l1 KiHIIEBY
YHOPSIIKOBaHY B 9aci IMOCIiOBHICTH MOIiit:

m; =< e, By e > ,{>‘}, (1)

e eij—nouiﬂ Tpacu;

7~ — BIJJHOILICHHS MTEPEXOY MK TOIsIMHA TPACH

Koxna momis ckilagaeThes i3 MHOKHHH MITOK 4acy
Ta aTpuOyTiB, IO BiMOOPaXKaroTb BUKOPUCTAHI PeCypCH:

e;j = {tij, Ayj}, 2)
ne  t;; —4vac BAHMKHEHHS MoAii;

Ajj = {a{‘j}—nogii‘.

VY Bupasi (2) Ond CHOpOIICHHS IMONANBIIOTO OIICY
KpUTEpPiiB B SKOCTI €JIEMEHTIB MHOXXHHH aTpHOyTiB MU
posrismaeMo  mapu  (HasBa  aTpuOYTy,  3HAUYCHHS
atpuoOyTy). ToOTO mpM chiBmagaHHI aTpUOYTIB MOBHHHI
CIiBIagaTd K WOro Ha3Ba, Tak 1 WOro 3Ha4deHHs. Take
COpOIIEHHS TPYHTYETbCA Ha ONHCI aTpUOYTIB ¥y
CTAaHIAPTHOMY SKypHali NOMil Yy BHIVISAAI TEKCTOBOI
CTPOKH 3 IBOX BKa3aHHUX EJIEMEHTIB.

Ha ocHOBI mpoBeneHol CTpyKTypH3alii >KypHaiy
MOTii MO’KEMO 3pOOUTH TaKi BUCHOBKH.

B skocTi BXiZHUX AaHMX NIpH MOOYAOBI Monelnei
MpOIeCiB MeTOJaMU Process Mining BHCTYMAIOTh JIOTH
iHpOpMalmiHHUX  CHCTEM, SIKi MATh CHEHialbHY
crpyktypy [13].

KirouoBa 0coONMBICTE CTPYKTYPH TaKUX KYpHATiB
moysira€ B TOMY, O[O TMONii B HHX TOBUHHI OyTH
3adikcoBaHi Mo mporecaM. [HIMMHU clIOBaMH, KOXKHA
peamisaiiii  mporecy [OBHHHa OyTH  BigoOpaxkeHa
OKpEMHMM  3alliCOM y  BHIUISII  Tpac  TIpolecy:
IOCJIIIOBHOCTI MOAiN 3 4acOBUMM MiTKaMu. KoxHa mozist
TpacH JIory (ikCye BUKOHAHHS BIAIOBIIHOT i1 mporiecy.

Y Toif e dac JOrM peasbHHUX iH(pOPMAIIHHUX
CHCTEM He 3aBXKAM BIANOBIAIOTH 3a3HAYEHUM BUMOTaM. 3
oHOTO OOKY, TPaAHIiHI CHCTEMH KOJEKTHBHOI POOOTH
He (IKCYIOTh BUKOHAHHS MMpoIeciB. ToMy iX JIOTH MiCTATh
MOCTITOBHOCTI MOMIH, IO BITHOCATBCS JO Pi3HHUX
npoueciB. TakoX JIOTM NPOIECHO-OPi€EHTOBAHUX CHCTEM
YacTO MICTATh HENoBHY iH(opMamlilo i HoOynoBH
MIPOIIECHOT MOJIEITI.

Merton  ¢opMyBaHHS  yNOPSIKOBAHUX MO
npouecam Tpac KypHajy nofiii Ha 0CHOBi MOPiBHSIHHS
aTpu0yTiB nmoxaii. Ilpn HOpmMamsHOMY BHKOHAHHI Oi3Hec-
IpoIiecy KOXKHa Tpaca Mae MOYaTKOBY Ta (iHaIbHI MOl
Kinnesa moais BimoOpakae ycminrHe 3aBepuieHHsS Oi3Hec-
npotecy.

VY BUNAAKY €AMHOI TPacH JJsi MHOKHHHU Iapalielib-
HUX MPOIIECIB HE BUIUISFOTHCS MOYATKOBI Ta KiHIIEBI OIT
JUIsl KOXKHOTO Oi3HecC-Tpoliecy, 10 He J03BOJISE Biipi3-
HuTH okpemi BII.

Jns  BupimeHHs 1miei nNpoOJeMH TPOIOHYETHCS
BHIUTUTH TpacH TapajelbHUX MPOIECIB 3 €IUHOI TpacH

KypHasty mofii. Ilpu BuzineHHI Tpac nepeBipseThCs
MOPSJIOK MOJiH y yaci Ta BUKOPUCTaHHS pecypciB Oi3Hec-
npouecy. [lopsiok mofiii BU3HaYaeThCs MITKaMu 4acy, a
BUKOPHCTAHHSI peCypCiB — 3HaYCHHSIMHU aTpUOyYTIiB Oi3Hec-
Ipolecy.

Inest 3amporOHOBaHOTO METOJY IOJIATAE B TOMY, IO
BIIMIHHOCTI y BHKOPHUCTaHHI pecypciB MDK IBOMa
MOCTITOBHAMH TOHISIMH 3 OJHOTO TIPOIieCcy OyIyTh MEHIIIE
HDK BiAMIHHOCTI MiX aTpuOyTaMu MOLiH 3 pi3HHUX Oi3HeC-
TIPOIIECIB.

Hanpuknan, s napy mociiloBHUX HOAINH Hpolecy
00poOKH JOroBOpIB MK MiANpHEMCTBaMHU Oyle BKa3aHa
Ha3Ba OJHOTO W TOTrO > JIOrOBOpPY, OJHAKOBI PEKBI3UTH
MiANPUEMCTB  ajle, MOXIIUBO, 3MIHHTbCS BHKOHABEIb
pobotu.

B pisEEx mpomecax 3HaYeHHS aTpHOYTIB, SK
MpaBUIoO, OYOyTh BiAPi3HATHCH. ToMy KpHUTepid It
BKJIIOYEHHA TOAil e;; M0 Tpacu T; Oi3Hec-Tpouecy

MONIAra€ B  3HAXOPKEHHI MaKCHMMaabHOI  KiJTBKOCTI
CHUIbHUX 3HAYCHb aTPHOYTIB Q'
K, = max;(|ak nak. ] 3
1 14 ij ij+11/)»

OszHakoro KiHIeBOI momii s Oi3Hec-Tporiecy €
MiHIMalbHEe, HIDKYE IMOPOTOBOTO, 3HAYCHHS KiTBKOCTI
CHUTFHUX 3Ha4eHb aTpHOyTiB U1 JABOX IMOCTITOBHHUX
MO IOTY CYKYITHOCTI MapaieIbHUX Oi3HEeC-TIPoIIeci:

K A Ak
max; (|az; N ag4]) <€), (4)

e € — TOPOrOBE 3HAYEHHS KIJIBKOCTI CHUTBHUX

aTpuOyTiB MiXk JBOMA MOCIITOBHUMH TTOAISIMH JIOTY.

B rtakomy Bumaiaky kpurepiem K;r mnepexomy 10
KiHIeBOi nozii 6i3Hec-npouecy e;;,, Oyne:

Kip = max;(|al nal,,| if flaf; 0 afiyq) < ). (5)

3anponoHoBaHUH METO (bopmyBaHHS
YIIOPSIKOBAHUX I10 IIpOILlecaM Tpac KypHaly Mol Ha
OCHOBI TOpIBHSHHS aTPUOYTIB BHKOPHCTOBYE HaBEICHI
KPHUTEPii, Ta XapaKTEePU3YEThCI TAKUMHU OCOOITHBOCTSIMH.

BXigHUMU TaHUMHU METOAY € TOCITITOBHICTh MOMIH Y
BUTIISAI  TpacH, WO MICTUTh CYKYIHICTh MO 3
JIEKITBKOX TapajelbHuX Oi3Hec-TporeciB, abo X Tpaca

Jory TpaTUIiiHOT, (YHKIIOHAJTBHO-OPi€HTOBAHOT
cucTeMd  ynpamiiHHsA.  [loCHiZOBHICTH  MOMiH  Ta
XapaKTepUCTUKU LUX MOJii mpencrasneHi y Burisiai (1)
Ta (2).

BuXiJHUMH IaHUMH METOAY € >KypHaJ y BHTJISII
MHOXKMHHM Tpac, NPUYOMY KOXKHa Tpaca BIANOBigae
OKpeMoMy Oi3Hec-TIpoliecy:

I = {m |Vl Bp, —» w3}, (6)

ne  Bp; — 0i3Hec-mpoliec, SKOMY Bi/IIIOBIJa€e Tpaca T ;

Il — 70T 3 Tpacamu AEKiIbKOX Oi3HEC-TIPOIIECiB.

Meroj MicTHTB y c00i Taki eramnu.

Etan 1. Bubip 6i3nec-nipouecy Bp;.

Etan 2. Bubip nepmoi noxii e;; 3 MiHIMaJIbHUM
3HAUCHHSIM MapaMeTpy 4acy t;q.

Etan 3. Ilepesipka kputepito (4) a1 TOTOYHOT TOAIT
e;j TpacH T;. Y BHIAJKY, SKIIO Kputepid (4) 3amo-
BOJIBHSIETBCS TO TIEPEXiJ] IO eTamy 7, iHakmie — eTamy 4.
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Eran4. Bubip nHactymHoi momii GizHec-
npouecy Bp; 3a kputepiem (3).

Etan 5. JIONOBHEHHS TPACH T(; MOMIEIO €;j1.

Etan 6. BuGip moxii e;;,q; B AKOCTi NOTOYHOI Ta
mepexizn go eramy 3.

Etan 7. BusBnenHs kiHIeBoi moxii y BiIIOBiZHOCTI
1o kpurepiro (5).

Etan 8. JlonoBHEHHS Tpacu T; KiHIEBOIO MOIIEIO.

Etam 9. IlepeBipka: AKmo po3rmistHyTO BCi Oi3Hec-
MPOLIECH, TO 3aBEPIICHHS POOOTH, B IHIIOMY BHMIAIKy —
nepexin go eramy 1.

Metox  ¢opMyBaHHS  yYHOPSAKOBAHMX MO
npomnecaM Tpac KypHajly NoJiii HA OCHOBi Ha OCHOBi
NOpiBHAHHA 3 iHBapianToM aTpuOyTiB. [laHuii mMeron,
Ha BIZIMIHY Bij MONEpeAHBOrO, Nependadae GopMyBaHHS
iHBapiaHTy MHOXMHH aTpHOyTiB JOTy Oi3Hec-Tiporecy
mpu posrisiai Hosoro BIT.

[uBapianT MHOXWHHU aTpuOyTiB moOAiil jory Oi3Hec-
mporecy Ui 3aaadi (OpMyBaHHS Tpac MICTUTh y cOOi
CyMy Bar 3Ha4eHb aTpUOYTiB MOJIH, IPUIOMY KOXKHA Bara
aTpuOyTy BIANIOBiAa€E KIMTBKOCTI TOBTOPEHb  ITHOTO
3HAuUEHHs B aTpuOyTax 1o Gi3Hec-Tmpolecy.

Kputepiit s BKIOYEHHS TOAIl €;; MO Tpach T
Oi3HEC-TIPOIIECy MOJATa€ B 3HAXO/HKCHHI MaKCHMAaJbHOI
KIJIBKOCTI CHIJIBHUX 3HAYEeHb aTpUOYTIB @ 3 ypaxyBaHHIM
iX Baru:

€ij+1

— K k(K
K, = max; Y1 (W*(a;j41)s (7)
ne WX — KinbKicTh MOBTOpEHb 3HAUEHHS K- aTPHOYTY B
XO0Jli BUKOHAHHsI Oi3HEC-NpoIecy Ha BCiX MOMKIMBUX
Tpacax;
Bara arpubyty 3  BIANOBIIHUM  3HAYeHHS
00paxoBY€ETHCSI HACTYITHUM YHHOM:
k — k *

HopmyBaHHs Barm B JaHOMY BHIAIKy He
MPOBOJIMTBCS, OCKUIBKM BHKOHYEThCS 00OpoOka Tpacu 3
pi3HuX Oi3Hec-TponeciB. 3a OAMH 1 TOW K€ MPOMIKOK

4yacy pi3HI TpolecH MOXYTb TPOAYKYBaTH pi3HY
KUTBKICTh MOJIH.
O3Hakor KIHIEBOI mmomii it Oi3Hec-mpoIecy

JIAHOMY BUIAJIKy € MiHIMajbHa, HIK4Ye MOPOry, CyMa Bar
aTpuOyTIB moaiil Oi3HeC-TPOIECiB:

max; Y-, (w* (aL"(j'I'l) <e). €))

B rtakomy Bumanky xpurtepiem K, mepexonmy mo
KiHIIEBOI MOMi1 Gi3HEC-TIPOLIECY €41 Oyne:

K = max; Z§=1(Wk(a{{j+1) if Wk(alkjﬂ) <. (10)

MeTtoxa MicTHTB y co0i Taki eTany.

Etamn 1. Bubip 6iznec-nporiecy Bp;.

Eran 2. ®opwmyBanHs iHBapiaHTy Oi3Hec-niporecy
IIUTAXOM BU3HAYEHHS Bar aTpudyTis wk.

Eran 3. Bubip nepmoi noxii e;; 3 MiHIMaJbHUM
3HAUEHHSIM MapaMeTpy vacy t;;.

Eran 4. Ilepesipka xputepito (8) moao 3akiHYEHHS
OisHec-mponecy 111 TOTOYHOI TOAii e;; Tpach T;. Y

BUNAJKY, SKIIO Kputepid (8) 3a10BOJILHAETHCS, TO
NepeiTH 1o erarny 8, iHakie — eTay 5.

Eranm 5. Bubip mactymuoi moxii e;;,, Gi3Hec-mpo—
necy Bp; 3a kputepiem (7).

Etan 6. JlonoBHEHHS Tpacu TI; MOMI€I0 €;j 1.

Eran 7. Bubip moxii e;;,; B AKOCTi IOTOYHOi Ta
nepexizn o eramy 3.

Etan 8. BusiBneHHs KiHIEBOT MOil Y BiIOBITHOCTI
1o xputepito (10).

Etan 9. JlonmoBHEHHS Tpacu T; KiHIEBOO MOII€IO0.

Etan 10. Ilepesipka: siKio po3risiHyTo Bci Gi3Hec-
MPOLIECH, TO 3aBEPUIMTH POOOTY, B IHIIOMY BHNAJAKY —
nepexin jo eramy 1.

Jns ekcneprMEHTaNbHOI HEepeBIpKH METOIIB (op-
MYBaHHSI YNOPSIKOBaHUX II0 MpOIecaM Tpac KypHaIy
MOJiii MM BHKOPHUCTAIH JIOT, III0 BiZOOpa)kae CYKYIHICTh
IpoLeciB po3poOKH MPOrpaMHOro 3a0e3NeUeHHs 3a THyY-
KOO METOZOJIOTi€l0. JIor MICTHTh OZHY HEYNOPSIKOBAaHY
To TIporiecaM Tpacy. BximHi gaHi MarTh «CSV» — popmar.
Pesynbryrodi maHi copMoBaHi B cTaHAapTi «X€S». B pe-
3yIbTYIOUUX JaHUX BITOKPEMJICHI ITPOLECH TECTYBAaHHS Ta
TUIAaHYBaHHS i KOHTPOJIIO X0y BUKOHAHHS CIIPUHTA.

Takoxx  Oyg0  NPOBENEHO  EKCIEPUMEHTH 3
00’€THAHHAM Tpac i3 JCKUIBKOX MPOIECIB Y OJHY Tpacy.
Mpu 00’enHyBaIH MOAIi 3 Tpac i3 pi3HUX Oi3HEC-TIPOIECIB
(Bin 20 o 150) Ta ynopsakyBaiu iX 3a MiTKaMH 4acy.

Pe3ynbraTH eKCEpUMEHTY IMOKa3ajH, L0 MEepIIni
MeToH Io3BoJisie ineHTrudikyBaTu Bim 91 mo 95 Bimcotkir
Tpac, a Jpyrux — Bix 10 93 mo 97 BiICOTKIB.

BucnoBku. PosrmsiHyro  mpobinemy  moOymoBu
BXIIHUX aHWX U1 MOoOyMOBH Mopesel Oi3Hec-TpoIeciB
METOAaMH  IHTEJCKTYaJbHOTO  aHalli3y  IPOIECIB.

[MokazaHo, 110 iCHYIOYI METOAM OpIEHTOBaHI B TMEpIIY
4Yepry Ha BHUKOPHCTaHHS YHOPSIKOBAaHHX IO IpOILecam
nanux. Taki gaHi y BUMIISAL )KYpHAIIIB TTOIH (GOPMYIOThCS
iH(GOPMAIIHHOI CHCTEMOIO MPOIECHOTO YIIPABJIIHHS.
XKypHanu mnoziii MOBMHHI MICTHTH CYKYIHICTb Tpac,
KOKHA 3 SIKUX MOKa3ye TOCIIIOBHICTh BUKOHAHHS OJJHOTO
eK3eMILIIPY Oi3HEeC-TIPoIIeCy.

OpmHak >KypHamu MO peasbHUX iHOOPMAIIHHUX
CHCTEM HE 3aBXIH BIANOBIJAIOTH 3a3HAYEHUM BHUMOTAM.
[Mo-neprre, TpaaumiiiHi CHCTEMH KOJEKTHBHOI poOOTH HE
(hikcyroTh BUKOHaHHS TmporeciB. ToMy iX JOrH MicTATh
MOCTIIOBHOCTI  MOMIH, IO BIiJHOCATBCA JO PI3HHUX
npoueciB. [lo-apyre, JOrd MNpPOLECHO-OPIEHTOBAHUX
CHUCTEM 4YacTO MICTATh HEMOBHY a00 HEJOCTaTHbO
CTPYKTypoBaHy iH(opMarito g MoOyZOBH IPOIECHOT
MOJETI.

Y pamkax BHpimIEHHS BH3Ha4eHOI mpolIeMu
3aIpOINOHOBaHI MeToau (OpMyBaHHS YNOPSIKOBAHUX IO
IpolecaM Tpac >KypHaly MoAil iHpopMmauiiiHoi cucteMu
MPOLIECHOTO YIPABJIiHHS.

[epmmit meron ¢opmye Tpacu JOTy Ha OCHOBI
MONIAPHOTO TMOPIBHAHHA aTpHOYTIB MONii 3a KpuTepieMm
MakcHMi3auii KUIbKOCTI 3Ha4€Hb CIIJIBHUX aTpuOyTiB JUIs
mapu Tonid. Merox ToOCHiZOBHO BHOWpae Tomii i3
CHuUTBHOI TpacH Ui OeKiUTbKOX Oi3HeC-TpOoILeciB Ta Micis
MOTIAPHOTO TIOPIBHAHHSA 3 arTpuOyTaMH TOAIH Tpacu
KOHKpPETHOTO  Oi3Hec-Tpolecy BU3HAYAE€ HAJICKHICTD
HACTYITHOI MOAil M0 OCTaHHBOI Tpacu. [Ipu momapHOMY
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nofii 6i3Hec-mpouecy. y . :
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B. M. TEBHUKIH, O. B. YAJIA

PO3POBKA MPEJICTABJEHHSA IPUYUHHO-HACJIIIKOBUX 3AJEXKHOCTEM JIJI BA3H
3HAHb CUCTEMM ITPOLIIECHOI'O YIIPABJIIHHA

JlocmipkeHo mpobieMy MOOYZOBH MNPEACTABICHHS 3HAHb B CHCTEMI MPOLIECHOTO YIPABIIHHS Ui 3HAHHSA-€MHHX Oi3HEC-TIPOLECIB B acHeKTi
BiZOOpaXKEHHsI NPHYNHHO-HACIIAKOBUX 3B’S3KIB MK KOHTEKCTOM BHKOHAHHS [ii Ta mismu Oi3Hec-mporecy. IlokasaHo, 10 3araJibHUM Miaxix 10
BUpIIIEHHS I1i€l IpoOIeMH OB s3aHUiT i3 BHAIIEHHAM Kay3aJbHUX 3aJIe)KHOCTeH Ha OCHOBI aHai3y JIOTY MOJiMH, [0 MICTHTh 3alHCH IIPO MOBEAIHKY
6i3nec-mpouecy. [Ipu BupinenHi npodiaemu chopMyIbOBaHO 3a1adi YTOYHEHHS CTPYKTYPH NPEICTABICHHS IPHYNHHO-HACTIIKOBOTO aCIIEKTy 3HAHb Y
BIZIMOBITHOCTI 0 0COOIHBOCTEH! JI0TY; MOOYIOBHU JOTIYHHUX (AaKTIB i MPaBMJI y BIAMOBIIHOCTI A0 CTPYKTYPH HOAIH Jory; hopMmartisalii npeacTaBIeHHs
3HaHb 3 ypaXyBaHHAM (DaKTiB, IPaBII Ta aNpiOPHUX OOMexeHb. BcTaHOBIEHO, IO 3B 30K MiX apTedaxraMu KOHTEKCTY Ta MOAISIMH JIOTy Oi3Hec-
MPOLIECY 3IHCHIOETHCS Uepe3 CIisibHI aTpuOyt. Mixk apTedaktamu i aTpuOyTaM Ta MDK MOAIAMH W aTpuOyTaMH iCHye BiJHOLICHHS OAUH [0
GaraTbox. CTPyKTypOBaHa JIOTi4Ha CKJIaJ0BY 0a3u 3HAHb y BUIVIII JIOTiYHUX (akTiB Ta npaBui. Jloriusi ¢akTi BU3HAYAIOTH CTaH Oi3HEC-MpoLecy y
JIICKPETHI MOMEHTH Yacy Ha OCHOBI 3Ha4€Hb BIIACTUBOCTEH apTedaxTis. [IpaBiia BUBOIY BH3HAYAIOTH 3MiHY CTaHy Oi3Hec-Tporecy. 3anponoHOBaHO
MPEeICTaBJICHHS 3HaHb, 1[0 BPAXOBYE CTAH KOHTEKCTY BUKOHAHHS Aiil Gi3HEeC-MpoLecy Y BUDIISAL 3Ba)KEHUX JIOTTYHHUX (DaKTIB, @ TAKOXK [PABUI BUBOAY,
sIKi 3a0e3MevyroTh MiATPUMKY BUOOpPY il 3 ypaxyBaHHSAM IOTOYHOIO CTAHy KOHTEKCTY. BiIMIiHHICTb 3alpONOHOBAHOTO MPEACTABICHHS IOJAraE B
TOMY, IO NIPH BU3HAUYCHHI (DAKTiB BPaxoBYIOTHCS aTpHOYTH IOJiH, a MpaBHJI — CTPYKTypa Ta IOCIIIOBHICTH MOAiH yory Oi3Hec-npomecy. Takox
BPaxOBYIOThCS alPiOPHi 3HAHHS HPO NMPEAMETHY 001acTh y BUIIILII 0OMexeHb. [IpakTuuHe 3HaYEHHs MPEACTaBICHHS 3HAHb IOJIArae y MOXINBOCTI
aBTOMATH30BAHOTO BHSBJICHHS MPUYMHHO-HACIIJKOBHX 3aJISKHOCTEH MDK AisMH Gi3Hec-mpolecy y BiAMOBIAHOCTI A0 iH(opMalii, 110 BXOIUTH 10
CKJIa/ty HOTo JIOTY.

KarouoBi cioBa: 3HaHHsA-eMHI Oi3Hec-mpouecH, 06a3a 3HaHb, CHCTEMH IPOIECHOTO YIIPABIIHHI, KOHTEKCT, apredakrt, Mofis, arpulyT,
MPUYHHHO-HACTIKOBI 3B’ SI3KH.

B. M. IEBBIKHH, O. B. YAJIAA
PA3PABOTKA MPEJICTABJIEHUS IPUUNHHO-CJIEJCTBEHHBIX 3ABUCUMOCTEM J1J151 BA3bI
3HAHUI CUCTEMBI NPOLIECCHOI'O YIIPABJIEHMSI

HccnenoBana npobiieMa IIOCTPOEHHS IPECTABIICHNUSI 3HAHUH B CHCTEME IIPOLIECCHOTO YIIPABICHUS JUISl 3HAHUSA-eMKHX OM3HEC-IIPOIIECCOB B acIeKTe
OTpaXXEHHs NMPUYNHHO-CIICCTBEHHBIX CBA3€H MEXK1y KOHTEKCTOM BBINIOJHEHMS ICHCTBUH M JEeHCTBUsIMU Ou3Hec-mponecca. Iloka3aHo, 4To oOuuii
MIOAXOJ K PENICHUIO 3TOIf MPOOJIEMBI CBSI3aH C BBIACNICHHEM Kay3albHBIX 3aBHCHMOCTEIl Ha OCHOBE aHaJM3a JIora COOBITHH, CONEPIKAIIEro 3aIicH O
noBefieHHH Om3Hec-mporiecca. [Ipu pemennn npobieMs! chOpMyIIHPOBAHBI 3a1a4l YTOYHEHHS CTPYKTYPHI IIPEACTABICHHUS IPHINHHO-CIEACTBEHHOTO
aCIeKTa 3HAHUIl B COOTBETCTBHHU C OCOOCHHOCTSIMH JIOTa; IOCTPOCHHS JOTHIECKHX (DAKTOB U MPABHJI B COOTBETCTBHHU CO CTPYKTYPOW COOBITHII JIOTa;
(opMmanm3anuy NpeAcTaBlIeHHs 3HAHHWI ¢ yd4eToM (aKTOB, NPABWJI M AlPHOPHBIX OrPaHUYCHHH. YCTaHOBIICHO, YTO CBSI3b MEXIY apredakTaMu
KOHTEKCTa M COOBITHSMH JIoTa OHM3HEC-IIpoliecca OCYLIEeCTBISIETCS Yepe3 oomue aTpuOyTsl. Mexxy apredakTaMu U aTpuOyTaMu H MEXTy COOBITHSIMU
U aTpuOyTaMH CYLIECTBYET OTHOIICHHE OAMH KO MHOTMM. CTpYKTypHpOBaHa JIOTHYECKash COCTaBIIstoIIast Oa3bl 3HAHUI B BUJIE JIOTHYECKUX (PAKTOB U
npaBmL. Jlormdeckue GpakThl ONpeneNsIoT COCTOSHHE OM3Hec-TIpoliecca B AUCKPETHBIC MOMEHTHI BpeMEHH Ha OCHOBE 3HAUCHUH CBOWCTB apTedaKkToB.
ITpaBnita BEIBOJA ONPENENIIOT H3MEHEHHE COCTOSIHUS OM3Hec-mporiecca. IIpeioxkeHo mpecrapieHne 3HaH) i, YIUTHIBAIOIIee COCTOSHIE KOHTEKCTa
BBITIOJIHEHNUSI ACHCTBUI OM3HEC-TIpoliecca B BU/E B3BEILICHHBIX JIOTHYECKHX (PAKTOB, a TAK)Ke IPABUJI BBIBOJA, KOTOPbIE 00ECIICUHBAIOT HOJICPIKKY
BEIOOpa JEHCTBHIT C yHETOM TEKYIEro COCTOSHHS KOHTeKcTa. OTindre NPeIoKeHHOro IIPEACTABICHNS 3aKII09aeTcsl B TOM, YTO HPH ONpeeIeHIN
(haKTOB yUHTHIBAIOTCSI aTPHOYTHI COOBITHIL, @ MPAaBMI - CTPYKTypa M IIOCIEIOBATEILHOCTh COOBITHII Jlora OHM3Hec-Tponecca. Takke yIUTHIBAFOTCS
aTpHOpHBIC 3HAHMS O MPEAMETHON o0nacTH B BHJE OrpaHddeHHid. IIpakTHueckoe 3HAa4YEHHE NPEICTABICHUS 3HAHWI COCTOMT B BO3MOXKHOCTH
aBTOMATH3UPOBAHHOTO BEISBICHHS NIPHYMHHO-CIECACTBEHHBIX 3aBUCHMOCTEIl MeXTy eHCTBHSAMH OH3Hec-IIpoliecca B COOTBETCTBHH MH(popManueil B
€ro JIore.

KiioueBble clioBa: 3HaHHE-€MKHE OM3HEC-NPOLIECCHI, 0a3a 3HAHMH, CHCTEMBI MPOLECCHOTO YIpPABICHUs, KOHTEKCT, apTe(akT, coObITHE,
aTpuOyT, IPHINHHO-CIICICTBEHHBIE CBS3U

V. M. LEVYKIN, O. V. CHALA
DEVELOPMENT OF THE REPRESENTATION OF CAUSE-EFFECT DEPENDENCIES FOR THE
KNOWLEDGE BASE OF THE BUSINESS PROCESS MANAGEMENT SYSTEM

The problem of constructing knowledge representation in the process control system for knowledge-capacious business processes in the aspect of
reflecting the cause-effect relationships between the context of performance of actions and the actions of the business process is studied. It is shown
that the general approach to solving this problem is related to the isolation of causal dependencies on the basis of an analysis of the event log
containing records of the behavior of the business process. When solving the problem, problems of clarifying the structure of the representation of the
cause-effect aspect of knowledge are formulated in accordance with the features of the log of the information system of process control; the
construction of logical facts and rules in accordance with the structure of log events; formalization of knowledge representation taking into account
facts, rules and a priori restrictions. It is established that the connection between the artifacts of the context and the events of the business process log is
carried out through common attributes. Between artifacts and attributes and between events and attributes, there is one-to-many relationship. The
logical component of the knowledge base is structured in the form of logical facts and rules. Logical facts determine the state of the business process at
discrete points in time based on the values of the properties of artifacts. The output rules determine the change in the state of the business process. A
knowledge representation is proposed that takes into account the state of the context for the execution of business process actions in the form of
weighted logical facts, as well as output rules that support the selection of actions taking into account the current state of the context. The difference
between the proposed representation is that when defining facts, the attributes of events are taken into account, and the rules are the structure and
sequence of events of the business process log. A priori knowledge of the subject area in the form of constraints is also taken into account. The
practical importance of the knowledge representation is the ability to automatically identify the cause-effect relationships between the actions of the
business process in accordance with the information in its log.

Keywords: knowledge-intensive business processes, knowledge base, process management systems, context, artifact, event, attribute, cause-
effect relationships
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Beryn. Cucremu ITpOLIECHOTO YHpaBIiHHS peaizy-
I0Th YNpaBJIiHHS MHOXHHOW0 Oi3Hec-mporecis (BI) mia-
npueMcTBa. bi3Hec-mpoliec omnmcye cxemy Jid  IOJO
BUpIIICHHS BiINOBIMHOI (DYHKIIIOHATBHOI 33aqa4i. Ha Bin-
MiHYy BiJ (yHKLIOHAIBHOTO MiAXOAY J0 YIPaBIiHHSA, NIPU
MIPOIICCHOMY YIpaBJiHHI OpTraHi3amiiiHa CTpyKTypa min-
NPUEMCTBA BPAXOBYETHCS JIMIIE YaCTKOBO, HPOLECH
00’€THYIOTh BUKOHABIIB i3 pi3HUX migpo3xainis [1]. IIpo-
[IECHE YIPABIIHHA IiJIPUEMCTBOM 0a3ye€ThCs Ha BUKOPH-
cTaHHI Mojenei OizHec-mporeciB [2]. TpagumiliHo mpwu
MIPOIICCHOMY YIPABIiHHI pPeali3yeTbcs IHMKI ITOOYIOBH
Mojenel, iX BIPOBA/PKEHHS, YIPABIIHHS 3a JIOTIOMOTO0
MoJIeTield, aHalli3y, a TAaKOK KOPUI'YBaHHS MOJENEH Mmiciis
3aBEpILCHHS BUKOHAHHS Oi3HEC-TIPOIIECY.

OnHak B yMOBax HOCTIHHMX 3MiH BHMOT DHUHKY,
CKJIaJly BHKOHABIIB, 3aMiHH DPECYpCIiB IpOlecy BHHHUKAE
MpakTH4YHa 1MoTpeda B YyTOYHEHHI NIl 6e3rocepeiHbo Mpu
BUKOHaHHI bBIl, mo B pe3ynbTaTi NPH3BOIUTH JIO
BHHUKHEHHS HEBIAMOBIAHOCTI MK 3HAaHHI-€MHUM Oi3Hec-
nporecoM Ta iforo Mopemmo. Jana npobiieMa € 0coOIHBO
aKTyaJbHOIO Ul KJlacy 3HAHHSI-€MHHX Oi3HeC-TpOIeciB,
TOMY ILIO Taki MpOLeCH € OaraToBapiaHTHUMH Ta MOXYTb
3MIHIOBAaTH MOTOYHY IMOCIIIOBHICTh il 3a pe3ysibTaTaMu
pillieHb BUKOHABIIB 3 YpaxyBaHHSIM MOTOYHHMX 30BHILIHIX
BIUIKBIB [3]. PillleHHs BUKOHABLIB 0a3yrOTHCS HE JIMIIC Ha
3araJbHOBIJJOMHX 3HaHHSX Mpo Oi3Hec-mpoleci, ane W Ha
oTpuMaHoMy mij yac BukoHaHHs bIl crnenudivnomy s
KOHKPETHOT'O TpOIeCy Ta CTaHy MpPEAMETHOi 00macTi
MIEPCOHANTBHOMY [IIOCBifi [4], sKuii He BimoOpakeHO Y
TIPOIIECHIN MOZETI.

B pesynbrari BUHHKae akTyajdbHa mpobiema moly-
JOBH TMPEJICTABJICHHS 3HAHb B CHCTEMi IPOLECHOTO
VIpaBIiHHSA, sKe 320€31MeTyBaio O MOKIHBICT aBTOMATH-
30BaHOTO iX BusiBIeHHs. [loTpeba y aBTOMAaTH30BaHiiH
no0yI0B1 3HaHb € HACJIJIKOM Hee()eKTHBHOCTI TpaaMILiii-
HUX METOMIB iHXKEHepil 3HaHb MO0 BHSBJICHHS HESBHUX
3HaHb BHUKOHABI[IB, OCKIIbKA OCTaHHI HE MarOTh BepOaib-
Hoi (hopMmHu.

Jns BUABJIEHHS TakuX 3HAaHb 3a3BUYall BUKOPUCTO-
BYIOTh IiJIXOJH, TIOB’S3aH] 3 aHAII30M IOBEJIHKH Hpole-
ciB abo 00’ekTiB Ta TOHANBIIOK (opMaizamicro
3aKOHOMIPHOCTEH TaKOi TIOBEIIHKH.

IToBeninka Oi3Hec-mporeciB ¢ikcyeTscs
iH(pOPMAaLIHOIO CHUCTEMOIO TPOLECHOTO YUPABIIHHA Yy
BHTIIAAI JIOTiB (KypHaIiB nofiif). KoxkeH *xypHai1 MiCTUTh
nekinpka HabopiB moxiin. Koxen Habip ¢ikcye omHy
peamizarito Gi3Hec-mporecy. Onuc MO JIOTY MICTUTh
iHpOopMamilo Mpo MAil0 TPOIEeCy Ta KOHTEKCTHI yMOBH
BUKOHAHHS €] Mii, 110 03BOJISIE BU3HAYUTH MPUYHHHO-
HACTIIKOBI 3aJIe)KHOCTI MK JiSIMH Ta yMOBaMHU 3aIlyCKy
UX JiA.

TakuM 4MHOM, TNpeICTaBJICHHS 3HaHb IH(QOpPMAIii-
HOI CHCTEMH IPOIIECHOTO YNPAaBJIiHHS MOBUHHO BPaxoBY-
BaTH TMPEACTaBJICHI B JIOrax OCOOJIMBOCTI ITOBEIiHKH
3HAHHA-EMHOTO Oi3HEC-TIpoIecy.

AHasi3 ocTaHHiX gochailkeHb i myOJikamii.
KirouoBa BiIMIHHICT 3HAHHSA-EMHUX Oi3HEC-TIPOLECIB
HOJIATae B TOMY, 10 IIPH iX afanTaiii BAKOPUCTOBYIOTHCS
HEeSBHI TAaTepHM YHPABIiHHA Ta OOMEXEHHS, SKi €
BiJOOpaXEHHS IEPCOHAIFHOTO JOCBiY BHKOHABINB i HE
3aBXIM  BXONATH JO CKiIamgy #Horo wogzen [4, 5].

Besmocepenne BKIIIOYCHHS IMX MATEPHIB J0 MOAETI
npouecy norpedye 3HAUYHMX BHTpaT Ha mepeOyaoBy i
nepeKoH(Iryparito Moaet.

s Toro, mo0 BpaxOBYBaTH JOJATKOBI 3aJICKHOCTI
npu ynpasiiaHi 3BI1, JOIINBHO BUAUTUTH BiNMOBIIHI
3HaHHSA 1 TPEACTaBUTH iX y (QopMaIbHOMY BHUIJANI B
pamkax 0a3yW 3HaHb 3 THUM, II00 BHKOPHCTOBYBATH ITIO
6a3y JUIS MATPUMKH IPUAHATTS pimieHs [6].

Taki 3HaHHA TMOBWHHI BPaxOBYBATH NPWIMHHO-HA-
CIiIKOBY Ta WMOBIpHiCHY ckianoBi [7—11]. Ommak rmim-
XOOW [0 TpEICTaBICHHA 3HaHb, IO MOEAHYIOTH IIi
ACIIEKTH, HE BPaXOBYIOTh PO3IJIIHYTI 0COOIMBOCTI Tpole-
CHOTO YIpaBJIiHHA, a TakoX (opMy mnpencTaBiIeHHS iH-
(hopmarii mpo noBeAiHKY Oi3HEC-MPOLECiB.

3a3HaucHe CBIMYHUTh NP0 BAKJIMBICTE PO3POOKU
Npe/ICTaBJICHHS 3HaHb I iH(OPMAIiiHOI cCHCTeMH Mpo-
LIECHOTO YIPAaBIiHHS 3 ypaxyBaHHSAM NPHYMHHO-HACII[-
KOBUX 3B’s3KiB, iH(OpMamis Mpo sKi TMpencTaBicHa y
yorax Oi3HEC-TIPOLECIB i IIPUEMCTBA.

Metoro gaHoi cTaTTi € po3poOKa IpeacTaBICHHS
3HaHb I BiOOpaKeHHS  MPUYNHHO-HACIITKOBHX
3B S3KIB MK KOHTEKCTOM BHKOHAHHS il Ta IissMH O13-
Hec-TIpolecy i3 MOJXKJIMBICTIO BpaxyBaHHsS HMOBIpHICHOT
CKJIQI0BOT Uil TOro, m00 3a0e3NeylTH aBTOMAaTH30BaHY
moOy 0By 0a3u 3HAHH HAa OCHOBI aHAJ3y JIOTIB CHCTEMHU
MPOIICCHOTO yIPaBIIiHHS.

Jnst OCSATHEHHS! TOCTaBJICHOT METH BUPINIYIOTHCS
Taxi 3aBJIaHHS:

— YTOYHEHHS CTPYKTYpPHU TPEICTaBICHHS MPUIHHHO-
HACITIKOBOTO aCTIeKTy 3HAHD Y BIAOBITHOCTI 10 0COOH-
BOCTEH JIOTY 1HPOPMALIHOI CHCTEMH MPOIIECHOTO YIIPaB-
JIIHHS;

—no0yoBa JOTIYHUX (DaKTiB i MPaBWI y BiAIOBiA-
HOCTI JI0 CTPYKTYPH IOJIiH JIoTY;

— ¢opmaitizallisi nmpeaCTaBICHHs 3HAHb 3 ypaxXyBaH-
HM (aKTiB, MPaBUII Ta alPIOPHUX OOMEXKEHb.

CrpykTypHu3amisi  NpeacTaB/IeHHs] 3HaHb B
indopmaniiiniii cucremi mnpouecHoro ynpapJiHHA.
3anpornoHOBaHe MPEACTABJICHHS 3HAHL 0a3y€ThCsl HA BH-
KOpHUCTaHHI MapKOBCHKHX JIOTIUHMX Mepex. Taki Mepexi
JTO3BOJISIFOTh TOEAHATH JIOTIYHUI Ta WMOBIPHICHHMHA OITHC
3HaHb. JlaHa poOOTa MPUCBSIYEHA OIUCY JIOTIYHOI CKIIAHO0-
BOT MIPE/ICTABIICHHS 3HAHb.

JloriyHa cKJIaJjoBa TaKOTO NPEACTABICHHS OIEPYeE
KOHCTAHTaMH, 3MiHHUMH, QYHKITISIMH Ta TIPEIUKATAMH.

KoncTantu BimoOpaxkaroTh 00’€KTH TPEIMETHOI
obnacti. CyKynHICTh Takux 00’€KTiB CKIaJa€ KOHTEKCT
BHUKOHAaHHS Oi3HEC-TIpoIiecy.

3a3Buuail 00’€KTH, 3 SKUMHU B3a€EMOJIi€ MpOIeC, Ha-
3UBAIOTH apTedakTamMu. B skocTi apTredaxTiB, IK MPaBHIIO,
pPO3TIISAAI0OTh JOKYMEHTH, JeTali, Marepiayid, CTaHKH,
nporpamu, Tomo. ApTredakTH € THUII30BaHUMH, TOOTO
pO30MBAIOThCSI HA MHOXKHHH, SIKi BIIITOBINAIOTH PI3HUM
TUIIaM 00 €KTIB.

3MiHHa  J1O3BOJISIE
00’€KTIB BiJIIOBITHOTO THITY.

OyHKIIS J03BOJIIE BIIOOpPA3UTH OIHY MHOXHHY
00’exTiB Ha iHmy. Tak, HanpukiIam, GopMyeThCs iepapxis
apTedaxTiB KOHTEKCTY Oi3HEC-TIPOIIeCy.

IIpenukaTu 321a10Th 3B’ 3KU MiX 00’ €KTaMu abo BH-
3HAYaloTh aTpUOyTH 00’ €KTIB.

BiJOOpa3UTH  MiIMHOXHHY
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BnacruBocti apredakTiB BimoOpakeHi B KypHaui
NoIii Oi3HEeC-TpoLecy B SIKOCTI aTpuOyTiB.

Jlor MictuTh y c00I MHOXHHY MOCIIJOBHOCTEH
NOJIH, IO BiJOOpaXkaroTh BiJOMI BapiaHTH IOBEIIHKU
6i3uec-nporiecy [12]. dparmeHT sory i3 IBOX MOCIiIOB-
HUX HOii MpeacTaBieHo Ha puc. 1.

<event>
<string key=" org:group " value="L40 3rd"/>
<string key=" resource country "

value="France"/>
<string key=" organization country " value="fr"/>
<string key=" org:resource" value ="Sophie"/>
<string key=" organization involved " value="0Org
line A2"/>
<string key=" org:role " value="D_1"/>
<string key=" concept:name
value="Accepted"/>
<string key=" impact" value ="Low"/>
<string key=" product" value ="PROD609"/>
<string key="lifecycle:transition" value="Wait -

User"/>
<date key="time:timestamp" value="2012-05-
14T11:04:30+02:00"/>
</event>
<event>
<string key="org:group" value="L40 3rd"/>
<string key="resource country" value="France"/>
<string key="organization country" value="fr"/>
<string key="org:resource" value="Sophie"/>
<string key="organization involved" value="Org line

A2"/>

<string key="org:role" value="D_1"/>

<string key="concept:name" value="Completed"/>

<string key="impact" value="Low"/>

<string key="product" value="PROD609"/>

<string key="lifecycle:transition" value="Resolved"/>

<date key="time:timestamp" value="2012-05-
14T11:04:40+02:00"/>

</event>

Puc. 1. ®parmeHT nory Gi3Hec-TpoIIeCy CEpBICHOTO
obcmyroByBanus mignpuemctsa VOIVoIT i3 gBox momiit

IMomist (event) xapakTepu3ye CTaH apTe(akTiB
KOHTEKCTY B MOMEHT 11 BUHUKHEHHs. Llel cTaH 3ajaeTbes
Yyepe3 3HaUeHHS aTpUOYTIB MOAii.

ATpubytn noxii  exBiBaJEHTHI aTpuOyTram
apre(akTiB, K MokazaHo Ha puc. 2.To0TO 3B’S30K Mik
apredakraMd KOHTEKCTy Ta TMOJisIMH Jory Oi3Hec-
IpoLecy  3IIMCHIOEThCS — 4Yepe3  CHUIbHI  aTpUOyTH.
BingmoBinHo, sk MK apredakTamMu it arpuOyramu Tak i
MDK TOAIIMH Ta arpuOyTaMu icHye BigHomeHHs 1:M
(omuH 10 GaraThox).

TakuM YHHOM, BIACTHBOCTI MOMii MOXYTh OyTH
6e3mocepeiHBO BiJOOpaXKeHi Ha BIACTHBOCTI apTe(axTiB.
€nrHa BiAMIHHOCTI TOJii TOJSATae y HASIBHOCTI MITKH
4acy, KOJM BHHHUKIA mojisi. MiTka Mae Takuil BUIIISL:
"date key ="time : timestamp" value= "2012-05-14

T11:04:30+02:00".

Apredaktu

Puc. 2. 3’5130k Mixk apTe(hakTaMH KOHTEKCTY
Ta MOJISIMH JIOTY Oi3Hec-Tporecy

Mu Moxemo y3aradbHUTH TOZAii B 0a3i 3HaHB,
BiJTHICIIT 1X IO OKPEMOTO THITY i3 BIACTHBICTIO Y BHTIIAMIL
KOHCTAHTH Yacy.

B winomy, 3 TOYKH 30py KOpPHCTyBaua 0a3u 3HaHb,
JIOTIYHA CKJIaJ]0Ba MOETHYE MHOXHHY JIOTIYHAX (aKTiB Ta
MHOKHHY TIPAaBHJI BUBOJY Ha IUX (haKTax, siK MOKa3aHO Ha
puc. 3.

— Aprtedaxtu —

A4

— Knacu apredaxrip —

\ 4
3B’513KHM MIXK KJIacaMu
apTedakTiB

—

— Jloriuni daktu

\ 4

[IpaBuna

Puc. 3. CtpykTypa npencraBieHHs 3HaHb

Jloriuni ¢akTH BU3HAYAIOTH CTaH Oi3HEC-TIPOIECY Y
JICKPETHI MOMEHTH 4Yacy Ha OCHOBI  3HaueHb
BJIaCTHBOCTEH apTeakTiB Ta NpeACTaBICHI y BHIILAI
NpeAnKaTiB 13 3aJaHUMM  3HAYEHHSIMH apryMEHTIB.
[lpaBuna BHBOAY BH3HAYalOTh 3MiHY CcTaHy Oi3Hec-

mporecy.
[Tabnonamu JyIst JOTIYHUX (AKTIB € 3aJICHKHOCTI MiXK
kimacamMu  aptedakTiB. ICTHHHICTH JIOTIYHHX  (aKTiB

BU3HAYAETHCS ITICIIS Hi}lCTaBHeHHﬂ 3HAYCHb KOHKPETHUX
apredaxTiB Ta iX BIACTUBOCTEH y mei mabioH.
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JloriuHi npaBuia 3aJar0Th WAOJI0HH, IO 3B’S3YIOTh
KOHTEKCT Ta BUKOHAaHI [iii Oi3HeC-IpoIiecy SK MOKa3aHo Ha
puc. 4.

IMocninoBHicTs pobit BIT

HasBa ta
cTaH il

1 3alIexHICTh
é)aBpma < MIiXK €0 Ta
00OMEXEHHS HOBEM

Ha 3aITyCK
bishl

CTaHOM
KOHTEKCTY

IIpencraBnenns
3HAHb

ATpuOyTH ATpubyTH
apTe(akTiB apTe(akTiB
KOHTEKCTY y KOHTEKCTY Yy
CKITai CKITajl
onepeIHbO1 HACTYIIHOI
nozit moii

Kontekct
pukoHaHHA BI1

> 1) >Q2/ >
Mirka Mitka
qacy qacy

[Mopii nory

Puc. 4. 38’130k MiXk moisIMH JIOTY Oi3HEC-TIPOIIECY,
apTedakTaMn KOHTEKCTY, NPEICTABICHHAM 3HaHb Ta qismu BIT

VIMOBipHiCHa CKJIa/l0BA TPU3HAYEHA JUIA TIPEICTAB-
JICHHAd HEBW3HAYEHOCTI JIOTIYHHX (haKkTiB Ta TIPaBHII
BHBOJY IIOJO ITNX (PaKTiB.

HeBu3HaueHICTh peami3yeTbcs INUIAXOM TPH3HA-
YeHHsI Bar JIOTIYHUM (aKTaM Ta IIPaBuUiIaM BUBOLY.

IloGynoa Joriuaux ¢axrie i mnpaBua y
BiAmoBinHOCTI 10 cTPpyKTYpH moaiii gory. PosrisHemo
oruc JoTiYHNX (aKTiB Ta MPaBWJI HA NPHUKIaAi GparMeHTy
XKypHasy noaiii Ha puc. 1.

s mepoi noaii, 30KkpeMa, BKa3aHO TaKi 3HAYECHHS
aTpuOyTIB:

— atpuOyT 3 HA3BOMK il mporecy "concept : name"
Mae 3HaueHHs "Accepted", TOOTO BHMKOHYeETbCS Iisl 3

MIPUHHATTS 3aBKH Ha CEpPBICHE 00CITyTOBYBaHHS;
—atpu0yT 3 Ha3BOK CTaHy /il  Tporecy

"lifecycle : transition" mae  3wauenns "Wait — User",

TOOTO B MOMEHT BMHUKHEHHS IOJIl OUYIKy€ThCS peaxiis
KOpHCTYBaua.

Tonmi noriyami (akr, MmO NOTOYHHHA CTaH il
mporecy (lifecycle : transition ) CTaHOBHTH

"Wait — User" mns nii " Accepted" mae BuTIS:

lifecycle : transition

1
("Accepted","Wait — User"), 0,65. (1)

ﬂMOBipHiCHa CKJIaJioBa BioOOpakeHa y BHUIJISII
Baru. Bara nmaHoro dakry Ui BCiX MOAIN KypHaIy, IO

BigoOpaxators cran nii "Accepted", cranouts 0,65.

UuM Bume I Bara, THM OUTBIIOI0 € HMOBIpPHICTH
HaBeIEeHOTO (aKTy.

B nmanoMy mnpukiami MU PO3MIMPIOEMO TMOHSATTS
«apredakT» He JMIIe Ha OO0’€KTH, 3 SIKUMH OIEpye
npouec, ane i Ha aii bIT.

Ile y3aranpHeHHsI HE TOPYIIye HaBeACHY Ha puc. 4
CTPYKTYpPY  3HaHHsA-eMHOro  Oi3Hec-mporiecy. Taka
CTPYKTYpa MICTHTh y €00l TOCTIOBHICTH POOIT,
TIpeCTaBJICHHS 3HAHb Ta KOHTEKCT BUKOHaHHS niit 3BI1.

[HoTouHuii cTaH KOHTEKCTY, IO BIUIMBAa€E Ha BHOIp
IMOCJIIIOBHOCTI JII BUKOHABIIEM, 3aJIEKUTh HE TIIBKH Bl
BJIACTUBOCTEH Ta CTaHy JOKYMEHTIB, eTaylei, By3IiB, SKi
BUKOPUCTOBYE TIPOIIeC, aieé W BiJ MOTOYHOTO CTaHy ii,
sKy ueit bIl BUKonye.

VY3araneHenuii soriununii ¢akr (1) npexcraBumo y
BUIJISIAI  BIJHOIIEHHS, IO BCTAHOBIIOE 3B SI3KH MIiX

eleMeHTaMy MHOXKUHK D , sika MICTUTh HiJAMHOXUHY JTii

Oi3HeC-TIpoIleCy Ta MiAMHOXHHH S MOMIIMBHX CTaHiB
UX JTiH:

true
lifecycle : transition(d e D', s€ S") = , (@
false
ne d — wasBa qii GizHec-mporiecy;
S — Ha3Ba cTaHy Jii Oi3Hec-Tporecy.
[lpaBuna BHMBOLY BHU3HAYaOTh 3B’S3KH  MIXK

goriunumu  (aktamu. Y BiIIOBITHOCTI
pHC. 4 MU BBOJIMMO JIBa THUIIA IPABUIL:

—mpaBuiia Ta OOMEXKEHHS Ha BHUKOHAHHS [ii, 110
BU3HAYAIOTh  3aJEXKHICTH MDK CTaHOM  KOHTEKCTY
(aHTemeneHT) Ta HisiMH Tporiecy (KOHCEKBEHT);

— 3QJIGKHOCTI MDK BHKOHAHOK [I€I0 Ta CTaHOM
KOHTEKCTY.

[epue npasuio ans nory Ha puc. 1 mae Burmn (3).
[Jane mnpaBuno Oyayerbcst Ha onmci mepmoi aii Jory,
T0OTO iHZekcH i aTpuOyTiB apredakTiB i Ail Ta il cTany
MaroTh iHAekc 1. Bimznaummo, mio y Bupaszi (3) mis
HaTJBITHOCTI IeTalli30BaHO JIOTIUHI (QaKTH aHTELEACHTY Ta
KOHCEKBEHTY

3a3Buuail nepenik aTpuOyTiB € IICHTUIHUM JUIS BCIiX
moxiii  jory. Tomy aHTemeaeHT [daHOTO TpaBmiIa
BiJINIOBia€ JIF00iH moii xKypHaly.

[pyre npasuio mae BUrisiy (4).

Onuc MHOXHWH MiAPO3MILTIB, BHKOHABIIB, KpaiH,
TOIO, € AHAJOTIYHMM omwucy i Bupasy (3). Bepxsiit
1HIEeKC 2 sl IUX MHOXHWH CBiUUTH MPO iX BiJMOBIIHICTH
JIpyTiit moxii jory.

J0 CXEMH Ha
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org : group(gr € Gr') A

resource country(rc e Rc') A
organization country(oc € Oc') A
org :resource(rs e Rs') A
organization involved(org € Org') A

org:role(rleRI') A (3)

impact(im € Im") A product(pr € Pr')
%

lifecycle : transition(d eD',seS! ) A

1]

concept :name(d € D")
w',
Ile w' — Bara JaHOTO MPABHJIA;

Gr' — MHOXMHa rpyn (a0o TiPO3/UTiB) BUKOHABLIB
TepIIoi Jii;

Rc' — MHOXMHA KpaiH, IO HAJalOTh PECYpPCH s
TIepIIoi Jii;

Oc' — kpaiHu, B AKifl TPAIIOKOTH MiANPHEMCTBA 3
muM BIT;

Rs' — MHOXMHA TOMYCTHMHUX BUKOHABIIB Jii;

Org' — MHOXHUHA MOKITUBUX 3aTyYCHUX
OpraHizamii;

RI' — MHOXHHA MOMKITMBHX POJIel BUKOHABIIS;

Im' — MHOKMHA MOMKJTUBHX PIBHIB BaXXJIMBOCTI 1il;

Im" — MHOXMHA TPOAYKTIB, SIKi 0GPOGIAIOTECS TPHU
BUKOHAHHI I1i€T ii;

D' — MHOXMHA MOMJIMBUX Ha3B il d |

st MHOHHA MO>KJIMBUX CTaHiB Ail d .

[epiie mpaBwiIo 3amae K YMOBH ULl 3aIyCKy il
a60 3minn crany d € D', TaK i 0GMEKEHHS IpH BUKOHAHH]
nii. BiIMiHHICTh MK HUMH TIOJIATAa€ Y 3HAUYCHHI Baru wt.
VY Bunanky, siKio Bara (GOpMyJIH IOPIBHIOE oo, TO JaHE
MIPaBUJIO BUCTYIIAE B SIKOCTI OOMEKEHHSI.

lifecycle : transition(d eD',seS" ) A
concept :name(d € D)

X
org : group(gr € Gr’*) A

resource country(rc € Rc*) A
organization country(oc € 0c*) A
org :resource(rs € Rs*) A (@)
organization involved(org € Org?) A

org:role(rl e RI*) A

impact(im € Im*) A product(pr € Pr?)

—

2
w,

Je W’ — Bara JaHOrO IPaBHIIA.

Hpyre mpaBuiio 3aiae nepexif Big mepmoi 10 apyroi
mofii mpu BUKOHAHHI Oi3Hec-miporiecy. [IpaBuio moB’sa3ye
joriuHi (axkTH, [0 BHU3HAYAIOTh NOIMEPEHIH CTaH
lifecycle : transition nii concept:name , ta HaCTyIHUH

CTaH KOHTEKCTY, SKUM OXOIUIIOE TIPYIy BHMKOHABLIB
org:group, KpaiHy resource country Ta

organization country , im’st BAKOHABL [Iii org : resource
POJIH BUKOHABIA y Oi3Hec-TIporieci org:role , BaXXIHUBiCTh
il mus GisHec-mpomecy Impdact, Ta TPOAYKT, SKHiMA
00po0sie 6i3Hec-poriec product .

IIpencraBieHHs 3HAHb 3 ypaxyBaHHSIM (aKTiB,
NpaBUJ Ta anpiopHUX oO0MeKeHb. /11 mMOCIiZOBHOCTI
Iiit OizHec-TIpolecy 3a4al0ThCs TaKOXK HACTYITHI 3arajibHi
00OMeKeHHS.

[o-mepuie, i B aHTELEACHTI 1 KOHCEKBEHTHI MOXeE
OyTH Tpe/ACTaBJICcHA OJHA Jis, KA MPOCTO 3MIHIOE CBIi
CTaH:

D'ND*+B=D'ND*=d, 5)

1 2 o
ne D, D" — MHOXUHH JOITyCTUMHX i, 11 (6)

BiINIOBIAFOTh MEPIIill Ta IPYTil MOMIi;
d — nis, mio 3anucana B 000X MOisX JIOTY.
[lo-gpyre, MOCHIIOBHICTH 3MiHH CTaHIB Ha Tpaci

JIOTY PO3TISIIATHMEMO K alUKIiYHy (Mo € OificHuM y
OLIBIIOCTI BUITAJIKIB), TOOTO:

S'Ns*=2|p' N D* =d, (6)

1 2 . ‘o
ae S,S° — MHOXMHH JONYCTUMHX CTaHiB [il, M0
BIJITIOBIZIAfOTh TIEPILIi Ta JPYTid MOIii;
TakuMm YWHOM, TpeACTaBICHHS 3HAHb 1HQOpMAIiii-
HOI CHCTEMH TPOIIECHOTO YIPABIIHHS Y ii JIOTIYHOMY ac-
MIeKTi Ma€ TAaKUH BUTIIAL:

{(f,whA(r,w;)}
KB = |Vf, Haf, }: f,({af, }) ={true, false} A}, (7)
Vr, {fi}ir,({fi ) ={true, false} A C

ge  f, —noriunuii daxr;

w; — Bara Joriugoro daxrty f; ;

1
f; — npaBuio;
W, —Barampauia I, 0<w; <oo,;

af, —apredakT KOHTEKCTY BUKOHaHHA Oi3Hec-

IIpoIIECy;

C — ampiopHi 3HaHHS PO MpeaMeTHY 00acTh, 110
3a/1a10Th y3arajJbHeHi 0OMEKeHHs Ha IpaBHIIa.

VY BianosigHocTi 10 Bupasy (7), mpaBwia B 0Oasi
3HaHb OMEPYIOTh (haKTaMH, sIKi BU3HAYAIOTHCS HA OCHOBI
apredaxtiB koHTekcTy BII. B cBoto uepry, apredakxtn
BU3HAYAIOTHCSI CBOIMH BJIACTHBOCTSIMHU, MPEICTABICHUMHU
B OTIMCIi MO JIOTY, K Oyno moka3zaHo y npukiani (1).

BucnoBku. PosrnsHyTo mpobinemy moOymoBu
MIPEJCTaBICHHS 3HAHb B CUCTEMI MPOIIECHOTO YIPaBIIiHHSA
B acCIeKTl BiJOOpaXKCHHS IPUYUHHO-HACIIIKOBHX
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3B A3KIB MIK KOHTEKCTOM BHMKOHAHHSA I Ta IisIMHA
0i3HeC-TIpoIIeCy.

3anpornoHOBaHO  TPEJACTABIEHHS  3HaHb, IO
BPaxoOBY€ CTaH KOHTEKCTY BUKOHaHHS Jiii Oi3Hec-Tporecy
y BUIJISII 3BOKCHUX JIOTTYHUX (DAKTIB, 8 TAKOK 3BAKCHHUX
MIPaBUJI BUBOAY, SIKi 3a0€3MeUyIOTh MIATPIMKY BHOOPY Iiit
3 ypaxyBaHHSM IOTOYHOTO CTaHy KOHTEKCTY. BiqMiHHICTB
3aIIPOIIOHOBAHOIO IPEACTABICHHS IOJNATAE B TOMY, IO
IIpY BU3HAYCHHI (haKTiB BPaxOBYIOThCS aTpUOYTH MOMIi, a
mpaBUiI — aTpuOyTH Oif Ta MOCIINOBHICTH IMOMIH JIOTY
6i3HEc-TIporIecy.

[IpakTiyHe 3HaUCHHS NPEICTABICHHS 3HAHD MOJIATaE
Yy MOXJIMBOCTI aBTOMaTH30BaHOi MOOYJOBM MPUYHWHHO-
HACIIIJIKOBUX 3alIe)KHOCTEH MK mHissMH Oi3HEC-TIpoIecy
Uil 0a3su 3HaHb CUCTEMH IIPOLECHOTO YIPABIiHHS.
Bkazani 3anexHocti (OPMYIOTBCS y BIANOBITHOCTI 10
aTpuOyYTIB Ta MOCIIIOBHOCTI MO HOro Jory.
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VK 519.2
I. F0. CHIOPEHKO, M. M. MAJIBKO, M. A. IAILIEHKO

BUKOPUCTAHHSA SERVERLESS HIIAXOAY JJIsA CTBOPEHHSA BEB-IOJATKY MOHITOPIHI'Y
TOBAPIB

BUKOPUCTOBYIOTBCS CydacHi MiAXOOH OO OpraHizamii Be6-3aCTOCYHKIB. AHaui3 mpoOaeMHOi 007acTi HPOBEICHO HAa MPUKIAL OLIHKH MOHITOPHHIY
3MIHH BapTOCTi TOBapiB B iHTEpPHET-MarasMHax 3 BHKOPUCTaHHAM TexHouorii Amazon. B poGoTi mpoBeneHO OrJis[ Ta aHaji3 Cy4acHHX METOIB
opraHizanii BeO-3acTocyBanb. Takox Oyna mocmifkeHa TeMaTH4YHA OOJACTH €ICKTPOHHOI TOPTiBIi, MPOBEJECHO MOPIBHMIBHUH aHami3. TexHomorii
PO3poOKH BeO-IOAATKIB PO3BHBAIOTHCS BEMKUMHU TEMIIAMHU, CTBOPIOIOTHCS HOBI CIIOCOOM OpraHizaii, TeXHOJIOrIl, MOBU mporpamyBaHHsi. OCHOBOIO
BCIX Cy4acHHX JOJATKIB € HOro apxirtekrypa. Bix BuOopy mpaBuiibHOI apXiTEeKTYpH 3aIeKHUTh HE TUIBKH IBHIKICTD 1 3pyUHICTh JOCTYILY Ta PO3pOOKH,
a ii ycmix npoxykTy. Bysio 3po6ieHo mpHITyIieHHs Ipo IOLIBHICTh CTBOPEHHS! CHCTEMH, 10 MOIJIa O MIBHIKO Ta 3pyYHO IIPOBOJUTH MOHITOPHHT Ta
HOTH(iKyBaHHsS KopucTyBaya. B poOoTi juisi BHpILIEHHsS 331adi MOHITOPHHIY OYJIO 3allpOIIOHOBAHO BHKOPHCTOBYBATH apXiTeKTypy serverless.
CepBepHa yacTHHA CHCTeMH 0a3yeThCsi Ha Oe3cepBepHii apXiTeKTypi, 10 Ma€ HU3KY IepeBar mepei iHIIMMH Higxoxamu. Y poboti OyB obpanuii
JAHUH TiAXig He TIABKH U1 OpraHizamii BeG-cepBiCy, NPHB’S3aHOTO 10 IPU3HAYCHOTO I KOpPHCTyBada iHTepdeiicy, ame i A CTBOPEHHS
HEIOCTIIHOI apXiTeKTypH 300py HaHUX 3 pi3HHX mkepen. OCHOBHMMHU NPUYMHAMH BHOOPY L[bOTO HAIPSIMKY € MOXIIHBICTb CTBOPEHHS CEpBEPHOI
apXIiTeKTypH Ha OOMEXeHHI yac 6e3 MOCTIHHOro BUKOPUCTAHHS | MOMKIIMBICTh CTaO1IbHOT pOOOTH HE3aIEKHO Bil HAaBaHTaXXeHHs. B pesynbrari Oyna
o0yqoBaHa THy4YKa i 3py4Ha CHCTEMa, [0 Ma€ 3MOTY CIIIJKYBAaTH 3a BapTICTIO TOBapy 0e3 y4acTi KOpHCTyBaya Ta HaJCHJIATH CIIOBIILCHHS PO BIAIY
mokynky. Cuctema 30epirae MiHiMajgbHy KUIBKICTh JaHHX PO KOPUCTYyBada, UMM HOCATAEThCs e Oiabna Oesnmeka KopucTyBaHHs. [lim uac
MOHITOPHHTIY, SIKIIIO NIPABUJIO BiICTEKEHHs Oy/ie BAKOHAHO, CUCTEMA BIAIPABUTH MOBITOMIICHHS KOPHCTYBady 3a JJOIIOMOIOI0 EJICKTPOHHOTO JIMCTA.
Kaio4osi c10Ba: iHTepHeT-MarasuH, 6e3cepBepHa apXiTeKTypa, MOHITOPHHT, BapTiCTh, allTOPUTM, on-line pexxum.

A. 10. CUJOPEHKO, M. H. MAJIBKO, H. A. IALIIEHKO
HNCIOJb30BAHUE SERVERLESS NOAXOAA AJIs1 CO3JAHUSA BEB-IIPUJIOKEHUS
MOHUTOPHUHI'A TOBAPOB

Vcnonb3yroTcss COBPEMEHHBIE MOAXOAbl K OpraHu3aluk BeO-NPUIOKEHHUH. AHanu3 npoOneMHOW O00JacTH INPOBENEH Ha IPUMEpe OLEHKH
MOHHTOPHHTa H3MEHEHHsI CTOUMOCTH TOBAapOB B HHTEPHET-Mara3uHax ¢ HCIIOIb30BaHUEM TeXHOJOTHH Amazon. B pabote nposeneH 0030p 1 aHAIN3
COBPEMEHHBIX METONOB OpraHM3anuu BeO-npminoxkeHuil. Tarwke ObLIa HMCcIemoBaHA TeMaTHYecKas O0JAcTh JJICKTPOHHON TOPIOBIHM, NPOBEIEH
CpaBHUTENbHBINA aHanu3. TeXHOMOruu pa3paboTKU BEO-TIIPUIIOKEHUI pa3BUBAIOTCS OOJBLIMMHM TEMIIAMH, CO3JA0TCSI HOBBIE CIIOCOOBI OpraHu3aluH,
TEXHOJIOTHHU, SI3BIKH IIporpaMmupoBaHis. OCHOBOH BCeX COBPEMEHHBIX IPHIOKEHHH sBIsieTcs ero apxurekrypa. OT BbIOOpa NPaBIIBHOH
ApXUTEKTYpPhI 3aBUCHT He TOJIBKO CKOPOCTh U YOOCTBO JIOCTyIA pa3paboTKH, HO U yCIIeX POrpaMMHOI0 IPOIyKTa. BeIIo clieinaHo IpenonokKeHue o
LeTIeCO00PA3HOCTH CO3IAHUSI CHCTEMBI, KOTOpasi MOrIia Obl OBICTPO U YIOOHO MPOBOJUTH MOHHTOPHHT M HOTH(GHIMPOBAHUE MONB30BaTessL. B pabore
UL 33j7@4d MOHHTOPHHIA IIPEUIOKECHO HCIIONIb30BaTh apXUTeKTypy Serverless. CepBepHass 4acTh CHCTEMBbI 6asupyercsi Ha OeccepBepHOM
apXUTEKType, KOTopas MMeeT PsiJ IPEUMYIIECTB Mepes APYTHMHA MoaxonaMu. B pabote ObuT BRIOpaH JaHHBIH NMOAXOJ HE TOJBKO UL OpraHU3aIuH
BeO-CcepBHCa, MPUBA3AHHOTO K I0JIb30BATEIBCKOMY MHTEpGeiicy, HO U AJs CO3/1aHMs HEMOCTOSIHHON apXUTEKTYphl cOOpa MaHHBIX M3 Pa3IMYHBIX
HUCTOYHHKOB. OCHOBHBIMU NPHYNHAMU BBIOOpa TOrO HAIPABIICHUS SIBIISETCS BO3MOXKHOCTH CO3JAHUS CEPBEPHOH apXHUTEKTyphl Ha OrpaHHYCHHOE
BpeMsl 0€3 IMOCTOSHHOTO HCIIONB30BaHMS M BO3MOXKHOCTH CTAOMIJIBHOI pabOTHI HE3aBHCHUMO OT Harpy3ku. B pesymprare ObUIa HOCTpOSHa IHOKas u
yaoOHasi cHCTeMa, KOTopas HMMEeT BO3MOJKHOCTb CIEAWTh 3a CTOMMOCTBIO TOBapa 0e3 y4acTHs IOJIb30BATENs U OTIPABIATH YBEJOMIICHHE O
JIOCTIDKEHHH 33aJaHHOTO KPUTEPHUS K CTOMMOCTH ToBapoB. CHcTeMa coXpaHseT MHHIMAIbHOEe KOJIMIECTBO JAHHBIX O ITOJIB30BaTele, YeM JOCTHTaeTCs
OornbIrast 6e30MacHOCTh HCIOIb30BaHU. Bo BpeMsi MOHHTOpPHHTA, €CIIM MPABUIIO OTCIIEKUBAHKS OyHeT BBIIOIHEHO, CHCTEMa OTIPAaBUT COOOIIEHHUE
I0JIb30BATEINIO € OMOIIBIO JIEKTPOHHOM IOYTHL.
KioueBble c10Ba: HHTEpHET-MarasuH, OeccepBepHas apXUTEKTypa, MOHUTOPHHT, CTOMMOCTb, JITOPUTM, on-line pesxiM.

G.Y.SYDORENKO, M. M. MALKO, M. A. LYASHENKO
USING THE SERVERLESS APPROACH FOR THE CREATING WEB-APPLICATION OF THE
MONITORING OF PRODUCTS

There have been using modern approaches to the organization of web applications. The analysis of the problem area was carried out using the example
of monitoring the change in the value of goods in online stores using Amazon technology. The article has been reviewing and analyzing of modern
methods of organizing web applications. The thematic area of the electronic commerce was also investigated, and a comparative analysis was carried
out. Technologies for developing web-applications are developing at a rapid pace, new methods of organization, technologies, programming languages
are being created. The basis of all modern applications is its architecture. Not only the speed and convenience of development access, but also the
success of the software product, depends on choosing the right architecture. It was suggested that it would be advisable to create a system that could
quickly and conveniently monitor and notify a user. In the work for the monitoring task, it was suggested to use the serverless architecture. The server
part of the system is based on a serverless architecture, which has a number of advantages over other approaches. In this article, this approach was
chosen not only for organizing a web service tied to the user interface, but also for creating a non-persistent architecture for collecting data from
various sources. The main reasons for choosing this direction is the possibility of creating a server architecture for a limited time without constant use
and the possibility of stable operation regardless of the load. As a result, a flexible and convenient system was built that has the ability to monitor the
value of the product without user intervention and send a notification of the achievement of a given criterion to the value of the goods. The system
saves a minimum amount of user data, thus achieving greater safety of use. During monitoring, if the tracking rule is met, the system will send a
message to the user using e-mail.
Keywords: online store, serverless architecture, monitoring, cost, algorithm, on-line mode

Beryn. ¥V cydyacHoMYy CBiTi BIUIMB TEXHOJIOTIH Ha BCi
aCIeKTH JKHUTTS € OyXke BHCOKMM. He 3Baxkaroum Ha
BEIUKY KIUIbKICTh online-mara3uHiB Ta  JOCTaTHiH
MPOMDKOK dYacy Uil iX pO3BHTKY, poboTa 3 Takum
MarazuHoM He mpocta. OJHIEI0 i3 TPUYUH € TyKe BeJKa

MIBUAKICTH 3MIH BapToCTi Ta KulbkocTi ToBapiB. Came
TOMY HOJINIIEHHAS IIBUAKOCTI 1 IKOCTI KOPUCTYBAaHHS Ma€e
Heabusiky pouts [1].

[aTepHET-Marasun — e ¢opma eIeKTPOHHOI KOoMep-
il, sika J03BOJIAE CIOXKMBauaM KyIlyBaTH TOBapu abo
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nociyru 0e3nocepeiHbo BiJ npojass yepe3 IHTepHeT 3a
qoromororo  Be6G-Opaysepa [2]. CrokuBaui 3HAaXOAATh
MPOAYKT, IO TMPEJACTABIISE IHTEPEC, BiIBiAaBIIN Oe3moce-
penHbpO BeO-caiiT mpoaaBLsd a00 IIYKal4H cepel] albTep-
HATUBHMUX MOCTA4YaJbHUKIB, BUKOPHCTOBYIOUH IOIIYKOBY
CHCTEMY ITIOKYTIOK, SIKa BiqoOpa)kae HasBHICTH Ta BapTiCTh
OIHOTO 1 TOTO X MPOAYKTY Y PI3HUX EJIEKTPOHHO-
po3apiOHUX mponaBiiB. THUIIOBHMIA iHTEpHET-Mara3uH Iae
3MOTY KIIIEHTY MEPErIAfaTi CIEKTP MPOAYKTIB Ta MOCIYT
¢ipmu, mneperiamatu  ¢dortorpadii abo 300paskeHHS
MPOAYKTIB, a TakoX iHpOpMamilo TMpo  TEXHIYHI
XapaKTePUCTHKH, OCOONMBOCTI Ta I[iHA. MarasuHy,
3a3BHU4Yail, JO3BOJISIIOTH MOKYNISM BHUKOPHCTOBYBATH
¢GyHKIIT NOIIyKYy KOHKPETHHX Mojeneil, OpenaiB abo
npeametiB.  Jns  Qi3MYHMX NPOAYKTIB  (HANpUKIIam,
KHIDKOK a00 oJIfry) NpoAaBellb BiANPAaBiIsS€ NPOAYKTH
KJIEHTY, a Juisl U(POBUX NPOIYKTIB, TAKUX K LUPPOBI
aymioaiimm miceHp abo mporpamMHe 3a0e3MeUeHHS,
NpoJaBelb 3a3BHYail HajacwiIae (ail KIIEHTy uepe3
InTepher.

OpHiero 3 mpobieM, SKi MOXHA HE MNOOAYUTH
Bifpasy, € mpobieMa 3MiHH BapTocTi mponykry. LliHm Ha
TOBapy (OPMYIOTHCSI HEOJHOPIAHO U HE MAKOTh HPSIMOTO
Y €IMHOTO YMHHUKA BIUUBY. Crepiry, MOXKHa CKa3aTH,
L0 OCHOBOIO JUISl BapTOCTi NMPOAYKTY € (haKkTH4HA IiHA
BUPOOHMIITBA Ta JIOJIATKOBA BAPTICTh, IO € HNPUOYTKOM
npoJaBus, ajge e He Tak. [IoKymio Ba)KHO MOYyBaTH
cebe y BUrpamHii curyamii, 00 I[iHKM MOCTIiHO
3MIHIOIOTECS. Y CYyYacHOMY CBIiTi € BeJHMKa KiIBKiCTh
3HHKOK, 1[0 MOXYTh MaTH pi3Hi npuuunu [3]:

1) axuiiiHi 3HMKKK HAa TOBapH MIEBHOTO Mara3uHa,

2) 3HWXKHU Ha CE30HI TOBApH;

3) crerudiuHi 3HUKKH 32 JaHOKO KaTEropiero;

4) mepcoHaNbHI 3HUKKH;

5) 3HMKKH HA TOBApH 3 MOMIKOKEHOO YITAKOBKOIO.

ToMmy nociifkeHHs] METO/IB MOHITOPUHT'Y BapTOCTI
NPOJYKTIB Ta MO0YyI0Ba Cy4yacHOI 3pY4HOI CHCTEMH JUIs
MOJINIIEHHS POOOTH KOPUCTYBaYiB Mae BEIUKUIL iHTEpec.

He 3Baxkaroum Ha BENHKY KUIbKICTh PI3HUX 3HHIKOK,
MOKYIIel[b MOXKE 3HATH IpO Mepioj Ail 3HWXKKH, MpOTe
3HIKKA MOXe OYTH 1 B JesIKHI HeBEIUKHUN Tiepion. Takox
HE 3pO3YMiJIO, KOJIM 3HMKKA TTOYHETHCS 1 CKUIBKH TOJMH
BoHa Oyze miaTu. [1o TOTO X MOKYIIIi BETUKUX iHTCPHET-
MarasuHiB MOXYTb 3HAaXOAWTHCS Yy PI3HHX 4YacTHHAX
cBiTy. Bee e € mpuumMHOIO TOTrO, MO BENHKA KITBKICTh
3HW)KOK MOJXKE TPONTH MOB3 KopuctyBada. Came ToMy
BaXJIUBUM € TIPOIIEC MOHITOPHHTY I[iHM Ha TOBapH, fKi
KopucTyBad xodye mpuabatun. 3  iHmoro OOKy,
3HaXO/KEHHS KOPHCTyBada Ha CalTi MOCTIHHO, HE € JyXe
3py4HuM npouecom. Came TOMy, HE MEHII BKJIUBUM €
HaJaHHS HOTH}IKAIiil KOpUCTyBadyy 3 BHUKOPHCTAHHAM
€JIEKTPOHHUX JIMUCTIB 200 1HIIMX BUIIB HOTH(IKAIIiH.

Metoro pmaHOi pPOOOTH € JOCHIIPKEHHS METOIB
MOHITOPUHTY BapTOCTI MpOXyKii Ta ModymoBa cydacHOI
3pY4HOi CHUCTEMH MOHITOPHHTY Ha 0a3i Oe3cepBepHOi
apXiTeKTypH.

CyuacHi
Texnomnorii

crnoco0u  opraHizamii  apxiTekTypm.
po3poOKK  BeO-A0JATKiB  PO3BUBAIOTHCS
BHCOKMMH TEMIIaMH, CTBOPIOIOTBCS HOBI  cmocoOu
opraHisarii, TEXHOJOTil, MOBH mporpamyBanus [4].

OpmHak, OCHOBOIO BCiX Cy4aCHHUX JOJATKIB € apXiTeKTypa.

Bin BuOOpY npaBHIIbHOT apXiTEKTYpH 3aJICKUTh HE TIJIbKH
MIBUAKICTB 1 3py4HICTH AOCTYyIy Ta pOo3poOKH, a U ycmix
HPOJYKTY.

[IpoBenemo 03HaMOMIIEHHS 3 Cy4aCHUMH CIIOCOOaMHU
opraHizauii apXiTeKTypu BeO-I0IATKiB, IX MOpPIBHSHHSA 1
apryMEHTOBaHWHA BHUOIp apXITEKTypH I PO3POOKH
TIPOTPaMHOTO MIPOAYKTY. Crouatky, HaHO1TpII
BUKOPHUCTOBYBAaHMM  MigxomoM  Oyda  MOHOJITHA
apxiTeKTypa, 0 T03BOJIIE OYAyBaTH BEIWYE3HI JOAATKH,
SKI CKJIamaloThcst 3 0e3mid (YHKIIOHATHHUX YacTHH B
pamkax onHiel Benukoi CTpykrypu. OIHHUM 3 OCHOBHHX
nepeBar IbOTO IIJXOJY € He3aIeKHICTh Bif OyIb-SIKHX
CTOPOHHIX pecypciB Ha KOpPHCTh OpraHizauii BCHOTO
NPOAYKTY B paMKax OfHi€l mporpamu [5].

Ha 3MmiHy MoOHOJNITHOI apXiTeKTypH NpPHUHAIIOB
MIKpocepBiCHUH MiAXiA. Y HbOMY BHKOPHCTOBYETHCS
abcoiroTHO iHIIA crTpareris oprasizauii. B nmanii
apXITeKTypi IOTUPOKO 3aCTOCOBYIOTHCSA PIi3HI CTOPOHHI
cepBicHM, TporpaMa  MICTHTh  KibKa  HEBEIHKHX
KOMIIOHEHT, KOKEH 3 KX € OKpeMHM Beb-momatkoM. Li
KOMIIOHCHTH B3a€MOIIOB’A3aHI MiX co0oro. KoxxHoMy
KOMIIOHEHTY JJaHOI apXiTeKTypH BiIIIOBiga€e MeBHA POJIb y
¢yHkiionyBanHi nporpamMu. OCHOBHOIO  IIEepeBaroro
JAHOTO MIAXOJY € 3PYYHICTh 1 THYYKICTh JOAATKIB, IO
JIO3BOJISIE  BJIABaTHCS JO0 MAacIUTa0yBaHHS  OKpEMHUX
KoMmIioHeHT [4,5]. Ha nmaHumii MOMEHT naHMX MiaXix €
HaWOUIBII MOMYJISIPHIM.

Serverless (Oe3cepBepHa apXiTeKTypa) € MiAX0JI0M
IO OpraHi3amii apXiTeKTypu BeO-IOHATKiB, II0 AKTUBHO
HaOupae momynsapHicTh (puc. 1). BasBmu Bci mepeBaru
MIKpPOCEpBICHOTO MiAX0dy, Oe3cepBepHHN MiaXiy Mae
BiJICYTHICTh OyIb-sIKOi amapaTHOI YacTWHHU B OpraHi3amil
BeO-noaarkis [6].

Serverless applications

EVENT SOURCE FUNCTION SERVICES (ANYTHING)

\
_ i
=

Changesin
data state

Node
- Python

Requests to

endpaints i
- cH

Changesin l'/ o

resource state \D o

Puc. 1. Cxema Ge3cepBepHOI apXiTeKTypH

Serverless Mae sk psiz iepeBar, Tak i IesKi HeIOMIKH.
[TepeBaraMu JaHOTO MiIXOMY €:

1) BigcyTHICTH amapaTHOI YaCTHHY — CEPBEPIB;

2) BimCyTHICTH MPAMOTO KOHTAKTY 1 aaMiHiCTpy-
BaHHS CEPBEPHOI YaCTUHY;

3) mpakTHYHO Oe3MeXHE TOPH30HTAIBHE MacIITa-
OyBaHHS IOIATKY.

Jlo HenoMiKiB JAHOTO MIAXO0Ty MOKHA BiTHECTH:

1) BiJCYTHICTH YiTKOTO KOHTPOJIO 32 BHKOHAHHSIM
pOTpaMH;

2) BifICYTHICTH LITICHOCTI H0O/aTKa;

3) XONIOJHMI CTapT MOXKE 3aliMaTH KiJibKa CEKYHII,
110 HETaTHBHO CIIPHHMAETHCSI KOPHUCTYBaueMm [7].

B minomy nmaHuil miaxig € MOCUTh TPUIATHUM IS
BUPIIICHHS 3aBJaHb NEBHOTO POAY B PaMKaxX BEIHUKOTO
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Joiatka abo ais  [OYaTKOBMX — €TamiB  PO3pOOKH.
Oco0nMBUil aKUEHT B JaHOMY BHIIAJKYy CTaBHThCS Ha
He3aJIe)KHICTh  BiJ  cepBepHOi  iHQpacTpykTypm i
0e3MEeXHUI NPUPICT MPOTYKTUBHOCTI B aBTOMATHYHOMY
PEKHUMI.

OpmHouacHO 3 0e3CepBEpHOI0  apXiTEKTypOIO
BBOZMTHCS moHSTTsS FaaS (Function-as-a-Service, GpyHKitist
SIK CEpBiC), MO XapaKTePU3YETHCS MIAXOAOM 10 PO3OUTTS
cepBiciB Ha HaliMeHII (YHKIIOHAIbHI YaCTHHHU CIIIBHO 3
BiJOKpEMIICHHSIM ITMX YaCTHH B OKpeMi ()YHKIIOHAIBHI
omuanmi. Hampukman, BeG-cepBic po30uBaeTbes Ha
OKpeMi IUIAXM 1 s KOXHOI'O Takoro MHUISXY
CTBOPIOETBCSL OKpeMa (YHKIIISI, KA BUKJIUKAETHCS IPU
KO>)KHOMY 3BEpHEHHI /0 Hboro. Takox, Oe3cepBepHi
cUcTeMH Habarato MpocTillle MiATPUMYBATH, OLIBII TOTO,
Oynp-sika onTHMizauis nponykTuBHOcTi FaaS-nomatky
aBTOMATHYHO 3HWKYE omneparriiini Butparu [8].

Y poGoti OyB 0OpaHuii TaHWHA MiAXiT HE TUTBKA IS
oprasizauii BeO-cepBepa IPHB’I3aHOTO 10 MPU3HAYECHOTO
Ul KOpUCTyBada iHTepdeiicy, ajge W A1 CTBOPCHHS
HETIOCTIHHOT apXiTeKTypu 300py AaHUX 3 Pi3HHUX HKEped.
OCHOBHMMH IpPUYMHAMH BHOOpY LBOTO HANPIMKY €
MOXIIMBICTh CTBOPEHHS CEpPBEPHOI apxXiTEKTypu Ha
oOMexeHuit 4Yac 0e3 TMOCTIHHOrO BHKOPUCTaHHS 1
MOXUIMBICT  CTaOUIbHOT  POOOTH  HE3aJIEeKHO  Bif

HaBaHTAXKCHHSL.

Orasig mogeni Bed-3acTocyHKy. bepyun no ysaru
yci BHUIIE3a3HA4YEHI JOCH/DKCHHS Ta aHajli3 Cy4acHHX
MiAXOMIB, OYJIO BUPIMICHO CTBOPUTH MPOTPAMHY MOIEIH,
sika O BHpimIyBaja mMpoOieMH MOHITOPHHTY Ta Majia 0 3a
OCHOBY Oe3cepBepHy apxiTekTypy. Ha puc. 1 300paxeHa
MOBHA MOJIEJIb CEPBEPHOT YaCTHHH Be0-3aCTOCYHKY.

Puc. 1. [liarpama cepBepHOi 4aCTHHHU Be0-3aCTOCYHKY

Ha puc.1 moxHa noGa4yuTtH, moO BeO-3aCTOCYHOK
MOXXHa ySBHO IOJIUTMTH Ha TPH OKPEMi YaCTHHU: YaCTHHY
BeO-cepBicy, YaCTHHY CIiIKyBaHHSI 3a IIHOIO MPOAYKILi,
JIOTIOMDKHY YaCTHHY JUISi MOHITOPUHTY 32 BUKOPHUCTaHHSIM
KOpPHCTYBadeM  JOIUILHOI  KUIBKOCTI  pecypciB B
3aJIeKHOCTI Bijf HOTO THITYy aKKayHTa.

Ha puc. 2 npencrasieno 4actuny BeO-cepicy. Beo-
cepBic Bifirpae ayke BaXKIMBY pPOJb Yy 3aCTOCYHKY. BiH
BUKOPHCTOBYETBCS JUIsl 3B’A3KY MK KOPHCTYBaueM Ta
chcTeMor0 MoHiTopuHry. Bes pobora kopucryBawa 3
CHCTEMOIO IPOBOJIUTHCS depe3 Beb-cepsic. Ha pwuc. 2
MOXHa CIIOCTEPIraTH, IO I YaCTHHA TAaKOX Ma€ JAeKiJIbKa
ckmanosux: APl Gateway, Authorizer Lambda, API

Lambda, Cognito, Post Lambda Ta

DynamoDB Storage [9, 10].

Registration

Puc.2. [liarpama yacTuHu BeO-cepBicy

Jlpyroro 4acTMHOIO BE0-3aCTOCYHKY € 4YacTHHA
MOHITOPUHTY BapToCTi mpoaykiii. Cxema Ii€i yacTUHH
npejacTaBieHa Ha puc. 3. YacTuHa MOHITOpUHTY €
HaOUTPII BAXIMBOIO Y poOOTI 3acTocyHKy. BoHa
BHUKOHY€ aBTOMAaTHYHY po0OTy 0e3 ydacTi KOpHCTyBaya.
TakuM YHHOM JOCATAETBCS MOJKIIHMBICTH I030aBICHHS
KOpHCTYBa4a HEOOXITHOCTI TMOCTIHO CIIAKyBaTH 3a
BapTICTIO TPOXMYKIii Ta, HAaBiTh, NPOBOAWTH dYac 3a
koMI’torepoM. Lle  nmocsraeTbcs  3a  IONOMOTIOO
0o0’emnanHs  Oarathox cepBiciB  Amazon [11, 12].
JluBisiurch Ha niarpamy MO)KHa MOOAa4YMTH, IO YacTHHA
MOHITOPUHTY ~ TakOXX Ma€  JAEKiIbKa  CKJIAaJOBHX:
DynamoDB Storage, CloudWatch, Task Creator Lambda,
Kinesis Task Stream, Scraper Lambda, Kinesis Result
Stream, Solver Lambda ta Notifier SES.

Iamoro  ckmamoBoro €  CloudWatch.  Amazon
CloudWatch — nie cepBic MOHITOPHHI'Y XMapHHX PECYpPCiB
AWS 1 nomatkiB, SIKi 3aITyCKAarOTBCSA 3a iX JOIMOMOTOO.
Amazon CloudWatch MokxHa BHKOPHCTOBYBaTH ISt
300py i BIiICTE)KEHHS METPHK, HAKOIIMYCHHS Ta aHAII3y
(aiiniB KypHaIiB, CTBOPEHHS NONEPEKEHb, a TAKOX
aBTOMAaTHYHOI'O pearyBaHHs Ha 3MiHH pecypciB AWS
[13]. Takox me#t cepBic MOXHa 3aCTOCOBYBATH IS
oTpuMaHHsl 3BeseHOl iHdopmauii npo cucremy, MmO
BKJIOyae B cebe iHpoOpMaliio mpo pecypcH, sKi
BUKOPHCTOBYIOThCSI, @ TAKOX MPOAYKTUBHICTh JOJATKIB i
3aralibHUil cTaH cucteMu. Lli JaHi 3aCTOCOBYHOThCS JUIs
OIepaTHBHOTO pearyBaHHS Ta 3a0e3ledyeHHs cTa0ibHOI
poOOTH TOATKIB.

Puc.3. [liarpama 4acTHHU MOHITOPHHTY
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Bukopucrana cucrema cepBiciB JI03BOJISIE KOXKHOT
TOAWHM TIPOBOJUTH MOHITOPHHT OyIb-SIKOT KIUIBKOCTI
TOBapiB Ta MPOBOAUTH HOTU(IKYyBaHHS KOPHCTYBAUiB PO
3MiHH TOBapiB.

OCTaHHBOIO YAaCTHHOIO € JONOMDKHA 4YacTHHA IS
CIIAKYBaHHS 33 BHKOPUCTAaHHSAM KOPUCTYBa4deM AOMITbHOL
KUTBKOCTI pecypciB B 3alie)KHOCTI Bil HWOTO THITY
aKKayHTy. Y CepBici MpUCYTHI 5 BHIIB aKKayHTIB, IO
JIO3BOJIIIOTh ~ KOPUCTYBady BHKOHYBATH MOHITOPHHT
Pi3HOT KUTBKOCTI IPOTYKIIii Y MiCAIIB.

Ha puc.4 mnpexncraBmeHa miarpama JOMOMIDKHOI
YaCTHHU. 3 ONIAY Ha Te, IO KUIBKICTH TOBapiB JUIs
MOHITOPUHTY OOMEXEHa, KOXHHUH MIcCslb JONOMIiKHA
YacTHHA KOPHUCTYBadiB BHKOHYE pOJIb OYMIICHHS 0a3u
JMAHWX BiJ 3aMUCIB MPO KUIBKICTH TOBapiB, Mo Oyia
BUKOpHUCTaHa. [[g yacTuHa Mae Taki ckinanoi: DynamoDB
Storage, Cleaner Lambda, User Task Kinesis Stream, User
Task Lambda Tta CloudWatch. Koxnoro wicsms
CloudWatch cTBOpro€e noziro, sika BU3Ha4a€ MOMEHT, KOJTH
Tpeba MPOBECTH OUUIICHHS 0a3u.

Puc.4. [liarpama TOMOMI>KHOT YaCTUHH BeO-CEepBICY

User Task Lambda cTBOproe HHU3KY 3aBOaHb LIS
BHKOHaHHA Ta Bkiagae ix y User Task Kinesis Lambda.
Cleaner Lambda pearye ©Ha HasBHICTH 3aBIaHb Ta
MPOBOANTD 3a3HaveHi Buine il [8, 9]. BisyanbHa yactuHa
BHUKOHAHA 3a JIOMIOMOroi0 (peiiMBopka React ta cucremu
craniB Redux [12]. SIk XocTMHr Ta I 3MEHIIEHHS
BUTPAaT Ha OCHOBI JEKUIBKOX cepBiciB Amazon Oyia
CTBOpPCHA CHCTEMa, CXEMY SKOi MOXXHa MOOAYUTH Ha
puc. 5.

‘.I‘Gf_

Puc.5. [liarpama BizyaiapHOTO cepBicCy

3 puc. 5 MOXHa 3pOOWTH BHCHOBOK, IO Bi3yalbHa
YacTHHA CKJIamaeTbes 3 nBox ckiamoBux: CloudFront ta
S3 Bucket Static Service. B po6oti S3 BHKOPHCTOBYETHCS
came fK cepBic cratmuHux naHuX pasom 3 CloudFront,
MPOTE TaKOXK BHKOPHCTOBYIOTHCS YCi BHIE3a3HAUCHI
HiepeBart.

OcHoBHi pe3ynabTatn po0otu. Crhuparoduch Ha
NPUHLMIIAX Ta apXiTeKTypi, ONHCAaHWX BHIIE, OyIo
CTBOPEHO BE0-3aCTOCYHOK JJIi MOHITOPUHTY BapTOCTi
npoaykuii Ha 0a3 apxitektypu serverless. Ha puc. 6
300pakeHa 3arajbHa CTPYKTYpa BeO-3aCTOCYHKY.

Profile

i
| B
R A

Delete

Product Product

Puc. 6. 3aransHa cTpyKTypa Be0-3aCTOCYHKY

[Ticis aBTOpU3aLil KOPUCTYBaYa BUKOHYETBCS 3aIUT
1o Amazon Cognito, sikuit 30epeske BBeICHI AaHi 10 0a3w,
SIKIII0O BOHM BIAMOBIAArOTE BUMoraM Oesmeku. [licis 30e-
pexenHss naHux Cognito CTBOPIOE CHCTEMHHH JIMCT JO
KOPHCTYBaya 3 KOJOM BepHGikalii MOMTOBOI afpecH Ta
HaMipy peecTpailii y TOi 4ac, Koiu Be0-3aCTOCYHOK Imepe-
Hece KOpHCTyBaua Ha CTOPIHKY Bepuikaii Ta 3amporo-
Hye BBecTH KoA. Ilicmsi BBeleHHsS KOIy BHMKOHYETBCS
crewianbHuil 3anut 10 Amazon Cognito 3 MeTOw BepH-
¢ikanii Ta akTHBaLil KOPUCTyBaya 32 HASBHOCTI BIpPHOTO
koxy. Ilicas ycmimHOi Bepudikamii Be0-3aCTOCYHOK
nepeHece KOPUCTyBava Ha CTOPIHKY aBTeHTU(IKAIIIT.

Y  BUmagKky — NpaBHIBHO — BBEACHHX  JIAHUX
KOpDHCTyBaya CHCTEMa IIepeHece Ioro Ha OCHOBHY
CTOpPIHKY 31 CHHCKOM  TOBapiB, IO BXe €
3apeecTPOBAHUMHE IJIsl MOHITOPUHTY (IPHKIAL, pUC. 7).
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Puc. 7. Ilpuxiag 0CHOBHOI CTOPIHKH KOPHCTYBada
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ToBapu po3noaUISIOTECS PIBHOMIPHO MO CTOPiHII. Y
Be0-3aCTOCYHKY NPHCYTHS MOXJIMBICTh BHAAJIUTH HENO-
TpiOHMI ToBap abo moxaTH HOBHH ToBap. JlomaBaHHS HO-
BOTO TOBapy BUKOHYETHCS Yy JBa Kpoku. Ha mepmomy
KpOILl KOPHCTYBau Ma€ BBECTH ITOCHJIAHHS Ha TOBap, IO
BiH Oakae momatu. Ha mpyromy Kpori cmcremMa BHKOHA€
3aIUT 32 TOBapOM Ta 3aMPOTIOHYE MiATBEPIUTH UM Tpeda
JIOZIATH TOBAp JI0 CHCTEMH. TakoX Ha APYroMy KpOIli CHC-
TeMa MPONOHYE KOPHUCTYBady AOJATH MapaMeTPH MOHITO-
pHuHTY, SKUi BiH Oaxae. CucteMa 1a€ MOXKIUBICTE 00OpaTn
THII 3MIHM I[IHA. HiABUIIEHHS a00 3HIDKEHHS, T BEIHYH-
HY Y BIJICOTKaX, Ha SKy NOBHHHA 3MiHUTHUCS I[IHA TOBapy.
[Tix yac MOHITOPHHTY, SIKIIO NPABHJIO BiJCTEXKEHHs Oyxae
BUKOHAHO, CHCTEMa BiANPaBUTh IOBIIOMIICHHS JI0 KOpHUC-
TyBaya 3a JJOIIOMOT'0I0 €JIEKTPOHHOTO JIUCTA.

BucHoBkH. Y nasiii po0oTi Oyio MpoBEIEHO OIS
Ta aHali3 Cy4YacHMX METOJIB  oprasizamii  BeO-
3acTOCYyBaHb. Takok Oylo MOCHIIKEHO TeMaTHYHY 00-
JIACTh EJIEKTPOHHOI TOPTIBIIL i MPOBEICHO MOPiBHAIBHUAN
aHami3z. Byno 3poOieHo mpUOyIIeHHS MPO JOILUTBHICTH
CTBOPEHHS CHCTEMH, 1[0 MOTJIa O MIBUAKO Ta 3pYYHO MpO-
BOJIUTH MOHITOPHHT Ta HOTH()IKyBaHHS KOPUCTyBaya.

Sk pe3ynbTaT, Oylla 3MOJIEIbOBaHA CUCTEMA, 10 Ja€
MOXIJIMBICTh KOPUCTYBauy MepeiaT MiHIMyM iHpopMariii
Ipo MPOIYKT Ta BOJHOYAC OTPUMYBATH JAETalbHY iH(OP-
Mallito PO MOHITOPHHT BapTOCTI 00paHOi MPOAYKIIii.
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UDC 519.6
V. L. LYSYTSKYI, Y. Y. MORHUN

DEVELOPMENT OF SOFTWARE FOR EFFECTIVE ENTERPRICE PRODUCT POLICY CREATION

The problem of developing a software tool for an effective enterprise product policy creation is considered. Existing methods for an enterprise product
policy creation require the execution of a large number of computational operations, and those operations can be processed faster and more accurate by
using of personal computers. The object of this research is IT-enterprise which is developing web-applications for automatization of relationships
between enterprises and clients. The main point of the work is developing of program tool that uses algorithmic model of information technology for
enterprise product policy creation to increase enterprise profitability. During the work, the current state of the problem of enterprise product policy
creation, as well as existing software tools that could be used to create the enterprise product policy, were considered. A review of existing software
development methodologies was performed. The task about developing of algorithmic model, software tool architecture and program system for
enterprise product policy creation was set. The software tool that is developed contains of several functional modules. There are listed algorithms that
describe how those modules work. The algorithmic model uses hierarchy analysis method for creation of assortment of product policy and simplex
method for solving task of linear programming for calculation of production volumes for chosen products. The functional and non-functional
requirements were developed for program, the three-layer software architecture of the web-application was chosen, program code was written, and
program system was tested. The graphical user interface was developed and described. The graphical user interface provides users with ability to enter
information, which is required for enterprise product policy creation, and retrieve results which are set of products, that enterprise should produce, and
volumes of production of those products. The conclusion about results of developing program system and the possibility to use the algorithmic model
in future researches were made. The results of the work can be used for development of information technology of enterprise product policy creation.
Keywords: product policy, enterprise, information technology, algorithmic model, hierarchy, optimization, effectivity.

B. JI. THCHIIbKHH, 4. F0. MOPTYH
PO3POBKA ITPOT'PAMHOTI'O 3ACOBY ®OPMYBAHHS E®EKTUBHOI TOBAPHOI IMMOJITUKA
HNIAIMPUEMCTBA

Posrisimaetbess mpobiieMa po3poOKU IporpaMHOro 3aco0y s (opMyBaHHS e(peKTHBHOI TOBapHOI INONITHKH IMiANPHEMCTBA. ICHYyIOWi MeToIu
dopmyBaHHsS TOBapHOI MONITHKH BHMAaraiOTh BHKOHAHHS BEIHMKOI KIMBKOCTI OOYHCIIOBAIBHUX OIEpaliif, a BHKOPHUCTAHHS EJIEKTPOHHO
OOYHCITIOBATPHAX MAIIMH MOXE 30UTBLIIMTH HIBUAKICTh 1 TOYHICTH BHKOHAHHS TakuX omepauiit. O6’exktoM nociimkeHus € IT-mianpueMcTBo, 1o
3IIHCHIOE PO3pOOKY BeO-I0AATKIB 111 aBTOMATH3aMii B3a€MOIii MiXK MIAPHEMCTBAMH Ta KIIi€HTaMH. MeToro JaHOi poOOTH € po3poOKa IIPOrpaMHOro
3aco0y, SIKHIl BUKOPHCTOBYE alTOPUTMIYHY MOAENb iH(OpMaliifHOI TexHooril (opMyBaHHS TOBApHOI MOJITHUKH MiANPHEMCTBA, JUIS ITiJBUIICHHS
npubyTKOoBOCTI migmpuemctBa. Ilin 9ac BHKOHAHHS pPOOOTH, OYy/IO PO3MIAHYTO CydacHHl CTaH HpoOieMu (OPMYBaHHS TOBAPHOI MOJITHKA
MANPUEMCTBA, @ TaKOX ICHYIOUI IPOrpaMHi 3aco0H, IO MOXYTh OyTH BHKOpHCTaHi Juii (OopMyBaHHS TOBapHOI MOJITHKH Higmpuemcrtsa. bymo
BUKOHAHO OIS iCHYFOUMX METOJIIB PO3pOOKHM IMPOTpaMHUX 3aco0iB. ITocTaBieHa 3a1aua po3poOHTH aarOpUTMidHy MOJIEINb, APXIiTEKTYpPy IPOrpaMHOL
CHCTEMH 1 MpPOrpaMHy CHCTeMYy Ui (OpMyBaHHS TOBapHOI MOMITHKM IiAIpUEMCTBA. Po3pobieHuil mporpamuuii 3acié MiCTUTh AeKiibKa
(YHKIIOHAIBHUX MOMYIIB, aNTOPHTMH (YHKIIOHyBaHHS KOXXHOTO MOJYNIO ONMCAHi B IiH CTaTTi. ANTOPUTMi4HAa MOJENb BHKOPHCTOBYE METOJ
aHayi3y iepapXii 11 opMyBaHHS TOBapPHOTO aCOPTHMEHTY Ta CHMILIEKC-METOJ BHPIMICHHS 3ajadi JiHIHHOTO MporpaMyBaHHS — I BH3HAUCHHS
00’eMiB BUpOOHHUIITBA TOBapiB. {1 mporpaMHoi cucteMu Oysiu po3poOiieHi (yHKLIOHANBHI Ta He(YHKIIOHAIBHI BUMOTH, OYyJI0 OOpaHO TPHUILIAPOBY
apXiTeKTypy Be0-3aCTOCYHKY, HANMCAaHO MPOTPAMHMII KOX i BMKOHAHO TECTyBaHHA NporpamHoi cuctemm. PospoOmeno rpadiunmii inTepdeiic
KOpHUCTyBaJa, IKHil Hajlae MOJKJIMBICTh BBOAUTH iH(OPMAILif0, HEOOXiIHY JUIs ()OPMYBAaHHS TOBAPHOI MONITHKH, Ta OTPHMYBATH PE3y/IbTaTH — TOBAPH,
SIKI HeOOXi/THO BUPOOIATH, 1 00’ €MU BUPOOHHIITBA TAKMX TOBAPiB. 3p00JICHO BUCHOBKH MPO PE3yJIbTaTH PO3POOKH IMPOrPaMHOTo 3aco0y 1 MOKIHBICTh
BUKOPUCTAHHs alTOPUTMIYHOI Mojeni B MaiOyTHIX JociimkeHHsX. Pesympraté poOOTH MOXYTh OyTH BHKOPHCTAHI SIK TEOPETHYHI OCHOBH JUISA
po3pobkw iHdopManiifHoi TeXHONOTIT (POpMyBaHHS TOBAPHOI MOJITHKH ITiANPHUEMCTBA.
Kuaio4oBi c;10Ba: ToBapHa MOMITHKA, MANPHEMCTBO, iHGOpMAIIiiiHa TEXHOIOTIs, aArOPUTMIYHA MOJIEIb, I€papXis, ONTUMI3allis, cHEeKTHBHICTb.

B. JI. IHCHLIKHH, 4. 0. MOPT'YH
PA3PABOTKA TIPOTPAMMHOI'O CPEJCTBA ®OPMUPOBAHUS Y®OEKTUBHON TOBAPHOMN
HOJIMTUKU NPENPUSTUSA

PaccmatpuBaercst mpoOnema pa3pabOTKH NPOTPaMMHOTO cpenctBa s (OpMHpOBaHUS 3((EKTUBHONH TOBAapHOH MOJUTHKU IIPEIIPHITHS.
CymecTByomue MeToAbl (OPMHUPOBAHHS TOBAPHON MOMHTHKU TPEOYIOT BBIIOIHEHHS OOJBIIOTO KOIMYECTBA BBIYMCIMTENBHBIX OIEpalui, a
HCTIONB30BaHUE JJIEKTPOHHO-BEMUCINTENBHEIX MAalIiH MOXET YBEJIHMYHTh CKOPOCTb W TOYHOCTH BBINOJHEHHWS TakuX omneparuid. OObekToM
uccienoBanus sBisiercs [T-mpexnpusTHe, KOTOpoe 3aHHMAeTcsl pa3pabdOTKON BeO-NMPUIOKEHHH U aBTOMATH3aLMM B3aHMMOJACHCTBUS MEXTY
MPeINpUATUSIMH U KIMeHTaMmu. llenbio naHHON paboThl SBIAETCS pa3paboTKa IPOrPaMMHOTO CPEACTBA, KOTOPOE HCIONIB3YET aNrOPUTMUUYECKYIO
Moyienb MH(GOPMAITMOHHONW TEXHOJIOTHH (POPMHUPOBAHMS TOBAPHOW MOJIUTUKH NPEINPHUATHS, UL HOBBILICHNS NPUOBUIBHOCTH NpeanpusTisi. B xozne
BBITIOJIHEHUST PaOOThI, OBUIM PacCMOTPEHBI COBPEMEHHOE COCTOSHHE NPOoOIeMbl (OPMHPOBAHUS TOBApHOH IONUTHKH TNPEINPUSATHI, a TaKkKe
CYIIECTBYIOIINE MPOrpaMMHbIE CPEICTBA, KOTOPbIe MOTYT OBITh HCIIOIb30BAaHHBIMHU s ()OPMUPOBAHHUS TOBAPHOH MOIUTHUKH NpPeNUpUATUs. Boian
PAcCMOTPEHBI CYIIECTBYIOIIHE METOAbl Pa3pabOTKH IPOTpaMMHBIX CpeAcTB. IlocTaBiena 3amada pa3paboTaTh aIrOPHTMUYECKYIO MOZEIb,
ApXUTEKTypy HPOrPaMMHOM CHCTEMBI ¥ IPOTPaMMHYIO CHCTeMy I (OPMHPOBAHUS TOBAPHOH NOJNMTHKH Npeanpusatus. PaspaGoranHoe
IPOrpaMMHOE CPEICTBO COAEPIKUT HECKOIBKO (DYHKIIMOHATBHBIX MOMYJIEH, aIropuTMbl (HYHKIIMOHHPOBAHHS KaXKIOTO U3 MOIYJIeH OMUCAHEI B CTAaThe.
AnropuT™MudecKas MOJeIb HCIONIb3YeT METO aHaIN3a Hepapxuil 1t GOpMHUPOBAaHUS TOBAPHOTO aCCOPTHMEHTA H CHMILIEKC-METO/] PeLICHNUS 3a1a9l
JIMHEHHOTO TNPOrPaMMHUPOBAHHS — JUI1 ONpEAeNieHHs OOBEMOB IPOW3BOJACTBA TOBAapoB. JIJIsI HpOrpaMMHONH CHCTEMBI OBUIM pa3pabOoTaHbI
(yHKIMOHATBEHBIE M HeQYHKIIMOHANIBHBIE TPeOOBaHMs, Oblia BEIOpaHA TPEXCIIOWHAs apXUTEKTypa BeO-TIPHIOKEHHUS, HAIIMCAH NMPOTPAMMHBIH KOJ 1
BBINOJIHEHO TECTHPOBAHME NMPOrPaMMHON cucTeMbl. Pazpabotan rpaduyeckuii uHTepdeiic monp3oBaresns, KOTOPHIA JaeT BO3MOXXHOCTh BBOAWTH
nHGOPMALHIO, HEOOXOIMMYIO [UIs (POPMHPOBAHHUS TOBAPHOI MOJNMTHKH, M HOJMYyYaTh Pe3yJIbTaThl — TOBAPbl, KOTOPbIE HEOOXOAUMO IPOH3BOINTH, U
00BeMBI NIPOU3BOACTBA TaKUX TOBapoB. CIenaHsl BBIBOABI O Pe3yIbTaTaX pa3padOTKH MPOrPaMMHOIO CPEICTBA U BO3MOXKHOCTb HCIIONB30BAHHS
AITOPUTMHUYECKOI MOZienH B OyIyIIUX UCCIEIOBAHUAX. Pe3ynpTaTel pabOoThI MOTYT OBITH UCIIONB30BAHBI KaK TEOPETHICCKHI OCHOBBI 1T Pa3padOTKU
HHGOPMALOHHON TEXHOJIOTHU (GOPMHPOBAHHS TOBAPHOM MOIUTHKH MPEIIPUSITHS.

KioueBble cji0Ba: ToBapHas NMONUTHUKA, NPEANPHATUE, HHPOPMAIMOHHAS TEXHOJIOTHS, arOPUTMUUYECKas MOJIENIb, HepapXus, ONTHMH3AINS,
3G PEKTUBHOCTD.
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Introduction. Nowadays enterprise, that acts within
the market economy, requires achievement and supporting
high level of enterprise competitiveness and customers
demand on made products or services. Modern market is
dynamic, so that all changes should be analyzed by
enterprise management as soon as possible to develop fast
response in order to increase their profit. Current subject
oriented technologies of enterprise product policy (PP)
developing use methods with a lot of -calculation
operations to find optimal decision [1].

The usage of computer systems could process big
information amounts in a few seconds and store data, that
are required for further processing. Existing software tools
(ST) made good toolkit for enterprise product assortment
creation. They provide a person who creates PP with an
ability to execute all required calculations to create
effective enterprise product assortment by using
experience and toolkit. Therefore, actual task is
developing of ST that should provide ability (by using
modern effective methods and models) to create in
interactive mode optimal enterprise PP dependent on
limitation, ensure maximum profit in planned time
measures.

Formulation of the problem. The object of research
is IT-enterprise which is developing web-applications
(web-sites, forums, online-shops) for automatization
processes of customer relationships. The enterprise has
qualified experts, information resources, equipment and
materials that provide ability to develop web-applications
based on modern information technologies. The enterprise
has limited resources.

The current situation within the market of
intellectual product is characterized by favorable
conditions. The mid-term effective PP can be created
because of raised demand for web-applications. Therefore,
the task about developing ST for effective enterprise PP
creation is raised. For solving this task, it is necessary to
do next steps:

1 To develop algorithmic model (AM) of
information technology (IT) for creation
enterprise product policy based on qualitative
and quantitative methods;

2 To design architecture of program system (PS)
that will implement the AM of IT;

3 To develop program tools and their interfaces
that are parts of PS.

Authorization module 4; |«

v Expert

User

Person who creates decision (PCD)

Projects importance estimation
Ay ={Ay,i=1,4}

Creation list of projects for
research

IT-enterprise

Person who makes

Centralized data base of

Creation list of important
projects A;

A

Mathematical model for

solving task of optimal

planning normalization
Ay ={Ay,i=17}

v

decision (PMD)
A 4

See results Ag ‘I

Monitoring system

Efficient product policy

External
environment

\

Fig. 1. Schema of interaction of parts of AM of IT for creation enterprise PP
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Modules of program system. PS of IT for creation
enterprise PP is a complex of interacting programmatical
structural elements that build defined structure for active
creation effective enterprise PP to support related
technical tools. Architecture of PS is a basic organization
describing its main  structural elements their
interrelationships and relationships with PS environment.
The architecture developing process requires making
several decisions about PS organization, selection ST that
will be included to PS, their interfaces and behavior. The
baseline of architecture development process is
algorithmic model (AM) of IT for creation enterprise PP.
Fig. 1 demonstrates structural features of algorithmic
model AM = {A; R c A x A}, where A ={A;} — set of
interacted algorithms A4;, Rc AxX A - connections
between the algorithms.

The set of algorithms is listed below:

A, — user authorization algorithm;

A, — algorithm of hierarchy analysis method:

A,4 —hierarchy creation algorithm;

A,, —defining of local priorities of hierarchy
elements;

A5 —algorithm of creation of matrices for paired
comparisons;

A,, —algorithm
definition;

A5 — algorithm of creation important projects list;

A, —algorithm of normalization of mathematical
model for solving task of optimal planning:

A4y —data input (matrix of conditions A, vector of
limits b, vector of coefficients of linear form c);

A,, — validate input;

A, — input data correction;

A,, — search of initial reference plan by the method
of synthetic basis (I algorithm);

A,4s —solving of linear programming (LP) task by the
simplex method (II algorithm);

A, — authenticate solution;

A,, — investigate area of stability of solution of LP
task;

As — algorithm of results presentation.

Connections between described algorithms are in
Fig. 2.

of products global priorities

Fig. 2. Connections between algorithms A4; € A

It is reasonable to develop PS as a web-oriented
application, which implements the AM. That type of

application allows usage of “thin” client architecture. The
“thin” client architecture has three main modules: server
of database, application server, client application. The
database (DB), that support PS functionality, should be in
DB server. The application server processes all
information (hierarchy creation, mathematical calculations
of project priorities, creation of list of the best projects, LP
task solving, results presentation. Client performs only
data input and calls available functions on the application
server [2].

The JDBC (Java DataBase Connectivity) driver was
used for configuration of connection between DB server
and application server. It provides ability to configure and
retrieve connection to database, build SQL-queries
programmatically, manage transactions and configure
handling of results of SQL-queries execution by using
Java objects [3].

Presentation of user interface use HTML pages.
Those pages are managed by application server and sent to
client with response. The user interface includes such
active elements like buttons and hyperlinks. HTML form
generates and sends HTTP request to application server by
clicking the active element. The application server
processes each HTTP request and returns a response. This
is how interaction between client and application server is
implemented [4].

The PS is implemented based on popular MVC
(Model-View-Controller) pattern. MV C pattern provides 3
parts of the PS:

1 Model — this PS component is intended to work

with DB.

2 View component represents user’s interface.

3 Controller.

The model component declares Java objects to
represent all tables from DB. Also, in scope of the model
component DB connection was configured and some
classes were implemented. Those classes support creation
and running custom SQL scripts and processing results of
running SQL scripts [5].

View component is responsible for showing all
program control elements to end-user. The main purpose
of view component is data representing which are stored
in application DB. One of advantages of MVC pattern is
modular architecture, so that PS can support several view
components simultaneously and each component can
implement different method of representation of the same
data. View component should build HTML pages to show
them on the user’s computer. JSP (Java Server Pages)
technology was used to build HTML pages dynamically in
runtime [6].

Controller component implements main business
logic of data processing. Controller can process input data
from user and stored data from DB. This component is
responsible for handling input HTTP requests from user’s
computer (view component).

MVC is used to decouple data that are in DB from
representation of data on user’s computer. The main goal
of taking this decision — flexible implementation of
algorithmic model that can make it easier to do some
changes in the future. Developed architecture is based on
modular structure of PS [2].
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Block of calculations. PP requires defining the
assortment and volume of products to produce by IT
enterprise. That’s why PP includes qualitative and
quantitative parts. The qualitative part of PP is an
assortment of products to produce. This assortment
contains a set of different products that enterprise can
produce. The quantitative part describes production
volume of each product from PP [1].

Considering such separation of PP, it’s reasonable to
use different methods for defining assortment of PP and
for calculation production volume of chosen products.

Dependency of product policy assortment from the
criterion declared by enterprise management can be
presented by hierarchies. First or lower level of hierarchy
contains different kinds of goods, that enterprise has been
producing or wants to produce in the future. Last or top
hierarchy level should describe the main goal of enterprise
activity. There are should be several criteria for estimation
of influence of some products to global goal achievement.
Those criteria should be placed on intermediate hierarchy
levels. Therefore, a hierarchy should contain at least three
levels.

This hierarchy can be used in process of creation and
managing of enterprise PP assortment. The example of
possible hierarchy is in Fig. 3 [7].

Analytic  hierarchy process (AHP) - is a
mathematical tool of the system approach for hard
decision-making tasks. This method describes sequence of
algorithms which are used for calculation of priority of
elements which are on the first level of the hierarchy (they
are elements of IT-enterprise PP assortment) relatively to
main goal from last level of the hierarchy. Fig. 2 presents
the sequence of execution of algorithms A4,;,j = 1,4 to
solve AHP task for IT-enterprise PP creation [8].

The process of defining a product range of future PP
requires the creation of sorted set of products. That set
should be ordered by global priority values decreasing.
The first part of products, which have sum of global
priorities equals to 0.8 will be included to compromise
solution of multicriteria task. That measure value is
configurable and can be changed depending on task [7].

The process of PP creation requires defining not only
product assortment but production volumes of selected
products to get maximum profit by sale that products [9].

In order to calculate production volumes of selected
products the task of linear programming was set. This task
provides the opportunity to specify global target of
optimization and limits for existed resources. One of
existed method for solving that type of task is simplex
method that provides sequence of solutions and search for
optimal solution [10].

Fig. 2 shows sequence of executing algorithms
Ayj, J = 1, 7 for solving task (1) for planning production
volumes for the products.

L = (c, x) » max, (1)
Ax=b,x >0,

where x = (xy, ..., X;, ..., x,) T — is a vector of production
volumes of i-th product from PP assortment;

b= (by,...,b,)T — is a vector of limits, that are
related to production technology, delivery, and sale of
products;

A=(ay,..,a,) —is a matrix mxn (n=m) of
condition of production technology;

a; = (alj, azj, ...,amj)T — is a vector of condition
of production technology;

c=(cy, ., Ci, -, Cy) — IS @ vector of prices, that are
used while selling one item of i-th product.

User interface. National bank of standardized
science-technical definitions defines “user interface” (Ul)
as a complex of hardware and software to support
interaction between end-user and computer [11].

Graphical Ul was developed for ST for creation of
IT-enterprise PP. That decision is based on high
popularity of that user interface type. Also, graphical Ul is
easy to learn from end-user point of view.

Interface for ST was implemented based on
HTML-pages which show main elements to control
program like menu, buttons, hyperlinks, and data retrieved
from the server. Also, HTML-pages provide ability to
configure graphical style of user interface [12].

Global goal | Increase enterprise profitability |
y
v ‘ v
Main goals | Increase sales income | Reduce risks | | Decrease production cost |

v
v v v

¥ y
v v v v

Product groups

(PG) | PG1 | | PG2 | | PG3 | | PG4 | | PG5 | | PG6 | | PG7 |
of product
assortment

Fig. 3. Hierarchy model of impact of products to enterprise profitability
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Each authorized user has rights to perform certain
operations within developed ST. PS defines 3 user roles:
“PMD” — a person who makes a decision, “PCD” — a
person who creates a decision, “Expert” — a person who
participates in process of pair comparisons. All user’s
eligible actions depend on his role and they are shown in
ST main menu (Fig. 4).

CteopuTH
3aBAaHHA

MepermAHyTH
OOCTIIHEHHA

Buwiatn

Fig. 4. Menu for user with role “PMD”

The Process of organization of data input is an
important part of developing graphical Ul. HTML
language declares many standard input elements (i.e. text
field, text area, numeric field, date field, dropdown list).
These elements were used for implementation of graphical
Ul for ST for creation of IT-enterprise PP. Fig. 5 shows
sample of form for task (1) normalization. Sample of form
for hierarchy creation is in Fig. 6 [12].

Another important part of graphical Ul developing is
organization of results presentation. It requires thinking on
available types of presenting information to user. There
are several types of data presentation: presentation on
window form, saving results to some file, report
generation. Developed ST presents information on
window forms [12].

Previously listed elements of graphical Ul describe

main control elements,
presenting results.

lNocTaHoBKa OMTUMI3ALIAHOT 3aaaui

L{(X)= +11.000 *xq +12.500 *x; +1.000 *x3 +4.000* x4 — max
+1.000 * %y +2.000 *x; +3.000 * x5 =2300.0
+9.000 * x; +8.000 * x5 +7.000 * x4 =100.0
+4.000 * x; +5.000 * %3 +6.000 " x4 =150.0
xz0i=1 4
Paxyeatn

methods of data input and

Fig. 5. The form for LP task normalization

Conclusions. As the result of scientific research, the
following results were obtained:

1 The algorithmic model of information
technology for enterprise PP creation was
developed;

2 The architecture of program system that

implements algorithmic model of information
technology for enterprise PP creation was
developed;
3 Software tools were developed to use in process
of creation enterprise PP.
These results can be considered as theoretical basis
for developing science-based information technology for
enterprise product policy creation.
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VK 65.012.27, 004.023
B. B. MOCKAJIEHKO, C. H. KA9YAHOBA

AJITOPUTMHAYECKHUI MOJYJIb ®OPMUPOBAHUS UHBECTULIMOHHOM ITIPOI'PAMMBI B
PAMKAX CUCTEMBI NIOJJAEPKKHU NIPUHATHAA PEIIEHUU 110 PASBUTHUIO ITPEAIIPUATHA

ITpoBenieH 0630p COBPEMEHHBIX METOJ0B (DOPMUPOBAHUS MHBECTHIMOHHOTO MOPT(ENs, PaCCMOTPEHBI MOAXO/bl K Pa3padOTKe CUCTEM MOIICPKKH
HPHHATHS UHBECTHILIMOHHBIX pelieHui. Ha ocHOBe 3TOro c/enaHbl BBIBOJBI O TOM, YTO TAKHE CHCTEMbI MPEAHA3HAUCHBI 1/ MH()OPMALOHHOIO H
aHAIUTUYECKOTro obecredeHus mporecca GOpMUPOBAHUS MHBECTHIHOHHOTO MOPTQENs WIN IPOSKTOB IPYTHX IPEANpPUATHH, WX LEHHBIX OyMmar,
KOTOpBbIE BBIIYCKAIOT pa3inuyHble kKoMmranuu. [Ipu ¢popmupoBannu Takux noprdesneil He yUUTHIBAeTCs BIMAHUE HHBECTULMH NPEINPUATHS B OOBEKTHI
Ha CTpaTernyueckoe pasBuTHe storo mpexanpustus. IIpeuiaraercss nmoaxox Kk GOpMHUPOBAHUIO MHBECTHUI[MOHHOTO MOPT(E MPEANPHUATHS, KOTOPOE
3aHMMAeTCsl BHEIIHHM U BHYTPEHHHM HHBECTHPOBAHHEM. B KkauecTBe HMHBECTHLIHOHHBIX LEHHOCTEH, B KOTOpBHIE BKIAIBIBAIOTCS COOCTBEHHBIC
CpPEACTBA NPEANPHUATHS, PACCMATPUBAIOTCS TPOEKTHI Pa3BUTHS NPEMNPUATHS (BHYyTPEHHEE MHBECTHPOBAHME), MPOCKTHI U LEHHbIE OymMard Ipyrux
NpennpusITHii (BHELIHEe HWHBECTHPOBaHHE). BhIOOp OOBEKTOB HWHBECTHPOBAHUS OCYILIECTBISICTCS HA OCHOBE (QYHKIMH IMOJIe3HOCTH. DyHKIHMS
TIOJIC3HOCTU CTPOUTCS Ha OCHOBE KPUTEPHEB MAKCHMH3AIUH JOXOAHOCTH MHBECTHULMH, MUHUMU3ALUN WHBECTHIIHOHHOTO PUCKA U MaKCHMHU3AI[HH
CTENCHM BIMSHHMSA WHBECTHULMOHHOTO OOBEKTa Ha CcTpareruyeckoe passutue. IIpemnoxeH Ousnec-mpouecc (HOPMUPOBAHHMS HMHBECTULHOHHOM
HPOrpaMMbl, KOTOPBIl COCTOMT U3 CIEAYIOIINX OCHOBHBIX MPOLEAYP: pacHpeeleHie HHBECTHIIMOHHBIX PECYPCOB MEXK/Y MOPTHEIIMI HHBECTUIINH;
¢dopmupoBanne TOpT(hens HHBECTUIHOHHBIX IPOCKTOB, KOTOpHE OYyAyT peaIn3OBBIBATHCS B paMKaxX IIPOTrPaMMbl Pa3BUTUS IPEATPHATHS,
dopmupoBaHue MOPTdheNns BHEIIHUX HHBECTHLIHN B MPOEKTHl OPYTHX MPEANPHUATHI, (opMmupoBaHHE HOPThEs LeHHbIX Oymar; dopmupoBanue
o01ero noprdens MHBECTULMI NPeANpUATHs KaKk oObeMHEHUE Tpex mnoprderneid. ITOT OU3HEeC-TPOoLece peannu3yercss B paMKax ajlrOpUTMHUYECKOTO
MOJYJISL CHCTEMBI ONEP KKU IIPHHATHS PEIIeHHI 110 Pa3BUTHIO NIPEANPHATHS. B pe3ynpTaTe HCIIOIB30BaHUS TAKOTO MOAYIIS (OpMHpPYeTCs TOpTdhens
MHBECTULMI NPeAnpUaThs. JTa CHCTEMa IMOICPKKU IPUHATUS PELICHUS SBISCTCS YacThbO CHUCTEM YIpaBieHHs 3()(MEKTUBHOCTHIO MPEATPUSTHS
kinacca Enterprise Performance Management, 3Tu cuCTeMbl NpeJHAa3HAYCHBI I HH(POPMALMOHHO-AHAIUTHYECKON MOJJCPKKH IPOLIECCOB
CTPATErnIecKOro yIpaBIeHUs NPETPHUSTHS.

KutroueBble c10Ba: MHBECTHI[MOHHBIA NMOPTdEIb, BHYTPEHHHE MWHBECTULMH, BHCLIHUE WHBECTHIMH, (YHKI[HS MOJIC3HOCTH, OU3HEC-TIpoLecc,
CHCTeMa MOANCPIKKU HPUHATUS PEIICHHS, CUCTeMa YIpaBaeHUs 3D()EKTHBHOCTBIO MPETPHUATHS.

B. B. MOCKAJIEHKO, C. 1. KAY4HOBA

AJIF'OPUTMIYHI MOAY.Ib JIS1 ®OPMYBAHHSI THBECTHUIIIMHOI ITPOT'PAMHU B PAMKAX
CHUCTEMM NIITPUMKHU IPUUHATTA PIIIEHD 3 PO3BUTKY KOMIAHII

IpoBeneHo orysig Cy4acHHX METOmiB (HOPMyBaHHS iHBECTHULIHHOTO MOPT(hENs, PO3TIIHYTI MIAXOAW OO0 PO3POOKH CHCTEM MiATPUMKH MPUAHSITTS
IHBECTULIHHUX pimieHb. Ha OCHOBI 1bOTO 3pOOJICHO BHUCHOBKM IIPO T€, IO TaKi CHCTEMH MNpPU3HAYeHI Ui iHPOpMALiHHOrO Ta aHAIITHUYHOTO
3abesmeueHns mpouecy (OpMyBaHHS iHBECTHULIHHOrO mopTdenst ab0 MPOEKTIB iHIIKX MiANPHEMCTB, a00 LIHHUX ManepiB, sKi BUITyCKAIOTH Pi3Hi
xommanii. [Ipu ¢dopmyBanHi Takux mopTdeniB He BPaxOBYETHCs BIUIMB IHBECTHILIH MINPUEMCTBA B 00 €KTH HA CTPATEriYHHI PO3BUTOK LBOTO
mignpuemctsa. IIpomonyerbest miaxin mono ¢opMmyBaHHS IHBECTHI[IHHOrO MOPTQENs ITiNIPHEMCTBA, SKE€ 3aiiMaeThCs 30BHIIIHIM ¥ BHYTPIIIHIM
IHBECTYBaHHSAM. B SKOCTI IHBECTHIIMHHMX LIHHOCTEH, B SKI BKJIQJAIOTHCS BJIACHI KOLITH MiANPUEMCTBA, PO3MNIAAAIOTHCS TPOEKTH PO3BUTKY
MiANPUEMCTBA (BHYTPIIIHE 1HBECTYBaHHS), MPOEKTH Ta I[IHHI ManepH IHIIMX MiANPUEMCTB (30BHIIIHE iHBeCTYBaHH:). Bubip 00’€KTiB iHBECTyBaHHS
3mificHIOEThCS Ha OCHOBI (yHKIii KopucHOCTi. DYHKIS KOPHUCHOCTI OyAyeThCs Ha OCHOBI KpHTepiiB MakchMi3alii mpuOyTKOBOCTI iHBECTHILiH,
MiHiMi3alii IHBECTUI[IHHOTO PU3MKY Ta MaKCHMIi3allii CTyNeHs BIUIMBY IHBECTUI[IIHOrO 00’€KTy Ha CTpATEriYHMi PO3BUTOK. 3arpoOrOHOBAHO Oi3HeC-
nporec GpopMyBaHHS IHBECTHLIHHOT MPOTrpaMH, SIKMH CKJIQAEThCS 3 TAKMX OCHOBHUX MPOLEAYP: PO3MOUT iIHBECTULIIHHUX pecypciB Mixk nopTdensimu
iHBecTHIilf; (opMyBaHHS MHOPTQENs IHBECTUIIHHMX TIPOEKTIB, sIKi OyIyTh peai3oByBaTHCS B paMKax IpOrpaMH PO3BHUTKY MiJIIPHEMCTBA;
dhopmyBanHs: OpThesss 30BHINIHIX IHBECTHIH B MPOEKTH IHIIKX MiAMPHEMCTB; (GOpMyBaHHS MOPTQENs HIHHUX manepis; HOpMyBaHHS 3arajibHOTO
moptderst iHBECTUIIIH MAMPHEMCTBA K 00’ €qHAHHS TphoX HopTdheris. Leit 6i3Hec-mporec peari3yeTbesl B paMKax alrOpUTMIYHOTO MOIYJIS CHCTEMHU
MiITPUMKH TPHUHHATTS pilleHb 3 PO3BHTKY IiANPUEMCTBA. B pesynpraTi BHKOpHCTaHHA TaKoro MOIyns (opMmyeThest TOpTdens iHBeCTHIiH
mignpueMcTBa. L crcTeMa MiATPUMKH OPUAHSATTS DIlICHHS € YaCTHHOIO CHCTEM YIpaBiiHHsA eheKTHBHICTIO mimmpueMcTBa kiacy Enterprise
Performance Management, 11i cucTeMu TIpU3HaYeHi [Tt iHGOpPMAIIiiTHO-aHATI THIHOI MATPUMKH MPOLECIB CTPATETIYHOTO YIIPABIIHHSI i MTPHEMCTBA.

Korouosi cmoBa: inBecTnuiifHmii mopTdens, BHyTpilmHI iHBEeCTHINi, 30BHIIHI iHBecTHIi, (yHKIisS KOpHCHOCTI, Oi3Hec-Tporec, cucTeMa
MiATPUMKH TPUHHSATTS PillIEHHs, CUCTEMa YIIPaBIiHHSA e()EeKTUBHICTIO MiAPUEMCTBA.

V. V. MOSKALENKGQO, S. I. KACHANOVA

ALGORITHMIC MODULE FOR INVESTMENT PROGRAM FORMATION WITHIN THE DECISION
SUPPORT SYSTEM OF THE COMPANY DEVELOPMENT

The article reviews modern methods of investment portfolio formation and approaches to the development of investment decision support systems.
Therefrom it is concluded that such systems are intended for information and analytical support of the process of forming of portfolios of investment in
other companies’ projects or in securities issued by different entities. Formation of such portfolios does not take into account the impact of a
company’s investment on this company strategic development. The article offers the approach of forming an investment portfolio at the company
engaged both in external and internal investment. The company development projects (internal investment) and other companies’ securities (external
investment) are considered to be investment values for investing the company’s own funds. The choice of investment objects is carried out based on
the utility function. The utility function is based on the criteria of maximization of the investment yield and the degree of impact of an investment
object on strategic development, and minimization of the investment risk. The article offers the business process of the investment program formation,
which contains the following main procedures: investment resources distribution between investment portfolios; forming a portfolio of investment
projects that will be implemented within the company development program; formation of a portfolio of foreign investments in projects of other
enterprises; formation of a portfolio of securities; formation of a common company investment portfolio as the aggregate of the three above. This
business process is realized within the scope of the algorithmic module of the decision support system for the company development. The use of such a
module is followed by formation of the company investment portfolio. This decision support system is a part of the Enterprise Performance
Management Systems, which are designed to provide information and analytical support to processes of the company strategic management.

Keywords: investment portfolio, internal investment, external investment, utility function, business process, decision support system, enterprise
performance management system.
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Brenenne. B ycioBuAX JUHAMUYHO U3MEHSIOIIEHCS
SKOHOMHUYECKON Cpefbl I MPENPHUITUS BaXKHBIM SIBJIS-
€TCsl C O/IHOM CTOPOHBI OBITh KOHKYPEHTOCIIOCOOHBIM, a C
Ipyroil — obecrieunBarh cebe CTaOMIBHOE U YCTOHYMBOE
pa3BuTHE HpeAnpusTua. VHBeCTUIIMOHHASA AESTENbHOCTh
JUTSL TIPEITPHUATHS BaKHA HE TOJIBKO C TOYKH 3PECHUS yBe-
JMYECHUS. JOXOJO0B, HO W U PEAIN3AIMU MPOTPaMMEI
pasButust. Ha ocHOBe cymiecTByOmMHX METONOB (OpPMH-
poBaHHe MOPT(eNs NHBECTHINI OCYIIECTBISETCS Ha OC-
HOBE KPHUTEPHEB MaKCHUMHU3AIWU HMHBECTUIIMOHHOTO JI0-
X0/1a 1 MUHUMH3ALIH PUCKOB. B mpemmaraemsix MeTomax
HET PacCMOTPEHUs NEePCIEeKTUB Pa3BUTHs MHPEANPHUITHS,
Onarogaps MHBECTHLMSIM B Pa3jIM4HbIE WHBECTHLOHHBIC
ueHHoctd. IloaToMy mpeanaraercst paccmarpuBarb (op-
MHUpOBaHHE MOPT(hesisi MHBECTULIUI NPEIIPUITUS C TOUKH
3peHHs pa3BUTHs Npeanpuatus. Tak Kak MHBECTHLIMOH-
HBIE peleHUs TPeOYIOT 00paboTKN OOJBIIOr0 KOINYECTBa
nHpopManuy, TO NPUMEHSIOTCS MIMPOKO Ha MPaKTHKE
MPOTrpaMMHBIE MPOIYKTHI, PEATN3YIONINE CHUCTEMBI MOJ-
JIep>)KKH TIPUHATHS WHBECTHUIMOHHBIX pemenuil. B padote
paccCMOTPUM HJICI0 MOCTPOEHHS aIrOPUTMHUYECKOTO MO-
YT TAKOH CHCTEMBI.

AHanu3 npodaemsbl. Bee 3a1auu HHBECTUIIMOHHOTO
XapakTepa peIalTcs B PaMKax CHUCTEMBl YIpaBJIEHUS
MHBECTULMOHHOH AEATEIbHOCTHI0. Takue cUCTEMBI CTPO-
STCSA KaK CUCTEMBI MOAJCPKKH NPUHATUS MHBECTHLIMOH-
HbIX peumeHuid. Ha pplHKE DIpOrpaMMHBIX HPOLYKTOB
Npe/AJIaraloTcsl pa3jIndHbIe CUCTEMBI, KOTOpble HH(pOpMa-
IMOHHO W aHAJUTHYECKH MOAJECP)KUBAIOT IPOLECCHI
YIpaBICHUS] HHBECTUIMAME NpeanpusTuid. OgHaKo B CO-
BPEMCHHBIX YCIIOBHAX C MOSBICHHEM HOBBIX MEXaHH3MOB
1 MICTOYHUKOB MHBECTUPOBAHUS JESTEILHOCTH TIPEIpHs-
THH, BO3HUKAaeT W HEOOXOIMMOCTh IPHUMEHEHHUS HOBBIX
nH(pOPMAMOHHBIX TEXHOJIOTHH U IIEPECMOTPa CTPYKTYPHI
Takux cucreM. B coBpemennsix CIIIIP ncrnonb3yrorcs He
TOJILKO Nepe/IoBble MH()OPMAIMOHHBIE TEXHOJIOTHH B 00-
jmacTd cOopa, XpaHEHHS M aHAJIH3a AAHHBIX 00 WHBECTH-
LUOHHBIX OOBEKTaX, HO M HOBBIE MOJIEJM, METOABI IS
pelieHnss MHBECTUIIMOHHBIX 3a/a4, HaIpuMep, OIEHKU
WHBECTHLIUH, (popmupoBaHMs mopTdens HHBECTULMH U
Jp. OTO CBSI3aHO C TE€M, YTO M3MEHSIOTCS O0OBEKTHl MHBE-
CTHPOBaHUS, MPUPOAa (HaKTOPOB, BIHSAIOIINE HA HHBECTH-
LHOHHYIO NPUBJIEKATEIbHOCTD 3TUX OOBEKTOB H T.II.

CymiecTBYIOT MHOXXECTBO Mojenel (HhOopMHPOBaHUS
nopt¢enss MHBECTHUIMH, B OCHOBE KOTOPBIX IOJIOKEHA
Kjaccudeckas Teopuss HMHBecTHpoBaHuA. IlopTtdens
WHBECTHIIMH (OpMHUpPYeTCs Ha OCHOBE IIOKa3aTesei
s exTrBHOCTH (peHTAOETHLHOCTH WHBECTHUIINI) U PHUCKA.
Ecte  HekoTOphle  MOTU(PHUKAIMKA  ITUX  MOJETCH.
Hanpumep, ¢dopmupoBanne IuBepCHPHUINPOBAHHOTO
moptdens B pabore [1] mpemmaraeTcss BBIMOIHHUTH C
HCTIONb30BaHUEM UHAMKaTOpa KOMOMHHPOBaHHOH
muBepcudukanuu (Composite Diversification Indicator),
KOTOpBIN IIpeacTaBisieT co00i B3BEIICHHYIO CYMMY, TIe
MIEpBOE CJIaraeMoe — 3TO COOTHOLICHUS JUBEPCUPHUKAIIIH
(Diversification Ratio), kak CpeACTBO y4eTa B3aHMOCBS3H
MEXAY (PaKTHYECKUM CTaHAAPTHBIM OTKJIOHEHHEM IIOpT-
(demnst U cpeTHEB3BEIICHHON BETMYMHON OTACIbHBIX CTaH-
JAPTHBIX OTKJIOHEHWH A KaXIOro W3 aKTHBOB IOPT-
¢demsa. A Bropoe — mucnepcus pucka (Risk Dispersion —
RD) nns m3MepeHus CTENeHH PaBHOMEPHOTO pacmpese-

JICHWsI pUcKa 1o akTuBaM. Mcnomesyercst koadduiueHt
JIKMHU TMOKAa3BIBAIOIIMK CTENEHb HEpPaBeHCTBA pas3iny-
HBIX BAPUAHTOB paclpeaeIeH st 10X0/10B, pa3paboTaHHbIN
utanbsHCKUM 3koHoMuctoM K. JDxuau. IlpennosxeHHbIN
ITOpUTM MUHMMaNbHOH Koppemsiuun (MCA) nosBossier
B3BEIINBATh AKTHBBI, IMEIOIIUE CaMyI0 HU3KYIO CPEIHIOI0
KOPPEJSIIIO CO BCEMH JPYTUMH akTuBaMu. B [2] mpemma-
raercs s (GopMHUpPOBaHUS MOPT(ENs Ha OCHOBE MOIHM-
(ummpoBaHHOW Mozenu MapKoBUIIA yYUTHIBAaTh HE
TOJIBKO OKHJIAEMBbIE JOXOJBI U PHUCK, HO U MEpPY COIUAIb-
HOH OTBETCTBEHHOCTH B IPOILECCE MPHHATHS WHBECTHIIH-
OHHBIX pelleHui. MHBecTUIIMM paclpelensioTcs B INpo-
CTPAHCTBE <«JI0XOJI/PUCK/COILIMANBbHAS OTBETCTBEHHOCTDHY.
Ora MoJenp paccMOTpeHa Kak MOJAENb HMITyJbca
(Generalized Momentum): aOCONIOTHBI HMIYIBC, HM-
MyJIbC BOJATUIBHOCTH M UMILYJIbC KOPPESINHU, TPAIULIU-
OHHBIII  UMIyJIbCHBIH  KO3((UIMEHT Ha  OCHOBE
OTHOCHUTEJIFHOH JOXOAHOCTH akTHBOB. OHa peanusyeTcs B
paMKax aiaroputMa THOKOTO paclpeneieHHs AaKTHBOB
(Flexible Asset Allocation). B pabote [3] Obuti mpemso-
JKEHBI JIBE MOJICNH, HCIOJIb3YEMBbIE UL OLICHKH PEabHBIX
rapaMeTpoB: OMHOMHANbHAS MOJEIh W MoJenb bimka-
[loyn3a, OHM UCTIONB3YIOTCS AJIS BBIYUCICHUS CTOUMOCTH
peanbHBIX HWHBECTULMOHHBIX NpoekToB. Maesd 3axiroda-
eTCsl B TOM, YTOOBI JlaKe JUIS BBIFOJHOTO MPOEKTa MOJY-
YUTh JIOMOJHUTENBHYIO MX LEHHOCTbh 3a CUET NMPOJUICHUSI
Iepuoja peanu3aliy ero, ycTpaHsas HEOoNpeAeIEHHOCTH.
B cospemennsix CIIIIP ucmons3yroTcs NOMHMO HOBBIX
MH()OPMALMOHHBIX TEXHOJIOTUI W HOBBIC MOJIEITH, METO/IBI
JUI  peUIeHWs WHBECTHUIMOHHBIX 3ajad, Halpumep,
OLICHKH MHBECTUIINH, (OPMUPOBAHUS MOPT(HENs HHBECTH-
it u np. Hampumep, B pabote [4] mpemnoxxena CIIIIP,
OCHOBY KOTOpPOW COCTaBIISIET MOJIENIM OJXHOKPHTEpHAIb-
HOH ¥ MHOTOKPUTEPHAJIbHON ONTUMM3AIMH C BO3MOXHO-
CTBIO JJISI HHBECTOPA BEIOMPATh pa3HbIe KPUTEPHH T0XO.-
HOCTH M pUCKa A BBIOOpa MPOEKTOB. MeTobl MaTeMa-
THYECKOTO MPOTPAMMHUPOBAHMS TAaKKe IIUPOKO INpHMe-
HSrOTCS Jist (hopMHUpOBaHus nopTdelis HeHHBIX Oymar [5,
6]. B [7] ucnonp3yeTcsi MHOTOKpUTEpHUATbHAS TEXHOJIOTHS
OPUHSTHUS pelleHuid. B pesyibraTe cucreMa I03BOJISIET
MOJIb30BATEINI0 COPMUPOBATH PEHTHHT KPUTEPUEB JUIA
BBIOOpa IIEHHBIX OyMmar, a 3aTeM OLIEHHBATh WX W NPHUHH-
MaTh penreHust 00 nHBecTHpoBaHUK. Takoi moaxon nene-
cooOpa3eH TONBKO Ui TPHUHSTHS PEIICHHH O MOKYIIKe
OTAEJIbHBIN LIEHHBIX OyMax, OyJeT 3aTpyIHHUTENBHO C T10-
MOIIIBIO 3TOH CHUCTEMBI CPOPMHUPOBATH MHBECTHUIIHOHHBIN
nopTdens Ha JUIMTENbHBIN nepuoa. Bo MHOTHX HaydHBIX
HCTOYHHKAX OOJbIIOC BHUMAHHE YACITSECTCS aHAJIN3y WH-
thopmarn 06 oO6bekTe nHBecTHpoBaHus. B [8] mpenmara-
ercst TpéxcrmoitHyto ctpykrypa CIIIIP, cocrosimas u3
Analysis, Synthesis u Investment Decision Support. Ha
HNEPBOM YpPOBHE OIpENeNsIeTCss MHOTOMEpHas AMHAMHUKa
peiHKa uHBecTHLUi. Ha BTOpOM ypoBHE MHOromMmepHas
JUHAMUKA CHUHTE3HUPYETCsS Ul OTPaKEHHs peaNbHBIX U
MOTEHIMAIbHBIX CUTyalluii Ha pelHKe. Ha TpeTbeM ypoBHE
OCYILECTBIISIETCS NOJAEPIKKA MIPUHATUS HHBECTHULIUOHHBIX
pellleHNi Ha OCHOBE TPaJUIMOHHBIX METONOB PELICHHUS
WHBECTUIIMOHHBIX 3a7ad. Ha ocHOBe aHanmm3a CTPYKTyp U
AHATUTHYECKU-AITOPUTMUYECKOHN TOAIEPIKKH MPOIIECCOB
MPUHATHS WHBECTHUIIMOHHBIX PEIICHHS, MOXKHO CIeNaTh
CJIEYIOIINE BBIBOIBL: 1) MpetaraeMble CHCTEMBI IpeHA-
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3HAYEHbI B OCHOBHOM JUIsl aHAJIN3a M NPUHSATHS PELICHHS
10 OJJTHOMY BHJY O0bEKTa HHBECTHPOBAHMUS — WU 1IEHHbIC
Oymaru, WM WHBECTHLHUOHHBIC MPOEKTHI; 2) BO MHOTHX
paboTax dyale BCero paccMaTpUBaeTCs OOBEKT MHBECTHU-
pPOBaHUS HAa OCHOBE UHIMKATOPOB JOXOMHOCTH U PUCKA;
3) He aHANW3UPYETCS BIIOKCHUE MHBECTUIMH B MPOEKTHI
WIN TIeHHbIe OyMaru ¢ TOYKH 3PCHHUS MEPCIEKTUB pa3BU-
TUS IPEATIPUATHA—MHBECTOPA, YTO JEMACT 3aTPyAHUTENb-
HBIM HCIIOJIb30BaHNUE TAKUX CHCTEM JUIS MIPUHSITHS JOJTO-
CPOYHBIX peIIeHNH, a1 (GOpMHUpPOBaHMSA MPOTPaAMMBI
Pa3BUTHSI MPEATIPUATHSA.

IMocranoBka mnpodiaemMbl. MHOrHEe METOIBI IS
(OpMHpPOBaHUsT WHBECTHULIMOHHBIX HOpTdenei Harpas-
JICHBl Ha TMOJy4YE€HHE MaKCUMaJbHOW HOXOJHOCTH IIPH
MUHHMAaJIbHOM pucke. OfHAKO Takod MOIXOA MOXKET OT-
BJIEKaTh JICHE)KHBIE PECYPCHl OT MHBECTUIIMOHHBIX OOBEK-
TOB, B KOTOpBhIe HEOOXOAMMO WHBECTHPOBATh CPEICTBA,
YTO MO3BOJIUT MIPEANIPUATHIO Pa3BUBATHCS 3(QHEKTUBHO Ha
cTpaTerndeckoM mepuoje. Takum oOpa3om HEoOXOAMMO
chopMupoBaTh TakoH MOpT(enb, KOTOPBIH codeTan Obl B
ceOe BHEIIHWE WHBECTHIMOHHBIC IPOEKTHI W LICHHBIC
Oymaru (3T0 00ECIEYNT JOMOIHUTENBHYI0 HMPHUOBLTH IS
MPEeaNpusaTHi), a TakXKe IMPOEKThl, KOTOphle PeaTu3yIoT
IporpaMMmy pasBuTUS Opennpustud. CienoBaTelbHO, B
coctaB MOPTQes AODKHBI OBITh BKIIOYCHBI OOBEKTHI B
cepe BHEIIHETO0 ¥ BHYTPEHHETO WHBECTHPOBaHMs. BHYyT-
pEHHee MHBECTHPOBAaHHUE MPEACTaBIAET COOOH BIIOKEHHE
CPEACTB MPEANPUATHS Ha COOCTBEHHOE pa3BUTHE, HAIPU-
Mep, Ha MOJAEPHHU3AIMIO W PACIIMPEHUE IPON3BOJCTBEH-
HBIX MOIIHOCTEH, HAa BHEAPEHUE HOBBIX TEXHOJOTHH H
T. 1. [Ton BHENTHMM MHBECTHPOBAHUEM IOJPA3yMEBACTCS
BJIO)KEHHE CpEJACTB NPENNpHUATHS B LEHHBIE OymMaru u
MIPOEKTHI, KOTOPBIE pPEaU3yIoTCsS JIPYTUMH OpTraHU3alu-
SIMH, KOMITAaHUAMH | T. 1. Llenbio BHEIIHET0 WHBECTHPO-
BaHUSI MOXKET OBITh HE TOJIBKO TONy4Ye€HHE WHBECTHIIMOH-
HOM IpUOBLIH, HO U, HAIIPUMEp, CIUSIHUE NPENNPUITHIl B
paMkax crparerud OopbObl C KOHKYPEHTaMH, CTPAaTerduu
TOPU30HTAJILHON WIM BEPTUKAIBHOW HMHTErPAaLlUUd CMEX-
HBIX mpennpuatuil u T.i. Takum oOpas3oMm, HEOOXOAMMO
chopmupoBarh TOPTHENh HHBECTUIHOHHBIX MPOEKTOB
PasBUTHS NPENNPUATHS, a Takke MOPT(ENb peanbHbIX U
(MHAHCOBBIX MHBECTHUIMH B paMKaxX BHEIIHEH WHBECTH-
IIMOHHOW NIeATEeNIbHOCTH, TIPH 3TOM COYETaTh MPOTHBOpE-
YUBOCTh OOBEKTOB MHBECTUPOBAHMSA II0 MOKA3aTEIsIM
JIOXOHOCTH, PHCKa U HEPCIEKTUBHOCTH pa3Butus. Ilpen-
JlaraeTcs IS 3TOTO UCTIONb30BaTh (PYHKITHIO ITOJIE3HOCTH.

Mopens hopMupoBanus MOpTHess HHBECTUIINH.

ChopmupyeM  GYyHKIMIO TOJE3HOCTH, KOTOpas
JIOJDKHA YYUTHIBATh KPUTEPUH MAKCUMM3ALHH JTOXO/HO-
CTH, MMHUMHU3AIMY PUCKA ¥ MAKCUMH3AIMU CTEIIEHH BIIU-
SIHUSI ’HBECTHIIMOHHOTO O0OBEKTa Ha CTPATErHIecKoe pas-
BuTHe. PaccMoTpuM Tpu 0OOOIMIEHHBIX —IOKa3aTess
JIOXOHOCTH, PUCKA WHBECTHLMI M CTENCHM BIHMSHUS Ha
passutue:  Y(Z'), R(Z"), C(Z"), e Z' ={Z/}, j =
1,2, ...,] — BEKTOp XapaKTEepUCTHK HHBECTHUIINH, KOTOPBIX
BKJIIOYaeT TaKHe ITOKa3aTeNd, KaK: HavyaJlbHble MHBECTH-
LMY, JICHEXKHBIE TIOTOKH OT OCYIIECTBIICHUS! NHBECTHLINH,
CTaBKa JUCKOHTHUPOBAHUsS, KOJIHYECTBO JIET pean3alliu
WHBECTHLUH W 1p., | — KOJMYECTBO PACCMATPUBAEMBIX
WHBECTUIIMOHHBIX O0BEKTOB OJHOTO BHJA (IIPOEKTHI pa3-

BUTHS, BHEIIHME MPOEKTHl U LeHHble Gymarn). Cremyer
OTMETHTh, YTO I KaXJAOrO BUAA HHBECTHIMOHHOTO
00beKTa OyAyT MO pa3HOMY ONpENENAThCS 3HAYCHUS
Y(ZH, R(ZY), C(Z"). KospduuuenTs IpHOPUTETHOCTH
KPUTEPHMEB BHIOOPA MHBECTHIIMOHHOTO OOBEKTA YIOBIE-
TBOPSIOT YCIIOBHAM:

3
Zpi =1, p1,p2,p320,
i=1
e Py, P2, P3 — BECOBOH KOIPPHUIMEHT 3HAYHMMOCTH
KPUTEPUEB COOTBETCTBEHHO MaKCHMHU3ALUH JOXOIHOCTH
WHBECTHULMH; MHUHHMH3AIMM PHCKA HMHBECTHLHH H
MaKCHMHU3aLlUH CTEIICHW BIHSHHUSA HWHBECTUIIMOHHOI'O
00BEKTa Ha CTPATETMYECKOE Pa3BUTHE.
Torma gyHKIHSA MOTE3HOCTH HMEET BHUI:

Q= P1- Y(Z") + P2 “R(Z"H + P3 Y (Z".

CuunTaercs, 4T0 BO BpeMsl KPH3HCAa MUHUMU3UPYETCSI
PHCK, 3TO 3HAYHT, YTO BECOBOH KOI(P(PHUIMEHT 3HAUUMO-
CTH 3TOTO KPHUTEpHs MPUOJIKACTCA K eAuHuIle. B cBorO
ouepeqb, MPU HHTCHCHBHOM pPOCTE 3KOHOMHUKH Yalle
BCEr0 MPOBOJMTCS arpecCUBHAs WHBECTUI[MOHHAS TIOJIH-
THKa, 3TO 3HAYUT, YTO BECOBOH KO3(PPHUIUEHT 3HAUUMO-
CTH TEPBOTO KPHUTEPHs TODKCH MPUOIMKATHCS K CIU-
uute. CrenoBarensHo, MOEb GopMUpPOBaHHs MOPTHEs
OymyT colepikaTh KpUTEpUil ONTUMH3ALUKH (DYHKLIUH T10-
JIC3HOCTH M OTPAHHYCHUS HA WHBECTHIIMOHHBIC PECYPCHI.
B npocreiiiem ciydae ee MOXHO MPEACTaBUTh, Kak
3a7a4qy OyJI€BOrO MPOrPaMMHUPOBAHHUS:

QX {x—f} max,

0

1,X={x]-},j= 1,2, ..,].

J

Vjinv . xj . Winv’ xj — {
j=1

Peammsys 3Ty Momenp Ui KaXIOro  BHJA
WHBECTUIIMOHHOTO OOBEKTa C Pa3HBIMH 3HAYCHUSAMH P,
P2, Pz Oymer chopmupoBaHo Tpu HOPTdENS: MPOSKTOB
pPa3BUTHA, NPOEKTOB JPYIMX MPEANPUATANR M LEHHBIX
Oymar.

busHec-npouecc  ¢opmupoBanus  noprdeJst
uHBecTMIMH. Byjnem cuutarh, 4TO B MHBECTULIHMOHHYIO
MpOTpaMMy BKJIIOUAIOTCSI BCE INPOEKTHI, KOTOpPHIE Kaca-
IOTCSI IeATENBHOCTH NPEANpUATHS B cepe BHEIIHETo U
BHYTPEHHETO UHBECTHUPOBAHUSI.

Torma OusHec-miporiecc GOPMHUPOBAHHUS WHBECTHIU-
OHHOro TOpTQeNs MpenIaracTcs MPeICTaBUTh B BHIC
CJIEIYIOIINX OCHOBHBIX mporeayp (puc. 1).

Al. PacnpeneneHne WHBECTULMOHHBIX PECYpCOB
MEXIy BHAaMHU mopTdeneii wHBecTHnumit. s 3Toro

UCTIONB3YETCS  QJITOPUTM,  pealu3yIOIUi  MEeXaHH3M
IPONOPLUOHANBHOTO  PAcHpefeNeHus  OJHOPOAHOrO
pecypca. B kauecTBe  KpUTEpHs  pacIpeAeIeHUs

IpeAIaraeTcs UCIOIb30BaTh (DYHKIHIO MOIE3HOCTH.

A2. ®opmupoBaHHe TOPTQENs HHBECTHIIMOHHBIX
MPOEKTOB, KOTOpble OyayT peaju30BBIBATHCS — Ha
NPeANpPUsITHA B paMKax MpOTrpaMMbl ero pasButus. B
pabote [7] npencraBieH oOmuii mporecc GOpMHUPOBAHUSA
9TOH porpamMmbl. TOT NPOLIECC TOCTPOCH HAa KOHIETIIIHH
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Puc. 1. Busnec-nipouecc popMHpOBaHHST HHBECTHIIMOHHOTO MOPTQENS IPEIIPHITHS

cTpaterudeckoro BeIpaBHMBaHHS [10, 11]. Ha ocHoBe
JIEKOMITO3UIINH CTPATETHUECKUX TeNIei I KaCKaJUpOBAHUS
KITFOUEBBIX TOKa3aTelell AeATeNbHOCTH (OPMHUPYIOTCS
IUTaHBl TONPAa3leNIeHHl 10 ToJaM CTPaTerHYecKOTro
neprona. Takke ONPENeNsTtoTCs 3HAYCHUS KITFOUEBBIX
IoKasaresieid, KOTOpbIe XapaKTepU3yIOT HHBECTUIIHOHHYIO
JIESITETFHOCTD MPEAIPUSITHS.

A3. ®dopmupoBaHUe noptdens BHEIITHUX
WHBECTUIMH TpearoyiaraeT MNpeJBapUTEIbHbIN aHaIu3
HMHBECTUIIMOHHBIX HPOEKTOB, KOTOpBIE OynyT
peanu3oBaHBl JAPYTUMH KoMmmaHusAMH. Ha ocHoBe 3TOro
dbopmupyercsi  moptdess  MPOEKTOB,  BBIIOJIHIETCS
¢dopmupoBanre mopTdeneld Mo romaM CTPATETHUECKOTO
eproIa.

A4. ®opmupoBanue mopTdens HeHHBIX Oymar. B
XOIc pealu3allii 3TOW MPOIEIyphl OCYIIECTBIACTCS
MpeBapUTEIBHBI OTOOP TOJBKO TeX IIEHHBIX OyMar,
KOTOpPBIE OYAYT Ba>KHBI JUIS MPEANPUATHS C TOUKH 3PECHUSL
MIEPCIEKTHB €€ Pa3BUTHA. 3aTeM HCHOJIB3YIOTCS MOJEIH
dbopmupoBanus  (GUHAHCOBOTO  TOPTQENs, KOTOpbIC
HCTIONB3YIOT KPUTEPHH MAaKCHUMH3AIUH  JOXOJHOCTH
WHBECTHIUH ¥ MIHUMH3AIIHA UX PUCKOB.

AS5. ®opmupoBanue o0mero noprdenst HHBECTHIINI
MpEeanpusATHI Kak 00beTUHEHNE TpeX mopTdeneil. AHamm-
3upyercsi o0mas J0X0JHOCTh MOPTdENs, PUCKH U 3HAYH-
MOCTb OYyIyIIMX WHBECTHIMH Il pa3BUTHS. Tak Kak B
xoze (GopMHpOBaHMS NPOrpaMMBbl Pa3BUTUSI OBUIM OIpe-
JIeJIEHBl KIIIOYEBBIE II0KA3aTENId WHBECTUIMOHHON nesd-
TEJILHOCTH, TO OHM U OyJyT SIBISATHCS OCHOBOM JUISL IIPHU-
HATHSL pelieHus 00 YTBEP)KAGHHM WM IEepecMOTpe
moptdens wmaBecTHrmi [7]. IlosTomy mocie aHamm3a
chopmupoBaHHbIX  moptdeneld, HeoOXoaHMMO ~ OyaeT
MIEPECMOTPETh BAXKHOCTh KPUTEPHEB BHIOOPA MHBECTHIIN-
OHHBIX O0BEKTOB (IleHHBIE OyMaru W TpoekThl). [lanee

JIAaHHBIM IpoIlecC peann30BBIBAETCS eI pa3, HauuHas C
npouenypsl A 1.

Takum oOpazoM, B pe3ynbTaTe HTEPAMOHHOTO
npouecca Oyzner chopmMupoBaH MOpTdhEns WHBECTHLHNH,
KOTOPBIN peaylu3yeTcs NMPEANpPHATHEM B paMKax HHBEC-
THUIIMOHHOM NESTENbHOCTH Ha CTPAaTErHMYecKOM MepHOJE.
OrtoT OHM3HEcC-TIpoIecC SBISIETCS OCHOBOW alTOPUTMH-
YECKOr0 MOJYJISi CHCTEMBbI MOJJIEPKKH NMPUHSITHUS pelie-
HUH 1O pasBUTHIO npennpuarud. B pesynbrare
UCIIONIb30BaHMsI TaKoro Moayiisi Gopmupyercs: noprdens
MHBECTHLMH mpeanpusatus. Cucrema NOANCPKKU MPUHSI-
THUS pPELICHHUs SBISETCS YacThl0 CHUCTEM YIPaBICHHUS
s dexTuBHOCTRIO ipeanpusaTHs kinacca Enterprise Perfor-
mance Management (EPM). 3tu cucremsl npenHas-
HadyeHbl A1 MHGOPMaNMOHHO-aHAMTHIECKON IOJIepXK-
KU [IPOLIECCOB CTpaTErnyeckoro ynpasieHus [12].

BuiBoabl. [IpoBesnen 0030p COBPEMEHHBIX METOHOB
(opMHpOBaHUST MHBECTHIIMOHHOTO MOPTQENs, paccMoT-
PEHBI MTOJIXOABI K Pa3paboTKe CUCTEM TOMJICPKKH MPHHS-
THSI UHBECTUIMOHHBIX pemeHui. [IpeanoxeH moaxoa kK
(hOpMHUPOBaHHIO WHBECTHIIMOHHOTO MOPTQENS MpeInpus-
TUsI, KOTOPOE 3aHMMAETCs BHEUIHUM W BHYTPEHHUM
MHBECTHPOBaHHEM. BEIOOp OOBEKTOB WHBECTHPOBAHUS
OCYIIECTBIIIETCSI Ha OCHOBE (DYHKIIMH IIOJIE3HOCTH.
[Mpennoxxen 6uzHec-npouece GOPMUPOBAHUSI MHBECTHIIH-
OHHOHM nporpamMmMbl. OH peanu3yeTcsi B paMKax aJrOpHUT-
MHYECKOTO MOJYJS CHCTEMBI TOAJEPKKH TPHHATHSA
PELICHUH 10 Pa3BUTHIO NPEANPUSATHS, KOTOpask SBISIETCS
oJ1HOI1 n3 KoMnoHeHT EPM-cuctemsr.
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A. O. TURETSKYI, B. M. VORONA, M. A. VOVK, S. I. YERSHOVA

DEVELOPMENT AND RESEARCH OF MODELS AND SOFTWARE FOR THE RECOMMENDER
SYSTEM OF CONSUMER GOODS

There have been proposed investigation of the problem of creating recommendations with technical description for building the Recommender System
of consumer goods with help of modern algorithms, approaches, principles and contains the investigation of the most popular methods. It was defined,
that the deployment of Recommender Systems is one of the rapidly developing areas for improving applied information technologies, tools for
automatic generating offers service based on the investigation of the personal needs and profile of customers. It was investigated, that such systems
have started to play a very important role in the fast growing Internet, as they help users to navigate in a large amount of information, because users are
not able to analyze a large amount of information, because it is very difficult and takes a lot of time and effort, but due to such systems, namely
Recommender Systems that are able to filter a large amount of information, and provide for users the information and recommendations their likes the
problem can be solved and instead of providing the static information, when users search and, perhaps, buy products, Recommender Systems increase
the degree of interactivity to expand the opportunities provided to the user. It was defined, that Recommendation systems form recommendations
independently for each specific user based on past purchases and searches, and also on the basis of the behavior of other users with help of
recommendation services, which collect different information about a person using several methods and at the same time all systems are shared. An
overview of content-based, collaborative filtering and hybrid methods was performed. An overview of Alternating Least Squares and Singular Value
Decomposition recommendation algorithms was performed. The design of the Recommender System of consumer goods software component was
described. The main features of software implementation and programming tools for the system which is being developed were explained. The
conclusions about the problems of Recommender Systems and the review of existing algorithms were made.

Keywords: recommender system, consumer goods, alternating least squares method, singular value decomposition method, models, software
component, recommendations.

A. 0. TYPEIIbKHH, b. M. BOPOHA, M. A. BOBK, C. I. EPLIIOBA
PO3POBKA TA JOCJIJI)KEHHSI MOJIEJIEM TA IIPOTPAMHUX PILIEHD J1JIS1
PEKOMEHJALIAHOI CHCTEMU BUBOPY TOBAPIB MACOBOI'O BXKUTKY

3anpornoHoBaHO JOCIIKEHHS MPOOJIEeMH CTBOPEHHS PEKOMEHMAI, 3 TEXHIYHUM OIMHMCOM JUIS MOOYIOBH PEKOMEHIALIWHOI CHCTEMH ISl BUOOPY
TOBapiB MacOBOTO BXXUTKY 32 IOMOMOTOI0 CYYaCHHX AITOPUTMIB, MiAXO/iB, IPUHIKIIB 1 MICTUTH JOCIIDKCHHS HAHOLIBII MOMYSIPHUX METOAIB. Bymo
BU3HAYEHO, IO BIPOBA/UKEHHS PEKOMEH/AIIMHUX CHCTEM € OJIHi€r0 3 obiacTell, sKi MIBUAKO PO3BHBAIOTBCS JUIS BIOCKOHAJEHHS HPHKIIATHHUX
iH(pOpMaLifHIX TEXHOJIOrH, IHCTPYMEHTIB JUIi aBTOMATHYHOIO TCHEPYBAaHHS IIPOIIO3UILIH, 3aCHOBAaHMX Ha IOCITIPKEHHI OCOOMCTHX NOTped i
npodinto KimieHTiB. Byno mocmimKeHo, M0 Taki CHCTEMH MOYAIH TPaTH Ay)Ke BAXIHBY POJIb B LIBUAKO 3pOCTalOMOMY IHTEpHETI, OCKINbKH BOHH
JIOTIOMararoTh KOPUCTyBadaM OPi€HTYBAaTHCS Y BENMKil KibKOCTI iH(popManii, KopucTyBadi He MOXKYTh aHAIII3yBaTH BeIHKHH o0car iHdopMmaii, ajpke
e JyXke CKJIaJHO i TaKoXK BHMarae 0arato 4acy i 3yCWb, ajie 3aBISKH PEKOMEHIAIIHHUM CHCTeMaM, SIKi MOXKYTh (UIBTpYBaTH BENHKHI 00cCsT
indopmariii i HamaBaTH KOpHCTyBadyaM iHdopMamifo i peKoMeHIall, sAKki iM mog06aThesl, mpobieMa Moke OyTH BHpIlIeHA i 3aMiCTh HAJAHHS
cratnyHOi iH(oOpMarii, KoIM KOopHCTyBadi IITyKarOTh, i MOXINBO, KyMyIOTh TPOMYKTH, TaKi CHCTEMH 30iNBIIYIOTh CTYMiHb IHTEPAKTHBHOCTI JUIS
PO3IIMPEHHS] MOXKINBOCTEH, IO HAJAIThCA KOpHUCTyBadeBi. byno BM3HawYeHO, MO peKOMEHMaliiHI cicTeMH (OPMYIOTh PEKOMEHJIAllii caMoCTiitHO
JUTS KOXKHOTO KOHKPETHOTO KOPHCTYBaya Ha OCHOBI MUHYJIMX MOKYIIOK 1 MOUIYKIB, @ TAKOXX HAa OCHOBI IMOBEIIHKY 1HIIMX KOPUCTYBAYiB 3a JOMTOMOT OO0
CITy0 pekoMeHami, siki 30UparoTh pi3Hy 1H(POPMALIiI0 IPO JIFOIHHY, IO BUKOPUCTOBYE KibKa METOMIB, 1 B TOH ke 9ac BCi CHCTEMH € 3aTaJIbHIMH.
bymno mpoBezneHo orisax MeTosiB (inbTparlii Ha OCHOBI KOHTEHTY, CNiNBbHOI (inbTpamii i riOpmaHuX MeTofiB. Byno BHKOHAaHO OIS aNTOPHTMIB
JNbTEePHATHBHUX HAMMEHIIMX KBAJAPaTiB 1 CHHTYIAPHOrO po3kianaHHsa. OnucaHa KOHCTPYKIISE PEKOMEHIALIHHOI CHCTEMH IPOrpaMHOro
3abe3neueHHs I BHOOPY TOBAapiB MacoBOTO BXHMTKY. 3pOOJIEHO TOSCHEHHS MNEIKHX MOXIIMBOCTEH MporpamHoi peamizamii i iHCTpyMeHTIB
TIpOrpaMyBaHHs JUIsl pO3pO0ITFOBaHOT cucTeMu. 3po6IIeHO BICHOBKH PO MPOOIEMI PEKOMEH A HHIX CHCTEM 1 OTJIs]| iICHYFOUMX allTOPUTMIB.

Kutio4oBi c10Ba: pekoMeHaaliiiHa cucTeMa, TOBapH MacOBOTO BXXHTKY, METOJl aJbTEPHATHBHUX HAMMEHIIHNX KBaJPAaTiB, METOJ CHHIYJIIPHOTO
PO3KJIay, MOJIENi, MPOrpaMHMI KOMITOHEHT, peKOMEH/aIlii.

A. 0. TYPEIIKHH, 5. M. BOPOHA, M. A. BOBK, C. H. EPIIIOBA
PA3PABOTKA U UCCJIEJJOBAHUE MOJIEJIE U TPOTPAMMHBIX PEIIEHUIM JIJI51
PEKOMEH/JATEJbHOM CUCTEMbI BLIEOPA TOBAPOB MACCOBOI'O TIOTPEBJIEHU S

IpennoxeHo HcciIe0BaHUE MPOOIEMBI CO3/IaHMs PEKOMEH/ALNH, C TEXHHYECKMM OMHCAHUEM ULl TOCTPOCHHS PEKOMEHIATENbHOW CHCTEMBI IS
BBIOOpa MOTPEOMTENBCKUX TOBAPOB C IIOMOIIBIO COBPEMEHHBIX aIrOPUTMOB, IOJAXO/OB, HPUHIMIIOB M COJCPKHT HCCICAOBaHME Hanboiee
TIOMYJISIPHBIX METOJOB. BBUIO OmpezeneHo, 4To BHEOPEHHE PeKOMEHAATENBHEIX CHCTEM SIBISIETCSl OJHON M3 OBICTPO Pa3BHBAIOIIMXCS oOnacTed s
COBEpIICHCTBOBAHMS MPHKIAJHBIX HH(DOPMALMOHHBIX TEXHOJOTMH, WHCTPYMEHTOB [UIsi aBTOMATHYECKOrO T'€HEPHPOBAHMS IPEUIOKCHHUH,
OCHOBAHHBIX Ha MCCJIEJOBAHNN JIMYHBIX TOTPEOHOCTEH 1 MPOGUIIs KIHEHTOB. BITO MCCIeI0BaHO, YTO TAKHE CHCTEMbI HAYAIIM UTPaTh O4CHb BAXKHYIO
pone B OBICTpOpacTymieM MHTepHEeTe, IOCKOJBKY OHHM ITIOMOTAlOT IOJB30BATEISIM OPHEHTHPOBATHCS B OONBLIIOM KOJNMYECTBE HH(MOPMAIMH,
MOJIb30BATENIM HE MOTYT aHAJIM3UPOBATh OOJBIIOH 00beM HH(OPMAIIMH, 3TO TpeOyeT MHOTO BPEMEHHU M YCHIHH, HO Onarofapsi peKOMEHIaTeIbHBIM
CcUCTEMaM, KOTOpbIe MOTYT (prIIbTPOBaTh OOJBIIONH 00beM MH(POPMAIIMU U TPEIOCTABIATH HOJIB30BATEIIM HHPOPMALIMIO H PEKOMEHAAIMH, KOTOPhIE
UM HpaBATCS, MpoOJIeMa MOXKET OBITh pelleHa W BMECTO IPEIOCTABICHHs CTATUYECKON HH(OpPMAIMH, KOTAA ITOJIb30BATENM HIIYT W HOKYNAIOT
HPOYKTHI, TAKME CHCTEMbl YBEIHYMBAIOT CTEINCHb WHTEPAKTHBHOCTH ISl PACIIMPEHHS BO3MOXKHOCTEH, MPEJOCTABISIEMBIX IOJIb30BATENIO. BbLIO
OIPEIEICHO, YTO PEKOMEH/IATEIbHBIE CHCTEMBI (JOPMUPYIOT PEKOMEHAAINN CaMOCTOSTENBHO JUIS KaXI0r0 KOHKPETHOTO II0JIB30BATENlsl HA OCHOBE
MPOIUIBIX ITOKYNOK M IIOMCKOB, a TAKKe Ha OCHOBE MOBEACHUS APYIHX IIOJIb30BATENCH C MOMOIIBIO CIYXO PEeKOMEHIAIMI, KOTOphIE COOMpPAIOT
Pa3IMYHYI0 HHQOPMALHMIO O YEIOBeKe, HCTIOIb3YIONIEM HECKOJIBKO METOIOB, U B TO JKE BPEMs BCE CUCTEMBI SIBIISIOTCS 001iMu. bt poBesieH 0630p
METO/I0B (pHIBTPALNK Ha OCHOBE KOHTEHTA, COBMECTHOM (DMIIBTPALIMK U TMOPHAHBIX METOAOB. BbIT BHIOIHEH 0030p aIrOPHTMOB AIbTEPHATUBHBIX
HAMMEHBIINX KBAaJPAaTOB U CHHIYJIPHOTO pasnoxeHus. ONHcaHa KOHCTPYKIHS PEKOMEHIATENbHOH CHCTEMBI HMPOrpaMMHOIO OOECTIeYEeHHs IS
BBIOOpa TOBapoB MaccoBoro norpedienus. OObsICHEHB! OCHOBHBIE BO3MOXKHOCTH TIPOrPAaMMHOI! Peaii3allii U HHCTPYMEHTHI POrPaMMHPOBAHHS VIS
paspabatbiBaeMoit cucteMsl. ClienaHbl BBIBOJBI O IPOOIEMaX PEKOMEH/IATEIbHBIX CHCTEM U 0030p CYIIECTBYIOIIHUX alrOPUTMOB.

KioueBble cJI0Ba: PeKOMEHIATENbHAs CHCTEMa, TOBAPhl MacCOBOTO MOTPEONICHNs, METO aJIbTePHATUBHBIX HAaHMMEHBIIHNX KBAaJIPAaTOB, METOJ
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Introduction. Nowadays, we live in the age of
information — the time of unrestricted access to the
information resources, the time at which the amount of
information published by various sites and other sources
of information. The number of similar objects is so large
and that it is difficult for the user to find the information
they need among them through a regular review. Users are
always care about their free time and want to use it with
the benefit. Recommender Systems contribute to this
process, as the system selects and provides itself a
quantitative and qualitative assessment of the preferences
of the user or a particular object.

Recommender Systems are used in the large number
of applications. Firstly, Recommender Systems are used in
Internet commerce to help users to choose the concrete
products. Such services collect information about the
benefits of users and try to offer them useful products. The
best examples of companies using this approach are
Amazon, LinkedIn, eBay, iTunes and others. Another
important usage area user chooses books, music and
movies. For example, Pandora, GoodReads, IMDb,
Netflix and Hulu services use Recommender Systems for
these purposes.

Now such systems are used extensively in e-
commerce to provide recommendations. The objects of
recommendations can be goods in an online store, a set of
sections of the website, media content, other users of the
web service. In modern conditions of big data,
Recommender Systems are an indispensable mechanism
for content retrieval. The saving time and the ease of use
determine the relevance and necessity of such systems.

The problem of choosing consumer goods on the
marketplace.

The problem of choosing consumer goods on the
marketplace. The competition of products in the modern
digital era is becoming more and more rigorous.
Customers can easily access to the information about this
product over the Internet. In addition, customers can share
their opinions on products in the form of ratings or
reviews through various web services, such as Amazon.
Therefore, instead of relying on traditional TV ads or
banners on the Internet, consumers can now view many
competing products before they make their final
purchasing decision.

Everyone faces the problem of finding and choosing
(or choosing and searching, since these are different
concepts) both in the world of the Internet and in simple
things. Choosing a book, a movie for viewing at night, a
household product, and even a modern gadget, without
which it is difficult to imagine the life of modern society.
And there are so many options, especially when you do
not really know what you want, and even if you know, but
you cannot try. In the modern world, there are many
options and alternatives, from a variety of products from
different suppliers in different marketplaces. But every
vendor, recommends basically what he needs to sell, but
not what the user could appreciate.

In the process of searching the user faces the
problem of choice (and vice versa, after the choice of the
problem of finding is arisen) a product that will satisfy its
needs. Recommender Systems are used to solve this

problem. So, Recommender System (sometimes replacing
"system" with a synonym such as platform or engine) is a
subclass of information filtering systems that seeks to
predict the "rating" or "preference” a user would give to
an item.

Recommender Systems. Recommender Systems
appeared on the Internet a long time ago, about 20 years
ago. Recommender Systems — the class of information and
search systems that allow to predict which objects will be
interesting and useful to the wusers (provide
recommendations to users), based on specific information
about the user’s profile. Nowadays, there are several
(main) approaches of creating recommendations, which
used in Recommender Systems:

e content-based filtering;

o collaborative filtering;

e hybrid approaches.

Content-based filtering constructs recommendations
on the basis of a user’s behavior and objects. For example,
user profiles may include demographic information or
answers on a specific set of questions, and object profiles
may include genre names, actor names, artist names, and
other attribute information, depending on the type of
object.

Collaborative filtering constructs recommendations
that’s based on a model of prior user behavior. For
example, such as purchase or estimation information. In
this case, it does not matter what kind of objects were
taken, but it can take into account implicit characteristics
that would be difficult to include while creating a profile
[1]. The model can be constructed solely from a single
user’s behavior or, more effectively, also from the
behavior of other users who have similar features. When it
takes other users’ behavior into account, collaborative
filtering uses group knowledge to form a recommendation
based on like users. In essence, the recommendations are
based on the automatic collaboration of multiple users and
filtered by those who exhibit similar preferences or
behaviors.

Hybrid approaches that combine collaborative and
content-based filtering are also increasing the efficiency
(and complexity) of Recommender Systems. In the
process of work (hybrid approach), Recommender
Systems collect data about users using a combination of
explicit and implicit methods [2].

Examples of explicit data collection:

e to request the user to evaluate the object on a
differentiated scale;

e to request a user to rank a group of objects from
the best to the worst;

e representation of the two objects with the
question of which of them is the best;

e suggestion to create a list of your favorite user
objects.

Examples of implicit data collection:

e observing what the user is inspecting in online
stores;

e tracking the online user behavior;

e tracking the contents of the user’s computer.
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Analysis of various sources of information showed
that at the moment, shows that that the collaborative
filtering methods are divided into three main groups.

The first group calculates the different similarity
measures or similarities between the objects under
consideration. Pearson correlation and cosine measure of
similarity are the most widely used.

The second group of methods is the methods of
intelligent data analysis, which involves the various
methods of machine learning. The choice of method in
this case depends on the domain area, the available
statistical material and the power of the computer system.
The last group of methods are a hybrid approaches that
involves the use of methods, both from the first group and
from the second, applying them in various
combinations [3].

Objectives. Nowadays, the modern recommendation
mechanisms are actively used on most popular social and
business websites. They bring tremendous benefits to the
owners of these sites and their users.

Most large-scale commercial and social websites
recommend their users various offers, such as goods or
services for further study of people, specifically their
desires and needs. Intelligent reference systems
(recommendation mechanisms) handle huge volumes of
data to identify potential user benefits.

Consequently, web-based Recommender Systems
became relevant to the development and active use in the
trade of modern Internet technologies, including e-
commerce platforms. Their feature, as noted, is to help the
user to find the best alternatives in a multitude of web
resources. Recommender Systems are primarily beneficial
to users, because through such systems, they easily and
quickly find the right, specific and useful information
without spending much time for searching.

The purpose of this work is to develop a prototype of
software for the Recommender System of consumer
goods.

Explanation of the choice of methods for the
Recommender System. Firstly, it is need to choose a
recommendation algorithm that is needed to handle
implicit user ratings. The data set consists entirely of the
interaction between users and consumer goods. It does not
contain information about the system users themselves or
about products other than their names.

Therefore, we need an algorithm that could be
trained without access to the attributes of the user and the
product. This type of algorithms is called collaborative
filtration algorithms. For example, the assumption that
two users have similar tastes, because they are of the same
age, or from one city, it is not collaborative filtering. And
the decision that two people might like the same product,
as they appreciated whether they already bought many
identical or similar goods, is a good example.

A dataset for consumer goods can be enormous
because it contains tens of millions of ratings. But in
reality it is rather meager because it is sparse. Each user
scans and estimates a fairly small percentage — from a few
million. And some users can view and estimate only one
product

An algorithm is needed to provide acceptable results
for such users. Also, the algorithm must be able to scale,
because it will have to build large models and, at the same
time, quickly generate recommendations [4].

They are usually needed in the near future — within a
second. We choose an algorithm from the class of so-
called latent factors models, since we are developing a
system based on implicit estimates of users. Such
mechanisms attempt to explain the observed interactions
between a large number of users and products due to the
relatively small number of underlying reasons behind
them.

The most popular in this class are Alternating Least
Squares (ALS) and Singular Value Decomposition (SVD)
algorithms. To begin, let’s look at ALS, then go to
SVD [5].

Two of the most popular recommendation
algorithms: “SVD” i “ALS” factorize ‘“user-product”
matrix A on two: matrix "user-property” U and "property-
goods" M.

SVD - “Singular Value Decomposition”, method of
decomposition of the matrix:

A=UDVT, 1)

where A — decomposition of the matrix;

U, V- orthogonal matrices;

C — orthogonal matrix.

Calculations by method SVD take more time and it’s
harder to parse them on a computer [6]. It also does not
process very well the matrix with the missing values.
When the dataset for the reference system is sparse, the
missing values are equal to zero, even if the user could
potentially give them the highest score.

In contrast to this mechanism, the algorithm ALS
(Alternating Least Squares) works much faster, but with
less precision [6]. This applies to any factorization
method:

A=~ XYT, 2

where A — factorization method,;

X, Y — matrices with low ranks.

One of the advantages of this algorithm is the fact
that it has the ability to precisely customize what will be
meant by the loss function. (The loss function is a function
which minimized in the model fitting process and
represents the chosen measure of disagreement between
the observed data and the data "predicted” by a fitted
function. For example, in most traditional methods for
building generic linear models, the loss function (often
called the smallest squares) is calculated as the sum of
squares of deviations from the fitted line or plane) [7]. It is
possible to ignore missed values. Since, it is necessary to
handle a rather abundant number of records, it will be
necessary to parallelize the calculation. Also very
important is the speed of the algorithm. And for this, the
ALS method is better.

Designing the Recommender System of consumer
goods. A software product which is developed in this
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project is a component of a complex large-scale system,
data collection and processing, which helps to make
profitable purchases of goods on various online resources
and an independent software product, to provide high-
quality recommendations to the user of the system.

The purpose of this project is to automate the
process of processing and analyzing data to provide users
with a system of up-to-date, high-quality, and non-trivial
recommendations contained in the system database. Data
in the system database can be entered by administrators of
this system, whether gathered with help of software
products from different sources of information, for
example such as trading platforms.

For complete operation, the software is developed
taking into account the ability to process a large number
of requests from users of the product in the context of
continuous updating of the data, as well as its reliability
and security, openness and convenience for further
improvements and parallelism.

This software product is developed as an
independent software, but can interact with larger
software systems by further developing REST services.
The component consists of two parts: the server part and
one web portal. The web portal will be used to provide
recommendations to the user and to view information
about them, and also used for information management.
The server part performs the creating of recommendations
and is responsible for the system as a whole.

The connection between the web portal and the
component being developed on the server is performed
through HTTP requests. During the initial request to the
server, the component receives information from the
database immediately about the existing
recommendations, and if the data is successfully received
— the information is returned to the client in response to
the request. The creating of recommendations occurs with
every update of the database to the actual data.

On the Fig. 1 component-deployment diagram is
shown.

This software has two modes of operation: the initial

provision of recommendations to the user when the user
has not published any reviews and recommendations
based on collaborative filtering, provided that the user has
published at least one review (fulfilled the grade) of the
product.

The user receives topical recommendations, but if he
is not satisfied with certain parameters or objects, it is
possible to edit the request using filters. In this way, the
software product can update its recommendations and
provide more relevant information for the user.

To store the finite data in this software was used
DBMS PostgreSQL, which based on SQL. Current
version is 9.5, there are the following restrictions in
PostgreSQL.

Current version is 9.5, there are the following
restrictions in PostgreSQL:

e maximum database size — no restrictions;

e maximum table size — 32 TB;

e maximum recording size — 1,6 TB;

e maximum field size — 1 GB;

e maximum records in the table — no restrictions;

e maximum fields in the record — from 250 to

1600, depending on the types of fields;

e maximum of the indices in the table — there are

no restrictions.

The strong points of PostgreSQL are:

o high-performance and reliable transaction and

replication mechanisms;

o extensibility the  system

programming languages;

e inheritance;

o extensibility scalability [8].

Features of software implementation, the system
which is being developed. At present, the Python
programming language is very popular. The Python core
syntax is minimal. At the same time, the standard library
includes a large amount of useful features. Python
supports several programming paradigms, including
structural, object-oriented, functional, imperative and

of embedded
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Fig. 1. Component-deployment diagram
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aspect-oriented. The main architectural features are
dynamic typing, automatic memory management, full
introspection, exception handling mechanism,
multithreaded computing support, and convenient high-
level data structures. The code in Python is organized into
functions and classes that can be merged into a module
(which in turn can be grouped into packages). Python with
packages NumPy, SciPy i MatPlotLib is actively used as a
universal environment for scientific calculations as a
substitute for common specialized commercial packages.
Matlab, IDL and others.

Also, with help of Python, was developed a popular
web framework that supports abstraction from low-level
databases — Django. Django — this is a high-level web-
based framework implemented on the basis of architecture
MVC. MVC (Model-View-Controller) — one of the most
fundamental architectures for applications, which
separates the basic functionality of the application into a
number of individual components. This achieves the main
goal: one model for many applications. Django has a
transparent design, provides for the rapid development of
web-based applications, allows the development of
dynamic web-sites [8].

In the area of distributed data analysis, the Hadoop
framework uses demand, but there are alternatives that
offer some important advantages over the typical Hadoop
platform. Spark is a scalable data analysis platform that
includes primitives for computing in RAM, and therefore
has some performance benefits in relation to the Hadoop
approach based on a clustered data storage scheme. Spark
is implemented on Scala and supports this language
Python and Java and provides a unique environment for
data processing [9]. Spark is a clustered open source
computing platform similar to the Hadoop, but with some
useful features that make it an excellent tool for machine
learning tasks. Namely, in addition to interactive queries,
Spark supports distributed data sets in RAM, optimizing
solutions for iterative tasks and reducing access time to
data. Spark is implemented in Scala, but freely uses
Python as an application development environment.
Unlike Hadoop, Spark and Python form a tight integration
where Python can easily manipulate distributed data sets
as local collective objects [10].

Based on the benefits listed above, the Apache Spark
framework and the Python language for creating the
recommendations and the framework for implementing
the web application for the development of the software
system were used [11].

Review of existing principles (approaches) and
problems. The content-based Recommender Systems try
to find a similarity between the goods that people valued
earlier, and only products that have a high degree of
generality ~with  consumer preferences will be
recommended. Modern approaches of obtaining
information require creating profiles of customers with
tastes, preferences, needs, etc. Information for profiles can
be obtained directly from the customer, for example,
through questionnaires, or indirectly by analyzing the
actions performed by the user.

The limitations of content techniques are related to
the objects of recommendations. Therefore, for an

adequate work progress of the system a form is available —
for automatic machine analysis, or manual assignment of
all parameters.

Another problem is that two different objects, with
the same set of properties, are indistinguishable. Although
text documents are usually represented by the most
representative keywords, content-based systems cannot
distinguish a well-written article from poorly written,
although they use the same words [12].

Also, the content-based Recommender Systems think
too narrowly. The user receives recommendations only for
those goods that are similar to goods that have already
received his evaluation. To solve this problem, the random
technique is used. In some cases, it is necessary to avoid
the recommendations of items that are too similar to those
already known, for example, another article on the same
topic.

As in all Recommender Systems, there is a “cold
start” problem. The user needs to evaluate a fairly large
number of different products before the system can
correctly understand his preferences and give him
appropriate recommendations. Therefore, the system will
not be able to give exact recommendations to a new
customer who has made very few estimates.

An alternative to the content approach can be the
collaborative  filtering. This is a method of
recommendation, in which only the reaction of users to
objects is analyzed. The ultimate goal of the method is to
as accurately as possible prediction of the estimation that
the current user would put to the previously unvalued
objects. The more estimates are collected, the more
accurate the recommendations are. It turns out that users
help each other in filtering objects. Therefore, this method
is also called joint filtration.

Methods of collaborative filtering also face problems
during operation. The first problem is that new products
are regularly added to the Recommender Systems. Such
systems in the development of recommendations are
guided only by the preferences of users. Therefore, the
Recommender System cannot recommend the product
until it receives a sufficient number of estimates [12].

In any Recommender System, the number of
estimates to be predicted is usually much larger than the
number of estimates. It is important that the system is able
to effectively predict estimates based on a small number
of examples. It is also necessary to have a critical number
of users. For example, in advisory systems dealing with
movies, a large number of films can only be evaluated by
a small number of users, and then these films will be
recommended very rarely, even if the estimates of these
few users were high. A small number of recommendations
can be made to the owners of unusual tastes in comparison
with the taste of the majority, for which there are no
similar users in the system. Overcoming the problem of
sparse estimates can, if searching for similar users use the
information about the user, contained in his profile. Most
of the recommendations are based on a limited
understanding of users and goods, the analysis of which is
mainly limited to the information contained in the profiles.
Outside the analysis remain information contained in
records of user transactions and other available
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information. For example, traditional collaborative
algorithms do not use information from user and product
profiles at all, but they are limited only to information
about the assessments made. The profiles themselves are
still too primitive [13].

Most of Recommender Systems require a fairly
active participation from the user. For example, before
issuing a recommendation on a newsgroup, the system
needs to obtain estimates of a large number of previously
read articles. Since this way of obtaining information is
not very user-friendly, methods of indirect evaluation of
articles are created. For example, you can analyze the time
that a user spent for reading an article, which would
indirectly correspond to one or another evaluation.
However, indirect estimates often suffer from inaccuracy.
Thus, the problem of reducing the obsession of
evaluations while maintaining the high quality of
recommendations is quite acute for the developers. In
particular, it is necessary to understand what the minimum
number of evaluations is required from the user, so that
this is sufficient for the development of accurate
recommendations.

In addition, the current recommendation systems
operate in the two-dimensional user-commodity space.
This means that they issue recommendations based solely
on the information about the user or product and bypass
the party contextual information that may be of paramount
importance in some applications (and in some special
conditions). For example, in many cases, the utility of a
product or service may depend on when the consumption
occurs (time of year, day of week, time of day). Utility
can also depend on who, in what company, under what
conditions of the product is consumed.

In such cases, a simple product recommendation to
the customer is not enough; when developing the
recommendation, the system should refer to additional
contextual information about the time and conditions of
the intended consumption. In addition to the traditional
methods of building a customer profile (such as reliance
on keywords and questionnaire demographic information),
new techniques have recently emerged, based on
automatic word processing, network behavior analysis,
etc. These methods allow you to take into account the
interests and preferences of users and thereby expand the
user profile [13].

In the literature, other approaches of collaborative
filtration based on different models were proposed. Other
models of collaborative filtering include Bayesian
analysis, probabilistic relativistic model, linear regression
model, maximum entropy model. Recently a large number
of papers have been devoted to the search for more
sophisticated probabilistic models of collaborative
filtering.

As a results, such problems of Recommender
Systems was defined:

e ahuge amount of data;

e unfair user’s estimations;

e “cold start” — no data about recently added users

or objects to the system;

o rarefied ratings;

o (difficulty in calculations while the process of

working with large databases;

e recommendations of something fundamentally

different.

Conclusions. In recent years, significant progress
has been made in the development of Recommender
Systems. Content-based, collaborative filtering and hybrid
algorithms for developing recommendations were
proposed. Some systems have found practical application
in the commercial industry. Nevertheless, despite the
progress, for a more efficient work in a large list of
applications, the current generation of Recommender
Systems requires further improvements. In this paper,
various constraints faced by modern recommendatory
methods were considered, and a review of necessary
improvements was made that should make the work of the
recommendation  systems more effective.  Such
improvements include, among others, improved modeling
of wusers and goods, the inclusion of contextual
information in the recommender process, the possibility of
multi-criteria assessments, the availability of more flexible
and less intrusive recommendations.

In this work, the analysis of the subject area and the
urgency of the problem of creating a recommendation
system for consumer goods was carried out. The task was
formulated and methods of creating recommendations
were considered: Alternating Least Squares (ALS) and
Singular Value Decomposition (SVD) algorithms.

The stage of designing was carried out and the
information support of the creation of the Recommender
System was developed.

The result of the work is the prototype software of
the Recommender System of consumer goods, which can
be used to demonstrate the main functions of the system.
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